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Leg ulcers are a common and often serious problem in older adults. Underlying conditions that increase risk
include age-related increases in chronic venous insufficiency, peripheral artery disease, connective tissue
and autoimmune conditions, reduced mobility, and diabetes mellitus (DM). Geriatric patients have a higher
risk of multiple wound-related complications including infection, cellulitis, ischemia, and gangrene, any of
which may lead to further complications including amputation. The very presence of these lower extremity
ulcers in the elderly negatively impacts their quality of life and ability to function. Understanding and early
identification of the underlying conditions and wound features are important for effective ulcer healing and
complication mitigation. This targeted review focuses on the three most common types of lower extremity
ulcers: venous, arterial, and neuropathic. The goal of this paper is to characterize and discuss the general
and specific aspects of these lower extremity ulcers and their relevancy and impact on the geriatric
population. The top five main results of this study can be summarized as follows. (1) Venous ulcers, caused
by inflammatory processes secondary to venous reflux and hypertension, are the most common chronic leg
ulcer in the geriatric population. (2) Arterial-ischemic ulcers are mainly due to lower extremity vascular
disease, which itself tends to increase with increasing age setting the stage for an age-related increase in leg
ulcers. (3) Persons with DM are at increased risk of developing foot ulcers mainly due to neuropathy and
localized ischemia, both of which tend to increase with advancing age. (4) In geriatric patients with leg
ulcers, it is important to rule out vasculitis or malignancy as causes. (5) Treatment is best made on a case-
by-case basis, considering the patient's underlying condition, comorbidities, overall health status, and life
expectancy.

Categories: Dermatology, Endocrinology/Diabetes/Metabolism, Geriatrics
Keywords: chronic venous ulcers, chronic leg ulcers, management of leg ulcers, evaluation of ulcers, neuropathic
ulcers, diabetic ulcers, arterial-ischemic ulcers, arterial ulcers, venous ulcers, leg ulcers

Introduction And Background

Leg ulcers are a significant worldwide healthcare burden that occur frequently in the elderly [1-3]. A
reported incidence of venous leg ulcers (VLU) in those 65 and older (geriatric) is as great as 4-5% with about
85% of all leg ulcers related to venous disease [4]. The quality of life of those living with leg ulcers is
demonstrably reduced [5,6]. Early diagnosis and targeted treatment are important to minimize the overall leg
ulcer burden for older adults [7-11]. The focus of this report is on the major types of leg ulcers: venous,
arterial, and neuropathic. The goal of this paper is to characterize and discuss the general and specific
aspects of these lower extremity ulcers and their relevancy and impact on the geriatric population.

Review

This review is in part based on information derived from an analysis of published material obtained via
literature searches of four major electronic databases and in part based on professional experiences of the
senior author (HNM). The databases searched were PubMed, Web of Science, EMBASE, and Biomedical
Reference Collection: Comprehensive. The search term strategy for each of these was the same as follows.
The title terms used were “leg ulcer*”, “foot ulcer*” “venous ulcer*”, “arterial ulcer*”, “neuropathic ulcer*”
and “diabetic ulcer*”, and “ischemic ulcer*”. The asterisk served as a wild card. These phrases were
individually searched when combined (AND condition) with the following terms if they appeared anywhere
in the manuscript: elderly or aged or older or geriatric. Retrieved titles were first screened for potential
relevance followed by an abstract review for further clarifications if warranted by the title. Articles that were
deemed relevant were retrieved and reviewed. In some cases, the bibliography of the retrieved articles
provided additional sources.

Venous ulcers

In Australia, France, Germany, Italy, Spain, the United Kingdom, and the United States combined [12], about
80% of lower extremity wounds are venous ulcers with nearly 95% of them located in the gaiter area,
referring to the area between the knee and the ankle with variable areas and shapes [13]. An example of a
venous ulcer located in the gaiter area is shown in Figure I. This figure demonstrates some of its more
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common features, typically a shallow ulcer with irregular margins, often with surrounding
hyperpigmentation. The VLU recurrence rate once healed is variable, but an analysis of nearly 400 patients
indicates that a recurrence by 12 months was between 50-55% with rates being somewhat predictable based

on risk classification [14].
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FIGURE 1: Venous ulcer located on the lateral gaiter area

These ulcers typically have an irregular shape and characteristic wound bed granulation tissue and surrounding
tissue hyperpigmentation. The figure is provided as a courtesy of Dr. HN Mayrovitz.

