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Background: Totally laparoscopic aortobifemoral bypass (LABF) procedure has been shown 

to be feasible for the treatment of advanced aortoiliac occlusive disease (AIOD). This study 

compares the LABF with the open aortobifemoral bypass (OABF) operation.

Methods: In this prospective comparative cohort study, 50 consecutive patients with type D 

atherosclerotic lesions in the aortoiliac segment were treated with an LABF operation. The 

group was compared with 30 patients who were operated on with the OABF procedure for the 

same disease and time period. We had an explanatory strategy, and our research hypothesis 

was to compare the two surgical procedures based on a composite event (all-cause mortality, 

graft occlusion, and systemic morbidity). Stratification analysis was performed by using the 

Mantel–Haenszel method with the patient–time model. Cox multivariate regression method was 

used to adjust for confounding effect after considering the proportional hazard assumption. Cox 

proportional cause-specific hazard regression model was used for competing risk endpoint.

Results: There was a higher frequency of comorbidity in the OABF group. A significant reduc-

tion of composite event, 82% (hazard ratio 0.18; 95% CI 0.08–0.42, P=0.0001) was found in 

the LABF group when compared with OABF group, during a median follow-up time period 

of 4.12 years (range from 1 day to 9.32 years). In addition, less operative bleeding and shorter 

length of hospital stay were observed in the LABF group when compared with the OABF 

group. All components of the composite event showed the same positive effect in favor of 

LABF procedure.

Conclusion: LABF for the treatment of AIOD, Trans-Atlantic Inter-Society Consensus II type D 

lesions, seems to result in a less composite event when compared with the OABF procedure. 

To conclude, our results need to be replicated by a randomized clinical trial.

Keywords: aortic surgery, laparoscopy, atherosclerosis, aortoiliac atherosclerosis, aortobifemo-

ral bypass, competing risk analysis, minimally invasive surgery

Background
The main goal of laparoscopic abdominal aortic surgery is not only to provide long-term 

graft patency and limb salvage rate equivalent to an open abdominal aortic surgery, 

but also provide the advantages of a minimally invasive procedure.1–4 Numbers of 

laparoscopic aortic procedures, vascular surgeons, and vascular centers performing 

laparoscopic aortic surgery are steadily increasing.3,5

Despite technical advancement and experience within the endovascular procedures, 

the long-term results of aortobifemoral bypass (ABFB) for the treatment of advanced 

atherosclerotic lesions in the aortoiliac segment still remain superior.6–9 Trans-Atlantic 

Inter-Society Consensus (TASC) II recommends open surgery as the primary treatment 

for type D lesions (TASC II).10
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Since the last decade, time and again, the feasibility 

of the totally laparoscopic aortobifemoral bypass (LABF) 

procedure has been proven.1–4,11 In this article, we present 

our experience with the LABF operation for the treatment 

of advanced aortoiliac occlusive disease (AIOD) and TASC 

II type D lesions. We also present the comparative results 

between LABF and open aortobifemoral bypass (OABF) for 

the treatment of the same disease.

Methods
The study was approved by the Regional Committees for 

Medical and Health Research Ethics of Oslo University 

and also registered at ClinicalTrials.gov (NCT01259908). 

Informed written consent was obtained from all patients 

before operation.

This is a prospective and a comparative cohort study 

with analysis of different outcomes after LABF and OABF 

(Figure 1). Eighty consecutive patients with TASC II type D 

lesions were operated with ABFB at the Oslo University Hos-

pital, Aker, Norway, between November 2005 and December 

2011. The closing date of the study was on May 15, 2015. 

Fifty patients underwent LABF and the rest OABF. Table 1 

summarizes the clinical characteristics of the patients in the 

two arms of the cohort.

The major endpoint was the composite event, defined 

as the first event of a combined incidence of all-cause mor-

tality, graft thrombosis, and systemic morbidity. Systemic 

morbidity was defined as non-fatal damage or disease with 

an impact on health that is related to the procedure and 

involves any organ or tissue other than the peripheral arterial 

system or surgical wound.12 Mortality and graft thrombosis 

were excluded from this definition. Whereas, the secondary 

endpoints such as operation time, operative bleeding, and 

total hospital stay were considered.

The atherosclerotic lesion in the aortoiliac segment 

was classified according to the TASC II.10 Patients with 

TASC II type D lesions, not amenable to or with a previously 

unsuccessful endovascular treatment, were only chosen for 

surgery. The patients were preoperatively investigated with 

magnetic resonance angiography. Computed tomography was 

performed to assess the extent of aortic calcification as well 

as to identify retroaortic localization of the left renal vein.

