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Evaluation of Recovery Rates After Open Heart Surgery in Children
Undergoing Mini-Sternotomy Versus Full Sternotomy
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Abstract

Background: With the reduced rate of complications and mortality associated with open-heart surgeries in children, the
focus has shifted towards addressing cosmetic concerns, minimizing pain, and enhancing quality of life. Mini-sternotomy has
emerged as a less invasive alternative to full sternotomy.

Objectives: This clinical trial was designed to evaluate the outcomes of these two sternal incision techniques in pediatric
patients.

Methods: In this randomized, single-blind clinical trial, 78 patients aged 1 to 25 years who were candidates for open-heart
surgery were allocated into two groups: Mini-sternotomy and full sternotomy. Postoperative outcomes, including analgesic
consumption, infection rate, antibiotic therapy, surgical site debridement, surgical complications (such as pneumonia, pleural
effusion, atelectasis, atrial fibrillation), inotrope administration (including norepinephrine and milrinone), mortality, pain
level, bypass time, ventilation time, extubation time, ICU length of stay, hospital length of stay, bleeding rate, and transfusion
rate, were compared between the groups.

Results: There were no infections, surgical site openings within the first 48 hours post-surgery, or mortalities in either group.
All patients received antibiotic therapy within the first 6 hours postoperatively. Comparison of recovery parameters revealed
that analgesic consumption within the first 6 and 24 hours, antibiotic therapy at discharge, surgical complications, pain scores
within the first 6 hours, bypass time, ventilation time, hospital length of stay, bleeding rate, and transfusion rate were
significantly higher in the full sternotomy group.

Conclusions: Mini-sternotomy is as safe and effective as full sternotomy for cardiac surgeries in children. Moreover, it reduces
initial pain and bleeding, shortens hospital stay, and offers superior cosmetic outcomes.
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1. Background

Surgical repair of common congenital heart defects,
such as atrial septal defect (ASD), ventricular septal
defect (VSD), and partial atrioventricular canal (pAVC)
with mitral valve cleft, has significantly improved in
terms of safety and quality. These surgical repairs boast
nearly 100% survival rates and success, with minimal
complications and a reduced need for reoperations due

to residual or recurrent defects (1-4). Mortality and
morbidity following pediatric cardiac surgery have
decreased in recent years. In asymptomatic children or
those with minimal symptoms, elective surgical repair
of heart defects is recommended. Evidence suggests that
minimally invasive methods yield cardiac repair results
comparable to traditional invasive approaches, while
being less disruptive to lifestyle. These methods are
associated with shorter hospital stays, rapid return to
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function through a muscle-sparing approach, improved
aesthetics with a hidden scar, and enhanced quality of
life (5-8).

Most open-heart procedures are traditionally
performed via a complete median sternotomy. However,
efforts have been made to minimize the invasiveness of
this technique by reducing the incision size. The most
common minimally invasive procedure is the upper
partial  sternotomy (mini-sternotomy).  Despite
potentially longer surgical times with the mini-
sternotomy approach, improved outcomes have been
reported, including reduced ventilation time, less
bleeding, and shorter intensive care unit (ICU) and
hospital stays (9, 10). Minimally invasive heart surgery
for both children and adults has gained attention as a
means to decrease ICU costs and hospital stays, while
improving cosmetic outcomes. Shorter recovery times,
pain reduction, and faster recovery of respiratory
function are particularly important in children,
although studies in this area are limited (11-13).

The midline incision offers several advantages, such
as avoiding pericardial incisions near the phrenic nerve
and eliminating the need for myocutaneous flaps that
can aid in skin denervation. However, the disadvantages
of complete midline sternotomy are primarily cosmetic,
due to scar length and potential chest wall deformities,
which are significant concerns for growing children.
Although minimally invasive cardiac surgery is
performed worldwide, it carries its own risks. Restricted
access to the heart can result in suboptimal surgical
outcomes (14). Consequently, there remains some
uncertainty regarding the superiority of these
procedures, and whether mini-sternotomy offers
additional advantages over full sternotomy is not well
established. This uncertainty may stem from the lack of
prospective randomized clinical trials comparing
minimally invasive procedures to conventional
incisional methods (15).

2. Objectives

Therefore, this clinical trial was designed to
investigate the outcomes of open-heart surgery in
children using full versus mini-sternotomy incisions.

3.Methods

Participants in this single-blind randomized clinical
trial (where the patient and parents were unaware of
the surgical method) comprised 78 patients aged 1 to 25
years who were candidates for open-heart surgery. These
patients were identified after referral to the Heart Clinic
or Emergency Department of Modarres Hospital,

Tehran, Iran, during the period 2023 - 2024. Patients
undergoing valve replacement, septal defect repair, or
other types of cardiac surgery were included in the
study. Patients without inflammatory, infectious,
autoimmune, malignant, renal, hepatic, or thyroid
diseases, diabetes, or a history of previous surgery in the
chest area were eligible for inclusion. The occurrence of
complications such as bleeding resulting from surgery
or the need to expand the surgical incision during the
operation were exclusion criteria. The patients'
demographic and clinical information was recorded at
the time of admission. Based on preliminary study data
(16), the primary outcome of the study (i.e., pain level in
children in the first 24 hours) and the parameters
considered, a sample size of 74 patients was initially
calculated to achieve a trial power of 80% and an alpha
level of 5%. Considering a 5% probability of dropout, the
final number of 78 patients was included. Random
assignment of patients to two groups — group A
(patients undergoing full sternotomy) and group B
(patients undergoing mini-sternotomy) — was
performed. For this purpose, the website
https://[www.Randomization.com was used for random
assignment, and then all patients underwent surgery.
The informed consent form was signed by the patients
or their parents. This study was initiated after obtaining
ethics code IR.SBMU.MSP.REC.1402.619, trial ID 75977, and
IRCT registration code (IRCT20230626058586N4) from
the International Center for Clinical Trials Registration
of Iran.

