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1. Introduction 

The escalating global prevalence of type 2 diabetes 

mellitus (T2DM) has brought with it a concurrent 

surge in its microvascular complications, most notably 

diabetic kidney disease (DKD).1 Historically, the 

therapeutic armamentarium available to slow the 

inexorable progression of DKD to end-stage renal 

disease was largely limited to strict glycemic control 

and the modulation of the renin-angiotensin-

aldosterone system. However, the clinical landscape 
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A B S T R A C T  

Sodium-glucose cotransporter-2 inhibitors (SGLT2i) have revolutionized the 
management of diabetic kidney disease (DKD), offering profound 

renoprotection through the restoration of tubuloglomerular feedback and 
reduction of intraglomerular pressure. However, their perioperative safety 
profile remains a subject of intense debate. While the pharmacological 
mechanisms of SGLT2 inhibitors may theoretically ameliorate ischemia-

reperfusion injury and prevent acute kidney injury (AKI), the metabolic shift 
towards ketogenesis raises concerns regarding perioperative Euglycemic 
Diabetic Ketoacidosis (euDKA). This meta-analysis aimed to quantify the 
risks of AKI and euDKA in DKD patients continuing or withholding SGLT2i 

prior to non-cardiac surgery. A systematic review and meta-analysis were 
conducted following PRISMA 2020 guidelines. We analyzed data from seven 
high-quality studies, including large-scale propensity-matched cohorts and 
randomized controlled trials published through 2026, involving patients with 

type 2 diabetes mellitus (T2DM) and DKD undergoing non-cardiac surgery. 
The primary outcomes were the incidence of postoperative AKI (KDIGO 
criteria) and euDKA. Secondary outcomes included 30-day mortality and 
urinary tract infections. Pooled Odds Ratios (OR) with 95% Confidence 

Intervals (CI) were calculated using a random-effects model (DerSimonian-
Laird). The pooled analysis included a total of 142,530 patients. The use of 
SGLT2 inhibitors was associated with a robust and statistically significant 
reduction in postoperative AKI compared to non-users (Pooled OR 0.69; 95% 

CI 0.62–0.78; p < 0.001). This renoprotective signal was consistent across 
various surgical subtypes. Conversely, SGLT2i use was associated with an 
increased risk of euDKA (Pooled OR 2.34; 95% CI 1.45–3.78; p = 0.001), 
although the absolute event rate remained low (<1%). Subgroup analysis 

revealed that preoperative withdrawal of <24 hours significantly exacerbated 
DKA risk compared to a withdrawal period of 3–4 days, without providing 
additional protection against AKI. In conclusion, in patients with DKD 
undergoing non-cardiac surgery, preoperative SGLT2 inhibitor use presents 

a distinct renoprotective paradox: it significantly reduces the risk of AKI, 
likely through attenuation of oxidative stress and preservation of renal 
oxygenation, but increases the risk of euDKA. The benefits of AKI prevention 
outweigh the rare risk of DKA, provided a structured preoperative withdrawal 

protocol of 3 days is strictly implemented. 
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for managing this debilitating condition has been 

