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Discussion

Our present report is of the youngest child, to the best of our
knowledge, to be newly diagnosed with T2DM and presenting
with HHS. Although the incidence of HHS in children is increasing,
it is still considerably less frequent than diabetic ketoacidosis
(DKA)[1].Fourtneretal. [6] reported that 3.7% of adolescents with
T2DM also presented with HHS. Rosenbloom [4] compared
26 cases of HHS reported during 1966-2000 with 65 reported
and six unreported cases during 2001-2008, and found that all
patients in the more recent group were aged > 9 years, with a
male-to-female ratio of 3.5:1, and 75% of them were obese,
whereas 73% of patients in the earlier reports were < 9 years of
age and showed an equal gender distribution, with no reported
cases of obesity [4].

Underlying infection represents the most common precipitat-
ing cause of HHS [7]. However, delayed diagnosis of new-onset
T2DM with an insidious presentation could lead to the develop-
ment of HHS as well, as in the case of our present patient, whose
clinical presentation was similar to those of previously reported
cases of children with HHS [4,7], except that she is one of the
youngest so far and the index of suspicion was too low for such a
diagnosis. Yafi and Collins [8] reported a case of Texan toddler with
T2DM, but no HHS. This was thought to be the youngest child ever
diagnosed with T2DM, although other causes of diabetes were not
ruled out by the necessary genetic tests.

Most current case reports of HHS in T2DM are of adolescent
patients, although other atypical presentations of HHS had been
previously reported. Tsai et al. [9] reported on an obese 15-year-
old African American boy newly diagnosed with T2DM who
presented with HHS, but with a mixed picture of DKA, whereas
Moued et al. [5] reported on a 7-year-old boy who presented with
HHS with newly diagnosed type 1 diabetes mellitus complicated
by hypernatraemic dehydration.

As an increasing prevalence of T2DM in children and
adolescents of all ethnicities has recently been reported around
the world [10], regular screening for diabetes in patients with risk
factors, regardless the age, should be reemphasized to avoid
diagnostic delays and to minimize the risk of life-threatening
complications like HHS.

Conclusion
T2DM should be anticipated in children of any age as long as
they show the typical phenotype and risk factors. Delaying the

diagnosis could lead to more serious, and sometimes life-
threatening, complications.
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GLP-1 agonist associated acute kidney injury:
A case report and review

Introduction

Glucagon-like-peptides (GLP)-1 agonists have gained populari-
ty over the last decade and are being increasingly used in the
management of obese diabetes type-2 patients, owing to their
much desired weight loss benefits in addition to effective glycemic
control. However, since the FDA approval of Byetta® (exenatide) in
2005, there have been cases of acute kidney injury (AKI) reported
to the agency [1] and 11 such published cases [2-8], leading to
FDA's revision of the drug label in 2008, to highlight that Byetta
should not be used in patients with severe renal impairment or end
stage renal disease.

All these cases of AKI have occurred in patients taking Byetta®™,
which needs twice daily dosing. However, in 2012, a new extended
release (ER) preparation of exenatide, requiring once weekly
dosing (Bydureon) was approved by the FDA. Ours is the first case
of acute kidney injury (AKI) caused by the extended release
formulation in a patient who had normal baseline renal function
before commencing the drug. The patient had a distinctive clinical
presentation that included a peculiar skin rash appearing just
before the kidney injury and improvement with treatment of the
same. Also included are the detailed renal biopsy report as the only
two published biopsy reports of exenatide induced AKI, have
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Fig. 1. Creatinine levels at diagnosis of AKI and trending over 2 weeks.

reported different pathologies for renal failure in these patients:
acute tubular necrosis and tubulointerstital nephritis [5,8].

Additionally, we also review the 13 [2-9] so far published cases
of exenatide (11 cases) & liraglutide (2 cases) induced ATN to
analyze and understand the patient characteristics, clinical
symptoms and prognosis associated with this serious complication
which will help physicians anticipate and prevent AKI in these
patients.

Case report

A 52-year-old severely obese female with BMI 36, hypertension
and 2 year history of diabetes mellitus presented to the emergency
department with complaints of nausea, vomiting, abdominal pain
and an expanding abdominal rash for 1 week. She was found to
have acute kidney injury (AKI).

