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Abstract

Background: Though uncommon, complications of endovascular angioplasty and stenting may have devastating
outcomes that can threaten limb and life. Adequate awareness of these complications will allow to achieve
excellent clinical outcomes.

Results: Endovascular intervention was successful in treatment of most of distal SFA complications with limited use
in flush ostial complications; residual stenosis ≥ 30%, flow-limiting dissection, perforation or rupture; 100% in group
(2) vs 50% in group (1) but thrombosis; 75% of distal SFA lesions were treated endovascularly vs 40% of flush ostial
lesions; X2 = 12.7, P = 0.02. Emergency surgery as a bailout was used for most ostial lesion complications: residual
stenosis ≥ 30%, flow-limiting dissection, and perforation or rupture; 50% in group (1) vs 0% in group (2); X2 = 20.1,
P = 0.01.

Conclusion: Bailout procedures are procedures used to save the limb or the patient. Evolving endovascular
strategies embrace new technologies in an attempt to improve the safety and efficacy of revascularization
procedures for lower extremity arterial occlusive disease.
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Background
As in every therapeutic procedure, endovascular proce-
dures such as angioplasty and stenting carry an inherent
risk of complication to the patient. Though with the
proper training, these complications can usually be suc-
cessfully managed endovascularly, and improper man-
agement may lead to emergency surgery, limb loss,
functional disability, and death. It is paramount that
physician operators have the proper training and ability
to anticipate, recognize, and treat complications as they
arise during endovascular procedures [1].

Randomized data comparing balloon angioplasty to
stenting in the femoral artery appears to show decreased
complications with stent utilization. Complex lesions
such as occlusions, associated with longer procedure
times, and frequent equipment manipulations, may pre-
dispose to higher rates of complication than those seen
in the treatment of simple stenotic lesions [2].
Endovascular treatment options have evolved since the

1990s to become the first-line treatment of lower ex-
tremity occlusive disease in many instances despite a
meta-analysis of superficial femoral artery angioplasty
versus exercise therapy in patients with intermittent
claudication found in similar 3- and 6-month quality of
life outcomes, but improved ankle to brachial index in
those with endovascular intervention [3].
Balloon angioplasty and stents expand the scope of pa-

tients who are eligible for treatment of infrainguinal oc-
clusive disease. Several newer techniques are developing
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that substantially increase the spectrum of treatment op-
tions. Endovascular infrainguinal techniques are most
useful in patients who are poor candidates for open sur-
gery and in those with focal short segment disease [4].
Limb-salvage patients have also shown a higher pro-

cedural complication rate than claudicants. When
endovascular complications do occur, over 86% are
usually evident in the angiographic suite, and almost
all are evident within a 5-h postprocedure. As in all
procedures, it is proper training and anticipation of
the potential for a complication that will be most
likely to prevent it [5].

Acute vascular complications at the endovascular pro-
cedure site include arterial perforation, dissection, throm-
bosis, spasm, side branch occlusion, and equipment
failure. Arterial perforation can occur both at the site of
balloon angioplasty and distally from the guidewire. Per-
foration has been reported in 0–2.3% of patients [6].
Flow-limiting dissections and residual stenoses of 30%

greater occur with an estimated combined frequency of
10%. Endovascular stents have diminished the clinical
impact of even large intimal dissections. Since stents can
effectively treat a dissection, most clinically relevant dis-
sections occur either during guidewire placement or

Fig. 1 Femoral axis. Either a Contralateral retrograde femoral axis with crossover sheath insertion to the left or b Antegrade ipsilateral femoral
axis to the right

Fig. 2 Transpopliteal access
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from unrecognized and untreated dissection after wire
removal [7].
Arterial spasm rarely leads to a serious complica-

tion during angioplasty; however, severe symptoms
of pain may occur. The occurrence of arterial vessel
spasm appears to be more common in younger pa-
tients. Another source of procedural complication is
related to device failure. This includes angioplasty
balloon rupture prior to stent expansion, stent

embolization, guidewire fracture, and catheter frac-
ture [8, 9].
The main aim of this study was to review the results

of bailout procedures during percutaneous transluminal
angioplasty of superficial femoral artery occlusive disease
as regards the disease location in superficial femoral ar-
tery (ostial lesions vs. other segment lesions) and types
of immediate complications (residual stenosis ≥ 30%,
flow-limiting dissection, perforation, or thrombosis).

