Check for
updates

Overview of Management in Lower Limb 1 8
Edema

Satyendra K. Tiwary and Vivek Kumar Katiyar

18.1 Introduction

Lower limb swelling is one of the most common manifestation in clinical practice
in many local and systemic diseases. Usually, the condition may be due to trivial
cause most of the time but sometimes delayed clinical consultation and irreversibil-
ity of the changes due to disease may lead to difficulty in management. A good
clinical history with proper clinical examination is essential to confirm the diagno-
sis and plan further management of the disease.

18.2 Clinical Examination

Clinical examination should be carried out in both the limbs irrespective of their
involvement. Examination starts with the inspection mainly to check for any color
changes, asymmetry, scars, ulcers, etc. (Fig. 18.1).

Chronic diseases usually present with thickened and discolored skin. Skin
changes are also evident in varicose veins. In erysipelas, local edema is often pres-
ent in addition to skin redness and tenderness. Elevated temperature is present in
acute conditions like cellulitis. Pitting edema may be caused by deep vein thrombo-
sis, venous insufficiency, and early stages of lymphedema as well as systemic causes
like CHF, edema due to renal etiologies, etc. Non-pitting edema can be seen in cases
of filariasis and hypothyroidism. Tenderness of affected area points toward more
local causes.
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Fig. 18.1 (a), (b) Post-traumatic lower limb Edema

Clinical examination of both limbs is essential. The Leg-O-Meter (Frangois
Zuccarelli, MD, Hospital St-Michel, Service de Chirurgie Vasculaire, Départment
de Phlébologie et d’ Angeiologie, Paris, France) designed to measure the circumfer-
ence of the ankle or calf [1]. it is simple to apply for assessing the limb swelling
related to venous disease but not related to lymphedema.

Water displacement volumetry is more accurate to assess the limb volume than
the circumferential measurements with a tape [2]. The tissue tonicity can also be
used to assess the disease but it is more useful in assessing the response of treatment
[3]. Bioelectrical impedance is one of the efficient methods to evaluate the swelling
but has not yet been evaluated for leg edema [4]. Cesarone [5] developed the edema
measuring device.

A plastic plate with protrusions or holes is applied over the swollen limb which
applies the pressure and measures the edema. It can differentiate between primary
and secondary edema and can be used as a screening tool.

18.3 Radiologic Investigation
18.3.1 Lymphangiogram
This technique was mainly used for visualizing the anatomy of lymphatics. It is an

invasive technique. In this technique, direct cannulation of lymphatic through a
small incision in skin is carried out. It is painful and time consuming and leads to
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infection, local inflammation, and fibrosis. This also increases the risk of hypersen-
sitivity reaction and emboli [6].

So, this technique is not used largely. It is only useful in operative interventions
like bypass procedure [7].

18.3.2 Lymphoscintigram

Lymphoscintigram is the gold standard technique, and was introduced in 1953. In
this technique, radiolabeled protein is used to assess the lymphatic function, lymph
movement, lymph drainage, and response to treatment [8].

The radioisotope, usually technetium Tc 99 m-labeled colloid including anti-
mony sulfur and albumin [9] are used. The heptaminol adenosine phosphate is used
to increase the lymph flow and measurement [10].

The sensitivity and specificity of the lymphoscintigram are 73% to 97% and
100% [11], respectively. Contrast lymphangiogram can also be used to elucidate the
lymphatic anatomy.

After the isotope injection, the lymphatics may or may not be visualized within
the first hour. Some patients may show normal lymphatics or missed diagnosis. Only
delayed film (2-24-hour post-isotope injection) shows the real eccentricities [12].

Condensed image processing using a modified Kleinhans score and time-activity
curves [13] are used to enhance the detection of abnormalities of the lym-
phatic system.

Lymphoscintigram can differentiate between lymphedema and edema of venous
origin [14].

In case of varicose veins and deep vein incompetence [7], lymphoscintigraphy
reveals significantly reduced lymph drainage. This is suggestive of association
between chronic venous insufficiencies with lymphatic insufficiency.

