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Abstract. The aim of this meta‑analysis was to evaluate the 
mortality, amputation and complication rates in patients with 
peripheral lower limb arterial disease undergoing bypass 
surgery with or without a prior history of endovascular opera‑
tion. A systematic literature screen was performed according 
to the Preferred Reporting Items for Systematic Reviews 
and Meta‑Analyses guidelines on four academic databases, 
Medline, Scopus, Embase and Cochrane Central Register of 
Controlled Trials. Out of 1,072 records, six articles involving 
11,420 patients (mean age, 68.1±2.0 years) met the inclu‑
sion criteria. The findings presented a 2b level of evidence 
(i.e. overall evidence represents data from individual cohort 
study or low quality randomized controlled trials) and 
suggested lower mortality, amputation and complication rates 
for patients undergoing bypass surgery without any history of 
endovascular operation, compared with those with a history 
of prior endovascular operation. Moreover, a random‑effect 
meta‑analysis suggested a small, positive reduction in 
mortality (Hedge's g=0.08), amputation (Hedge's g=0.18) and 
complication rates (Hedge's g=0.05) for patients undergoing 
bypass surgery without any history of endovascular opera‑
tion. Nevertheless, owing to the scarcity of high‑quality data, 
further studies and randomized clinical trials are needed to 
confirm these effects.

Introduction

Peripheral arterial disease, particularly in the lower extremi‑
ties, is one of the most common atherosclerotic morbidities 
in elderly population groups  (1,2), which was reported to 

affect >202 million people worldwide in 2015 (3). Previous 
epidemiological studies have also suggested a prevalence rate 
of ≥10% in patients 60‑70 years old (4‑6). Typically, peripheral 
arterial disease in the lower extremities is characterized by 
an occlusion of the arterial supply due to an atherosclerotic 
plaque build‑up, and presents a range of clinical manifesta‑
tions, including pain, numbness, weakness and ischemia (7). In 
severe cases, when occlusion of the artery is ≥50%, the risk of 
developing critical intermittent claudication is increased (6). 
Furthermore, claudication can result in an abnormal wound 
healing pattern, which in turn can lead to the development 
of gangrenous tissue ultimately requiring amputation  (8). 
Swaminathan et al (9) suggested that lower limb amputations 
can lead to a 48‑71% increase in mortality rates between the 
first and third year post‑amputation.

In severe cases of intermittent claudication, superficial 
femoral artery or proximal popliteal arteries are the vessels 
that are most commonly occluded (10,11). Revascularization 
by means of endovascular operations are usually recom‑
mended in such cases to re‑establish the depleted blood 
supply to the unvascularized regions (12). Bisdas et al (13) 
suggested that minimally invasive endovascular surgeries, 
such as angioplasty and stenting, should be preferred over 
bypass surgical approaches due to the faster execution 
of the procedure, improved post‑operative recovery and 
cost‑effectiveness  (14,15). Nevertheless, the benefits of 
endovascular operations are often mitigated by high failure 
rates, mostly because of their technical nature. In addition, 
patients with co‑existing medical conditions, such as chronic 
kidney disease, are not eligible for these procedures (16‑18).

As a result, the use of conventional bypass surgeries is 
usually recommended (19,20). A bypass surgery is an inter‑
vention during which blood supply is re‑routed with a graft 
to circumvent the occluded area in an artery  (21). In the 
BASIL large‑scale, multicenter, randomized controlled trial, 
Adam et al (15) reported that although neither angioplasty nor 
bypass surgery had any effect on amputation‑free survival, 
patients undergoing bypass surgery had a longer overall 
survival. There is currently no consensus regarding whether 
bypass surgeries should be used as first‑line treatment, or only 
in cases of failure of endovascular operations. For instance, 
Böckler et al (22) and Nolan et al (23) reported higher compli‑
cation and amputation rates in patients undergoing bypass 
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surgery following a failed stenting operation, compared with 
patients receiving bypass surgery without prior history of 
endovascular intervention. However, Uhl et al (24) reported a 
higher mortality rate in patients receiving bypass surgeries with 
no prior history of endovascular intervention. To the best of our 
knowledge, no previous systematic reviews or meta‑analyses 
have evaluated morbidity and mortality‑related factors in 
patients with peripheral arterial disease of the lower extremi‑
ties undergoing bypass surgeries. Such studies would provide 
invaluable insight for vascular surgeons and interventional 
radiologists, and would help support best‑practice approaches 
to minimize morbidity and mortality in patients with lower 
limb peripheral arterial disease.

