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Background: Small aortic root is an unexpected incident during surgical aortic valve replacement in which the
prosthesis valve size does not match the case being treated.

Case presentation: Two patient-prosthesis mismatches with aortic valve problems underwent surgical aortic valve
replacement. Based on calculating the body surface area (BSA) and effective orifice area (iEOA), the selection of
prosthesis valve size was determined. When minor aortic root surgery was performed, it was discovered that the
procedure of aortic root enlargement had to be conducted. The surgery went smoothly, but both patients had
different outputs. The first patient was dead, while the second patient had a better quality of life.

Discussion: Every surgical aortic valve replacement preparation of aortic root enlargement procedure needs to be
prepared for the worst-case scenario.

Conclusion: Aortic root enlargement procedure must be anticipated in aortic valve replacement, especially for the

patients with small aortic roots, both isolated and with concomitant valve procedure.

1. Introduction

Aortic valve disease was reported in 241,303 people aged 18 years,
and the number of cases has increased threefold in the US in the last 5
years [1]. Management of aortic valve disease is surgical aortic valve
replacement to reduce pressure and volume overload on the left
ventricle, relieve symptoms, and improve survival [2,3]. Some patients
need small-sized prosthetic valves, commonly known as patient-
prosthesis mismatch. Patient-prosthesis mismatch can be prevented by
calculating the body surface area (BSA) of the patient planned for sur-
gery. Minimum indexed effective orifice area (iIEOA) can be obtained by
multiplying BSA by 0.85 cm?/m? [4]. The appropriate prosthesis, ac-
cording to iEOA, may not always fit in the annulus due to the small
aortic root. The patient with aortic valve stenosis with a small aortic root
will influence the outcome and may also lead to patient-prosthesis
mismatch [5]. Aortic root enlargement is one of the options available
for small aortic roots [6,7]. Based on the description above, we were
interested in reporting the success of two cases of aortic root enlarge-
ment procedures in low resource settings based on surgical case report
(SCARE) 2020 guidelines [8].

2. Case presentation
2.1. Case 1

A 56-year-old female was diagnosed with severe aortic stenosis,
moderate aortic regurgitation, and mild mitral regurgitation. She had a
body surface area of 1.52 m?, and for such body surface area, the
appropriate prosthesis valve size would be a minimum of 19. Pre-
operative transthoracic echocardiography showed mild mitral regurgi-
tation, severe aortic stenosis (AVA Planimetry 0.6 cmz; AV Vmax 6.61
m/s; AVA mean PG 4.79 m/s), moderate aortic regurgitation (AR PHT
481 ms; AR Sdec 2.5 m/s%), mild pulmonary regurgitation, typical
chamber dimension and normal systolic function (EF by Teich 63 %). No
dilatation of the aortic root with a diameter of the aortic annulus was
1.7 cm. Operative findings showed a tricuspid aortic valve with heavy
calcification until the aortic annulus. Due to the small aortic root, even
the number 16 prosthesis aortic valve was unable to be implanted.
Manougian procedure was then performed, enabling number 16 aortic
valve prosthesis to be placed using pericardium-lined Dacron patch with
12-Pledget suture (Fig. 1). Cross clamp time was 117 min, and total CPB
time was 149 + 27 min. Postoperative hemodynamic support was 1 mg/
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patch

Fig. 1. Aortic root enlargement using Teflon and pericardium patch.

h of NTG and 100 nanogram/kg/min. Evaluation of transesophageal
echocardiography showed good and functional mechanical prosthesis
with a pressure gradient of 10.50 mmHg, peak velocity 2.1 cm/s, and
DVI 0.33 without valvular or paravalvular leakage, and normal LV
systolic function (EF by Teich 60 %). The postoperative course was
eventful, but unfortunately, the patient died caused by sepsis-related to
ventilator-associated pneumonia.

