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Abstract: To systematically review the current evidence on peripheral artery disease surgery,
focusing on outcomes, risk factors, treatment comparisons, and emerging trends, to inform clinical
practice and future research. The review utilises 1342 studies with 3092231 total participants (naive
2N). Bypass surgery for peripheral artery disease (PAD) was associated with a significantly lower re-
intervention rate (median 20%, range 17.0-20%) compared to endovascular revascularization
(median 25%, range 25.2-35.1%), with no significant difference in major amputation or mortality.
These findings apply to a broad population of patients with PAD, often with multiple comorbidities,
undergoing various revascularization procedures. The heterogeneity in study designs and outcome
reporting across the literature remains the most significant limitation, affecting the certainty of direct
comparisons. Moving forward, clinicians should prioritize individualized treatment plans based on
patient risk factors and lesion characteristics, while researchers focus on standardized, long-term

comparative effectiveness studies to refine treatment guidelines.
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Outcome-Sentiment Meta-Analysis (OSMA): (LLM-only)

Frame: Effect-of Predictor - Outcome ¢ Source: Europe PMC

Outcome: Outcome Typical timepoints: peri/post-op, 30-day. Reported metrics: %, Cl, p.
Common endpoints: Common endpoints: mortality, complications, survival.

Predictor: peripheral artery disease surgery — exposure/predictor. Doses/units seen: 10mg, 8 g,
150 mg. Routes seen: oral, intravenous, iv, intramuscular.... Typical comparator: primary

bypass surgery, endovascular interventions, patients with severe obesity, control....

¢ 1) Beneficial for patients — Outcome with peripheral artery disease surgery — [5],
[11]1,[12],[13], [15], [20], [44], [57], [58], [66], [72], [85], [91], [93], [94], [128],
[137], [139], [141], [149], [154], [155], [159], [165], [174], [177], [182], [184], [189],
[194], [209], [212], [217], [223], [229], [233], [238], [259], [262], [263], [265], [268],
[275], [279], [286], [289], [291], [296], [302], [306], [307], [308], [314], [315], [317],
[320], [326], [328], [339], [358], [361], [364], [369], [372], [373], [377], [383], [384],
[3871, [398], [400], [403], [406], [416], [418], [424], [425], [428], [432], [435], [437],
[441], [444], [446], [449], [451], [452], [458], [471], [475], [477], [479], [481], [487],
[488], [491], [497], [501], [503], [506], [516], [527], [556], [557], [563], [571], [572],
[576], [582], [588], [589], [591], [597], [616], [617], [620], [625], [632], [643], [644],
[655], [663], [687], [689], [691], [717], [721], [724], [726], [736], [742], [745], [748],
[7501], [755], [759], [760], [766], [771], [779], [782], [794], [797], [798], [806], [807],
[816], [820], [839], [840], [845], [847], [849], [856], [864], [870], [875], [880], [883],
[8871, [891], [897], [902], [909], [911], [915], [919], [932], [938], [971], [976], [979],
[1003], [1007], [1011], [1012], [1013], [1016], [1023], [1029], [1033], [1041], [1045],
[1052], [1053], [1055], [1060], [1062], [1063], [1065], [1066], [1070], [1071], [1072],
[1076], [1077]1,[1078], [1085], [1101], [1103], [1106], [1110], [1132], [1152], [1156],
[1157]1,[1158], [1166], [1172], [1186], [1205], [1207], [1213], [1216], [1217], [1224],
[1225], [1229], [12301], [1237], [1245], [1268], [1273], [1274], [1311], [1318], [1319],
[13201], [1322], [1334], [1335], [1340] — ZN=738392

