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Part A: LITERATURE REVIEW
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Introduction

Diabetic emergencies include a group of conditions in which an elevated or diminished glucose level exists. This
can result in metabolic emergencies causing patients to present with an array of symptoms including severe
abdominal pain, shortness of breath, and even altered mental status.[1] The acute metabolic complications of
diabetes (diabetic ketoacidosis (DKA), hyperosmolar hyperglycaemic state (HHS), and hypoglycaemia) occur
frequently in Africa. Factors such as non-compliance with medication, late presentation, and lack of access to
health facilities lead to delays in the diagnosis and management of these complications.[1] These life-threatening
emergencies carry high morbidity and mortality and require prompt lifesaving interventions. These interventions
are not always possible due to a combination of factors including inadequate access to health services, poor

health-seeking behaviour and overburdened health care facilities.[1]

The rapid increase in the prevalence of diabetes in developing countries seems secondary to the effect of
westernization, although the prevalence varies between regions. It is thus imperative to establish local trends in
order to facilitate future health care planning.[2] Socio-economic circumstances, infections and access to health
care are some of the known factors affecting disease outcome and progression. These factors do not always apply
to high-income countries (HICs) where most of the currently available data originates from. It is thus important
to collect data that is relevant to low-and middle-income-countries (LMICs) in order to facilitate better health

care for all.

The goal of this literature review was to discern the burden of diabetic emergencies. Academic literature was
comprehensively searched for articles related to diabetes and its complications. The review is divided into
diabetes mellitus in general, diabetic emergencies (DKA, HHS, uncomplicated hyperglycaemia, severe
hypoglycaemia), and the burden of diabetic emergencies on the emergency centre. The information within each
diabetic emergency is presented according to the definition, prevalence, risk factors, clinical presentation,

precipitants, management, resolution, and mortality. Animal studies and non-English studies were not included.
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Diabetes Mellitus

Diabetes can be divided into different subgroups, which include type 1 diabetes mellitus (T1DM) and type 2
diabetes mellitus (T2DM). T1DM is a result of autoimmune destruction of pancreatic beta cells, causing an
absence of insulin. Treatment regimes, therefore, aim to correct the insulin-deficient state, typically by exogenous
insulin replacement. T2DM can be defined as insulin resistance, and to a degree, insulin release defects, in which
genetic, lifestyle and environmental factors play a role. Historically it was only thought to occur in middle-aged
to older patients; however, younger patients are being diagnosed more frequently. The clinical presentation of
T2DM is similar to T1LDM, but patients can go undiagnosed for long periods of time as the presenting symptoms
are generally less severe. Management regimes involve the reduction of glucose levels by oral anti-glycaemic

agents and exogenous insulin replacement.!

The current global prevalence of diabetes is 9.3%, with a higher prevalence occurring in HICs (10.4%) compared
to middle-income countries (9.5%) and low-income countries (4%). The prevalence of diabetes in Africa is
reported to be 3.9%; while South Africa has a slightly higher prevalence of 5.4%. It is expected that LMICs will

experience an excessive rise in diabetes prevalence over the next 25 years.?!

T2DM occurs more frequently than T1DM as reported by both the International Diabetes Federation and the
Centre for Disease Control and Prevention (CDC) in the United States (US).[>% In 2000-2014, the prevalence of
T2DM in the US was 8.6% compared to 0.55% of T1DM.[®

The prevalence of diabetes (and the two subgroups) is variable and changes according to geographical location,
age, and socio-economic status.[? It is estimated that more than two-thirds of people living with diabetes are
from LICs, despite the low reported prevalence of diabetes in these countries.”! Roughly half of the people living
with diabetes are oblivious to the diagnosis, with Africa having the highest number of undiagnosed cases.? In

keeping with global data, T2DM is more prevalent than TLIDM in Sub-Saharan Africa.

Urban populations have a higher prevalence than rural populations (10.8% versus 7.2%), and this difference was
also documented in South Africa in 2016.271 Differences due to age is also noticeable with the prevalence in
HICs peaking in older patients (>75 years old); while the prevalence in LMICs peaks in younger age groups.?
The prevalence also differs between income levels, where the less affluent had a prevalence of 9% compared to
4.3% in the more affluent group.®l A direct link between poverty and a higher prevalence of T2DM has also been

documented.[

Diabetes is notorious for its systemic effect on the human body. A wide array of diabetes-related complications
exist, which can be divided into curable (DKA, HHS and hypoglycaemia) and incurable (macrovascular and
microvascular complications) complications.[>31° Macrovascular complications include an umbrella of
conditions such as coronary artery disease, cerebrovascular disease and peripheral artery disease. Microvascular
complications include nephropathy, retinopathy and neuropathy.[? All of these complications are linked to a

decrease in quality of life and life expectancy.!
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Worldwide diabetes is responsible for about 11.3% of deaths, most of them occurring in the economically active
population.B! In Africa, 75% of diabetic-related deaths occurred in people younger than 60 years old.[? Diabetes
is also one of the leading causes of natural deaths amongst South Africans;*in 2016, diabetes contributed to

7.2% of deaths amongst women and 4.0% of deaths in males.[*

Diabetes and its complications remain a massive health issue and concern, despite many enhancements in health

care services around the world.

Diabetic emergencies

Diabetic emergencies can be divided into conditions with increased glycaemic states (DKA, HHS and

symptomatic uncomplicated hyperglycaemia) and decreased glycaemic states (hypoglycaemia).
Diabetic ketoacidosis (DKA)
Definition

The American Diabetes Association (ADA) and the Society for Endocrinology, Metabolism and Diabetes of
South Africa (SEMDSA), define DKA using the following criteria: i) Hyperglycaemia (plasma glucose >13.9
mmol/L), ii) Acidosis (blood pH <7.3 or bicarbonate <18 mmol/L), and iii) Ketonemia (blood beta-
hydroxybutyrate > 3 mmol/L).% The severity of DKA can be categorized according to the blood pH level into
mild (7.25 - 7.3), moderate (7.0 - 7.24), and severe (<7.0) categories.1%

Prevalence

The number of patients presenting with DKA in the US and the United Kingdom (UK) has been increasing. The
CDC reported an age-adjusted increase of DKA hospitalizations in the US from 2000 through 2014; the rate
increased by 54.9%, from 19.5 to 30.2 per 1000 persons.®® A similar increase also occurred in Canadian children
with TIDM where the age- and sex-standardized rate of DKA increased 7.6% from 22% between 2001 and

2014.1%1 The true prevalence of DKA in Africa and South Africa remains undetermined.
Risk factors

DKA is a frequent complication of diabetes globally and most often occurs in patients with T1IDM.[' Patients
with T2DM are also susceptible to DKA under stressful conditions, e.g. trauma or surgery.[*® South African data
similarly indicate the higher prevalence in TLDM patients (61% compared to 39% in T2DM); however one study
reported a higher prevalence in T2DM (54% versus 47% in T1IDM.[1617]

No sex preference seems to be associated with DKA. In a UK based study, interrogating three groups (one
admission, two to five admissions and greater than five admissions), no significant difference was seen across all

of these groups. In those who presented with more than five admissions, no statistical significance was seen
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(women 26% compared to men 21.7% (p=0.186)); similar results were documented in South Africa (male 51%;

female 49%).07:18]

Poor socio-economic circumstances, younger age, and antidepressant use or psychiatric comorbidity are other

risk factors for DKA.[8:1517-19]
Clinical presentation

The clinical presentation of DKA is not always easily recognised, as a large proportion of patients present with
non-specific signs and symptoms.['”2% The clinical presentation may include polyuria, polydipsia,
gastrointestinal symptoms (nausea, vomiting, abdominal pain), visual disturbance, lethargy, tachycardia,
shortness of breath, and altered sensorium.[*"?*221 Gastrointestinal symptoms are frequently reported when
patients present with DKA and is present between 51% and 74% of the time.[*72324 Physical findings may also

include Kussmaul breathing and features of hypovolemic shock.E!
Precipitants

Non-compliance and infection are the commonest precipitants in DKA admissions, while other causes include
concurrent illnesses (i.e., trauma, myocardial ischemia).*?°! A study in the US reported medication omission as
a reason for presentation in 90% of the study population, while a small North Indian study reported non-
compliance in more than 50% of patients.?*24 Non-compliance is also a frequent cause of DKA in South Africa,
ranging between 27% and 32%.1*"2%1 Concurrent infection is the other major cause of DKA in diabetic patients
and were present in 36% to 38%; both internationally and within South Africa.[?®24261 |n reality, no precipitant

can be identified in a substantial proportion of patients.
Investigations

Recommended bedside and laboratory evaluation of patients with DKA should be aimed at confirming the
diagnosis and identifying the cause and potential complications of the disease.® This includes measuring the
glucose level (serum glucose or finger prick), the presence of ketones (serum and urinary ketones), assessment of
dehydration (serum urea and serum creatinine), and the presence of electrolyte derangement, which can be seen

on blood gas and renal function test.®

The osmolality and anion gap should be calculated as it assists with determining the degree of acidosis and
dehydration, in addition, it can assist with measuring trends. The osmolality gives an indication of the degree of
dehydration and can also be used to distinguish DKA from HHS, which is usually associated with a higher
osmolality (>320mmol/l). The anion gap is a measurement of ions in the body and DKA is usually associated
with a high anion gap (>12mEg/L). Narrowing of the anion gap in a DKA patient is reassuring and a sign of

improvement.’

Measuring for the presence of ketonemia is important, as it helps to discern the type of diabetic ~ emergency

in hyperglycaemic patients. As serum ketone tests are not everywhere readily available, the presence of ketones
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in the urine (ketonuria) is often used as a surrogate marker.!>*I However, there are two ketones playing a role in
the acidosis of a DKA, acetoacetate and beta-hydroxybutyrate (the latter being the predominant ketone in severe
untreated DKA). Acetoacetate is detected by the urine dipstick, but beta-hydroxybutyrate is not;?" with the
potential to miss the diagnosis of DKA. A US-based study found a similar sensitivity for blood beta-
hydroxybutyrate strips and urine acetoacetate dipsticks (both 98%) in diagnosing DKA, but blood beta-
hydroxybutyrate strips had higher specificity (79%) than the urine acetoacetate dipsticks (35%).281 This
decreased specificity raises concerns of potentially unwarranted medical work-ups as a result of false-positive
tests. Similarly, a systematic review indicated that measuring serum beta-hydroxybutyrate was found to be more
effective than urine acetoacetate, leading to a reduction in hospitalization and shorter time to resolution.?®] Beta-
hydroxybutyrate strips have the advantage of being used at the point of care and is an affordable alternative to
serum beta-hydroxybutyrate.?® The use of urine dipsticks compared to serum ketones as the primary detection
mode of ketone bodies is often used in low resourced settings, and health care personnel should understand the

potential diagnostic pitfalls.

Additional investigations should include an electrocardiogram (ECG) and a chest X-ray. Both these
investigations can assist in diagnosing the precipitant cause and in monitoring management; ECG to evaluate for
ischaemic events and the effect of electrolyte derangements, and chest X-ray to identify pulmonary infections
and features of fluid overload. Further selective case-based testing should be aimed at determining the reason
for presentation, e.g. an abdominal ultrasound for appendicitis, mesenteric ischaemia, and gallbladder

pathology. 031
Management

Globally, similar pathways are followed for the management of patients with DKA. The cornerstone of
management includes restoration of fluid depletion, resolving the acidosis, monitoring and correcting potassium

abnormalities, and managing precipitating causes. 722323

The infusion of fluids improves the intravascular volume and restore perfusion.®? Patients presenting in DKA
have an estimated fluid deficit between 5 and 10 litres. The ideal fluid type remains a contentious subject for
debate, both internationally and locally. Both the US and UK accept the use of normal saline as the initial fluid
replacement of choice,® while South African protocols recommend either normal saline solution or ringer’s
lactate.*?" A small trial in South Africa, found no difference in the time it took for the pH no normalise (pH =
7.32) between ringer's lactate (540 minutes (95% confidence interval (CI) 184-896)) and normal saline (683
minutes (95% CI 378-988)) as the primary Additional investigations should include an electrocardiogram (ECG)
and a chest X-ray. Both these investigations can assist in diagnosing the precipitant cause and in monitoring
management; ECG to evaluate for ischaemic events and the effect of electrolyte derangements, and chest X-ray
to identify pulmonary infections and features of fluid overload. Further selective case-based testing should be
aimed at determining the reason for presentation, e.g. an abdominal ultrasound for appendicitis, mesenteric

ischaemia, and gallbladder pathology.%3!
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Management

Globally, similar pathways are followed for the management of patients with DKA. The cornerstone of
management includes restoration of fluid depletion, resolving the acidosis, monitoring and correcting potassium

abnormalities, and managing precipitating causes.[*"2232.3

The infusion of fluids improves the intravascular volume and restore perfusion.l®? Patients presenting in DKA
have an estimated fluid deficit between 5 and 10 litres. The ideal fluid type remains a contentious subject for
debate, both internationally and locally. Both the US and UK accept the use of normal saline as the initial fluid
replacement of choice,® while South African protocols recommend either normal saline solution or ringer’s
lactate.®21 A small trial in South Africa, found no difference in the time it took for the pH no normalise (pH =
7.32) between ringer's lactate (540 minutes (95% confidence interval (Cl) 184-896)) and normal saline (683
minutes (95% CI 378-988)) as the primary resuscitation fluid (p = 0,251).1** The choice of fluid after the initial

volume replacement depends on the patient’s hydration status, serum electrolyte levels, and the glucose level.

