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INTRODUCTION



INTRODUCTION

Hypoglycaemia is a lab finding which is definedlaw levels of
plasma glucose which may or may not be relatedytofeeant pathology.
Hypoglycaemia that is pathological is caused bygdaspectrum of

clinical disorders.

Several studies have revealed that hypoglycaemia ars
independent risk factor for mortality and morbidity hospitalised

patients.

Glucose is the major metabolic substrate for brainder
physiologic conditions. Brain can neither synthesgtucose nor store
glucose supply of more than few minutes. Hencelegds continuous

supply of glucose from systemic circulation.

Traditionally hypoglycaemia has been linked to digs as a
therapeutic adverse effect. Contrary to populaieb#hat hypoglycaemia
occurs mainly in diabetic patients due to OHA/Imsdbod mismatch,
several studies have shown that hypoglycaemia mnam in non
diabetic patients also. Even in diabetic patiergserl risk factors

predispose the individual to hypoglycaemia.

Glucose is a major fuel source for body tissues euglycaemia

between 70 to 140 mg is maintained between insrioh glucagon from



pancreas and efficient endogenous Hepatic produatio glucose by
glycogenolysis and neoglucogenesis. When blood rsigeael starts
falling, body tries to maintain homeostasis by sepping insulin
secretion as first step followed by stimulating s hormone response,
decreasing peripheral glucose uptake and promolipglysis and
ketogenesis. Any derangement in this homeostasis lead to

hypoglycaemia.

Spontaneous hypoglycaemia is a manifestation afasis process
and reflects derangement in glucose homeostasisulilly presents as
sub acute neuroglucopenia. It is essential to msegdifferent disease
process that can precipitate hypoglycaemia in ptgtiand prevent their

recurrence.

In our hospital we have patients with different edises but
admitted with hypoglycaemia. This study is aimeambalyse the disease
processes and risk factors for hypoglycaemia andsgess whether

hypoglycaemia is a predictor of in hospital motyali
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AIMSAND OBJECTIVES

AIM OF THE STUDY:

» To identify the clinical pattern of hospitalizedtigat with at

least one episode of documented hypoglycaemia

OBJECTIVE OF THE STUDY:

» To find and analyse the risk factors associatedh wit

hypoglycaemia

» To determine the incidence of hypoglycaemia in qud$

admitted to medical ward

» To identify if hypoglycaemia with associated riskctors

predicts increased mortality rate in hospitalizatgnt
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REVIEW OF THE LITERATURE

BLOOD GLUCOSE REGULATION

Circulating plasma glucose concentration is mansdi at a
constant range since glucose oxidation is a prirsatyce of energy for
central nervous system. The total body glucoseasgnt in extracellular
fluid and hepatocytes. This forms the body glucpsel. The glucose
pool in man is fifteen to twenty (15 to 20 gramsyldurnover of glucose
is 120 to 180 mg/min. It corresponds to 170 to g&ms/dalf. t1/2 of
fasting blood glucose is 60 to 80 minutes. TurnaMeglucose decreases
during fasting and increases during fed statecklod adequate supply of
glucose results in neuroglucopenia and irreversiladmage to brain if
hypoglycaemia is prolonged. Death may also occulucése
requirements of brain of healthy people are abaw# ong/kg/min.it

corresponds to 100 grams of glucose per day.

Glucose transport in CNS is by GLUT1 AND GLUT3 tsaorters.
Both are independent of insulin. However in fassitate brain can utilise

ketone bodies as energy source.



GLUCOSE TRANSPORTERS IN THE BRAIN

CAPILLARY ASTROCYTE NEURON

Glucose levels in blood are determined by balameteden glucose
absorption, production and utilisation. In faststgte glucose production
Is based on glycogenolysis and substrate avaiialbdr neoglucogenesis.
Glucose utilisation is based on glucose uptake bsipperal tissues

mainly adipose tissue and musgle.

The following mechanisms are responsible for prawean of
hypoglycaemia Glucose levels in blood in post absorptive state is

constant dueto inflow of glucose into the pool balances outflow.



Glucose outflow:

The drain on glucose pool is glucose assimilatigrti§sues. The
cells that are freely permeable to glucose arenbradney, islets of
pancreas, liver, intestinal mucosa and erythrocyt&siated muscles and
adipose tissue are mainly responsible for post dushrblood glucose
disposal and GLUT 4 transporters in muscle and asdiptissue are

strictly insulin dependent.

Glucose following entry into the cell is incorpadt into the
metabolic pool. Glucose is first converted to gke® posphate by

hexokinase.

Glucose 6 posphate is the starting point for tilevieng pathways :

1) Glycolysis

2) Glycogen synthesis

3) HMP shunt

4) Production of hexosamine and mucopolysaccharid

5) Glucoronic acid



Glycogen

Glycogen ,_; " Glycogen phosphorylase
Glucose 1-phosphate

‘Phophoglucomutase

[ Glucose 6-phosphate ]

PENTOSE
: PHOSPHATE
GLYCOLYSIS Muscle, Liver '
/ brain Glucose "QTHWAY
6-phosphatase
Pyruvate Ribose + NADPH
Lactate CO, + H,0 Glucose

o

Blood for use by
other tissues

The pathway which the glucose molecule choosesndispen

1) Type of tissue
2) Redox state

3) Other substrate availability



Glucose inflow:

Fed state

The source of inflow is starch from food. Starciysirolysed into
maltose and isomaltose and finally to monosaccharizfore absorption
into circulation. Glucose is the monosaccharide thaulates in blood.

Galactose and fructose undergo high first passbogsm in liver.

Glucose after absorption undergoes three changes

1) converted to glycogen
2) converted to fat and others

3) oxidised to provide energy.

Fasting state

Though all tissues remove glucose from blood, lisethe only
organ that is capable of adding glucose back tohl@he kidneys to a
lesser extent also does this. Three unique preseofi liver that makes it

a pivotal organ in sugar production is as follows:

1) Glucose is freely permeable between hepatocytes &@F
through GLUT2
2) Presence of glucose 6 posphatase enzyme thattébehae

glucose.



3) Presence of neoglucogenic enzymes

Both the processes of glucose uptake and releaseirsoc
simultaneously in liver. Net result of glucose uUgetaor release is

determined by the differential rates of the abamid processe€
Factors determining the processes in liver are :

1) Insulin concentration in portal vein

2) concentration of blood glucose

» In the post absorptive state insulin levels falsuteng in
reduced glucose uptake by muscle, fat and livetlowong
suppression of insulin, glycogenolysis, neoglucegen and
lipolysis are free to occur.

> In the fasting statglycogenolysis provides much of the glucose
needs in the initial 12 to 24 hotfts The amount of liver
glycogen is determined by preceding diet.After ogint fast,
liver glycogen is 44 grams(15 to 80 grams). In qngled
fasting, hepatic glycogen stores are depleted@@rshafter
fasting, glycogen stores is four to eight grams{48tg) and
further contribution to glucose production by glgeaolysis is
diminished®®. Lipolysis and protein breakdown take place with
supply of glycerol, free fatty acids and amino acidmino

acids and glycerol are substrates foeoglucogeness.



Neoglucogenesis takes place in liver and kidneytyFacids
released by lipolysis are used as energy sourdhdgkeletal
muscle. Liver uses fatty acids to produce ketoraidso Ketone

bodies are used as source of energy by variougesss

Basal glucose production from neoglucogenesis axsdor 41%
after 12 hours. It increases to 92% following fohtyurs of prolonged
fasting. Kidney accounts for 25% of basal glucosedpction during

extended fasting.

Important enzymes involved in neoglucogenesis are :

» Glucose 6 posphatase
» Fruct ose 1-6 Bisposphatase
» Pyruvate carboxylase

» Posphoenol pyruvate carboxylase.

These enzymes make liver and kidney bye pass otfeervital

irreversible steps of glycolysis.

10



I mportant substrates for neoglucogenesis are as follows:

» Lactate

» Alanine

» Pyruvate
» Glycerol
» Glutamate

» Other amino acids

Eating reduces neoglucogenesis while fasting erdsaihc

11



Phases of Glucose Homeostasis
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In fed state glucose is the major fuel source ¢otfain. In the post
absorptive state and in early fasting, hepatic kstean of glycogen
occurs and supplies glucose to brain. In prolorfgeting fat break down

occurs and ketone bodies form main fuel sourckirfain.
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DIAGRAM - A
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Sources of blood glucose in the various nutritional states
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DIAGRAM -B
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COUNTER HORMONE REGULATORY MECHANISM-

DEFENCE MECHANISM AGAINST HYPOGLYCEMIA

Counter regulatory hormones are released when bigodose
levels decrease below thresehold. This threshaddokan estimated at 67

mg/df”.

