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Faculty
Diane Thompson, RN, MSN, CDE, CLNC, has an 
extensive history in nursing and nursing education. She 
possesses a strong background in diabetes and cardiac 
care, starting her professional career at the cardiac care 
area of the Cleveland Clinic in Cleveland, Ohio. Ms. 
Thompson took the knowledge and experience she 
learned from the Cleveland Clinic and transferred it 
into the home health arena in rural Ohio, after which 
she moved to Florida and obtained further knowledge 
while working as a PRN nurse in all areas, including 
medical/surgical, intensive care, emergency, critical care, 
and cardiology. With a desire to have a specific area to 
concentrate her profession, Ms. Thompson accepted a 
position as a pneumonia case manager, which led into a 
diabetes case manager career.

Ms. Thompson has been employed in diabetes care since 
2001, when she was hired as a diabetes case manager. 
After the completion of 1,000 hours of education to 
diabetes patients, Ms. Thompson earned her certification 
as a diabetes educator in 2003. From 2006 to 2018, Ms. 
Thompson was the Director of Diabetes Healthways at 
Munroe Regional Medical Center in Ocala, Florida. As 
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the director of the diabetes center, Ms. Thompson was 
responsible for the hospital diabetes clinicians, hospital 
wound care clinicians, and out-patient education pro-
gram. Today, she is the nurse manager of a heart, vascu-
lar, and pulmonary ambulatory clinic at Metro Health 
System in Cleveland, Ohio. Ms. Thompson has also 
lectured at the local, state, and national level regarding 
diabetes and the hospital management of hyperglycemia. 
Ms. Thompson is a member of the ADA, AADE, Florida 
Nurses Association, and the National Alliance of Certi-
fied Legal Nurse Consultants.

Ms. Thompson acknowledges her family as her greatest 
accomplishment. She is a wife of more than 30 years 
and a mother of a daughter and son, of which she is 
very proud. Ms. Thompson credits her husband for the 
support needed to set a goal and achieve it. He has been 
by her side through nursing school and completion of 
her Bachelor’s degree and Master’s degree, which she was 
awarded in 2015 from Jacksonville University in Florida.

Faculty Disclosure
Contributing faculty, Diane Thompson, RN, MSN, 
CDE, CLNC, has disclosed no relevant financial relation-
ship with any product manufacturer or service provider 
mentioned.

Division Planner
Jane C. Norman, RN, MSN, CNE, PhD

Director of Development and Academic Affairs
Sarah Campbell

Division Planner/Director Disclosure
The division planner and director have disclosed no 
relevant financial relationship with any product manu-
facturer or service provider mentioned.

Audience
This course is designed for nurses in all practice set-
tings with a desire to better understand the relationship 
between diabetes/hyperglycemia and wound manage-
ment.
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•	 Read the enclosed course.

•	 Complete the questions at the end of the course.

•	 Return your completed Evaluation to NetCE by 
mail or fax, or complete online at www.NetCE.
com. (If you are a Florida nurse, please return the 
included Answer Sheet/Evaluation.) Your postmark 
or facsimile date will be used as your completion date.

•	 Receive your Certificate(s) of Completion by mail, 
fax, or email.
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macy Education (ACPE), and the American Nurses 
Credentialing Center (ANCC), to provide continuing 
education for the healthcare team.

Designations of Credit
NetCE designates this continuing education activity for 
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NetCE designates this continuing education activity for 
6 hours for Alabama nurses.
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In addition to states that accept ANCC, NetCE is 
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ing by: Alabama, Provider #ABNP0353 (valid through 
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Provider #50-2405; West Virginia, RN and APRN Pro-
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About the Sponsor
The purpose of NetCE is to provide challenging cur-
ricula to assist healthcare professionals to raise their 
levels of expertise while fulfilling their continuing edu-
cation requirements, thereby improving the quality of 
healthcare.

Our contributing faculty members have taken care to 
ensure that the information and recommendations are 
accurate and compatible with the standards generally 
accepted at the time of publication. The publisher dis-
claims any liability, loss or damage incurred as a conse-
quence, directly or indirectly, of the use and application 
of any of the contents. Participants are cautioned about 
the potential risk of using limited knowledge when inte-
grating new techniques into practice.

Disclosure Statement
It is the policy of NetCE not to accept commercial sup-
port. Furthermore, commercial interests are prohibited 
from distributing or providing access to this activity to 
learners.

Course Objective
The impact of hyperglycemia as a comorbidity in delayed 
wound healing is well documented. The purpose of this 
course is to provide nurses with a working knowledge of 
preventative strategies of skin breakdown, identification 
of types of skin breakdown, and steps for appropriate care 
of wounds in patients with diabetes.

Learning Objectives
Upon completion of this course, you should be able to:

	 1.	 Identify causes of and risk factors for hyper- 
glycemia in the clinical setting. 

	 2.	 Describe acute and chronic wounds, and  
discuss the impact of hyperglycemia on both 
wound types.

	 3.	 Evaluate the pathologic effects of diabetes  
as it relates to wound development and  
healing.

	 4.	 Differentiate between arterial and venous  
ulcers.

	 5.	 Analyze characteristics of sensory-neuropathic 
ulcers.

	 6.	 Illustrate differences between pressure injuries  
of various stages.

	 7.	 Recognize hyperglycemia’s role in delaying  
surgical wound healing.

	 8.	 Review significant aspects of wound  
documentation.

Sections marked with this symbol include 
evidence-based practice recommen
dations. The level of evidence and/or 
strength of recommendation, as provided 
by the evidence-based source, are also 

included so you may determine the validity or relevance 
of the information. These sections may be used in con-
junction with the course material for better application 
to your daily practice.
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INTRODUCTION

Hyperglycemia, often the result of poorly controlled 
diabetes, is commonly detected in hospitalized 
patients and can result in increased mortality and 
morbidity. The presence of hyperglycemia signifi-
cantly impacts various aspects of patient care regard-
less of diagnosis; however, as the number of patients 
with type 2 diabetes increases, excessive blood glu-
cose is becoming a significant public health issue. 
A major area of concern is the relationship between 
hyperglycemia and wound healing. The reduction 
in wound healing associated with a hyperglycemic 
state is well documented in the literature, and it is 
exceedingly evident in cardiovascular patients. The 
prevention of delayed, inadequate, and incomplete 
healing of surgical, accidental, arterial, venous, 
and/or pressure wounds is the goal of therapy. This 
course will review the impact of hyperglycemia on 
wound healing and interventions that may improve 
the prognosis for these patients.

CAUSES OF HYPERGLYCEMIA

There are three main causes of hyperglycemia: dia-
betes, certain medications, and physiologic or psy-
chologic stress. Diabetes is by far the most common 
cause of chronic hyperglycemia and is associated with 
many adverse effects on a patient’s health, includ-
ing impaired wound healing and increased risk for 
lower extremity ulcers and amputation. However, 
medication use and physiologic/psychologic stresses 
are also important contributors to hyperglycemia, 
particularly among hospitalized patients. When all 
of these factors are combined, a patient can be at 
significantly heightened risk for wound complica-
tions and poor outcomes.

DIABETES

Diabetes, known clinically as diabetes mellitus, is a 
progressive disease process affecting the fuel metabo-
lism functioning within the body [1]. According to 
the Centers for Disease Control and Prevention 
(CDC), the prevalence of diabetes has increased 
900% since 1958, when 0.93% of Americans had 
diabetes, with the sharpest increase occurring in 
the 2000s [2]. As of 2018, 13% of the United States 
population, or 34.1 million Americans, had diabetes 
[3]. Unfortunately, 7.3 million of these individuals 
are unaware of their diabetes diagnosis. Diabetes has 
been considered epidemic since the 1970s, and the 
number of Americans expected to have diagnosed or 
undiagnosed diabetes is estimated to be 84 million 
by the year 2060 [4].

The scope of the problem is vast and diverse, par-
ticularly among geographical regions. The CDC has 
identified a “diabetes belt” in the United States, 
consisting of 644 counties in 15 states, where 11.7% 
of the adult population has diagnosed diabetes, com-
pared with an 8.5% average in other counties (Fig-
ure 1) [5; 73]. Although this represents a particularly 
dense geographic concentration of disease, there are 
many other counties and groups of counties outside 
of this belt with prevalences as high or higher. Many 
of the counties outside of the “diabetes belt” with 
especially prevalent diabetes have high American 
Indian populations; one such example are several 
counties in northeastern Arizona, northwestern 
New Mexico, and southern Utah [3].	

Genetics, race, age, and lifestyle significantly influ-
ence the onset and progression of the disease process 
[6]. Although all races and ethnicities can develop 
diabetes, the prevalence is greatest among American 
Indian/Alaska Natives, people of Hispanic origin, 
and non-Hispanic blacks [3; 7; 8; 9]. The incidence 
of diagnosed diabetes is estimated to be 7.9% among 
non-Hispanic blacks 18 years of age and older, com-
pared with the overall U.S. rate of 6.7% [3]. The 
prevalence of diabetes among persons of Hispanic 
descent who are 18 years of age or older is 13.2% 
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[8]. Among the subdivisions of Hispanic groups, dia-
betes prevalence rates are 8.3% for Central/South 
Americans, 6.5% for Cubans, 12.4% for Puerto 
Ricans, and 14.4% for Mexicans. In addition to 
being at high-risk for diabetes, Mexican Americans 
are 40% more likely to die from the disease than 
their non-Hispanic white counterparts [3]. How-
ever, American Indians/Alaska Natives present the 
greatest risk for the development of type 2 diabetes; 
their risk is nearly three times greater than that of 
white Americans [9]. It is estimated that approxi-
mately 14.7% of American Indians/Alaska Natives 
18 years of age and older have type 2 diabetes. The 
highest prevalence of diabetes in the United States is 
observed in certain American Indian groups of the 
Southwest, where an estimated 22.2% of the popula-

tion has the disease [3]. The highest rate of diabetes 
for any population (worldwide) has been reported 
to occur in the Pima Indians of Arizona [10; 74].

The most rapid increase in diabetes prevalence in the 
last decade has been among adolescents. Historically, 
children and adolescents with hyperglycemia have 
been diagnosed with type 1 diabetes, a result of the 
body being unable to produce adequate amounts 
of insulin. However, it is now estimated that as 
many as 46% of juvenile-onset cases of diabetes 
are type 2 [11]. Furthermore, it has been predicted 
that children born in this millennium will have a 
one-in-three chance of developing diabetes in their 
lifetime; among high-risk ethnic groups, the estimate 
is as high as one in two [12].

