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Summary

Introduction. Critical limb ischaemia is a form of peripheral artery disease where pa-
tients experience typical chronic ischaemic pain at rest or ischaemic ulcers. Prompt CLI
diagnosis is essential, as the condition means high risk of limb loss, fatal and non-fatal
cardiovascular events, myocardial infarction, and stroke.

Aim. The aim of the study was to compare the results of surgical and endovascular
treatment in patients with critical limb ischaemia.

Material and methods. The study included 120 patients with symptoms of critical limb
ischaemia admitted into and treated at our department in 2010-2012, and then covered
by a 3-year follow-up. Following necessary vascular diagnosis and assessment of their
general condition, patients were determined eligible for surgical treatment: surgery or en-
dovascular treatment. During the follow-up period, the patency of the prosthesis/vessels
and the number of salvaged limbs in given treatment groups were compared.

Results. The majority of patients were found eligible for surgical treatment, either en-
dovascular management or surgery. In 26 patients both methods were combined in one
procedure known as “hybrid procedure”. Both early and late patient outcomes were superior
for surgical (71.4% patency after 3 years) and hybrid (74.4%) intervention as compared to
endovascular therapy (58.2%). Comparing the rate of amputations, in the entire follow-up
period the outcomes of surgical treatment were comparable regardless of the method used.

Conclusions. Vascular intervention in CLI patients is an effective method, allowing to
prevent limb amputation. It is our recommendation that such patients should be treated in
highly specialized vascular surgery centres, and the choice of the method of management
should always be made individually, taking into account both the severity of atheroscle-
rotic lesions and the patient’s overall condition, with the main goal of treatment being the
reduction of amputation and mortality rates in the high-risk group of CLI patients.

Streszczenie

Wstep. Krytyczne niedokrwienie konczyn dolnych jest postacig choroby tetnic obwo-
dowych, opisujaca pacjentow z typowym przewlektym boélem niedokrwiennym wystepu-
jacym u pacjentéw w czasie spoczynku lub pacjentéw z niedokrwiennymi zmianami skor-
nymi. Bardzo wazne jest szybkie zdiagnozowanie CLI, poniewaz oznacza ono wysokie
ryzyko utraty konczyny oraz wystapienia $miertelnych i niezakonczonych zgonem epizo-
doéw naczyniowych, zawatu serca oraz udaru mézgu.

Cel pracy. Celem pracy byto poréwnanie wynikdw leczenia chirurgicznego i wewnatrz-
naczyniowego u chorych z krytycznym niedokrwieniem koriczyn dolnych.

Materiat i metody. Badaniem objeto 120 chorych z objawami krytycznego niedokrwie-
nia konczyn dolnych, ktérych przyjeto i leczono w naszej klinice w latach 2010-2012, a na-
stepnie poddano 3-letniej obserwacji. Po niezbednej diagnostyce naczyniowej i ocenie
stanu ogdlnego chorych kwalifikowano do leczenia zabiegowego: chirurgicznego lub we-
wnatrznaczyniowego. W czasie obserwaciji poréwnywano drozno$¢ protezy/naczynia oraz
ilo$¢ uratowanych konczyn.

Wyniki. Wigkszo$¢ chorych zostata zakwalifikowana do leczenia zabiegowego, we-
wnatrznaczyniowego lub chirurgicznego. U 26 chorych potaczono obie metody leczenia
podczas jednego zabiegu zwanego ,operacjg hybrydowg”. Zarébwno wczesne, jak i pdzne
wyniki co do droznosci naczynia/protezy po zabiegach sg lepsze w przypadku leczenia
chirurgicznego (71,4% droznosci po 3 latach) i ,hybrydowego” (74,3%) w poréwnaniu
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z leczeniem wewnatrznaczyniowym (58,2%). Poréwnujac wskaznik amputaciji, mozemy
stwierdzi¢, ze w catym okresie obserwacji wyniki leczenia zabiegowego sg poréwnywalne
niezaleznie od uzytej metody.