Therefore, the aim of the present systematic review and 
meta‑analysis was to evaluate morbidity and mortality‑related 
factors in patients with peripheral arterial disease of the lower 
extremities undergoing bypass surgeries, according to their 
history of prior endovascular operation. This review provided 
comprehensive evidence on mean mortality, amputation and 
complication rates in patients with peripheral arterial disease 
undergoing bypass surgery.

Materials and methods

Data search strategy. The present systematic review and 
meta‑analysis was carried out in adherence to the Preferred 
Reporting Items for Systematic Reviews and Meta‑Analyses 
(PRISMA) guidelines (25). A PRISMA checklist is presented 
in Table SI (26).

Four academic databases (Medline, https://www.nlm.nih.
gov/bsd/medline.html; Central, https://www.cochranelibrary.
com/central/about‑central; Embase, https://www.elsevier.
com/solutions/embase‑biomedical‑research; and Scopus, 
https://www.scopus.com/) were screened from inception 
until March 2020 using MeSH keywords. Search terms were 
used in all academic databases in different combinations, 
including ‘bypass surgery’, ‘mortality rate’, ‘amputation rate’, 
‘complications’, ‘endovascular surgery’, ‘lower limb occlu‑
sion’, ‘chronic limb threatening ischemia’, ‘insufficiency’ and 
‘claudication’. The bibliography of the retrieved studies was 
also manually checked in order to identify any additional 
relevant studies.

The inclusion criteria were as follows: i)  Studies 
evaluating the morbidity and mortality‑related outcomes of 
patients with peripheral lower limb arterial disease under‑
going bypass surgery with or without prior endovascular 
operation; ii) studies were either randomized controlled trials, 
quasi‑randomized controlled trials, controlled clinical trials, 
prospective observational trials with control groups or retro‑
spective trials; iii) studies were published in peer‑reviewed 
scientific journals or conference articles; and iv) studies were 
published in English language.

The selection procedure was independently carried out 
by two investigators to reduce bias. The following data 
were extracted from the included studies: i) Author names; 
ii)  sample description (sex, age); iii)  country of research; 
iv) assessed parameters; v) follow‑up time; and vi) outcomes. In 
articles where quantitative data outcomes were not mentioned, 
attempts were made to contact the corresponding authors for 
additional data.

Quality assessment. The risk of bias in the included studies 
was assessed using the Cochrane risk of bias assessment 
tool for non‑randomized controlled trials, also referred to 
as ROBINS‑I (27). The included studies were independently 
assessed by two investigators. Inadequate randomization, 
concealment of allocation and reporting of selective outcomes 
were considered to be major sources of bias (28). In cases of 
ambiguity, discussions were held between the investigators 
until a consensus was reached. Moreover, an analysis of the 
level of evidence was also included, according to the guidelines 
of the Center for Evidence‑Based Medicine (29).

Data analysis. An intragroup meta‑analysis of the included 
studies was carried out using Comprehensive Meta‑Analysis 
version 2.0 (30). The analysis was performed to evaluate the 
mean mortality, amputation and complication rate outcomes for 
patients with peripheral lower limb arterial disease undergoing 
bypass surgery with or without prior endovascular operation. 
The meta‑analysis was conducted based on a random‑effect 
model (31). The individual outcomes were standardized (32) 
and reported as weighted Hedge's g. The threshold for inter‑
preting the weighted effect sizes were: i) <0.2, small effect; 
ii) 0.2‑0.8, medium effect; and iii) >0.8, large effect  (33). 
Heterogeneity between the included studies was assessed 
using I2 statistics. The threshold for interpreting heterogeneity 
was: i) 0‑25%, negligible heterogeneity; ii) 25‑75%, moderate 
heterogeneity; and iii) ≥75%, substantial heterogeneity (34).

