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Abstract

Euglycemic diabetic ketoacidosis (euDKA) is an emergency situation associated with diabetes which has recently drawn clinicians’
attention due to its association with the administration of the novel class of antidiabetic’s sodium-glucose cotransporter 2 (SGLT-
2) inhibitors. The use of SGLT-2 inhibitors is on the rise, thanks to their primary and secondary cardioprotective effects. In the
context of SGLT-2 inhibitor administration, major operation may precipitate euDKA. One such example is pancreatoduodenectomy,
which is notorious for a multitude of associated complications, nevertheless has gained popularity over recent years because of
its therapeutic impact on periampullary and pancreatic head malignancies. Familiarization with the technique has expanded its
implication to patient groups who would otherwise be considered as “high risk”. The surgeon and any related clinician must be

aware of the rising complication of euDKA following pancreatoduodenectomy.
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for acute coronary syndrome treated with angioplasty and
stenting six months earlier and type 2 diabetes mellitus
on oral antidiabetics, undergoes pancreatoduodenectomy
for a 2 centimeter periampullary neuroendocrine tumor,
combined with simultaneous radiofrequency ablation

Abbreviations: euDKA:  Euglycemic  Diabetic
Ketoacidosis; SGLT-2: Sodium-Glucose Cotransporter 2;
POD: Postoperative Day; BE: Base Excess; AG: Anion Gap;
ICU: Intensive Care Unit; PD: Pancreatoduodenectomy; DGE:
Delayed Gastric Emptying; DM: Diabetes Mellitus; PDAC:

Pancreatic Adenocarcinoma; PP: Pancreatic Polypeptide;
IPRDM: Immediate Post-Resection Diabetes Mellitus; DPP-4:
Dipeptidyl Peptidase-4.

Clinical Vignette

A 65-year-old male, with a past medical history significant

and wedge resection of oligometastatic hepatic disease.
Nasogastric catheter is removed on postoperative day (POD)
2 and oral intake is progressively re-established from POD 3
onwards. Satisfactory glycemic control is achieved by means
of insulin sliding scale. Inmediate postoperative period is
otherwise non-remarkable, except for polyuria of roughly 5
liters daily and two self-resolved episodes of flushing without
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hemodynamic compromise. On POD 5 the patient complains
of epigastric fullness. Electrocardiogram, cardiac enzyme
panels and triplex ultrasonography are non-remarkable for
new-onset acute coronary syndrome, whereas reinsertion
of nasogastric catheter drains less than % liter of gastric
fluid. The abdomen is nontender, peritoneal drains have
low output and bedside ultrasonography is negative for
intra-abdominal free fluid or encapsulated fluid collections,
whereas mesenteric vessels are patent, with normal pulse
waves.

The patient suddenly becomes tachypneic (Kussmaul
breath), lethargic and develops livedo reticularis and clammy,
moist skin. Arterial blood gas analysis reads as follows: pH
7.037; pCO, 6.8 mmHg; HCO, 5.2 mmol/L; pO, 133 mmHg;
lactate 1.6 mmol/L; base excess (BE) -27.8 mmol/L; anion
gap (AG) 18.8 mml/L; glucose 225 mg/dL; hemoglobin 10.2
g/dL. In view of imminent respiratory fatigue and arrest,
we initiate aggressive resuscitation and transfer the patient
to the intensive care unit (ICU), where he is intubated and
continuously monitored. Therapeutic manipulations focus
on avid rehydration, exogenous insulin administration and
intravenous supplementation with sodium bicarbonate.
After four hours of resuscitation, four flacons of sodium
bicarbonate and numerous ABG checks, the ABG reads: pH
7.393; HCO,” 22 mmol/L, BE -3.1 mmol/L. Weaning from
mechanical ventilation takes place next afternoon and
the patient is discharged to the ward the next morning.
Review of patient’s drug history revealed administration of
empagliflozin, a newer antidiabetic of the sodium glucose
cotransporter-2 (SGLT-2) inhibitor class, which had been
discontinued the previous day of the operation.

Interrelations Among Pancreatic Neoplasia,
Pancreatic Surgery and Diabetes Mellitus

Pancreatoduodenectomy (PD), or Whipple’s procedure
with its variants, has increasingly gained popularity lately
for the management of pancreatic and periampullary
neoplasms, as its safety has increased, thanks to careful
patient selection, meticulous surgical technique and the
development of enhanced protocols of perioperative care
[1,2]. Familiarization with pancreatoduodenectomy has
inspired confidence in performing this operation and
offering it as a promising therapeutic option in patients
with multiple comorbidities, as the one described in the
above-mentioned clinical vignette. Nevertheless, PD has
serious complications that should always be kept in mind,
and these comprise but are not limited to the “popular”
ones, i.e. post-pancreatectomy hemorrhage (PPH) [3], post-
operative pancreatic fistula (POPF) [4,5], and delayed gastric
emptying (DGE) [6]. Indeed, clinical experience has taught
that preoperative comorbidities not only increase the risk
for PPH, POPF and DGE, but also predispose to incidents

relevant to the underlying pathology, thus increasing in-
hospital morbidity and mortality [7-9]. Most importantly,
those incidents cannot be reliably predicted with current
preoperative assessment modalities [10].