3.1. Incision Procedures

For mini-sternotomy, the skin was incised
approximately 8 cm from the midpoint between the
suprasternal notch and the sternal angle to the level of
the fourth intercostal space. The manubrium was
divided in the midline from the suprasternal notch
downwards and then into the right fourth intercostal
space. For full sternotomy, a skin incision was made
between the suprasternal notch and the xiphoid
process, and the sternum was divided in the midline
from the suprasternal notch to the xiphoid process.

3.2. Evaluations of Outcomes

In this study, the recovery rate encompasses
postoperative pain, analgesic use, wound infection,
antibiotic use, wound dehiscence, ventilation time, and
the length of ICU and hospital stay. The primary
outcome was pain and analgesic use in patients,
assessed using a facial pain assessment tool (17).
Secondary outcomes included infection rate, antibiotic
therapy, surgical site debridement, complications (such
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as pneumonia, pleural effusion, atelectasis, atrial
fibrillation), inotrope administration (including
norepinephrine and milrinone), mortality, bypass time,
ventilation time, extubation time, ICU and hospital
length of stay, bleeding rate, and transfusion rate.
Analgesic consumption, infection, antibiotic therapy,
and surgical site dehiscence were evaluated in three
sessions: Zero - 6 hours post-surgery, 24 - 48 hours post-
surgery, and at discharge (first, second, and third
sessions).

3.3. Statistical Analysis

The data were analyzed using SPSS version 22
software. Quantitative parameters were reported as
mean and standard deviation (SD), while qualitative
parameters were presented as number and percentage.
In the analytical section, qualitative data comparisons
were performed using Fisher's exact test or chi-square
test. Quantitative data were assessed for normal
distribution compliance using the Kolmogorov-Smirnov
test and then compared using the t-test. All analysis
results were considered significant at a level of 0.05,
with 95% confidence intervals.

4.Results

4.1. Comparison of Demographic and Clinical Factors
Between Two Groups

As shown in Table 1, demographic and clinical factors,
including age, gender, BMI, and type of surgery, were
compared between the mini-sternotomy and full
sternotomy groups. These parameters did not differ
significantly between the groups, indicating that the
groups were well matched.

4.2. Comparison of Intraoperative and Postoperative
Parameters in Patients of the Two Groups

In this part of the study, clinical and laboratory
parameters related to the recovery of patients between
the two groups were compared (Table 2). All patients in
both groups received antibiotic therapy during the first
session. Upon comparing other parameters, it was
observed that the amount of analgesic consumption in
the second and third rounds, antibiotic therapy in the
third round, surgical complications, pain score in the
first round, bypass time, ventilation time, length of
hospital stay, bleeding rate, and transfusion rate were
significantly higher in patients undergoing full
sternotomy.

5. Discussion

Int ] Cardiovasc Pract. 2025;10(1): €158827

With the decrease in mortality and complications
following pediatric congenital heart surgery, variables
such as pain and discomfort, postoperative recovery
time, cosmetic outcomes, and total length of hospital
stay have become primary goals for improving
outcomes. This study was designed to investigate and
compare the recovery rates of patients undergoing
mini-sternotomy and full sternotomy. According to the
main results, there was no infection, surgical site
dehiscence within the first 48 hours post-surgery, or
mortality in patients with either complete or partial
incisions. Additionally, all patients in both groups
received antibiotic therapy within the first 6 hours.
Comparison of other recovery parameters showed that
analgesic consumption in the first 6 and 24 hours,
antibiotic therapy at discharge, surgical complications,
pain score in the first 6 hours, bypass time, ventilation
time, length of hospital stay, bleeding rate, and
transfusion rate were significantly higher in patients
undergoing full sternotomy.

Faster recovery with less respiratory function
impairment and reduced pain following less invasive
incisions has been reported, although no prospective
studies have been conducted to support this claim (18-
21). The mini-sternotomy procedure allows for
standardized instrumentation and requires the same
surgical skills as the conventional open procedure (3, 22-
25). The primary concern with any minimally invasive
procedure is safety, and mini-sternotomy has the
advantage of being easily and quickly convertible to a
full sternotomy if needed. It has been performed in a
wide range of patients, from 6 months of age to
adolescents and adults (22-25).

Consistent with our findings, a study by Luo et al.
reported that bypass time, ICU stay, and duration of
ventilation were similar in both full sternotomy and
mini-sternotomy cases. They found that operative time
was shorter in mini-sternotomy cases compared to the
full sternotomy group. In the first 24 hours post-surgery,
the mini-sternotomy group had a lower drainage
volume than the total sternotomy group, but there was
no significant difference in blood transfusion between
the two groups, and the length of hospital stay was
shorter in the mini-sternotomy cases compared to the
total sternotomy group (26).