Both epifascial and subfascial lymphatics are abnormal in lymphedema, while in
post-thrombotic disease, there is a decrease in the subfascial lymphatic flow whereas
the epifascial flow remains normal [15], it can differentiate between post-thrombotic
disease and lymphedema [15].

In lipedema patients, lymphoscintigraphy will confirm that peripheral lymphat-
ics remain normal. Asymmetry may be appearing in bilateral lipedema disease sug-
gestive of the dynamic nature of the lymphoscintigram. Lymphoscintigraphy also
depicts the impairment of lymphatic drainage or lymphatic disruption after arterial
reconstruction.

18.3.3 Indocyanine Green Lymphography

In this technique, fluorescence lymphography using contrast ICG leads to the diag-
nosis of lymphedema [16]. Indocyanine Green Lymphography (ICG-LG) clearly
visualizes superficial lymph flow without radiation exposure, and recently has found
its way to the evaluation of lymphedema.
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18.3.4 Ultrasound

Volume changes in dermis, subcutaneous layer, and an increase/decrease in the
muscle mass along with structural changes like hyperechogenic dermis and
hypoechogenic subcutaneous layer may appear in limb swelling on ultrasound. It
does not give information about the anatomy of lymphatics [17].

18.3.5 Duplex Ultrasound

Duplex USG uses two modalities—Doppler and B-mode to assess the speed of
blood flow and visualize the structure of leg vessels. Duplex ultrasonography is a
noninvasive, cheap, and reliable investigation to establish a diagnosis of DVT. A
combination of a duplex scan and lymphoscintigram might be able to diagnose the
cause of limb edema in majority of the patients (Fig. 18.2a and b). However, some
authors refute the correlation between chronic limb edema and increased venous
reflux [18]. Intraluminal blood clot appears hypoechoic or anechoic in acute cases
whereas in chronic DVT, it appears hyperechoic with peripheral revascularization
on color Doppler imaging.

18.3.6 Computed Tomography

Computed tomography scan can be used to confirm the diagnosis and to assess the
effect of treatment. The CT scan imaging show skin and subcutaneous compartment
thickening increased fat density, thickened perimuscular aponeurosis [19] and hon-
eycomb appearance. Honeycomb appearance is not seen in venous disease but sub-
cutaneous compartment and skin thickening may appear. In lipedema, there is

Fig.18.2 (a) Color Doppler showing increased subcutaneous tissue thickness in edema. (b) Color
Doppler showing blood flow in lower limb
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thickened subcutaneous compartment, normal skin thickness with normal subfas-
cial compartment.

In DVT thickened subcutaneous layer, with signs of lymphedema, enlarged mus-
cle area and enlarged superficial veins may be seen. CT scan is unreliable in DVT.

18.3.7 Magnetic Resonance Imaging

To differentiate among lymphedema, lipedema, and phlebedema [20] Magnetic
Resonance Imaging (MRI) can be used [21].

Lymphedema appears as increased subcutaneous tissue volume, circumferential
edema, honeycomb appearance between the muscle and subcutis with marked
thickening of the dermis [20]. MRI cannot differentiate the primary and secondary
lymphedema. MRI can also prove useful to assess the result of reconstructive
surgery.

In case of DVT, MRI shows the edema of leg muscles mainly in posterior com-
partments and soft tissue swelling consists only of fat with normal lymphatics in
lipedema.

18.4 Management of Pedal Edema
Management of limb edema depends upon its etiology.

A. Venous Insufficiency Mild cases of venous insufficiency can be improved by
limb elevation only. In chronic cases, compression stocking is useful. Compression
stocking should not be used in peripheral vascular disease as it may aggravate the
symptoms. Pneumatic compression stocking may be used in patients where stock-
ings are contraindicated. Topical steroids and emollients can be used for skincare
and prevention of ulceration, dryness, etc. Diuretics can cause metabolic derange-
ment so should be avoided.

B. Congestive Heart Failure and Chronic Liver Disease In case of CHF in mild
cases, limb elevation fluid restriction and salt restriction can improve the mild stage
of limb edema. Diuretics can be used in non-responding cases. If liver failure is
present, chronic hypoalbuminemia can be corrected by albumin infusion. It can
provide temporary relief from the symptoms.

