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INTRODUCTION 

 

Postoperative complications after vascular surgery may be used as a quality indicator of 

surgical care and it is for this reason that analysis of adverse postoperative events remains 

essential [1]. Patients presenting for vascular surgery have a number of co-morbidities including 

coronary artery disease, congestive cardiac failure, hypertension, respiratory insufficiency, 

chronic obstructive pulmonary disease, diabetes and a smoking history [2-19], rendering 

vascular surgery a high risk surgical procedure [20]. Peripheral vascular disease is associated 

with an increased risk of postoperative mortality and morbidity [21]. Postoperative complications 

also increase recovery time, hospital stay and healthcare costs [13,22]. 

 

It is possible that neuraxial anaesthetic techniques may improve outcome in vascular surgical 

patients, although the majority of neuraxial studies have evaluated surrogate outcomes. The 

reported beneficial effects have included improvement of the neuroendocrine stress response 

to surgery [12,23], haemodynamic stability [5,8], better coagulation status [12,18], decreased 

blood loss [24], fewer thrombotic complications [17], better graft patency [16] and decreased 

re-operation, [19] and better postoperative pulmonary function [24,25] with earlier extubation 

[6,14].  

 

For the purpose of this meta-analysis we defined vascular surgery as surgery to the infra-renal 

aorta and its distal tributaries and neuraxial anaesthesia as spinal or epidural (thoracic or 

lumbar) anaesthesia using local anaesthetics with or without supplemental opioids. The 

hypothesis is that a sympathetic blockade by local anesthetics is necessary to realise the 

potential surgical outcome benefits of neuraxial anesthesia in vascular surgery. 

 

The proven benefit of neuraxial anaesthesia when compared to general anaesthesia still 

remains unclear when considering postoperative mortality and postoperative cardiac, 

respiratory and surgical morbidity in adult patients undergoing vascular surgery.  The aim of 

this meta-analysis was to determine whether neuraxial anaesthesia (with or without general 

anaesthesia) was superior to general anaesthesia alone in decreasing 30 day mortality and 

postoperative cardiac, respiratory and surgical morbidity in adult patients undergoing surgery 

to the infra-renal aorta and its distal tributaries. 
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METHODS 

 

We asked the following research question [26]: ‘Is neuraxial anaesthesia (with or without 

general anaesthesia) superior to general anaesthesia alone in decreasing postoperative 

mortality and postoperative cardiac, respiratory and surgical morbidity in adult patients 

undergoing vascular surgery’. The Preferred Reporting Items for Systematic reviews and Meta-

Analysis (PRISMA) guidelines were followed [27]. Trials were eligible for inclusion in the meta-

analysis if they compared general anaesthesia and neuraxial anaesthesia (with or without 

general anaesthesia) in a randomised controlled trial in patients having vascular surgery. The 

outcomes were all cause mortality, cardiac mortality, cardiovascular morbidity (defined as 

nonfatal myocardial infarction and congestive cardiac failure), respiratory morbidity (defined as 

acute respiratory failure and/ or pneumonia) and surgical complications (defined as graft failure 

and/or the need to re-operate for haemorrhage or graft failure). Outcomes are reported for the 

30th postoperative day or the length of hospital stay where the time period was not specified in 

the publication.  

 

We searched the electronic database Medline until October 2013. The search terms included:  

(randomised controlled trial).mp, (general anaesthesia).mp, (regional anaesthesia).mp, 

(vascular).mp and (meta-analysis).mp. Abstracts were screened by two authors and excluded 

if; i) the study was not a randomised trial of neuraxial versus general anaesthesia, and ii) the 

patients were not undergoing vascular surgery. Included articles were limited to human, adult 

subjects. Full texts were obtained of all the potentially relevant trials. A manual search of the 

reference lists of all included papers was also conducted to identify further eligible studies.  

 

A standardised data extraction sheet was used to extract data from the included trials on; the 

postoperative complications following general anaesthesia versus neuraxial anaesthesia, the 

type of neuraxial anaesthesia investigated, the type of surgery, the timing of evaluation, patient 

age and the proportion of existing co-morbid disease. The quality of each study was assessed 

using the Jadad score (Appendix 1) [28] and the Cochrane Collaboration risk of bias tool. A 

subgroup analysis of thoracic and lumbar neuraxial blocks was conducted, as there is evidence 

suggesting that thoracic neuraxial blockade may offer more cardiovascular protection than 

lumbar blockade in vascular patients undergoing aortic surgery [29]. 
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Meta-analysis was conducted using Review Manager Version 5.1 (The Nordic Cochrane 

Centre, The Cochrane Collaboration, Copenhagen, Denmark, 2011). Heterogeneity between 

studies was assessed using univariate chi-squared analysis. Fixed effects models were used 

for all analyses due to the absence of significant heterogeneity between studies. Pooled 

dichotomous outcomes were reported as odds ratios (OR) with 95% CI. Where an intervention 

was associated with an outcome benefit, a funnel plot was constructed to determine if the 

outcomes reported were affected by publication bias. 
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RESULTS 

 

Our literature search yielded 418 potential trials. Fifty seven trials were selected for full paper 

analysis of which 17 trials were included in the final meta-analysis (Figure 1).  

 

Figure 1: PRISMA flow chart of identification of randomised controlled trails (RCT) included 

in the meta-analysis (n=number). 

 

The characteristics of the included studies are shown in Table 1. 



Table 1: Characteristics of included studies to decrease postoperative complications. Values are mean (SD), (%) or number. 

Study Type of 
regional 
anaesthesia 
Lumbar/ 
thoracic 

Number 
with 
  

  
Type of Surgery 

  
Timing of 
Evaluation 

  
Mean 
age (SD) 

  
*CAD 
(%) 

  
†CCF 
(%) 

  
††HPT 
(%) 

  
Respiratory 
insufficiency
/ disease (%) 

  
§COPD 
(%) 

  
Diabetes 
(%) 

  
Smoker 
(%) 

  
Jadad 
total 

NA  GA 

Baron et al. [2], 
1991 

¶CEGA Thoracic 87 86 Abdominal aortic 
reconstruction 

In hospital 
stay 

**GA: 62 
(10) 
††NA: 61 
(10) 

96 
(55.5) 

53 
(30.6) 

73 
(42.2) 

5 (2.9) 73 (42) ǂǂNR NR 3 

Bode et al. [3], 
1996 

Spinal and 
Lumbar Epidural 

§§Sp 
136 
¶¶Epi 
149 

138 Peripheral 
vascular surgery 

In hospital 
stay 

GA: 68 
(12) 
NA: 68 
(11) 

230.6 
(54.5) 

74.1 
(17.5) 

207.7 
(49.1) 

NR NR 257.2 
(60.8) 

122.3 
(28.9) 

3 

Bois et al. [4], 
1997 

CEGA Thoracic 59 65 Elective 
abdominal surgery 

In hospital 
stay 

GA: 65 
(8) 
NA: 66 
(9) 

78 
(68.4) 

2 (1.8) 55 
(48.2) 

NR NR 12 (10.5) 79 (69.3) 2 

Bonnet et al. [5], 
1989 

CEGA Thoracic 10 11 Abdominal aortic 
surgery 

In hospital 
stay 

GA: 63.6 
NA: 62.5 

4 (19) NR NR NR NR NR NR 1 

Boylan et al. [6], 
1998 

CEGA Lumbar 
epidural 

19 21 Elective infra-renal 
aortic surgery 

In hospital 
stay 

GA: 68.1 
(9.2) 
NA: 69.9 
(8.4) 

24 (60) NR NR NR NR NR 26 (22.8) 2 

Christopherson 
et al. [19], 1993 

Lumbar 49 51 Lower extremity 
revascularisation 

Day 1-30 GA: 66 
(10) 
NA: 64 
(12) 

46 
(45.5) 

9 (9) 63 (63) NR NR 35 (35) 34 (34) 3 

Cook et al. [24], 
1986 

Spinal 50 51 Lower limb 
vascular surgery 

Day 1-30 GA: 67.1 
NA: 66.4 

NR NR NR NR NR NR NR 1 

Davies et al. [7], 
1992 

CEGA Thoracic 25 25 Abdominal aortic 
surgery 

Day 1-30 GA: 67 
(8) 
NA: 65 
(9) 

19 (38) NR 25 (50) NR 21 (42) 4 (8) 33 (66) 1 

Dodds et al. [8], 
1997 

CEGA 
Thoracic/Lumbar 

36 37 Infra-renal aorto 
aneurysmectomy 

In hospital 
stay 

GA: 71 
(9) 
NA: 71 
(8) 

18 
(32.5) 

NR 31 (56) NR NR NR NR 2 
 
 
 

Garnett et al. 
[10], 1996 

CEGA Lumbar 48 51 Elective aortic 
surgery 

In hospital 
stay 

GA: 69.1 
(8.2) 
NA: 67.8 
(7.4) 

60 (61) 5 (5) 42 (42) NR 30 (30) 11 (11) 90 (90) 3 

Mann et al. [11], 
1983 
 
 
 

Spinal and 
sedation 

30 30 Lower limb 
amputation 

Day 1-28 GA: 70.3 
(1.0) 
NA: 71 
(2.1) 

64 
(107) 

NR NR 12 (20) NR 15 (25) 31 (51.7) 1 
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Naesh et al. [12], 
1994 

Lumbar epidural 9 9 Peripheral 
vascular surgery 

Day 1-30 GA: 75.6 
(2.7) 
NA: 68.2 
(2.9) 

NR NR NR NR NR 5 (27.8) NR 1 
 

Norris et al. [13], 
2001 

CEGA Thoracic 
Epidural 

85 75 Abdominal aortic 
surgery 

In hospital 
stay 

GA: 69 
(9.7) 
NA: 67.5 
(9.2) 

39 
(24.4) 

18 
(11.5) 

100 
(62.8) 

NR NR 7 (4.5) 144 
(89.8) 

4 

Park et al. [14], 
2001 

CEGA Lumbar 184 190 Aortic surgery 
(resection,bypass) 

Day 1-30 GA: 67.1 
(7.8) 
NA: 66.6 
(7.8) 

171 
(45.7) 

39 
(10.4) 

241 
(64.4) 

NR 137 
(36.6) 

69 (18.5) 183 
(48.9) 

3 

Parker et al, [15], 
1995 

Thoracic 
epidural 

28 29 Lower extremity 
bypass grafting 

In hospital 
stay 

37-92 NR NR 19 (33) NR NR NR NR  

Reinhart et al. 
[30], 1989 

CEGA Thoracic 35 70 Elective 
abdominal aortic 
surgery 

In hospital 
stay 

GA: 60.5 
(10.5) 
NA: 63 
(11) 

NR NR NR NR NR NR NR 2 

Tuman et al. 
[18], 1991 

CEGA 
Thoracic/Lumbar 

40 40 Lower extremity 
revascularisation 

In hospital 
stay  

GA: 65.5 
(9.9) 
NA: 69.6 
(8.4) 

32 
(39.4) 

5 (6.3) 54 
(67.5) 

NR NR 22 (27.5) NR 1 

 

*CAD coronary artery disease 

†CCF congestive cardiac failure 

ǂHPT hypertension 

§COPD chronic obstructive pulmonary disease 

CEGA combined epidural and general anaesthesia 

**GA general anaesthesia 

††NA neuraxial anaesthesia 

ǂǂNR not reported 

§§Sp spinal  

Epi epidural 

 



The main risk of bias was related to inadequate blinding of personnel and patients. This was 

evident in more than 75% of the included studies (Figure 2). 

 

 

Figure 2:   Cochrane Collaboration Risk of Bias Graph 

 

 

 

 

The following outcomes were reported in the eligible studies; all cause mortality [2-8,10-15, 18, 

19, 24,30], cardiac mortality [4,7,13,15,19,24], non fatal myocardial infarction [2-8,10,13,14,15, 

18,19,24], congestive cardiac failure [2-4,7,8,10,13,14,18], acute respiratory failure [2, 7, 8, 10, 

13, 14, 18, 19], pneumonia [2, 6, 8, 10, 13, 14] and surgical complications [2,7,11-15,18,19,24].  

 

Neuraxial blockade was associated with significantly decreased acute respiratory failure (Figure 

2), pneumonia (Figure 3) and surgical complications (Figure 4). There was no significant 

heterogeneity for the outcomes of acute respiratory failure, pneumonia and surgical 

complications. No funnel plot asymmetry was identified for any of these outcomes, suggesting 

that publication bias was unlikely for these outcomes. Studies reporting postoperative acute 

respiratory failure included an equal number of good and poor quality studies. Studies reporting 

postoperative pneumonia were generally of good quality. The studies reporting postoperative 

surgical complications were of poorer quality largely due to inadequacies in randomisation 

and/or blinding.  
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Figure 2: Meta-analysis of the efficacy of neuraxial blockade (with or without general 

anaesthesia) versus general anaesthesia alone on respiratory failure 
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Figure 3: Meta-analysis of the efficacy of neuraxial blockade (with or without general 

anaesthesia) versus general anaesthesia alone on pneumonia 
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Figure 4: Meta-analysis of the efficacy of neuraxial blockade (with or without general 

anaesthesia) versus general anaesthesia alone on vascular surgical complications 

 

 

 

 

The point estimate favoured protection with neuraxial anaesthesia for mortality and non fatal 

myocardial infarction, although a post hoc power analysis using G-Power statistical analysis 

showed these outcomes to be underpowered, based on an expected 25% relative risk reduction 

for benefit. 
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DISCUSSION 

 

The main findings of this study are that neuraxial anaesthesia in vascular surgery decreases 

the incidence of postoperative acute respiratory failure, pneumonia, and surgical complications 

(defined as graft failure and/or the need to re-operate for hemorrhage or graft failure). The point 

estimate for respiratory morbidity was robust without evidence of heterogeneity or publication 

bias. Inadequate randomisation and blinding however compromised the quality of some of the 

studies. Studies reporting surgical complications showed little heterogeneity, although the 

quality of the studies was generally poor. 

 

The incidence of postoperative complications in the patient undergoing vascular surgery ranges 

between 15 and 25% with a mortality risk of 3 to 5% [1,33].  The optimal anaesthetic choice 

should ensure rapid onset and reversal of effects while providing desirable intraoperative 

haemodynamic conditions and contributing to a reduced need for blood transfusion. It should 

also permit the earliest possible discharge from the postanesthesia care unit (PACU) and 

minimize common postoperative issues such as pain, need for analgesics, nausea, vomiting 

and drowsiness [34]. This meta-analysis lends support to neuraxial anaesthesia over general 

anaesthesia in reducing postoperative respiratory and surgical complications.  

 

The choice of neuraxial anesthesia varied in the studies. There was no significant difference 

between the thoracic and lumbar neuraxial blockade subgroup analyses on the incidence of 

postoperative complications in this meta-analysis. As the meta-analysis is underpowered for 

mortality and cardiac outcomes, it is therefore currently unknown whether the thoracic or lumbar 

site of neuraxial blockade is preferable to prevent these complications in vascular surgical 

patients. 
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LIMITATIONS 

 

There are a number of limitations to this meta-analysis.  Firstly, trials were small. Secondly, the 

inability to blind patients and doctors especially with neuraxial anaesthetic techniques will 

always raise concern about bias in trials of this nature. Thirdly, there was no standardization of 

the neuraxial anaesthesia techniques in this meta-analysis. However, the meta-analysis 

suggests that neuraxial techniques provide a beneficial ‘class effect’, independent of the level 

of the neuraxial block, or the type of neuraxial block for respiratory and surgical complications, 

provided local anaesthetics were administered. Furthermore, there was no standardization of 

the drugs, dosages or additives administered for neuraxial anaesthesia, and so it is impossible 

to advocate a preferred dosing regimen for neuraxial techniques in vascular surgery. Fourthly, 

there was a large variation in the premedication and perioperative haemodynamic management 

with respect to fluids, vasopressors and inotropes. Fifthly, definitions of outcomes varied 

amongst the various trials. Sixthly, intermediate term complications could not be reported as 

the data available was minimal. This is an important area requiring further research in the future. 

