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Abstract

Diabetic ketoacidosis (DKA) typically affects patients with type | diabetes but can also occur in type 2 diabetes under
severe stress or relative insulin deficiency. The postoperative phase constitutes a high-risk interval for diabetic ke-
toacidosis in individuals with type 2 diabetes, attributable to surgical stress, altered medication routines, and metabolic
changes. The introduction of sodium-glucose cotransporter-2 (SGLT2) inhibitors has added complexity, as these
medications can precipitate euglycemic DKA where ketoacidosis occurs without marked hyperglycemia. This review
examines postoperative DKA in type 2 diabetes, focusing on pathophysiology, clinical outcomes, prevention strategies,
and management approaches. The pathophysiology involves insulin deficiency, counterregulatory hormone excess, and
SGLT2 inhibitor effects that promote ketogenesis. Risk factors include emergency surgery, poor glycemic control,
insulin-dependent status, and SGLT2 inhibitor use. Prevention strategies include optimizing preoperative glycemic
control, discontinuing SGLT2 inhibitors at least 3 days before surgery, maintaining basal insulin during the perioperative
period, and monitoring for ketosis. Management requires aggressive fluid resuscitation, insulin therapy, electrolyte
management, and addressing any precipitating factors. Early recognition is essential, particularly for euglycemic DKA
which may be overlooked due to near-normal blood glucose levels. With proper preventive measures and timely
management, most cases of postoperative DKA in type 2 diabetes can be avoided or successfully treated.
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Introduction Following PRISMA guidelines, we conducted a
structured literature search using PubMed with broad
keyword combinations (eg, “postoperative diabetic ke-
toacidosis, “type 2  diabetes, “surgery, and
“SGLT?2 inhibitors™). Inclusion criteria, defined a priori,
encompassed clinical articles (case reports, case series,
cohort studies, and reviews) discussing postoperative
DKA in type 2 diabetes, particularly euglycemic DKA
and SGLT?2 inhibitor-related cases. We excluded animal

Diabetic ketoacidosis (DKA) is classically associated
with absolute insulin deficiency in type 1 diabetes but
can occur in type 2 diabetes during severe stress or
relative insulin deficiency,' leading to prolonged hos-
pitalization, ICU admissions, and increased mortality.'+
Postoperative DKA can present atypically, mimicking
sepsis or typical post-surgical metabolic changes, con-
tributing to low clinical awareness. Clinicians may not
suspect DKA in postoperative type 2 diabetes patients,
particularly when glucose levels are near-normal (eu-
glycemic DKA), resulting in misdiagnosis or delayed
treatment. The increasing use of sodium-glucose
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studies, pediatric cases, articles focusing solely on type
1 diabetes, and non-English publications. Three re-
viewers independently screened titles, abstracts, and
full texts, resolving discrepancies through consensus.
This systematic approach ensures comprehensive, un-
biased literature collection while maintaining trans-
parency and reproducibility of our search strategy.

Pathophysiology of Postoperative DKA in
Type 2 Diabetes

Diabetic ketoacidosis results from absolute or relative
insulin deficiency combined with excess counter-
regulatory hormones (glucagon, catecholamines, cor-
tisol, growth hormone).® In type 2 diabetes, residual
insulin secretion may become insufficient under acute
stress such as surgery or infection, precipitating keto-
sis.” Surgical stress elevates catecholamines and cor-
tisol, antagonizing insulin action and promoting
lipolysis and gluconeogenesis.” Free fatty acids re-
leased from adipose tissue are hepatically oxidized to
ketone bodies (B-hydroxybutyrate and acetoacetate).’
Concurrently, stress-induced hyperglycemia causes
osmotic diuresis, dehydration, and electrolyte losses,
impairing insulin signaling and renal ketone
clearance—perpetuating a cycle of rising ketones and
worsening metabolic acidosis.* Beyond metabolic de-
rangements, DKA also triggers significant systemic
inflammation. In rat models, DKA induces elevated
serum cytokines (TNF-a, IL-1pB) and increased cerebral
inflammatory markers during ketosis.” Notably, some
neuroinflammatory changes persist after DKA resolution,’
indicating lasting pathophysiological consequences beyond
the acute metabolic crisis.

A notable postoperative DKA had been observed in
insulin-dependent type 2 diabetes receiving bariatric
surgery.® Rapid weight loss and drastically reduced
caloric intake after bariatric procedures can decrease
insulin requirements, and if insulin therapy is not ap-
propriately adjusted or is stopped too soon, DKA can
result.” The stress of surgery and anesthesia itself is a
precipitant: pain and stress hormone release can provoke
prolonged hyperglycemia, while anesthesia may mask
early symptoms of hyperglycemia or ketosis. Further-
more, inadvertent withholding of basal insulin on the day
of surgery may further predispose DKA.

