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Abstract
Management of complex left ventricular outflow tract obstruction (LVOTO) can be achieved with a Konno or Modified 
Konno procedure to enlarge the LVOT. We hypothesized that patients who undergo a Modified Konno procedure would 
have a higher rate of LVOT re-intervention compared to the Konno procedure. Patients who underwent a Konno or Modified 
Konno procedure for LVOTO at a single tertiary care center between 1990 and 2014 were retrospectively reviewed. The 
primary outcome was LVOT re-intervention post-discharge from index Konno or Modified Konno procedure. Cox regression 
and Kaplan–Meier estimates were used for time-to-event analysis of LVOT re-interventions, any unplanned re-interventions, 
and transplant-free survival. The study included 122 patients: 51 (41.8%) in the Konno group and 71 (58.2%) in the Modi-
fied Konno group. Median age at surgery was 8.2 (IQR 3–16) years in the Konno group and 3.9 (IQR 1.5–11) years in the 
Modified Konno group. Multiple left heart lesions were less prevalent in Modified Konno patients. There were 36 (29.5%) 
patients with LVOT re-interventions: 8 (16%) in the Konno group and 28 (39.4%) in the Modified Konno group (p = 0.01). 
Transplant-free survival at five years was 87.2% for the Konno group and 93.5% for the Modified Konno group. A higher 
rate of LVOT re-intervention was found in the Modified Konno group although the Konno and Modified Konno techniques 
were applied to different patient populations. This finding suggests that careful preoperative decision-making can direct 
therapy appropriately and that fundamental diagnosis affects procedure choice.
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Introduction

Left ventricular outflow tract (LVOT) abnormalities rep-
resent 1–2% of all congenital anomalies. Most common 
known associations of LVOT obstruction (LVOTO) include 
(a) hypertrophic cardiomyopathy, (b) interrupted aortic 
arch, hypoplastic aortic arch, coarctation of the aorta, with 
or without ventricular septal defects, and (c) atrioventricular 

canal defects, particularly in certain unbalanced forms of 
atrioventricular canal defects [1–5]. Treatment options have 
evolved over time: less complicated forms of LVOTO may 
only require subaortic stenosis (SubAS) resection, while the 
more complex forms may benefit from a Modified Konno 
procedure with preservation of the native aortic valve, or 
the Konno procedure, which involves aortic valve replace-
ment (with autograft or prosthetic valve) as part of LVOT 
enlargement [6, 7].

The Konno procedure, which was first described by 
Konno et al. in 1975 [8], aims to relieve LVOTO via aor-
toventriculoplasty and aortic valve replacement. This proce-
dure has proven to be effective in the surgical management 
of small aortic annuli with multilevel LVOTO and recurrent 
SubAS. It is employed less often for LVOTO following Ras-
telli-type operations for transposition of the great arteries, 
LVOTO in patients with hypertrophic cardiomyopathy, and 
tunnel-like forms of SubAS [2, 9–15]. The Modified Konno 
procedure is also performed to treat LVOTO, but differs 
from the Konno procedure in that it is intended to preserve 

Mahwish Haider, Laura Carlson have contributed equally to this 
work.

 *	 Meena Nathan 
	 meena.nathan@cardio.chboston.org

1	 Department of Cardiac Surgery, Boston Children’s Hospital, 
300 Longwood Ave, Bader 273, Boston, MA 02215, USA

2	 Department of Surgery, Amsterdam University Medical 
Centre, Harvard Medical School, Boston, MA, USA

3	 Department of Surgery, Harvard Medical School, Boston, 
MA, USA

http://orcid.org/0000-0002-8469-4542
http://crossmark.crossref.org/dialog/?doi=10.1007/s00246-020-02522-9&domain=pdf


615Pediatric Cardiology (2021) 42:614–627	

1 3

the native aortic valve [16]. The Modified Konno procedure 
has been used to treat patients with LVOTO related to the 
following: discrete subaortic fibrous ring, milder forms of 
tunnel-like SubAS, SubAS associated with atrioventricular 
septal defects or hypertrophic cardiomyopathy, SubAS in 
DORV (double outlet right ventricle) following biventricular 
repair and diffuse narrowing of the LVOT [3, 4, 9–11, 17, 
18].

The purpose of this study was to compare outcomes of 
the Konno procedure to the Modified Konno procedure at 
our center. We hypothesized that the Modified Konno pro-
cedure would have a greater proportion of re-interventions 
on the LVOT.

Materials and Methods

Patient Population

This is a retrospective cohort study of consecutive patients 
who underwent a Konno or Modified Konno procedure at 
Boston Children’s Hospital between 1990 and 2014. This 
study was performed with waiver of consent and institu-
tional review board approval. Patients who had their Konno 
or Modified Konno procedure at other institutions, but sub-
sequent LVOT re-intervention at our center, were excluded 
as information on preoperative predictors was not available 
for these patients. Demographic, clinical, surgical, imag-
ing, and follow-up data were obtained by reviewing clinical 
charts and echocardiographic databases.