Sensitivity analyses were performed when potential 
sources of heterogeneity were identified (35). Accordingly, 
studies were included if they presented adequate randomiza‑
tion methods, or excluded if they did not. For each evaluated 
parameter, details of weighted effect size, 95% CIs, levels of 
significance and heterogeneity were reported. In addition, 
publication bias was analyzed using Duval and Tweedie's 
trim‑and fill procedure  (36). This non‑parametric method 
trims the studies causing the asymmetry of a funnel plot and 
estimates the ‘true’ center of the plot. Thereafter, potential 
missing studies and the effects they might have on the outcome 
of a meta‑analysis are filled in, allowing their combined effect 
to be recalculated. In the present review, the α‑level was set 
at P<0.05.

Results

Experimental studies. A preliminary search on four academic 
databases identified a total of 1,057 studies. An additional 
15 studies were included after screening the bibliography of 
the retrieved articles (Fig. 1). After excluding duplicates and 
applying the inclusion criteria, a total of six studies were 
retained. All of the included studies were retrospective clinical 
trials (22‑24,37‑39).

Outcomes. Qualitative and quantitative data for patients with 
peripheral lower limb arterial disease undergoing bypass 
surgery with or without a prior endovascular operation were 
then extracted from the six studies (Table I). Mean mortality 
rate outcomes were assessed in all six studies (22‑24,37‑39). 
Of these, three reported a reduction in the mortality rate 
for patients undergoing bypass surgery without a history of 
endovascular operation, compared with patients with prior 
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endovascular operation  (23,24,38). Moreover, two studies 
reported an increase in mortality for patients undergoing 
bypass surgery without prior endovascular operation (37,39). 
Only one study reported no difference in mortality between 
the two groups (22).

Similarly, all six studies had evaluated the amputation 
rate  (22‑24,37‑39). In total, five studies reported a reduc‑
tion in the mean amputation rate for patients undergoing 
bypass surgery without prior history of endovascular 
operation, compared with patients with prior endovascular 
surgery (22‑24,37,38). Only one study reported an increase in 
the mean rate of amputation in the former group (39).

Lastly, four studies evaluated complication rate 
outcomes (22,24,37,39). In three studies, the complication rate 
was reduced in the group with no history of endovascular oper‑
ation, compared with patients with a prior history (22,37,39). 
Only one study reported no difference between the two 
groups (24).

Meta‑analysis report
Mortality rate. The mean mortality rate was assessed in all 
six studies (22‑24,37‑39). One study reported that none of the 
patients died in either of their included groups (22), therefore 
it was not included in the analysis. The random‑effect analysis 
suggested a small positive, but non‑significant effect (Fig. 2), 
corresponding to a reduction in the mortality rate in patients 
with no prior history of endovascular operation compared with 
that in patients with a prior history of endovascular operation 

(average Hedge's g, 0.08; 95% CI, ‑0.41‑0.58). There was no 
heterogeneity between the included studies (I2, 0%; P=0.74).

Amputation rate. The mean amputation rate was assessed in 
all six studies (22‑24,37‑39). A small positive, but significant 
effect was observed (Fig. 3), suggesting a reduction in the 
amputation rate in patients with no prior history endovascular 
operation compared with patients with a prior history of 
endovascular operation (average Hedge's g, 0.18; 95% CI, 
0.02‑0.34). Moderate heterogeneity was observed between the 
studies (I2, 54.3%; P=0.02).

Complication rate. The mean complication rate was assessed 
four studies  (22,24,37,39). The random‑effect analysis 
suggested a small, significant positive effect (Fig. 4), corre‑
sponding to a reduction in complications in the group with no 
prior history endovascular operation as compared to patients 
with a history of endovascular operation (average Hedge's g, 
0.15; 95%  CI, 0.003‑0.298). There was no heterogeneity 
between the included studies (I2, 0%; P=0.04).

Participant information. A total of 11,420  patients with 
peripheral lower limb arterial disease undergoing bypass 
surgery were evaluated in the studies included in the present 
review (Table I). Of these, 4,122 patients had a prior history 
of endovascular operation, whereas 7,298 patients did not. All 
of the studies assessed included both sexes. The cohort with a 
history of endovascular operation included 1,524 females and 

Figure 1. Preferred Reporting Items for Systematic Reviews and Meta‑Analyses flow chart for the included studies.
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516 males. Likewise, the group with no history of endovascular 
operation consisted of 2,451 female patients and 4,748 male 
patients. However, two studies did not mention the sex of 
their patients (22,24). Overall, the mean age of the included 
participants was 68.1±2.0 years. The mean age was similar 
in patients with a history of endovascular operation and those 
without (67.2±1.8 vs. 69.0±2.0 years, respectively).

