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CURRENT SITUATION

operation has been recognized as the most frequently
utilized approach and still remains the most common;
however, the Nikaidoh has grown in popularity, and
over 40% of patients in our study were repaired with
this technique. Currently, in the United States, the REV
operation is obsolete and was performed in only 3.1%
(n ¼ 9) of cases. Conversely, in Europe the Nikaidoh
operation has been less widely adopted and the REV is
still commonly performed.12,16 While select centers
performed the majority of cases, these operations are
rare with only 28 performed over the entire study
period from the highest-volume center, which has an
annualized volume of over 800 indexed cases.
Furthermore, the highest volume center is performing
less than 4 of these procedures on average annually.
The higher-volume centers were found to have
variations in approach with a combination of Nikaidoh
and Rastelli operations being performed, while centers
with lower volume were more likely to utilize only 1
approach. Unfortunately, based on the limited
granularity of the data in regard to surgical decision
making, it is unclear if variation in operative approach
in higher-volume centers are for patient-level
anatomical diversity or the individualized preferences
of multiple surgeons. Future studies are needed to
determine the drivers of procedural selection. We
utilize a pathoanatomically driven approach to
choosing between a Rastelli or Nikaidoh, in which
patients with restrictive, inlet, or apically located VSDs;
right ventricular hypoplasia; straddling atrioventricular
valves; small (<5 mm) pulmonary annuli;
anteroposterior great vessel orientation; and favorable
coronary anatomy may be considered for a

Nikaidoh.17,18 Unfortunately, these pathoanatomical
details are not available in the STS-CHSD. The only
distinction in patient characteristics between the
Rastelli and Nikaidoh patients was that those
undergoing a Rastelli were more likely to have
undergone 1 or more prior cardiac operations. In both
groups, nearly 50% of patients underwent an initial

FIGURE 1 Scatter p lot demonst ra t ing the ut i l i za t ion of N ika idoh

and Raste l l i operat ions based on annua l ized overa l l center vo lume.

Dashed l ines represent 25th and 75th percent i les for ut i l izat ion .

FIGURE 2 Bar graph demonst rat ing the ut i l i za t ion of Nika idoh, Raste l l i , and r !eparat ion "a l ’etage ventr icu la i re (REV)

operat ions st ra t ified by center .
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systemic-to-pulmonary shunts. Intraoperatively, the
Nikaidoh procedure was found to be the most time-
consuming, with significantly longer cardiopulmonary
bypass and aortic cross-clamp times than the Rastelli.
The disparate length of operative times between the
operations has been enumerated in prior studies.16,17

This study builds on the existing evidence that these
operations are being performed with acceptable rates of
operative mortality, early morbidity, and 30-day hospital
readmissions, which are comparable across the
groups.16,18,19 The overall rate of operative mortality for

the study population was 3.8% and was similar across
the groups at 3.1% in the Rastelli, and 4.4% for the
Nikaidoh. Although operative morality was higher for
the REV group (11.1%), the sample size was too small to
draw meaningful conclusions. Kari and colleagues12 re-
ported an overall operative mortality of 2%, while
Hazekamp and colleagues16 reported an operative mor-
tality of 8% in an analysis of the European Congenital
Heart Surgeons Association Database. In the present
study, the majority of the morbidity across all groups
was driven by prolonged ventilation (12.3%) and

FIGURE 3 Bar graph demonst ra t ing the vo lume of Nika idoh, Raste l l i , and r !eparat ion "a l ’etage ventr icu la i re (REV)

operat ions by year .

FIGURE 4 Bar graph demonst ra t ing the annua l number of procedures per formed by center . (REV, r !eparat ion "a l ’etage

ventr icu la i re . )
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ABSTRACT

BACKGROUND Aortic root translocation (Nikaidoh), Rastelli, and r!eparation "a l’etage ventriculaire (REV) are repair

options for transposition of the great arteries (TGA) with ventricular septal defects and left ventricular outflow tract

obstruction (VSD-LVOTO) or double outlet right ventricle TGA type (DORV-TGA).

