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AbsTrAcT 
Arterial structures created in the course of surgical treatment of obliterating atherosclerosis of 

lower limb arteries have a limited time of operation. The functional significance of the deep femo-
ral artery (DFA) and compensatory opportunities for revascularization of limb arteries with lesions 
distal to the inguinal ligament were questions of debate in the scientific literature for a long time.

We have investigated the results of surgical treatment of DFA as the sole recipient in 121 pa-
tients with atherosclerotic lesions of the lower limb vessels. Clinical status analysis showed that 
in the nearest postoperative period the results of DFA reconstruction largely depend on the deep-
femoral-popliteal collateral network functional condition. From this perspective the deepfemo-
ral-popliteal pressure index is a sensitive indicator for the prognostication of reconstructive re-
sults of DFA. The frequency of amputation in further postoperative period significantly decreases 
(1.8 times) at the higher indicators of deepfemoral-popliteal pressure. 

keywords: deep femoral artery (DFA), deep femoral-popliteal pressure index (DPPI), profundoplasty, 
chronical critical ischemia of lower limbs, deepfemoral-poplietal collateral network.

IntroductIon

Chronic obliterating diseases of lower limb ar-
teries (ChODLLA) belong to the most common dis-
eases of the cardiovascular system observed with 
the progressive increase in their frequency, and the 
results of both conservative and operative treatment 
methods are considered to be unsatisfactory. Ac-
cording to some authors the prevalence of 
ChODLLA affects 2-3% of the population as a 
whole [Burleva E., Smirnov O., 1999; Bokeria L., 
Gudkov R., 2004]. Each year, 5-10% of ChODLLA 
patients die from various vascular accidents (isch-
emic heart disease, cerebrovascular disease) that is 
2-4 times higher than similar deaths in the popula-
tion of the same sex and age with no reported 
changes in the peripheral arteries of the lower limbs 
(LL) [Newman A. et al., 1993; Golledge J. et al., 
2000; Akilov Kh. et al., 2003].The lesion of the 
lower limb arteries from the groin to the popliteal 
artery and tibial arteries, as a rule, is clinically man-
ifested as chronic critical ischemia (ChCILL) and 

requires urgent revascularization surgery [Baffour 
R. et al., 1988; Mahler F., 1990; Donldson M. et al., 
1991]. Critical ischemia (CI) occurs in 15-33% of 
patients with atherosclerosis obliterans of LL, and 
annually their number ranges from 500 to 1000 
cases per 1 million population. More than 25% of 
patients with CI require primary amputation.

Arterial structures created during the surgery have 
a limited time of operation. The clinical experience 
shows [Maystrenko D., 2010] that the adequacy of 
arterial reconstruction and results of surgical treat-
ment are largely dependent on conditions of regional 
hemodynamics, defining not only the fate of the 
limbs, but also the fate of the patient. As to Sir Astley 
Cooper, the functional significance of the deep femo-
ral artery (DFA) and compensatory opportunities for 
revascularization limb arteries with lesions distal to 
the inguinal ligament were questions of debate in the 
scientific literature for a long time [Gray H., 1977]. 
In 1970, G.R. Dunlop called DFA a “natural femoral-
popliteal shunt” [Dunlop G., 1970].

Considering numerous risk factors encountered 
in the form of a distal lesion, the question to re-
duce surgical revascularization of the limb through 
the DFA remains topical. Due to the use of low-
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traumatic surgery on DFA in the most elderly pa-
tients with high operative risk one can succeed to 
save the limb or reduce the level of amputation, 
which is of great social importance.

However, the use of DFA in limb revasculariza-
tion is much debated up to this date [Kazakov Yu. 
et al., 2005; Gubka V. et al., 2010]. There are no 
clear guidelines to the use of DFA as the sole re-
cipient. Advanced intrusions on the DFA with its 
prolonged lesion remain a controversial issue. The 
possibilities of performing endarterectomy from 
DFA and its branches are not fully clarified 
[Dadvani S. et al., 2000; Akhmetov A., 2006]. All 
the above mentioned requires further study of the 
issues of surgical treatment of LL obliterating ath-
erosclerosis (OAS) arteries through incorporation 
into the bloodstream of the DFA.

MaterIal and Methods 
We reviewed the results of surgical treatment of 

121 patients with atherosclerotic lesions of LL ar-
teries. Surgical treatment was conducted in those 
patients using DFA as the sole recipient in the De-
partment of Cardiovascular Ssurgery of “Mikaelyan 
Institute of Surgery” for the period of 1998-2011. At 
the first stage 121 surgeries were conducted in these 
patients; among mentioned in 25 cases both LL 
were simultaneously revascularized. In 18 patients, 
who underwent unilateral reconstruction, the con-
tralateral limb was revascularized at the second 
stage. Thus, by incorporating DFA into the blood-
stream, 164 limbs were revascularized.