Patients were grouped into four categories to evaluate 
outcomes based on fundamental diagnostic group: (1) iso-
lated aortic valve and subaortic stenosis, (2) multiple left 
heart lesions, (3) atrioventricular canal defects/DORV/
Tetralogy of Fallot-like lesions, and (4) transposition-like 
lesions.

Primary Predictor

The primary predictor was the type of index LVOT interven-
tion (Konno versus Modified Konno).

Outcomes and Covariates

The primary outcome variable was LVOT re-intervention 
post-discharge from index surgery. Secondary outcomes 
included (1) non-LVOT re-interventions (mitral valve 
repair or replacement, arch interventions, right ventricle-
pulmonary artery (RV-PA) conduit change, pulmonary 
valve replacement), (2) transplant-free survival from index 
surgery, and (3) a composite of post-discharge re-inter-
vention and transplant-free survival from index surgery. 
Other outcomes included (a) major adverse events and (b) 

postoperative hospital length of stay (PHLOS) at index hos-
pitalization. Covariates included age, gender, height, weight, 
body surface area, history of prematurity, neonate, num-
ber of prior cardiac surgeries, preoperative extracorporeal 
membrane oxygenation (ECMO) and associated intracardiac 
abnormalities.

Definitions

The index surgery was defined as the first Konno or Modified 
Konno procedure performed for the patient. Post-discharge 
re-interventions were defined as (1) surgical re-interventions 
including aortic valve interventions, Konno procedure (in 
Modified Konno group), redo Konno (in Konno group), 
RV-PA conduit change, permanent pacemaker or pacemaker 
generator change, arch interventions, mitral valve interven-
tions, and other surgeries or (2) catheter re-interventions 
including balloon dilation (BD) and/or stenting of the aortic 
arch, LVOT, RV-PA conduit, branch pulmonary arteries and 
other catheter re-interventions. Major adverse events were 
defined as postoperative (1) mediastinitis, (2) ECMO, (3) re-
exploration for bleeding, (4) atrioventricular block requiring 
a permanent pacemaker, (5) ventilator support greater than 
7 days, (6) post-discharge re-admissions within 30 days of 
surgery and (7) in-hospital mortality. PHLOS was defined 
in days from date of surgery to date of discharge.

Statistical Analysis

Patient characteristics, perioperative data, and in-hospital 
(early) and post-discharge (late) outcomes are presented as 
medians with interquartile ranges for continuous variables 
and as percentages and frequencies for categorical varia-
bles. Continuous variables were compared between the two 
groups using Fisher’s exact test (2-tailed), while categori-
cal variables were compared using Pearson Chi-square test. 
Predictors with a p value ≤ 0.1 were included in multivari-
able models using backward elimination. Multivariable cox 
regression and Kaplan–Meier methodology were used to 
analyze unplanned re-interventions and transplant-free sur-
vival between the two groups. In-hospital outcomes were 
analyzed using logistic regression for adverse events and 
Cox regression for PHLOS. Statistical analyses were per-
formed with IBM SPSS Statistics for Windows, version 24.

Results

Clinical records of 122 patients were reviewed and included 
51 (41.8%) in the Konno group and 71 (58.2%) in the Modi-
fied Konno group. Baseline characteristics and the outcomes 
of the two groups are displayed in Table 1.
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There were 19 (37.3%) females in the Konno group and 
41 (57.7%) females in the Modified Konno group. The 
median age was 8.2 years (range 3, 16) in the Konno group 
and 3.9 years (range 2, 11) in the Modified Konno group. 
A history of prematurity was found in 2.4% (n = 1) of the 
Konno group and 3.5% (n = 2) of the Modified Konno group. 
In the Konno group, 7.8% (n = 4) were neonates at time of 
surgery, as compared to 0% (n = 0) in the Modified Konno 
group. The median number of prior surgeries was 1.0 with 
a range between 0 and 2 for both the Konno and Modified 
Konno groups, with the commonest being SubAS resec-
tion, coarctation repair, and aortic valvotomy for the Konno 
group, and coarctation repair and SubAS resection for the 
Modified Konno group (supplemental Tables S11 and S12). 
ECMO prior to the index surgery was required in 2% (n = 1) 
of the Konno group vs. 1.4% (n = 1) of the Modified Konno 
group. Median follow-up was 8.5 years for the Konno group 
and 7.9 years for the Modified Konno group.

