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 ABSTRACT 

Introduction: In resource-limited sub-Saharan Africa, diabetic foot management is hampered by 

late referrals, financial barriers to investigations, and absent multidisciplinary pathways. We 

aimed to identify the systemic determinants of a near-universal major amputation rate at a national 

referral centre in sub-Saharan Africa. Methods: Retrospective descriptive and analytical cohort 

study of 224 diabetic patients who underwent major lower limb amputation at the Department of 

General Surgery of the study institution, January 2019–November 2023 (58 months). Chi-square, 

Fisher's exact, and Mann-Whitney tests were used (significance threshold p < 0.05). Results: 

Mean age was 56.6 years (M:F ratio 1.69); type 2 diabetes accounted for 97.3%. All 224 patients 

presented at the established gangrene stage. The major amputation rate was 95.3% — the highest 

in published African comparative series — attributable to five converging structural barriers: 

systematic late surgical referral (100%); financial inaccessibility of vascular investigations 

(Doppler 54.4%, CT angiography 46.9%); zero revascularisation despite significant arterial 

disease in 44%; therapeutic non-compliance in 52.2%, significantly associated with postoperative 

complications (p = 0.003); and absent multidisciplinary pathways. Below-knee amputation was 

achieved in 70.5%. Thirty-day mortality was 5.4%, septicaemia-driven (91.7%). Conclusion: 

This 95.3% major amputation rate reflects a care system that refers too late, not a surgical team 

that amputates too readily. Structural interventions — formalised multidisciplinary pathways, 

subsidised vascular investigations, and enhanced patient education — are urgently required and 

applicable to comparable settings across sub-Saharan Africa. 
 RÉSUMÉ 

Contexte : En Afrique subsaharienne à ressources limitées, la prise en charge du pied diabétique 

est entravée par des référencements tardifs, des barrières financières aux explorations et l'absence 

de filières multidisciplinaires. Nous avons cherché à identifier les déterminants systémiques d'un 

taux d'amputation majeure quasi universel dans un centre de référence nationale d'Afrique 

subsaharienne. Méthodes : Étude rétrospective, descriptive et analytique portant sur 224 patients 

diabétiques ayant subi une amputation majeure du membre inférieur au service de chirurgie 

générale de l'institution (janvier 2019–novembre 2023, 58 mois). Tests du Chi-2, exact de Fisher 

et Mann-Whitney (seuil p < 0,05). Résultats : L'âge moyen était de 56,6 ans (sex-ratio H/F 1,69) 

; le diabète de type 2 représentait 97,3% des cas. La totalité des 224 patients a été admise au stade 

de gangrène constituée. Le taux d'amputation majeure était de 95,3% — le plus élevé des séries 

africaines publiées — imputable à cinq barrières structurelles : référencement chirurgical 

systématiquement tardif (100%) ; inaccessibilité financière des explorations vasculaires (Doppler 

54,4%, angioscanner 46,9%) ; absence totale de revascularisation malgré une artériopathie 

significative chez 44% des patients ; non-observance thérapeutique chez 52,2%, significativement 

associée aux complications postopératoires (p = 0,003) ; et absence de filière multidisciplinaire. 

Le taux d'amputation sous le genou était de 70,5%. La mortalité à 30 jours était de 5,4%, dominée 

par la septicémie (91,7%). Conclusion : Un taux d'amputation majeure de 95,3% témoigne d'un 

système de soins qui oriente trop tard, non d'une équipe chirurgicale qui ampute trop facilement. 

Des interventions structurelles — filières multidisciplinaires formalisées, subventionnement des 

explorations vasculaires, renforcement de l'éducation thérapeutique — sont urgentes et 

directement applicables aux contextes comparables d'Afrique subsaharienne. 
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INTRODUCTION 

Worldwide, diabetes mellitus affects 463 million people, 

with sub-Saharan Africa expected to see a 143% rise in 

the incidence by 2045 of which 69% will be undiagnosed 

[1,2]. The diabetic foot is the most crippling complication; 

50% or more of non-traumatic lower limb amputations 

occur in diabetics and; 85% of those amputees have had a 

prior ulcer [3]. In Africa, diabetic foot represents 15–25% 

of hospitalizations and results in amputation 25–50% of 

the time [4]. In Senegal, amputations are performed on 

about 28 percent of all diabetes mellitus patients [5]. 

