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CHAPTER 38

The Role of Reconstructive

Microsurgery in The Management

of Critical Leg Ischemia

Andrea Ortensi, Stefano Trinchi

n the last years microsurgical technique evolution
has allowed the accomplishment of a series of new
operations that have transformed clinical results in
traumatology and limb’s critical ischemia.

Until 20 years ago, the technique of pedicled flap
without distance transfer was the routine procedure; a
present critical review shows the oldness of this techni-
que especially for what concerns the long recovery time.

At the beginning of the ‘80s, due to the develop-
ment of microsurgical techniques, in all the microsur-
gery units, the microsurgical free flaps techniques has
started to be used.

In the latest years the making of microsurgical free
flaps became possible by long and refined anatomical
study in which the feature of many free flaps (with their
vascular communications in donor site), and the ana-
tomy of the receiving site pedicle were shown.

All this anatomical researches have allowed the
researchers to get a clear knowledge of this techniques.

From there, the use of loco-regional pedicled flap,
like Sural flap, supramalleolar, and others, starts.

The possibility of using pedicled flaps without the
vascular anastomosis is an advantage, but for other
hand there is still the problem connected with the ability
of the surgeon to dissect and respect the vascular pedi-
cle using a microsurgical technique. In this way loco-
regional pedicled flaps can be used also in the manage-
ment of critical leg ischemia.

Foot reconstruction

In plantar foot reconstruction, very important is the
fact that no prominent bony elements can be tolerated.
They have to be trimmed, to obtain a smooth bony
plantar surface before putting in a free flap. No sensory
flaps are performed on the weight-bearing areas of the
foot. When the sensation is present on any part of the
foot, deep sensation is sufficient to prevent the forma-
tion of pressure sores.

Muyocutaneous free flaps are only placed on the foot
when secondary wound healing is jeopardised such as in
the patients with a kidney transplantation or diabetes,
resulting in pressure sores from the hell-to-toe region.

Heel reconstruction

To reconstruct the heel area, the shape of the defect
and lack of bone mass have to define the choice for cor-
rect flap. For larger defects the latissimus is selected. In
some cases of open type Il B fractures, revascularisa-
tion of the foot is performed by anastomosing the dor-
salis pedis artery to the serratus anterior branch of the
latissimus dorsi free flap, which is hocked to anterior
tibial vessel and used to cover the distal tibio-talar
region. In the majority of cases, however, the rectus
abdominis flap is sufficient when crush injuries have
removed a substantial part of the heel.

Arteriosclerosis desease

Arteriosclerotic patients presenting chronic ulcers of
forefoot or heel were treated with a variety of flaps:
temporalis fascia for the heel or ankle region and graci-
lis or rectus abdominis muscle flaps for the midfoot or
forefoot.

In this way below-knee amputation can be avoided.
Sometimes vascular reconstruction is performed 2
weeks before the free flap transfer; In some others,
despite extensive arteriosclerosis, the free flap transfer
could be performed without vascular reconstruction.

Clinical Series

1. Wide area with severe ischemic heel and plantar area
lesion, dissection of the posterior tibial vessels
(Figure 1). Confectioning latissimus dorsi free flap
(Figure 2). Positioning of the flap on the recipient
site (Figure 3). Ending with the end of vascular ana-
stomosis between posterior tibial artery and torco-
dorsal artery. Venous anastomosis is performed in
end to end technique (Figure 4). — The Results -
(Figure 5-6).

2. Severe traumatic lesion with exposure of fracture
segments and devascularization of left limb (Figure
7). Preparation of right vascularized latissimus dorsi
free flap (Figure 8). Postoperative results with hea-
ling of cutaneous coverage (Figure 9-10)
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Pedicled Flaps

1.

(1)

(2

(3)

(5)

Supramalleolar lateral flap. Such a flap is designed
in lateral lower third of the leg and it can be emplo-
ved to cover dorsal lateral and plantar aspects of the
feet. It can be used also in the last of risultance of the
posterior heel area and medial lower portion of the
leg. The flap is provided by anterograde flow of the
peroneal artery perforant branch. (Figure 11).
Sural flap. All the ischemic critical areas of the
lower extremity are at risk because the epidermic
area is very thin. Sural flap can be used in many
situations like exposed fractures, loss of substance,
decubitus sores (Figure 12).

