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Introduction

Hybrid procedures combining open surgery and endovascular 
procedures for the treatment of multilevel arteriosclerosis in 
the lower limb have become considerably more frequent in the 
last decades,1–13 and are being used for increasingly more com-
plex lesions.1,4 This method is often used for complex vascular 
cases involving pathologies at both iliac and femoropopliteal 
level, necessitating simultaneous treatment of all levels to 
ensure sufficient inflow and runoff. However, the complexity 
of procedures with many consecutive steps and the involve-
ment of interventional radiologists and vascular surgeons make 

the approach resource demanding, both in terms of personnel 
and operating room time. Published series1–3,14 show excellent 
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technical success rates and good short- and medium-term 
results; however, there are few published data regarding the 
long-term results. A PubMed search with the terms hybrid 
operation, hybrid revascularization, hybrid procedure and limb 
ischemia revealed one publication with observation time over 
5 years for combined common femoral endarterectomy and 
iliac stenting,14 but no other studies with follow-up of more 
than 3 years. The primary aim of this study is to assess long-
term results of femoral thrombendarterectomy (TEA), com-
bined with iliac or femoropopliteal endovascular intervention, 
with focus on freedom from reintervention, limb salvage and 
amputation free survival.

Methods

Study patients were identified from our prospectively main-
tained local vascular registry, which is part of the Norwegian 
registry for vascular surgery (NORKAR).15 Complementary 
and long-term endpoints data were obtained from the patient 
records. The study protocol was approved by the regional 
ethical committee (REK midt, 2013/90). Informed consent 
was not required as the study was outcome analysis only 
without any influence on the treatment given. All patients 
who underwent revascularization by femoral TEA combined 
with simultaneous proximal or distal endovascular interven-
tion between 1999 and 2013 were included consecutively. 
Due to the retrospective nature of the study and the paucity of 
published long-term results, no power calculations were per-
formed. Hybrid techniques were used when significant arte-
riosclerotic lesions affected more than one anatomic level. 
The most common disease pattern was affection of both iliac 
and common femoral artery, for example, occlusion of the 
common iliac artery and severe stenosis of the ipsilateral 
common femoral artery, treated by TEA and patching of the 
common femoral artery and thereafter endovascular recanali-
zation and stenting of the common iliac artery.

Our institution is the only one performing vascular sur-
gery in the catchment area, and hospital healthcare is free for 
the whole population. Therefore, all patients from the catch-
ment area, treated with simultaneous hybrid operation in the 
study period, are included.

All study operations were performed by vascular sur-
geons and interventional radiologists as simultaneous hybrid 
procedures. Usually, femoral TEA was performed first, and 
endovascular intervention after completion of the patch 
angioplasty, except for iliac occlusion, where the interven-
tion was performed before completion of the angioplasty. 
Arterial closure was usually performed with a vein patch, 
and the greater saphenous vein was used whenever available. 
Patients typically received 3000 units of unfractioned hepa-
rin prior to TEA, and 3000 units before the endovascular 
intervention. Repeated doses were usually given after 3 h. 
Activated partial thromboplastin time (APTT) measurement 
was not routinely used. Technical success was defined as 
patent vessel without significant stenosis.

Follow-up with clinical examination was performed at 1 
and 12 months, unless earlier examination or imaging was 
indicated. Further follow-up was not standardized. However, 
both reintervention and amputation are documented in the 
hospital records. Mortality is directly obtained from the pop-
ulation registry and updated in the electronic patient records. 
No patient left the region, and patient records from all hospi-
tals in the region were available for all study patients, result-
ing in complete follow-up regarding the study endpoints.

Stratification was according to clinical presentation with 
intermittent claudication or critical ischemia. Patients with 
critical ischemia were further stratified in subgroups with 
rest pain (Rutherford category 4)16 or ulcer/gangrene 
(Rutherford category 5–6).16 Procedures were stratified 
according to type of endovascular intervention with either 
iliac or femoropopliteal intervention or simultaneous iliac 
and femoropopliteal intervention.