Insulin inhibits the ketogenic pathway. Short-acting insulin is recommended as a continuous insulin infusion at
a rate of 0,14 units/kg/hour in a high care or intensive care setting with intensive glucose monitoring.[=6l
Different routes of insulin therapy exist, such as continuous intravenous (I1V) infusion, bolus IV, subcutaneous
(SC) or intramuscular (IM) insulin therapy.*® In a recent study, a bolus 1V insulin regime was successfully used
as the primary treatment modality in managing patients with DKA.!¢ The rationale behind this method of
managing DKA stems from an anticipated cost and resource benefit in managing patients outside of the intensive
care setting, which is vital in low resource environments.™®1 Most protocols recommend changing to subcutaneous
insulin only when the hyperglycaemic emergency has resolved, however successful management of mild cases

with regular subcutaneous bolus regimes has been documented. 31622

Blood ketone testing is a useful parameter in managing DKA patients, as the resolution of acidosis is usually

represented by the reduction of ketonemia and thus is a valuable tool to measure improvement.”!

Potassium levels should be strictly monitored, and potassium should be replaced if needed. If the initial potassium
is less than 3.5 mmol/I, potassium should be replaced before initiating the insulin infusion. This is recommended
to avoid severe hypokalaemia (insulin drives potassium intracellular) and its complications, such as arrhythmias
or respiratory muscle weakness. Potassium levels should be monitored 4-hourly to guide the need for further

replacement.l>*!

The use of bicarbonate is not routinely recommended.*%! However, the ADA guidelines do suggest using
bicarbonate when the serum pH is less than 6.9 until it reaches no higher than 7. Although there is insufficient
data to prove the value of bicarbonate, the theory behind its use is to assist with lessening the severe acidotic state,

which is associated with life-threatening organ dysfunction.[*%30

Patients with moderate to severe DKA require intense monitoring, ideally in a high care setting or intensive care

unit (ICU). In reality, high care and ICU beds are not available in all hospitals,4% and these patients are often
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cared for in the emergency centre.*!l However, the treatment and management of diabetic emergencies should
not be delayed or affected when scarcity of high care or ICU beds exist, as this can lead to high morbidity and

mortality.
Resolution

The ADA defines the resolution of DKA as maintaining normoglycaemia (blood glucose level < 11.1 mmol/L),
absent ketonemia and acidosis resolution (bicarbonate >15 mEg/L, pH >7.3, and anion gap
<12 mEq/L)* Time to resolution could be seen as a surrogate of efficacy in managing diabetic emergencies,®
although the length of hospital stay varies depending on the institution and the specific management protocol. In
an Australian retrospective audit between 2010 to 2014, it took around 11 hours for DKA to resolve;"? which
was similar to a retrospective study done in the UK in 2012.1%1 Contrary, an Ethiopian based study reported a
significantly longer time to resolution (2.7 days + 3 days); however, participants were primarily managed in a
medical ward with ward friendly protocols.““ The median time to resolution at a tertiary hospital in South Africa,

using 1V hourly insulin boluses, was 21 hours.*¢!

The length of hospital stay varies between 2 and 8 days and are influenced by factors such as comorbidities,
precipitants, and the setting.[23434%1 A study by Umpierrez et al. demonstrated the importance of comorbidities;
those who presented with non-compliance had a length of stay of 3.1 + 1.6 days compared to 7.2 + 3 days in
those who had an underlying medical condition.”® Studies from South Africa indicate an extended length of stay,
with 8.9 + 7.5 days documented in the KwaZulu/Natal province and 7-9 days in the Eastern Cape province (7-9

days).[*481 Striving to decrease hospital length of stay is an essential goal in resource-limited environments.
Mortality

Worldwide diabetes (in general) is responsible for about 11.3% of deaths, most of them occurring in the
economically active population.! The exact mortality rate for DKA is unclear, but varies considerably. Mortality
rates in Scotland have been under 0.2%,2% in contrast to 8% in Zambia and 30% in Kenya.*"“¢1 The mortality
rate also differ widely within South Africa; 8% in the Western Cape province,?®117% in KwaZulu/Natal,*” and

20% in the Eastern Cape province.l!

Various factors are associated with increased mortality risk. The presence of elevated serum urea levels, renal
failure in general and altered mental status put patients at an increased risk of death.[“75% Patients with recurrent
admissions for DKA also have an increased risk of death. The mortality for patients who had one DKA admission
over a median of 2.4 years was substantially lower than those with recurrent DKA admissions (5.2% versus
23.4%).1'81 Age, gender and economic activity have been identified as contributing factors to recurrent DKA

admissions.[2>51
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Hyperosmolar hyperglycaemic state (HHS)

A considerable amount of overlap exists between hyperglycaemic emergencies. The review on HHS and
uncomplicated hyperglycaemia will therefor mainly highlight the differences to DKA, which was extensively

described above.
Definition

HHS usually develops over a long period (several days to weeks) and is characterised by severe hyperglycaemia
(serum glucose >33.3 mmol/L), hyperosmolality (serum osmolality >320 mOsm/kg), marked dehydration and
the absence of significant acidosis (pH> 7.3, bicarbonate >15 mEq/L). Ketonuria may be slight or absent.
Complications may result from the metabolic crises itself or the related dehydration and include seizures, arterial

occlusion, deep vein thrombosis, rhabdomyolysis, and life-threatening electrolyte disturbances.%
Prevalence

HHS accounts for fewer diabetic-related admissions than DKA.1 In a retrospective study, HHS only accounted
for 3.3% of diabetic emergency-related admissions in the US,®? whereas 12% of patients who presented with a
diabetic emergency in a South African study had HHS.®® HHS typically present in the middle-aged or older

patients, but cases have been described in paediatric and adolescent groups.®*!
Risk factors

Older patients and patients with T2DM are at highest risk of developing HHS. The use of diuretics together with

restricted water intake predispose the elderly to dehydration and ultimately HHS.[!
Clinical presentation

Patients with DKA and HHS present similarly,*%5%  although neurological symptoms and signs occur more
often in the HHS group. The change in mental status can vary from mild confusion to profound lethargy or coma,
with a lower level of consciousness being linked to a higher osmolality (>340mOsm/kg).[¢1 Other neurological-
related presentations may include seizures and focal neurological signs, although it might rather point towards a

possible underlying condition instead of the metabolic derangement.F®!
Precipitants

HHS may be brought on by infection, other illnesses (e.g. myocardial infarction or stroke), the concomitant use
of medications that either decrease the effect of insulin or increase fluid loss andpoor management of diabetes
(including non-compliance to medication and diabetic diet). The most frequent precipitant is an infection, with

rates documented to be as high as 57%.5° The most common infection sites are pulmonary and urinary tract.?4%
Management

The management of HHS and DK A are very similar, and many societies have adopted a single treatment guideline

for the management of these diabetic emergencies.*'% The treatment principles are fluid replacement, correction

9
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of hyperglycaemia, electrolyte management, and finding (and treating) the cause. Prophylactic antithrombotic

treatment should also be considered.

The same fluid regime as for DKA can be used if there is no cardiac compromise (1 litre of normal saline in the
first hour). The serum sodium, state of hydration and urinary output should guide the choice and rate of subsequent
fluid replacement. Patients with renal or cardiac comorbidities should be closely monitored to avoid fluid

overload.

Insulin regimes and potassium replacement guides are similar than for DKA. As HHS typically present in elderly
patients who are likely to have comorbidities, additional emphasis should be placed on monitoring for
hypoglycaemia and electrolyte abnormalities to limit the more detrimental effect than expected in younger

healthier patients.[®3843
Resolution

The resolution of HHS is defined as a normalised serum osmolality (< 320 mOsm/kg) together with an
improvement in the patient’s mental state.l*% Longer periods of time are compared to DKA.[3%51 One study
reported a resolution time of 11 hours, while another study reported a time to resolution of
29 + 20.6 hours.[#44]

Mortality

HHS is associated with a considerably higher mortality rate than DKA since it occurs more frequently in older
patients with underlying comorbidities.8 A Taiwanese study documented a mortality rate of 24%, with the
degree of depressed level of consciousness associated with mortality.”1 Even higher mortality rates have been
reported in Nigeria (35%);8whereas a mortality rate of 31% was described in the Eastern Cape province of
South Africa.[“6!

Uncomplicated hyperglycaemia

Uncomplicated hyperglycaemia is strictly not defined as a diabetic emergency. These patients may be
encountered early in the course of their DKA or HHS, and thus have not yet developed acidosis or
hyperosmolarity, or they may be chronically hyperglycaemic. However, it is associated with increased hospital
mortality in both critically ill patients and in patients admitted to general hospital wards.® Many such patients

also present to the emergency centre and is therefore shortly described.
Definition

Uncomplicated hyperglycaemia is defined as a fasting glucose level of >7 mmol/L or a random blood glucose
level of >11.1 mmol/L, in the absence of DKA, HHS, and any neurological symptoms or signs. If ketonaemia is

present, it should be less than 1.5 mmol/L, with a normal serum osmolality.[6%61]

10
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Prevalence

The prevalence of uncomplicated hyperglycaemia is expected to rise along with the global rise in diabetes.[!

The prevalence varies, from 38% in the US to 42% in North Sudan.5°62]
Risk factors

Risk factors involved in hyperglycaemia are the same as for DKA and HHS and typically includes genetic
predisposition, advanced age and factors associated with a sedentary lifestyle (smoking, obesity, physical

inactivity).!
Clinical presentation

Patients presenting with symptomatic uncomplicated hyperglycaemia typically present with polyuria, polydipsia,
rapid weight loss, blurred vision, or suspicious infections (e.g. significant yeast infections, abscesses, anaerobic
infections and foot infections.).!%6364 Other non-specific complaints may include fatigue and weakness. Patients
may also be dehydrated as a result of the osmotic diuresis. Unless the patient suffered a stroke, there should be

no neurological abnormality and patients are generally well appearing.
Management

The main management goals should be to ensure adequate rehydration, to manage any comorbidities or
precipitating causes and to return the patient to a euglycaemic state. The management of the hyperglycaemia can
be accomplished by either continuous insulin infusion or subcutaneous insulin use.®! In-hospital teams manage

these patients until resolution after being adequatelyresuscitated.

Severe hypoglycaemia
Definition

Hypoglycaemia has historically been characterized by a triad of symptoms consistent with hypoglycaemia, a low
blood glucose level, and relief of hypoglycaemic-symptoms when the blood glucose level has been raised.!
The ADA categorised hypoglycaemic episodes as i) Severe hypoglycaemia, ii) Documented symptomatic
hypoglycaemia, iii) Asymptomatic hypoglycaemia, iv) Probable symptomatic hypoglycaemia, and v) Relative
hypoglycaemia.l®® The review will focus on the first two categories: severe hypoglycaemia and documented

symptomatic hypoglycaemia.

