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Enhanced recovery after surgery (ERAS) also known as fast track surgery is a multimodal 
post-operative recovery programme. It is based on the concept that postoperative recovery 
is determined by numerous factors associated with the preoperative, intraoperative and 
postoperative phases. The preoperative phase where existing organ dysfunction is recognised 
and improved; the intraoperative phase, which is determined by the anaesthetic and surgical 
techniques, and, postoperative phase which concentrates on analgesia, fluid management, 
nutrition, mobilization, nursing care and a planned recovery programme. It is a multi-disciplinary 
approach with an emphasis on regional anaesthesia and postoperative non-opioid analgesia being 
used sparingly. As more specialities take on board the ERAS model, it is being recognised that 
a procedure-specific approach is important (Kehlet, 2009)1. The goal of ERAS is not necessarily 
about reducing length of stay but to achieve a pain and risk free operation whilst recognising the 
postoperative stress response with inevitable organ dysfunction (Kehlet, 2015)2.

The usefulness of ERAS is well established in colorectal surgery but there is very limited literature 
about its application in major, non-cardiac vascular surgery. The principles of ERAS in their 
current form, as shown in Figure 1 (Kehlet, 2009)1, may not all be relevant to non-cardiac vascular 
surgery but, with appropriate modification may prove useful.

We aim to review the factors that are known to extend length of postoperative stay and associated 
with mortality as a method of assessing modifiable factor that may contribute towards a 
procedure specific ERAS approach in open repair of abdominal aortic aneurysms (AAA), carotid 
endarterectomy (CEA), infra-inguinal lower extremity bypass (LEB) and major lower limb 
amputation (LLA). We have excluded asymptomatic patients undergoing CEA as there is still little 
clarity in practice.

 

Figure 1. Principles of the fast- 
track methodology to enhance 
postoperative recovery (must 
be procedure specific).
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Open repair of abdominal aortic aneurysm (AAA)

A non-randomised prospective study of ERAS in open repair of AAA involved the implementation 
of a modified ERAS programme in 52 patients undergoing surgery after 2008, and, conventional 
care in 75 patients operated upon prior to 2008. The modifications included counselling in the 
out-patient setting and upon hospital admission; the day before surgery patients were permitted 
a low residue diet until the evening, followed by an enema and permitted to drink fluids and 
juices until the morning of the day of the surgery. In the post-operative phase, patients were 
allowed to drinks fluids 3 hours after extubation, with administration of pro-kinetic anti-emetics. 
Patients were encouraged to consume high calories in the form of fat emulsions alongside 
administration of amino acids and glucose. The surgical wound was protected with a specified 
highly waterproof dressing. Post-operative transfusion was kept to a minimum, only to maintain 
haemodynamic stability. The only statistically significant difference between the groups was 
coronary artery disease, 36% and 57.7% respectively, p=0.04. Postoperative complications in the 
ERAS group consisted of one case each of deterioration in renal function, surgical site infection 
and anastomotic stenosis. Yet in the conventional care group 8patients had complications, 2 cases 
of deteriorating renal function, 3 cases of surgical site infection, 2 cases of pneumonia and 1 case of 
cerebral infarction. Ileus is the most widely recognised primary morbidity associated with an open 
repair of AAA. Patients in the ERAS group were allowed to resume a diet when they started to pass 
flatus, this shortened the time to meal consumption to 59+/- 15hours after surgery compared with 
93+/- 25hours in the conventional management group. The shorter length of stay was statistically 
significant in the ERAS group at 9+/- 3day compared with 16+/- 5days (p=0.001) in the conventional 
management group (Tatsuishi, 2012)3. Impaired lung function has been shown to have an inverse 
association on length of stay following elective open repair of AAA. Preoperative lung function 
tests to assess forced expiratory volume in one second (FEV1), with FEV1 <1.9L was associated with 
a mean stay of 15.0 +/- 1.43 days, reducing incrementally with increasing FEV1 until patients with 
FEV1 >2.5L, had a mean stay of 11.2 +/- 0.3days. Impaired respiratory function will have an existing 
negative impact on a patients functional ability but will also increase the risk of postoperative 
prolonged intubation, development of pneumonia and respiratory failure. Preoperative smoking 
also increased length of stay although it failed to reach statistical significance. Preoperative blood 
results such as haemoglobin levels, patient age and gender, previous myocardial infarction failed 
to show an impact on length of stay. Preoperative myocardial infarction was not directly associated 
with postoperative myocardial infarction (UK Small Aneurysm, 1998)4.          

