
 

 

 

Factors Influencing 
Infrainguinal Reverse Vein 

Bypass Patency at Universitas 
Academic Hospital 

A Retrospective Review 

 

Submitted in fulfilment of the requirements in respect of the Master’s Degree MMed in the 
Department of General Surgery in the Faculty of Health Sciences at the University of the 
Free State. 
 
Dr.  L.M. Khambule 
 
Supervisor: Dr. A.F. Malan 
 
September 2020 



 i 

DECLARATION OF AUTHORSHIP  

  
I declare that the coursework Master’s Degree mini-dissertation and interrelated publishable article that I 
herewith submit for the degree in M.Med (Surgery) at the University of the Free State is my own 
independent work and that I have not previously submitted it for a qualification at another institution of 
higher education. Where help was sought, it has been acknowledged.   

  

I hereby declare that I am aware that copyright of this mini-dissertation is vested in the University of the 
Free State.   

  

I hereby declare that all royalties in relation to intellectual property that was developed during the course 
of and/or in connection with the study at the University of the Free State will accrue to the University.  

  

  

  

___________________________                                               _____________________________ 

Dr. L.M Khambule                                                                          Date  

 

 
 
 
 
 
 
 



 ii 

ACKNOWLEDGMENTS  

  
I wish to express my deepest gratitude to the following people:  

  

§ My supervisor, Dr. Asha Malan, Department of Surgery, University of the Free State, for her 
guidance and support throughout the whole time while conducting this research.   

§ Mrs. Riëtte Nel, Department of Biostatistics, University of the Free State, for helping with 
statistical analysis of the results.  

§ Dr. Chantell Witten, Division Health Professions Education, University of the Free State, for 
your guidance in finalising my thesis.  

 

§ My wife, Paballo Khambule, for all the support.  

 

 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 



 iii 

TABLE OF CONTENTS 

DECLARATION OF AUTHORSHIP..........................................................................................................................i 
ACKNOWLEDGMENTS...........................................................................................................................................ii 
ABSTRACT..............................................................................................................................................................iv 
KEYWORDS.............................................................................................................................................................v 
LIST OF ABBREVIATIONS.....................................................................................................................................vi 
LIST OF APPENDICES..........................................................................................................................................vii  
CHAPTER 1.............................................................................................................................................................1  

References................................................................................................................................................8  
CHAPTER 2...........................................................................................................................................................11 

Abstract....................................................................................................................................................12 
Introduction..............................................................................................................................................13  
Methods ..................................................................................................................................................15   
Results ....................................................................................................................................................15 
 Demographics............................................................................................................................16   
 Comorbidities.............................................................................................................................16 
 Severity of Ischaemia................................................................................................................17 
 Surgical Factors.........................................................................................................................18 
 Graft Patency.............................................................................................................................19 

Discussion ...............................................................................................................................................22  
 Factors Affecting Patency..........................................................................................................24 
Limitations of the Study............................................................................................................................27 

Conclusion...............................................................................................................................................27 
Author Contributions................................................................................................................................28  
Conflict of Interest....................................................................................................................................28 
Author Funding Sources..........................................................................................................................28 
References ..............................................................................................................................................29  
Appendix A: HSREC letter of approval ...................................................................................................32  
Appendix B: FSDOH letter of approval ...................................................................................................33   
Appendix C: HOD surgery letter of approval ...........................................................................................34   
Appendix D: Biostatistics approval letter .................................................................................................35 
Appendix E: Data sheet ..........................................................................................................................36  
Appendix F: HSREC approved protocol……………………………………………………...………………..37 
Appendix G: SAJS Author Guidelines………………………………………………………………………….51 
Appendix H: TURNITIN plagiarism report ...............................................................................................54 



 iv 

ABSTRACT 

Introduction and Aim:  Peripheral arterial disease is a serious global healthcare concern with a 
subgroup of patients requiring revascularisation for chronic limb-threatening ischaemia.  Open 
bypass surgery remain a valuable tool in the armamentarium of revascularisation options and 
several factors are known to affect the patency of a bypass procedure.  Literature in this regard is, 
however, lacking in the South African population.   

Methods: This was a retrospective cohort analytic study of infrainguinal reverse vein bypasses 
performed at a central academic hospital in South Africa between January 2012 and December 
2016 for the indication of chronic limb-threatening ischaemia. 211 patients with a total of 219 
bypass procedures were included.  Patency data was assessed for 138 bypasses with 79 patients 
(36.1%) lost to follow-up and 2 patients (0.9%) who demised. 

Results: 156 (73.9%) were males and 55 (26.1%) were females. The median age was 61 years. 
The majority of the patients (78.2%) had hypertension and were known smokers (83.4%), whereas 
only 32.2% had diabetes mellitus and 11.4% had renal impairment.  The human immunodeficiency 
virus status was unknown in the majority (70.6%) of patients.  83.1% of bypasses were performed 
for the indication of tissue loss in addition to rest pain.  The proximal anastomosis was performed 
from the common femoral artery in 47.9% of cases and the distal anastomosis to the tibialis 
posterior artery in 27.9% of cases.  Most patients (26.9%) had a single vessel runoff.  The median 
diameter of greater saphenous vein utilised was 2.7mm. 26.1% of grafts demonstrated early graft 
failure within 30 days compared to 45.7% demonstrating patency beyond 12 months.  Age, race, 
hypertension, diabetes, renal failure, the presence of tissue loss, level of the proximal and distal 
anastomoses and number of runoff vessels had no significant effect on graft patency.  Female 
gender, a small greater saphenous diameter as well as a single anterior tibial vessel runoff, 
however, proved to be statistically significant indicators of early graft failure.  Smoking, on the 
other hand, was associated with a longer graft patency beyond 12 months.   

Conclusions: Female gender, small vein diameter and a single anterior tibial runoff vessel are 
independent predictors of early graft failure.  Smoking, on the other hand, is associated with 
prolonged patency beyond 12 months which is in contrast to the majority of existing literature.   
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CHAPTER 1 

Peripheral arterial disease (PAD) poses a major global healthcare problem with a disease prevalence of 
3 to 10% in the general population, increasing to 15 to 20% in persons over the age of 70 years. It is 
associated with a worse prognosis than the general population is it is considered a manifestation of of a 
systemic disease. 1 

Chronic limb-threatening ischaemia (CLTI) refers to the most severe manifestation of PAD in which 
patients present with chronic ischaemic rest pain or ischaemic skin lesions, often manifesting as ulcers 
or even gangrene, in the presence of one or more abnormal haemodynamic parameter. 2  It is most 
commonly caused by atherosclerosis, however, several other causes have been identified of which 
human immunodeficiency virus (HIV) plays an important role in Southern Africa. 3  Despite developments 
in the field, effective revascularisation still remains the cornerstone of limb salvage in CLTI with large 
surveys suggesting that approximately half the patients with CLTI will undergo some type of 
revascularisation in order to prevent limb loss. 1 a  

Several open surgical and endovascular revascularisation methods exist and include, amongst others, 
surgical bypass, endarterectomy, profundaplasty, angioplasty with or without stenting, or a combination 
of these. 1 The type of intervention chosen depends on several factors, including the patient’s 
periprocedural risk estimation, life expectancy, the severity of disease and the anatomic pattern of 
disease distribution. 2 a 

Based upon the findings of the Bypass versus Angioplasty in Severe Ischemia of the Leg (BASIL) trial, 
the American College of Cardiology (ACC)/American Heart Association (AHA) guidelines recommend 
that for patients with a life expectancy of more than two years, and who have an available autologous 
vein conduit, bypass surgery is reasonable to perform as the initial treatment. 4,5 

This recommendation is supported by a review of studies published since 1981, which found that primary 
above-knee femoropopliteal graft patency is 84% and 69% at one and four years when reverse 
saphenous vein is the conduit compared to 79% and 60% at one and four years when 
polytetrafluoroethylene (PTFE) is used. With below-knee grafts, explicitly performed for limb salvage, 
cumulative primary patency with reversed saphenous vein or PTFE is approximately 90% and 75% at 
one and four years, respectively. Secondary patency for PTFE grafts in the below-knee position for all 
indications is 68% and 40% at one and four years. Based upon these numbers, prosthetic material is 
avoided whenever possible for below-knee bypass. 6 
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Despite the good outcome from autologous vein grafts, graft failure still remains a significant challenge 
for vascular surgeons. Graft failures have traditionally been divided into either early failure (within 30 
days) or late failure (beyond six months).  Early failure is generally considered to be due to either technical 
factors (usually fails within 72 hours) or an inadequate inflow, runoff or conduit.  Late failures, on the other 
hand,  can be attributed to progression of the underlying disease or neointimal hyperplasia at the 
anastomotic sites. 7,8 

A vast number of studies have been dedicated to an attempt to determine those factors which influence 
graft patency.  These factors, however, do not appear to be consistent throughout the literature, and 
conflicting data is commonplace. 

In one of the largest studies to date, Singh et al analysed the Veterans Affairs (VA) National Surgical 
Quality Improvement Program’s (NSQIP) sizeable clinical database to investigate which factors, other 
than technical, were associated with a higher incidence of early graft failure in infrainguinal bypass. The 
NSQIP database identified 14 788 patients who underwent infrainguinal lower extremity arterial bypass 
during the study period, and 723 acute graft failures (4.9%) occurred. On multivariate analysis, patients 
aged less than 60 years, African American race as well as a lower haematocrit level, were all associated 
with early graft failure.  Diabetes mellitus, on the other hand, had a negative association with early graft 
failure. 7 

The PREVENT III (Project Ex Vivo Graft Engineering via Transfection) trial was a prospective, 
randomised, double-blinded, placebo-controlled, multicentre trial that evaluated the effect of edifoligide 
on vein graft patency.  Although a negative study with regards to the primary outcome, the PREVENT III 
investigators, through statistical analysis and propensity scores, evaluated the association of race and 
gender on outcomes of vein bypass for CLTI.  The authors concluded that African-American race was at 
increased risk for early graft failure with a hazard ratio of 2.5. 9 

Alpagut et al, at the Department of Cardiovascular Surgery, Istanbul University in Turkey, performed a 
retrospective analysis to evaluate the impact of gender on patency of infrainguinal bypass grafts. A total 
of 575 patients, 375 males and 200 females, underwent infrainguinal bypass for femoropopliteal and or 
distal arterial occlusive disease over a period of approximately nine years. The majority of cases 
underwent autologous vein bypass (65%), of which the reversed configuration was most commonly 
employed (59%).  PTFE grafts were only utilised if no autologous options were available.  Even though 
30-day mortality appeared similar between males and females (2%),  early graft thrombosis was more 
common in females, although this was not considered statistically significant.  On the other hand, primary 
patency was significantly worse in females (60%, 52%, and 40% at 1, 3, and 5 years) compared to males 
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(78%, 70%, and 62% at 1, 3, and 5 years).  This was again reemphasised with a significantly decreased 
secondary patency for females compared to males (68% and 61% vs 83% and 80% at 1 and 3 years).   
The researchers of this study concluded that female patients with infrainguinal arterial reconstruction 
have a significantly worse outcome compared to their male counterparts which was attributed to smaller 
distal runoff arteries compared to their male counterparts as well as smaller vein graft diameter.10 