Ventromedial hypothalamus is vital in starting ctasnhormone
respons®. Activation of glucose sensitive neurons in venmedial
hypothalamus of the brain is one of the main pHggical response to

hypoglycemia. Activation of this region causes :

1. Stimulation of autonomic nervous system

2. Release of counterhormof&é

Counter hormones belong to two groups

Rapidly acting hormones- Glucagon , Catecholamine

Slowly acting Hormones - Growth hormone , Cortisol.

15



Figure 1: Regulation of Blood Glucose Levels

f____,.p-lnsulin released
Glucose introduced into body

Glucose enters cells
Normal blood glucose levels Blood glucose levels fall

/’ 70-110 mg/dL \
G

Hypoglycemia develops
luconeogenesis

Increased lipolysis
Glycogenolysis in liver
Decreased insulin secretion

\ Glucagon released
Counterregulatory hormones released

Secretion of insulin is suppressed at glucose $e0£80-75 mg/dl.
Counter hormones are released at glycaemic lefel® do 65 mg/dl.
Thus, the first defence mechanism against hypoglycaemia is

suppression of endogenousinsulin secretion.

Glucagon is the second defence mechanism against
hypoglycaemia and the first counter regulatory hormone to rise. The
primary action of glucagon is increase in glucosalpction by liver by
stimulating glycogenolysis and neoglucogenesishals little effect on

peripheral utilisation of glucose and glucose puaiiduin by kidneys.

16



Though glucagon stimulates lipolysis and ketogeniedias minimal net

effect on mobilisation of neoglucogenic precurdoosn adipose tissue.

Catecholamines have several effects on glucose ¢stass. It causes

» Suppression of insulin secretion

» Stimulation of neoglucogenesis-Hepatic and renal

» Stimulation of glycogenolysis

» Stimulation of lipolysis

» Stimulation of lipolysis provides glycerol for ndagogenesis

and free fatty acids for ketone bodies production.

The slow acting counter regulatory hormones nan@pwth
hormone and cortisol have a limited role in acupdglycaemia. They
play a significant role in periods of prolongedtiiag. Their levels usually
rise about three hours after fasting. The majoc@iegulatory effects of
these hormones are on hepatic neoglucogenesisifigsis. There is
increased level in production of free fatty acidsl glycerol. They also
peripheral utilisation of glucose is also supprds3d&e production of free
fatty acids and ketone bodies are greatly glucpseirsy since they are
used as alternate fuel by several tissues includikgjetal muscles.
Patients with low fat reserve, who cannot adequaagment lipolysis,
In period of fasting, are prone for severe hypogdmia as they lack

these alternate fuels.

17



DIAGRAM -A

DEFENSE AGAINST HYPOGLYCEMIA:
The Counterregulatory Response

| INSULIN

! GLUCAGON
| cLUCOSE | GLUCOSE

EPINEPHRINE
NOREPINEPHRINE

GROWTH HORMONE
CORTISOL

® [Fosmmeis Adapted from Cryer PE. Banting lecture. Hypoglyoamia: The limiting factor in the managamant of iddm. Diabetas 1994; 43(11): 1378-89
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DIAGRAM -B

DEFENCE AGAINST HYPOGLYCEMIA

Hypoglycemia

+ Epinephrine *

Hepatic Lipolysis
QA glucose + free fatty

neogenesis
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Inhibition of endogenous
82.8 mg/dL — insulin

Lower boundary of
physiologic euglycemia

Hypoglycemia 68.4 mg/dL ___ Glucagon release

66.6 mg/dL —— Adrenaline and growth
hormone release

57.6 mg/dL }— Cortisol release

Symptomatic hypoglycemia — — Autonomic symptom onset

50.5 mg/dL

Neurophysiologic dysfunction — 46.8 mg/dL. —— Cognitive dysfunction

Severe neuroglycopenia 27.0 mg/dL. —— Coma, seizure

Thus, when glucose levels start falling, there asgoeatic switch
off of beta cells that automatically inhibits Itisu secretion. This occurs
at lower limits of physiological levels of bloodugiose. The paracrine

effect of beta on alpha cells helps to increaseagjan levels.

20



Brain Pancreas

Hypothalamius

| @@ — &0

Anterior pituitary  Sympathetic nervous system

J, /\ ¥ Insulin TGlucagun

Adrenal cortex Adrenal medulla

! }

TEﬂrtisc:I TEpinephrine Tﬁ.cetylchnlfne

Normally Brain responds to hypoglycaemia. Sevesgjians of
hypothalamus initiate a stress response to brirgk leaglycemia. The
regions of Hypothalamus that are vital in sensind sesponding to low
blood sugar levels are ventromedial hypothalamusrayentricular

nucleus and arcuate nucleus.

21



Definition of hypoglycaemia

The diagnosis of hypoglycaemia is based on Whippt&ad"
* Symptoms consistent with hypoglycaemia
» Low blood glucose concentration
* Relief of symptoms when blood glucose level is adito

normal by exogenous administration of glucose

As per A DA recommendations plasma glucose levébvberO

mg/dl is taken as hypoglycaemia.

22



SIGNSAND SYMPTOMSOF HYPOGLYCAEMIA

| sweating

| headache |

| impaired vision [fga

| anxiety |

_l_w;a;ness. /fatigue |
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Hypoglycemic symptoms are due to :

1.adrenergic 2.cholinergic 3.neuro glucopenic

Early adrenergic symploms Neuroglycopenic signs

Pallor Confusion

Lhiaphoresis slurmed speech

Shakiness Irrational or uncontrofled Dehavior
Hunger Disorientation

Ansiaty Loss of conscinusnass

Irritatzility SeFures

Headache Pupitlary sluggishness

Dizziness Decreased response Lo nosxious stimoli

» Cholinergic symptoms are mainly hunger, sweatingd an

paresthesia.

SIGNS AND SYMPTOMS OF HYPOGLYCEMIA

Stage Signs and Symptoms

Mild Hypoglycemia Feeling of shakiness, trembling
Perspiration
Blurred vision
Dizziness
Difficulty concentrating
Feeling nervous or anxious
Feeling of weakness
Numbness or tingling around mouth and lips
Fatigue
Headache
Sudden hunger
Nausea
Rapid heart rate, palpitations

Moderate Hypoglycemia Irritability
Agitation
Confusion
Lack of coordination
Difficulty speaking or slurred speech

Severe Hypoglycemia Confusion
Fainting/loss of consciousness
Seizures
Inability to swallow

Adapted from references 1, 2, 4, and 5.
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Mild, moderate and severe hypoglycaemia are basgu@vailing
blood sugar levels and the promptness of counterbioe

response.

Plagria qlieass conceatrainn
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In mild hypoglycaemia patient has increased hungezdness,
exhaustion. When sugar levels fall further downigueit experiences
increased sweating, tremors, palpitations. Neugmggnic symptoms
also occur simaultaneously like dizziness, lack aincentration,
irritability and altered mental behaviour. In sevdrypo when blood
glucose falls below40 mg % the patient presenth aftered sensorium,

seizures leading on to coma and death.

25



CLASSIFICATION OF HYPOGLYCAEMIA

2013 Recommendations

ﬁ ADA/Endocrine Society: Classification
of Hypoglycemia in Diabetes

Alert value for hypoglycemia:
PG <70 mg/dL (<3.9 mmollL)

| + Requires assistance of another person to administer carbohydrates, glucagon,
or take other actions
* PG concentrations may not be available during an event
- Neurological recovery following eualycemia considered sufficient evidence
that event was induced by low PG

Ia symptoms are accompanied by measured PG <70 mg/dl

| « Not accompanied by typical hypoglycemia symptoms but with measured PG
<70 mgfdL (3.9 mmollL)

+ Typical hypoglycemia symptoms not accompanied by PG determination but likely
caused by PG <70 mg/dL (3.9 mmollL)

e Reports of typical hypoglycemia symptoms with measured PG >70 mg/dL
(>3.9 mmoliL) but approaching hypoglycemia threshold

Seaquel BER. Anderson J. Childs B, atal, 203.0 i, L|,:_L:- ahead of prnl

Pseudo hypoglycaemiais also called relative hypoglycaemia.

26



Hypoglycaemia commonly occurs due to drugs takertriating
diabetes mellitus in outpatient setup but in casbaspitalised patients
hypoglycaemia is caused by numerous entities wéhciuld be identified

and treated accordingly.