Data analysis was performed with SPSS 23.0 (IBM Inc., 
Armonk, NY, United States). Demographic data were ana-
lyzed per patient, using the first entry in case of subsequent 
contralateral operation. Thirty-day local complications, free-
dom form reintervention, limb salvage in critical ischemia 
and clinical result in intermittent claudication were assessed 
per limb.

Systemic 30-day complications and early mortality were 
assessed per operation. Overall survival and amputation free 
survival were calculated per patient. In case of subsequent 
contralateral operation, the first entry was considered. 
Kaplan–Meier analysis and log rank test were used to com-
pare groups for freedom from reintervention, limb salvage, 
survival and amputation free survival. Demographic com-
parisons were made with chi-square test for categorical vari-
ables and Mann–Whitney U test for continuous variables. 
P-values were considered significant if <.05.

Results

We identified 151 operations in 143 patients, 87 (58%) for 
intermittent claudication and 64 (42%) for critical ischemia, 
of which 23 operations for rest pain (Rutherford category 4)16 
and 41 for ischemic ulcer or gangrene (Rutherford category 
5–6).16 Eight patients had hybrid operations on the contralat-
eral side later, and eight operations for intermittent claudica-
tion and five operations for rest pain were bilateral, resulting 
in 164 limbs treated in total, 95 for intermittent claudication, 
28 for rest pain and 41 for ulcer or gangrene. Mean preopera-
tive ankle-brachial pressure index (ABPI) was 0.62 in inter-
mittent claudication, 0.45 in rest pain and 0.36 in patients 
with ulcer or gangrene. Table 1 shows the patient characteris-
tics and comorbidities.

Intermittent claudication was most frequent in men, while 
critical ischemia was more frequent in female patients, espe-
cially in the group with rest pain. The difference in gender 
proportion between intermittent claudication and critical 
ischemia was significant with a chi-square of 14.1 (p < .001). 
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The difference in gender proportion between subgroups with 
rest pain and ulcer or gangrene was not significant, with a 
chi-square of 2.7 (p = .099). Women with intermittent claudi-
cation were significantly younger than women with critical 
ischemia (p = .037), but there was no significant age differ-
ence between women with rest pain and ulcer or gangrene 
(p = .845), and no significant age difference between any of 
the patient groups in men.

Femoral TEA was combined with iliac intervention in 
101 cases, femoropopliteal intervention in 49 cases and with 
both iliac and femoropopliteal intervention in 14 cases. Iliac 
intervention was the most common procedure in all patients, 
while combined iliac and femoropopliteal interventions were 
more frequent in patients with critical ischemia. Table 2 
shows the type of treatment in the different patient groups.

Mean length of stay after operation was significantly 
shorter for patients with intermittent claudication, compared 
with those treated for critical ischemia (3.2 vs 5.5 days, 
p < .001).

Technical success and early complications

Technical success.  Primary technical success was 98% (99/101) 
for iliac revascularization, and 92% (58/63) for femoropopliteal 
revascularization. Two iliac occlusions in patients with critical 
ischemia could not be recanalized, necessitating femorofemoral 
crossover bypass. In two patients with intermittent claudication, 

recanalization of the superficial femoral artery (SFA) was not 
achieved, but no additional treatment was necessary. In three 
patients with critical ischemia, patency in the SFA could not be 
obtained due to intraoperative thrombosis. Bypass surgery was 
not feasible, leading to two amputations at knee level and one 
crural amputation. Technical failure was not associated with 
any 30-day mortality. Table 3 shows 30-day complications and 
mortality.

Thrombosis within 30 days.  Thrombosis within 30 days occurred 
in nine patients (5%), intraoperatively in three cases as 
described previously and after operation in six cases. Of the 
latter, three patients were treated for critical ischemia. One of 
these was operated with successful thrombectomy, one had to 
be amputated at knee level and one deteriorated rapidly and 
died shortly after the thrombosis.

Table 1.  Patient characteristics and comorbidities.