Fig. 3 a, b Transtibial access were used as bailout procedures

Fig. 4 Bailout procedures for perforation

Abd El-Mabood et al. Egyptian Journal of Radiology and Nuclear Medicine           (2020) 51:51 Page 3 of 13



Methods
Patients undergoing treatment for symptomatic superfi-
cial femoral artery (SFA) occlusive were considered for
inclusion in this study from November 2015 until
September 2017. This is a retrospective study that was
conducted on 30 patients complaining of lower limb
ischemia: Rutherford class 3 to 6 clinically and with
superficial femoral artery occlusive disease TASC II type
A and B lesions.
Patients were distributed into two groups according to

the disease location: group 1: ostial lesions (n = 10) and
group 2: other segment lesions (n = 20). All were studied
for immediate complications that occurred during the
percutaneous transluminal angioplasty of superficial
femoral artery occlusive disease and needed bailout pro-
cedures to save the limb or the patient; these complica-
tions included residual stenosis ≥ 30%, flow-limiting
dissection, perforation or rupture, thrombosis, equip-
ment failure, arterial spasm, or device embolization.
All patients underwent evaluation by complete history

taking then full clinical examination, and preprocedural
investigations included duplex scanning and CT angiog-
raphy before intervention to detect the site and extent of
the disease and the ABI. Evaluation of associated co-
morbidities by ECG or ECHO Doppler was performed.

Bailout procedures
Patients were admitted 1 day before or on the day of the
procedure. All interventions were done in angio suite
(Philips; Allura X per FD 20/722028164) and C-arm

image intensifier with road mapping was used. Patients
were placed in supine position. Both groins were pre-
pared using antiseptic solution povidone iodine (10%).
All interventions were done under local anesthesia (lido-
caine 2%, 3–5 mg/kg) and sometimes combined with
sedation in irritable patients.
The arterial access was planned after reviewing of the

preoperative imaging; The SFA was accessed through ei-
ther antegrade ipsilateral common femoral artery punc-
ture or contralateral retrograde femoral puncture and
performing a crossover technique (Fig. 1). The choice
out of the above options depended on the anatomy and
operator preference. In cases of failure of the previous 2
accesses, retrograde ipsilateral puncture of the popliteal
artery where the patient lies on supine or lateral decubi-
tus position (Fig. 2) or transtibial access were used as
bailout procedures (Fig. 3a, b).
After gaining access, a standard 6F sheath was

inserted, and free arterial flow is allowed to confirm the

Fig. 5 Bailout procedures for thrombosis and dissection

Table 1 Patients’ demographic data

Data Findings

Number (%) Mean ± SD (range)

Age (years) Strata 41–55 11 (36.7%) 46.3 ± 5.2

≥ 55 19 (63.3%) 61.7 ± 6.9

Total 30 (100%)

Gender Females ♀ 10 (33.3%)

Males ♂ 20 (66.7%)

Data are presented as numbers, mean ± SD, and percentages
Fig. 6 Age of the patients
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right position of the sheath. Angiography was done to
confirm data obtained by preoperative investigations and
SFA lesions were identified using nonionic low osmolar
dye diluted to 50% with normal saline. Systemic anticoa-
gulation was given as follows: heparin IV 5000 IU initially
and then 8–10 IU/kg/h and 1000 IU per 500 ml of flush-
ing solution to prevent wires, sheath, and thrombosis.
Crossing the lesion was done by different techniques

and equipment being individualized according to each
case but the standard tools for recanalization of stenosis
and occlusions consisted of a 0.035-inch hydrophilic
guidewires (standard type (Terumo Wire, Terumo) for
stenosis and stiff type (Terumo Wire, Terumo) for CTO
and an angled-tip angiographic catheter (4F or 5F Bern-
stein; Angiodynamic, Soft Vu or vertebral; Medtronic).
Guidewires were used for crossing the lesion translumi-
nal or subintimal.
The proximal occlusion was penetrated and followed

by negotiation to the full extent of the occlusion until
the distal patent lumen. A drilling motion of the guide-
wire was performed to properly penetrate and cross the
lesion. Often times, a short and low profile coaxial cath-
eter balloon size 3–4 mm can be used as a support cath-
eter. Once the lesion has been crossed, the catheter
should be advanced beyond the lesion, and the wire re-
moved and contrast were injected to ensure that the
catheter was within the lumen.

