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7.1 Introduction

Ulceration of the lower limb in aging population with comorbidity associated has
always been a challenge in philosophy of wound management. Acute ulcers have a
predictable outcome with rapid progression or regression and outcome achieved
within 3—4 weeks. The etiology of the lower limb ulcerations varies from different
geographic regions in world. In Western societies, most chronic lower limb ulcers
are due to vascular diseases, whereas in developing countries, trauma, infections,
malignancies, and poorly controlled diabetes remain the most common causes of
chronic lower limb ulceration [1-3]. The treatment of chronic lower limb ulcers
requires multidisciplinary approach [4, 5]. Multifactorial etiology and interdisci-
plinary approach in management are key factors determining outcome [5].

7.2  Epidemiology

Chronic leg ulcer (CLU) also termed as chronic lower limb ulcer is a chronic wound
of the leg that shows no tendency to heal after 3 months of appropriate treatment or
is not still fully healed at 12 months [6]. Ulcers can be defined as wounds with full
thickness depth and a slow healing tendency [7]. Investigations are aimed for cor-
rect diagnosis to avoid inappropriate treatment that may delay wound healing, cause
deterioration of wound, or harm the patient to detect underlying cause and work up
the needful intervention. Complete history and accurate assessment clinically are
prerequisites before any investigations. Chronic leg ulcers affect 0.6-3 % of those
aged over 60 years, increasing over to 5 % of those aged over 80 years [8].
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Principles and philosophy of investigations are governed by history and exami-
nation to detect cause, direct treatment, and predict prognosis. Both modalities,
invasive and noninvasive, are essential according to assessment after history and
examination. Almost 70 % of leg ulcers have a venous etiology; approximately
20-25 % are due to arterial insufficiency; and some of these have a mixed vascular
etiology. The remaining causes include infection, malignancy, vasculitis, lymph-
edema, pyoderma gangrenosum, and other conditions [9].

Lower extremity ulcers are always assessed systematically with skin assessment,
vascular assessment, ulcer assessment, and limb assessment with assessment of the
patient as a whole for comorbidities and risk factors associated [10]. After complete
history and physical examination, mostly diagnosis of lower limb ulcer is almost
settled, but the role of investigations is always integral for etiology, treatment, fol-
low-up, and prevention. In acute ulcers, investigations are directed toward the detec-
tion of risk factors and comorbidities, but isolation of microbes and antibiotic
sensitivity are key investigations. In chronic ulcers, almost 95-98 % are caused by
venous, arterial, or diabetic and other less common causes are to be detected mostly
by invasive investigation with biopsy.

7.3 Investigations

Lower extremity ulcers are investigated after proper clinical history and examina-
tion. Both types of investigations, diagnostic and prognostic, are essential for proper
management.

7.4 Diagnostic and Prognostic Investigations

First-line routine biochemical and hematological laboratory investigations included
are essential as they are sometimes diagnostic but always of prognostic significance.
Blood investigations like complete blood count, erythrocyte sedimentation rate,
lipid profile, renal function tests, and liver function tests are prognostic, while blood
sugar is diagnostic.

Screening tests for vasculitis are urine analysis for proteinuria, hematuria, cylin-
druria, antinuclear antibodies (ANA), rheumatoid factor (RA), complement C4, cir-
culating immune complexes, paraproteins, immunoglobulin fractions, antineutrophil
cytoplasmic antibodies, serological tests and cultures for underlying infections, and
finally routine and immunohistopathology of skin biopsies [11]. These battery of
tests have both diagnostic and prognostic significances.

Clotting disorders are screened by activated partial thromboplastin time (APTT),
prothrombin time (PT), thrombin time (TT), factor V Leiden mutation, factor II (throm-
bin) mutation, antithrombin III, protein C and protein S, and lupus anticardiolipin [11].

For majority of ulcers falling in venous category, color Duplex ultrasound is the
standard investigation serving diagnostic purpose by evaluating venous obstruction
and assessing location and extent of reflux in venous obstruction. Plethysmography
and venography are supplementary investigations for planning surgery. Plain X-ray,
CT, and MRI are used in selective ulcers to rule out osteomyelitis and malignancy.



