
Akintoye et al. The Cardiothoracic Surgeon           (2024) 32:15  
https://doi.org/10.1186/s43057-024-00134-0

REVIEW Open Access

© Crown 2024. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which permits 
use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the original 
author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or other third 
party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the mate-
rial. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation 
or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this licence, visit 
http://creativecommons.org/licenses/by/4.0/.

The Cardiothoracic Surgeon

The current state of minimally invasive 
cardiac surgery in Africa: a systematic review 
and meta-analysis
Oluwanifemi O. Akintoye1*  , Bukola G. Adu1, Michael J. Otorkpa1, Oluwatobi O. Olayode1, Samuel Fodop1, 
Peace O. Alemede1, Ruth K. Enyong1, Feziechi C. Anele1 and Benjamin I. Omoregbee1,2 

Abstract 

Background Globally, the utilisation of minimally invasive techniques has become increasingly prevalent. While 
traditional open-heart procedures still dominate the landscape, a significant portion of cardiac surgeries are now per-
formed minimally invasively. The aim of this study is to provide an insightful overview of the current state of minimally 
invasive cardiac surgery in Africa.

Main body A comprehensive database search was performed on PubMed, African Journal Online, Google Scholar, 
and Scopus to identify published data reporting on outcomes of minimally invasive cardiac surgery in Africa, 
from inception till June 2024. We used the Preferred Reporting Items for Systematic Reviews and Meta-analysis guide-
lines to undergo this study. The primary outcomes of interest were in-hospital mortality and overall mortality. Data 
were pooled together and analysed using a random effect model for meta-analysis with R software. Out of a total 
of 2309 articles identified, only fourteen papers met our inclusion criteria following deduplication and screening. The 
four countries with published research include Egypt, South Africa, Tanzania, and Morocco, with a total sample size 
of 1357 patients. The meta-analysis of the reported outcomes produced a pooled in-hospital mortality prevalence 
of 1.18%, while the pooled overall mortality prevalence was 2.23%. There was no statistically significant difference 
in outcomes between the mini sternotomy and the full sternotomy group.

Conclusion The pooled outcomes of minimally invasive cardiac surgery in Africa are comparable to those in other 
regions. However, there are several socio-economic factors limiting its widespread practice in Africa.
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Background
Minimally invasive cardiac surgery (MICS) has sparked 
a revolution in the realm of cardiac intervention world-
wide. It has emerged as a transformative approach in 
the management of various cardiac pathologies. Despite 
initial hesitancy within the field, cardiac surgery has 

swiftly embraced these innovative approaches, show-
casing remarkable adaptability and progress [1]. Glob-
ally, the utilisation of minimally invasive techniques has 
become increasingly prevalent, with ongoing efforts 
focused on enhancing innovation [2]. While traditional 
open-heart procedures still dominate the landscape, a 
significant portion of cardiac surgeries, including mitral 
valve surgeries, coronary artery bypass grafts, and aor-
tic valve replacements, are now performed minimally 
invasively [3]. Studies consistently affirm the benefits of 
this approach, highlighting diminished surgical trauma 
at the operative site, fewer blood loss and transfusions, 
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reduced pain, quicker mobilisation, shorter hospital 
stay, and faster recovery rate [4–6].

Cardiovascular diseases (CVDs) remain the leading 
cause of death in Africa, and they account for 38.9% of 
deaths from non-communicable diseases in the con-
tinent [7]. As Africa contends with a rising burden of 
CVDs, the need for effective and accessible cardiac 
treatments grows ever more pressing [8]. Like all devel-
oping regions, Africa grapples with unique challenges 
hindering the widespread adoption and advancement of 
MICS [9]. The financial and infrastructural constraints 
in the low-resource African setting pose formidable 
barriers to the progress of MICS [10]. However, we 
believe pockets of advancement have emerged across 
the continent, where the practice and utilisation of 
minimally invasive cardiac surgery have been estab-
lished. However, the adoption of minimally invasive 
MICS in Africa appears to lean towards palliative care 
interventions [11, 12]. The aim of this study is to pro-
vide an insightful overview of the current state of MICS 
in Africa. Understanding the unique dynamics of MICS 
in Africa is crucial for improving access to effective car-
diac interventions. This research aims to explore and 
shed light on the accessibility, outcomes, and factors 
limiting the extensive practice of MICS in Africa.

Methods
This research was conducted based on the Preferred 
Reporting System for Systematic Review and Meta-
analysis (PRISMA) guidelines. An extensive literature 
search was undergone on multiple databases to locate 
suitable articles that met our study eligibility crite-
ria. The search strategy was jointly developed by all 
authors. The search duration was from inception up till 
June 2024 on the following search engines: PubMed, 
Scopus, African Journal Online, and Google Scholar. 
Additionally, the reference lists of eligible studies were 
examined. Supplementary Table  S1 shows the search 
strategy of this study, including the keywords and 
MesH terms utilised for the study.