Then, a balloon catheter (5–6 mm; Admiral xtreme,
INVAtec) selected for appropriate diameter (5 or 6
mm) and length was advanced over the wire to the
distal extent of the lesion. The balloon was inflated
until any waist on the balloon has been abolished.
The inflation time was standardized; inflation times
vary from 30 s to 3 min.
Prior to inflation of the balloon, the patient should

be warned that they may experience pain, although
this should not be excessive. As the balloon inflates,
assessment of the roadmap image should confirm that
the balloon catheter was appropriately sized. If there
was excessive pain or the balloon looks too big, the
balloon was exchanged for a smaller diameter
balloon.
After balloon deflation, the balloon catheter was with-

drawn slightly, and the balloon catheter should be re-
inflated with overlaps until the whole lesion had been
covered. The balloon catheter was withdrawn com-
pletely, while keeping the guidewire in place across the
lesion.
Angiography to assess the result was performed by

injecting contrast medium through the side arm of the
sheath. There should be rapid forward flow through the
treated segment with no residual stenosis greater than
30%. Dissections in the wall of the artery were expected
and did not imply a poor result unless they were flow
limiting.
Acute complications that needed bailout procedures

included arterial perforation, dissection, thrombosis, re-
sidual stenosis ≥ 30%, spasm of distal arteries, device
embolization, and equipment failure. Arterial perforation
could occur both at the site of balloon angioplasty and
distally from the guidewire. When there were complica-
tions, bailout procedures started and depended on the
disease location and the type of complications and in-
cluded open surgical exposure for most ostial lesion
complications. bailout procedures for other segment
complications included balloon dilatation by lager diam-
eter balloon, stenting, or surgery (bypass or interposition
graft) for residual stenosis ≥ 30% or flow-limiting dissec-
tion. But for perforation or rupture, balloon tamponade
covered stent (Fig. 4) or surgical intervention by

Fig. 7 Gender of the patients

Table 2 Presenting symptoms of the studied patients

Data Findings

Number (%) Mean ± SD (range)

Presenting symptoms according to Rutherford categories Category 3 2 (6.7)

Category 4 5 (16.7)

Category 5 16 (53.3)

Category 6 7 (23.3)

Duration of symptoms (months) 1.2 ± 0.8 (0.5–2)

Data are presented as numbers, mean ± SD, and percentages
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interposition graft, bypass surgery, vein patch, or direct
closure.
For thrombosis, if the patient was critically affected,

thrombectomy was done during the angioplasty by
fogarty over the wire or open surgical thrombectomy.
But if the patient was not critically affected, thrombolytic
therapy was applied via Uni Fuse catheter (Angiody-
namics); 15, 40, or 50 cm or fontaine catheter (Boston
Scientific); and 30 or 50 cm (according the length
affected), i.e., tissue plasminogen activator (actylase, 50
mg) (2 bottles, one powder and another solution of 50
ml:10 ml loading dose was injected followed by flush
saline before application of the occluding wire then
0.01–0.05 mg/kg/h maintenance dose (1 ml/h till 40 h;
this dose was monitored using fibrinogen level to avoid
serious bleeding) with heparin ampoule IV every 4–6 h
or continuous infusion 500iu/h; then imaging and man-
aging according to findings.
In arterial spasm, vasodilator agent (nitroglycerine,

