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ABSTRACT
Objective To evaluate the benefits of surgical repair acute type A aortic dissection (ATAAD) on survival of octogenarians.

Methods Patients who underwent surgery for acute ATAAD from the multicenter European Registry of Type A Aortic Dissec-
tion (ERTAAD) were the subjects of the present analysis.

Results 326 (8.4%) patients were aged > 80 years. Among 280 propensity score matched pairs, in-hospital mortality was 30.0%
in patients aged 2 80 years and 20.0% in younger patients (P = 0.006), while 10-year mortality were 93.2% and 48.0%, respectively
(P <0.001). The hazard of mortality was higher among octogenarians up to two years after surgery, but it became comparable to
that of younger patients up to 5 years. Among patients who survived 3 months after surgery, 10-year relative survival was 0.77 in
patients aged < 80 years, and 0.46 in patients aged > 80 years. Relative survival of octogenarians decreased markedly 5 years after
surgery. Age 2 85 years, glomerular filtration rate, preoperative invasive ventilation, preoperative mesenteric mal-perfusion and
aortic root replacement were independent predictors of in-hospital mortality among octogenarians (AUC = 0.792; E:O ratio =
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0.991; CITL = 0.016; slope = 1.096). An additive score was developed. A risk score <1 was observed in 68.4% of patients, and their

in-hospital mortality was 20.9%.

Conclusions

Provided a thoughtful patient selection, surgery may provide a survival benefit in patients aged > 80 years with

ATAAD that, when compared to younger patients and the general population, may last up to 5 years after the procedure. These

findings have significant epidemiologic and clinical relevance because of the increasing longevity of the population of the West-

ern countries.

ealthy lifestyle and pharmaceutical innova-

tion led to increasing longevity," which in-

evitably resulted in an increasing need of in-
vasive cardiovascular interventions.”” The incidence of
acute aortic syndromes is expected to increase in the eld-
erly as well. Acute type A aortic dissection (ATAAD) re-
quires emergency surgical repair with significant mor-
tality, particularly among aged patients.” The decision-
making process in the emergency setting for the treat-
ment of ATAAD in octogenarians is based on limited
clinical data,” controversial results"*'? and debated eth-
ical issues." Prior studies focused on the evaluation of
the early outcomes because the high incidence of early
postoperative adverse events remains the main concern
in these patients. Indeed, excessive rates of early mortal-
ity and major complications may question the value of
major aortic surgery in frailty patients with limited life-
expectancy. Furthermore, there are no data on the po-
tential benefit of surgery for ATAAD in terms of late sur-
vival in these patients compared to younger patients and
the matched general population, which may support
clinical decisions. These issues have been investigated in
the present study.

METHODS

Study Population

The European Registry of Type A Aortic Dissection
(ERTAAD) is a retrospective, multicenter study includ-
ing consecutive patients who underwent surgery for
ATAAD at 18 centers of cardiac surgery in eight Euro-
pean countries from January 2005 to March 2021." The
ERTAAD was registered in ClinicalTrials.gov with the
identifier NCT04831073. The Ethical Review Board of the
Helsinki University Hospital, Finland (April 21, 2021, di-
ary no. HUS/237/2021) and the Ethical Review Board of
each participating hospital approved this study. The re-
quirement for informed consent was waived because of
the retrospective nature of this registry.
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Inclusion and Exclusion Criteria

The inclusion criteria of the ERTAAD were the follo-
wing: (1) patients who underwent surgery for ATAAD;
(2) patients aged > 18 years old; (3) symptoms arisen
within 7 days prior to surgery; (4) primary repair of
ATAAD; (5) any other cardiac surgical procedure con-
comitant with surgery for ATAAD. The exclusion criter-
ia of this registry were the following: (1) patients aged <
18 years; (2) symptoms arisen more than seven days pri-
or to surgery; (3) previous procedure for ATAAD; (4)
retrograde ATAAD; (5) concomitant endocarditis; and
(6) ATAAD secondary to blunt or penetrating chest
trauma.

Data on late mortality was gathered from electronic
national registries, records of control visits as well as by
contacting regional hospitals and patients or their relat-
ives. The definition criteria for risk factors and outcomes
of interest have been previously reported.""! Estimated
glomerular filtration rate was herein estimated accord-
ing to the CKD-EPI equation.™

Surgical Procedures

Regarding the extent of surgical repair, partial aortic
arch replacement referred to any procedure with distal
anastomosis performed at the level of the Ishimaru zones
1 to 2, with reimplantation of at least one epiaortic vessel
to the aortic graft. Total aortic arch replacement referred
to procedures with a distal anastomosis at the level of the
Ishimaru zones 3 to 4 and the frozen elephant trunk op-
eration. Aortic root replacement was defined as any pro-
cedure involving the resection of the aortic root.