Chang et al report (Chang, 2003)5 outcomes of a modified early form of ERAS type pathway. The 
patients were counselled pre-operatively, that their expected length of stay (LOS) would be less 
than 5day without complications. The main difference compared with the currently accepted ERAS 
pathway was routine intra- and post-operative monitoring with arterial as well pulmonary artery 
catheterisation, and, liberal administration of intra-venous fluids in the first 24-48hours to allow 
for third-spacing and based on pulmonary catheter monitoring. The mean LOS for ‘complicated 
recovery’ was 13.8+/- 6.7days but 6.9+/- 2.9 days in ‘uncomplicated recovery’. Kaplan- Meier 
analysis of factors significantly increasing LOS in the pre-operative phase were age above 75years 
of age and chronic obstructive pulmonary disease (COPD); intra-operative factors including blood 
loss more than 500ml, duration of surgery more than 5hours; post-operative factors including 
any complications but specifically wound infection. Factors that would be expected to affect LOS 
but did not in this study was history of cardiac disease including coronary artery bypass graft 
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(CABG), myocardial infarction (MI), congestive heart failure (CHF), aortic stenosis and ventricular 
arrhythmia. The data was re-analysed using Cox regression and the significant pre-operative 
factors prolonging LOS were age over 75 years and COPD and, any post-operative complications. 
Duration of surgery above 5hours (p=0.684) and the arbitrary threshold of 500ml blood loss did 
not reach statistical significance. A further review (Huber, 2001)6 of outcomes after open repair of 
AAA in 16, 450 patients with mean age 72+/- 7 years not following an ERAS type pathway reported 
a median LOS of 8 days (mean 10.0 +/- 8.1). The factors associated with in-hospital mortality were 
increasing age, 70-79 years, odds ratio (OR) 1.8 and, over 79years, OR 3.8; female gender, OR 1.6. The 
presence of more than 3 co-morbidities, OR 11.2, whereas presence of 2-3 co-morbidities had OR 
3.2 but did not reach statistical significance (p=0.06). The individual pre-operative co-morbidities 
associated with increased mortality were cerebrovascular disease OR 1.8, renal insufficiency OR 
9.5, whereas COPD did not reach statistical significance with OR 1.0 and p= 0.67.       

UK registry data for a 3-year period, January 2012 to December 2014 for open and endovascular 
repair of AAA found that (Watson, 2015)7 reported the median LOS post open repair was 8 days 
(range, 7-12days), including up to 2 days spent on a level 2 or 3 critical care unit in 95% of cases, 
before returning to the main ward. Post-operative ‘defined complications’ refer to body systems 
but no specific complications. The nationally reported complications were cardiac 5.7% (95% CI 
4.6- 7.0), respiratory 12.3% (95% CI 10.7- 14.1), haemorrhage 2.1% (95% CI 1.4- 2.9), limb ischaemia 
3.3% (95% CI 2.4- 4.3), renal failure 4.2% (95% CI 3.3- 5.4) and, other 0.8% (95% CI 0.4- 1.4). 6.7% (95% 
CI 5.5- 8.1) returned to theatre and 30-day re-admission rate of 5.7% (95% 4.4- 7.3%). The in-hospital 
risk- adjusted mortality for elective open repair of AAA was 3.0%.    

A prospective randomised trial (Muehling, 2009)8 in patients undergoing open repair of infra-
renal AAA using the basic elements of ERAS; no bowel preparation, reduced pre-operative fasting, 
patient controlled epidural analgesia, enhanced post-operative feeding and post-operative 
mobilisation. Fewer of the ERAS group (6.1% versus 32%, p=0.002) required post-operative 
ventilation, earlier enteral feeding in the ERAS group (5 versus 7days, p<0.0001) and fewer post-
operative complications (16% versus 36%, p=0.039). The LOS was shorter in the ERAS group (10 days 
versus 11 days, p=0.016) with 0% mortality rate in both groups.   