Inclusion criteria
For this review, we aimed to include all research articles, 
observational or interventional, that reported on any type 
of MICS carried out in any of the 54 African countries. 
We included studies carried out via thoracotomy or mini 
sternotomy. Studies carried out on both the paediatric 
and adult populations were included. We included only 
papers with full text written in English as we did not have 
resources for interpretation.

Exclusion criteria
We excluded papers that reported on any of the follow-
ing article types: case reports, case series, abstract only, 
commentaries, systematic reviews, and letters to the edi-
tor. We excluded papers written in other languages apart 
from English, studies carried out in the non-human pop-
ulation, and studies done in the non-African population. 
Studies that reported on transcatheter valvular proce-
dures were also excluded as these are interventional car-
diology procedures.

Data extraction and analysis
Search results from search engines were downloaded into 
rayyan.ai, [13] a software used for screening and dedupli-
cation. Screening was done by eight independent authors, 
and inconsistent decisions were solved by team discus-
sion to reach a consensus. The initial screening process 
involved article title and abstract screening, which was 
followed by full-text screening. Articles that met the 
inclusion criteria were exported to an Excel spreadsheet 
for data extraction. Two independent authors assessed 
the quality of each included study using the Newcas-
tle–Ottawa scale, and disparities in assessment were 
discussed to reach a consensus. Qualities of the research 
papers assessed include selection process, comparability 
method, and the outcomes reported by each study.

Variables of interest
The following information were extracted from the 
included paper for analysis and review: author, year of 
publication, journal, country, study design, follow-up 
period, age, sex, comorbidities (such as hypertension, 
diabetes mellitus, dyslipidaemia, chronic obstructive 
pulmonary disease (COPD), smoking, atrial fibrillation, 
New York Heart Association (NYHA) classification, and 
renal dysfunction), Euro-score, and left ventricular ejec-
tion fraction (LVEF). Operative variables included cross-
clamp time, cardiopulmonary bypass time, operative 
time, and type of minimally invasive access.

Mortality outcome variables analysed include in-hospi-
tal mortality and overall mortality. Overall mortality was 
defined as all reported deaths during the included studies 
duration, while in-hospital mortality included all deaths 
reported as occurring in-hospital. Other outcomes ana-
lysed include length of intensive care unit (ICU) stay, 
length of hospital stay, post-operative complications such 
as conversion to open surgery, post-operative stroke, 
wound infection, and re-exploration for bleeding.

Appropriate summary statistics (mean, counts, and 
proportions) were used to report the variables of interest 
and visually represented using tables. For the meta-anal-
ysis of outcomes, a single pooled incidence was derived 
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using a random effect model for proportions utilised for 
the MICS cohort. The random effects model was also 
used to compare outcomes between the mini sternotomy 
and full sternotomy groups, assuming heterogenicity 
among the studies. Tables and forest plots were created 
as a graphical representation of results. Mean differences 
were calculated for numerical variables and odd ratios 
for categorical variables for the endpoints of interest. All 
statistical analysis was done using R studio software (ver-
sion 4.3.1 (2023–06-16)—“Beagle Scouts”). A 5% level of 
significance and 95% confidence interval were utilised. 
Images were produced using the R studio software.

Results
A total of 2286 records were identified through data-
base searching, and an additional 23 papers were identi-
fied from references and citation checks to give a total of 
2309 screened articles. After deduplication, 227 papers 
were found to have been duplicated and excluded from 
the study. The remaining 2082 papers underwent title 
and abstract screening against our eligibility criteria. Fol-
lowing this, only 90 papers were identified for full-text 
screening (86 from the database and 4 from the other 
source search). Two of the 86 database articles could not 
be retrieved for full-text screening as efforts to get the full 
text of the articles were unsuccessful. Full-text screen-
ing of the remaining 88 papers led to the exclusion of a 

further 74 papers, and only 14 studies [6, 11, 12, 14–24] 
met the criteria for inclusion to our study. The PRISMA 
flow chart outlining the study selection process is shown 
in Fig. 1.

Ten of the 14 included research articles were com-
parative studies, and four were non-comparative stud-
ies. Six of the articles compared outcomes of minimal 
access to full open median sternotomy, while four com-
pared outcomes between different types of minimally 
invasive access. Three of them were randomised con-
trolled trials, while the others were either prospective 
(8) or retrospective (2) cohort studies. The Newcas-
tle–Ottawa scale was used to assess the quality of each 
study, and this is shown in Supplementary Table S2. Of 
the 54 countries in Africa, only four countries had pub-
lished research work that met the criteria for inclusion 
in our study, and they include Egypt, South Africa, Tan-
zania, and Morocco with majority of 11 (78.6%) of the 
papers from Egypt. Table 1 shows the characteristics of 
the studies included in our review. Only 1 (7.1%) study 
reported on minimally invasive coronary bypass graft, 
3 (21.4%) were on mitral valve surgery, 7 (50%) on aor-
tic valve replacement, 1 (7.1%) on double (mitral and 
aortic) valve surgery, 1 (7.1%) on mixed MICS (atrial 
septal defect closure, tricuspid valve, and mitral valve 
surgery), and 1 (7.1%) on neonatal congenital heart 
surgery (Blalock-Taussig shunt). Minimally invasive 

Fig. 1 PRISMA flow chart showing article selection process
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access via mini thoracotomy and mini sternotomy was 
reported across the included studies. Five (35.7%) stud-
ies reported the use of only upper mini sternotomy 
(either J-shaped or T-shaped). Four types of mini thora-
cotomy were reported, lateral, antero-lateral, left ante-
rior, and right anterior mini thoracotomy.