Whioski. Leczenie zabiegowe chorych z CLI jest metoda skuteczng, pozwalajacg na
uratowanie konczyny przed amputacja. Sugerujemy, ze chorzy ci powinni by¢ leczeni
w wysokospecijalistycznych o$rodkach chirurgii naczyniowej, a kwalifikacja co do sposo-
bu postepowania powinna by¢ zawsze indywidualna i uwzglednia¢ zaréwno stopien za-
awansowania zmian miazdzycowych, jak i ogélna kondycje zdrowotng chorego, a najwaz-
niejszym celem leczenia powinno by¢ zmniejszenie odsetka amputacji i zgonéw w grupie
wysokiego ryzyka, jaka sg chorzy z CLI.

INTRODUCTION

Critical limb ischaemia is a form of peripheral artery
disease affecting patients with typical chronic ischaemic
pain at rest or with ischaemic ulcers or gangrene. CLI
should only be used to describe patients with chronic
ischaemia, defined as symptoms lasting for a period lon-
ger than 2 weeks. CLI is a term that describes patients
with the most advanced form of chronic peripheral arte-
rial disease (PAD) (1, 2). Even though acute limb isch-
aemia may be caused by occlusion of a large vessel, the
majority of CLI cases are due to progressing atheroscle-
rosis. Sometimes, CLI may be the result of Buerger’s
disease or other inflammatory vascular disease.

Prompt CLI diagnosis is crucial, as the condition
is equivalent with a high risk of limb loss and occur-
rence of either fatal or non-fatal cardiovascular events,
myocardial infarction, and ischaemic brain stroke. The
prognosis in CLI patients is far worse than in patients
with intermittent claudication. Observation studies on
CLI patients who are not eligible for revascularization
suggest that one year from the onset of CLI approx-
imately only half of them will have survived without
a major amputation, and some will still sustain rest
pain, gangrene or ulcers (3). Approximately 25% of the
patients will have died, and in 25% a major amputation
will have been necessary. The prognosis in these pa-
tients is largely similar to prognosis in some neoplastic
conditions. CLI diagnosis means vary poor prognosis
in terms of patient survival and limb salvage (4, 5).
The patients require instant modification of risk factors
for the progression of cardiovascular diseases. They
should also receive anti-platelet therapy. For many CLI
patients palliative care is necessary, an important factor
when considering revascularization or amputation (1).

Epidemiology and natural history

Based on reliable results from large prospective clin-
ical studies on the occurrence of CLl, its incidence has
been determined at 220 cases per 1 million citizens,
thus accounting for 1% of all PAD patients. In this pa-
tient group, the risk for cardiovascular diseases is sig-
nificantly increased. In PAD patients the risk for cardiac
ischaemia or heart failure-related mortality is 3-6 times
higher than in the rest of the population (1, 6, 7).

Pathophysiology

Chronic CLI is most commonly caused by atheroscle-
rosis of peripheral arteries associated with old age, hyper-
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tension, hypercholesterolemia. Separately or combined,
these risk factors contribute to aggravation of PAD symp-
toms from intermittent claudication to CLI. Other causes
of CLI include arterial embolism formed by atheroscle-
rotic plaques, vascular inflammation, popliteal artery en-
trapment, and injuries. CLI is a condition characterized by
severely deteriorated blood flow in the limb, resulting in
nutrient deficiency in the relevant tissues. Atherosclerosis
in the lower limb is typically located in the distal end of
the femoral superficial artery and in the region where it
descends into the popliteal artery (8, 9). As atherosclero-
sis progresses, the lesions are propagated in the proxi-
mal direction with simultaneously occurring stenosis and
occlusions of the arteries of the calf and subsequently
the external iliac artery and the common iliac artery. Isch-
aemic symptoms depend not only on the length of the
involved arterial region and the location, but also on the
formation of collateral circulation. In CLI patients the pa-
tency of the arteries is substantially impaired, with com-
mon concomitant multilevel stenoses or occlusions. The
presence of multilevel lesions in the arteries combined
with functional and structural changes in microcirculation
results in diminished tissue perfusion that may lead to
ulceration and necrotic lesions. On the level of microcir-
culation, epithelial damage and dysfunction occur, facili-
tating CLI progression by excessive decrease of vascular
perfusion and propagation of conditions destabilizing
atherosclerotic plaques and increasing embolic response
to plaque rupture. Inflammation and thrombosis result in
progressing tissue damage, increased capillary permea-
bility and oedema (1, 4, 10).

