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Background Enhanced recovery after surgery (ERAS) interventions aim to improve patient outcomes. Vascular
surgery patients have unique requirements and it is unclear which ERAS interventions are supported by an evidence

Methods We conducted a scoping review to identify ERAS randomized controlled trials (RCTs) published in the bio-
medical or nursing literature. We assessed interventions for applicability to vascular surgery and differentiated
interventions given at preadmission, preoperative, intraoperative, and postoperative surgery stages. We documented

Results We identified 76 relevant RCTs. Interventions were mostly administered in preoperative (23 RCTs; 30%)
or intraoperative surgery stages (35 RCTs; 46%). The majority of studies reported mortality outcomes (44 RCTs; 58%),
but hospital (27 RCTs; 35%) and intensive care unit (9 RCTs; 12%) length of stay outcomes were less consistently

Conclusion The ERAS evidence base is growing but contains gaps. Research on preadmission interventions
and more consistent reporting of key outcomes is needed.
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Introduction

Enhanced recovery after surgery (ERAS) consists of
interventions designed to support patients recover-
ing from surgery throughout the continuum of care
[1]. Improved recovery after surgery benefits patients,
practitioners, and healthcare delivery organizations [2].
However, little is known about the applicability ERAS
interventions to vascular surgery [3]. Vascular surgery,
which includes a wide range of treatments that encom-
pass major open operations and less invasive endovascu-
lar procedures, may benefit from ERAS approaches.

To better understand this literature, we conducted
a scoping review and created an evidence map of ran-
domized controlled trials (RCTs) for ERAS interven-
tions, mapped by surgical stage, that evaluate key
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Table 1 Evidence table Table 1 (continued)

Citation Stage Mortality LOS ICU LOS Citation Stage Mortality LOS ICU LOS
Ali 2007 [6] Intraoperative  Measured Measured Measured Nesek-Adam 2012 [53]  Intraoperative

Baldwin 1994 [7] Postoperative  Measured Nevelsteen 1991 [54] = Preoperative

Barlow 1989 [8] Preoperative Niemi 2006 [55] Intraoperative

Belch 1980 [9] Preoperative  Measured Norgen 2004 [56] Intraoperative  Measured

Bender 1997 [10] Preoperative  Measured Norris 2001 [57] Multi-stage Measured Measured

Berlauk 1991 [11] Preoperative  Measured Measured  Oliver 2006 [58] Intraoperative  Measured

Bille-Brahe 1980 [12]  Postoperative Ozaki 2015 [59] Postoperative

Bode 1996 [13] Intraoperative Measured Measured Measured ~ Partridge 2017 [60] ~ Preoperative  Measured Measured

Bohner 2002 [14] Postoperative Measured Measured Measured Pitt 1980 [61] Intraoperative Measured

Bolliger 2007 [15] Preoperative  Measured Pleger 2018 [62] Postoperative Measured

Bonazzi 2002 [16] Intraoperative Measured Measured Poldermans 1999 [63]  Intraoperative Measured

Brady 2005 [17] Intraoperative Measured Measured Reinhart 1989 [64] Intraoperative  Measured

Christopherson Intraoperative  Measured Renghi 2013 [65] Intraoperative Measured

19% 18] Risberg 1995 [66] Preoperative  Measured

Cook 1986 [19] Intraoperative Measured Roizen 1980 [67] Preoperative

Dorman 1995 [20] Intraoperative Salzmann 1983 [68]  Intraoperative

Durazzo 2004 [21] Preoperative  Measured Schouten 2009 [69]  Intraoperative Measured

Earnshaw 1989 [22]  Postoperative Soliman 2016 [70] Preoperative  Measured Measured

Farkas 1993 [23] Multi-stage Measured Sprung 2000 [71] Intraoperative

Fleisher 2005 [24] Preoperative  Measured Stuhmeier 1996 [72]  Preoperative  Measured

Fleron 2003 [25] Intraoperative - Measured Subramaniam Intraoperative Measured Measured

Forster 2006 [26] Postoperative 2009 [73]

Fourneau 2006 [27]  Intraoperative Measured Swinnen 2010 [74] Intraoperative

Frank 1992 [28] Intraoperative Thomas 2016 [75] Preoperative  Measured Measured

Friedman 1996 [29]  Postoperative Measured Measured Turner 2008 [76] Preoperative  Measured Measured Measured
Gonzalez-Fajardo Postoperative Measured Turtianien 2012 [77]  Postoperative Measured Measured

2009 [30] Van der Linden Intraoperative Measured

Gouaillier-Vulcain Intraoperative 2010 (78]