7 Investigations for Ulcer of the Lower Extremity 95

Microbe isolation by culture and sensitivity is very specific and always per-
formed once there is a possibility of infection. Ulcer biopsy is done for final tissue
diagnosis once there is a possibility of malignancy. Gene variant analysis in venous
ulcer is evolving as a prognostic tool for healing and prevention of ulcer well in
advance once high risk is detected.

7.5 Noninvasive and Invasive Investigations

Diagnostic tests are first line followed by prognostic tests. Based on history and
clinical examination, selected tests should be performed according to requirement.
In chronic ulcers almost up to 98 % are due to venous, arterial, or diabetic, so the
primary and most important investigations in chronic ulcers are vascular assess-
ment. ABPI and Duplex ultrasound are two key investigations in all cases of isch-
emic ulcers. If an ulcer is recurring, etiology is unclear, and all invasive and
noninvasive studies have been preformed, a biopsy is essential to establish a diagno-
sis and to further understand the etiology of the disease. As always, management of
chronic wounds can be improved by understanding the true etiology and therefore
treating the underlying problem.

Assess the vascular supply to the site of ulceration so that the likelihood of satis-
factory wound healing may be estimated. Several methods of determining the ade-
quacy of the pedal circulation are available, e.g., ABI, Xenon-133 clearance, and
transcutaneous oxygen tension.

A. Ankle-brachial pressure index (ABI/ABPI): (Figs. 7.1 and 7.2) Most basic and
essential tool of noninvasive investigations is ankle-brachial pressure index
(ABPI) for accurate assessment of arterial perfusion. Ischemic ulcers should
always be assessed by ABI. It is done by using a handheld Doppler ultrasound
and sphygmomanometer. The results are used to determine the likelihood of arte-
rial insufficiency and can be used to guide the management plan. It should be
done after 10 min of rest and cuff placed proximal to the malleoli. ABI values
below 0.9 are considered as evidence of peripheral arterial occlusive disease [12].

Fig.7.1 Handheld Doppler for measurement of systolic pressure for ABPI



96 S.K.Tiwary
Right ABI Left ABI
Higher of the right ankle pressures Higher of the two left ankle pressures
Higher of the two arm pressures Higher of the two arm pressures

Left arm

Right arm
N systolic pressure

systolic pressure O

Right ankle | Posterior tibial /™.
systolic N
pressure Dosalis pedis {-\—( S .'

- Posterior tibial | Left ankle
systolic

b'f\ Dosalis pedis | pressure

Fig.7.2 ABPI

When Doppler tests indicate arterial insufficiency, arterial Duplex ultraso-
nography will (noninvasively) provide accurate anatomic and hemodynamic
information on the site and extent of the arterial disease. When indicated, further
detailed anatomic information for treatment planning can be obtained from
magnetic resonance angiography, computer tomographic angiography, or digital
subtraction angiography [12].

Ankle-brachial indices (ABIs) and toe digital pressures with pulse volume
recordings can provide good clues to the perfusion of the foot. Findings are also
predictive of wound healing, although they may be misleading in patients with
diabetes and calcified noncompressible arteries. An ankle pressure greater than
55 mmHg suggests adequate leg perfusion. Research suggests that venous ulcers
require a higher ABI for healing than arterial ulcers. The diagnosis of critical
limb ischemia is supported by either an ankle systolic pressure of 50 mmHg or
less or digital pressures less than 30 mmHg. Limitation of ABI is calcified ath-
erosclerotic arteries mostly in diabetics giving higher false value of ABI due
reduced compressibility caused by calcification.
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B. Xenon-133 clearance to measure blood flow can help estimate the chance of
wound healing. A rate of 2.6 mL/100 g is believed to be adequate for healing.

C. Transcutaneous oxygen tension may be measured; however, a wide discrepancy
exists with the minimal level below which wound healing does not occur. Most
agree that a pressure of 30-35 mmHg is sufficient for healing of more than 90 %

of wounds.