Representation of the Konno and Modified Konno proce-
dures according to fundamental diagnostic group is shown 
in Table 2. Those patients with multiple left heart lesions 
were more likely to undergo a Konno procedure (p = 0.017) 
and patients with AV canal defects/DORV/VSD/TOF-like 
lesions were more likely to undergo a Modified Konno pro-
cedure (p = 0.001).

Univariable analyses of the association between the pre-
dictors and outcomes of interest are described in Table 3. 
The findings of multivariable analysis are represented in 
Table 4, 5, 6, 7, 8.

In‑Hospital Outcomes

Median postoperative intensive care unit (ICU) length of 
stay was similar at 3.7 (IQR 2.4–6.5) days for the Konno 
group and 3.5 (IQR 2.4–6.7) days for the Modified Konno 
group. However, PHLOS was longer for the Konno group: 
7.6 (IQR 6.5–13.8) days versus 6.5 (IQR 5.2–8.7) days for 
the Modified Konno group (p = 0.01).

There was no statistical difference in predischarge mortal-
ity: 7.8% (n = 4) for the Konno group and 4.2% (n = 3) for the 
Modified Konno group. Two patients required transplanta-
tion during index hospitalization: 2% (n = 1) of the Konno 
group and 1.4% (n = 1) of the Modified Konno group. Re-
intervention prior to discharge was also not different between 
the groups: 13.7% (n = 7) of the Konno group and 12.7% 
(n = 9) of the Modified Konno group (supplemental Tables 
S13, S14). Major adverse events at any time point (including 
mortality) occurred in 35.3% (n = 18) of the Konno group, 
and 22.5% (n = 16) of the Modified Konno group. Postopera-
tive atrioventricular block requiring pacemaker placement 
occurred in 11.8% (n = 6) of the Konno group and 9.9% 
(n = 7) of the Modified Konno group.

Multivariable cox regression for PHLOS (time to dis-
charge) showed that patients who underwent a Konno pro-
cedure had a longer time to discharge (hazard ratio 0.8, 95% 
confidence interval 0.6, 1.0, p = 0.017) (Table 4). Multi-
variable logistic regression analysis for major postoperative 
adverse events showed no difference between the Konno and 
Modified Konno groups (Table 5).

Comparison by fundamental diagnostic group showed 
that patients who had multiple left heart lesions had a sig-
nificantly higher rate of complications at 48.6% (n = 17, 
p = 0.01), overall re-interventions at 28.6% (n = 10, p = 0.01) 
and surgical re-interventions at 22.9% (n = 8, p = 0.04) 
prior to discharge. These patients also had a significantly 
longer ICU length of stay (LOS) at 5.7 days (IQR 3.3–9.6, 
p = 0.005) and a significantly longer PHLOS at 9.8 days 
(IQR 7.5–16.6, p = 0.003) (Table 9).

Post‑Discharge Outcomes

Post-discharge surgical re-intervention occurred in 29.4% 
(n = 15) of patients in the Konno group and 40.8% (n = 29) 
of patients in the Modified Konno group (Supplemental 
Table S15). Catheter re-intervention post-discharge was per-
formed in 25.5% (n = 13) of the patients in the Konno group 
and 28.2% (n = 20) of the patients in the Modified Konno 
group (Supplemental Table S16). LVOT re-interventions 
occurred in 15.7% (n = 8) of the Konno group and 39.4% 
(n = 28) of the modified Konno group. No patients in the 
Konno group required a heart transplant post-discharge, 
but 2.8% (n = 2) of the Modified Konno patients underwent 
transplant at 4 months and 18 years, respectively, after initial 
surgery. Post-discharge mortality was 9.8% (n = 5) for the 
Konno group and 1.4% (n = 1) for the Modified Konno group 
(Supplemental Table S17).

Post-discharge outcomes based on fundamental diagnos-
tic group demonstrated that patients with transposition-like 
lesions were more likely to undergo pacemaker generator 
change (n = 2, 28.6%, p = 0.02), and those patients with mul-
tiple left heart lesions were more likely to undergo mitral 
valve surgery (n = 7, 20%, p = 0.03) and mitral valve balloon 
dilation (n = 4, 11.4%, p = 0.02) (Table 9).

Figure 1 is a Kaplan–Meier analysis curve for the overall 
freedom from post-discharge LVOT re-interventions (pri-
mary outcome). The Konno group had a lower rate of post-
discharge LVOT re-interventions [6 (11%) at 10 years for 
the Konno group versus 33 (47%) at 10 years for the Modi-
fied Konno group, log rank p = 0.002]. On multivariable cox 
modeling, the Modified Konno group had a significantly 
higher rate of LVOT re-interventions (hazard ratio 2.7, 95% 
confidence interval 1.2–5.9, p = 0.012) (Table 6).