2015 (31] Vierhout 2014 [79] Postoperative

Hall 1998 [32] Preoperative Vukovic 2012 [80] Postoperative

Hasselgren 1984 (33]  Preoperative Weed 2017 [81] Preoperative Measured

Healy 2015 [34] Intraoperative Measured Measured Measured Worning 1986 [82] Preoperative

Kaiser 1978 [35] Intraoperative Yang 2006 [83] Intraoperative  Measured Measured

Kavakli 2019 [36] Intraoperative Measured Measured Ziegler 1997 [34] Preoperative  Measured Measured
Kouvelos 2013 [37] Preoperative Abbreviations: ICU Intensive care unit, LOS Length of stay

Krog 2017 [38] Intraoperative Measured Measured

Kucukakin 2010[39]  Intraoperative patient-centered outcomes (mortality and length of stay).
Kwon 2018 [40] Postoperative Measured The evidence map [4] approach allows readers to view
Lee 2017 [41] Postoperative - Measured - Measured the existing evidence base in one figure and identify key
Lindholm 2013 [42]  Intraoperative Measured Measured research gaps.

Linni 2012 [43] Preoperative  Measured Measured

Lundorff 1999 [44] Intraoperative

Lunen 2018 [45] Preoperative  Measured Measured Measured Methods

Marroni 1999 [46] Preoperative  Measured As part of a larger project on ERAS, we searched Pub-
Martin 1982 [47] Intraoperative Med and the Cumulative Index to Nursing and Allied
Miller 1994 [48] Postoperative Measured Measured Health Literature for published literature, and searched
Monsel 2016 [49] Postoperative ClinicalTrials.gov for clinical trial records from incep-
Mouren 1989 [50] Intraoperative tion to March 2023 (search strategies shown in Supple-
Muehling 2009 [51]  Multi-stage  Measured Measured Measured ~ Mmentary Material 1). Citations and full text publications
Murphy 2014 [52] Intraoperative  Measured Measured were screened by experienced literature reviewers using
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Fig. 1 Evidence map of reported outcomes in included ERAS studies by surgical stage

Abbreviations: ICU Intensive care unit, LOS Length of stay
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predetermined eligibility criteria (full criteria shown
in Supplementary Material 2). Notably, we restricted to
RCTs, a study design that allows strong evidence state-
ments. Abstracted items are also listed in Supplementary
Material 2. Results were plotted as an evidence map using
data visualization software (R Studio; R Studio Public
Benefit Corporation; Boston, MA). All data analyzed in
this manuscript is available in Table 1. This study did not
involve human subjects and was therefore exempt from
RAND Human Subjects Protection Committee review.
Our full report on ERAS interventions for vascular sur-
gery, with a search from inception to July 2019, is availa-
ble on the Patient-Centered Outcomes Research Institute
(PCORI) website [5].

Results

The search identified 4,483 citations, and we included 79
RCTs of ERAS interventions for vascular surgery (evi-
dence table: Table 1) [6-84].

Figure 1 documents the evidence base and distribu-
tion of evidence across treatment stages and treatment
outcomes. Of the evaluated interventions, 24 (30%) were
preoperative, 36 (46%) were intraoperative, 16 (20%) were
postoperative, and 3 (4%) were multi-stage. We did not
identify any preadmission interventions. Forty-four RCTs
(56%) reported mortality outcomes (Fig. 1), and of these
interventions, 16 (36%) were preoperative, 20 (45%) were
intraoperative, 5 (11%) were postoperative, and 3 (7%)
were multi-stage. Length of stay outcomes were reported
in 30 RCTs (38%), which evaluated ERAS interventions
administered preoperatively (7 RCTs; 23%), intraopera-
tively (13 RCTS; 43%), postoperatively (8 RCTs; 27%),
and across multiple surgical stages (2 RCTs; 7%). Length
of stay in intensive care units (ICUs) was measured least
frequently, in only 11 RCTs (14%). Of interventions in
these studies, 4 (36%) were preoperative, 4 (36%) were
intraoperative, 2 (18%) were postoperative, and 1 (9%)
was multi-stage.

Discussion

We identified a substantial body of evidence of ERAS
interventions for vascular surgery. Our analysis utilized
an evidence map to categorize the available research on
RCTs reporting mortality and length of stay outcomes
for these interventions by surgical stage, a strategy not
previously employed by other reviews. The map shows
that existing research has primarily addressed pre- or
intraoperative, rather than preadmission, surgical stages.
In addition, while more than half of studies reported on
mortality, information on hospital or ICU length of stay
remains sparse.
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A recent review [85] of 19 RCTs and observational
studies of ERAS interventions for vascular surgery
found that ERAS interventions reduced length of stay
by 3.5 days across five studies. The review did not
report pooled effects for mortality outcomes. A com-
prehensive systematic review and meta-analysis of the
effects of ERAS interventions in the extant literature is
needed to better estimate treatment effects.