7.5.1 Leg Ulcer Measurement Tools (LUMT)

Accurate and regular measurement of the wound is important to give an objective
assessment of the effectiveness of the current management plan. The leg ulcer mea-
surement tool (LUMT) is a validated tool that has been developed to quantify leg
ulcer assessment and can be used to track change in wound status over time. Various
methods have been used to document an ulcer of the lower extremity (Fig. 7.3).

They can be broadly classified into the following:

(a) Contact methods
1. Ruler method
Graduated swab stick method
Alginate cast
Planimetry
Kundin gauge
Wound tracing
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(b) Noncontact methods
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Alfred/Medseed wound imaging system
Video image analysis

Magnetic resonance imaging
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Fig.7.3 Leg ulcer measurement tools
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Role of ulcer measurement tools is to see progress of wound healing, and these
are instrumental in monitoring of wound healing after different modes of interven-
tions. Only limited role of ulcer measurement tools is well defined in experimental
studies of chronic ulcers.

7.5.2 Doppler Duplex Scanning

Due to rapid, easy, and inexpensive assessment, Duplex ultrasound can be consid-
ered as a screening tool for detecting vascular pathology in chronic ulcers.
Combination of ultrasound with Doppler detects the distribution and extent of vas-
cular disease. It is regarded as the investigation of choice for the diagnosis of venous
reflux, thrombosis, arterial obstruction, and aneurysms [13, 14]. Stenosis and occlu-
sion can be clearly demonstrated and differentiated with adequate information about
surface characteristics and plaque content to direct the treatment plan according to
etiology and anatomical delineation of pathology of the vascular segment affected.
In chronic cases or during follow-up, collateral pathways and flow dynamics are
demonstrated leading to the identification of acute, chronic, or recurrent thrombo-
sis. Duplex scan is an excellent tool to differentiate tumors, cysts, hematoma, clots,
thrombus, and foreign body in vascular tree. Considering its excellent sensitivity
and availability, it is integral in the diagnosis and follow-up with effect on treatment,
progression of disease, or developments of new pathology. Duplex is superior in the
detection of venous reflux with a sensitivity greater than 75 %, compared to approx-
imately 40 % for descending venography. Neglen and Raju suggest that combining
Duplex scanning with air plethysmography helps differentiate severe venous dis-
ease from mild venous disease [15].

7.5.3 Plethysmography

Considering the surgical options in chronic ulcers, plethysmography is used to
detect and quantify arterial and venous diseases [16, 17]. Several types of plethys-
mography have been evolved such as air, photo, and strain gauge. Depending on the
device used, pressure and flow measurements, waveform patterns, volume changes,
amount of reflux, degree of venous obstruction, and the efficiency of calf muscle
pumps can be calculated. All these parameters are important as the severity of the
disease can be demonstrated to determine the impact of ulceration. So, these are
good tests to assess treatment and progression of the disease. Venous pressure data
are important in determining the need for surgical bypass or valve replacement.
Quantitative data on venous obstruction, calf muscle pump ejection fraction, and
reflux are provided by air plethysmography, whereas venous pressure studies assess
the physiological importance of anatomic obstruction because the collaterals may or
may not provide adequate compensation for an obstructed pathway. Dual signifi-
cance with both diagnostic and prognostic efficacies is associated with plethysmog-
raphy, but its use is limited mostly to academic and research purpose.
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7.5.4 Computed Tomography (CT Arteriography and CT
Venography) (Figs. 7.4 and 7.5)

In chronic ulcer, spiral CT angiography (CTA) is an accurate modality to assess the
presence and extent of peripheral arterial disease (PAD). This investigation is done
only if the active intervention is required to salvage the limb and improve the quality
of life by reducing rate of limb loss and persistent pain. Modes of interventions are
either endovascular, open surgery, or hybrid techniques. CT angiography has become
popular due to rapid technical developments in terms of shorter acquisition times,
thinner slices, higher spatial resolution, and improvement of multidetector computed
tomographic scanners that enable the scanning of the whole vascular tree in a limited
period with limited contrast [18]. CT venography (CTV) is also accurate to deter-
mine proximal venous obstruction, but as it is relatively static, one cannot evaluate
reflux. CT can also detect aneurysms, AV fistulae, and any other pathologies like
neoplasms and can determine the extent of disease and involvement of surrounding
structures. Both CT arteriography and CT venography are considered as excellent
tools for differential diagnosis to detect vascular lesion in chronic ulcers [19].