Study Outcomes

The primary outcomes of this study were in-hospital
mortality, i.e., all-cause mortality during the index hos-
pitalization, and 10-year all-cause mortality. Five-year
mortality was the primary outcome in analyses of subset
of patients of limited size. Secondary outcomes were
stroke/ global brain ischemia, paraplegia/paraparesis,
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tetraplegia/ tetraparesis, mesenteric ischemia, sepsis, dia-
lysis, acute reoperation for intrathoracic bleeding,
tracheostomy, deep sternal wound infection, heart fail-
ure, need of mechanical circulatory support, upper and
lower limb ischemia, major lower limb amputation and
procedures for intestinal complications.

Statistical Analysis

Statistical analyses were performed with the SPSS
(version 29.0, IBM SPSS statistics, Chicago, lllinois, USA),
Stata (version 15.1, StataCorp LLC, College Station,
Texas, USA) and Open Meta-analyst (http:/ /www.cebm.
brown.edu/openmeta/index.html; accessed January 13,
2024) statistical softwares. Categorical variables were re-
ported as counts and percentages, while continuous
variables were reported as means and standard devi-
ations. The Chi-square test and the Fisher’s exact test
were used to compare categorical variables, whilst the
Mann-Whitney’s test was used to compare continuous
variables. Differences in terms of in-hospital mortality
between multi-categorical classes were assessed with the
linear-by-linear association test. Multilevel mixed-effects
logistic regression was performed to estimate the prob-

ability of being included in the study cohorts consider-
ing the cluster effects of participating hospitals. The fol-
lowing baseline and operative variables were included
into the regression model considering a cutoff of 80 years
of age as the dependent variable: preoperative eGFR,
preoperative arterial lactate, genetic syndromes, bicusp-
id aortic valve, iatrogenic ATAAD, diabetes, extracardi-
ac arteriopathy, prior stroke, pulmonary disease, use of
inotropes, invasive mechanical ventilation, salvage pro-
cedure, cerebral malperfusion, renal malperfusion, mes-
enteric malperfusion and peripheral malperfusion, De-
Bakey type I aortic dissection, aortic root replacement,
partial/total aortic arch replacement, concomitant
coronary artery bypass grafting and concomitant mitral
and/ or tricuspid valve surgery. The use of hypothermic
circulatory arrest and, consequently, of antegrade cereb-
ral perfusion were not included in the model because
their use was less frequent among octogenarians as an
attempt to avoid a period of brain ischemia in these high-
risk patients (Table 1). Discrimination of the logistic re-
gression model was assessed by estimating the area un-
der (AUC) the receiver operating characteristics (ROC)
curve and its calibration using the Hosmer-Lemeshow’s

Table1 Proportion of octogenarians and their in-hospital mortality rate at the participating hospitals.

Hospitals No. of ATAAD patients of any age Octogenarians In-hospital mortality
A 132 18 (13.6%) 8 (44.4%)
B 156 4 (2.6%) 1 (25.0%)
C 249 26 (10.4%) 7 (26.9%)
D 69 2 (2.9%) 1 (50.0%)
E 281 18 (6.4%) 3 (16.7%)
F 329 15 (4.6%) 7 (46.7%)
G 133 11 (8.3%) 6 (54.5%)
H 172 4 (2.3%) 1 (25.0%)
I 105 6 (5.7%) 2 (33.3%)
L 341 29 (8.5%) 6 (20.7%)
M 308 15 (4.9%) 6 (40.0%)
N 167 22 (13.2%) 9 (40.9%)
(@) 293 29 (9.9%) 16 (55.2%)
P 81 7 (8.6%) 5 (71.4%)
Q 492 59 (12.0%) 19 (32.2%)
R 141 18 (12.8%) 3 (16.7%)
s 182 15 (8.2%) 1(6.7%)
T 271 28 (10.3%) 2 (7.1%)
Total 3902 326 (8.4%) 103 (31.6%)