In one of the earlier studies conducted on this topic, Rutherford et al analysed the outcome of 249 
infrainguinal bypasses.  Autologous vein was utilised in 48% of cases, of which the majority (59%) was 
in the in situ configuration.  PTFE and human umbilical vein were utilised in 24% and 28% of cases, 
respectively.  The authors concluded that the graft type and level of anastomosis were the two factors 
that had the most significant influence on infrainguinal bypass patency.  This was especially pronounced 
whenever the anastomosis was below the knee – a clear advantage was seen with the use of autologous 
vein over PTFE and/or human umbilical vein, which was already apparent at 1 year.  On the other hand, 
there was no significant difference in outcome between reversed or in situ vein configurations.  In addition, 
the authors found that tobacco use was associated with a significantly decreased patency (51% vs 68% 
at 3 years) whereas diabetes appeared to be protective with an improved overall 3-year primary patency 
(60% vs 42%).  The runoff status, pre- and postoperative ankle-brachial index (ABI), clinical classification, 
and use of antiplatelet therapy was, on the other hand, were not associated with a significant difference 
in primary or secondary patency. 11 

In an attempt to determine the causes of reversed vein bypass occlusion that could be addressed in the 
postoperative period, Giswold et al from the Oregon Health & Science University and Portland Veterans 
Affairs Medical Center, evaluated 55 patients who developed graft occlusion after a lower limb bypass.  
Dialysis therapy, a known hypercoagulable state, as well as persistent smoking were found to be 
independent predictors of graft occlusion.  Smoking, being a modifiable risk factor, is of particular concern 
with a hazard ratio of 4.72 for graft failure in this study. 12 

Ray et al performed a retrospective study of 150 patients with femoropopliteal bypass grafts where a 
detailed analysis of the factors that contributed to the graft patency was performed. The factors analysed 
in this study were clinical indication, runoff, placement of the proximal and distal anastomosis, the 
diameter of the saphenous vein graft, and the patient’s age. The clinical indications for bypass were 
intermittent claudication, rest pain and gangrene. The best results were found in patients with intermittent 
claudication showing a 90% long term patency. Very little difference was shown in patients with rest pain 
and gangrene, with patency rates of 81.8% and 80.7%, respectively. The runoff segments were classified 
into three groups according to the patency of the popliteal, anterior tibial, and posterior tibial arteries. 
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Although the patency rate drops from 92.6% in patients with a three-vessel runoff to 65% in patients with 
only a single vessel runoff, this study showed that an isolated popliteal segment or single tibial vessel is 
often adequate to sustain function with autologous vein grafts.  This study also showed that patients with 
saphenous vein graft diameter of 3-4mm and 5-6mm had 75.6% and 85.1% patency rates, respectively, 
compared to 19% patency for 7mm or more. 13  

Budd et al at the Department of Surgery and Community Medicine, University of Leicester, United 
Kingdom, performed a retrospective study to evaluate factors determining late graft patency for 
infrainguinal bypass surgeries. The single centre results of 373 infrainguinal bypass grafts between 1980 
and 1988 were reviewed. 130 in situ saphenous vein, 47 reversed saphenous vein, 118 PTFE and 78 
human umbilical vein grafts were used. The indications for surgery were disabling claudication in 25% of 
patients and limb salvage in 75%. In 36% of the operations, the distal anastomosis was above the knee, 
and 64% was below the knee. Overall, 5-year patency and limb salvage rates were 41% and 69% for in 
situ saphenous vein, 62% and 90% for reversed saphenous vein, 31% and 67% for PTFE and 29% and 
59% for human umbilical vein. There was no significant difference in patency among these grafts at the 
above knee level, but significant differences between vein and prosthetic grafts were evident below the 
knee (p < 0.001). Using a proportional hazard model, the three factors that consistently correlated with 
late graft patency were graft type, site of distal anastomosis and distal runoff. 14 

In a retrospective study done by Cheshmedzhiev et al at St Marina University Hospital in Bulgaria, the 
clinical significance of venous graft size and runoff segment for peripheral bypass patency was assessed. 
The study aimed to analyse the one-year patency of infrainguinal arterial reconstructions in relation to 
venous graft diameter and length. Results were worse in venous grafts less than 3.5mm and the length 
over 40cm. 15 

Wengerter et al at Montefiore Medical Centre in New York performed a retrospective study to evaluate 
the influence of the vein size diameter on the infrapopliteal reversed vein graft patency. They reviewed 
239 infrapopliteal reversed greater saphenous vein bypasses performed for critical limb ischaemia over 
a 7-year period in order to determine the influence of vein diameter on graft patency and limb salvage. A 
pattern of increasing graft patency and limb salvage was noted as the minimum diameter increased from 
<3.0mm to >4.0mm. When compared to the larger grafts > 4.0mm, primary graft patency was significantly 
lower both for < 3.0mm grafts (0% for < 3.0mm vs 65% for >4.0mm at 3 years, p < 0.001).  The author 
concluded that long 3.0mm and all reversed saphenous vein grafts <3mm should be considered at high 
risk for failure. 16  
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Hertzer et al from the Department of Vascular Surgery, Cleveland Clinic Foundation, in the United States, 
performed a retrospective analysis to evaluate the impact of diabetes mellitus and other factors on the 
outcome of infrainguinal bypasses.  Six hundred fifty patients were included in the study.  Bypasses were 
performed for critical limb ischaemia in 85% of cases and autologous vein was utilised in 60% of cases.  
The operative mortality was 4.8%.  12% of grafts occluded and 7.5% of patients underwent an amputation 
during the index admission.  Autologous grafts had a significantly improved primary patency compared 
to prosthetic grafts.  Diabetes did not appear to affect graft patency.  The number of graft revisions, on 
the other hand, was an important predictor of graft failure and risk for amputation. 17 

Frangos et al at Yale University School of Medicine, New York, performed a retrospective analysis to 
assess the influence of gender on patient selection and outcome in patients requiring infrainguinal vein 
bypass graft procedures. They reviewed 217 infrainguinal vein bypass grafts performed over an 8-year 
period.  Gender and multiple covariables affecting patient survival were analysed as well as postoperative 
complications and graft patencies. The results showed no statistical differences between men and women 
for age, diabetes, cardiac disease, tobacco use, hypertension, stroke, renal disease, or prior contralateral 
bypass or major amputation. The study concluded that gender does not affect graft patency, limb salvage, 
or survival rates. 18 

In London, Slim et al at King’s College Hospital, performed a retrospective study to assess the difference 
in patency rate and amputation-free survival in infrainguinal bypass grafts with vein diameter more or less 
than 3mm in patients with critical limb ischaemia.  A total of 157 patients and 171 bypasses were included 
in the study.  The majority of bypasses were performed for tissue loss (54%) and was of a femorodistal 
configuration (78%).  Reversed autologous greater saphenous vein was utilised in all cases. Only 18% 
of cases had a vein diameter < 3mm. The study concluded that primary and assisted primary patency at 
1 year was not significantly influenced by a vein diameter <3mm.  The secondary patency, on the other 
hand, was significantly increased in bypasses performed with a vein diameter > 3mm (95% vs 83%). The 
amputation-free survival, however, was comparable between the two groups. 19  

Davies at the University of Bristol performed a prospective study to assess vein factors that affect the 
outcome of femorodistal bypass. One hundred femoropopliteal or infrapopliteal bypasses were performed 
on 95 patients (31 female and 64 males) with a mean age of 67 years.  Graft stenosis occurred in up to 
30% of the grafts, the etiology of which was poorly understood. The mean diameter of those veins that 
developed stenosis was 3.7mm compared with 4.7mm in those which did not develop a stenosis (p = 
0.006). 20 a  
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A critical assessment of infrainguinal reverse vein bypasses was performed by Golledge et al.  They 
found that, despite a secondary graft patency of 82% at 12 months, only 22% of patients had an ideal 
outcome.  At one year, 44 (19%) patients died, 93 (39%) required further ipsilateral intervention and 39 
(17%) contralateral intervention, and a total of 108 (46%) were readmitted. An ideal outcome was more 
likely in patients receiving calcium channel blockers, principally because of improved primary patency, 
and less likely in those with cardiac failure requiring furosemide, principally because of worse survival in 
these patients.  21  

Chew et al from the Division of Vascular and Endovascular Surgery at Harvard Medical School performed 
a retrospective analysis of graft patency and limb salvage in patients who underwent autologous 
infrainguinal bypasses. The majority of bypasses were performed utilising autologous greater saphenous 
vein with the distal anastomosis situated at the tibial or pedal level.  Overall morbidity and 30-day mortality 
did not appear to be affected by race, however, graft failure at 30-days was significantly greater in the 
African American cohort compared to Caucasians (12% vs 5%). Furthermore, the overall 5-year primary 
patency as well as 5-year limb salvage rate was also significantly decreased in the African American 
cohort.  In addition, other factors that were identified to be a significant risk for primary graft failure 
included age younger than 65 years, female gender, graft revisions, tibial bypasses as well as critical 
limb ischaemia as the indication for the bypass. 22  

In a separate analysis of the patients included in the Dutch BOA (Bypass, Oral anticoagulants or Aspirin) 
Study by Tangelder et al, risk factor for infrainguinal bypass failure were identified.  In evaluation of 2650 
patients that were included, female gender, critical ischaemia, femoro-distal bypass as well as the use of 
a non-venous conduit were independent risk factors for graft failure.  In this study they randomly assigned 
patients that had undergone infrainguinal bypass to either oral anticoagulants (target international 
normallised ratio 3-4.5, n =1339) or aspirin (80mg daily=1351). They concluded that oral anticoagulantion 
was better for prevention of infrainguinal vein graft occlusion and lowering the rate of ischaemic events. 
Aspirin was found to be better for the prevention of non-venous graft occlusion and was associated with 
fewer bleeding episodes. 23   

Several studies have evaluated bypass conduit type, diameter, length, single-segment versus spliced 
vein, veins other than greater saphenous and graft configuration as potential influential factors on bypass 
patency. 19, 24-28  As previously stated, Slim et al found a statistically significant effect of secondary patency 
if vein grafts < 3mm were utilised. 19 Oresanya et al also confirmed vein graft diameter < 3mm to be an 
independent predictor for graft occlusion in a retrospective analysis of the subjects included in the 
PREVENT III trial that suffered primary graft occlusion. 24 In general, the aforementioned studies mostly 
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reflect the correlation between vein calibre and patency outcomes with small veins being inferior.  
Schanzer et al reemphasised this finding in a critical analysis of the vein-related factors in the PREVENT 
III.  They found an increased risk for early graft failure with vein size < 3.5mm as well as the use of a 
composite vein graft.  Analysis at one year demonstrated a persistent significant influence of a vein graft 
< 3.5mm, but in addition, the use of veins other than the greater saphenous as well as vein length > 50cm 
were considered important contributors to graft failure. 27 This is, however, in contrast to a study that  
evaluated the outcomes of long vein bypasses (from the femoral artery to the ankle), in which the authors 
concluded these bypasses to be a durable procedure resulting in excellent long term patency and limb 
salvage rates. 28 

The unit for Vascular Surgery at Universitas Academic Hospital in Bloemfontein, South Africa, is a referral 
centre responsible for addressing vascular surgical pathology in all the public sector patients in the 
provinces of the Free State, Northern Cape as well as Lesotho.  The unit, therefore, undertakes 
revascularisation for CLTI in a relative number of patients.  Currently, data regarding graft patency rates 
on patients operated at Universitas Academic Hospital is lacking. A retrospective record review of patients 
with CLTI who underwent an infrainguinal reverse vein bypass at Universitas Academic Hospital over the 
past 5 years was therefore conducted to investigate factors influencing graft patency. In addition, the 1-
year patency for infrainguinal reverse vein bypasses performed at Universitas Academic Hospital was 
assessed. 