The main indication for surgery was debilitating intermit-

tent claudication in all patients, defined as a maximum pain-

free walking distance of ,200 m (Rutherford’s category 3).12 

Two patients in the LABF and five patients in the OABF 

group also had rest pain and/or concomitant ischemic wound 

(Rutherford’s category 4 and 5).

Patients with previous multiple major abdominal surgery 

were not offered laparoscopic surgery (n=3), they underwent 

open surgery. However, previous appendectomy, cholecys-

tectomy, gastrectomy, or surgery in the pelvic region was 

not considered a contraindication for a totally laparoscopic 

procedure. The operation-related variables were compared 

in the two arms of the cohort.

Epidemiological design  
and statistical methods
We had an explanatory strategy, and our research hypothesis 

was to compare the two surgical procedures. Survival free-

dom from composite event as well as for the individual com-

ponents, namely mortality, graft thrombosis, and systemic 

mortality was presented. Comparison of survival curves was 

done with the help of the log-rank test.13

Stratification analysis was performed by using the Mantel–

Haenszel method with the patient–time model to quantify the 

confounders and to detect the effect modifiers.14

For the primary endpoint and its components, adjusted 

effect was obtained by using Cox regression model with a 

manual backward elimination procedure. The adequacy of 

the proportional hazard was checked with the test of scaled 

Schoenfeld residuals. A test of interaction using the log likeli-

hood ratio was done when using the Cox model.15

Mortality was considered as a competing risk variable for 

the outcomes, graft thrombosis, and systemic complications. 

Being an explanatory strategy, cause-specific regression 

model for hazard function need to be used, for competing risk 

endpoint instead of the Fine and Gray regression model.16

Linear regression model was utilized to control the con-

founding effect for the secondary continuous outcomes. Stata 

13.1 was used for the statistical analysis.

2005 2011
Source-population

patients hospitalized for ABFB for
AIOD disease, TASC type D

Laparoscopic
ABFB N=50

Endpointyes

Endpointno

Endpointyes

Endpointno

Open
ABFB N=30

Figure 1 Flow chart of the comparative cohort study. laparoscopic aortobifemoral 
bypass versus open aortobifemoral bypass during the period 2005–2011.
Abbreviations: aBFB, aortobifemoral bypass; aiOD, aortoiliac occlusive disease; 
Tasc, Trans-atlantic inter-society consensus.
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Results
composite endpoint and its components
Survival freedom from composite event showed a 5-year sur-

vival of 79.4% (SE 5.85%) for LABF versus 37.5% (SE 9.3%) 

for OABF, and a significant difference (P=0.00001) for the 

log-rank test (Figure 2). The survival freedom from the 

individual components of the composite endpoint showed a 

better survival result for LABF when compared with OABF 

with a significant log-rank test, except for graft thrombosis 

(Figure 2 and Table 2).

adjusted effect
The median follow-up time was 4.12 years (range from 

1 day to 9.3 years). Table 3 presents the crude as well as the 

adjusted effect of operation type on the composite endpoint 

as well as on the individual components of the composite 

endpoint. Adjusted Cox’s model for the composite endpoint 

was hazard ratio of 0.18 (95% CI 0.08–0.42; P=0.0001), 

when controlling for age and suprarenal cross-clamping 

(Table 3). This indicates an 82% relative reduction of 

composite events in the laparoscopic procedure group when 

compared with the open surgery, for a median follow-up 

time of 4.12 years.

Another analysis was done on different components of 

composite endpoint controlling for the different confounders. 

The beneficial effect of LABF was detected on all of the 

individual components with borderline significance for 

the incidence of graft thrombosis (due to limited power) 

(Table 3).

secondary endpoints
Median operation time was 265 minutes versus 214 min-

utes, in LABF and OABF, respectively (P=0.003). The 

median aorta clamping time was 59.5 minutes versus 

36.5 minutes, in the LABF and OABF, respectively 

(P=0.001). The aortic clamping time was def ined as 

the time taken to construct the proximal anastomosis. The 

results of operation-related data in the two groups are 

presented in Table 2.

The patients in the LABF group had a significantly less 

operative bleeding (P=0.0001), when compared with the 

OABF (Table 2). LABF was totally laparoscopic in 43 (86%) 

patients. All patients received an end-to-side, proximal 

anastomosis, except in two cases where, due to small aor-

tic aneurysms, an end-to-end anastomosis was performed. 

Conversion to laparotomy and consequently, open ABFB was 

done in seven (14%) patients. Of these, six conversions were 

among the first half of laparoscopic cohort. Heavily calcified 

infrarenal aorta (n=3), uncontrolled bleeding from a left ret-

roaortic renal vein (n=1), and failure of the technical instru-

ment (n=2) were the reasons for conversion to laparotomy. 

All patients in the OABF group (n=30) underwent median 

laparotomy, and the infrarenal aorta was approached by free 

dissecting the peritoneum just to the left side of duodenum. 