Age-Related Incidence

Since venous disease increases with age, the challenges of VLU are increased in the geriatric population [2].
Previous leg injuries, deep vein thrombosis, phlebitis, obesity, and older age are all risk factors for the
development of VLU [15,16]. About 20% of persons who develop venous ulcers do so prior to the age of 40,
and the rest (a majority) develop venous ulcers after the age of 40 with about 85% of venous ulcers occurring
in the geriatric population [17]. Furthermore, 40% of patients who develop VLU have a history of deep vein
thrombosis and a diagnosis of chronic venous insufficiency (CVI). Twenty percent of patients with venous
disease also have some arterial disease with the risk of VLU increasing with age affecting 2% of persons
greater than age 80 [18], with a reported prevalence as high as 5% in the geriatric population [19].

Age-Related Risk Factors

Age-specific risk factors that contribute to this prevalence in older adults include endothelial dysfunction,
frailty, and immobility [20]. In older adults, endothelial dysfunction manifests as reduced vasodilation
reserve, increased prothrombotic environment, and decreased anticoagulant properties. These changes
increase the risk of deep vein thrombosis in older adults and subsequently its dermatological manifestation
as VLU. Similarly, immobility increases VLU risk through changes in venous hemodynamics. Since the
geriatric population is most at risk of experiencing long-term immobility, there is a greater risk of
developing venous ulcers. Additional age-related differences that impact the nature of VLU have been

reported [21].

Causation and Healing
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VLU development is affected by venous reflux and venous hypertension due to the incompetence of deep
and communicating vein valves and thrombosis of deep vein segments [22]. The exact pathophysiology of
VLU is not fully elucidated; however, several theories and hypothetical models have been described [23-25].
The “white cell trapping” theory has been put forward that describes a release of free radicals that cause
tissue death [26]. Such microvascular entrapment of neutrophils has been reported [27]. Although the path
from venous hypertension to VLU evolution of VLU is not fully understood, contributory factors likely
include inflammatory processes, intercellular and vascular adhesion molecule upregulation, protein-rich
edema, leukocyte trapping, oxygen deprivation, and microcirculatory deficits. Based on a re-analysis of VLU,
it was reported that the main causes for the absence of VLU healing by 12 weeks of treatment were factors
related to the ulcer itself, with larger ulcer size, exudate, calf circumference, and ulcer duration [28].

Venous Valve Insufficiency in Relation to VLU

Factors that impact the development of CVI, a condition that is most often associated with venous
hypertension that itself increases with age, include (1) dysfunction of valves in superficial and/or
communicating veins, (2) dysfunction of valves located in the deep venous system, (3) obstruction to outflow
from the deep venous system, and (4) dysfunction or failure of the calf muscle pump. The progression to
venous ulceration is most often precipitated by the reverse flow in medial calf perforating veins that gives
rise to pressure-induced venous injury, tissue damage, and skin breakdown. The blood flow path process is
schematically illustrated in Figure 2, in which the normally low-pressure superficial veins become exposed
to the high pressures induced by the reverse flow pathways associated with incompetent valves.

Normally Normally Venous
Low Pressure calf Low Pressure : Hypertension
+ # Muscle : ~]~ Backflow
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- - ! Pressure
A Competent Al Competent ° LAl Incompetent -
Valves Y B Valves i) Valve 9
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FIGURE 2: Schematic of the impact and hemodynamics of incompetent
venous valves

The normally low pressure experienced by the superficial veins is subject to high pressures in the presence of
valve incompetency as shown in part B. This elevated pressure is not well tolerated and causes venous injury that
triggers a sequence of events that may lead to the development of a venous ulcer. This figure is provided as a
courtesy of Dr. HN Mayrovitz.

Concomitant with the tissue injury are inflammatory processes, increased vascular permeability, and edema
and/or lymphedema. In Figure 3, an example of a venous ulcer is shown in which skin blood perfusion is
being measured in the periulcer region using laser Doppler.
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Laser
Doppler

FIGURE 3: Periulcer skin blood perfusion measurement

Alaser Doppler probe is fitted through a concentric hole in the heater that is in contact with the skin. Localized
heating produces an increase in microvascular perfusion in the healthy skin but with a different pattern in the peri-
wound skin as shown in Figure 4. This figure is provided as a courtesy of Dr. HN Mayrovitz.

The initial perfusion measurement is made at a skin temperature of 35°C, and then the tissue is locally

heated to 44°C with typical responses as shown in Figure 4. The responses shown in Figure 4 demonstrate a
common finding for ulcers of venous origin and an elevated periulcer basal resting flow with little if any
vascular reserve when stimulated with heat as shown in part B but with normal responses in the healthy
control skin as shown in part A.