A pooled analysis of case series (Gurgel)9 analysing the cumulative results for 1, 250 patients 
following an ERAS pathway and 1, 429 patients following a conventional care pathway found a 
mortality rate of 1.51% (95% CI 0.009, 0.0226) and 3% (95% CI 0.0183, 0.0445) respectively. The 
post-operative complication rate was 3.82% (95% CI 0.0259, 0.0528) and 4% (95% CI 0.03, 0.05) 
respectively. Sub-group analysis of post-operative complications found acute MI, 1.77% (95% CI 
0.0103, 0.0270) and 2.9% (95% CI 0.019, 0.042); renal failure requiring renal replacement therapy, 
2.79% (95% CI 0.0159, 0.432) and 0.69% (95% CI 0.0030, 0.0123); stroke, 0.26% (95% CI 0.0005, 
0.0063) and 1.8% (95% CI 0.0091, 0.0299) respectively. The authors cite clinical and methodological 
heterogeneity between the case-series included in the pooled analysis. This included difference 
in the elements and indeed the number of ERAS elements implemented in each series. This may 
be a large contributing factor to their conclusion that outcomes were similar in both ERAS and 
conventional care groups.       
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Carotid endarterectomy (CEA)

The UK guideline issued by National Institute for Health and Care Excellence (NICE) 10 recommend 
a 2 week target from initial symptoms to surgery and accept that some patients may become 
symptomatic with a carotid artery stenosis of 50- 99%. The UK registry for Jan- Dec 20147 analysed 
data submitted for 4862 interventions carried out on 4464 patients undergoing. A majority of 
44.9% patients had an occlusion of  70-89%, 24% had 50-69% stenosis and 28.8% had 90-99% 
stenosis. 92.4% of patients were already commenced on anti-platelet therapy, 87.4% on statin 
therapy, 25.6% on beta-blocker therapy and 37.4% on ACE inhibitor therapy. There was variation 
in surgical and anaesthetic techniques employed such as 52% of patients had general anaesthetic 
only compared with 27.3% receiving local anaesthetic. Carotid shunt was used in 49.6% of cases 
with 73.3% having endarterectomy and patch. Post-operatively, 45.8% of patients were admitted 
to either level 2 or level 3 critical care with a median LOS of 1 day in each. The overall LOS was 4 
days (2-6). The recognised complications following CEA are MI, bleeding, cranial nerve injury and 
stroke. In the review period the complication rates for major complications were MI, 0.9% (95% CI 
0.8- 1.1), bleeding, 2.8% (95% CI 2.6- 3.1), death and/ or stroke within 30days, 2.0% (95% CI 1.8- 2.2) 
and, cranial nerve injury, 1.6% (95% CI 1.4- 1.8)7. The registry data did not allow for analysis of when 
complications occurred and what factors delayed discharge.