2.2. Case 2

A 30-year-old female was diagnosed with severe mitral stenosis,
moderate mitral regurgitation, severe aortic stenosis, moderate aortic
regurgitation, and moderate pulmonary hypertension. The patient had a
body surface area of 1.55 m2, and according to the appropriate iEOA,
prosthesis aortic valve number 21 should be placed to avoid patient-
prosthesis mismatch. Pre-operative transthoracic echocardiography
showed severe mitral stenosis (planimetry 0.47 cmz), moderate mitral
regurgitation with restrictive PML, severe aortic stenosis (AVA 4.0 cmz),
moderate MR with malcoaptation NCC, LCC, RCC, moderate TR, with
LA, RA, RV dilatation, and normal LV systolic function (EF by Teich 63.5
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%). The operative finding showed a tight aortic annulus with the fibrous
band from RCC to the sub-annular part of the aorta. The cusps were
thickened. There was also calcification of AML and PML. Mitral valve
replacement was performed using mechanical mitral valve size 25 with a
12-Pledget suture.

In contrast, aortic root enlargement used a Dacron patch to allow
mechanical aortic valve size 16 placed with a 14-Pledget suture (Fig. 2a
and b). Cross clamp time was 176 min and 210 min of CPB time. The
postoperative course was uneventful, and the patient was discharged on
postoperative day 5. A summary of these cases is shown in Table 1.

3. Discussion

The aortic root has a complex anatomy. It is a direct continuation of
the left ventricular outflow tract. The aortic root components are the
sinuses of Valsalva, the fibrous interleaflet triangles, and the valvar
leaflets. In the aorta, several rings support it. They are sinotubular
junction, crown-like ring, anatomic ventriculoatrial junction, and the
virtual ring formed by joining basal attachments of valvar aortic leaflets
[91.

A small aortic root is defined as an inner aortic sinotubular junction

Table 1
Comparison of aortic root enlargement procedure.
Variable Case 1 Case 2
Sex Female Female
Age 56 years old 30 years old
Valvular pathology Mixed aortic stenosis and Mixed aortic stenosis and

Pre-operative aortic
annulus diameter

The pre-operative
transaortic mean
pressure gradient

Size of mechanical
aortic valve placed

Aortic root
enlargement
technique

The post-operative
aortic pressure
gradient

Concomitant
procedure

Cross clamp time

CPB time

Outcome

regurgitation, mild mitral
regurgitation
17 mm

91.91 mmHg

16

Manoguian

10.5 mmHg

None

117 min

149 + 27 min

Deceased on POD 8 due to
ventilator-associated
pneumonia and sepsis

regurgitation, mixed mitral
stenosis and regurgitation
N/A

32.47 mmHg

16

Manoguian

10.7 mmHg

Mitral valve replacement

176 min
210 min
Discharged on POD 5

Fig. 2. Aortic root enlargement procedure using Teflon patch (a) and complete closure of the aortotomy with Teflon patch (b).
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indexed for bodyweight <1.4 cm/m in women and <1.5 cm/m in men.
Patients with aortic valve stenosis with small aortic roots will influence
the outcome and lead to patient-prosthesis mismatch [5]. Patient-
prosthesis mismatch will also lead to increased morbidity and mortal-
ity. To prevent patient-prosthesis mismatch, an appropriate valve
prosthesis must be chosen according to a minimum effective orifice area
of >0.85 cm?/m? An aortic root enlargement procedure may be
considered if the appropriate prosthesis ring size is larger than the aortic
root [4].

The aortic root enlargement procedure is one modality to overcome
minor aortic root problems. Other options are supra-annular stented
valve, stentless valve, root replacement, and Ross-Konno Procedure [6].
Several techniques have been developed since 1970 [10]. The Man-
ouguian technique and Nicks technique can achieve posterior aortic root
enlargement. Manouguian technique is achieved by extending the aor-
totomy incision further posteriorly and across the aortic annulus at the
commissure between the left coronary sinus and the noncoronary sinus
into the aortic-mitral continuity. Nicks's technique extends the aortot-
omy across the aortic annulus in the mid-portion into the fibrous sub-
aortic curtain [11,12]. Besides Nicks and Manouguian techniques, there
is the Konno-Rastan technique (anterior incision medial to the orifice of
the right coronary artery), Vouhe technique (anterior incision through
medial commissure of the aortic valve, and Nunez technique (incision
into the posterior commissure and the interleaflet triangle below it)
[13,14]. There are several techniques for the aortic root enlargement
procedure, as shown in Table 2.