C. Chronic Renal Failure In case of renal failure fluid, salt restriction is the pri-
mary line of management.

Diuretics can be used in refractory cases. Hyperkalemia can be caused by aldo-
sterone antagonist and so, should be avoided.

D. Obstructive Sleep Apnea Due to pulmonary hypertension limb edema may
occur it can be controlled by weight reduction and positive pressure ventilation.
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E. Deep Vein Thrombosis Chronic bedridden patients are prone to DVT. For pre-
vention of DVT pneumatic compression, bandages, and stockings can be used.
Anticoagulant therapy should be started prophylactically as well as
therapeutically.

F. Lymphedema Mild lymphedema can be managed by limb exercise, limb mas-
sage, limb elevation, compression bandages, stockings, etc., in chronic and symp-
tomatic cases, surgical procedures can be performed.

G.Lipedema Weightloss canimprove the symptoms. It has no definitive treatment.

H. Idiopathic Edema It can be improved by treatment with aldosterone antago-
nists like spironolactone.

18.5 Treatment
18.5.1 Lifestyle Modification

Lifestyle modifications are essential for prevention as well as treatment of lower
limb edema.

Exercise/movement: The contraction and relaxation of muscle may lead to
decrease the edema by pumping the excess fluid back toward the heart.

Massage: On stroking the affected area pressure may change and help the drain-
age of excessive fluid toward the heart. Precaution should be taken as massage
should not be vigorous as it can be painful.

Elevation: Elevation of limb above the level of the heart may lead to resolution
of swelling/edema of the limb due to gravity.

Protection and skincare: The swollen area is susceptible to infection and injury.
Always protect the affected area from injury and keep it dry and clean.

Reduce salt intake: Excessive salt intake may lead to retention of fluid and
worsen edema.

Heat therapy produces some benefits to limb swelling but the mechanism is not
fully known. It can be done using hot water, microwave, or electromagnetic radia-
tion. It produces dilatation of blood capillaries, increases venous return and
decreases dermal inflammation.

Balneotherapy is the use of thermal or mineral water (1 gm/L conc.) for treat-
ment of disease. It acts through mechanical, chemical, and physical mechanisms to
treat and reduce pain and edema. It improves circulation and muscle relaxation. It
also improves the immune system.

Chronic lymphedema can persist lifelong. So, results can improve by fully
understanding and committing to all therapeutic measured and psychological sup-
port. Weight reduction also has a positive impact on limb swelling.
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Aggressive antibiotic therapy helps when needed like in the case of cellulitis.
The infection can cause lymphatic deterioration. For filariasis, prevention and treat-
ment are important because it affects a large population in a country like India.

In areas where compression therapy is not feasible, Kinesio taping can be used
which improves lymphatic drainage by skin traction during movements.

18.5.2 Physical Modalities and Compression
The first-line treatment for lymphedema is complex physical therapy.

Compression Stockings The compression stockings are used in the management
of long-term chronic edema. It can be used as a prophylaxis in a high-risk patient
who is prone to develop limb edema. The stocking is based on the patient’s general
condition, mobility, and limb size. The stocking is applied from foot with padding
of all bony prominences excluding the toes. The stocking should be worn from the
morning before leaving the bed till the time to go to bed.

Graduated Compression Bandages It is used in chronic forms of severe edema.
The bandage is made of various materials applied in overlapping layers. The effect
depends upon pressure exerted, number of layers, components used in bandage, and
elastic properties.

According to pressure exerted near the ankle joint, stocking is classified as class

I—class I'V. The type of stockings depends upon the length and circumference of the
leg and the pressure required (Table 18.1).