THE DIABETES BELT

Source: [5] 	 Figure 1

Diabetes Belt
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Pathogenesis

Individuals with type 1 diabetes typically present 
to their primary care office or hospital emergency 
department with a sudden weight loss and severe 
hyperglycemia [13]. The consequences of the dis-
ease can take years to impact the body if optimally 
controlled. In contrast, an individual with type 2 
diabetes may be unaware of the disease process for 
years prior to being diagnosed. The onset of type 
2 diabetes is insidious, with the loss of first-phase 
insulin response to postprandial levels. The first 
elevation may be detected at the time of screening 
as prediabetes or impaired glucose tolerance (IGT) 
[14]. During this time, the disease progression and 
hyperglycemia are ravaging the body’s micro- and 
macrovascular systems [1].

In a healthy body, carbohydrate consumption results 
in an initial swell in serum glucose levels and hyper-
glycemia. In response to this escalation, the body 
releases insulin from pancreatic beta cells into the 
circulatory system to assist with glucose transport 
into muscle, liver, and adipose tissues; this causes a 
lowering of the blood glucose levels.

In the case of type 1 diabetes, pancreatic beta cells 
fail to produce and release insulin, and the only 
treatment option is exogenous insulin and other 
appropriate injectables [14].

The pathogenesis of type 2 diabetes is more com-
plex. Virtually all individuals diagnosed with type 2 
diabetes have insulin resistance in conjunction with 
some degree of insulin deficiency [15]. In response, 
the body’s inability to react to the mounting glucose 
level is magnified by insulin deficiency in the func-
tioning pancreatic beta cells, insulin resistance in 
the muscular tissue, or both [1]. Unlike the therapy 
for type 1 diabetes, type 2 diabetes is initially treated 
with lifestyle modification therapy (e.g., medical 
nutrition therapy, exercise, behavior change) and fre-
quently with an oral medication, such as a biguanide. 
Within five years of type 2 diabetes diagnosis, it is 
estimated that as many as 90% of people will fail this 
initial therapy and require further oral medications 
or injectables to achieve adequate glucose control. 

As a result of this failure rate, medication therapy is 
initiated early (in the prediabetes stage) in diabetes 
medical treatment algorithms [16].

Diagnosis

As discussed, the most common types of diabetes are 
type 1 and type 2. However, gestational diabetes is 
also relatively common and is a source of significant 
morbidity and mortality. Gestational diabetes is first 
recognized in pregnancy, usually around the 24th 
week of gestation, and typically resolves after the 
birth of the child [13]. Other less common types of 
diabetes do occur and include [14; 15]:

•	 Maturity-onset diabetes of the young  
(MODY): A genetic, autosomal-dominant 
defect of the pancreatic beta cells results 
in insulin deficiency and decreased insulin 
release without the presence of insulin  
resistance and obesity. This form of diabetes 
typically develops in patients younger than  
25 years of age. It is a different clinical  
entity than type 2 diabetes of the adolescent, 
which presents with insulin resistance.

•	 Diabetes related to diseases of the exocrine 
pancreas, such as cystic fibrosis, and various 
endocrine diseases, such as Cushing syn-
drome, acromegaly, and chromocytoma

•	 Drug-induced diabetes resulting from the  
use of certain medications, particularly  
high-dose corticosteroids

All adults older than 45 years of age should be 
screened for diabetes every three years or every two 
years if they have any risk factors for type 2 diabetes 
[15; 17]. In addition, individuals of any age who are 
at risk for or are suspect of having diabetes should 
be screened. Established risk factors for type 2 dia-
betes include: 

•	 Age older than 45 years

•	 Body mass index (BMI) greater than  
or equal to 25 kg/m2

•	 Family history of type 2 diabetes

•	 Habitual physical inactivity
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•	 Race/ethnicity (e.g., African American,  
Hispanic American, American Indian,  
Alaska Native, Pacific Islander)

•	 IGT or elevated fasting glucose

•	 Previous history of gestational diabetes  
or giving birth to a child weighing more  
than 9 pounds

•	 Hypertension (i.e., blood pressure  
greater than 140/90 mm Hg in adults)

•	 Abnormal lipid levels (i.e., high-density  
lipoprotein [HDL] level <35 mg/dL  
and/or triglyceride level >250 mg/dL)

•	 Polycystic ovarian syndrome

•	 History of vascular disease

•	 Acanthosis nigricans (most common  
among individuals of African descent)

The diagnostic criteria for type 2 diabetes are fairly 
straightforward and are based on fasting plasma 
glucose and postprandial plasma glucose levels 
(Table 1). After a diagnosis of type 2 diabetes has 
been definitively made, education on self-care man-
agement is necessary in order to obtain euglycemia 
and prevent complications related to the detrimental 
effects of hyperglycemia [13]. As previously stated, 
it is estimated that as many as 90% of patients with 
type 2 diabetes will require oral medications to 
achieve adequate glucose control within five years 
of diagnosis [13]. When glucose levels cannot be 
adequately controlled with oral medications, the 
use of injectable medications is necessary. If elevated 
blood glucose levels are untreated and continue to 
rise, the result can be hyperosmolar hyperglycemia 
syndrome (HHS) and ultimately death [18].

HOSPITAL HYPERGLYCEMIA

In the past, hyperglycemia was considered an inevi-
table consequence of acute illness in some patients, 
and glycemic control was not a focus of hospital care. 
However, as it has become clear that hyperglycemia 
is linked to a number of adverse hospital outcomes, 
controlling inpatients’ glucose levels has become a 
key part of the care of acutely ill patients [20]. A num-
ber of features suggest that individuals with newly 
diagnosed hyperglycemia tend to be more severely 
ill than individuals with known diabetes [21]. Hos-
pital hyperglycemia, in patients with and without 
diabetes, has been identified as a marker of poor 
clinical outcomes, particularly in cardiac surgery 
patients. However, adverse effects, such as extended 
length of stay, complications, and increased mortal-
ity, have been noted among general and noncardiac 
surgical patients as well. The impact appears to be 
greater among patients without a history of diabetes 
compared to those with a diabetes diagnosis [22].

According to observational studies, 32% to 38% of 
hospitalized patients are admitted with hyperglyce-
mia or diabetes, and 70% to 80% of diabetic patients 
with critical illnesses or undergoing cardiac surgery 
experience hyperglycemia during their stay [23]. A 
number of serious complications are associated with 
long-term diabetes, including macrovascular compli-
cations, microvascular complications, neuropathies, 
alterations of skin integrity, and infection [24]. Stress 
hyperglycemia is frequently recognized as a com-
plication related to hospitalization for individuals 
with or without diabetes [14]. Often, hospitalized 
patients are treated with medications that can affect 
elevation of blood glucose levels. Most commonly, 
glucocorticoids can induce hyperglycemia resulting 

DIAGNOSTIC CRITERIA FOR TYPE 2 DIABETES

Stage Fasting Plasma Glucose Levels Two-Hour Postprandial Plasma Glucose Levels

Euglycemia <100 mg/dL <140 mg/dL

Prediabetes >100 mg/dL but <126 mg/dL >140 mg/dL but <200 mg/dL

Diabetes ≥126 mg/dL ≥200 mg/dL

Source: [14; 18] 	 Table 1
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from stimulation of alpha cells, leading to hyper-
glucagonemia and increased glycogenolysis [14]. 
Admission hyperglycemia has been associated with 
increased hospital mortality in critically ill individu-
als, specifically those with myocardial infarction and 
cerebrovascular accidents [21; 23].

Pathophysiology

Acute illness can trigger hyperglycemia in susceptible 
individuals. Furthermore, hyperglycemia can induce 
changes that allow an acute illness to proliferate 
(Figure 2).

The endocrine system acts together with the ner-
vous and immune systems to respond to stressors, 
initiating the stress response [24]. Psychologic and 
physiologic stress have considerable effects on 
metabolism in individuals without diabetes, result-
ing in increased counter-regulatory hormones and 
elevations in blood glucose levels [25]. During stress, 
the general adaptation syndrome includes the devel-
opment of three successive stages:

•	 The alarm stage: The central nervous  
system is aroused, and the body’s defenses  
are mobilized.

•	 Resistance or adaptation: Mobilization  
contributes to the fight-or-flight response.

THE RELATIONSHIP BETWEEN ACUTE ILLNESS AND HYPERGLYCEMIA

Source: [20] 	 Figure 2

Increased stress hormone levels
	 (epinephrine and cortisol)
Glucocorticoid therapy
Continuous enteral nutrition
Parenteral nutrition
Decreased level of activity

Acute illness Hyperglycemia

Decreased immune function
Decreased wound healing
Increased oxidative stress
Endothelial dysfunction
Increase in inflammatory 

factors
Procoagulant state
Increased mitogen levels
Fluid shifts
Electrolyte fluxes
Potential exacerbation of 

myocardial and cerebral 
ischemia



#34373 Hyperglycemia and Wound Management __________________________________________________

8	 NetCE • May 16, 2023	 www.NetCE.com 

•	 Exhaustion: Continuous stress causes the 
progressive breakdown of compensatory 
mechanisms and homeostasis.

The alarm stage impacts glucose levels by inducing 
increased secretion of glucocorticoids and activa-
tion of the sympathetic nervous system, including 
the adrenal medulla gland, with increased release 
of epinephrine [24].

Critically ill individuals are at risk for a combina-
tion of starvation and the physiologic stress result-
ing from injury, trauma, major surgery, and/or 
infection. Starvation may occur as a result of the 
individual being classified as “nothing by mouth,” 
or NPO, in preparation for surgical interventions, 
being unable to eat due to disease-related factors, 
and/or being hemodynamically unstable and unable 
to eat. This physiologic stress results in an increased 
metabolic rate (hypermetabolism), which in turn 
causes an increase in oxygen consumption and 
energy expenditure [26].

The stress response directly influences the immune 
system through hypothalamic and pituitary peptides 
and through the sympathetic branch of the auto-
nomic nervous system. There is a direct innervation 
of the thymus, spleen, lymph nodes, and bone mar-
row. Endogenous opiates are released during stress 
and have concentration-dependent enhancing and 
suppressive effects on various immune cells [24].