Diabetes mellitus (DM) is one such pathology, intimately
associated both with pancreatic carcinogenesis and
pancreatic surgery. The reciprocal relationship between
DM and pancreatic adenocarcinoma (PDAC) has long been
established [11,12]: hyperinsulinemia and insulin resistance
play a pivotal role in the development and aggressiveness of
PDAC [12-14]; conversely, PDAC is a diabetogenic condition,
either per se or by sharing common risk factors with DM,
such as obesity or inherited and epigenetic predisposition
[15-17]. Post-pancreatectomy diabetes is a subcategory of
type 3c or pancreatogenic diabetes, attributed to pancreatic
polypeptide (PP) deficiency, which is more prominent when
the head of the pancreas and the uncinate process are excised
(as in the Whipple’s procedure), because these anatomic
areas are rich in PP-cells [18]. PP deficiency leads in turn
to isolated hepatocellular insulin resistance with persistent
unsuppressed glucose production and fasting hyperglycemia
[11]. Of note, rarely do patients with post-pancreatectomy
diabetes manifest DKA, as their hyperglycemia is relatively
mild [11]. New-onset diabetes post-PD may affect as many
as 20% of patients [19,20], whereas diabetic patients who
undergo PD may experience disruption of their preoperatively
well-controlled DM at a rate of 26% [20]. Another relentless
issue that every pancreatic surgeon faces is immediate post-
resection diabetes mellitus (iPRDM), which may affect up
to 4% of patients undergoing PD after excluding secondary
causes of glycemic dysregulation (i.e. POPF or sepsis) and is
associated with the status of preoperative glycemic control
and the amount of the excised pancreatic tissue [21].

Euglycemic Diabetic Ketoacidosis in the Context
of Pancreatic Surgery

Diabetic emergencies are not infrequent following PD.
Postoperative hypoglycemia is characteristic of total
pancreatectomy [22,23],howeveritmay occurin the setting of
early dumping and DGE following pancreaticoduodenectomy
as well [24], or may be iatrogenic as a consequence to high
sensitivity to exogenous insulin administration [11], a
common practice in the perioperative period. A complication
that has recently emerged following major surgery in
diabetic patients is euglycemic diabetic ketoacidosis
(euDKA), especially in those on the newer class of sodium
glucose cotransporter-2 (SGLT-2) inhibitors, but also in
those on dipeptidyl peptidase-4 (DPP-4) inhibitors [25].
These classes of antidiabetics are prescribed with increasing
frequency nowadays, owing to their cardioprotective role,
which increases their relative advantage for primary and
secondary prevention of coronary events in diabetic patients.
Accumulating evidence suggests that major surgery is a
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potent trigger of euDKA in patients taking SGLT-2 inhibitors
[26-28]. Additionally, numerous recent case reports and
series underline the manifestation of euDKA following
bariatric [29,30], as well as non-bariatric major surgery
[31,32]. Regarding specifically pancreatic surgery, there has
been a recent report of two patients who had undergone
pancreatoduodenectomy and distal pancreatectomy,
respectively, and manifested euDKA that was attributed to
the concomitant use of SGLT-2 inhibitors in the perioperative
period.?? Interestingly, SGLT-2 inhibitors may induce euDKA
even after cese of administration unless they are discontinued
more than 48 hours preoperatively, i.e. more than 3 half-lives
(T%=12 hours) [33].

Diabetic ketoacidosis is by definition a state of hyperglycemia
and acidemia, manifested as: polyuria, polydipsia, weakness,
nausea and vomiting, altered sensorium, abdominal cramps
or pain, contraction of extracellular fluid volume, Kussmaul
respiration and acetone-odoured breath; and precipitated
by serious systemic insults, such as infection, myocardial
infarction, trauma, undiagnosed DM and non-compliance
with antidiabetic regimens etc [34]. Typically, arterial pH
is <7.3, serum bicarbonate <1.5 mEq/L and anion gap
>12 mmol/L, whereas the threshold for hyperglycemia
is somewhat in literature, ranging from 200 mg/dL to
250 mg/dL according to the Joint British Diabetic Society
and American Diabetes Association, respectively [35].
Nevertheless, glucose level is not taken into consideration
when grading the severity of DKA. Additionally, DKA is a
rather rare phenomenon in individuals suffering from T2DM
(0.32-2 per patient-years) [36], owing in part to patient and
physician alertness and mostly due to the effectiveness of
modern therapies. The rarity of this condition is the reason
why specialists from non-familiar fields (such as general
surgeons) may not recognize this condition promptly, even
in its typical form. Consequently, alertness should be raised
over the most “modern” variant of DKA, that is euglycemic
DKA (euDKA), a condition first described in a seminal report
by Munro and colleagues back in 1973, which is manifested
within a glycemic milieu that one would not normally expect
DKA to develop (i.e. blood sugar <300 mg/dL) [37]. The
patient described in the previous clinical scenario perfectly
fits in this state of euDKA.

