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Abstract

Diabetes mellitus (DM) is common, estimated to affect 425 million peo-
ple worldwide in 2017. It is a condition that is continually growing in
prevalence and is often associated with multiple co-morbidities. Its
multi-system effects on the body mean that its management can
pose a challenge, even to more experienced clinicians. In orthopaedic
practice, diabetic patients are commonly encountered owing to their
increased fracture risk and complications of the disease such as dia-
betic foot. An appropriate knowledge of diabetes, its pathophysiology,
immunology and the pharmacology of medications used in its treat-
ment is essential, as the consequences of mismanagement can be
grave. Optimal treatment of diabetics can often require the involve-
ment of a wider multidisciplinary team. Complications that can be
encountered in the perioperative and postoperative periods include,
diabetic ketoacidosis, hyperosmolar hyperglycaemic state, surgical
site infection and venous thromboembolism. This review outlines cur-
rent concepts in the perioperative management of diabetes and its
manifestations within orthopaedic surgery, with a focus on outcomes
and complications. A review of the available literature reveals conflict-
ing conclusions between studies, with no clear effect or consensus yet
established for many issues. There is a need for a greater number of
well-designed, high-quality, appropriately powered trials to establish
the true effect of diabetes on outcomes in orthopaedic surgery.

Keywords diabetes mellitus; immunology; orthopaedic surgery;
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Background and history

Diabetes mellitus (DM) is a chronic, metabolic condition char-
acterized by hyperglycaemia which is due to genetic and envi-
ronmental factors. The name itself derives from the Greek (dia,
through; bainein, to go) and the Latin word mellitus meaning
honey-sweet. It is believed to have been first described in 1500
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BC by the ancient Egyptians.! According to the International
Diabetes Federation, diabetes affected 425 million people in
2017, with an expected rise in prevalence to affect 629 million
people by 2045.> The morbidity, mortality, time lost from work
and family burden is enormous. It is associated with a significant
economic impact, with an estimated direct cost of £9.8 billion to
the NHS in 2011.% The majority of this cost is associated with the
treatment of diabetic complications, which are usually the
sequalae of macrovascular and microvascular changes. Diabetic
nephropathy, neuropathy, and retinopathy are the most common
microvascular complications, whilst stroke and myocardial
infarction are the main macrovascular complications. Moreover,
immunological dysfunction occurs in patients with diabetes as a
consequence of a combination of factors: the hyperglycaemic
environment, leukocyte dysfunction, reduced interleukin release
and impaired tissue perfusion due to microvascular changes.*

The cumulative effect of these complications can impair
multiple systems and the spectrum of these complications, may
require the involvement of multiple different medical specialties.

Due to its prevalence diabetes should be considered in any
patient encountered in a clinic, an operating theatre or the
emergency department and it must be detected and managed
carefully, as disregarding it may put patients at risk of potentially
life-threatening complications.

Diagnosed or undiagnosed diabetics may present to the or-
thopaedic service with various pathologies as a consequence of
prolonged hyperglycaemia. Orthopaedic complications of dia-
betes typically affect the foot and ankle (foot ulcer, Charcot
neuroarthropathy), but may involve the upper extremity (adhe-
sive capsulitis) or the axial skeleton (diffuse idiopathic skeletal
hyperostosis).”

People with diabetes mellitus, both type 1 and 2, have an
increased risk of osteoporosis. Risk factors for osteoporosis
include the duration of diabetes and how well controlled blood
glucose levels are. Clearly, osteoporosis puts diabetics at an
increased fracture risk. This effect has been demonstrated in
several large scale studies of type 1 diabetics.® ® A similar trend
has also been shown in type 2 diabetics.'®"'* This effect is
especially true for hip fractures, which have been shown to be
more common in diabetics by two meta-analyses.'*'* Reduced
bone density was hypothesized to be responsible for this obser-
vation. This seems to be true in the case of type 1 diabetics,
where several studies have shown reduced bone mineral den-
sity.’*'° The opposite effect is seen in type 2 diabetes where an
increased bone density is often observed, even after adjusting for
BML.'%'*1® Despite the higher bone mineral density, there is
evidence to suggest reduced bone strength, which may go some
way to explaining the increase risk of fracture.'” This has been
proposed to be due to inefficient bone mass redistribution in type
2 diabetics.'®