e 2) Harmful for patients — Outcome with peripheral artery disease surgery — [2],
[81, [9], [18], [19], [23], [24], [26], [32], [33], [34], [37], [38], [41], [46], [47], [48],
[56], [59], [62], [63], [64], [65], [77], [78], [81], [83], [86], [87], [95], [99], [100],
[101], [102], [103], [104], [108], [109], [113], [114], [121], [124], [130], [131], [133],
[135], [138], [143], [146], [148], [156], [157], [163], [167], [173], [188], [191], [195],
[198], [201], [204], [205], [206], [2101], [225], [227], [230], [231], [234], [235], [241],
[244], [246], [247], [248], [252], [256], [260], [2671, [272], [273], [2741], [278], [281],
[282], [285], [287], [288], [292], [294], [295], [297], [298], [301], [303], [305], [310],
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[97],[98], [105], [106], [107],[110], [111],[112],[115],[116],[117],[118], [119],
[120], [122], [123], [125],[126], [127]1,[129], [132], [134], [136], [140], [142], [144],
[145], [147], [150], [151], [152], [153], [158], [160], [161], [162], [164], [166], [168],
[169], [170],[171],[172],[175],[176], [178], [179], [180], [181], [183], [185], [186],
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[1248], [1251], [1252], [1253], [1254], [1256], [1257], [1260], [1263], [1264], [1265],
[1266], [1269], [1270], [1272], [1275], [1276], [1277], [1278], [1279], [1280], [1281],
[1282], [1283], [1285], [1286], [1287], [1288], [1289], [1290], [1291], [1292], [1293],
[1294], [1295], [1296], [1297], [1298], [1299], [1300], [1303], [1305], [1308], [1309],
[13101], [1312], [1315], [1316], [1321], [1323], [1324], [1327], [1328], [1329], [1330],
[1333], [1336], [1339], [1341], [1342] — ZN=479048

1) Introduction

Peripheral artery disease (PAD) represents a significant global health burden, characterized by
atherosclerotic obstruction of arteries supplying the limbs, most commonly the lower extremities.
Surgical interventions, encompassing a range of open and endovascular procedures, are critical for
managing symptomatic PAD, particularly in cases of lifestyle-limiting claudication and chronic limb-
threatening ischemia (CLTI) [2, 9, 116]. The landscape of PAD management is evolving, with ongoing
research into patient risk stratification, optimal treatment modalities, perioperative care, and long-
term outcomes [3, 15, 74]. This paper synthesizes current findings to delineate the efficacy, safety,

and associated factors of surgical approaches for PAD.

2) Aim
To systematically review the current evidence on peripheral artery disease surgery, focusing on
outcomes, risk factors, treatment comparisons, and emerging trends, to inform clinical practice and

future research.

3) Methods
Systematic review with multilayer Al research agent: keyword normalization, retrieval & structuring,

and paper synthesis (see SAIMSARA About section for details).

e Bias: Qualitatively inferred from study design fields. Retrospective designs are common,
introducing potential selection and recall bias [1, 2, 6]. Cross-sectional studies provide
snapshots but cannot establish causality [1, 20]. Unspecified study designs or directionality
in some reports limit the ability to assess methodological rigor [3, 7, 10]. Small sample sizes
in some experimental or case series studies restrict generalizability [13, 17, 41].
Heterogeneity in patient populations, interventions, and follow-up periods across studies

further complicates direct comparisons.



4) Results

4.1 Study characteristics

The review encompassed a variety of study designs, including retrospective cohort studies [1, 2, 6,
12,18, 22, 25, 27, 28, 33, 34, 35, 38], cross-sectional analyses [1, 20, 36, 203], randomized
controlled trials (RCTs) [9, 127, 171, 187, 199, 274, 276, 320, 435], and prospective cohort studies
[18, 33, 35, 154, 155, 156, 206, 361, 394]. Patient populations ranged from vascular surgery
inpatients [1] and those undergoing lower extremity bypass (LEB) [2] to specific cohorts such as
diabetic foot ulcer patients [23, 154], critical limb ischemia (CLTI) patients [20, 161], and those with
concomitant cardiac conditions undergoing coronary artery bypass grafting (CABG) [19, 24, 27].
Follow-up periods varied widely, from immediate perioperative outcomes [35, 38, 409] and 30-day
assessments [9, 133] to short-term (6 months, 1 year) [6, 22, 155] and long-term (3, 5, 10 years, or
unspecified long-term) evaluations [3, 6, 26, 34, 193].