Preparation for aortic valve replacement must be planned carefully,
as small aortic root may sometimes be tricky and lead to undesired
patient-prosthesis mismatch and compromised outcome. Arterial can-
nulation is usually performed at the distal ascending aorta with venous
drainage cannulated at the right atria appendage using the two-stage
venous cannula. Cardioplegia may be delivered antegrade to immedi-
ately put the heart into asystole and later given via handheld cannula or
retrogradely. Retrograde cardioplegia delivery gives the advantages of
not compromising the surgical field of the aorta and may be continu-
ously delivered cardioplegia solution. To prevent left ventricular
distention hence increasing myocardial demand, venting of the heart
may be placed in the aortic root and right superior pulmonary vein
[15,16].

Options for managing small aortic annulus included trans-catheter
aortic valve replacement, surgical aortic valve replacement, aortic root
enlargement, and stentless or sutureless bioprosthesis. We consent about
the possibility of the need for enlarging the aortic root to avoid patient-
prosthesis mismatch. Additional risks of the procedure include longer
duration of operation and cardiopulmonary bypass time; risk of injury to
surrounding structure of aortic root (i.e., mitral valve, coronary ar-
teries); also the risk of bleeding. Lifetime management of aortic stenosis
must be carefully tailored and decided based on every patient. Aortic
root enlargement provides a larger size to fit into the aortic annulus,
therefore avoiding patient-prosthesis mismatch, which increases patient
morbidity and mortality. Mild patient prosthesis mismatch is acceptable
in some circumstances. However, prosthesis valve options may be
limited, and a small aortic root may prevent the valve with acceptable
iEOA from fitting into the aortic annulus [17-19].

Aortotomy may be performed transversely or obliquely. Oblique
aortotomy is usually performed to anticipate the need for aortic
enlargement. By performing an oblique incision, the surgeon may
anticipate the need for aortic root enlargement by continuing the inci-
sion to the desired extent, depending on the techniques chosen.

4. Conclusion

Two cases in Indonesian people with heart problems for which aortic
valve replacement have been performed according to the appropriate
BSA and iEOA calculations. However, a small aortic root was found
during the surgery. Aortic valve replacement in a patient with a small
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Table 2
Differences between several surgical procedures of aortic root enlargement.
Techniques  Description
Nicks Extending the aortotomy posteriorly through the noncoronary sinus
across the aortic ring and inserting a patch to augment the annulus
Manougian  Extending incision through the commissure between LC sinus and NC
sinus into the anterior mitral leaflet
Nunez Aortic incision through posterior commissure into the interlealflet
triangle
Bo Yang Y incision at the aortomitral curtain and rectangular patch

aortic root is challenging as it has been associated with a high risk of
patient-prosthesis mismatch and increased postoperative morbidity and
mortality. Aortic root enlargement procedure must be anticipated in
aortic valve replacement, both isolated and concomitant.
Ethical approval

Not applicable.
Funding

None.
Author contribution

All authors contributed to data analysis, drafting and revising the
paper, giving final approval of the version to be published, and agreeing
to be accountable for all aspects of the work.

Guarantor

Oky Revianto Sediono Pribadi is the person in charge of the publi-
cation of our manuscript.

Research registration

Not applicable.
Consent

Written informed consent was obtained from the patient or guardian
to publish this case report and accompanying images. A copy of the
written consent is available for review by the Editor-in-Chief of this
journal.

Provenance and peer review

Not commissioned, externally peer-reviewed.

Declaration of competing interest

Lyndon Darwin and Oky Revianto Sediono Pribadi declare that they
have no conflict of interest.

Acknowledgement
We want to thank our editor “Fis Citra Ariyanto”.