In case of suprarenal cross-clamping (nine cases), pre-aortic 

left renal vein was mobilized and aorta was cross-clamped just 

superior to the renal arteries. The median suprarenal cross-

clamping time was 1 minute (range 1–3 minutes). After the 

removal of the atherosclerotic plaque, the suprarenal clamp 

Table 1 clinical characteristics of the patients operated either with totally laparoscopic aortobifemoral bypass (laBF) or with open 
aortobifemoral bypass (OaBF) during the period 2005–2011

Variables LABF, N=50 OABF, N=30 Two-tailed P-value

age in years 62 (59–67)a 62 (60–70)a 0.47
BMi 24.2 (22.8–25.7)a 25.4 (22.4–27.5)a 0.25
Hypertension 38 (76%) 23 (77%) 0.94
cHD 17 (34%) 7 (23%) 0.31
Dyslipidemia 30 (60%) 21 (70%) 0.36
Diabetes mellitus 6 (12%) 8 (27%) 0.09
Tobacco use 37 (74%) 21 (70%) 0.69
asa 3 36 (72%) 16 (53%) 0.09
cOPD 14 (28%) 4 (13%) 0.12
Prior vascular intervention/operation 22 (44%) 12 (40%) 0.58
Run-off artery stenosis/occlusion 21 (42%) 11 (37%) 0.63
suprarenal cross-clamping 0 9 (30%) 0.001
Prior laparotomy 14 (28%) 7 (23%) 0.64

Notes: aMedian and interquartile range. 
Abbreviations: asa 3, The american society of anesthesiologists category 3; BMi, body mass index; cHD, coronary heart disease; cOPD, chronic obstructive pulmonary 
disease.
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was replaced with an infrarenal cross-clamp before aortic 

anastomosis.

Most of the patients in the LABF were mobilized, and 

normal food intake could be initiated a day after surgery. 

Intensive ward stay and hospital stay were significantly 

shorter for the patients operated with the laparoscopic tech-

nique, 5 versus 11 days (P=0.0002) (Figure 2A).

Discussion
In this study, the results showed 82% relative reduction of 

the composite event (all-cause mortality, graft occlusion, 

and systemic morbidity) in the patients operated with LABF 

when compared with the OABF procedure during a median 

follow-up time period of 4.12 years. This reduction has a 

relatively huge impact and a clear tendency recommending 

LABF for the treatment of AIOD.

According to a document released by the Committee 

for Proprietary Medicinal Products under The European 

Agency for the Evaluation of Medicinal Products, the use of 

a composite endpoint in clinical research is usually justified, 

if the following assumptions are respected:

1. The individual components of the composite endpoint 

are clinically meaningful and of similar importance to 

the patient.

2. The expected effects on each component are similar, 

based on the biological plausibility.

3. The clinically more important components of composite 

endpoint should at least not be affected negatively.

Consequently, the regulatory authorities will analyze 

separately all components of a composite endpoint. One 

needs to be aware whether a treatment affects all components 

or just a single outcome.17

We used the composite endpoint as our primary endpoint, 

because the cohort is small, and the composite endpoint 

increases the statistical precision as well as the efficiency 

of the analysis.18 We chose the outcomes, which were only 

clinically meaningful and of similar importance to the patient. 

As there can be a competing risk between the individual 
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Figure 2 survival analysis.
Notes: (A) survival freedom from composite event in the 80 patients’ cohort, operated with totally laparoscopic aortobifemoral bypass (n=50) and open aortobifemoral 
bypass (n=30). Median follow-up time period of 4.12 years (range from 1 day to 9.3 years). (A) composite event. (B) graft thrombosis. (C) systemic complications. 
(D) Mortality.
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components of the composite endpoint, so we performed 

the competing risk analysis and found that graft thrombosis 

and the systemic complications also individually have the 

same effect as the composite endpoint in favor of LABF. 

This confirms the validity of the individual components of 

the composite endpoint. As studying non-fatal events without 

including death is methodologically invalid, we included 

mortality as the third component of composite endpoint in 

our study.19 Figure 2B–D illustrates the survival freedom from 

the individual components of the composite endpoint.

A substantial amount of evidence about the feasibility 

of LABF procedure for the treatment of AIOD has been 

presented since the introduction of this relatively minimally 

invasive procedure.1–3,11,20 However, the general acceptance 

and the adoption of the laparoscopic procedure by the vas-

cular surgeons have been very poor. A general conception 

about the LABF, as a technically demanding procedure and a 

fear of inducing complications during the period of learning 

curve, might have been a reason for the delayed propagation 

of LABF procedure.3,21 However, it is a fact that none of 

the published series has indicated more complications with 

LABF when compared with the OABF procedure.1–5 Besides, 

one has to take into account the retrospective nature of many 

of the earlier results of the OABF procedure.22

Fourneau et al23 have shown that the learning curve for 

the LABF procedures is approximately 25 operations. Our 

main challenge was that very few patients with the TASC II 

type D lesions were suitable for surgery.