Conclusions

In lower leg reconstructions, changing indications for
flap selection were not only correlated to new anatomi-
cal developments, but mainly due to a better understan-
ding of adaptability of known muscle or fascial free
flaps. Reducing donor site morbidity and planning for
saving donor sites for future reconstructions, are impor-
tant. Morbidity is reduced by selection of free flaps
ideally adjusted to shape of the defect. At final point,
arteriosclerosis or diabetic ulcers were, in several cases,
the indication for free flaps cover and never a contra-
indication. In some cases, a vascular bypass operatoon
was performed prior to the free flap transfer.
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CHAPTER 39

Amputation Surgery in the Patient

With Vascular Disease

Roberto Tersigni, Stefano Bartoli, Luciano Alessandroni

othing is worst for a vascular surgeon than

amputation, especially after unsuccesful reva-

scularization attempts. Lower limb amputation

due to vascular disease is considered a final
destroying surgical procedure, which eliminates tissue,
pathology and symptoms and changes patient’s life defi-
nitely.

Amputation can be considered one of the oldest sur-
gical procedures (1). The earliest knowledge about it
dates from the Samnite wars of 300 B.C. We also know
that amputation of limbs was used in the lItaly of
Communes as penalty for different crimes. The surgeon
had among his duties the medication by means of cau-
stication and sprinkling of honey on the stump to keep
the prisoners alive. Though we have to date back to
Ambroise Paré (1510-1590) to talk about surgical tech-
niques of amputation: he was the first one to use vascu-
lar ligatures and to develop guidelines for the selection
of appropriate levels of amputation, having in mind the
fitting of a prosthesis. Many of Paré’s descriptions are
still valid today. Further attention upon the techniques of
amputation was concentrated by Jean Larrey (1776~
1842) during the Napoleonic wars. Amputations were
mainly performed for traumatic injuries and we owe to
Larrey the idea of tissue debridement around the bone
stump and the dissection of the latter in order to cover
it completely with the muscular flap. Furthermore
Larrey advocated early rehabilitation after amputation in
order to avoid post-procedure ankylosis. The idea of
early fitting of a prosthesis was of Berlemont (1958) and
Weiss (1963). In 1965 Burgess observed that early
rehabilitation made the acceptance of the prosthesis
casier and lowered the psycholological trauma following
the loss of the limb.

All that led to the current scientific approach to
amputation that included a reasoned selection of the
levels of amputation, the functional drawing of the
muscular flap, the geometric shape bone stump, the
section of the nerve to avoid post-surgical pain and pla-
stic skin suture (2). The careful observance of the above
mentioned rules and the use of particularly light and
resisting prosthetic materials and the application of still
more sophisticated articular prostheses allows to restrict
more and more the “disability” due to amputation.

Therefore, amputation surgery must not be conside-
red a destructive procedure but rather the first step of a

reconstructive procedure, Thus the aim of amputation
becomes a surgical procedure that removes necrotic tis-
sue, relieves pain, allows immediate healing of the
lowest possible amputation level and achieves the maxi-
mum rehabilitation compatible with the patient’s gene-
ral conditions (age, presence of orthopaedic pathology
and/or previous neurologic pathology, malnutrition,
etc.).

Epidemiology

On the grounds of the current demographic trend,
Italian population over the age of seventy is increasing
over the 30% (3). Among the diseases, the incidence of
which has risen for the protraction of lifetime we find
peripheral obliterating artheriopathy which represents
the most frequent complication of atherosclerosis after
coronary ischemia.

In the countries of high socio-economic standard of

the western world the prevalence of atheroslerotic dis-
ease is 2% in the sixth life’s decade, 7% in the seventh
and eight decade.
6-15% of the patients affected by arteriopathy undergo
to amputation surgery, while critical ischemia leads to
44% of amputation at one year. Unifocal chronic arte-
rial obstruction is normally not associated to the loss of
the limb.

The incidence of amputation surgery after revascula-
rization procedures might be summarized as follows:

1. 5-19% after proximal direct surgical procedures;

2. 12-34% after percutaneous transluminal angio-
plasty(PTA);

17-51% after prostanoid drugs;

30-60% after distal surgical procedures;

30-60% after peridural stimulator;

40-60% after sympathectomy.

In Italy the estimated incidence is around 220 ampu-
tations/million patients/year, 15 times greater in diabe-
tic patients.

Two thirds of the patients undergoing amputation
have diabetes mellitus and for these patients the risk of
amputation of the inferior controlateral limb as well at 5
years from the first amputation is around 27% and
nearly one half of them die prior to second amputation.

Approximately one half of the amputees have

i
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symptoms of cardiorespiratory disease and smoking
addict doubles the risk of amputation.

Mortality rate of patients with critical ischemia of the
inferior limbs after one year is around 20% and only
one half of the affected patients undergoing amputation
below the knee have two legs after one year. Mortality
rate in the 30 days ensuing amputation is around 15%
after amputation below the knee and 25% after thigh
amputation, after 2 years on the whole 25-30% and
after 5 years 50-75%.