Figure 2 is a Kaplan–Meier analysis curve for the overall 
freedom from post-discharge re-interventions. This curve 
demonstrates that there was no difference between the two 
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Table 1   Patient characteristics and outcomes (N = 123)

All (n = 122) Konno (n = 51) Modified Konno (n = 71) p 
value

Demographics
Age (years) 6.1 (1.9,11.8) 8.2 (3,15.9) 3.9 (1.5,10.8)
Gender (female) 60 (49.2%) 19 (37.7%) 41 (57.7%) 0.03
Height (cm) 112 (82.8,146.5), n = 113 121.7 (90.4,151.5), n = 46 96 (81,142), n = 67
Weight (kg) 18.7 (10.4,40.5) 23 (12.1,50) 15.1 (9.9,31)
BSA (kg/m2) 0.7 (0.5,1.3), n = 120 0.87 (.55,1.5), n = 50 0.63 (.47,1.1), n = 70
Prematurity (< 37 weeks) 3 (3.1%), n = 98 1 (2.4%), n = 41 2 (3.5%), n = 57
Neonate 0 (0%) 4 (7.8%) 0 (0%) 0.02
Cardiac characteristics
Number of prior surgeries 1 (0,2), n = 121 1 (0,2) 1 (0,2), n = 70
PreOP LVOT gradient (mmHg) 70 (60.8,87.3), n = 120 75 (57.2,86.3), n = 50 70 (63.8,88.5), n = 70
PreOP ECMO 2 (1.6%) 1 (2%) 1 (1.4%)
Prior cardiac operationa 70 (57.9%), n = 121 34 (66.7%) 36 (51.4%), n = 70 0.09
Intracardiac abnormalityb 78 (62.4%) 33 (61.1%) 45 (63.4%), n = 69
Operative details
CPB (minutes) 159 (120,228.5), n = 69 208 (156,273), n = 29 135 (105,174.3), n = 40
CCT (minutes) 102 (73,150), n = 69 129 (106.5,161.5), n = 29 85 (63.3,110.3), n = 40
In-hospital outcomesc

Early mortality 7 (5.7%) 4 (7.8%) 3 (4.2%)
Major adverse events 34 (27.9%) 18 (35.3%) 16 (22.5%)
Pacemaker 13 (10.7%) 6 (11.8%) 7 (9.9%)
Any re-intervention 16 (13.1%) 7 (13.7%) 9 (12.7%)
Surgical re-intervention 13 (10.7%) 6 (11.8%) 7 (9.9%)
Catheter re-intervention 4 (3.3%) 2 (3.9%) 2 (2.8%)
ICU LOS (days) 3.5 (2.4,6.6) 3.7 (2.4,6.5) 3.5 (2.4,6.7)
Hospital LOS (days) 7.3 (5.4,10.7) 7.6 (6.5,13.8) 6.5 (5.2,8.7) 0.01
Late outcomesd

Any re-intervention 56 (45.9%) 20 (39.2%) 36 (50.7%)
Surgical re-intervention 44 (36.1%) 15 (29.4%) 29 (40.8%)
Catheter re-intervention 33 (27%) 13 (25.5%) 20 (28.2%)
LVOT re-intervention 36 (29.5%) 8 (15.7%) 28 (39.4%) 0.01
Surgical LVOT re-intervention 31 (25.4%) 8 (15.7%) 23 (32.4%) 0.04
Catheter LVOT re-intervention 11 (9%) 2 (3.9%) 9 (12.7%) 0.10
Aortic valve surgery 17 (13.9%) 4 (7.8%) 13 (18.3%) 0.10
Konno/redo Konno 9 (7.4%) 4 (7.8%) 5 (7%)
PPM generator change 9 (7.4%) 3 (5.9%) 6 (8.5%)
Mitral valve surgery 11 (9%) 3 (5.9%) 8 (11.3%)
Aortic arch intervention 5 (4.1%) 2 (3.9%) 3 (4.2%)
RV/PA conduit/PVR 12 (9.8%) 8 (15.7%) 4 (5.6%) 0.07
Aortic arch balloon dilation 3 (2.5%) 2 (3.9%) 1 (1.4%)
AV BD/replacement 8 (6.6%) 0 (0%) 8 (11.3%) 0.01
SubAS BD 1 (0.8%) 0 (0%) 1 (1.4%)
Conduit BD or stent 12 (9.8%) 6 (11.8%) 6 (8.5%)
Branch PA BD 2 (1.6%) 0 (0%) 2 (2.8%)
Mitral valve BD 4 (3.3%) 4 (7.8%) 0 (0%) 0.02
Othere 15 (12.3%) 6 (11.8%) 9 (12.7%)
Late mortality 6 (4.9%) 5 (9.8%) 1 (1.4%) 0.03
Late transplant 2 (1.6%) 0 (0%) 2 (2.8%)
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Table 1   (continued)
p values < 0.05 are given in bold
p values > 0.1 have not been included
Data presented as frequency (%) or medians (25th and 75th percentile values) as appropriate. Where complete data were not available, the appro-
priate frequency is provided next to the variable value
a Prior cardiac operations include prior interrupted aortic arch repair, aortic valvotomy, subaortic stenosis resection, coarctation repair, mitral 
valve replacement and valvotomy, VSD closure, ASD closure, Manougian aortic root enlargement, pacemaker placement
b Intracardiac abnormalities include VSD, ASD, bicuspid aortic valve, aortic stenosis, supramitral ring, mitral stenosis, double outlet right ventri-
cle, patent foramen ovale, Tetralogy of Fallot, Transposition of the Great Arteries
c Early outcomes indicate events prior to discharge from hospitalization following index surgery (either a Konno or Modified Konno)
d Late outcomes indicate events that occurred after hospital discharge following index surgery (either a Konno or Modified Konno)
e Other category in late outcomes includes interventions involving the coronary arteries, subaortic stenosis resection, tricuspid valve interven-
tions, and several atrial and ventricular interventions (ex. ASD and VSD closure)
p p-value, Cm centimeters, kg kilograms, kg/m2 kilograms per meter squared, PreOP preoperative, LVOT left ventricular outflow tract, mmHg 
millimeters of mercury, ECMO extracorporeal membranous oxygenation, CPB cardiopulmonary bypass time, CCT​ cross clamp time, ICU inten-
sive care unit, LOS length of stay, PPM permanent pacemaker, RV-PA right ventricle to pulmonary artery, PVR pulmonary valve replacement, 
BD balloon dilation, SubAS subaortic stenosis, PA pulmonary artery