The subject of hypoglycaemia in adult hospitalipatient is not
dealt in detail in many of the textbooks thougksitmainly presented in
the context of diabetes mellitus management. Buterlity we come
across many hypoglycaemic episodes in hospitalipatients not

suffering from diabetes mellitus.

The present study is aimed at determining the spactof
disorders and associated risk factors in causingodycaemia in

hospitalised patient in a tertiary care setup.

27



ADULT HYPOGLYCEMIA - CAUSES

A. Internal causes

1.INSULIN MEDIATED

Reactive hypoglycemia

Insulinoma

Insulin antibody

nesidioblastosis

2. INSULIN INDEPENDENT

» Congestive cardiac failure
» Liver disorders

» Kidney failure

» Sepsis

» Endocrine abnormalities

» Antibody to insulin receptor

* Neoplasia

28



B.External causes

1) Medications

1) Direct effect

sulfonylureas
= insulin

» pentamidine
= anti malarials
= diisopyramide

= Betg adrenoreceptor agonist

Drug interaction
» Biguanides
» PPRy agonists
= Beta blockers

= ACE inhibitors

2) Ethanal

3) Factitious

4) Toxins

29



Drug induced hypoglycaemia

Various drugs are found to be associated with hiyjgagmia. But,
the direct cause effect relationship is not elugidain many cases.

Predisposing factors include :

* Very young age

* Veryold age

* Impaired liver function
* Impaired renal function

e Poor nutrition

Mechanism of drug induced Hypoglycaemia

» Augmenting insulin release due to stimulation ofulm
secretion mechanism

» Direct toxicity to pancreatic islets causing nogulated insulin
release

> Increased peripheral uptake of glucose

» Decreased glucose production by liver

» Potentiate effects of insulin and sulfonylureas

30



Drugsthat increaseinsulin release:
1.Quinine

Quinine and its derivatives cause hyperinsulindmijgoglycaemia.
2.Diisopyramide

Diisopyramide increases insulin secretion from Beglls of
pancreas. It closeSATP channel of Beta cell, binding to a site diffare

from site of sulfonylurea.
3.Ritordine

Ritordine therapy to prevent premature labour cause increased

insulin secretion.
4 Pentamidine

Pentamidine used for treating PCP pneumonia apaigsomiasis

and leishmaniasis is toxic to Beta cell of pancreas
Drugsthat increaseinsulin sensitivity
1.Biguanides and PPRy agonists

Biguanides and PBRagonists usually is not associated with
hypoglycaemia when consumed alone.But, they inergag risk of

hypoglycaemia caused by insulin and sulfonyluregs abigmenting

31



glucose uptake and utilisation.Metformin also resutepatic glucose

production and reduces intestinal glucose absarptio

2.ACE inhibitors

ACE inhibitors indirectly augment insulin sensitivi They
increase circulating kinins causing vasodilatateord increase glucose
uptake by muscles. However, they are safe and ygagmic risk is

low.

3.Beta blockers

Beta blockers oppose the catecholamine effect otakap of
glucose and lipolysis. They enhance uptake of gleco skeletal muscle.
Lipolysis suppression and consequent reduction EFA augments
insulin sensitivity. They indirectly reduce neogbgenesis. However they
decrease insulin secretion from Beta cells of pzasr Hence, insulin
treated patients are prone for hypoglycaemia apd 8/ DM patients are
prone for hyperglycaemia. Adrenergic response tpoblycaemia is
blunted by Beta blockers and thus predisposing epti for

Hypoglycaemic unawareness.

32



Alcohol

Hypoglycaemia due to alcohol ingestion occurs Inagk groups
and different classes of society. It is more seueextremes of age, men,
malnourished persons. Consuming alcohol accidgrigllyoung children
may cause hypoglycaerfiid Alcohol is implicated in 18-56% of people

admitted due to severe hypoglycaehiia

Mortality rate in hospatilised patient due to alsbhrelated

hypoglycaemia is almost 10Y4.

» The main mechanism of alcohol induced hypoglycaemia is

inhibition of neoglucogenesis.

Cytoplasmic enzyme Alcohol dehydrogenase oxidetésnol to

aldehyde which is a NAD dependent.

Acetaldehyde is oxidized to acetate by aldehydeydi®lyenase

that is a mitochondrial enzyme . It also utiliseSDN.

NAD* NADH + H* NAD* NADH + H*

H
: | o— I
CH;—CH,—OH .11 CH;-C=0 -, \:/./» CH;—C-OH
Ethanol Acetaldehyde Acetate
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There is a shift in redox status of the cell witgh NADH/NAD"*

ratio due to oxidation of ethanol.

Several metabolic changes occur which have dangesfiects in

alcoholics. They include :

» LACTIC ACIDOSIS:
o High level of NADH helps in conversion of pyruvdte

lactate.
This leads to accumulation of lactate causingdaatidosis.

» HYPOGLYCAEMIA:
o There is lack of pyruvate for oxaloacetete prowunct
along with malfunctioning of malate shuttle depnegs

neoglucogenesis .This causes hypoglycagthia

» KETOGENESIS:
o TCA cycle slows down due to accumulation of NADH
causing increased availability of acetyl coA. Tbaises

ketogenesis.
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FATTY LIVER:
0 Synthesis of fatty acid is favoured but there ifctent
mobilisation. Lipoproteins are not effectively siyasised.

This leads to accumulation of fat in the liver.

Ethanol inhibits gluconeogenesis but not glycogenolysis.

Ethanol suppresses release of, growth hormonacatdphin,
cortisol. Epinephrine and glucagon responses toersev
hypoglycaemia are delayed. All these contributefasting

hypoglycaemi&?.

Alcohol also causes reactive hypoglycaemia. Consumption of
moderate amount of alcohol increases secretionnsfilin
following glucose stimulation. Person taking alcbohand
sucrose may experience hypoglycaemia due to exoéss

insulin®®.
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Clinical characteristics

Generally patient is an alcoholic with moderate karge
consumption of alcohol but no carbohydrate or pnotgtake in previous
12-24 hours. Patient may be comatose or suffer gernures. Most of
the patients do not have adrenergic responsesmdlood sugar levels

and directly result in neuroglucopenia.

INTERNAL CAUSESOF HYPOGLYCAEMIA

Hospitalised patients with organ failure are morenp for

hypoglycaemia.

CARDIAC FAILURE

Hypoglycaemia occurs in people with severe congestardiac
failure. causes may be due to cachexia and Livefudgtion due to

congestion and hypoxia and lack of substratesltamogeogenesis

Patients with severe heart failure in icu may dewpeischemic

hepatitis and hypoglycaenfid®)

Several studies have shown that hypoglycaemia mnun in
cardiac failure secondary to coronary heart diseastHD,

Cardiomyopathy and even COPD.
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Reasons thought are low calorie intake, malabsmrptincrease
utilization of glucose by cardiac tissues that @ehemic. Hepatic
congestion and liver dysfunction are also discusasdone of the
mechanisms. Studies recommend checking of bloodrsagoeople with
congestive cardiac failure presenting with alterednsorium or

confusior??.

RENAL FAILURE

End stage kidney disease is associated with hypeglig®>.The

common pathologies associated are

» Drug induced
» Malnutrition

> Sepsis

There is also high rate of mortality. Haemodialysan cause
spontaneous hypoglycaemia in both diabetic and diahetic patients
during or after dialysf&.

Response to hypoglycaemia is blunted and unawaemes
commonly se€f”. The pathogenesis includes the following

» decreased gluconeogenic substrates In patients severe

cachexia, low carbohydrate intake and malnutrition.
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* increased circulating levels of insulin due to desed
clearance
* increased resistance to glucagon
suppression of renal gluconeogen@s®
Kidney glucose production and output accounts s f serum
blood glucose level in post absorbtive states rmab people. It increases
to 40% during hypoglycemic states in healthy indipls. As this is
hampered in chronic renal disease, these people papae for

hypoglycaemig®3?

LIVER DISORDERS

As we have already seen, neoglucogenesis andggyodysis are
important for maintaining the post absorptive ghkeostate.Both the
processes occur almost exclusively in the liver lagdce hypoglycaemia

occurs in liver dysfunction.

Hypoglycaemia occurs in severe hepatic failure ttuéulminant
viral, toxic hepatitis. It is also common in alctihchepatitis and fatty
liver. Hypoglycaemia occurs in last stages of asik with liver cell

failure®Y,
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SEPSIS

In hospitalized patients hypoglycaemia is commaagn in sepsis.
There are generally two metabolically different g associated with
sepsis. In its early phase there is hyperglycaemédathis is followed by
phase of hypoglycaemia in which there is reductioglucose output in

liver. There is

» Rapid depletion of glycogen content in liver
* Impaired glycogenolysis
* Depressed neoglucogenesis

Enhanced peripheral utilization of gluc68e

There is alteration in transcriptional regulatidrbeta 2 adrenergic
receptor gene expression. This is responsible fibered glucose

metabolism in liver in sepsid.