References

[1] J.P. Koerber, J.S. Bennetts, P.J. Psaltis, Early valve replacement for severe aortic
valve disease: effect on mortality and clinical ramifications, J. Clin. Med. 9 (9)
(2020), https://doi.org/10.3390/jcm9092694.

[2] A. Kanwar, J.J. Thaden, V.T. Nkomo, Management of patients with aortic valve
stenosis, Mayo Clin. Proc. 93 (4) (2018) 488-508, https://doi.org/10.1016/j.
mayocp.2018.01.020.


https://doi.org/10.3390/jcm9092694
https://doi.org/10.1016/j.mayocp.2018.01.020
https://doi.org/10.1016/j.mayocp.2018.01.020

L. Darwin and O.R.S. Pribadi

[31

[4]

(5]

[6]

7]

[8]

[91

[10]

[11]

E. Ram, S. Amunts, E. Zuroff, Y. Peled, A. Kogan, E. Raanani, et al., Outcomes of
isolated surgical aortic valve replacement in the era of transcatheter aortic valve
implantation, J. Card. Surg. 35 (7) (2020) 1452-1457, https://doi.org/10.1111/

jocs.14601.

Q. Zhong, Y. Xiao, J. Chen, R. Ma, Strategy of aortic root enlargement in patients
undergoing aortic and mitral valve replacement, Ann. Thorac. Surg. 90 (3) (2010)
782-787, https://doi.org/10.1016/j.athoracsur.2010.04.038.

E. Bahlmann, D. Cramariuc, J. Minners, M.T. Lgnnebakken, S. Ray, C. Gohlke-
Baerwolf, et al., Small aortic root in aortic valve stenosis: clinical characteristics
and prognostic implications, Eur. Heart J. Cardiovasc. Imaging 18 (4) (2017)
404-412, https://doi.org/10.1093/ehjci/jew159.

K. McManus, Oxford specialist handbooks in surgery — cardiothoracic surgery,
Ulster Med. J. 75 (3) (2006), 235-.

Y. Mubarak, A.A.R. Abdel Jawad, Aortic root enlargement in patients with small
aortic annulus undergoing double valve replacement. Is it justified? A retrospective
comparative cohort study, Heart Surg. Forum 24 (1) (2021), https://doi.org/
10.1532/hsf.3401.

R.A. Agha, T. Franchi, C. Sohrabi, G. Mathew, A. Kerwan, The SCARE 2020
guideline: updating consensus surgical CAse REport (SCARE) guidelines, Int. J.
Surg. (London, England) 84 (2020) 226-230, https://doi.org/10.1016/j.
ijsu.2020.10.034.

N. Piazza, P. de Jaegere, C. Schultz, A.E. Becker, P.W. Serruys, R.H. Anderson,
Anatomy of the aortic valvar complex and its implications for transcatheter
implantation of the aortic valve, Circ. Cardiovasc. Interv. 1 (1) (2008) 74-81,
https://doi.org/10.1161/circinterventions.108.780858.

A. Kulik, Aortic root enlargement: worth the effort? Ann. Thorac. Surg. 90 (3)
(2010) 703-705, https://doi.org/10.1016/j.athoracsur.2010.05.012.

K.J. Grubb, Aortic root enlargement during aortic valve replacement: nicks and
manouguian techniques, Oper. Tech. Thorac. Cardiovasc. Surg. 20 (3) (2015)
206-218, https://doi.org/10.1053/j.optechstcvs.2016.02.004.

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

International Journal of Surgery Case Reports 96 (2022) 107294

S.A. Massias, A. Pittams, M. Mohamed, S. Ahmed, H. Younas, A. Harky, Aortic root
enlargement: when and how, J. Card. Surg. 36 (1) (2021) 229-235, https://doi.
org/10.1111/jocs.15175.

D.S. Hui, J.M. Lizalek, V.S. Chawa, R. Lee, Operative techniques for improving
surgical exposure in basic cardiac surgery, J. Visual. Surg. 4 (2018) 80, https://doi.
org/10.21037/jovs.2018.03.19.