Although we had three of the total seven conversions due 

to the aortic calcification, we do not consider circumferential 

aortic wall calcification as a contraindication to the LABF 

procedure, as long as it is possible to achieve the suprarenal 

aortic cross-clamping.2 Besides, conversion to laparotomy is 

not considered as a failure of operative treatment.24

Operation time and aortic cross-clamping time, in accor-

dance with the other published series, are longer in the LABF 

procedure, but they have no significant confounding effect 

on the mortality and morbidity.1–5 Shorter intensive post-stay, 

early mobilization, and discharge from the hospital advocate 

for LABF bypass as a procedure of choice for the patients 

with TASC II type D lesions.

Recently, a very first study of the direct comparison 

of LABF with the OABF for the treatment of AIOD was 

published.5 Although the study shows less bleeding, shorter 

hospital stay, and fewer complications in the laparoscopic 

procedure, it does not define primary and secondary end-

points. Besides, the variability of observation time and the 

confounding effects of different variables in the two proce-

dures have not been analyzed. Only one randomized controlled 

trial comparing the LABF and OABF has been published, 

Table 2 effect of procedure on composite outcome and its components, using the patient–time model

Endpoint LABF, N=50  
(patient years)

OABF, N=30  
(patient years)

RR (95% confidence  
interval)

Two-tailed 
P-value

Major outcome
 Mortality 5 (300) 8 (160) 0.33 (0.08–1.15) 0.005
 graft thrombosis 3 (308) 4 (197.8) 0.48 (0.07–2.84) 0.051
 systemic complication 4 (295.8) 13 (123.5) 0.13 (0.03–0.41) 0.00001
  composite endpoint (mortality, graft 

thrombosis, and systemic complication)
10 (267) 19 (93.5) 0.18 (0.07–0.42) 0.00001

secondary outcome
 Operation time (minutes) 265 (250–291) 214 (183–252) 0.0003
 aorta cross-clamping time (minutes) 59.5 (51–76) 26.5 (30–95) 0.0001
 Operative bleeding (ml) 400 (300–600) 1000 (600–1500) 0.0001
 Hospital stay (days) 5 (4–7) 11 (8–13) 0.0002

Note: comparison of secondary endpoints between the total laparoscopic aortobifemoral bypass (laBF) or open aortobifemoral bypass (OaBF).
Abbreviation: RR, rate ratio.

Table 3 crude effect of laparoscopic aortobifemoral bypass 
versus open aortobifemoral bypass

Event Effect HR (95% confidence 
interval)

P-value

composite endpointa crude 0.21 (0.09–0.46) 0.0001
adjustedc 0.18 (0.08–0.42) 0.0001

Mortalitya crude 0.34 (0.11–1.04) 0.06
adjustedd 0.27 (0.08–0.49) 0.03

graft thrombosisb crude 0.44 (0.10–1.91) 0.27
adjustede 0.26 (0.06–1.09) 0.06

systemic complicationsb crude
adjustedf

0.15 (0.05–0.46)
0.14 (0.04–0.45)

0.001
0.001

Notes: acox’s model for composite event and mortality; bcox proportional hazard 
model for cause-specific hazard for competing risk endpoints, graft thrombosis, 
and systemic complications; cadjusted hazard ratio (HR) controlling for age and 
suprarenal cross-clamping (confounding effect 14.3%); dadjusted HR for age and 
suprarenal cross-clamping (confounding effect 20.6%); eadjusted HR controlling for 
age and suprarenal cross-clamping (confounding effect 41%); fadjusted HR controlling 
for sex, ASA classification, BMI, and diabetes mellitus (confounding effect 7%), using 
the cox proportional hazard model.
Abbreviations: asa, The american society of anesthesiologists; BMi, body mass 
index.
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but, unfortunately, it was abandoned prematurely, and hence 

it lacks statistical power to properly address the matters of 

morbidity and mortality.25 There is a need for comparative 

cohort studies and especially, potential randomized controlled 

trials to conclusively answer the questions.

Published results of LABF and our own findings in this 

study may confirm that the LABF has become a standard 

procedure for the treatment of advanced AIOD in the dedi-

cated institutes.26 The main goal of the laparoscopic aortic 

surgery in future studies should be reviewed, and it should 

rather be an achievement of less mortality and morbidity 

when compared with open surgery.

Conclusion
Totally LABF for the treatment of AIOD, TASC II type D 

lesions, seems to result in less composite event when com-

pared with open surgery. To conclude, our results need to be 

replicated by a randomized clinical trial.
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