SGLT2 inhibitors have fundamentally altered the un-
derstanding of DKA pathophysiology. By reducing renal
glucose reabsorption and causing glucosuria, these agents
lower blood glucose without a commensurate rise in in-
sulin secretion.®® This creates a distinct metabolic state:
insulin levels fall and glucagon rises, tilting metabolism
toward ketosis despite near-normal glucose.'®'" Eugly-
cemic DKA (eu-DKA)—defined by normal or mildly

elevated blood glucose (often <250 mg/dL)—is strongly
associated with SGLT2 inhibitor use.” Several mecha-
nisms underliec SGLT2 inhibitor-induced ketosis'*'>'*:
glycosuria lowers insulin release, disinhibiting lipolysis;
reduced insulin and elevated glucagon promote fatty acid
oxidation and ketone production; and SGLT2 inhibitors
may directly stimulate a-cell glucagon secretion, as
demonstrated in human islet cell studies. Perioperatively,
these drugs compound ketogenic risk through caloric loss,
appetite suppression, and reduced oral intake.®> Surgical
fasting and physiological stress further elevate counter-
regulatory hormones, exacerbating the tendency toward
ketoacidosis.>'> Consequently, a type 2 diabetic patient
on an SGLT2 inhibitor may develop postoperative DKA
despite apparently controlled glucose.> Many reported
postoperative eu-DKA cases were initially misdiagnosed
for this reason (Table 1).

Risk Factors and Clinical Outcomes

A 2023 cohort study examined over 147,000 surgical
patients with type 2 diabetes, finding that
SGLT?2 inhibitor users had a significantly higher 30-day
postoperative DKA incidence (IRR: 6.33; 95% CI:
5.57-7.18) compared to non-users.”> Within SGLT2-
treated patients, HbAlc > 8% and preoperative insulin
use each conferred approximately triple the DKA
isk?***—consistent with the observation that insulin-
deficient, poorly controlled type 2 diabetics are most
vulnerable under surgical stress. DKA risk also varied
markedly by surgical urgency. Elective surgery carried
an approximately six-fold increased DKA incidence
with preoperative SGLT2 inhibitor use, while emer-
gency surgery yielded an IRR of ~24 compared to
elective procedures.>> However, a large 2025 study by
Dixit et al of ~34,000 emergency surgery patients found
no statistically significant difference in 14-day post-
operative DKA between SGLT2 inhibitor users (3.8%)
and non-users (3.5%) after covariate adjustment.?> This
discrepancy likely reflects methodological differences,
including surgical type, analytic approach, outcome
definitions, follow-up duration (14 vs 30 days), and
population characteristics.”> These findings support
differentiated perioperative management: for elective
surgery, discontinuing SGLT2 inhibitors at least 3 days
preoperatively effectively eliminates added DKA risk;
for emergency surgery, aggressive insulin therapy and
vigilant metabolic monitoring are essential . >%-*7-2%
When postoperative DKA does occur in a type 2 dia-
betic patient, the consequences can be severe. Among
SGLT2 inhibitor users, patients who developed postop-
erative DKA more frequently required invasive me-
chanical ventilation, had more acute renal failure
necessitating dialysis, developed more infections/sepsis,
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Table I. Published Cases of Postoperative Euglycemic DKA Associated With SGLT?2 Inhibitors
SGLT?2 inhibitor
Author (year) Type of surgery used Onset of DKA Presentation Outcome
Woang and Isom Cerebral Empagliflozin 24 hours High anion-gap metabolic Full recovery
(2020)'® revascularization postoperatively  acidosis
(moyamoya disease)
Osafehinti et al Coronary artery bypass Empagliflozin Few hours Elevated anion-gap Full recovery
(2021)"7 graft postoperatively ~ metabolic acidosis
Gomez-Sanchez Femoral endarterectomy Empagliflozin Postoperative day Acute delirium, Full recovery
et al (2021)'® and bypass with graft 2 hypotension, severe
metabolic acidosis
Chandrakumar Glaucoma surgery Ertugliflozin Immediate Reduced oral intake, Full recovery
et al (2021)3 postoperatively  fatigue, euglycemic
high-gap acidosis
Smith etal (2021)'® Laparoscopic sleeve Canagliflozin Postoperative day Tachycardia with later Full recovery
gastrectomy 3 developed altered
mental status,
tachypnea, and anion-
gap acidosis
Ritchie and Total hip arthroplasty for Empagliflozin Intraoperative High anion-gap acidosis  Full recovery
Dixon (2022)%° fracture requiring critical care (prolonged)
and IV insulin therapy
Bazan etal (2025)*' Case series (3 cases): Empagliflozin Ranged from All presented with Full recovery
Laparoscopic (2 cases) and 4 hours to elevated anion-gap
cholecystectomy; hip Canagliflozin 3 days metabolic acidosis and
hemiarthroplasty; (I case) postoperatively  ketosis
appendectomy and
cystectomy
Petersen et al Percutaneous coronary  Empagliflozin Postoperative day Dyspnea, nausea, Full recovery
(2023)" intervention for 2 vomiting; tachycardia (prolonged)
NSTEMI and hypertension; high
anion-gap acidosis
Chen etal (2025)* Laparoscopic distal Dapagliflozin Within a few days Euglycemic DKA despite  Full recovery