Additional primary research on ERAS interventions
is also needed. The existing evidence base lacks studies
of preadmission ERAS interventions, and mortality and
length of stay outcomes were not consistently reported.
Future primary research should aim to study preadmis-
sion interventions and consistently measure and report
mortality and length of stay outcomes.

ERAS research is rapidly growing and an evidence
base for vascular surgery is also emerging. Our evi-
dence map clearly outlines research gaps, including a
lack of research on ERAS interventions at all surgery
stages and the sparseness of information on key out-
comes. ERAS interventions hold promise to improve
patient recovery after vascular surgery and further
applications should be explored.

Supplementary Information

The online version contains supplementary material available at https://doi.
org/10.1186/513643-023-02324-z.

Additional file 1: Supplementary Material 1. Search strategies. Supple-
mentary Material 2. Eligibility criteria and data abstraction methods.

Acknowledgements

We thank Katharine McGinigle, Thomas Concannon, Paul Koegel, Jeanne
Ringel, Rachel Andricosky, Michelle Althuis, and William Lawrence for helpful
comments, Sachi Yagyu for conducting literature searches, and Christine Chen
for research support.

Authors’ contributions

Drs. Eric Apaydin, Karen Woo, Julia Rollison, and Susanne Hempel contrib-
uted to the study conception and design. Screening and abstraction were
performed by Ms. Sangita Baxi, Dr. Julia Rollison, and Dr. Eric Apaydin. Ms.
Sangita Baxi created the evidence maps, and Dr. Eric Apaydin analyzed the
data. Ms. Aneesa Motala managed the screening and abstraction databases,
and the overall project. The first draft of the manuscript was written by Dr. Eric
Apaydin and all authors commented on previous versions of the manuscript.
All authors read and approved the final manuscript.

Funding

The manuscript is based on work funded by the Patient-Centered Outcomes
Research Institute (contract holder: SH; PCORI [www.pcori.org]; Analytic and
Operational Support for the Engagement of the Public and Patients Task Order
#18 Topic Briefs on Enhanced Recovery After Surgery and Infantile Epilepsy).
The funders had no role in study design, data collection and analysis, decision
to publish, or preparation of the manuscript.

Availability of data and materials
All data analyzed in this manuscript is available in Table 1.


https://doi.org/10.1186/s13643-023-02324-z
https://doi.org/10.1186/s13643-023-02324-z
http://www.pcori.org

Apaydin et al. Systematic Reviews (2023) 12:162

Declarations

Ethics approval and consent to participate

This study did not involve human subjects and was therefore exempt from
RAND Human Subjects Protection Committee review. No human subjects
were involved, and thus their consent to participate was not applicable.

Consent for publication
All authors have given consent for publication.

Competing interests
The authors have declared that no competing interests exist.

Received: 28 June 2023 Accepted: 15 August 2023
Published online: 14 September 2023

References

1.

Melloul E, Hubner M, Scott M, et al. Guidelines for Perioperative Care for
Liver Surgery: Enhanced Recovery After Surgery (ERAS) Society Recom-
mendations. World J Surg. 2016;40(10):2425-40. https://doi.org/10.1007/
500268-016-3700-1.

Society for Vascular Surgery. What is a vascular surgeon?. https://vascular.
org/patient-resources/what-vascular-surgeon. Accessed 29 Apr 2022.
Society for Vascular Surgery. Clinical Practice Guidelines. https://vascular.
org/research-quality/guidelines-and-reporting-standards/clinical-pract
ice-guidelines. Accessed 29 Apr 2022.

Miake-Lye IM, Hempel S, Shanman R, Shekelle PG. What is an evidence
map? A systematic review of published evidence maps and their defini-
tions, methods, and products. Systematic reviews. 2016;5:28. https://doi.
0rg/10.1186/513643-016-0204-x.

Rollison J, Woo K, Chen C, Yagyu S, Motala A, Hempel S. Enhanced
Recovery After Surgery for Vascular Surgery. 2019. https://www.pcori.org/
sites/default/files/PCORI-Topic-Brief-Enhanced-Recovery-After-Surgery-
for-Vascular-Surgery.pdf.

Ali ZA, Callaghan CJ, Lim E, et al. Remote ischemic preconditioning
reduces myocardial and renal injury after elective abdominal aortic
aneurysm repair: a randomized controlled trial. Circulation. 2007;116(11
Suppl):198-105. Intracperative.

