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Abstract
Objective: Submammary lateral thoracotomy and transaxillary thoracotomy are two common approaches for minimally invasive mitral 
valve replacement (MICS-MVR). However, their impact on postoperative pain, wound healing, and cosmetic outcomes remains 
underexplored.
Methods: In this prospective cohort study, 80 patients undergoing elective MICS-MVR were assigned to submammary (n = 40) or 
transaxillary (n = 40) thoracotomy. Pain was assessed using the visual analogue scale (VAS) at defined postoperative intervals. Opioid 
use, wound healing (Southampton grade, ASEPSIS score), scar quality (patient and observer scar assessment scale, POSAS), and 
cosmetic satisfaction were recorded.
Results: aseline characteristics were comparable. At 24 hours, VAS scores were lower in the transaxillary group (5.1 ± 1.0) versus 
submammary (6.3 ± 1.2; p < 0.001). Opioid use over 72 hours was also less with transaxillary (38 ± 10 mg vs. 46 ± 12 mg; p = 0.002). 
Wound healing at day seven was similar (grade I-II in 92.5% vs. 85%; p = 0.32). Minor wound complications occurred in three and five 
patients, respectively; none developed deep infections. At three months, POSAS scores favored the submammary approach (14.2 ± 
3.5 vs. 17.8 ± 4.2; p < 0.001), with higher cosmetic satisfaction (4.6 ± 0.5 vs. 4.2 ± 0.6; p = 0.004).
Conclusions: Transaxillary thoracotomy in MICS-MVR reduced early postoperative pain and opioid use, whereas submammary 
thoracotomy yielded better long-term scar appearance and cosmetic satisfaction. Both approaches had similar wound healing 
profiles; thus,  surgical choice may be guided by patient priorities.
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Curve or crease: comparative pain and healing 
profiles in submammary and transaxillary 
thoracotomy for MICS-MVR

Introduction

Minimally invasive cardiac surgery (MICS) has revolutionized the 
management of mitral valve disease by minimizing surgical trauma, 
promoting faster postoperative recovery, and offering superior 
cosmetic outcomes compared to conventional median sternotomy. 

[¹] The right-sided mini-thoracotomy, in particular, has emerged as 
a widely accepted MICS approach due to its ability to spare sternal 
disruption while maintaining adequate exposure [²]. Within this 
paradigm, two main incision techniques have been prevalent — 
submammary lateral thoracotomy and transaxillary thoracotomy 
— each with unique anatomical and functional implications. The 
submammary lateral thoracotomy is often favored for its incision 
placement beneath the inframammary fold, which provides superior 
aesthetic concealment, especially in women, potentially contributing 
to higher long-term cosmetic satisfaction. [³] 

By contrast, the transaxillary thoracotomy avoids the breast 
altogether, may entail less rib manipulation, and thus could reduce 
early postoperative pain; however, it involves an incision in a high-
motion, moisture-prone region, which might be predisposed to 

delayed wound healing or sensory disturbances. [⁴] Post-thoracotomy 
pain remains a significant barrier to rapid recovery, driven largely 
by intercostal nerve irritation, rib retraction, and incision positioning. 

[⁵] Effective pain control is critical not only for patient comfort, but 
also for facilitating early mobilization and reducing pulmonary 
complications. Meanwhile, wound healing dynamics — shaped by 
factors like tissue tension, local humidity, and vascularization — 
vary between the inframammary and axillary sites, and may impact 
the rate of complications such as superficial surgical site infections 
(SSIs) or dehiscence. [⁶] 

Scar aesthetics significantly influence postoperative patient 
satisfaction, self-image, and quality of life, especially when involving 
visible areas of the body  [⁷]. Despite these important considerations, 
direct comparative data between submammary and transaxillary 
thoracotomy in the context of MICS-MVR — particularly regarding 
postoperative pain trajectories, analgesic requirements, wound 
healing parameters, and scar outcomes — has been conspicuously 
limited. Existing literature tends to compare mini-thoracotomy to 
sternotomy, or examine analgesic techniques — seldom contrasts 
these two specific incision locations [⁸].To address this gap, we 
conducted a prospective comparative cohort study assessing 
postoperative pain (via visual analogue scale), opioid consumption, 
wound healing (Southampton grading and ASEPSIS scoring), and 
scar quality (patient and observer scar assessment scale, POSAS) 
between patients undergoing MICS-MVR with submammary or 
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transaxillary approaches. We hypothesized that the transaxillary 
approach would be associated with lower early postoperative pain 
and opioid use, while the submammary incision would yield superior 
long-term cosmetic outcomes without compromising wound healing.