A retrospective review of unit data (Sheehan et al; 2001) 11 for 835 consecutive patients found 
62patients (8.0%) experienced either a neural deficit (26 patients, 3.4%) or neck haematoma 
(36patients, 4.7%) within 24 hours of surgery. Further breakdown of those experiencing 
complications showed 24 patients (66%) experienced neck haematoma and 19patients (73%) 
experienced neural deficit whilst still in the operating theatre or in the recovery area, 11patients 
(31%) had neck haematoma and 5patients (19%) had neural deficit within 8hours with the 
remaining patients exhibiting signs beyond 8hours. They excluded 64 patients from the analysis 
because having had another operation, concomitant coronary bypass grafting or required 
heparinization. Unfortunately they excluded patient who experienced complications beyond 
the first 24 hours10.  A detailed review of 421 patients who underwent CEA carried out by 2 
neurosurgeons12 (Angevine et al, 1999), Cohort I, 171 patients had CEA following a conventional care 
pathway, Cohort II, 295patients had CEA when the unit was instituting a stay reduction policy on 
selected patients, and, Cohort III, 155 patients who had CEA after institution of a universal single-
day stay policy. The mean age of patients in the cohorts was 70.1 +/- 0.6, 70.0 +/- 0.8 and 70.5 +/- 0.7 
years respectively, 70.2+/- 0.4 yearsfor the whole cohort. Pre-operatively, in the whole cohort, the 
symptomatic patients had >70% stenosis 75patients had suffered an ipsilateral stroke, 123 patients 
had suffered an ipsilateral transient ischaemic attack (TIA) or amaurosis fugax. 203 patients were 
asymptomatic but had critical stenosis of >60%. Risk factor data was only available for 364 patients 
(86%), 231 patients had hypertension, 115 patients had hypercholesterolaemia, 73patients had 
diabetes mellitus. All patients were assessed by Duplex scan and MRI. Only symptomatic patients 
continued intravenous heparin infusion up until surgery. All patients received 5000IU bolus of 
heparin prior to carotid artery cross-clamping and all patients were monitored by EEG and a shunt 
was used only when there was ≥50% decrease in amplitude of the alpha or beta frequencies, or 
loss of all cerebral activity. The carotid arteriotomy was closed primarily except in 1patient who 
underwent re-operation, or 2 patients who had previously received radiation to the neck. These 
latter 3patients had vein patch closure. All patients stayed in intensive care for 1 night post-
surgery. There was no link between LOS and major complications. The complications deemed were 
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death, MI or stroke. Mean post-operative LOS for the whole cohort was 2.1 +/- 0.2days; Cohort 1, 
2.6 +/- 0.3 days; Cohort 2, 2.3 +/- 0.4 days; Cohort 3, 1.6 +/- 0.1 days with a statistically significant 
difference between Cohorts 1 and 2 (p< 0.0001) and Cohort 1 and 3 (p< 0.0001). 2 patients (0.48%) 
died peri-operatively following ipsilateral ischaemic strokes (one each in Cohort 1 and 3). 2 
patients (0.48%) suffered MI but discharged haemodynamically stable. 13patients (3.1%) suffered 
a stroke, including the 2patients who died (Cohort 1, 7 (4.1%); 2, 3 (3.2%); 3, 3 (2.0%)). 7patients 
(1.7%) underwent re-operation, 3 for exploration of operated vessel for contralateral hemiparesis 
or hemiplegia with angiographic evidence suggesting thrombus or significant intimal flap, 2 for 
acute evacuation of neck haematoma, 2 for delayed drainage of wound infection. 13 patients had 
nerve injury, 9 patients had injury to the marginal mandibular nerve, 2 patients had injury to the 
hypoglossal nerve and 2patients had mild hoarseness caused either by endotracheal intubation 
or retraction injury. All nerve injuries resolved by 6weeks post-CEA. They achieved a statistically 
significant, 20% reduction in the use of routine laboratory investigations including full blood 
counts. The study noted an increase in next day discharge from 32% to 70%, once all stakeholders 
had become ‘emboldened’ that patients did not require further observation beyond 18-24hours 
post- CEA. Any complications would manifest within this time.

Other factors that delay discharge beyond day 1 post- CEA include female gender; history of angina, 
valve disease, heart failure and cerebrovascular disease (Hernandez)13. Roddy et al14 reviewed 
reasons for prolonged stay beyond their critical pathway aim of discharge on day 1 after CEA, in 
their cohort of 188patients, found that the mean post-operative LOS was 1.65+/- 0.08 and total LOS 
was 2.17 +/- 0.14 days. 57% of patients were discharged home as intended on the pathway, on day 
1 post-CEA. Significant factors for prolonged stay were post-operative complications such as TIAs 
(1%), MIs (1%), neck haematomas requiring surgical drainage (2.7%), small haematomas requiring 
observation for an extra day (2.1%), age >79 years, diabetes mellitus, female gender and intravenous 
vasodilator therapy requirement. Previous atherosclerotic risk factors, previous neurologic 
symptoms, use of vasopressor agents and re-operation had a lesser association. The post-operative 
mortality from stroke was 1.6%14.                

Whilst very few patients have isolated risk factors, the effect of having multiple risk factors such 
as age above 80-years, congestive heart failure, COPD, renal failure, contralateral carotid artery 
occlusion, recurrent ipsilateral carotid artery stenosis, ipsilateral hemispheric symptoms within 
6weeks and, coronary artery bypass grafting (CABG) within 6months in a retrospective review of 
1370patients undergoing CEA between 1990 and 1999. 11 patients (0.8%) died; 6 patients (0.4%) had 
disabling stroke and 10 patients (0.7%) had non-disabling stroke. There was no statistical difference 
between outcome of death or stroke between patients with 1 or more risk factors (p=0.689) and no 
risk factors (p=0.681). The 20-day mortality was significantly greater in patients with 2or more risk 
factors compared to those without risk factors (2.8%, 0.3%p= 0.4). Only contralateral carotid artery 
occlusion was a significant predictor of adverse events (RR 4.3%, 95% CI 1.2-12.3; p=0.01) (Reed et 
al, 2003)15. Similarly, Halm et al16 found an adverse association between age above 80-years (OR 
1.3, 95% CI 1.50-2.54), contralateral carotid artery stenosis ≥50% (OR 1.44, 95% CI 1.45- 1.79) and 
coronary artery disease (OR 1.51, 95% CI 1.20- 1.91).       