SGLT-2 inhibitors may precipitate either euglycemic or typical
DKA, the determinant being the balance between hepatic
glucose production and glycosuria [38]. Despite the challenge
of initial recognition of euDKA, post hoc differentiation
between euDKA and typical DKA is somewhat easier, given
that the former is heralded by very low pH and bicarbonate
levels [28], as in the presented case. The mechanism through
which SGLT-2 inhibitors precipitate euDKA is as follows:
SGLT-2 inhibitors acting on the kidney induce glycosuria

and lower sodium reabsorption [32-38]. Glycosuria affects
plasma glucose levels and the ensuing hypoglycemia leads to
glucagon release by the pancreas and lipolysis by the liver
(induction of HMG-CoA synthase by glucagon - Pathway 1)
and adipose tissue (induction of hormone-sensitive lipase
by glucagon - Pathway 2)[39]. Low sodium reabsorption
in the proximal tubule leads to high levels of ketone bodies,
probably because of overproduction rather than reduced
renal clearance (Pathway 3) [39,40]. The net effect of all
three pathways is increased ketogenesis by the liver.

The manifestation of euDKA following pancreatic surgery,
as in the case vignette previously, is multimodal and
multifactorial and SGLT-2 inhibitors should not be considered
the sole culprits lightheartedly. Perry et al. recently showed
in an experimental model that dehydration and insulinopenia
are necessary and sufficient conditions for the development
of euDKA in subjects treated with SGLT-2 inhibitors [41].
A patient who has undergone pancreatoduodenectomy
(i.e. a major procedure and a diabetogenic one due to loss
of PP-cell mass) and their postoperative course has been
complicated by occult delayed gastric emptying (i.e. a state of
dehydration and low-carbohydrate intake) [38], exactly like
the one outlined in the index case, fulfills the requirements
to develop euDKA and previous administration of SGLT-
2 formulates the appropriate biochemical milieu for the
perfect storm to take place.

Emergence of “Novel” Complications in the
Era of Personalized Medicine - Lessons for the
Surgeon

Pancreatoduodenectomy is notorious among surgeons
for being associated with a constellation of potential
complications owing both to the technical difficulties that
stem from the anatomic location and the properties of the
tumor, as well as to the great impact it has as a procedure
on the physiology of the patient. Familiarization with the
technique has expanded the application of PD to patients who
would be deemed inappropriate surgical candidates in the
past due to multiple comorbidities. Amidst this ambiguous
context, side effects of modern medications may serve as
additional sources of postoperative morbidity. However up-
to-date a clinician may be, it is almost impossible to manage
this multitude of evidence emerging constantly and on a
daily basis. A multidisciplinary team approach, with the
involvement of experts on different fields (i.e. Diabetologists,
Dieticians, Clinical Pharmacologists, Intensive Care
Specialists etc) is currently the only efficient weapon against
the above-mentioned adversities, but it may be impractical
given the high workload and the plentiful of patients that
Surgeons are called to manage in their daily practice. Future
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perspectives should focus on platforms for managing the “big
data” and offering real-time assistance to surgical decision
making, as the ones implemented by machine learning and
artificial intelligence [41-43].

References

1.

10.

Cameron JL, He J (2015) Two thousand consecutive
pancreaticoduodenectomies. | Am Coll Surg 220(4):
530-536.

Hiittner FJ], Capdeville L, Pianka F, Ulrich A, Hackert, et
al. (2019) Systematic review of the quantity and quality
of randomized clinical trials in pancreatic surgery. Br ]
Surg 106(1): 23-31.

Wente MN, Veit JA, Bassi C, Dervenis C, Fingerhut A, et
al. (2007) Postpancreatectomy hemorrhage (PPH): an
International Study Group of Pancreatic Surgery (ISGPS)
definition. Surgery 142(1): 20-25.

Bassi C, Dervenis C, Butturini G, Fingerhut A, Yeo C, et al.
(2005) Postoperative pancreatic fistula: an international
study group (ISGPF) definition. Surgery 138(1): 8-13.

Bassi C, Marchegiani G, Dervenis C, Sarr M, Abu Hilal M,
etal. (2017) The 2016 update of the International Study
Group (ISGPS) definition and grading of postoperative
pancreatic fistula: 11 Years After. Surgery 161(3): 584-
591.

Wente MN, Bassi C, Dervenis C, Fingerhut A, Gouma
D], et al. (2007) Delayed gastric emptying (DGE) after
pancreatic surgery: a suggested definition by the
International Study Group of Pancreatic Surgery (ISGPS).
Surgery 142(5): 761-768.

Merath K, Mehta R, Tsilimigras DI, Farooq A, Sahara
K, et al. (2019) In-hospital Mortality Following
Pancreatoduodenectomy: a Comprehensive Analysis. ]
Gastrointest Surg.