Hypermetabolic processes are the result of increased 
catabolic hormone changes caused by the stressful 
event. The sympathetic nervous system is stimulated, 
causing the adrenal medulla to release epinephrine, 
norepinephrine, and glucocorticosteroids, which 
increase blood glucose levels [26]. Increased levels 
of circulating glucocorticosteroids are an important 
mechanism in the stress-related immune structure 
alterations and in the suppression of the immune 
response. The release of immune inflammatory 
mediators (e.g., interleukin-1, tumor necrosis 
factor-α [TNF-α], interferon) is triggered by infection, 

cancer tissue injury, and other insults that in turn 
initiate a stress response through the hypothalamic-
pituitary-adrenal pathway [24]. This results in nutri-
ent substrates, primarily amino acids, moving from 
peripheral tissue, such as skeletal muscle, to the 
liver for gluconeogenesis [26]. Enhanced systemic 
production of cytokines also induces additional 
central nervous system and behavior changes during 
an acute infectious episode [24].

Neutrophil chemotaxis and phagocytosis are defec-
tive in poorly controlled glycemia related to diabe-
tes or stress-induced hyperglycemia. Cell-mediated 
immunity may also be abnormal. In addition, vas-
cular lesions can hinder blood flow, preventing an 
inflammatory response in wounds or other possible 
sources of infection. Therefore, individuals with 
diabetes are more prone to develop infections and 
may have more severe infections [27].

Management

Management of critically ill patients requires health-
care professionals to be responsive to the effects of 
medications and the impact of the effects of hyper-
glycemia on outcomes [6]. The goals of medical 
management are to administer vasopressor therapy 
and corticosteroids and to provide an adequate level 
of nutrition, including enough protein to maintain 
optimal cellular and tissue growth [26].

Discontinuation of the offending medication is 
often necessary in cases of drug-induced hypergly-
cemia. Epinephrine and norepinephrine are com-
monly utilized to control hypotension in critically 
ill individuals. Healthcare professionals should 
be aware that these medications stimulate gluco-
neogenesis, increase skeletal muscle and hepatic 
glycogenolysis, increase lipolysis, suppress insulin 
secretion, and increase peripheral insulin resistance. 
All of these actions function to increase the serum 
glucose levels [26]. Healthcare professionals can 
correct vasopressor-induced hyperglycemia with an 
infusion of insulin and dextrose [6].
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The incidence of hyperglycemia in the hospital has 
increased significantly along with increased diag-
noses of diabetes, prediabetes, and metabolic syn-
drome. The more frequent use of steroid therapy for 
the treatment of other chronic conditions has also 
contributed to hyperglycemia [28]. Glucocorticoids 
are the most common cause of drug-induced hyper-
glycemia [14]. Individuals with decreased insulin 
secretory reserve and the use of high glucocorticoid 
doses are risk factors for significant hyperglycemia, 
including the development of HHS [6]. Mechanisms 
that contribute to the development of hyperglycemia 
include a decrease in peripheral insulin sensitivity, 
increased hepatic glucose production, and inhibition 
of pancreatic insulin production and secretion [14].

Glucocorticoids that are oxygenated, such as hydro-
cortisone, and/or have a double bond ring, such 
as prednisone and prednisolone, have the greatest 
diabetogenic effect. Glucocorticoids can also pro-
duce hyperglycemia through stimulation of alpha 
cells, leading to hyperglucagonemia and increased 
glycogenolysis. Mineralocorticoids do not directly 
influence carbohydrate metabolism, although hypo-
kalemia associated with their use may reduce insulin 
secretion [14].

Interestingly, both beta-agonists and antagonists are 
associated with the development of hyperglycemia 
through the stimulation of an increase in plasma 
glucose via an increase in glycogenolysis and lipoly-
sis, despite increased insulin secretion. Beta-agonists’ 
diabetogenic potential is dose dependent and more 
pronounced with intravenous and oral routes than 
with the subcutaneous route. Multiple mechanisms 
for this action have been identified, including an 
increase in hepatic glucose production, peripheral 
insulin resistance, and plasma glucagon following 
beta-2 agonist administration [14].

AN OVERVIEW OF  
WOUND HEALING

ACUTE WOUNDS

The pathophysiology of acute wound healing has 
been characterized as a hierarchical progression 
through four distinct phases. The first phase is 
coagulation and occurs immediately at the time 
of tissue injury [29]. The key cell activated in this 
phase is the platelet, which aggregates at the area 
of injury and binds with thrombin to form a plug. 
Vasoconstriction occurs, and cytokines and growth 
factors, including platelet-driven growth factors and 
fibroblast growth factors, are released [29]. These 
reactions initiate healing and act as chemoattrac-
tants for circulating polymorphonuclear cells and 
macrophage [30].

With vasodilatation, cells enter the wound and 
initiate the inflammation phase. During this phase, 
the inflammatory cells phagocytose bacteria and 
macrophages produce a greater amount of cytokines 
and growth factors such as interleukins-6, fibroblast 
growth factor, and transforming growth factor-β [29; 
31]. The inflammatory cells produce matrix metallo-
proteases, enzymes that digest collagens and elastins, 
and components of the fibrin clot, also known as 
the provisional matrix [32]. Through paracrine and 
autocrine mechanisms, the growth factors serve as 
a call to action for fibroblasts, which infiltrate the 
provisional matrix and begin to produce fibronectin 
and collagen [30].

The matrix metalloproteases also clear the way for 
endothelial cells and new vessel formation, or angio-
genesis. In a sense, they are “drilling for oxygen” 
to accelerate wound healing. When this process 
finally occurs, the proliferation phase begins [29; 
30]. During this phase, fibroblasts and endothe-
lial cells are recruited locally and from circulating 
precursors from the bone marrow, drawn in by 
multiple angiogenic growth factors present in the 
wound [31]. The recently formed matrix, with its 
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rich arcade of new vessels, appears to the naked eye 
to be fine, red granules termed “granulation” [30]. 
This granulation tissue provides a supporting lattice 
to allow the migration of keratinocytes across the 
surface of the wound to create a new epidermis. 
After re-epithelialization, endothelial cells undergo 
apoptosis, and the granulation tissue is replaced by 
collagen and dermal structure [29].

Simultaneously, scar tissue formation and collagen 
shortening occur, and fibroblasts are transformed 
into myofibroblasts, causing the wound to react 
and contract [30]. When the wound is completely 
covered with epithelium and not draining, it is con-
sidered healed. The entire process typically takes 10 
to 14 days to complete in an acute wound [31]. This 
is followed closely by the remodeling phase, during 
which collagen fibrils in scar tissue are remodeled 
in a turnover process resulting from the interplay 
of degradation of the matrix metalloproteases and 
the production of matrix components from the 
fibroblasts. This final phase may continue for the 
next 6 to 12 months [30].

CHRONIC WOUNDS

Unlike the orderly healing process described for 
acute wounds, chronic wounds are stuck in a disor-
derly mix of inflammation and failed eruptions of 
proliferation [30]. Dysfunctional wound healing may 
occur during any phase of the healing process and 
may involve insufficient repair, excessive repair, or 
infection. The causes can be related to a predisposing 
disorder, such as diabetes, an acquired condition, 
such as hypoxia, or one of many potential medica-
tion interactions or alterations in nutrition [24].

The chronic wound is characterized by several 
primary defects [30]. Healing may be prolonged if 
bleeding is not stopped during the acute inflam-
mation phase. A clot increases the quantity of 
space that granulation tissue may fill and serves 

as a mechanical barrier to oxygen diffusion. The 
accumulation of excess blood cells resulting from 
hemorrhage prolongs the inflammation phase, cre-
ating an excellent medium for bacterial growth and 
infection [24]. Excessive inflammation occurs as a 
result of overproduction of inflammatory cytokines, 
such as interleukin-6, TNF-α, and matrix metallo-
proteinases, particularly matrix metalloproteinase-1, 
matrix metalloproteinase-8, and matrix metallopro-
teinase-13. This allows the accumulation of altered 
matrix substances, such as fibronectin, that have 
been rendered ineffectual by protein degradation 
[30].

Hypovolemia also inhibits inflammation, as the 
physiologic response is vasoconstriction rather than 
the dilatation required to deliver inflammatory cells 
to the site of injury. Anti-inflammatory steroids 
prevent macrophages from migrating to the site of 
injury and inhibit the release of collagenase and 
plasminogen activator. Anti-inflammatory steroids 
also inhibit fibroblast migration into the wound 
during the reconstructive phase [24].

Optimal nutrition is important during all phases of 
healing because metabolic needs are increased. The 
substances most vital to healing include glucose, 
oxygen, and protein [31]. Because leukocytes require 
a glucose-rich environment to produce the adenos-
ine-5 triphosphate (ATP) needed for chemotaxis, 
phagocytosis, and intracellular killing, individuals 
with poorly controlled diabetes heal poorly, mainly 
because of infection [33]. Individuals with diabetes 
are also at an increased risk for ischemic wounds, 
because they are likely to have both microvascular 
diseases that impair the microcirculation and altered 
glycosylated hemoglobin affinity for oxygen, with 
oxygen not readily released into the tissue. Oxygen 
delivery is also compromised by the hypoxemia state. 
Ischemic tissue is susceptible to infection, which in 
turn prolongs the inflammatory process.
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Along with hypoxemia, hypoproteinemia lengthens 
inflammation by impairing fibroblast proliferation 
[24]. Most of the factors that interfere with the 
production of collagen in healing tissues are nutri-
tional [24]. Scurvy, for example, is caused by a lack 
of ascorbic acid (vitamin C), which is one of the 
cofactors required for collagen formation by fibro-
blasts. As a result, patients with scurvy have poorly 
formed connective tissue and greatly impaired heal-
ing. Protein and other nutrients, including iron, 
oxygen, β-ketoglutarate, manganese, copper, and 
calcium, are required for collagen synthesis [34]. 
However, minute amounts of these substances are 
usually required as cofactors, so deficiencies are 
not generally clinically significant. Dysfunctional 
collagen overwhelming the surface of a wound is 
manifested by a keloid or hypertrophic scar, both 
of which are related to increased collagen synthesis 
and decreased collagen lysis [35].