fundamentally and irreversibly altered by the 

introduction of Sodium-Glucose Cotransporter-2 

(SGLT2) inhibitors. Agents such as empagliflozin, 

dapagliflozin, and canagliflozin have demonstrated 

profound clinical efficacy that extends far beyond their 

initial design for simple glycemic control. Extensive 

pivotal trials have established their undeniable role in 

not only delaying the structural and functional 

progression of chronic kidney disease (CKD) but also 

in significantly reducing cardiovascular mortality and 

hospitalizations for heart failure.2 

To comprehend the transformative impact of 

SGLT2 inhibitors, one must first examine the intricate 

mechanistic basis for these profound renoprotective 

benefits, which is inherently multifaceted. In the 

milieu of diabetic kidney disease, persistent systemic 

hyperglycemia leads to an excessive filtration of 

glucose across the glomerular basement 

membrane.3 Consequently, the sodium-glucose 

cotransporter-2, located primarily in the S1 segment 

of the proximal convoluted tubule, is significantly 

upregulated to reabsorb this excess filtered glucose, a 

process strictly coupled with the reabsorption of 

sodium. This proximal hyper-reabsorption drastically 

reduces the distal delivery of sodium chloride to the 

macula densa, a specialized cluster of sensory cells 

located in the distal tubule. The macula densa 

erroneously interprets this low salt signal as an 

indicator of systemic volume depletion or 

hypovolemia. In response, it paradoxically triggers the 

dilation of the afferent arteriole—primarily mediated 

via the reduced local production of adenosine—to 

increase the glomerular filtration rate (GFR). This 

maladaptive state of glomerular hyperfiltration 

exposes the delicate capillary networks within the 

glomerulus to high systemic blood pressures, 

ultimately causing sustained barotrauma, progressive 

glomerulosclerosis, and albuminuria. SGLT2 

inhibitors directly interrupt this destructive 

cascade. By blocking proximal reabsorption, these 

agents ensure the adequate delivery of sodium back to 

the macula densa. This successfully restores normal 

tubuloglomerular feedback (TGF), triggering the 

release of adenosine and subsequent afferent 

arteriolar vasoconstriction. This physiological 

adjustment effectively reduces intraglomerular 

hypertension, shielding the glomerulus from 

barotrauma. Furthermore, because the proximal 

tubule normally requires immense expenditures of 

adenosine triphosphate (ATP) to actively reabsorb 

sodium against concentration gradients, the blockade 

of this energy-demanding process by SGLT2 inhibitors 

significantly ameliorates renal cortical and medullary 

hypoxia. By lowering ATP consumption, these agents 

effectively improve the overarching oxygenation status 

of the renal parenchyma.4 

However, translating these chronic outpatient 

benefits into the acute inpatient setting introduces a 

complex physiological dilemma regarding the 

perioperative management of these potent 

pharmacological agents. The surgical environment is 

uniquely characterized by a distinct and profound 

neuroendocrine stress response.5 The trauma of 

surgical incision and subsequent tissue manipulation 

triggers massive systemic surges in counter-regulatory 

hormones, most notably catecholamines, cortisol, and 

glucagon. This hyperadrenergic state occurs alongside 

a concurrent state of relative insulin deficiency, 

primarily driven by mandatory preoperative fasting 

and fluid restrictions. Consequently, the surgical 

patient is inherently pushed toward a ketogenic 

metabolic state. In this volatile environment, the 

continued presence of SGLT2 inhibitors can act as a 

dangerous second hit. 

Because SGLT2 inhibitors promote continuous, 

insulin-independent glycosuria, they inherently lower 

plasma insulin levels while simultaneously 

stimulating the secretion of glucagon. This severe 

skewing of the insulin-to-glucagon ratio is highly 

problematic during surgical stress, where elevated 

cortisol and catecholamines are already aggressively 
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mobilizing free fatty acids from peripheral adipose 

tissue. The unusually low circulating insulin fails to 

suppress hepatic ketogenesis, while the concurrently 

elevated glucagon accelerates the rapid conversion of 

these mobilized fatty acids into ketone bodies, such as 

beta-hydroxybutyrate and acetoacetate. Furthermore, 

SGLT2 inhibitors may independently increase the 

renal reabsorption of these ketone bodies, 

exacerbating serum elevations. This perfect storm of 

metabolic derangements can rapidly precipitate 

Euglycemic Diabetic Ketoacidosis (euDKA). EuDKA is 

a life-threatening, acute metabolic emergency 

characterized by severe anion-gap metabolic 

acidosis.4 Because the continuous renal excretion of 

glucose keeps blood glucose levels near-normal 

(euglycemic), the classic, easily recognizable warning 

sign of profound hyperglycemia is entirely absent. This 

deceptive clinical presentation frequently obscures the 

underlying pathology, leading to delayed recognition 

by clinicians, delayed initiation of insulin and dextrose 

infusions, and an unacceptably high risk of severe 

morbidity or mortality.6 

Conversely, and contributing to the complexity of 

perioperative decision-making, the exact same 

hemodynamic and metabolic mechanisms that drive 

long-term renoprotection and precipitate euDKA may 

theoretically offer acute, highly desirable benefits 

during periods of profound surgical 

stress. Postoperative acute kidney injury (AKI) 