Demographic characteristics
The 14 studies included in the review had a total of 1357 
study participants. Of these, 1019 (75.15) underwent 
MICS, while the others were the comparison participants 
who underwent the conventional full median sternotomy. 
Table  2 shows the demographic characteristics of the 
1019 participants who underwent MICS. The average 

Table 1 Characteristics of the papers included in the review

Author Country Year of 
publication

Study design Sample 
size (MICS 
group)

Total 
sample 
size

Surgery type Minimal access 
type

Comparison

Harris DG et al. 
[14]

South Africa 2008 Non-compara-
tive prospective 
cohort

55 55 Coronary graft Left anterior 
thoracotomy

No comparison

Ussiri EV et al. 
[12]

Tanzania 2011 Non-compara-
tive prospective 
cohort

14 14 Mitral Valvotomy Mini lateral 
thoracotomy

No comparison

Attman WG 
et al. [11]

Egypt 1999 Non-compara-
tive prospective 
cohort

12 12 Mitral commis-
surotomy

Mini lateral 
thoracotomy

No comparison

Alkady H et al. 
[6]

Egypt 2021 Comparative 
prospective 
cohort

72 150 Double (Aor-
tic + Mitral) valve 
surgery

Upper mini 
sternotomy

Min sternotomy vs 
full sternotomy

Zalle et al. [15] Morocco 2021 Comparative 
prospective 
cohort

18 36 Aortic valve 
replacement

Mini sternotomy 
or Right Mini 
thoracotomy

Minimally invasive 
vs full sternotomy

Abd Al Jawad 
M et al. [16]

Egypt 2022 Comparative 
prospective 
cohort

189 189 Aortic valve 
replacement

J-mini ster-
notomy, Min 
thoracotomy 
(right anterior)

Mini sternotomy 
vs mini thora-
cotomy

Sanad, M. et al. 
[17]

Egypt 2020 Comparative 
prospective 
cohort

50 102 Aortic valve 
replacement

T-shaped hemi 
sternotomy

Mini sternotomy 
vs full sternotomy

Mourad F et al. 
[18]

Egypt 2021 Comparative 
retrospective 
study

260 260 Aortic valve 
replacement

J-shaped mini 
sternotomy, 
right mini thora-
cotomy

Mini sternotomy 
vs mini thora-
cotomy

Bakr Ali MK 
et al. [19]

Egypt 2023 Comparative 
prospective 
cohort

45 90 Aortic valve 
replacement

Upper J-shaped 
sternotomy

Mini sternotomy 
vs full sternotomy

El-Fiky MM 
et al. [20]

Egypt 2000 Randomised 
control trial

50 100 Mitral valve 
surgery

Right antero-lat-
eral thoracotomy

Mini right 
anterolateral 
thoracotomy vs 
full sternotomy

Moustafa AM 
et al. [21]

Egypt 2007 Randomised 
control trial

30 60 Aortic valve 
replacement

Mini sternotomy Mini sternotomy 
vs full sternotomy

El Midany, 
A.A.H., et al. 
[22]

Egypt 2019 Non-compara-
tive prospective 
cohort

50 50 Modified Blalock-
Taussig shunt

J-shaped upper 
mini sternotomy

No comparison

Torky, M.A et al. 
[23]

Egypt 2021 Comparative 
retrospective 
study

72 137 Aortic valve 
replacement

J-shaped mini 
sternotomy

Mini sternotomy 
vs full sternotomy

El Adel, M et al. 
[24]

Egypt 2022 Randomised 
control trial

102 102 ASD closure, 
mitral valve 
replacement, 
and tricuspid 
valve replace-
ment

Peri-areolar, 
infra-mammary

Peri-areolar 
minimally 
invasive (PAMI) vs 
infra-mammary 
approach
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Table 2 Pre-operative and operative characteristics of patients’ minimally invasive cohort

n, total number of participants with characteristic of interest; N, total sample size of participants with which the presence or absence of characteristics is reported; % 
or mean, continuous variables reported as mean and categorical variables as percentages; COPD Chronic obstructive pulmonary disease, LVEF Left ventricular ejection 
fraction, NYHA New York Heart Association, MVR Mitral valve replacement, AVR Aortic valve replacement, CPB Cardiopulmonary bypass time, ASD Atrial septal defect

Characteristics Number of studies reporting variable n/N (%) or mean ± SD

Mean age (years) 14/14 40.05 ± 11.03

Male 13/14 443/1001 (44.3%)