4.2 Main numerical result aligned to the query

Bypass surgery for peripheral artery disease (PAD) was associated with a significantly lower re-
intervention rate (median 20%, range 17.0-20% [217, 332]) compared to endovascular
revascularization (median 25%, range 25.2-35.1% [81, 217, 332]), with no significant difference in

major amputation or mortality [21].

4.3 Topic synthesis

o Patient Risk Factors and Comorbidities: Peripheral artery disease (PAD) is strongly
associated with various comorbidities that impact surgical outcomes. The triglyceride-
glucose index (TyGl) is positively associated with PAD, with gender-specific differences [1].
Preoperative gabapentinoid use is linked to longer postoperative length of stay in lower
extremity bypass (LEB) patients [2]. Chronic kidney disease (CKD) and hemodialysis
significantly predict worse outcomes, including lower amputation-free survival and higher
mortality after bypass surgery [34, 148, 273, 354, 739]. Diabetes mellitus (DM) is a
pervasive comorbidity, influencing surgical site infections (SSls) [18, 95], free flap failure
[23], exercise capacity [31], saphenous vein graft (SVG) occlusion [32], and outcomes after
infrainguinal bypass [102]. Frailty in PAD patients undergoing major vascular surgery is
associated with functional decline and changes in living situation [113]. Older age, male sex,
smoking, and other cardiovascular diseases (coronary artery disease (CAD), abdominal
aortic aneurysm (AAA), carotid artery stenosis (CAS)) are consistently identified as risk
factors for adverse events and mortality across various vascular and cardiac surgeries [24,
26, 27, 30, 32, 38, 48, 63, 72, 77, 78, 86, 95, 104, 133, 143, 173, 201, 206, 210, 241, 244,
247, 248, 250, 256, 257, 260, 270, 271, 292, 297, 298, 305, 311, 322, 333, 335, 338, 340,
345, 346, 351, 362, 366, 388, 393, 395, 404, 411, 413, 419, 461, 463, 469, 472, 496, 499,



513, 520, 538, 539, 562, 565, 587, 602, 608, 611, 612, 619, 627, 639, 641, 645, 648, 650,
680, 682, 693, 694, 752, 757, 768, 772, 781, 783, 796, 816, 819, 823, 835, 838, 839, 843,
851, 852, 863, 873, 874, 877, 881, 884, 887, 889, 892, 894, 908, 920, 939, 943, 949, 950,
952, 953, 956, 962, 965, 978, 982, 983, 984, 985, 986, 987, 990, 997, 999, 1000, 1008,
1009, 1021, 1030, 1081, 1083, 1084, 1085, 1086, 1090, 1091, 1096, 1097, 1098, 1115,
1117, 1119, 1128, 1141, 1142, 1144, 1158, 1173, 1181, 1203, 1204, 1211, 1226, 1231,
1284, 1285, 1306, 1313, 1314, 1337]. Chronic obstructive pulmonary disease (COPD) is also
a significant risk factor for complications and mortality [62, 78, 130, 163, 863].

e Surgical Outcomes and Complications: Survival rates after PAD surgery vary by
procedure and patient characteristics, with machine learning models predicting 1-, 3-, and 5-
year survival AUCs of 0.86, 0.84, and 0.80, respectively [3]. Postoperative length of stay can
be prolonged by factors like preoperative gabapentinoid use [2] or surgical complexity [59].
Major adverse limb events (MALE) and amputation rates are key outcomes, with bypass
surgery showing comparable major amputation and mortality rates to endovascular
revascularization, but lower re-intervention rates [21]. Patency of the profunda femoris
artery (PFA) and common iliac artery are strong predictors of successful below-knee
amputation stump healing [12]. Surgical site infections (SSls) are a concern, with C-reactive
protein (CRP) and hyperglycemia identified as predictive factors [18, 409]. Postoperative
delirium (POD) is common after infrainguinal bypass and is associated with increased
resource utilization, major amputation, myocardial infarction (Ml), and mortality [281].