A meta-analysis including 2054 subjects with aortic
valve replacement (AVR) surgery via partial upper
sternotomy compared with 2532 cases with total
sternotomy did not show any difference in early
mortality between the two surgical procedures (27). This
suggests that AVR can be safely performed via mini-
sternotomy in well-equipped centers. Thus, in addition
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Table 1. Demographic and Clinical Features of the Study Participants in Both Groups *
Parameters Full Sternotomy (n =39) Mini Sternotomy (n =39) Total Patients (n=78) P-Value P
Gender (male) 5(12.8) 4(10.3) 50 (64.1) 0.47
Type of surgery 0.28
PS 5(12.8) 4(103) 9 (11.5)
PVR 5(12.8) 5(12.8) 10 (12.8)
TOF 8(10.3) 3(7.3) 5(12.8)
AVR 5(12.8) 4(103) 9 (11.5)
ASD 12(30.8) 14(35.9) 26(333)
VSD 3(7.7) 3(7.7) 6(7.7)
PDA closure 3(7.7) 0(0) 3(3.8)
PA banding 3(7.7) 0(0) 3(3.8)
CoA 2(5.1) 0(0) 2(2.6)
MVR 2(5.1) 0(0) 2(2.6)
Age (y) 6.89 £ 6.14 6.531£7.87 6.71+7.02 0.82
BMI (Kg/m ) 23.76 £3.47 23.71+£23.71 23.74+3.32 0.94

Abbreviations: PS, pulmonary stenosis; PVR, pulmonary valve replacement; TOF, tetralogy of Fallot; AVR, aortic valve repair; ASD, atrial septal defect; VSD, ventricular septal
defect; PDA, patent ductus arteriosus; PA, pulmonary artery; CoA, coarctation of the aorta; MVR, mitral valve repair; BMI, Body Mass Index.

2 Values are expressed as No. (%) or mean

b p.value less than 0.05 considered as sig

+SD.

nificant.

Table 2. Comparison of Recovery Parameters Between Two Groups of Incision

Parameters Full Sternotomy (n =39) Mini Sternotomy (n=39) Total Patients (n=78) P-Value P
First dose analgesic (yes) 37(94.9) 31(79.5) 68(87.2) 0.08
Second dose analgesic (yes) 38(97.4) 29 (74.4) 67(85.9) 0.007
Third dose analgesic (yes) 26(66.7) 12(30.8) 38(48.7) 0.003
Third dose infection (yes) 2(5.1) 0(0) 2(2.6) 0.49
Second dose antibiotic therapy (yes) 36(923) 35(89.7) 71(91) 0.99
Third dose antibiotic therapy (yes) 23(59) 13(333) 36(46.2) 0.04
Complication occurrence (yes) 25(64.1) 15(38.5) 40(51.3) 0.04
Inotrope administration (yes) 30(76.9) 29(74.4) 59(75.6) 0.99
First dose pain Score 4.76 £1.49 3.97£0.62 5.15+0.99 0.003
Second dose pain score 5.23+0.95 5.07£1.03 437+21 0.49
Third dose pain Score 3.02+0.81 3.0+0.68 3.01+£0.74 0.88
Bypass time (minutes) 95.87 £ 41.85 56.12+35.57 76 £ 43.46 0.0001
Ventilation time (h) 27.05+12.7 19.51£10.4 23281214 0.005
Extubation time (h) 32.05+15.42 30.97+10 31.51+£12.92 0.71
ICU stay duration (d) 4.41+2.68 3.48+2.26 3.94+2.51 1.0
Hospital stay duration (d) 10.97£3.93 8.23+2.42 9.6 £3.52 0.0001
Bleeding volume (mL) 107.94 £92.76 37.69 £15.12 72.82£74.9 0.0001
Transfusion volume (mL) 116.92 +121.18 58.97+54.85 87.94 +87.89 0.008

2 Values are expressed as No. (%) or mean

b p.yvalue less than 0.05 considered as sig

+SD.

nificant.

to the advantages of the mini-sternotomy incision, it
appears to be sufficiently safe and equivalent to a total

sternotomy.

Our results indicated that bypass time was longer in
patients undergoing full sternotomy, which contrasts
with other studies. One study found that
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cardiopulmonary bypass times were longer in the mini-
sternotomy group (7.9 vs. 1.5 minutes) (28).

According to the results of the study by Konstantinov
and Buratto, although mini-sternotomy provided
results comparable to full sternotomy, the mean bypass
duration was 9 minutes longer due to inferior vena cava
(IVC) cannulation and decannulation, and there were no
late complications in either group (29). Hancock et al.
also demonstrated that mini-sternotomy patients had
significantly longer bypass times and worse 4-week lung
function. However, lung function at 12 weeks and rates
of adverse events did not differ between groups. In this
study, full sternotomy was ultimately found to be more
cost-effective (14). Thus, it appears that the technique
used in mini-sternotomy affects bypass time, which
differed in our study.