There is increased utilisation of glucose by malage rich tissues

like spleen, liver and lung.This causes increasiidation®.

Muscle and fat cells make less contribution to tréanced
glucose utilization. Cytokines produce insulin sésnce and also increase
insulin secretion. The imbalance between glucosiegatton and glucose

production contribute to prevailing glycaemic s&stur®.
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In cases of endotoxemic shock, in experimental alsm
hypoglycaemia has been documented due to inhibitioh

neoglucogenesie).

Hypoglycaemia in sepsisand mortality:

Several studies have revealed that overwhelmingsisefs
associated hypoglycaemia, which indicates gravgmosis. The risk of
hypoglycaemia in sepsis increases with prolongadation, malnutrition

and presence of organ failut&s

One study showed that about 8.6% of patients wehere
pneumococcal sepsis had episodes of hypoglycaeati@orrelated with
increased mortality. Hence, the study recommenretsugnt blood sugar
measurements even in non diabetic patients withsiseto avoid

deleterious effects of hypoglycaefita

41



Endocrine Deficiencies:

Deficiency of glucagon is generally rare clinical practice.
Similarly deficiency of epinephrine alone rarely vee causes

hypoglycemia in the absence of hyperinsulism.

» Patients with hypopituitarism can have low bloodauwhen
glucose utilization is enhanced as during exerdisgatients
with primary adrenal insufficiency fasting glucoksvels are

usually normdf®.
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CAUSE OF HYPOGLYCEMIA

Liver failure Cancer

Alcohol

ER Endocrine
intoxication

Chronic

Hypoglycemia -' Kidney
- disease
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| mmune hypoglycemia :

Dueto:
» antibodies against insulin
» antibodies against insulin receptor

> Insulin antibodies

Predisposition
» Japanese
» New onset type | DM
» Autoimmune diseases
> Relatives of type | DM
» Patient taking insulin injection

» Medications having —SH group

Post insulin injection/Post meals leads to lanmgewant of insulin in
blood which is mainly bound to antibodies. Thisde&o hyperglycaemia
followed few hours later in the release of bounsulm leading to late

hypoglycaemia.
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Remedial measuresto betaken are
» Avoid inciting drugs
» Frequent low carbohydrate diet
» Drugs which delays glucose absorption

> Insulin receptor antibodies

Predisposing causes
1) Women
i) Autoimmune disorders

lii) Hodgkin's lymphoma

Antibodies are of polyclonal origin with multipleub classes of
immunoglobulins. Some Ig stimulates the insulinepor while others
inhibit it. Titer of these subclasses of immunogllo varies at various
point of time. This leads to the occurrence of mgpeaemia and

hypoglycaemia at varied intervals in the same pé#tfe

L ab findings
1) Hypoglycaemia and hyperglycaemia
i) Insulin receptor antibodies in varying titer
lii) Low C peptide levels

Iv) High insulin levels
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Postulated mechanisms
1) Diminished clearance of circulating insulin

2) Stimulation of pancreatic beta cells receptoabibodies.

M anagement
» Plasmapheresis

» Cytotoxic drugs

Poor prognosisdueto:
» Severe hypoglycaemia
» Associated malignancy

» Associated auto immune diseases

Reactive hypoglycaemia

It is a direct but delayed consequence tose in blood sugar

following glucose load. It may be symptomatic oyraptomatic.

M echanism

Ingestion of oral glucose is followed by rise itodd sugar
concentrations. Peak is reached in thirty to smtgutes. This time also
corresponds to peripheral uptake of glucose makmabenerally
glucose levels start falling after this time. Howgvsecond and third

peaks of glucose and insulin levels have been dentet'*****
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» Concentration of blood glucose falls at a rate thalower and
with considerable variations than the rise. Gehgergllasma
glucose levels reach nadir three to five hours ofwihg

ingestion of glucose driffié*°)

The size of oral glucose load ,presence of otlwmants and the
rate of gastric emptying determine the time of gkecnadir. Following
ingestion of one hundred grams of glucose, it tak®shundred and forty
minutes(four hours) to achieve this nddit”. However, it may occur
between one hundred and twenty to three hundredsiahd minutes. (2

to 6 hours). The nadir is below the fasting bloogas levels.

Larger quantity of glucose used for loading tesuit in occurrence
of reactive hypoglycaemia more frequently. Consgnmisrge quantity
during loading test leads to prolonged duratiorhygberglycaemia. But,
the peak value is not increased to the same &Xi&htt is followed by

hypoglycaemia.

M echanism postulated for above phenomenon are
1) Absorption of glucose is rate limited
2) Increased insulin secretion on account of lgigeose load and

stimulation by other enteric hormones.
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Reactive hypoglycaemia represents shodriog in
absorptive and post absorptive phase, when gluopsake by
peripheral tissues and the liver exceeds glucopetifrom both

GIT and liver. It occurs due to :

» Continuous glucose uptake by skeletal muscle amabsé tissue

following preceding hyperinsulinemia.

 Enhanced tissue sensitivity, eventhough the insigwvels are

returned to baseline.

* Input from GIT stops abruptly during a brief periathen liver is

predominantly in the process of glycogen storage.

The severity of reactive hypoglycaemiaisincreased by :
> Intake of very large glucose loads and insulinatrop
carbohydrates which include galactose, maltoserosac but

not fructose.

» Ingestion of carbohydrate with alcohol

> Ingestion of sugars following carbohydrate depitwat* >

The rate of gastric emptying plays a mage in reactive
hypoglycaemia.
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Types of reactive hypoglycemia
» 1) Alimentary
> i) Early diabetes

> i) Idiopathic

Alimentary:

Occurs after gastrectomy surgéPydue to rapid transit of food in
the GIT leading to fast absorption of glucose whichturn stimulates
insulin secretion. The effect of secreted insuklsts long leading to

hypoglycaemia.

Early diabetes:

Reactive hypoglycaemia is considered to be a hgebiof early
Diabetes Mellitus in the persBn. This manifestation, however, is not
seen frequently in Diabetes mellitus. Post mediesd people have

minimal hyperglycaemia and hypoglycaemia after 3 twurs.

I diopathic
Autonomic symptoms occurring after meals in fediwduals fall
under this category. Many a times the blood sugaasured during the

period of symptoms were found to be normal.
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HYPOGLYCEMIC EPISODES IN DIABETES:

Hypoglycemic episodes are significant limiting tfac in the

treatment of Diabet€8°") it causes severe morbidity in patients with
» T1DM and in advanced T2DM.

» Hypoglycemia may sometimes prove fatal in diabeSeeral
papers have reported death in bed where hypoglgceas
been cited as an important risk fa€ft’. It can cause death

due to cerebral damage df8b
» Hypoglycemia in both TLDM and T2DM are the net test:
1.therapeuic hyperinsulinemia that is absolutestative
2.reduced defence mechanisms against hypogly&efiia

» Hypoglycemia is more common in T1DM patients with
absolute insulin deficiency than T2DM patients WATIHA .
however incidence of hypoglycemia in patients vattvanced

long standing duration of T2DM s also increased.

» Hypoglycemia in diabetics is a complex procesi ftot a mere

therapeutic side effect. The endogenous defensénanem
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against hypoglycemia are blunted starting earlyibM and in
advanced T2DM.The impairment of defense mechansm
profound in long standing T1DM patients and mildTIRDM

patients.

Hypoglycemiain T1DM :

In TLDM mechanism of hypoglycaemia is very comgbexause it

Is due to:
» Complete exogenous administration of insulin

» The first defence mechanism to hypoglycaemia bfbiting
endogenous insulin secretion from beta cells ighmere. Hence,

sugar level drops down.

» The response of glucagon to low blood sugar lelelsins to
fail within two years of T1DM and after five yeaemn impaired
response is univers®.This is because of disruption in the
paracrine effect of beta cells on alpha cells mdogenous

insulin production is negligible.

» There is also decreased sympathoadrenal resporses t

hypoglycaemia in long standing diabét&s
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» The above mechanisms make T1DM patient more subksu
severe and fatal hypoglycaemic episodes.Recenttsepaveal

that 6 t010% of patients with T1DM die of hypoglgcaid®.

Hypoglycaemiain T2DM

Hypoglycaemia in type 2 diabetes occurs due to ftlewing

reasons.

Long acting sulfonylureas
Missing if meals/delayed meals.