Finally, there remains insufficient data to determine the efficacy of neuraxial blockade in 

preventing mortality or cardiac morbidity. 
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CONCLUSION 

 

This meta-analysis, based on 17 RCTs of 2058 patients showed that neuraxial blockade is 

associated with better respiratory and surgical outcomes in adult patients undergoing vascular 

surgery. The current data is insufficient to assess potential survival benefit and cardiac 

protection associated with neuraxial blockade. 
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APPENDIX  
 
Jadad score to measure the likelihood of bias of studies included in the meta-analysis [28] 
 

Category Criteria 

Randomisation 

Is study described as randomised? 

Is randomisation appropriate? 

Blinding 
Is study described as double blind? 

Is blinding appropriate/single blind? 

Withdrawals/dropouts Is there a description of withdrawals/dropouts? 

 

YES = 1, NO=0 
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INTRODUCTION 

 

Postoperative complications after vascular surgery may be used as a quality indicator of 

surgical care and it is for this reason that analysis of adverse postoperative events remains 

essential [1]. Patients presenting for vascular surgery have a number of co-morbidities including 

coronary artery disease, congestive cardiac failure, hypertension, respiratory insufficiency, 

chronic obstructive pulmonary disease, diabetes and a smoking history [2-19], rendering 

vascular surgery a high risk surgical procedure [20]. Peripheral vascular disease is associated 

with an increased risk of postoperative mortality and morbidity [21]. Postoperative complications 

also increase recovery time, hospital stay and healthcare costs [13,22]. 

 

It is possible that neuraxial anaesthetic techniques may improve outcome in vascular surgical 

patients, although the majority of neuraxial studies have evaluated surrogate outcomes. The 

reported beneficial effects have included improvement of the neuroendocrine stress response 

to surgery [12,23], haemodynamic stability [5,8], better coagulation status [12,18], decreased 

blood loss [24], fewer thrombotic complications [17], better graft patency [16] and decreased 

re-operation, [19] and better postoperative pulmonary function [24,25] with earlier extubation 

[6,14].  

 

For the purpose of this meta-analysis we defined vascular surgery as surgery to the infra-renal 

aorta and its distal tributaries and neuraxial anaesthesia as spinal or epidural (thoracic or 

lumbar) anaesthesia using local anaesthetics with or without supplemental opioids. The 

hypothesis is that a sympathetic blockade by local anesthetics is necessary to realise the 

potential surgical outcome benefits of neuraxial anesthesia in vascular surgery. 

 

The proven benefit of neuraxial anaesthesia when compared to general anaesthesia still 

remains unclear when considering postoperative mortality and postoperative cardiac, 

respiratory and surgical morbidity in adult patients undergoing vascular surgery.  The aim of 

this meta-analysis was to determine whether neuraxial anaesthesia (with or without general 

anaesthesia) was superior to general anaesthesia alone in decreasing 30 day mortality and 

postoperative cardiac, respiratory and surgical morbidity in adult patients undergoing surgery 

to the infra-renal aorta and its distal tributaries. 
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METHODS 

 

We asked the following research question [26]: ‘Is neuraxial anaesthesia (with or without 

general anaesthesia) superior to general anaesthesia alone in decreasing postoperative 

mortality and postoperative cardiac, respiratory and surgical morbidity in adult patients 

undergoing vascular surgery’. The Preferred Reporting Items for Systematic reviews and Meta-

Analysis (PRISMA) guidelines were followed [27]. Trials were eligible for inclusion in the meta-

analysis if they compared general anaesthesia and neuraxial anaesthesia (with or without 

general anaesthesia) in a randomised controlled trial in patients having vascular surgery. The 

outcomes were all cause mortality, cardiac mortality, cardiovascular morbidity (defined as 

nonfatal myocardial infarction and congestive cardiac failure), respiratory morbidity (defined as 

acute respiratory failure and/ or pneumonia) and surgical complications (defined as graft failure 

and/or the need to re-operate for haemorrhage or graft failure). Outcomes are reported for the 

30th postoperative day or the length of hospital stay where the time period was not specified in 

the publication.  

 

We searched the electronic database Medline until October 2013. The search terms included:  

(randomised controlled trial).mp, (general anaesthesia).mp, (regional anaesthesia).mp, 

(vascular).mp and (meta-analysis).mp. Abstracts were screened by two authors and excluded 

if; i) the study was not a randomised trial of neuraxial versus general anaesthesia, and ii) the 

patients were not undergoing vascular surgery. Included articles were limited to human, adult 

subjects. Full texts were obtained of all the potentially relevant trials. A manual search of the 

reference lists of all included papers was also conducted to identify further eligible studies.  

 

A standardised data extraction sheet was used to extract data from the included trials on; the 

postoperative complications following general anaesthesia versus neuraxial anaesthesia, the 

type of neuraxial anaesthesia investigated, the type of surgery, the timing of evaluation, patient 

age and the proportion of existing co-morbid disease. The quality of each study was assessed 

using the Jadad score (Appendix 1) [28] and the Cochrane Collaboration risk of bias tool. A 

subgroup analysis of thoracic and lumbar neuraxial blocks was conducted, as there is evidence 

suggesting that thoracic neuraxial blockade may offer more cardiovascular protection than 

lumbar blockade in vascular patients undergoing aortic surgery [29]. 
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Meta-analysis was conducted using Review Manager Version 5.1 (The Nordic Cochrane 

Centre, The Cochrane Collaboration, Copenhagen, Denmark, 2011). Heterogeneity between 

studies was assessed using univariate chi-squared analysis. Fixed effects models were used 

for all analyses due to the absence of significant heterogeneity between studies. Pooled 

dichotomous outcomes were reported as odds ratios (OR) with 95% CI. Where an intervention 

was associated with an outcome benefit, a funnel plot was constructed to determine if the 

outcomes reported were affected by publication bias. 
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RESULTS 

 

Our literature search yielded 418 potential trials. Fifty seven trials were selected for full paper 

analysis of which 17 trials were included in the final meta-analysis (Figure 1).  

 

Figure 1: PRISMA flow chart of identification of randomised controlled trails (RCT) included 

in the meta-analysis (n=number). 

 

The characteristics of the included studies are shown in Table 1. 



Table 1: Characteristics of included studies to decrease postoperative complications. Values are mean (SD), (%) or number. 

Study Type of 
regional 
anaesthesia 
Lumbar/ 
thoracic 

Number 
with 
  

  
Type of Surgery 

  
Timing of 
Evaluation 

  
Mean 
age (SD) 

  
*CAD 
(%) 

  
†CCF 
(%) 

  
††HPT 
(%) 

  
Respiratory 
insufficiency
/ disease (%) 

  
§COPD 
(%) 

  
Diabetes 
(%) 

  
Smoker 
(%) 

  
Jadad 
total 

NA  GA 

Baron et al. [2], 
1991 

¶CEGA Thoracic 87 86 Abdominal aortic 
reconstruction 

In hospital 
stay 

**GA: 62 
(10) 
††NA: 61 
(10) 

96 
(55.5) 

53 
(30.6) 

73 
(42.2) 

5 (2.9) 73 (42) ǂǂNR NR 3 

Bode et al. [3], 
1996 

Spinal and 
Lumbar Epidural 

§§Sp 
136 
¶¶Epi 
149 

138 Peripheral 
vascular surgery 

In hospital 
stay 

GA: 68 
(12) 
NA: 68 
(11) 

230.6 
(54.5) 

74.1 
(17.5) 

207.7 
(49.1) 

NR NR 257.2 
(60.8) 

122.3 
(28.9) 

3 

Bois et al. [4], 
1997 

CEGA Thoracic 59 65 Elective 
abdominal surgery 

In hospital 
stay 

GA: 65 
(8) 
NA: 66 
(9) 

78 
(68.4) 

2 (1.8) 55 
(48.2) 

NR NR 12 (10.5) 79 (69.3) 2 

Bonnet et al. [5], 
1989 

CEGA Thoracic 10 11 Abdominal aortic 
surgery 

In hospital 
stay 

GA: 63.6 
NA: 62.5 

4 (19) NR NR NR NR NR NR 1 

Boylan et al. [6], 
1998 

CEGA Lumbar 
epidural 

19 21 Elective infra-renal 
aortic surgery 

In hospital 
stay 

GA: 68.1 
(9.2) 
NA: 69.9 
(8.4) 

24 (60) NR NR NR NR NR 26 (22.8) 2 

Christopherson 
et al. [19], 1993 

Lumbar 49 51 Lower extremity 
revascularisation 

Day 1-30 GA: 66 
(10) 
NA: 64 
(12) 

46 
(45.5) 

9 (9) 63 (63) NR NR 35 (35) 34 (34) 3 

Cook et al. [24], 
1986 

Spinal 50 51 Lower limb 
vascular surgery 

Day 1-30 GA: 67.1 
NA: 66.4 

NR NR NR NR NR NR NR 1 

Davies et al. [7], 
1992 

CEGA Thoracic 25 25 Abdominal aortic 
surgery 

Day 1-30 GA: 67 
(8) 
NA: 65 
(9) 

19 (38) NR 25 (50) NR 21 (42) 4 (8) 33 (66) 1 

Dodds et al. [8], 
1997 

CEGA 
Thoracic/Lumbar 

36 37 Infra-renal aorto 
aneurysmectomy 

In hospital 
stay 

GA: 71 
(9) 
NA: 71 
(8) 

18 
(32.5) 

NR 31 (56) NR NR NR NR 2 
 
 
 

Garnett et al. 
[10], 1996 

CEGA Lumbar 48 51 Elective aortic 
surgery 

In hospital 
stay 

GA: 69.1 
(8.2) 
NA: 67.8 
(7.4) 

60 (61) 5 (5) 42 (42) NR 30 (30) 11 (11) 90 (90) 3 

Mann et al. [11], 
1983 
 
 
 

Spinal and 
sedation 

30 30 Lower limb 
amputation 

Day 1-28 GA: 70.3 
(1.0) 
NA: 71 
(2.1) 

64 
(107) 

NR NR 12 (20) NR 15 (25) 31 (51.7) 1 
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Naesh et al. [12], 
1994 

Lumbar epidural 9 9 Peripheral 
vascular surgery 

Day 1-30 GA: 75.6 
(2.7) 
NA: 68.2 
(2.9) 

NR NR NR NR NR 5 (27.8) NR 1 
 

Norris et al. [13], 
2001 

CEGA Thoracic 
Epidural 

85 75 Abdominal aortic 
surgery 

In hospital 
stay 

GA: 69 
(9.7) 
NA: 67.5 
(9.2) 

39 
(24.4) 

18 
(11.5) 

100 
(62.8) 

NR NR 7 (4.5) 144 
(89.8) 

4 

Park et al. [14], 
2001 

CEGA Lumbar 184 190 Aortic surgery 
(resection,bypass) 

Day 1-30 GA: 67.1 
(7.8) 
NA: 66.6 
(7.8) 

171 
(45.7) 

39 
(10.4) 

241 
(64.4) 

NR 137 
(36.6) 

69 (18.5) 183 
(48.9) 

3 

Parker et al, [15], 
1995 

Thoracic 
epidural 

28 29 Lower extremity 
bypass grafting 

In hospital 
stay 

37-92 NR NR 19 (33) NR NR NR NR  

Reinhart et al. 
[30], 1989 

CEGA Thoracic 35 70 Elective 
abdominal aortic 
surgery 

In hospital 
stay 

GA: 60.5 
(10.5) 
NA: 63 
(11) 

NR NR NR NR NR NR NR 2 

Tuman et al. 
[18], 1991 

CEGA 
Thoracic/Lumbar 

40 40 Lower extremity 
revascularisation 

In hospital 
stay  

GA: 65.5 
(9.9) 
NA: 69.6 
(8.4) 

32 
(39.4) 

5 (6.3) 54 
(67.5) 

NR NR 22 (27.5) NR 1 

 

*CAD coronary artery disease 

†CCF congestive cardiac failure 

ǂHPT hypertension 

§COPD chronic obstructive pulmonary disease 

CEGA combined epidural and general anaesthesia 

**GA general anaesthesia 

††NA neuraxial anaesthesia 

ǂǂNR not reported 

§§Sp spinal  

Epi epidural 

 



The main risk of bias was related to inadequate blinding of personnel and patients. This was 

evident in more than 75% of the included studies (Figure 2). 

 

 

Figure 2:   Cochrane Collaboration Risk of Bias Graph 

 

 

 

 

The following outcomes were reported in the eligible studies; all cause mortality [2-8,10-15, 18, 

19, 24,30], cardiac mortality [4,7,13,15,19,24], non fatal myocardial infarction [2-8,10,13,14,15, 

18,19,24], congestive cardiac failure [2-4,7,8,10,13,14,18], acute respiratory failure [2, 7, 8, 10, 

13, 14, 18, 19], pneumonia [2, 6, 8, 10, 13, 14] and surgical complications [2,7,11-15,18,19,24].  

 

Neuraxial blockade was associated with significantly decreased acute respiratory failure (Figure 

2), pneumonia (Figure 3) and surgical complications (Figure 4). There was no significant 

heterogeneity for the outcomes of acute respiratory failure, pneumonia and surgical 

complications. No funnel plot asymmetry was identified for any of these outcomes, suggesting 

that publication bias was unlikely for these outcomes. Studies reporting postoperative acute 

respiratory failure included an equal number of good and poor quality studies. Studies reporting 

postoperative pneumonia were generally of good quality. The studies reporting postoperative 

surgical complications were of poorer quality largely due to inadequacies in randomisation 

and/or blinding.  
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Figure 2: Meta-analysis of the efficacy of neuraxial blockade (with or without general 

anaesthesia) versus general anaesthesia alone on respiratory failure 
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Figure 3: Meta-analysis of the efficacy of neuraxial blockade (with or without general 

anaesthesia) versus general anaesthesia alone on pneumonia 
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Figure 4: Meta-analysis of the efficacy of neuraxial blockade (with or without general 

anaesthesia) versus general anaesthesia alone on vascular surgical complications 

 

 

 

 

The point estimate favoured protection with neuraxial anaesthesia for mortality and non fatal 

myocardial infarction, although a post hoc power analysis using G-Power statistical analysis 

showed these outcomes to be underpowered, based on an expected 25% relative risk reduction 

for benefit. 
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DISCUSSION 

 

The main findings of this study are that neuraxial anaesthesia in vascular surgery decreases 

the incidence of postoperative acute respiratory failure, pneumonia, and surgical complications 

(defined as graft failure and/or the need to re-operate for hemorrhage or graft failure). The point 

estimate for respiratory morbidity was robust without evidence of heterogeneity or publication 

bias. Inadequate randomisation and blinding however compromised the quality of some of the 

studies. Studies reporting surgical complications showed little heterogeneity, although the 

quality of the studies was generally poor. 

 

The incidence of postoperative complications in the patient undergoing vascular surgery ranges 

between 15 and 25% with a mortality risk of 3 to 5% [1,33].  The optimal anaesthetic choice 

should ensure rapid onset and reversal of effects while providing desirable intraoperative 

haemodynamic conditions and contributing to a reduced need for blood transfusion. It should 

also permit the earliest possible discharge from the postanesthesia care unit (PACU) and 

minimize common postoperative issues such as pain, need for analgesics, nausea, vomiting 

and drowsiness [34]. This meta-analysis lends support to neuraxial anaesthesia over general 

anaesthesia in reducing postoperative respiratory and surgical complications.  