Ronnekleiv-Kelly SM, Greenblatt DY, Lin CP, Kelly K], Cho
CS, et al. (2014) Impact of Cardiac Comorbidity on Early
Outcomes after Pancreatic Resection. ] Gastrointest Surg
18(3): 512-522.

Feyko ], Hazard H, Cardinal J, Thomay A, Cho S (2016)
Pancreatectomy in patients with impaired renal function:
How risky is it? Am Surg 82(1): 16-21.

Ashrafizadeh A, Mehta S, Nahm CB, Doane M, Samra
JS, et al. (2019) Preoperative cardiac and respiratory
investigations do not predict cardio-respiratory
complications after pancreatectomy. ANZ ] Surg.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Salvatore T, Marfella R, Rizzo MR, Sasso FC (2015)
Pancreatic cancer and diabetes: A two-way relationship
in the perspective of diabetologist. Int ] Surg 21(S1):
§72-S77.

Li J, Cao G, Ma Q Liu H, Li W, Han L (2012) The
bidirectional interation between pancreatic cancer and
diabetes. World ] Surg Oncol 10: 171.

Balzano G, Dugnani E, Gandolfi A, Scavini M, Pasquale
V, et al. (2016) Effect of diabetes on survival after
resection of pancreatic adenocarcinoma. A prospective,
observational study. PLoS One 11(11): e0166008.

Kleeff ], Costello E, Jackson R, Halloran C, Greenhalf W,
et al. (2016) The impact of diabetes mellitus on survival
following resection and adjuvant chemotherapy for
pancreatic cancer. Br ] Cancer 115(7): 887-894.

Pannala R, Leirness ]B, Bamlet WR, Basu A, Petersen GM,
etal. (2008) Prevalence and Clinical Profile of Pancreatic

Cancer-Associated Diabetes Mellitus. Gastroenterology
134(4): 981-987.

Garg SK, Maurer H, Reed K, Selagamsetty R (2014)
Diabetes and cancer: Two diseases with obesity as a
common risk factor. Diabetes, Obes Metab 16(2):97-110.

Wu JM, Ho TW, Kuo TC, Yang CY, Lai HS, et al. (2015)
Glycemic change after pancreaticoduodenectomy.
Medicine (Baltimore) 94(27): e1109.

Wang X, Zielinski MC, Misawa R, Wen P, Wang TY, et al.
(2013) Quantitative Analysis of Pancreatic Polypeptide
Cell Distribution in the Human Pancreas. PLoS One 8(1):
e55501.

Slezak LA, Andersen DK (2001) Pancreatic resection:
Effects on glucose metabolism. World ] Surg 25(4): 452-
460.

Burkhart RA, Gerber SM, Tholey RM, Lamb KM,
Somasundaram A, et al. (2015) Incidence and Severity
of Pancreatogenic Diabetes After Pancreatic Resection. ]
Gastrointest Surg 9(2): 217-225.

Ferrara MJ, Lohse C, Kudva YC, Farnell MB, Que FG, et al.
(2013) Immediate post-resection diabetes mellitus after
pancreaticoduodenectomy: Incidence and risk factors.
HPB(Oxford) 15(3):170-174.

Del Chiaro M, RangelovaE, Segersvard R, Arnelo U (2016)
Are there still indications for total pancreatectomy?
Updates in Surgery 68(3): 257-263.

Hartwig W, Gluth A, Hinz U, Koliogiannis D, Strobel O, et
al. (2016) Outcomes after extended pancreatectomy in