While this figure is used by the government of Senegal, it 

is possible that amputation rates at the main surgical 

hospital and national diabetology unit may, in fact, be 

much higher than those published [5]. The primary health 

care providers for patients with complicated foot 

problems created by diabetes mellitus are general 

surgeons, although the inability of vascular and 

orthopaedic specialists to manage complicated foot 

problems generally results in their non-involvement in the 

management of patients with these complications [6]. 

Surgical management is only provided to patients with 

established gangrenous feet following exhaustion of all 

medical options. Sub Saharan Africa has published 

individual risk factors (poor glycaemic control and delay 

in seeking treatment) for amputation [7,8], but no study 

has described the health system factors that render major 

amputation all but guaranteed in a defined national 

referral group. Barriers, not just clinical predictors, to 

initiating treatment must also be identified in order to 

develop viable, appropriate interventions. 

We therefore conducted this study with the aim to 

describe the epidemiological profile, indications, and 

outcomes, and to identify the systemic determinants of the 

observed near-universal major amputation rate. 

MATERIALS AND METHODS 

Setting, study design and ethics 

This retrospective descriptive and analytical study was 

conducted at the Department of General Surgery of the 

study institution, a Level III public hospital with 18 beds 

(8 dedicated to diabetic patients). Medical records are 

non-computerised and departmentally 

compartmentalised. The study period was January 2019 to 

November 2023 (58 months). The study was conducted in 

accordance with the Declaration of Helsinki; data were 

extracted from anonymised paper records and no ethics 

committee approval was required under national 

regulations of the study country for this type of 

retrospective study. The study was reported following the 

STROBE statement for cohort studies. 

Study population 

All diabetic patients hospitalised in the department or 

referred from other facilities, presenting with complicated 

diabetic foot and undergoing major lower limb 

amputation, were included. Major amputation was 

defined as any amputation proximal to the Chopart joint 

line (loss of heel support). Exclusion criteria: death before 

surgical procedure; incomplete records; isolated 

erysipelas; discharge against medical advice; inter-

hospital transfers without surgery performed. 

Data collection 

Data were collected retrospectively from paper records. 

Variables included: sociodemographic characteristics, 

diabetes type and duration, comorbidities, clinical staging 

(University of Texas classification), biological and 

imaging findings, therapeutic modalities, and outcomes. 

Missing data are quantified in Table 3. 

Statistical analysis 

Qualitative variables are expressed as frequencies and 

percentages; quantitative variables as mean ± SD with 

ranges. Proportions were compared using Pearson's Chi-

square or Fisher's exact test. Means were compared using 

the Mann-Whitney-Wilcoxon test after Shapiro-Wilk 

non-normality verification. Analyses were performed 

using R (version 4.3), significance threshold p < 0.05. 

Multivariate analyses were not conducted given the 

retrospective design and volume of missing data. 

 

RESULTS 

Epidemiological and clinical data 

A total of 224 patients were included (Table 1).  

 

 

 

HIGHLIGHTS FOR READERS IN A HURRY 

What is already known on this topic. Diabetic foot ulcers 

precede most lower limb amputations. In high‑income 

countries, multidisciplinary teams and revascularisation 

have reduced major amputation rates by >50%. In 

sub‑Saharan Africa, however, amputation rates remain high, 

but the precise systemic barriers have not been quantified at 

a national referral level. 

The problem this study addressed. This study quantified 

the structural determinants of a near‑universal major 

amputation rate (reported as 95.3% in preliminary data) 

among diabetic patients undergoing major lower limb 

amputation at Senegal’s national referral hospital over 58 

months. 

What this study adds to our knowledge. Among 224 

patients, the true major amputation rate was 95.5% 

(214/224) – the highest ever published in Africa. All patients 

presented with established gangrene because of late referral 

(100%). Vascular Doppler was performed in only 54.4% and 

CT angiography in 46.9%, chiefly due to out‑of‑pocket 

costs. Despite documented arterial disease in 44%, not a 

single revascularisation occurred. Therapeutic 

non‑compliance (52.2%) significantly increased 

postoperative complications (p=0.003). Below‑knee 

amputation was achieved in 70.5%, and 30‑day mortality 

was 5.4% (septicaemia in 91.7%). 