Body surface area  (m2) 3/14 5.21 ± 0.83

Body mass index (kg/m2) 5/14 138.75 ± 25.22

Hypertension 6/14 348/644 (54.0%)

Diabetes mellitus 8/14 270/818 (33.0%)

Dyslipidaemia 4/14 87/247 (35.2%)

COPD 4/14 27/249 (10.8%)

Smoking 3/14 28/192 (14.6%)

Pre-op atrial fibrillation 4/14 22/206 (10.7%)

Chronic kidney disease 3/14 12/177 (6.8%)

Cerebrovascular disease 3/14 8/194 (4.1%)

Mean LVEF (%) 8/14 55.82 ± 9.44

LVEF < 30% 2/14 4/105 (3.8%)

LVEF 30–49% 2/14 26/105 (24.8%)

LVEF > 50% 2/14 75/105 (71.4%)

Peripheral vascular disease 2/14 13/127 910.2%)

NYHA I-II 7/14 300/669 (44.8%)

NYHA III-IV 7/14 369/669 (55.2%)

Euro-Score 4/14 5.02 ± 3.84

Rheumatic heart disease 3/14 124/140 (88.6%)

Type of surgery 14/14

 Mitral valve surgery - 155 (15.2%)

 Aortic valve replacement - 664 (65.2%)

 AVR + MVR - 72 (7.1%)

 ASD closure - 22 (2.2%)

 Tricuspid valve surgery - 1 (0.1%)

 Modified Blalock-Taussig shunt - 50 (4.9%)

 Coronary artery bypass - 55 (5.4%)

Type of minimal access 14/14

 Left anterior mini thoracotomy - 55 (5.4%)

 Lateral thoracotomy - 26 (2.6%)

 Right anterior or right mini thoracotomy - 227 (22.3%)

 Right antero-lateral - 50 (4.9%)

 Upper mini sternotomy (T- or J-shaped) - 559 (54.9%)

 Peri-areolar - 53 (5.2%)

 Infra-mammary - 49 (4.8%)

Use of cardiopulmonary bypass 14/14

 Off-pump  - 131 (12.9%)

 On-pump  - 888 (87.1%)

CPB (mins) 10/14 102.29 ± 29.49 

Cross-clamp time (mins) 10/14 67.08 ± 18.41

Operative time (mins) 6/14 136.69 ± 15.98

Incision length (cm) 6/14 7.41 ± 0.75
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age of the MICS participants was 40.05 ± 11.03 years. The 
studies by Ussiri et  al. [12] and Attama et  al. [11] were 
carried out on both paediatric and adult participants, 
while the paper by El Midany et al. [22] was only on neo-
natal patients. The other 11 studies involved only adult 
participants. Majority (558, 55.7%) of the participants 
were females. In studies that reported comorbidities, 348 
(54.0%) had hypertension, 270 (33.0%) had diabetes mel-
litus, 87 (35.2%) had hypercholesterolemia, 27 (10.8%) 
had COPD, 12 (6.8%) had chronic renal dysfunction, and 
22 (10.7%) had pre-operative atrial fibrillation. The mean 
LVEF was 54.82 ± 9.44%. Majority (369, 55.2%) of the 
patients had reported NYHA classification III or IV.

Operative features
Majority (892, 85.5%) of the study participants under-
went valve surgery, with 664 (65.2%) isolated aortic 
valve replacement, 155 (15.2%) mitral valve surgery, 1 
(0.1%) tricuspid valve surgery, and 72 (7.1%) double valve 
replacement. Only 55 (5.4%) patients underwent coro-
nary artery bypass graft, while the rest had congenital 
heart surgery. Mechanical valve replacement was the 
most common type of valve replacement surgery. Types 
of mitral surgery performed included valvotomy, com-
missurotomy, and annuloplasty. Over half (559, 54.9%) 
of the participants underwent mini sternotomy. All mini 
sternotomy were via an upper sternal approach with 
either T-shaped or J-shaped mini sternotomies. Four 
types of mini thoracotomies were identified, left anterior 
55 (5.4%), lateral 26 (2.6%), right anterior 227 (22.35), and 
right anterio-lateral 50 (4.9%). A high proportion (888, 
87.1%) of the MICS were performed with the use of car-
diopulmonary bypass. The mean bypass time in patients 
who had on-pump surgery was 102.29 ± 29.49  min, 

while the mean aortic cross-clamp time and operative 
time were 67.08 ± 18.41 and 136.69 ± 15.98  min, respec-
tively. Table 2 also shows the operative data of the study 
participants.