The British study of the eighties has shown that out
of 400 ischemic limbs, 61% was submitted to revascu-
larization and 17% to direct amputation with a mortality
rate in the ensuing year of 18%, but mortality after reva-
scularization was one half compared to amputees. Also
other studies emphasize that revascularization substan-
tially decreases mortality, whereas it does not signifi-
cantly decrease the incidence of amputation surgery.

Cost evaluation (4) has shown that amputation is
more expensive than revascularization. In Myhre’s study
(Norway) the cost of a successful bypass was 5,700%,
while direct amputation was 13,000$ and amputation

after unsuccessful revascularization procedure was
25,0008.

Vascular disease and amputation

Vascular diseases influence in different way the sur-
gical approach. We present three general categories to
highlight the differences in the treatment (5).

Acute ischemia

To evaluate whether an arterial tree in a patient with
acute ischemia is unreconstructable is very difficult and
burdened with the high morbidity of the stump and siste-
mic morbidity when the choice is an emergency ampu-
tation. The factors which mainly govern the degree of
urgency for amputation are the extent of the muscle
mass involved by ischemia, the duration and presence of
signs of systemic toxicity (myoglobinuria and leukocyto-
sis). As a matter of fact if the affected area is limited
(such as toes) pain will be easily controlled and the
absence of systemic signs will enable to postpone ampu-
tation to allow maximum development of collateral cir-
culation. The deferring of amputation often enables to
limit it to more peripheral levels compared to the initial
evaluation. Pharmacologic pain control, including the
use of heparin and fibrinolytic agents, may facilitate the
limitation of the necrotic area.

Clinical evaluation of the skin above the frank ische-
mic area, reactivity to stimuli (in diabetic patients eva-
luation can be invalidated by previous neuropathy),
monitoring of diuresis and possible signs of systemic

toxicity (sleepiness, derangement or hallucination),
represent indications to postpone amputation or not,
allowing in this way also a more thorough evaluation of
vascular reconstruction, that will enable to limitation of
the amputation area or even limb salvage.

Progressive chronic ischemia

Patients with rest pain, non-healing skin lesions or
ulceration and gangrene may be considered at an
advanced stage of the chronic pathology and progressi-
ve atherosclerotic disease, and are mostly evaluated to
attempt revascularization. They are mainly diabetic
patients and symptom onset often occurs in a very
advanced stage of the pathology (diabetic neuropathy
that delays awareness of ulceration especially at those
pressure points such as heel, malleolus etc.) (6). In gene-
ral, they are patients who are already under medical
control and the progression of some pathologic stages
is subdued by narcotic, antiaggregant, fibrinolytic and
anticoagulant therapy to properly evaluate and prepare
the patient for revascularization or amputation procedu-
re. Evaluation must allow for combined pathologies (dia-
betes, bronchopulmonary disease, etc.), and organ
dysfunctions (cardiomyopathies, renal insufficiency, etc.)
(7). Instrumental evaluation by means of preoperative
angiography that evaluates the abdominal aorta circle
down to the pedal arches is mandatory. If the profunda
femoris artery is patent distal revascularization might be
attempted. Though there is continuing controversy on
revascularization it is the author’s opinion that distal
revascularization should always be tried if general and
local conditions of the patient make it possible, espe-
cially as the patient is ambulatory in the preoperative
phase. Against it there is the opinion mutual to those
who are interested in limb salvage that an unsuccessful
revascularization certainly leads to a higher level of
amputation because of the thrombosis of previous
patent vessels, alteration of the collateral vessels and/or
onset of infection.

Gangrene complicated by infection

The association of infection to necrosis represents a
clinical aspect to be carefully evaluated for possible reva-
scularization. The change of dry necrosis, that perhaps
is distal, into a wet necrosis, must modify the physicia-
n’s attitude, especially in a diabetic patient (8) because
the treatment of such modified clinical aspect might
become a limb- and life-threathening emergency. The
attempt to treat a wet necrosis by means of antibiotic
therapy especially in the initial phase, possibly on cultu-
re basis and surgical debridement, results often unsuc-
cessful, above all in diabetic patients, who represent the
majority. A careful monitoring of the patient including
evaluation of the arterial flow, of immunitary response
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to infection (9), of extension of the signs of infection
and/or systemic toxicity, must be associated to the eva-
luation of the used antibiotic therapy, with the aim of
promptly evaluate the adequacy of an emergency ampu-
tation to eliminate the infection and allow the drainage
of the contaminated area, which leads to a two-stage
surgical approach decreasing infection rate from 22 to
3%.