METHODS This retrospective study using The Society of Thoracic Surgeons Congenital Heart Surgery Database

evaluates surgical procedure utilization and outcomes of patients undergoing repair of TGA-VSD-LVOTO and DORV-

TGA with a Nikaidoh, Rastelli, or REV procedure.

RESULTS A total of 293 patients underwent repair at 82 centers (January 2010 to June 2019). Most patients underwent

a Rastelli (n [ 165, 56.3%) or a Nikaidoh (n [ 119, 40.6%) operation; only 3.1% (n [ 9) underwent a REV. High-volume

centers performed the majority of the repairs. Fewer Nikaidoh than Rastelli patients had prior cardiac operations (n[ 57

[48.7%] vs n [ 102 [63.0%]; P ¼ .004). Nikaidohs had longer median cardiopulmonary bypass time (227 [interquartile

range (IQR), 167-299] minutes vs 175 [IQR, 133-225] minutes; P < .001) and median aortic cross-clamp times (131 [IQR,

91-175] minutes vs 105 [IQR, 82-141] minutes; P ¼ .0015). Operative mortality was 3.1% (95% confidence interval [CI],

1.0%-7.0%; n [ 5) for Rastelli, 4.4% (95% CI, 1.4%-9.9%; n [ 5) for Nikaidoh, and 11.1% (95% CI, 0.3%-48.3%, n [ 1)

for REV. The rates of cardiac arrest, unplanned reoperation, mechanical circulatory support, prolonged ventilation, and

permanent pacemaker placement were higher in the Nikaidoh population but with 95% CIs overlapping those of the

other procedures.

CONCLUSIONS Rastelli and Nikaidoh procedures are the prevalent repair strategies for patients with DORV-TGA and

TGA-VSD-LVOTO. Most are performed at high-volume institutions, and early outcomes are similar.

(Ann Thorac Surg 2022;114:800-8)
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Rastelli and Nikaidoh procedures are the most commonly
performed









DORV: TGA-TYPE WITH PS

1. Tricuspide-pulmonary valve distance is inferior

to aortic diameter

2. LV to Aorta connection is possible but the baffle 

incorporates the pulmonary outflow tract 

3. Needs to relocate the pulmonary artery

Sub Aortic Conus is long
Sub Pulmonary is short
= Sub Pumonary VSD



What do I want to see?

Precise plan before surgery

TV RV

PV



Tricuspide-pulmonary
valve distance 

Sup or equal to the 
aortic annulus diameter

No RVOTO RVOTO

IVR Fallot-type 
Repair

Inferior to the aortic
annulus diameter

RVOT Anatomy

Normal SubnormalStenotic

Switch + 
LV to Ao

REV 
Rastelli

Cono truncal
rotation

Bex-Nikaïdoh

VSD can be connected to 
Aorta or Pulmonary valve

VSD can’t be connected to 
the aorta (PV not suitable)

DORV REPAIR



The Surgical Repair
Left Side

Tips and Tricks

•Resection of the conal septum
• Anterior to the baffle
• Resection for the border line TGA type

•VSD enlargement
• Only when needed
• Anterior enlargement
• Create immediately a fragile area
• Can provoque localised infarct and 

subsequent residual VSD
• Mandatory for some patients
• Increase AV block risk





Conal resection and ideal baffle



The Surgical Repair
Left Side

•Resection of the conal septum
• Anterior to the baffle
• Resection for the border line TGA type

•VSD enlargement
• Only when needed
• Anterior enlargement
• Create immediately a fragile area
• Can provoque localised infarct and 

subsequent residual VSD
• Mandatory for some patients
• Increase AV block risk

Tips and Tricks



The Surgical Repair
Left Side

• LV to Aorta baffle: 
• 3 Accesses for VSD visualization : RA, Aorta and RV 
• Position of the Right Ventriculotomy
• It’s not a VSD closure: tailoring of the patch
• Interposition within the reconstruction: tricuspid, 

