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WHIPPLE’S TRIAD

for diagnosis hypoglycemia

1. Symptoms consistent with hypoglycemia
» Autonomic symptoms
» Neuroglycopenic symptoms

2. Low plasma glucose
> Non-diabetic subject <55 mg/dI
» Diabetic subject® <70 mg/di

3. Relief of symptoms when plasma glucose

concentration is raised to normal level

) Clin Endocrinol Metab 2009, 94(3):709-728 * Diabetes Care, Vol 39, supplement 1, 2016



Physiologic response to hypoglycemia

Response

Glycemic threshold

(mg/dl)

Role in prevention or correction
of hypoglycemia
(glucose counterregulation)

1° glucose regulatory factor,

i 80-85
¥ Insulin 15t defense against hypoglycemia
i 1° glucose regulatory factor,
TGIucagon 65-70 2"d defense against hypoglycemia
T Epinephrine 65-70 3rd defense against hypoglycemia
Tcortisol & GH 65-70 3rd defense against hypoglycemia
Prompt behavioral defense

Symptoms SR (food ingestion)

J Cognition <50 Compromises behavioral defense

William Textbook of Endocrinology 13th edition



SYMPTOMS OF HYPOGLYCEMIA

AUTONOMIC SYMPTOMS

(falling glucose level)

= Trembling

= Shakiness & palpitations

= Anxiety & nervousness

Clamminess

Sweating
Hunger
Dry mouth
Pallor

Pupil dilatation

NEUROGLYCOPENIC SYMPTOMS

(direct result of brain neuronal glucose deprivation)

Abnormal mentation

Irritability

Difficulty concentrating

Difficulty speaking

Confusion & ataxia

Paresthesia & weakness

Vision changes & headache & dizziness
Drowsiness

Seizure and coma

CLINICAL DIABETES Volume 24, Number 3, 2006



Hypoglycemia awareness

Blood glucose (mg/dL)
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Hypoglycemia unawareness

Blood glucose (mg/dL)

72

24

36

18

t

Hypoglycemia unaware

® oclder patients
® patients with frequent hypoglycemic episodes
® patients with diabetic autonomic neuropathy

Onset of autonomic
symptoms

Onset of CNS
dysfunction

Onset of autonomic
symptoms

:l» Coma/fseizure {
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WHIPPLE’S TRIAD

Relief of symptoms when plasma glucose concentration is raised to normal level

Not reversible

1. Plasma glucose not return to normal range

2. Plasma glucose return to normal range
- Prolonged hypoglycemia
- Post-hypoglycemic brain edema

- Concomitant of other brain lesion




WHIPPLE’S TRIAD

1. Symptoms consistent with hypoglycemia

2. Low plasma glucose

3. Relief of symptoms when plasma glucose

concentration is raised to normal level

Hypoglycemia in patients with diabetes*:
All episodes of an abnormally low plasma glucose concentration that expose the
individual to potential harm.

) Clin Endocrinol Metab 2009, 94(3):709-728 * Diabetes Care, Vol 39, supplement 1, 2016



SEVERITY OF HYPOGLYCEMIA

MILD

" Autonomic symptoms are present

®Individual is able to self-treat
MODERATE

® Autonomic and neuroglycopenic symptoms are present

¥ Individual is able to self-treat
SEVERE

" Unconsciousness may present
®Individual requires assistance of another person

®Pplasma glucose is typically < 50 mg/dl

Management of hypoglycemia CANADIAN JOURNAL OF DIABETES 26:1, 22-35
Thai guideline for diabetes 2566



The consequences of hypoglycaemia

Brain ‘@’_.

Cognitive dysfunction Heart
Impaired memory formation

Seizures Myocardial infarction
Coma Cardiac arrhythmias
Fear of hypoglycaemia

Musculoskeletal /n/ \%\

Circulation
Falls Inflammation
Fractures . ..
) ; Blood coagulation abnormalities
Dislocations

Haemodynamic changes

Driving accidents, Endothelial dysfunction

Desouza CV et al, Diabetes Care 2010;33:1389-1394. Frier BM et al, Diabetes Care 2011;34(Suppl. 2):5132-S1377. Frier BM, Nat Rev Endocrinol 2014;10:711-722. Gjedde A et al, Diabetes 2015;64(Suppl. 1):A91.
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Table 6.4—Classification of hypoglycemia