Severe hypoglycaemia, as defined by the ADA, is “an event requiring the assistance of another person to actively
administer carbohydrate, glucagon’s, or other resuscitative actions.”®! Blood glucose levels might not always be
available as patients often present with seizures or coma; however, neurological recovery after correction of the

blood glucose level is deemed sufficient evidence that the episode was a result of neuroglycopenia. On the other

11
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hand, documented symptomatic hypoglycaemia occurs in patients with a measured blood glucose level <3.9

mmol/L, presenting with typical symptoms of hypoglycaemia.!
Prevalence

The true prevalence of hypoglycaemia is difficult to attain, as a large portion of patients are trained to recognise
its effects and correct the hypoglycaemic state without presenting to hospital. Several self- reported both
internationally and locally driven studies have shown variable prevalence, from 30% up to 90%.[2066671 A
Denmark study indicated that 36% of T1DM patients had experienced severe hypoglycaemia at some point in
their lives.[®® Despite the high self-reported prevalence an overall decline in hypoglycaemic linked admissions
was seen in the US (1.8 to 1.4 per 100 adults) from 2006- 2011.15% In South Africa, 51 episodes of hypoglycaemic

have been observed in 43 patients over a 5- month period.["”
Risk factors

Hypoglycaemia is an expected complication in diabetic patients. The associated risk factors include
hypoglycaemic unawareness, aggressive glycemic therapy, recent moderate or intense exercise, sleep, and renal

failure.[3

Mild hypoglycaemic episodes frequently precede severe hypoglycaemia and analysing self-monitored glucose

data over time can be used to predict severe hypoglycaemia.l’*72

Both T1DM and T2DM are at risk of developing hypoglycaemia. The prevalence of severe hypoglycaemia in
T2DM in a meta-analysis of population-based studies was 6%.¢ In South Africa, hypoglycaemia was

experienced in 49% of T1DM patients and 68% among T2DM patients over a four- week period.?

The treatment regime also affects the risk of severe hypoglycaemia. In T2DM, the prevalence of severe

hypoglycaemia in patients on insulin was 21%, compared to 5% for those that took a sulphonylurea.[®!

The elderly are predisposed as a result of their impairment of autonomic responses, as well as underlying organ
dysfunction due to ageing.[%®7>7 Frail persons, those using multiple medications, and those who are frequently

hospitalized are at highest risk for drug-associated hypoglycemial™

The association between increased HbA1C level and hypoglycaemia is controversial, although an increased level
has been associated with an increased risk.[5""® Lastly, comorbidities such as chronic kidney disease increase

the risk for hypoglycaemia by 27%.0""78]
Clinical presentation

Hypoglycaemia typically presents with either autonomic (diaphoresis, nausea, palpitations and anxiousness) or
neuroglycopenic symptoms (dizziness, confusion ,cognitive impairment, seizure and coma).[” The former tends
to occur at glucose levels above 3mmol/L and the latter at glucose levels less than 2,8mmol/L.B% A decreased
level of consciousness occurred in over 60% of patients presenting with hypoglycaemia in India,’® whereas 70%
of patients in Nigeria presented withdizziness.["
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Precipitants

Hypoglycaemia can be a consequence of poor dietary intake, comorbidities, infection and diabetic treatment
itself.[56.7982lInfection is a key precipitant for hypoglycaemia, with one study reporting an infection rate of

55%.82 Specifically infections of urinary (33%) and respiratory origin (23%) were frequent.®

Other associated precipitants are inadequate dietary intake and alcohol use. Poor dietary intake accounted for

36% and the use of alcohol for 22% of admissions in hypoglycaemic patients in a South African study.

Risk factors in patients with recurrent hypoglycaemic episodes include: Inappropriate treatment, poor adherence
to treatment, alcohol abuse, self-induced hypoglycaemia, Renal and liver disease, hypoglycaemia unawareness,

drug interactions, and non-diabetic causes of hypoglycaemia e.g. insulinoma."!
Management

The management of hypoglycaemia involves attaining euglycemia (blood glucose level 4-7 mmol/L).
Symptomatic patients can self-correct the hypoglycaemia by ingesting a carbohydrate.® Patients with severe
hypoglycaemia will need intravenously administered dextrose.®l Finding and treating the cause for
hypoglycaemia should be a priority in its management.” 71 Individualized management approaches to prevent
future hypoglycaemic episodes needs to be put in place. Patients with recurrent hypoglycaemic episodes should

be referred to a specialist endocrine facility ")
Mortality

Hypoglycaemia in diabetic patients is associated with the risk of death. In TADM, up to 6% of all deaths have been
attributed to hypoglycaemia, and around 9% in T2DM receiving sulfonylurea monotherapy.®® Patients with
severe hypoglycaemia had 3.4-fold higher 5-year mortality rate than those who presented with mild

hypoglycaemia.l’®!

Burden of diabetic emergencies on the emergency centre

Patients with poorly controlled diabetes frequently present to the emergency centre for care. Limited access to
primary health care facilities, low socioeconomic status, poor adherence to treatment, and predisposition to
certain conditions are factors that increase the frequency of emergency centre visits.[10698485 Additionally, the
emergency centre is often the sole provider for diabetic care. A US- based study reported that more than 50% of
diabetic patients who presented to the emergency centre, where exclusively managed by emergency centre

staff. (6]

Patients with a hyperglycaemic crisis often presents to the emergency centre. In Canada, about 17 patients are
treated monthly for hyperglycaemic emergencies in the emergency centre.® Similarly in the US, 0.9 of every

100 adults seen in the emergency centre relates to a hyperglycaemic crisis.l®! Also of note, is that 17% of patients

13



Stellenbosch University https://scholar.sun.ac.za

that presented with a hyperglycaemic crisis visited the emergency centre during the previous 14 days.® In South

Africa, 10 patients presented monthly with DKA to a regional hospital in the KwaZulu/Natal province.*"!

Severe hypoglycaemic episodes are also frequently encountered in the emergency centre. In the US, 1.4 per 100
adult emergency centre visits were due to hypoglycaemia, despite the frequency having decreased by 22% over
a 5-year period.[® Patients who experienced hypoglycaemic episodes are also likely to revisit the emergency
centre, with 5% returning within 48 hours after their initial presentation.l®”! Data regarding hypoglycaemic

episodes in South African emergency centres are lacking.

The burden of diabetic emergencies on emergency centres is high. These patients usually require intense
monitoring that should be provided in a high care or intensive care unit. In resource-limited settings, these
patients are managed in the emergency centre till complete resolution as the emergency centre is often the only
place equipped to provide continuous monitoring (except for the theatre-complex).[Y The mean length of stay
in the emergency centre of DKA patients in South Africa was 1.5 (+0.8) days.[*" This prolonged stay within the

emergency centre often creates bedshortages.!

Conclusion

The expected increase in diabetes prevalence in LMICs are evident. The economic effect of diabetes and its
complications is major, considering that most patients are part of the economically active group. This necessitates
the need for prevention, early detection and avoiding of microvascular and macrovascular complications of
diabetes, which, inadvertently increase the risk for hospitalisation and decreases the quality of life. Despite the

currently low prevalence in Africa, diabetes is a significant contributor to mortality.[01?]

The global burden of diabetic emergencies is substantial. Management strategies are effective, but resource
intensive. This become problematic in lesser resourced settings where prolonged care is often provided in the
emergency centre. The exact burden of diabetic emergencies on South African emergency centres is not well-
known, and no studies were reported from entry-level hospitals. A better understanding of the burden will
potentially identify setting specific risk factors that might be amenable to prevention strategies to decrease the

effect of diabetes and its emergency complications.

14



Stellenbosch University https://scholar.sun.ac.za

References

1.

10.

11.

World Health Organization. Global report on diabetes. Geneva: World Health Organization; 2016.
Available from: https://www.who.int/diabetes/publications/grd-2016/en/

Saeedi P, Petersohn I, Salpea P, Malanda B, Karuranga S, Unwin N, et al. Global and regional
diabetes prevalence estimates for 2019 and projections for 2030 and 2045: Results from the
International Diabetes Federation Diabetes Atlas, 9th edition. Diabetes Res Clin Pract
2019;157:107843.

The Society for Endocrinology Metabolism and Diabetes of South Africa Type 2 Diabetes Guidelines
Expert Committee. Hyperglycaemic emergencies in 2017 SEMDSA Guideline for the Management of
Type 2 Diabetes Guideline Committee. J Endocrinol Metab Diabetes South Africa
2017;21(1(Supplement 1)):S1-196.

Whiting DR, Guariguata L, Weil C, Shaw J. IDF diabetes atlas: global estimates of the prevalence of
diabetes for 2011 and 2030. Diabetes Res Clin Pract 2011;94(3):311-21.

Benoit SR, Zhang Y, Geiss LS, Gregg EW, Albright A. Trends in Diabetic Ketoacidosis
Hospitalizations and In-Hospital Mortality — United States, 2000-2014. MMWR Morb Mortal Wkly
Rep 2018;67(12):362-5.

Bullard KM, Cowie CC, Lessem SE, Saydah SH, Menke A, Geiss LS, et al. Prevalence of Diagnosed
Diabetes in Adults by Diabetes Type — United States, 2016. MMWR Morb Mortal WKly Rep
2018;67(12):359-61.

Hall V, Thomsen RW, Henriksen O, Lohse N. Diabetes in Sub Saharan Africa 1999-2011;
Epidemiology and public health implications. a systematic review. BMC Public Health
2011;11(1):564.

Bird Y, Lemstra M, Rogers M, Moraros J. The relationship between socioeconomic status/income and
prevalence of diabetes and associated conditions: A cross-sectional population-based study in
Saskatchewan, Canada. Int J Equity Health 2015;14(1):93.

Connolly V, Unwin N, Sherriff P, Bilous R, Kelly W. Diabetes prevalence and socioeconomic status:
a population based study showing increased prevalence of type 2 diabetes mellitus in deprived areas. J
Epidemiol Community Health 2000;54(3):173-7.

American Diabetes Association. Classification and Diagnosis of Diabetes. Diabetes Care
2017;40(Suppl 1):S11-24.

Pillay-van Wyk V, Msemburi W, Laubscher R, Dorrington RE, Groenewald P, Glass T, et al.
Mortality trends and differentials in South Africa from 1997 to 2012: second National Burden of
Disease Study. Lancet Glob Heal 2016;4(9):e642-53.

15


http://www.who.int/diabetes/publications/grd-2016/en/

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Stellenbosch University https://scholar.sun.ac.za

World Health Organization. Country and regional data on diabetes [Internet]. Diabetes Program. [cited

2020 Feb 18];Available from: https://www.who.int/diabetes/facts/world_figures/en/index1.html

Robinson M-E, Li P, Rahme E, Simard M, Larocque I, Nakhla MM. Increasing prevalence of diabetic
ketoacidosis at diabetes diagnosis among children in Quebec: a population-based retrospective cohort
study. CMAJ open [Internet] 2019;7(2):E300-5. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/31088804

Umpierrez GE, Kitabchi AE. Diabetic ketoacidosis: risk factors and management strategies. Treat
Endocrinol [Internet] 2003 [cited 2020 Feb 24];2(2):95-108. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/15871546

Bedaso A, Oltaye Z, Geja E, Ayalew M. Diabetic ketoacidosis among adult patients with diabetes
mellitus admitted to emergency unit of Hawassa university comprehensive specialized hospital. BMC
Res Notes [Internet] 2019;12(1):137. Available from: http://www.ncbi.nlm.nih.gov/pubmed/30871605

Thomas S, Mohamed NA, Bhana S. Audit of diabetic ketoacidosis management at a tertiary hospital
in Johannesburg, South Africa. S Afr Med J [Internet] 2019;109(6):407-11. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/31266558

Ndebele NFM, Naidoo M. The management of diabetic ketoacidosis at a rural regional hospital in
KwaZulu-Natal. African J Prim Heal Care Fam Med 2018;10(1):6.

Gibb FW, Teoh WL, Graham J, Lockman KA. Risk of death following admission to a UK hospital
with diabetic ketoacidosis. Diabetologia 2016;59(10):2082-7.

Everett E, Mathioudakis NN. Association of socioeconomic status and DKA readmission in adults
with type 1 diabetes: analysis of the US National Readmission Database. BMJ Open Diabetes Res
Care 2019;7(1):e000621.