o Treatment Modalities and Comparisons: National trends show an increase in total
vascular operative volume among graduating chief residents, with peripheral cases being
the most frequent and demonstrating the greatest annual growth [4]. Lifestyle modifications
can significantly decrease PAD severity and operation rates, leading to reduced amputations
and increased pain-free patients [5]. Bypass surgery after endovascular treatment for PAD
shows comparable perioperative, short-term, or mid-term clinical outcomes to primary
bypass [6]. Bypass surgery demonstrates higher technical success and 1-year primary
patency for PAD but is associated with increased 30-day morbidity, mortality, and 1-year
major amputation rates compared to endovascular interventions [9]. Atherectomy followed
by balloon angioplasty for infrainguinal PAD shows high technical success rates
(95.83-100%) with acceptable restenosis and complication rates [14]. Endovascular
treatment of the common femoral artery (CFA) is associated with higher reintervention rates
compared to open treatment [81]. Percutaneous deep vein arterialization (pDVA) achieved
100% procedural success and 75% limb salvage in end-stage PAD patients [182].

e Diagnostic and Predictive Tools: Machine learning tools can predict survival after PAD
surgery [3, 302]. A novel ultrasound platform prototype demonstrated accurate flow velocity
measurements for remote surveillance [7]. Lower resistance index (RIl) of distal-leg arteries

correlates with higher rates of plantar arch patency in critical limb ischemia (CLI) patients



[20]. Subtraction computed tomography angiography (CTA) with volume position matching
achieves higher diagnostic accuracy than conventional CTA in patients with severe calcific
sclerosis [50]. Near-infrared (NIR) fluorescence imaging with indocyanine green (ICG) is a
promising modality for diagnosing PAD and predicting postoperative skin necrosis after
amputation [370, 408]. Deep learning models can accurately segment the vascular system
and measure vascular calcification in femoral endarterectomy patients [168].

e Perioperative Management and Optimization: Preoperative use of gabapentinoids is
associated with longer postoperative length of stay [2]. Rivaroxaban reduced the primary
composite endpoint in PAD patients undergoing surgical bypass, with consistent benefits
regardless of conduit type, despite increased bleeding risk [15, 29]. Dual antiplatelet
therapy (DAPT) remains common after endovascular treatment, but dual pathway inhibition
(DPI) with low-dose rivaroxaban plus aspirin may require caution in nearly 50% of CLTI
patients due to high bleeding risk [99, 112]. Direct oral anticoagulants (DOACs) show no
significant difference in bypass patency compared to warfarin for below-the-knee autologous
vein bypasses [22]. A multidisciplinary delirium prevention bundle significantly reduced
postoperative delirium in cardiac surgery patients, with PAD identified as an independent
risk factor [138].

o Health Disparities and Healthcare System Factors: Patients residing furthest from
tertiary hospitals present with more severe PAD and have higher rates of PAD surgery [28].
Peripheral artery disease (PAD) and aortic disease are the most studied conditions using the
Vascular Quality Initiative (VQI) database for health disparities research, with sex being the
most commonly studied variable [10]. Regional variations in revascularization rates for PAD
are observed in Japan, influenced by medical resources and training facilities [166]. Medical
centers with vascular surgery training programs are more likely to perform preoperative vein
mapping and utilize autologous vein conduits for infrainguinal bypass [57]. Unconscious pro-
White bias among vascular surgeons has implications for health disparities in PAD care
[200].

e Emerging Therapies and Research Models: Inhibition of SRPK1 enhances
collateralization in mouse models and in vitro human monocyte models of PAD by altering
VEGEF splicing [55, 196, 202]. Revascularization surgery significantly improved knee range of
motion (ROM) and gait regularity in PAD patients [13]. Mesenchymal stem cells
overexpressing microRNA-126 show promise for critical limb ischemia (CLI) treatment [421].
Photobiomodulation therapy (PBMT) can induce therapeutic angiogenesis and may be a

novel treatment for PAD [425].

5) Discussion

5.1 Principal finding



Bypass surgery for peripheral artery disease (PAD) was associated with a significantly lower re-
intervention rate (median 20%, range 17.0-20% [217, 332]) compared to endovascular
revascularization (median 25%, range 25.2-35.1% [81, 217, 332]), with no significant difference in

major amputation or mortality [21].