Glycemic criteria/description

Level 1 Glucose <70 mg/dL (<3.9 mmol/L) and =54 mg/dL (=3.0 mmol/L)
Level 2 Glucose <54 mg/dL (<3.0 mmol/L)
Level 3 A severe event characterized by altered mental and/or physical status

requiring assistance for treatment of hypoglycemia, irrespective of

: glucose level
I Diabetes
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Table 6.5—Assessment of hypoglycemia risk among individuals treated with
insulin, sulfonylureas, or meglitinides

Social, cultural, and economic

Clinical and biological risk factors risk factors

Major risk factors Major risk factors

* Recent (within the past 3—6 months) level 2 e Food insecurity

’ or 3 hypoglycemia e Low-income status§

D].abetes * [ntensive insulin therapy* e Housing insecurity
Care * Impaired hypoglycemia awareness e Fasting for religious or cultural
D * End-stage kidney disease reasons
) * Cognitive impairment or dementia e Underinsurance

Other risk factors Other risk factors

e Multiple recent episodes of level 1 hypoglycemia e Low health literacy

e Basal insulin therapy* e Alcohol or substance use disorder

e Age =75 yearst
* Female sex
e High glycemic variability#+

T * Polypharmacy
Standards of Care * Cardiovascular disease
in Diabetes — e Chronic kidney disease (eGFR <60 mL/min/
2025 gissbféeﬁm 1.73 m? or albuminuria)

* Neuropathy

e Retinopathy
* Major depressive disorder
e Severe mental illness



CLINICAL APPROACH TO HYPOGLYCEMIA

Severity of hypoglycemia*
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_|_) True hypoglycemia*

Exclude pseudohypoglycemia

l

Management
of hypoglycemia

l

Identify cause of
hypoglycemia



http://iahealth.net/wp-content/uploads/2013/09/Hypoglycemia1.gif

COMMON CAUSES OF HYPOGLYCEMIA

DIABETIC SUBJECT

» Mismatch between

* Carbohydrate intake
* Activity

* Drug
> Renal failure

» Infections

NON-DIABETIC SUBJECT

»Drug
» Hepatic or renal failure

> Some kinds of tumor

(example: insulinoma, etc.)

» Hormonal deficiency

(adrenal insufficiency)




COMMOM CAUSES OF HYPOGLYCEMIA IN DIABETES

» Insulin or insulin secretagogue dose are excessive, ill-timed, or of the wrong type and

route of delivery

» Exogenous glucose delivery is decreased (e.g. after missed meals, during the overnight
fast)

» Glucose utilization is increased (e.g. during exercise)

» Endogenous glucose production is decreased (e.g. after alcohol ingestion, liver

cirrhosis)

» Sensitivity to insulin is increased (e.g. after weight loss, with improved fitness or

improved glycemic control, in the middle of the night)

"":
— - i

William 13th edition, 2016

» Insulin clearance is decreased (e.g. with renal failure)



CAUSES OF HYPOGLYCEMIA IN NON-DIABETES ADULTS

Table 1. Causes of hypoglycaemia in adults®-10

Well appearing individual

Drugs

— dinsulin or insulin secretagogue
— alcohol

— other drugs

Accidental, surreptitious, or malicious
hypoglycaemia

Endogenous hyperinsulinism
— insulinoma

— functional beta cell disorders
(nesidioblastosis)

— noninsulinoma pancreatogenous
hypoglycaemia

— postgastric bypass hypoglycaemia
— insulin autoimmune hypoglycaemia

— anti-insulin antibody

— anti-insulin receptor antibody
Idiopathic postprandial hypoglycaemia

I11 appearing individual

e Drugs
— insulin or insulin secretagogue
— alcohol
— other drugs
e Critical illnesses
— hepatic, renal, or cardiac failure
— Sepsis
— inanition
e Hormone deficiency
— cortisol

— glucagon and adrenaline (in
insulin deficient diabetes mellitus)

e Nonislet cell tumour

J Clin Endocrinol Metab 94:709-728, 2009, William 13t" edition, 2016



CAUSES OF HYPOGLYCEMIA IN NON-DIABETES ADULTS

e

I B e LiT P S Bl et 0 T ER T NSy TABLE 2. Drugs other than antihyperglycemic

Well appearing individual

e Drugs
— Insulin or insulin secretagogue
— alcohol
— other drugs

e Accidental, surreptitious, or malicious
hypoglycaemia

e Endogenous hyperinsulinism
— insulinoma

— functional beta cell disorders
(nesidioblastosis)

— noninsulinoma pancreatogenous
hypoglycaemia

— postgastric bypass hypoglycaemia

— insulin autoimmune hypoglycaemia
— anti-insulin antibody
— anti-insulin receptor antibody