Table 2   Konno and Modified 
Konno procedures according to 
fundamental diagnosis

p values < 0.05 are given in bold
SubAS subaortic stenosis, AVcanal atrioventricular canal, DORV double outlet right ventricle, TOF Tetral-
ogy of Fallot

Fundamental diagnosis Overall (122) Konno (51) Modified Konno (71) p value

Isolated aortic valve/SubAS 52 (42.6%) 25 (49.0%) 27 (38.0%) 0.31
Multiple left heart lesions 35 (28.7%) 21 (41.2%) 14 (19.7%) 0.017
AVcanal/DORV/TOF-like 28 (23.0%) 4 (7.8%) 24 (33.8%) 0.001
Transposition-like 7 (5.7%) 1 (2%) 6 (8.5%) 0.24

Table 3   Univariable 
comparisons to determine 
the factors for inclusion in 
multivariable model

p values < 0.05 are given in bold
Only p values are provided. All variables with p ≤ 0.1 were included in final multivariable models
Postop postoperative, DC discharge, RI re-intervention, LVOT left ventricular outflow tract, ECMO extra-
corporeal membranous oxygenation, BSA body surface area, CPB cardiopulmonary bypass time, CCT​ cross 
clamp time

Post-DC 
LVOT RI

Post-DC RI Postop Hos-
pital LOS

Any mortality/
transplant

Postop 
Adverse 
Events

Group 0.009 0.3 0.007 0.2 0.2
Gender 0.7 0.9 0.4 0.4 0.119
Prematurity 0.011 0.088 0.086 0.003 0.3
Neonate 0.2 0.9 0.001 0.4 0.031
Preoperative ECMO 0.4 0.2 0.9 0 0.021
Prior surgery 0.2 0.2 0.1 0.059 0.008
Intracardiac abnormality 0.2 0.3 0.3 0.010 0.2
Age 0.4 0.027 0.091 0.4 0.3
Number of prior surgeries 0.2 0.086 0.2 0.028 0.026
Preoperative LVOT gradient 0.2 0.5 0.7 0.6 0.2
Weight 0.6 0.062 0.053 0.2 0.4
Height 0.7 0.068 0.088 0.2 0.3
BSA 0.5 0.053 0.038 0.2 0.4
CPB 0.2 1.0 0.005 0.045 0.025
CCT​ 0.4 0.9 0.07 0.072 0.042
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groups for overall re-interventions [22 (44%) patients at 
10 years in the Konno group versus 43 (60%) at 10 years 
in the Modified Konno group, log rank p = 0.144]. Multi-
variable Cox regression analysis for any post-discharge re-
interventions showed no difference between the Konno and 
modified Konno groups (Table 8).

Overall Outcomes

Figure 3 represents the Kaplan–Meier curve for transplant-
free survival following index operation; there was no sig-
nificant difference between the Konno and Modified Konno 
groups [65 (92%) at 10 years for Modified Konno group 
versus 43 (85%) at 10 years for the Konno group, log rank 
p = 0.188]. Also, there was not a significant difference 
between the Konno and modified Konno groups for trans-
plant-free survival on multivariable cox modeling (Table 9).