Literature has established that the most important factors that influence long term infrainguinal graft 
patency are graft material, vein diameter, level of the distal anastomosis and the condition of the distal 
runoff arteries.  Evaluating these and other factors might assist in identifying those patient groups who 
are unlikely to benefit from bypass surgery or patients in whom early graft failure should be anticipated. 
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Abstract 

Introduction and Aim:  Peripheral arterial disease is a serious global healthcare concern with a 
subgroup of patients requiring revascularisation for chronic limb-threatening ischaemia.  Open 
bypass surgery remain a valuable tool in the armamentarium of revascularisation options and 
several factors are known to affect the patency of a bypass procedure.  Literature in this regard is, 
however, lacking in the South African population.   

Methods: This was a retrospective cohort analytic study of infrainguinal reverse vein bypasses 
performed at a central academic hospital in South Africa between January 2012 and December 
2016 for the indication of chronic limb-threatening ischaemia. 211 patients with a total of 219 
bypass procedures were included.  Patency data was assessed for 138 bypasses with 79 patients 
(36.1%) lost to follow-up and 2 patients (0.9%) who demised. 

Results: 156 (73.9%) were males and 55 (26.1%) were females. The median age was 61 years. 
The majority of the patients (78.2%) had hypertension and were known smokers (83.4%), whereas 
only 32.2% had diabetes mellitus and 11.4% had renal impairment.  The human immunodeficiency 
virus status was unknown in the majority (70.6%) of patients.  83.1% of bypasses were performed 
for the indication of tissue loss in addition to rest pain.  The proximal anastomosis was performed 
from the common femoral artery in 47.9% of cases and the distal anastomosis to the tibialis 
posterior artery in 27.9% of cases.  Most patients (26.9%) had a single vessel runoff.  The median 
diameter of greater saphenous vein utilised was 2.7mm. 26.1% of grafts demonstrated early graft 
failure within 30 days compared to 45.7% demonstrating patency beyond 12 months.  Age, race, 
hypertension, diabetes, renal failure, the presence of tissue loss, level of the proximal and distal 
anastomoses and number of runoff vessels had no significant effect on graft patency.  Female 
gender, a small greater saphenous diameter as well as a single anterior tibial vessel runoff, 
however, proved to be statistically significant indicators of early graft failure.  Smoking, on the 
other hand, was associated with a longer graft patency beyond 12 months.   

Conclusions: Female gender, small vein diameter and a single anterior tibial runoff vessel are 
independent predictors of early graft failure.  Smoking, on the other hand, is associated with 
prolonged patency beyond 12 months which is in contrast to the majority of existing literature.   
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Introduction 

Peripheral arterial disease (PAD) is a serious global healthcare problem with the incidence increasing, 
especially in the elderly population 1. Chronic limb-threatening ischaemia (CLTI) refers to a manifestation 
of PAD in which patients present with chronic ischaemic rest pain or ischaemic skin lesions (ulcers or 
gangrene) in the presence of one or more abnormal haemodynamic parameter i.e. a decreased ankle-
brachial index (ABI). 2 Effective revascularisation still remains the cornerstone of limb salvage in CLTI  
with large surveys suggesting that approximately half the patients with CLTI will undergo some type of 
revascularisation in order to prevent limb loss. 1 

Several open surgical and endovascular revascularisation methods exist and include, amongst others 
surgical bypass, endarterectomy, profundaplasty, angioplasty with or without stenting, or a combination 
of these. 1  Despite the advent of endovascular intervention for CLTI, bypass surgery still remains an 
integral part of the armamentarium of revascularisation.  The American College of Cardiology 
(ACC)/American Heart Association (AHA) guidelines recommend bypass surgery as an initial treatment 
for patients with a life expectancy of more than two years, and who have an available autologous vein 
conduit based upon the findings of the Bypass versus Angioplasty in Severe Ischemia of the Leg (BASIL) 
trial. 3,4   

The abovementioned recommendation is supported by a review of studies published since 1981 which 
found that above-knee femoropopliteal reverse saphenous vein graft patency has a primary patency of 
84% and 69% at one and four years, respectively.  With below-knee grafts, explicitly performed for limb 
salvage, cumulative primary patency with reverse saphenous vein is approximately 90% and 75% at one 
and four years, respectively.  5 

Despite bypass surgery still being considered the “gold standard” by many vascular surgeons, several 
factors have been identified that are associated with failure of a bypass procedure such as the diameter 
of the vein graft, the distal runoff segment, the site of distal anastomosis and the race of the patient.  1 

A retrospective study done by Singh et al analysed the Veterans Affairs (VA) National Surgical Quality 
Improvement Program’s (NSQIP) large clinical database to investigate which factors, other than 
technical, were associated with a higher incidence of early graft failure in infrainguinal bypass. A 
multivariate analysis demonstrated that patients aged younger than 60 years as well as African American 
race was associated with early graft failure.  Diabetes mellitus, on the other hand, had a negative 
association with early graft failure. 6 
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Ray et al performed a retrospective study of 150 patients that had femoropopliteal bypass grafts where 
a detailed analysis of the factors that contributed to the graft patency were performed. The best results 
were found in patients with intermittent claudication demonstrating a 90% long term patency. Very little 
difference was shown in patients with rest pain and gangrene with patency rates of 81.8% and 80.7% 
respectively. Although the patency rate drops from 92.6% in patients with a three-vessel run off to 65% 
in patients with only a one vessel run off, the study showed that an isolated popliteal segment or single 
tibial vessel is often adequate to sustain function with autologous vein grafts.  They also found that a 
saphenous vein graft diameter of 3-4mm and 5-6mm had a 75.6% and 85.1% patency rates, respectively, 
compared to 19% patency for those of 7mm or more.  7 

Budd et al at the University of Leicester, United Kingdom, performed a retrospective analysis to evaluate 
factors determining late graft patency for infrainguinal bypass surgeries. Single centre results of 373 
infrainguinal bypass grafts between 1980 and 1988 were reviewed. Overall, 5-year patency and limb 
salvage rates were 41% and 69% for in situ saphenous vein, 62% and 90% for reversed saphenous vein, 
31% and 67% for PTFE and 29% and 59% for human umbilical vein. There was no significant difference 
in patency among these grafts at the above knee level, but significant differences between vein and 
prosthetic grafts were evident below the knee (P<0.001). Using a proportional hazard model, the three 
factors that consistently correlated with late graft patency were graft type, site of distal anastomosis and 
distal run-off.  8 

Wengerter et al at Montefiore Medical Centre in New York, reviewed 239 infrapopliteal reversed greater 
saphenous vein bypasses performed for critical limb ischaemia over a 7-year period and concluded that 
long 3.0mm diameter, and all reversed saphenous vein grafts with a diameter less than 3mm, should be 
considered at high risk for failure. 9 

Frangos et al at Yale University School of Medicine, New York, performed a retrospective study to assess 
the influence of gender on patient selection and outcome in patients requiring infrainguinal vein bypass 
graft procedures. They reviewed 217 infrainguinal vein bypass grafts performed over an 8-year period. 
The results showed no statistical differences between men and women for age, diabetes, cardiac 
disease, tobacco use, hypertension, stroke, renal disease, or prior contralateral bypass or major 
amputation. The conclusion from this study was that gender does not affect graft patency, limb salvage, 
or survival rates. 10 
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Methods 

This was a retrospective cohort analytic study of infrainguinal reverse vein bypasses performed at a 
central academic hospital in South Africa from January 2012 till December 2016 for the indication of CLTI.    
Prior to initiation of the study, ethics approval was obtained from the Health Sciences Research Ethics 
Committee of the University of the Free State (UFS-HSD 2017/1264) and Free State Department of 
Health (FS_2017_007).  Patients who underwent infrainguinal bypasses for indications other than CLTI 
e.g. acute limb ischaemia or popliteal artery aneurysm, were excluded from the analysis.  Different 
vascular surgeons performed the bypass procedures without a standardise protocol.  

Patient demographics and perioperative data for each patient was obtained from a combination of 
electronic patient records, departmental statistics and files stored at the Vascular Laboratory at the 
Universitas Academic Hospital.   All patient identification was kept confidential. 

Where applicable, preoperative marked vein diameter was indicated as the smallest vein diameter 
measured.   

Graft patency was evaluated as a clinically documented distal pulse or flow observed on duplex 
ultrasound graft surveillance.  Due to the retrospective nature of the analysis, no differentiation was made 
between primary, primary assisted or secondary patency.  A standardised graft surveillance protocol was 
also not utilised. 

The study’s primary objective was to identify factors affecting infrainguinal reverse vein bypass patency 
in patients operated for CLTI at Universitas Academic Hospital from January 2012 till December 2016, a 
five-year period.  In addition, the 1-year infrainguinal reverse vein bypass patency was also to be 
determined.  A secondary aim was to attempt to identify a subgroup of patients who are unlikely to benefit 
from bypass surgery or in whom early graft failure should be anticipated.   

Results 

During the period under review, 211 patients met the study’s inclusion criteria with a total of 219 bypasses 
performed. 8 patients received bilateral bypasses.  2 patients (0.9%) demised and 79 of the 219 (36.1%) 
of bypasses were eventually excluded from the patency evaluation due to loss to follow-up.  Patient 
characteristics are demonstrated in Table 1 and will be discussed in more detail. 
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Demographics 

156 patients (73.9%) were males, and 55 (26.1%) were 
females.   The median age was 61 years, with the ages 
ranging from 23 years to 88 years.  The majority of 
patients were of black race (56.9%, n=120) followed by 
white (30.3%, n=64) and coloured (12.8%, n=27) patients. 