Intermittent claudication Rest pain Ulcer/gangrene

Gender Male 58 Male 6 Male 18
Female 24 Female 17 Female 20

Age (mean) Male 70.5 Male 71.8 Male 69.3
Female 72.2 Female 76.5 Female 76.6

Hypertension M 55% (32/58) M 50% (3/6) M 72% (13/18)
F 58% (14/24) F 64% (11/17) F 45% (9/20)

Cardiac disease M 43% (25/58) M 50% (3/6) M 78% (14/18)
F 33% (8/24) F 29% (5/17) F 40% (8/20)

COPD M 12% (7/58) M 33% (2/6) M 11% (2/18)
F 8% (2/24) F 24% (4/17) F 10% (2/20)

Smoker M 41% (24/58) M 67% (4/6) M 50% (9/18)
F 46% (11/24) F 47% (8/17) F 35% (7/20)

Diabetes M 31% (18/58) M 0% (0/6) M 39% (7/18)
F 4% (1/24) F 18% (3/17) F 20% (4/20)

Renal failure M 5% (3/58) M 17% (1/6) M 6% (1/18)
F 0% (0/24) F 0% (0/17) F 5% (1/20)

Cerebrovascular disease M 5% (3/58) M 50% (3/6) M 17% (3/18)
F 8% (2/24) F 6% (1/17) F 5% (1/20)

Vascular surgery prior to actual OP M 24% (14/58) M 33% (2/6) M 33% (6/18)
F 25% (6/24) F 25% (5/17) F 15% (3/20)

PTA/stent prior to actual OP M 26% (15/58) M 17% (1/6) M 17% (3/18)
F 29% (7/24) F 35% (6/17) F 10% (2/20)

COPD: chronic obstructive pulmonary disease; PTA: percutaneous transluminal angioplasty; OP: operation.

Table 2.  Type of intervention depending on clinical 
presentation.

Intermittent 
claudication

Rest 
pain

Ulcer/
gangrene

Critical 
ischemia

Iliac intervention 59 20 22 42
Femoropopliteal 
intervention

32 4 13 17

Both 4 4 6 10
Total 95 28 41 69
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The remaining three patients were treated for claudica-
tion. Two had reocclusion of the SFA after 3 and 8 days 
without symptoms necessitating urgent treatment, while 
the third had an occlusion of a preexisting venous bypass 
graft after 26 days. Further reconstruction was not feasible, 
necessitating transfemoral amputation after 34 days.

Return to theater within 30 days.  Return to theater within 
30 days was necessary in 11 cases (7%), but was not associ-
ated with 30-day mortality. Four patients were operated for 
bleeding without subsequent complications. The other indi-
cations were wound necrosis and local infection in two 
cases, postoperative thrombosis in two cases, lymphatic 
leakage in one case and epidural hematoma after epidural 
analgesia in one case. One patient with small gangrenous 
lesions did not improve after iliac intervention and femoral 
TEA, and was operated with a femoropopliteal bypass 
below the knee (BK) with success, but this was part of a 
sequential treatment strategy, where one wanted to avoid 
simultaneous bypass operation in addition to the hybrid 
procedure.

Amputation within 30 days.  Amputation within 30 days was 
necessary in six patients with critical ischemia (9%), but did 
not lead to any 30-day mortality. Of these, three were related 
to SFA occlusion as reported. In the remaining cases, there 
was progression of ischemic gangrene despite patent recon-
struction. Amputation level was BK in four patients with 
ulcer or gangrene, while two patients in the group with rest 
pain had an amputation at knee level.

30-day mortality.  The patients with critical ischemia suffered 
a 30-day mortality rate of 8% (5/61). One patient with pri-
marily uncomplicated postoperative course died 2 days after 
discharge from unknown cause. The other causes of death 

were myocardial infarction, progress of preexistent dilatative 
cardiomyopathy, septicemia with multiple organ failure and 
recurrent thrombosis.

Long-term results

Overview and summary of results.  Mean observation time 
was 48 months in intermittent claudication and 31 months 
in critical ischemia. Reintervention after 30 days was per-
formed in 19 cases (9 with claudication, 2 with rest pain 
and 8 with ulcer or gangrene). Limb salvage without 
30-day mortality in critical ischemia was achieved in 49 
out of 69 cases (71%), and improvement in intermittent 
claudication in 80 out of 95 cases (84%). Late amputation 
was necessary in 3 patients with intermittent claudication 
(3%) and 15 patients with critical ischemia (22%). Figure 
1 shows treatment pathway and results for all limbs treated 
in this study.