Baldwin L, Henderson A, Hickman P. Effect of postoperative low-dose
dopamine on renal function after elective major vascular surgery. Ann Int
Med. 1994;120(9):744-7. Postoperative.

Barlow IW, Ausobsky JR, Wilkinson D, Kester RC. Controlled trial of cephra-
dine versus cefuroxime in vascular surgery. Intl J Clin Pharmacol Res.
1989,9(3):223-7. Preoperative.

Belch JJ, Lowe GD, Pollock JG, Forbes CD, Prentice CR. Low dose heparin
in the prevention of deep-vein thrombosis after aortic bifurcation graft
surgery. Throm Haemost. 1980;42(5):1429-33. Preoperative.

Bender JS, Smith-Meek MA, Jones CE. Routine pulmonary artery
catheterization does not reduce morbidity and mortality of elective
vascular surgery: results of a prospective, randomized trial. Ann Surg.
1997,226(3):229-36. discussion 236-7. Preoperative.

. Berlauk JF, Abrams JH, Gilmour 1J, O'Connor SR, Knighton DR, Cerra FB.

Preoperative optimization of cardiovascular hemodynamics improves
outcome in peripheral vascular surgery. A prospective, randomized clini-
cal trial. Ann Surg. 1991;214(3):289-97. discussion 298-9. Preoperative.
Bille-Brahe NE, Engell HC, Sorensen MB. Acute postoperative digitaliza-
tion of patients with arteriosclerotic heart disease after major surgery.

A randomized haemodynamic study and proposal for therapy. Acta
anaesthesiologica Scandinavica. 1980;24(6):501-6. Postoperative.

Bode RH Jr, Lewis KP, Zarich SW, et al. Cardiac outcome after peripheral
vascular surgery. Comparison of general and regional anesthesia. Anes-
thesiology. 1996;84(1):3—13. Intracperative.

Bohner H, Kindgen-Milles D, Grust A, et al. Prophylactic nasal continuous
positive airway pressure after major vascular surgery: results of a prospective
randomized trial. Langenbeck’s Arch Surg. 2002;387(1):21-6. Postoperative.
Bolliger D, Seeberger MD, Lurati Buse GA, Christen P, Gurke L, Filipovic M.
Randomized clinical trial of moxonidine in patients undergoing major
vascular surgery. British J Surg. 2007;94(12):1477-84. Preoperative.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31

32.

33

34.

35.

6.

Page 5 of 7

Bonazzi M, Gentile F, Biasi GM, et al. Impact of perioperative haemody-
namic monitoring on cardiac morbidity after major vascular surgery

in low risk patients. A randomised pilot trial. Eur J Vasc Endovasc Surg.
2002;23(5):445-51. Intraoperative.

Brady AR, Gibbs JS, Greenhalgh RM, Powell JT, Sydes MR. Perioperative
beta-blockade (POBBLE) for patients undergoing infrarenal vascular
surgery: results of a randomized double-blind controlled trial. J Vasc Surg.
2005;41(4):602-9. Intraoperative.

Christopherson R, Glavan NJ, Norris EJ, et al. Control of blood pressure
and heart rate in patients randomized to epidural or general anesthesia
for lower extremity vascular surgery. Perioperative Ischemia Randomized
Anesthesia Trial (PIRAT) Study Group. J Clin Anesth. 1996,8(7):578-84.
Intraoperative.

Cook PT, Davies MJ, Cronin KD, Moran P. A prospective randomised trial
comparing spinal anaesthesia using hyperbaric cinchocaine with general
anaesthesia for lower limb vascular surgery. Anaesth Intensive Care.
1986;14(4):373-80. Intraoperative.

Dorman BH, Elliott BM, Spinale FG, et al. Protamine use during

peripheral vascular surgery: a prospective randomized trial. J Vasc Surg.
1995;22(3):248-55. discussion 256. Intraoperative.

Durazzo AE, Machado FS, Ikeoka DT, et al. Reduction in cardiovascular
events after vascular surgery with atorvastatin: a randomized trial. J Vasc
Surg. 2004;39(5):967-75. discussion 975-6. Preoperative.

Earnshaw JJ, Berridge DG, Slack RC, Makin GS, Hopkinson BR. Do pre-
operative chlorhexidine baths reduce the risk of infection after vascular
reconstruction? Eur J Vasc Surg. 1989;3(4):323—-6. Postoperative.