Insulin/OHA- food mismatch

>
>
>
» Sternuous/unaccustomed exercise
» Elderly patients

» Gastroparesis

» Drugs that either enhance sulfonylurea action oprawve
insulin sensitivity

» Organ failure

» Endocrine disturbance like hypopituitarism, hypotigism
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Hypoglycaemia associated autonomic failure

» HAAF is functional disorder of dynamic nature whigch
associated with defective glucose counter regulatand
hypoglycaemia unawareness. Dysregulated countemdre
response includes failure of inhibition of insulecretion and
failure of increase in glucagon secretion following

hypoglycaemia.

» This is accompanied by reduction of epinephringpaases to
further episodes of hypoglycaemia. The reduced synap -

adrenal responses results in attenuation of symgto

Three main predisposing factors are
» Nocturnal hypoglycaemia
> Prior exercise

> Antecedent hypoglycaentia®®,

HAFF is more characteristic of T2DM than T1DM.
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Hypoglycemia-Associated Autonomic Failure
Insulin Deficient Diabetes

(Imperfect Insulin Replacement)
(No  Insulin, No 4 Glucagon)~

Antecedent Hypoglycemia

Sleep } Antecedent
\\ Reduced Sympathoadrenal Exercise

Responses to Hypoglycemia /
Y
Reduced Sympathetic ‘/\* Reduced Epinephrine

Neural Responses Responses
Hypoglycemia Defective Glucose
Unawareness Counterregulation

L>F2e¢:::urrer'|t Hypoglycemia 4—)
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HYPOGLYCEMIA AND BRAIN

Activation of glucose sensitive neurons in ventroedial
hypothalamus of the brain is one of the main pHggical response to

acute hypoglycemia. Activation of this region aagis

1. Stimulation of autonomic nervous system

2. Release of counterhormoH&s

In patients with severe and profound hypoglycenypaoglycaemic

encephalopathy occurs.

Hypoglycemic encephalopathy

Axial T1 SE Same slice in DWI B1000

Anxiety, Agitation, hypertonia, sweating and rapid installation coma in a
diabetic: hypoglycemic encephalopathy. There is T1 and T2 prolongation with
swelling affecting the cortical, subcortical white matter and caudate with
variable restricted diffusion. Pallidal damage may also occur.
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MRI Bran in patients with hypoglycaemic encepipaliny
reveals increased vulnerability of basal gangliabssantia nigra,
cerebral cortex and hippocampal regions . The hssare usually non

haemorragic®.

» Repeated hypoglycaemic episodes may lead to ceogniti

impairement due to neuronal cell death in the hippapu§?.

Diffusion restricted MRI in a patient with hypogimic coma
reveals diffusion restriction in bilateral interneapsules along the

post. Limb and splenium of corpus callosum.
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HYPOGLYCEMIA AND HEART

Hypoglycaemia produces significant prolongatidnQ c
interval. Increased levels of catecholamines dutwygoglycaemic
episodes may be responsible for QTc lengtheninglirga onto
ventricular arrhythmias and sudden cardiac dea#y Thay also lead
to hypokalemia that may cause cardiac repolarisatio

abnormalitie€>47°)

QTc Prolongation Ectopic Activity
# Heart Work Load _
Flattening of T wave Ventricular Tachycardia
4 Contractility ST Depression Artrial Fibrillation
Adrenalin igen Consumpti

T ¥ WA Sl ECG Changes Heart Rate Variability
T i
Hemodynamic Changes Rhythm Abnormalities

4 4

f
Sympathoadrenal Response
— Neurocognitive Dysfunction

inloni HEART
T Do) —rT Dementia
LRetinal Sensitivity « ﬂ rr—
e Koy ENE G| HYPOGLYCEMIA- FEOBRAIM it i i
| Retinal Viability « *U .
} Loss of Vision « "

—* Prolonged Cerebellar Ataxia

OTHER REGULATORY RESPONSES

. |
Inflammation Endothelial Blood Cﬂﬂglllﬂﬁﬂﬂ
Dysfunction Abnormalities

# C-Reactive Protein

Factor VII
t Inter Leukin-6 t Factor

‘ } Vasodilation 4 Neutrophil Activation
TVascular Endothelial
Growth Factor 1 Platelet Activation
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Hypoglycaemic episodes are associated with theseaeof
inflammatory cytokines which include IL-8,IL-6,CRmNFa and
endothelin-1.These cytokines produce injury to ¢imelaum and cause
coagulation abnormalities.Stiffness of vessel waldlreases during
hypoglycaemia. Thus, endothelial dysfunction anfthinmation can

potentiate cardiovascular risk in hypoglycaémid "
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APPROACH TOHYPOGLYCEMIA

Hypoglycemia
Post-prandial hypoglycemia Diabetic patient
- alimentary hypoglycemia - excess insulin
- hereditary fructose intolerance - excess oral hypoglycemic agent
- galactosemia - eXCess exercise
- insufficient calorie intake
¥ - hypoglycemic unawareness
- autonomic neuropathy
Fasting hypoglycemia
lll-appearing patients Healthy-appearing patients
- sepsis - drugs
- renal failure - insulinoma
- liver failure - iglet cell hyperplasia
- congestive heart failure - factitious hypoglycemia
- endocrine deficiency - insulin antibodies
- alcohol + malnutrition - non-beta cell tumors

- drugs
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MANAGEMENT OF HYPOGLYCEMIA

Oral carhohypdrates  Liguid, for example, dextrose drnk; friit juice

Simple sugars Buccal Absorption, for example, honey, chewable
toffessfcandy
Orral absorption, for example, chocolates
Comples Liquid, for example, meal substitutes
carbohydrates Solid, for example, biscuits, bread

Parenteral dregs, IV dextiose qof, 250, 100, 5%
apps oved drsgs Glucagon SC/M
Irriprovised drogs IV hydrocotisone

S adrenaking

SC terbertaline
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MATERIALSAND METHODS

Study Population:

All patients admitted in medical ward with hypocgynia in
Madras Medical College and Rajiv Gandhi Governméneneral

Hospital, Chennai.
Inclusion Criteria:

1. Patients admitted in medical ward who have at leastepisode of
documented hypoglycaemia i.e less than 70mg/dI.

2. Age > =18 years
Exclusion Criteria:

1. Pregnant woman

2. Paients less than 18 years of age

3. Patients not willing to participate in thteidy
Study Centre:

Institute of Internal Medicine, Madras Medical {ége and Rajiv

Gandhi Government General Hospital, Chennai.
Study Design:
Prospective, Observational study
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Sample Size:

119 cases

Duration of the study:

6 months : April 2015-September 2015.

Ethical committee approval :

Ethical committee approval was obtained from togtn ethical

committee before starting the study.

Data collection and M ethods:

Patients who present with symptoms of hypoglyceatithe time
of admission or during the hospital stay are takenfor the study.

Symptoms of hypoglycemia may vary from mild to geve

Patient presenting with sudden onset of seizutreresl behavior or
altered sensorium either in the emergency depattoreim the medical
wards are checked immediately for blood sugar wabillary blood
glucose measurement. Any documented blood sudae W@ss than 70
mg/dl is taken as hypoglycaemia and the patierttken up for study
after obtaining consent from the patient or thatreés ,if the patient is in

altered sensorium. Even those patients whose mbiiood sugar shows
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hypoglycaemia (<70 mg/dl) are included in the siuelyen if they are

asymptomatic.

Only pregnant patients and patients less than a8syef age are
excluded from the studyDetailed informed consent is obtained from the
patient or from his close relatives, if the patienin altered sensorium.
All patients who qualify for the study and had giveonsent are

evaluated by means of a questionnaire which contdetails of

1. Clinical history which includes includes relevagmptoms

2. Detailed past medical history that includes pvesence or
absence of diabetes, duration of diabetes and &titmvn clinical illness
like RHD,CAD, CKD, DCLD, Pulmonary Tuberculosis,rdhchial

Asthma, Seizure disorder etc.

3. Personal habits which include diet sleep pattern

Alcohol/tobacco/cannabis/ cocaine and other drugab

4. Previous drug and treatment including insulifeation,oral

hypoglycaemic drugs and other medications.

5. History of recent poisoning, native drug abua#poing, blood

transfusion.

6. Sexual behavior and promiscuity
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7. Detailed Physical examination

» General examination including vital signs

» Anthropometry

» Cardio vascular system

» Respiratory system

> Abdomen

> Central nervous system

8. Laboratory investigations

vV VvV VY Vv ¥V VY YV Vv V V

Complete Blood Count, ESR
CRP

Urine routine

Renal function test

Liver function test

Serum Electrolytes

Thyroid function test

Urine culture and sensitivity

Blood culture and sensitivity.