Amputation level selection

The purpose of amputation level selection is to
determine the most distal area, fit to heal (10-11-12).
The requirements for this are that:

1. the amputation removes alla necrotic tissue, pain
and the possibile associated infective process;

2. the amputation stump must be fitted with the pro-
sthesis without pain and ulcerative contact lesions;

3. the vascularization of the amputation stump must be
optimal to allow effective and lasting healing.

Proper determination of amputation level is of criti-
cal importance because if right:

- allows immediate fitting of prosthesis;

- enables to early rehabilitation;

- avoids further surgery burdened by an increase in
morbidity and mortality rate.

The chance of mantaining the knee articulation ena-
bles an effective rehabilitation (13). In fact, to ambulate
with a below-knee amputated limb requires an energy
increase of 10-40% more than to ambulate on two
limbs, whereas walking on an above-.knee prosthesis
requires a 50 to 70% increase in energy expenditure.
This consideration explains why in geriatric patients,
often affected by coronary artery and/or bronchopul-
monary disease, rehabilitation can achieve effective
results only if it requires small efforts.

The evaluation of blood supply in the amputation
stump is mandatory for amputation level determination.
None of the available selection means (clinical evalua-
tion, doppler, arteriography, oxygen tension, etc.) (14-
15) has been showed to be fully effective, with a 10-
20% revision percentage for below-knee stumps and
25% for above-knee stumps. Consequently there is a
need for particularly sensitive preoperative diagnostic
methods. Among these photoplethysmography and
partial transcutaneous oxigen pressure have shown a
predictability of approximately 100% for the amputa-
tion of toes and feet. For below-knee amputation level
determination systolic pressure measurement (never less
than 60 mmHg) by means of doppler at different levels
(heel, calf and thigh) resulted reliable.

In short we can assert that for the amputation level
determination, in those cases in which it is not possible
to attempt revascularization, the use of diagnostic tech-

niques is mandatory, when possibile, but it must be any-
way preceded by clinical judgement measuring palpable
arterial pulse, skin temperature along the whole invol-
ved limb and eventual variations, draining capability of
the venous circulation, presence of colour alterations, as
well as presence of infection or diabetes, besides the
evaluation of patients'general condition with regard to
the possibility of prosthesis fitting (cardiopathy, bron-
chopulmonary disease, dementia, previous amputa-
tions, etc.) (16) to achieve a stump that can heal prima-
rily, without pain and capable of early prosthesis fitting.

Follow we shortly describe the amputation levels of
interest for patients with obliterans vascular disease,
which enable the effective prosthetic fitting. Therefore,
we omit the description of Chopart’s, Lisfranck’s and
Boyd's amputations that are fraught with controversies
for healing problems, prosthetic fitting and statics.

Toe amputation

It represents the most frequent peripheral amputa-
tion, especially in diabetic patients (17).

In the case of dry necrosis the surgeon is allowed to
await for the natural toe ablation with natural stump
healing. Indications for surgery are wet necrosis, infec-
tion, ulceration and secondary osteomyelitis.

Palpable pedal pulses guarantee about 98% of suc-
cessful amputation, which, instead, must be vanished in
the case of cellulitis of the forefoot, that is a sign of
spread of the infective process.

The amputation of single toe should never be per-
formed by disarticulation but through transection of the
proximal phalanx, leaving a small piece of bone to pro-
tect the metatarsal head. Amputations through the
metatarsophalangeal joint or interphalangeal joint must
be avoided for the avascular nature of cartilage which
might cause healing failure and infections. The skin flap,
which must never undergo a trauma, can be of different
shapes, but it must be long enough to cover the bone
stump without tension.

Generally this amputation surgery does not require
prosthetic fitting and rehabilitation rate is 100%.

Metatarsal amputation or ray amputation

Ray amputation is indicated when cutaneous lesions
include the metatarsal head, hazarding healing. Such
amputation is contraindicated when the ischemic lesion
involves multiple toes or the first toe, because it leaves
an unstable stump inadequate to ambulation without
proper shoe orthotics. Performing the “blade™ incision
the surgeon must carefully avoid to injure the artery and
the digital nerves. After removal of the ischemic area a
thorough hemostasis must be performed and if there is
a doubt of infection the wound can be left open and irri-
gated with antibiotic solution.
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FIGURE 1a, b, ¢
Toe amputation

Transmetatarsal amputation

This amputation surgery is indicated when the ische-
mic process and/or infection involve the base of the first
toe or multiple toes, or when the process has extended
past the metatarsal heads (18-19). It is contraindicated
when the infective process has massively compromised
plantar skin. The skin incision is designed to obtain a
wide plantar flap. All metatarsal heads are removed,
leaving the musculature attached to the plantar flap. A
careful hemostasis avoids dehiscence that may seriously
jeopardize the amputation level. The use of a closed
drainage system is suggested whereas bone wax must
not be used to avoid foreign body reaction or infections.
Stump dressing must prevent edema and control possi-
ble trauma. Therefore ambulation is delayed (4-6
weeks). Disability is minimal and the prosthetic fitting
fairly easy. Though this amputation is fraught with a
considerable percentage of stump complication.