muscular band

•Perfect baffle -> direct, short, unobstructed, 
without folding

Baffle checking through aortic transection

• SMALL PA ANNULUS = SHORT BAFFLE
• TAILORED PATCH: LENGH= DISTANCE BETWEEN THE 

POSTERIOR EDGE OF THE VSD AND THE AORTIC ANNULUS



RIGHT OUTFLOW RECONSTRUCTION

1. SIGNIFICANT SHORTENING OF THE ASCENDING 
AORTA 

2. LECOMPTE MANEUVER
3. POSTERIOR ANASTOMOSIS BETWEEN THE OPEN 

TRUNCK AND VENTRICULOTOMY
4. ANTERIOR PATCH +/- PA BRANCH PLASTY

NO TENSION
NO DISTORSION OF THE PA OSTIA
NO CORONARY COMPRESSION 



- without coronary transfer:
IVR, Fallot type repair, Rastelli and REV

- with coronary transfer:
Switch, Bex-Nikaidoh, Half turned cono truncal rotation

DORV REPAIR



REV and Coronaries

Right ventriculotomy and Pulmonary artery closure

• Difficulties when lots of branches on 
the RV

• If no spot to reimplant the PA, consider
Rastelli

• Mandatory to mobilize the pulmonary
root at redo surgery

• Avoid big bites when it’s bleeding on a 
beating heart



REV : Resection of the conal septum

• 1st septal branch

• Injury between the 2 vessels and 

subsequent desaster



• Problem linked to the shortenning
of the Aorta: stretching of the right 
coronary artery or rotation of a 
single CA

• Compression by the posterior wall
of the reimplanted pulmonary
artery
(infundibular branche or anterior
loop)

REV

1980-2021, 157 patients
2 patients experienced a major coronary events

- 1 patient had a stretching of the LCA due to a twist of the ascending
aorta after shortenning
- 1 patient with single CA had compression by a melody



SPECIFIC SITUATIONS
SOMETIMES THE REV IS NOT APPROPRIATE 

• IMPOSSIBILITY TO OBTAIN A « GOOD » CHANNEL

• ANOMALOUS PULMONARY ARTERY TREE: 

DISTORTION, HYPOPLASIA, DISTAL STENOSIS, MULTIPLE BT SHUNTS, NO TRUNK

• CORONARY BRANCHES CROSSING THE VENTRICULOTOMY SPOT

• MITRAL CLEFT WITH THE NEED OF CONAL RESECTION, 

• MITRAL APPARATUS CREATING VSD OBSTRUCTION

• PULMONARY VALVE SUITABLE FOR SWITCH OR CONO TRUNCAL ROTATION!



New tool for visualization of complex forms of DORV
and planning of the intra cardiac baffle



New tool for visualization of complex forms of DORV
and planning of the intra cardiac baffle

• Movie 3D from Pasteur DORV L-Malposition

Raimondi, J Card Surg 2021 

Video of a game player – VR headset



SPECIFIC SITUATIONS
SOMETIMES THE REV IS NOT APPROPRIATE 

• IMPOSSIBILITY TO OBTAIN A « GOOD » CHANNEL

• ANOMALOUS PULMONARY ARTERY TREE: 

DISTORTION, HYPOPLASIA, DISTAL STENOSIS, MULTIPLE BT SHUNTS, NO TRUNK

• CORONARY BRANCHES CROSSING THE VENTRICULOTOMY SPOT

• MITRAL CLEFT WITH THE NEED OF CONAL RESECTION

• MITRAL APPARATUS CREATING VSD OBSTRUCTION

• PULMONARY VALVE SUITABLE FOR SWITCH OR CONO TRUNCAL ROTATION!



Long-term results of the REV procedure
(réparation à l'étage ventriculaire) - NECKER 

• 40 years, 1980 and 2021
• 157 patients underwent a REV procedure
• DORV (Fallot or TGA type): 30% , TGA VSD LVOTO (65%)
• NO DIFFERENCE BETWEEN THE 2 GROUPS
• Median age and weight were 10 months and 8 kg 
• 43% had a prior surgical palliation (BT shunt: 95%)
• Resection of the conal septum and/or VSD enlargement was performed in 

36%
• Twelve patients (7.6%) died, including 4 (2.5%) during the first 

postoperative month
• Overall survival at 40 years was 89%



Background & Objectives

time of sternotomy and died 5 days later of neurologic
complications. Time to RVOTO reintervention was
shorter for patients less than 1 year of age at the origi-
nal operation (P < .001) and for those with right-sided
conduit placement (P = .02). Time to reintervention did
not differ by the type of right ventricular–pulmonary
arterial connection (P = .2), although no patient with a
direct anastomosis (n = 5) underwent a reintervention.

