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Early and Long-term Outcomes of Aortic Valve Replacement Surgery in
Low- and Intermediate-risk Patients

Resultados tempranos y alejados de la cirugia de reemplazo valvular adrtico en pacientes de
riesgo intermedio y bajo

DANIEL NAVIA*, FERNANDO PICCININI*, MARIANO VRANCIC*, MARIANO CAMPORROTONDO*, JUAN ESPINOZA*, BRUNO SIMONETTO*,
ALBERTO DORSA", MARIANO BENZADON*

ABSTRACT

Background: With the introduction of new percutaneous techniques for the treatment of severe aortic stenosis, it is important to
define which group of patients will benefit more with this new therapeutic option.

Objective: The aim of this study was to analyze the outcomes of aortic valve replacement in low/intermediate risk patients in our
setting to establish a reference point for the application of this new therapeutic technology.

Methods: Early and long-term postoperative outcomes were analyzed in 520 patients over 70 years of age, with severe aortic stenosis
with or without associated coronary heart disease who were operated on between January 2010 and January 2017. Four hundred
and forty-five patients were identified as low risk (STS <4) and 75 as intermediate risk (STS=4-8) patients; PROM STS for the
overall group of patients was 2.5.

Results: Mean population age was 76.8 £4.7 years, and most patients were men. Total in-hospital mortality was 3.1%: 2.7% for low-
risk patients and 5.3% for intermediate-risk patients. The incidence of stroke was 0.6% and the need for definitive pacemaker 3.5%.
Five-year survival for low-risk patients was 88.5% vs. 67.8% for intermediate-risk patients (logrank test <0.001). At 5 years, freedom
from readmission for low-risk patients and intermediate-risk patients was 91.1% and 91.9%, respectively (p=ns) and freedom from
reintervention was 98.7 and 97.7%, respectively (p=ns).

Conclusion: Aortic valve replacement in low/intermediate risk patients has low incidence of in-hospital morbidity and mortality, low
rate of stroke and need for definitive pacemaker, and low frequency of events at a 5-year follow-up.
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RESUMEN

Introduccion: Debido a la introduccién de técnicas percutdneas para el tratamiento de la estenosis aortica severa, es importante
poder definir qué grupo de pacientes se beneficiarian con esta nueva opcién terapéutica.

Objetivo: Analizar los resultados de RVA en pacientes (pac) de riesgo intermedio/bajo en nuestro medio y de esta forma establecer
un punto de referencia para la aplicacion de esta nueva tecnologia terapéutica.

Material y métodos: se analizaron los resultados postoperatorios (po) tempranos y alejados de 520 pacientes mayores de 70 afos,
operados con diagnédstico de estenosis aortica severa con o sin enfermedad coronaria intervenidos en el periodo comprendido entre
enero 2010 y enero 2017. Se identificaron 445 pac con riesgo bajo (STS < 4) y 75 pac con riesgo intermedio (STS= 4-8), el PROM
STS para el grupo total de pac fue de 2.5.

Resultados: La edad promedio del grupo total de pacientes fue de 76.8 (4.7) anos con mayoria de sexo masculino. La mortalidad
hospitalaria para el grupo total fue de 3,1%, siendo del 2.7% (n:445) para el grupo de pac con riesgo bajo y del 5,3%(n:75) para los pac
con riesgo intermedio. La incidencia de ACV fue 0.6% y la necesidad de marcapasos definitivo del 3.5%. A 5 anos la sobrevida de pac
con bajo riesgo fue del 88.5% vs. 67.8% para pacientes con riesgo intermedio (Log Rank <0.001). El periodo libre de re-internacién
fue de 91.1% para bajo riego y de 91.0% para pac de riesgo intermedio (p=ns) y el periodo libre de re-intervencién fue de 98.7% en
bajo riesgo y de 97.7% en riesgo intermedio (p=ns).

Conclusién: la RVA en pacientes de riesgo intermedio/bajo presento baja incidencia de morbi-mortalidad hospitalaria, baja incidencia
de ACV po y necesidad de marcapasos definitivo, con baja incidencia de eventos a 5 anos de seguimiento.