remains a highly prevalent and devastatingly morbid 

complication, particularly following major non-cardiac 

surgery, affecting up to 13% of this patient population 

and independently driving significant postoperative 

mortality and prolonged hospital stays. The complex 

pathophysiology underlying surgery-associated AKI is 

multifactorial, but it most frequently involves severe 

renal medullary hypoxia, massive oxidative stress 

secondary to ischemia-reperfusion injury, and 

profound systemic and local inflammation.7 

As previously noted, the renal medulla operates on 

the physiological brink of hypoxia even in perfectly 

healthy, non-stressed states due to the immense 

energy required for sodium reabsorption. In patients 

with underlying diabetic kidney disease, this baseline 

energy demand is significantly elevated, while 

diabetes-induced capillary rarefaction drastically 

reduces the available oxygen supply.8 This preexisting 

hypoxic stress renders the diabetic kidney exquisitely 

vulnerable to the hemodynamic insults, intraoperative 

hypotension, and fluid shifts typical of surgery. By 

fundamentally reducing the energy-demanding 

process of sodium reabsorption in the proximal 

tubule, SGLT2 inhibitors may critically improve the 

oxygen supply-demand mismatch in the vulnerable 

renal medulla. This pharmacological metabolic 

slowing effectively allows the renal parenchyma to 

enter a state of protective hibernation during the 

metabolic storm of surgical stress, theoretically 

offering a robust physiological shield against the 

development of acute tubular necrosis and clinical 

AKI. Furthermore, the pre-conditioning of the kidney 

with SGLT2 inhibitors is thought to restore afferent 

arteriolar vasoconstriction. Therefore, when acute 

surgical hypotension occurs, the kidney is already 

resting in a more stable hemodynamic state, 

potentially preventing the rapid fluctuations in 

capillary perfusion pressure that exacerbate ischemia-

reperfusion injury. Finally, these agents may 

upregulate intrarenal antioxidant defense 

mechanisms, mitigating the destructive burst of 

reactive oxygen species (ROS) and pro-inflammatory 

cytokines that occurs upon surgical reperfusion. 

Despite these compelling theoretical frameworks 

outlining both severe metabolic risks and profound 

renal benefits, current clinical guidelines regarding the 

optimal perioperative handling of SGLT2 inhibitors 

remain vastly inconsistent, highly empirical, and 

constantly evolving.9 The United States Food and Drug 

Administration (FDA) currently recommends 

definitively discontinuing these agents 3 to 4 days 

prior to any scheduled surgery to allow for adequate 

drug washout. In stark contrast, other prominent 
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professional societies and institutional protocols have 

advocated for much shorter withdrawal periods, 

sometimes advising discontinuation only 24 hours 

prior to the procedure, aiming to minimize the 

disruption of the patient's chronic cardiovascular and 

renal protective regimens. Complicating this 

landscape further, the existing body of literature 

evaluating perioperative SGLT2 inhibitor safety has 

largely aggregated outcome data from entirely 

disparate surgical populations, frequently mixing 

cardiac and non-cardiac surgeries. Because cardiac 

surgery often mandates the use of cardiopulmonary 

bypass—which introduces a completely distinct, 

extracorporeal hemodynamic profile and profound 

systemic inflammatory response—combining these 

cohorts effectively obscures the true, distinct 

hemodynamic impacts of these drugs in more 

standard, non-cardiac procedural settings.10 

This study represents the first dedicated, rigorous 

meta-analysis designed to specifically isolate and 

deconstruct this complex renal-metabolic trade-off 

exclusively within the highly vulnerable population of 

patients with established Diabetic Kidney Disease 

undergoing non-cardiac surgery. Unlike previous 

systematic reviews that broadly combined general 

surgical populations or focused disproportionately on 

cardiac bypass cohorts (which rely on non-physiologic 

extracorporeal circulation), this specific analysis 

isolates the precise non-cardiac surgical cohort where 

standard renal hypoperfusion and localized 

inflammation are the absolute dominant drivers of 

postoperative AKI. Furthermore, recognizing the rapid 

evolution of surgical outcomes and pharmacological 

data, this study distinctly integrates the most recent, 

large-scale, propensity-score matched data generated 

between 2025 and 2026, thereby providing the most 

contemporary, up-to-date, and highly powered 

assessment of both safety signals and protective 

benefits available in the current literature. 

 

 

The primary aim of this comprehensive meta-

analysis was to systematically synthesize the available 

quantitative evidence from seven pivotal, high-quality 

manuscripts to achieve two distinct clinical objectives: 

(1) to definitively determine whether preoperative 

exposure to SGLT2 inhibitors genuinely confers a 

statistically and clinically significant protective benefit 

against the incidence of postoperative Acute Kidney 

Injury specifically within the DKD population, and (2) 

to accurately quantify the precise excess risk of 

perioperative Euglycemic Diabetic Ketoacidosis 

(euDKA) across various withdrawal timelines, 

ultimately utilizing this data to inform and establish 

highly evidence-based, optimized preoperative 

withdrawal protocols that safely balance renal 

protection with metabolic stability. 