How this is relevant to practice, policy, or research. 

Senegal’s health authorities must mandate formal 

multidisciplinary diabetic foot pathways, subsidise vascular 

imaging, and implement patient education programmes 

targeting adherence. These findings are actionable across 

West African countries with similar fragmented systems. 
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Table 1. Main study data (N = 224). 

Variable n  % 

Mean age (years) 56.6 24–88 

Male-to-female ratio 1.69 62.5 male 

Type 2 diabetes 218 97.3 

Mean duration of diabetes (years) 8.9 1–40 

Associated hypertension 72 32.1 

Non-compliance with 

antidiabetic treatment 

117 52.2 

Gangrene at admission (all 

patients) 

224 100 

– Mixed gangrene 123 54.9 

– Gas gangrene 73 32.6 

Texas grade ≥ IID (100% 

amputation risk) 

177 79.1 

Anaemia (mean Hb 7.7 g/dL) 201 89.7 

Mean HbA1c (%) 8.7 5.3–14.2 

Bacteriological sampling 

performed 

17 7.6 

Major amputation performed 214 95.3 

– Below-knee (transtibial) 158 70.5 

– Above-knee (transfemoral) 56 24.8 

Postoperative complications 46 20.5 

Mean hospital stay (days) 20 1–60 
Hb: haemoglobin; HbA1c: glycated haemoglobin; LMWH: low-

molecular-weight heparin. 

 

Male predominance was marked (M:F ratio 1.69; 62.5% 

male). Mean age was 56.6 years (range 24–88); the 40–

65-year age group predominated (69.2%). Type 2 diabetes 

accounted for 97.3% (n = 218); mean diabetes duration 

was 8.9 years. Main comorbidities were hypertension 

(32.1%), cardiomyopathy (10.2%), and atherosclerosis 

(4.9%). Family history of diabetes was present in 46.9%. 

The year 2022 recorded the highest case load (n = 70, 

31.3%), coinciding with post-COVID-19 glycaemic 

deterioration (18,19). 

At surgical admission, all 224 patients presented at the 

established gangrene stage; 81% (n = 182) were referred 

from another facility. Mixed gangrene predominated 

(54.9%), followed by gas gangrene (32.6%), infectious 

gangrene (8.0%), and ischaemic gangrene (4.5%). By the 

University of Texas classification, 79.1% (n = 177) 

presented with grades conferring a theoretical 100% 

amputation risk (grades 2–3 of stages C–D); grade IID 

was predominant (56.3%). Mean lesion evolution was 2.6 

months. Non-compliance with antidiabetic treatment was 

documented in 52.2% (n = 117). 

Biological and imaging findings  

Anaemia was present in 89.7% (mean Hb 7.7 g/dL). 

Leukocytosis in 81.7%: moderate (WBC < 15,000/mm³) 

in 55.8%, overt (WBC > 15,000/mm³) in 25.9%. CRP 

elevated (> 4 g/L) in 82.1%. Mean HbA1c 8.7%. Arterial 

Doppler was performed in 54.4% (significant stenosis 

33%, occlusion 15.2%, medial calcification 12.5%). CT 

angiography in 46.9% (femoropopliteal stenoses 22.8%, 

popliteal/distal occlusions 11.2%). Significant arterial 

disease was thus documented in 44% of patients. No 

patient underwent revascularisation despite vascular 

surgery consultation in 14.3% of cases, reflecting the 

absence of a formal interdepartmental transfer protocol. 

Bacteriological sampling was performed in only 7.6% (n 

= 17), primarily for financial reasons; 100% of 

antibiograms showed multidrug resistance. 

Therapeutic data and outcomes 

All patients received systematic insulin therapy, empirical 

broad-spectrum antibiotics (metronidazole, ceftriaxone, 

ciprofloxacin), and prophylactic LMWH. Conservative 

treatment was performed in 107 patients (47.8%): 

decompressive fasciotomy for gas gangrene (n = 64, 

28.6%) and debridement/necrosectomy (n = 43, 19.2%). 

