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Bariatric surgery is considered an effec-
tive (1,2) and relatively safe (3) option
for the treatment of obesity and its co-
morbidities, including type 1 and type 2
diabetes. Diabetic ketoacidosis (DKA) is a
life-threatening complication of diabetes,
which mainly occurs in patients with
type 1 diabetes but can present in pa-
tientswith type 2 diabetes under stressful
conditions (4,5). The characteristics of
early postoperative DKA following bariat-
ric surgery are largely unknown. The ob-
jective of this study is to determine the
incidence and clinical circumstances un-
derlying DKA after bariatric surgery.
From January 2005 to December

2015, a total of 12 patients who devel-
oped DKA within 90 days following bar-
iatric surgery at an academic center were
identified in a database approved by an
institutional review board. All patients
met the American Diabetes Association
criteria for the diagnosis of DKA (4,5).
Two endocrinologists independently ver-
ified the diagnosis of DKA in the included
patients. Baseline characteristics, intrao-
perative data, and postoperative out-
comes were assessed.
Of the 12 patients who developed

early postoperative DKA, 8 had type 1
diabetes and 4 had type 2 diabetes
(Table 1), which corresponded to the
early postoperative incidence of 25%
and 0.2% in type 1 and type 2 diabetes,
respectively.

Patients had a female-to-male ratio of
5:1, a mean age of 49.1 6 11.0 years,
and a mean preoperative BMI of 43.16
5.6 kg/m2. Three patients (25%) had a
past history of DKA. Eleven of the 12
patients (92%) were taking insulin be-
fore surgery. All had poor preoperative
glycemic control with median glycated
hemoglobin (A1C) of 9.3% (78 mmol/mol)
(range 7.8–11.4% [62–101 mmol/mol]).
Bariatric procedures included laparoscopic
Roux-en-Y gastric bypass (n 5 6), laparo-
scopic sleeve gastrectomy (n 5 4), and
laparoscopic adjustable gastric banding
(n5 2). Themedian interval between bari-
atric surgery andDKAdevelopmentwas 12
days (range 0–61). One patient developed
two episodes of postoperative DKA. Nau-
seaand vomiting andabdominal painwere
common presenting symptoms.

Inadequate insulin therapy or non-
compliance was observed in eight (67%)
patients. Three of these developedDKA in
the immediate postoperative period be-
fore hospital discharge, which could be
explained by the combination of under-
treatment with insulin and surgical stress.
Infectionwas a precipitating factor for the
development of DKA in four (33%) pa-
tients. Poor oral intake (for several days)
could be a contributing factor in three
(25%) patients.

All patients were medically managed
per established DKA management proto-
cols with insulin infusion. Two patients

with respiratory insufficiency needed in-
tubation and mechanical ventilation.
Other observed adverse events during
the treatment of DKA included acute kid-
ney injury (n 5 2), deep vein thrombosis
(n 5 1), aspiration pneumonia (n 5 1),
and iatrogenic pneumothorax (n 5 1).
No mortality occurred.

Given the findings of this observa-
tional study, which is the largest case
series of this kind to date, and the avail-
able literature (4,5), the following con-
clusions and suggestions can be drawn:

1. Postoperative DKA following bariat-
ric surgery in patients with poorly
controlled type 1 diabetes is not un-
common. Postbariatric surgery DKA
can occur in patients with insulin-
deficient type 2 diabetes but is un-
common and usually mild. High-risk
patients should be informed about
warning symptoms, signs, and predis-
posing factors of postoperative DKA.

2. Anesthesia and surgical stress, abrupt
discontinuation of insulin or inade-
quate treatment in the perioperative
period, postoperative infection, pro-
longed poor oral intake, and severe
dehydration can be precipitating
causes for postoperative DKA.

3. Optimizing glycemic control before
surgery, not withholding basal in-
sulin on the morning of surgery,
and keeping the patients on insulin
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intravenous infusion protocols in the
perioperative period are necessary
to prevent postoperative DKA in pa-
tients with severe diabetes.

4. A low-calorie diet (before and after
surgery) and rerouting the gastroin-
testinal tract decrease the need for
insulin. Adjustment of basal insulin
dosage before surgery when the pa-
tient is on a low-calorie diet (which
usually starts 2 weeks before surgery),
in immediate postoperative period,
and after hospital discharge by endo-
crinologists and diabetes nurse practi-
tioners is critical in patients with
type 1 diabetes and insulin-deficient
type2 diabetes. In addition, the insulin
regimenanddosagehave tobe tailored
after the development of postopera-
tive infection in such patients.

5. Postbariatric surgery DKA can pre-
sent with abdominal pain, nausea,

and vomiting, which can lead to un-
necessary imaging studies to rule out
intra-abdominal surgical complica-
tions, such as leak, abscess, gastric
stenosis, and intestinal obstruction.

6. Early detection and aggressive diabe-
tes care are needed to treat this se-
rious adverse event.
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