Electrocardiogram
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9. Relavent imaging

» Chest Xray
» Ultrasonogram abdomen
» CT scan Brain

> MRI Brain

Data thus collected was subjected to detailedssitzl analysis

including chi square test.
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OBSERVATION AND RESULTS

In the six months study period around 119 patieusiitted in

medical wards of Madras medical college hospitatenfeund to have

atleast one episode of documented hypoglycaemtaern®awere further

investigated and data obtained analysed statilstical

The primary diagnoses of the patients are as fallow

* Diabetes with Chronic kidney disease

* Chronic kidney disease

» Acute liver dysfunction

» Chronic liver disease

» Sepsis

» Congestive cardiac failure
* Alcohol intoxication

» Malignancy

» Chronic Pancreatitis

* Diabetes Therapy related

 Reactive
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45 (37.81%)
17 (14.28%)
17 (14.28%)
4 (3.36%)

10 (8.4%)

11 (9.24%)

3 (2.52%)

3 (2.52%)
3 (2.52%)
5 (4.20%)

1 (0.84%)



The aim of the study is to analyse the clinicatgra of patients

admitted with hypoglycaemia. This is done by analyzhe

* Primary Diagnosis
* Sex pattern

* Age pattern

primary diagnosis

M sepsis

M cardiac failure
M alc. Intoxication
45 B therapeutic

B malignancy

B chr pancreatitis

reactive
4 1 CLD

ac.liver.dysfn

17
17 CKD

DM+CKD

Diabetes with Chronic Kidney Disease was foundbéothe most
common primary diagnosis .There were totally 45igods in this
category which accounts for 37.81%. Non DiabetidCihd Acute Liver
Dysfunction account for 14.28% each. Sepsis andg€stive cardiac
failure Constituted 8.4% and 9.24% respectivelyntCay to the popular

belief, Diabetes therapy related cases accourt. 286 only.
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Sex distribution of the study sample

sex ratio

H male

H female

male 90
female 29
total 119

In the present study male population accounted7t63% and
females accounted for 24.36%.Thus in the presemtysmale gender

constituted for significant 3f4of the study sample.
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Agedistribution of the study sample

frequency
70 65
60
50
41
40
30 m frequency
20
11
10
2
0
0-20 yrs 21-40 yrs 41-60 yrs >60 yrs
Age Frequency Per centage
0-20 2 1.7
21-40 11 9.2
41-60 65 54.6
61-80 41 34.5

In the present study patients in the age grouploto460 years

accounted for 54.6% followed by 61 to 80 years ggeup which

constituted 34.5%.
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INCIDENCE OF HYPOGLYCAEMIA DURING

THE STUDY PERIOD

Total number patients with documented hypoglycaemsi®l9.

Total number of Patients admitted in medical waddsing the

period 11276

Incidence of hypoglycemia in the present studylbeua1.05%.
Incidence of hypoglycaemia was calculated by takimtg account the

patients admitted in medical wards alone duringstody period .
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Hypoglycaemia in diabetic patients

50

45

40

35

30

25

20

15

10

DIABETES MELLITUS

m DIABETES MELLITUS
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PERCENTAGE
DM ASSOCIATION FREQUENCY
(%)

CKD 45 67.1
SEPSIS 5 7.46
THERAPY RELATED 5 7.46
CCF S 7.46

ALD 3 4.47
CH.PANCREATITIS 3 4.47
CLD 1 1.49
TOTAL 67 100%

In diabetic patients Kidney disease accounts fajomcause of
hypoglycemia accounting for 67.1%. Therapy relatggoglycemia
accounts for only 7.46% in the present studysSepnd CCF accounts

for 7.46% each.

72



Variousrisk factorsfrequency

risk factors frequency
80 69
70 67
59
60 -
50 -
40 -
30 -~
20 - 17
10 11 10 A | risk factors frequency
JE N BN B N i e
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& &3 S
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&

Risk Factor Frequency Per centage (%)

Renal Failure 69 57.98
Diabetes Mellitus 67 56.3

Alcoholism 59 49.57

In the present study, Chronic Renal Failure and&es Mellitus
ranks close first and second risk factors assatiatiéh occurrence of
Hypoglycemia in hospitalized patient. Out of 11Qigras, 69 patients
had chronic renal failure and 67 patients had desbemellitus.

Alcoholism was also found in 59 patients.
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Mortality Pattern in Diabetes Mdlitus

140

120

100 -

80 -

B mortality
60 -

B no mortality

40 -

20 ~

whole sample diabetic

Chi squaretablefor DM asa predictor of mortality

Risk factor mortality No mortality total
Diabetes present 15 52 67
Diabetes absent 11 41 52

total 26 93 119

p value significance level 0.05
Chi Square Value ; 0.0261
P value : 0.8716

As the p value for the given data is greater thd@b Qit is not
significant. Thus, diabetes mellitus, though is omn association of

hypoglycaemia, it is not a predictor of mortality.
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In the present study, there were 67 patients (56.8¥0 had
diabetes mellitus. Number of deaths among the da@lpatients were
fifteen (15) while it was twenty six 26 for the waastudy sample. Thus,
diabetes mellitus accounted for 56.3% of cases @b of the cases of
death. In order to find out if diabetes mellitugpredictor of mortality in
hospitalized patients having hypoglycaemia, staiktanalysis by using

chi square test was done with significant p valu@ @5.
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Mortality Pattern of Renal Failure

140

120

100 -

80 -

B mortality
60 -

M no mortality

40 -

20 A

whole sample renal failure

Renal Failure was diagnosed in 69 cases .This &out 57.98%
of the study sample. Of the 69 cases 15 patierts .dihis means 21.73%
of the patient afflicted with Chronic Renal Failui®d. This amounts to

57.69% of the total deaths.(15/26)

To know if Renal Failure is a mortality predictarhypoglycaemic

patient statistical analysis by utilizing chi sgeiéest was carried out.
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Chi Square Tablefor Renal Failureasa predictor of Mortality

Risk factor mor tality No mortality total
Renal failure 15 54 69
present
Renal failure 11 39 50
absent
total 26 93 119

p value significance level 0.05

Chi Square Value :0.0012
P value : 0.9728

As the p value for the given data is greater tAQdb ,it is not
significant. Thus, Renal failure, though is common hospitalized

hypoglyvaemic patient, it is not a predictor of nadity.
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Mortality Pattern of Congestive Cardiac Failure

140

120 -

100 -

80 -

B mortality
60 -

W no mortality

40 -

20 -

—

whole sample heart failure

Of the 119 patients enrolled in the study, Congedteart Failure
was present in eleven(11) cases. This is founcet®.B4% of the study
sample. But, the number of cases who died in tiisctass were six i.e 6
patients. This is approximately 23% of all deatlesad rate among this

sub category of patients were 6/11*100 which i$8%

A Chi Square test analysis was carried out on i@ data to find

out if the presence of CCF is a significant preaficif mortality.
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Chi Square Tablefor CCF asa predictor of Mortality

Risk factor mor tality No mortality total
Heart failure 6 5 11
present
Heart failure 20 88 108
absent
total 26 93 119

p value significance level 0.05
Chi Square Value . 7.5886
P value :0.0058

As the p value for the given data is lesser(p<0tB&n 0.05 ,it is
significant. Thus , cardiac failure in hypoglycaematient is a significant

predictor of mortality.
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Mortality Pattern of sepsis

140

120

100 -

80 -

B mortality
60 -

B no mortality

40 -

20 +

whole sample sepsis

Sepsis was diagnosed in ten cases (10 cases).ihgil@mounts to
just 8.4% of the study sample about 60% of theisabhagnosed patient

that is 6 out of 10 sepsis diagnosed patients suoiged to it.

Statistical analysis by utilizing chi square methadah 0.05

significant p value was done.The result is tabdla® follows
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Chi Square Tablefor Sepsisasa predictor of Mortality

Risk factor mor tality No mortality total
sepsis present 6 4 10
sepsis absent 20 89 109

total 26 93 119

p value significance level 0.05

Chi Square Value : 9.3063
P value : 0.0022

As the p value for the given data is lesser(p<0tB&n 0.05 ,it is
significant. Thus, sepsis in hypoglycaemic patiest a significant

predictor of mortality.
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Mortality Pattern Based on Age Group

140

120

100

80

B mortality
60

B no mortality

40

20

o-ﬁ-..