Major amputation was performed in 214 patients (95.3%) 

and 8 refused. Below-knee amputation: 70.5% (n = 158); 

above-knee: 24.8% (n = 56). Regional anaesthesia was 

used in 97.7%. 

Postoperative complications occurred in 20.5% (n = 46): 

stump suppuration (9.8%), stump necrosis (9.4%), 

dehiscence (1.3%). Re-intervention was required in 8.0% 

(n = 18). Mean hospital stay was 20 days (preoperative 

9.95 days, postoperative 10.1 days). Thirty-day mortality 

was 5.4% (n = 12); septicaemia was the cause in 91.7% of 

fatal cases. Overall in-hospital mortality was 7.1%. 

Statistical associations 

Non-compliance was significantly associated with 

postoperative complications (Chi² = 8.34; p = 0.003). 

Texas grade ≥ IID was significantly associated with 

above-knee amputation (Fisher's exact: p = 0.014). Overt 

leukocytosis was significantly associated with in-hospital 

mortality (Chi² = 12.7; p < 0.001). Hospital stay was 

significantly longer in patients with complications 

(median 28 vs 17 days; Mann-Whitney U = 1843, p = 

0.007). 

DISCUSSION 

Summary of main results 

In this cohort of 224 diabetic patients from a national 

referral centre in Senegal, the major amputation rate was 

95.3% – the highest reported in any African comparative 

series to date as seen in table 2 [8-14]. 

 
Table 2. Comparison with published African and international 

series. 

Author / 

Country 

Period N Major 

amp. 

(%) 

Below-

knee 

(%) 

30-

day 

mort. 

(%) 

Sano — Burkina 
Faso [8] 

1999 42 ND ND 33.4 

Ka (Dantec) — 

Senegal [9] 

2015 ND 52.8 37.4 6.5 

Kyelem — 

Burkina Faso 

[10] 

2016–

2018 

69 53.6* ND 33.3 

Djanhoue — 

Cameroon [11] 

2003 1275 ND ND 6.9 

Dago Koffi — 
Côte d'Ivoire 

[12] 

ND ND 26.3 15.0 ND 

Ouchemi — 
Mali [13] 

ND ND 82.6 50.3 15.6 

Amarir — 

Morocco [14] 

2010–

2013 

51 28.8 23.1 3.5 

Our series (study 

institution) 

2019–

2023 

224 95.3 70.5 5.4 

ND: not available. *Kyelem: overall amputation rate (all levels); 
major amputation rate not separately reported. 
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All patients presented at the established gangrene stage, 

rendering any conservative strategy impossible at the time 

of surgical admission. 

Explanation of findings and comparison with 

literature 

Five structural barriers converge to make amputation 

near-inevitable in this setting. First, systematic late 

referral: surgery is only requested when medical options 

are exhausted, whereas effective limb salvage requires 

intervention at the ulcerative or pre-necrotic stage (17). 

Second, financial inaccessibility of vascular 

investigations: Doppler and CT angiography were 

performed in only 54.4% and 46.9% of patients 

respectively, due to out-of-pocket payment requirements. 

Significant arterial disease was documented in 44% of 

patients, yet revascularisation was never performed, 

reflecting both financial and organisational barriers (23). 

Third, therapeutic non-compliance (52.2%), significantly 

associated with postoperative complications (p = 0.003). 

The UKPDS established that a 1% reduction in HbA1c 

confers a 25% reduction in microvascular complications; 

strengthening patient education is therefore a direct lever 

for amputation prevention (24, 25). Fourth, 

decompressive fasciotomy enabled conservative limb 

preservation in 55% of gas gangrene cases in a 

contemporaneous prospective departmental study (n = 

20), with success correlated to vascular patency (7). Fifth, 

the 70.5% below-knee rate — despite late presentations 

— demonstrates that the surgical team preserves the knee 

whenever technically feasible, offering functional 

advantage for prosthetic rehabilitation (27). Thirty-day 

mortality (5.4%) compares favourably to historical 

African series (Kyelem: 33.3%; Sano: 33.4%), reflecting 

progress in intensive care management. 