Farkas JC, Chapuis C, Combe S, et al. A randomised controlled trial of

a low-molecular-weight heparin (Enoxaparin) to prevent deep-vein
thrombosis in patients undergoing vascular surgery. Eur J Vasc Surg.
1993;7(5):554-60. Bundle/unclear.

Fleisher LA, Newman MF, St Aubin LB, et al. Efficacy of zoniporide, an
Na/H exchange ion inhibitor, for reducing perioperative cardiovas-

cular events in vascular surgery patients. J Cardiothorac Vasc Anesth.
2005;19(5):570-6. Preoperative.

Fleron MH, Weiskopf RB, Bertrand M, et al. A comparison of intrathecal
opioid and intravenous analgesia for the incidence of cardiovascular, res-
piratory, and renal complications after abdominal aortic surgery. Anesth
Analg. 2003;97(1):2-12. table of contents. Intraoperative.

Forster JG, Rosenberg PH, Niemi TT. Continuous spinal microcatheter (28
gauge) technique for arterial bypass surgery of the lower extremities and
comparison of ropivacaine with or without morphine for postoperative
analgesia. British J Anaesth. 2006;97(3):393-400. Postoperative.

Fourneau |, Sabbe T, Daenens K, Nevelsteen A. Hand-assisted laparoscopy
versus conventional median laparotomy for aortobifemoral bypass for
severe aorto-iliac occlusive disease: a prospective randomised study. Eur
JVasc Endovasc Surg. 2006;32(6):645-50. Intracperative.

Frank SM, Beattie C, Christopherson R, et al. Epidural versus gen-

eral anesthesia, ambient operating room temperature, and patient

age as predictors of inadvertent hypothermia. Anesthesiology.
1992;77(2):252-7. Intraoperative.

Friedman SG, Sowerby SA, Del Pin CA, Scher LA, Tortolani AJ. A prospec-
tive randomized study of abdominal aortic surgery without postopera-
tive nasogastric decompression. Cardiovasc Surg (London, England).
1996;4(4):492-4.

Gonzalez-Fajardo JA, Mengibar L, Brizuela JA, Castrodeza J, Vaquero-
Puerta C. Effect of postoperative restrictive fluid therapy in the recovery
of patients with abdominal vascular surgery. Eur J Vasc Endovasc Surg.
2009;37(5):538-43. Postoperative.

Gouaillier-Vulcain F, Marchand E, Martinez R, Picquet J, Enon B. Utility of
electrofusion for the femoral approach in vascular surgery: a randomized
prospective study. Ann Vasc Surg. 2015;29(4):801-9. Intraoperative.

Hall JC, Christiansen KJ, Goodman M, et al. Duration of antimicrobial
prophylaxis in vascular surgery. Am J Surg. 1998;175(2):87-90. Preoperative.
Hasselgren PO, Ivarsson L, Risberg B, Seeman T. Effects of prophylactic
antibiotics in vascular surgery. A prospective, randomized, double-blind
study. Ann Surg. 1984;200(1):86-92. Preoperative.

Healy DA, Boyle E, McCartan D, et al. A multiCenter pilot randomized con-
trolled trial of remote ischemic preconditioning in major vascular surgery.
Vasc Endovasc Surg. 2015;49(8):220-7. Intraoperative.

Kaiser AB, Clayson KR, Mulherin JL Jr, et al. Antibiotic prophylaxis in vascu-
lar surgery. Ann Surg. 1978;188(3):283-9. Intraoperative.


https://doi.org/10.1007/s00268-016-3700-1
https://doi.org/10.1007/s00268-016-3700-1
https://vascular.org/patient-resources/what-vascular-surgeon
https://vascular.org/patient-resources/what-vascular-surgeon
https://vascular.org/research-quality/guidelines-and-reporting-standards/clinical-practice-guidelines
https://vascular.org/research-quality/guidelines-and-reporting-standards/clinical-practice-guidelines
https://vascular.org/research-quality/guidelines-and-reporting-standards/clinical-practice-guidelines
https://doi.org/10.1186/s13643-016-0204-x
https://doi.org/10.1186/s13643-016-0204-x
https://www.pcori.org/sites/default/files/PCORI-Topic-Brief-Enhanced-Recovery-After-Surgery-for-Vascular-Surgery.pdf
https://www.pcori.org/sites/default/files/PCORI-Topic-Brief-Enhanced-Recovery-After-Surgery-for-Vascular-Surgery.pdf
https://www.pcori.org/sites/default/files/PCORI-Topic-Brief-Enhanced-Recovery-After-Surgery-for-Vascular-Surgery.pdf

Apaydin et al. Systematic Reviews

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51

52.

53.

54.