The presence of distal stenoses increases the fre-
quency of amputations and the risk of chronic CLI (11).

Diagnostic methods

The diagnostics in CLI patients must be prompt, as
adequate therapy timing affects treatment success.
It should entail both imaging of the vascular system to
determine the character and the severity of atheroscle-
rotic lesions, and necessary diagnostics of concomi-
tant diseases. Evaluation of the cardiovascular system,
diabetes and renal function are key, hence imaging ex-
aminations (cardiac echo, chest radiograph), and nec-
essary consultations by various specialists (cardiolo-
gist, nephrologist, diabetologist, neurologist) (2, 12).

The clinical picture is not sufficient for CLI diagnosis
which requires also confirmation of atherosclerosis of
peripheral arteries as the main cause of rest pain, ul-
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ceration or limb gangrene. For this purpose ankle-bra-
chial index (ABI) or toe-brachial index (TBI) calculation
is required, along with measurement of intracutaneous
oxygen partial pressure, and relevant imaging tests.
Atherosclerosis may be demonstrated by US (colour
duplex, Doppler), angiography, CTA, and MRA (13-15).
At present, instead of classic angiography or to limit
the extent of this test in patients with limb ischaemia,
US, CTA or MRA are increasingly often utilized. In most
cases, owing to an earlier duplex Doppler evaluation,
both the location and the severity of atherosclerotic le-
sions are known, with only their morphology remain-
ing unknown. In practice, imaging frequently begins
with an ultrasound test, as it is non-invasive, allows to
determine the character of the lesions, may be done
quickly, and facilitates faster introduction of treatment.
Based on an US scan, it is oftentimes possible to plan
adequate therapy, particularly in patients who have
counter-indications for imaging tests with contrast
agents (renal insufficiency, allergic response). Even
though this technique is the most useful for evaluat-
ing lesions located in the superficial femoral artery, it
has been also shown to detect lesions in arteries in the
calves, feet, as well as the aortoiliac region (7, 14-16).
If the revascularization procedure is to be performed
in a CLI patient, CTA is indicated. As it utilizes a con-
trast agent, it is an invasive test, associated with an
additional risk of complications upon its administration.
The exam is especially important in the case of multi-
level lesions in the region of the femoral artery and ar-
teries in the calf, responsible for CLI. It also important to
note that the patient after receiving the contrast during
a diagnostic procedure, may within a short period of
time be treated with endovascular therapy also utilizing
radiocontrast, which may additionally contribute to the
occurrence of post-contrast renal insufficiency (17).

Management

The main objectives of CLI management include: re-
duction of ischaemic pain, treatment of neuroischaemic
ulcerations, preventing amputation, improvement of the
patient’s overall functioning, quality of life, and survival
time. The primary aim of the therapy, therefore, is to ex-
tend the patient’s survival time without having to perform
an amputation. For the majority of patients, revascular-
ization at a specialized centre is the most desirable. Oth-
er components of CLI management include pain control,
limiting infection in the ischaemic limb, preventing ath-
erosclerosis progression, and optimizing the function-
ing of the circulatory and respiratory system. For some
CLI patients with severe comorbidities or a very limited
chance for successful revascularization, amputation
may be the appropriate method of treatment. Patients
with CLlI, just like patients with PAD, require efficient con-
trol of risk factors for atherosclerosis (14, 15, 18, 19).

Conservative treatment

Some of the patients with CLI symptoms may not
eligible for surgical or endovascular revascularization

due to severe concomitant diseases or the severity and
extent of atherosclerotic lesions, precluding successful
revascularization. In the course of conservative therapy
of such patients, it is essential to identify all the comor-
bidities (especially cardiovascular diseases and diabe-
tes), and institute adequate treatment (8, 14-17).