RVOTO transcatheter reintervention. Since 1984,
28 patients have undergone transcatheter reinterven-
tions. Sixteen patients received 1 or more vascular
stents and 12 received balloon dilation alone. Conduits
treated include 18 aortic homografts, 6 pulmonary
homografts, 2 Tascon, 1 Carpentier-Edwards, 1 Dacron,
and 1 Hancock. The gradient in obstructed conduits was
reduced from 66.4 ± 14.7 mm Hg to 28.4 ± 11.8 mm Hg
(P = .001, paired t test) and the diameter at the obstruc-
tion was increased from 7.8 ± 3.6 mm to 12.7 ± 2.9 mm
(P = .01). Ten patients underwent a second reinterven-
tion and 3 a third. The freedom from surgical reinter-
vention after transcatheter reintervention was 65% and
22% at 2 years and 5 years, respectively.

LVOTO reintervention. Eleven patients underwent
surgical revision of LVOTO with no early deaths. Nine
patients had resection of the conal septum, 1 patient a
modified Konno procedure, and 1 had an apical left
ventricular–descending aorta conduit (died 3 years
later). One patient underwent stent placement in the
LVOT. Freedom from an LVOTO reintervention was
88%, 84%, and 84% at 5, 10, and 15 years, respective-
ly (Fig 3). Time to LVOTO reintervention was some-
what shorter for infants less than 1 year of age at the
Rastelli repair (P = .08).

Other procedures. Residual VSD closure was per-
formed as a solitary procedure in 3 patients. Closure of
residual VSD was performed concomitant with the
conduit reoperation in 11 patients. One patient had
device closure of a residual VSD. Two patients under-
went mitral valve cleft closure, 1 a mitral valve replace-
ment, and 1 an aortic valve replacement with residual
VSD closure.

Late arrhythmia. All patients had right bundle
branch block at late electrocardiographic examination.
At follow-up, AV block was present in 5 patients (3
after surgery and 2 acquired late), supraventricular
tachycardia in 4 patients, and ventricular tachycardia in
3. There were 5 sudden deaths. Two patients underwent
pacemaker implantation and 2 patients received an
automatic implantable cardiac defibrillator.

Pregnancies and deliveries. Two patients had 3
pregnancies and deliveries without complications.

Discussion
Early morbidity and mortality. The surgical treat-

ment for TGA has evolved dramatically over the past
40 years, and currently the procedures to treat this
anomaly have an operative mortality of less than 5%.
Over the 25 years encompassed by this study, the poli-
cy of primary repair that has characterized our institu-
tion was also applied for this anomaly. However, in this
series mortality was not influenced by earlier date of
operation. In fact, during the first 8 years of this expe-
rience there were no early deaths.17

In this series the only morphologic risk factor for
early mortality was the presence of tricuspid valve
straddling or abnormal attachments (3 deaths in 5

The Journal of Thoracic and
Cardiovascular Surgery
Volume 120, Number 2

Kreutzer et al 217

Fig 3. Freedom from RVOTO and LVOTO reintervention.
2000. JTCS. Kreutzer

“en bloc truncal rotation techniques,” although with increasing
experience, these coronary artery anomalies are not all seen as
a contraindication.16

The Bex-Nikaidoh procedure and in fact all its modifica-
tions, including “en bloc truncal rotation techniques,” have several
drawbacks: coronary artery problems may occur due to trans-
fer or due to leaving the coronary artery in place (kinking or
stretching), aortic valve insufficiency has been reported to be a
complication, and all over these operations are considered to be
more technically demanding than the Rastelli procedure.

Aortic valve insufficiency has been reported as an important
complication by several authors, and it must be assumed that
a learning curve exists with these demanding procedures.