Figure 4 provides a detailed flow diagram of outcomes in 
the Konno and Modified Konno groups based on anatomical 
area of re-intervention.

When compared based on age at index surgery, those 
patients who were younger at the time of the index Modified 
Konno procedure had a statistically shorter time to LVOT 
re-intervention (p = 0.04, Supplemental Fig. S5). There was 
not a significant correlation between age and time to LVOT 
re-intervention for those patients who had a Konno proce-
dure, although younger patients did have a somewhat shorter 
time to LVOT re-intervention (p = 0.42, Supplemental Fig. 
S5). Also, there was not a significant correlation between 
age at index surgery and time to mortality for patients in the 
Modified Konno or Konno groups (p = 0.21 and p = 0.11, 
respectively, Supplemental Fig. S6). Overall, those patients 
who had a Modified Konno procedure were significantly 
younger than those who had a Konno procedure (p = 0.045, 
Supplemental Fig. S7).

When a composite measure, including post-index surgery 
mortality or transplant and any pre- or post-discharge inter-
vention on the LVOT, was combined, there was a statisti-
cally significant difference between the Konno and Modified 
Konno groups (supplemental Fig. S8), with Modified Konno 
patients doing worse (log rank p = 0.03).

Discussion

There are several key findings in our study. We found that 
patients who had a Konno procedure were less likely to 
require re-intervention on the LVOT than those who had 
a Modified Konno procedure. Also, we found that there 
was no difference in overall re-interventions or transplant-
free survival between the two groups. Finally, considering 
in-hospital outcomes, we found that patients in the Konno 
group had a longer PHLOS compared to those who had a 

Table 4   Multivariable Cox regression analysis to determine the fac-
tors associated with longer hospital length of stay

p value < 0.05 is given in bold
Konno group served as the reference group

Hazard ratio Confidence interval p value

Modified Konno 0.8 0.6, 1.0 0.017
Age 1.0 0.98, 1.0 0.57
Intracardiac abnormal-

ity
0.8 0.6, 1.0 0.072

Prior surgery 1.3 1.0, 1.6 0.053

Table 5   Multivariable logistic regression analysis to determine the 
factors associated with major postoperative adverse events

p value < 0.05 is given in bold
Konno group served as the reference group

Odds ratio Confidence interval p value

Modified Konno 0.5 0.2, 1.1 0.08
Age 1.0 1.0, 1.1 0.59
Prior surgery 0.3 0.1, 0.7 0.004

Table 6   Multivariable Cox regression analysis to determine the fac-
tors associated with post-discharge LVOT re-intervention

p value < 0.05 is given in bold
Konno group served as the reference group

Hazard ratio Confidence interval p value

Modified Konno 2.7 1.2, 5.9 0.012
Age 1.0 0.9, 1.0 0.42
Prior surgery 1.3 0.6, 1.3 0.45

Table 7   Multivariable Cox regression analysis to determine the fac-
tors associated with post-discharge re-intervention on the left ven-
tricular outflow tract, mitral valve, tricuspid valve, right ventricular 
outflow tract, coronary arteries, atria, and ventricles

p value < 0.05 is given in bold
Konno group served as the reference group

Hazard ratio Confidence interval p value

Modified Konno 1.1 0.6, 2.0 0.69
Age 1.0 0.9, 1.0 0.004
Prior surgery 1.2 0.7, 2.1 0.54

Table 8   Multivariable Cox regression analysis to determine the fac-
tors associated with transplant-free survival

Konno group served as the reference group

Hazard ratio Confidence interval p value

Modified Konno 0.6 0.2, 1.7 0.32
Prior surgery 2.5 0.7, 8.9 0.16
Intracardiac abnormality 3.4 0.8, 15.2 0.11
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Modified Konno procedure. A summary of the findings of 
similar outcomes in other studies involving the Konno and 
Modified Konno procedures is shown in Table 10.

In the Konno group of our study, 17% of the patients 
had a LVOT re-intervention post-discharge, and 39.6% of 
patients required a re-intervention overall. Post-discharge 

Table 9   Outcomes based on fundamental diagnosis group

p values < 0.05 are given in bold
p values > 0.1 have not been included
Data presented as frequency (%) or medians (25th and 75th percentile values) as appropriate
Where complete data were not available, the appropriate frequency is provided next to the variable value
AV atrioventricular, SubAS subaortic stenosis, DORV double outlet right ventricle, VSD ventricular septal defect, TOF Tetralogy of Fallot, PPM 
permanent pacemaker, RI re-intervention, Cath catheter, ICU intensive care unit, LOS length of stay, LVOT left ventricular outflow tract, AVR 
aortic valve re-intervention MV mitral valve, RV-PA right ventricle to pulmonary artery, CC conduit change, PVR pulmonary valve replacement, 
BD balloon dilation, AV aortic valve, PA pulmonary artery