(2023) 12:162

Kavakli AS, Kavrut Ozturk N, Yavuzel Adas H, et al. The effects of music
on anxiety and pain in patients during carotid endarterectomy under
regional anesthesia: a randomized controlled trial. Complement Ther
Med. 2019;44:94-101.

Kouvelos GN, Arnaoutoglou EM, Matsagkas M|, et al. Effects of rosu-
vastatin with or without ezetimibe on clinical outcomes in patients
undergoing elective vascular surgery: results of a pilot study. J Cardiovas
Pharmacol Ther. 2013;18(1):5-12. Preoperative.

Krog AH, Thorsby PM, Sahba M, et al. Perioperative humoral stress
response to laparoscopic versus open aortobifemoral bypass surgery.
Scand J Clin Lab Investigation. 2017;77(2):83-92. Intraoperative.
Kucukakin B, Wilhelmsen M, Lykkesfeldt J, Reiter RJ, Rosenberg J, Gogenur
I. No effect of melatonin to modify surgical-stress response after major
vascular surgery: a randomised placebo-controlled trial. Eur J Vasc Endo-
vasc Surg. 2010;40(4):461-7. Intraoperative.

Kwon J, Staley C, McCullough M, et al. A randomized clinical trial
evaluating negative pressure therapy to decrease vascular groin incision
complications. J Vasc Surg. 2018,68(6):1744-52. Postoperative.

Lee K, Murphy PB, Ingves MV, et al. Randomized clinical trial of negative
pressure wound therapy for high-risk groin wounds in lower extremity
revascularization. J Vasc Surg. 2017,66(6):1814-9. Postoperative.
Lindholm EE, Aune E, Noren CB, et al. The anesthesia in abdominal aortic
surgery (ABSENT) study: a prospective, randomized, controlled trial
comparing troponin T release with fentanyl-sevoflurane and propofol-
remifentanil anesthesia in major vascular surgery. Anesthesiology.
2013;119(4):802-12. Intraoperative.

Linni K, Mader N, Aspalter M, et al. Ultrasonic vein mapping prior to
infrainguinal autogenous bypass grafting reduces postoperative infec-
tions and readmissions. J Vasc Surg. 2012;56(1):126-32. discussion 132-3.
Preoperative.

Lundorff L, Dich-Nielsen JO, Laugesen H, Jensen MM. Single-dose spinal
anaesthesia versus incremental dosing for lower limb vascular surgery.
Acta Anaesth Scand. 1999;43(4):405-10. Intraoperative.

LunenTB, Johansson PI, Jensen LP, et al. Administration of platelets to
ruptured abdominal aortic aneurysm patients before open surgery: a
prospective, single-blinded, randomised study. Transfusion Med (Oxford,
England). 2018;28(5):386-91. Preoperative.

Marroni M, Cao P, Fiorio M, et al. Prospective, randomized, double-

blind trial comparing teicoplanin and cefazolin as antibiotic prophy-
laxis in prosthetic vascular surgery. Eur J Clin Microbiol Infect Dis.
1999;18(3):175-8. Preoperative.

Martin DE, Rosenberg H, Aukburg SJ, et al. Low-dose fentanyl

blunts circulatory responses to tracheal intubation. Anesth Analg.
1982,61(8):680—4. Intraoperative.

Miller DR, Martineau RJ, Hull KA, Vallee F, LeBel M. Optimizing sedation
following major vascular surgery: a double-blind study of midazolam
administered by continuous infusion. Can J Anaesth. 1994;41(9):782-93.
Postoperative.

Monsel A, Lu Q, Le Corre M, et al. Tapered-cuff endotracheal tube does
not prevent early postoperative pneumonia compared with spherical-
cuff endotracheal tube after major vascular surgery: a randomized
controlled trial. Anesthesiology. 2016;124(5):1041-52. Postoperative.
Mouren S, Baron JF, Hag B, Arthaud M, Viars P. Normovolemic
hemodilution and lumbar epidural anesthesia. Anesth Analg.
1989;69(2):174-9. Intraoperative.

Muehling B, Schelzig H, Steffen P Meierhenrich R, Sunder-Plassmann L,
Orend KH. A prospective randomized trial comparing traditional and
fast-track patient care in elective open infrarenal aneurysm repair. World J
Surg. 2009;33(3):577-85. Bundle/unclear.

Murphy N, Vijayan A, Frohlich S, et al. Remote ischemic precondition-
ing does not affect the incidence of acute kidney injury after elec-

tive abdominal aortic aneurysm repair. J Cardiothoracic Vasc Anesth.
2014,28(5):1285-92. Intraoperative.