An effort to comprehend the intra-operative factors that can lead to post-operative neurological 
deficit including stroke was noted in 63 of 2365 patients operated on during the period 1965 to 1991, 
revealed there were more than 20 different mechanisms that could be responsible. In 10 out of 66 
patients who had peri-operative stroke secondary to carotid artery injury related to clamping and 
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de-clamping of whom 5 patients had difficulty in placement of a shunt and 1 patient becoming 
hypotensive whilst the shunt was in place, 1patient developed a bradycardia post-surgery thus 
reducing cerebral flow, the remaining patients suffered a stroke in the contralateral hemisphere 
likely secondary to a delay in shunt placement. Post-operative thrombus and embolism in 25 
patients in the immediate post-operative period, causing 9 out of 15 patients suffering a stroke 
whilst in the recovery area and 4 out of 15 patients having a stroke within 10 hours of surgery, only 
2 out of 15 patients had a stroke more than 24 hours after surgery (6days and 14days later). All these 
patients had tolerated carotid artery clamping whilst under cervical block anaesthesia. Surgical 
exploration found technical defects leading to platelet aggregation such as clamp injuries, kinks 
in the redundant vessels, ledges at the end of the endarterectomy, stenosis at the closure of the 
arteriotomy and platelet aggregation on the synthetic patch material. The authors infer embolism 
as the cause of stroke in this group. In 10 out of 25patients labelled with delayed stroke secondary 
to embolic phenomena without thrombus present, they were managed conservatively. 8 out of 66 
patients had intracerebral haemorrhage having had a pre-operative stroke and, 4 out 66 patients 
had transient ischaemic attacks (TIAs). 8out of 66 patients had a stroke not attributable to surgery 
or the reconstructed artery (Riles)17

Infra-inguinal Lower limb bypass

The in-hospital mortality in the UK, following lower limb bypass in 5387patient in 2014, were 2.7% 
(95% CI 2.3- 3.2). The registry noted 1 in 10 patients were re-admitted within 30-days of surgery 
but the reasons for this are unknown7.  A series review of 4874 patients over a 2 year period, found 
the average LOS 7.5 days. The independent risk factors for an arbitrarily defined protracted LOS 
of more than 8 days were, distal bypass (OR 1.3, 95% CI 1.1-1.8); obesity (OR 1.3, 95% CI 1.1-1.5); 
partial functional dependence (OR 2.8, 95% CI 1.8- 2.4); history of cardiac disease (OR 1.5, 95% CI 
1.1- 2.0); history of peripheral vascular interventions (OR 1.3, 95% CI 1.1- 1.5); bleeding disorders 
(OR 1.2, 95% CI 1.03- 1.4); emergency operation (OR 1.9, 95% CI 1.4- 2.7); age above 80-years (OR 
1.45, 95% CI 1.3- 1.7); tissue loss (OR 1.9, 95% CI 1.6- 2.3); extended pre-operative hospital stay (OR 
2.2, 95% CI 1.8- 2.6); renal dialysis (OR 1.6, 95% CI 1.3- 2.0)18. Prolonged LOS in the index admission 
is an independent risk factor for re-admission (p<0.0001). The increased LOS was a reflection of 
disease severity such as advanced peripheral arterial disease (PAD) and emergency department 
admission and occurrence of post-operative complications. Complications such as urinary tract 
infection, pneumonia, respiratory failure, congestive cardiac failure and more specifically, graft 
and wound infections, graft complications such as thrombus. 30-day re-admission was a reflection 
of underlying pathology such as advanced PAD, diabetes, chronic lung disease, renal failure, post-
operative congestive cardiac failure and discharge to a rehabilitation type nursing facility19. A 
retrospective review of 6558 patients who underwent lower extremity bypass over a 3-year period 
found that the average LOS was statistically significantly shorter for those not re-admitted within 
30-days, 5.5 days compared to 8.3 days for those were re-admitted within 30-days. 35% of the cohort 
were re-admitted within 30-days. The significant factors increasing LOS were increased disease 
severity and post-operative complications, emergency admission, advanced peripheral vascular 
disease (PVD), post-operative complications such as pneumonia, urinary tract infection, wound/
graft infection, graft complications and if the patient was discharged to a nursing home i.e. not 
discharged to their own home. Factors that predicted 30-day re-admission were a reflection of 
the patients co-morbidities such as advanced PVD, diabetes, renal failure, chronic lung disease, 
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post-operative heart failure and again, discharge to place other than their own home. Age was a 
protective factor for LOS but not for 30-day readmission20. A multi-centre review of LOS suggested 
a very weak link between increased LOS and 30-day re-admission after adjusting for age, gender, 
race, non-elective admission, co-morbidities, major post-operative complications and, discharge 
destination (Gonzalez)20.