50–100 μg) was administered; and occasionally, a guide-
wire may have to be removed to distinguish refractory
spasm from dissection. But if there was device
embolization, it was removed by vascular snare and
grasping forceps.
In equipment failure, failed balloon deflation (air lock)

was managed with continuous negative pressure with
endoflator or a large (20 ml or larger) syringe but if
failed to pass into sheath, the balloon was punctured
from outside to rupture it and withdrawn into the sheath
with rotation to fold its wings. Balloon herniation was
treated by traction to the catheter during inflation; but if
failed, this problem was solved by using a longer balloon.
Balloon rupture was managed by switching to another
balloon using its shoulder for dilatation, but if this
balloon ruptured, switch to a thicker and more
puncture-resistant polymer balloon; a stent was applied
and the lesion through the stent was dilated; if this

balloon ruptured on the end of the stent, the balloon
was replaced by another one, and the end of the stent
was dilated last. The balloon catheter did not track along
the standard guidewire; this wire was exchanged for a
stiffer guidewire and the balloon tracked if failed track-
ing; long sheath was applied.
Stent insertion was done in the patients where there

were elastic recoil (if the balloon inflates fully, but the
stenosis persists) and a flow-limiting dissection (Fig. 5);
prolonged balloon inflation can be performed to (tack
down) the flap. If this fails, other presentations such as
recurrent lesions after a recent PTA or long segment oc-
clusions or a self-expanding stent was used (5 or 6 mm,
Everflex, ev3). The stent should not be oversized relative
to the diameter of the SFA. The stent should be long
enough to cover the lesion with 5–10 mm coverage of
the normal artery on either side of the lesion.
Then, auxiliary procedures like tibial angioplasty were

performed when needed to enhance and augment the
outflow vessels using the following tools: previously used
0.035-inch hydrophilic guidewires or 0.018-inch guide-
wire “Boston Scientific V-18™” control wire for tibials,
and 0.014 inch guidewire “Abbott Pilot™” for pedal arter-
ies. Long tibial balloons low-profile with diameters from

Table 3 Risk factors and co-morbidities of the studied patients

Data Findings

No %

Diabetic 17 56.7

Hypertensive 22 73.3

Previous ischemic heart disease 2 6.7

Previous stroke 1 3.3

Smoking 25 83.3

More than one co-morbid 16 51.7

Data are presented as numbers, mean ± SD, and percentages

Fig. 8 Risk factors and co-morbidities of the studied patients
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2 or 3 mm (less than 4F) designed for tibial angioplasty
purposes “Amphirion/Invatec, Admiral.” They are made
to work on a 0.035, 0.014, “or a 0.018 inch”. The wire is
left across the lesion for access and an intra-arterial
nitroglycerin (50–100 μg) is given, and a check angio-
gram is performed, and redilatation is done whenever
required.
The endpoint of the procedure was unrestricted

forward flow of contrast with no evidence of significant
(> 30%) residual stenosis. The runoff was assessed at the
end of the procedure for the occurrence of distal
embolization caused by the PTA or stent insertion.
Lastly, PTA of any relevant tibial lesions is performed
during the same procedure (patients are being treated
for critical ischemia). When the procedure was com-
pleted, the arterial access sheath was removed immedi-
ately, when more than 5000 IU of heparin was given,
and the sheath removal was delayed until aPTT normal-
izes. Hemostasis was achieved by manual compression.
Digital compression was held proximal to the skin punc-
ture site for 15–20min, and mobilization was delayed
for 6–12 h.

Table 4 Lesion characteristics of the studied patients

Lesion characteristics Findings

No %

Location Flush ostial lesions 10 33.3

Other segment lesions 20 66.7

Length TASC (A) < 10 cm 13 43.3

TASC (B) < 15 cm 17 56.7

Type Stenosis 14 46.7

CTO 16 53.3

Number Single 19 63.3

Multiple 11 36.7

Runoff Single 8 26.7

Multiple 22 73.3

Access type used Retrograde contralateral femoral 16 53.3

Antegrade ipsilateral femoral 14 46.7

Procedure used Balloon angioplasty 13 43.3

Stenting 17 56.7

Data are presented as numbers, mean ± SD, and percentages

Fig. 9 a, b Lesion characteristics of the studied patients

Abd El-Mabood et al. Egyptian Journal of Radiology and Nuclear Medicine           (2020) 51:51 Page 7 of 13



Follow-up
Clinical follow-up consisted of pulse examination and
evaluation of the ulcer or amputation site healing or
resolution of infection.
Clinical outcomes, primary patency, secondary pa-

tency, and complications following the procedure were
reported. All patients were re-examined after 1 week to
check for access site complications and to confirm
patency.