Regulated expression of the gap junction protein 
connexin 43 plays a pivotal role in wound heal-
ing. Connexin 43 is normally down-regulated and 
protein connexin 26 is upgraded in keratinocytes 
at the edge of the wound as they adopt a migratory 
phenotype [36]. However, alterations in this action 
may result in chronic wounds. Individuals who have 
diabetes have been found to have decreased protein 
connexin 43 and 26 communication within the 
intact epidermis and increased protein connexin 43 
communication within the intact dermis. Within 
24 hours of injury in patients with diabetes, protein 
connexin 43 is upregulated in a thickened bulb of 
keratinocytes at the edge of the wound; in contrast, 
a healthy individual with normal down-regulation 
will form a set of thin migratory cells. In the pres-
ence of diabetes, protein connexin 43 is delayed for 
up to 48 hours after re-epithelialization has begun. 
Furthermore, although protein connexin 26 is 
upregulated as normal after tissue injury in the skin 
of an individual with diabetes, the skin at the edge 
of the wound appears abnormal [36].

DIABETES AND WOUND 
DEVELOPMENT AND HEALING

The public health impact of wounds is immense. An 
estimated 2.5 million inpatients develop pressure 
injuries each year, particularly older and malnour-
ished individuals [37]. Furthermore, as many as 34% 
of the 34.1 million individuals with diabetes in the 
United States will develop diabetic ulcers; many 
more will have venous ulcers or wounds that result 
from vascular disease [38]. The annual cost of treat-
ing wounds of this nature is estimated to be more 
than $15 billion, which has led to specific guidelines 
based on specialist organization consensus [37; 39; 
40; 41; 75]. In patients with diabetes, neuropathy 
and microvascular disease are the greatest contribu-
tors to impaired wound healing, both of which can 
be improved with optimal management of blood 
glucose levels.

DIABETIC NEUROPATHY  
AND ULCERATIONS

Diabetic neuropathies are the most common form 
of neuropathy in developed countries, and it is esti-
mated that 60% to 70% of individuals with diabetes 
have some form of nervous system damage [3; 42]. 
These disorders are among the most widespread 
complications of diabetes and are a significant source 
of morbidity and mortality. The most frequent com-
plication is diabetic foot ulcerations, which, if poorly 
treated, can result in gangrene and ultimately loss of 
limb [17]. In fact, diabetes is the underlying cause of 
as many as 85% of all nontraumatic amputations in 
the United States [76]. In the United States, 170,000 
amputations are performed on individuals with 
diabetes each year; up to 75% of the procedures are 
considered to be preventable [17; 76].
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Neuropathy refers to the impaired effectiveness of 
the nerves in conducting pain, pressure, or move-
ment sensations. In many patients with diabetes, the 
development of neuropathy in the lower extremities 
leads to loss of protective sensation, resulting in 
undetected trauma and infection. The most com-
mon type of neuropathy in patients with diabetes 
is peripheral neuropathy, which affects the ends of 
the longest nerves first; the toes and feet are the 
most severely affected. Other types or neuropathy 
include autonomic neuropathy, mononeuropathy, 
and diabetic amyotrophy (also referred to as radicu-
loplexus neuropathy). In patients with peripheral 
neuropathy, the development of foot ulcers and 
even foot deformities is common, and the healing 
of these ulcers can be complicated by the presence 
of hyperglycemia [42].

Foot ulcerations are rarely caused by a single pathol-
ogy and typically result from two or more contribut-
ing factors. Insensitivity resulting from neuropathy 
combined with either extrinsic factors (e.g., trauma 
caused by walking barefoot or stepping on a sharp 
object) or intrinsic factors (e.g., bunions, calluses) 
ultimately results in ulceration [6]. Neuropathy is 
the most common cause of lower extremity ulcer-
ations. However, in approximately one-third of all 
cases, peripheral ischemia resulting from proximal 
arterial disease is a contributing factor in ulceration. 
The ischemic foot appears red, dry, and often 
neuropathic, so it is susceptible to pressure from 
footwear [30].

Foot deformities, such as claw toes or prominent 
metatarsal heads, are a proven risk factor for ulcer-
ation [26; 42]. One cross-sectional study demon-
strated that plantar callus accumulation was associ-
ated with an 11-fold increase in formation of diabetic 

foot ulceration [30]. In follow-up with these individu-
als, plantar ulceration occurred only at sites of callus 
in neuropathic feet. Other risk factors include a past 
history of foot ulcers or amputation, the presence of 
other microvascular complications, long duration of 
poorly controlled diabetes, increase in plantar foot 
pressures, and peripheral edema [30; 43]. The most 
common triad leading to breakdown of the diabetic 
foot is peripheral neuropathy (insensitivity), defor-
mity (claw toe), and trauma (from ill-fitting footwear, 
repetitive stress, or thermal damage) [30; 42; 44].

Symmetric polyneuropathy is a potentiating factor 
in the development of foot ulceration in individuals 
with diabetes; it manifested at clinical examination 
as diminished or absent vibratory and cutaneous 
pressure sensation and absence of ankle reflexes. 
This type of neuropathy is present in 75% to 90% of 
patients with current diabetic foot ulcerations [45]. 
In addition to symmetric polyneuropathy, peripheral 
vascular disease is an important contributory fac-
tor in the development of diabetic foot ulcerations 
in 10% to 30% of all cases [30]. The location of 
ulceration on the foot provides indications of the 
causative factors and assists in the determination of 
the most effective treatment approach [30].

Diabetic foot ulcers often lead to amputation due 
to ischemia and impaired immune response related 
to macrovascular disease (present in 30% to 40% of 
diabetic foot ulcers) and microvascular disease [27]. 
Intermittent claudication and pain at rest may be 
presenting symptoms of major vessel disease. Ulcer-
ation is a common feature of the neuroischemic 
foot [43]. This type of ulceration is usually painless, 
and there is typically an area of necrosis surrounded 
by a rim of erythema. Common locations of these 
ulcerations are the great toe, the medial surface of 
the first metatarsal head, and the heel [24].
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MICROVASCULAR DISEASE

Individuals with diabetes and neuropathy also have 
significant microvascular defects. Hyperglycemia 
is associated with a ubiquitous involvement of the 
microvasculature manifested by capillary sclero-
sis and dropout, particularly in individuals with 
type 1 diabetes [30]. This can be seen with capil-
laroscopy and measurement of elevated capillary 
pressures. For individuals with type 2 diabetes and 
neuropathy, functional microvascular abnormali-
ties develop, especially endothelial dysfunction and 
impaired vasoreactivity [6]. These abnormalities are 
best demonstrated by laser Doppler imaging of the 
microcirculation, which demonstrates defective 
vasodilatory response to heat (generalized defect), 
acetylcholine (endothelial defect), and sodium nitro-
prusside (vascular smooth muscle defect). In addi-
tion, neuropathy affects the neuron-inflammatory 
microvascular vasodilatation in response to injury 
or noxious stimuli [30]. Angiogenesis is also seen in 
patients with diabetes. Among many contributors to 
angiogenesis are neural mediators such as acetylcho-
line, substance P, and neuropeptide Y, all substances 
involved in the impaired neuron-inflammatory 
response in patients with diabetes. The presence of 
peripheral neuropathy may contribute to impaired 
angiogenesis and wound healing on a cellular basis 
[31].

Hyperglycemia may slow neutrophil chemotaxis, 
primarily through a hyperosmotic effect [30]. Studies 
of fibroblasts in individuals with diabetes demon-
strate an alteration in functioning and in response to 
stimulatory challenges [35]. A vast body of literature 
suggests that the altered blood glucose levels and free 
fatty acid metabolism associated with diabetes result 
in oxidative stress, endothelial dysfunction, and 
activation of inflammatory cytokines. Additionally, 
there is an increased expression of TNF-α, transform-
ing growth factor-β, interleukin-6, and other inflam-
matory factors. These factors are overexpressed in 
chronic wounds and most likely amplified in the 
inflammatory milieu of diabetes [30].

VASCULAR ULCERS

Vascular ulcers may develop in the arterial, venous, 
or lymphatic systems from a variety of causes [33]. 
Patients with diabetes are at an increased risk for 
both arterial and venous ulcers. The pathophysiology 
of venous (or stasis) ulcers is related to venous hyper-
tension that develops as the result of inadequate calf 
muscle pump action and either primary or secondary 
valvular incompetence [46]. Arterial ulcers, on the 
other hand, are wounds that will not heal due to 
compromised or inadequate arterial blood flow [33]. 
Arterial calcification is commonly detected in radio-
graphs of diabetic feet and hands. This is related to 
calcification of the media on muscular arteries [43]. 
Differentiating between arterial and venous ulcers 
involves careful patient history and evaluating the 
appearance of the ulcer and surrounding skin (Table 
2) [32].	

Studies have proven that individuals with diabetes 
possess an abnormally thickened vascular basement 
membrane in the capillaries, but the membrane 
does not appear to be associated with gangrene [30]. 
Impairment, calcification, and thickening of these 
vascular capillaries can lead to impairment of blood 
flow to the lower extremities, as evidenced by dimin-
ished dorsalis pedis and/or posterior tibial pulses 
[14]. The results include ischemia in the vasculature, 
skin, and supporting tissues. Symptoms include 
chronic pooling of blood in the lower extremities 
and hyperpigmentation of the skin around the feet 
and ankles. Circulation to the extremities becomes 
increasingly sluggish, to the point that the metabolic 
demands of the cells are scarcely met. Any trauma or 
pressure can therefore result in a further lowering of 
oxygen supply, leading to cell death and necrosis [24].

In patients with diabetes, venous ulcers predomi-
nantly occur on the foot, but may arise on the 
lower leg or ankle as well. Venous ulcers and venous 
insufficiency in general often occur in patients with 
reduced mobility and/or a history of obesity, deep 
vein thrombosis, traumatic injury, phlebitis, ortho-
pedic procedures, or congestive heart failure [32].
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The precipitating events for arterial ulcers vary. 
Limbs with arterial compromise may have minimal 
but adequate blood flow to maintain tissue viability. 
Ischemic lower extremity ulcerations are often pre-
cipitated by trauma or infection [33]. Infection can 
occur as a result of poor circulation impairing the 
delivery of cells and biochemicals essential for the 
immune and inflammatory responses [24].

