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Abstract

Background: Critical limb ischemia, a worldwide prevalent morbidity cause, is mostly secondary to vascular insufficiency due to
atherosclerosis. The disease presents with intermittent claudication, which can progress to critical limb ischemia requiring amputation.
Research has emphasized that the quality or existence of the pedal arch have a direct effect on wound healing and, therefore, on limb
salvage, through the mechanism of collateral vascularization to the ischemic regions.

Objectives: This study aimed to determine the existence and, if present, grade of retrograde blood flow from plantar arch to dorsal foot
artery (dorsalis pedis artery, DPA). The correlation between clinical symptoms and presence of collateral flow were also investigated.
Patients and Methods: Study group consisted of 34 cases, which included patient group (n=17, all male, mean age: 68 years) and control
group (n =17, all male, mean age: 66 years). After physical examination and lower extremity Doppler examination, spectral morphology
of DPA flow was recorded, before and during manual compression of posterior tibial artery (PTA), for a period of 5 seconds. At the end,
findings of Doppler ultrasound, computed tomography angiography, magnetic resonance angiography and, physical examination
finding and symptomatology were gathered and analyzed.

Results: In the patient group, 31 lower limb arteries, of total of 17 cases, were included. After compression maneuver, DPA in 11 cases (six
right, five left) showed retrograde filling from plantar arch. This retrograde flow support was triphasic in three cases, biphasic in five
cases, and monophasic in three cases. In other DPAs of these 20 limbs, PTA based retrograde collateral flow was not determined. In nine of
these 20 limbs, with no or diminished retrograde filling, symptoms were worse than in other cases. Contrarily, only two of 11 limbs, with
retrograde collaterals, have claudication during walking.

Conclusion: In cases with critical atherosclerotic disease of anterior tibial artery, PTA-based biphasic or triphasic retrograde collateral flow
prevents ischemia, whereas monophasic support or no retrograde flow remains incapable.
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1. Background

Critical limb ischemia, a worldwide prevalent morbid-
ity cause, is mostly secondary to vascular insufficiency
due to atherosclerosis (1). Symptomatology is mostly
correlated with grade of atherosclerotic stenosis, in the
infragenicular main crural arterial divisions. This disease
mostly presents with intermittent claudication. In the
final stages, it progresses to limb-threatening ischemia.

Even though medical treatments are promising, when
critical limb ischemia symptoms progress, it is gener-
ally accepted that arterial revascularization is necessary.
However, these surgical procedures become less efficient
when stenosis is closer to the distal part of extremity and,
generally, they are not readily applicable, because of the
high surgical risk or contraindications (2, 3). On the other
hand, newly emerging equipments and endovascular in-

terventional alternatives are promising, as an alternative
to surgical treatment of distal lesions (4-6).

As avery prevalent disease, lower limb atherosclerosis
affects 3% of the entire population and, for the individu-
als over the age of 70, this figure rises to the level of 15%
(7). Intermittent claudication may not be encountered
in all of the cases. Moreover, this symptom does not al-
ways predict the presence or absence of peripheral ar-
terial disease (PAD). Although it is stated that the effect
of blood pressure, weight, and other risk factors may
cause this ambiguity, an objective explanation has not
been provided in the literature. In several studies, it is
emphasized that the quality or existence of the pedal
arch has a direct effect on wound healing and, there-
fore, on limb salvage (7, 8).
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2. Objectives

In this regard, we try to explain the degree of clinical
findings and its relation with the degree of collateral
development from plantar arch to dorsalis pedis artery
(DPA) among cases having foot ischemia.

3. Patients and Methods

Permission was taken from the local institutional ethics
committee, prior to the study. Verbal and written consent
of each patient was taken in advance.

Totally, 34 male cases were included in this examina-
tion. A number of 17 of these cases comprised the patient
group, with the mean age of 68 years. The subjects in the
patient group comprised of patients referred to the Dop-
pler ultrasonography (US) unit of our institution, due
to exercise induced lower limb pain. In every case, mea-
surements were recorded three times. Three cases, which
did not show the same waveform and may cause intrao-
bserver discrepancy, due to variation in collateral flow, or
rare anatomical variation, were excluded from the study.
Among the other 22 cases, who were considered as pa-
tient group after ultrasonography, only 17 cases, whose
current vascular anatomy was evaluated and confirmed
with computed tomography angiography (CTA) or mag-
netic resonance angiography (MRA), were enrolled in the
study [CTA, n =11 and MRA, n = 6; totally 31 lower extremi-
ties]. Consequently, other cases were excluded as they did
not have confirmative CTA or MRA imagery. In these CTAs
and MRAs, 17 of cases showed near critical degree of ste-
nosis (50-70%)in fibular artery (FA), patellar artery (PA),
or anterior tibial artery (ATA) traces, which explains the
symptoms and Doppler findings.