In addition to physical examination, laboratory 
studies and basic instrumental techniques, the fol-
lowing was necessarily performed to determine the 
nature and localization of the lesion of the vascular 
bed of LL: Doppler ultrasound (USDG) with the 
measurement of regional blood pressure of  LL, 
with the calculation of ankle-brachial index (ABI) 
and deepfemoral-popliteal pressure index (DPPI), 
as well as Duplex scanning (USDS) of LL vessels. 
To determine the functional abilities of the collat-
eral system and to forecast the outcomes of revascu-
larization via the DFA, C.H. Boren brought forward 
DPPI [Boren C. et al., 1980], which is calculated on 
the basis of Doppler ultrasound using the formula:

DPPI= AK - BK/AK,
where the AK is the value of regional systolic blood 
pressure in the arteries above and BK below the 

knee. When saving the patency of the popliteal and 
tibial arteries, the value of this indicator is in the 
range of 0.2-0.3, while in case of the occlusion of 
the arteries, it increases markedly. A value above 
0.4 indicates DPPI increase in resistance to the side 
circulatory system and the weaknesses of the func-
tional reserves of DFA [Russian consensus, 2002].

For this study we used continuous-wave USDG 
devices (“SpektraDop3”, France), (“MiniDop”, 
Russia) with 4 and 8 MHz sensors.

 USDS of LL vessels was performed on “Sie-
mens Acuson X300”, with sensors “Convex” (sec-
toral) 2-5 MHz, “Linear” (linear) 5-10 MHz, with 
the possibility of bloodstream color flowmetry.

The obtained data was statistically processed 
using conventional indicators. Data processing 
was carried out using Microsoft Excel 2010 and 
the statistical package StatSoft Statistika 6,0.

results and dIscussIon 
The study identified two groups. Group I (con-

trol) included 81 (49.39%) revascularized limbs. 
In this group before reconstruction DPPI ≤ 0.4. In 
group II (study) of 83 (50.61%) limbs DPPI > 0.4.

It should be noted that the vast majority of pa-
tients in both groups (88.9% and 88%) were over 
50, almost all males, and 2/3 of them having con-
comitant somatic pathology (half of them having a 
combination of two or more). All patients suffered 
from lower limb ischemia of varying severity, 
which was assessed by the classification of Fon-
taine-Pokrovski (Table 1).

TAble 1.
The distribution of the affected limbs in the 

groups according to stages of ischemia

The stages of 
ischemia

Control group
(n=81)

Study group
(n=83)

Abs. % Abs. %
II b 35 43.21 17 20.48
III-IV (ChCILL) 46 56.79 66 79.52

The average values of ABI in the treatment 
groups in the preoperative period were: 0.34±0.07 
in control group and 0.32 ± 0.04 in the study group.

USDS in the two groups produced the following 
results: 
1) All 164 cases had occlusion of the superficial 

femoral artery (SFA); 
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2) The majority of cases (˃ 75%) revealed atheroscle-
rotic stenosis of the common femoral artery (CFA);

 3) Almost 30% of both groups had extended and/or 
hemodynamically significant stenosis of DFA; 

4) 29.6% of control group and 67.5% of the study 
group were diagnosed with multiple occlusive 
lesions of the popliteal artery and tibial arteries. 
Thus, the study group had significantly worse 

condition of the receiving channel, which extremely 
reduced the possibility of distal reconstructions.

Table 2 shows the types and number of DFA in-
terventions in both groups. 

TAble 2.
The number of DFA used in reconstructive 

interventions

Surgical interventions 
Control 

group (n=81)
Study group 

(n=83)

Abs. % Abs. %

Bifurcation aorto-
deep femoral bypass 46 56.79 37 44.58

Unilateral aorto-deep 
femoral bypass 3 3.7 2 2.41

Unilateral iliac-deep 
femoral bypass 9 11.11 12 14.46

Femoro-deep femoral 
crossing ( including 
autovenous) bypass

22 27.16 31 37.35

Subclavia-deep 
femoral extra-
anatomic bypass

1 1.24 1 1.2

TAble 3. 
The degree of changes in clinical status in the 

nearest postoperation period in the 
control and the study groups

The nearest post-
operation changes

The abs. 
quantity Percentage (%)

Control 
group

Study 
group

Control 
group

Study 
group

A moderate 
improvement (+2) 68 53 83.95 63.85

A minimal 
improvement (+1) 7 14 8.65 16.87

No changes (0) 3 6 3.7 7.23

A significant 
deterioration (-3) 3 10 3.7 12.05

Total number 81 83 100 100

The immediate results of revascularization op-
erations were estimated according to standards rec-
ommended by R. Rutherford for evaluation of treat-
ment outcomes in patients with chronic lower limb 
ischemia as approved by the Russian society of an-
giologists and vascular surgeons (2001). The main 
criteria of the scale are the ABI, and the objective 
and subjective indicators of clinical changes. The 
blood supply of all the patients was restored through 
the collateral way; therefore, a significant improve-
ment (+3) was not observed. We did not use slight 
or moderate impairments (-1 and -2 by Rutherford) 
to patients with ChCILL, since any deterioration of 
the blood supply invariably led to the need for am-
putation. The evaluation of results in the analyzed 
groups is presented as Table 3.