pancreatectomy

postoperatively  holding

SGLT?2 inhibitor
preoperatively; normal/
mild glucose levels
caused delayed
recognition of high-gap
acidosis

had longer lengths of hospital stay, and higher in-hospital
mortality than those who did not.?* Diabetic ketoacidosis
not only necessitates ICU admission for insulin infusion
and close monitoring but also precipitates complications
like aspiration pneumonia or bloodstream infections.”*°
Beyond immediate outcomes, 1 study found that type
2 diabetes patients who experienced DKA had a 1.55-
times higher risk of stroke in the following years com-
pared to diabetic patients without DKA.*' The risk was
especially elevated in the first 6 months after the DKA
episode.’’

Prevention of Postoperative DKA

To prevent postoperative DKA, preoperative optimi-
zation of diabetic patients is the first step. This includes

achieving the best feasible glycemic control in the
weeks leading up to elective surgery,’” as high HbAlc
is linked to DKA risk and also to poor wound healing
and infection.®>® Elective surgeries should ideally be
deferred in patients with severely uncontrolled diabetes
until glycemia is stabilized.?>* Patients on insulin should
receive clear instructions and adjustments for the day of
surgery: notably, do not withhold basal insulin en-
tirely.** Clinical experience and studies from bariatric
surgery suggest that continuing a reduced dose of basal
insulin on the morning of surgery is far safer than
stopping all insulin.*”

A crucial preventive measure is the management of
SGLT2 inhibitors. In March 2020, the U.S. Food and Drug
Administration (FDA) issued updated guidance recom-
mending holding SGLT2 inhibitors for at least 3 days before
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scheduled surgeries and at least 4 days for the longer-acting
ertuglifiozin.®® A systematic review conducted in 2023 en-
compassing 99 documented cases of SGLT2 inhibitor-
associated perioperative ketoacidosis provides additional
support for this recommendation: The review concluded that
adhering to a >3-day discontinuation prior to surgery could
prevent most SGLT2-related DKA episodes.*

Given the risk of eu-DKA, routine ketone screening
has been proposed for high-risk patients preoperatively.®’
Though large trials are lacking, elevated preoperative
ketones may justify postponing elective surgery to treat
incipient ketosis.”®*>° For urgent or emergency cases
where SGLT2 inhibitors were recently taken, postoper-
ative acid-base and ketone monitoring is essential, with
some experts recommending prophylactic insulin and
dextrose infusions perioperatively.*® Serial serum bicar-
bonate monitoring alongside low-dose insulin and dex-
trose supplementation is advised, as rising bicarbonate
confirms metabolic recovery.*'*? Diabetic ketoacidosis
resolution is indicated when bicarbonate normalizes
to >18 mEq/L with appropriate clinical improvement.**

EMR-based alerts for SGLT2 inhibitor users have
demonstrated measurable benefit; 1 study reported that a
perioperative precaution pop-up reduced postoperative
DKA incidence, with the IRR falling from ~4.06 to
2.97.%% Patient education is equally important—patients
should be counseled preoperatively on holding
SGLT2 inhibitors, maintaining basal insulin, staying
hydrated, and reporting symptoms such as nausea, ab-
dominal pain, or excessive fatigue.