Regarding ventilation time, ICU and hospital stay,
transfusion rate, and drainage volume and bleeding, the
results of the studies generally align with the present
study. In the study by Brown et al., the mean ventilation
time was shorter in the minimally invasive methods
(difference of 2.1 hours). The ICU stay duration was also
shorter in the mini-sternotomy group (11 hours), as well
as the hospital stay (1 day) (16, 28). Regarding the
amount of bleeding and the need for transfusion, one
study showed that the volume of chest drainage over 24
hours was lower in the mini-sternotomy cases (28). The
reduced blood loss may be related to reduced surgical
trauma. Another study indicated that mini-sternotomy
was not superior to conventional sternotomy in terms
of the need for RBC transfusion within 7 days after
surgery. Analysis of secondary endpoints revealed a
significant difference in the volume of non-red blood
cell transfusions. Mini-sternotomy resulted in a relative
reduction in the volume of chest drainage (14).

One of the most important outcomes examined in
the present study was the assessment of pain and
analgesic use in the two groups of patients. Studies in
this area have had conflicting results. Some studies have
shown that patients experience less pain after mini-
sternotomy (30-33). This may be due to the less sternal
traction required in partial sternotomy. Furthermore,
the presence of sternal fractures may play an important
role in initial postoperative pain levels. The results of
the study by Laussen et al. indicated that the mini-
sternotomy procedure did not change the postoperative
pain level. In this study, patients aged between 5 to 16
years. At 6-week follow-up, all patients had essentially
returned to full activity and resumed school. However, it
is unclear whether an earlier assessment after discharge
would have detected differences between the two
groups (16). There was no difference in the need for
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additional postoperative analgesics or the incidence of
vomiting between the two groups. The age range
studied in this study was different from ours, and the
pain assessment tools were different, which may
account for the different conclusions between the two
studies.

In some studies, the level of discomfort after a
standard midline full sternotomy was not severe. This
could be attributed to the cartilaginous nature of the
sternum, which allows for natural rib movement to
expand the sternum. The low level of discomfort
observed in full sternotomy cases makes it challenging
to demonstrate an advantage for a minimally invasive
procedure in this area. Although few studies have
reported on pain and pain management strategies have
not been standardized, in both full and mini-
sternotomy procedures, the sternum should be opened
gradually to avoid unnecessary bone fractures.
Furthermore, other investigations have concluded that
mini-sternotomy does not provide a significant
advantage over full sternotomy. In one study, 45 patients
(2.6%) who underwent a superior mini-sternotomy
required conversion to a full sternotomy due to
bleeding, ventricular  arrhythmias, ventricular
dysfunction, or other conditions. Although the rate of
incision type conversion remains low, the need for
conversion may be associated with a significantly
increased mortality rate (34).

Alternative access methods for congenital heart
surgery have been established mainly to improve
cosmetic outcomes (35, 36). Although these techniques
are particularly recommended for female patients older
than 10 years, they have been used for children of all
ages. Cosmetic outcomes evaluated in the immediate
postoperative period have been acceptable, although
some incision-related complications have been
reported. There are reports of phrenic nerve injury after
ASD closure via right anterior thoracotomy (37, 38).
Incorrect development of the pectoralis major muscle
and breast has been described after a transverse
inframammary incision, accompanied by paraesthesia
in the peribreast tissue (39, 40). On the other hand, the
advantages of a midline incision include avoiding
pericardial incisions near the phrenic nerve. The
disadvantages of a complete midline sternotomy are
mainly cosmetic, due to scar size and possible chest wall
deformities, which are significant concerns for children.

A prospective study found no significant difference
in the recovery of patients undergoing a complete
sternotomy and a minimally invasive incision for ASD
surgery in children. Surgery with a mini-sternotomy
approach was not associated with increased operative or
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postoperative complications. However, since the
incidence of complications for this surgical procedure is
generally very low, a much larger sample size is
necessary to compare specific outcomes. The studies
mentioned the need for incision extension as a possible
disadvantage of this procedure, but in our study, no
patients required incision extension to improve surgical
access.

The sample size of this study was relatively small,
affecting the generalizability of our findings. It was also
a single-center study with a relatively small sample size
and short follow-up period, which may have reduced the
power to detect small differences in mortality,
complications, and fewer safety events. Additionally,
many factors can affect postoperative recovery, which
may have unintentionally influenced the results of this
study. Despite attempts to examine important
demographic aspects related to the effect of incision
type, some determinants, such as other medications
taken by the patient, were not considered. It is
recommended that these factors be considered in future
studies.

5.1. Conclusions

Mini-sternotomy is as safe and effective as full
sternotomy in pediatric cardiac surgery. Additionally,
this incision reduces initial pain and bleeding, shortens
hospital stay, and provides better cosmetic results. A
comprehensive evaluation of patients undergoing open-
heart surgery in a large, multicenter cohort, followed
prospectively by a focused study of the consequences of
full sternotomy, is recommended.

Footnotes

Authors' Contribution: Study concept and design: R.
B.T. and S. M. M,; Acquisition of data: A. O. F, H. A,, and H.
E.; Analysis and interpretation of data: A. D. and K. F;
Drafting of the manuscript: H. E.; Critical revision of the
manuscript for important intellectual content: All
authors; Statistical analysis: H. E.; Administrative,
technical, and material support: R. B. T; Study
supervision: S. M. M.