Kaplan H, Amod A, van Zyl FH, Reddy J, van Tonder A, Tsymbal E, et al. Incidence of
hypoglycaemia in the South African population with diabetes: results from the IDMPS Wave 7 study.
J Endocrinol Metab Diabetes South Africa 2019;24(2):58-64.

Gosmanov AR, Gosmanova EO, Kitabchi AE. Hyperglycemic Crises: Diabetic Ketoacidosis (DKA),
And Hyperglycemic Hyperosmolar State (HHS) [Internet]. In: Feingold KR, editor. Endotext. South
Dartmouth (MA): MDText.com, Inc.; 2000. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/25905280

Kreider KE. Updates in the Management of Diabetic Ketoacidosis. J Nurse Pract [Internet]
2018;14(8):591—7. Available from: https://www.npjournal.org/article/S1555-4155(18)30418-
5/abstract

16


http://www.who.int/diabetes/facts/world_figures/en/index1.html
http://www.ncbi.nlm.nih.gov/pubmed/31088804
http://www.ncbi.nlm.nih.gov/pubmed/15871546
http://www.ncbi.nlm.nih.gov/pubmed/30871605
http://www.ncbi.nlm.nih.gov/pubmed/31266558
http://www.ncbi.nlm.nih.gov/pubmed/25905280
http://www.npjournal.org/article/S1555-4155(18)30418-

23.

24,

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

Stellenbosch University https://scholar.sun.ac.za

Singh H, Saroch A, Pannu AK, Sachin HJ, Sharma N, Dutta P. Clinical and biochemical profile,
precipitants and prognostic factors of diabetic ketoacidosis: A retrospective study from a tertiary care
center of north India. Diabetes Metab Syndr Clin Res Rev2019;13(4):2357-60.

Newton CA, Raskin P. Diabetic Ketoacidosis in Type 1 and Type 2 Diabetes Mellitus. Arch Intern
Med 2004;164(17):1925.

Randall L, Begovic J, Hudson M, Smiley D, Peng L, Pitre N, et al. Recurrent diabetic ketoacidosis in
inner-city minority patients: behavioral, socioeconomic, and psychosocial factors. Diabetes Care
2011;34(9):1891-6.

Pepper DJ, Levitt NS, Cleary S, Burch VC. Hyperglycaemic emergency admissions to a secondary-
level hospital - an unnecessary financial burden. S Afr Med J2007;97(10):963-7.

Smith SW, Manini AF, Szekely T, Hoffman RS. Bedside detection of urine B-hydroxybutyrate in
diagnosing metabolic acidosis. Acad Emerg Med 2008;15(8):751-6.

Klocker AA, Phelan H, Twigg SM, Craig ME. Blood B-hydroxybutyrate vs. urine acetoacetate testing
for the prevention and management of ketoacidosis in Type 1 diabetes: a systematic review. Diabet
Med 2013;30(7):818-24.

Coetzee A, Hoffmann M, Ascott-Evans BH. The role of point-of-care blood testing for ketones in the
diagnosis of diabetic ketoacidosis. South African Med J 2015;105(9):756-9.

Corwell B, Knight B, Olivieri L, Willis GC. Current Diagnosis and Treatment of Hyperglycemic
Emergencies. Emerg Med Clin NA 2014;32:437-52.

Echouffo-Tcheugui JB, Garg R. Management of Hyperglycemia and Diabetes in the Emergency
Department. Curr Diab Rep 2017;17(8):56.

Fayfman M, Pasquel FJ, Umpierrez GE. Management of Hyperglycemic Crises: Diabetic
Ketoacidosis and Hyperglycemic Hyperosmolar State. Med Clin North Am [Internet]
2017;101(3):587-606. Available from: http://www.ncbi.nlm.nih.gov/pubmed/28372715

Dhatariya KK, Vellanki P. Treatment of Diabetic Ketoacidosis (DKA)/Hyperglycemic Hyperosmolar
State (HHS): Novel Advances in the Management of Hyperglycemic Crises (UK Versus USA). Curr
Diab Rep 2017;17(5):33.

Van Zyl DG, Rheeder P, Delport E. Fluid management in diabetic-acidosis-Ringer’s lactate versus
normal saline: A randomized controlled trial. QJM 2012;105(4):337-43.

Goyal N, Miller JB, Sankey SS, Mossallam U. Utility of initial bolus insulin in the treatment of
diabetic ketoacidosis. J Emerg Med 2010;38(4):422-7.

17


http://www.ncbi.nlm.nih.gov/pubmed/28372715

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

Stellenbosch University https://scholar.sun.ac.za

Kitabchi AE, Murphy MB, Spencer J, Matteri R, Karas J. Is a priming dose of insulin necessary in a
low-dose insulin protocol for the treatment of diabetic ketoacidosis? Diabetes Care 2008;31(11):2081—
5.

The Society for Endocrinology Metabolism and Diabetes of South Africa Type 2 Diabetes Guidelines
Expert Committee. Hypoglycaemia in 2017 SEMDSA Guideline for the Management of Type 2
Diabetes Guideline Committee. J Endocrinol Metab Diabetes South Africa
2017;21(1(Supplement1)):S1-196.

French EK, Donihi AC, Korytkowski MT. Diabetic ketoacidosis and hyperosmolar hyperglycemic
syndrome: review of acute decompensated diabetes in adult patients. BMJ [Internet] 2019;365:11114.
Available from: http://www.ncbi.nlm.nih.gov/pubmed/31142480

Chua H, Schneider A, Bellomo R. Bicarbonate in diabetic ketoacidosis - a systematic review. Ann
Intensive Care 2011;1(1):23.

van Zyl-Smit R, Burch V, Willcox P. The need for appropriate critical care service provision at non-
tertiary hospitals in South Africa. S Afr Med J 2007;97(4):268, 270, 272.

Hunter LD, Lahri S, van Hoving DJ. Case mix of patients managed in the resuscitation area of a
district-level public hospital in Cape Town. African J Emerg Med 2017;7(1):19-23.

Lee MH, Calder GL, Santamaria JD, Maclsaac RJ. Diabetic ketoacidosis in adult patients: an audit of

factors influencing time to normalisation of metabolic parameters. Intern Med J 2018;48(5):529-34.

Crasto W, Htike ZZ, Turner L, Higgins K. Management of diabetic ketoacidosis following
implementation of the JBDS guidelines: Where are we and where should we go? Br J Diabetes
2015;15(1):11.

Desse TA, Eshetie TC, Gudina EK. Predictors and treatment outcome of hyperglycemic emergencies

at Jimma University Specialized Hospital, southwest Ethiopia. BMC Res Notes 2015;8:553.

Kitabchi AE, Umpierrez GE, Murphy MB, Barrett EJ, Kreisberg RA, Malone JI, et al. Management of
Hyperglycemic Crises in Patients With Diabetes. Diabetes Care [Internet] 2001;24(1):131-53.
Available from: http://care.diabetesjournals.org/cgi/doi/10.2337/diacare.24.1.131

Dinnes J, Deeks J, Kunst H, Gibson A, Cummins E, Waugh N, et al. A systematic review of rapid
diagnostic tests for the detection of tuberculosis infection. Health Technol Assess [Internet] 2007
[cited 2019 Aug 20];11(3):1-196. Available from: http://www.ncbi.nIm.nih.gov/pubmed/17266837

Kakusa M, Kamanga B, Ngalamika O, Nyirenda S. Comatose and noncomatose adult diabetic
ketoacidosis patients at the University Teaching Hospital, Zambia: Clinical profiles, risk factors, and
mortality outcomes. Indian J Endocrinol Metab 2016;20(2):199-205.

18


http://www.ncbi.nlm.nih.gov/pubmed/31142480
http://care.diabetesjournals.org/cgi/doi/10.2337/diacare.24.1.131
http://www.ncbi.nlm.nih.gov/pubmed/17266837

48.

49.

50.

ol.

52.

53.

o4.

55.

56.

57.

58.

59.

Stellenbosch University https://scholar.sun.ac.za

Mbugua P, Otieno C, Kayima J, Amayo A, McLigeyo S. Diabetic ketoacidosis: clinical presentation
and precipitating factors at Kenyatta National Hospital, Nairobi. East Afr Med J 2006;82(12).

Ekpebegh CO, Longo-Mbenza B, Akinrinmade A, Blanco-Blanco E, Badri M, Levitt NS.
Hyperglycaemic crisis in the Eastern Cape province of South Africa: high mortality and association of
hyperosmolar ketoacidosis with a new diagnosis of diabetes. S Afr Med J [Internet]
2010;100(12):822—-6. Available from: http://www.ncbi.nlm.nih.gov/pubmed/21414275

Venkatesh B, Pilcher D, Prins J, Bellomo R, Morgan TJ, Bailey M. Incidence and outcome of adults
with diabetic ketoacidosis admitted to ICUs in Australia and New Zealand. Crit Care 2015;19:451.

Kitabchi AE, Umpierrez GE, Miles JM, Fisher JN. Hyperglycemic Crises in Adult Patients With
Diabetes. Diabetes Care [Internet] 2009;32(7):1335-43. Available from:
http://care.diabetesjournals.org/cgi/doi/10.2337/dc09-9032

Bradford AL, Crider CC, Xu X, Naqvi SH. Predictors of Recurrent Hospital Admission for Patients
Presenting With Diabetic Ketoacidosis and Hyperglycemic Hyperosmolar State. J Clin Med Res
2017;9(1):35-9.

Rolfe M, Ephraim GG, Lincoln DC, Huddle KRL. Hyperosmolar non-ketotic diabetic coma as a cause

of emergency hyperglycaemic admission to Baragwanath Hospital. S Afr Med J 85(3):173-6.

Agrawal S, Baird GL, Quintos JB, Reinert SE, Gopalakrishnan G, Boney CM, et al. Pediatric Diabetic
Ketoacidosis With Hyperosmolarity: Clinical Characteristics and Outcomes. Endocr Pract [Internet]
2018;24(8):726-32. Available from: http://www.nchi.nIm.nih.gov/pubmed/30084686

Lorber D. Nonketotic hypertonicity in diabetes mellitus. Med Clin North Am 1995;79(1):39- 52.

Fadini GP, de Kreutzenberg SV, Rigato M, Brocco S, Marchesan M, Tiengo A, et al. Characteristics
and outcomes of the hyperglycemic hyperosmolar non-ketotic syndrome in a cohort of 51 consecutive
cases at a single center. Diabetes Res Clin Pract2011;94(2):172-9.

Chu CH, Lee JK, Lam HC, Lu CC. Prognostic factors of hyperglycemic hyperosmolar nonketotic
state. Chang Gung Med J 2001;24(6):345-51.

Nkpozi MO, Akhidue K, Unachukwu CN, Chinenye S, Chappjumbo AU. Hyperglycaemic
Emergencies in a Tertiary Health Facility in South-Eastern Nigeria. West Afr J Med 35(3):137-43.

Umpierrez GE, Isaacs SD, Bazargan N, You X, Thaler LM, Kitabchi AE. Hyperglycemia: An
Independent Marker of In-Hospital Mortality in Patients with Undiagnosed Diabetes. J Clin
Endocrinol Metab 2002;87(3):978-82.

19


http://www.ncbi.nlm.nih.gov/pubmed/21414275
http://care.diabetesjournals.org/cgi/doi/10.2337/dc09-9032
http://care.diabetesjournals.org/cgi/doi/10.2337/dc09-9032
http://www.ncbi.nlm.nih.gov/pubmed/30084686

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

Stellenbosch University https://scholar.sun.ac.za

Alvarez-Rodriguez E, Agud Fernandez M, Caurel Sastre Z, Gallego Minguez I, Carballo Cardona C,
Juan Arribas A, et al. Recommendations for the management of emergencies in patients with diabetes,
acute metabolic complications of diabetes, and steroid-related hyperglycemia]. Emergencias Rev la
Soc Esp Med Emergencias [Internet] 2016;28(6):400-17. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/29106085

Clement S, Braithwaite SS, Magee MF, Ahmann A, Smith EP, Schafer RG, et al. Management of
diabetes and hyperglycemia in hospitals. Diabetes Care 2004;27(2):553-91.