Syme’s amputation

This amputation, described by Syme in 1843, still
plays its role if some technical details are observed. It is
indicated when the lesion forbids transmetatarsal ampu-
tation, but it is contraindicated when the necrosis pro-
cess involves the heel or if the skin alterations extend on
the ankle, such as in diabetic patients with neurophatic
foot (loss of heel sensation). When the posterior tibial
artery is palpable, its preservation becomes mandatory
as to the success of amputation which is anyway around
75% of cases.

Dissection of the heel represents the most difficult
step of the surgical procedure since great attention must
be payed during dissection of the bony surface to avoid
damages to the subcutaneous heel tissue, to the poste-
rior tibial artery and prevent injury to the posterior skin
should Achilles’ tendon be transected instead of being

FIGURE 2
Transmetatarsal amputation
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anchored to the tibia. The procedure can be performed
in two stages as well (resection of the malleoli after hea-
ling) to reduce the risks. The stump resulting from this
amputation is extremely stable. For external ambulation
a prosthetic fitting is essential, but the energy expendi-
ture required to ambulate is 10% above normal.

FIGURE 3
Syme’s amputation

Below-knee amputation

This is the most common amputation level perfor-
med when the ischemic and/or infective processes do
not allow more distal amputations (20). If the amputation
level is selected according to the previous described para-
meters we can expect a success rate of approximately
94%. It is contraindicated when the wound tissue is 4-5
cm below tibial tuberosity, when flexion contracture (in
the case of patients who are bedridden for long periods)
is greater than 20 degrees, when also the profunda
femoris artery is occluded and in those patients with pre-
vious stroke or neurologic disease, in whom muscle spa-
sticity might preclude prosthethic rehabilitation.

Among the surgical technique elements that have
drastically decreased failure rates we have to consider
the control of infection (possibility of preventive distal
amputation), the long muscolo-cutaneous posterior flap
(8-10 cm more than anterior flap) and the use of a rigid
dressing incorporating the articulation to avoid flexion
contracture during the immediate postoperative period.
For a good prosthetic fitting it is important that the
stump is not inferior than 5 cm below the tibial tubero-
sity. Long hospitalization and protracted rehabilitation
are required for this type of amputation. For this rea-
sons its cost is very high and therefore the evaluation of

the efficacy of this amputation level must be made on
the grounds of a potential rehabilitation and prosthetic
fitting, taking also into consideration that ambulation
with a below-knee prosthesis entails an increased
energy expenditure of 40-60% compared to normal
ambulation. Also for these reasons rehabilitation must
be early and intensive, to achieve good results of pro-
sthetic fitting at 6-8 weeks, such as to climb stairs and
overcome other obstacles.

Above-knee amputation

Often amputation represents the treatment of choi-
ce for life salvage, above all at this level of amputation
that boasts a healing success superior to 90%, though
the preservation of functionality of the knee articulation
must always be taken into consideration (21-22). The
patients undergoing above-knee amputation are fre-
quently elderly and they present multiple combined
pathologies. Therefore, in order to achieve satisfying
results, the surgeon must be careful about the patient’s
treatment on the whole. The indication for this amputa-
tion is given by the inadequate vascularization at the
level of the thigh and by the patients’s bad general con-
ditions which do not support the preservation of the
knee articulation. This amputation level is certainly con-
traindicated for the patients in whom the infective pro-
cess has involved the thigh and the hip. Other contrain-
dications are represented by the absence of femoral
groin pulsatility and by the obstruction of the superficial
femoris artery combined with close stenosis of the
homolateral profunda femoris artery; in these cases if
the patient’s general conditions make it possible, it is
mandatory to attempt an improvement of the femoral
circulation system at the site of the bifurcation (angio-
plasty, stent, cross-over by-pass, etc.).

This amputation counts on three levels of amputa-
tion, but certainly the longer is the amputation the more
likely will be the possibility of prosthetic fitting, also
because it prevents the flexion contracture at the site of
the hip.

The use of electrocautery for the division of the
muscles is not to be banished but the vessel ligature
must be performed with accuracy. If the hemostasis is
sufficient there is no need for drainage. Prophylaxis for
deep venous thrombosis must always be established.