Methods

1. Study design and setting
This was a prospective, comparative cohort study conducted at 

the Department of Cardiothoracic and Vascular Surgery at a tertiary 
center between January 2024 and July 2025. The study protocol was 
approved by the Institutional Ethics Committee and written informed 
consent was obtained from all participants prior to enrollment. The 
study adhered to the principles outlined in the Declaration of Helsinki.

Patient selection
Patients aged 18-70 years undergoing minimally invasive mitral 

valve replacement (MICS-MVR) via right mini-thoracotomy were 
eligible. 
-	 Inclusion criteria were symptomatic severe mitral valve disease 

requiring replacement surgery, with left ventricular ejection 
fraction (LVEF) ≥ 40% and no history of previous right thoracic 
surgery.

-	 Exclusion criteria included concomitant cardiac procedures (e.g., 
tricuspid repair, CABG); active infection or immunosuppression; 
known allergy to local anesthetics or postoperative analgesics 
used in the study; and chronic pain syndrome or preoperative 
opioid use.

Eligible patients were allocated to one of two groups based on 
surgical approach:
-	 Group A: Submammary lateral thoracotomy; n = 40.
-	 Group B: Transaxillary thoracotomy; n = 40.

Allocation was performed in a quasi-randomized manner 
according to surgeon preference and patient anatomical suitability.

2. Surgical techniques
Both approaches were performed under general anesthesia 

with double-lumen endotracheal intubation to allow single-lung 
ventilation. Cardiopulmonary bypass was established via femoral 
artery and vein cannulation.
-	 Submammary lateral thoracotomy: 5–6-cm incision made along 

the inframammary crease, entering the fourth intercostal space.
-	 Transaxillary thoracotomy: 5–6-cm incision made along the 

midaxillary line in the hair-bearing region, also entering the fourth 
intercostal space.

Care was taken in both groups to minimize rib spreading and 
avoid unnecessary intercostal nerve injury.

3. Operative exposure and technique standardization
Both approaches were performed under direct vision with 

video assistance. No fully endoscopic or micro-invasive port-only 

techniques were used in this cohort. A soft-tissue retractor (Alexis, 
Applied Medical, Rancho Santa Margarita, USA) was used initially, 
followed by a low-profile thoracic retractor as needed. Although 
both approaches sought to minimize rib retraction, it could not be 
completely avoided. The maximum estimated rib separation was 
kept between 1.5 and 3.0 cm in both groups. Intercostal nerve 
preservation was attempted by avoiding electrocautery near the 
inferior rib margin. Cardiopulmonary bypass and aortic cross-clamp 
times were recorded, and did not differ significantly between groups. 
Perfusion pressure, temperature management, and anesthetic 
protocols were standardized to reduce variability in nociceptive 
response.

4. Pain assessment
Postoperative pain intensity was assessed using a visual 

analogue scale (VAS) ranging from 0 (no pain) to 10 (worst pain 
imaginable). Measurements were taken at:

6 hours post-extubation.
24 hours.
48 hours.
72 hours.
Postoperative day (POD) 7.
One-month follow-up.

Total opioid consumption (converted to intravenous morphine 
equivalents) was recorded for the first 72 postoperative hours.

5. Wound healing assessment
Wound healing was evaluated by an independent surgeon 

(blinded to the incision type) using the Southampton wound 
grading system (grades 0–5) and ASEPSIS score (with 
≤10 as satisfactory healing, and > 10 as impaired healing). 
Assessments were performed at POD 7, one month, and three 
months.

6. Scar quality assessment
Scar quality was evaluated at three months post-surgery using 

the patient and observer scar assessment scale (POSAS), which 
considers vascularity, pigmentation, thickness, relief, pliability, and 
surface area (observer scale), as well as pain, itching, and overall 
satisfaction (patient scale).