 

Comorbidities 

The majority of patients had hypertension (78.2%, n=165) 
and were known smokers (83.4%, n=176). On the other 
hand, only 32.2% (n=68) of patients were diabetics, and 
only 11.4% (n=24) of patients had renal impairment.   

Table 1: Patient Characteristics 
Variable  
Age (years) 
 Median 61.0 
Gender 
 Males 156 (73.9%) 
 Female 55 (26.0%) 
Race 
 Black 120 (56.9%) 
 White 64 (30.3%) 
 Coloured 27 (12.8%) 
Comorbidities 
 Hypertension 165 (78.2%) 
 Diabetes mellitus 68 (32.2%) 
 Smoker 176 (83.4%) 
 Renal failure 24 (11.4%) 
 HIV  
  Positive 25 (11.9%) 
  Unknown 149 (70.7%) 
Severity of ischaemia 
 Tissue loss 182 (83.1%) 
GSV diameter (mm) 
 Median 2.7 
Proximal anastomosis 
 CFA 105 (48.0%) 
 SFA 88 (40.1%) 
 AK POP 9 (4.1%) 
 PFA 8 (3.65%) 
 BK POP 8 (3.65%) 
Distal anastomosis 
 TP 61 (27.9%) 
 BK POP 49 (22.4%) 
 TA 42 (19.2%) 
 AK POP 41 (18.7%) 
 DP 10 (4.6%) 
 TPT 9 (4.1%) 
 Peroneal 6 (2.7%) 
Number of runoff vessels 
 1 59 (26.8%) 
 3 48 (21.8%) 
 4 35 (15.9%) 
 2 31 (14.1%) 
 5 20 (9.1%) 
 6 14 (6.4%) 
 0 13 (5.9%) 

74%

26%

Males

Females

Figure 1: Gender distribution 

57%30%

13%

Black

White

Coloured

Figure 2: Race distribution 
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The human immunodeficiency virus (HIV) status was unknown in the majority of patients (70.6%, n=149), 
with only 11.8% (n=25) of patients known to be HIV positive.  72.0% of HIV positive patients (n=18/25) 
were on antiretroviral therapy at the time of admission.  
 

 

Severity of Ischaemia 

All 219 bypasses were performed for the indication 
of chronic limb-threatening ischaemia.  All patients 
(100.0%) reported the presence of rest pain 
(Rutherford 4).  In addition to rest pain, tissue loss 
characterised by a non-healing ulcer and or 
gangrene on the affected limb, was present in 
83.1% (n=182/219) of limbs prior to bypass 
surgery.  Only 16.9% (n=37) had no tissue loss.   
The amount of tissue loss was not specified, 
therefore, Rutherford 5 or 6 could not be 
differentiated. 
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Figure 3: Comorbidities 
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Figure 4: Severity of Ischaemia 
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Surgical Factors 

Proximal Anastomosis 

The majority of bypasses (47.9%, n=105/219) had the proximal anastomosis performed at the level of 
the common femoral artery (CFA), followed by the superficial femoral artery (SFA) (40.2%, n=88), the 
above knee popliteal artery (AK POP) (4.1%, n=9), the below knee popliteal artery (BK POP) (3.7%, n=8) 
and the deep femoral artery (PFA) (3.7%, n=8).  The level of proximal anastomosis was unknown in one 
patient. 

Distal Anastomosis 

The distal anastomosis was performed at the level of the posterior tibial artery (TP) in the majority of 
patients (27.9%, n=61).  This was followed by the BK POP (22.4%,n=49), the anterior tibial artery (TA) 
(19.2%, n=42), the AK POP (18.7%,n=41), the dorsalis pedis artery (DP) (4.6%,n=10), the tibioperoneal 
trunk (TPT) (4.1%,n=9) and the peroneal artery (Per) (2.7%,n=6). The level of the distal anastomosis was 
unknown in one patient. 
 

 

Vein Diameter 

One hundred ninety-six patients had preoperative vein marking data available.  The median vein diameter 
was 2.7mm, ranging from 1.7mm to 5mm.  Only 35.2% (n=69) of patients had an adequate vein diameter 
of 3mm or more.  The majority of patients (61.2%, n=120) in fact, had a vein diameter of 2-3mm.  No 
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Figure 6: Level of Proximal Anastomosis 
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differentiation was made between ipsilateral, 
contralateral greater saphenous veins, small 
saphenous veins or arm veins. 

Number of Runoff Vessels 

The patency of the runoff vessels were determined by 
evaluation of the preoperative imaging reports.  The 
following vessels were assessed for patency to 
determine the number of patent runoff vessels: popliteal 
artery, anterior tibial artery, tibioperoneal trunk, 
posterior tibial artery, peroneal artery and the dorsalis 
pedis artery. The majority of patients (26.9%, n=59) 
only had a single runoff vessel.   A 3-vessel runoff 
followed this in 21.9% (n=48) of patients with only 6.4% 
(n=14) of patients presenting with a 6-vessel runoff. 
 

Graft Patency 

Graft patency was evaluated as a clinically 
documented distal pulse or flow observed on duplex 
ultrasound graft surveillance.  Due to the retrospective 
nature of the analysis, no differentiation was made 
between primary, primary assisted or secondary patency.  As there was no dedicated graft surveillance 
protocol, 36.1% (n=79) of patients were lost to follow-up and subsequently excluded from the patency 
analysis.    

Patency periods were divided into 3 groups: < 30 days (early graft failure), 1-12 months and > 12 months 
(late graft patency).  26.1% (n=36/138) of grafts demonstrated early failure within 30 days, whereas 
45.7% (n=63/138) of grafts had late patency > 12 months.  28.3% (n=39) of grafts failed within 1 year. 

  
In order to determine factors contributing to early graft failure or late graft patency, a subgroup analysis 
was performed of all bypasses with graft patency < 30 days as well as graft patency > 12 months.  A 
comparative table between the patency groups can be found in Table 2. 
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Figure 7: Distribution of Vein Diameter 
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Gender 

Female gender demonstrated a statistically 
significant increased risk for early graft failure 
(p-value 0.01) with a relative risk of 2.45 (95% 
CI [1.2;4.9]).  Females demonstrated a 1-year 
patency of 28.6% compared to 51.5% for 
males. 

Age 

The median age of patients who suffered early 
graft failure was 59.5 years compared to 63 
years for patients with late patency.  Age was, 
however, not a statistically significant predictor 
of either early graft failure or late graft patency. 

Table 2: Patency Analysis 
 < 30 days > 12 months P-value 
Age (years) 59.5 63  
Gender 

 Male 22 (23.4%) 53 (51.5%)  
 Female 14 (40.0%) 10 (28.6%) 0.0102 
Race 

 Black 27 (32.6%) 34 (41.0%)  
 White 7 (16.3%) 24 (55.8%)  
 Coloured 2 (16.7%) 5 (41.7%)  
Comorbidities 

 Hypertension 30 (28.0%) 52 (48.6%)  
 Diabetes 16 (36.4%) 16 (36.4%)  
 Smoker 24 (21.6%) 57 (51.4%) 0.0031 
 Renal failure 5 (41.7%) 5 (41.7%)  
 HIV 5 (25.0%) 9 (45.0%)  
Severity of ischaemia 

 Tissue loss 30 (27.3%) 50 (45.5%)  
GSV diameter (mm) 

 Median 2.15 2.8 0.0007 
Number of runoff vessels 

 Median 2.5 3.0  

46%

28%

26%

0% 5% 10% 15% 20% 25% 30% 35% 40% 45% 50%

> 12 months

1-12 months

< 30 days

Figure 9: Distribution of Graft Patency 
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Race 

Race was not found to affect graft patency significantly.  Grafts demonstrated a 1-year patency of 55.8%, 
41.7%, and 41.0% for white, coloured and black patients, respectively. 

Comorbidities 

The presence of hypertension, diabetes, HIV, and renal impairment had no significant effect on graft 
patency.  On the other hand, smoking had a statistically significant protective effect on graft patency (p-
value <0.01).  Smokers demonstrated a 1-year patency of 51.4% compared to 22.3% for non-smokers. 

Severity of Ischaemia 

There was no significant difference in graft patency between patients who presented with rest pain only 
and those with associated tissue loss.  As this was a retrospective analysis, patients could not be 
classified according to the extent of tissue loss as this was not always indicated.  Patients who presented 
with tissue loss demonstrated a 1-year patency of 45.5% compared to 46.0% for patients who presented 
with rest pain only.   

Vein Diameter 

The median vein diameter among the grafts that suffered early graft failure was 2.15mm.  This was in 
comparison to 2.8mm for the grafts that demonstrated late patency.  Vein diameter proved to be an 
independent predictor for both early graft failure (p-value < 0.01) as well as late patency (p-value < 0.01) 
with a linear relationship between vein diameter and patency.  Patients with a vein diameter <3mm 
demonstrated a 1-year patency of 40.4% compared to 57.2% for patients with a vein diameter ≥ 3mm. 

Quality of Runoff 

The number of patent runoff vessels had no significant impact on graft patency.  The median number of 
runoff vessels were 2.5 for the grafts that occluded within 30 days compared to 3 for the grafts that 
remained patent beyond 12 months.  Patients with a 6-vessel runoff demonstrated a 1-year patency of 
50.4% compared to 48.7% with a single vessel runoff.  The presence, however, of a single anterior tibial 
artery runoff proved to be a statistically significant risk for early graft failure (p-value 0.02) with a relative 
risk of 1.5 (95% CI [1.1;2.2]) 
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Level of Proximal and Distal Anastomoses 

Neither the level of the proximal nor distal anastomosis had any significant impact on graft patency.  1-
year patency for the proximal anastomosis on the BK POP was 60% compared to 47%, 46%, 38%, and 
20% for the SFA, CFA, AK POP and PFA, respectively.  1-year patency for the distal anastomosis on the 
peroneal and TPT was 67% and 60%.  This was compared to 55%, 48%, 44%, 32% and 20% for the TP, 
AK POP, BK POP, TA, and DP, respectively.  The cumulative 1-year patency of bypasses to the 
infrapopliteal vessels was 46% compared to 45% when the popliteal artery was selected as the target 
vessel. 

Discussion 

This study aimed to identify factors that influence infrainguinal reverse vein bypass patency among 
patients operated for CLTI at a tertiary academic hospital in central South Africa.  It was postulated that 
knowledge of these factors would allow a critical analysis of bypass patency and outcome data as well 
as potentially identify a subgroup of patients who are unlikely to benefit from bypass surgery.  This is 
essential in a resource-constrained environment like the government healthcare sector of South Africa.   
 