Data are presented as n (%). ATAAD: acute type A aortic dissection.
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test. One-to-one propensity score matching was per-
formed using a caliper width of 0.2 the standard devi-
ation of the estimated logit (i.e., 0.2). A non-significant
imbalance of the covariates between the study cohorts
was considered when standardized difference was lower
than 0.10. Ten-year mortality of the study cohorts was
estimated using the Kaplan-Meier’s methos and differ-
ence between study groups were assessed with the log-
rank test. Competing risk analysis was used to evaluate
the risk and cumulative incidence of distal and proximal
aortic reoperations with the Fine-Gray’s test. Cumulat-
ive observed survival, country-, year-, age- and sex-
matched cumulative expected survival and cumulative
relative survival were estimated using the Estéve’s
method™ with the strel2 module for Stata."” Relative
survival is the ratio of the proportion of observed sur-
vivors in a cohort of patients to the proportion of expec-
ted survivors in a comparable set of disease-free subjects.
A relative survival < 1.0 suggests that the observed sur-
vival of patients is lower than the expected survival of
disease-free subjects. Mortality rates of the general popu-
lation of each country of the participating hospitals were
retrieved from the Human Mortality Database." Multi-
level mixed effects logistic regression was used to iden-
tify the risk factors for in-hospital mortality among octo-
genarians considering the possible cluster effect of the
centers (Table 1). Calibration plot, the expected/ob-
served ratio, calibration-in-the-large and slope for the es-
timated probabilities of this regression model in predict-
ing in-hospital mortality were calculated using the pmc-
alplot module for Stata software."” An additive risk score
for in-hospital mortality among octogenarians was de-
veloped by rounding the estimated ORs divided by two.
Risk estimates were reported as odds ratio (OR) with
their 95% confidence interval (CI). Finally, since the pro-
portion and in-hospital mortality of octogenarians var-
ied between the participating hospitals (Table 1), we ad-
opted a meta-analytic approach to investigate center-
level effect on the in-hospital mortality of patients age >
80 years. Analyses were conducted using the random-ef-
fects methods and heterogeneity was quantified with the
F test. F > 40% was considered a significant heterogen-
eity between centers.

RESULTS

Patient Demographics

Overall, 3902 consecutive patients were included in
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the ERTAAD registry, and they fulfilled the inclusion
criteria of the present analysis. The proportion of octo-
genarians was 8.4% (326,/3902 patients) and significantly
varied between participating hospitals from 2.3% to 13.6%
(Linear-by-linear association test, P= 0.001) (Table 1).
Three patients were nonagenarians.

Outcomes in the Overall Series

Among patients aged = 80 years, crude in-hospital
mortality rates varied from 6.7% to 71.4% between the
participating hospitals (linear-by-linear association test
P=0.091) (Table 1). The pooled in-hospital mortality rate
among octogenarians was 31.3% (95%Cl: 23.0-40.2%, F =
61%). Univariable meta-regression showed that neither
the annual volume of procedures in ATAAD patients of
any age (P=0.198) nor the annual volume of procedures
in ATAAD patients aged = 80 years (P= 0.368) were sig-
nificantly associated with the risk of in-hospital mortal-
ity in these elderly.

The baseline characteristics and operative variables of
patients aged > 80 years and of those aged < 80 years are
summarized in Table 2. In the overall series, crude in-
hospital mortality was 31.6% in patients aged > 80 years
and 16.4% in younger patients (crude OR = 2.347, 95%Cl:
1.829-3.013; P<0.001). Five-year and 10-year mortality
rates were 53.5% and 93.0% in patients aged > 80 years,
and 30.8% and 44.0% in patients aged < 80 years, re-
spectively (P< 0.001).

Propensity Score Matching Analysis

Comorbidities were more prevalent among octogen-
arians, while ATA AD-related critical clinical conditions
were comparable to younger patients (Table 2). Partial or
total aortic arch surgery was more frequently performed
among patients aged < 80 years. Similarly, hypothermic
circulatory arrest was more frequently used among
younger patients along with higher proportion of pa-
tients who underwent surgery using antegrade cerebral
perfusion. Because of differences in several baseline and
operative covariates, a propensity score matching was
performed, which yielded 280 pairs of patients with well-
balanced characteristics distribution, except in terms of
age and prevalence of bicuspid aortic valve (Table 2). In-
hospital mortality was 20.0% in patients aged < 80 years
and 30.0% in patients aged > 80 years (adjusted OR =
1.714, 95% CI: 1.162-2.529, P=0.006) (Table 2). Stroke
was more frequent among younger patients (17.5% vs.
9.3%, P=0.004), and patients aged > 80 years had an in-
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Table 2 Patients’ characteristics and operative data of patients in the study cohorts.