Follow‑up assessment. In four of the included studies, a follow‑up 
assessment was carried out after only one month (34,36) or 
after 12 months (23,38). In one study, follow‑up assessment 
took place 8 months after bypass surgery (Table I) (22).

Risk of bias. The overall risk of bias in all the included 
studies is high. The highest risk of bias was observed due to 
confounding and selection bias. A 2b level of evidence was 
observed for the included studies based on their experimental 
design (Table II; Fig. 5).

Publication bias. The trim‑and‑fill procedure identified two 
missing studies on the right‑hand side of the mean effect 
(Fig.  6). This means that the trim‑and‑fill method first 
trimmed the studies that caused the funnel plot's asymmetry 
so that the overall effect estimate produced by the remaining 
studies can be considered minimally impacted by publication 
bias. Thereafter, the method filled the imputed missing studies 
on the right side of the funnel plot based on the bias‑corrected 
overall estimate. According to a random‑effects model, the 
point estimates for the evaluated parameters was 0.18 (95% CI, 
0.002‑0.35). These values represent the overall effect size of 
all the parameters in the included studies before the assess‑
ment of publication bias. Using the trim‑and‑fill procedure, the 
most extreme effect sizes were trimmed from the left side of 
the funnel plot and filled on the right side of the funnel plot 
to obtain funnel plot symmetry. The trim and fill procedure 
reported a point estimate of 0.21 (95% CI, 0.03‑0.38). This 
corrected effect size estimate is obtained by computing the 
meta‑analytic estimate based on the observed and imputed 
effect sizes. Here, the difference in between the two‑point 
estimates is  0.03. Since the bias has been adjusted in the 
positive domain, it can be interpreted that the publication bias 
existed in the negative domain i.e. on the left side of the funnel 
plot (40).

Discussion

To the best of our knowledge, the present review was the first to 
summarize the current state of evidence concerning morbidity 
and mortality‑related outcomes in patients with peripheral 
arterial disease of the lower extremities undergoing bypass 
surgery, according to their history of endovascular surgery. 
The present study reported a reduction in mean mortality, 
amputation and complication rates in patients receiving 
bypass surgery without any prior history of any endovascular 
operation.

The management of peripheral arterial disease is a 
challenging factor for vascular surgeons worldwide (41,42). 
Several studies have outlined the clinical benefits of endovas‑
cular surgery on critical intermittent claudication in the lower 
extremities (43,44). For example, Tielliu et al (45) suggested 
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Figure 2. Mean mortality rate for patients with peripheral lower limb arterial disease. Data are represented as a forest plot comparing patients undergoing 
bypass surgery with prior history of endovascular operation vs. patients without prior history. Weighted effect sizes are presented as filled squares and 95% CI 
as whiskers, where the size of the squares is proportional to the Hedge's g effect observed in the corresponding study. The overall effect size is represented as 
a filled diamond. A negative Hedge's g indicates reduced mortality rate in the group with prior history of endovascular operation, whereas a positive Hedge's g 
is indicative of reduced mortality rate for the group with no prior history of endovascular operation.

Figure 3. Mean amputation rate for patients with peripheral lower limb arterial disease. Data are represented as a forest plot comparing patients undergoing 
bypass surgery with prior history of endovascular operation vs. patients without prior history. Weighted effect sizes are presented as filled squares and 95% CI 
as whiskers, the size of the squares is proportional to the Hedge's g effect observed in the corresponding study. The overall effect size is represented as a filled 
diamond. A negative Hedge's g indicates reduced amputation rate in the group with prior history of endovascular operation, whereas a positive Hedge's g is 
indicative of reduced amputation rate for the group with no prior history of endovascular operation.