Idiopathic postprandial hypoglycaemia

agents and alcohol reported to cause
hypoglycemia (24)

Moderate quality of evidence (XD )
Cibenzoline
Gatifloxacin
Pentamidine
Quinine
Indomethacin
Glucagon (during endoscopy)

Low quality of evidence (€00 )
Chloroquineoxaline sulfonamide
Artesunate/artemisin/artemether
IGF-I
Lithivm
Propoxyphene/dextropropoxyphene

Very low quality of evidence (€00 )

Drugs with >25 cases of hypoglycemia identified
Angiotensin converting enzyme inhibitors
Angiofensin receptor antagonists
B-Adrenergic receptor antagonists
Levofloxacin
Mifepristone
Disopyramide
Trimethoprim-sulfamethoxazole
Heparin
6-Mercaptopurine

Drugs with <25 cases of hypoglycemia identified o

J Clin Endocrinol Metab 94:709-728, 2009, William 13t" edition, 2016



IDENTIFY CAUSED OF HYPOGLYCEMIA

Clinical suspecious hypoglycemia

I

Identify caused of hypoglycemia

|

v v

No diabetes
(or diabetes not drug-related)




IDENTIFY CAUSED OF HYPOGLYCEMIA

e Excess insulin
e Excess oral diabetic agents

e Usual dose

e Inappropriate condition

e Delay drug clearance

Identify caused of hypoglycemia

!

Related with
diabetes

v

Adjust regimen

v

Document
improvement

e Excess exercise

¢ Insufficient caloric intake

N3



IDENTIFY CAUSED OF HYPOGLYCEMIA

A4

No diabetes
(or diabetes not drug-related)

[
v v

Clinically non-healthy

Clinically healthy

v
4 Fast up to
Document hypoglycemia 72 hours
(Whipple’s triad) with low insulin v I v
v <54 mg/dL | [ >54 mg/dL
Sepsis . .
. Identify and specific
Rgnal fgllure hypoglycemic disorder CO NSU LT
Liver failure
Congestive heart failure |« i Fa;ting ——
Endocrine deficiency . asting
Alcohol Treatment hypoglycemia hypoglycemia E N DOC RI N 0 LOG IST
Malnutrition hypoglycemic disorder excluded
Drugs v T .
Glucose, Gl surgery, No Gl surgery,
Insulin, < strong history weak history
C-peptide,
Sulfonylurea level, -
(insulin antibody)
I v v
ipple’s o ipple’s
2 Whipple’ No Whipple’
|T Insulin, ¢ C-peptide | | T Insulin, T C—pelptide | triad triad
( £ Exclude insulin ¥ ; v A 4
= | Sulfonylurea Sulfonylurea Insulin Reactive Fvooalveemia
receptor antibody, negative; positive antibody- hypoglycemia ygxc?llj/ded €
B-cell antibody) Insulin antibody- positive ypogly
| negative | I
y

Hypoglycemic hyperinsulinemia

Exogenous
insulin

. Sulfonylurea Autoimmune
Insulinoma - - )
ingestion hypoglycemia

simple
carbohydra

Try frequent
small meal and

te




IDENTIFY CAUSED OF HYPOGLYCEMIA

Hypoglycemic hyperinsulinemia

v Insulinoma
v' Autoimmune hypoglycemia Ny

/ e .
Sulfonylurea ingestion R

v Exogenous insulin injection

? % . B\

William 13t edition, 2016




CLINICAL APPROACH TO HYPOGLYCEMIA

Severity of hypoglycemia*

(_I_I_>

True hypoglycemia*
Exclude pseudohypoglycemia

l

Management
of hypoglycemia
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Identify cause of ‘w

hypoglycemia


http://iahealth.net/wp-content/uploads/2013/09/Hypoglycemia1.gif

HYPOGLYCEMIA TREATMENT

v Insulin
v’ C-peptide
Clinical suspecious hypoglycemia .
n uspecious iypoglycem! v Cortisol
l v Sulfonylurea level
v Insulin antibody
Management of hypoglycemia
Collect critical sample for identified caused
(heparinized and/or clot blood 10 ml)
\ 4 \ 4
Mild to moderate hypoglycemia Severe hypoglycemia
Consciousness Unconsciousness




Capillary blood glucose (confirmed venous blood glucose)
Identify cause of hypoglycemia*

MILD - MODERATE HYPOGLYCEMIA
CONSCIOUSNESS

l

15-30 gm of oral carbohydrate
(fruit juice or regular soda)