Fig.7.4 CT angiography
showing popliteal artery
aneurysm. Patient
presented with ulceration
of foot
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Fig.7.5 CT angio showing bilateral femoral block at variable levels

7.5.4.1 Magnetic Resonance Imaging (MR Arteriography and MR
Venography)

Despite limited availability and skilled interpretation of findings, magnetic reso-
nance arteriography (MRA) equivalent to CT angiography is a noninvasive method
to visualize the peripheral vasculature, to detect hemodynamically significant steno-
sis, and to distinguish focal from long-segment occlusive disease [20]. Advantage
of its use is that it does not need any contrast, so the patients with deranged renal
functions may undergo MRA. But the disadvantage is that it takes a much longer
time to perform and also cannot be used in the patients on pacemakers and any other
prosthesis. Further claustrophobia and the sounds produced during the procedure
may not be palatable to the patients. MRA has the ability to define the pattern of the
disease and help in planning for arterial access sites (retrograde or antegrade). More
specifically, MRA has proven useful in detecting occult runoff channels, which can
be used for distal bypass [21]. Ulcerations should be bright on T2-weighted imag-
ing, with peripheral enhancement of the ulcer base. Magnetic resonance venogra-
phy has a great accuracy in detecting proximal vein obstruction and may differentiate
acute from chronic thrombosis [22]. Drawback of MRV is failure to demonstrate
venous reflux. MRA and MRV can be easily compared to CTA and CTV for excel-
lency in differential diagnosis tool for vascular lesions.

Magnetic resonance angiography (MRA) can also be useful when evaluating
lower extremity disease. Yucel et al. found that MRA was 94 % accurate in
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evaluating lower extremity vessels when compared to conventional angiography or
surgery [23] Owen and coworkers found that MRA detected all runoff vessels when
compared to conventional angiography and, in fact, was more sensitive than con-
ventional arteriography for visualizing both runoff vessels and arterial stenosis [24].

7.5.4.2 Phlebography/Venography

Phlebography is usually not done because of the availability of noninvasive tests
such as Duplex and relatively less invasive such as CT or MRI, but it can identify
the location and extent of blood clots and enables the condition of the deep leg veins
to be assessed. It is especially useful when there is a strong suspicion of deep vein
thrombosis, after noninvasive tests have failed to identify the disease. Ascending
venography also may be considered to obtain detailed anatomic information. This
study can reveal axial channel patency, perforator incompetence, obstruction, and
the presence of deep venous thrombosis. Phlebography can also be used to evaluate
congenital vein problems and assess the function of the deep vein valves.
Phlebography is a great method to demonstrate the extension of obstruction and all
the collateral pathways. It can guide treatment and at the same time assess its effect.
It is not used often, because it is painful, expensive, and time-consuming, exposes
the patient to a fairly high dose of radiation, and can cause phlebitis, tissue damage,
and the formation of deep vein thrombosis in a healthy leg. It is reserved for evaluat-
ing limbs that may need deep vein reconstruction or to open proximal vein obstruc-
tion [25].

7.5.4.3 Percutaneous Arteriography

It is integral to do angiography when visualization of the vessels of the lower
extremities is desired. A femoral runoff study is the study of choice. It reveals the
filling of leg vessels down to the ankle. The plantar arch also may be visualized if
the location of the wound is distal enough to warrant it. This study is invaluable to
both the plastic surgeon when providing coverage and to the vascular surgeon if
revascularization is also performed.