Abdelaziz O, Elhassan M, Magzoob M, Siddig A, Handady M, Alawad M. Prevalence and Risk
Factors of Hyperglycemia among Diabetic and Non-Diabetic Rural Population in North Sudan. Austin
Med Sci [Internet] 2018;3(4):1031. Available from: https://austinpublishinggroup.com/medical-
sciences/fulltext/ams-v3-id1031.php

Levetan BN, Levitt NS, Bonnici F. Hyperglycaemic emergencies are a common problem. S Afr Med J
1997;87(3 Suppl):368-70.

Yan JW, Gushulak KM, Columbus MP, van Aarsen K, Hamelin AL, Wells GA, et al. Risk factors for
recurrent emergency department visits for hyperglycemia in patients with diabetes mellitus. Int J
Emerg Med [Internet] 2017 [cited 2020 Feb 25];10(1):23. Available from:
https://intiem.biomedcentral.com/articles/10.1186/s12245-017-0150-y

Workgroup on Hypoglycemia, American Diabetes Association. Defining and reporting hypoglycemia
in diabetes: a report from the American Diabetes Association Workgroup on Hypoglycemia. Diabetes
Care 2005;28(5):1245-9.

Edridge CL, Dunkley AJ, Bodicoat DH, Rose TC, Gray LJ, Davies MJ, et al. Prevalence and
Incidence of Hypoglycaemia in 532,542 People with Type 2 Diabetes on Oral Therapies and Insulin:
A Systematic Review and Meta-Analysis of Population Based Studies. PLoS One
2015;10(6):e0126427.

Khunti K, Alsifri S, Aronson R, Cigrovski Berkovi¢ M, Enters-Weijnen C, Forsén T, et al. Rates and
predictors of hypoglycaemia in 27 585 people from 24 countries with insulin-treated type 1 and type 2
diabetes: the global HAT study. Diabetes Obes Metab 2016;18(9):907-15.

Pramming S, Thorsteinsson B, Bendtson I, Binder C. Symptomatic Hypoglycaemia in 411 Type 1
Diabetic Patients. Diabet Med 1991;8(3):217-22.

Wang J, Geiss LS, Williams DE, Gregg EW. Trends in Emergency Department Visit Rates for
Hypoglycemia and Hyperglycemic Crisis among Adults with Diabetes, United States, 2006- 2011.
PLoS One [Internet] 2015 [cited 2020 Feb 25];10(8):e0134917. Available from:
https://dx.plos.org/10.1371/journal.pone.0134917

20


http://www.ncbi.nlm.nih.gov/pubmed/29106085

70.

71.

72.

73.

74.

75.

76.

77,

78.

79.

80.

81.

82.

Stellenbosch University https://scholar.sun.ac.za

Gill GV, Huddle KR. Hypoglycaemic Admissions Among Diabetic Patients in Soweto, South Africa.
Diabet Med 1993;10(2):181-3.

Kovatchev BP, Cox DJ, Farhy LS, Straume M, Gonder-Frederick L, Clarke WL. Episodes of Severe
Hypoglycemia in Type 1 Diabetes Are Preceded and Followed within 48 Hours by Measurable
Disturbances in Blood Glucose 1 . J Clin Endocrinol Metab 2000;85(11):4287-92.

Kovatchev BP, Cox DJ, Kumar A, Gonder-Frederick L, Clarke WL. Algorithmic Evaluation of
Metabolic Control and Risk of Severe Hypoglycemia in Type 1 and Type 2 Diabetes Using Self-
Monitoring Blood Glucose Data. Diabetes Technol Ther 2003;5(5):817-28.

Freeman J. Management of hypoglycemia in older adults with type 2 diabetes. Postgrad Med
2019;131(4):241-50.

Iloh GP, Amadi A. Epidemiology of hypoglycemia among ambulatory Type 2 diabetic patients in a
primary care clinic of a tertiary hospital in Southeastern Nigeria. J Heal Res Rev 2018;5(2):57.

Shorr RI, Ray WA, Daugherty JR, Griffin MR. Incidence and risk factors for serious hypoglycemia in
older persons using insulin or sulfonylureas. Arch Intern Med 157(15):1681- 6.

McCoy RG, Herrin J, Lipska KJ, Shah ND. Recurrent hospitalizations for severe hypoglycemia and
hyperglycemia among U.S. adults with diabetes. J Diabetes Complications 2018;32(7):693-701.

Hung AM, Siew ED, Wilson OD, Perkins AM, Greevy RA, Horner J, et al. Risk of Hypoglycemia
Following Hospital Discharge in Patients With Diabetes and Acute Kidney Injury. Diabetes Care
2018;41(3):503-12.

Moen MF, Zhan M, Hsu VD, Walker LD, Einhorn LM, Seliger SL, et al. Frequency of Hypoglycemia
and Its Significance in Chronic Kidney Disease. Clin J Am Soc Nephrol 2009;4(6):1121-7.

Heller S, Novodvorsky P. Hypoglycaemia in diabetes. Medicine (Baltimore) [Internet] 2019;47(1):52—
8. Available from: https://linkinghub.elsevier.com/retrieve/pii/S1357303918302652

Mitrakou A, Ryan C, Veneman T, Mokan M, Jenssen T, Kiss I, et al. Hierarchy of glycemic
thresholds for counterregulatory hormone secretion, symptoms, and cerebral dysfunction. AmJ
Physiol [Internet] 1991;260(1 Pt 1):E67-74. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/1987794

Kumar JG, Abhilash KPP, Saya RP, Tadipaneni N, Bose JM. A retrospective study on epidemiology
of hypoglycemia in Emergency Department. Indian J Endocrinol Metab 2017;21(1):119-24.

Su Y-J, Liao C-J. Predisposing factors for hypoglycaemia in the emergency department. J Int Med Res
2019;47(6):2404-12.

21


http://www.ncbi.nlm.nih.gov/pubmed/1987794

83.

84.

85.

86.

87.

Stellenbosch University https://scholar.sun.ac.za

Kedia N. Treatment of severe diabetic hypoglycemia with glucagon: an underutilized therapeutic

approach. Diabetes Metab Syndr Obes [Internet] 2011 [cited 2020 Feb 24];4:337-46. Available from:

http://www.ncbi.nlm.nih.gov/pubmed/21969805

Coovadia H, Jewkes R, Barron P, Sanders D, Mclintyre D. The health and health system of South
Africa: historical roots of current public health challenges. Lancet [Internet] 2009 [cited 2014 Jul
10];374(9692):817-34. Available from: http://www.thelancet.com/journals/a/article/P11S0140-
6736%2809%2960951-X/fulltext

Yan JW, Gushulak KM, Columbus MP, Hamelin AL, Wells GA, Stiell IG. Sentinel visits in
emergency department patients with diabetes mellitus as a warning sign for hyperglycemic
emergencies. CJEM [Internet] 2018 [cited 2020 Feb 25];20(2):230-7. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/28738911

Washington RE, Andrews RM, Mutter R. Emergency Department Visits for Adults with Diabetes,
2010. HCUP Statistical Brief #167. [Internet]. In: Healthcare Cost and Utilization Project (HCUP)
Statistical Briefs. Rockville: Agency for Healthcare Research and Quality; 2013. Available from:
http://www.hcup-us.ahrg.gov/reports/statbriefs/sb167.pdf

Betten DP, Castle DJ, Hughes MJ, Henney JN. Frequency of return visits to the emergency
department in patients discharged following hypoglycemia episodes. Int J Emerg Med [Internet]
2018;11(1):28. Available from: https://doi.org/10.1186/s12245-018-0186-7

22


http://www.ncbi.nlm.nih.gov/pubmed/21969805
http://www.thelancet.com/journals/a/article/PIIS0140-6736%2809%2960951-X/fulltext
http://www.thelancet.com/journals/a/article/PIIS0140-6736%2809%2960951-X/fulltext
http://www.ncbi.nlm.nih.gov/pubmed/28738911
http://www.hcup-us.ahrq.gov/reports/statbriefs/sb167.pdf

Stellenbosch University https://scholar.sun.ac.za

Part B: MANUSCRIPT IN ARTICLE FORMAT

(African Journal of Emergency Medicine)

23



Stellenbosch University https://scholar.sun.ac.za

[Title page]

The burden of diabetic emergencies on the resuscitation area of a district-level public hospital in Cape

Town

N Lotter*?; S Lahri?; DJ van Hoving?

aDivision of Emergency Medicine, Stellenbosch University

*Corresponding author: PO Box 241, Cape Town, South Africa, 8000

Word count: 2590

Table/figure count: 5

24



Stellenbosch University https://scholar.sun.ac.za

Abstract
Introduction

Diabetes and its complications continue to cause a daunting and growing concern on resource-limited
environments. There is a paucity of data relating to the care of diabetic emergencies in the emergency centres of
entry-level hospitals in Africa. The aim of this study was to describe the burden of diabetic emergencies

presenting to the emergency centre of an urban district-level hospital in Cape Town, South Africa.
Methods

The Khayelitsha Hospital Emergency Centre database was retrospectively analysed for patients presenting with
a diabetic emergency within a 24-week randomly selected period. The database was supplemented by a
retrospective chart review to include additional variables for participants with diabetic ketoacidosis (DKA),
uncomplicated hyperglycemia, severe hypoglycaemia and hyperosmolar hyperglycaemic state (HHS). Summary

statistics are presented of all variables.
Results

The prevalence of all diabetic emergencies was 8.1% (197/2424) (DKA n=96, 48.7%; uncomplicated
hyperglycaemia n=45, 22.8%; severe hypoglycaemia n=44, 22.3%; HHS n=12, 6%). The median age was 48
years, with those presenting with DKA being substantially younger (36 years). A likely precipitant was identified
in 175 (88%) patients; infection was the most common precipitant (n=79, 40.1%). Acute Kidney injury occurred
in 80 (40.6%) cases. The median length of stay in the resuscitation area was 13 hours (IQR 7.2-24) and 101
(51.3%) participants represented with a diabetic- related emergency within six months of the study period. The

overall mortality rate was 5% (n=10).
Conclusion

This study highlights the high burden of diabetic emergencies on the provision of acute care at a district- level
hospital. The high prevalence of diabetic emergency presentations (8%), the high infection rate (40%), and the
high percentage of patients returning with a diabetic emergency (51%) could be indicative of the need for

improved community-based diabetic programmes.

Keywords

diabetes, emergency, South Africa, diabetic ketoacidosis, burden
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Introduction

Diabetes is a significant contributor to morbidity and mortality and remains a global health concern. An estimated
382 million people had diabetes in 2013, and this number is expected to double by 2035;the majority of this
increase is expected in low-and middle-income countries.™ The World Health Organization further projects that
diabetes will be the seventh leading cause of death in 2030.2! In South Africa, an estimated 7% of economically
active citizens have diabetes, and along with other non- communicable diseases, pose a major socio-economic
threat to South Africa.24

Diabetes is globally one of the most prevalent chronic diseases amongst emergency centre patients,™® and
patients often present with a diabetic emergency (diabetic ketoacidosis (DKA), hyperosmolar hyperglycaemic
state (HHS), uncomplicated hyperglycaemia and severe hypoglycaemia). Patients with diabetic emergencies
should ideally be treated in intensive care or high care settings,”! but this may not always be possible.®!l As a
result, these acutely ill patients are often treated for extended periods in the emergency centre.[® This places
undue strain on emergency centre staff and resources, as these patients require precise monitoring and ongoing

management.[’]