 

The choice of neuraxial anesthesia varied in the studies. There was no significant difference 

between the thoracic and lumbar neuraxial blockade subgroup analyses on the incidence of 

postoperative complications in this meta-analysis. As the meta-analysis is underpowered for 

mortality and cardiac outcomes, it is therefore currently unknown whether the thoracic or lumbar 

site of neuraxial blockade is preferable to prevent these complications in vascular surgical 

patients. 
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LIMITATIONS 

 

There are a number of limitations to this meta-analysis.  Firstly, trials were small. Secondly, the 

inability to blind patients and doctors especially with neuraxial anaesthetic techniques will 

always raise concern about bias in trials of this nature. Thirdly, there was no standardization of 

the neuraxial anaesthesia techniques in this meta-analysis. However, the meta-analysis 

suggests that neuraxial techniques provide a beneficial ‘class effect’, independent of the level 

of the neuraxial block, or the type of neuraxial block for respiratory and surgical complications, 

provided local anaesthetics were administered. Furthermore, there was no standardization of 

the drugs, dosages or additives administered for neuraxial anaesthesia, and so it is impossible 

to advocate a preferred dosing regimen for neuraxial techniques in vascular surgery. Fourthly, 

there was a large variation in the premedication and perioperative haemodynamic management 

with respect to fluids, vasopressors and inotropes. Fifthly, definitions of outcomes varied 

amongst the various trials. Sixthly, intermediate term complications could not be reported as 

the data available was minimal. This is an important area requiring further research in the future. 

Finally, there remains insufficient data to determine the efficacy of neuraxial blockade in 

preventing mortality or cardiac morbidity. 
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CONCLUSION 

 

This meta-analysis, based on 17 RCTs of 2058 patients showed that neuraxial blockade is 

associated with better respiratory and surgical outcomes in adult patients undergoing vascular 

surgery. The current data is insufficient to assess potential survival benefit and cardiac 

protection associated with neuraxial blockade. 
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APPENDIX  
 
Jadad score to measure the likelihood of bias of studies included in the meta-analysis [28] 
 

Category Criteria 

Randomisation 

Is study described as randomised? 

Is randomisation appropriate? 

Blinding 
Is study described as double blind? 

Is blinding appropriate/single blind? 

Withdrawals/dropouts Is there a description of withdrawals/dropouts? 

 

YES = 1, NO=0 
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INTRODUCTION 

 

Postoperative complications after vascular surgery may be used as a quality indicator of 

surgical care and it is for this reason that analysis of adverse postoperative events remains 

essential [1]. Patients presenting for vascular surgery have a number of co-morbidities including 

coronary artery disease, congestive cardiac failure, hypertension, respiratory insufficiency, 

chronic obstructive pulmonary disease, diabetes and a smoking history [2-19], rendering 

vascular surgery a high risk surgical procedure [20]. Peripheral vascular disease is associated 

with an increased risk of postoperative mortality and morbidity [21]. Postoperative complications 

also increase recovery time, hospital stay and healthcare costs [13,22]. 

 

It is possible that neuraxial anaesthetic techniques may improve outcome in vascular surgical 

patients, although the majority of neuraxial studies have evaluated surrogate outcomes. The 

reported beneficial effects have included improvement of the neuroendocrine stress response 

to surgery [12,23], haemodynamic stability [5,8], better coagulation status [12,18], decreased 

blood loss [24], fewer thrombotic complications [17], better graft patency [16] and decreased 

re-operation, [19] and better postoperative pulmonary function [24,25] with earlier extubation 

[6,14].  

 

For the purpose of this meta-analysis we defined vascular surgery as surgery to the infra-renal 

aorta and its distal tributaries and neuraxial anaesthesia as spinal or epidural (thoracic or 

lumbar) anaesthesia using local anaesthetics with or without supplemental opioids. The 

hypothesis is that a sympathetic blockade by local anesthetics is necessary to realise the 

potential surgical outcome benefits of neuraxial anesthesia in vascular surgery. 

 

The proven benefit of neuraxial anaesthesia when compared to general anaesthesia still 

remains unclear when considering postoperative mortality and postoperative cardiac, 

respiratory and surgical morbidity in adult patients undergoing vascular surgery.  The aim of 

this meta-analysis was to determine whether neuraxial anaesthesia (with or without general 

anaesthesia) was superior to general anaesthesia alone in decreasing 30 day mortality and 

postoperative cardiac, respiratory and surgical morbidity in adult patients undergoing surgery 

to the infra-renal aorta and its distal tributaries. 
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METHODS 

 

We asked the following research question [26]: ‘Is neuraxial anaesthesia (with or without 

general anaesthesia) superior to general anaesthesia alone in decreasing postoperative 

mortality and postoperative cardiac, respiratory and surgical morbidity in adult patients 

undergoing vascular surgery’. The Preferred Reporting Items for Systematic reviews and Meta-

Analysis (PRISMA) guidelines were followed [27]. Trials were eligible for inclusion in the meta-

analysis if they compared general anaesthesia and neuraxial anaesthesia (with or without 

general anaesthesia) in a randomised controlled trial in patients having vascular surgery. The 

outcomes were all cause mortality, cardiac mortality, cardiovascular morbidity (defined as 

nonfatal myocardial infarction and congestive cardiac failure), respiratory morbidity (defined as 

acute respiratory failure and/ or pneumonia) and surgical complications (defined as graft failure 

and/or the need to re-operate for haemorrhage or graft failure). Outcomes are reported for the 

30th postoperative day or the length of hospital stay where the time period was not specified in 

the publication.  

 

We searched the electronic database Medline until October 2013. The search terms included:  

(randomised controlled trial).mp, (general anaesthesia).mp, (regional anaesthesia).mp, 

(vascular).mp and (meta-analysis).mp. Abstracts were screened by two authors and excluded 

if; i) the study was not a randomised trial of neuraxial versus general anaesthesia, and ii) the 

patients were not undergoing vascular surgery. Included articles were limited to human, adult 

subjects. Full texts were obtained of all the potentially relevant trials. A manual search of the 

reference lists of all included papers was also conducted to identify further eligible studies.  

 

A standardised data extraction sheet was used to extract data from the included trials on; the 

postoperative complications following general anaesthesia versus neuraxial anaesthesia, the 

type of neuraxial anaesthesia investigated, the type of surgery, the timing of evaluation, patient 

age and the proportion of existing co-morbid disease. The quality of each study was assessed 

using the Jadad score (Appendix 1) [28] and the Cochrane Collaboration risk of bias tool. A 

subgroup analysis of thoracic and lumbar neuraxial blocks was conducted, as there is evidence 

suggesting that thoracic neuraxial blockade may offer more cardiovascular protection than 

lumbar blockade in vascular patients undergoing aortic surgery [29]. 
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Meta-analysis was conducted using Review Manager Version 5.1 (The Nordic Cochrane 

Centre, The Cochrane Collaboration, Copenhagen, Denmark, 2011). Heterogeneity between 

studies was assessed using univariate chi-squared analysis. Fixed effects models were used 

for all analyses due to the absence of significant heterogeneity between studies. Pooled 

dichotomous outcomes were reported as odds ratios (OR) with 95% CI. Where an intervention 

was associated with an outcome benefit, a funnel plot was constructed to determine if the 

outcomes reported were affected by publication bias. 
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RESULTS 

 

Our literature search yielded 418 potential trials. Fifty seven trials were selected for full paper 

analysis of which 17 trials were included in the final meta-analysis (Figure 1).  

 

Figure 1: PRISMA flow chart of identification of randomised controlled trails (RCT) included 

in the meta-analysis (n=number). 

 

The characteristics of the included studies are shown in Table 1. 



Table 1: Characteristics of included studies to decrease postoperative complications. Values are mean (SD), (%) or number. 

Study Type of 
regional 
anaesthesia 
Lumbar/ 
thoracic 

Number 
with 
  

  
Type of Surgery 

  
Timing of 
Evaluation 

  
Mean 
age (SD) 

  
*CAD 
(%) 

  
†CCF 
(%) 

  
††HPT 
(%) 

  
Respiratory 
insufficiency
/ disease (%) 

  
§COPD 
(%) 

  
Diabetes 
(%) 

  
Smoker 
(%) 

  
Jadad 
total 

NA  GA 

Baron et al. [2], 
1991 

¶CEGA Thoracic 87 86 Abdominal aortic 
reconstruction 

In hospital 
stay 

**GA: 62 
(10) 
††NA: 61 
(10) 

96 
(55.5) 

53 
(30.6) 

73 
(42.2) 

5 (2.9) 73 (42) ǂǂNR NR 3 

Bode et al. [3], 
1996 

Spinal and 
Lumbar Epidural 

§§Sp 
136 
¶¶Epi 
149 

138 Peripheral 
vascular surgery 

In hospital 
stay 

GA: 68 
(12) 
NA: 68 
(11) 

230.6 
(54.5) 

74.1 
(17.5) 

207.7 
(49.1) 

NR NR 257.2 
(60.8) 

122.3 
(28.9) 

3 

Bois et al. [4], 
1997 

CEGA Thoracic 59 65 Elective 
abdominal surgery 

In hospital 
stay 

GA: 65 
(8) 
NA: 66 
(9) 

78 
(68.4) 

2 (1.8) 55 
(48.2) 

NR NR 12 (10.5) 79 (69.3) 2 

Bonnet et al. [5], 
1989 

CEGA Thoracic 10 11 Abdominal aortic 
surgery 

In hospital 
stay 

GA: 63.6 
NA: 62.5 

4 (19) NR NR NR NR NR NR 1 

Boylan et al. [6], 
1998 

CEGA Lumbar 
epidural 

19 21 Elective infra-renal 
aortic surgery 

In hospital 
stay 

GA: 68.1 
(9.2) 
NA: 69.9 
(8.4) 

24 (60) NR NR NR NR NR 26 (22.8) 2 

Christopherson 
et al. [19], 1993 

Lumbar 49 51 Lower extremity 
revascularisation 

Day 1-30 GA: 66 
(10) 
NA: 64 
(12) 

46 
(45.5) 

9 (9) 63 (63) NR NR 35 (35) 34 (34) 3 

Cook et al. [24], 
1986 

Spinal 50 51 Lower limb 
vascular surgery 

Day 1-30 GA: 67.1 
NA: 66.4 

NR NR NR NR NR NR NR 1 

Davies et al. [7], 
1992 

CEGA Thoracic 25 25 Abdominal aortic 
surgery 

Day 1-30 GA: 67 
(8) 
NA: 65 
(9) 

19 (38) NR 25 (50) NR 21 (42) 4 (8) 33 (66) 1 

Dodds et al. [8], 
1997 

CEGA 
Thoracic/Lumbar 

36 37 Infra-renal aorto 
aneurysmectomy 

In hospital 
stay 

GA: 71 
(9) 
NA: 71 
(8) 

18 
(32.5) 

NR 31 (56) NR NR NR NR 2 
 
 
 

Garnett et al. 
[10], 1996 

CEGA Lumbar 48 51 Elective aortic 
surgery 

In hospital 
stay 

GA: 69.1 
(8.2) 
NA: 67.8 
(7.4) 

60 (61) 5 (5) 42 (42) NR 30 (30) 11 (11) 90 (90) 3 

Mann et al. [11], 
1983 
 
 
 

Spinal and 
sedation 

30 30 Lower limb 
amputation 

Day 1-28 GA: 70.3 
(1.0) 
NA: 71 
(2.1) 

64 
(107) 

NR NR 12 (20) NR 15 (25) 31 (51.7) 1 
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Naesh et al. [12], 
1994 

Lumbar epidural 9 9 Peripheral 
vascular surgery 

Day 1-30 GA: 75.6 
(2.7) 
NA: 68.2 
(2.9) 

NR NR NR NR NR 5 (27.8) NR 1 
 

Norris et al. [13], 
2001 

CEGA Thoracic 
Epidural 

85 75 Abdominal aortic 
surgery 

In hospital 
stay 

GA: 69 
(9.7) 
NA: 67.5 
(9.2) 

39 
(24.4) 

18 
(11.5) 

100 
(62.8) 

NR NR 7 (4.5) 144 
(89.8) 

4 

Park et al. [14], 
2001 

CEGA Lumbar 184 190 Aortic surgery 
(resection,bypass) 

Day 1-30 GA: 67.1 
(7.8) 
NA: 66.6 
(7.8) 

171 
(45.7) 

39 
(10.4) 

241 
(64.4) 

NR 137 
(36.6) 

69 (18.5) 183 
(48.9) 

3 

Parker et al, [15], 
1995 

Thoracic 
epidural 

28 29 Lower extremity 
bypass grafting 

In hospital 
stay 

37-92 NR NR 19 (33) NR NR NR NR  

Reinhart et al. 
[30], 1989 

CEGA Thoracic 35 70 Elective 
abdominal aortic 
surgery 

In hospital 
stay 

GA: 60.5 
(10.5) 
NA: 63 
(11) 

NR NR NR NR NR NR NR 2 

Tuman et al. 
[18], 1991 

CEGA 
Thoracic/Lumbar 

40 40 Lower extremity 
revascularisation 

In hospital 
stay  

GA: 65.5 
(9.9) 
NA: 69.6 
(8.4) 

32 
(39.4) 

5 (6.3) 54 
(67.5) 

NR NR 22 (27.5) NR 1 

 

*CAD coronary artery disease 

†CCF congestive cardiac failure 

ǂHPT hypertension 

§COPD chronic obstructive pulmonary disease 

CEGA combined epidural and general anaesthesia 

**GA general anaesthesia 

††NA neuraxial anaesthesia 

ǂǂNR not reported 

§§Sp spinal  

Epi epidural 

 



The main risk of bias was related to inadequate blinding of personnel and patients. This was 

evident in more than 75% of the included studies (Figure 2). 

 

 

Figure 2:   Cochrane Collaboration Risk of Bias Graph 

 

 

 

 

The following outcomes were reported in the eligible studies; all cause mortality [2-8,10-15, 18, 

19, 24,30], cardiac mortality [4,7,13,15,19,24], non fatal myocardial infarction [2-8,10,13,14,15, 

18,19,24], congestive cardiac failure [2-4,7,8,10,13,14,18], acute respiratory failure [2, 7, 8, 10, 

13, 14, 18, 19], pneumonia [2, 6, 8, 10, 13, 14] and surgical complications [2,7,11-15,18,19,24].  

 

Neuraxial blockade was associated with significantly decreased acute respiratory failure (Figure 

2), pneumonia (Figure 3) and surgical complications (Figure 4). There was no significant 

heterogeneity for the outcomes of acute respiratory failure, pneumonia and surgical 

complications. No funnel plot asymmetry was identified for any of these outcomes, suggesting 

that publication bias was unlikely for these outcomes. Studies reporting postoperative acute 

respiratory failure included an equal number of good and poor quality studies. Studies reporting 

postoperative pneumonia were generally of good quality. The studies reporting postoperative 

surgical complications were of poorer quality largely due to inadequacies in randomisation 

and/or blinding.  
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Figure 2: Meta-analysis of the efficacy of neuraxial blockade (with or without general 

anaesthesia) versus general anaesthesia alone on respiratory failure 
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Figure 3: Meta-analysis of the efficacy of neuraxial blockade (with or without general 

anaesthesia) versus general anaesthesia alone on pneumonia 
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Figure 4: Meta-analysis of the efficacy of neuraxial blockade (with or without general 

anaesthesia) versus general anaesthesia alone on vascular surgical complications 

 

 

 

 

The point estimate favoured protection with neuraxial anaesthesia for mortality and non fatal 

myocardial infarction, although a post hoc power analysis using G-Power statistical analysis 

showed these outcomes to be underpowered, based on an expected 25% relative risk reduction 

for benefit. 
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DISCUSSION 

 

The main findings of this study are that neuraxial anaesthesia in vascular surgery decreases 

the incidence of postoperative acute respiratory failure, pneumonia, and surgical complications 

(defined as graft failure and/or the need to re-operate for hemorrhage or graft failure). The point 

estimate for respiratory morbidity was robust without evidence of heterogeneity or publication 

bias. Inadequate randomisation and blinding however compromised the quality of some of the 

studies. Studies reporting surgical complications showed little heterogeneity, although the 

quality of the studies was generally poor. 