Clinical Trial Registration Code: Trial ID 75977, and
IRCT registration code (IRCT20230626058586N4 ) from
the International Center for Clinical Trials Registration
of Iran.

Conflict of Interests Statement: The authors

declared no conflict of interests.

Data Availability: The dataset presented in the study
is available on request from the corresponding author
during submission or after publication.

Ethical Approval: IR.SBMU.MSP.REC.1402.619 .

Funding/Support: There was no funding to be
declared.

Informed Consent: The informed consent form was
signed by the patients or their parents.

References

1. Bertsimas D, Zhuo D, Dunn J, Levine ], Zuccarelli E, Smyrnakis N, et al.
Adverse Outcomes Prediction for Congenital Heart Surgery: A
Machine Learning Approach. World | Pediatr Congenit Heart Surg.
2021;12(4):453-60. [PubMed ID: 33908836].
https://doi.org/10.1177/21501351211007106.

2. Lee T, Weiss AJ, Williams EE, Kiblawi F, Dong ], Nguyen KH. The Right
Axillary Incision: A Potential New Standard of Care for Selected
Congenital Heart Surgery. Semin Thorac Cardiovasc Surg.
2018;30(3):310-6. [PubMed ID: 29476814].
https://doi.org[10.1053[j.semtcvs.2018.02.011.

3. Li G, Su], Fan X, Li Z, Zhang |, Zhu Y, et al. Safety and Efficacy of
Ventricular Septal Defect Repair Using a Cosmetic Shorter Right
Lateral Thoracotomy on Infants Weighing Less than 5 kg. Heart Lung
Circ. 2015;24(9):898-904. [PubMed ID: 25769663].
https:[/doi.org[10.1016/j.hlc.2015.02.010.

4. Liu H, Wang Z, Xia ], Hu R, Wu Z, Hu X, et al. Evaluation of Different
Minimally Invasive Techniques in Surgical Treatment for Ventricular
Septal Defect. Heart Lung Circ. 2018;27(3):365-70. [PubMed ID:
29153964]. https://doi.org[10.1016j.hlc.2017.01.014.

5. Alsarraj MK, Nellis JR, Vekstein AM, Andersen ND, Turek JW.
Borrowing from Adult Cardiac Surgeons-Bringing Congenital Heart
Surgery Up to Speed in the Minimally Invasive Era. Innovations
(Phila). 2020;15(2):101-5. [PubMed ID: 32352905].
https://doi.org/10.1177/1556984520911020.

6. Baharestani B, Rezaei S, Jalili Shahdashti F, Omrani G, Heidarali M.
Experiences in surgical closure of atrial septal defect with anterior
mini-thoracotomy approach. | Cardiovasc Thorac Res. 2014;6(3):181-4.
[PubMed ID: 25320666]. [PubMed Central ID: PMC4195969].
https://doi.org[10.15171/jcvtr.2014.008.

7. LiuR, Song J, Chu ], Hu S, Wang XQ. Comparing mini-sternotomy to
full median sternotomy for aortic valve replacement with
propensity-matching methods. Front Surg. 2022;9:972264. [PubMed
ID: 36299570]. [PubMed Central ID: PMC9591805].
https://doi.org/10.3389/fsurg.2022.972264.

8. Lei YQ, Liu JF, Xie WP, Hong ZN, Chen Q, Cao H. Anterolateral
minithoracotomy versus median sternotomy for the surgical
treatment of atrial septal defects: a meta-analysis and systematic
review. | Cardiothorac Surg. 2021;16(1):266. [PubMed ID: 34544460].
[PubMed Central ID: PMC8451725]. https://doi.org[10.1186/s13019-021-
01648-y.

9. Cohn LH, Adams DH, Couper GS, Bichell DP, Rosborough DM, Sears SP,
et al. Minimally invasive cardiac valve surgery improves patient
satisfaction while reducing costs of cardiac valve replacement and
repair. Ann Surg. 1997;226(4):421-6. discussion 427-8. [PubMed ID:
9351710]. [PubMed Central ID: PMC1191053].
https://doi.org/10.1097/00000658-199710000-00003.

10. Walther T, Falk V, Mohr FW. Minimally invasive surgery for valve
disease. Curr Probl Cardiol. 2006;31(6):399-437. [PubMed ID:16697902].

Int ] Cardiovasc Pract. 2025;10(1): 158827


https://brieflands.com/articles/ijcp-158827
https://irct.behdasht.gov.ir/trial/75977
https://ethics.research.ac.ir/ProposalCertificateEn.php?id=443976
http://www.ncbi.nlm.nih.gov/pubmed/33908836
https://doi.org/10.1177/21501351211007106
http://www.ncbi.nlm.nih.gov/pubmed/29476814
https://doi.org/10.1053/j.semtcvs.2018.02.011
http://www.ncbi.nlm.nih.gov/pubmed/25769663
https://doi.org/10.1016/j.hlc.2015.02.010
http://www.ncbi.nlm.nih.gov/pubmed/29153964
https://doi.org/10.1016/j.hlc.2017.01.014
http://www.ncbi.nlm.nih.gov/pubmed/32352905
https://doi.org/10.1177/1556984520911020
http://www.ncbi.nlm.nih.gov/pubmed/25320666
https://www.ncbi.nlm.nih.gov/pmc/PMC4195969
https://doi.org/10.15171/jcvtr.2014.008
http://www.ncbi.nlm.nih.gov/pubmed/36299570
https://www.ncbi.nlm.nih.gov/pmc/PMC9591805
https://doi.org/10.3389/fsurg.2022.972264
http://www.ncbi.nlm.nih.gov/pubmed/34544460
https://www.ncbi.nlm.nih.gov/pmc/PMC8451725
https://doi.org/10.1186/s13019-021-01648-y
https://doi.org/10.1186/s13019-021-01648-y
http://www.ncbi.nlm.nih.gov/pubmed/9351710
https://www.ncbi.nlm.nih.gov/pmc/PMC1191053
https://doi.org/10.1097/00000658-199710000-00003
http://www.ncbi.nlm.nih.gov/pubmed/16697902