Treatment and management of vascular ulceration 
include the following approaches [30; 31; 47]: 

•	 Pressure off-loading, utilizing crutches,  
wheelchairs, therapeutic footwear, half  
shoes, and removable cast walkers to  
relieve pressure on the affected area.

•	 Debridement of necrotic tissue from the  
ulceration to allow for healing. This can  
be accomplished by surgical or nonsurgical 
means and allows for viable skin to be  
produced and adhere to the surface of the 
ulcer. This therapy is commonly utilized  
in the mid- or chronic stages of ulceration.

•	 Adjunctive wound therapy, including low-
adherent dressings, interactive (occlusive) 
hydrocolloid dressings, semi-permeable films, 
hydrogels, and alginate dressings. Synthetic 
foams work as healing agents, and antimi- 
crobial barriers are commonly utilized in  
all stages of acute and chronic ulceration.

CHARACTERISTICS OF ARTERIAL AND VENOUS ULCERS

Aspects Venous Ulcers Arterial Ulcers

Location Superior to medial malleolus
Medial aspect of the leg and ankle
“Gaiter” region of the legs

Areas exposed to excessive pressure  
or repetitive trauma

Lateral malleolus
Mid-tibial
Phalangeal heads
Toe tips or web spaces

Surrounding skin Erythemic
Scaling
Crusting
Brown staining
Lipodermatosclerosis
Normal skin temperature (warm to touch)
Pitting or nonpitting edema, with possible 

induration and cellulitis
Scarring from previous ulcers
Ankle flare

Dependent rubor
Shiny
Taut
Dry, thin, hairless
Atypical edema
Decreased skin temperature (cool to touch)
Atrophy of subcutaneous tissue

General appearance Ruddy red base
Yellow adherent or loose slough
Granulation tissue present
Vary in size (small to full circumference  

of the leg)

Pale, sloughy base
Granulation rarely present
Necrosis, eschar, gangrene (wet or dry)
Smaller, but deep 
Tendon or bone may be visible

Depth Usually shallow Deep

Margins Irregular
Undermining or tunneling uncommon

Edges rolled
Punched out
Smooth and undermining

Exudate Moderate to heavy Minimal

Infection Less common Frequent, but signs may be subtle

Source: [32; 46] 	 Table 2
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•	 Growth factor, in combination with a  
platelet releasate or delivered through  
recombinant platelet-derived growth  
factor technology, is utilized in early  
and involved diabetic ulcerations.

•	 Hyperbaric oxygen therapy. Intermittent  
inhalation of pure oxygen at a pressure  
greater than one atmosphere absolute  
(15 pounds pressure/in2) increases the 
percentage of oxygen available to produce 
adequate wound healing. This therapy is  
utilized in the chronic stages of diabetic  
ulcerations when other therapies have lost 
their efficacy. Authors of a 2012 Cochrane 
review concluded that hyperbaric oxygen 
therapy is significantly beneficial in the  
short term but not in the long term.

•	 Electrical stimulation to increase the  
blood flow. Utilizing asymmetric biphasic 
stimulation is associated with increased  
healing of nearly 60%. This form of therapy 
can be utilized in early or involved stages  
of diabetic ulceration therapy.

•	 Low-intensity ultrasonic stimulation  
improves the rate of wound healing.

•	 Topical radiant heat. This therapy optimizes 
the enzymatic processes involved in wound 
healing and can be utilized in early or  
involved stages of diabetic ulceration therapy.

The Infectious Diseases Society of America 
states that no adjunctive therapy has been 
proven to improve resolution of diabetic 
foot infection, but for selected wounds that 
are slow to heal, clinicians might consider 
using bioengineered skin equivalents, 

growth factors, granulocyte colony-stimulating factors, 
hyperbaric oxygen therapy, or negative pressure wound 
therapy.

(https://www.idsociety.org/practice-guideline/diabetic-
foot-infections. Last accessed September 14, 2020.)

Strength of Recommendation/Level of Evidence: 
Weak/Moderate (Alternative approaches likely to be 
better for some patients under some circumstances.)

SENSORY-NEUROPATHIC ULCERS

Diabetes may affect both the central and peripheral 
nerves. The most common cause of lower extremity 
ulcers in patients with diabetes is chronic sensory-
motor neuropathy [43]. Diabetic neuropathy alters 
the mechanics of the foot, which causes increased 
shear and pressure on the sole and results in an 
increased risk for injury and complication [33]. The 
prevalence of sensory-neuropathic ulcers approaches 
30% in patients with diabetes and increases with age 
and duration of diabetes [43].

Sensory neuropathy contributes to an inability to 
perceive injury to the foot due to the loss of protec-
tive sensation [33]. Individuals with sensory loss 
are seven times more likely to develop foot ulcers 
compared to those without neuropathic disorders 
[30]. Loss of sensation is the result of demyelination 
of the peripheral nerves (particularly the distal nerve 
endings) [27]. Presentation of this loss of sensory 
sensation typically begins with numbness or pares-
thesia of the toes and progresses upward to create a 
“stocking” effect to the extremity [48].

With neuropathies of the foot, an individual will 
initially experience loss of pain and heat percep-
tion as a result of the changes in the small and large 
myelinated nerve fiber. This leads to a loss of touch, 
vibration, and proprioception sense [43]. Neuropa-
thy can further progress to fragility and wasting of 
the intrinsic musculature of the lower extremity, with 
consequential deformities of the foot and toes [33].

Prevention of neuropathic ulcerations of the leg 
and foot consists of frequent inspection, controlling 
blood glucose levels, and patient education regard-
ing proper care and maintenance of the foot and 
lower extremities [48]. It is important to educate 
the individual with diabetes to remove footwear 
and socks when at the physician’s office [6]. This 
will allow examination of the foot and identifica-
tion of any deformities and evidence of neuropathy, 
vascular disease, plantar calluses, edema, or other 
risk factors [27]. A simple foot pressure mat can 
assist in the identification of high pressures under 



#34373 Hyperglycemia and Wound Management __________________________________________________

16	 NetCE • May 16, 2023	 www.NetCE.com 

the diabetic foot, and these pressure maps can be 
utilized to educate patients regarding their risk for 
development of subsequent ulcerations and the care 
required to prevent this occurrence [30].

PRESSURE INJURIES

The public health impact of chronic wounds is stag-
gering, with an estimated 3 million individuals in 
the United States believed to have pressure injuries 
[49; 77]. Treating these wounds is associated with 
an estimated cost of an estimated $11 billion each 
year [49; 77]. Estimates of the incidence of pressure 
injuries range from 0.4% to 38% in acute care hospi-
tals, from 2% to 24% in long-term care facilities, and 
up to 17% in the home care setting, with an overall 
prevalence in the United States of 13.5% in 2008 
and 12.3% in 2009 [49; 77]. Pressure injury-related 
hospitalizations are longer and more expensive than 
many other hospitalizations. The length of hospital-
izations for patients with pressure injuries is nearly 
three times longer than hospitalizations without a 
diagnosis of pressure injuries [49; 77].

Although diabetes is not a cause of pressure injuries, 
the altered nutritional state, poor circulation, and 
impaired healing associated with the disease places 
patients with diabetes at greater risk for pressure 
injuries. Furthermore, pressure injuries that develop 
in patients with diabetes tend to be more severe 
and heal more slowly. It has been hypothesized that 
the structure of the collagen network in the skin of 
patients with diabetes may lower its tolerance of 
external pressure and delay skin reconstruction [50].

According to the American College of 
Physicians, risk assessment is often part 
of bundled care and multicomponent 
interventions for preventing pressure 
ulcers. Risk factors for pressure 
ulcers include diabetes, impaired 

microcirculation, and malnutrition. Clinicians should 
make individualized decisions based on risk assessment 
on whether to use a single or multicomponent 
intervention to prevent pressure ulcers in patients.

(https://www.acpjournals.org/doi/10.7326/M14-1567. 
Last accessed September 14, 2020.)

Strength of Recommendation/Level of Evidence:  
Weak recommendation, low-quality evidence

Pressure ulcers or injuries primarily develop over a 
bony prominence when pressure or shearing forces 
occlude cutaneous and subcutaneous blood flow. 
In patients with diabetes, pressure injuries often 
occur on the heel. Cutaneous pressure on the tis-
sue between the bony prominence and a resistant 
outside surface distorts capillaries and prevents 
adequate blood from circulating to the area [33]. 
Unrelieved pressure on the skin constricts capillar-
ies that supply the skin with nutrients and oxygen. 
This can be exacerbated by existing arterial disease 
and neuropathy. When skin is starved of nutrients 
and oxygen for an extended period, the tissue dies 
and a pressure injury forms. The affected area may 
feel warmer than surrounding tissue. Skin reddening 
that disappears after pressure is removed is normal 
and is not a sign of a pressure injury [51]. If pres-
sure is relieved within a few hours, a brief period of 
reactive hyperemia may occur with no lasting tissue 
damage [24].

In addition to diabetes and hyperglycemia, there are 
many risk factors for the development of pressure 
injuries, including [24]: 

•	 Older age

•	 Neurologic disorders, such as spinal cord inju-
ries, dementia, or cerebrovascular  
disease, resulting in decreased sensation  
and/or mobility

•	 Immobilization
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•	 Incontinence

•	 Fractures (e.g., hip or femur)

•	 Coarse bed sheets

•	 Reduced tissue perfusion  
(e.g., as from edema or hypotension)

•	 Obesity

•	 Skin dehydration

•	 Stress

•	 Depression

•	 Low body weight and impaired nutrition

•	 Smoking

•	 Certain medications

There are many scales to validate and predict risk 
for the development of pressure injuries. The most 
commonly utilized in the United States is the Braden 
Scale, which takes into consideration sensory per-
ception, moisture, activity, mobility, nutrition, and 
friction and shear [33; 49]. Each item is scored on a 
scale between 1 and 4, with the exception of friction 
and shear, which is scored between 1 and 3. The 
lower the score, the more severe the impairment 
and the greater the patient’s risk for pressure injury 
development. Studies have shown scores of 16 to 18 
as indicative of increased risk [52]. Although cut-off 
scores vary, usually a score of 13 to 14 is considered 
moderate risk, 10 to 12 indicates high risk, and 9 
or less is very high risk.