There is currently a paucity of data about the burden of diabetic emergencies on emergency centres at entry-level
hospitals, as most studies focussed on intensive or high care units within well-resourced countries. South Africa
has a mounting burden of diabetes and other non-communicable diseases,* and knowledge of the burden of
diabetic emergencies within the local context is essential as part of the effort to reduce diabetic-related morbidity
and mortality. The study set out to describe the burden of diabetic emergencies on the emergency centre of a

district-level hospital in Cape Town, South Africa.
Methods
Study design

A retrospective analysis of a prospectively collected observational database was conducted at Khayelitsha
Hospital covering a period of 24 randomly selected weeks between 1 January 2017 and 30 June 2018. The
database was supplemented by a retrospective chart review to include additional variables. The study was
approved by the Health Research Ethics Committee of Stellenbosch University (S18/10/215). The STROBE
(Strengthening the Reporting of Observational Studies in Epidemiology) checklist was used to guide the

report.[4
Study setting

Khayelitsha Hospital is a 340-bed hospital situated in the partially informal township of Khayelitsha, Cape Town.
It serves a health district with a population just fewer than 500 000 people; a substantial proportion of which are
unemployed (38%).1? The resuscitation area within the emergency centre consists of four adult-sized beds and
one paediatric/neonatal resuscitation cot. Each bed is individually equipped with non-invasive and invasive
monitoring tools, a fully stocked resuscitation trolley, a ventilator, and a defibrillator. A blood gas machine is
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also situated within the resuscitation area. Patients managed within the resuscitation area are selected based on a
high acuity level on the South African Triage Scale or by a senior physician’s clinical gestalt.'*! Other than
theatre, the resuscitation area is the only place capable of continuous patient monitoring, as the hospital does not

have a high care or intensive care unit.
Data collection and management

The Khayelitsha Hospital Emergency Centre database is a prospectively collected observational database and
has previously been described.® In brief, data is captured electronically, is coded and stored onto a password-
protected server. A decoding sheet is separately stored. The database has been registered at the Stellenbosch
University Health Research Ethics Committee (Ref: N15/10/107)

Convenience sampling was used, and 24 weeks within 18 months was randomly selected (using a computer
randomizer). The sample size was limited due to restricted resources; however, it was expected to be
representative of the population. All patients who presented to the resuscitation area with a diabetic emergency
(DKA, HHS, uncomplicated hyperglycaemia or hypoglycaemia) were eligible. Patients presenting with
uncomplicated hyperglycaemia were included as many patients with elevated glucose levels are unable to
produce urine at triage. These patients are often severely ill despite well looking and true hyperglycaemic
emergencies (DKA, HHS) have previously been missed. All patients with elevated or decreased glucose levels
are thus managed within the resuscitation area until a senior clinician have evaluated the patient. Patients who
presented with a diabetic emergency in the absence of pre-existing or newly diagnosed diabetes were excluded

(e.g. hyperglycaemic stress response). Patients with missing folder numbers or medical notes were also excluded.

Diabetic emergencies were defined using criteria from the American Diabetes Association (ADA) and the
Society for Endocrinology, Metabolism and Diabetes of South Africa (SEMDSA).["*4 DKA was defined as
hyperglycaemia with glucose >13.9 mmol/l, metabolic acidosis with pH <7.3 and bicarbonate <18 mmol/I, and
presence of ketonemia (>3 mmol/l). As serum ketones were not readily available, the presence of urine ketones
was used as a surrogate marker when indicated. The serum pH was used to classify severity: mild (7.25 - 7.3),
moderate (7.0 - 7.24), severe (<7.0). Resolution of acidosis (pH >7.3, bicarbonate >18 mmol/l) and ketonemia
(<3 mmol/l) were used to determine the resolution of DKA. severe hyperglycaemia (serum glucose >33.3
mmol/L), hyperosmolality (serum osmolality >320 mOsm/kg), marked dehydration and the absence of
significant acidosis (pH> 7.3, bicarbonate >15 mEqg/L); ketonuria may be slight or absent. Uncomplicated
hyperglycaemia was defined as random blood glucose >11.1 mmol/l in the absence of ketonemia and acidosis.

Hypoglycaemia was defined as a blood glucose level <3.9 mmol/l with an altered level of consciousness.

The Triage Early Warning Score (TEWS) was used to determine patient acuity. The TEWS is a composite score
of physiologic parameters measured at arrival to the hospital. It forms part of the South African Triage Scale and

categorizes patients as non-urgent (green), urgent (yellow), very urgent (orange), and emergency (red).[*l

Data was collected after a decoded cleaned extract of the electronic database has been obtained (cleaned: copied
into an Excel spreadsheet with all non-diabetic emergencies removed). The password- protected Excel
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spreadsheet was further populated using the hospital’s electronic clinical records. Data collected include
diagnosis, demographic profile, clinical presentation, precipitating factors, comorbidities, biochemical profile,
diagnostic tests performed, interventions received while in the resuscitation area, length of stay in the
resuscitation area, length of hospital stay, disposition from resuscitation area, and in-hospital mortality. Patient
folder numbers, the primary identifier used in the database was removed once the entire data collection was
complete. A pilot study was conducted on 10 participants to standardise data abstraction (data were included). A

single data collector, not blinded to the study’s objective, collected the data.
Data analysis

Incomplete data points were excluded from the analysis. Summary statistics were used to describe all variables.
Categorical data were summarised using frequency counts or percentages, and distributions of variables were
presented as two-way tables. Medians and means were used as the measures of central tendency for ordinal and
continuous responses and standard deviations or quartiles as indicators of spread. Analysis was performed using
Microsoft® Excel for MAC Version16.30(19101301).

Results

A total of 197 patients with a diabetic emergency were included after 26 cases were excluded. The prevalence
of all diabetic emergencies was 8.1% (197/2424), with DKA occurring most frequently (48.7%, 96/197) (Figure
1).
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Figure 1. Flow diagram of study participants

Patients managed in the
resuscitation area over the
randomly selected 24 weeks

n=2424

Patients presenting with a
diabetic emergency

n=223

Excluded (n=26)

No underlying diabetes (n=10)
Double entry (n=8)

No notes available (n=6)

No folder number (n=2)

Participants included (n=197)

Diabetic ketoacidosis (n=96)
Uncomplicated hyperglycaemia (n=45)
Hypoglycaemia (n=44)

Hyperosmolar hyperglycaemic state (n=12)

Demographic details of participants are given in Table 1. Most participants were female (n=113, 57.4%). The
median (25" - 75" percentile) age was 48 (31-62) years, with participants diagnosed with DKA being
substantially younger (36 (25-46) years). The majority of the participants (n=135; 68.5%) had type 2 diabetes,
and overall, 31 (15.7%) was newly diagnosed with diabetes. A total of 135 (68.5%) participants presented outside
regular office hours (weekdays 08h00-15h59) and 101 (51.3%) represented with a diabetic-related emergency
within six months; 60 (59.4%) re-presenting within 30 days. The median (25" — 75" percentile) age for re-
presenters in this study was 48 (29-61) years. Most were T2DM (n=70; 69.3%), 66 (65.3%) on insulin, and 32
(31.7%) on oral anti-diabetic agents. The main precipitants identified were infection (n=40; 39.6%) and non-
compliance (n=25; 24.7%). The in-hospital mortality rate amongst the re-presenters was 6.9 %.
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Table 1. Demographic details of patients admitted with a diabetic emergency to the resuscitation area of

Khayelitsha Hospital

DKA? HHSP Uncomplicated Severe Overall

(n=96) (n=12) hyperglycaemia hypoglycaemia (n=197)

n (%) n (%) (n=45) (n=44) n (%)

n (%) n (%)

Male 48 (50%) 7 (58.3%) 17 (37.8%) 12 (27.3%) 84 (42.6%)
Median age (years) 36 (25-46) 63 (56-71) 54 (44-63) 62 (54-70) 48 (31-62)
(Q1-Q3)°
New diabetic diagnosis 19 (19.8%) 4 (33.3%) 8 (17.8%) 0 31 (15.7%)
Type of diabetes
Type 1 48 (50%) 0 4 (8.9%), 2 (4.5%) 54 (27.4%)
Type 2 43 (44.8%) 12 (100%) 39 (86.7%) 42 (95.4%) 136(69%)
Unknown 5(5.2%) 0 2(4.4%) 0 7 (3.6%)
Transported by
Self 22 (22.9%) 1 (8.3%) 8 (17.7%) 12 (27.3%) 43 (21.8%)
Ambulance 58 (60.4%), 9 (75%) 33 (73.3%) 26 (59%) 126 (63.9%)
Unknown 16 (16.7%) 2 (16.7%) 4 (8.9%) 6 (13.6%) 28 (14.3%)
Transported from:
Home 44 (45.8%) 4 (33.3%) 20 (44.4%) 37 (84%)| 105 (53.3%)
Other health facility 39 (40.6%), 7 (58.3%) 21 (46.7%) 2 (4.5%) 69 (35%)
Unknown 13 (13.5%) 1 (8.3%) 4 (8.9%) 5 (11.4%) 23 (11.6%)
Presenting time
Office hours¢ 32 (33.3%), 4 (33.3%) 18 (33.3%) 8 (18.2%) 62 (31.5%)
After hours 64 (66.7%), 8 (75%) 27 (60%) 36 (81.8%) 135 (68.5%)
Participant mobility
\Walking 33 (34.4%) 2 (16.7) 18 (40%), 3 (6.8%) 56 (28.4%)
\With Help 46 (47.9%) 4 (33.3%) 21 (46.7%) 13 (40.9%) 84 (42.6%)
Stretcher/immobile 14 (14.5%) 6 (50%) 6 (13.3%) 28 (63.6%) 54 (27.4%)
Unknown 3(3.1%) 0 0 0 3 (1.6%)
Participant acuity®
Non-urgent (green) 5 (5.2%) 0 2 (4.4%) 0 7 (3.5%)
Urgent (yellow) 20 (20.8%), 1 (8.3%) 0 9 (20.5%) 30 (15.2%)
\Very urgent (orange) 39 (40.6%) 8 (75%) 2 (4.4%) 14 (31.8%) 63 (32%)
Emergent (red) 8 (8.3%) 2 (16.7%) 0 15 (34%) 25 (12.7%)
Unknown 24 (25%) 1 (8.3%) 41 (91.1%) 6 (13.6%) 72 (36.5%)

3 Diabetic Ketoacidosis, ® Hyperosmolar hyperglycaemic state, ¢ 25" percentile to 75" percentile, ¢ Monday to
Friday (08h00 — 15h59), ¢ According to Triage Early Warning Score (TEWS) of the South African Triage Scale
(SATS)

Gastrointestinal symptoms, which includes at least one of either nausea, vomiting, abdominal pain and/or
diarrhoea, occurred in most patients (n=143, 72.6%). Infection and poor drug compliance were the most frequent
precipitants (79 (40.1%) and 52 (26.4%) respectively). Most infections related to the respiratory tract (n=23,;
29.1%), and the gastro-intestinal system (n=15; 19%). Other infections included soft tissue infections (n=12;
16%), urinary tract infections (n=11; 15%), undefined sepsis (n=8; 10%), central nervous system infections (n=5;
6.3%) and gynaecological infections (n=3; 4%). In hypoglycaemic only participants, infection (n=15; 34%),
overmedication with prescribed hypoglycaemic agents (sulphonylureas and insulin)(n=11, 25%), inadequate

food intake (n=9; 20.5%) and acute renal failure (n=7, 15.9%) were the main reasons for presentation (Table 2).
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Table 2. Precipitants, presenting symptoms and comorbidities in patients admitted with a diabetic emergency to

the resuscitation area of Khayelitsha Hospital

DKA#n=96) HHS" (n=12) Uncomplicated Severe Overall
n (%) n (%) hyperglycaemia hypoglycaemia (n=197) n(%)
(n=45) (n=44)
n (%) n (%)

Precipitant 86 (89.6%) 10 (83.3%) 37 (82.2%) 43 (97.7%) 175(88.8%)
identified
Precipitant
Infection 36 (37.5%) 7 (58.3%) 21 (46.7%) 15 (34%) 79 (40.1%)
Non- 38 (39.6%) 2 (16.7%) 12 (26.7%) 0 52 (26.4%)
compliance
Medication 2 (2%) 0 0 11 (25%) 13 (6.6%)
related
Alcohol related 7 (7.3%) 0 0 1 (2.3%) 8 (4%)
Diet related 2 (2%) 0 0 9 (20.5%) 11 (5.6%)
Other 1 (1%) 1 (8.3%) 4 (8.9%) 7 (15.9%) 13 (6.6%)
Presenting
signs and
symptoms
Gastrointestinal 95 (99%) 5 (41.7%) 33 (73.3%) 10 (22.7%) 143 (72.6%)
symptoms
Polyuria & 17 1 (8.3%) 7 (15.5%) 0 22 (11.2%)
Polydipsia (17.7%)
Lethargy 2 (2%) 0 0 2 (4.5%) 4 (2%)
Shortness of 19 (19.8%) 0 4 (8.9%) 4 (9%) 27 (13.7%)
breath
Weakness 32 (33.3%) 6 (50%) 18 (40%) 4 (9%) 57 (28.9)
Altered level of 14 (14.6%) 10 (83.3%) 3 (6.7%) 26 (59%) 53 (26.9%)
consciousness
Comorbidities
Hypertension 31 (32%) 10 (83.3%) 28 (62.2%) 34 (77.3%) 103 (52.3%)
Chronic kidney 3(3.1%) 2 (16.7%) 2 (4.4%) 7 (15.9%) 14 (7.1%)
disease
HIVC positive 19 (19.8%) 0 6 (13.3%) 7 (15.9%) 32 (16.2%)
Alcohol 11 (11.4%) 0 0 1 (2.3%) 12 (6%)
abuse/binge
Macrovascular 5 (5.2%) 3 (25%) 10 (22.2%) 10 (22.7%) 28 (12.7%)
complicationsd
Microvascular 20 (20.8%) 7 (58.3%) 9 (20%) 19 (43.1%) 55 (27.9%)
complications®