The majority of patients (74%) included in this study were males, which correlates with other studies on 
this topic. 6, 11-16 This may be due to the underrepresentation of the female gender in these studies, as 
pointed out by Hoel et al in the examination of the balance of enrolment with respect to gender and race 
in several randomised controlled trials conducted in the United States from 1983 till 2007.  The author 
concluded that both minorities and women were underrepresented disproportionately in these trials on 
different vascular pathology compared to the actual incidence in the population. 17 
 
Even though the majority of patients included were of black race (57%, n=120) followed by white (30%, 
n=64) and coloured (13%, n=27) patients, this does not accurately reflect the composition of the South 
African demographic.  The 2011 Census published by Statistics South Africa indicated that 80% of South 
Africans are of black race, followed by 8.8% coloured and 8.4% white. 18  This may, however, indicate 
the demographic of the patients presenting to the state health sector in central South Africa. 
 
The median age of included patients was 61 years.  This is on average 5 to 9 years younger than the 
age quoted in other studies, which might indicate a younger population requiring peripheral bypass 
grafting in South Africa. 6, 11, 12, 14, 16 
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While the majority of patients had hypertension (78%) and were known smokers (83%), only a limited 
number of patients had renal failure (11%).  The aforementioned is in keeping with findings in other 
studies on this topic, however, the majority (64%) of patients included in the PREVENT III trial, as well 
as the studies by Wengerter et al (87%) and Slim et al (76%), had diabetes,  compared to only 32% in 
this study.  6, 11, 12, 14, 16  Wengerter et al  and Slim et al also reported that only 44% and 15% of included 
patients were known smokers, respectively.  14, 15 
 

With South Africa having one of the fastest-growing HIV epidemics globally, it is concerning that only 
29% of patients’ HIV status were known. 19  HIV is well documented risk factor for occlusive vascular 
disease and appears to play a role in outcome with poor overall limb salvage rates of 31.6%. 20-22  
Knowledge of a patient’s HIV status is, therefore, of paramount importance to predict success of 
revascularisation. 
 

83% of patients included in this study had evidence of tissue loss indicating a more advanced level of 
ischaemia which correlates with results of the PREVENT III trial (75%) as well as the study by Wengerter 
et al (71%).  11, 15  This is considerably higher than other studies by Ray et al  and Slim et al including 
only 38% and 54% of patients with tissue loss, respectively.  7, 14 

The majority of patients (27%) in this study had only a single runoff vessel.   This is in contrast to findings 
in other studies.  Ray et al reported a single vessel runoff in only 13% of patients with the majority (55%) 
of patients having a 3-vessel runoff.  7 
 

66% of patients in this study had a vein diameter which is considered inadequate (<3mm) for lower limb 
bypass surgery.  This is in contrast to other studies demonstrating that the majority of patients had a vein 
diameter of at least 3-4mm.  7, 11, 14, 15  In fact, in the PREVENT III trial, as well as the study by Wengerter 
et al, only 6% and 6.5% of patients had a vein diameter < 3mm, respectively. 11, 15 
 
As with the PREVENT III trial (49%), the majority of bypasses (48%) utilised the CFA for the proximal 
anastomosis. 11  40% of proximal anastomoses were performed on the  SFA which is considerably more 
than the 25% in the PREVENT III trial. 11  The popliteal artery, however, was utilised as the proximal 
anastomotic site in 18% of cases in the PREVENT III trial compared to only 8% in this study. 11   
 
The majority (59%) of infrainguinal bypasses included in this study were performed on infrapopliteal target 
vessels with the posterior tibial artery (28%) being the most commonly chosen target vessel.  This 
correlated with the PREVENT III trial findings in which 65% of bypasses were performed to infrapopliteal 
vessels. 11 
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Factors Affecting Patency 

The PREVENT III Trial demonstrated an overall 1-year primary patency of 61%  compared to 71% primary 
patency shown by Wengertner et al.  11, 15 This study, on the other hand, demonstrated a 1-year patency 
of only 46%.  No differentiation was made between primary, primary-assisted and secondary patency, 
however. 

Gender 

This study demonstrated that female gender is an independent predictor (p-value 0.01) of early graft 
failure with a relative risk of 2.45 (95% CI [1.2;4.9]).  This contrast with the findings of Frangos et al which 
failed to show a significant impact of gender on graft patency. 10  A study by Tangelder et al, however, 
had a similar conclusion and identified female gender as an independent risk factor for graft failure. 14 

Age 

This study did not demonstrate any significant influence of age on graft patency.  This finding is similar 
to that of Ray et al, which demonstrated lack of impact of age on femoropopliteal bypass success rate.7  
Singh et al, on the other showed that age > 70 years, as well as < 50 years and between 51 and 60 years, 
were significantly associated with early graft failure.  A similar association was not, however, found for 
ages 61 to 70 years.6 

Race 

This study also did not identify any significant impact of race on graft patency.  This is again in contrast 
to the findings of Singh et al, which demonstrated African American race as a predictor of early graft 
failure.  In this large VA evaluation of the NSQIP, compared to all other races, African Americans 
demonstrated an odds ratio of 1.4 for early graft failure.  6 
 

In another multivariable analysis by Chew et al, African Americans also revealed an adjusted hazard ratio 
for loss of primary graft patency of 1.74 compared to Caucasians.   23 
 
In addition, the PREVENT III investigators also concluded that African American patients appeared to be 
at increased risk for early graft failure (30 days)  with a hazard ratio.  This finding was apparent even 
when patients with high-risk conduits were excluded.  They also determined that specifically African 
American women were at highest risk for loss of both primary-assisted patency and secondary patency 
as well as amputation at 1 year.  11 



 25 

Comorbidities 

The majority of associated comorbidities had no significant impact on graft patency in this study.    Studies 
by Rutherford et al and Singh et al, however, demonstrated a protective effect of diabetes on graft patency 
with better overall 3-year primary patency (60% for diabetics versus 42% for non-diabetics) and a 
negative association with early graft failure, respectively. 6, 12  A study performed by Wengertner et al, 
however, failed to show any significant effect of diabetes on graft patency.  16 

 
Overall, the outcomes of bypass grafts in patients with diabetes and renal disease are less favourable.  
Their independent contributions to actual graft failure, however, remain to be established.  According to 
multiple reports, renal failure and diabetes increased the risk of amputation and mortality, but do not 
appear to directly influence vein graft patency.  24-27 

 
Most series have also failed to establish an association with hyperlipidaemia or hypertension on vein 
bypass patency. 27  If these risk factors, in fact, contribute to decreased patency, the size of this effect is 
likely minimal and thus difficult to detect in small series’.  

 
Interestingly, analysis of the impact of smoking on graft patency in this study showed that smoking 
appeared to be protective in nature with a statistically significant difference (p value 0.003) between graft 
patency of smokers compared to non-smokers.  In general, the negative effect of smoking on the patency 
of vein bypass grafting is well-known. 28  In the study by Singh et al, patients with a history of smoking 
had an early graft failure rate of 5.4% compared to 4.4 % in non-smokers. 6 Univariate analysis, however, 
indicated the difference was statistically significant.  In a study by Rutherford et al, tobacco use was 
associated with a significantly reduced patency (51% at three years for smokers vs 68% for non-
smokers). 12 

 
On the other hand, the study by Wengertner et al. failed to show any significant effect of smoking on graft 
patency.  15  Even more remarkably, one study concluded that smoking ten or more cigarettes per day is 
associated with improved patency following an endovascular intervention.  The authors of this study 
postulated that carbon monoxide was the most important contributing factor, in view of its potent anti-
inflammatory and anti-proliferative properties.  29 
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This study showed no statistically significant difference in the graft patency of patients who are HIV 
positive compared to  HIV negative.  Due to the lack of known HIV status the study sample was very 
small.  Studies regarding the outcomes of lower limb bypasses in the HIV-positive population are lacking, 
however, Botes et al indicated a dismal limb salvage rate of 31.6% for patients with HIV-associated 
occlusive disease.  22 

Severity of ischaemia 

Compared to rest pain alone as the indication for surgery, the presence of tissue loss was found to have 
no significant impact on graft patency. This finding is reflected in a study done by Ray et al which found 
that there was very little difference in graft patency of patients with rest pain as compared to those with 
gangrene (81.8% vs 80.7%).7 This, however, differs from the findings of Schanzer et al which 
demonstrated that in the setting of tissue loss, patients undergoing bypass surgery had lower patency 
rates than those who underwent a bypass for rest pain only. 30 

Vein diameter 

This study demonstrated a statistically significant difference (p-value 0.0007) between graft patency of 
patients with a larger versus smaller vein diameter.  This is consistent with the findings demonstrated by 
several other studies. Wengertner et al, showed that the infrapopliteal reverse vein bypass graft patency 
and limb salvage increase proportional to the vein diameter. 30  In another study by Ray et al,  the success 
rate of saphenous vein graft decreased from 85.1% in cases in which the vein graft was between 5 and 
6mm to 75% when the vein was less than 5mm in diameter. 7  Cheshmedzhieve et al showed that venous 
grafts less than 3.5mm had 46% failure rate compared to 30% failure rate for venous grafts with a 
diameter over 3.5mm. 31 
 
These findings were also reinforced in an evaluation of the vein-related factors in the PREVENT III 
database.  Schanzer et al demonstrated a linear increase in the risk for loss of primary and secondary 
patency as vein diameter decreased from > 3.5mm to < 3mm. 30 
 
The vein diameter appears to play such a prominent role that, as a matter of fact, in a study by Wengertner 
et al, none of the vein grafts with a diameter < 3mm remained patent beyond 2 years. 9 
Only a single study by Slim et al had contradictory findings. 14 In this study, they evaluated the outcomes 
of infrainguinal bypass grafts using vein conduits <3mm for CLTI and found that primary and assisted 
primary patency rates in small veins were not significantly different at 1 year. 
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Level of anastomosis 

This study demonstrated that neither proximal nor distal anastomosis level had any significant impact on 
graft patency. This finding is in contrast to a study by Ray et al, where utilisation of the superficial femoral 
artery for the proximal anastomosis appeared to convey a lower patency rate. 7 

Quality of Runoff 

In this study, the number of patent runoff vessels had no significant impact on graft patency.  This is 
consistent with Rutherford et al, who showed that neither primary nor secondary patency was significantly 
affected by runoff status or clinical classification. 12 The study by Ray et al, on the other hand, 
demonstrated that the patency rate drops from 92.6% in patients with a 3-vessel (popliteal and both tibial 
arteries) to 65% in patients with only a single vessel run-off.  7 

Limitations of the Study 

The retrospective nature of the study posed several challenges.  36% of patients had to be excluded from 
the patency analysis due to loss to follow-up.  In view of the lack of a dedicated graft surveillance protocol 
as well as a lack of definition of patency according to accepted reporting standards, primary, primary-
assisted and secondary patency could not be differentiated.   
 