BaghaeiRet al.

Brieflands

1.

14.

15.

16.

17.

18.

19.

20.

21

22.

23.

24.

25.

26.

https://doi.org/10.1016/j.cpcardiol.2006.02.002.

Black MD, Freedom RM. Minimally invasive repair of atrial septal
defects. Ann Thorac Surg. 1998;65(3):765-7. [PubMed ID: 9527209].

Giamberti A, Mazzera E, Di Chiara L, Ferretti E, Pasquini L, Di Donato
RM. Right submammary minithoracotomy for repair of congenital
heart defects. Eur ] Cardiothorac Surg. 2000;18(6):678-82. [PubMed ID:
11113675]. https://doi.org/10.1016/s1010-7940(00)00589-3.

Tanghoj G, Liuba P, Sjoberg G, Naumburg E. Predictors of the Need for
an Atrial Septal Defect Closure at Very Young Age. Front Cardiovasc
Med. 2019;6:185. [PubMed ID: 31998753]. [PubMed Central ID:
PMC6965016]. https://doi.org[10.3389/fcvm.2019.00185.

Hancock HC, Maier RH, Kasim A, Mason ], Murphy G, Goodwin A, et al.
Mini-sternotomy versus conventional sternotomy for aortic valve
replacement: a randomised controlled trial. BM] Open. 2021;11(1).
€041398. [PubMed ID: 33514577]. [PubMed Central ID: PMC7849899].
https://doi.org[10.1136/bmjopen-2020-041398.

Cooley DA. Minimally invasive valve surgery versus the conventional
approach. Ann Thorac Surg. 1998;66(3):1101-5. [PubMed ID: 9769012].
https:|/doi.org/10.1016/s0003-4975(98)00712-7.

Laussen PC, Bichell DP, McGowan FX, Zurakowski D, DeMaso DR, del
Nido PJ. Postoperative recovery in children after minimum versus
full-length sternotomy. Ann Thorac Surg. 2000;69(2):591-6. [PubMed
ID:10735704]. https://doi.org/10.1016/s0003-4975(99)01363-6.

Bieri D, Reeve RA, Champion DG, Addicoat L, Ziegler ]B. The Faces Pain
Scale for the self-assessment of the severity of pain experienced by
children: development, initial validation, and preliminary
investigation for ratio scale properties. Pain. 1990;41(2):139-50.
[PubMed ID: 2367140]. https://doi.org/10.1016/0304-3959(90)90018-9.

Del Nido PJ, Bichell DP. Minimal-access surgery for congenital heart
defects. Semin Thorac Cardiovasc Surg Pediatr Card Surg Annu.1998;1:75-
80. [PubMed ID: 11486209].  https://doi.org/10.1016/s1092-
9126(98)70010-9.

Gundry SR, Shattuck OH, Razzouk A], del Rio MJ, Sardari FF, Bailey LL.
Facile minimally invasive cardiac surgery via ministernotomy. Ann
Thorac ~ Surg.  1998;65(4):1100-4. [PubMed ID:  9564935].
https:|/doi.org/10.1016/s0003-4975(98)00064-2.

Luciani GB, Piccin C, Mazzucco A. Minimal-access median sternotomy
for repair of congenital heart defects. J Thorac Cardiovasc Surg.
1998;116(2):357-8. [PubMed ID: 9699593].
https://doi.org[10.1016/s0022-5223(98)70140-0.

Rosengart TK, Stark JF. Repair of atrial septal defect through a right
thoracotomy. Ann Thorac Surg. 1993;55(5):1138-40. [PubMed ID:
8494422]. https://doi.org/10.1016/0003-4975(93)90020-i.

Bichell DP, Geva T, Bacha EA, Mayer JE, Jonas RA, del Nido PJ. Minimal
access approach for the repair of atrial septal defect: the initial 135
patients. Ann Thorac Surg. 2000;70(1):115-8. [PubMed ID: 10921693].
https://doi.org/10.1016/s0003-4975(00)01251-0.

Kale SB, Ramalingam S. Minimally Invasive Cardiac Surgery Without
Peripheral Cannulation: A Single Centre Experience. Heart Lung Circ.
2019;28(11):1728-34. [PubMed ID: 30279108].
https://doi.org/10.1016/j.h1c.2018.08.018.