SURGICAL TREATMENT: REVASCULARIZATION
OR PRIMARY AMPUTATION?

The best method of preserving a limb in CLI patients
without counter-indications is revascularization with
surgical or endovascular means. According to a large
meta-analysis, in CLI patients who had a vascular graft
planted below the inguinal ligament, within 5 years’
time 63% primary patency and 71% secondary patency
of the graft was achieved, and in 78% patients the limb
was salvaged. However, such results were achieved in
centres specializing in CLI management (18).

Currently, there is a debate over the strategy for
surgical treatment, comparing endovascular proce-
dure and surgical bypass procedure with or without
thromboendarterectomy. According to the TASC I
guidelines for the management of PAD, open surgery
is the method of choice in patients with D lesions (2).
For the remaining groups, endovascular treatment is
preferable or considered possible. It is nonetheless
worth noting that the document was created in 2007,
with new techniques of endovascular treatment of ath-
erosclerotic lesions in lower limbs both in the region
below and above the inguinal ligament having since
then been developed, and old ones improved (8, 19).
The supporters of open surgery particularly point out
the largely superior results of long-term graft patency
and the good clinical outcome, while the supporters of
endovascular therapy highlight the higher periopera-
tive mortality of open surgery with a similar outcome in
terms of limb salvage (20-22).

The success of surgical management, be it endovas-
cular procedure or open surgery, largely relies on good
blood inflow and outflow into patent arteries below the
intervention site. In CLI patients this relationship is espe-
cially clear, yet difficult to obtain (9). Considering that in
this group of patients multilevel lesions are at stake, ad-
equate procedure planning is key. It is crucial that that
the chosen procedure facilitates improved flow on all the
levels of the limb’s vascular system. Prior to endovas-
cular treatment of the superficial femoral artery, patients
should be evaluated for the severity of the lesions present
in the arteries of the calf. In some cases it is necessary,
following removal of occlusion within the femoral artery,
to perform angioplasty of the arteries of the calf, aimed
at obtaining satisfactory patency of at least two arteries.
Restoring patency of the arteries of the calf frequently
seems essential to prevent leg amputation (21,23).

AIM

The aim of the study was the comparison of the
outcomes of open surgery and endovascular manage-
ment in CLI patients.
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MATERIAL AND METHODS

The study covered 120 patients with CLI symptoms,
admitted into and treated at the Department of Vascular
Surgery of the Centre for Medical Postgraduate Educa-
tion in 2010-2012, who were subsequently followed up
for 3 years. The study included all the patients admitted
into our department at that time, whereas the final anal-
ysis covers only the followed-up patients. Patients with
acute limb ischaemia were not enrolled for the study.

The majority of patients with CLI symptoms were
admitted either on an emergency basis or referred as
urgent by the Vascular Outpatient Centre. As a prior-
ity, the patients underwent prompt necessary vascu-
lar diagnostics and overall health evaluation to as-
sess the perioperative risk and to facilitate optimal
preoperative management. The key elements were
considered to be evaluation of current circulatory
function (insufficiency, hypertension), renal function,
and blood glucose level. Necessary accessory inves-
tigations were also performed on an emergency ba-
sis, including echocardiography, ECG, and chest ra-
diography, and the patients were consulted by other
specialists, such as the cardiologist, diabetologist, or
neurologist, as required.

The evaluation of the cardiovascular system com-
prised US and invasive imaging (CTA, MRA). The US
scan included lower limb arteries but also carotid ar-
teries. Even though a thorough US assessment of the
entire lower limb’s vascular system is feasible, in our
study US modality most frequently served as the start-
ing point, facilitating confirmation of the clinical diagno-
sis of ischaemia due to arterial stenosis or occlusion.
In isolated cases, the diagnostics relied solely on the
US scan, primarily in the patients with counter-indica-
tions for invasive tests, such as allergy to the contrast
agent or renal insufficiency, or when the unambiguous
result of the US scan did not call for any further details.
Invasive examinations such as CTA or, less frequently,
MRA were also performed as emergency tests, typi-
cally on the day of the admission.