Even though tissue loss was classified separately from rest pain (Rutherford 4), the extent of tissue loss 
was not defined and could therefore not be further categorised into Rutherford 5 or 6.  Even though all 
the bypass procedures included were of reverse vein configuration, bypass procedures were also 
performed by different vascular surgeons without a standardised protocol.  All of the above could 
potentially affect the patency outcome and accuracy of data included.  This would, however, be 
addressed by a prospectively designed research protocol with standardisation of surgical methods and 
follow-up surveillance. 

Conclusion 

In this retrospective review, female gender, small greater saphenous vein diameter as well as a single 
anterior tibial vessel runoff were identified as independent predictors of early (< 30 days) infrainguinal 
reverse bypass failure.  On the other hand, smoking appears to be predictive of graft patency beyond 12 
months. 
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This study’s 1-year patency of 46% for infrainguinal reverse vein bypasses is considerably lower than 
that quoted in other studies.  This could potentially be a reflection of several factors.  The most important 
factor appears to be the small vein diameter of patients included in this study with 66% of patients 
demonstrating a vein diameter considered insufficient for lower limb bypass surgery.  Other possible 
contributors include a considerable number of patients with tissue loss, limited runoff vessels as well as 
infrapopliteal bypasses being the majority.  These factors were, however, not found to be predictors of 
early graft failure in this study. 
 
In conclusion, several factors appear to affect the patency of infrainguinal reverse vein bypass.  These 
factors should be noted as potential predictors of graft failure, however, they should not be used to 
exclude patients from potential limb-saving surgery as they have not been prospectively validated in the 
South African context. 
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Appendix E – Data Collection Sheet 

 

Age

Gender Male Female

Race Black White Coloured Indian Asian

Other

Province FS NC Gau Les EC

Lim Mpu WC KZN NW

Hypertension Yes No

Diabetes mellitus Yes No

Smoker Yes No

Renal impairment Yes No
(eGFR < 60 ml/min)

HIV Yes No

On treatment at time of admission Yes No Unknown

Rest pain Yes No

Tissue loss Yes No

Minimum GSV diameter mm

Available run-off vessels Pop TP trunk TP TA Peroneal

DP

Proximal anastomosis CFA SFA PFA AK Pop BK Pop

Distal anastomosis AK Pop BK Pop TP trunk TP TA

Peroneal DP

Graft Patency Period < 30 d 1-3 mths 3-6 mths 6-9 mths 9-12 mths

> 12 mths

DATA COLLECTION SHEET

Patient Identifier

Patient Demographics

Clinical Characteristics

Indication for Surgery

Surgical Factors

Unknown

Unknown

Unknown

Unknown

Unknown
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Appendix F – HSREC Approved Protocol 
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Summary 
Peripheral arterial disease is a serious global healthcare problem with the incidence increasing, especially in the elderly 
population.  This has subsequently resulted in a rise in the subset of patients that require revascularisation for the 
manifestation of critical limb ischaemia.   

Despite the advent of endovascular intervention for critical limb ischaemia, bypass surgery still remains an integral part 
of the armamentarium of revascularisation.  Several factors have been identified that are associated with either success 
or failure of a bypass procedure.  The literature, however, is somewhat contradictory.   

This retrospective study, therefore, aims to assess factors influencing infrainguinal reverse vein bypass patency on 
patients operated at Universitas Academic Hospital over a period of 5 years.  The study will be utilised to identify areas 
for improvement as well as, potentially, a subgroup of patients who might not benefit from bypass surgery or in whom 
early graft failure should be anticipated 
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INTRODUCTION 

Literature Review 

Peripheral arterial disease (PAD) poses a major healthcare burden with total disease prevalence in the region of 3 to 10 
percent in the general population and increasing to 15 to 20 percent in persons over the age of 70 years. (1) 

Critical limb ischaemia (CLI) refers to a manifestation of PAD in which patients present with chronic ischaemic rest pain 
or ischaemic skin lesions (ulcers or gangrene).  The presence of CLI is an accepted indication for revascularisation with 
large surveys suggesting that approximately half the patients with CLI will undergo some type of revascularisation in 
order to prevent limb loss. (1) 

Options for revascularisation include (1) 

• Surgical bypass 
• Endarterectomy 
• Profundaplasty 
• Angioplasty with or without stenting 

or a combination of any of the above. 

The type of intervention chosen depends on several factors including: (1)  

• Comorbid condition 
• Transatlantic Inter-Society Consensus (TASC) classification of the arterial lesion/s 
• Available suitable autologous conduit 
• Life-expectancy 
• Amount of tissue loss 

Based upon the findings of the Bypass versus Angioplasty in Severe Ischemia of the Leg (BASIL) trial (2) , the American 
College of Cardiology (ACC)/American Heart Association (AHA) guidelines (3) recommend that for patients with a life 
expectancy of more than 2 years, and who have an available autologous vein conduit, bypass surgery is reasonable to 
perform as the initial treatment. 

This recommendation is supported by a review of studies published since 1981 (4) which found that primary above-knee 
femoropopliteal graft patency is 84 and 69 percent at one and four years when reverse saphenous vein is the conduit 
compared to 79 and 60 percent at one and four years when polytetrafluoroethylene (PTFE) is used. With below-knee 
grafts, performed specifically for limb salvage, cumulative primary patency with reverse saphenous vein or PTFE is 
approximately 90 and 75 percent at one and four years. Secondary patency for PTFE grafts in the below-knee position 
for all indications is 68 and 40 percent at one and four years.  Based upon these numbers, prosthetic material is avoided 
whenever possible for below-knee bypass. 

 

Despite the good outcome from autologous vein grafts, graft patency is affected by several factors. 

A retrospective study done by Singh et al (5) analysed the Veterans Affairs(VA) National Surgical Quality Improvement 
Program’s (NSQIP) large clinical database to investigate which factors, other than technical, were associated with a 
higher incidence of early graft failure in infrainguinal bypass. The NSQIP database identified 14 788 patients who 
underwent infrainguinal lower extremity arterial bypass during the study period, and 723 acute graft failures (4.9 
percent) occurred. On multivariate analysis patients aged <50 and 51 to 60 years as well as African American race were 
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associated with early graft failure.  Diabetes mellitus, on the other hand, had a negative association with early graft 
failure. 

Ray et al (6) did a retrospective study of 150 patients that had femoropopliteal bypass grafts where detailed analysis of 
the factors that contributed to the graft patency were analysed. The factors that were analysed in this study were clinical 
indication, run-off, placement of the proximal and distal anastomosis, the diameter of the saphenous vein graft and the 
age of the patient.  The clinical indications for bypass were intermittent claudication, rest pain and gangrene. The best 
results were found in patients with intermittent claudication showing a 90 percent long term success rate. Very little 
difference was shown in patients with rest pain and gangrene with success rates of 81.8 and 80.7 percent respectively. 
The run off segments were classified in three groups according to the patency of the popliteal, anterior, and posterior 
tibial arteries. Although the success rate drops from 92.6 percent in patients with a three-vessel run off to 65 percent in 
patients with only a one vessel run off, this study showed that an isolated popliteal segment or single tibial vessel is 
often adequate to sustain function with autogenous vein grafts.  This study also showed that patient with saphenous 
vein graft diameter of 3-4mm and 5-6mm had 75.6 percent and 85.1 percent patency rates, respectively, compared to 
19 percent patency for those of 7mm or more.   

Budd et al (7) at Department of Surgery and Community Medicine, University of Leicester, UK did a retrospective study 
to check factors determining late graft patency for infrainguinal bypass surgeries. The results of 373 infrainguinal bypass 
grafts in a single centre between 1980 and 1988 were reviewed. One hundred and thirty in situ vein (ISV), 47 reversed 
saphenous vein (RSV), 118 polytetrafluoroethylene (PTFE) and 78 human umbilical vein (HUV) grafts were used. The 
indications for surgery were disabling claudication in 25 percent of patients and limb salvage in 75 percent. In 36 
percent of the operations the distal anastomosis was above the knee and the 64 percent was below the knee. Overall 5-
year patency rates and limb salvage rates respectively were, for ISV 41 percent and 69 percent, RSV 62 percent and 90 
percent, PTFE 31 percent and 67 percent and HUV 29 percent and 59 percent. There was no significant difference in 
patency among these grafts at the above knee above knee level, but significant differences between vein and prosthetic 
grafts were evident below the knee (P<0.001). Using a proportional hazard model, the three factors that consistently 
correlated with late graft patency were graft type, site of distal anastomosis and distal run off.  

In a retrospective study done by Cheshmedzhiev et al (8) at St Marina University Hospital in Bulgaria they looked at the 
clinical significance of venous graft size and run off segment for peripheral bypass patency. The aim of the study was to 
analyse the one year patency of infrainguinal arterial reconstructions in relation to venous graft diameter and length. 
Results were worse in venous grafts less than 3.5mm and the length over 40cm.   

Wengerter et al (9) at Montefiore Medical Centre in New York, did a retrospective study to check the influence of the vein 
size diameter on the infrapopliteal reversed vein graft patency. They reviewed 239 infrapopliteal reversed greater 
saphenous vein bypasses performed for critical limb ischaemia over 7-year period to determine the influence of vein 
diameter on graft patency and limb salvage. A pattern of increasing graft patency and limb salvage was noted as the 
minimum external diameter increased from >3.0mm to <4.0mm.When compared to the larger grafts > 4.0mm, primary 
graft patency was significantly lower both for < 3.0mm grafts (0 percent for < 3.0mm vs 65 percent for >4.0mm at 3 
years, p < 0.001) and long( >45cm ) 3.0mm grafts (38 percent for long 3.0mm vs 75 percent for >4.0mm at 3 years, 
p<0.005). All 3.5mm and short (<45cm) 3.0mm grafts had patency rates similar to >4.0mm veins.  Thus long 3.0mm and 
all less than 3.0mm reversed saphenous vein grafts should be considered at high risk for failure.  

Frangos et al (10) at Yale University School of Medicine, New York did a retrospective study to assess the influence of 
gender on patient selection and outcome in patients requiring infrainguinal vein bypass graft procedures. They reviewed 
217 infrainguinal vein bypass grafts performed over an 8-year period.  Gender and multiple covariables affecting patient 
survival were analysed as well as postoperative complications and graft patencies. The results showed that no statistical 
differences existed between men and women for age, diabetes, cardiac disease, tobacco use, hypertension, stroke, 
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renal disease, or prior contralateral bypass or major amputation. The conclusion from this study was that gender does 
not affect graft patency, limb salvage, or survival rates. 

Davies (11) at University of Bristol did a prospective study to assess vein factors that affect the outcome of femorodistal 
bypass. One hundred femoropopliteal or infrapopliteal bypasses were performed on 95 patients (31 female and 64 
males) with a mean age of 67 years (range 47-91). Graft stenosis occurred in up to 30 percent of the grafts, the 
aetiology of which was poorly understood. The mean internal diameter of those veins that developed stenosis was 
3.7mm (range 3.1- 4.2 mm) compared with 4.7mm (range 4.4 – 5.0 mm) in those which did not develop a stenosis (P= 
0.006, Mann-Whitney U test).  