A number of 17 cases (34 lower extremities) were in-
cluded, as healthy control group, with a mean age of 66
years. People were selected to the healthy control group
randomly, among those whose both distal posterior tibi-
al artery (PTA), ATA and DPA flows were homogeneous at
spectral examination and had triphasic patterns.

After the selections, all cases underwent routine physi-
cal exam and lower extremity Doppler examination. The
first intermetatarsal space was evaluated in a detailed
manner during PTA compression test, to show retrograde
collateral blood flow presence. Lower extremity Doppler
US examinations of patient and control groups were
done by the same observer (radiologist with 7 year-US
Doppler experience), with the same device (Siemens ACU-
SON S2000, Siemens Healthcare, Erlangen, Germany),
and under the same conditions (9 L Doppler transducer
and 24 C degree room temperature, supine position).

In this context, by localizing distal DPA and PTA and
placing transducer parallel to the DPA course, through
the first intermetatarsal space, a collateral color filling
of ATA, sourced from the plantar arch, was searched. By
using low pulse repetition frequency (PRF) values (3 - 5
kHz), on triplex screen mode, with free left hand, and at
the same time exact compression that cuts off the flow is

applied to the distal PTA. The color and spectrum changes
that occur on DPA trace were recorded at the level of an-
Kkle, for a period of 5 seconds.

For each examined extremity, in the patient group, all
collected data and the elapsed time for claudication after
walking were correlated. Relation between grade of collat-
eral flow and amount of time, after which claudication be-
gins, was statistically analyzed with Fisher exact test. The
significance level considered in the study was P < 0.05.

4. Results

For the examined 31lower extremities of 17 cases includ-
ed, after compression maneuver, DPA in 11 cases (six right,
five left), showed retrograde filling from plantar arch.
This retrograde flow was triphasic in three cases, bipha-
sic in five cases, and monophasic in three cases. In DPAs
of other cases (n =20 limbs), PTA based retrograde collat-
eral flow was not determined. In this group, in nine cases,
symptoms were worse than other cases. Contrarily, in 11
cases, in which collateral retrograde flow was present,
only two limbs showed claudication and others showed
alonger and painless walking distance.

In the 34 lower extremities of the control group, distal
flow patterns were evaluated, as triphasic before com-
pression maneuver and no post-stenotic flow pattern
was defined. Doppler findings of left foot US of one case
compared with right side and by confirmative CT angiog-
raphy characteristics are shown (Figure 1). After PTA com-
pression, just in one case, unilateral DPA flow showed
monophasic conversion. Flow was not cut off exactly, in
all other cases, and the distal triphasic pattern of the DPA
continued, without any change. This case, only, had no
lower limb symptoms during walking. Claudication was
not observed in any of the cases in control group, too. As
control group contained no cases with claudication, ex-
cept for one case, which showed claudication like symp-
toms, without apparent cause, a correlation between
symptomatology and collateral vessel presence was ob-
served in patient group.

In the light of this information, to summarize more
clearly therelationship between claudication and the pres-
ence of collaterals, in the group of patients with presence
of collateral retrograde flow, two out of 11 lower limbs,
developed pain, in less than 200 meters, although nine pa-
tients, out of 20 collateral free cases, developed pain.

Even though statistical findings were not significant
(P=0.135); this situation was probably related to the low
number of cases. However, the presence of collateral
pathways between PTA-DPA and its correlation with symp-
tomology was apparent and 18% of all patient group had
claudication, when walking 200 meters, however, 45% of
cases, without such anastomosis, had claudication when
walking the same distance. Results of statistical analysis
were thought to be secondary to technical issues. Never-
theless, even if the statistical result was not significant,
we think our data is very useful and convenient.
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Figure 1. Doppler characteristics of left foot ultrasonography of one case compared with right side and by confirmative computed tomography angiogra-
phy findings. A, Normal right dorsalis pedis artery biphasic spectral pattern; B, Abnormal, monophasic left dorsalis pedis artery pattern; C, Thick section
maximum intensity projection (arrows); D, Three dimensional CT angiography (arrows); E, Volume rendered computed tomography images show the
plantar arch support circulation at right side (ellipsoid area); F, High resolution contrast enhanced magnetic resonance angiography shows stenosis of
the distal femoral artery, as the cause of left distal dampened-monophasic flow on Doppler window.