Freedom from reintervention after 30 days.  Kaplan–Meier 
estimate for freedom from reintervention after 5 years was 
91% (standard error (SE) = .03) in intermittent claudication 
and 70% (SE = .09) in critical ischemia. In the subgroup with 
rest pain, the estimate was 87% (SE = .08), and in the sub-
group with ulcer or gangrene, the estimate was 60% 
(SE = .12). Figure 2 shows Kaplan–Meier analysis for free-
dom from reintervention.

Log rank test shows a significant difference between the 
patient groups with intermittent claudication and critical 
ischemia (p = .035). Subgroup analysis shows a significant 
difference between intermittent claudication and ischemic 
ulcer/gangrene (p = .007), but no significant difference 
between intermittent claudication and rest pain (p = .708), 
and no significant difference between rest pain and ischemic 
ulcer/gangrene (p = .176).

Table 3.  Postoperative (30-day) complications and mortality.

Intermittent claudication Rest pain Ulcer/gangrene

Return to theater within 30 days 2% (2/95) 14% (4/28) 12% (5/41)
Return to theater for bleeding 1% (1/95) 7% (2/28) 2% (1/41)
Return to theater for thrombosis 1% (1/95) 0% (0/28) 2% (1/41)
Return to theater for other reasons 0% (0/95) 7% (2/28) 7% (3/41)
Amputation within 30 days 0% (0/95) 7% (2/28) (all knee level) 10% (4/41) (all crural)
Thrombosis within 30 days 4% (4/95) 11% (3/28) 5% (2/41)
Superficial infection 1% (1/95) 0% (0/28) 2% (1/41)
Deep infection 0% (0/95) 4% (1/28) 0% (0/41)
Myocardial infarction 2% (2/87) 9% (2/23) 0% (1/41)
Non-fatal MI 2% (2/87) 4% (1/23) 0% (1/41)
Mortality 0% (0/87) 9% (2/23) 7% (3/41)
Pneumonia 0% (0/87) 4% (1/23) 2% (1/41)
Stroke 0% (0/87) 0% (0/23) 0% (0/41)

MI: myocardial infarction.
Local complications and amputations per limb (n = 164), systemic complications and mortality per operation (n = 151).
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Reintervention was in all cases due to relapse of symptoms 
caused by either recurrent stenosis or occlusion in the actual 
limb. It was performed as endovascular intervention in 12 cases 
and open surgery in 7 cases, of which 2 redo hybrid and 5 
bypass operations. Two of the secondary endovascular interven-
tions failed, necessitating bypass surgery in one and repeated 
hybrid operation in the other patient. Subsequent bypass surgery 
was necessary in one patient after recurrent thrombosis.

Limb salvage.  Limb loss occurred in 18 patients (15 with 
critical ischemia and 3 with intermittent claudication). Six 
patients with critical ischemia suffered limb loss within 
30 days, associated with early occlusion in three cases and 
progression of ischemic gangrene despite patent reconstruc-
tion in the remaining cases. Limb loss after 30 days occurred 
in 12 patients (mean: 486 days, range: 34–1877 days). In nine 
patients with critical ischemia, all treated for ischemic ulcer 
or gangrene, limb loss was associated to loss of patency in 
four and progressive ischemic gangrene despite open recon-
struction in five cases. In three patients with intermittent 
claudication, limb loss was associated to acute thrombosis of 
a preexisting bypass in one case, while the other two patients 
had secondary procedures because of recurrent stenosis, and 
developed critical ischemia after some years of follow-up. 
Subsequent bypass surgery was performed, but limb salvage 
was not achieved despite open reconstruction.

Kaplan–Meier estimate for limb salvage after 5 years was 
75% (SE = .06) in patients with critical ischemia. Subgroup 
analysis revealed 93% limb salvage (SE = .05) for those with 
rest pain and 64% (SE = .09) for those with ulcer or gan-
grene. Log rank test shows a significant difference between 
the groups with rest pain and ischemic ulcer/gangrene 
(p = .032). Figure 3 shows Kaplan–Meier analysis of limb 
salvage depending on clinical presentation.