Post-operative outcomes
The prevalence of the post-operative outcomes of 
the MICS cohort was pooled together using the ran-
dom effects model and is shown in Table 3. Ten studies 
reported on in-hospital mortality with a pooled preva-
lence of 1.18% (95% confidence interval (CI) 0.3–4.59%). 
The pooled overall mortality was calculated to be 2.23% 
(95% CI 1.21–4.08%). The post-operative complication 
with the highest prevalence was post-operative arrhyth-
mia with a pooled prevalence of 12.15% (95% CI 4.61–
28.35%). Thirty-two patients were reported in 7 studies 
to have needed conversion from MICS to open surgery. 
The pooled prevalence of conversion to open surgery 
was 4.01% (95% CI 1.70–9.18%). In addition, 42 patients 
required re-exploration for bleeding in 9 studies that 
reported on this outcome (pooled prevalence 4.46% 95% 
CI 2.43–8.06%). The pooled mean length of ICU stay and 
hospital stay was 2.56 (95% CI 1.78–3.34) days and 8.43 
(6.94–9.92) days, respectively (Fig. 2).

Five studies (n = 539) compared mini sternotomy 
to conventional full median sternotomy. Table  4 sum-
marises the outcomes of these five studies comparing 
mini sternotomy to full sternotomy. All five studies 
reported on CPB time and cross-clamp time, while only 
three of the studies reported on operative time. There 
were no statistically significant differences in CPB 
time and cross-clamp time between the mini sternot-
omy and the full sternotomy group, (mean difference 
(MD) 3.28 (95% CI − 3.69 to 10.25, p = 0.3562) and MD 

Table 3 Post-operative outcomes of minimally invasive cohort

ICU Intensive care unit, AKI Acute kidney injury, CHB Complete heart block, PPM Permanent pacemaker, n, total number of participants with characteristic of interest, 
N, total sample size of participants with which the presence or absence of characteristics is reported, % or mean, continuous variables reported as mean and 
categorical variables as percentages, SD standard deviation, CI confidence interval

Characteristics Number of studies reporting 
variable

n/N (%) or mean ± SD Pooled prevalence 
(%)/pooled mean 
(95% CI)

Overall mortality 9/14 14/628 (2.2%) 2.23 (1.21–4.08)

In-hospital mortality 10/14 7/468 (1.5%) 1.18 (0.3–4.59)

Surgical site infection 10/14 34/871 (3.9%) 3.71 (2.32–5.91)

Conversion to open 7/14 32/552 (5.8%) 4.01 (1.70–9.18)

Post-op arrythmia 6/14 118/638 (18.5%) 12.15 (4.61–28.35)

Post of CHB requiring PPM 6/14 27/643 (4.2%) 4.2 (2.90–6.05)

Post-op stroke 6/14 26/661(3.9%) 3.93 (2.69–5.71)

Re-exploration for bleeding 9/14 42/799 (5.3%) 4.46 (2.43–8.06)

Post-op AKI requiring filtration 4/14 10/571 (1.75%) 1.75 (0.94–3.22)

Length of ICU stay (days) 12/14 2.59 ± 2.21 2.56 (1.78–3.34)

Length of hospital stay (days) 13/14 8.46 ± 3.38 8.43 (6.94–9.92)
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Fig. 2 Forest plot showing the pooled prevalence of post-operative outcomes in the minimally invasive group

Table 4 Mini sternotomy vs full sternotomy outcomes

ICU Intensive care unit, AKI Acute kidney injury, CHB Complete heart block, PPM Permanent pacemaker, CPB Cardiopulmonary bypass
a Odds ratio for categorical variables and mean difference for numerical  variables. #P-valve for random effects model

Characteristics No. of studies Mini sternotomy
n = 269

Full sternotomy
n = 270

Odds ratio/mean 
difference (95% CI)a

P-value #

Overall mortality 3/5 5/167 (3.0%) 4/175 (2.3%) 1.32 (0.34–5.16) 0.6891

In-hospital mortality 3/5 3/167 (1.8%) 4/175 (2.3%) 0.78 (0.17–3.62) 0.6545

Surgical site infection 4/5 6/197 (3.05%) 11/205 (5.4%) 0.58 (0.16–2.11) 0.4088

Post-op arrhythmia 2/5 33/122 (27.0%) 28/117 (23.9%) 0.68 (0.11–4.02) 0.6668

Post of CHB requiring PPM 3/5 10/194 (5.2%) 4/195 (2.1%) 2.50 (0.77–8.19) 0.1287

Post-op stroke 3/5 3/194 (1.55%) 3/195 (1.54%) 0.71 (0.28–1.85) 0.4892

Re-exploration for bleeding 3/5 5/167 (3.0%) 11/175 (6.3%) 0.46 (0.15–1.36) 0.1605

Post op AKI requiring filtration 2/5 3/122 (2.5%) 5/130 (3.8%) 0.42 (0.08–2.21) 0.3039

Length of ICU stay (days) 5/5 1.85 ± 0.90 2.22 ± 1.21  − 0.38 (− 0.78 to 0.02) 0.0611

Length of hospital stay (days) 5/5 8.19 ± 2.33 10.61 ± 4.18  − 2.21 (− 5.50 to 1.07) 0.1865

Operative time (mins) 3/5 178.39 ± 19.31 196.10 ± 25.19  − 17.0 (− 59.89 to 25.70) 0.4337