Contrast arteriography is the gold standard for the evaluation of arterial disease.
But again as being the invasive procedure, it is less used until unless a therapeutic
procedure is planned. It can be done usually by transfemoral route (Seldinger’s
technique), but in the higher blocks, direct lumbar puncture into the aorta had been
used in the past. It demonstrates the arterial tree in its entirety, to readily delineate
the site of arterial stenosis and occlusion. It is indicated for select patients, who will
undergo revascularization to reestablish perfusion. In addition to providing valuable
anatomic information, pressure measurements across the arterial stenosis can be
obtained to gauge the hemodynamic severity of a lesion. More importantly, inter-
ventions can be done using balloons, stents, and other devices. In patients with
vascular malformations, selective catheterization can be performed to obliterate the
feeding vessels. Limited use of arteriography in clinical practice due to catastrophic
complications is occurring sometimes. There are several complications being an
invasive technique, such as hematoma, pseudoaneurysm, arteriovenous fistula for-
mation, embolism, dissection, and renal failure. As the amount of contrast used is
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high, it can lead to renal failure. Further patient may go into anaphylaxis because of
reaction to the contrast [26].

7.5.4.4 Intravascular Ultrasound (IVUS)

This technique is not available commonly, but it can differentiate between the nor-
mal and abnormal vessel. It also determines plaque volume within the wall of the
artery and the degree of stenosis. Small lesions like intimal flaps or tears are well
visualized because of their high fibrous tissue content and the contrasting echoic
properties of surrounding blood. Intramural thrombus appears as echogenic homog-
enous mass with varying image attenuation beyond the location. IVUS can also
differentiate noncalcified vessels versus calcified because the latter appear as a
bright image with dense acoustic shadowing because the ultrasound energy is
reflected by calcified plaque [27, 28]. It is also used to identify proximal venous
obstruction. It allows precise estimation of the stenosis and the diameter of the
lumen so the correct balloons and stents are used in the best possible position.

7.5.4.5 Skin Biopsy/Ulcer Biopsy

Although an invasive investigation, biopsy of the ulcer including normal adjoining
skin is the final armamentarium in diagnosing doubtful, suspicious, or indetermi-
nate causes of chronic ulcers. In acute ulcers biopsy has limited role and usually not
recommended. Most common use of skin biopsies is in ulcers of indeterminate
cause and suspected neoplastic pathology. Chronic ulcer of long durations of many
years like venous ulcers may change to malignancy [29]. Marjolin’s ulcer is an
example of a malignant transformation of long-standing ulcers.

Ulcer biopsy is important in making a correct diagnosis and to rule out malignancy
as these ulcers are prone to malignant transformation [29]. This requires taking a deep
wedge of tissue from the ulcer edge and can usually be performed under local anes-
thesia [30]. Chronic ulcers are sometimes biopsied for experimental protocols to
obtain information regarding the wound bed or the wound edge to grow cells in vitro
from nonhealing wound. Chronic wounds do not worsen overall after a biopsy of the
wound edge and wound bed is performed. In the majority of the patients, the biopsy
site heals up to the original wound edge. The biological underpinning for this occur-
rence is unclear. There is a paucity of studies investigating the effects of biopsies on
the healing of chronic wounds. However, recent research on the molecular pathogen-
esis of nonhealing wounds has shown that there are phenotypic differences in the cells
populating the wound edge and the surrounding skin. Keratinocytes at the edge of the
wound show deregulation in cell differentiation and cell migration, resulting in a
hyperproliferative epidermal edge that fails to reepithelialize the wound bed. However,
cells in the periwound area retain the capacity to differentiate, migrate, and respond
appropriately to wound healing signals. In other studies, phenotypic changes have
been found between dermal fibroblasts cultured from chronic versus acute wounds.
Dermal fibroblasts cultured from the edge of chronic wounds have decreased respon-
siveness to transforming growth factor-f1 (TGF-p1) and platelet-derived growth fac-
tor in terms of collagen production and proliferation. The mechanism for decreased
responsiveness to TGF-f1 may be the result of downregulation of TGF-§ type 1I
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receptor expression and under phosphorylation of key signaling proteins, such as
Smad2/Smad3 and p48/44 MAPK. The expression of a downstream TGF-f inducible
protein, Pig-H3, has been found to be decreased in chronic wound fibroblasts and in
the dermis of chronic nonhealing wounds. Thus, taking a biopsy of the wound edge
may remove part of the nonhealing edge and abnormal cell populations and thus pro-
duce an acute injury capable of resetting the healing process. This sequence of events
may lead to healing in a more timely manner.