Kaplan–Meier estimate for limb salvage after 5 years in 
critical ischemia was 86% (SE = .06) for iliac intervention, 
60% (SE = .16) for femoropopliteal intervention and 56% 

Figure.1.  Treatment pathway and results for all limbs treated.

Figure 2.  Freedom from reintervention depending on indication.
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(SE = .17) for simultaneous iliac and femoropopliteal inter-
vention. Log rank test shows a significant difference between 
the treatment groups (p = .043). Subgroup analysis shows a 
significant difference between iliac intervention and femoro-
popliteal intervention (p = .031), but no significant difference 
between femoropopliteal intervention and simultaneous iliac 
and femoropopliteal intervention.

Survival and amputation free survival.  Kaplan–Meier estimate 
for survival at 5 years was 76% (SE = .06) in intermittent 
claudication and 46% (SE = .08) in critical ischemia, 38% 
(SE = .18) in rest pain and 46% (SE = .10) in ulcer or gan-
grene. There is a significant difference between intermittent 
claudication and critical ischemia (p < .001), but not between 
rest pain and ischemic ulcer/gangrene (p = .872). Figure 4 
shows Kaplan–Meier analysis of amputation free survival 
depending on clinical presentation.

Kaplan–Meier estimate for amputation free survival at 
5 years was 73% (SE = .06) in patients with intermittent clau-
dication and 38% (SE = .08) in critical ischemia, 41% 
(SE = .18) in rest pain and 33% (SE = .01) in ulcer/gangrene. 
Log rank test shows a significant difference between intermit-
tent claudication and critical ischemia (p < .001), but no sig-
nificant difference between rest pain and ischemic ulcer/
gangrene (p = .402). Regarding the different treatment groups, 
there is no significant difference (p = .109) for any indication.

Discussion

The number of hybrid operations has increased considerably 
in recent years with a trend toward simultaneous treatment 
and toward treatment of more complex lesions.1–3 At our 
institution, the number of simultaneous hybrid operations 
has increased to several cases per month, constituting 29 of 

342 (8.5%) of the reconstructions for limb ischemia in 
2013.17 This is still lower than reported from other centers,1,4 
but the trend is obviously the same.

Long-term follow-up in our study shows good efficiency 
and durability, both in intermittent claudication and rest pain. 
In most cases, hybrid reconstructions work well, without the 
need for secondary intervention. In total, 84% of the patients 
with intermittent claudication described improvement at the 
end of the study, and limb salvage was achieved in 71% of 
the patients with critical ischemia. Patients with rest pain had 
significantly better limb salvage than patients with ischemic 
ulcer or gangrene. This probably reflects the more advanced 
disease, and is in accordance with the results of Piazza et al.3 
who found that tissue loss was a negative predictor for 
patency in hybrid repair for aortoiliacal and common femo-
ral disease.

Limb salvage for the patient group with critical ischemia 
is comparable to other published results.1,18 The poorer 
results for patients with ischemic ulcer or gangrene may sup-
port a strategy with simultaneous bypass surgery, as pro-
posed by Malgor et al.19 However, this increases operation 
time, and the perioperative mortality in patients with ulcer or 
gangrene is significant, which again favors an endovascular 
strategy for the SFA or a sequential approach that minimizes 
simultaneous surgical trauma. One can also speculate if pri-
mary amputation would have been beneficial in some 
patients, but this approach has a significant morbidity and 
mortality risk as well.20,21

Only 9 of 95 cases with intermittent claudication, and 2 of 
28 (7%) cases with rest pain needed additional treatment 
after 30 days in the study period. The corresponding figure 
for cases with ischemic ulcer or gangrene was 8/41 (20%). 
There was a significant difference regarding the need for 
reintervention between this group and patients with 

Figure 3.  Limb salvage in after hybrid operation depending on 
indication.

Figure 4.  Amputation free survival after hybrid operation 
depending on indication.