Meyrs et al (2008)21 assessed the relationship between qualitative and quantitative measures of 
PVD. The disease was assessed by ankle-brachial pressure index (ABI) and in more detail on CT, MRI 
or invasive angiography. The claudication distance was assessed on a treadmill speed set at 0.67ms-
1 (1.5mph) and at 10% gradient. The initial claudication distance was at the onset of claudication 
symptoms and the absolute claudication distance was the total distance walked before stopping 
due to pain. The walking speed was also assessed once patients had been familiarised with the 
use of the treadmill. The qualitative measures were carried out by using the validated, disease 
specific Walking Impairment Questionnaire (WIQ) that assesses pain, distance, walking and stair 
climbing, and, the Medical outcomes Study Short Form 36 (SF-36) Health Survey which assesses 
physical function, limitation due to physical health, limitation due to physical health, limitation 
due to emotional problems, energy, mental health, bodily pain, general health and social function. 
Control subjects were recruited on the basis their ABI was >0.9 such that there was a statistically 
significant difference between both groups for ABI. There were also statistically significant 
differences between the groups for their WIQ scores and on the SF-36, for physical function, 
physical limitations, bodily pain, social functioning and general health. The level of disease did 
not affect the outcomes on WIQ or SF-36. ABI had a significant correlation with the distance and 
speed components of WIQ but none of the components of SF-36 or the claudication distances. Yet 
claudication distance had significant correlation with many components of both WIQ and SF-
36. Interestingly self-selected pace did not correlate with the qualitative measures. Ultimately, 
claudication distance, both initial and absolute, correlated with qualitative measures. Also, the WIQ 
was the reflection of actual ambulatory ability of patients with PAD.

An ERAS-type of critical pathway was proposed and assessed by Stanley et al (1998)22 for patients 
undergoing LEB. They acknowledged the heterogeneity of their patient cohort including 
emergency admissions and those patients transferred from other centres for vascular surgery 
input, similar to the model running in England and Wales currently. The model was based on 
a 5-day pathway and included many of the components of the current ERAS model such as 
removal of urethral catheter and encouragement of mobilisation on day 1 post-surgery. Crucially, 
the patient and family were educated about the pathway prior to elective surgery, as well as 
assessment of discharge needs with discharge planning commenced. The median LOS post-
operatively in the post-pathway group was significantly reduced at median 6 days (2-35) compared 
with 7 days (2-29) pre-pathway (p=0.02). The anaesthetic route did not influence LOS in either pre- 
or post-pathway patients but the duration of epidural prolonged LOS. 55% of patients following 
the pathway were discharged to an intermediate care facility compared to 72% of pre- pathway 
patients were discharged directly home. The pathway did not affect the mortality and re-admission 
outcomes. Whilst age and body mass index (BMI) did not affect LOS, post-operative complication 
rates were increased in those with existing diabetes (30%) compared to those without diabetes 
(13%) and, those with cardiac disease (24%) compared to those without (15%). Patients with COPD, 
low pre-operative haematocrit or high pre-operative creatinine, also had prolonged LOS. Patients 
undergoing bypass for limb salvage had longer period of stay compared to those with claudication 
symptoms but also, the more distal anastomoses especially tibial vessels had longer hospital stay 
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than more proximal anastomoses such as the popliteal artery. Again, those discharged to a facility 
other than their own home had a prolonged LOS. After adjustment, the independent factors 
associated with prolonged LOS were pre-operative anaemia, anastomosis to tibial vessels, pre-
existing coronary artery disease and post-operative complications. Ultimately the pathway was not 
associated with a shorter LOS after adjusting for these factors. 8 of 69 pathway patients and 4 of 67 
pre-pathway patients stayed beyond 14 days post-surgery. the reasons for their prolonged stay was 
existence of open ulcers necessitating debridement or amputation, suffering peri-operative MI, 
cardiac arrhythmia, ethanol withdrawal, respiratory failure caused by chronic pulmonary disease 
or large post-operative haematoma. Re-analysis of LOS after excluding the 12 patients with LOS 
greater than 14days, the only factor that was a predictor of longer LOS was diabetes. Another factor 
associated with increased length of stay and increased risk of post-operative wound complications 
is prolonged duration of bypass surgery. The duration of surgery was divided into quartiles of 
≤149 minutes (6.3%), 150-192 minutes (9.0%), 193-248 minutes (10.1%) and, ≥249 minutes (13.9%) 
with p<0.01, a population of 2644 patients undergoing infra-inguinal bypass. The authors 
recognise there may be many confounders including system factors and surgeon factors involved 
but carrying out the operation in a reasonable time is an appropriate target to facilitate quality 
improvement (Tze-Woei)23.      