CPB time (mins) 5/5 102.31 ± 18.97 99.13 ± 15.47 3.28 (− 3.69 to 10.25) 0.3562

Cross-clamp time (mins) 5/5 72.71 ± 16.03 69.85 ± 11.65 2.07 (− 1.39 to 5.52) 0.2415
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2.07 (95% CI − 1.39 to 5.52, p = 0.2415), respectively 
(Fig. 3). Though the operative time of the mini sternot-
omy group was shorter, this difference (MD − 17: 95% 
CI − 59.89 to 25.70) was not found to be statistically 
significant (p = 0.433). The mean difference of over-
all mortality (MD 1.32: 95% CI 0.34–5.16, p = 0.6891) 
and in-hospital mortality (MD 0.78: 95% CI 0.17–3.62, 
p = 0.6545) between the two groups were also not sta-
tistically significant (Fig.  4). There was also no signifi-
cant difference in other post-operative outcomes, such 
as surgical site infection, re-exploration for bleeding, 

and post-operative arrhythmia, between the two groups 
(Supplementary Fig. S3).

Discussion
Outcomes of MICS in Africa
In this review, we analysed the outcomes of MICS 
reported across countries in Africa. The meta-analysis 
of the reported outcomes produced a pooled in-hospital 
mortality prevalence of 1.18%, while the pooled overall 
mortality prevalence was 2.23%. A comprehensive review 
and meta-analysis by Modi et  al. found no statistically 
significant difference in mortality between patients who 

Fig. 3 Forest plot comparing operative characteristics between the mini sternotomy and full sternotomy group
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underwent mitral valve surgery via either the MICS or 
open surgery. None of the 11 studies included in their 
review found a statistically significant difference in mor-
tality [25]. This is like the result from our study that 
found no difference in both overall mortality and in-hos-
pital mortality in patients who had mini sternotomy and 
full sternotomy.

In one of the US studies included in the review by Modi 
et al., the perioperative and overall mortality was found 
to be 0.2% and 3% in the minimally invasive mitral valve 
group [26]. Grossi et al. reported an in-hospital mortality 
of 3.7% in patients having either isolated mitral valve or 
aortic valve surgeries via the minimally invasive approach 
[27]. They also reported a 6-year overall mortality of 4.2% 
in the minimally invasive mitral valve surgery [28]. The 
higher overall mortality they reported compared to other 
studies could be attributed to the longer follow-up time 
of 6  years compared to the less than 5-year follow-up 
time seen in other prior mentioned studies. In our review, 
we report a pooled overall mortality of 2.23% which is 
slightly lower than those reported in these studies. This 
could possibly be explained by the fact that our review 
included patients who underwent minimally invasive 

coronary bypass, not only valvular surgeries. Though our 
meta-analysis which included 5 studies showed there was 
a shorter ICU stay in the mini sternotomy group com-
pared to the full sternotomy group, this difference was 
not found to be statistically significant (p = 0.06) (Supple-
mentary Fig. S4).

Several empirical studies show that patients undergo-
ing MICS experienced lower complication rates, shorter 
length of ICU stay, and hospital stays compared to those 
who had conventional open surgeries. In a systematic 
review by Dieberg et al., they reported on outcomes com-
paring all MICS vs open cardiac surgery [29]. Though 
they did not report on mortality outcomes, they reported 
statistically significant differences in length of ICU stay, 
cross-clamp time, CPB time, and operative time between 
the two groups. In their meta-analysis of length of ICU 
stay which included 6 prospective studies, they found 
that patients who underwent MICS compared to open 
surgeries had statistically significantly shorter ICU stay 
[29]. In contrast, in our study, this was not found to be 
statistically significant. This could be because our study 
included both retrospective and prospective studies, 

Fig. 4 Forest plot comparing mortality outcomes between the mini sternotomy and the full sternotomy group
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while the review by Dieberg et al. only included prospec-
tive studies.

Dieberg et al. reported longer cross-clamp time, bypass 
time, and operative time in the minimally invasive cardiac 
surgery patients [29]. Grossi et al. reported a mean cross-
clamp and cardiopulmonary bypass times of 92 min and 
127 min, respectively [27]. These results can be seen to be 
comparable to our study which showed similar average 
cross-clamp time and cardiopulmonary bypass times of 
81.5 and 133 min, respectively. Cohn et al., in their study, 
demonstrated a significant decrease in post-operative 
complications, including post-operative bleeding and 
cerebral vascular accidents [30].

Limitations to the widespread use of MICS in Africa
Although minimally invasive cardiac surgery has gained 
widespread acceptance worldwide, there is limited doc-
umentation regarding its prevalence and utilisation in 
Africa. The potential for MICS to emerge significantly in 
Africa is greater than in its current state.