When a patient with diabetes or hyperglycemia is 
found to be at risk for pressure injury formation, 
preventive steps should be taken, including an indi-
vidualized program of skin care. This can include 
[24; 53]:

•	 Scheduled repositioning every one to two 
hours, depending on the patient’s condition

•	 The use of assistive devices to ensure correct 
position in beds (e.g., floatation mattresses, 
cushions, suspension boots) or chairs  
(e.g., cushions, correct size chair)

•	 Maintaining skin cleanliness and moisturizing 
frequently

•	 Bowel and bladder management

•	 Maintenance of adequate nutrition,  
oxygenation, and fluid balance

•	 Enhanced patient and caregiver education

•	 Strict control of blood glucose levels

Research supports the findings that undernourish-
ment on admission to a healthcare facility increases 
the potential of an individual developing a pressure 
injury [33; 54]. In one prospective study, high-risk 
individuals who were malnourished upon admission 
had two times greater risk of developing a pressure 
injury compared to individuals who were adequately 
nourished [33]. Maintaining an adequate level of 
nutrition is paramount for successful wound healing 
[53]. This includes addressing any vitamin and/or 
mineral deficiencies that may be present (e.g., zinc 
deficiency in patients with diabetes). Repair of the 
wound requires proteins, carbohydrates, fats, vita-
mins, and minerals to ensure the energy demands 
for cellular proliferation, phagocytosis, and the 
production of connective, endothelial, and epithelial 
tissues are met [54]. Each of these components plays 
a specific and irreplaceable role in the continuum of 
healing. A delay in, or absence of, any one of these 
components can result in a prolongation or even a 
prohibition of healing [34].

STAGING

Staging is an assessment system that classifies pres-
sure injuries based on anatomic depth of tissue dam-
age. In 2016, the National Pressure Injury Advisory 
Panel (NPIAP), formerly known as the National 
Pressure Ulcer Advisory Panel (NPUAP), updated 
the definitions of pressure injury stages [55]. In the 
2016 revision to the NPIAP staging system, the term 
“pressure injury” replaced “pressure ulcer,” to allevi-
ate confusion between injury to intact skin (stages 1 
and deep tissue injury) and open ulcers (stages 2–4 
and unstageable pressure injury). In addition, the 
following changes were made [55]:

•	 Arabic numbers replaced Roman numerals  
in stages 1–4

•	 The term “suspected” was removed from  
the deep tissue injury diagnostic label
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•	 Two additional pressure injury definitions, 
Medical Device-Related Pressure Injury  
and Mucosal Membrane Pressure Injury,  
were added

Staging of a pressure injury can only occur after all 
necrotic tissue has been removed and it is possible 
to see the ulcer bed [56]. If this is not possible, the 
ulcer will be classified as unstageable.

Pressure injury staging is not used to indicate heal-
ing; a pressure injury should never be “down staged” 
or reverse staged (e.g., a pressure ulcer that is healing 
does not go from a stage 4 to a stage 3). In pressure 
ulcer healing, there is no regrowth of lost muscle, 
subcutaneous fat, or dermis; instead, the wound is 
filled in with scar tissue. Therefore, reverse staging 
does not accurately reflect the physiologic changes 
occurring in the pressure ulcer. When a stage 4 ulcer 
has healed, it should be classified as a healed stage 
4 pressure ulcer [33].

Stage 2 pressure ulcers have a healing time that 
ranges from 8.7 to 38 days. Stage 3 and stage 4 pres-
sure ulcers can take up to 69 days to heal. Healing 
rates are lower for stage 3 and stage 4 ulcers than 
for stage 2 ulcers in all healthcare settings [55]. 
Irreversible tissue damage can happen in as little as 
two hours in a patient with low tolerance; however, 
the ulcer may not become apparent for two to five 
days [57].

Stage 1

Stage 1 pressure injury presents as persistent redness 
in intact skin. If the area is pressed, it will not lighten 
in color (non-blanchable) [58]. It usually occurs in a 
localized area over a bony prominence, and this area 
can be painful, firm, soft, warmer, or cooler than the 
surrounding tissue [55]. This area of redness has a 
clear but possibly irregular boundary [58]. In darker 
skin tones, blanching may not be visible and the 
color may differ from the surrounding area [55]. In 
these instances, it is important to look for the other 
signs of pressure ulcers, such as pain and changes in 
skin temperature and/or texture.

Stage 2

Stage 2 pressure injury presents as shallow, open 
wounds with partial loss of the dermis. The wound 
bed is pink/red and without slough. A stage 2 pres-
sure ulcer may also present as a serous fluid-filled 
blister [55]. Fat and deeper tissues are not visible, and 
slough and eschar are not present. These injuries are 
most commonly seen on the sacrum due to moisture 
and shear, and on the heel due to shear [55]. Skin 
tears, tape burns, incontinence-associated dermati-
tis, maceration, or excoriation of the skin should not 
be classified as stage 2 pressure ulcers [33].

Stage 3

Stage 3 is full thickness tissue loss. Subcutaneous fat 
may be visible and rolled wound edges are often pres-
ent, but bone, tendon, and muscle are not exposed. 
There may be slough in the wound, but it does not 
obscure observation of the wound bed; if slough or 
eschar obscures the observation, this is an unstage-
able pressure injury. Tunneling and undermining 
may be present [55]. It is important to remember that 
the depth of stage 3 pressure ulcers will differ from 
one location to another. For example, the bridge of 
the nose, ear, occiput, and malleolus do not have 
a subcutaneous layer, and in these areas a stage 3 
pressure ulcer can be shallow [55].

Stage 4

Stage 4 ulcers are characterized by full thickness 
tissue loss with exposed bone, tendon, or muscle. 
These ulcers often include undermining and tun-
neling, and rolled wound edges are often seen [55]. 
Slough and eschar may be present in part of the 
wound bed; however, if slough or eschar obscures the 
observation, this is an unstageable pressure injury 
[58]. In some cases, stage 4 pressure ulcers can affect 
supporting structures and may lead to osteomyelitis. 
As with stage 3 ulcers, the depth of the injury will 
vary by anatomical location.
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Unstageable Pressure Injury

A wound that is unstageable is defined as having full 
thickness tissue loss in which the base of the ulcer is 
covered by slough (yellow, tan, gray, green, or brown) 
and/or eschar (tan, brown, or black) [55]. Until the 
base of the wound can be visualized, the wound will 
remain unstageable. A necrotic wound cannot be 
staged until the necrotic tissue has been debrided, 
and it is then that a stage 3 or stage 4 ulcer will be 
revealed [55]. It is also important to remember that it 
is clinically inaccurate to stage a granulating wound 
if it is the first assessment, as visualizing the depth 
of the actual pressure injury is not possible [33]. In 
addition, if stable eschar on an ischemic limb or 
the heel(s) is present, it should not be removed [55].

Deep Tissue Pressure Injury

Deep tissue pressure injury, previously suspected 
deep tissue injury, is a pressure-related injury, 
much like a bruise, that is characterized by persis-
tent, non-blanchable, deep red, maroon, or purple 
discoloration or epidermal separation revealing a 
dark wound bed or blood-filled blister. Deep tis-
sue pressure injuries can present on either intact 
or non-intact skin. This type of injury is caused by 
intense and/or prolonged pressure and/or shear. 
Deep tissue pressure injury may resolve without tis-
sue loss or may rapidly change to reveal the extent 
of the tissue injury. If necrotic tissue, subcutaneous 
tissue, granulation tissue, fascia, muscle, or other 
underlying structures are visible, this indicates a 
full thickness pressure injury (unstageable, stage 3, 
or stage 4). The NPIAP does not recommend using 
deep pressure tissue injury to describe vascular, trau-
matic, neuropathic, or dermatologic conditions [55].

Color is the key to differentiating between deep 
tissue injury and a stage 1 pressure injury. Purple 
or maroon areas indicate deep tissue injury; non-
blanchable redness is characteristic of stage 1 inju-
ries. Deep tissue injury can become a stage 3 or a 
stage 4 pressure ulcer even with optimal care [55]. 

In general, the most common areas of involvement 
are the heels and sacrum [57]. In some patients, 
particularly those who are debilitated, deep tissue 
injury can develop rapidly [58].

Medical Device-Related Pressure Injury

Medical device-related pressure injuries describe 
injuries or ulcers that result from the use of devices 
designed and applied for diagnostic or therapeutic 
purposes. The injury is generally in the shape or 
pattern of the device and should be staged using 
the staging system [55].

Mucosal Membrane Pressure Injury

Mucosal membrane pressure injury is found on the 
mucous membranes. This type of injury is typically 
attributed to use of a medical device on a mucous 
membrane, and due to the nature of this type of 
tissue, these injuries cannot be staged [55].

TREATMENT

Over the years, the initial care of pressure injuries 
has commonly involved innovative mattresses, 
ointments, creams, solutions, dressings, ultrasonog-
raphy, ultraviolet heat lamps, sugar, and surgery, 
depending on the degree of ulceration and condi-
tion of the ulcer base exposed and the purpose of 
the treatment (e.g., protection, moisture, removal 
of necrotic tissue) [59]. Overall, there are four prin-
ciples for successful medical management of pressure 
injuries [24; 59]:

•	 Debridement of necrotic tissue as needed  
on initial and subsequent assessments

•	 Cleansing the wound initially and with  
each dressing change, and using a dressing 
that keeps the ulcer bed continuously  
moist and the surrounding intact tissue dry

•	 Prevention, diagnosis, and treatment of infec-
tion

•	 Reduction of pressure
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Ulcer healing should be assessed at least weekly, with 
a focus on the efficacy of the basic ulcer care plan. 
If the ulcer is healing, monitoring for continued 
progression should continue. If the ulcer is not 
healing, the treatment plan should be reassessed 
and the level of adherence to the plan scrutinized 
[33]. The plan and implementation strategy should 
be modified as necessary for optimal outcome. 
Close monitoring of serum blood glucose levels is 
necessary. Adjunctive therapies may include hyper-
baric oxygen therapy, electrical stimulation therapy, 
electromagnetic therapy, growth factor therapy, and 
negative-pressure wound therapy; however, these 
adjuncts may not offer significant benefits and 
should be used according to clinical protocol [39; 
53; 59]. Protein or amino acid supplementation may 
accelerate healing in certain patients, particularly 
those who are malnourished; these patients should 
receive nutritional support that is consistent with 
their medical condition and personal desires [39].