 

2. Methods 

This systematic review and meta-analysis were 

rigorously conducted in accordance with the Preferred 

Reporting Items for Systematic Reviews and Meta-

Analyses (PRISMA) 2020 statement (Figure 1). A 

systematic search was executed across major medical 

databases, including PubMed/MEDLINE, Embase, 

Scopus, and the Cochrane Library. The search horizon 

extended to February 2026 to capture the most recent 

high-impact trials. The search strategy utilized a 

combination of MeSH terms and keywords: Sodium-

Glucose Transporter 2 Inhibitors, Dapagliflozin, 

Empagliflozin, Canagliflozin, Surgical Procedures, 

Operative, Acute Kidney Injury, Diabetic Ketoacidosis, 

and Diabetic Nephropathies. 

To guarantee the highest level of methodological 

rigor, validity, and clinical homogeneity within the 

synthesized data, the investigators implemented 

strictly defined eligibility parameters. For study 

inclusion, the target population was strictly confined 

to adult patients, defined as individuals aged 18 years 

or older, who carried a confirmed diagnosis of type 2 

diabetes mellitus alongside diabetic kidney disease.  
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Figure 1. PRISMA flowchart. 

 

 

The presence of underlying renal pathology was 

standardized using widely accepted clinical 

thresholds, specifically an estimated glomerular 

filtration rate (eGFR) of less than 60 mL/min/1.73m² 

or the presence of significant albuminuria exceeding 

30 mg/g. The primary experimental intervention 

evaluated was the preoperative administration of 

SGLT2 inhibitors. To capture varying clinical 

practices, this included patients who continued the 

medication up to the day of surgery, as well as those 

who discontinued the therapy less than seven days 

prior to their procedure. To effectively isolate the 

therapeutic and adverse effects of these drugs, the 

selected comparator arms were required to consist of 

either active control groups—such as patients utilizing 

dipeptidyl peptidase-4 (DPP-4) inhibitors or glucagon-

like peptide-1 (GLP-1) receptor agonists—or standard 

placebo and non-use cohorts. 
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The acceptable study designs were restricted to 

high-tier evidence, specifically randomized controlled 

trials (RCTs) and high-quality observational cohort 

studies that utilized propensity-score matching (PSM) 

to rigorously control for baseline confounding 

variables. Furthermore, included studies were 

mandated to provide quantitative outcome reporting 

for postoperative Acute Kidney Injury, strictly defined 

by the standardized KDIGO criteria, or incidence rates 

of diabetic ketoacidosis, including euglycemic 

variants. To maintain the integrity of the non-cardiac 

pathophysiological focus, studies involving cardiac 

surgery, organ transplantation, or any procedure 

requiring cardiopulmonary bypass were systematically 

excluded. The distinct hemodynamic shifts and 

profound systemic inflammation induced by 

extracorporeal circulation generate a unique etiology 

for acute kidney injury that would irreconcilably 

confound the data. Additionally, low-powered evidence 

such as case reports, case series involving fewer than 

ten patients, editorials, and any studies lacking 

specific, extractable event counts for the primary 

outcomes were excluded. 

Following study selection, the data extraction 

process was executed independently by two expert 

clinical reviewers utilizing a highly standardized 

extraction template to mitigate reviewer bias. The 

comprehensive array of extracted variables 

encompassed the primary study author and 

publication year, overarching study design, total 

sample size, the specific SGLT2 inhibitor agent 

utilized, detailed preoperative withdrawal protocols, 

surgical classification, baseline renal function, and the 

absolute counts of primary outcome events. The 

methodological quality and risk of bias for each 

included trial were meticulously 

evaluated. Observational studies were appraised using 

the Newcastle-Ottawa Scale (NOS), with a strict 

threshold of seven or more stars required to designate 

a study as high quality, while RCTs were scrutinized 

using the comprehensive Cochrane Risk of Bias tool 

(RoB 2). 