Palabras claves: Estenosis de la Vélvula Aértica — Implantacién de Prétesis de Valvulas Cardiacas — Medicién de Riesgo - Periodo
Perioperatorio
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INTRODUCTION

Aortic valve disease is the most frequent acquired
valve disease in elderly patients, (1) and its growth is
expected to increase due to the greater life expectancy
observed in recent years. (2) Aortic valve replacement
(AVR) is considered the most efficient treatment for
this disease after the onset of clinical symptoms (class
IA, AHA). (3)

Since the introduction of transcatheter aortic
valve implantation (TAVI) in 2002, its indication has
been extensively studied and extended in daily prac-
tice. (4) In the beginning, this type of treatment was
limited to non-surgical high-risk patients (STS >8),
and different studies showed that TAVI was superior
to medical treatment regarding 2-year survival in this
group of patients. (5-7)

These results, together with the mini-invasive na-
ture of the treatment and proven safety, led interven-
tional cardiologists to expand its indication to surgi-
cal, high-risk patients.

Further studies in high-risk patients treated with
TAVI have shown that this type of percutaneous pro-
cedure can be an acceptable alternative to AVR, with
comparable morbidity and mortality outcomes. (8-9)

Even though several surgical risk scores have been
used to define patients at low, intermediate and high
risk, the most widely accepted one is the Society of
Thoracic Surgeons (STS) Predicted Risk of Mortality
score (PROM). However, recent studies have demon-
strated a reduction in the previously estimated rates
of mortality despite the population was defined as
high risk by the STS-PROM. (10-11)

The purpose of this study was thus to evaluate
early and long-term outcomes of AVR in STS PROM
low-risk and intermediate-risk patients in our setting,
to establish a reference point to compare the results of
new therapeutic alternatives in patients with severe
aortic stenosis.

METHODS

Between January 2010 and January 2017, 1,115 patients
with severe aortic stenosis were operated on and prospec-
tively and consecutively entered into a general database.
Among these patients, 520 underwent isolated AVR, or com-
bined with coronary artery bypass grafting (CABG), and
postoperative early and long-term outcomes were analyzed.
Only patients with elective surgery and >70 years of age
were included. Patients with pure aortic regurgitation, in-
fective valve disease and mitral valve involvement or thorac-
ic aortic surgery were excluded from the study. Aortic valve
replacement was performed by mini-invasive technique in
patients without coronary heart disease (n=136) through
upper hemisternotomy in the third or fourth intercostal
space, with femoral venous access performed with Seldinger
technique under intraoperative transesophageal echocardi-
ography (TEE) guidance. (12)

The primary endpoint was in-hospital mortality, postopera-
tive stroke, need for definitive pacemaker and total length of
hospital stay. The secondary endpoint was 5-year mortality
and freedom from readmission and/or reintervention period.
In-hospital mortality was defined as that occurring during

hospitalization or within 30 days of surgery. In-hospital mor-
tality, deep sternal wound infection (mediastinitis), postop-
erative acute myocardial infarction (AMI), postoperative
stroke (presence of neurological deficit lasting >72 hours
and/or confirmed by computed tomography), reoperation for
bleeding and kidney failure requiring dialysis were evaluat-
ed. Long-term follow-up was performed to analyze survival
and presence of events through direct contact with the pa-
tient, his family and his family doctor, and review of clinical
records. Presence of new stroke and signs of heart failure
due to prosthesis dysfunction were considered reasons for
readmission and the need for valve replacement was consid-
ered to assess the freedom from reintervention period.
Patients’ preoperative characteristics were expressed as
mean=*standard deviation, median and interquartile range
(IQR) or prevalence (in percentage), as appropriate. Ka-
plan-Meier freedom from events survival curves were built
and the differences in the time-event curves between both
groups were analyzed using the logrank test.