Statistical analysis
Analysis of data was done by using the Statistical Pack-
age for Social Sciences (SPSS) version 16 (Bristol univer-
sity in the UK). Quantitative data were presented as
mean and standard deviation and were analyzed by
ANOVA test. Qualitative data was presented as numbers
and percentages and were analyzed by using chi-square.
(P value < 0.05) was considered significant while (P value
< 0.01) was considered highly significant. But (P value >
0.05) was considered insignificant.

Results
This retrospective study was conducted on 30 patients:
20 (66.7%) males and 10 (33.3%) females with age over
41 years with strata; 41–55 years, 11 (36.7%); and ≥ 55
years, 19 (63.3%) (Table 1, Figs. 6, 7)
The presenting symptoms were as follows: 2 patients

(6.7%) presented with severe claudication pain

(Rutherford category 3), 5 patients (16.7%) presented
with ischemic rest pain (Rutherford category 4), and 16
patients (53.3%) presented with ischemic ulcers or minor
tissue loss (Rutherford category 5) while 7 patients
(23.3%) presented with major tissue loss (Rutherford
category 6); note that minor tissue loss needed just
debridement or foot sparing amputations, i.e., ray, toe,
transmetatarsal, lisfranc, pirogoffs, or Symes (ankle) am-
putations. Major tissue loss needed major amputation,
i.e., above ankle amputation (Table 2).
As regards the risk factors and co-morbidities, 17

(56.7%) patients were diabetic, 22 (73.3%) patients were
hypertensive, 2 (6.7%) patients had history of previous
ischemic heart disease, and 1 (3.3%) patients had history
of previous stroke while 16 (51.7%) patients had more
than one co-morbid disease. Twenty-five (83.3%) of
patients were smokers (Table 3, Fig. 8).
For lesion characteristics, the disease location was

either flush ostial lesions in 10 (33.3%) or other SFA
segment in 20 (66.7%). Most of patients, 17 (56.7%) were
suffering from TASC (B) < 15 cm lesions, and 13 (43.3%)
patients were suffering from TASC (A) < 10 cm lesions
of SFA. These target lesions were either stenosis in 14
(46.7%) patients or chronic total occlusion (CTO) in 16
(53.3%) patients. Out of these patients, 22 (73.3%)
patients had multiple lesions. Crossing lesion was intra-
luminally in about 17 (56.7 %) patients; while in 13
(43.3%) patients, lesion was crossed subintimally as a

Table 5 Types of access used in relation to disease location

Type of access Group (1): flush ostial lesions (n = 10) Group (2): other segment lesions (n = 20)

No % No %

Contralateral retrograde femoral 9 30 6 20

Ipsilateral femoral 1 3.3 14 46.7

Statistical analysis X2 = 6.7, P = 0.03

Data are presented as numbers, mean ± SD, and percentages

Fig. 10 Types of access used in relation to disease location
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bailout procedure. The access used was retrograde fem-
oral in 16 (53.3%) patients and ipsilateral femoral in 14
(46.7%) patients. Stenting was applied in about 17 (56.7
%) patients, but 13 (43.3%) cases were treated by balloon
angioplasty. Runoff vessels were multiple in about 22
(73.3%) patients (Table 4, Fig. 9a, b).
The access used in all patients with flush ostial lesion

was retrograde femoral access in 9 (30%) and ipsilateral
femoral only in 1 (3.3%); but other segments of SFA, the
access used was either retrograde femoral in 6 (20%)
patients or ipsilateral femoral in 14 (46.7%) patients
(Table 5, Fig. 10).
The planed procedure was balloon angioplasty applied

in all patients but stenting mostly was applied as a bail-
out procedure. Bailout procedures are defined as proce-
dures used to save the limb or the patient; bailout
procedures used for failed access was more in group (1)
and included fluoroscopic-guided retrograde popliteal
access in 3 (10%) patients and transtibial in 2 (6.7%) pa-
tients and one case by duplex-guided posterior tibial ar-
tery and the other by open method of anterior tibial
artery (Table 6, Fig. 11).
Bailout procedures were done for complications that