Foot problems, especially infections, are the most common
diabetes-related complication encountered in orthopaedic prac-
tice necessitating hospital admission. Between 50 and 70% of
non-traumatic lower extremity amputations occur in patients
with diabetes.'” The global economic impact of diabetic foot
problems and their sequelae is enormous.”’ In 2012 a report
estimated that the NHS spends around £650 million (or £1 in every
£150 the NHS spends) on foot ulcers or amputations in diabetics
each year.?' Besides the direct cost, there is also an indirect
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monetary, psychological and social cost associated with
morbidity, mortality and time lost from work. A multidisciplinary
approach to the management of diabetic complications is vital,
with orthopaedic intervention being an option for cases of ulcer-
ation, foot  deformity, osteomyelitis and  Charcot
neuroarthropathy.

It is obvious that the diabetic patient should be carefully
considered within orthopaedic practice, especially given a sur-
geon’s role in managing several of the important diabetic com-
plications. A basic understanding of the disease, its peri-
operative care and the effect of the condition on bone, soft tis-
sue and thus postoperative complications is vital.

Pathophysiology and immunology

There are two major abnormalities that contribute to hyper-
glycaemia in people with diabetes mellitus.

In type 1 diabetes, there is a complete or near-complete loss of
insulin synthesis as a result of an autoimmune response. There is
initial insulitis, with T lymphocyte associated autoimmune-
mediated destruction of the B cells in the pancreatic islets. The
exact mechanism triggering this auto-immunity is yet to be
determined, although it is thought to be due to a complex
interplay between environmental and genetic factors.*” The
literature suggests that 85—90% of type 1 diabetes patients have
humoral evidence of one or more autoantibodies. Anti-insulin
antibodies are often the first to appear; glutamic acid decarbox-
ylase (GAD65), tyrosine phosphatase-related islet antigen 2 (IA-
2) and islet cell antigen (ICA) antibodies may also be seen.*
There is positive association with human leucocyte antigen
(HLA) DQA and DQB; HLA-DRB3 and HLA-DRB4 in type 1 dia-
betes.?*** Individuals with type 1 diabetes are more likely to
have other autoimmune conditions such as Graves’ disease,
Hashimoto’s thyroiditis, vitiligo, Addison’s disease and perni-
cious anaemia.

Type 2 diabetes mellitus is more common and accounts for 90
—95% of diabetics.*® It is polygenetic, with a more complicated
aetiology. It is characterized by hyperinsulinaemia and associ-
ated insulin resistance with a complex interplay between genetics
and environmental factors such as diet and sedentary lifestyle.
This leads to an imbalance in glucose homeostasis towards hy-
perglycemia. Traditionally, environmental factors were the main
target for disease prevention, especially in the context of
increasing prevalence and increasing consumption of
carbohydrate-rich diets. Nevertheless, the genetics of type 2
diabetes have been gaining increasing attention, with over 60 loci
having been identified as regions of interest. These are believed
to contribute to a person’s susceptibility to the condition.?”

There is also increasing evidence to suggest an immunological
basis for type 2 diabetes. Cross-sectional and prospective studies
have demonstrated increased levels of acute phase proteins (e.g.
C-reactive protein, fibrinogen, hapatoglobin and plasminogen
activator inhibitor), sialic acid, cytokines and chemokines in
affected individuals.”® Furthermore, an elevation of interleukin-
1B and interleukin-6 together carries an increased risk of devel-
oping type two diabetes versus interleukin-6 alone.*’

Biochemically, there is an association between the skeletal
system and diabetes. Bone cells release a hormone called
osteocalcin, which helps in the regulation of blood sugar levels.
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Osteocalcin has been found to increase the secretion and sensi-
tivity of insulin and reduces fat storage. Lower levels of osteo-
calcin have been found in people with a higher body mass index.

Perioperative considerations

A decision to operate on a patient with diabetes should be made
carefully, as they have increased postoperative morbidity and
mortality rates.’>' It should also be remembered that several
complications of diabetes can be mistaken for surgical emer-
gencies. Patients with diabetic ketoacidosis (DKA) may present
with severe abdominal pain, which could be mistaken for an
acute surgical abdomen. Diabetic autonomic neuropathy can
manifest with gastrointestinal symptoms resulting in gastro-
enteropathy mimicking various surgical emergencies. Similarly,
the rare diabetic pseudotabes syndrome, characterized by sharp
neuropathic pain along thoracolumbar dermatomes, may be
confused with visceral disorders.