Altreuther and Mattsson	 7

intermittent claudication, but no significant difference 
between patients with rest pain and patients with intermittent 
claudication. This may again reflect the more advanced dis-
ease in patients with ulcer or gangrene, but subgroup analy-
sis in a small sample mandates cautious interpretation. In 
critical ischemia, the need for secondary intervention was 
significantly lower in iliac intervention than in femoro-
popliteal intervention or the combination of both, which is in 
accordance with previously reported results.2,22

In eight cases in this study, limb salvage was not achieved, 
despite open reconstruction. This sometimes occurs in the 
treatment of critical ischemia with tissue loss, and has been 
described after infrainguinal bypass as well. Simons et al.23 
report a rate of 10% of the patients in critical ischemia with-
out improvement despite patent bypass, and an amputation 
rate of 2.7%, which is lower than our figures; however, fol-
low-up in their study was only short term.

Two of the claudication patients had progression to criti-
cal ischemia, leading to amputation in spite of a patent 
reconstruction after reintervention and bypass surgery, which 
is comparable to results reported by Balaz et  al.,2 and in 
accordance with previous studies of the natural history in 
intermittent claudication, where a certain, yet small propor-
tion of patients develops critical ischemia.24 In our opinion, 
this does not indicate inferiority of the method or the treat-
ment algorithm used, but rather reflects the natural history of 
the disease.

There is a significant difference between patients with 
intermittent claudication and patients with critical ischemia, 
regarding overall survival and amputation free survival, 
which was both expected and well known.2,3 The Kaplan–
Meier estimate for amputation free survival at 5 years in 
rest pain was confoundingly longer than the estimate for 
survival, which was due to censoring of those who were 
amputated.

Another interesting observation is that patients with rest 
pain had a reintervention rate and amputation rate similar to 
patients with intermittent claudication, while overall survival 
was similar to patients with ischemic ulcer or gangrene. This 
may reflect that patients with rest pain have less severe dis-
ease regarding limb ischemia, but equally severe cardiovas-
cular comorbidity, which is the main cause of death. Our 
findings are opposition to older results of Bertele et al.,25,26 
who found better survival in patients with rest pain, compared 
to patients with ulcer or gangrene, but given the small sample 
size of this study this may as well represent a type 2 error.

A large subgroup of the patients in our study had previous 
vascular surgery or previous percutaneous transluminal 
angioplasty (PTA), but we did not find a significant effect on 
limb salvage in any of the clinical groups, which again may 
be due to the small sample size and represent a type 2 error. 
However, previous vascular surgery probably has positive 
and negative effects on outcomes, the positive being correc-
tion of impaired flow in other segments of the actual limb, 
the negative being scar tissue, making the approach to the 

vessel more technically demanding and increasing the risk of 
damage to adjacent structures.

We have not assessed operation time, but our approach, 
where both vascular surgeons and interventional radiologists 
are involved, is obviously resource demanding. However, 
the multilevel disease necessitates simultaneous treatment of 
the actual lesions, in order to obtain both inflow and run-off. 
Ebaugh et  al.9 have shown that performing simultaneous 
hybrids reduces costs, compared to staged hybrid treatment, 
which also favors a simultaneous approach in situations 
where a staged hybrid solution is technically possible. 
Performance of the entire procedure by vascular surgeons, as 
reported in a recent publication,4 certainly has the potential 
to optimize resource utilization.

The major weakness of the current study is the retrospec-
tive design without formal control after 1-year follow-up. 
Later assessment of patency was only performed when clini-
cally indicated, that is, in patients with recurrent symptoms 
or clinical signs of critical ischemia. This precludes patency 
analysis and investigation of consequences of the loss of pri-
mary patency. Regarding the clinical results, a prospective 
trial would have the potential to stratify results more precise 
than the retrospective analysis permitted.

Conclusion

Femoral TEA combined with proximal or distal endovascu-
lar intervention has good and durable results in patients with 
intermittent claudication and rest pain. In most cases, a sin-
gle procedure is sufficient. In critical ischemia, limb salvage 
is often achieved. Results are worse in patients with ulcer or 
gangrene. Patients with rest pain have a limb salvage rate 
similar to patients with intermittent claudication, but overall 
survival similar to patients with ulcer or gangrene.
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