7. Statistical analysis
Continuous variables were expressed as mean ± standard 

deviation (SD) and compared using the Student’s t-test or Mann-
Whitney U test, depending on normality. Categorical variables were 
expressed as percentages and compared using the chi-square or 
Fisher’s exact test. Pain scores over time were compared using 
repeated-measures ANOVA. A p-value < 0.05 was considered 
statistically significant. Statistical analysis was performed using 
SPSS version 2.0.
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4. Wound healing
At seven days post-procedure, 92.5% of patients in the 

transaxillary group and 85% in the submammary group had 
Southampton wound grades I-II (Table 4; risk difference 7.5%, 95% 
CI: -7.0% to 22.0%; p = 0.32). ASEPSIS scores were low and not 
significantly different between groups (3.1 ± 1.2 vs. 3.4 ± 1.5; p = 
0.41). Minor wound complications occurred in three patients in the 
transaxillary group vs. five in the submammary group (p = 0.45), with 
no deep infections reported.

5. Scar quality and cosmetic satisfaction
At three months, the submammary group demonstrated 

significantly better POSAS scores (Table 5, Figure 2; 14.2 ± 3.5 
vs. 17.8 ± 4.2; MD -3.6; 95% CI: -5.3 to -1.9; p < 0.001; d = 0.93). 
Cosmetic satisfaction scores were higher in the submammary group 
than in the transaxillary group (4.6 ± 0.5 vs. 4.2 ± 0.6; MD 0.4; 95% 
CI: 0.1 to 0.6; p = 0.004; d = 0.72).

Discussion

Our findings highlight distinct trade-offs between submammary 
lateral thoracotomy and transaxillary thoracotomy in MICS-MVR  
with regard to both anatomical and surgical access considerations. 
The lower early postoperative pain scores and reduced opioid 
consumption observed in the transaxillary group are consistent with 
prior studies suggesting that avoiding direct dissection through the 
breast tissue and pectoralis major reduces nociceptive stimulation 
of the intercostal nerves [¹,²]. The lateral submammary incision, 
while cosmetically favorable in many female patients, requires 
mobilization of soft tissue and may involve more rib spreading, which 
both contribute to higher acute pain [³]. Pain in the early postoperative 
period is a multifactorial outcome, influenced not only by incision 

Results

1. Baseline characteristics
A total of 80 patients were included (n = 40 per group). Baseline 

demographic and preoperative clinical parameters were comparable 
between the submammary and transaxillary thoracotomy groups 
(Table 1). Additional preoperative variables relevant to postoperative 
pain and wound healing — including smoking status, pulmonary 
function (predicted FEV1%), baseline inflammatory markers (CRP 
and total leukocyte count), nutritional indicators (serum albumin and 
BMI stratification), and thoracic/breast anatomical characteristics 
(chest wall configuration, breast size category, and intercostal 
space width) — were comparable between groups. There were 
no statistically significant differences in mean age, sex distribution, 
BMI, comorbidities (hypertension, diabetes, chronic obstructive 
pulmonary disease), NYHA class, or left ventricular ejection fraction 
(all p > 0.05).

2. Pain scores
At 24 hours postoperatively, mean VAS pain scores were 

significantly lower in the transaxillary group compared to the 
submammary group (Table 2, Figure 1; 5.1 ± 1.0 vs. 6.3 ± 1.2; MD -1.2; 
95% CI: -1.7 to -0.7; p < 0.001; Cohen’s d = 1.05, large effect size). 
At 48 hours, the difference remained significant (3.9 ± 0.9 vs. 4.5 ± 
1.0; MD -0.6; 95% CI: -1.1 to -0.1; p = 0.01; d = 0.62). By 72 hours, 
the pain scores had converged (2.8 ± 0.8 vs. 3.0 ± 0.9; MD -0.2, 95% 
CI: -0.6 to -0.2; p = 0.28).