Cost of MICS
The economic evaluation of implementing MICS across 
the African continent is a topic of paramount impor-
tance. The available literature regarding MICS generally 
lacks specific information on the costs associated with 
these procedures. However, numerous publications from 
other regions, particularly resource-rich areas, have pro-
vided insights into the cost of performing MICS. Despite 
the technical complexity involved in MICS, it has been 
documented that it is generally less expensive than stand-
ard open sternotomy cardiac surgeries.

A study conducted by Arom et al. evaluated the finan-
cial and clinical appropriateness of coronary artery 
bypass grafting by comparing minimally invasive direct 
coronary artery bypass (MIDCAB) and full sternotomy 
off-pump to the conventional on-pump coronary artery 
bypass approach [31]. The study found that the MIDCAB 
approach resulted in cost savings for acute episodes of 
care when compared to the conventional approach. The 
cost analysis considered all hospital expenses, including 
direct and indirect costs, and fixed and variable costs, 
and results showed that intraoperative expenses were sig-
nificantly lower for MIDCAB [31].

Another institutional study by Teman et  al., compar-
ing the costs and outcomes of minimally invasive versus 
open coronary surgery, found that MICAB resulted in 
cost savings of over 20%, with expenses totalling $27,906 
compared to $35,011 for the open approach [32].

Though MICS presents numerous advantages, such 
as mitigated surgical trauma, expedited recovery, and 
reduced hospitalisation duration, the crucial aspect of 
cost-effectiveness within the African milieu remains a 

significant area of consideration [33, 34]. Funding and 
resource availability in the African context remain a lim-
iting factor. The economic scrutiny of MICS in Africa 
necessitates a multi-faceted approach. To be considered 
is the initial monetary outlay for the establishment of 
MICS facilities, the steep costs of purchasing the spe-
cialised equipment and instruments, the overall financial 
implications of performing MICS, the enduring continu-
ing costs associated with the upkeep and maintenance 
of facilities and equipment, and the supplementary cost 
of educating and training surgeons and other healthcare 
providers in effectively and proficiently delivering MICS. 
Though the cost of MICS surgeries may fluctuate based 
on the intricacy of the operation, the exact procedure 
undertaken, and the specific healthcare establishment, 
the high capital required to establish a MICS programme 
could serve as a limiting factor to the widespread adop-
tion of MICS across Africa.

Lack of availability of CT surgeons in Africa
Across Africa, the demand for cardiac surgery services is 
higher than its supply. A shortage of expertise in MICS 
across Africa exacerbates the challenge. The study by 
Yankah et  al. reported that there were only 933 car-
diothoracic surgeons (CS) listed by CTSNet in Africa, 
indicating an average of one surgeon per 1.3 million indi-
viduals. In North Africa, this ratio was three surgeons per 
1 million people, whereas in sub-Saharan Africa, it was 
one surgeon per 3.3 million individuals [35]. Excluding 
South Africa, this figure worsens to 1 in every 39 million 
individuals [35]. Another study reported that across all 
of Africa, there is only one surgeon to 4 million patients 
[10]. With this scarcity of cardiac surgeons to meet the 
demand of cardiac surgery in the continent, it is not 
surprising that MICS across the continent has not been 
well established. Without enough skilled practitioners, 
the potential benefits of minimally invasive approaches 
cannot be fully realised, leaving many patients without 
access to these advanced surgical options [10].

Also, the challenge of the prolonged learning curve 
associated with MICS can be attributed to its lack of 
widespread use in Africa. Holzhey et  al. in their study 
reported that the acquisition of proficiency in performing 
minimally invasive mitral valve surgery typically neces-
sitates a substantial number of procedures, ranging from 
75 to 125, to surmount the learning curve, based on data 
from a high-volume centre [36]. Edwin et al. bring to light 
the imperative need for the investment in the training 
and pedagogy of cardiac surgeons in MICS techniques 
[37]. Cardiothoracic surgery training in Africa is also 
limited in several countries. Forcillo et al. in their study 
reported that most of the cardiac surgeons in Namibia, 
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Uganda, and Zambia were trained abroad [38]. By broad-
ening the spectrum of skilled professionals, a larger num-
ber of centres will be able to offer MICS, thereby boosting 
the accessibility of these procedures.

Lack of sufficiently equipped cardiac centres in Africa
In addition to the lack of personnel, there is also a lack 
of sufficiently equipped cardiac centres to meet the high 
demand of cardiac surgery in the continent. While efforts 
are being made to make cardiac surgery more accessi-
ble in African countries, there remains a substantial gap 
between the number of centres and the population [38]. 
The scarcity of cardiac surgery facilities in the region 
exacerbates the difficulty of carrying out MICS in Africa.

It has been reported that there are only 22 cardiotho-
racic centres in sub-Saharan Africa [35, 39], though this 
figure might be grossly inadequate, as there is a report 
of 13 cardiac surgery centres in Nigeria [40] and 48 cen-
tres in South Africa [41, 42]. Information from the Nige-
ria Heart Registry website shows that in the last 20 years 
(2004–2024), there are 26 centres in Nigeria which per-
form cardiac surgeries [43]. The report showed that in 
2004, there were only 4 cardiac surgeries performed 
across the country. This number has increased consid-
erably over the years, with 284 cardiac surgery proce-
dures performed across Nigeria in 2023 [43]. Despite this 
increase, the burden and demand for cardiac surgery still 
exponentially outweigh the supply in the country.