was in need for immediate intervention; most of these
complications were flow-limiting dissection in 18 (60%),
thrombosis in 17 (56.7%), and residual stenosis ≥ 30% in
13 (43.3%) cases. Perforation or rupture was observed in
9 (30%) cases, and equipment failure was only in 4
(13.3%) (Table 7, Fig. 12).
As regards the type of bailout procedures used, endo-

vascular intervention was successful in treatment of

most of distal SFA complications with limited use in
flush ostial complications; residual stenosis ≥ 30%, flow-
limiting dissection, perforation or rupture; 100% in
group (2) vs 50% in group (1) but thrombosis; and 75%
of distal SFA lesions were treated endovascularly vs 40%
of flush ostial lesions. Other complications were treated
with successful endovascular intervention, 100% in both
groups (Table 8).
Emergency surgery as a bailout was used for most

ostial lesion complications: residual stenosis ≥ 30%,
flow-limiting dissection, perforation or rupture, and 50%
in group (1) vs 0% in group (2). Also, emergency surgery
was used in failed endovascular intervention for distal
SFA lesions only to treat thrombosis (25%). (Table 9).
Upon review of bailout procedures outcomes, there

were primary outcome parameters; technical success was
reported in 96.6% after endovascular intervention and
61.5% after surgical treatment. For secondary outcome
parameters, clinical response was reported in 91.4% after
endovascular intervention and 46.2% after surgical treat-
ment. Success rates were more better with endovascular
bailout procedures (Table 10).

Discussion
The determination of the best method of revasculariza-
tion for treatment of symptomatic peripheral arterial dis-
ease (PAD) is based upon the balance between risk of a
specific intervention and the degree and durability [10].
The current study was conducted on 30 patients com-

plaining of LL ischemia: age over 41 years with strata;
41–55 years, 11 (36.7%); and ≥ 55 years, 19 (63.3%),

Table 6 Bailout access used in both groups

Bailout access Group (1): flush ostial lesions (n = 10). Group (2): other segment lesions (n = 20)

No % No %

Retrograde popliteal 3 10 1 3.3

Transtibial 2 6.7 1 3.3

“ > one access” 5 16.7 2 6.7

Data are presented as numbers, mean ± SD, and percentages

Fig. 11 Bailout access used in both group s
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confirming data from epidemiological studies suggesting
increased incidence of PAD in aging population. “Selvin
et al.” reported that the incidence of PAD is 14.5% in pa-
tients > 69 years [11].
In this study, presenting symptoms (indications of

revascularization) were comparable to study on 109
patients done by “Ihnat et al.” who reported in his study:
indication of SFA angioplasty, claudication in 71 (65%)
patients, ischemic rest pain in 12 (11%) patients, and
tissue loss in 26 (24%) patients [12].
Bailout procedures used for failed access was more in

group (1) and included retrograde ipsilateral popliteal in
3 (10%) patients and ipsilateral transtibial in 2 (6.7%) pa-
tients. “Shi et al.” evaluated the efficacy of a dual
femoral-popliteal access in CTO of SFA in 21 cases and
stated that flush occlusion of SFA presents a unique
challenge, in which advance techniques such as retro-
grade recanalization from popliteal artery are increas-
ingly being used [13].

Ipsilateral transtibial access was used in 2 (6.7%) cases
with concomitant popliteal artery lesions; one of these 2
cases is duplex-guided posterior tibial artery that was
used and the second case is anterior tibial artery that
was used via open method. This access was used suc-
cessfully when other accesses were failed as mentioned
by “Fusaro et al” [14].
Bailout procedures of the current study were done for