https://chembiopublishers.com/CJDCC/

https://chembiopublishers.com/submit-manuscript.php


https://chembiopublishers.com/CJDCC/
https://chembiopublishers.com/submit-manuscript.php
https://www.ncbi.nlm.nih.gov/pubmed/25724606
https://www.ncbi.nlm.nih.gov/pubmed/25724606
https://www.ncbi.nlm.nih.gov/pubmed/25724606
https://www.ncbi.nlm.nih.gov/pubmed/30582642
https://www.ncbi.nlm.nih.gov/pubmed/30582642
https://www.ncbi.nlm.nih.gov/pubmed/30582642
https://www.ncbi.nlm.nih.gov/pubmed/30582642
https://www.ncbi.nlm.nih.gov/pubmed/17629996
https://www.ncbi.nlm.nih.gov/pubmed/17629996
https://www.ncbi.nlm.nih.gov/pubmed/17629996
https://www.ncbi.nlm.nih.gov/pubmed/17629996
https://www.ncbi.nlm.nih.gov/pubmed/16003309
https://www.ncbi.nlm.nih.gov/pubmed/16003309
https://www.ncbi.nlm.nih.gov/pubmed/16003309
https://www.ncbi.nlm.nih.gov/pubmed/28040257
https://www.ncbi.nlm.nih.gov/pubmed/28040257
https://www.ncbi.nlm.nih.gov/pubmed/28040257
https://www.ncbi.nlm.nih.gov/pubmed/28040257
https://www.ncbi.nlm.nih.gov/pubmed/28040257
https://www.ncbi.nlm.nih.gov/pubmed/17981197
https://www.ncbi.nlm.nih.gov/pubmed/17981197
https://www.ncbi.nlm.nih.gov/pubmed/17981197
https://www.ncbi.nlm.nih.gov/pubmed/17981197
https://www.ncbi.nlm.nih.gov/pubmed/17981197
https://www.ncbi.nlm.nih.gov/pubmed/31292889
https://www.ncbi.nlm.nih.gov/pubmed/31292889
https://www.ncbi.nlm.nih.gov/pubmed/31292889
https://www.ncbi.nlm.nih.gov/pubmed/31292889
https://www.ncbi.nlm.nih.gov/pubmed/24277570
https://www.ncbi.nlm.nih.gov/pubmed/24277570
https://www.ncbi.nlm.nih.gov/pubmed/24277570
https://www.ncbi.nlm.nih.gov/pubmed/24277570
https://www.ncbi.nlm.nih.gov/pubmed/26802844
https://www.ncbi.nlm.nih.gov/pubmed/26802844
https://www.ncbi.nlm.nih.gov/pubmed/26802844
https://www.ncbi.nlm.nih.gov/pubmed/31625268
https://www.ncbi.nlm.nih.gov/pubmed/31625268
https://www.ncbi.nlm.nih.gov/pubmed/31625268
https://www.ncbi.nlm.nih.gov/pubmed/31625268
https://www.ncbi.nlm.nih.gov/pubmed/26123386
https://www.ncbi.nlm.nih.gov/pubmed/26123386
https://www.ncbi.nlm.nih.gov/pubmed/26123386
https://www.ncbi.nlm.nih.gov/pubmed/26123386
https://www.ncbi.nlm.nih.gov/pubmed/22920886
https://www.ncbi.nlm.nih.gov/pubmed/22920886
https://www.ncbi.nlm.nih.gov/pubmed/22920886
https://www.ncbi.nlm.nih.gov/pubmed/27814399
https://www.ncbi.nlm.nih.gov/pubmed/27814399
https://www.ncbi.nlm.nih.gov/pubmed/27814399
https://www.ncbi.nlm.nih.gov/pubmed/27814399
https://www.ncbi.nlm.nih.gov/pubmed/27584663
https://www.ncbi.nlm.nih.gov/pubmed/27584663
https://www.ncbi.nlm.nih.gov/pubmed/27584663
https://www.ncbi.nlm.nih.gov/pubmed/27584663
file:///D:/CB_PDFs/PDFs%20Done/CJDCC/Volume%203%20(2020)/Issue%201/28.%20CJDCCSC190031/Prevalence%20and%20Clinical%20Profile%20of%20Pancreatic%20Cancer-Associated%20Diabetes%20Mellitus
file:///D:/CB_PDFs/PDFs%20Done/CJDCC/Volume%203%20(2020)/Issue%201/28.%20CJDCCSC190031/Prevalence%20and%20Clinical%20Profile%20of%20Pancreatic%20Cancer-Associated%20Diabetes%20Mellitus
file:///D:/CB_PDFs/PDFs%20Done/CJDCC/Volume%203%20(2020)/Issue%201/28.%20CJDCCSC190031/Prevalence%20and%20Clinical%20Profile%20of%20Pancreatic%20Cancer-Associated%20Diabetes%20Mellitus
file:///D:/CB_PDFs/PDFs%20Done/CJDCC/Volume%203%20(2020)/Issue%201/28.%20CJDCCSC190031/Prevalence%20and%20Clinical%20Profile%20of%20Pancreatic%20Cancer-Associated%20Diabetes%20Mellitus
https://www.ncbi.nlm.nih.gov/pubmed/23668396
https://www.ncbi.nlm.nih.gov/pubmed/23668396
https://www.ncbi.nlm.nih.gov/pubmed/23668396
https://www.ncbi.nlm.nih.gov/pubmed/26166104
https://www.ncbi.nlm.nih.gov/pubmed/26166104
https://www.ncbi.nlm.nih.gov/pubmed/26166104
https://www.ncbi.nlm.nih.gov/pubmed/23383206
https://www.ncbi.nlm.nih.gov/pubmed/23383206
https://www.ncbi.nlm.nih.gov/pubmed/23383206
https://www.ncbi.nlm.nih.gov/pubmed/23383206
https://www.ncbi.nlm.nih.gov/pubmed/11344398
https://www.ncbi.nlm.nih.gov/pubmed/11344398
https://www.ncbi.nlm.nih.gov/pubmed/11344398
https://www.ncbi.nlm.nih.gov/pubmed/25316483
https://www.ncbi.nlm.nih.gov/pubmed/25316483
https://www.ncbi.nlm.nih.gov/pubmed/25316483
https://www.ncbi.nlm.nih.gov/pubmed/25316483
https://www.ncbi.nlm.nih.gov/pubmed/23374356
https://www.ncbi.nlm.nih.gov/pubmed/23374356
https://www.ncbi.nlm.nih.gov/pubmed/23374356
https://www.ncbi.nlm.nih.gov/pubmed/23374356
https://link.springer.com/article/10.1007/s13304-016-0388-6
https://link.springer.com/article/10.1007/s13304-016-0388-6
https://link.springer.com/article/10.1007/s13304-016-0388-6
https://www.ncbi.nlm.nih.gov/pubmed/27686238
https://www.ncbi.nlm.nih.gov/pubmed/27686238

24.