Admitting patients with CLI symptoms on the
emergency basis, and the prompt vascular diagnos-
tics and evaluation of overall patient’s condition al-
lowed to get the majority of patients ready for the
surgical intervention within 1-2 days from the date
of their respective admission. The decision on how
to proceed included the following available op-
tions: conservative management, palliative manage-
ment (chemical sympathectomy), or surgical man-
agement, such as amputation and endovascular or
surgical revascularization.

RESULTS

The final analysis covered 120 patients treated for
CLI symptoms at our clinic. The patients were found to
commonly reveal multiple risk factors for atherosclero-
sis. The most common ones were many-year history of
smoking, arterial hypertension, cholesterol metabolism
disorders, old age, and diabetes (tab. 1).
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Tab. 1. Characteristics of the studied group

. . Studied group
Characteristics of the studied group (N = 120)
Sex

female 54 (45%)

male 66 (55%)
Age

(min, max) (45, 88)

mean (SD) 67 (9.4)
Age > 67 66 (55%)
Smoking 80 (67%)
Overweight 46 (38%)
Hypertension 64 (38%)
Diabetes 46 (38%)
Renal insufficiency 34 (28%)
Myocardial infarction 82 (68%)
Total cholesterol

(min, max) (156, 330)

mean (SD) 211.2 (39.2)
Total cholesterol > 200 60 (50%)
LDL

(min, max) (78, 258)

mean (SD) 158.9 (50.1)
LDL > 135 72 (60%)
HDL

(min, max) (30, 74)

mean (SD) 45 (8.5)
TG

(min, max) (78, 330)

mean (SD) 167.0 (60.1)

The majority of patients were admitted for treatment on
an emergency basis, hence the waiting time for imaging
diagnostics and preoperative patient management time
were relatively short (3 days on average). The large ma-
jority of the patients were found eligible for the surgical
therapy, either endovascular procedure or open surgery.
In 26 patients the two methods were combined in one pro-
cedure known as “hybrid surgery” (tab. 2).

Tab. 2. Characteristics of the course of management in the stu-
died group

Diagnostics and treatment in the Studied group
studied group (N = 120)
Admission
emergency 86 (72%)
scheduled 34 (28%)
Diagnostics
US only 16 (13%)
CTA/MRA 18 (15%)
US + CTA/MRA 96 (80%)
Waiting time for the decision on the
management method
(min, max) (0, 14)
mean (SD) 3.1 (9.6)
Treatment
conservative 17 (14%)
intervention 103 (86%)
surgery 32 (27%)
endovascular 38 (32%)
hybrid 26 (22%)
primary amputation 7 (6%)
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When comparing the surgical treatment outcomes,
it should be noted that both early and late outcomes
in respect of vessel/prosthesis patency following the
treatment are superior for surgical treatment (71.4%
patency at 3 years) and “hybrid” (74.3%) as compared
to endovascular treatment (58.2%). Yet, when compar-
ing the crucial aspect from the patient’s perspective,
i.e. the amputation rate, the outcomes throughout the
follow-up period are comparable regardless of the
management method adopted (tab. 3).

Tab. 3. Outcomes of surgical treatment

Outcomes At 1 month

Vessel/draft

patency
endovascular
surgery
hybrid

At 1 year At 3 years

58.2%
71.4%
74.3%

77.4%
98.3%
93.6%

66.3%
80.2%
82.3%

No amputation
endovascular
surgery
hybrid

82.5%
82.1%
79.6%

94.4%
96.3%
95.8%

87.1%
87.3%
84.3%

In the group of patients not found eligible for surgical
treatment, 9 primary amputations (53% of the patients
receiving conservative treatment) were performed,
whereas in the 3-year follow-up period, amputations in
6 more patients were necessary.