FIGURE 4: Skin blood perfusion responses to heating in healthy vs.
periulcer skin

The responses show a normal response to localized heating (A) and a common finding associated with venous
ulcers (B). In part B, an elevated periulcer basal resting perfusion is noted with little if any microvascular reserve
when stimulated with heat. In contrast, in the control skin as shown in part A, a normal active hyperemia is noted
in response to the heating. This figure is provided as a courtesy of Dr. HN Mayrovitz.
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Arterial ischemic ulcers

Arterial Ischemic ulcers compose about 5-20% of all nonhealing lower extremity ulcers [29]. Its most
common predisposing condition is an advanced peripheral vascular disease affecting lower extremity
arteries that supply the leg and foot [30]. Other risk factors include atherosclerosis, hypertension, diabetes,
and atrial fibrillation, all of which are more prevalent in the geriatric population [31]. Arterial ulcers are
commonly located on the leg or foot area but have features quite distinct from VLU with an illustration of an
arterial ischemic ulcer in Figure 5.

v
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FIGURE 5: Some aspects of an arterial ulcer

A patient with critical ischemia due to significant PAD in whom toes 2-3 were previously amputated and toe 5 is
necrotic. This figure is provided as a courtesy of Dr. HN Mayrovitz.

Age-Related Factors

Arterial ulcers are caused by inadequate tissue blood perfusion of the lower extremities [32]. These ulcers
often occur in areas that normally experience external pressure or trauma often located at toes and
malleolar areas, but any pressure point may be at risk in the presence of reduced blood perfusion [33]. Given
the impact of aging on changes in lower extremity blood flow, such ulcers are likely to be more prevalent in
the geriatric population, not because of their age, but because the prevalence of vascular disease is far more
likely in this age group [34]. These ulcers are difficult to heal in the absence of a restoration of blood flow,
which itself may be difficult to accomplish due to the presence of comorbid conditions, especially in the
absence of surgical correction [35].

Arterial ulcers are associated with conditions in which the arterial blood flow to a tissue region is chronically
less than needed for adequate tissue nourishment and metabolic needs. These ulcers are difficult to heal,
especially in the absence of procedures to augment blood flow to the region. They are often painful and
cause sleep disturbances, more frequent among the aged [9]. The pain associated with the ischemic ulcer has
been described as a combination of nociceptive and neuropathic pain [36]. A common etiology for limitation
in blood flow is the presence of lower extremity peripheral arterial disease due to numerous risk factors,
most increasing with age, including atherosclerosis, diabetes, bed-bound status, and the length of the
bedfast period [37]. Bedfast refers to the inability to leave the bed or being bedbound due to illness or
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disability. In addition to the higher likelihood of being bedfast with age, there is also an age-related higher
risk of developing both atherosclerosis and diabetes, making the geriatric population at higher risk for the
development of ischemic ulcers [38,39].

Neuropathic ulcers

Diabetes-related skin ulcers in persons with diabetes mellitus (DM) are generally at increased risk of lower
extremity ulcers due to multiple predisposing factors, including neuropathy and localized ischemia [40].
These ulcers tend to be referred to as diabetic foot ulcers (DFU), an example of which is shown in Figure 6.

O L L L A e L L L

cm 1 2 3 4 5

FIGURE 6: A common site of a plantar diabetic neuropathic ulcer

This figure is provided as a courtesy of Dr. HN Mayrovitz.

Ulcer Incidence and Complications

Statistics indicate that 15-25% of persons with DM will get a DFU [41], with an annual incidence rate of 2-
4% [42]. A recent evaluation of 3,159 patients with DM in Afghanistan found that 9.2% of them had DFU
[43]. In the United States, diabetic-related nonhealing ulcers account for 140,000 extremity amputations per
year [44] with an annual amputation incidence rate between 0.5% and 0.8% amputations per patient-year. In
a 10-year study, the incidence of unilateral lower limb amputation for persons with DM was between 195
and 197 per 100 000 per year [41]. The disease burden of neuropathic ulcers disproportionately affects racial
and ethnic minority groups [45], with Native Americans, African Americans, and Hispanics having greater
rates of DM and its complications compared to Whites. These groups were also reported as less likely to
undergo limb salvage than their White counterparts [46]. Other social determinants of health that are
reported to impact glycemic control and ultimately health outcomes include food insecurity, neighborhood
safety, perceived stress, depression, self-efficacy, and perceived discrimination [45]. People living in rural
areas of the United States, as well as people who live in the South, are reported to have higher rates of lower
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limb amputation compared to those who live in the Northeast [47]. The pooled global prevalence of DFU has
been reported to be 6.3% with the greatest prevalence in North America at 13.0% [48].