25.

26.

27.

28.

29.

30.

31.

32.

patients with borderline resectable and locally advanced
pancreatic cancer. Br ] Surg 103(12): 1683-1694.

Kazianka Lukas, Steiner Emanuel, Breuer R (2015)
Early Dumping and Reactive Hypoglycemia After
Pancreaticoduodenectomy: the Relationship Between
Gastric Emptying, Pylorus Preservation and Glycemic
Control.

Sonya Collins (2015) New safety warnings for two
classes of diabetes drugs: What pharmacists should
know | American Pharmacists Association 21(8): 38-39.

Peters AL, Buschur EO, Buse ]B, Cohan P, Diner ]JC, Hirsch
IB (2015) Euglycemic diabetic ketoacidosis: A potential
complication of treatment with sodium-glucose
cotransporter 2 inhibition. Diabetes Care 38(9): 1687-
1693.

Burke KR, Schumacher CA, Harpe SE (2017) SGLT2
Inhibitors: A Systematic Review of Diabetic Ketoacidosis
and Related Risk Factors in the Primary Literature.
Pharmacotherapy 37(2): 187-194.

Dizon S, Keely EJ], Malcolm ], Arnaout A (2017)
Insights Into the Recognition and Management of
SGLT2-Inhibitor-Associated Ketoacidosis: It's Not Just
Euglycemic Diabetic Ketoacidosis. Can ] Diabetes 41(5):
499-503.

Bonanni FB, Fei P, Fitzpatrick LL (2016) Normoglycemic
ketoacidosis in a postoperative gastric bypass patient
taking canagliflozin. Surg Obes Relat Dis 12(1): e11-e12.

Dowsett ], Humphreys R, Krones R (2019) Normal Blood
Glucose and High Blood Ketones in a Critically Unwell
Patient with T1DM Post-Bariatric Surgery: a Case of
Euglycemic Diabetic Ketoacidosis. Obes Surg 29(1): 347-
349.

Lau A, Bruce S, Wang E, Ree R, Rondi K, et al. (2018)
Perioperative =~ implications  of  sodium-glucose
cotransporter-2 inhibitors: a case series of euglycemic
diabetic ketoacidosis in three patients after cardiac
surgery. Can ] Anesth 65(2): 188-193.

Pace D], Dukleska K, Phillips S, Gleason V, Yeo C] (2018)
Euglycemic Diabetic Ketoacidosis Due to Sodium-
Glucose Cotransporter 2 Inhibitor Use in Two Patients
Undergoing Pancreatectomy. ] Pancreat Cancer 4(1): 95-
99.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Milder DA, Milder TY, Kam PCA (2018) Sodium-glucose
co-transporter type-2 inhibitors: pharmacology and
peri-operative considerations. Anaesthesia 73(8): 1008-
1018.

Goguen ], Gilbert ] (2018) Hyperglycemic Emergencies
in Adults. Can ] Diabetes 42: S109-S114.

Barski L, Eshkoli T, Brandstaetter E, Jotkowitz A (2019)
Euglycemic diabetic ketoacidosis. Eur ] Intern Med 63:
9-14.

Wang ZH, Kihl-Selstam E, Eriksson JW (2008)
Ketoacidosis occurs in both Type 1 and Type 2 diabetes-a
population-based study from northern sweden. Diabet
Med 25(7): 867-870.

Munro JE, Campbell IW, McCuish AC, Duncan L]JP (1973)
Euglycaemic Diabetic Ketoacidosis. Br Med ] 2(5866):
578-580.

Goldenberg RM, Berard LD, Cheng AYY, Gilbert |D, Verma
S, et al. (2016) SGLTZ2 Inhibitor-associated Diabetic
Ketoacidosis: Clinical Review and Recommendations for
Prevention and Diagnosis. Clin Ther 38(12): 2654-2664.

Qiu H, Novikov A, Vallon V (2017) Ketosis and diabetic
ketoacidosis in response to SGLT2 inhibitors: Basic
mechanisms and therapeutic perspectives. Diabetes
Metab Res Rev 33(5).

Ferrannini E, Baldi S, Frascerra S, Astiarraga B,
Barsotti E, et al. (2017) Clinical trial reg. nos.
NCT01248364, clinicaltrials.gov, and 2010-018708-
99, www.clinicaltrialsregister.eu. This article contains
Supplementary Data online at Diabetes Care 40(6): 771-
776.

Perry R], Rabin-Court A, Song JD, Cardone RL, Wang Y, et
al. (2019) Dehydration and insulinopenia are necessary
and sufficient for euglycemic ketoacidosis in SGLT2
inhibitor-treated rats. Nat Commun 10(1): 548.