The clinical status analysis showed that in the 
nearest postoperative period the results of DFA re-

construction largely depend on deepfemoral-popli-
teal collateral network (DPCN) functional condi-
tion. From this perspective the DPPI is a sensitive 
indicator for the prognostication of reconstructive 
results of DFA. With a low resistance blood flow 
(control group) after the removal of hemodynami-
cally significant obstructions, there is a significant 
improvement in limb blood flow in the DFA (Table 
3). In the group with a good functional state of the 
DPCN (DPPI≤0.4) a more marked clinical im-
provement occurred compared to the group with a 
poor functional state of the DFPCN (DPPI>0.4) 
(study group), where 12.5% impairment was ob-
served (-3 Rutherford).

Postoperative mortality was registered in 11 (9.1%) 
patients because of: 

- myocardial infarction: 7 (5.78%),
- stroke: 1 (0.83%), 
- thrombosis of mesenteric vessels: 1 (0.83%); and 
- other causes: 2 (1.66%). 

After the reconstructive surgery on the aorto-
iliac-femoral segment 9 (10.71%) of 84 patients 
died; at extracavity operations 2 (3.64%) of 55 pa-
tients had lethal outcomes. In the nearest and early 
(up to 30 days) postoperative period different com-
plications were noted in 24 (19.83%) patients. 
Specific complications such as thrombosis and 
bleeding from the area of reconstruction were ob-
served in 3.61% and 1.2%, respectively, and only 
in the study group. Therefore, we can assume that 
in addition to the surgical trauma of the walls of 



45

The New ArmeNiAN medicAl JourNAl, Vol.6 (2012), No 3, p.  42-46 sulTANyAN T.l. et al.

the arteries, the negative receiving channel, and 
the high peripheral resistance also contributed to 
the occurrence of complications.

It was noted that the progression of ischemia in 
patients with ChCILL led to the need for amputa-
tions at various levels. The analysis on percentage 
of amputations in large groups made it clear that 
these indicators significantly differ in the overall 

Figure 3. Dynamics of growth in average ABI.
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Figure 2. The dynamics of the relative amount of saved 
limbs in groups.
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Figure 1. Percent relationship of amputations in 
groups based on the total number (A) and cases 
with ChCILL (B).

structure of the observations and in patients with 
ChCILL (Table 1; Figure 1).

When comparing the frequency of amputations 
in the group (A) at the level of shin and thigh, the 
latter is higher in the study group, almost 3 and 2 
times, respectively. However, if we analyze the 
same indicators among patients with ChCILL (B), 
we obtain much lower values - 2 and 1.4, respec-
tively, due to a high percentage of these patients in 
the study group.

We also analyzed the dynamics of the relative 

tion period (up to 3 years) – Figure 3.
According to the results presented, in the con-

trol group the ABI mean value during the first 
month increased by 58.8%, and in the study group 
by 28.1%. During the first six months the growth 
in the ABI was 5.5% and 14.6%, respectively; dur-
ing the second half of the year it was 3.5% and 
21.7%. During one year ABI increased by 9.26% 
and 36.9%, and during the next two years there 
was some decline: by 0.85% and 0.9%, respec-
tively (average for 1 year). 

 The described increase of ABI is caused by the 
development of LL collateral network from recov-
ery of the main bloodstream in DFA. Further re-
duction of these indicators is likely due to natural 
progressive atherosclerotic process. 

conclusIon 
Discussing the results obtained, we came to the 

following conclusions:
1. The DPPI values are one of the most important 

prognostic criteria in deciding on revasculariza-
tion of limbs through the DFA.

2.  The unfavourable receptive arterial bed and 
high peripheral resistance contribute to the com-
plications of vascular nature.

3. The frequency of amputations in the remote pe-
riod after reconstruction of the DFA is signifi-
cantly reduced (1.8 times) at higher DPPI values.
The highest growth rates were observed for col-

lateral network from the 6th month to the first year 
after surgery, more pronounced in cases with initially 
less developed state of the DFA collateral system.

amount of saved limbs in both groups within 3 
years after surgery (Figure 2).

As obvious, in the control group during the first 
year the degree of saved limbs decreased by 7.44%, 
while in the study group it was by 10.85%. During 
one to three years, the figure was 13.61% and 
12.04%, respectively, i.e. an average of 6.8% and 
6.02% for one year. Thus, the rate of lost limbs per 

year in the control group decreased only by 8.6%, 
and in the study group by 44% or 1.8 times. 

We have studied the dynamics of growth in av-
erage ABI in both groups throughout the observa-
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