Figure 4. Mean complication rate for patients with peripheral lower limb arterial disease. Data are represented as a forest plot comparing patients undergoing 
bypass surgery with prior history of endovascular operation vs. patients without prior history. Weighted effect sizes are presented as filled squares and 95% CI 
as whiskers, the size of the squares is proportional to the Hedge's g effect observed in the corresponding study. The overall effect size is represented as a filled 
diamond. A negative Hedge's g represents an increased complication rate in patients with prior history of endovascular operation, whereas a positive Hedge's g 
indicates a reduced complication rate for the group with no prior history of endovascular operation.
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that the minimally invasive nature of endovascular opera‑
tions could reduce post‑operative morbidity in patients with 
popliteal artery occlusion (45). Similarly, Adam et al  (15) 
reported superior cost‑effectiveness, repeatability and collat‑
eral preservation, where collateral arteries are preserved 
during the surgery to prevent re‑occurrence of symptoms in 
cases of re‑occlusion of the angioplasty site, with endovascular 
approaches, such as balloon angioplasty (46). However, the 
authors cautioned over the conventional use of endovascular 
surgery as first‑line treatment for peripheral arterial disease, 
reporting clinical failure rate of ~25% with this approach (15). 

Böckler et al (22) also reported that endovascular operations 
below the inguinal ligament carried a very high risk of failure. 
Several factors contribute to the high risk of failure observed 
with endovascular operation, including lower pulsating blood 
flow in the infra‑popliteal arteries, shorter stent length, tech‑
nicality of the approach and the complex nature of peripheral 
arterial disease (44,47). The literature recommends that under 
the circumstances of high failure rates with endovascular 
interventions, bypass surgeries must be performed to reinstate 
blood supply to the avascular parts  (15,22). Nevertheless, 
recent studies have suggested that secondary bypass surgery 

Figure 5. Risk of bias in the included studies. Bias risk was assessed using the Cochrane risk of bias assessment for randomized controlled trials.

Table II. Bias risk in the analyzed studies.

			   Deviation			   Selection
	 Confounding	 Selection	 from intended	 Missing	 Measurement	 of reported	 Classification of
Author, year	 bias	 bias	 intervention	 data	 in outcome	 result	 intervention	 (Refs.)

Bodewes et al,  	 High	 Low	 High	 Low	 Low	 Low	 Low	 (37)
2017								      
Uhl et al,  	 High	 Low	 Low	 Low	 Low	 Low	 Low	 (24)
2015								      
Santo et al,  	 Unclear	 Unclear	 Low	 Low	 Low	 Low	 Low	 (39)
2014								      
Jones et al,  	 Unclear	 Low	 High	 Low	 Low	 Unclear	 Low	 (38)
2013								      
Nolan et al, 	 Unclear	 High	 Low	 Low	 Low	 High	 Unclear	 (23)
2011								      
Böckler et al,  	 Unclear	 High	 Low	 Low	 Low	 Low	 Low	 (22)
2005								      

All included studies were analyzed using the Cochrane risk of bias assessment tool for non‑randomized controlled trials. A level of evidence 
of 2b was observed in each study.
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after a failed endovascular attempt could result in an increase 
in morbidity and mortality (48).

In a retrospective study, Bodewes  et  al  (37) analyzed 
patients undergoing primary (n=2,031) or secondary bypass 
surgery (n=3,102). Patients undergoing secondary bypass 
surgery had a higher rate of complications (as demonstrated 
by a high major adverse cardiovascular event score), secondary 
respiratory problems and urinary tract infections, compared 
with those undergoing a primary bypass surgery. The authors 
further hypothesized that a failed endovascular operation may 
introduce anatomical restrictions such as damage to inflow or 
runoff vessels due to previous procedures, which will eventu‑
ally occlude arterial inflow or compromise blood vessel run‑off 
due to embolism, in turn resulting in the increased complication 
rate in patients receiving secondary bypass surgery. Similarly, 
Böckler et al (22) reported an increase in complication rate 
for the group receiving secondary bypass surgery  (40%), 
compared with the group with no history of an endovascular 
operation (17%). The authors hypothesized that stenting failure 
could damage the endothelial layer of the artery, which could 
in turn promote a thrombotic growth, eventually worsening 
patient prognosis. Moreover, Santo et al (39) and Uhl et al (24) 
also reported an increase in the mean complication rates for 
the patients receiving a bypass surgery with prior history of 
endovascular operation compared with patients receiving a 
secondary bypass operation. The present meta‑analysis is in 
agreement with these findings and suggested a small reduction 
in the complication rates in patients receiving bypass surgery 
without any prior history of endovascular operation.