 

The incidence of postoperative complications in the patient undergoing vascular surgery ranges 

between 15 and 25% with a mortality risk of 3 to 5% [1,33].  The optimal anaesthetic choice 

should ensure rapid onset and reversal of effects while providing desirable intraoperative 

haemodynamic conditions and contributing to a reduced need for blood transfusion. It should 

also permit the earliest possible discharge from the postanesthesia care unit (PACU) and 

minimize common postoperative issues such as pain, need for analgesics, nausea, vomiting 

and drowsiness [34]. This meta-analysis lends support to neuraxial anaesthesia over general 

anaesthesia in reducing postoperative respiratory and surgical complications.  

 

The choice of neuraxial anesthesia varied in the studies. There was no significant difference 

between the thoracic and lumbar neuraxial blockade subgroup analyses on the incidence of 

postoperative complications in this meta-analysis. As the meta-analysis is underpowered for 

mortality and cardiac outcomes, it is therefore currently unknown whether the thoracic or lumbar 

site of neuraxial blockade is preferable to prevent these complications in vascular surgical 

patients. 
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LIMITATIONS 

 

There are a number of limitations to this meta-analysis.  Firstly, trials were small. Secondly, the 

inability to blind patients and doctors especially with neuraxial anaesthetic techniques will 

always raise concern about bias in trials of this nature. Thirdly, there was no standardization of 

the neuraxial anaesthesia techniques in this meta-analysis. However, the meta-analysis 

suggests that neuraxial techniques provide a beneficial ‘class effect’, independent of the level 

of the neuraxial block, or the type of neuraxial block for respiratory and surgical complications, 

provided local anaesthetics were administered. Furthermore, there was no standardization of 

the drugs, dosages or additives administered for neuraxial anaesthesia, and so it is impossible 

to advocate a preferred dosing regimen for neuraxial techniques in vascular surgery. Fourthly, 

there was a large variation in the premedication and perioperative haemodynamic management 

with respect to fluids, vasopressors and inotropes. Fifthly, definitions of outcomes varied 

amongst the various trials. Sixthly, intermediate term complications could not be reported as 

the data available was minimal. This is an important area requiring further research in the future. 

Finally, there remains insufficient data to determine the efficacy of neuraxial blockade in 

preventing mortality or cardiac morbidity. 
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CONCLUSION 

 

This meta-analysis, based on 17 RCTs of 2058 patients showed that neuraxial blockade is 

associated with better respiratory and surgical outcomes in adult patients undergoing vascular 

surgery. The current data is insufficient to assess potential survival benefit and cardiac 

protection associated with neuraxial blockade. 
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APPENDIX  
 
Jadad score to measure the likelihood of bias of studies included in the meta-analysis [28] 
 

Category Criteria 

Randomisation 

Is study described as randomised? 

Is randomisation appropriate? 

Blinding 
Is study described as double blind? 

Is blinding appropriate/single blind? 

Withdrawals/dropouts Is there a description of withdrawals/dropouts? 

 

YES = 1, NO=0 
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INTRODUCTION 

 

Postoperative complications after vascular surgery may be used as a quality indicator of 

surgical care and it is for this reason that analysis of adverse postoperative events remains 

essential [1]. Patients presenting for vascular surgery have a number of co-morbidities including 

coronary artery disease, congestive cardiac failure, hypertension, respiratory insufficiency, 

chronic obstructive pulmonary disease, diabetes and a smoking history [2-19], rendering 

vascular surgery a high risk surgical procedure [20]. Peripheral vascular disease is associated 

with an increased risk of postoperative mortality and morbidity [21]. Postoperative complications 

also increase recovery time, hospital stay and healthcare costs [13,22]. 

 

It is possible that neuraxial anaesthetic techniques may improve outcome in vascular surgical 

patients, although the majority of neuraxial studies have evaluated surrogate outcomes. The 

reported beneficial effects have included improvement of the neuroendocrine stress response 

to surgery [12,23], haemodynamic stability [5,8], better coagulation status [12,18], decreased 

blood loss [24], fewer thrombotic complications [17], better graft patency [16] and decreased 

re-operation, [19] and better postoperative pulmonary function [24,25] with earlier extubation 

[6,14].  

 

For the purpose of this meta-analysis we defined vascular surgery as surgery to the infra-renal 

aorta and its distal tributaries and neuraxial anaesthesia as spinal or epidural (thoracic or 

lumbar) anaesthesia using local anaesthetics with or without supplemental opioids. The 

hypothesis is that a sympathetic blockade by local anesthetics is necessary to realise the 

potential surgical outcome benefits of neuraxial anesthesia in vascular surgery. 

 

The proven benefit of neuraxial anaesthesia when compared to general anaesthesia still 

remains unclear when considering postoperative mortality and postoperative cardiac, 

respiratory and surgical morbidity in adult patients undergoing vascular surgery.  The aim of 

this meta-analysis was to determine whether neuraxial anaesthesia (with or without general 

anaesthesia) was superior to general anaesthesia alone in decreasing 30 day mortality and 

postoperative cardiac, respiratory and surgical morbidity in adult patients undergoing surgery 

to the infra-renal aorta and its distal tributaries. 
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METHODS 

 

We asked the following research question [26]: ‘Is neuraxial anaesthesia (with or without 

general anaesthesia) superior to general anaesthesia alone in decreasing postoperative 

mortality and postoperative cardiac, respiratory and surgical morbidity in adult patients 

undergoing vascular surgery’. The Preferred Reporting Items for Systematic reviews and Meta-

Analysis (PRISMA) guidelines were followed [27]. Trials were eligible for inclusion in the meta-

analysis if they compared general anaesthesia and neuraxial anaesthesia (with or without 

general anaesthesia) in a randomised controlled trial in patients having vascular surgery. The 

outcomes were all cause mortality, cardiac mortality, cardiovascular morbidity (defined as 

nonfatal myocardial infarction and congestive cardiac failure), respiratory morbidity (defined as 

acute respiratory failure and/ or pneumonia) and surgical complications (defined as graft failure 

and/or the need to re-operate for haemorrhage or graft failure). Outcomes are reported for the 

30th postoperative day or the length of hospital stay where the time period was not specified in 

the publication.  

 

We searched the electronic database Medline until October 2013. The search terms included:  

(randomised controlled trial).mp, (general anaesthesia).mp, (regional anaesthesia).mp, 

(vascular).mp and (meta-analysis).mp. Abstracts were screened by two authors and excluded 

if; i) the study was not a randomised trial of neuraxial versus general anaesthesia, and ii) the 

patients were not undergoing vascular surgery. Included articles were limited to human, adult 

subjects. Full texts were obtained of all the potentially relevant trials. A manual search of the 

reference lists of all included papers was also conducted to identify further eligible studies.  

 

A standardised data extraction sheet was used to extract data from the included trials on; the 

postoperative complications following general anaesthesia versus neuraxial anaesthesia, the 

type of neuraxial anaesthesia investigated, the type of surgery, the timing of evaluation, patient 

age and the proportion of existing co-morbid disease. The quality of each study was assessed 

using the Jadad score (Appendix 1) [28] and the Cochrane Collaboration risk of bias tool. A 

subgroup analysis of thoracic and lumbar neuraxial blocks was conducted, as there is evidence 

suggesting that thoracic neuraxial blockade may offer more cardiovascular protection than 

lumbar blockade in vascular patients undergoing aortic surgery [29]. 
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Meta-analysis was conducted using Review Manager Version 5.1 (The Nordic Cochrane 

Centre, The Cochrane Collaboration, Copenhagen, Denmark, 2011). Heterogeneity between 

studies was assessed using univariate chi-squared analysis. Fixed effects models were used 

for all analyses due to the absence of significant heterogeneity between studies. Pooled 

dichotomous outcomes were reported as odds ratios (OR) with 95% CI. Where an intervention 

was associated with an outcome benefit, a funnel plot was constructed to determine if the 

outcomes reported were affected by publication bias. 

 

  



Page 6 of 18 

     

RESULTS 

 

Our literature search yielded 418 potential trials. Fifty seven trials were selected for full paper 

analysis of which 17 trials were included in the final meta-analysis (Figure 1).  

 

Figure 1: PRISMA flow chart of identification of randomised controlled trails (RCT) included 

in the meta-analysis (n=number). 

 

The characteristics of the included studies are shown in Table 1. 



Table 1: Characteristics of included studies to decrease postoperative complications. Values are mean (SD), (%) or number. 

Study Type of 
regional 
anaesthesia 
Lumbar/ 
thoracic 

Number 
with 
  

  
Type of Surgery 

  
Timing of 
Evaluation 

  
Mean 
age (SD) 

  
*CAD 
(%) 

  
†CCF 
(%) 

  
††HPT 
(%) 

  
Respiratory 
insufficiency
/ disease (%) 

  
§COPD 
(%) 

  
Diabetes 
(%) 

  
Smoker 
(%) 

  
Jadad 
total 

NA  GA 

Baron et al. [2], 
1991 

¶CEGA Thoracic 87 86 Abdominal aortic 
reconstruction 

In hospital 
stay 

**GA: 62 
(10) 
††NA: 61 
(10) 

96 
(55.5) 

53 
(30.6) 

73 
(42.2) 

5 (2.9) 73 (42) ǂǂNR NR 3 

Bode et al. [3], 
1996 

Spinal and 
Lumbar Epidural 

§§Sp 
136 
¶¶Epi 
149 

138 Peripheral 
vascular surgery 

In hospital 
stay 

GA: 68 
(12) 
NA: 68 
(11) 

230.6 
(54.5) 

74.1 
(17.5) 

207.7 
(49.1) 

NR NR 257.2 
(60.8) 

122.3 
(28.9) 

3 

Bois et al. [4], 
1997 

CEGA Thoracic 59 65 Elective 
abdominal surgery 

In hospital 
stay 

GA: 65 
(8) 
NA: 66 
(9) 

78 
(68.4) 

2 (1.8) 55 
(48.2) 

NR NR 12 (10.5) 79 (69.3) 2 

Bonnet et al. [5], 
1989 

CEGA Thoracic 10 11 Abdominal aortic 
surgery 

In hospital 
stay 

GA: 63.6 
NA: 62.5 

4 (19) NR NR NR NR NR NR 1 

Boylan et al. [6], 
1998 

CEGA Lumbar 
epidural 

19 21 Elective infra-renal 
aortic surgery 

In hospital 
stay 

GA: 68.1 
(9.2) 
NA: 69.9 
(8.4) 

24 (60) NR NR NR NR NR 26 (22.8) 2 

Christopherson 
et al. [19], 1993 

Lumbar 49 51 Lower extremity 
revascularisation 

Day 1-30 GA: 66 
(10) 
NA: 64 
(12) 

46 
(45.5) 

9 (9) 63 (63) NR NR 35 (35) 34 (34) 3 

Cook et al. [24], 
1986 

Spinal 50 51 Lower limb 
vascular surgery 

Day 1-30 GA: 67.1 
NA: 66.4 

NR NR NR NR NR NR NR 1 

Davies et al. [7], 
1992 

CEGA Thoracic 25 25 Abdominal aortic 
surgery 

Day 1-30 GA: 67 
(8) 
NA: 65 
(9) 

19 (38) NR 25 (50) NR 21 (42) 4 (8) 33 (66) 1 

Dodds et al. [8], 
1997 

CEGA 
Thoracic/Lumbar 

36 37 Infra-renal aorto 
aneurysmectomy 

In hospital 
stay 

GA: 71 
(9) 
NA: 71 
(8) 

18 
(32.5) 

NR 31 (56) NR NR NR NR 2 
 
 
 

Garnett et al. 
[10], 1996 

CEGA Lumbar 48 51 Elective aortic 
surgery 

In hospital 
stay 

GA: 69.1 
(8.2) 
NA: 67.8 
(7.4) 

60 (61) 5 (5) 42 (42) NR 30 (30) 11 (11) 90 (90) 3 

Mann et al. [11], 
1983 
 
 
 

Spinal and 
sedation 

30 30 Lower limb 
amputation 

Day 1-28 GA: 70.3 
(1.0) 
NA: 71 
(2.1) 

64 
(107) 

NR NR 12 (20) NR 15 (25) 31 (51.7) 1 
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Naesh et al. [12], 
1994 

Lumbar epidural 9 9 Peripheral 
vascular surgery 

Day 1-30 GA: 75.6 
(2.7) 
NA: 68.2 
(2.9) 

NR NR NR NR NR 5 (27.8) NR 1 
 

Norris et al. [13], 
2001 

CEGA Thoracic 
Epidural 

85 75 Abdominal aortic 
surgery 

In hospital 
stay 

GA: 69 
(9.7) 
NA: 67.5 
(9.2) 

39 
(24.4) 

18 
(11.5) 

100 
(62.8) 

NR NR 7 (4.5) 144 
(89.8) 

4 

Park et al. [14], 
2001 

CEGA Lumbar 184 190 Aortic surgery 
(resection,bypass) 

Day 1-30 GA: 67.1 
(7.8) 
NA: 66.6 
(7.8) 

171 
(45.7) 

39 
(10.4) 

241 
(64.4) 

NR 137 
(36.6) 

69 (18.5) 183 
(48.9) 

3 

Parker et al, [15], 
1995 

Thoracic 
epidural 

28 29 Lower extremity 
bypass grafting 

In hospital 
stay 

37-92 NR NR 19 (33) NR NR NR NR  

Reinhart et al. 
[30], 1989 

CEGA Thoracic 35 70 Elective 
abdominal aortic 
surgery 

In hospital 
stay 

GA: 60.5 
(10.5) 
NA: 63 
(11) 

NR NR NR NR NR NR NR 2 

Tuman et al. 
[18], 1991 

CEGA 
Thoracic/Lumbar 

40 40 Lower extremity 
revascularisation 

In hospital 
stay  

GA: 65.5 
(9.9) 
NA: 69.6 
(8.4) 

32 
(39.4) 

5 (6.3) 54 
(67.5) 

NR NR 22 (27.5) NR 1 

 

*CAD coronary artery disease 

†CCF congestive cardiac failure 

ǂHPT hypertension 

§COPD chronic obstructive pulmonary disease 

CEGA combined epidural and general anaesthesia 

**GA general anaesthesia 

††NA neuraxial anaesthesia 

ǂǂNR not reported 

§§Sp spinal  

Epi epidural 

 



The main risk of bias was related to inadequate blinding of personnel and patients. This was 

evident in more than 75% of the included studies (Figure 2). 

 

 

Figure 2:   Cochrane Collaboration Risk of Bias Graph 

 

 

 

 

The following outcomes were reported in the eligible studies; all cause mortality [2-8,10-15, 18, 

19, 24,30], cardiac mortality [4,7,13,15,19,24], non fatal myocardial infarction [2-8,10,13,14,15, 

18,19,24], congestive cardiac failure [2-4,7,8,10,13,14,18], acute respiratory failure [2, 7, 8, 10, 

13, 14, 18, 19], pneumonia [2, 6, 8, 10, 13, 14] and surgical complications [2,7,11-15,18,19,24].  