Naimo PS, Konstantinov IE. Small Incisions for Small Children: Is
Right Lateral Thoracotomy a Right Approach in Open Heart Surgery
in Infants? Heart Lung Circ. 2016;25(2):104-6. [PubMed ID: 26740394].
https://doi.org[10.1016/j.hlc.2015.07.005.

Sebastian VA, Guleserian K], Leonard SR, Forbess JM. Ministernotomy
for repair of congenital cardiac disease. Interact Cardiovasc Thorac
Surg. 2009;9(5):819-21. [PubMed ID: 19684030].
https://doi.org[10.1510/icvts.2009.209593.

Luo W, Chang C, Chen S. Ministernotomy versus full sternotomy in
congenital heart defects: a prospective randomized study. Ann Thorac
Surg. 2001;71(2):473-5. [PubMed ID: 11235692].
https://doi.org[10.1016/s0003-4975(00)02443-7.

Int ] Cardiovasc Pract. 2025;10(1): 158827

27.

28.

20.

30.

3L

32.

33.

34.

35.

36.

37.

38.

39.

40.

Aliahmed HMA, Karalius R, Valaika A, Grebelis A, Semeniene P,
Cypiene R. Efficacy of Aortic Valve Replacement through Full
Sternotomy and Minimal Invasion (Ministernotomy). Medicina
(Kaunas). 2018;54(2). [PubMed ID: 30344257]. [PubMed Central ID:
PMC6037263]. https://doi.org/10.3390/medicina54020026.

Brown ML, McKellar SH, Sundt TM, Schaff HV. Ministernotomy versus
conventional sternotomy for aortic valve replacement: a systematic
review and meta-analysis. | Thorac Cardiovasc Surg. 2009;137(3):670-
679 es. [PubMed ID: 19258087].
https://doi.org[10.1016/j.jtcvs.2008.08.010.

Konstantinov IE, Buratto E. Atrial Septal Defect Closure via
Ministernotomy in Children. Heart Lung Circ. 2021;30(9):e98-e100.
[PubMed ID: 33896705]. https://doi.org[10.1016/j.hlc.2021.03.270.

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(2):460-5.
discussion 465-6. [PubMed ID: 11845860].
https://doi.org/10.1016/s0003-4975(01)03402-6.

Candaele S, Herijgers P, Demeyere R, Flameng W, Evers G. Chest pain
after partial upper versus complete sternotomy for aortic valve
surgery. Acta Cardiol. 2003;58(1):17-21. [PubMed ID: 12625490].
https://doi.org/10.2143/AC.58.1.2005254.

Glauber M, Ferrarini M, Miceli A. Minimally invasive aortic valve
surgery: state of the art and future directions. Ann Cardiothorac Surg.
2015;4(1):26-32. [PubMed ID: 25694973]. [PubMed Central ID:
PMC4311160]. https://doi.org/10.3978/j.issn.2225-319X.2015.01.01.

Phan K, Xie A, Tsai Y, Black D, Di Eusanio M, Yan TD. Ministernotomy
or minithoracotomy for minimally invasive aortic valve
replacement? A Bayesian network meta-analysis. Heart Lung Circ.
2015;24:e46-7. https:/[doi.org/10.1016[j.hlc.2014.12.097.

Tabata M, Umakanthan R, Khalpey Z, Aranki SF, Couper GS, Cohn LH,
et al. Conversion to full sternotomy during minimal-access cardiac
surgery: reasons and results during a 9.5-year experience. | Thorac
Cardiovasc ~ Surg. 2007;134(1):165-9. [PubMed ID: 17599503].
https://doi.org/10.1016(j.jtcvs.2007.01.077.

Cao H, Zhou Q, Fan F, Xue Y, Pan ], Wang D. Right anterolateral
thoracotomy: an attractive alternative to repeat sternotomy for high-
risk patients undergoing reoperative mitral and tricuspid valve
surgery. | Cardiothorac Surg. 2017;12(1):85. [PubMed ID: 28934975].
[PubMed Central ID: PMC5609070]. https://doi.org[10.1186/s13019-017-
0645-X.

Reser D, Caliskan E, Tolboom H, Guidotti A, Maisano F. Median
sternotomy. Multimed Man Cardiothorac Surg. 2015;2015. [PubMed ID:
26188337]. https://doi.org/10.1093/mmcts/mmvo017.

Helps BA, Ross-Russell RI, Dicks-Mireaux C, Elliott MJ. Phrenic nerve
damage via a right thoracotomy in older children with secundum
ASD. Ann Thorac Surg. 1993;56(2):328-30. [PubMed ID: 8347017].
https://doi.org/10.1016/0003-4975(93)91170-T.

Tsakiridis K, Visouli AN, Zarogoulidis P, Machairiotis N, Christofis C,
Stylianaki A, et al. Early hemi-diaphragmatic plication through a
video assisted mini-thoracotomy in postcardiotomy phrenic nerve
paresis. | Thorac Dis. 2012;4 Suppl 1(Suppl 1):56-68. [PubMed ID:
23304442]. [PubMed Central ID: PM(3537434].
https://doi.org/10.3978/j.issn.2072-1439.2012.5007.

Cherup LL, Siewers RD, Futrell JW. Breast and pectoral muscle
maldevelopment  after  anterolateral and  posterolateral
thoracotomies in children. Ann Thorac Surg. 1986;41(5):492-7.
[PubMed ID: 3707242]. https://doi.org/10.1016/s0003-4975(10)63025-1.