5.2 Clinical implications

o Personalized Treatment Selection: Given comparable major amputation and mortality
rates, the choice between bypass surgery and endovascular revascularization should
consider the patient's risk profile, lesion characteristics (e.g., common femoral artery lesions
may have higher reintervention with endovascular approaches [81]), and the lower re-
intervention rate associated with bypass surgery [21].

« Enhanced Preoperative Optimization: Preoperative screening for comorbidities like
chronic kidney disease [148], diabetes [102], and frailty [113] is crucial for risk stratification.
Addressing factors like hyperglycemia [409] and anemia [376] can significantly reduce
postoperative complications.

o« Improved Postoperative Care: Strategies for reducing postoperative delirium, such as
multidisciplinary bundles, should be implemented, especially in high-risk patients [138, 281].
Careful consideration of antithrombotic regimens, balancing patency and bleeding risk, is
essential [15, 99].

o Importance of Lifestyle and Exercise: Lifestyle modifications and structured exercise
programs should be strongly encouraged as they can decrease PAD severity and reduce the
need for surgery, improving patient outcomes [5, 144, 361].

e Addressing Health Disparities: Clinicians should be aware of and actively work to
mitigate health disparities in PAD care, including those related to socioeconomic status,

geographic access, and unconscious bias [28, 200, 269].

5.3 Research implications / key gaps

o Standardized Outcome Reporting: Heterogeneity in outcome definitions (e.g., patency,
MALE, mortality timeframes) hinders direct comparison and meta-analysis [9, 21].

e Long-Term Comparative Effectiveness: More long-term (e.g., >5 years) randomized
controlled trials are needed to compare open surgical and endovascular interventions across
diverse PAD phenotypes, particularly for complex lesions [187, 199].

e Biomarker-Guided Therapy: Further research is needed to validate and integrate novel
biomarkers (e.g., TyGl [1], H2S [278], microRNAs [47, 315]) into clinical decision-making for

risk prediction and treatment response.



o Impact of Socioeconomic Factors: Studies are needed to quantify the precise impact of
socioeconomic status and geographic remoteness on access to specialized PAD care and
long-term surgical outcomes [28, 248, 269].

e Optimizing Antithrombotic Strategies: Further RCTs are required to define optimal
antithrombotic regimens (e.g., DAPT vs. DPI) for various PAD surgical and endovascular

procedures, considering individual bleeding and thrombotic risks [29, 99, 112].

5.4 Limitations

Retrospective Study Designs — Many studies were retrospective, limiting causal

inference and increasing susceptibility to confounding.

Heterogeneous Patient Populations — Wide variation in PAD severity, comorbidities,

and indications for surgery affects generalizability.

Varied Follow-up Durations — Inconsistent follow-up periods make it challenging to

compare long-term outcomes across studies.

Lack of Standardized Metrics — Different definitions and reporting of key outcomes (e.g.,
patency, reintervention) limit direct quantitative synthesis.
e Qualitative Bias Assessment — Bias was inferred qualitatively, lacking a formal,

quantitative assessment across all studies.

5.5 Future directions

e Conduct Prospective RCTs — Compare surgical and endovascular therapies for specific
PAD anatomies.

o Develop Predictive Models — Integrate clinical, imaging, and biomarker data for
personalized risk assessment.

e Standardize Outcome Measures — Facilitate robust comparisons across future PAD
studies.

e Investigate Novel Therapies — Explore gene and cell therapies to enhance
revascularization and limb salvage.

o Implement Health Equity — Design interventions to address disparities in PAD care

access and outcomes.

6) Conclusion

Bypass surgery for peripheral artery disease (PAD) was associated with a significantly lower re-



intervention rate (median 20%, range 17.0-20% [217, 332]) compared to endovascular
revascularization (median 25%, range 25.2-35.1% [81, 217, 332]), with no significant difference in
major amputation or mortality [21]. These findings apply to a broad population of patients with PAD,
often with multiple comorbidities, undergoing various revascularization procedures. The
heterogeneity in study designs and outcome reporting across the literature remains the most
significant limitation, affecting the certainty of direct comparisons. Moving forward, clinicians should
prioritize individualized treatment plans based on patient risk factors and lesion characteristics, while
researchers focus on standardized, long-term comparative effectiveness studies to refine treatment

guidelines.
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