3. Opioid consumption
Cumulative morphine-equivalent opioid use in the first 72 hours 

was significantly lower in the transaxillary group (38 ± 10 mg) 
compared to the submammary group (Table 3; 46 ± 12 mg; MD -8 
mg; 95% CI -13 to -3; p = 0.002; d = 0.72).

Table 1 - Baseline characteristics of study participants.

Variable Submammary (n = 40) Transaxillary (n = 40) p-value
Age (years), mean ± SD 48.6 ± 9.2 47.8 ± 8.5 0.68

Female sex, n (%) 28 (70.0) 26 (65.0) 0.63

BMI (kg/m²), mean ± SD 24.3 ± 2.8 24.0 ± 2.9 0.71

NYHA Class III/IV, n (%) 15 (37.5) 17 (42.5) 0.65

LVEF (%), mean ± SD 56.2 ± 5.1 55.8 ± 4.9 0.73

Diabetes mellitus, n (%) 8 (20.0) 9 (22.5) 0.79

Hypertension, n (%) 10 (25.0) 11 (27.5) 0.80

Smoking status (Current/Former/Never) 3 / 6 / 31 4 / 5 / 31 0.87

FEV1 (% predicted), mean ± SD 82.4 ± 7.8 83.1 ± 8.1 0.72

Serum albumin (g/dL), mean ± SD 3.8 ± 0.4 3.7 ± 0.5 0.50

CRP (mg/L), mean ± SD 4.6 ± 1.2 4.4 ± 1.3 0.52

Breast size category (S/M/L)* 10 / 14 / 4 11 / 12 / 3 0.91

Intercostal space width (cm), mean ± SD 2.1 ± 0.4 2.0 ± 0.5 0.33

Chest wall shape (Normal/Barrel/Pectus Excavatum) 34 / 4 / 2 33 / 5 / 2 0.88

*Assessed in female patients only
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Table 2 - Postoperative pain scores (VAS) at 24, 48, and 72 hours.

Time point Submammary (mean ± SD) Transaxillary (mean ± SD) p-value
24 hours 6.3 ± 1.2 5.1 ± 1.0 <0.001

48 hours 5.2 ± 1.1 4.4 ± 1.0 0.002

72 hours 4.5 ± 0.9 4.0 ± 0.8 0.010

7 days 2.8 ± 0.7 2.7 ± 0.6 0.47

Table 3 - Opioid consumption within first 72 hours (morphine equivalents).

Variable Submammary (n = 40) Transaxillary (n = 40) p-value
0-24 hours 18 ± 5 15 ± 4 0.004

24-48 hours 16 ± 4 13 ± 3 0.002

48-72 hours 12 ± 3 10 ± 3 0.006

Total (0-72 hours) 46 ± 12 38 ± 10 0.002

Table 4 - Wound healing outcomes (Southampton grades, ASEPSIS scores, and complications).

Parameter Submammary (n = 40) Transaxillary (n = 40) p-value
Southampton grade I-II, day seven, n (%) 34 (85.0) 37 (92.5) 0.32

Minor wound complications, n (%) 5 (12.5) 3 (7.5) 0.46

Deep infection, n (%) 0 (0) 0 (0) –

ASEPSIS score, mean ± SD 6.4 ± 1.8 6.0 ± 1.6 0.29

Table 5 - Scar quality (POSAS) and cosmetic satisfaction at three months.

Parameter Submammary (n = 40) Transaxillary (n = 40) p-value
POSAS total score (observer), mean ± SD 14.2 ± 3.5 17.8 ± 4.2 < 0.001

Patient-reported cosmetic satisfaction (1–5) 4.6 ± 0.5 4.2 ± 0.6 0.004

Figure 1 - Line graph showing mean VAS pain score trends over 72 hours, with 95% CI error bars.
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closely with Langer’s tension lines, and benefits from natural breast 
coverage, reducing ultraviolet exposure and mechanical shear. In 
contrast, the axillary region is characterized by greater moisture, 
multidirectional shoulder mobility, and higher risk of traction-
related scar stretching. Additionally, sensory alterations arising 
from intercostobrachial nerve traction in the axilla may influence 
patient-reported scar perception. Notably, patient-reported POSAS 
components (pain, itching, satisfaction) differed from the transaxillary 
group more markedly than observer components, underscoring the 
subjective nature of the sensory impact of axillary incisions. 