Mean follow-up was 2.6+1.8 years and median follow-up
was 2.4 years (IQR 1.1-3.8).

Ethical considerations
The Instituto Cardiovascular de Buenos Aires Ethics Com-
mittee authorized the performance of this study.

RESULTS

Among a total of 520 patients, 445 were identified as
low-risk patients (ST'S <4) and 75 as intermediate-risk
patients (STS=4-8); PROM-STS for the total group of
patients was 2.5+1.2. Table 1 shows baseline charac-
teristics of the population. Mean age for the overall
population was 76.8+4.7 years, with predominance of
men. In 39.8% of cases, patients presented with coro-
nary heart disease and required CABG. Dyspnea was
the most frequent symptom (47.3%) followed by an-
gina (12.9%); 8.7% of patients were considered to be
asymptomatic. Most of the patients received biological
prostheses (96.5%), and the most common size used
was 23-25 mm (48.5%) (Table 2).

In-hospital mortality for the total group was 3.1%:
2.7% for the low-risk group of patients (n=445) and
5.3% for the group of intermediate-risk patients
(n=75). Postoperative stroke was 0.6% and the need
for definitive pacemaker was 3.5%. Median hospital
stay was 5 days (IQR 4-8) (Table 3). In 136 patients
(26%) AVR was performed by mini-invasive technique
allowing greater possibility of extubation in the oper-
ating room (p=0.01). No significant differences were
found for other postoperative variables.

A long-term 5-year follow-up was conducted in
96.7% of the total group of patients, with a mean
follow-up period of 2.6=1.8 years. Survival at 5 years
for the low-risk group of patients was 88.5% vs. 67.8%
for the intermediate group (logrank test <0.001) (Fig.
1A). Freedom from readmission at 5 years was 91.1%
for the low-risk group and 91.0% for the intermediate-
risk group (p=ns) (Fig. 1B). Finally, freedom from
reintervention at 5 years was 98.7% for the low-risk
group and 97.7% for the intermediate-risk patients
(p=ns) (Fig. 1C).
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Table 1. Baseline characteristics

Age (years)

Men

Weight (kg)

Height (cm)

STS score

Dyspnea

Asymptomatic

Associated coronary heart disease
Prior AMI

Prior CABG

Prior PCI

Prior stroke

Peripheral vascular disease
Diabetes

COPD

Prior kidney failure

LV dysfunction (mod/sev)
HTN

SMK or ExXSMK

Family history

Low Intermediate Total
(n=445) (n=75) (n=520)
76.1+4.2 81.2+4.8 76.8+4.7
62.2% 49.3% 60.4%
78.6+£14.7 70.1+£14.7 77.4+£14.9
167+9 164+11 166+10
2.1+0.8 49 +0.8 2.5+1.2
47.0% 49.3% 47.3%
9.4% 4.0% 8.7%
36.9% 57.3% 39.8%
9.9% 17.3% 11.0%
3.1% 9.3% 4.0%
11.9% 8.0% 11.3%
2.2% 8.0% 3.1%
1.3% 6.7% 2.1%
18.2% 18.7% 18.3%
6.7% 9.3% 7.1%
4.7% 16.0% 6.3%
7.4% 13.3% 8.3%
80.4% 85.3% 81.2%
46.5% 34.7% 44.8%
7.2% 5.3% 6.9%

STS: Sociery of Thoracic Surgeons. AMI: Acute myocardial infarction. CABG: Coronary artery bypass grafting.
PCl: Percutaneous coronary intervention. COPD: Chronic obstructive pulmonary disease. LV: Left ventricular.
HTN: Hypertensiom. SMK: Smoker.