Early postoperative feeding or IV dextrose minimizes
prolonged catabolic fasting. SGLT2 inhibitors should not
be restarted until the patient is eating regularly and free of
surgical complications.*** Emerging risk stratification
tools, including a 2024 algorithm incorporating surgery
type, urgency, HbAlc, glucose, renal function, and
SGLT?2 inhibitor use, can guide intensity of monitoring
and prophylactic intervention.*®

Within an Enhanced Recovery After Surgery (ERAS)
framework, multidisciplinary coordination among anes-
thesia, surgery, and endocrinology is essential. Shared
protocols for preoperative SGLT2 inhibitor cessation,
intraoperative  glucose control, and postoperative
surveillance—combined with early endocrinologist in-
volvement and routine EMR alerts—align with ERAS
principles to maintain perioperative metabolic stability.*’
Regular postoperative debriefs analyzing DKA events
further support continuous system improvement.

Management of Postoperative DKA

Clinicians should suspect DKA in any post-surgical
diabetic patient who develops symptoms like unex-
plained nausea, vomiting, abdominal pain, tachypnea, or
an altered mental status—even if blood glucose is not

extremely high. If DKA is even remotely suspected,
prompt measurement of serum electrolytes, blood gas,
and ketone levels (or serum B-hydroxybutyrate) should
be done.

The diagnostic criteria for DKA remain the same:
presence of a metabolic acidosis (anion gap acidosis with
bicarbonate typically <18 mEq/L, blood pH <7.30) with
positive ketones, and usually hyperglycemia >250 mg/
dL—though in euglycemic DKA, glucose may be only
mildly elevated (sometimes 120-250 mg/dL).?

Acute management principles include the following:

1. Fluid Resuscitation: Postoperative DKA patients
are often significantly dehydrated from preopera-
tive fasting, intraoperative losses, and DKA’s os-
motic diuresis. Restoring circulation with IV fluids
is the first priority. Isotonic saline is typically used
initially unless heart failure is present. Diabetic
ketoacidosis guidelines suggest starting with 1L in
the first hour and assessing hemodynamics. In
postoperative patients, consider using balanced
crystalloid like Lactated Ringer’s for large vol-
umes to avoid exacerbating hyperchloremic aci-
dosis. Once blood glucose drops below ~200-
250 mg/dL on insulin, add dextrose-containing
fluids to prevent hypoglycemia while continuing
ketone clearance.

2. Insulin Therapy: Insulin is the cornerstone of DKA
treatment, suppressing ketogenesis and lowering
blood glucose.*® In nearly all postoperative DKA
cases, IV insulin infusion is recommended for
rapid titration and is standard for moderate-to-
severe DKA. A typical regimen starts at
0.1 units/kg/hour after an initial IV bolus, with
adjustments to maintain glucose decline of 50-
75 mg/dL per hour. Insulin should continue until
anion gap closure, not merely glucose normali-
zation. In eu-DKA or during treatment, glucose
may normalize before acidosis resolves, necessi-
tating continued insulin with glucose supplemen-
tation to prevent hypoglycemia.

3. Electrolyte Management: DKA causes total-
body electrolyte depletion, especially potas-
sium. Even if serum potassium appears normal or
elevated initially, total body potassium is de-
pleted, and insulin therapy drives potassium
intracellularly, risking severe hypokalemia.
Postoperative DKA patients may have additional
electrolyte disturbances from perioperative fluid
shifts or nasogastric suction. Potassium must be
repleted aggressively once levels fall below
~5.0 mEq/L with adequate urine output. Typi-
cally, IV potassium (20-40 mEq per liter) is
started with insulin unless K+ exceeds 5.2 mEq/
L. If potassium is < 3.3 mEq/L, temporarily hold
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Patient with T2DM on SGLT2i
requiring surgery

Elective

| Elective (planned) surgery ‘

\ Hold SGLT2i 23 days pre-op (if possible) \

‘ Continue basal insulin even if NPO |

4

Type of surgery?

Emergency

| Emergency (urgent) surgery |

| No pre-op hold possible (SGLT2i likely recent) \

Ensure basal insulin or IV insulin infusion
(avoid insulin cessation)

L 4

| Screen ketones if SGLT2i <3 days or symptoms ‘

‘ Check baseline ketones (if high-risk or symptoms)

Ketones high?/

If ketones elevated:
postpone surgery & treat

Ketones
normal

After treatment

Proceed with surgery when safe;
maintain insulin therapy intra-op

‘ Post-op: monitor for DKA (ketones if any concern) ‘

4

Resume SGLT2i when stable
(normal intake, no catabolic stress)

If DKA suspected: start IV insulin + fluids
(treat DKA) while proceeding with surgery

Ketones high?