Age-Related Issues

Persons with DM who have a DFU tend to be older and have more co-present conditions including smoking
history and hypertension than those without FU. One study investigated the possible relationship between
DFU healing outcomes and other parameters including age and initial ulcer size in 194 patients with DFU
[49]. In that study, about two-thirds of ulcers were of neuropathic origin, with most on the forefoot.
Although healing time correlated with initial ulcer area, there was no detectible age-dependence in their
study group who were 56.6 * 12.6 years of age. A more recent study evaluated the impact of older age (> 75
years) on the healing rates of 1,008 patients with DM and DFU [50]. They reported that despite significant
comorbidities, including 93% with neuropathy, healing was achieved in 84% of surviving patients without
major amputations. In another age comparison study, the healing rates of DFU of 684 Chinese patients with
DM were found to be similar between patients < 65 years and those > 65 years [51]. In a study of 435 patients
with diabetic FU, no essential age-related differences in ulcer presentation above and below the age of 65
were found [52]. Thus, although age may be a risk factor for developing DM-related ulcers attributable to
factors such as cardiovascular and neuropathic comorbidities, age itself may not fully determine ulcer
healing potential. This highlights the importance of prioritizing risk reduction in older persons to help
prevent negative outcomes of DM-related ulcers [50].

Diabetes-related risk factors

Peripheral arterial disease, peripheral neuropathy, incapacity for foot self-examination, poor glycemic
control, and anemia are all significant risk factors for DFU [53]. The higher likelihood of peripheral arterial
disease and the presence of microvascular deficits in diabetes [54] increase the likelihood of vascular
ischemia, tissue breakdown, and ulcer formation. These causative factors are more likely present in the
geriatric population [55]. The risk factors for developing DFU in patients with diabetes include older age,
increased BMI, duration of diabetes, and comorbidities that include neuropathy, nephropathy, or
retinopathy [56]. When sensory neuropathy is present, normal pressure/pain signals are diminished or
absent, removing warning signs or symptoms of tissue injury. The presence of visual impairment in some
patients with diabetes makes it difficult to recognize the presence of DFU, as they are also often painless due
to co-existing neuropathy.

Delayed Healing Issues

Ulcers in diabetic patients are also more difficult to heal due to reduced blood flow and wound oxygenation
[57,58]. Healing time also depends on ulcer location, with ulcers on the heel taking the longest time to heal
[59]. The location of DFU in geriatric patients may differ from those of younger patients with DFU based on a
study of 435 patients with DFU [52]. A recent study of 674 patients with DFU carried out in China reported
no difference in healing rates between patients above and below 65 years of age with both having healing
rates of about 60% [51]. However, the younger patients in that study demonstrated a number of greater risk
factors. In addition, a study of the role of patient frailty on DFU healing indicated it as an independent
predictor of DFU healing [60]. There is also some indication that malnutrition, an often observed finding in
some geriatric patients, is a factor contributing to delayed or absent healing of DFU [61]. Most ulcers
develop on the sole of the foot, with plantar ulcers often associated with neuropathy with considerable
variability in shape and area [62]. In these cases, the elimination of foot pressures combined with standard
wound care is indicated. The risk of recurrence of previously healed DFU is impacted by co-present
peripheral arterial disease and other factors [63]. Limited data suggest that supplying external oxygen to the
DFU may improve healing outcomes [64].

Other potential geriatric-related ulcers

Although venous, arterial, and neuropathic ulcers comprise the bulk of lower extremity ulcers, other skin
ulcerations to be considered include those related to vasculitis, infection, and malignancy. Ulcers attributed
to vasculitis are most frequently found in the lower leg in part because of the relatively reduced blood
perfusion and temperature in this area and the greater likelihood of this area experiencing trauma. Vascular
inflammatory processes, including those caused by arteritis, contribute to leg ulcer development by causing
insufficient local blood flow and tissue oxygenation. These leg ulcers are generally difficult to heal and tend
to recur [65]. Diagnostic and treatment guidelines are available [66]. Because there is an age-dependent
factor in the different forms of arteritis [67-69], consideration for underlying causative arteritis for some
ulcers is relevant in the geriatric population. Once formed, ulcer healing may be delayed or prevented due to
the presence of cellulitis or osteomyelitis, which are common causes of nonhealing ulcers [70]. It is not clear
if the incidence of these infections is more prevalent in the geriatric population, but they should be
considered in all nonhealing ulcers. In addition, a nonhealing ulcer may raise the concern of the presence of
a cutaneous malignancy that might be mistaken for a different form of leg ulcer [71-73]. Given the age-
dependent incidence of skin cancers, a malignant leg ulcer possibility is important to consider [74-76].