Unfortunately this level of amputation is burdened by
a low percentage of prosthetic fittings; in fact, if around
80% of the patients undergoing uni- or bilateral below-
knee amputation are able to ambulate with a prosthesis,
only 50% of the unilateral above-knee amputees can
ambulate with a prosthesis, also because of the enor-
mous energy requirement increased 90-120% compa-
red with normal ambulation.
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Early complications

Pain

The literature reports that the incidence of stump
pain and phantom limb pain ranges from 5 to 70%.
This variability is given by an uncorrect, delayed and
non-intensive rehabilitation; in fact, the best results have
been achieved by those physicians who have established
for their amputees adequate multidisciplinary pro-
gramms.

Stump infection

The incidence of stump infection ranges from 12 to
28% in the major amputations; it is connected with the
preexisting conditions of the patient and therefore it is
important to provide a wide curettage of the infected tis-
sues and to establish an appropriate and prolonged
antibiotic therapy, as well as to perform a drainage
amputation prior to definitive amputation. Stump infec-
tion may result as a consequence of postoperative
hematomas, therefore hemostasis in amputation sur-
gery represents a basic stage and the vessels must be
ligated all separately.

Dehiscence

Dehiscence of an amputation must be prevented
because it results in more than 90% of the cases in an
amputation at a higher level. Nonhealing incidence ran-
ges from 3 to 28% and is mainly due to inadequate
vascularization, inadequate intraoperative handling of
tissues, postoperative hematomas, infection.

L

FIGURE 4

Three most common levels
of above-knee amputation

Flexion contracture

This complication may cause the failure of a perfect
prosthetic fitting. It may easily occur in elderly patients
and it becomes rapidly irreversible. To avoid this com-
plication it is important that the stump is long enough to
hinder the flexion, as well as to use in the immediate
postoperative period a rigid device which can obstacle it
(splint, rigid dressing, etc.) and to begin a passive reha-
bilitation activity in the immediate postoperative period.

Death

The incidence of postoperative mortality after major
amputations, is around 30%, with a considerable
decrease when the evaluation of the amputation level
takes into account the patient’s general conditions.

Nevertheless the death rate of below-knee amputees
(3-10%) must be differentiated from the death rate of
above-knee amputees (20-40%), considering that two
thirds of all deaths are due to cardiovascular complica-
tions (myocardial infarction, stroke, congestive heart dis-
ease, visceral ischemia, etc.) and furthermore that two
thirds of major amputations are performed on patients
over the age of 75 years.

General complications

Renal insufficiency, mostly due to dishydration in
geriatric patients, to non-monitored antibiotic therapies
and in major amputations following acute ischemia to
untreated myoglobinuria.

Deep venous thrombosis (4-38%) and pulmonary
embolism (1-3%) must be prevented especially in the
postoperative period for major amputations. These
complications are due to prolonged bed stay, to altera-
tion of blood flow for previous revascularization
attempts, blood staunching in the sutured venous bran-
ches during amputation. Prevention must foreseen a
persevering preoperative activity and the monitoring of
the contralateral limb activity (elastic sock, active mobi-
lity) as well as the establishment of a low molecular
weight heparin therapy in the preoperative period.

Long-term complications

Stump revision (2-3%): may occur also after pro-
sthetic fitting for inadequate preparation of the ampu-
tation level or for impaired distribution of the weight.

Contralateral amputation: it has been estimated
that its incidence ranges from 15 to 33% during the 5
years following the loss of a contralateral limb, due to
obliterans vascular pathology which is multifocal and to
chronic smoking addiction.
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and two thirds of these deaths are due to cardiovascular

(1)

@)

(3)

(5)

(6)

@

(8)

9)

(10)

(11)

Death: around one third of the patients submitted to

causes; among the diabetic patients only 40% survive
major amputations die within 5 years after amputation after 5 years.
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CHAPTER 40

The Rehabilitation of Patients with Critical Lower
Limbs Ischemia: Principles of Treatment

Sandro Gentili, Calogero Foti, Alain Rocco,

Vincenzo M. Saraceni, Ignazio Caruso

fter the ischemic heart disease, the peripheral

occlusive arterial disease (PAOD) is one of the

most frequent atherosclerosis complication,

and is an important epidemiologist factor of
disability which is socially and professionally confirmed,
with consequent increase on public sanitary expense.
The PAOD classification, defined from Fontaine in the
4 stages that go from the I asymptomatic to the IV with
trophycs lesions and gangrene, can be simplified, above
all for a proper therapeutic formulation, in 2 stages: the
claudicatio intermittens (the stage not always recognized
in differential diagnosis) and latter the stage of critical
ischemia, whose symptoms are expression of absolute
arterial insufficiency.