2 Diabetic Ketoacidosis, * Hyperosmolar hyperglycaemic state, ¢ Human immunodeficiency virus, ¢ Includes
coronary artery disease, peripheral arterial disease, and stroke, ¢ Includes diabetic nephropathy, neuropathy, and
retinopathy

The investigations performed and treatment given are reported in Table 3. In total, 60 serum ketone tests were
done of which 38 (63%%) were found to be positive. In the DKA group, 41 patients had a serum ketone test
with urinary dipsticks used to diagnose 55 patients. Twenty (10.1%) of the 62 urine cultures sent were positive;

the most common organisms were Escherichia coli (n=5) and Klebsiella pneumoniae (n=5). A total of 77 blood
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cultures were sent and 16 (21%) were positive; coagulase-negative staphylococcus was identified as the most
common organism (n=6), followed by Klebsiella pneumoniae (n=2) and Escherichia coli (n=2). The median
(25" — 75™ percentile) amount of fluid given in all patients was 3.9 (2.0-5.6) litre, and 72 (37%) patients received
antibiotics (Table 3.)

Table 3. Investigations done and treatment given for patients with a diabetic emergency managed in the

resuscitation area of Khayelitsha Hospital

DKA? (n=96)[HHS" (n=12)] Uncomplicated Severe Overall (n=197) n
n (%) n (%) hyperglycaemia hypoglycaemia (%)
(n=45) (n=44)
n (%) n (%)

/Antibiotics 39(40.6%)  7(58.3%) 13(28.9%) 13(29.5%) 72(37%)
Blood culture 50(52%)| 10(83.3%) 8(17.8%) 9(20.4%) 77(39%)
Blood gas 94(97.9%)  12(100%) 45(100%) 35(79.5%) 186(94.4%)
Bolus insulin /sliding 16(16.7%) 1(8,3%) 36(80%) 1(2.3%) 54(27.4%)
scale
Chest x-ray 88(91.7%) 12(100%) 38(84.4%) 39(88.6%) 177(89.3%)
Electrocardiogram 73(76%) 12(100%) 21(46.7%) 24(54.4%) 130(65.9%)
Insulin infusion 78(81.3%) 11(91,7%) 4(8.9%) 1(2.3%) 93(47.2%)
Intravenous fluids 88(91.7%)  12(100%) 28(62.2%) 28(63.6%) 156(79.2%)
Investigations
Litres received (median (Q1- 53(3.2{ 4.8(2.55- 1.9 (1.0-2.25) 1.7 (1.0-2.0) 3.9 (2.0-
Q3)°) 7.2) 6.35) 5.6)
Positive blood culture 9(18%), 3(30%), 0 4(44.4%) 16(20.8%)
Positive for pulmonary 2(50%) 0 2(66.7%) 0 4(57.1%)
tuberculosis
Positive urine culture 11(28.9%) 2(28.6%) 3(37.5%) 4(44.4%) 20(32.3%),
Serum ketones 40(41.7%) 5(41.7%) 13(28.9%) 1(2.3%) 59(29.9%)
Sputum testing for 4(4.2%) 0 3(6.7%) 0 7(3.6%)
pulmonary tuberculosis
(Xpert MTB/RIF)
Treatment
Urine culture 38(39.6%) 7(58.3%) 8(17.7%) 9(9%) 62(31.4%)
Urine dipstick 78(81.3%)  8(66.7%) 41(91.1) 9(20.4%) 136(69%)

2Diabetic Ketoacidosis, ® Hyperosmolar hyperglycaemic state, ¢ 25" percentile to 75" percentile

A summary of laboratory investigations are presented in Supplementary Table 1. Acute kidney injury occurred
in 80 (40.6%) cases; 48 (60%) in the DKA group, 18 (23%) in the uncomplicated hyperglycaemia group, and 8
(10%) in the HHS group. Six (13.6%) of the hypoglycaemic cases had acute kidney injury. Hyperkalaemia
(potassium >5 mmol/L) occurred in 34 (22.2%) of all hyperglycaemic cases and hypokalaemia (potassium <3
mmol/L) in 7 (4.6%) cases.

The median time spent in the resuscitation area was 8.4 hours, with the longest times shared between patients
with DKA and HHS (Table 4). Patients spent a median of 3.2 days in the hospital (Table 4). In-hospital teams
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managed 123 (62.4%) of the patients, with 20 (9.8%) of the patients transferred for tertiary care. The in-hospital
mortality during the study period was 5.0% (n=10; DKA n=1; HHS n=2; severe hypoglycaemia n=7). Only one
death occurred in the resuscitation area. While most deaths occurred in the hypoglycaemic group (n=7, 70%),

the actual cause of death mainly related to an intracranial event (n=3, 30%) or undefined sepsis (n=4; 40%).

Table 4 Length of stay and disposition of patients managed with a diabetic emergency in the resuscitation area

of Khayelitsha Hospital.

DKA? HHSP (n=12) Uncomplicated Severe Overall

(n=96) n (%) hyperglycaemia (n=45) | hypoglycaemia (n=197)

n (%) n (%) (n=44) n (%)

n (%)

Median length of stay
(Q1-Q3)°
Resuscitation area 13 (7.2-24) 18 (7.2-24) 5 (2.4-9.6) 5 (2.4-7.2) 8.4 (3.8-18)
(hours)
Hospital (days) 4.4 (2.1-7.6) 6.9 (5.3-8.9) 1.1 (0.5-4.0) 1.8 (0.8-5.4) 3.2(0.9-6.3)
Dispaosition
Discharged  directly 15 (13.5%) 0 24 (53.3%) 20 (45.4%) 57 (28.9%)
home
Referred to in-hospital 74 (77%) 10 (83.3%) 18 (40%) 21 (47.7%) 123 (62.4%)
disciplines
Referred to tertiary 7 (7,3%) 2 (16.7%) 3 (16.7%) 2 (4.5%) 14 (7.1%)
facility
Died in resuscitation 0 0 0 1 (2.3%) 1 (0.5%)
area

2Diabetic Ketoacidosis, ® Hyperosmolar hyperglycaemic state, ¢ 25" percentile to 75" percentile

Discussion

The prevalence of diabetic emergencies (8%) is indicative of the high burden on the resuscitation area of
Khayelitsha Hospital. Almost half of the presentations related to DKA and urine dipsticks were mainly used to
assess for ketosis. Infection was the main precipitant in all groups (40%). The high percentage of patients (51%)
returning with a diabetic emergency to the emergency centre within six months is of concern and further

increases the burden.

The prevalence of hyperglycaemic emergencies was 6.3% and 4.5% for DKA and HHS combined (i.e.
uncomplicated hyperglycaemia excluded). This equates to about 18 patients per month, which is similar to a
Canadian emergency centre where 17 patients with hyperglycaemic emergencies were treated.!* However, the
majority of patients had DKA (about 16 per month), which is substantially more than the ten patients per month

with DKA seen in the emergency centre of a rural regional hospital in the KwaZulu/Natal province of South
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Africa.l’! Exact reasons for this difference remains unclear but could relate to geospatial differences (urban vs

rural)in diabetes in general .['6-17]

More than 30% (60/197) of the participants returned within 30 days to the emergency centre with a diabetic-
related emergency. This is higher than the 19% documented in Canada.[15] Recurrent hyperglycaemia visits
have been associated with patients <25 years of age, a glucose level >20 mmol/L, being on insulin, and a recent
visit to the emergency centre for hyperglycaemia.l'™! Associated factors in our study still need to be formally
explored, but it is clear that poorly controlled diabetes cause a great burden on the emergency centre of
Khayelitsha Hospital as they typically require intensive monitoring, for potentially extended periods of time.
Returning patients (especially those with DKA) are also at high risk of mortality, as seen in this study and

prevention of recurrent presentations will thus benefit both the patient and the hospital.[*8!

Severe hypoglycaemic episodes were also regularly encountered in the resuscitation area (1.8 per 100 adults).
This is similar to the 1.4 per 100 adult emergency centre visits in a US-based study.™® Patients who experienced
hypoglycaemic episodes were also likely to revisit the emergency centre; 50% returned within six months
compared to 5% returning within 48 hours in a US study.??l Comparative data regarding hypoglycaemic episodes
in South African emergency centres are lacking, but internationally patients using oral anti-diabetic agents are

at higher risk to return to the emergency centre than those treated with insulin alone.?%

Urinary ketone assessment (using a dipstick) was more frequently used than testing for serum ketones (laboratory
done) to detect the presence of ketosis in hyperglycaemic patients (urine 127/153, 83%; serum 58/153, 38%).
The presence of ketones in the urine (ketonuria) is often used as a surrogate marker for serum ketones
(ketonemia),[ as serum ketone laboratory tests are more costly and not everywhere readily available. However,
there are two ketones that play a role in DKA, acetoacetate and beta- hydroxybutyrate, with the latter being the
predominant ketone in severe untreated DKA. The urine dipstick detects acetoacetate, but beta-hydroxybutyrate
is not.[?Y Point-of-care blood beta- hydroxybutyrate strips are available, although not at Khayelitsha Hospital at
the time of the study. A US-based study found a similar sensitivity for blood beta-hydroxybutyrate strips and
urine acetoacetate dipsticks (both 98%) in diagnosing DKA, but blood beta-hydroxybutyrate strips had higher
specificity (79%) than the urine acetoacetate dipsticks (35%).%? The decreased specificity of the urine dipstick

raises concerns of potentially unwarranted medical work-ups as a result of false negative tests.

Infection was deemed to be the precipitant factor in 40% of patients which confirms the high rate of infection in
patients presenting with diabetic emergencies.[?>-? This further indicates the need for the diligent search for
infection, which should include cultures of blood, urine and pulmonary specimens. One in every five blood
cultures done were positive, while urine cultures had a slightly higher yield (1.5 in every 5). Although only a
few sputum cultures were collected, more than half (57.1%) was positive for tuberculosis. Diabetics are
predisposed to infection and increased, and specialised screening programmes should be considered in settings

with a high tuberculosis prevalence.®27]
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Strengths and limitations

A strength of the study was the use of a pre-piloted standardized data collection form. However, the results could
have been affected by various limitations. Firstly, the study reflects the experience at a single urban emergency
centre with standardised protocols and care should be taken to generalise the results to different settings. The
retrospective nature of the study led to the reliance on adequate documentation for quality data. Participants
could have received treatment at referring clinics or from ambulance crews before arrival; this could have led to
specific parameters being different by the time the patients presented to the hospital. Lastly, included weeks were

randomly selected from the existing database, and seasonal variation could have influenced the prevalence.
Conclusion

This study highlights the high burden of diabetic emergencies on the provision of acute care at a district-level
hospital. The high prevalence of diabetic emergency presentations (8%), the high infection rate (40%), and the
high percentage of patients returning with a diabetic emergency (51%) could be indicative of the need for
improved community-based diabetic programmes. Future studies could explore barriers to care, such as

delayed access to health care and challenges to follow effective treatment protocols.
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Supplementary Table 1.Summary of laboratory investigations done at presentation in patients with a diabetic

emergency managed in the resuscitation area of Khayelitsha Hospital

(%)

Mean+SD? unless| Normal DKAP HHS® Uncomplicated Severe Overall
otherwise range (n=96) (n=12) hyperglycaemia hypoglycaemia (n=197)
stated (n=45) (n=44)

pH 7.35- 7.1+0.18 7.240.15 7.38+0.06 7.3£0.1 7.2+0.18
7.45

Bicarbonate 18-28 12.748.6 16.646.3 23.7+3 21.1+7.9 16.4 8.9

(mmol/L)