Peterson ED (2019) Machine Learning, Predictive
Analytics, and Clinical Practice: Can the Past Inform the
Present? JAMA doi:10.1001/jama.2019.17831

Loftus TJ, Tighe PJ, Filiberto AC, Efron PA, Brakenridge
SC, et al. (2019) Artificial Intelligence and Surgical
Decision-Making. JAMA Surg.

https://chembiopublishers.com/CJDCC/

https://chembiopublishers.com/submit-manuscript.php


https://chembiopublishers.com/CJDCC/
https://chembiopublishers.com/submit-manuscript.php
https://www.ncbi.nlm.nih.gov/pubmed/27686238
https://www.ncbi.nlm.nih.gov/pubmed/27686238
http://meetings.ssat.com/abstracts/2015/Su1772.cgi
http://meetings.ssat.com/abstracts/2015/Su1772.cgi
http://meetings.ssat.com/abstracts/2015/Su1772.cgi
http://meetings.ssat.com/abstracts/2015/Su1772.cgi
http://meetings.ssat.com/abstracts/2015/Su1772.cgi
https://www.pharmacytoday.org/article/S1042-0991(15)30209-7/abstract
https://www.pharmacytoday.org/article/S1042-0991(15)30209-7/abstract
https://www.pharmacytoday.org/article/S1042-0991(15)30209-7/abstract
https://www.ncbi.nlm.nih.gov/pubmed/26078479
https://www.ncbi.nlm.nih.gov/pubmed/26078479
https://www.ncbi.nlm.nih.gov/pubmed/26078479
https://www.ncbi.nlm.nih.gov/pubmed/26078479
https://www.ncbi.nlm.nih.gov/pubmed/26078479
https://www.ncbi.nlm.nih.gov/pubmed/27931088
https://www.ncbi.nlm.nih.gov/pubmed/27931088
https://www.ncbi.nlm.nih.gov/pubmed/27931088
https://www.ncbi.nlm.nih.gov/pubmed/27931088
https://www.ncbi.nlm.nih.gov/pubmed/28797889
https://www.ncbi.nlm.nih.gov/pubmed/28797889
https://www.ncbi.nlm.nih.gov/pubmed/28797889
https://www.ncbi.nlm.nih.gov/pubmed/28797889
https://www.ncbi.nlm.nih.gov/pubmed/28797889
https://www.ncbi.nlm.nih.gov/pubmed/26686305
https://www.ncbi.nlm.nih.gov/pubmed/26686305
https://www.ncbi.nlm.nih.gov/pubmed/26686305
https://www.ncbi.nlm.nih.gov/pubmed/30328578
https://www.ncbi.nlm.nih.gov/pubmed/30328578
https://www.ncbi.nlm.nih.gov/pubmed/30328578
https://www.ncbi.nlm.nih.gov/pubmed/30328578
https://www.ncbi.nlm.nih.gov/pubmed/30328578
https://www.ncbi.nlm.nih.gov/pubmed/29168157
https://www.ncbi.nlm.nih.gov/pubmed/29168157
https://www.ncbi.nlm.nih.gov/pubmed/29168157
https://www.ncbi.nlm.nih.gov/pubmed/29168157
https://www.ncbi.nlm.nih.gov/pubmed/29168157
https://www.ncbi.nlm.nih.gov/pubmed/30631862
https://www.ncbi.nlm.nih.gov/pubmed/30631862
https://www.ncbi.nlm.nih.gov/pubmed/30631862
https://www.ncbi.nlm.nih.gov/pubmed/30631862
https://www.ncbi.nlm.nih.gov/pubmed/30631862
https://www.ncbi.nlm.nih.gov/pubmed/29529345
https://www.ncbi.nlm.nih.gov/pubmed/29529345
https://www.ncbi.nlm.nih.gov/pubmed/29529345
https://www.ncbi.nlm.nih.gov/pubmed/29529345
https://www.ncbi.nlm.nih.gov/pubmed/29650082
https://www.ncbi.nlm.nih.gov/pubmed/29650082
https://www.ncbi.nlm.nih.gov/pubmed/30910328
https://www.ncbi.nlm.nih.gov/pubmed/30910328
https://www.ncbi.nlm.nih.gov/pubmed/30910328
https://www.ncbi.nlm.nih.gov/pubmed/18644074
https://www.ncbi.nlm.nih.gov/pubmed/18644074
https://www.ncbi.nlm.nih.gov/pubmed/18644074
https://www.ncbi.nlm.nih.gov/pubmed/18644074
https://www.ncbi.nlm.nih.gov/pubmed/4197425
https://www.ncbi.nlm.nih.gov/pubmed/4197425
https://www.ncbi.nlm.nih.gov/pubmed/4197425
https://www.ncbi.nlm.nih.gov/pubmed/28003053
https://www.ncbi.nlm.nih.gov/pubmed/28003053
https://www.ncbi.nlm.nih.gov/pubmed/28003053
https://www.ncbi.nlm.nih.gov/pubmed/28003053
https://www.ncbi.nlm.nih.gov/pubmed/28099783