Panda SS, Agarwala S, Bhatnagar V, Kabra SK, Jayaswal A, Bhalla AS. A
survey of musculoskeletal and aesthetic abnormalities after
thoracotomy in pediatric patients. | Indian Assoc Pediatr Surg.
2013;18(4):136-42. [PubMed ID: 24347866]. [PubMed Central ID:
PMC3853854]. https:[/doi.org/10.4103/0971-9261.121113.


https://brieflands.com/articles/ijcp-158827
https://doi.org/10.1016/j.cpcardiol.2006.02.002
https://doi.org/10.1016/j.cpcardiol.2006.02.002
http://www.ncbi.nlm.nih.gov/pubmed/9527209
http://www.ncbi.nlm.nih.gov/pubmed/11113675
https://doi.org/10.1016/s1010-7940(00)00589-3
http://www.ncbi.nlm.nih.gov/pubmed/31998753
https://www.ncbi.nlm.nih.gov/pmc/PMC6965016
https://doi.org/10.3389/fcvm.2019.00185
http://www.ncbi.nlm.nih.gov/pubmed/33514577
https://www.ncbi.nlm.nih.gov/pmc/PMC7849899
https://doi.org/10.1136/bmjopen-2020-041398
http://www.ncbi.nlm.nih.gov/pubmed/9769012
https://doi.org/10.1016/s0003-4975(98)00712-7
http://www.ncbi.nlm.nih.gov/pubmed/10735704
https://doi.org/10.1016/s0003-4975(99)01363-6
http://www.ncbi.nlm.nih.gov/pubmed/2367140
https://doi.org/10.1016/0304-3959(90)90018-9
http://www.ncbi.nlm.nih.gov/pubmed/11486209
https://doi.org/10.1016/s1092-9126(98)70010-9
https://doi.org/10.1016/s1092-9126(98)70010-9
http://www.ncbi.nlm.nih.gov/pubmed/9564935
https://doi.org/10.1016/s0003-4975(98)00064-2
http://www.ncbi.nlm.nih.gov/pubmed/9699593
https://doi.org/10.1016/s0022-5223(98)70140-0
http://www.ncbi.nlm.nih.gov/pubmed/8494422
https://doi.org/10.1016/0003-4975(93)90020-i
http://www.ncbi.nlm.nih.gov/pubmed/10921693
https://doi.org/10.1016/s0003-4975(00)01251-0
http://www.ncbi.nlm.nih.gov/pubmed/30279108
https://doi.org/10.1016/j.hlc.2018.08.018
http://www.ncbi.nlm.nih.gov/pubmed/26740394
https://doi.org/10.1016/j.hlc.2015.07.005
http://www.ncbi.nlm.nih.gov/pubmed/19684030
https://doi.org/10.1510/icvts.2009.209593
http://www.ncbi.nlm.nih.gov/pubmed/11235692
https://doi.org/10.1016/s0003-4975(00)02443-7
http://www.ncbi.nlm.nih.gov/pubmed/30344257
https://www.ncbi.nlm.nih.gov/pmc/PMC6037263
https://doi.org/10.3390/medicina54020026
http://www.ncbi.nlm.nih.gov/pubmed/19258087
https://doi.org/10.1016/j.jtcvs.2008.08.010
http://www.ncbi.nlm.nih.gov/pubmed/33896705
https://doi.org/10.1016/j.hlc.2021.03.270
http://www.ncbi.nlm.nih.gov/pubmed/11845860
https://doi.org/10.1016/s0003-4975(01)03402-6
http://www.ncbi.nlm.nih.gov/pubmed/12625490
https://doi.org/10.2143/AC.58.1.2005254
http://www.ncbi.nlm.nih.gov/pubmed/25694973
https://www.ncbi.nlm.nih.gov/pmc/PMC4311160
https://doi.org/10.3978/j.issn.2225-319X.2015.01.01
https://doi.org/10.1016/j.hlc.2014.12.097
http://www.ncbi.nlm.nih.gov/pubmed/17599503
https://doi.org/10.1016/j.jtcvs.2007.01.077
http://www.ncbi.nlm.nih.gov/pubmed/28934975
https://www.ncbi.nlm.nih.gov/pmc/PMC5609070
https://doi.org/10.1186/s13019-017-0645-x
https://doi.org/10.1186/s13019-017-0645-x
http://www.ncbi.nlm.nih.gov/pubmed/26188337
https://doi.org/10.1093/mmcts/mmv017
http://www.ncbi.nlm.nih.gov/pubmed/8347017
https://doi.org/10.1016/0003-4975(93)91170-r
http://www.ncbi.nlm.nih.gov/pubmed/23304442
https://www.ncbi.nlm.nih.gov/pmc/PMC3537434
https://doi.org/10.3978/j.issn.2072-1439.2012.s007
http://www.ncbi.nlm.nih.gov/pubmed/3707242
https://doi.org/10.1016/s0003-4975(10)63025-1
http://www.ncbi.nlm.nih.gov/pubmed/24347866
https://www.ncbi.nlm.nih.gov/pmc/PMC3853854
https://doi.org/10.4103/0971-9261.121113