Table 2. Surgical characteristics Low Intermediate
(n=445) (n=15)
Type of prosthesis Mechanical 3.1% 9.3%
Biological 96.9% 90.7%
Prosthesis size <19 mm 1.3% 5.3%
19-20 mm 6.7% 13.3%
21-22 mm 26.7% 25.3%
23-24 mm 43.6% 42.7%
25-26 mm 17.8% 10.7%
>27 mm 3.8% 2.7%
CPBT (minutes) 96+30 100+3.3
Extubated in the operating room 10.8% 10.2%
BMI (kg/m2) 28+7 26+4

DISCUSSION

The incidence of severe aortic stenosis is markedly
growing in direct relationship with increasing life ex-
pectancy. It is estimated that by 2050, the population
over 85 years will be above 5 million and the popula-
tion over 65 years will be 88.5 million. (2) This means
that the increase in symptomatic aortic stenosis
among elderly patients will result in a higher number
of patients requiring some type of treatment for this
disease. Aortic valve replacement surgery is still the
most consolidated cornerstone for the treatment of
this disease, with a marked therapeutic benefit, since
the mortality of the symptomatic patient is close to
25% per year. (13) In our series of surgeries for severe

CPBT: Cardiopulmonary bypass time. BMI: Body mass index.

symptomatic aortic stenosis in the last 7 years, most
patients (85%) have been low-risk, in agreement with
other published experiences, (14) and the prevalence
of patients > 80 years of age with severe symptomatic
aortic stenosis is almost 20%. Despite this scenario,
in-hospital mortality in low-risk and intermediate-
risk elderly patients has decreased due to multiple fac-
tors and is coincident with results from other centers.
(15) Our study included electively operated patients
with or without need for CABG, with >70 years of age
and STS PROM <4%. Baseline characteristics of our
patients were similar to studies comparing AVR with
TAVI. (16) The correlation between low and interme-
diate-risk and the STS score is relevant in our series.
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Low Intermediate Total Table 3. In-hospital outcomes.
(n=445) (n=75) (n=520) AMI: Acute myocardial in-
farction. AF: Atrial fibrillation
Death 2.7% 5.3% 3.1%
Stroke 7% 0.0% 0.6%
Dialysis 9% 8.0% 1.9%
Reoperation for bleeding 3.4% 4.0% 3.5%
Mediastinitis 9% 2.7% 1.2%
Ischemia or AMI 2% 0.0% 0.2%
Low cardiac output 5.6% 10.7% 6.3%
AF 32.4% 41.3% 33.7%
Definitive pacemaker 3.8% 1.3% 3.5%
Postoperative length of stay (days, median, IQR) 5 (4-8) 7 (4-13) 5 (4-8)
91.1% 98.7%
88.5% | 219 . (+1.3%)
Ot *2.2%) e~ (+2.1%) 10 6
97.7%
91.0% (x0.7%)
0.8 0.8 (4.7%) 0.8
0.6 67.8% 0.6 0.6
(£7.5%)
0.4 0.4 0.4
0.2 0.2 0.2
p log rank <0.001 p log rank <0.722 p log rank <0.638
0 Days 0 Days 0 Days
0 365 730 1095 1460 1825 0 365 730 1095 1460 1825 0 365 730 1095 1460 1825
AT RISK (years) 0 1 3 5 AT RISK (years) 0 1 3 5 ATRISK (years) O 1 3 5
- ow 445 348 167 57 = ow 445 340 157 55 = Low 445 343 171 58
Intermediate 75 49 23 6 Intermediate 75 48 20 6 Intermediate 75 49 22 6

Fig. 1. A: AVR long-term survival at 5 years according to low risk or intermediate risk. B: Freedom from readmission in AVR
patients according to low risk or intermediate risk. C: Freedom from reintervention in AVR patients according to low risk or

intermediate risk

Dewey showed that STS risk calculations usually
underestimate early mortality in low-risk patients;
however, it has great precision to predict mortality in
high-risk patients. (17) Post-operative length of stay
was lower compared with AVR studies in low/interme-
diate risk patients; the groups of AVR patients in the
PARTNER 2 study presented a mean hospital stay of
9 days.