Limitations 

This study is limited by its retrospective design and 

dependence on non-computerised paper records. Table 3 

quantifies missing data per variable.  

 
Table 3. Missing data by variable (N = 224) 

Variable Missing 

data (n) 

% of 

total 

Comorbidities and 

background 

73 32.6% 

Intra-institutional referral 

source 

42 18.8% 

Therapeutic compliance 31 13.8% 

Antidiabetic treatment 

protocol 

43 19.2% 

Duration of known diabetes 27 12.1% 

Duration of lesion evolution 18 8.0% 

FBC / haemoglobin 3 1.3% 

CRP 3 1.3% 

Postoperative course 7 3.1% 

Bacteriological sampling (not 

performed) 

207 92.4% 

FBC: full blood count; CRP: C-reactive protein. Bacteriological 

sampling non-performance reflects financial barriers rather than 
data collection failure. 

 

High rates for comorbidities (32.6%), referral source 

(18.8%), and compliance (13.8%) reflect the absence of 

structured interviewing in routine records and precluded 

multivariate analyses. Bacteriological sampling was not 

performed in 92.4% of patients — a financial, not 

methodological, limitation. 

 

CONCLUSION 

A 95.3% major amputation rate reflects a care system that 

refers too late, not a surgical team that amputates too 

readily. Priority interventions include: (1) creation of a 

formalised multidisciplinary diabetic foot pathway 

integrating general surgery, vascular surgery, and 

diabetology; (2) computerisation of medical records 

enabling inter-departmental data sharing; (3) 

subsidisation of vascular and bacteriological 

investigations; (4) strengthening of therapeutic patient 

education; (5) institutional coordination with the Centre 

National d'Appareillage Orthopédique for post-

amputation rehabilitation. These findings are directly 

applicable to comparable resource-limited settings across 

sub-Saharan Africa. 

DECLARATIONS  

Conflicts of interest 

None declared. 

Funding 

No external funding. 

Ethics 

Conducted in accordance with the Declaration of 

Helsinki. Data extracted from anonymised paper medical 

records. No ethics committee approval required under 

Senegalese national regulations for retrospective 

descriptive studies. 

AI disclosure 

No AI-assisted technologies were used in the production 

of this manuscript. 

Reporting guideline 

STROBE statement (cohort study). 

Authorship contributions (ICMJE): 

Seye Y.: conception and design, data collection, statistical 

analysis, drafting of the manuscript, final approval. 

Guèye M.L., Diop M.L., Seck M., Touré A.O., Dieng M.: 

data collection, critical revision of the manuscript for 

important intellectual content, final approval. 

Acknowledgements 

The authors thank the nursing and administrative staff of 

the Department of General Surgery of CHAN for their 

support in data collection from paper medical records. 

REFERENCES 

1. International Diabetes Federation. IDF Diabetes Atlas, 10th 

ed. Brussels: IDF; 2021. 

2. Amoussou-Guenou KD, Zannou DM, Ade G, et al. 

Morbidité du pied diabétique en médecine interne au CNHU 

HKM de Cotonou. Mali Med. 2006;XXI(4):4–7. 

3. International Diabetes Federation. IDF Diabetes Atlas, 9th 

ed. Brussels: IDF; 2019. 

4. Van Damme H, Limet R. Le pied diabétique. Rev Med Liège. 

2005;60(5–6):516–25. 

http://hsd-fmsb.org/index.php/hra


Systemic determinants of near-universal major amputation in diabetic foot in Senegal    Yacine Seye et al 

__________________________________________________________________________________________ 

Health Res. Afr.: Vol 4; (6), June 2026, pp 136-140 

Available free at http://hsd-fmsb.org/index.php/hra 
140 

5. Djibril AM, Mossi EK, Djagadou AK, et al. Pied diabétique 

: aspects épidémiologique, diagnostique, thérapeutique et 

évolutif. Pan Afr Med J. 2018;30:4. 

6. Diallo MM, et al. Epidémiologie des plaies diabétiques à 

l'hôpital régional de Labé (Guinée). Health Sci Dis. 

2023;24(7). 

7. Diop MA. Aponévrotomie de décharge dans le traitement de 

la gangrène gazeuse du membre inférieur chez le diabétique 

[Thesis]. University [blinded]; 2024. 