 

Neuraxial blockade was associated with significantly decreased acute respiratory failure (Figure 

2), pneumonia (Figure 3) and surgical complications (Figure 4). There was no significant 

heterogeneity for the outcomes of acute respiratory failure, pneumonia and surgical 

complications. No funnel plot asymmetry was identified for any of these outcomes, suggesting 

that publication bias was unlikely for these outcomes. Studies reporting postoperative acute 

respiratory failure included an equal number of good and poor quality studies. Studies reporting 

postoperative pneumonia were generally of good quality. The studies reporting postoperative 

surgical complications were of poorer quality largely due to inadequacies in randomisation 

and/or blinding.  
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Figure 2: Meta-analysis of the efficacy of neuraxial blockade (with or without general 

anaesthesia) versus general anaesthesia alone on respiratory failure 
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Figure 3: Meta-analysis of the efficacy of neuraxial blockade (with or without general 

anaesthesia) versus general anaesthesia alone on pneumonia 
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Figure 4: Meta-analysis of the efficacy of neuraxial blockade (with or without general 

anaesthesia) versus general anaesthesia alone on vascular surgical complications 

 

 

 

 

The point estimate favoured protection with neuraxial anaesthesia for mortality and non fatal 

myocardial infarction, although a post hoc power analysis using G-Power statistical analysis 

showed these outcomes to be underpowered, based on an expected 25% relative risk reduction 

for benefit. 
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DISCUSSION 

 

The main findings of this study are that neuraxial anaesthesia in vascular surgery decreases 

the incidence of postoperative acute respiratory failure, pneumonia, and surgical complications 

(defined as graft failure and/or the need to re-operate for hemorrhage or graft failure). The point 

estimate for respiratory morbidity was robust without evidence of heterogeneity or publication 

bias. Inadequate randomisation and blinding however compromised the quality of some of the 

studies. Studies reporting surgical complications showed little heterogeneity, although the 

quality of the studies was generally poor. 

 

The incidence of postoperative complications in the patient undergoing vascular surgery ranges 

between 15 and 25% with a mortality risk of 3 to 5% [1,33].  The optimal anaesthetic choice 

should ensure rapid onset and reversal of effects while providing desirable intraoperative 

haemodynamic conditions and contributing to a reduced need for blood transfusion. It should 

also permit the earliest possible discharge from the postanesthesia care unit (PACU) and 

minimize common postoperative issues such as pain, need for analgesics, nausea, vomiting 

and drowsiness [34]. This meta-analysis lends support to neuraxial anaesthesia over general 

anaesthesia in reducing postoperative respiratory and surgical complications.  

 

The choice of neuraxial anesthesia varied in the studies. There was no significant difference 

between the thoracic and lumbar neuraxial blockade subgroup analyses on the incidence of 

postoperative complications in this meta-analysis. As the meta-analysis is underpowered for 

mortality and cardiac outcomes, it is therefore currently unknown whether the thoracic or lumbar 

site of neuraxial blockade is preferable to prevent these complications in vascular surgical 

patients. 
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LIMITATIONS 

 

There are a number of limitations to this meta-analysis.  Firstly, trials were small. Secondly, the 

inability to blind patients and doctors especially with neuraxial anaesthetic techniques will 

always raise concern about bias in trials of this nature. Thirdly, there was no standardization of 

the neuraxial anaesthesia techniques in this meta-analysis. However, the meta-analysis 

suggests that neuraxial techniques provide a beneficial ‘class effect’, independent of the level 

of the neuraxial block, or the type of neuraxial block for respiratory and surgical complications, 

provided local anaesthetics were administered. Furthermore, there was no standardization of 

the drugs, dosages or additives administered for neuraxial anaesthesia, and so it is impossible 

to advocate a preferred dosing regimen for neuraxial techniques in vascular surgery. Fourthly, 

there was a large variation in the premedication and perioperative haemodynamic management 

with respect to fluids, vasopressors and inotropes. Fifthly, definitions of outcomes varied 

amongst the various trials. Sixthly, intermediate term complications could not be reported as 

the data available was minimal. This is an important area requiring further research in the future. 

Finally, there remains insufficient data to determine the efficacy of neuraxial blockade in 

preventing mortality or cardiac morbidity. 
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CONCLUSION 

 

This meta-analysis, based on 17 RCTs of 2058 patients showed that neuraxial blockade is 

associated with better respiratory and surgical outcomes in adult patients undergoing vascular 

surgery. The current data is insufficient to assess potential survival benefit and cardiac 

protection associated with neuraxial blockade. 

 

 

 

ACKNOWLEDGEMENTS 
 

For assistance with translation; Dr Torsten Bȁhner and Professor Andreas Hoeft. 

Professor BM Biccard for his immense help and contribution as my supervisor. 

 

 

APPENDIX  
 
Jadad score to measure the likelihood of bias of studies included in the meta-analysis [28] 
 

Category Criteria 

Randomisation 

Is study described as randomised? 

Is randomisation appropriate? 

Blinding 
Is study described as double blind? 

Is blinding appropriate/single blind? 

Withdrawals/dropouts Is there a description of withdrawals/dropouts? 

 

YES = 1, NO=0 

 



Page 16 of 18 

 

REFERENCES 

 

1.  Lange CP, Ploeg AJ, Lardenoye JW, Breslau PJ. Patient- and procedure-specific risk 

factors for postoperative complications in peripheral vascular surgery. Quality and Safety 

in Health Care 2009; 18: 131-6. 

2. Baron JF, Bertrand M, Barre E, et al. Combined epidural and general anesthesia versus 

general anesthesia for abdominal aortic surgery. Anesthesiology 1991; 75: 611-8. 

3.  Bode RH, Jr., Lewis KP, Zarich SW, et al. Cardiac outcome after peripheral vascular 

surgery. Comparison of general and regional anesthesia. Anesthesiology 1996; 84: 3-13. 

4.  Bois S, Couture P, Boudreault D, et al. Epidural analgesia and intravenous patient-

controlled analgesia result in similar rates of postoperative myocardial ischemia after 

aortic surgery. Anesthesia and Analgesia  1997; 85: 1233-9. 

5.  Bonnet F, Touboul C, Picard AM, Vodinh J, Becquemin JP. Neuroleptanesthesia versus 

thoracic epidural anesthesia for abdominal aortic surgery. Annals of  Vascular Surgery  

1989; 3: 214-9. 

6.  Boylan JF, Katz J, Kavanagh BP, et al. Epidural bupivacaine-morphine analgesia versus 

patient-controlled analgesia following abdominal aortic surgery: analgesic, respiratory, 

and myocardial effects. Anesthesiology 1998; 89: 585-93. 

7.  Davies MJ, Silbert BS, Mooney PJ, Dysart RH, Meads AC. Combined epidural and 

general anaesthesia versus general anaesthesia for abdominal aortic surgery: a 

prospective randomised trial. Anaesthesia and  Intensive Care 1993; 21: 790-4. 

8.  Dodds TM, Burns AK, DeRoo DB, et al. Effects of anesthetic technique on myocardial wall 

motion abnormalities during abdominal aortic surgery. Journal of Cardiothoracic and  

Vascular  Anesthesia  1997; 11: 129-36. 

9.  Fleron MH, Weiskopf RB, Bertrand M, et al. A comparison of intrathecal opioid and 

intravenous analgesia for the incidence of cardiovascular, respiratory, and renal 

complications after abdominal aortic surgery. Anesthesia and Analgesia 2003; 97: 2-12, 

table of contents. 

10.  Garnett RL, MacIntyre A, Lindsay P, et al. Perioperative ischaemia in aortic surgery: 

combined epidural/general anaesthesia and epidural analgesia vs general anaesthesia 

and i.v. analgesia. Canadian Journal of Anaesthesia  1996; 43: 769-77. 

11.  Mann RA, Bisset WI. Anaesthesia for lower limb amputation. A comparison of spinal 

analgesia and general anaesthesia in the elderly. Anaesthesia 1983; 38: 1185-91. 

12.  Naesh O, Haljamae H, Hindberg I, Holm J, Jivegard L, Wennmalm A. Epidural 

anaesthesia prolonged into the postoperative period prevents stress response and 

platelet hyperaggregability after peripheral vascular surgery. European Journal of  

Vascular Surgery 1994; 8: 395-400. 



Page 17 of 18 

 

13.  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: 1054-67. 

14.  Park WY, Thompson JS, Lee KK. Effect of epidural anesthesia and analgesia on 

perioperative outcome: a randomized, controlled Veterans Affairs cooperative study. 

Annals of  Surgery 2001; 234: 560-9; discussion 9-71. 

15.  Parker SD, Breslow MJ, Frank SM, et al. Catecholamine and cortisol responses to lower 

extremity revascularization: correlation with outcome variables. Perioperative Ischemia 

Randomized Anesthesia Trial Study Group. Critical Care Medicine  1995; 23: 1954-61. 

16.  Perler BA, Christopherson R, Rosenfeld BA, et al. The influence of anesthetic method on 

infrainguinal bypass graft patency: a closer look. The American Journal of  Surgery  1995; 

61: 784-9. 

17.  Rosenfeld BA, Beattie C, Christopherson R, et al. The effects of different anesthetic 

regimens on fibrinolysis and the development of postoperative arterial thrombosis. 

Perioperative Ischemia Randomized Anesthesia Trial Study Group. Anesthesiology 1993; 

79: 435-43. 

18.  Tuman KJ, McCarthy RJ, March RJ, DeLaria GA, Patel RV, Ivankovich AD. Effects of 

epidural anesthesia and analgesia on coagulation and outcome after major vascular 

surgery. Anesthesia and Analgesia  1991; 73: 696-704. 

19.  Christopherson R, Beattie C, Frank SM, et al. Perioperative morbidity in patients 

randomized to epidural or general anesthesia for lower extremity vascular surgery. 

Perioperative Ischemia Randomized Anesthesia Trial Study Group. Anesthesiology 1993; 

79: 422-34. 

20.  Fleisher LA, Fleischmann KE, Auerbach AD, et al. 2014 ACC/AHA Guideline on 

Perioperative Cardiovascular Evaluation and Management of Patients Undergoing 

Noncardiac Surgery: A Report of the American College of Cardiology/American Heart 

Association Task Force on Practice Guidelines. Circulation 2014; 130: e278-333. 

21.  Devereaux PJ, Chan MT, Alonso-Coello P, et al. Association between postoperative 

troponin levels and 30-day mortality among patients undergoing noncardiac surgery. 

JAMA 2012; 307: 2295-304. 

22.  McAleese P, Odling-Smee W. The effect of complications on length of stay. Annals of  

Surgery  1994; 220: 740-4. 

23.  Traynor C, Hall GM. Endocrine and metabolic changes during surgery: anaesthetic 

implications. British Journal of Anaesthesia 1981; 53: 153-60. 

24.  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. Anaesthesia and Intensive Care 1986; 14: 373-80. 



Page 18 of 18 

 

25.  Wahba WM, Don HF, Craig DB. Post-operative epidural analgesia: effects on lung 

volumes. Canadian Anaesthetists Society Journal  1975; 22: 519-27. 

26.  Thabane L, Thomas T, Ye C, Paul J. Posing the research question: not so simple. 

Canadian Journal of  Anaesthesia  2009; 56: 71-9. 

27.  Liberati A, Altman DG, Tetzlaff J, et al. The PRISMA statement for reporting systematic 

reviews and meta-analyses of studies that evaluate healthcare interventions: explanation 

and elaboration. British Medical Journal  2009; 339: b2700. 

28.  Jadad AR, Moore RA, Carroll D, et al. Assessing the quality of reports of randomized 

clinical trials: is blinding necessary? Controlled Clinical Trials 1996; 17: 1-12. 

29.  Nishimori M, Low JH, Zheng H, Ballantyne JC. Epidural pain relief versus systemic opioid-

based pain relief for abdominal aortic surgery. Cochrane Database Systematic Review 

2012; 7: CD005059. 

30.  Reinhart K, Foehring U, Kersting T, et al. Effects of thoracic epidural anesthesia on 

systemic hemodynamic function and systemic oxygen supply-demand relationship. 

Anesthesia and  Analgesia 1989; 69: 360-9. 

31.  Parker MJ, Handoll HH, Griffiths R. Anaesthesia for hip fracture surgery in adults. 

Cochrane Database Systematic  Review 2004: CD000521. 

32.  Bernard JM, Bourreli B, Pinaud M. Effects of systemic morphine and epidural bupivacaine 

on postoperative oxygen consumption during rewarming. Journal of  Clinical Anesthesia 

1988; 1: 81-6. 

33.  Garcia S, Moritz TE, Goldman S, et al. Perioperative complications after vascular surgery 

are predicted by the revised cardiac risk index but are not reduced in high-risk subsets 

with preoperative revascularization. Circulation:  Cardiovascular Quality Outcomes 2009; 

2: 73-7. 

34.  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. Collegium Antropologicum 2012; 36: 1301-5.  

 

 

 

 

 

 

 



29 May 2015 
No. 12 

 
 
 
 

 
 

General Anaesthesia versus Neuraxial 
Anaesthesia in Vascular Surgery 

(MMED) 
A Systematic Review and Meta-Analysis 

 
 

 

A Ramkisson 
 
 

Moderator: Professor BM Biccard 

 
 
 
 
 
 
 

 
 
 

School of Clinical Medicine 
Discipline of Anaesthesiology and Critical Care 

 



Page 2 of 18 

     

CONTENTS 
 
 

 
INTRODUCTION ...................................................................................................................... 3 

METHODS ................................................................................................................................ 4 

RESULTS ................................................................................................................................. 6 

DISCUSSION ......................................................................................................................... 13 

LIMITATIONS ......................................................................................................................... 14 

CONCLUSION ........................................................................................................................ 15 

ACKNOWLEDGEMENTS ...................................................................................................... 15 

APPENDIX ............................................................................................................................. 15 

REFERENCES ....................................................................................................................... 16 

 

 
 
 
 
 
 
 
  



Page 3 of 18 

     

INTRODUCTION 

 

Postoperative complications after vascular surgery may be used as a quality indicator of 

surgical care and it is for this reason that analysis of adverse postoperative events remains 

essential [1]. Patients presenting for vascular surgery have a number of co-morbidities including 

coronary artery disease, congestive cardiac failure, hypertension, respiratory insufficiency, 

chronic obstructive pulmonary disease, diabetes and a smoking history [2-19], rendering 

vascular surgery a high risk surgical procedure [20]. Peripheral vascular disease is associated 

with an increased risk of postoperative mortality and morbidity [21]. Postoperative complications 

also increase recovery time, hospital stay and healthcare costs [13,22]. 

 

It is possible that neuraxial anaesthetic techniques may improve outcome in vascular surgical 

patients, although the majority of neuraxial studies have evaluated surrogate outcomes. The 

reported beneficial effects have included improvement of the neuroendocrine stress response 

to surgery [12,23], haemodynamic stability [5,8], better coagulation status [12,18], decreased 

blood loss [24], fewer thrombotic complications [17], better graft patency [16] and decreased 

re-operation, [19] and better postoperative pulmonary function [24,25] with earlier extubation 

[6,14].  

 

For the purpose of this meta-analysis we defined vascular surgery as surgery to the infra-renal 

aorta and its distal tributaries and neuraxial anaesthesia as spinal or epidural (thoracic or 

lumbar) anaesthesia using local anaesthetics with or without supplemental opioids. The 

hypothesis is that a sympathetic blockade by local anesthetics is necessary to realise the 

potential surgical outcome benefits of neuraxial anesthesia in vascular surgery. 

 

The proven benefit of neuraxial anaesthesia when compared to general anaesthesia still 

remains unclear when considering postoperative mortality and postoperative cardiac, 

respiratory and surgical morbidity in adult patients undergoing vascular surgery.  The aim of 

this meta-analysis was to determine whether neuraxial anaesthesia (with or without general 

anaesthesia) was superior to general anaesthesia alone in decreasing 30 day mortality and 

postoperative cardiac, respiratory and surgical morbidity in adult patients undergoing surgery 

to the infra-renal aorta and its distal tributaries. 
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METHODS 

 

We asked the following research question [26]: ‘Is neuraxial anaesthesia (with or without 

general anaesthesia) superior to general anaesthesia alone in decreasing postoperative 

mortality and postoperative cardiac, respiratory and surgical morbidity in adult patients 

undergoing vascular surgery’. The Preferred Reporting Items for Systematic reviews and Meta-

Analysis (PRISMA) guidelines were followed [27]. Trials were eligible for inclusion in the meta-

analysis if they compared general anaesthesia and neuraxial anaesthesia (with or without 

general anaesthesia) in a randomised controlled trial in patients having vascular surgery. The 

outcomes were all cause mortality, cardiac mortality, cardiovascular morbidity (defined as 

nonfatal myocardial infarction and congestive cardiac failure), respiratory morbidity (defined as 

acute respiratory failure and/ or pneumonia) and surgical complications (defined as graft failure 

and/or the need to re-operate for haemorrhage or graft failure). Outcomes are reported for the 

30th postoperative day or the length of hospital stay where the time period was not specified in 

the publication.  