Nesek-Adam V, Rasic Z, Schwarz D, et al. The effect of spinal versus
general anesthesia on postoperative pain and analgesic requirements
in patients undergoing peripheral vascular surgery. Coll Antropol.
2012,36(4):1301-5. Intraoperative.

Nevelsteen A, Mortelmans L, Van de Cruys A, Merckx E, Verhaeghe R.
Effect of ticlopidine on blood loss, platelet turnover and platelet deposi-
tion on prosthetic surfaces in patients undergoing aorto-femoral bypass
grafting. Thromb Res. 1991,64(3):363-9. Preoperative.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

Page 6 of 7

Niemi TT, Munsterhjelm E, Poyhia R, Hynninen MS, Salmenpera MT. The
effect of N-acetylcysteine on blood coagulation and platelet function in
patients undergoing open repair of abdominal aortic aneurysm. Blood
Coagul Fibrinolysis. 2006;17(1):29-34. Intraoperative.

Norgren L. Can low molecular weight heparin replace unfrac-

tionated heparin during peripheral arterial reconstruction? An

open label prospective randomized controlled trial. J Vasc Surg.
2004,39(5):977-84. Intraoperative.

Norris EJ, Beattie C, Perler BA, et al. Double-masked randomized trial
comparing alternate combinations of intraoperative anesthesia and
postoperative analgesia in abdominal aortic surgery. Anesthesiology.
2001;95(5):1054-67. Bundle/Mixed (multiple arms).

Oliver WC Jr, Nuttall GA, Cherry KJ, Decker PA, Bower T, Ereth MH. A
comparison of fenoldopam with dopamine and sodium nitroprusside

in patients undergoing cross-clamping of the abdominal aorta. Anesth
Analg. 2006;103(4):833-40. Intraoperative.

Ozaki CK, Hamdan AD, Barshes NR, et al. Prospective, randomized,
multi-institutional clinical trial of a silver alginate dressing to reduce
lower extremity vascular surgery wound complications. J Vasc Surg.
2015,61(2):419-27.e1. Postoperative.

Partridge JS, Harari D, Martin FC, et al. Randomized clinical trial of com-
prehensive geriatric assessment and optimization in vascular surgery.
British J Surg. 2017;104(6):679-87. Preoperative.

Pitt HA, Postier RG, MacGowan AW, et al. Prophylactic antibiotics in vas-
cular surgery. Topical, systemic, or both? Ann Surg. 1980;192(3):356-64.
Intraoperative.

Pleger SP, Nink N, Elzien M, Kunold A, Koshty A, Boning A. Reduction of
groin wound complications in vascular surgery patients using closed
incision negative pressure therapy (CiNPT): a prospective, randomised,
single-institution study. Intl Wound J. 2018;15(1):75-83. Postoperative.
Poldermans D, Boersma E, Bax JJ, et al. The effect of bisoprolol on
perioperative mortality and myocardial infarction in high-risk patients
undergoing vascular surgery. Dutch echocardiographic cardiac risk
evaluation applying Stress echocardiography study Group. N Engl J Med.
1999;341(24):1789-94. Intraoperative.

Reinhart K, Foehring U, Kersting T, et al. Effects of thoracic epidural anes-
thesia on systemic hemodynamic function and systemic oxygen supply-
demand relationship. Anesth Analg. 1989;69(3):360-9. Intraoperative.
Renghi A, Gramaglia L, Casella F, Moniaci D, Gaboli K, Brustia P. Local
versus epidural anesthesia in fast-track abdominal aortic surgery. J Car-
diothorac Vasc Anesth. 2013;27(3):451-8. Intraoperative.

Risberg B, Drott C, Dalman P, et al. Oral ciprofloxacin versus intravenous
cefuroxime as prophylaxis against postoperative infection in vascular
surgery: a randomised double-blind, prospective multicentre study. Eur J
Vasc Endovasc Surg. 1995;10(3):346-51. Preoperative.

Roizen MF, Sohn YJ, lHommedieu CS, Wylie EJ, Ota MK. Operating room
temperature prior to surgical draping: effect on patient temperature in
recovery room. Anesth Analg. 1980;59(11):852-5. Preoperative.
Salzmann G. Perioperative infection prophylaxis in vascular surgery—

a randomized prospective study. Thoracic Cardiovasc Surgeon.
1983,;31(4):239-42. Intraoperative.

Schouten O, Boersma E, Hoeks SE, et al. Fluvastatin and perioperative
events in patients undergoing vascular surgery. New England J Med.
2009;361(10):980-9. Intraoperative.