All quantitative statistical syntheses were 

performed utilizing Review Manager (RevMan) 

software, version 5.4. Because the primary 

endpoints—specifically acute kidney injury, diabetic 

ketoacidosis, and 30-day mortality—were 

dichotomous outcomes, the pooled effect sizes were 

calculated and expressed as Odds Ratios (OR) 

accompanied by their respective 95 percent 

Confidence Intervals (CI). Anticipating a degree of 

inherent clinical heterogeneity driven by variations in 

surgical subtypes and the distinct pharmacological 

profiles of different SGLT2 inhibitor molecules, the 

researchers appropriately applied a conservative 

DerSimonian-Laird random-effects model for all meta-

analytical calculations. The magnitude of statistical 

heterogeneity across the included studies was formally 

quantified utilizing the I-squared statistic. Within this 

framework, an I-squared value exceeding 50 percent 

was interpreted as indicative of substantial, significant 

heterogeneity among the pooled study results. Finally, 

to directly address the evolving clinical dilemma 

regarding perioperative drug management, vital a 

priori subgroup analyses were pre-specified to stratify 

outcomes based on the precise timing of preoperative 

drug withdrawal, specifically comparing cessation 

periods of less than 24 hours against those extending 

beyond 24 hours. 

 

3. Results and Discussion 

The systematic search identified a total of 452 

potentially relevant records. After duplicate removal 

and title/abstract screening, 30 full-text articles were 

assessed. Ultimately, seven high-quality studies met 

all inclusion criteria and were included in the 

quantitative synthesis (Table 1). These studies 

comprised a total cohort of 142,530 patients, providing 

a robust dataset for analysis. 
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Table 2 delineates the synthesized quantitative 

results regarding the primary outcome of 

postoperative Acute Kidney Injury (AKI). The meta-

analysis aggregated data from five distinct study 

cohorts—specifically encompassing the research by 

Tallarico, Dixit, Park, Mosenzon, and Tenge—

capturing a robust total of 116,985 patients in the 

intervention arm and 145,795 patients within the 

control groups. The pooled statistical analysis revealed 

a highly significant and consistent protective effect 

associated with the preoperative administration of 

Sodium-Glucose Cotransporter-2 (SGLT2) inhibitors. 

Specifically, patients receiving SGLT2 inhibitors 

experienced an overall AKI event rate of 2,667, 

juxtaposed against 4,876 events in the control 

populations, which translates to a pooled Odds Ratio 

of 0.69 (95% Confidence Interval: 0.62 to 0.78). 

Clinically, this calculation corresponds to a 

substantial 31% relative risk reduction in the 

incidence of postoperative AKI among patients utilizing 

these agents. Furthermore, a critical observation 

derived from this data synthesis is the profound 

statistical homogeneity present across the included 

studies. The calculated I-squared statistic was 0% 

(Chi-square = 0.65, P = 0.96), indicating a complete 

absence of significant inter-study variance. The test for 

overall effect was overwhelmingly robust, yielding a Z-

score of 6.42 (P < 0.00001). This remarkable statistical 

consistency, despite expected clinical variations in 

specific surgical subtypes and individual 

pharmacological molecules, strongly suggests a 

unified, overarching class effect of SGLT2 inhibitors. 

Consequently, these synthesized findings robustly 

validate the hypothesis that preoperative SGLT2 

inhibitor exposure provides a potent and reliable 

renoprotective shield during the profound 

physiological stress of non-cardiac surgery. 
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Table 3 delineates the synthesized quantitative 

outcomes concerning the critical secondary endpoint 

of perioperative euglycemic Diabetic Ketoacidosis 

(euDKA). The meta-analysis aggregated data from four 

distinct clinical cohorts—comprising investigations by 

Tallarico, Dixit, Park, and Meyer—which collectively 

captured 107,017 patients in the SGLT2 inhibitor 

intervention arm and 135,829 patients in the 

corresponding control groups. In stark contrast to the 

profound renoprotective benefits previously observed, 

this pooled analysis demonstrated a statistically 

significant amplification in the risk of developing 

postoperative DKA among patients continuing these 

medications. The calculated overall effect yielded a 

pooled Odds Ratio of 2.34 (95% Confidence Interval: 

1.45 to 3.78; P = 0.0006), definitively indicating that 

preoperative exposure to these pharmacological agents 

more than doubles the likelihood of this severe 

metabolic complication. 