Table 18.1 Selection criteria for compression bandages [22]

Stage Pressure Lower limb disease/condition

Class I 15-23 mmHg * Mild venous insufficiency or in cases where higher pressure
cannot be used due to other existing conditions

* Prevention of venous thrombosis

* Prevention of varicose veins, e.g., during pregnancy

Class II | 24-34 mmHg * Venous insufficiency

* Varicose eczema and venous leg ulcers

» Mild lymphatic edema and edema post-cancer surgery

* Follow-up care after varicose vein surgery and erysipelas

* Treatment and prevention of deep vein thrombosis and
superficial venous thrombophlebitis

Class III | 3549 mmHg * Severe edema not managed with lower pressure

Class IV | 50+ mmHg * Very severe lymphatic edema or severe venous insufficiency
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Pneumatic Compression Pump Pneumatic compression devices are made up of
air pump and inflatable garment to create compression for legs or other body parts
[23]. The functional aim of the device is to squeeze fluid from the underlying tissue
and veins, and displace it proximally. When the inflatable sleeves deflate, the veins
fill up with blood. The intermittent compressions device will ensure the movement
of fluid and venous blood.

Complex Physical Therapy or Complete Decongestive Therapy CPD is the one
of the effective approaches for lymphedema treatment. It improves the lymphatic
function and reduction of fluid accumulation. Lifelong compression therapy can be
used. It has two components, manual lymph drainage (MLD) and compression ther-
apy [24].

The therapy depends upon phases of edema. In phase I of decongestion 1-3
MLD per decompression and exercises for 2—-5 weeks.

18.5.3 Manual Lymphatic Drainage

There are two methods to achieve interstitial fluid movement to manage subcutane-
ous edema of the leg and foot [25]. One way is by encouraging fluid movement in
the extra vascular space and second by stimulating fluid movement from the extra
vascular space into the venous system. The edematous fluid is redirected through
collaterals toward normally functioning pathway or by increasing the activity of the
normal lymphatics [26]. The procedure is performed proximally to distally in a
lying down position for up to 30-60 minutes daily, weekly or monthly, depending
on the stage and severity [20, 27].

The treatment can be accentuated by the lymph fluoroscopy mapping [28].

The techniques are Leduc et al. Foldi [29] and Casley-Smith methods, both being
equally efficient. Even still, there have been no exclusive evidences for MLD and its
efficacy for edema.

Compression Therapy Compression stockings improve symptoms by providing
graduated compression therapy to control leg swelling and discomfort [30].

It is a simple and effective measure to increase the blood flow activity in the
lower limbs and strengthening the vein support. It applies gentle pressure to the
ankles and legs which promotes venous return and impedes stasis. It stretches out
vein walls and improves the limb circulation, which helps in eliminate the swelling.

18.6 Medical Management
18.6.1 Benzopyrones

Benzopyrones are effective for treatment of lymphedema. The drug acts by reduc-
ing the edema fluid, increasing the softness of tissue and decreasing the elevated
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temperature [31]. It also increases the number of macrophages and enhances the
proteolysis which helps in removal of protein and edema with reduction of the
inflammation and infection [32]. It also improves the symptoms like hardness,
heaviness and swelling. The adverse effects of this drug are nausea, vomiting, and
diarrhea which are relatively uncommon and resolve spontaneously. The drug can
be used with physical measures [33].

This drug is banned for use in the United Kingdom, Australia and France due to
reports of hepatotoxicity [33].

Micronized Purified Flavonoid Fraction(MPFF) It is said to decrease the limb
swelling by aiding the chronic venous insufficiency by decreasing the venous stasis
and also improves the post-surgery edema [34]. The mechanism of action of
Micronized Purified Flavonoid Fraction is to reduce the capillary permeability and
inflammation of the tissue. This drug is under trial for lower limb lymphedema.

Immunotherapy Role of immunotherapy is not well understood. Activated antilo-
gous lymph infused into arteries by injection activates macrophages in the intersti-
tial tissue, which decomposes the excess protein. The activated macrophages and
CDAT cells play a role in proliferation of lymphatic endothelial cells and aberrant
lymphangiogenesis. The role of activated lymph still remains unclear.

Gene Therapy Gene abnormality is reported in primary lymphedema. Hepatocyte
growth factor (HGF) neovascularization related to lymph vessels neogenesis is sug-
gested. It is reported that peripheral vascular growth in limbs with severe ischemia
is related to HGF in rat breast cancer model [35, 36].

9-Cis Retinoic Acid Retinoic acids (RAs) regulating genes have an essential role
in cell proliferation, differentiation, apoptosis, and metabolism. They induce lym-
phangiogenesis through fibroblast growth factor (FGF) receptor-dependent path-
way. Some studies have found that 9-cis retinoic acid aids lymphangiogenesis and
improves lymphedema [37]. Further experiments are required to establish a strong
consequence.