T. Doenst, S. Bargenda, H. Kirov, A. Moschovas, S. Tkebuchava, R. Safarov, et al.,
Cardiac surgery 2018 reviewed, Clin. Res. Cardiol. 108 (9) (2019) 974-989,
https://doi.org/10.1007/500392-019-01470-6.

D. Muraru, F. Maffessanti, G. Kocabay, D. Peluso, L. Dal Bianco, E. Piasentini, et al.,
Ascending aorta diameters measured by echocardiography using both leading
edge-to-leading edge and inner edge-to-inner edge conventions in healthy
volunteers, Eur. Heart J. Cardiovasc. Imaging 15 (4) (2014) 415-422, https://doi.
org/10.1093/ehjci/jetl173.

M.L. Servato, G. Teixid6-Tura, A. Sabate-Rotes, L. Galian-Gay, L. Gutiérrez,

F. Valente, et al., Are aortic root and ascending aorta diameters measured by the
pediatric versus the adult American Society of Echocardiography guidelines
Interchangeable? J. Clin. Med. 10 (22) (2021) https://doi.org/10.3390/
jem10225290.

F. Hecker, M. Arsalan, W.K. Kim, T. Walther, Transcatheter aortic valve
implantation (TAVI) in 2018: recent advances and future development, Minerva
Cardioangiol. 66 (3) (2018) 314-328, https://doi.org/10.23736/s0026-
4725.17.04532-7.

M.C. Anggraini, A. Widyoningroem, Aortic dissection in Indonesia male: 3 case
report, Ann. Med. Surg. 2022 (75) (2012), 103472, https://doi.org/10.1016/j.
amsu.2022.103472.

Y.E. Sembiring, P. Puruhito, H. Soebroto, A. Prasmono, A.R. Hakim, O.R. Sediono
Pribadi, et al., Performing cardiac surgery during COVID-19 pandemic in Surabaya,
Indonesia: a single-center retrospective observational study, Asian Cardiovasc.
Thor. Ann. 2184923211066158 (2021), https://doi.org/10.1177/
02184923211066158.


https://doi.org/10.1111/jocs.14601
https://doi.org/10.1111/jocs.14601
https://doi.org/10.1016/j.athoracsur.2010.04.038
https://doi.org/10.1093/ehjci/jew159
http://refhub.elsevier.com/S2210-2612(22)00540-5/rf202206090928505498
http://refhub.elsevier.com/S2210-2612(22)00540-5/rf202206090928505498
https://doi.org/10.1532/hsf.3401
https://doi.org/10.1532/hsf.3401
https://doi.org/10.1016/j.ijsu.2020.10.034
https://doi.org/10.1016/j.ijsu.2020.10.034
https://doi.org/10.1161/circinterventions.108.780858
https://doi.org/10.1016/j.athoracsur.2010.05.012
https://doi.org/10.1053/j.optechstcvs.2016.02.004
https://doi.org/10.1111/jocs.15175
https://doi.org/10.1111/jocs.15175
https://doi.org/10.21037/jovs.2018.03.19
https://doi.org/10.21037/jovs.2018.03.19
https://doi.org/10.1007/s00392-019-01470-6
https://doi.org/10.1093/ehjci/jet173
https://doi.org/10.1093/ehjci/jet173
https://doi.org/10.3390/jcm10225290
https://doi.org/10.3390/jcm10225290
https://doi.org/10.23736/s0026-4725.17.04532-7
https://doi.org/10.23736/s0026-4725.17.04532-7
https://doi.org/10.1016/j.amsu.2022.103472
https://doi.org/10.1016/j.amsu.2022.103472
https://doi.org/10.1177/02184923211066158
https://doi.org/10.1177/02184923211066158

	Successful aortic root enlargement procedure in low resource setting: Two rare cases
	1 Introduction
	2 Case presentation
	2.1 Case 1
	2.2 Case 2

	3 Discussion
	4 Conclusion
	Ethical approval
	Funding
	Author contribution
	Guarantor
	Research registration
	Consent
	Provenance and peer review
	Declaration of competing interest
	Acknowledgement
	References