In agreement with the experience of most groups,
biological prostheses were mostly used in this series
of over 70 year-old patients, supported by the greater
durability of the new prostheses and the risk of anti-
coagulation in elderly patients. (19, 20) The elevated
incidence of postoperative stroke in randomized mul-
ticenter studies is noteworthy in low/intermediate
risk patients, not only in the group undergoing sur-
gical AVR but also in TAVI patients. (5, 21, 22) In
our series of patients, the incidence of postoperative
stroke was <1% without a marked increase in the
long-term follow-up. The need for definitive pacemak-
er was 3.5%, similar to those reported and very infe-
rior to the ones recorded in TAVI patients (25%), with
negative impact in the long-term outcome. (23) In our
series, survival at 5 years was 88.5%, in contrast with
results from the OBSERVANT registry for patients
with EuroSCORE II <4, where AVR patients had a

3-year long-term survival of 83.4% and 72% for TAVI
patients (p=0.001). (24)

Are TAVI and AVR “equivalent” treatments in
intermediate-risk patients?

The noninferiority concept is introduced when com-
paring AVR and TAVI outcomes on intermediate-risk
patients in multicenter randomized studies. This con-
cept does not statistically refer to equivalent thera-
pies, but rather that TAVI “is not inferior” to AVR, as
any equivalence analysis would need another statisti-
cal approach and a greater number of patients. How-
ever, TAVI has been generalized in intermediate-risk
patients. These studies present certain selection bias
in the inclusion criteria and on the definition of com-
bined endpoints, the latter being a particular limita-
tion in the use of the noninferiority statistical method,
where the analysis of combined endpoints may weaken
the statistical power of the results obtained. (25) The
follow-up events become very relevant when TAVI is
indicated to low-risk patients and with longer life ex-
pectancy. In the SURTAVI study, 25% of patients were
followed-up for less than one years and less than 50%
were followed-up for two years, which can be critical
in the analysis of the long-term benefit with this type
of treatment. (26) A more frequently used methodol-
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ogy to perform retrospective studies is to match com-
parable patients according to a risk propensity score.
Recent studies, using this approach have given better
results with TAVI in intermediate-risk patients, (27)
but the method used was incorrect invalidating the re-
sults. (28) Undoubtedly, the recent PARTNER 2 study
results in intermediate-risk patients have provided
greater competence between TAVI vs. AVR indication.
(29) As previously mentioned this study not only has
the limitations inherent to any noninferiority study,
but also its design reflects a certain selection bias: a)
only TAVI patients who were candidates for transfem-
oral (TF) access were included, not considering more
complex patients who were candidates for transapi-
cal (TA) access; b) patients in the AVR group had a
greater number of associated procedures (23.4%) than
TAVI patients (3.9%); in the AVR group, only 14% un-
derwent CABG and 9% other procedures, the latter
being reflected in the in-hospital mortality of the sur-
gical group; c) the study was designed and monitored
by the economical sponsor, which also participated in
the selection of the participating sites, data collection
and study monitoring. (30) Finally, we may state that:
1) percutaneous treatment of aortic stenosis is today a
reality, still without a clear definition of which group
of patients will be the most benefitted candidates; 2)
both retrospective studies performed using risk scores
as randomized multicenter studies with noninferior-
ity methodology have limitations and selection biases
that influence the final results; 3) the economic pres-
ence of the industry is strong and somehow contrib-
utes in the generalization of results in the medical
community and in the choice of patients; 4) as with
anything, the new developing therapies must be eval-
uated according to the reality of results and feasibility
of each specific center considering the pros and cons of
each therapeutic alternative,

Our study has several limitations, among them
being a retrospective, single-center study. Long-term
follow-up was only for 5 years, hampering the dura-
bility analysis of the biological prostheses used, as
already reported by our group in a 7-year follow-up
study, where the need for new AVR due to prosthesis
dysfunction was 8%. (31)

In conclusion, AVR in low/intermediate-risk pa-
tients presented low incidence of in-hospital morbidi-
ty and mortality, with a low incidence of postoperative
stroke and definitive pacemaker, and low frequency of
events in the 5-year follow-up. These results are help-
ful in our setting as reference for the use of new thera-
peutic options.
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