0-20 yrs 21-40 yrs 41-60 yrs 61-80 yrs whole
sample

Maximum number of people in the study were in théegory of
41-60 years. This category accounted to 54.62%@fsample. Next in
order of frequency was 61-80 years category. Thexee 41 patients
(34.45%) in this age group. However, maximum nundfeteaths belong

to this category of patients.

Chi square statistical analysis was done on thegagep data of
the sample to know if increasing age was an imporfaedictor of

mortality in hypoglycaemic patient.
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Chi Square Tablefor Age Group asa predictor of Mortality

Age Mortality No Mortality Total

0-20 0 (0%) 2 (2.2%) 2 (1.7%)
21-40 3 (11.5%) 8 (8.6%) 11 (9.2%)
41-60 7 (26.9%) 58 (62.4%) 65 (54.6%)
61-80 16 (61.5%) 25 (26.9%) 41 (34.5)
Total 26 (100%) 93 (100%) 119 (100%)

p value significance level 0.05

Chi Square Value

9.3063

P value 0.0022

As the p value for the given data is lesser(p<0tB&n 0.05 ,it is
significant. Thus, sepsis in hypoglycaemic patiest a significant

predictor of mortality.
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Mortality Pattern Based on Number of Risk Factors

140

120

100

80

B Mortality

60

40
0 T T T

Whole sample 1 Risk Factor 2 Risk Factor 3 or> Risk
Factor

H No Mortality

As we analyse the presence of risk factors in haksped
hypoglycaemic patents, it was found that as thebmurof risk factors in
a patient increases, chance of succumbing to th&mirecreases. Number
of deaths which occur when there was one risk fastas 4 out of 26
which works out to 15.38%. In the category of pasehaving 3 or more

risk factors death rate was 15 out of 42 whichB< 3%.

Chi square test analysis was done on the data mbeu of risk
factors to know if the number of risk factors coddd a predictor of

mortality.
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Chi Square Table for Number of risk Factors as a predictor of

Mortality
Number of Risk
Mortality No Mortality Total
Factors
1 4 22 26
2 7 44 51
3 or More 15 27 42
Total 26 93 119

p value significance level 0.05

Chi Square Value : 7.3361

P value : 0.0255

As the p value for the given data is lesser(p<0tBban 0.05 ,it is
significant. Thus, presence of increase number isk factors in

hypoglycaemic patient is a significant predictonadrtality.
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DISCUSSION



DISCUSSION

In our study conducted in the medical wards of raadmedical
college hospital around 119 patients were founchdwe at least one
episode of hypoglycemia in 6 month study periock ifftidence is found
to be 1.05%. This includes in both diabetic and dabetic patients.
Alexander turchin etdP’ have shown an incidence of 7.7% in patients
with diabetes. The lower incidence in our studyprebably due to
considering hypoglycemia incidence in both diabetnd non diabetic
population. More over incidence was calculatedtfigr entire admissions
to the medical wards in the entire 6 month perioat tincludes 11276

admissions.

In our study maximum number of patients was inage group of
41-60 yrs accounting for 54.6% followed by >60 yage group
accounting for 34.5%. However this age group of 8 constituted
61.5% of total deaths. Hypoglycemia in elderly ggeup is a significant

predictor of mortality.

The commonest risk factors associated with lovetblsugar levels
in our study are Renal failure (57.98%) , Diabetesherapy (56.3%) and

alcoholism (49.57%).
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Within the category of Diabetes Mellitus patierdssociation with

renal failure was the commonest cause of hypogivicae

In our study diabetes and chronic kidney diseasdhe major risk
factors for hypoglycemia. This is in accordancenvidathleen.F . Fischer
et al”® in whose study diabetes was present in 45% okmiatiwith
hypoglycemia and CKD was the next most common caae

hypoglycemia in non diabetic patients.

The present study highglights the fact that loaoll sugar levels

can also occur in non diabetic patients.

In diabetic patients also renal failure forms th&or risk factor for
hypoglycemia. This is in accordance to S.G.Brudeteal®® in whose
study risk factors for severe hypoglycemia wereilinstreatment , renal

failure and increasing age.

In Non-diabetic patients renal failure and segsisn common

causes of hypoglycaemia.
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Though CKD and diabetes are the major risk factéos

hypoglycemia they are not significant predictorsrafrtality.

In our study hypoglycemia is also seen in congestardiac
failure. This is in accordance with several pregi@iudies. Benzing G.
Scheubert et &P, Heydati et &f*¥ and Block M.B et &" have shown

spontaneous hypoglycemia in CCF.

Hypoglycemia is also common in elderly. This isaocordance
with Shilo.S.et & study. In our study hypoglycemia in sepsis and CCF
significantly predicts mortality. Similarly, we fod that hypoglycemia in
old age is also a significant predictor of mortalithe present study also
shows that more the number of risk factors the tgreahance of
mortality. In our study , significant predictorrmortality in hospitalised
hypoglycaemic patients are associations with 1lisep<CF 3.elderly

age 4. Presence of multiple risk factors.

Alcohol intoxication and alcoholic hepatitis arksaa major risk
factors of hypoglycemia in our study. This is ircalance to Heather
Hammerstedt et & who have demonstrated hypoglycemia in alcohol

intoxication. Though western studies have showrs lexidence of
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alcohol induced hypoglycemia , in our study acut®l#ol intoxication
accounts for 2.52% and alcoholic hepatitis accodots8.4% in our
study. Next to diabetes and CKD alcohol also foemmajor risk factor
for hypoglycemia. This may be due to higher premnak of significant
alcohol in this part of the country. The higherid@nce of hypoglycemia

in males in our study may be alcohol related.

Thus, to conclude predisposing factors for hypoghgia in
hospitalised patients in present study are diabetesreatment, CKD,
alcohol dependence, sepsis, CCF and elderly. Thelsdactors are in

accordance with previous studies.
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CONCLUSION



CONCLUSION

Hypoglycaemia reveals dysregulation in glucose bwdism in
the body and failure of endogenous defense medahants

combat low blood sugar levels.

Hypoglycaemia should always be taken seriously and

investigated properly.

Apparently hypoglycaemia is common in diabetesitist clear
from this study that even in diabetes serious ds@aocess like
renal dysfunction, cardiac failure or sepsis prégips

hypoglycaemia.

In Non-diabetic patients renal failure, sepsis aidoholic

hepatitis are the common causes of hypoglycaemia.

In a T2DM patients without organ failure, the loodd sugars

experienced due to OHA/Insulin food mismatch isyanlld.

Alcohol is another most important factor for cagsin

hypoglycaemia in our country.
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In our study of 119 patients, we did not find Imsama as a
cause of hypoglycaemia. Insulinoma is very rard &nis
prudent to think of common causes like alcoholismd &€KD

apart from diabetes as main causes of hypoglycaemia

Though mild hypoglcemia is reversible with orallgrglucose,
profound and prolonged hypoglycaemia can cause

encephalopathy and prove fatal.

In patients with sepsis and congestive cardiac urkil

hypoglycaemia is a predictor of mortality.

Similarly as the number of risk factors increases mortality
rate also increases. Perhaps here multiple ristorfaplay a

role.

Elderly people are more prone for low blood sugsels. In
them Diabetes treatment should be moderate. Tibltemic
control in the elderly can lead to fatal episodes o

hypoglycaemia.

It is better to prevent hypoglycaemia in diabekéswever itis
prudent to investigate any patient presenting with

hypoglycaemia.
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ANNEXURES



1. OHA
2.CNS

3. HMP
4.GLUT
5.ECF
6.PPRy
7.PCP
8.ACE
9.NEFA
10. T1IDM
11.T2DM
13.DM
14.NAD
15. NADH
16.1CU
17.RHD
18. COPD
19.GIT
20.HAAF
21.MRI
22.QTc
23.1L-8

ABBREVIATIONS

Oral hypoglycemic agents

Central nervous system

Hexose monophosphate shunt

glucose transporters

Extracellular fluid

Peroxisome proliferator activated receptor
Pneumocystis carinii pneumonia
Angiotensin converting enzyme

Non esterified fatty acids

Type 1 Diabetes mellitus

Type 2 Diabetes mellitus

Diabetes mellitus

Nicotinamide Adenine Dinucleotide coenzyme
Nicotinamide Adenine Dinucleotide hydride
Intensive care unit

Rheumatic Heart disease

Chronic obstructive pulmonary disease
Gastro intestinal tract

Hypoglycemia associated autonomic failure
M agnetic resonance imaging

Corrected QT interval

Interleukin 8



24.1L-6
25.CRP
26.TNF a
27.5C
28.IM
29.CCF
30.i.e
31.RHD
32.CAD
33.CKD
34.DCLD
35.ESR
36.CT scan

Interleukin 6

C-Reactive protein

Tumour necrosis factor o
Subcutaneous

Intramuscul ar

Congestive cardiac fallure
that is

Rheumatic Heart disease
Coronary Heart disease
Chronic kidney disease
Decompensated liver disease
Erythrocyte sedimentation rate