Importantly, the statistical synthesis revealed 

substantial inter-study heterogeneity, mathematically 

quantified by an elevated I-squared statistic of 84% 

(Chi-square = 18.52, P = 0.0003). This significant 

variance is primarily attributable to the heavily 

weighted Tallarico cohort, which reported a 

paradoxical reduction in DKA risk (OR 

0.31). Conversely, the inclusion of smaller, highly 

granular analyses like those by Park and Meyer—

which documented exceptionally prominent risk 

signals with Odds Ratios of 14.50 and 6.20, 

respectively—firmly steered the overall pooled estimate 

toward increased metabolic hazard. Ultimately, while 

the absolute event frequency remains relatively low, 

these synthesized data unequivocally confirm the 

severe metabolic cost of SGLT2 inhibition during the 

ketogenic stress of surgery, mandating strict 

perioperative vigilance. 

https://creativecommons.org/licenses/by-sa/4.0/
https://creativecommons.org/licenses/by-sa/4.0/
https://creativecommons.org/licenses/by-sa/4.0/


 
135 

 
This work is licensed under a Creative Commons Attribution-ShareAlike 4.0 International License. 

 

 

 

 

Table 4 delineates the findings of a critical a priori 

subgroup analysis designed to stratify the risk of 

postoperative euglycemic Diabetic Ketoacidosis 

(euDKA) based on the precise duration of preoperative 

Sodium-Glucose Cotransporter-2 (SGLT2) inhibitor 

discontinuation. This targeted analysis unequivocally 

demonstrates that the metabolic hazard associated 

with these agents is profoundly time-dependent and 

pharmacokinetically driven. Specifically, when SGLT2 

inhibitors are withheld for a short hold period of less 

than 24 hours—incorporating data from the Dixit, 

Park, and Meyer cohorts—the risk of precipitating 

euDKA is amplified nearly four-fold, yielding a highly 

significant pooled Odds Ratio of 3.85 (95% Confidence 

Interval: 2.10 to 6.50; P < 0.001). This elevated risk is 

mechanistically attributed to the 11 to 13-hour half-

life characteristic of most SGLT2 inhibitors. A 

withdrawal interval of under 24 hours ensures that a 

clinically significant concentration of the active 

pharmacological agent remains within the systemic 

circulation during the absolute peak of the surgical 

stress response, thereby driving unregulated 

ketogenesis. 

Conversely, the data elucidate a distinct protective 

threshold when an extended hold protocol is strictly 

implemented. By extending the preoperative 

withdrawal period to greater than 72 hours—as 

captured in the Tallarico subgroup and Tenge 

studies—the pooled Odds Ratio plummets to 1.15 

(95% Confidence Interval: 0.85 to 1.55). This result is 

statistically non-significant (P = 0.38), indicating that 

the excess risk of euDKA is effectively neutralized. 

Allowing for a 72 to 96-hour cessation period permits 

the completion of approximately five drug half-lives, 

ensuring adequate systemic washout and the critical 

normalization of the insulin-to-glucagon axis prior to 

surgical insult. 
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This study illuminates a critical renoprotective 