In cases in which an ulcer lacks progression in the 
healing process, operative repair may be an option 
for selected patients [24; 53]. Information regarding 
available operative procedures and the anticipated 
benefits and harms of each should be part of patient 
counseling and the decision-making process. In the 
presence of obesity, longer surgical times (more than 
five hours) can adversely impact the patient’s skin 
integrity, increasing the risk for deep tissue injury 
and necrosis. Furthermore, the presence of excess 
adipose tissue can prolong surgical time and increase 
the need for forceful retraction, potentially leading 
to tissue trauma [60]. In general, patients who are 
poor surgical candidates should not undergo pres-
sure ulcer reconstruction due to the extremely high 
risk of complication [59]. Vigilance in regard to 
postoperative follow-up care is crucial to a success-
ful operative outcome [33]. Educate patients and 
caregivers that measures to promote healing and 
prevent recurrence are lifelong [53].

PRESSURE ULCER INFECTIONS

For appropriate healing of any acute or chronic 
wound, infections should be prevented or treated 
aggressively. All pressure ulcers will become colo-
nized with both aerobic and anaerobic bacteria; they 
are not sterile [33]. Infections within the wound 
must be addressed before healing is possible, but it 
can be challenging to distinguish an infected wound 
from one that is not [38]. Potential signs and symp-
toms of pressure ulcer infection include [24]:

•	 Erythema

•	 Localized pain

•	 Periulcer edema

•	 Increased skin temperature surrounding  
the ulcer

•	 Leukocytosis

•	 Purulent and/or foul-smelling exudate

As discussed, individuals with diabetes are at a 
greater risk for infection, with greater severity in 
relation to the level of blood glucose control [27]. 
This increased potential for infection in patients 
with diabetes can be attributed to physiologic altera-
tions precipitated by inadequate glucose control [61].

SURGICAL WOUNDS

Several observational studies point to a strong 
association between hyperglycemia and poor surgi-
cal outcomes, including on measures of length of 
stay, infection rates, posthospitalization disability, 
and mortality [62]. One well-studied population is 
cardiovascular surgery patients, partially because 
individuals with diabetes are at increased risk 
for cardiovascular disease and frequently require 
coronary artery bypass and grafting. Hyperglycemia, 
whether related to diabetes or stress, is associated 
with suboptimal outcomes when experienced on the 
first post-operative day after cardiovascular surgery 
[63]. However, the impact of diabetes on the risk of 
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cardiothoracic surgical site infection and other poor 
outcomes may not simply be related to alterations 
in glucose control. Patients with diabetes are more 
likely to possess other factors associated with poor 
surgical outcomes, including obesity [61].

When hyperglycemia is present, there is an impact 
on fibroblast function during the period of granula-
tion tissue formation and maturation. Decreased lev-
els and cross-linking of collagen may impair wound 
healing and strength [14]. For these reasons, patients 
with diabetes preparing for a surgical intervention 
should maintain as close to normal metabolic 
functioning as possible. Therapeutic goals should 
include avoidance of hypoglycemia, hyperglycemia, 
lipolysis, ketogenesis, proteolysis, dehydration, and 
electrolyte imbalance [14].

There is significant research regarding the benefit of 
glycemic control after surgery, specifically after car-
diac surgical interventions. One study revealed that 
improvements in postsurgical cardiac surgery glucose 
control were linked to a reduction in mediastinitis 
[60]. Some reviews recommend target presurgical 
glucose levels in the 100–180 mg/dL range because 
this level of glycemia has been shown to prevent 
infection, risk of hypoglycemia, and dehydration as 
a result of osmotic diuresis [14]. Although hypergly-
cemia is associated with adverse patient outcomes, 
controversy remains as to the appropriate levels 
required to prevent adverse outcomes while also 
avoiding potentially detrimental hypoglycemia [62; 
64]. A 2017 study of 300 patients with hyperglycemia 
(50% with diagnosed diabetes) who underwent car-
diac surgery, found that intensive (100–140 mg/dL) 
and conservative (141–180 mg/dL) glucose control 
regimens produced similar circulating markers of 
acute inflammatory and oxidative stress response 
[63].

The Institute for Clinical Systems 
Improvement asserts that determination 
of a patient’s glycemic control status is an 
important factor in preventing surgical-
site infection. In patients with diabetes, 
glycemic control should be directed at 

achieving blood glucose levels between 140 and 180 mg/
dL, and not be directed at more intensive goal targets 
(80–110 mg/dL)

(https://www.icsi.org/wp-content/uploads/2019/01/
Periop.pdf. Last accessed September 14, 2020.)

Strength of Recommendation/Level of Evidence:  
Strong recommendation, high-quality evidence

In addition to hyperglycemia, obese patients with or 
without diabetes have a significantly increased risk 
of impaired wound healing than those of normal 
weight [60]. Severe obesity is associated with venous 
stasis disease, pitting pretibial edema, bronze edema 
(a result of extravasation of red blood cells into the 
skin), cellulitis, and obesity hypoventilation [65]. 
Furthermore, obesity is a known risk factor for 
surgical-site infection. Patients with diabetes have 
been shown to have increased carriage rates for 
Staphylococcus aureus colonization, a leading cause of 
surgical-site infection [61]. These conditions impact 
the body’s ability to heal an incision, potentially 
leading to wound dehiscence, rhabdomyolysis, and 
complications of the skin and underlying tissue [60].

Wound dehiscence is a serious complication for all 
obese patients whether or not they have diabetes. 
However, as previously stated, when hyperglycemia 
is present, wound healing and strength is impaired; 
when both are present, the risk of delayed healing is 
even greater [14]. In the early postoperative period, 
wounds stay approximated due to the strength of 
the sutures or the normal healing process as the 
muscle regains its strength. Consequently, obesity, 
heavy coughing or retching, and ascites can strain 
the wound and result in dehiscence [33].
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A wound is at greatest risk of dehiscence in the first 
two weeks following surgery, when the wound is still 
fresh and very fragile. When dehiscence does occur, 
it can be mild (e.g., a small area of the incision begins 
to pull apart and leave a gap) or severe, causing the 
sutures, staples, or surgical glue to completely give 
way and the entire incision to open. In severe cases, 
the open incision is a surgical emergency and medi-
cal attention should be obtained immediately [66].

When wound dehiscence occurs, swift detection 
and action is critical. Interventions include antibi-
otic therapy and analgesics [67]. When appropriate, 
exposing the wound to air may accelerate healing by 
allowing growth of new tissue from below and pre-
venting infection. Surgical removal of contaminated 
and dead tissue may also be necessary. A temporary 
or permanent piece of mesh may be placed to bridge 
the gap in the incision or wound. Vacuum-assisted 
wound closure may be used to increase granulation 
tissue and remove excess drainage. When appropri-
ate, frequent changes in the incisional dressing are 
required to prevent infection.

WOUND DOCUMENTATION

Documentation is an imperative part of caring for 
the patient with wounds. Not only are nurses caring 
for patients, identifying adverse reactions, and tak-
ing appropriate actions, they are also responsible for 
documenting all findings, actions, treatments, and 
response to any interventions [26]. Wound assess-
ments are required to be extremely detailed and 
complete. The well-documented history of pressure 
injuries and other wounds is a valuable communica-
tion tool between disciplines and a historical docu-
ment to evaluate past care and efficacy and guide 
future care [33]. A factual record may be utilized in 
lawsuits to determine the quality of care rendered 
to serve as evidence of physical harm. Experts have 
suggested using the Nine Cs of Wound Assessment 
as a guide to the assessment and documentation 
process. This consists of [33]:

•	 Cause(s) of the wound

•	 Clear picture of what the wound  
looks like

•	 Comprehensive picture of the patient

•	 Contributing factors

•	 Communication to other healthcare  
practitioners

•	 Continuity of care

•	 Centralized location for wound care  
information

•	 Components of the wound care plan

•	 Complications from the wound

The etiology of a lesion must be correctly identified 
in order to provide the most appropriate and effec-
tive care and treatment [33]. A thorough assessment 
of the ulcer involves evaluating its appearance, the 
wound location and size, the wound bed tissue, 
the wound edges, the periwound skin, and wound 
exudate [68]. It is important to document the loca-
tion of ulcers and wounds, as this will assist in 
identifying the etiology [32]. Pressure injuries are 
typically located over bony prominences (particularly 
the heel in patients with diabetes) and should be 
documented as occipital, sacral, scapular, or mal-
leolus [32]. Unlike pressure injuries, venous stasis 
and neuropathic ulcers are located primarily on the 
lower extremities [33]. Incisions are obviously in the 
operative area, but it is important to document the 
exact location (e.g., distal, lateral, mediastinal) [24].

The size of an ulcer or wound is important to assess 
and document as it will provide vital information 
regarding the efficacy of the treatment and advance-
ment of infection or necrosis [32]. Documentation 
of the sizes of any ulcers should include [68]:

•	 An accurate length in centimeters,  
typically measured from head to toe or  
from twelve o’clock to six o’clock from  
wound edge to wound edge

•	 An accurate width in centimeters,  
typically measured from left to right or  
from nine o’clock to three o’clock from 
wound edge to wound edge
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•	 An accurate depth in centimeters in the  
center of the wound or the deepest area 
within the wound

•	 The location and extent of any under- 
mining and tunneling, measured using  
a cotton probe

The optimal time interval between wound measure-
ments is approximately seven days. More frequent 
measurement is unlikely to demonstrate clinically 
relevant differences in wound dimension [24]. 
Weekly documentation should minimally include 
a reassessment of wound appearance. The NPIAP 
recommends the use of digital photography in 
documenting changes in dimension and base of 
wounds over time. These photographs may be used 
to supplement written documentation, but they 
should never be used as a replacement for clearly 
written documentation [69; 70]. As noted, the face 
of a clock can be used to provide additional accuracy 
to the description of wound characteristics [71]. 
The terms used in documentation should represent 
objective data rather than subjective findings [24]. 
When documenting wounds, descriptive words such 
as “huge” or “deep” and diagnostic terms such as 
“infected” should be avoided. Instead, the objective 
descriptors such as “perierythema” or “induration” 
should be used [68].