Elective surgery in people with uncontrolled diabetes should
be scheduled after glycaemic control has been achieved.
Involvement of an appropriate specialist team with multidisci-
plinary input in the pre- and postoperative period is ideal for
such patients. This will include specially trained nurses sup-
ported by diabetologists, and has been shown to reduce the
length of stay of diabetic patients.*”

Two major guidelines exist in the UK to aid clinical decision
making.**** The joint guidelines of the British Diabetes Societies
for Inpatient Care and The Association of Anaesthetists of Great
Britain & Ireland advocate:**-**

0 before admission patients should be pre-assessed and
referred to any relevant specialty, aims include optimiza-
tion of diabetic control

O pre-admission should be avoided solely for the manage-
ment of diabetes

O diabetic patients should be prioritized on an operating list
to minimize the starvation time, ideally to one meal or less

O adjust the medications and avoid a variable rate insulin
infusion (VRII) when possible

o if the patient is expected to miss more than one meal or
their blood glucose rises above 12 on two occasions, start a
VRII; the fluid of choice is 5% dextrose in 0.45% sodium
chloride and either 0.15% potassium chloride (KCl) or
0.3% KCI

0O early mobilization, resumption of normal diet and diabetes
regime should be attempted as soon as possible

O patients should be encouraged to self-manage their dia-
betes as soon as possible after surgery.

The overall goal is to optimize metabolic control through
close monitoring, adequate fluid management and the appro-
priate use of insulin. General anaesthetics require a period of
fasting during which oral antidiabetic medications cannot be
used. An appropriate understanding of the pharmacology of
these agents is essential to ensure euglycaemia. Guidance from
the Association of Anaesthetists of Great Britain & Ireland sum-
marizes perioperative adjustment of insulin and oral hypo-
glycaemic agents for patients in whom a VRII can be avoided,
that is, those who miss one meal or less.** Local policies and
specialist advice should be sought when there is uncertainty or
complexity in any given case.
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Following surgery, the physiological stress response induced
by the release of cytokines causes a metabolic response that al-
ters glucose homeostasis. This is mediated by the release of the
catabolic hormones such as: adrenaline (epinephrine),
noradrenaline (norepinephrine), cortisol, glucagon, growth hor-
mone and by the inhibition of insulin secretion.>*** This results
in hyperglycaemia, osmotic diuresis and hypoinsulinaemia,
which can lead to DKA or hyperosmolar hyperglycaemic state in
diabetics or undiagnosed latent diabetics.*® Some series suggests
incidence of DKA to be as high as 25% in certain cohorts.?’
Furthermore, the persistent hyperglycaemia is also a risk factor
for endothelial dysfunction, postoperative sepsis, impaired
wound healing and cerebral ischaemia.*®*? In addition to effects
on glucose homeostasis, insulin also has an important anabolic
actions which includes protein synthesis, essential for tissue re-
covery and repair.

Due to multiple variables affecting diabetes management and
no two individuals being the same, treatment recommendations
should be individualized and based on: diagnosis, usual regimen,
state of glycaemic control and the nature of the surgical pro-
cedure. Postoperative nausea and vomiting is estimated to affect
30% of all surgical patients and orthopaedic surgery is no
exception.”’ It compounds the volume depletion which may
already be present due to osmotic diuresis induced by hyper-
glycaemia, thereby increasing the risk of acute kidney injury
(AKI) and possibly cerebral ischaemic events.*' Prescription of
an ‘as needed’ antiemetic is strongly encouraged with early
identification of refractory cases. Postoperative nausea and
vomiting may also cause abnormalities in key electrolytes such
as potassium and magnesium, with an arrhythmogenic risk. The
electrolytes should be checked regularly with abnormalities
identified and treated promptly, as a tachyarrhythmia in patients
with underlying coronary artery disease can lead to myocardial
ischaemia.