paradox in the perioperative care of patients with 

diabetic kidney disease. The synthesized data 

unequivocally reveal that the preoperative use of 

Sodium-Glucose Cotransporter-2 (SGLT2) inhibitors is 

associated with a robust 31% reduction in the risk of 

postoperative acute kidney injury (AKI), yielding an 

Odds Ratio (OR) of 0.69. This profound clinical benefit 

persists across diverse surgical cohorts, signaling a 

highly reliable protective effect. However, this vital 

renal protection comes at a severe metabolic cost: a 

greater than two-fold increase in the relative risk of 

developing euglycemic Diabetic Ketoacidosis (euDKA), 

represented by an OR of 2.34. Crucially, this meta-

analysis demonstrates that this metabolic risk is not 

static, but rather is strongly modulated by the exact 

duration of preoperative drug withdrawal.11 

The substantial reduction in postoperative AKI 

observed in our study directly challenges the 

traditional medical dogma, which asserts that 

diuretics and volume-depleting agents are inherently 

nephrotoxic in the highly volatile surgical setting.12 To 

fully comprehend this protective effect, it is imperative 

to examine the unique intrarenal hemodynamics that 

are fundamentally modulated by SGLT2 inhibition. In 

the pathological state of Diabetic Kidney Disease, 

chronic systemic hyperglycemia invariably leads to an 

increased filtration of glucose across the 

glomerulus. Consequently, the sodium-glucose 

cotransporter-2 apparatus located in the proximal 

tubule is pathologically upregulated to reabsorb this 

massive excess of filtered glucose, a process that is 

strictly coupled with the active reabsorption of 

sodium. This aggressive proximal hyper-reabsorption 

significantly reduces the downstream delivery of 

essential sodium chloride to the macula densa, which 

is located in the distal tubule. The macula densa 

erroneously senses this low salt environment as a 

definitive signal of systemic hypovolemia and, in 

response, paradoxically dilates the afferent arteriole 

via a localized reduction in adenosine production. This 

response artificially increases the glomerular filtration 

rate (GFR). This resulting state of hyperfiltration strips 

the glomerulus of its autoregulatory defenses, 

exposing the delicate glomerular capillaries directly to 

systemic blood pressure, thereby causing sustained 

barotrauma and progressive glomerulosclerosis. 

SGLT2 inhibitors directly block this pathological 

proximal reabsorption, successfully restoring 

adequate sodium delivery to the macula densa. This 

critical restoration triggers the localized release of 

adenosine, effectively causing necessary afferent 
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arteriolar vasoconstriction. In the perioperative 

setting, this targeted vasoconstriction completely 

prevents luxurious perfusion and significantly reduces 

intraglomerular pressure. Therefore, when acute 

surgical stress or procedural hypotension occurs, the 

diabetic kidney is already secured in a rested 

hemodynamic state, potentially making the entire 

renal parenchyma significantly less susceptible to the 

acute fluctuations in perfusion pressure that 

classically characterize ischemia-reperfusion injury.13 

The human kidney is metabolically unique; it 

requires an immense expenditure of cellular energy to 

actively reabsorb sodium, meaning that the renal 

medulla perpetually operates on the very brink of 

severe hypoxia even in perfectly healthy states.14 In 

patients with diabetes, the energy demand required for 

proximal tubular reabsorption skyrockets, while 

concurrent capillary rarefaction drastically reduces 

the available oxygen supply. This chronic hypoxic 

stress renders the diabetic kidney exquisitely and 

dangerously sensitive to major surgical insults. SGLT2 

inhibitors directly intervene by reducing the functional 

workload of the proximal tubule through the direct 

inhibition of active transport mechanisms. By 

substantially lowering cellular ATP consumption, 

these pharmacological agents significantly improve 

both the cortical and medullary oxygenation 

status. This drug-induced metabolic slowing 

essentially allows the highly vulnerable kidney to enter 

a protective state of hibernation during the intense 

metabolic storm of surgery, thereby actively shielding 

delicate tubular epithelial cells from hypoxic necrosis 

and subsequent acute tubular necrosis.15 

Furthermore, SGLT2 inhibitors have been 

scientifically shown to actively reduce the local tissue 

expression of highly pro-inflammatory cytokines, such 

as interleukin-6 (IL-6) and tumor necrosis factor-alpha 

(TNF-α), alongside key oxidative stress markers like 

NADPH oxidase 4. Ischemia-reperfusion injury during 

prolonged surgery is largely driven by a massive, 

destructive burst of reactive oxygen species (ROS) 

upon the eventual reperfusion of tissues.16 The 

chronic pre-conditioning of the renal parenchyma with 

SGLT2 inhibitors may proactively upregulate intrinsic 

cellular antioxidant defense mechanisms, effectively 

providing a robust cellular shield against this 

anticipated oxidative burst. This mechanistic 

hypothesis perfectly aligns with the landmark findings 

of Tallarico et al., who strongly postulated that the 

inherent anti-inflammatory properties of these 

molecules contribute significantly to the dramatically 

lower rates of postoperative AKI observed in their 

cohorts. 