18.7 Surgical Treatment

The recommendations of the American Venous Forum on the principles of the surgi-
cal treatment of chronic lymphedema are summarized in Table 18.2 [38].

The surgical treatment is only considered after failure of all the nonsurgical mea-
sures in chronic and symptomatic cases for more than 6 months of therapy. Surgical
interventions in lymphatic are very difficult and require a trained surgical team. The
goal is reconstruction and restoration of the functional continuity with reduction of
edema volume by excision surgery causing the handicapping.
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Table 18.2 Guidelines of the American Venous Forum on the principles of the surgical treatment
of chronic lymphedema [38]

Grade of evidence
Grade of recommendation | A - High quality

1. Strong B - Moderate quality
Guideline 2. Weak C - Low or very low quality
All interventions for chronic 1 C

lymphedema should be preceded
by at least 6 months of non-
operative treatment

Excisional operations or 2 C
liposuction only to patients with
late-stage non-pitting lymphedema
who fail conservative measurement

Microsurgical lymphatic 2 C
reconstruction in Centre of
excellence for selected patients
with secondary lymphedema if
performed early in the course of
disease

Preoperative evaluation and postoperative outcome cannot be overemphasized.
Optimizing the limb before surgery is necessary. To prevent the chances of recur-
rence, it is important for the patient to wear a compression stocking.

Surgical management can be divided into the following types [39]:

1. Bypass procedures and lymphovascular anastomoses
2. Debulking or excisional surgery
3. Prophylactic surgery

18.8 Surgical Bypass Procedures

It is useful in selective cases of chronic limb edema after failure of medical therapy
where the venous system is competent and intact lymphatic structures, such as
regional lymphatics and lymph nodes, are present.

Lymphovenous anastomosis for the treatment of chronic lymphedema was first
attempted by Nielubowicz and Olszewski. It is the anastomoses of lymph vessel or
lymph node to the vein distal to the obstructing segment [40, 41].

.End-to-end or end-to-side lymphatic-venous anastomosis can be performed
[42]. It can have complications such as venous thrombosis at the anastomotic site
blockage of lymphatics [42].

End-to-end technique avoids venous reflux into the lymphatics and thus decreases
the risk of venous thrombosis. The risk of anastomotic stricture formation can be
avoided by using a secondary tributary of the main vein as the site of anastomoses.
The lymphatic capsule-venous anastomosis can be performed in pediatric patients.
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Ipsen concluded that lymphovenous bypass decreased limb circumference by 0.8 to
4.1 cm in secondary lymphedema but no change was noted in primary lymph-
edema cases.

Lymphatic autotransplantation: Lymphatic grafting introduced by Baumeister
is used for secondary lymphedema [43]. In this procedure, the normal, functionally
unaffected vessels are used to bypass the obstruction area. It can be performed suc-
cessfully even with coexisting venous disease.

Autologous Interposition Vein Grafting can also be used in coexisting venous
disease. The procedure involves lymphatic-venous-lymphatic anastomoses directly.
The contraindications of the surgery are severe hypoplasia, aplasia of lymphatics or
lymph nodes, and extensive damage to the superficial as well as deep lymphatics.
The patient who is contraindicative for bypass procedure can be considered for
debulking procedure.

Adipo lymphaticovenous transfer was performed by Tanaka with the use of
long saphenous vein along with its lymphatics. Free autografts of the greater omen-
tum have also been used. It has satisfactory results in short series. Necrosis is the
main complication in this procedure.

Vascularized lymph node transplantation was described by Backer [44, 45].

Lymph nodes from the inguinal region were transplanted microsurgically to the
axillary region in mastectomy lymphedema patients. It can be done in selected
patients and necessitates monitoring. The procedure can also be used in congenital
prophylactic lymphedema [46]. The results are not well established. The skill of the
surgeon and timing of intervention is a crucial factor along with lifelong medical
therapy [47].