 

We searched the electronic database Medline until October 2013. The search terms included:  

(randomised controlled trial).mp, (general anaesthesia).mp, (regional anaesthesia).mp, 

(vascular).mp and (meta-analysis).mp. Abstracts were screened by two authors and excluded 

if; i) the study was not a randomised trial of neuraxial versus general anaesthesia, and ii) the 

patients were not undergoing vascular surgery. Included articles were limited to human, adult 

subjects. Full texts were obtained of all the potentially relevant trials. A manual search of the 

reference lists of all included papers was also conducted to identify further eligible studies.  

 

A standardised data extraction sheet was used to extract data from the included trials on; the 

postoperative complications following general anaesthesia versus neuraxial anaesthesia, the 

type of neuraxial anaesthesia investigated, the type of surgery, the timing of evaluation, patient 

age and the proportion of existing co-morbid disease. The quality of each study was assessed 

using the Jadad score (Appendix 1) [28] and the Cochrane Collaboration risk of bias tool. A 

subgroup analysis of thoracic and lumbar neuraxial blocks was conducted, as there is evidence 

suggesting that thoracic neuraxial blockade may offer more cardiovascular protection than 

lumbar blockade in vascular patients undergoing aortic surgery [29]. 
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Meta-analysis was conducted using Review Manager Version 5.1 (The Nordic Cochrane 

Centre, The Cochrane Collaboration, Copenhagen, Denmark, 2011). Heterogeneity between 

studies was assessed using univariate chi-squared analysis. Fixed effects models were used 

for all analyses due to the absence of significant heterogeneity between studies. Pooled 

dichotomous outcomes were reported as odds ratios (OR) with 95% CI. Where an intervention 

was associated with an outcome benefit, a funnel plot was constructed to determine if the 

outcomes reported were affected by publication bias. 
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RESULTS 

 

Our literature search yielded 418 potential trials. Fifty seven trials were selected for full paper 

analysis of which 17 trials were included in the final meta-analysis (Figure 1).  

 

Figure 1: PRISMA flow chart of identification of randomised controlled trails (RCT) included 

in the meta-analysis (n=number). 

 

The characteristics of the included studies are shown in Table 1. 



Table 1: Characteristics of included studies to decrease postoperative complications. Values are mean (SD), (%) or number. 

Study Type of 
regional 
anaesthesia 
Lumbar/ 
thoracic 

Number 
with 
  

  
Type of Surgery 

  
Timing of 
Evaluation 

  
Mean 
age (SD) 

  
*CAD 
(%) 

  
†CCF 
(%) 

  
††HPT 
(%) 

  
Respiratory 
insufficiency
/ disease (%) 

  
§COPD 
(%) 

  
Diabetes 
(%) 

  
Smoker 
(%) 

  
Jadad 
total 

NA  GA 

Baron et al. [2], 
1991 

¶CEGA Thoracic 87 86 Abdominal aortic 
reconstruction 

In hospital 
stay 

**GA: 62 
(10) 
††NA: 61 
(10) 

96 
(55.5) 

53 
(30.6) 

73 
(42.2) 

5 (2.9) 73 (42) ǂǂNR NR 3 

Bode et al. [3], 
1996 

Spinal and 
Lumbar Epidural 

§§Sp 
136 
¶¶Epi 
149 

138 Peripheral 
vascular surgery 

In hospital 
stay 

GA: 68 
(12) 
NA: 68 
(11) 

230.6 
(54.5) 

74.1 
(17.5) 

207.7 
(49.1) 

NR NR 257.2 
(60.8) 

122.3 
(28.9) 

3 

Bois et al. [4], 
1997 

CEGA Thoracic 59 65 Elective 
abdominal surgery 

In hospital 
stay 

GA: 65 
(8) 
NA: 66 
(9) 

78 
(68.4) 

2 (1.8) 55 
(48.2) 

NR NR 12 (10.5) 79 (69.3) 2 

Bonnet et al. [5], 
1989 

CEGA Thoracic 10 11 Abdominal aortic 
surgery 

In hospital 
stay 

GA: 63.6 
NA: 62.5 

4 (19) NR NR NR NR NR NR 1 

Boylan et al. [6], 
1998 

CEGA Lumbar 
epidural 

19 21 Elective infra-renal 
aortic surgery 

In hospital 
stay 

GA: 68.1 
(9.2) 
NA: 69.9 
(8.4) 

24 (60) NR NR NR NR NR 26 (22.8) 2 

Christopherson 
et al. [19], 1993 

Lumbar 49 51 Lower extremity 
revascularisation 

Day 1-30 GA: 66 
(10) 
NA: 64 
(12) 

46 
(45.5) 

9 (9) 63 (63) NR NR 35 (35) 34 (34) 3 

Cook et al. [24], 
1986 

Spinal 50 51 Lower limb 
vascular surgery 

Day 1-30 GA: 67.1 
NA: 66.4 

NR NR NR NR NR NR NR 1 

Davies et al. [7], 
1992 

CEGA Thoracic 25 25 Abdominal aortic 
surgery 

Day 1-30 GA: 67 
(8) 
NA: 65 
(9) 

19 (38) NR 25 (50) NR 21 (42) 4 (8) 33 (66) 1 

Dodds et al. [8], 
1997 

CEGA 
Thoracic/Lumbar 

36 37 Infra-renal aorto 
aneurysmectomy 

In hospital 
stay 

GA: 71 
(9) 
NA: 71 
(8) 

18 
(32.5) 

NR 31 (56) NR NR NR NR 2 
 
 
 

Garnett et al. 
[10], 1996 

CEGA Lumbar 48 51 Elective aortic 
surgery 

In hospital 
stay 

GA: 69.1 
(8.2) 
NA: 67.8 
(7.4) 

60 (61) 5 (5) 42 (42) NR 30 (30) 11 (11) 90 (90) 3 

Mann et al. [11], 
1983 
 
 
 

Spinal and 
sedation 

30 30 Lower limb 
amputation 

Day 1-28 GA: 70.3 
(1.0) 
NA: 71 
(2.1) 

64 
(107) 

NR NR 12 (20) NR 15 (25) 31 (51.7) 1 
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Naesh et al. [12], 
1994 

Lumbar epidural 9 9 Peripheral 
vascular surgery 

Day 1-30 GA: 75.6 
(2.7) 
NA: 68.2 
(2.9) 

NR NR NR NR NR 5 (27.8) NR 1 
 

Norris et al. [13], 
2001 

CEGA Thoracic 
Epidural 

85 75 Abdominal aortic 
surgery 

In hospital 
stay 

GA: 69 
(9.7) 
NA: 67.5 
(9.2) 

39 
(24.4) 

18 
(11.5) 

100 
(62.8) 

NR NR 7 (4.5) 144 
(89.8) 

4 

Park et al. [14], 
2001 

CEGA Lumbar 184 190 Aortic surgery 
(resection,bypass) 

Day 1-30 GA: 67.1 
(7.8) 
NA: 66.6 
(7.8) 

171 
(45.7) 

39 
(10.4) 

241 
(64.4) 

NR 137 
(36.6) 

69 (18.5) 183 
(48.9) 

3 

Parker et al, [15], 
1995 

Thoracic 
epidural 

28 29 Lower extremity 
bypass grafting 

In hospital 
stay 

37-92 NR NR 19 (33) NR NR NR NR  

Reinhart et al. 
[30], 1989 

CEGA Thoracic 35 70 Elective 
abdominal aortic 
surgery 

In hospital 
stay 

GA: 60.5 
(10.5) 
NA: 63 
(11) 

NR NR NR NR NR NR NR 2 

Tuman et al. 
[18], 1991 

CEGA 
Thoracic/Lumbar 

40 40 Lower extremity 
revascularisation 

In hospital 
stay  

GA: 65.5 
(9.9) 
NA: 69.6 
(8.4) 

32 
(39.4) 

5 (6.3) 54 
(67.5) 

NR NR 22 (27.5) NR 1 

 

*CAD coronary artery disease 

†CCF congestive cardiac failure 

ǂHPT hypertension 

§COPD chronic obstructive pulmonary disease 

CEGA combined epidural and general anaesthesia 

**GA general anaesthesia 

††NA neuraxial anaesthesia 

ǂǂNR not reported 

§§Sp spinal  

Epi epidural 

 



The main risk of bias was related to inadequate blinding of personnel and patients. This was 

evident in more than 75% of the included studies (Figure 2). 

 

 

Figure 2:   Cochrane Collaboration Risk of Bias Graph 

 

 

 

 

The following outcomes were reported in the eligible studies; all cause mortality [2-8,10-15, 18, 

19, 24,30], cardiac mortality [4,7,13,15,19,24], non fatal myocardial infarction [2-8,10,13,14,15, 

18,19,24], congestive cardiac failure [2-4,7,8,10,13,14,18], acute respiratory failure [2, 7, 8, 10, 

13, 14, 18, 19], pneumonia [2, 6, 8, 10, 13, 14] and surgical complications [2,7,11-15,18,19,24].  

 

Neuraxial blockade was associated with significantly decreased acute respiratory failure (Figure 

2), pneumonia (Figure 3) and surgical complications (Figure 4). There was no significant 

heterogeneity for the outcomes of acute respiratory failure, pneumonia and surgical 

complications. No funnel plot asymmetry was identified for any of these outcomes, suggesting 

that publication bias was unlikely for these outcomes. Studies reporting postoperative acute 

respiratory failure included an equal number of good and poor quality studies. Studies reporting 

postoperative pneumonia were generally of good quality. The studies reporting postoperative 

surgical complications were of poorer quality largely due to inadequacies in randomisation 

and/or blinding.  
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Figure 2: Meta-analysis of the efficacy of neuraxial blockade (with or without general 

anaesthesia) versus general anaesthesia alone on respiratory failure 
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Figure 3: Meta-analysis of the efficacy of neuraxial blockade (with or without general 

anaesthesia) versus general anaesthesia alone on pneumonia 
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Figure 4: Meta-analysis of the efficacy of neuraxial blockade (with or without general 

anaesthesia) versus general anaesthesia alone on vascular surgical complications 

 

 

 

 

The point estimate favoured protection with neuraxial anaesthesia for mortality and non fatal 

myocardial infarction, although a post hoc power analysis using G-Power statistical analysis 

showed these outcomes to be underpowered, based on an expected 25% relative risk reduction 

for benefit. 
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DISCUSSION 

 

The main findings of this study are that neuraxial anaesthesia in vascular surgery decreases 

the incidence of postoperative acute respiratory failure, pneumonia, and surgical complications 

(defined as graft failure and/or the need to re-operate for hemorrhage or graft failure). The point 

estimate for respiratory morbidity was robust without evidence of heterogeneity or publication 

bias. Inadequate randomisation and blinding however compromised the quality of some of the 

studies. Studies reporting surgical complications showed little heterogeneity, although the 

quality of the studies was generally poor. 

 

The incidence of postoperative complications in the patient undergoing vascular surgery ranges 

between 15 and 25% with a mortality risk of 3 to 5% [1,33].  The optimal anaesthetic choice 

should ensure rapid onset and reversal of effects while providing desirable intraoperative 

haemodynamic conditions and contributing to a reduced need for blood transfusion. It should 

also permit the earliest possible discharge from the postanesthesia care unit (PACU) and 

minimize common postoperative issues such as pain, need for analgesics, nausea, vomiting 

and drowsiness [34]. This meta-analysis lends support to neuraxial anaesthesia over general 

anaesthesia in reducing postoperative respiratory and surgical complications.  

 

The choice of neuraxial anesthesia varied in the studies. There was no significant difference 

between the thoracic and lumbar neuraxial blockade subgroup analyses on the incidence of 

postoperative complications in this meta-analysis. As the meta-analysis is underpowered for 

mortality and cardiac outcomes, it is therefore currently unknown whether the thoracic or lumbar 

site of neuraxial blockade is preferable to prevent these complications in vascular surgical 

patients. 
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LIMITATIONS 

 

There are a number of limitations to this meta-analysis.  Firstly, trials were small. Secondly, the 

inability to blind patients and doctors especially with neuraxial anaesthetic techniques will 

always raise concern about bias in trials of this nature. Thirdly, there was no standardization of 

the neuraxial anaesthesia techniques in this meta-analysis. However, the meta-analysis 

suggests that neuraxial techniques provide a beneficial ‘class effect’, independent of the level 

of the neuraxial block, or the type of neuraxial block for respiratory and surgical complications, 

provided local anaesthetics were administered. Furthermore, there was no standardization of 

the drugs, dosages or additives administered for neuraxial anaesthesia, and so it is impossible 

to advocate a preferred dosing regimen for neuraxial techniques in vascular surgery. Fourthly, 

there was a large variation in the premedication and perioperative haemodynamic management 

with respect to fluids, vasopressors and inotropes. Fifthly, definitions of outcomes varied 

amongst the various trials. Sixthly, intermediate term complications could not be reported as 

the data available was minimal. This is an important area requiring further research in the future. 

Finally, there remains insufficient data to determine the efficacy of neuraxial blockade in 

preventing mortality or cardiac morbidity. 
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CONCLUSION 

 

This meta-analysis, based on 17 RCTs of 2058 patients showed that neuraxial blockade is 

associated with better respiratory and surgical outcomes in adult patients undergoing vascular 

surgery. The current data is insufficient to assess potential survival benefit and cardiac 

protection associated with neuraxial blockade. 
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APPENDIX  
 
Jadad score to measure the likelihood of bias of studies included in the meta-analysis [28] 
 

Category Criteria 

Randomisation 

Is study described as randomised? 

Is randomisation appropriate? 

Blinding 
Is study described as double blind? 

Is blinding appropriate/single blind? 

Withdrawals/dropouts Is there a description of withdrawals/dropouts? 

 

YES = 1, NO=0 

 



Page 16 of 18 

 

REFERENCES 

 

1.  Lange CP, Ploeg AJ, Lardenoye JW, Breslau PJ. Patient- and procedure-specific risk 

factors for postoperative complications in peripheral vascular surgery. Quality and Safety 

in Health Care 2009; 18: 131-6. 

2. Baron JF, Bertrand M, Barre E, et al. Combined epidural and general anesthesia versus 

general anesthesia for abdominal aortic surgery. Anesthesiology 1991; 75: 611-8. 

3.  Bode RH, Jr., Lewis KP, Zarich SW, et al. Cardiac outcome after peripheral vascular 

surgery. Comparison of general and regional anesthesia. Anesthesiology 1996; 84: 3-13. 

4.  Bois S, Couture P, Boudreault D, et al. Epidural analgesia and intravenous patient-

controlled analgesia result in similar rates of postoperative myocardial ischemia after 

aortic surgery. Anesthesia and Analgesia  1997; 85: 1233-9. 

5.  Bonnet F, Touboul C, Picard AM, Vodinh J, Becquemin JP. Neuroleptanesthesia versus 

thoracic epidural anesthesia for abdominal aortic surgery. Annals of  Vascular Surgery  

1989; 3: 214-9. 

6.  Boylan JF, Katz J, Kavanagh BP, et al. Epidural bupivacaine-morphine analgesia versus 

patient-controlled analgesia following abdominal aortic surgery: analgesic, respiratory, 

and myocardial effects. Anesthesiology 1998; 89: 585-93. 

7.  Davies MJ, Silbert BS, Mooney PJ, Dysart RH, Meads AC. Combined epidural and 

general anaesthesia versus general anaesthesia for abdominal aortic surgery: a 

prospective randomised trial. Anaesthesia and  Intensive Care 1993; 21: 790-4. 