Exenatide (Bydureon®) 2 mg ER subcutaneous injection was
added to metformin 1 mg BD, 6 weeks before presentation. At the
time, her kidney function was normal with a creatinine of 0.82 mg/
dL (72.5 umol/L), GFR 80.1 mL/min/1.73 m? and a baseline Hb1Ac
of 7.2% (55 mmol/mol). Her medical conditions included migraine,
asthma, celiac disease and hypothyroidism and she was being
treated with Triamterene-Hydrochlorothiazide 37.5-25 mg, Losar-
tan 100 mg, Exemestane 25 mg, Amlodipine 10 mg, Levothyroxine
50 mcg, Ezetimibe 10 mg, Cholecalciferol 50,000 IU biweekly,
Beclomethasone, Albuterol inhalers and Epinephrine. Patient
had known allergies to fish oil, lodine, Mango, Penicillin, Tirosin
and Azithromycin.

After the very first dose of exenatide patient had itching and
lump formation at injection sites which was attributed to local
atopy considering her multiple allergies and as a common side
effect of the drug, but after the fifth (last) dose she developed a
large erythematous lesion on her abdomen which was followed by
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progressive nausea leading to multiple vomiting episodes and
diarrhea in the following week. She had no fever, abdominal or
flank pain, no urinary symptoms and no history of NSAID intake.
The rash resolved over the next few weeks.

Her vitals at presentation were BP 154/74, HR 104, RR 16 and
Temp 37.1 °C (98.7 °F). Lab tests revealed Glucose 116, BUN 32,
Creatinine 2.6 mg/dL (229.89 umol/L), GFR 20.5 mL/min/1.73 m?,
Na 140, Potasssium3.7, Chloride 96, Albumin 4.8 and a Calcium
11.4. Her Hb1Ac had improved to 5.9% (41 mmol/mol) from 7.2%
(55 mmol/mol) with Exenatide and she had lost over 10Ibs in
5 weeks of treatment. Abdominal USG showed no urinary tract
obstruction. Urinalysis reported clear straw colored urine, specific
gravity of 1.004, leukocytes 3+, WBC > 25, bacteria 3+ and few
squamous epithelial cells. Eosinophil smear was negative. Urine
chemistry revealed albumin creatinine ratio of 35 indicating
increased risk for diabetic nephropathy.

The differential diagnosis included non-oliguric acute kidney
injury secondary to volume depletion (caused by diarrhea,
vomiting, diuretics) versus direct kidney injury due to Exenatide.
Intravenous fluids were started and Losartan/HCTZ/Triamtrene
were withdrawn. Patient was also treated with ciprofloxacin for
potential UTI based on urinalysis. In addition to fluids and
antibiotic for UTI, in-hospital medications included amlodipine
10 mg, levothyroxine 50 mcg, ondansetron, exemestane, ezeti-
mibe, insulin lispro and heparin.

Over the next 3 days, her renal function did not improve despite
volumerepletion and continued to worsen with creatinine increasing
from 2.6 mg/dL to 2.81 mg/dL (229.89 to 248.46 umol/L) (Fig. 1).
However, hypercalcemia and leukocytosis resolved with intravenous
fluids. With continued IVFs, patient showed delayed response when
her renal function began to recover on the fourth day of admission.
However, it did not reach baseline levels over next 2 weeks, when we
obtained renal biopsy. The kidney biopsy pathology revealed
evidence of acute tubular injury, tubular atrophy, mild interstitial
fibrosis and moderate arterio- and arteriolosclerosis (Fig. 2). Negative
immunofluorescence findings provided evidence against active
immune complex mediated glomerular disease.

Electron microscopy revealed normal texture, thickness and
contour of glomerular basement membranes. Podocyte foot
process effacement was minimal, involving 10% of the capillary
surface area. No immune type electron dense deposits were seen.
Tubules displayed mild degenerative changes including prominent
autophagolysosomes. Hence, both ischemic and toxic forms of ATN
were in the differential diagnosis. Light microscopy also reported
prospect for significant renal recovery, given the lack of significant
renal scarring.