5. Discussion

The prevalence of arterial stenotic disease, in the lower
extremity, reported in studies with larger samples ranged
between 3-10% and over the age of 70, severity of disease
(causing claudication) could increase to 20% in the popu-
lation (2, 3).

In this population, especially cases with diabetes, hyper-
lipidemia or smoking are examined by color Doppler US
of the lower extremity arteries, for screening or for diag-
nosis of arterial disease. With Doppler US, evaluation of
proximal arteries is much easier. Stenosis rates, intimal-
medial complex anatomy and luminal flow patterns
could be assessed more objectively. However, as the cali-
bration of the vessels decreases toward the distal of the
extremity, the spectral window and flow pattern, rather
than lumen and wall anatomy, can be assessed more
clearly on gray scale images (9).

In the literature, numerous studies are available about
lower extremity arterial Doppler US examination and
there are also many researches regarding spectrum in-
formation about examination techniques, calculation of
stenosis degree, and many attempts to correlate differ-
ent measurements types, like ankle-brachial index (ABI).
Generally, sensitivity and specificity values of diagnosing
the etiology of distal cruropedal ischemia have been eval-
uated at around 80% (10, 11).

In our study, we discovered a new useful relationship,
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even in small arteries, which is difficult to assess with
Doppler US. This new method can reveal the etiologic
causes of symptoms and explain the severity of claudi-
cation, with high correlation. In addition, recent trends
have focused excessively on the anatomic extent of the
disease and arteriographic findings, without sufficient
emphasis on the physiologic state of the limb (7).

Being the dominant PTA continuity, the lateral plantar
artery may have branch(es) to the first intermetatarsal
space, which have the potential to communicate with the
distal DPA. Also, the embryological and anatomical rela-
tionship of this collateral pathway, presence or absence
of distal ATA and distal PTA collateral circuit, is well-
known and could be a protective effect from ischemia.
In their study, published in 2006, Attinger et al. stated
that the blood flow to the foot and ankle is redundant,
because the three major arteries feeding the foot have
multiple intraarterial connnections (12). The ‘choke ves-
sels’ described by Taylor and Palmer illustrated a type of
connection between different angiosomes; however, they
also stated that several connections are true anastomo-
ses, without a change in arterial calibre, using the exam-
ple of the connection between the dorsalis pedis and the
PTA to demonstrate this type of anatomosis (13).

In our cases, we have established the relationship be-
tween symptomatology and the spectral window pat-
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tern, after manual short-term occlusion of retrograde
collateral flow, which comes from plantar arch into the
distal DPA via first intermetatarsal space.

Our study has several limitations. The most important is
a limited number of cases, because of not having a confir-
mative CTA or MRA for healthy group. Also, the expressions
of patients were taken into account in claudication symp-
tomatology, while no laboratory examination, body-mass
index, ABI or smoking history were considered. First of all,
because a number of cases will not have these demograph-
ical and clinical data, and they do not have an effect di-
rectly related with our examination results, we preferred
not to turn this apprehensible study into a complicated
one, with these unnecessary data. The limited number of
cases results from the necessity of being examined by CTA
or MRA, in patient group. On the other hand, the healthy
group, to avoid exposing subjects to radiation or intrave-
nous contrast, was not evaluated with cross-sectional ex-
amination. However, if necessary, examinations that were
not requiring contrast administration, like arterial spin
labelling, can be tested in further studies, with broad se-
ries. However, keeping in mind these limitations, as far as
we know, there is no literature on the presence of PTA-DPA
collateral connection. In this examination, the aim was to
estimate presence or absence of collateral flow, and its re-
lation with symptomatology, rather than the possibility of
its relation with demographic findings.

Results of statistical analysis were thought to be second-
ary to technical issues. Nevertheless, even if the statistical
result was not significant, we think our data is very useful
and convenient.

In conclusion, we have seen retrograde collateral flow
from plantar arch to distal DPA quite rarely in the healthy
asymptomatic group, whereas it is more frequent in
people who have atherosclerotic arterial disease. The
existence of this collateral flow has a preventive effect
on ischemia and reduces the presence of claudication.
Therefore, in any Doppler examination of lower limb,
this possible connection between PTA and DPA, via plan-
tar arch, must be inquired in daily clinical routine.
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