1

Retest blood glucose in 15 mins

1

Repeat treatment
if BG still < 70 mg/dlI

1

Have the usual meal or snack
to prevent repeated hypoglycemia

SEVERE HYPOGLYCEMIA
UNCONSCIOUSNESS

|

1V 50% glucose 50 ml
1V 10% dextrose 60-80 mi/hr.

|

Retest blood glucose after 15-20 mins
Check for recovery

—

Recover Not recover

|

Repeat treatment

Follow up blood glucose q 2-4 hr. in 24 hr.
Adjust IV glucose keep blood glucose >100 mg/dl
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3-4 Glucose Tabs
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1 tube Glucose Gel
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SEVERE HYPOGLYCEMIA

UNCONSCIOUSNESS ; )
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Management of hypoglycemia
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Management of hypoglycemia
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CONCLUSIONS: HYPOGLYCEMIA
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CONCLUSIONS
Management of hypoglycemia

v B
, B4
Management of hypoglycemia

* Is it true hypoglycemia?

e What s its cause?

* Treatment of hypoglycemia Ty
‘1 ; PReVENTION

* Prevention

-



CONCLUSIONS
Management of hypoglycemia
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Abstract

Context: Hypoglycemia in people with diabetes is common, especially in those taking medications such as insulin and sulfenylureas (SU) that
place them at higher risk. Hypoglycemia is associated with distress in those with diabetes and their families, medication nonadherence, and
disruption of life and work, and it leads to costly emergency department visits and hospitalizations, morbidity, and mortality.

Objective: To review and update the diabetes-specific parts of the 2009 Evaluation and Management of Adult Hypoglycemic Disorders
Endocrine Society Clinical Practice Guideline and to address developing issues surrounding hypoglycemia in both adults and children living
with diabetes. The overriding objectives are to reduce and prevent hypoglycemia

Methods: A multidisciplinary panel of clinician experts, together with a patient representative, and methodologists with expertise in evidence
synthesis and guideline development, identified and prioritized 10 clinical questions related to hypoglycemia in people living with diabetes
Systematic reviews were conducted to address all the questions. The Grading of Recommendations Assessment, Development and
Evaluation (GRADE) methodology was used to assess the certainty of evidence and make recommendations.

Results: The panel agreed on 10 questions specific to hypoglycemia risk and prevention in people with diabetes for which 10 recommendations were made.
The guideline includes conditional recommendations for use of real-time continuous glucose monitoring (CGM) and algorithm-driven insulin pumps in people
with type 1 diabetes (T1D), use of CGM for outpatients with type 2 diabetes at high risk for hypoglycemia, use of long-acting and rapid-acting insulin analogs,
and initiation of and continuation of CGM for select inpatient populations at high risk for hypoglycemia. Strong recommendations were made for structured
diabetes education programs for those at high risk for hypoglycemia, use of glucagon preparations that do not require reconstitution vs those that do for
managing severe outpatient hypoglycemia for adults and children, use of reaktime CGM for individuals with T1D receiving multiple daily injections, and the
use of inpatient glycemic management programs leveraging electronic health record data to reduce the risk of hypoglycemia.

Conclusion: The recommendations are based on the consideration of critical outcomes as well as implementation factors such as feasibility and values and
preferences of people with diabetes. These recommendations can be used to inform clinical practice and health care system improvement for this important
complication for people living with diabetes.

Key Words: glucagon, structured counseling, insulin pumps, continuous glucese monitoring, insulin analogs, systems of care, blood glucose, blood glucose
self-monitoring, diabetes mellitus, hyperglycemia, hypoglycemia, hypoglycemic agents, insulin

Abbreviations: ADIP, algorithm-driven insulin pump; BG, blood glucose; CGM, continuous glucose monitoring; CMS, Centers for Medicaid and Medicare; DKA,
diabetic ks(uacidosis, EHR, slectrunic health record; ED, emergency department; EMS, emergency medical services; EtD, svidancs to decision; FDA, US Food
and Drug Administration; HbA,, lobin A,,; HCP, health care professional; IAH, impaired of hypogly ; IRR, incidence rate ratio; LOS,
length of stay; MD, mean difference; MDIs, multiple daily injections; MI, myocardial infarction; NPH, neutral protamine Hagedorn 0OR, odds ratio; POC-BG,
point-of-care blood glucose; QALY, quality-adjusted life year; QOL, quality of life; RCT, randomized controlled trial; SMBG, self-monitoring of blood glucose;
SU, sulfonylurea; T1D, type 1 diabetes; T2D, type 2 diabetes; TIR, time in range.
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