18.9 Debulking Procedures

This procedure is not truly debulking. In this procedure, the subcutaneous drain-
age of lymphedema fluid is achieved by using multi-perforated silicon tubes, which
are linked to a chamber by a one-way valve. The chamber is connected to the venous
drainage system via the long saphenous vein in the same manner as a peritoneo-
venous shunt. In this procedure, up to 70% reduction in size has been reported.
However, it has a limited role in long-term patency due to high protein content of
edema fluid blocking the system.

Charles procedure is a well-known procedure in which en bloc removal of the
skin, subcutaneous tissue, and deep fascia is done. The radical excision of subcuta-
neous tissue is followed by primary or staged skin grafting. In primary skin grafting,
either skin from the excised tissue or from a non-affected area is used. Staged skin
grafting also reports good results. There was no difference in results in primary or
secondary edema. Skin and subcutaneous excision combination with liposuction
improve symptoms but can develop into foot edema. In Charles’ procedure, only the
affected part of the limb is treated and the cosmetic outcome is poor.
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Servelle described a technique of two-stage reduction where the first stage
involves the medial aspect and the second stage involves the lateral aspect of the
limb. This procedure is fotal superficial lymphangiectomy and is a modification of
the Homan procedure.

The complications of debulking procedure include infection, necrosis, scarring,
difficult wound healing of the skin graft, and poor cosmetic and functional
results [48].

18.9.1 Liposuction
It is useful in lymphedema secondary to adipose tissue deposits and in selective

cases with non-fibrotic primary or secondary lymphedema which causes up to a
23% reduction in volume. Cellulitis is the main complication.

18.10 Prophylactic Surgery

Patients who require extensive lymph node dissection in pelvic region are prone to
developing edema. In these patients, prophylactic lymphatic tissue transplant via
omentoplasty may prove useful. The concept of omentoplasty was evaluated by
Logmans and coworkers [49] and the concept of prophylactic lymphovenous anas-
tomoses after ilioinguinal dissection was given by Orefice and coworkers [49].
Prophylactic bypass has reduced the frequency of edema and hospital stay.

18.11 Conclusion

In approaching lower limb edema, a variety of etiologies must be considered
(Figure 18.3). History and physical examination are required for differentiation of
causes and subsequent selection of cost-effective and appropriate diagnostic testing
and management. Treatment mainly emphasizes on treating the etiology and sys-
temic disease along with symptomatic treatment for the edema. Lifestyle modifica-
tion physical exercise and compression bandaging can improve the condition.
Medical treatment is not effective in every case and cannot cure completely. Surgical
management is required in selective cases and has a limited outcome. Surgery can-
not resolve the disease completely.

Some newer modalities have also evolved for the treatment of lower limb swell-
ing but require further research to provide better outcomes. However, till now life-
style modifications and physical modalities are the mainstay of treatment for lower
limb swelling.
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Age

N AN

HISTORY

Onset - Acute or Chronic

Increase in size - Sudden or Gradual
If it is exacerbated/relieved in any specifi position
Association with pain
History of trauma

History of systemic illness

Clinical Examination

1. Inspection - Skin changes, Scars, Ulcers,
Engorged Veins, etc.

2. Palpation - Local rise of temperature, Tenderness,
Pitting or Non Pitting
3. Special Tests

Systemic Disease

1. Treat the underlying
cause

2. Symptomatic relief
for the edema

Blood Duplex

Investigations Ultrasound

1. Routine hematology

2. PT/INR

3. D-dimer

Deep Vein Thrombosis Venous Insufficiency
Yes No No Yes
Medical Management Other Investigations MEDICAL

1. Anticoagulant3 like 1.CT MANAGEMENT
warfarin, LMWH 2. MRI
2. Physical therapy 3.ICG-LG FAILS

3. Compression Stocking
4. Lifestyle modifications

FAILS |

| Venous Thrombectomy |

4. Lymphoscintigraphy

| Lymphedema Confirmed

Physical Modalities and
Compression Therapy

| Medical Management

FAILS |

Bypass and Debulking
Procedures

Fig. 18.3 Algorithm for evaluation and management of limb edema

1. Radio frequency ablation
sclerotherapy
2. Vein | igation/Stripping
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