https://www.ncbi.nlm.nih.gov/pubmed/28099783
https://www.ncbi.nlm.nih.gov/pubmed/28099783
https://www.ncbi.nlm.nih.gov/pubmed/28099783
file:///D:/CB_PDFs/PDFs%20Done/CJDCC/Volume%203%20(2020)/Issue%201/28.%20CJDCCSC190031/Ferrannini%20E,%20Baldi%20S,%20Frascerra%20S,%20Astiarraga%20B,%20Barsotti%20E,%20et%20al.%20(2017)%20Clinical%20trial%20reg.%20nos.%20NCT01248364,%20clinicaltrials.gov,%20and%202010-018708-99,%20www.clinicaltrialsregister.eu.%20This%20article%20contains%20Supplementary%20Data%20online%20at%20Diabetes%20Care%2040(6):%20771-776.%20
file:///D:/CB_PDFs/PDFs%20Done/CJDCC/Volume%203%20(2020)/Issue%201/28.%20CJDCCSC190031/Ferrannini%20E,%20Baldi%20S,%20Frascerra%20S,%20Astiarraga%20B,%20Barsotti%20E,%20et%20al.%20(2017)%20Clinical%20trial%20reg.%20nos.%20NCT01248364,%20clinicaltrials.gov,%20and%202010-018708-99,%20www.clinicaltrialsregister.eu.%20This%20article%20contains%20Supplementary%20Data%20online%20at%20Diabetes%20Care%2040(6):%20771-776.%20
file:///D:/CB_PDFs/PDFs%20Done/CJDCC/Volume%203%20(2020)/Issue%201/28.%20CJDCCSC190031/Ferrannini%20E,%20Baldi%20S,%20Frascerra%20S,%20Astiarraga%20B,%20Barsotti%20E,%20et%20al.%20(2017)%20Clinical%20trial%20reg.%20nos.%20NCT01248364,%20clinicaltrials.gov,%20and%202010-018708-99,%20www.clinicaltrialsregister.eu.%20This%20article%20contains%20Supplementary%20Data%20online%20at%20Diabetes%20Care%2040(6):%20771-776.%20
file:///D:/CB_PDFs/PDFs%20Done/CJDCC/Volume%203%20(2020)/Issue%201/28.%20CJDCCSC190031/Ferrannini%20E,%20Baldi%20S,%20Frascerra%20S,%20Astiarraga%20B,%20Barsotti%20E,%20et%20al.%20(2017)%20Clinical%20trial%20reg.%20nos.%20NCT01248364,%20clinicaltrials.gov,%20and%202010-018708-99,%20www.clinicaltrialsregister.eu.%20This%20article%20contains%20Supplementary%20Data%20online%20at%20Diabetes%20Care%2040(6):%20771-776.%20
file:///D:/CB_PDFs/PDFs%20Done/CJDCC/Volume%203%20(2020)/Issue%201/28.%20CJDCCSC190031/Ferrannini%20E,%20Baldi%20S,%20Frascerra%20S,%20Astiarraga%20B,%20Barsotti%20E,%20et%20al.%20(2017)%20Clinical%20trial%20reg.%20nos.%20NCT01248364,%20clinicaltrials.gov,%20and%202010-018708-99,%20www.clinicaltrialsregister.eu.%20This%20article%20contains%20Supplementary%20Data%20online%20at%20Diabetes%20Care%2040(6):%20771-776.%20
file:///D:/CB_PDFs/PDFs%20Done/CJDCC/Volume%203%20(2020)/Issue%201/28.%20CJDCCSC190031/Ferrannini%20E,%20Baldi%20S,%20Frascerra%20S,%20Astiarraga%20B,%20Barsotti%20E,%20et%20al.%20(2017)%20Clinical%20trial%20reg.%20nos.%20NCT01248364,%20clinicaltrials.gov,%20and%202010-018708-99,%20www.clinicaltrialsregister.eu.%20This%20article%20contains%20Supplementary%20Data%20online%20at%20Diabetes%20Care%2040(6):%20771-776.%20
https://www.ncbi.nlm.nih.gov/pubmed/30710078
https://www.ncbi.nlm.nih.gov/pubmed/30710078
https://www.ncbi.nlm.nih.gov/pubmed/30710078
https://www.ncbi.nlm.nih.gov/pubmed/30710078
https://www.ncbi.nlm.nih.gov/pubmed/31755902
https://www.ncbi.nlm.nih.gov/pubmed/31755902
https://www.ncbi.nlm.nih.gov/pubmed/31755902
https://www.ncbi.nlm.nih.gov/pubmed/31825465
https://www.ncbi.nlm.nih.gov/pubmed/31825465
https://www.ncbi.nlm.nih.gov/pubmed/31825465

	Abstract
	Clinical Vignette
	Interrelations Among Pancreatic Neoplasia, Pancreatic Surgery and Diabetes Mellitus
	Euglycemic Diabetic Ketoacidosis in the Context of Pancreatic Surgery
	Emergence of “Novel” Complications in the Era of Personalized Medicine – Lessons for the Surgeon
	References