Outcomes All (n = 122) Isolated AV and 
SubAS (n = 52)

Multiple left heart 
lesions (n = 35)

AV Canal Defects/DORV 
and VSD/TOF-like (n = 28)

Transposition-
like lesions 
(n = 7)

p value

In-hospital outcomes
Complications 34 (27.9%) 11 (21.2%) 17 (48.6%) 4 (14.3%) 2 (28.6%) 0.01
PPM 13 (10.7%) 4 (7.7%) 7 (20%) 1 (3.6%) 1 (14.3%)
Any RI 16 (13.1%) 5 (9.6%) 10 (28.6%) 1 (3.6%) 0 (0%) 0.01
Surgical RI 13 (10.7%) 4 (7.7%) 8 (22.9%) 1 (3.6%) 0 (0%) 0.04
Cath RI 4 (3.3%) 1 (1.9%) 3 (8.6%) 0 (0%) 0 (0%)
Mortality 7 (5.7%) 2 (3.8%) 4 (11.4%) 1 (3.6%) 0 (0%)
Complication/Mortality/RI 34 (27.9%) 11 (21.2%) 17 (48.6%) 4 (14.3%) 2 (28.6%) 0.01
ICU LOS (days) 3.5 2.8 (2.2, 4.8) 5.7 (3.3, 9.6) 2.8 (2.1, 6.6) 3.6 (3.0, 3.7) 0.005
Hospital LOS (days) 7.3 6.5 (5.4, 8.6) 9.8 (7.5, 16.6) 6.3 (5.2, 8.4) 7.1 (6.5, 8.7) 0.003
Late outcomes
Any RI 56 (45.9%) 25 (48.1%) 18 (51.4%) 9 (32.1%) 4 (57.1%)
Surgical RI 44 (36.1%) 20 (38.5%) 14 (40%) 8 (28.6%) 2 (28.6%)
Cath RI 33 (27%) 13 (25%) 12 (34.3%) 4 (14.3% 3 (57.1%) 0.09
LVOT RI 36 (29.5%) 20 (38.5%) 8 (22.9%) 6 (21.4%) 2 (28.6%)
Surgical LVOT RI 31 (25.4%) 17 (32.7%) 7 (20%) 6 (21.4% 1 (14.3%)
Cath LVOT RI 11 (9%) 7 (13.5%) 3 (8.6%) 0 (0%) 1 (14.3%)
AVR 17 (13.9%) 11 (21.2%) 3 (8.6%) 3 (10.7%) 0 (0%)
Konno 9 (7.4%) 7 (13.5%) 1 (2.9%) 1 (3.6%) 0 (0%)
PPM generator change 9 (7.4%) 1 (1.9%) 5 (14.3%) 1 (3.6%) 2 (28.6%) 0.02
MV surgery 11 (9%) 1 (1.9%) 7 (20%) 3 (10.7%) 0 (0%) 0.03
Arch intervention 5 (4.1%) 4 (7.7%) 0 (0%) 1 (3.6%) 0 (0%)
RV-PA CC/PVR 12 (9.8%) 3 (5.8%) 7 (20%) 1 (3.6%) 1 (14.3%) 0.09
Arch BD 3 (2.5%) 2 (3.8%) 1 (2.9%) 0 (0%) 0 (0%)
AV BD/replacement 8 (6.6%) 5 (9.6%) 3 (8.6%) 0 (0%) 0 (0%)
SubAS BD 1 (0.8%) 0 (0%) 0 (0%) 0 (0%) 1 (14.3%) 0.001
Branch PA BD 2 (1.6%) 1 (1.9%) 0 (0%) 0 (0%) 1 (14.3%) 0.05
MV BD 4 (3.3%) 0 (0%) 4 (11.4%) 0 (0%) 0 (0%) 0.02
Other 15 (12.3%) 6 (11.5%) 5 (14.3%) 3 (10.7%) 1 (14.3%)
Late mortality 6 (4.9%) 2 (3.8%) 3 (8.6%) 1 (3.6%) 0 (0%)
Late transplant 2 (1.6%) 1 (1.9%) 1 (2.9%) 0 (0%) 0 (0%)
Late mortality/transplant 8 (6.6%) 3 (5.8%) 4 (11.4%) 1 (3.6%) 0 (0%)
Readmission 63 (51.6%) 28 (53.8%) 20 (57.1%) 11 (39.3%) 4 (57.1%)
Any mortality/transplant 15 (12.3%) 5 (9.6%) 8 (22.9%) 2 (7.1%) 0 (0%)
Mortality/RI 64 (52.5%) 27 (51.9%) 23 (65.7%) 10 (35.7%) 4 (57.1%)
Mortality/LVOT RI 44 (36.1% 22 (42.3%) 13 (37.1%) 7 (25%) 2 (28.6%)
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mortality was 9.4%. In the Modified Konno group of our 
study, 38.6% of patients required post-discharge re-interven-
tion for LVOTO, and 50% patients required a re-intervention 
overall. Post-discharge mortality was 1.4%.