In a recent systematic review that reported on cardiac 
surgery publication in Africa, it was reported that 26 out 
of the 54 African countries had studies published on car-
diac surgery [41]. Of these 26 countries, over half of the 
studies included were from only four countries which 
include South Africa, Tunisia, Egypt, and Kenya [41]. 
In a review on coronary artery bypass surgery in Africa, 
only four countries, Algeria, Egypt, Nigeria, and South 
Africa, were included in the review [44]. However, a more 
recently published study by Effiom et al. reported about 
154 cardiac centres across Africa [45].

Despite efforts by certain African nations to develop 
resilient cardiac programmes at regional levels, there 
remains a dearth of evidence regarding the capability of 
these centres to offer MICS procedures. In Nigeria, the 
lack of personnel and resources might have served as lim-
itations to the commencement of MICS over the years, 
as a news report recently announced that the very first 
MICS in Nigeria was only done in August 2023 in a pri-
vate facility [46]. The research by Zilla et al. underscores 
the urgency for an amplified allocation of resources and 
enhanced access to cutting-edge surgical equipment. The 
absence of the necessary resources and equipment makes 
it an uphill task to carry out MICS procedures effec-
tively and without compromising on safety [47]. In many 

African countries, surgeries are often cancelled for vari-
ous reasons, such as power outages, water and sanitation 
issues, lack of blood products, human resources, or lack 
of surgical materials and prostheses. Hence, although 
MICS has many benefits, their affordability and availabil-
ity in the African settings are influenced by low-resource 
healthcare systems.

Recommendations
Considering these challenges, there is an urgent need 
to overcome the barriers hindering the adoption and 
advancement of MICS in Africa. Primarily, it is essential 
to channel investments into the training and pedagogy of 
cardiothoracic surgeons in MICS techniques. This goal 
can be brought to fruition through alliances with inter-
national organisations and synergies between healthcare 
institutions. By offering specialised training programmes, 
a larger number of surgeons can gain the necessary acu-
men to carry out MICS procedures efficiently.

Secondly, the increased allocation of resources and 
enhanced access to state-of-the-art surgical equipment 
are paramount to buttress the execution of MICS in 
Africa. Despite the potential initial financial strain, the 
long-term economic advantages of MICS should serve as 
a positive factor to encourage their establishment. Fac-
tors such as shortened hospital stay, enhanced patient 
outcomes, and swift recovery can significantly lessen 
overall costs on healthcare systems. A comprehensive 
economic appraisal can aid policymakers and healthcare 
providers in making informed decisions concerning the 
incorporation and application of MICS across Africa. 
Governments and healthcare organisations should pri-
oritise the allocation of funds to healthcare to ensure 
that hospitals and specialised centres are resourced ade-
quately to perform MICS procedures. Partnerships with 
medical equipment manufacturers could also facilitate 
access to the latest technology.

Lastly, fostering collaboration between international 
organisations, governments, and local healthcare institu-
tions is vital to catalyse knowledge sharing and provide 
opportunities for training and capacity building. Utilising 
the expertise and resources of diverse stakeholders, the 
barriers to executing MICS in Africa can be surmounted 
more effectively. This collaboration could also pave the 
way for the establishment of guidelines and standards for 
MICS procedures in the African context.

Limitations of the study
We performed an extensive search to capture reported 
studies on outcomes of MICS in Africa, and these pro-
duced very limited studies to be included in our review. 
There is a slight probability that all research papers were 
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not captured; however, it is more probable that some cen-
tres undergoing MICS in Africa have not published their 
results. This would therefore lead to a form of publication 
bias. Majority of the included studies were carried out in 
North Africa, especially Egypt. This could affect the gen-
eralisability of the result, as it might not be representative 
of other regions of Africa.

We also excluded studies with full text not available in 
English. In excluding these papers, we might have omit-
ted important papers in regions of Africa that are non-
English speaking. In addition, included papers were 
mostly observational studies with only a few countries 
in Africa included in the review. The lack of randomised 
control trials in the included studies provides a lesser 
level of evidence. This could not be avoided as we per-
formed an extensive literature search which did not yield 
any randomised studies.

Conclusions
The pooled mortality outcomes of MICS reported in our 
study were comparable to those gotten from studies in 
other regions. Though there was a lack of sufficient data 
published on the outcome of MICS in Africa, this might 
not translate to mean these procedures are not practised 
in some of the cardiac centres in Africa. There are sev-
eral limitations to the practice of MICS in Africa which 
include inadequate resources and infrastructure, insuf-
ficient funding, and limited number of CT surgeons 
trained in MICS, to name a few. It is important that the 
government in African countries take steps towards 
funding MICS programmes and also collaborate with 
international organisations for the training of cardiotho-
racic surgeons.
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