Soliman R, Zohry G. The myocardial protective effect of dexmedetomi-
dine in high-risk patients undergoing aortic vascular surgery. Ann Cardiac
Anaesth. 2016;19(4):606—13. Preoperative.

Sprung J, Bourke DL, Schoenwald PK, et al. Small-dose dopamine
increases epidural lidocaine requirements during peripheral vascular sur-
gery in elderly patients. Anesth Analg. 2000,90(2):388-92. Intraoperative.
Stuhmeier KD, Mainzer B, Cierpka J, Sandmann W, Tarnow J. Small, oral
dose of clonidine reduces the incidence of intraoperative myocar-

dial ischemia in patients having vascular surgery. Anesthesiology.
1996,85(4):706—12. Preoperative.

Subramaniam B, Panzica PJ, NovackV, et al. Continuous perioperative
insulin infusion decreases major cardiovascular events in patients under-
going vascular surgery: a prospective, randomized trial. Anesthesiology.
2009;110(5):970-7. Intraoperative.

Swinnen J, Chao A, Tiwari A, Crozier J, Vicaretti M, Fletcher J. Vertical or
transverse incisions for access to the femoral artery: a randomized control
study. Ann Vasc Surg. 2010;24(3):336-41. Intraoperative.



Apaydin et al. Systematic Reviews (2023) 12:162 Page 7 of 7

75. Thomas KN, Cotter JD, Williams MJ, van Rij AM. Repeated epi-
sodes of remote ischemic preconditioning for the prevention
of myocardial injury in vascular surgery. Vasc Endovascular Surg.
2016;50(3):140-6. Preoperative.

76. Turner S, Derham C, Orsi NM, Bosomworth M, Bellamy MC, How-
ell SJ. Randomized clinical trial of the effects of methylpredniso-
lone on renal function after major vascular surgery. British J Surg.
2008;95(1):50-6. Preoperative.

77. Turtiainen J, Saimanen El, Makinen KT, et al. Effect of triclosan-coated
sutures on the incidence of surgical wound infection after lower limb
revascularization surgery: a randomized controlled trial. World J Surg.
2012,;36(10):2528-34. Postoperative.

78. Van der Linden PJ, Dierick A, Wilmin S, Bellens B, De Hert SG. A ran-
domized controlled trial comparing an intraoperative goal-directed
strategy with routine clinical practice in patients undergoing peripheral
arterial surgery. Eur J Anaesthesiol. 2010;27(9):788-93. Intraoperative.

79. Vierhout BP, Ott A, Reijnen MM, et al. Cyanoacrylate skin micro-
sealant for preventing surgical site infection after vascular sur-
gery: a discontinued randomized clinical trial. Surg Infections.
2014;15(4):425-30. Postoperative.

80. Vukovic J, Ramakrishnan P, Milan Z. Does epidural clonidine improve
postoperative analgesia in major vascular surgery? Med Glas Ljek komore
Zenicko-doboj kantona. 2012;9(1):49-55. Postoperative.

81. Weed HG. 2017 - Preoperative geriatric assessment reduced hospital stay
and complications in patients >65 y having vascular surgery. ACP J Club.
2017;,167(2):1.

82. Worning AM, Frimodt-Moller N, Ostri P, Nilsson T, Hojholdt K, Frimodt-
Moller C. Antibiotic prophylaxis in vascular reconstructive surgery:

a double-blind placebo-controlled study. J Antimicrob Chemother.
1986;17(1):105-13. Preoperative.

83. Yang H, Raymer K, Butler R, Parlow J, Roberts R. The effects of
perioperative beta-blockade: results of the Metoprolol after Vascu-
lar Surgery (MaVs) study, a randomized controlled trial. Am heart J.
2006;152(5):983-90. Intraoperative.

84. Ziegler DW, Wright JG, Choban PS, Flancbaum L. A prospective
randomized trial of preoperative “optimization” of cardiac function
in patients undergoing elective peripheral vascular surgery. Surgery.
1997;122(3):584-92. Preoperative.

85. McGinigle KL, Eldrup-Jorgensen J, McCall R, et al. A systematic review
of enhanced recovery after surgery for vascular operations. J Vasc Surg.
2019;70(2):629-40. https://doi.org/10.1016/}jvs.2019.01.050. e1.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions . BMC



https://doi.org/10.1016/j.jvs.2019.01.050

	Enhanced recovery after surgery (ERAS) for vascular surgery: an evidence map and scoping review
	Abstract 
	Background 
	Methods 
	Results 
	Conclusion 

	Introduction
	Methods
	Results
	Discussion
	Anchor 11
	Acknowledgements
	References