acute vascular complications that were in need for im-
mediate intervention; Most of these complications were
flow-limiting dissection in 18 (60%), thrombosis in 17
(56.7%), and residual stenosis ≥ 30% in 13 (43.3%) cases.
Perforation or rupture was observed in 9 (30%) cases,
and equipment failure was only in 4 (13.3%). These were
comparable to study done by “Schillinger et al” who re-
ported that acute vascular complications at the endovas-
cular procedure site include arterial perforation,
dissection, thrombosis, spasm, side branch occlusion,
and equipment failure. Arterial perforation can occur
both at the site of balloon angioplasty and distally from
the guidewire [15].
Residual stenosis ≥ 30% was observed in 4 (30.8%) pa-

tients in group (1) and in 9 (69.2%) patients in group (2).
This was comparable to results reported by Mikel and
Peter [16], who mentioned that during SFA angioplasty,
residual stenoses of 30% or greater may occur with an
estimated frequency of 5–10%.The degree of residual
stenosis that may be acceptable depends on clinical situ-
ation; it may be acceptable in a patient with rest pain
and high surgical risk but not in extensive pedal gan-
grene that needs a femoral-tibial bypass [17].
In the current study, flow-limiting dissections were re-

ported in 6 (33.3%) patients in group (1) and in 12
(66.7%) patients in group (2). Dissections may be oc-
curred at branch points, in juxtaposition to very bulky or

Table 7 Indications for bailout procedure

Complications Findings

No %

Flow-limiting dissection 18 60

Thrombosis 17 56.7

Residual stenosis ≥ 30% 13 43.3

Perforation or rupture 9 30

Spasm of distal arteries 8 26.7

Equipment failure 4 13.3

Device embolization 2 6.7

Total complications 71 100%

Data are presented as numbers, percentages, and ranges (note that there
more than one complaint in the same patient: total complication number, 71
in 30 patients)

Fig. 12 Indications for bailout procedure
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circumferential plaques, and in arteries with diffuse lon-
gitudinal plaque formation without natural cleavage
planes, especially if plaque is heavily calcified. The
superficial femoral artery, especially at its origin and in
the adductor canal, tends to dissect [17, 18].
Perforations or rupture was observed in 4 (44.4%)

patients in group (1) and in 5 (55.6%) patients in
group (2). Perforation has been reported in 0–2.3% of
patients in a study done by “Schillinger et al” [15]. In
a study by “Hayes,” 1409 patients undergoing periph-
eral angioplasty were evaluated and 52 (3.7%) had suf-
fered a perforation [19].
In thrombosis and distal embolization, the patient

starts off with one problem (the lesion) and ends up with
two problems (a partially treated and an ischemic or oc-
cluded outflow bed); this conditions were suspected
when there was filling defects at some location distal to
angioplasty site or patients exhibited new-onset claudi-
cation or pain at rest [16], and this was reported in the
current study in 5 (29.4%) patients in group (1) and in
12 (70.6%) patients in group (2); this could be explained
by sheath thrombosis with distal trash or as a result of

instrumentation of a friable atherosclerotic complex le-
sions [20].
Upon review of spasm of distal arteries, it was ob-

served in about 3 (37.5%) patients in group (1) and 5
(62.5%) patients in group (2). Most of these patients
were relatively young as mentioned by “Zeller et al.” who
stated that “The occurrence of arterial vessel spasm ap-
pears to be more common in younger patients. Arterial
spasm rarely leads to serious complications during
angioplasty, However, severe symptoms of pain may
occur” [21].
As regards type of bailout procedures used, endovas-

cular intervention was successful in treatment of most of
distal SFA lesions complications (93.3%) with limited
use in flush ostial lesions complications (61.5%). But
emergency surgery, as a bailout, was used for most ostial
lesion complications or failed of endovascular interven-
tions. This depended on the fact that working distance
in flush ostial lesion was short making endovascular
intervention difficult [18].
The development of intravascular stents had made it

possible to successfully treat post angioplasty dissection

Table 8 Distribution of endovascular treated patients

Endovascular Group (1): flush ostial lesions (n = 10) Group (2): other segment lesions (n = 20)

No % No %

Residual stenosis ≥ 30% 2/4 50 9/9 100

Flow-limiting dissection 3/6 50 12/12 100

Perforation or rupture 2/4 50 5/5 100

Thrombosis 2/5 40 9/12 75

Equipment failure 3/3 100 1/1 100

Spasm of distal arteries 3/3 100 5/5 100

Device embolization 1/1 100 1/1 100

Total 16/26 61.5 42/45 93.3

Statistical analysis X2 = 12.7, P = 0.02

Data are presented as numbers, percentages, and using chi-square test (X2)