Major lower limb amputation

Major lower limb amputation is indicated when revascularisation is no longer an option or 
amputation is expected to prolong life and even improve the patients quality of life7, 24- 25.   A UK 
review of amputation data showed an average LOS of 32 days (range, 7-67 days). Early discharge 
planning is recommended but only 36.3% of vascular units had a dedicated vascular/ amputee 
discharge co-ordinator present. 25 Other aspects of planning for and managing patients pre- and 
post- amputation are assessment by a consultant vascular surgeon. 84% of trusts reported that all 
patients undergoing major amputations were preoperatively assessed by a consultant vascular 
surgeon. To facilitate discharge planning, 80% of vascular units reported patients were assessed by 
a rehabilitation physiotherapist, 61% reported patients were assessed by an occupational therapist 
and 25% reported preoperative assessments were available from a prosthetics service. 7

A review of Canadian data, 5342 patients, 68% were male with a mean age of 67 +/- 13. The co-
morbidities ranged from diabetes in 96%, hypertension in 33%, ischaemic heart disease in 18%, 
congestive cardiac failure in 10% and hyperlipidaemia in 5%. In 81% of admission, diabetic 
complications were commonest (81). Below knee amputation (BKA) was carried out in 65% of 
patients, followed by above knee amputation in 29%, the remainder having foot (4%), toe (1%) and 
ankle (1%) amputation. Factors statistically significantly associated with prolonged LOS, arbitrarily 
set at 7days were, amputation carried out by a general surgeon (OR 1.51, 95% CI 1.21- 1.87), an AKA 
(OR 0.71, 95% CI 0.61- 0.83), hypertension (OR 1.34, 95% CI 1.13- 1.58), ischaemic heart disease (OR 
1.54, 95% CI 1.24- 1.91), congestive cardiac failure (OR 2.60, 95% CI 1.86- 2.63) and re-amputation 
(OR 10.50, 95% CI 5.16- 21.35) within index admission. In-patient mortality was 9%. 65% of patients 
were discharged to a rehabilitation nursing facility and only 27% discharged home. Part of the 
explanation why those operated upon by a general surgeon is that the teams and possibly the 
hospitals where the surgery was carried out did not have the infrastructure set up for steering a 
complex discharge26.   
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Results
Open repair of AAA

Table 1. ERAS factors to consider in open AAA.
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Carotid endarterectomy

Table 2. ERAS factors to consider in carotid endarterectomy.
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Infra-inguinal lower limb bypass

Table 3. ERAS factors to consider in infra-inguinal lower limb bypass
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Major lower limb amputation

Table 4. ERAS factors to consider in major lower limb amputation.

 

 

As can be seen Tables 1-4 above, there are common themes present in all the major vascular surgery 
interventions. Primarily, optimisation of the major co-morbidities and pre-operative assessment 
by an anaesthetist specialising in vascular surgery. Cardio-pulmonary exercise testing is now 
widely being used in the assessment of patients prior to elective vascular surgery7. Also, factors 
such as smoking cessation therapy introduced 4-6weeks prior to surgery has been shown to reduce 
post-operative cardiac complications and LOS. Initial reduction of lung secretions and improving 
lung function can be augmented by an exercise program. The use of statins commenced 30-days 
prior to surgery and continued indefinitely, improve cardiac morbidity and mortality. The use of 
beta-blocker agents particularly bisoprolol, commenced 30-days prior to surgery, in patients with 
the highest and intermediate cardiovascular risk27.

Conclusions
Although ERAS in its current form may not be applicable to non-cardiac vascular surgery, with 
modifications for the different types of surgery, it can be seen to be useful to not only reduce length 
of stay but improve patient progress and well- being. In-depth assessment is required for each 
major intervention.   
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