While the surgical renal benefits are profound, the 

significantly increased risk of euDKA represents the 

direct, unavoidable physiological counterpart to the 

drug's primary mechanism of action. SGLT2 inhibitors 

artificially lower systemic blood glucose levels strictly 

through the promotion of massive urinary glycosuria, 

a mechanism that is entirely insulin-

independent. This unique pharmacological profile can 

lead to a highly deceptive state where the patient's 

plasma glucose remains completely normal, yet their 

underlying insulin-to-glucagon ratio becomes severely 

and dangerously skewed.17 Major surgery acts as a 

potent ketogenic trigger. The intense neuroendocrine 

stress response systematically elevates circulating 

levels of cortisol and catecholamines, which 

immediately begin to aggressively mobilize large 

quantities of free fatty acids from peripheral adipose 

tissue stores. In the specific presence of active SGLT2 

inhibition, the artificially lowered levels of circulating 

insulin completely fail to suppress runaway hepatic 

ketogenesis, while the concurrently elevated glucagon 

forcefully drives the rapid conversion of these newly 

mobilized fatty acids into high concentrations of 

ketone bodies, specifically beta-hydroxybutyrate and 

acetoacetate. Furthermore, these agents may 

independently increase the active renal reabsorption 

of these circulating ketone bodies, thereby further 

elevating dangerous serum levels. Because the patient 

is maintained in a state of clinical euglycemia directly 
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due to continuous forced glycosuria, the classic and 

easily recognized warning sign of profound 

hyperglycemia is entirely absent, leading to critically 

delayed recognition by clinicians until severe 

metabolic acidosis has fully developed.18  

Our focused subgroup analysis successfully 

confirms that this severe metabolic risk is 

predominantly pharmacokinetically driven. The 

established terminal half-life of most SGLT2 inhibitors 

is between 11 and 13 hours. Consequently, a brief 

preoperative withdrawal period of less than 24 hours 

practically guarantees that a highly significant 

concentration of active drug remains within the 

system during the absolute peak of the surgical stress 

window.19 Conversely, purposely extending the critical 

withdrawal period to 3 to 4 days, which 

mathematically equates to approximately 5 half-lives, 

effectively washes out the active drug. This strategic 

washout period successfully normalizes the delicate 

insulin-glucagon axis and completely neutralizes the 

physiological DKA risk, a phenomenon clearly 

evidenced by the statistically non-significant OR 

documented in the greater than 72-hour hold 

subgroup. 

The most striking, paradigm-shifting finding 

synthesized from this meta-analysis is the 

conceptualization of the renoprotective 

paradox. Historically, clinicians have greatly feared 

that inappropriately withholding the drug would lead 

to a devastating rebound in cardiovascular risk, or 

conversely, that continuing the medication would 

directly cause fatal DKA. However, our comprehensive 

data strongly suggests the existence of a highly 

strategic physiological sweet spot. The profound 

renoprotective effects—which are highly likely due to 

deep-seated structural and metabolic changes 

established within the kidney, such as reduced 

cellular hypertrophy and vastly improved 

mitochondrial function—appear to robustly persist for 

several days even after the active pharmacological 

agent is completely stopped. This crucial dynamic 

means that we can safely and confidently hold the 

drug for a full 3 days to entirely prevent the acute 

onset of DKA without subsequently losing the vital 

protective shield against postoperative AKI. This vital 

legacy effect of sustained renal protection provides an 

essential physiological safety margin that is absolutely 

critical for the safe execution of comprehensive 

perioperative surgical planning.20 

 

4. Conclusion 

In conclusion, this meta-analysis supports a 

definitive paradigm shift in the perioperative 

management of patients with diabetic kidney disease. 

The evidence unequivocally demonstrates that SGLT2 

inhibitors are potent agents for reducing the incidence 

of postoperative Acute Kidney Injury, preventing 

nearly one in three AKI events in this high-risk 

population. However, this benefit is inextricably linked 

to a risk of euglycemic DKA if managed poorly. We 

propose an evidence-based 3-day bridge protocol: (1) 

Discontinue SGLT2 inhibitors 3 days (72 hours) prior 

to scheduled non-cardiac surgery. This duration is 

sufficient to eliminate the ketogenic risk (OR ~1.15, 

non-significant); (2) Rely on the legacy effect: The 

renoprotective benefits against AKI (OR 0.69) appear 

to be sustained despite this short withdrawal, likely 

due to persistent improvements in renal oxygenation 

and hemodynamics; (3) Postoperative Vigilance: 

Resume SGLT2 inhibitors only when the patient is 

tolerating a full oral diet and is euvolemic. Any 

unexplained postoperative metabolic acidosis should 

trigger immediate testing for serum ketones, 

regardless of blood glucose levels. This balanced 

approach allows clinicians to harness the profound 

renoprotective power of SGLT2 inhibitors while 

effectively eliminating the metabolic risks, ultimately 

improving surgical safety and outcomes for diabetic 

patients. 
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