Base excess -2to+2 -12.2+11.2) -0.1+8 -0.12+3.8 -319.1 -7.3£10.7

(meq/I)

Lactate (mmol/L) <2 3.2+1.9 4.1+3.6 1.98+0.8 2.7+3.2 3+2.4

Haematocrit (%) 36-46) 47.3+8.8 45.518.4 40.847.7, 36.1+7.9 43.619.4

Sodium (mmol/L) 135- 130 127.5 130.5 135 131

(median ((Q1- 145 (126-134.5) (118- (127-134.8) (131.5-137.5) (127-135)

Q3))¢ 136.3)

Potassium 3.5-5.5 5.0 5.3 4.4 4.4 4.7

(mmol/L) (median (4.4-5.9) (4.6-6.6) (4.8-4.8) (3.9-5.2) (4.2-5.7)

((Q1-

Q3))°

Urea  (mmol/L) 2.5-7.1 7.10 26.1 7.0 9.0 7.9

(median ((Q1- (5.5-11.7)  (17.2-36.6) (4.0-4.8) (5.1-20.0) (5-15.9)

Q3))°

Creatinine 60-120 112 310 95 120.50 1135

(mmol/L) (median (90.5-168) (188.5- (71-128) (60.5-212.3)  (77.8-179.3)

((Q1- 448)

Q3))°

\White cell count 3.9- 19+12 15.448.1 10.545 8.7+4 14.74£10.3

(x 109/L) 12.6

Haemoglobin 12.0- 13.8 12.7 12.3 10.3 125

(g/dL)  (median 15.0 (11.5-15.0)) (10.3-14.9) (10.2-13.1) (9.2-11.5) (10.2-14.4)

((Q1-

Q3))°

Platelets (x 109/L) 1864 368.4+167.7| 271.7+76.9 334+139.8 329.5+116.1] 345.8+148.4
454

Haemoglobin Alc <7 13.445.6 11.6 £4.9 12.9+3.2 8.3+2.4 12.145.1]

2 Standard deviation, ® Diabetic Ketoacidosis, ¢ Hyperosmolar hyperglycaemic state, ¢ 25" percentile to 75"

percentile
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Background

Diabetes remains a global health concern as it contributes significantly to morbidity and mortality. In 2013 it
was estimated that 382 million people had diabetes; this is predicted to rise to 592 million by 2035.(1)
Subsequently, up to 12% of global health expenditure is spent on diabetes and its complications.(2) Diabetes
mortality rates are as high as 30%,(3) with about 73% of these deaths occurring in the economically active
group.(4) The World Health Organisation (WHO) projects that diabetes will be the seventh leading cause of
death in 2030.(5)

The biggest increase of people living with diabetes is expected to occur in low-and-middle-income countries in
the next two decades.(1) Recent data suggest that 7% of economically active South Africans have diabetes. This
means that 3.85 million people between the ages of 21 and 79 years may be living with the disease.(2) These
numbers reflect the mounting burden of non-communicable diseases in South Africa,(6) despite the declaration
that non-communicable diseases are a focus area on the African continent.(7) Additionally, a large focus is still

on communicable diseases,(8) despite the major social, economic and psychological threat diabetes poses.(9)

Patients with hyperglycaemic emergencies should ideally be treated in an intensive care or high care setting.(10)
This indeed happens in South Africa,(11) but may not always be possible due to a host of reasons, including the
paucity of freely available intensive care and high beds.(12) As a result, these acutely ill patients often end up in

the emergency centre of the hospital.(13)

Diabetes is one of the most prevalent chronic diseases amongst all visitors to the emergency centre, both
internationally and locally.(14,15) These patients are often managed in the resuscitation area of the emergency
centre as it often is the only monitored area in the hospital outside of theatre.(14) This is not ideal for both the

patient and the emergency centre staff as these patients have a mortality rate around 17%.(13)
Motivation

Diabetes and its emergency complications (hyper- and hypoglycaemic) are highly prevalent in patients managed
within emergency centres. Unfortunately, the exact burden remains unknown, especially at the district health
care level. The purpose of this study is to quantify the burden of diabetic emergencies on the resuscitation area of
a district-level hospital, and if possible, to identify setting specific risk factors that might be amenable to

prevention strategies.
Aim and objectives

The aim of the study is to determine the burden of the various types of diabetic emergencies on the resuscitation
area of Khayelitsha Hospital over a six-month period.

The objectives are:

i.  To determine and describe the prevalence of diabetic emergencies (diabetic ketoacidosis,
hyperosmolar hyperglycaemic state and hypoglycaemia)
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ii.  To determine precipitant(s) and risk factors for the diabetic emergencies

iii.  To determine and describe the diagnostic tests performed and interventions received while in the

resuscitation area
iv. To determine the length of stay in the resuscitation area and in hospital
v.  To determine the in-hospital mortality of the patients

vi. To determine the prevalence (and possible precipitating factors) of re-admissions relating to diabetic

emergencies within six months
Methodology
Study design

A retrospective analysis of a prospectively collected observational database will be conducted of a period of six

months. This will be supplemented by a retrospective chart review to include additional variables.
Study setting

Khayelitsha Hospital is a 300-bed hospital situated in the expansive township of Khayelitsha, Cape Town. It
serves a health district with a population of more than 390 000, which is predominantly Black African (99%)
with significant levels of unemployment (38%).(16) There is a tremendous burden of disease related to HIV, TB

and interpersonal violence.(17)

Khayelitsha Hospital provides inpatient services such as surgical, medical, paediatric and obstetrics.(18) It houses
a large emergency centre, which is 30% larger than that of a standard district hospital trauma unit.(18) The
resuscitation area consists of four beds and a paediatric cot. Each equipped with its own monitor containing a
blood pressure, pulse oximetry, and capnography capabilities. In addition, there is a fully stocked emergency
trolley for airway management with a defibrillator and a standalone ventilator for each bed. The admission
criteria are either a high acuity score according to the South African Triage Scale or at any senior practitioner’s

discretion.(19) With no high care or intensive care beds available at the facility.
Study population

The electronic Khayelitsha Hospital Emergency Centre database is a prospectively collected observational
database capturing all patients managed within the resuscitation area since 1 November 2014. Data are captured
electronically, are coded and stored onto a password protected server. A decoding sheet is separately stored. The
database has been registered at the Stellenbosch University Health Research Ethics Committee (Ref:
N15/10/107) as well as at the National Health Research Database (Ref: WC_2014RP10_967).
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Sampling

A total of 24 weeks will be randomly selected (using a computer randomiser) from the Khayelitsha Hospital
Emergency Centre database between 1 January 2017 and 30 June 2018. This sample should be representative of

most confounding variables e.g. seasonal variations. We expect a sample size of £ 150 patients.
Data collection and management

A diabetic emergencies will be defined using the definitions of the American Diabetic Association and will

include the following groups:

o Diabetic ketoacidosis (DKA): Blood glucose > 13.9mmol/L, presence of serum or urine ketones, anion gap

> 10, arterial pH < 7.3, serum bicarbonate < 18mmol/I.(20)

o Hyperosmolar hyperglycaemic state (HHS): Absence of ketones, blood glucose > 33.3mmol/ I, pH > 7.3,

serum bicarbonate > 20mmol/l and serum osmolarity of 320 mOsm/kg.(20)
e Hypoglycaemia: Blood glucose < 3.9mmol/l.(21)

Data will be collected by the investigators on site at Khayelitsha Hospital after a decoded cleaned extract of the
electronic database has been obtained (cleaned: copied into an Excel spreadsheet with all non- diabetic
emergencies removed). The Excel spreadsheet will then be further populated through the hospital’s electronic

clinical record.
The following variables will be collected:
e Type of diabetic emergency
e Patient demographics (Age/ Gender)
e Patient acuity (according to the South African Triage Scale)
o Likely precipitant(s)
e Diagnostic tests performed and their results
e Interventions received while in the resuscitation area
e Time spent in the resuscitation area
e Disposition from the resuscitation area
e Re-presentation within 6 months after the study period

e In-hospital mortality

Incomplete data points will be excluded from analysis. A Western Cape Government computer within

Khayelitsha Hospital Emergency Centre, with a password protected account, will be used for data capture and
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storage. Patient folder numbers, the main identifier used in the database will be removed and the data
incorporated with the original database once the entire data collection is complete. The database is stored in an
internationally recognised, password protected database in the ‘cloud’. The final dataset will not contain patients’
names, addresses, folder numbers or other identifying information. A pilot study will be conducted using an

Excel spreadsheet collecting the data specified above.
Statistical analysis

Summary statistics will be used to describe all variables. Categorical data will be summarised using frequency
counts or percentages, and distributions of variables will be presented as two-way tables or bar charts. Medians
or means will be used as the measures of central tendency for ordinal and continuous responses and standard
deviations or quartiles as indicators of spread. Data will be analysed by the research team using Microsoft Excel
and SPSS statistical software (IBM Corp. Released 2017. IBM SPSS Statistics for Windows, Version 25.0.
Armonk, NY: IBM Corp.). A STROBE checklist will be used to structure the final report.(22)

Time schedule
o December 2018: SU HREC approval
e February 2019: Western Cape Government approval
e March — May 2019: Data collection and management
e June —July 2019: Data analysis

e August to October 2019: Write up and submission

Ethical and legal considerations

Risks and benefits: As this study will not involve direct or indirect patient care, risk to patients is likely minimal.
The electronic Khayelitsha Hospital Emergency Centre database has already passed through an ethics committee.
Potential risk due to loss of patient data is however possible. For this reason identifiable data will be removed as
soon as the data collection for that specific patient is completed. Having a better idea of the specific burden
related to diabetic emergencies at a mid-level hospital may lead to improved public health practices, improved

emergency practices and may improve morbidity and mortality.

Informed consent process: The database from which the initial data will be drawn is registered with the
Stellenbosch University Health Research Ethics Committee (Ref: N15/10/107) as well as on the National Health
Research Database (Ref: WC_2014RP10 967). The information obtained from the database will be
supplemented from the patient record. As this will be retrospective, taking individual consent will be near

impossible and a disproportionate effort will be needed. We thus request a waiver of informed consent.
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Privacy and confidentiality: As described earlier, the study will make use of a combination of safeguards to
ensure anonymity of study subjects. This will include on-site data management using a Western Cape
Government account and computers, a password protected Excel document containing the data sample, and

coding data immediately after data collection is completed.
Limitations

This is a retrospective study using an existing database and therefor has inherent risks of error. Selection bias is
primarily a result of either inappropriate inclusion or exclusion of subjects into the database or due to missing
data. Inclusion criteria for the Khayelitsha Hospital Emergency Centre database is well defined and should not

lead to any significant error.

Missing data allow for selection bias by allowing preference for study subjects with complete data. Patients with
missing data will be reported and will not be excluded from analysis; only the incomplete data points will be
excluded. Missing patients from the database is also limited since the database manager regularly does quality

checks to ensure all patients are captured. The nursing register is used for this.

Data entered into the database may also be imprecise or invalid, resulting in information bias. This is again

limited by the quality control performed by the database manager.
Reporting and implementation of results

Publication as an original article or short report in a peer reviewed journal is anticipated. The study results will

also be distributed to the management team of Khayelitsha Hospital Emergency Centre.
Resources

Resources used will be mainly non-clinical. This will include use of an existing Western Cape Government
account and computers. As most patient information will be electronically available, Khayelitsha Hospital clerks
will not be utilised to access hard copy folders. The investigators will not conduct the study when on-duty. The

study will be self-funded.
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Budget

Personnel Compensation RO
Principal Investigator RO
Co-Investigators RO

Consulting services RO
Statistical services RO

Travel R 3620
Transport R 3620

Twenty visits @ R 181 per day (50km/return visit @ R3.61/km)

Equipment & Furniture RO
Other RO
Telephone, cell phone, fax RO

Internet & e-mail RO

Printing & copying RO

Total costs R 3620
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C] Author guidelines: African Journal of Emergency Medicine

The author guidelines are available at:

https://www.elsevier.com/wps/find/journaldescription.cws home/725742?generatepdf=true
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