There are no studies that focused primarily on the safety of performing wound
biopsies in chronic wounds. However, several practice guidelines have been recom-
mended performing wound biopsies for histological diagnosis or microbiologic
testing in wounds that have not improved within 2—-6 weeks of appropriate manage-
ment. The Food and Drug Administration (FDA) recommends performing biopsies
of the wound, when needed clinically, as an objective tool to exclude neoplastic,
immune-mediated, or primary infectious disease. In addition, they suggest perform-
ing wound biopsies to diagnose wound infections and to guide treatment. In the
future, we may use this information to guide us when to best perform wound biop-
sies. One might recommend that diagnostic or experimental biopsies be performed
several weeks after resolution of the infection.

Wound healing rates at 3 and 4 weeks have been used as predictors of ultimate
wound closure. A recent study published on healing rates of both venous and dia-
betic ulcers determined that a healing rate of 1.5 mm/week was predictive of wound
closure at 12 weeks. The biopsy site heals up to the original wound edge. It is quite
possible that, once stabilized (standard therapy with a run-in period), chronic
wounds reach a size that corresponds to the underlying pathophysiological defects
and are, therefore, as large as they can be, based on those intrinsic abnormalities.
Certainly, more studies with a larger sample size and a more homogenous patient
population are needed. However, the data presented in this report are consistent with
our long clinical experience that biopsies are a safe procedure in patients with oth-
erwise impaired healing. These findings should prove useful for clinicians and
investigators.

Usually neoplastic skin ulceration is squamous cell carcinoma in the lower extrem-
ity, but one may get a basal cell carcinoma, melanoma, and the sarcomas rarely.

7.6 Microbial Isolation

A quantitative bacterial culture is more specific and should be performed once
wound infection is suspected [31]. This is performed by curetting or biopsying the
bed of the ulcer. The quantitative biopsy is the current gold standard for assessing
the quality and quantity of microbial pathogens within the wound [31, 32].
Quantitative biopsies containing greater than 10° organisms per gram of tissue are
considered significant, and systemic antibiotic therapy should be considered. If
osteomyelitis is suspected, representative cultures need to be obtained from the
bone or deepest tissue layers [8]. Chronic wounds contain complex polymicrobial
communities of sessile organisms that have been underappreciated because the
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limitations of standard culture techniques increased bacterial diversity with an
average of 17 genera in each wound. Data from microbial community profiling of
chronic wounds were compared with published sequenced analyses of bacteria
from normal skin. Increased proportions of anaerobes, Gram-negative rods, and
Gram-positive cocci were found in chronic wounds. In addition, chronic wounds
had significantly lower populations of Propionibacterium compared with normal
skin. Using epifluorescence microscopy, wound bacteria were visualized in highly
organized thick confluent biofilms or as scattered individual bacterial cells.
Fluorescent in situ hybridization allowed for the visualization of Staphylococcus
aureus cells in a wound sample. Quorum-sensing molecules were measured by
bioassay to evaluate signaling patterns among bacteria in the wounds. A range of
autoinducer-2 activities was detected in the wound samples. Collectively, these
data provide new insights into the identity, organization, and behavior of bacteria
in chronic wounds. Such information may provide important clues to effective
future strategies in wound healing.

7.7  Gene Variant Analysis

The clinical application of gene variant analysis and evaluation in patients with
venous leg ulcers implies that the high-risk minority of patients could be identified
in advance by means of a simple blood test that would act as a genetic screening
device. Utility of gene variant analysis is to prevent chronic ulcers by modifications
of lifestyle and minimize morbidity in high-risk populations [33].

Conclusion

Majority of the ulcers may be diagnosed clinically by thorough history and
examination, but investigations are needed for unusual cases. Baseline investiga-
tions must be available for all cases, and in special type of cases, specific inves-
tigations are needed. Majority of the chronic ulcers are vascular in origin, so
Duplex ultrasound is the choice of investigation in almost all type of chronic leg
ulcers. In long-standing cases where the ulcer is not responding to the treatment,
a biopsy must be performed. The biopsy should be performed from the margins
of the ulcer and not from the center which may show only necrotic material. The
ulcers respond best if correctly diagnosed.
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