Golledge et al (12) from the Department of Vascular Surgery, The Repatriation General Hospital, Daw Park, Adelaide, 
South Australia did a critical assessment of the outcome of infrainguinal vein bypass. During a 6-year period 236 
patients undergoing primary vein grafts were entered into the study. An ideal outcome required the patient to have 
survived 12 months with a patent graft on duplex scanning, no perioperative complication and no further related open or 
endovascular surgery or admission. At 12 months, the secondary graft patency rate was 82 percent, however, only 22 
percent of patients had an ideal outcome. At 1 year, 44 (19 percent) patients died, 93 (39 percent) required further 
ipsilateral and 39 (17 percent) contralateral intervention, and a total of 108 (46 percent) were readmitted. An ideal 
outcome was more likely in patients receiving calcium channel blockers, principally because of improved primary 
patency, and less likely in those with cardiac failure requiring furosemide, principally because of worse survival in these 
patients.   

Motivation for Study 

The Department of Vascular Surgery at Universitas Academic Hospital performs lots of infrainguinal reverse vein 
bypass surgeries on an annual basis. Currently, data regarding graft patency rates on our patient population is lacking.  
We, therefore, opted to perform a retrospective review of patients with critical limb ischaemia who underwent a 
infrainguinal reverse vein bypass at Universitas Academic Hospital during the course of the past 5 years in order to 
evaluate factors influencing graft patency.  

Literature has shown that the three most important factors that influence long term infrainguinal graft patency are graft 
material, level of the distal anastomosis and the condition of the distal run off arteries.  Evaluating these and other 
factors might assist in identifying patients groups who are unlikely to benefit from bypass surgery or patients in whom 
early graft failure should be anticipated. 

Study Questions and Aims 

Primary Objective 

§ To identify factors affecting infrainguinal reverse vein bypass patency in patients operated for critical limb 
ischaemia at Universitas Academic Hospital from January 2012 to December 2016 

Secondary Objectives 

§ To determine the 1 year infrainguinal reverse vein bypass patency rates in patients operated for critical limb 
ischaemia at Universitas Academic Hospital from January 2012 to December 2016 

§ To identify a subgroup of patients who are unlikely to benefit from bypass surgery or in whom early graft failure 
should be anticipated 

§ To identify any association between patient demographics and surgical factors 
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METHODOLOGY 

Definitions 

 Infrainguinal 

Infrainguinal bypass is a major arterial reconstruction using a bypass conduit (whether autogenous or 
prosthetic) that originates at or below the inguinal ligament (13) 

Reverse vein bypass 

Bypass with harvested autologous great saphenous vein and placed in reverse orientation (14) 

 Critical limb ischaemia 

Presence of chronic (more than 2 weeks) ischaemic rest pain, ulceration or gangrene attributable to 
objectively proven arterial occlusive disease (1) 

Study Design 

Retrospective cohort analytical study 
 

Sample Population 

 
This study will include all patients, approximately 50 per year, who had infrainguinal reverse vein bypasses for 
critical limb ischaemia at Universitas Academic Hospital between November 2011 and October 2016.  
 

The following patients will be excluded from the study: 
• Patient that did not have pre-operative greater saphenous vein marking 
• Patients who underwent infrainguinal reverse vein bypasses for indications other than critical limb 

ischaemia i.e. acute limb ischaemia, popliteal artery aneurysmal disease 

Measurement  

 
Patients who underwent infrainguinal bypass surgeries at Universitas Academic Hospital from November 2011 till 
October 2016 will be identified through the following methods: 

§ All bypass surgeries performed as per the theatre register 
§ All infrainguinal bypass surgeries performed as per the departmental statistics 
§ All bypass surgeries performed as per the Meditech CPT4 coding 

Data for each patient will be obtained from a combination of Meditech notes, departmental statistics and files stored 
at the Vascular Laboratory by the researcher. 

All patients included in the study will be assigned a unique study identifier in order to ensure confidentiality. 
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Measurement Errors 

The following allows potential for measurement and methodological errors in this study. Measures to limit these 
errors are mentioned where applicable. 

Drop-out 

Patients that have not returned for follow-up will be excluded from the study.  This might exclude a population 
that are on the one hand more likely to have graft failure due to associated comorbidities as well as successful 
bypasses as asymptomatic patients do not see the sense in returning for a follow-up. 

 The data sheet will allow for follow-up results at different intervals to include more patients 

Pilot Study 

As soon as approval is obtained from the local ethics committee, a pilot study will be conducted.  The aim of the 
pilot study is: 

• To determine the feasibility of the study 
• The detect flaws in the study protocol 

 
The pilot study will include the first 10 patient files.  During this period, all the logistical aspects of the study will be 
scrutinised and the methodology tested and refined. 
 
The following aspects of the proposed study will be evaluated by the pilot study: 

• Executability of the study 
• Organisation of the study 
• Efficiency of the data collection form 

If any amendments are made to the study protocol, it will be resubmitted to the ethics committee for approval. 

The patients included in the pilot study will be included in the final study sample. 

 

DATA MANAGEMENT AND ANALYSIS 
The data collection form will allow for collection of the following data on each patient: 

• Patient demographics  

o Age 
o Gender 
o Race 
o Province 

• Clinical characteristics 
o Hypertension  
o Diabetes mellitus 
o Smoking history 
o Renal impairment (estimated glomerular filtration rate < 60 ml/min) 
o HIV status and whether on treatment at time of admission 
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• Indication for surgery 
o Rest pain 
o Tissue loss (none healing ulcer or gangrene) 

• Surgical Factors 
o Minimum greater saphenous vein diameter as marked pre-operatively 
o Available run-off vessel/s 

§ Popliteal (Pop) 
§ Tibioperoneal trunk (TP trunk) 
§ Tibialis posterior (TP) 
§ Tibialis anterior (TA) 
§ Peroneal 

o Placement of proximal anastomosis 
§ Common femoral (CFA) 
§ Superficial femoral (SFA) 
§ Deep femoral (PFA) 
§ Above knee popliteal (AK Pop) 
§ Below knee popliteal (BK Pop) 

o Placement of the distal anastomosis 
§ Above knee popliteal (AK Pop) 
§ Below knee popliteal (BK Pop) 
§ Tibioperoneal trunk (TP trunk) 
§ Tibialis posterior (TP) 
§ Tibialis anterior (TA) 
§ Peroneal  
§ Dorsalis pedis (DP) 

• Graft patency period 

o 0-31 days 
o 1-3 months 
o 3 -6 months 
o 6-9 months 
o 9-12 months 
o > 12 months 

The researcher will enter the data into an Excel spreadsheet for analysis by the Department of Biostatistics. 
Results will be summarised by frequencies and percentages (categorical variables) and means, standard 
deviations or percentiles (numerical variables). Associations between variables and outcome will be 
investigated using contingency tables with relative risks and appropriate hypothesis testing. Logistic regression 
will be performed to find independent significant predictors of outcome. 

IMPLEMENTATION OF FINDINGS 
The Vascular Surgery Unit at Universitas Academic Hospital performs a significant amount of infrainguinal 
bypass surgeries annually.  At this stage no audit exists of the outcomes of these operations.   

This retrospective review will aim to enable us to perform a critical analysis of the results and outcomes and 
assist us in identifying possible risk factors for graft failure as well as identify those patients who might not 
benefit from bypass surgery. 
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LOGISTICS AND TIME SCHEDULE 

Responsibilities of Personnel 

Planning 

Responsibilities of the researcher/s 

§ Refinement of the research idea. 
§ Submission of the research idea to the Department of Surgery for approval. 
§ Performance of comprehensive literature research. 
§ Compilation of the research protocol. 
§ Design of data collection sheet. 
§ Obtain research approval from the relevant hospital managers and departmental heads. 
§ Completion of ethics committee submission form. 
§ Submission of research protocol for ethics approval. 
§ Manage and respond to concerns from the ethics committee. 

Execution 

Responsibilities of researcher/s 

§ Execution of pilot study. 
§ Amendments to protocol if required and resubmission to ethics committee. 
§ Collection of data.   

Data Analysis 

Responsibilities of researcher/s 

§ Compilation of research report comprising of, amongst others, shortcomings in current literature and 
suggestions for the future research.    

Time Schedule 

PHASE TIME PERIOD 
Literature study 1 April 2017 – 30 April 2017 
Planning and drafting of research protocol 1 May 2017 – 30 June 2017 
Finalisation of research protocol 1 July 2017 – 31 August 2017 
Ethics committee submission September 
Pilot study 1 November 2017 – 30 November 2017 
Data collection and verification 1 December 2017 – 30 September 2018 
Statistical analysis October – November 2018 
Compilation of research report December 2018 
Completion of project January 2019 
TOTAL TIMESPAN OF STUDY ± 20 months 
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BUDGET 
Funding for the study will be provided by the principal researcher. 

 

 

 

 

ETHICAL ASPECTS 
 
The study will be conducted in accordance with the ethical standards as laid down in the 1974 Declaration of 
Helsinki. 

Prior to initiation of the study Prior to initiation of the study, the following will be obtained: 

§ Prior to initiation of the study the following will be obtained: 
o Approval from the Health Sciences Research Ethics Committee of the University of the Free State 
o Permission from the Free State Department of Health 

§ There are no interventions to be performed on the patients, so the care of patients will not be altered at all 
§ Patient identification will be kept confidential, only the primary researcher will have access to the patients’ 

names 
§ Data analysis will be conducted separate from patient identifiers 
§ The project is not funded by any industry or organisation 
§ The study will remain faithful to the study protocol and will respect the opinions, beliefs, and traditions of all the 

participants and their respective families 
§ Patients are not chosen to participate in the study based on their ethnicity, age, religion or social class so no 

discrimination will, therefore, be of concern.   
§ There are no conflicts of interest that require declaration 

 

 
 
 
 
 
 
 
 
 
 

 

 

 

BUDGET 
Forms   R180.00 

 Data collection sheets (300 @ R0.60/form) R180.00  
TOTAL EXPENSES  R180.00 
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DATA COLLECTION SHEET 

 

Age

Gender Male Female

Race Black White Coloured Indian Asian

Other

Province FS NC Gau Les EC

Lim Mpu WC KZN NW

Hypertension Yes No

Diabetes mellitus Yes No

Smoker Yes No

Renal impairment Yes No
(eGFR < 60 ml/min)

HIV Yes No

On treatment at time of admission Yes No Unknown

Rest pain Yes No

Tissue loss Yes No

Minimum GSV diameter mm

Available run-off vessels Pop TP trunk TP TA Peroneal

DP

Proximal anastomosis CFA SFA PFA AK Pop BK Pop

Distal anastomosis AK Pop BK Pop TP trunk TP TA

Peroneal DP

Graft Patency Period < 30 d 1-3 mths 3-6 mths 6-9 mths 9-12 mths

> 12 mths

DATA COLLECTION SHEET

Patient Identifier

Patient Demographics

Clinical Characteristics

Indication for Surgery

Surgical Factors

Unknown

Unknown

Unknown

Unknown

Unknown
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Appendix G – SAJS Author Guidelines 

SOUTH AFRICAN JOURNAL OF SURGERY 

 

Author Guidelines 

Submitted manuscripts that are not in the correct format and without the required supporting documentation 
specified in these guidelines will be returned to the author(s) for correction and will delay publication.  