DISCUSSION

According to the current guidelines on the surgical
management of patients with lower limb atherosclero-
sis, in the case of stenoses and shorter occlusions en-
dovascular management is recommended or favoured,
whereas for longer occlusions of the superficial femo-
ral artery (TASC Il C and D lesions) surgical treatment
is recommended or favoured (femoral-popliteal graft).
TASC Il document, published in 2007, is largely based
on studies no longer up-to-date and not taking into ac-
count the current progress both in the endovascular
procedures and the materials used for balloons, stents
and stent-grafts (). Since that time, the number of en-
dovascular interventions in the femoral-popliteal re-
gion has increased dramatically, and according to the
current literature of the subject so has the number of
endovascular interventions in this region performed to
treat longer occlusions (7, 24-26).

The stents now used in the femoral-popliteal region
are self-expanding open-cell design ones made of ni-
tinol (nickel titanium alloy). Owing to their construc-
tion and characteristics, they are best suited to the
conditions inside the superficial femoral and popliteal
arteries. As the only ones of the arteries of the low-
er limb, these arteries are exposed to a considerable
deal of flexing, twisting and expanding (Il). Despite
the fact that in such conditions it is self-expanding
stents that are the most preferable, practitioners avoid
placing them in the popliteal fossa. The effectiveness
of self-expanding stents in the femoral-popliteal re-
gion has been proven in numerous clinical stud-
ies (12-16, 20-24).

The results of endovascular treatment in the femo-
ral-popliteal region, especially for longer occlusions,
are comparable with the surgical outcomes. The fem-
oral-popliteal graft in such patients is the treatment of
choice or the recommended treatment (26, 27).

When applying this method of treatment, it must
be remembered that numerous clinical studies con-
firm a significant difference in the draft patency time
depending on the type of material used for the pros-
thesis (28, 29). A meta-analysis comprising 75 clinical
trials suggests that a femoral-popliteal bypass made
from the great saphenous vein remains patent signifi-
cantly longer than a PTFE bypass. Additionally, this dif-
ference is even more pronounced to the vein bypass’s
advantage in patients treated for CLI symptoms.

The evaluation of the degree of artery patency fol-
lowing a given course of treatment is very important,
yet the its efficiency in terms of limb salvaging is even
more so. According to our results, the percentage of
salvaged limbs is higher than the percentage of pat-
ent arteries following a given type of procedure. This is
consistent with observations by other authors. This is
likely linked to the fact that when the blood supply is re-
stored to the calf even temporarily, it aids the develop-
ment of collateral circulation in this area, thus allowing
longer limb survival (30-32).

The results we obtained are comparable with the re-
sults achieved by other vascular surgery centres. They
are, however, superior to those achieved on a global
scale in patients treated for CLI, and published in the
TASC Il document. This refers both to the vessel/pros-
thesis patency following revascularization procedures,
and limb survival and patient mortality rates throughout
the entire follow-up period (33). This is primarily due
to treatment at a specialized vascular surgery centre
and the comprehensive approach taken to the multiple
diseases affecting this group of patients.

CONCLUSIONS

Surgical management in CLI patients is an effec-
tive method, allowing to prevent limb amputation.
However, the positive outcome is largely influenced
by prompt institution of comprehensive therapy of
concomitant diseases followed by immediate re-
vascularization. When comparing the results of sur-
gical and endovascular therapies, it can be seen
that the larger artery/graft patency rate following
surgical removal of stenosis or vascular bypass-
es does not translate into a larger percentage of
limbs salvaged. Based on the available literature
and our study results, it appears that endovascu-
lar management compared with open surgery or
with a “hybrid” combination of the above are char-
acterized by similar outcomes at 3 years from the
onset of the therapy. At present, no current de-
tailed guidelines on the surgical management of
LCI patients exist, hence our recommendation that
such patients should be treated in highly special-
ized centres of vascular surgery, and the decision
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concerning the course of management should al-
ways be individually made, based on the severity
of atherosclerotic lesions and the overall patient’s

condition. The main objective of treatment should
always be reducing amputation and mortality rates
in the high-risk group of CLI patients.
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