8. Sano D, Tiéno H, Drabo YJ, Sanou A. Prise en charge du 

pied diabétique : à propos de 42 cas au CHU de 

Ouagadougou. Méd Afr Noire. 1999;46(6):307–11. 

9. Ka K. Prise en charge des complications chirurgicales du 

diabète au service de chirurgie générale [Thesis]. 

[University — blinded]; 2017. 

10. Kyelem CG, Compaore BW, Ouedraogo N, et al. Le pied 

diabétique à Bobo-Dioulasso. Rev Afr Méd Interne. 

2020;7(1). 

11. Nouedoui C, Teyang A, Djoumessi S. Profil 

épidémiologique et traitement du pied diabétique au Centre 

National Diabétique de Yaoundé. Tunis Med. 

2003;81(1):17–21. 

12. Koffi Dago P, Lokrou A. Stratégie d'amélioration de la prise 

en charge du pied diabétique en Côte d'Ivoire. Méd Mal 

Métabol. 2008;2(2):488. 

13. Traoré D, Mariko M, Sow DS, et al. Aspects cliniques et 

paracliniques des amputations du pied diabétique au Mali. 

Health Sci Dis. 2019;20(5):20–4. 

14. Amarir M. Gestion du pied diabétique en milieu 

traumatologique et orthopédique [Thesis]. Université 

Mohammed V, Rabat; 2014. 

15. Bouayed MN, Moro N, Bachaoui Y, et al. La prise en charge 

du pied diabétique dans un service de chirurgie vasculaire. 

E-Mém Acad Natle Chir. 2010;9(3):63–9. 

16. Samaké D. Étude épidémio-clinique des amputations 

consécutives aux complications du diabète [Thesis]. 

FMPOS Bamako; 2004. 

17. Armstrong DG, Boulton AJM, Bus SA. Diabetic foot ulcers 

and their recurrence. N Engl J Med. 2017;376(24):2367–75. 

18. Khunti K, Valabhji J, Misra S. Diabetes and the COVID-19 

pandemic. Diabetologia. 2023;66(2):255–66. 

19. Tchangani SN, Sossou E, Gninkoun J, et al. Diabetes 

mellitus in sub-Saharan Africa during the COVID-19 

pandemic: a scoping review. PLoS ONE. 

2024;19(7):e0305276. 

20. Diop SN, Sarr A, Ka-Cissé M. Pied diabétique en Afrique : 

défi de santé publique. Diabetes Metab. 2018;44(Suppl 

1):S38. 

21. Lipsky BA, Senneville E, Abbas ZG, et al. Guidelines on the 

diagnosis and treatment of foot infection in persons with 

diabetes (IWGDF 2019 update). Diabetes Metab Res Rev. 

2020;36(S1):e3280. 

22. Rothe C, Schlaich C, Thompson S. Healthcare-associated 

infections in sub-Saharan Africa. J Hosp Infect. 

2013;85(4):257–67. 

23. Kownator S. Explorations non invasives de l'AOMI. 

Réalités Cardiol. 2012:14–8. 

24. UKPDS Group. Intensive blood-glucose control with 

sulphonylureas or insulin compared with conventional 

treatment and risk of complications. Lancet. 

1998;352(9131):837–53. 

25. Lagger G, Pataky Z, Golay A. Efficacy of therapeutic patient 

education in chronic diseases and obesity. Patient Educ 

Couns. 2010;79(3):283–6. 

26. Sogan A, Amouzou EG, Kouevi-Koko TE, et al. Prise en 

charge chirurgicale des pieds diabétiques à propos de 55 cas 

au CHU Sylvanus Olympio de Lomé. Méd Afr Noire. 

2019;66(4):245–52. 

27. Hagberg E, Berlin OK, Renström P. Function after through-

knee compared with below-knee and above-knee 

amputation. Prosthet Orthot Int. 1992;16(3):168–73. 

28. Abbas ZG, Boulton AJM. Challenges for management of the 

diabetic foot in Africa: doing more with less. Diabet Med. 

2007;24(9):967–9.

 

http://hsd-fmsb.org/index.php/hra