8.  Dodds TM, Burns AK, DeRoo DB, et al. Effects of anesthetic technique on myocardial wall 

motion abnormalities during abdominal aortic surgery. Journal of Cardiothoracic and  

Vascular  Anesthesia  1997; 11: 129-36. 

9.  Fleron MH, Weiskopf RB, Bertrand M, et al. A comparison of intrathecal opioid and 

intravenous analgesia for the incidence of cardiovascular, respiratory, and renal 

complications after abdominal aortic surgery. Anesthesia and Analgesia 2003; 97: 2-12, 

table of contents. 

10.  Garnett RL, MacIntyre A, Lindsay P, et al. Perioperative ischaemia in aortic surgery: 

combined epidural/general anaesthesia and epidural analgesia vs general anaesthesia 

and i.v. analgesia. Canadian Journal of Anaesthesia  1996; 43: 769-77. 

11.  Mann RA, Bisset WI. Anaesthesia for lower limb amputation. A comparison of spinal 

analgesia and general anaesthesia in the elderly. Anaesthesia 1983; 38: 1185-91. 

12.  Naesh O, Haljamae H, Hindberg I, Holm J, Jivegard L, Wennmalm A. Epidural 

anaesthesia prolonged into the postoperative period prevents stress response and 

platelet hyperaggregability after peripheral vascular surgery. European Journal of  

Vascular Surgery 1994; 8: 395-400. 



Page 17 of 18 

 

13.  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: 1054-67. 

14.  Park WY, Thompson JS, Lee KK. Effect of epidural anesthesia and analgesia on 

perioperative outcome: a randomized, controlled Veterans Affairs cooperative study. 

Annals of  Surgery 2001; 234: 560-9; discussion 9-71. 

15.  Parker SD, Breslow MJ, Frank SM, et al. Catecholamine and cortisol responses to lower 

extremity revascularization: correlation with outcome variables. Perioperative Ischemia 

Randomized Anesthesia Trial Study Group. Critical Care Medicine  1995; 23: 1954-61. 

16.  Perler BA, Christopherson R, Rosenfeld BA, et al. The influence of anesthetic method on 

infrainguinal bypass graft patency: a closer look. The American Journal of  Surgery  1995; 

61: 784-9. 

17.  Rosenfeld BA, Beattie C, Christopherson R, et al. The effects of different anesthetic 

regimens on fibrinolysis and the development of postoperative arterial thrombosis. 

Perioperative Ischemia Randomized Anesthesia Trial Study Group. Anesthesiology 1993; 

79: 435-43. 

18.  Tuman KJ, McCarthy RJ, March RJ, DeLaria GA, Patel RV, Ivankovich AD. Effects of 

epidural anesthesia and analgesia on coagulation and outcome after major vascular 

surgery. Anesthesia and Analgesia  1991; 73: 696-704. 

19.  Christopherson R, Beattie C, Frank SM, et al. Perioperative morbidity in patients 

randomized to epidural or general anesthesia for lower extremity vascular surgery. 

Perioperative Ischemia Randomized Anesthesia Trial Study Group. Anesthesiology 1993; 

79: 422-34. 

20.  Fleisher LA, Fleischmann KE, Auerbach AD, et al. 2014 ACC/AHA Guideline on 

Perioperative Cardiovascular Evaluation and Management of Patients Undergoing 

Noncardiac Surgery: A Report of the American College of Cardiology/American Heart 

Association Task Force on Practice Guidelines. Circulation 2014; 130: e278-333. 

21.  Devereaux PJ, Chan MT, Alonso-Coello P, et al. Association between postoperative 

troponin levels and 30-day mortality among patients undergoing noncardiac surgery. 

JAMA 2012; 307: 2295-304. 

22.  McAleese P, Odling-Smee W. The effect of complications on length of stay. Annals of  

Surgery  1994; 220: 740-4. 

23.  Traynor C, Hall GM. Endocrine and metabolic changes during surgery: anaesthetic 

implications. British Journal of Anaesthesia 1981; 53: 153-60. 

24.  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. Anaesthesia and Intensive Care 1986; 14: 373-80. 



Page 18 of 18 

 

25.  Wahba WM, Don HF, Craig DB. Post-operative epidural analgesia: effects on lung 

volumes. Canadian Anaesthetists Society Journal  1975; 22: 519-27. 

26.  Thabane L, Thomas T, Ye C, Paul J. Posing the research question: not so simple. 

Canadian Journal of  Anaesthesia  2009; 56: 71-9. 

27.  Liberati A, Altman DG, Tetzlaff J, et al. The PRISMA statement for reporting systematic 

reviews and meta-analyses of studies that evaluate healthcare interventions: explanation 

and elaboration. British Medical Journal  2009; 339: b2700. 

28.  Jadad AR, Moore RA, Carroll D, et al. Assessing the quality of reports of randomized 

clinical trials: is blinding necessary? Controlled Clinical Trials 1996; 17: 1-12. 

29.  Nishimori M, Low JH, Zheng H, Ballantyne JC. Epidural pain relief versus systemic opioid-

based pain relief for abdominal aortic surgery. Cochrane Database Systematic Review 

2012; 7: CD005059. 

30.  Reinhart K, Foehring U, Kersting T, et al. Effects of thoracic epidural anesthesia on 

systemic hemodynamic function and systemic oxygen supply-demand relationship. 

Anesthesia and  Analgesia 1989; 69: 360-9. 

31.  Parker MJ, Handoll HH, Griffiths R. Anaesthesia for hip fracture surgery in adults. 

Cochrane Database Systematic  Review 2004: CD000521. 

32.  Bernard JM, Bourreli B, Pinaud M. Effects of systemic morphine and epidural bupivacaine 

on postoperative oxygen consumption during rewarming. Journal of  Clinical Anesthesia 

1988; 1: 81-6. 

33.  Garcia S, Moritz TE, Goldman S, et al. Perioperative complications after vascular surgery 

are predicted by the revised cardiac risk index but are not reduced in high-risk subsets 

with preoperative revascularization. Circulation:  Cardiovascular Quality Outcomes 2009; 

2: 73-7. 

34.  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. Collegium Antropologicum 2012; 36: 1301-5.  

 

 

 

 

 

 

 



29 May 2015 
No. 12 

 
 
 
 

 
 

General Anaesthesia versus Neuraxial 
Anaesthesia in Vascular Surgery 

(MMED) 
A Systematic Review and Meta-Analysis 

 
 

 

A Ramkisson 
 
 

Moderator: Professor BM Biccard 

 
 
 
 
 
 
 

 
 
 

School of Clinical Medicine 
Discipline of Anaesthesiology and Critical Care 

 



Page 2 of 18 

     

CONTENTS 
 
 

 
INTRODUCTION ...................................................................................................................... 3 

METHODS ................................................................................................................................ 4 

RESULTS ................................................................................................................................. 6 

DISCUSSION ......................................................................................................................... 13 

LIMITATIONS ......................................................................................................................... 14 

CONCLUSION ........................................................................................................................ 15 

ACKNOWLEDGEMENTS ...................................................................................................... 15 

APPENDIX ............................................................................................................................. 15 

REFERENCES ....................................................................................................................... 16 

 

 
 
 
 
 
 
 
  



Page 3 of 18 

     

INTRODUCTION 

 

Postoperative complications after vascular surgery may be used as a quality indicator of 

surgical care and it is for this reason that analysis of adverse postoperative events remains 

essential [1]. Patients presenting for vascular surgery have a number of co-morbidities including 

coronary artery disease, congestive cardiac failure, hypertension, respiratory insufficiency, 

chronic obstructive pulmonary disease, diabetes and a smoking history [2-19], rendering 

vascular surgery a high risk surgical procedure [20]. Peripheral vascular disease is associated 

with an increased risk of postoperative mortality and morbidity [21]. Postoperative complications 

also increase recovery time, hospital stay and healthcare costs [13,22]. 

 

It is possible that neuraxial anaesthetic techniques may improve outcome in vascular surgical 

patients, although the majority of neuraxial studies have evaluated surrogate outcomes. The 

reported beneficial effects have included improvement of the neuroendocrine stress response 

to surgery [12,23], haemodynamic stability [5,8], better coagulation status [12,18], decreased 

blood loss [24], fewer thrombotic complications [17], better graft patency [16] and decreased 

re-operation, [19] and better postoperative pulmonary function [24,25] with earlier extubation 

[6,14].  

 

For the purpose of this meta-analysis we defined vascular surgery as surgery to the infra-renal 

aorta and its distal tributaries and neuraxial anaesthesia as spinal or epidural (thoracic or 

lumbar) anaesthesia using local anaesthetics with or without supplemental opioids. The 

hypothesis is that a sympathetic blockade by local anesthetics is necessary to realise the 

potential surgical outcome benefits of neuraxial anesthesia in vascular surgery. 

 

The proven benefit of neuraxial anaesthesia when compared to general anaesthesia still 

remains unclear when considering postoperative mortality and postoperative cardiac, 

respiratory and surgical morbidity in adult patients undergoing vascular surgery.  The aim of 

this meta-analysis was to determine whether neuraxial anaesthesia (with or without general 

anaesthesia) was superior to general anaesthesia alone in decreasing 30 day mortality and 

postoperative cardiac, respiratory and surgical morbidity in adult patients undergoing surgery 

to the infra-renal aorta and its distal tributaries. 
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METHODS 

 

We asked the following research question [26]: ‘Is neuraxial anaesthesia (with or without 

general anaesthesia) superior to general anaesthesia alone in decreasing postoperative 

mortality and postoperative cardiac, respiratory and surgical morbidity in adult patients 

undergoing vascular surgery’. The Preferred Reporting Items for Systematic reviews and Meta-

Analysis (PRISMA) guidelines were followed [27]. Trials were eligible for inclusion in the meta-

analysis if they compared general anaesthesia and neuraxial anaesthesia (with or without 

general anaesthesia) in a randomised controlled trial in patients having vascular surgery. The 

outcomes were all cause mortality, cardiac mortality, cardiovascular morbidity (defined as 

nonfatal myocardial infarction and congestive cardiac failure), respiratory morbidity (defined as 

acute respiratory failure and/ or pneumonia) and surgical complications (defined as graft failure 

and/or the need to re-operate for haemorrhage or graft failure). Outcomes are reported for the 

30th postoperative day or the length of hospital stay where the time period was not specified in 

the publication.  

 

We searched the electronic database Medline until October 2013. The search terms included:  

(randomised controlled trial).mp, (general anaesthesia).mp, (regional anaesthesia).mp, 

(vascular).mp and (meta-analysis).mp. Abstracts were screened by two authors and excluded 

if; i) the study was not a randomised trial of neuraxial versus general anaesthesia, and ii) the 

patients were not undergoing vascular surgery. Included articles were limited to human, adult 

subjects. Full texts were obtained of all the potentially relevant trials. A manual search of the 

reference lists of all included papers was also conducted to identify further eligible studies.  

 

A standardised data extraction sheet was used to extract data from the included trials on; the 

postoperative complications following general anaesthesia versus neuraxial anaesthesia, the 

type of neuraxial anaesthesia investigated, the type of surgery, the timing of evaluation, patient 

age and the proportion of existing co-morbid disease. The quality of each study was assessed 

using the Jadad score (Appendix 1) [28] and the Cochrane Collaboration risk of bias tool. A 

subgroup analysis of thoracic and lumbar neuraxial blocks was conducted, as there is evidence 

suggesting that thoracic neuraxial blockade may offer more cardiovascular protection than 

lumbar blockade in vascular patients undergoing aortic surgery [29]. 
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Meta-analysis was conducted using Review Manager Version 5.1 (The Nordic Cochrane 

Centre, The Cochrane Collaboration, Copenhagen, Denmark, 2011). Heterogeneity between 

studies was assessed using univariate chi-squared analysis. Fixed effects models were used 

for all analyses due to the absence of significant heterogeneity between studies. Pooled 

dichotomous outcomes were reported as odds ratios (OR) with 95% CI. Where an intervention 

was associated with an outcome benefit, a funnel plot was constructed to determine if the 

outcomes reported were affected by publication bias. 
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RESULTS 

 

Our literature search yielded 418 potential trials. Fifty seven trials were selected for full paper 

analysis of which 17 trials were included in the final meta-analysis (Figure 1).  

 

Figure 1: PRISMA flow chart of identification of randomised controlled trails (RCT) included 

in the meta-analysis (n=number). 

 

The characteristics of the included studies are shown in Table 1. 



Table 1: Characteristics of included studies to decrease postoperative complications. Values are mean (SD), (%) or number. 

Study Type of 
regional 
anaesthesia 
Lumbar/ 
thoracic 

Number 
with 
  

  
Type of Surgery 

  
Timing of 
Evaluation 

  
Mean 
age (SD) 

  
*CAD 
(%) 

  
†CCF 
(%) 

  
††HPT 
(%) 

  
Respiratory 
insufficiency
/ disease (%) 

  
§COPD 
(%) 

  
Diabetes 
(%) 

  
Smoker 
(%) 

  
Jadad 
total 

NA  GA 

Baron et al. [2], 
1991 

¶CEGA Thoracic 87 86 Abdominal aortic 
reconstruction 

In hospital 
stay 

**GA: 62 
(10) 
††NA: 61 
(10) 

96 
(55.5) 

53 
(30.6) 

73 
(42.2) 

5 (2.9) 73 (42) ǂǂNR NR 3 

Bode et al. [3], 
1996 

Spinal and 
Lumbar Epidural 

§§Sp 
136 
¶¶Epi 
149 

138 Peripheral 
vascular surgery 

In hospital 
stay 

GA: 68 
(12) 
NA: 68 
(11) 

230.6 
(54.5) 

74.1 
(17.5) 

207.7 
(49.1) 

NR NR 257.2 
(60.8) 

122.3 
(28.9) 

3 

Bois et al. [4], 
1997 

CEGA Thoracic 59 65 Elective 
abdominal surgery 

In hospital 
stay 

GA: 65 
(8) 
NA: 66 
(9) 

78 
(68.4) 

2 (1.8) 55 
(48.2) 

NR NR 12 (10.5) 79 (69.3) 2 

Bonnet et al. [5], 
1989 

CEGA Thoracic 10 11 Abdominal aortic 
surgery 

In hospital 
stay 

GA: 63.6 
NA: 62.5 

4 (19) NR NR NR NR NR NR 1 

Boylan et al. [6], 
1998 

CEGA Lumbar 
epidural 

19 21 Elective infra-renal 
aortic surgery 

In hospital 
stay 

GA: 68.1 
(9.2) 
NA: 69.9 
(8.4) 

24 (60) NR NR NR NR NR 26 (22.8) 2 

Christopherson 
et al. [19], 1993 

Lumbar 49 51 Lower extremity 
revascularisation 

Day 1-30 GA: 66 
(10) 
NA: 64 
(12) 

46 
(45.5) 

9 (9) 63 (63) NR NR 35 (35) 34 (34) 3 

Cook et al. [24], 
1986 

Spinal 50 51 Lower limb 
vascular surgery 

Day 1-30 GA: 67.1 
NA: 66.4 

NR NR NR NR NR NR NR 1 

Davies et al. [7], 
1992 

CEGA Thoracic 25 25 Abdominal aortic 
surgery 

Day 1-30 GA: 67 
(8) 
NA: 65 
(9) 

19 (38) NR 25 (50) NR 21 (42) 4 (8) 33 (66) 1 

Dodds et al. [8], 
1997 

CEGA 
Thoracic/Lumbar 

36 37 Infra-renal aorto 
aneurysmectomy 

In hospital 
stay 

GA: 71 
(9) 
NA: 71 
(8) 

18 
(32.5) 

NR 31 (56) NR NR NR NR 2 
 
 
 

Garnett et al. 
[10], 1996 

CEGA Lumbar 48 51 Elective aortic 
surgery 

In hospital 
stay 

GA: 69.1 
(8.2) 
NA: 67.8 
(7.4) 