Results
There are many single-center studies that report the results of
surgical treatment of TGA, VSD, and LVOTO. Most studies report
on 1 technique.8,9,13-20 Some studies report outcomes of differ-
ent procedures in a single center,10,21,22 whereas 1 multicenter
study reports on different operations.23 All of the studies were
retrospective, and none of the studies were randomized.

Reports on outcomes are listed in Table 1. Not all series in
the literature have been included. We have focused on early and
late mortality, on (freedom from) reinterventions, and on post-
operative aortic insufficiency. Where possible, length of follow-
up is mentioned. Leiden results with the Nikaidoh procedure
have not been published previously.

In a study analyzing 25-year experience with the Rastelli op-
eration in 101 patients with TGA, VSD, LVOTO, Kreutzer et al

observed low early mortality but substantial late mortality and
morbidity associated with RVOT or LVOT obstruction and ar-
rhythmia. Freedom from death or reintervention was 53%, 24%,
and 21% at 5, 10 and 15 years.

The European Congenital Heart Surgeons Association mul-
ticenter study including 82 patients also showed disappointing
outcomes of the Rastelli operation with a high reoperation rate
for RVOTO (10- and 15-year freedom from reoperation was 25%
and 21%) and a not insignificant rate of reoperations for LVOTO
(15-year freedom of 84%).

On the contrary, Brown et al, analyzing their 20-year expe-
rience with the Rastelli operation in 40 patients, reported better
results: 20-year overall survival of 93%, freedom from RVOTO
reoperations at 5, 10, 15, and 20 years of 86%, 74%, 63%, and
59%, and freedom from LVOTO reoperations at 20 years of 95%.

In the largest study analyzing long-term results of the REV
procedure in 142 patients, Di Carlo et al reported overall sur-
vival of 85% at 25 years, 15-year freedom from RVOTO
reoperations of 75%, and a very low incidence of LVOTO
reoperations (2%).

In patients undergoing an REV procedure, the European Con-
genital Heart Surgeons Association multicenter study found
freedom from death, reoperation, or catheter reintervention at
1, 5, and 10 years of 90%, 78%, and 64%, respectively. Freedom
from reoperation for residual RVOTO and LVOTO at 10 years
was 91% and 85%.

In a study reporting midterm results of the Nikaidoh proce-
dure in 18 patients, Yeh et al reported 95% overall survival, 100%
freedom from reoperations for LVOTO, 64% freedom from
reoperations for RVOTO at 15 years, and no more than mild
aortic regurgitation (AR).

Table 1 Outcomes of Nikaidoh, Rastelli, REV, and En Bloc Rotation Operations

Author Number of
Patients

Mortality Reoperations AR (More
than Mild)

FU
Early Late LVOT RVOT

Nikaidoh
Yeh et al10 18 1/18 0/17 0/17 5/17 0/17 11.4 (0.1-23) y
Morell et al11 12 1/12 0/11 0/11 2/11 3/11 33 mo
Raju et al17 17 0/17 0/17 0/17 4/17 1/17 1.8 (0.1-16) y
Hu et al21 9 0/9 0/9 0/9 0/9 0/9 7 (2-26) mo
Leiden (unpublished data) 13 0/13 0/13 0/13 1/13 0/13 6.3 (1-16) y
Kramer et al18 14 2/14 1/12 0/12 2/12 0/12 2.3 (0.3-6.4) y
Honjo et al22 8 0/8 0/8 0/8 0/8 0/8 6 (0.4-13) y
Rastelli
Brown et al19 40 0/40 3/40 2/37 16/37 0/37 8.6 (0.3-21) y
Hu et al21 6 1/6 0/5 0/5 0/5 0/5 18 (6-30) mo
Hazekamp et al23 82 5/82 8/77 4/77 29/77 0/77 Max. 17 y
Kreutzer et al15 101 7/101 17/94 11/94 44/94 1/94 8.5 (0.4-22) y
Hörer et al20 39 0/39 4/39 1/35 17/35 0/35 8.9 (0-25) y
REV
Hu et al21 3 1/3 0/2 0/2 0/2 0/2 6 (2-11) mo
Hazekamp et al23 31 2/31 3/29 5/29 3/29 0/29 Max. 25 y
Di Carlo et al24 142 2/142 13/140 3/140 36/140 0/140 12.3 ± 7 y
En bloc rotation/double-root translocation
Mair et al16 13 0/13 0/13 0/13 0/13 1/13 4 (1.5-6.5) y
Yamagishi et al8 2 0/2 0/2 0/2 0/2 0/2 —

Abbreviations: AR, aortic regurgitation; FU, follow-up; LVOT, left ventricular outflow tract; REV, Reparation á l’Etage Ventriculaire; RVOT, right ventricular
outflow tract.