The reported LVOT re-intervention rate ranged from 
0–14% for the Konno procedure and 0%-12.5% for the 
Modified Konno procedure [5, 10, 17–21]. The overall re-
intervention rate ranged from 0–32% for the Konno proce-
dure and 0–12.5% for the Modified Konno procedure [5, 10, 
17–23]. Mortality rate ranged from 0–19% for the Konno 
procedure and 0–6.3% for the Modified Konno procedure 
[10, 14, 17–29]. The median follow-up time for these stud-
ies ranged from 1.7–4 years (Table 10). The differences 
in reported outcomes between our study and other studies 
may be attributed to smaller sample sizes, shorter follow-up 
times, or specific study populations depending on the report. 
In addition, our study included both catheter and surgical re-
interventions, which were only definitively included in two 
previous studies [25, 26]. Some of the variation, particularly 
in length of stay, may be attributable to improvements in 
postoperative care in the more recent era.

Our study involves different patient populations, as evi-
denced by our fundamental diagnostic groups. Although the 

Fig. 1   Kaplan–Meier curve of freedom from unplanned LVOT re-
interventions post-discharge from index surgery. Konno is repre-
sented in blue and Modified Konno in red. Numbers at risk at each 
time point are provided below the curve

Fig. 2   Kaplan–Meier curve of freedom from unplanned re-interven-
tions post-discharge from index surgery. Konno is represented in blue 
and Modified Konno in red. Numbers at risk at each time point are 
provided below the curve

Fig. 3   Kaplan–Meier curve of freedom from mortality and trans-
plant from index surgery. Konno is represented in blue and Modified 
Konno in red. Numbers at risk at each time point are provided below 
the curve
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Konno procedure was performed more frequently in those 
patients with multiple left heart lesions, and the Modified 
Konno procedure was performed more frequently in those 
patients with AV canal defects or DORV/VSD/TOF-like 
lesions, our study provides useful information for compar-
ing the two procedures overall. In the future, when larger 
patient cohorts are available, we will consider the outcomes 
of the Konno and Modified Konno procedures for each fun-
damental diagnostic group.

Those patients with a fundamental diagnosis of multi-
ple left heart lesions appear to have worse in-hospital out-
comes, with a greater number of complications, overall re-
interventions and surgical re-interventions. They also had 
a longer ICU LOS and PHLOS. This may be attributed to 
fact that their surgeries often involved both the aortic valve 
and the mitral valve. Post-discharge, these patients were 
more likely to require intervention on the mitral valve. This 
is expected, as many of the left heart lesions involved the 
mitral valve. Notably, there were no significant differences in 
post-discharge LVOT re-interventions or mortality between 
the fundamental diagnostic groups.

Our study found that patients who had a Modified Konno 
procedure were younger at the time of index surgery, and 
younger patients in both the Modified Konno and Konno 
groups had a shorter time interval between their index sur-
gery and any subsequent LVOT interventions. In younger 
patients, there is a surgical preference for preserving the 
native aortic valve, and our findings suggest that a Modified 
Konno procedure was favored over a Konno procedure in 

this patient population. Each patient must therefore be care-
fully considered to determine the most appropriate surgery 
for LVOTO, as well as optimal timing for intervention.

Study Limitations and Future Recommendations

This retrospective study had inherent issues of missing data 
in both groups. Clinical charts and echocardiographic data-
bases before 2000 had incomplete information. Preoperative 
patient selection may be biased by clinician preference and 
it is likely that the patient groups are not completely compa-
rable. Patients undergoing Konno operations may represent 
those with forms of LVOTO that are at the more severe end 
of the diagnostic spectrum. Further prospective multicenter 
investigation may help resolve these limitations.

Conclusion

Overall, this study demonstrated that Modified Konno 
patients were at greater risk for LVOT re-intervention and 
Konno patients have a longer PHLOS, but other in-hospital 
and late outcomes did not differ. Morphology of the LVOT 
should be considered when deciding on choice of procedure 
for complex LVOTO. Fundamental diagnosis is a significant 
factor when deciding if a Konno or Modified Konno proce-
dure is appropriate for each patient.

Fig. 4   Flow diagram representing outcomes in Konno and Modified Konno groups
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