Ketones
normal

Treat concurrently

Proceed with urgent surgery with
high vigilance (ICU monitoring)

4

Post-op: frequent glucose/ketone checks;
continue insulin until eating

4

Resume SGLT2i only after full recovery
(stable oral intake)

Figure 1. Algorithm of perioperative management for patients with type 2 diabetes on SGLT2 inhibitors

insulin and replete potassium first. Bicarbonate
therapy is generally reserved for severe acidosis
(pH <6.9) due to risks of paradoxical CNS ac-
idosis and electrolyte shifts.

4. Addressing Precipitating Factors: Management
must include treating trigger factors like infection
or inadequate insulin dosing. For example, if an
infection such as pneumonia or wound infection is
identified, starting broad-spectrum antibiotics
early is lifesaving in conjunction with DKA
treatment. If the cause was an SGLT2 inhibitor
that was inadvertently continued, that medication
is of course stopped.

For patients with euglycemic DKA on SGLT?2 inhibitors,
one nuance is that they may not require as much insulin to
control glucose, but they do require insulin to suppress
ketogenesis.*”>* Some reports have found that type 2 dia-
betes patients with eu-DKA can sometimes be managed with

lower-intensity protocols. For instance, the case by Chan-
drakumar et al described a postoperative eu-DKA patient on
ertuglifiozin who was managed successfully without an
insulin drip with fluids and carbohydrate-containing diet to
stimulate endogenous insulin secretion. This requires pres-
ervation of beta-cell function and close monitoring.®

The safest approach in postoperative DKA is IV
insulin until resolution, given unpredictable oral intake
and postoperative stress. While mild cases in type
2 diabetics might resolve conservatively, insulin should
not be withheld in type 1 diabetics or insulin-dependent
type 2 diabetics, as endogenous recovery is impossible.
Once DKA resolves (anion gap closed, bicarbonate
normalized), transition to subcutaneous insulin care-
fully to prevent rebound ketoacidosis: overlap IV in-
sulin with subcutaneous basal insulin for 1-2 hours.”" A
common error is stopping insulin infusion when pa-
tients resume eating without adequate long-acting in-
sulin coverage, risking ketosis recurrence.
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Perioperative Management Algorithm
for SGLT2 Inhibitors

Algorithm delineating perioperative management for
patients with type 2 diabetes on SGLT2 inhibitors, con-
trasting elective vs emergency surgery pathways
(Figure 1). For elective surgeries, SGLT2 inhibitors
should be held at least 3 days preoperatively per FDA
guidance. Basal insulin should be maintained even when
patients are fasting (NPO) to prevent insulin deficiency.
Preoperative ketone screening is recommended if the
SGLT2 inhibitor was taken within 3 days of surgery or if
the patient has symptoms or high-risk features. If ketones
are elevated, elective surgery should be postponed and
insulin and fluids initiated to treat incipient ketoacidosis.
Only proceed with surgery once ketosis is resolved and
adequate insulin therapy is in place.

For emergency surgeries, holding the
SGLT?2 inhibitor is not feasible, so emphasis shifts to
active management: ensure basal or IV insulin is con-
tinued to avoid relative insulin deficiency, check baseline
and postoperatively ketones if the patient is high-risk or
symptomatic, and have a low threshold to initiate IV
insulin and fluids intraoperatively if DKA is suspected.
Postoperatively, all patients on recent SGLT2 inhibitor
are monitored closely for euglycemic DKA by frequent
glucose and ketone checks.

Resumption of SGLT2 inhibitors in both scenarios is
deferred until the patient is fully stable postoperatively—
that is, normal oral intake has resumed, no surgical
complications or active infection, and the patient’s
catabolic stress response has abated. This conservative
delay in restarting SGLT2 inhibitor (often several days
postoperatively) is advised to minimize recurrence of
ketosis.

Conclusion

Postoperative DKA in patients with type 2 diabetes is an
uncommon but life-threatening complication, increas-
ingly associated with SGLT2 inhibitor therapy and often
presenting as euglycemic DKA. Clinician awareness is
crucial, as these cases may occur with only modest
hyperglycemia, requiring a high index of suspicion and
prompt recognition. Prevention strategies are para-
mount: current recommendations include optimizing
glycemic control before surgery, discontinuing
SGLT2 inhibitors at least 3 days preoperatively, main-
taining basal insulin during the perioperative period, and
monitoring ketones in high-risk patients. If DKA does
occur, immediate aggressive management with intra-
venous fluids, insulin infusion, and electrolyte repletion
is essential. The rising incidence linked to
SGLT?2 inhibitors necessitates protocolized perioperative
management and electronic medical record alerts to flag

at-risk patients; by implementing these safeguards and
staying vigilant, clinicians and institutions can ensure
early intervention, reduce postoperative DKA, and im-
prove surgical outcomes.
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