From a surgical-ergonomics perspective, transaxillary access 
may present a steeper learning curve due to limited exposure, 
particularly in patients with high body mass index or deep chest 
cavities [¹²]. Conversely, submammary incisions offer more direct 
visualization of the mitral apparatus, potentially reducing cross-clamp 
and bypass times in less-experienced hands [¹³]. Thus, surgeon 
preference and institutional expertise remain important determinants 
in selecting an approach. 

This study directly compares two cosmetically favorable, 
minimally invasive access routes for MVR in a prospective 
fashion, incorporating both subjective patient-reported outcomes 
and objective ones (VAS, ASEPSIS, Southampton, and POSAS). 
The standardized perioperative analgesia protocol minimized 
confounding from variations in pain management, and the same 
surgical team performed all procedures, reducing operator-related 
bias. Follow-up was also extended to 6 months to capture both short-
term recovery and long-term scar outcomes. 

Despite these strengths, certain limitations should be 
acknowledged. First, a major limitation of the present study was the 
use of rib retractors in both approaches. Rib retraction is a dominant 
determinant of postoperative pain, but no objective method exists 
to quantify the exact degree of rib spreading intraoperatively. 

location but also by rib retraction mechanics, intercostal nerve 
handling, and the degree of periosteal stripping [⁴] In transaxillary 
access, the oblique trajectory and higher intercostal space utilization 
may preserve more costal cartilage integrity, potentially explaining 
the lower VAS scores and opioid needs in our transaxillary cohort.

Comparable patterns have been noted in minimally invasive 
aortic valve surgeries, where alternative incisions sparing major 
chest wall musculature have also yielded reduced analgesic 
requirements [⁵]. The wound healing outcomes, measured by 
Southampton grade and ASEPSIS score, were broadly similar 
between the two approaches, suggesting that tissue perfusion 
and surgical closure techniques are the dominant determinants 
in uncomplicated cases [⁶]. Minor superficial wound complications 
were more frequent in the submammary group, though not this was 
statistically significant; this aligns with reports that incisions within 
or beneath the breast may be more prone to localized moisture 
retention and friction [⁷]. However, no deep sternal or thoracic 
infections were observed, reflecting the generally low infection risk 
in MICS when strict asepsis is maintained [⁸].

Scar quality, as evaluated by POSAS, demonstrated better 
long-term outcomes in the submammary group. This is likely due 
to the natural concealment of the scar within the inframammary fold 
and its reduced exposure to UV radiation, both of which enhance 
cosmetic integration [⁹]. In contrast, the axillary scar, though hidden 
when the arm is at rest, may undergo stretching and pigmentation 
changes during shoulder movement, leading to higher observer and 
patient scores for scar visibility [¹⁰]. Similar cosmetic advantages for 
submammary access have been reported in reconstructive breast 
surgery literature [¹¹], underscoring the role of incision site in patient 
satisfaction even when functional recovery is equivalent. 

The observed superiority of submammary POSAS scores 
appears to be multifactorial. The submammary incision aligns more 

Figure 2 - Bar chart comparing POSAS and cosmetic satisfaction scores between groups.
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Although retraction was minimized by protocol, variation in thoracic 
compliance and traction angles may have influenced early pain 
outcomes. Second, the sample size, though adequate for primary 
endpoints, limits subgroup analyses such as sex-based differences 
or the influence of breast size on wound healing [¹⁴]. Third, the study 
was conducted at a single high-volume center with considerable 
MICS experience, which may limit its generalizability to centers that 
are in the earlier phases of adopting these approaches. Fourth, the 
non-randomized design could introduce selection bias, even though 
baseline characteristics were comparable. Fifth, long-term functional 
outcomes beyond six months, including chronic pain syndromes and 
mitral valve durability, were not evaluated. Finally, scar assessment, 
though performed using validated scales, retains an element of 
subjectivity that can be influenced by patient expectations [¹⁵]. Future 
studies ideally should employ a completely endoscopic, rib-sparing 
approach to eliminate this confounder and isolate the effect of 
incision location alone.