Nikaidoh vs REV vs Rastelli 61

2018. Ped Card Surg. Hazekamp



Patients

• 1980  => 2022, 157 REV procedure
• Follow up 18 years (2m - 41.3y)
• Median age 10 months (2.1m -13.7y) and weight 8.2 kg (4.2-25)

TGA VSD PS

DORV TGA-like

DORV TOF-like

113 (72%)

27 (17.2%)

9 (5.7%)

62 (39.5%)

DOLV

ccTGA

6 (3.8%)

2 (1.3%)



Surgical procedure

Resection of conal
septum / VSD 
enlargment

n = 135 (88.4%)

Lecompte maneuver
n = 146 (93%)

Monocusp
implantation

n = 105 (66.9%)
=> 2008



Survival

Overall survival (death or Tx) was 89.3% (95CI : 81.8-93.8%) at 20 and 40 years 

•Early death, n=4 (2.5%)
• Late death, n=9 (5.7%)

Sudden death, n=3

Heart Tx, n=2

Arrhythmias, n=2

Redo surgery, n=1



Fate of the RVOT

• Thirty-eight patients (24.2%) required 68 reinterventions on the RVOT, including 49 reoperations in 34 
patients (21.7%)
• Median delay of 9 years after the REV (8 months - 27 years) 

• Implantation of a monocusp
•RVOT reintervention (p=0.0099)
•RVOT reoperation (p=0.0026) 
•Pulmonary valvulation (p=0.2132)

USE OF MONOCUSP = INDEPENDANT RISK FOR SUBSEQUENT 
STENOSIS 

70% FREEDOM OF REINTERVENTION AT 20 YEARS



Fate of the RVOT
Indications for RVOT reinterventions = MAINLY STENOSIS

•RVOT obstruction, n=61, mean gradient 65mmHg (40-105mmHg)
•Annular, n=41
•Supravalvular, n=13
•Both annular and supravalvular, n=5
•Subpulmonar, n=2

•Pulmonary regurgitation, n=7

•Pulmonary valvulation in 20 patients (13%)
• ¾ surgery, ¼ PPVI

82% FREEDOM FROM PULMONARY VALVULATION AT 20 YEARS



REV : very long term outcome

• 23% required reinterventions for RVOTO (median delay: 9 years => 8 months - 27 years) 
• 13% underwent pulmonary valvulation (15 surgical and 5 interventional). 
• Freedom from RVOT obstruction reintervention was 90% at 5 years, 76% at 10 years, 55% at 

20 years and 42% at 40 years. 



Fate of the LVOT

• LVOT reoperation are scarce: 2.5% required 
reoperation for LVOTO

• Median delay of 5 years (range 3.2-13.5 years)

• Confirmed by other series (2 to 5%)

An K, pediat Cardiol, 2021
Lim HG, JTCVS, 2014
Hu, JTCVS, 2008



REV
• STRONG ALTERNATIVE TO THE RASTELLI  (long term outcome: survival, RVOT, LVOT)

• INDICATIONS: DORV TGA-type and TGA VSD PS when pulmonary valve not suitable 

for Switch or for the RVOT (Cono truncal rotation)

• CONCERNS: 

•Arrythmias: ventricular scar

•No pulmonary valve – dilatation of the RV?

• LV to aorta channel: realignement?

currently under 
evaluation



CONCLUSIONS

•The REV (means dream in French) is not a nightmare
•Probably better a REV than a Rastelli
•But no nice REV without efficient LV to aorta channel
•So, probably room for other surgical options…