Furthermore, an increase in amputation rate has also 
been documented in patients receiving secondary bypass 
surgery (22‑24,38,39). For instance, Nolan et al (23) reported 
an increased rate of amputation in patients receiving bypass 

surgery after an ipsilateral endovascular intervention (31%) 
compared with patients receiving primary bypass surgery (20%). 
This increased rate of amputation following secondary bypass 
surgery could be explained by two important mechanisms. 
Firstly, a higher rate of complications associated with wound 
infection in patients with a prior history of endovascular inter‑
vention, with ≤1.5 times higher rate of infection compared with 
patients with no prior history of endovascular intervention (37) 
and co‑existing medical conditions, such as diabetes or chronic 
kidney disease, might impair the post‑operative healing process 
and increase the risk of amputation. Secondly, as suggested by 
Uhl et al (24), a delay in the execution of a secondary bypass 
intervention after a failed endovascular operation could also 
increase the development of gangrenous tissue and increase the 
risk of amputation. The present meta‑analysis is in line with 
these findings and reported a small reduction in amputation 
rates in patients receiving bypass surgery without prior history 
of endovascular operation.

Lastly, the present study also suggested a reduction in the 
mortality rate in patients receiving bypass surgery without prior 
history of endovascular operation (23,37). Bodewes et al (37) 
suggested that an increased rate of cardiovascular adverse events 
and renal insufficiency during secondary bypass surgeries was 
a major determinant underlying the increased mortality rate 
in these patients. A reduced mortality rate was observed in 
patients undergoing primary bypass surgeries (3.7%), compared 
with patients receiving a bypass after a failed endovascular 
operation (4.3%). This finding was also confirmed in the present 
meta‑analysis. Notably, a small reduction in the mean mortality 
rate was observed in patients receiving a primary bypass, 
compared with those receiving secondary bypass surgery.

Despite the novelty of this present meta‑analysis, a few 
limitations remain. Firstly, registration of this systematic 

Figure 6. Publication bias funnel plot. Analyzed effects are represented as circles. Boundaries of the plot mark the area where 95% of all the effects would 
reside if there were no publication bias. Vertical midline denotes the mean standardized effect of zero. The empty circles represent individual effect sizes of 
the included studies, whereas the filled circles represent the imputed studies that have been filled with the trim and fill procedure.
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review was not performed in a prospective registry, such as 
Prospero or Open Science Framework, which may undermine 
the validity of this review (49). Moreover, the broad inclusion 
criteria used in the present study led to the inclusion of a wide 
range of studies, in which patients received secondary bypass 
surgery after different types of endovascular intervention, 
such as angioplasty, stenting and after a failed initial bypass 
surgery. This may account for the moderate heterogeneity 
observed in the meta‑analysis of amputation rates. Therefore, 
the results of this meta‑analysis report should be interpreted 
with caution. In addition, due to the paucity of data, separate 
analyses for failed endovascular operations performed in 
ipsilateral extremities and contralateral extremities could 
not be conducted. Nolan et al (23), for instance, reported a 
higher amputation and graft occlusion rate for secondary 
bypass surgeries carried out following a failed endovascular 
operation on the ipsilateral leg. Lastly, again due to the limited 
availability of data, a cost‑benefit analysis of bypass surgeries 
performed with or without prior endovascular operations was 
not carried out. An evaluation of these parameters would prove 
extremely beneficial for healthcare communities, particularly 
in low‑and middle‑income countries where morbidity and 
mortality associated with peripheral arterial disease are the 
highest (3). Therefore, future studies should address these gaps 
by performing subgroup analyses, and the findings should be 
shared in open‑access repositories.

In conclusion, this systematic review and meta‑analysis 
provided a 2b level of evidence demonstrating reduced mean 
mortality, amputation and complication rates in patients with 
lower limb peripheral arterial disease undergoing bypass 
surgery without prior history of endovascular operations, as 
compared with patients with a history of endovascular opera‑
tions. The findings from the current meta‑analysis may provide 
insight into the development of best‑practice emergency care 
guidelines for the management of peripheral arterial disease.
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