Computed tomography scan



PROFORMA

PROFILE OF HOSPITALISED PATIENTS WITH EPISODES OF
HYPOGLYCEMIA

Name: Age: Sex: IP Number:
Presenting Complaints:

H/O Present lliness

Past History
Diabetes
Hypertension
CAD / DCM
RHD
Cirrhosis
CKD

Others

Personal History
Alcohol

Smoking

Others

Occupational History :
Nutritional Pattern

Drug Intake



O/E :
PR :
BP:
RR:
Temp :

CBG (at time of admission ) :

General examination :

CVS:

RS :

ABDOMEN :

CNS:

Investigations:

1. Complete Blood Count:

Hb: TC: DC: P
ESR: PCV: Platelet:
2. Renal Function Tests:

S. Urea: S.Creatinine:

S. Na: S. K:

3. FBS:



4. PPBS

5.RBS

6.Liver Function Tests :
Total Bilirubin

SGOT

SGPT

GGT

Alkaline phosphatise
Sr.Total protein :

Sr.Albumin :

7. Thyroid Function Tests:

8.ECG :
9. USG:
10.ECHO:

11. Others (if any):



INFORMATION SHEET

We are conducting a study oACLINICAL PROFILE OF
HOSPITALISED PATIENTS WITH EPISODE OF HYPOGLYCEMIA'
among patients in Rajiv Gandhi Government Genedpital, Chennai and

for that your specimen may be valuable to us.

The purpose of this study is to identify the iride, clinical pattern,
associated risk factors and mortality rate amongpitalised patients with
hypoglycaemic episodes. We are selecting certaas;and if you are eligible,
2 samples of 3 cc blood will be collected in fagtstate in the morning and
sent for investigations. These tests do not affgotr final report or

management.

The privacy of the patients in the research wilhtmntained throughout
the study. In the event of any publication or pnéggon resulting from the

research, no personally identifiable informatiofi ¢ shared.

Taking part in this study is voluntary. You areeft® decide whether to
participate in this study or to withdraw at anydinyour decision will not result

in any loss of benefits to which you are othervasétled.

The results of the special study may be intimategbu at the end of the
study period or during the study if anything is riduabnormal which may aid
in the management or treatment

Signature of the Investigator Signature of thai€ipant

Date:

Place:



SLIMLESH 6L GITerT

Qacirement QumRleu HMHY P& QUITH LOIHSGleULOmeTuiled
STPHMEL EF&H&HMI UHMIW @@ HTTLESH HOLQUDHM QUBSMGI.

STLpHlemev FJ 55600 SITJ6OOTLOT & LO(1h & Gl 1L 6B 6oTUTI6L
a@iwdsuurL.  Chrwreflsefllar @M ieu ealleugrsmer MaUCSH
Qs S rmiFslulleht CHITSHSLOMGLD.

Bhi&EpLd ans S pmi&Suiled (W] A[¢4:5))¥: 3 IH IT Il & 61T
afl(hLLYHCOHTLD. (PIRYHMET LG &HHHHSHMmeT CeueafluliBid
CuTCaT  glLevg IMUFAUlleT CUTCHT JRuseng QuWeFCT
3l6vevg mLwranmismerCuwm  Qeuefluilm GLmDd  ereTUmGu|b
QAsflailsgs QasmeartHComw. @hs  JPoMLEAUNDL FRSELSHS
ArssufGergmearud  CHMeUULLTEL auGHeT  UHGCHFTHmeTuLD
Qi@ L.

@nhs SHIMuUFSulled uRCHHUEG SRISEHmLW ail(HLUSS6or
Gufleo gmetr @W&EHME. Coid  Bruser  aHCHIWD QH
LTMUEAUINCOI(H S 8) UeTeummi&eond  eTa@ruemswd  Qgflails g s
QameTHCMmILD.

s HAouya uflCersmearsaflst (PlgasHamenr pTmlIFSuilesr
Cumgl oicveugl SpIMLFAUNGT (Wialldd FHhSELEG SMaluCurd
UMW LD QAHRallsHs s QameardCmmb.

SLIMUIFAWTETT 60&QWITLILILD UGS MUITeT

& GWImLILLD

(‘3,55!



PATIENT CONSENT FORM

Study Title . PROFILE OF HOSPITALISED PATIENTS
WITH EPISODE OF HYPOGLYCEMIA

Study Centre : Rajiv Gandhi Government General Hospital, Chennai.
Name
Age/Sex

Identification
Number

Patient may check#) these boxes

The details of the study have been provided to mewriting and
explained to me in my own language O

| understand that my participation in the studyotuntary and that | am
free to withdraw at any time without giving reasenthout my legal
rights being affected. [

| understand that sponsor of the clinical studyyecd working on the
sponsor’'s behalf, the ethical committee and theletgry authorities
will not need my permission to look at my healtltaels, both in
respect of current study and any further reseatet may be
conducted in relation to it, even if | withdraw ifinadhe study | agree to
this access. However, | understand that my identity not be
revealed in any information released to third artor published,
unless as required under the law. | agree notdicethe use of any
data or results that arise from this study. [

| agree to take part in the above study and to ¢pmijh the instructions
given during the study and faithfully cooperatehwibe study team
and to immediately inform the study staff if | serfffrom any
deterioration in my health or well being or any xppected or unusual

symptoms. il
| hereby consent to participate in this study. O
| hereby give permission to undergo complete dihexamination and

diagnostic tests including hematological and biocical tests. O
Signature/thumb impression Signature of Invesbiga
Patient's Name and Address: Study Investigatdeme:

Dr. R.VASUKI
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INSTITUTIONAL ETHICS COMMITTEE
MADRAS MEDICAL COLLEGE, CHENNAI 600 003

EC Reg.No.ECR/270/Inst./TN/2013
Telephone No.044 25305301
Fax: 011 25363970

CERTIFICATE OF APPROVAL

To

Dr.Vasuki.R.

Post Graduate in MD (General Medicine )
Madras Medical College

Chennai 600 003

Dear Dr.Vasuki.R.

The Institutional Ethics Committee has considered your request and approved your
study titled “ CLINICAL PROFILE OF HOSPITALISED PATIENTS WITH EPISODE OF
HYPOGLYCEMIA ” NO.31042015.

The following members of Ethics Committee were present in the meeting hold on
07.04.2015 conducted at Madras Medical College, Chennai 3

1. Prof.C.Rajendran, MD :Chairperson

2, Prof.R.Vimala,MD.,Dean,MMC,Ch-3 : Deputy Chairperson
3. Prof.B.Kalaiselvi,MD.,Vice Principal, MMC,Ch-3 : Member Secretary
4. Prof.B.Vasanthi,MD.,Prof.of Pharmacology, MMC : Member

5. Prof.Raghumani,MS.,Prof.of Surgery, MMC :Member

6. Prof.S.Baby Vasumathi, Director, Inst. of 0&G,MMC : Member

7. Prof.K.Ramadevi,MD., Director ,Inst.of Bio-Chem.MMC: Member

8. Prof.Saraswathy,MD.,Director, Pathology, MMC : Member

9.Prof K. Srinivasagalu, MD.,Director, ..M , MMC : Member

10.Thiru S.Rameshkumar, B.Com., MBA. : Lay Person
11.Thiru S.Govindasamy, BA., BL., : Lawyer
12.Tmt.Arnold Saulina, MA., MSW., : Social Scientist

We approve the proposal to be conducted in its presented form.

The Institutional Ethics Committee expects to be informed about the progress of
the study and SAE occurring in the course of the study, any changes in the protocol and

report.

— Ethics Committee
MEMBER SECRETARY
Sys 2 INSTITUTIONAL ETHICS COMMITTEE
MADRAS MEDICAL COLLEGE
CHENNAI-500 003
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CLINICAL PROFILE OF HOSPITALISED PATIENTS WITH EPISODE OF

8|

INTRODUCTION

Hypoglycaemia is a lab finding which is defined as low levels of

plasma glucose which may or may not be related to significant

pathology. Hypogl 1a that 1s patt

| is caused by large

spectrum of clinical disorders.

Several studies have revealed that hypoglycaemia is an independent

nisk factor for mortality and morbidity in hospitalised patients.

Glucose is the major metabolic substrate for brain under physiologic
conditions. Brain can neither synthesize glucose nor store glucose
supply of more than few minutes. Hence, it needs continuous supply
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