60 (61) 5 (5) 42 (42) NR 30 (30) 11 (11) 90 (90) 3 

Mann et al. [11], 
1983 
 
 
 

Spinal and 
sedation 

30 30 Lower limb 
amputation 

Day 1-28 GA: 70.3 
(1.0) 
NA: 71 
(2.1) 

64 
(107) 

NR NR 12 (20) NR 15 (25) 31 (51.7) 1 
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Naesh et al. [12], 
1994 

Lumbar epidural 9 9 Peripheral 
vascular surgery 

Day 1-30 GA: 75.6 
(2.7) 
NA: 68.2 
(2.9) 

NR NR NR NR NR 5 (27.8) NR 1 
 

Norris et al. [13], 
2001 

CEGA Thoracic 
Epidural 

85 75 Abdominal aortic 
surgery 

In hospital 
stay 

GA: 69 
(9.7) 
NA: 67.5 
(9.2) 

39 
(24.4) 

18 
(11.5) 

100 
(62.8) 

NR NR 7 (4.5) 144 
(89.8) 

4 

Park et al. [14], 
2001 

CEGA Lumbar 184 190 Aortic surgery 
(resection,bypass) 

Day 1-30 GA: 67.1 
(7.8) 
NA: 66.6 
(7.8) 

171 
(45.7) 

39 
(10.4) 

241 
(64.4) 

NR 137 
(36.6) 

69 (18.5) 183 
(48.9) 

3 

Parker et al, [15], 
1995 

Thoracic 
epidural 

28 29 Lower extremity 
bypass grafting 

In hospital 
stay 

37-92 NR NR 19 (33) NR NR NR NR  

Reinhart et al. 
[30], 1989 

CEGA Thoracic 35 70 Elective 
abdominal aortic 
surgery 

In hospital 
stay 

GA: 60.5 
(10.5) 
NA: 63 
(11) 

NR NR NR NR NR NR NR 2 

Tuman et al. 
[18], 1991 

CEGA 
Thoracic/Lumbar 

40 40 Lower extremity 
revascularisation 

In hospital 
stay  

GA: 65.5 
(9.9) 
NA: 69.6 
(8.4) 

32 
(39.4) 

5 (6.3) 54 
(67.5) 

NR NR 22 (27.5) NR 1 

 

*CAD coronary artery disease 

†CCF congestive cardiac failure 

ǂHPT hypertension 

§COPD chronic obstructive pulmonary disease 

CEGA combined epidural and general anaesthesia 

**GA general anaesthesia 

††NA neuraxial anaesthesia 

ǂǂNR not reported 

§§Sp spinal  

Epi epidural 

 



The main risk of bias was related to inadequate blinding of personnel and patients. This was 

evident in more than 75% of the included studies (Figure 2). 

 

 

Figure 2:   Cochrane Collaboration Risk of Bias Graph 

 

 

 

 

The following outcomes were reported in the eligible studies; all cause mortality [2-8,10-15, 18, 

19, 24,30], cardiac mortality [4,7,13,15,19,24], non fatal myocardial infarction [2-8,10,13,14,15, 

18,19,24], congestive cardiac failure [2-4,7,8,10,13,14,18], acute respiratory failure [2, 7, 8, 10, 

13, 14, 18, 19], pneumonia [2, 6, 8, 10, 13, 14] and surgical complications [2,7,11-15,18,19,24].  

 

Neuraxial blockade was associated with significantly decreased acute respiratory failure (Figure 

2), pneumonia (Figure 3) and surgical complications (Figure 4). There was no significant 

heterogeneity for the outcomes of acute respiratory failure, pneumonia and surgical 

complications. No funnel plot asymmetry was identified for any of these outcomes, suggesting 

that publication bias was unlikely for these outcomes. Studies reporting postoperative acute 

respiratory failure included an equal number of good and poor quality studies. Studies reporting 

postoperative pneumonia were generally of good quality. The studies reporting postoperative 

surgical complications were of poorer quality largely due to inadequacies in randomisation 

and/or blinding.  
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Figure 2: Meta-analysis of the efficacy of neuraxial blockade (with or without general 

anaesthesia) versus general anaesthesia alone on respiratory failure 
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Figure 3: Meta-analysis of the efficacy of neuraxial blockade (with or without general 

anaesthesia) versus general anaesthesia alone on pneumonia 
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Figure 4: Meta-analysis of the efficacy of neuraxial blockade (with or without general 

anaesthesia) versus general anaesthesia alone on vascular surgical complications 

 

 

 

 

The point estimate favoured protection with neuraxial anaesthesia for mortality and non fatal 

myocardial infarction, although a post hoc power analysis using G-Power statistical analysis 

showed these outcomes to be underpowered, based on an expected 25% relative risk reduction 

for benefit. 
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DISCUSSION 

 

The main findings of this study are that neuraxial anaesthesia in vascular surgery decreases 

the incidence of postoperative acute respiratory failure, pneumonia, and surgical complications 

(defined as graft failure and/or the need to re-operate for hemorrhage or graft failure). The point 

estimate for respiratory morbidity was robust without evidence of heterogeneity or publication 

bias. Inadequate randomisation and blinding however compromised the quality of some of the 

studies. Studies reporting surgical complications showed little heterogeneity, although the 

quality of the studies was generally poor. 

 

The incidence of postoperative complications in the patient undergoing vascular surgery ranges 

between 15 and 25% with a mortality risk of 3 to 5% [1,33].  The optimal anaesthetic choice 

should ensure rapid onset and reversal of effects while providing desirable intraoperative 

haemodynamic conditions and contributing to a reduced need for blood transfusion. It should 

also permit the earliest possible discharge from the postanesthesia care unit (PACU) and 

minimize common postoperative issues such as pain, need for analgesics, nausea, vomiting 

and drowsiness [34]. This meta-analysis lends support to neuraxial anaesthesia over general 

anaesthesia in reducing postoperative respiratory and surgical complications.  

 

The choice of neuraxial anesthesia varied in the studies. There was no significant difference 

between the thoracic and lumbar neuraxial blockade subgroup analyses on the incidence of 

postoperative complications in this meta-analysis. As the meta-analysis is underpowered for 

mortality and cardiac outcomes, it is therefore currently unknown whether the thoracic or lumbar 

site of neuraxial blockade is preferable to prevent these complications in vascular surgical 

patients. 
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LIMITATIONS 

 

There are a number of limitations to this meta-analysis.  Firstly, trials were small. Secondly, the 

inability to blind patients and doctors especially with neuraxial anaesthetic techniques will 

always raise concern about bias in trials of this nature. Thirdly, there was no standardization of 

the neuraxial anaesthesia techniques in this meta-analysis. However, the meta-analysis 

suggests that neuraxial techniques provide a beneficial ‘class effect’, independent of the level 

of the neuraxial block, or the type of neuraxial block for respiratory and surgical complications, 

provided local anaesthetics were administered. Furthermore, there was no standardization of 

the drugs, dosages or additives administered for neuraxial anaesthesia, and so it is impossible 

to advocate a preferred dosing regimen for neuraxial techniques in vascular surgery. Fourthly, 

there was a large variation in the premedication and perioperative haemodynamic management 

with respect to fluids, vasopressors and inotropes. Fifthly, definitions of outcomes varied 

amongst the various trials. Sixthly, intermediate term complications could not be reported as 

the data available was minimal. This is an important area requiring further research in the future. 

Finally, there remains insufficient data to determine the efficacy of neuraxial blockade in 

preventing mortality or cardiac morbidity. 
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CONCLUSION 

 

This meta-analysis, based on 17 RCTs of 2058 patients showed that neuraxial blockade is 

associated with better respiratory and surgical outcomes in adult patients undergoing vascular 

surgery. The current data is insufficient to assess potential survival benefit and cardiac 

protection associated with neuraxial blockade. 
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APPENDIX  
 
Jadad score to measure the likelihood of bias of studies included in the meta-analysis [28] 
 

Category Criteria 

Randomisation 

Is study described as randomised? 

Is randomisation appropriate? 

Blinding 
Is study described as double blind? 

Is blinding appropriate/single blind? 

Withdrawals/dropouts Is there a description of withdrawals/dropouts? 

 

YES = 1, NO=0 

 



Page 16 of 18 

 

REFERENCES 

 

1.  Lange CP, Ploeg AJ, Lardenoye JW, Breslau PJ. Patient- and procedure-specific risk 

factors for postoperative complications in peripheral vascular surgery. Quality and Safety 

in Health Care 2009; 18: 131-6. 

2. Baron JF, Bertrand M, Barre E, et al. Combined epidural and general anesthesia versus 

general anesthesia for abdominal aortic surgery. Anesthesiology 1991; 75: 611-8. 

3.  Bode RH, Jr., Lewis KP, Zarich SW, et al. Cardiac outcome after peripheral vascular 

surgery. Comparison of general and regional anesthesia. Anesthesiology 1996; 84: 3-13. 

4.  Bois S, Couture P, Boudreault D, et al. Epidural analgesia and intravenous patient-

controlled analgesia result in similar rates of postoperative myocardial ischemia after 

aortic surgery. Anesthesia and Analgesia  1997; 85: 1233-9. 

5.  Bonnet F, Touboul C, Picard AM, Vodinh J, Becquemin JP. Neuroleptanesthesia versus 

thoracic epidural anesthesia for abdominal aortic surgery. Annals of  Vascular Surgery  

1989; 3: 214-9. 

6.  Boylan JF, Katz J, Kavanagh BP, et al. Epidural bupivacaine-morphine analgesia versus 

patient-controlled analgesia following abdominal aortic surgery: analgesic, respiratory, 

and myocardial effects. Anesthesiology 1998; 89: 585-93. 

7.  Davies MJ, Silbert BS, Mooney PJ, Dysart RH, Meads AC. Combined epidural and 

general anaesthesia versus general anaesthesia for abdominal aortic surgery: a 

prospective randomised trial. Anaesthesia and  Intensive Care 1993; 21: 790-4. 

8.  Dodds TM, Burns AK, DeRoo DB, et al. Effects of anesthetic technique on myocardial wall 

motion abnormalities during abdominal aortic surgery. Journal of Cardiothoracic and  

Vascular  Anesthesia  1997; 11: 129-36. 

9.  Fleron MH, Weiskopf RB, Bertrand M, et al. A comparison of intrathecal opioid and 

intravenous analgesia for the incidence of cardiovascular, respiratory, and renal 

complications after abdominal aortic surgery. Anesthesia and Analgesia 2003; 97: 2-12, 

table of contents. 

10.  Garnett RL, MacIntyre A, Lindsay P, et al. Perioperative ischaemia in aortic surgery: 

combined epidural/general anaesthesia and epidural analgesia vs general anaesthesia 

and i.v. analgesia. Canadian Journal of Anaesthesia  1996; 43: 769-77. 

11.  Mann RA, Bisset WI. Anaesthesia for lower limb amputation. A comparison of spinal 

analgesia and general anaesthesia in the elderly. Anaesthesia 1983; 38: 1185-91. 

12.  Naesh O, Haljamae H, Hindberg I, Holm J, Jivegard L, Wennmalm A. Epidural 

anaesthesia prolonged into the postoperative period prevents stress response and 

platelet hyperaggregability after peripheral vascular surgery. European Journal of  

Vascular Surgery 1994; 8: 395-400. 



Page 17 of 18 

 

13.  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: 1054-67. 

14.  Park WY, Thompson JS, Lee KK. Effect of epidural anesthesia and analgesia on 

perioperative outcome: a randomized, controlled Veterans Affairs cooperative study. 

Annals of  Surgery 2001; 234: 560-9; discussion 9-71. 

15.  Parker SD, Breslow MJ, Frank SM, et al. Catecholamine and cortisol responses to lower 

extremity revascularization: correlation with outcome variables. Perioperative Ischemia 

Randomized Anesthesia Trial Study Group. Critical Care Medicine  1995; 23: 1954-61. 

16.  Perler BA, Christopherson R, Rosenfeld BA, et al. The influence of anesthetic method on 

infrainguinal bypass graft patency: a closer look. The American Journal of  Surgery  1995; 

61: 784-9. 

17.  Rosenfeld BA, Beattie C, Christopherson R, et al. The effects of different anesthetic 

regimens on fibrinolysis and the development of postoperative arterial thrombosis. 

Perioperative Ischemia Randomized Anesthesia Trial Study Group. Anesthesiology 1993; 

79: 435-43. 

18.  Tuman KJ, McCarthy RJ, March RJ, DeLaria GA, Patel RV, Ivankovich AD. Effects of 

epidural anesthesia and analgesia on coagulation and outcome after major vascular 

surgery. Anesthesia and Analgesia  1991; 73: 696-704. 

19.  Christopherson R, Beattie C, Frank SM, et al. Perioperative morbidity in patients 

randomized to epidural or general anesthesia for lower extremity vascular surgery. 

Perioperative Ischemia Randomized Anesthesia Trial Study Group. Anesthesiology 1993; 

79: 422-34. 

20.  Fleisher LA, Fleischmann KE, Auerbach AD, et al. 2014 ACC/AHA Guideline on 

Perioperative Cardiovascular Evaluation and Management of Patients Undergoing 

Noncardiac Surgery: A Report of the American College of Cardiology/American Heart 

Association Task Force on Practice Guidelines. Circulation 2014; 130: e278-333. 

21.  Devereaux PJ, Chan MT, Alonso-Coello P, et al. Association between postoperative 

troponin levels and 30-day mortality among patients undergoing noncardiac surgery. 

JAMA 2012; 307: 2295-304. 

22.  McAleese P, Odling-Smee W. The effect of complications on length of stay. Annals of  

Surgery  1994; 220: 740-4. 

23.  Traynor C, Hall GM. Endocrine and metabolic changes during surgery: anaesthetic 

implications. British Journal of Anaesthesia 1981; 53: 153-60. 

24.  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. Anaesthesia and Intensive Care 1986; 14: 373-80. 



Page 18 of 18 

 

25.  Wahba WM, Don HF, Craig DB. Post-operative epidural analgesia: effects on lung 

volumes. Canadian Anaesthetists Society Journal  1975; 22: 519-27. 

26.  Thabane L, Thomas T, Ye C, Paul J. Posing the research question: not so simple. 

Canadian Journal of  Anaesthesia  2009; 56: 71-9. 

27.  Liberati A, Altman DG, Tetzlaff J, et al. The PRISMA statement for reporting systematic 

reviews and meta-analyses of studies that evaluate healthcare interventions: explanation 

and elaboration. British Medical Journal  2009; 339: b2700. 

28.  Jadad AR, Moore RA, Carroll D, et al. Assessing the quality of reports of randomized 

clinical trials: is blinding necessary? Controlled Clinical Trials 1996; 17: 1-12. 

29.  Nishimori M, Low JH, Zheng H, Ballantyne JC. Epidural pain relief versus systemic opioid-

based pain relief for abdominal aortic surgery. Cochrane Database Systematic Review 

2012; 7: CD005059. 

30.  Reinhart K, Foehring U, Kersting T, et al. Effects of thoracic epidural anesthesia on 

systemic hemodynamic function and systemic oxygen supply-demand relationship. 

Anesthesia and  Analgesia 1989; 69: 360-9. 

31.  Parker MJ, Handoll HH, Griffiths R. Anaesthesia for hip fracture surgery in adults. 

Cochrane Database Systematic  Review 2004: CD000521. 

32.  Bernard JM, Bourreli B, Pinaud M. Effects of systemic morphine and epidural bupivacaine 

on postoperative oxygen consumption during rewarming. Journal of  Clinical Anesthesia 

1988; 1: 81-6. 

33.  Garcia S, Moritz TE, Goldman S, et al. Perioperative complications after vascular surgery 

are predicted by the revised cardiac risk index but are not reduced in high-risk subsets 

with preoperative revascularization. Circulation:  Cardiovascular Quality Outcomes 2009; 

2: 73-7. 

34.  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. Collegium Antropologicum 2012; 36: 1301-5.  

 

 

 

 

 

 

 