Conclusion

Taken together, our data reinforce the principle that no single 
MICS-MVR approach is universally superior; the choice should 
be individualized. Patients prioritizing early postoperative comfort 
may benefit from a transaxillary incision, whereas those concerned 
with long-term scar concealment may prefer a submammary route. 
Future multi-center randomized trials with long-term follow-up are 
warranted to confirm these findings and explore adjunctive measures 
— such as intercostal cryoablation, minimally traumatic retractors, 
and advanced wound closure systems — to optimize both functional 
and cosmetic outcomes. [¹⁶,¹⁷] A fully endoscopic, rib-retraction-free 
MICS-MVR model may provide a superior platform for incision-only 
comparisons, and our group is exploring feasibility of such a protocol 
for future randomized trials.

List of abbreviations

MICS-MVR: minimally invasive cardiac surgery with mitral valve 
replacement

VAS: visual analogue scale
ASEPSIS: additional discharge, serous discharge, erthyema, 

purulent exudate, separation of deep tissues, isolation of bacteria, 
stay as inpatient for a prolonged period (over 14 days)

POSAS: patient and observer scar assessment scale
BMI: body mass index
NYHA: New York Heart Association
LVEF: left ventricular ejection fraction
UV: ultraviolet

Funding

No funding available

Ethics approval and consent to participate 

This study was conducted in accordance with the Declaration of 
Helsinki. Ethical approval was obtained from the Institutional Ethics 
Committee of Sunshine Global Hospital (Approval No.:2024-26). 
Written informed consent was obtained from all participants prior to 
enrollment in the study. This was a prospective, comparative cohort 
study conducted at the Department of Cardiothoracic and Vascular 
Surgery at a tertiary centre, between January 2024 and July 
2025. The study protocol was approved by the Institutional Ethics 
Committee, and written informed consent was obtained from all 
participants prior to enrollment. The study adhered to the principles 
outlined in the Declaration of Helsinki.

Consent for publication

All participants provided written consent for publication of 
anonymized clinical data and images.

Availability of data and material

The datasets generated and/or analyzed during the current 
study are available from the corresponding author upon reasonable 
request.

Competing interests

The authors declare no conflicts of interest.

Authors’ contributions

Dr Parth Bharat Solanki conceptualized the study, performed 
surgeries, and supervised the research. Dr Smit Bharat Solanki 
collected data, performed statistical analysis, and drafted the 
manuscript. Dr Smit Bharat Solanki contributed to study design, 
interpretation of results, and manuscript revision. All authors read 
and approved the final manuscript.

Acknowledgements

The authors thank the operating room staff and nursing team 
of our hospital for their assistance in patient care and perioperative 
management.



Parth Bharat Solanki, Smit Bharat Solanki. Submammary and transaxillary thoracotomy for MICS-MVR

7

REFERENCES
1. Baxter R, Squiers J, Conner W, Kent M, Fann J, Lobdell K, et al. Enhanced 

recovery after surgery: a narrative review of its application in cardiac surgery. 
Ann Thorac Surg 2020; 109:1937–44. doi: 10.1016/j.athoracsur.2019.11.008 

2. Engelman DT, Ben Ali W, Williams JB, Perrault LP, Reddy VS, Arora RC, 
et al. Guidelines for perioperative care in cardiac surgery: enhanced recovery 
after surgery society recommendations. JAMA Surg 2019; 154:755–66. 
10.1001/jamasurg.2019.1153 

3. Grant MC, Crisafi C, Alvarez A, Arora RC, Brindle ME, Chatterjee S, et 
al. Perioperative care in cardiac surgery: a joint consensus statement by the 
enhanced recovery after surgery (ERAS) cardiac society, ERAS international 
society, and the society of thoracic surgeons (STS). Ann Thorac Surg 2024; 
117:669–89. doi: 10.1016/j.athoracsur.2023.12.006 

4. Li M, Zhang J, Gan TJ, Qin G, Wang L, Zhu M, et al. Enhanced recovery 
after surgery pathway for patients undergoing cardiac surgery: a randomized 
clinical trial. Eur J Cardio-Thoracic Surg 2018; 54:491–7. doi: 10.1093/ejcts/
ezy100 