AUTHORSHIP  

Named authors must consent to publication by signing a covering letter which should be submitted as a 
supplementary file. Authorship should be based on substantial contribution to: 

(i) conception, design, analysis and interpretation of data; 

(ii) drafting or critical revision for important intellectual content; and 

(iii) approval of the version to be published. These conditions must all be met (uniform requirements for manuscripts 
submitted to biomedical journals; refer to www.icmje.org); and 

(iv) exact contribution of each author must be stated. 

DECLARATION OF CONFLICT OF INTEREST  

Authors must declare all sources of support for the research and any association with a product or subject that 
may constitute a conflict of interest. If there is no conflict of interest to declare please include the following 
statement: The authors declare no conflict of interest. 

FUNDING SOURCE 

All sources of funding should be declared. Also define the involvement of study sponsors in the study design, 
collection, analysis and interpretation of data; the writing of the manuscript; the decision to submit the manuscript 
for publication. If the study sponsors had no such involvement, this should be stated as follows: No funding source 
to be declared. 

RESEARCH ETHICS COMMITTEE APPROVAL  

The submitting author must provide written confirmation of Research Ethics Committee approval for all studies 
including case reports. The ethics committee as well as the approval number should be included. 
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STATISTICAL ANALYSIS 

Authors are advised to involve medical statisticians at the protocol stage of their research project: to plan sample 
size, and the selection of appropriate statistical tests for analysis and presentation.    

PROTECTION OF PATIENT'S RIGHTS TO PRIVACY  

Identifying information should not be published in written descriptions, photographs, and pedigrees unless the 
information is essential for scientific purposes and the patient (or parent or guardian) gives informed written consent 
for publication. The patient should be shown the manuscript to be published. Refer to www.icmje.org.  

ETHNIC CLASSIFICATION 

The rationale for analysis based on racio-ethnic-cultural categorisation should be indicated. 

CATEGORIES OF SUBMISSIONS 

Shorter items are more likely to be accepted for publication, owing to space constraints and reader preferences.  

Original articles 

Original articles on research relevant to surgery should not exceed 3 000 words, no more than 30 references, with 
up to 6 tables or figures. A structured abstract under the following headings, Background, Methods, Results, and 
Conclusions is a requirement and should not exceed 250 words. 

Scientific letters/short reports 

Short reports should not exceed 1 500 words with a maximum of 10 references. Only one table or illustration is 
permissible. A structured abstract under the following headings, Background, Methods, Results, and Conclusions, 
is a requirement and should not exceed 250 words. 

Case reports 

Case reports should not exceed 1 500 words with no more than 10 references. Figures are limited to 2 figures and 
may include images or photographs. The case report should have three headings: Summary (not exceeding 100 
words), Case report (with no introduction) and Discussion. Case reports will be published online only.  The 
summary and the URL will appear in the printed version. 

Video case reports (SAJS-VIDEO) 

Video case reports should not exceed 1 500 words with 10 references and 6 figures. Headings should 
include Summary (not exceeding 100 words) and Case description (with three subheadings: Introduction, Case 
presentation and Discussion). The video file format must be only MP4 or MOV and should not exceed 300 MB and 
8 minutes. Video case reports will be published online only. The summary and the URL will appear in the printed 
version. 
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Editorials and Opinions 

Editorials and Opinions should not exceed 1 000 words and are welcome, but unless invited, will be subjected to 
the SAJSpeer review process.  

Review articles 

Review articles relevant to surgery should not exceed 5 000 words, with a maximum of 50 references and no more 
than 6 tables or figures. A summary of 250 words or less is required. 

Letters to the editor 

Letters to the editor should be 400 words or less with only one image or table. 

Obituaries  

Obituaries should be 900 words or less and should be accompanied by a photograph. 

MANUSCRIPT PREPARATION 

Refer to articles in recent issues for the presentation of headings and subheadings. If in doubt, refer to 'uniform 
requirements' - www.icmje.org. Manuscripts must be provided in UK English.  

Qualification, affiliation and contact details 

This information must be provided for ALL authors and must be submitted as a supplementary file.  

Email addresses of all author must be provided. 

ORCID number of ALL authors must be provided – if authors do not have ORCID, please register 
at https://orcid.org/ 

Abbreviations 

All abbreviations should be spelt out when first used and thereafter used consistently, e.g. 'intravenous (IV)' or 
'Department of Health (DoH)'.  

Scientific measurements 

Scientific measurements must be expressed in SI units except blood pressure (mmHg) and haemoglobin (g/dl). 
Litres is denoted with a lowercase 'l' e.g. 'ml' for millilitres). Units should be preceded by a space (except for %), 
e.g. '40 kg' and '20 cm' but '50%'. Greater/smaller than signs (> and 40 years of age) should also be preceded by 
a space e.g. > 20 years. No spaces should precede ± and °, i.e. '35±6' and '19°C'.  

Numbers should be written as grouped per thousand-units, i.e. 4 000, 22 160...  
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Quotes should be placed in single quotation marks: i.e. The respondent stated: '...' Round brackets (parentheses) 
should be used, as opposed to square brackets, which are reserved for denoting concentrations or insertions in 
direct quotes.  

General formatting 

The manuscript must be in Microsoft Word document format. Text must be 1,5-spaced, in 12-point Times New 
Roman font, and contain no unnecessary formatting (such as text in boxes, except for Tables). The manuscript 
must be free of track changes.  

Disclaimers should follow the Conclusion and it should be in the following order: Acknowledgements, Declaration 
of conflict of interest, Funding source, Ethics declaration and ORCID. 

ILLUSTRATIONS AND TABLES 

If tables or illustrations submitted have been published elsewhere, the author(s) should provide consent to 
republication obtained from the copyright holder.  

Tables may be embedded in the manuscript file and provided as 'supplementary files'. They must be numbered in 
Arabic numerals (1,2,3...) and referred to consecutively in the text (e.g. 'Table 1'). Tables should be constructed 
carefully and simply for intelligible data representation. Unnecessarily complicated tables are strongly discouraged. 
Tables must be cell-based (i.e. not constructed with text boxes, tabs or enters) and accompanied by a concise title 
and column headings. Footnotes must be indicated with consecutive use of the following symbols: * † ‡ § ¶ || then 
** †† ‡‡ etc.  

Figures must be numbered in Arabic numerals and referred to in the text, e.g. '(Figure 1)'. Figure legends: Figure 
1: 'Title...'. All illustrations/figures/graphs must be of high resolution/quality: 300 dpi or more is preferable, but 
images must not be resized to increase resolution. Unformatted and uncompressed images must be attached as 
'supplementary files' upon submission (not embedded in the accompanying manuscript). TIFF and PNG formats 
are preferable; JPEG and PDF formats are accepted, but authors must be wary of image compression. Illustrations 
and graphs prepared in Microsoft PowerPoint or Excel must be accompanied by the original workbook.  

REFERENCES 

Authors must verify references from the original sources. Only complete, correctly formatted reference lists will be 
accepted. Reference lists may be generated with the use of reference manager software, but the final document 
must be delinked from the reference database or otherwise generated manually. Citations should be inserted in 
the text as superscript, e.g. These regulations are endorsed by the World Health Organization,2 and others.3,4-6 The 
superscript reference number should come after the punctuation mark and should not be in brackets. 

All references should be listed at the end of the article in numerical order of appearance in the Vancouver style (not 
alphabetical order). Approved abbreviations of journal titles must be used; see the List of Journals in Index 
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Medicus. Names and initials of all authors should be given; if there are more than six authors, the first three names 
should be given followed by et al. First and last page, volume and issue numbers should be given. Wherever 
possible, references must be accompanied by a digital object identifier (DOI) link and PubMed ID (PMID)/PubMed 
Central ID (PMCID). Authors are encouraged to use the DOI lookup service offered by CrossRef. Crossref DOIs 
should always be displayed as a full URL link in the form https://doi.org/10.xxxx/xxxxx 

Journal references: Price NC, Jacobs NN, Roberts DA, et al. Importance of asking about glaucoma. Stat Med 
1998;289(1):350-355. [http://dx.doi.org/10.1000/hgjr.182] [PMID: 2764753]  

Book references: Jeffcoate N. Principles of Gynaecology. 4th ed. London: Butterworth, 1975:96-
101. Chapter/section in a book: Weinstein L, Swartz MN. Pathogenic Properties of Invading Microorganisms. In: 
Sodeman WA jun, Sodeman WA, eds. Pathologic Physiology: Mechanisms of Disease. Philadelphia: WB 
Saunders, 1974:457-472.  

Internet references: World Health Organization. The World Health Report 2002 - Reducing Risks, Promoting 
Healthy Life. Geneva: World Health Organization, 2002. http://www.who.int/whr/2002 (accessed 16 January 
2010).  

Other references (e.g. reports) should follow the same format: Author(s). Title. Publisher place: publisher name, 
year; pages. Cited manuscripts that have been accepted but not yet published can be included as references 
followed by '(in press)'. Unpublished observations and personal communications in the text must not appear in the 
reference list. The full name of the source person must be provided for personal communications e.g. '...(Prof. 
Michael Jones, personal communication)'.  

COVERING LETTER 

A covering letter to the editor is mandatory and must include statements that the manuscript has not been published 
previously and is not under review elsewhere. It should state details of any prior publication of the research in 
abstract form or in Congress proceedings. The letter must declare if any of the authors have a conflict of interest 
and that the requirements for submission, including ethics approval and patient permission for case reports have 
been fulfilled. All authors must sign the covering letter. 

Please provide the names and email addresses of three possible reviewers for this manuscript. 

REVIEW PROCESS 

Manuscripts, after vetting by the editorial team, are assigned for peer-review to 3 reviewers, conversant with the 
particular field of research. The reviewers and the authors are blinded to each other’s identity. The turn-around 
time for review and initial editorial decision notification aims to be within 6 weeks of submission.   

PROOFS 
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A PDF proof of an article may be sent to the corresponding author before publication to resolve remaining queries. 
At that stage, only typographical changes are permitted; the corresponding author is required, having conferred 
with his/her co-authors, to reply within 2 working days in order for the article to be published in the issue for which 
it has been scheduled.  

CHANGES OF ADDRESS 

Please notify the editorial department of any contact detail changes, including email, to facilitate communication.  
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