Table 9 Distribution of surgically treated patients

Surgery Group (1): flush ostial lesions (n = 10) Group (2): other segment lesions (n = 20)

No % No %

Residual stenosis ≥ 30% 2/4 50 0/9 00

Flow-limiting dissection 3/6 50 0/12 00

Perforation or rupture 2/4 50 0/5 00

Thrombosis 3/5 60 3/12 25

Equipment failure 0/3 00 0/1 00

Spasm of distal arteries 0/3 00 0/5 00

Device embolization 0/1 00 0/1 00

Total 10/26 38.5 3/45 6.7

Statistical analysis X2 = 20.1, P = 0.01

Data are presented as numbers, percentages, and using chi-square test (X2)
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when it was recognized on the angiographic table.
Nevertheless, it added cost. Arterial rupture is one com-
plication that may result in death; treatment of resultant
perforation or rupture was mainly by endovascular inter-
vention that was successful in 7 (77.9%) patients, 2 (50%)
patients in group (1), and 5 (100%) in group (2); conser-
vative treatment, in the form of manual compression
and systemic anticoagulation reversal, was reported in
one patient of group (1) but adjunctive endovascular
therapy consisted of balloon tamponade in 4 patients:
one of them in group (1) and covered stents in 2
patients; this results were comparable to the study done
by “Hayes” [19] who reported 27/52 (51.9%) perforations
were completed successfully by endovascular
intervention.
Clinically significant post angioplasty thrombosis and

embolization may result in organ or limb loss. Successful
endovascular intervention in treatment of thrombosis
was reported in 2 (40%) patients in group (1) and 9
(75%) patients in group (2). The bailout procedures used
were sheath removed, flushed, and reinserted over intro-
ducer wire in 4 patients and thrombolytic therapy in 4
patients in addition to stabilization of the angioplasty
site by stent placement and the remaining 3 patients
were treated by thrombectomy using fogarty over the
wire [17].
In the present study, another source of procedural

complications was related to device failure, about 3
(75%) patients in group (1) and 1 (25%) patients in
group (2) as mentioned by “Zeller et al.” and “Schillinger
et al.” This included broken wire and embolization that
were reported only in 2 patients; one in each group,
these patients were treated using vascular snare and
grasping forceps, failed balloon deflation was observed in
one patient that was managed by balloon overinflation,
and lastly, balloon rupture and embolization were ob-
served during dilation of a sharp or heavily calcified le-
sion in one patient that was treated with a stent, and the
lesion through the stent was dilated [15, 21].
Conversion from endovascular intervention to open

surgery does not mean lost face or lost respect. Surgery
was applied only in group (1) to treat residual stenosis ≥
30% in 2 (50%) patients and flow-limiting dissection in 3
(50%) patients by bypass surgery in 3 patients or inter-
position grafts in 2 patients and perforation or rupture

in 2 (50%) patients by direct closure of perforation in
one patient and vein patch closure in rupture in the
other patient after proximal and distal control. Surgery
was applied in group (2) to treat thrombosis in 3 (25%)
patients by successful open thrombectomy in one patient
and bypass surgery in 2 patients. This result was com-
parable to study done by “Hayes” [19] who reported that
6/25 (24%) underwent bypass surgery.
Groin hematoma was reported in two patients and

was managed with conservative treatment.
Prevention is better than cure. So, prevention of the

abovementioned complications can be done by training
for single perfect pass of the entry needle that is a must,
proper selection of the puncture site, and the suitable in-
struments (proper sheath, wires, catheters, and balloons
with proper size and length). Proper heparin therapy
was performed to prevent thrombosis with distal
embolization.

Conclusions
Bailout procedures are procedures used to save the limb
or the patient. Evolving endovascular strategies embrace
new technologies in an attempt to improve the safety
and efficacy of revascularization procedures for lower
extremity arterial occlusive disease.
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