5. Williams JB, McConnell G, Allender JE, Woltz P, Kane K, Smith PK, 
et al. One-year results from the first US-based enhanced recovery after 
cardiac surgery (ERAS cardiac) program. J Thorac Cardiovasc Surg 2019; 
157:1881–8. doi: 10.1016/j.jtcvs.2018.10.164  

6. Gebauer A, Konertz J, Petersen J, Brickwedel J, Köster D, Schulte-
Uentrop L, et al. The impact of a standardized enhanced recovery after 
surgery (ERAS) protocol in patients undergoing minimally invasive heart 
valve surgery. PLoS One 2023; 18:1–13. doi:10.1371/journal.pone.0283652 

7. Zaouter C, Oses P, Assatourian S, Labrousse L, Rémy A, Ouattara 
A. Reduced length of hospital stay for cardiac surgery—implementing an 
optimized perioperative pathway: prospective evaluation of an enhanced 
recovery after surgery program designed for Mini-invasive aortic valve 
replacement. J Cardiothorac Vasc Anesth 2019; 33:3010–9. doi:10.1053/j.
jvca.2019.05.006 

8. Obafemi T, Mullis D, Bajaj S, Krishna P, Boyd J. Results following 
implementation of a cardiac surgery ERAS protocol. PLoS One 2023; 18:1–
12. doi: 10.1371/journal.pone.0277868 

9. Enhanced Recovery After Surgery Cardiac Society. (2023). Available  
from URL: https://www.erascardiac.org/. Last accessed on August 18, 2023.

10. Bonacchi M, Prifti E, Giunti G, Frati G, Sani G. Does ministernotomy 
improve postoperative outcome in aortic valve operation? A prospective 
randomized study. Ann Thorac Surg 2002; 73:460–5. doi:10.1016/S0003-
4975(01)03402-6 

11. Cosgrove DM, Sabik JF. Minimally invasive approach for aortic 
valve operations. Ann Thorac Surg 1996; 62:596–7. doi:10.1016/0003-
4975(96)00367-0 

12. Mohr FW, Falk V, Diegeler A, Walther T, van Son JAM, Autschbach R, et 
al. Minimally invasive port-access mitral valve surgery. J Thorac Cardiovasc 
Surg 1998; 115:567–76. doi: 10.1016/S0022-5223(98)70320-4 

13. Beckmann A, Meyer R, Lewandowski J, Markewitz A, Blaβfeld D, 
Böning A. German Heart surgery report 2022: the annual updated registry 
of the German society for thoracic and cardiovascular surgery. Thorac 
Cardiovasc Surg 2023; 71:340–55. doi: 10.1055/s-0043-1769597 

14. Klotz SGR, Ketels G, Behrendt CA, König HH, Kohlmann S, Löwe B, 
et al. Interdisciplinary and cross-sectoral perioperative care model in cardiac 
surgery: implementation in the setting of minimally invasive heart valve 
surgery (INCREASE)—study protocol for a randomized controlled trial. Trials 
2022; 23:1–11. doi: 10.1186/s13063-022-06455-x 

15. Kubitz JC, Schulte-Uentrop L, Zoellner C, Lemke M, Messner-Schmitt 
A, Kalbacher D, et al. Establishment of an enhanced recovery after surgery 
protocol in minimally invasive heart valve surgery. PLoS One 2020; 15:1–14. 
doi: 10.1371/journal.pone.0231378 

16. Bakhtiary F, Salamate S, Amer M, Sirat S, Bayram A, Doss M, et 
al. Comparison of right anterior mini-thoracotomy versus partial upper 
sternotomy in aortic valve replacement. Adv Ther 2022; 39:4266–84. doi: 
10.1007/s12325-022-02263-6 

17. Miceli A, Murzi M, Gilmanov D, Fugà R, Ferrarini M, Solinas M, et al. 
Minimally invasive aortic valve replacement using right minithoracotomy is 
associated with better outcomes than ministernotomy. J Thorac Cardiovasc 
Surg 2014; 148:133–7. doi: 10.1016/j.jtcvs.2013.07.060

https://www.erascardiac.org/