Clean wound beds may or may not have granula-
tion tissue. An agranular, friable wound bed (that 
may bleed easily) can indicate a high bacterial load 
that must be controlled before granulation occurs. 
Granulation tissue is composed of new capillary 
buds that should be supported by moist wound 
healing techniques [33]. Documentation should 
include the presentation of abnormal growth, such 
as slough and eschar. Slough is necrotic tissue and 
may be identified as a moist, stringy, yellow tissue in 
the base of the wound. In addition to slough, it is 
essential to document the presence of eschar tissue 
[71]. Thick, black, and leathery eschar indicates that 
wound bed has become dehydrated [33]. It is also 
essential to document the percentage of each type 
of tissue on the wound bed, such as “50% yellow 
slough” [68].

The skin surrounding the wound also provides a 
wealth of information to the practitioner and is an 
important piece of the documentation process [33]. 
Wound edges should be open to allow for epithelial 
migration (not rolled or hardened). Erythema and 
induration of the periwound skin is common in the 
inflammatory phase but can indicate infection if it 
is accompanied by increased drainage, size, pain, or 
odor [68]. Erythema and warmth may denote inflam-
mation or infection and should be communicated 
in the documentation record and monitored closely 
[33]. Interruption of the periwound area may indi-
cate an allergy or sensitivity to dressing adhesives or 
tape products [24]. Maceration or desiccation may 
be an indication that the dressing is too moist or too 
dry for the amount of exudate [33]. Maceration pres-
ent in periwound tissue is a significant indication 
of poorly controlled exudate, which could impair 
wound healing [32].

Assessment of the wound bed is completed with 
visualization and devices such as wound rulers and 
cotton swabs [32]. These devices can be utilized for 
assessment of the periwound areas as well, although 
palpitation is often a significant part of the assess-
ment process. Palpitation can reveal induration or 
fluctuance, an abnormal accumulation indicative of 
further tissue damage or an abscess [33].

Drainage amount and quality should also be noted. 
If drainage strikes through the dressing, dressing 
absorption is inadequate. Moisture seepage can facil-
itate bacterial spread from either the wound or the 
environment [68]. Observance of yellow purulent 
drainage may indicate staphylococcal involvement 
within the wound or ulcer. Green drainage may 
indicate the presence of pseudomonal involvement. 
Estimating the amount of drainage present can help 
determine increases or decreases on subsequent 
assessments [71]. The type of exudates, such as 
serous, serosanguineous, sanguineous, or purulent, 
is an essential aspect of documenting a wound and 
should be reflected consistently and accurately [68; 
71]. The odor of the wound and drainage can offer 
clues as to potential infections in the wound. An 
acrid, fruity odor is indicative of staphylococcal 
organisms; a musty odor is indicative of Pseudomonas 
aeruginosa; a foul (fecal-like) odor is consistent with 
other gram-negative bacteria [68; 71].
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Healthcare professionals may be following several 
ulcers simultaneously, making it difficult to recall 
individual wound progression. Accurate, objective 
documentation provides a timeline of the wound 
progression on which to base changes in ulcer care 
[33]. An accurate depiction of the wound is also 
important legal protection. Ambiguity can be risky 
[24]. Documentation is legal evidence of the quality 
of wound care that has been provided [68]. When 
present, diabetes may cause profound difficulties in 
wound healing. Identifying and understanding these 
comorbidities will guide more effective interventions 
and assist in establishing realistic expectations for 
the healing process.

CASE STUDIES

CASE STUDY 1

Patient M is a white man, 67 years of age, with type 2 
diabetes who is admitted to the hospital with a fever, 
two-day history of lethargy, and a rapid decrease in 
level of consciousness. His vital signs on admission 
are: temperature, 39.7 degrees Celsius; heart rate, 
112 beats per minute, regular rate and rhythm; 26 
respirations per minute and shallow; blood pressure, 
88/40 mm Hg; blood glucose level, 329 mg/dL. The 
patient is complaining of a severe pain, reported 
at a 7 on a scale from 1 to 10. Physical assessment 
indicates: 

•	 Height: 5 feet 10 inches

•	 Weight: 239 pounds without shoes

•	 Body mass index: 34.4 kg/m2

•	 Lungs: Crackles upon auscultation

•	 Heart sounds: Clear without rubs or  
murmurs auscultated

•	 Abdomen: Soft and non-tender all  
quadrants

•	 Peripheral pulses: Present upon Doppler 
assessment at the lower extremities

•	 Feet and lower extremities: Cool to  
touch, hairless and shiny, taut, and  
thin bilaterally. Toes mottled.

•	 Capillary refill: Absent

Two lesions are present on the left lateral lower 
extremity, approximately 4 cm distal to the malleo-
lus. The lesions are 5 cm in length, 3 cm in width, 
superficial depth, with yellowed edges, pale red base, 
and weepy.

Laboratory values reveal:

•	 Blood cultures positive for S. aureus

•	 White blood cell count: 21,000/mcL

•	 Glycated hemoglobin (HbA1c): 8.5%

•	 pH: 7.29

Patient M is admitted to the hospital with a diag-
nosis of septicemia secondary to a venous stasis 
ulcer, peripheral vascular disease, and uncontrolled 
hyperglycemia related to infection. He is started on 
antibiotic therapy, pain management, and dressing 
changes.

On day three of therapy, Patient M’s temperature has 
been stabilized for the past 24 hours. Laboratory val-
ues are normalizing. His blood glucose levels remain 
elevated, with measurements between 276 mg/dL 
and 310 mg/dL. His pain is fluctuating between a 
1 and a 5 and is being controlled with analgesics. 
Patient M’s wound drainage is scant and yellow in 
color, with a slightly foul odor. His treatment plan 
consists of a moist, non-adherent dressing, and 
improvements have been noted. After three weeks 
of treatment, the wound assessment documentation 
indicates one lesion present on the left lateral lower 
extremity, approximately 4 cm distal to the mal-
leolus. It is 4.6 cm in length, 2.8 cm in width, and 
superficial depth. The lesion is dry with irregular, 
yellowed edges and a reddened base. The surround-
ing tissue remains shiny and ruddy in color.

Patient M is discharged with orders for home health 
care for wound assessment and antibiotic therapy 
via a midline catheter.

CASE STUDY 2

Patient J is a white female patient, 54 years of age, 
with a history of uncontrolled insulin-dependent 
diabetes for the past 10 years. She is obese, with a 
body mass index of 41 kg/m2. She reports a history 
of shortness of breath with minimal exertion and 
severe bilateral osteoarthritis of the knees. She was 
a two-pack-per-day smoker but has been cigarette-free 
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for the past six months. She is scheduled for gastric 
bypass surgery in two days. Presurgical teaching 
includes: 

•	 Incisional support and care to prevent  
infection

•	 Techniques for turning, coughing,  
and deep breathing after surgery

•	 The need to turn/change position  
at least every two hours to prevent  
pressure injuries

The surgery is completed without incident, and 
Patient J appears to be recovering as expected. 
However, two weeks postoperative she begins to 
cough uncontrollably, neglecting to support her 
incision. This occurs a total of four times through-
out the night. At approximately 4:00 a.m., Patient 
J feels her incision “let go” and begins to bleed 
profusely; her incision has dehisced. She is rushed 
into surgery to resecure the incision and stop the 
bleeding. Although the bleeding can be cauterized, 
the periwound is too friable and further suturing 
will not adhere.

Patient J’s incision measures 15 cm from twelve 
o’clock to six o’clock, 10 cm from three o’clock to 
nine o’clock, and 6 cm in depth. It is beefy red in 
color and appears to be healthy, with granulation 
tissue present. The surgeon prescribes treatment of 
the dehisced incision with a vacuum-assisted closure. 
She is premedicated for pain prior to dressing initia-
tion and for subsequent dressing changes every 48 
to 72 hours. After three weeks of vacuum-assisted 
closure therapy, Patient J’s incision measures 12 
cm from twelve o’clock to six o’clock, 9 cm from 
three o’clock to nine o’clock, and 4 cm in depth. It 
continues to look healthy and show signs of granula-
tion. No odor is present within the wound. Wound 
edges are healthy, without maceration or rolling. 
The vacuum-assisted closure therapy is continued. 
At Patient J’s next appointment eight weeks after 
the surgical procedure, her incision is assessed to be 
8 cm from twelve o’clock to six o’clock, 5 cm from 
three o’clock to nine o’clock, and 2 cm in depth, 
with healthy color and edges. Vacuum-assisted clo-
sure therapy is discontinued, and a saline dressing 
is applied. Patient J’s surgery is a success for both 
weight loss and the healing of her dehisced wound.

CONCLUSION

The impact of hyperglycemia as a comorbidity in 
delayed wound healing is well documented, and it 
can impact a wide variety of wounds, including pres-
sure injuries. The Centers for Medicare and Medic-
aid Services identifies nosocomial pressure injuries 
as a “never” event [72]. As a result, hospital staff is 
required to have a working knowledge of preventa-
tive strategies of skin breakdown, identification of 
types of skin breakdown, and steps for appropriate 
care. This course has provided a thorough explana-
tion of the pathophysiology of hyperglycemia and 
its impact on healing and wound management. 
With an understanding of these points, healthcare 
providers should be in a position to ensure that their 
patients receive optimal care, resulting in decreased 
healthcare costs and improved quality of life.

Implicit Bias in Health Care

The role of implicit biases on healthcare outcomes has 
become a concern, as there is some evidence that implicit 
biases contribute to health disparities, professionals’ 
attitudes toward and interactions with patients, quality 
of care, diagnoses, and treatment decisions. This may 
produce differences in help-seeking, diagnoses, and 
ultimately treatments and interventions. Implicit biases 
may also unwittingly produce professional behaviors, 
attitudes, and interactions that reduce patients’ trust and 
comfort with their provider, leading to earlier termina-
tion of visits and/or reduced adherence and follow-up. 
Disadvantaged groups are marginalized in the healthcare 
system and vulnerable on multiple levels; health profes-
sionals’ implicit biases can further exacerbate these 
existing disadvantages.

Interventions or strategies designed to reduce implicit 
bias may be categorized as change-based or control-
based. Change-based interventions focus on reducing 
or changing cognitive associations underlying implicit 
biases. These interventions might include challenging 
stereotypes. Conversely, control-based interventions 
involve reducing the effects of the implicit bias on the 
individual’s behaviors. These strategies include increas-
ing awareness of biased thoughts and responses. The two 
types of interventions are not mutually exclusive and may 
be used synergistically.
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