Generally, the objective of PAOD treatment are:

1. Autonomy improvement in the stage of the claudi-
catio intermittens;

2. Performance of the risk factor prevention with limi-
tation of the progression of atherosclerotic disease;

3. Limitation of the evolution in critical cronic ischemia
in order to delay the complications and to avoid the
amputation of limb.

The possibilities of therapeutic operation in the
PAOD are represented by the pharmacological therapy,
by the application of a personalized plan of physical the-
rapy, and when is possible, by revascularization surgery.

In particular the indications to the physical theraphy
of the vascular patient are:

1. Improvement of the deambulation by means of the-
rapeutic exercise;

2. Preparation of the patient for surgery partecipation;

3. Improvement of the residual disability after surgery
partecipation;

4. Reeducation of the protesized patient after amputa-
tion;

5. Performance of the strategies for the overcoming of
handicap (Home care).

The rehabilitation of the artheriopatic patient can be
limited or compromised by the following
morbids pictures:

e Serious cardiopathies;

e Serious respiratory insufficiency;

e Motor neurological deficits;

Invalidating poliarthropathies.

The age of the patient does not represent a con-
traindication to the physical training, while smoking it

seriously compromises the possibility to rehabilitation of
the artheriopatic patient. The possible therapeutics pro-
cedures, pharmacoloogical, surgical and physical, must
be complementary to determine a substantial cumulati-
ve effect on the clinical improvement and on the auto-
nomy of the patient in the activities of daily life (ADL).
In this context are summed up the principles of critical
physical treatment in chronic ischemia (the Ill and IV
stage of Fontaine) which, as pointed out, it must be
planned and opportunely set for every single patient.
Infact the pain and the functional impotence tied to the
serious ischemia, the trophycs lesions and the syndrome
from immobilization to which these patients run into,
determine very serious disabilities and handicaps that
can add up to other concomitant pathologies, such as
diabetes, obesities and respiratory disease, which if are
not dealt at the same time in physical participation, can
represent for the old artheriopatic patient, the cause of
death.

We can deduce that the physical plan in chronic cri-
tical ischemia must include the following parameters of
participation:

e Control of the ischemic pain and the trophics lesions
in the hit district;

o carefully dosed therapeutic exercise of the hit limb;

e therapeutic exercise to maintenance of the general
tonotrophism;

e respiratory training of the bronchial fluid water-drai-
nage;

e releasing respiratory training also for anxiolitic
scope;

e instrumental physical therapy use (transcutaneous
electrical nerve stimulation [TENS], magnetic the-
rapy);

o prevention of decubitus and its treatment;

e correct nutritional control for the best tissue state;

e occupational therapy and personal education to the
ergonomics in the ADL.

Therefore physical procedures becomes fundamen-
tal not only for the control of the pain, but also for the
maintenance of the physical functionality that often in
the immobilized old patient can be compromised. In the
patients subordinates to revascularization’s procedures,
a physical protocol based on repeated isotonic thera-
peutic exercise can be put into effect, previewing the
gradual intensification of the workload and interesting

From Critical Lower Limb Ischemia Edited by R Bartolucci, L Battaglia, V D'Andrea, E De Antoni ©2002



430 Critical Lower Limb Ischemia

all the muscular districts of the inferior limbs and the pel-
vic crawler track (contraindicated in these patients the
isometric exercice). It's important to emphasize that,
because of the slow functional impotence caused by the
ischemic pain, it is fundamental to subject these patients
to exercise, in order to recovery of the proprioception
of the river basin and the main fulerums of the inferior
limbs, and to correct static and dynamic posture.

All the active workloads must begin with an advan-
ced intensity not superior to 50% of the maximal possi-
bility of the subject (estimated at the moment of possi-
ble motorial resumption), with a reduced number of
repeated and in the respect of the intervals of compen-
satory rest. Useful, the exercises of respiratory educa-
tion to improve diaphragmatic action and the costal
excursion (together with the mobilization of the shoulder
girdle), and to concur the improvement of the lymph
and venous circulatory, overload from phlebolymphede-
ma. Autogenous techniques or the employement of sit-
ting training for patient’s relax, are often practiced for
the improvement of the performance.

In patients with coronary artery disease and/or cere-
brovascular pathologies, for the control of the chronic
ischemic pain, can be necessary to avoid anesthesiology
with any surgical procedures. In these cases, physical
partecipation is limited to the conservation of autonomy
in the personal ADL, in the attempt to slow down both
the progress of ischemy and the pharmacological the-
rapy.