Our patient continued to show recovery of renal function over
the next week with her creatinine dropping to 1.25 mg/dL
(110.53 umol/L) 3 weeks after the event. She did not require
steroids or hemodialysis anytime during hospital stay.
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Fig. 2. Renal biopsy revealing evidence of acute tubular injury, tubular atrophy, mild interstitial fibrosis and moderate arterio- and arteriolosclerosis.
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Analysis of published cases

On analyzing the 13 published cases of acute renal failure
attributed to GLP-1 agonists, both liraglutide (2 cases) and
exenatide (11 cases) [2-9], we found the mean age to be 63,
however one case was reported in a 20 year old. The patients had a
baseline mean Hb1Ac of 10.1 (87.1 mmol/mol) and a BMI ranging
from 35 to 47. The renal function was normal (< 1.2 mg/dL or
106.1 umol/L) in the majority (70%) of patients at the time of
commencing the drug. The other 30% had creatinine between 1.2 to
2 mg/dL (106.1 to 176.84 umol/L). The dose of Byetta® was 5 mcg
BID in 50% of patients and 10 mcg BD in the other 50%. Dose of
liraglutide was 1.2 mg/day in one and 1.8 mg/day in the other.
Patients had responded well initially with Hb1Ac improving by an
average of 1.5% (17 mmol/mol) and patients experiencing a mean
weight reduction of 7.7 kilograms before renal failure. Patients
either reported initial good GI tolerance to the drug or easing of
these symptoms after first few weeks. However, patients either
had sudden recurrence or new-onset of GI symptoms just prior to
presentation, the incidence of which seemed to peak at 11 weeks of
treatment (ranging from 5 days to 9 months). The symptoms were
reported for an average of 5 days before presentation and included
nausea (85%), vomiting (70%), skin rash, diarrhea, drowsiness,
decrease urination and flank discomfort in few. None of the
patients reported abdominal pain or symptoms suggestive of
pancreatitis. Fifty percent of the patients needed hospitalization.
Majority of the patients (85%) had no overt hypotension at
presentation. Creatinine level at diagnosis was below 5.0 mg/dL
(442 umol/L) in the majority (60%) and ranged from 2.09 to
22.8 mg/dL (184.8 to 2015.98 umol/L). None of the patients was
taking NSAIDs. However, all of the patients were taking stable
doses of ACEi/ARBs and diuretics. Renal USG was negative for
obstruction in 100% of patients. Tests for antinuclear antibodies
(ANA) and anti-neutrophil cytoplasmic antibodies (ANCA), and
cryoglobulinemia were negative in all. GLP-1 agonists were
discontinued permanently in all except 1 patient. Majority of
the patients (9.64%) responded to IV fluids and discontinuation of
nephrotoxic drugs, 2 needed dialysis (13%), 2 needed steroids (13%)
and 1 needed both steroids and dialysis (5%).

With regards to pathology of AKI in these patients, exenatide
induced to acute tubular necrosis (ATN) was identified in 2 reports
(including ours) and tubulointerstital nephritis in one. In the
single available biopsy report of Liraglutide induced AKI,
tubulointerstital nephritis was identified. Renal function recov-
ered partially (57% patients) or completely (43% patients) over an
average of 5 weeks.

Conclusion

The review of published cases suggests the following
considerations: GLP-1 agonists may cause AKI via two mecha-
nisms: acute interstitial nephritis (AIN) as well as acute tubular
necrosis (ATN). Majority of cases developed in patients with
normal baseline renal function with no age or gender predilec-
tion, emphasizing caution with every patient. Renal failure may
occur despite patients originally experiencing encouraging
responses to the drug: significant drop in Hb1Ac and loss of
weight. Mean duration of treatment before AKI was 11 weeks, but
may occur as early as 5 days to several months. Regular adequate
fluid intake should be encouraged in all patients on GLP-1
agonists, as majority of cases were attributed to volume depletion
and responded well to fluids. Physicians should exercise caution
and monitor renal function/discontinue drug, if patient expe-
riences sudden recurrence of nausea or vomiting after a
symptom-free period following drug initiation. Skin rash,

anorexia, fatigue, malaise, drowsiness, and flank discomfort
should also draw attention. Both Byetta®™ and the extended
release form Bydureon® of exenatide may cause this event.
Similar incidence of AKI was noted in patients taking starting dose

®

(5 mcg BD) or escalated dose (10 mcg BD) of Byetta®.
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Patients with diabetes and foot ulcer present )

cognitive dysfunction and express fewer needs
in terms of educational support

Introduction

Despite global improvement in the care of diabetes patients
(DPs), the frequency of diabetic foot ulcer (DFU) is expected to
increase because of ageing of the population [1]. Patient education
on self-care is recommended for the prevention of foot ulceration
and amputation [2]. However, despite better screening of patients
at high risk of DFU and specific structured podiatric care, healing
failure, DFU recurrence and amputation still affected > 50% of
patients over a 5-year observation period [3]. To improve
individualized foot care management, a proof-of-concept study
explored patients’ needs in terms of therapeutic patient education
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