General considerations in geriatric patients with leg ulcers
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Leg ulcers that develop in geriatric patients may eventually progress to a chronic or nonhealing state [77].
Furthermore, complications such as cellulitis, infection, malignancy, musculoskeletal changes, erythema,
and pain may impact mortality [78].

Geriatric-Related Factors

Factors such as aging skin, lack of mobility, functional states as determined by activities of daily living,
nutritional and social support, and multiple pathologic comorbidities common in the geriatric population all
play a significant role in the development and persistence of nonhealing ulcers [79]. Lifestyle modifications
such as a well-balanced diet, cessation of smoking, and consistent physical activity are recommended to
help prevent ulcer recurrence [80]. Therefore, treating nonhealing leg ulcers in the geriatric population
requires a holistic, comprehensive, and multidisciplinary approach [81]. The goal of treatment includes
symptom control, complication prevention, and patient quality of life improvement [81,82]. The presence of
multiple comorbidities in the geriatric population warrants a thorough physical examination and risk
assessment before devising a treatment plan [83]. Early detection and diagnosis are important, since a delay
in treatment may likely lead to disease progression [26].

Treatment Considerations

In the geriatric population, a standard treatment for VLU consists of compression, leg elevation, and
exercise [83,84]. Compression therapy with zinc paste double-wrapped bandages (Unna’s Boot) or stockings
with multilayer inelastic 30-40 mmHg compression bandages, re-dressed once a week, promotes healing,
reduces venous reflux, and minimizes edema [26,79,83,84]. Elderly persons with VLU when treated with
Unna’s Boot have shown improved measures of well-being [85]. A comparison of moderate (35-45 mmHg)
vs. higher compression pressures (> 45 mmHg) suggests that higher levels achieved better healing in a study
of over 100 patients with VLU and was well tolerated in geriatric patients [86]. In a retrospective evaluation
of over 500 patients with VLU, the mean time to healing was reported as three months [87]. To prevent
recurrences, compression therapy should be maintained [83]. Other techniques may include topical negative
pressure, therapeutic ultrasound, and laser treatment [88]. Combinations of several physical modalities have
been reported to increase periulcer transcutaneous oxygen tension (TcPO2) [89], and there is a reported
positive correlation between TcPO2 and ulcer healing [90]. Increasing the VLU wound bed oxygen saturation
via a topical hemoglobin spray also seemed to promote improved healing [91]. A program of leg exercise
combined with compression also improved TcPO2 and benefited VLU healing [92]. Importantly, there is a
need for focusing on and addressing patients’ underlying pathologies and comorbidities [78]. For example,
in the case of VLU which remains unhealed after a year of treatment, the presence of uncorrected deep vein
disease was reported as a main factor [93]. Arterial ulcers do not respond well to pharmaceutical
intervention, and treatment focuses on reestablishing perfusion to the affected area [94,95]. With respect to
patients with diabetes, in a retrospective evaluation of 130 patients with DFU treated with standard care, the
mean time to heal was 4.4 months, with about one-third of patients healed by 12 weeks [96]. The addition of
daily foot exercises to standard treatment may improve this outcome [97]. Other treatments worthy of
consideration might include hyperbaric oxygen in appropriate situations and interventional radiology with
minimally invasive revascularization for improved DFU outcomes.

Conclusions

Leg ulcers are a highly prevalent and concerning problem in the geriatric population. They are often caused
by underlying conditions such as venous insufficiency, peripheral artery disease, connective tissue diseases,
autoimmune conditions, and diabetes, which are more prevalent in older adults. Furthermore, geriatric
patients are at a higher risk of developing complications such as infection, cellulitis, and amputation,
significantly impacting their quality of life and ability to function. Early identification and proper
management of these underlying conditions are important elements to achieving timely leg ulcer healing
and avoidance of ulcer-related complications. To achieve this, it is useful to consider treating on a case-by-
case basis, considering a patient's underlying condition, comorbidities, and overall health status. This is
often best achieved by a multidisciplinary approach to address unique challenges faced by geriatric patients.
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