Therapeutical excercice, facilitated by an adapted
control of the pain, carries out with passive techniques
(posturals exercises declivities and alternated posture,
passive mobilizations and manual) because it is not pos-
sible to execute any training loaded in patient with san-
guimotor lack of balance. The accomplishment of per-
sonalized protocols of limb mobilization allows to main-
tain and, some times, to improve the immobilized ische-
mic trophysm of limb for the pain and the trophyc
lesions, slowing down or preventing the processes of
atrophy from inactivity of the muscular and osteo-arti-
cular structures. With the mobilization of the patient and
exercises of respiratoria reeducation are prevented the
pulmonary and thrombotic complication of the venous
circle, which accelerate negative evolution of ischemic
pathology.

Parallely, the physical therapy can use some
methods (TENS and magnetic fields) to support the con-
trol of the pain and hit the evolution of the disturbance
trophic limb.

The TENS concur to the control of the pain from
deafferentation and allow to induce increments of the
partial oxygen pressure thanks to a vasodilatative effect
on the small peripheral arteries.

The mechanisms of action of these analgesic cur-
rents are reassumed in the control of the nociceptives

afferents by means of the mechanism of gate control
and in activation of the endorphinic system.

The electrodes monotype can be applied locally on
the area of greater pain and along the distance of the
peripheral nerves going back to the spinal zone of ori-
gin. As far the employement of magnetic fields is con-
cerned, the majority of the authors agrees on the impor-
tance of the magnetotherapy in vascular pathology. The
described therapeutics effects in literature regard the
recovery process of atonic ulcers and plagues, thanks to
the influence exercised from the magnetic field on the
differentiation of the primitive mesenchyme cell in fibro-
angioblastic sense.

Therefore, by means of variable magnetic fields the

processes of neoangiogenesis can be favorited, and ulte-
rior improvements are obtained with the hyperemiza-
tion that concur also to the oxygen contribution and to
the reduction of the interstiziale pressure with accelera-
tion of the repair processes. :
In the subjects in which it obtains a positive result with
remission of the rest pain and positive evolution of the
trophyc lesions, the actives therapeutics exercises can
be advised to re-establish the abilities to active move-
ment of limb that, sometimes, also concur to recover
the erected station and the deambulation in atmosphe-
re to domicile. In the cases that unfortunately are mani-
fested resistant to the described treatments, the physical
program becomes conservative and concentrates the
attention on the prevention of the bedsore, to the main-
tenance of the polmonary ventilation and of the nutri-
tional adequacy and to the control of the syndrome from
immobilization. The physical training is oriented to the
preparation of the patient to the amputation of hit limb
and to the psychological support. The choice of pro-
sthesis and orthesis must be taken in consideration
when the ischemic limb is amputated, or when the time
demanded for medical assistance and sheltering beco-
mes an important factor.

In fact the frequent hospitalizations and the status of
exercise’s absence for one year, can represent 20% of
the period of residual life of a patient 70 years old.

The study of Wolfe et al. in 1988 emphasizes that a
corrected physiatric organization concurs with thera-
peutics protocols to the recovery of the autonomy and
that it actively participates to the functional recovery of
the patient, joining its contribution to the other thera-
peutics strategies.

It is famous that the unfavorable evolution of the cri-
tical ischemia is the expression of the presence of exten-
ded arterial disease, not only of the district of primary
lesion but also of the inflow and outflow vessels.

The rehabilitative possibilities in the critical stage of
ischemia are therefore important, becoming a valid sup-
port to the surgical and/or pharmacological treatments,
and conserving the quality of life of the artheriophatic
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patients and exceeding the handicap induced from the
described disability. The optimal outcomes of the physi-
cal therapy occur when the patient and the family have
received the necessary education with the psychologist
and subordinated to training autogenous or other type
of release exercises. The patients must be informed
about the correct use of aid, above all when the patient
is disabled, and the modifications of home environment
like the equalization of sanitary. The patient is educated
to the development of independent ADL and invited to
play therapy that, beyond carrying out anxiolitic action,
concur the conservation of the attentive faculties. In
fact, in the old patient immobility can arise with a reduc-
tion of the concentration, an alteration of the sleep-
waking rhythm and the loss of interest in the main acti-
vities with decline of the cognitive faculties. We empha-

size that the patients with critical leg ischemia does not
differ, under these aspects, from patients with proble-
matic due to the immobility and that the rehabilitative
program must always be guided from the individual
psycho-physical possibilities.

In conclusion it appears superfluous to emphasize
the vastness and importance of physiatric partecipation
in the treatment of critical leg ischemia. As shortly reas-
sumed in this chapter, they are many reason offered by
the rehabilitative medicine for its use with social effect
and cost reduction fighting the disability in complex
patients.

The rehabilitative training must be considered as a
drug and therefore given with a personalized program,
that has the aim of the conservation of the dignity of the
person in the best quality of the life.
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