Outcomes

Hyperglycaemia has an adverse impact on the immune system,
as a result of the activation of protein kinase C, which inhibits
neutrophil function and phagocytosis.** This in combination
with the microvascular effects of diabetes results in marked
susceptibility to infective complications.*> Two or more blood
glucose readings greater than 11.1 mmol/litre increase the risk of
surgical-site infection at 30 days (odds ratio: 2.7).** Better gly-
caemic control has been shown to reduce surgical site infection
rates in general surgical patients.*” Furthermore diabetic patients
are also at increased risk of deeper infections such as peri-
prosthetic joint infection (PJI), independent of being obese,
which is also another risk factor for PJI.*® The morbidity and
mortality of PJI is well established.”” The cost of a PJI is signif-
icant and is estimated to be between $43,586 and $347,789.*°
Orthopaedic surgery carries a significant risk of venous
thromboembolism when compared to most general surgery
procedures.” The relationship between diabetes and venous
thromboembolism risk in patients following orthopaedic surgery
is unclear. A large cohort study in the USA found there to be
lower rates of pulmonary embolism in diabetic patients after total
hip and knee arthroplasty.’® However, a meta-analysis of cohort
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studies in which patients had undergone total knee replacement,
suggested that pre-existing diabetes was associated with an
increased risk of deep-vein thrombosis (DVT).’! A further study
suggested that poor glycaemic control with readings above 11.1
mmol/litre is associated with a three times higher risk of pul-
monary embolism, when compared to patients with blood sugars
below 6.1 mmol/litre

Some suggest inferior outcomes following orthopaedic sur-
gery in diabetic patients. Schipper et al. reported an increased
risk of myocardial infarction; urinary tract infection; blood
transfusion; debridement in patients who had ankle arthrodesis
or total ankle arthroplasty. There was also a comparably longer
length of hospital stay.>® Similarly, inferior outcomes were re-
ported in diabetic patients in a meta-analysis of the outcome of
elective primary total knee replacements, which identified
increased risks of deep infection, deep vein thrombosis, peri-
prosthetic fracture, aseptic loosening and a poorer Knee Society
function score.”® Other studies speculate that, obesity and mul-
timorbidity are commonplace amongst diabetics and it is this that
creates a causal relationship with endpoints such as length of
stay, postoperative pain and patient-reported outcomes, rather
than the diabetes.”>"*°

Historically, studies have reported that diabetes mellitus is
associated with an increased risk of skeletal fractures, which
could be attributed to altered bone mineral density as mentioned
above .°” Recently, it has been observed that individuals with
diabetes mellitus have a higher incidence of both vertebral and
non-vertebral fractures.”® Jie Liu et al. performed a meta-
analysis, which included 11 studies, to estimate the risk factor
for limb fractures in type 2 diabetes mellitus. The sites of fracture
in these studies included hip, pelvis, proximal humerus, distal
forearm, ankle, knee, foot, wrist and vertebral. The results of
their meta-analysis showed that individuals with type 2 diabetes
mellitus had higher risk of limb fractures, and they observed that
relationship is more pronounced in leg or ankle fracture.®
Furthermore, to add to the growing evidence, Wang et al.
concluded from their meta-analysis that patients with DM had
greater risks of total, hip, upper arm and ankle fractures, with
T1DM having a more harmful effect than T2DM.®® Therefore,
treatment of acute fractures caused by trauma, whether trivial or
significant, in diabetics requires special consideration. It is
important to be aware of the diagnosis of diabetes and document
the presence or absence of neuropathy, vasculopathy and other
potential diabetic complications.

Diabetes is a complex disease and therefore one must have a
comprehensive and holistic approach, utilizing everything one
can think of to improve lifestyle and motivate patients by
focusing on what is important to them. Available evidence does
show that when patients manage their own illness the outcomes
are better. Therefore, we must engage, involve and empower
patients in managing their condition, for example in allowing
access to their own medical notes so that they can see their re-
sults and take control of their condition better. It is also impor-
tant to have a care plan that is very individualized for each
patient in partnership with them. Diabetic patients should be
considered for, and offered, diabetes education workshops as
part of perioperative optimization specially in elective proced-
ures for achieving best possible outcome.
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Summary

Patients with diabetes present a host of challenges and problems,
and often as an acute orthopaedic problem. Therefore, recognition
of the particular risks and complications is critical to achieving a
satisfactory outcome in this ever-increasing group of patients. ¢
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