Unmatched cohorts Propensity score matched cohorts

Age <80years Age280years Standardized Age <80 years Age280years Standardized

n=3576 n=326 differences n =280 n=280 differences
Baseline characteristics
Age, yrs 615+12.1 832+23 1.000 65.6 £10.6 83.3+24 1.000
Females 1016 (28.4%) 169 (51.8%) 0.492 144 (51.4%) 135 (48.2%) 0.064
eGFR, mL/min per 1.73 m” 70 £23 58 +18 0.574 61+21 59 +£18 0.089
Genetic syndrome 81 (2.3%) 0 0.215 0 0 0.000
Bicuspid aortic valve 148 (3.9%) 3 (0.9%) 0.206 0 2 (0.7%) 0.120
Tatrogenic dissection 95 (2.7%) 8 (2.5%) 0.013 (1.4%) 7 (2.5%) 0.054
Diabetes 174 (4.9%) 22 (6.7%) 0.080 23 (8.2%) 17 (6.1%) 0.083
Stroke 136 (3.8%) 17 (5.2%) 0.070 10 (3.6%) 14 (5.0%) 0.071
Pulmonary disease 295 (8.2%) 32 (9.8%) 0.055 27 (9.6%) 29 (10.4%) 0.024
Extracardiac arteriopathy 173 (8.2%) 26 (8.0%) 0.128 23 (8.2%) 20 (7.1%) 0.040
Prior cardiac surgery 113 (3.2%) 9 (2.8%) 0.024 4 (1.4%) 6 (2.1%) 0.054
Cardiac massage 165 (4.6%) 14 (4.3%) 0.015 8 (2.9%) 12 (4.3%) 0.077
Shock requiring inotropes 580 (16.2%) 68 (20.9%) 0.120 50 (17.9%) 56 (20.0%) 0.055
Invasive ventilatio 314 (8.8%) 41 (12.6%) 0.123 47 (16.8%) 37 (13.2%) 0.100
Preoperative malperfusion
Cerebral 761 (21.3%) 69 (21.2%) 0.003 68 (24.3%) 62 (22.1%) 0.051
Spinal 79 (2.2%) 3 (0.9%) 0.104 1 (0.4%) 3 (1.1%) 0.085
Renal 342 (9.6%) 22 (6.7%) 0.103 24 (8.6%) 20 (7.1%) 0.053
Mesenteric 146 (4.1%) 16 (4.9%) 0.040 9 (3.2%) 13 (4.6%) 0.074
Peripheral 516 (14.4%) 28 (8.6%) 0.184 24 (8.6%) 26 (9.3%) 0.025
DeBakey type I dissection 3029 (84.7%) 246 (75.5%) 0.265 217 (78.1%) 219 (78.2%) 0.004
Operative data
Salvage procedure 164 (4.6%) 15 (4.6%) 0.001 9 (3.2%) 13 (4.6%) 0.073
Partial/total arch replacement 752 (21.0%) 24 (7.4%) 0.399 22 (7.9%) 23 (8.2%) 0.004
Aortic root replacement 1056 (9.2%) 24 (7.4%) 0.066 37 (13.2%) 39 (13.9%) 0.021
Coronary surgery 328 (9.2%) 24 (7.4%) 0.067 19 (6.8%) 19 (6.8%) 0.000
Mitral or tricuspid valve surgery 28 (0.8%) 5 (1.5%) 0.070 1 (0.4%) 2 (0.7%) 0.049
Hypothermic circulatory arrest 3150 (88.4%) 255 (78.2%) 0.274 242 (86.4%) 218 (77.9%) 0.225
Antegrade cerebral perfusion 2382 (66.6%) 199 (61.0%) 0.116 189 (67.5%) 170 (60.7%) 0.141

Data are presented as mean + SD or n (%). eGFR: estimated glomerular filtration rate is according to the CKD-EPI equation.

creased risk of deep sternal wound infection (3.6% vs.
0.4%, P = 0.006). The incidence of other adverse events

in patients aged > 80 years, and 32.6% and 48.0% in pa-
tients aged < 80 years, respectively (P < 0.001) (Figure 1).

was comparable between the matched study groups
(Table 3). Ten-year cumulative incidences of distal aortic
reoperations in patients aged > 80 years and younger pa-
tients were 0.5% and 6.0%, respectively (P= 0.015), while
cumulative incidences of proximal aortic reoperation
were 0% and 3.6%, respectively (P< 0.001).

Late Outcome

Five-year and 10-year mortality were 51.3% and 93.2%

. http:/ /www .jgc301.com; jgc@jgc301.com

Smoothed hazard estimates of late mortality in the
propensity score matched pairs showed that the hazard
of mortality was significantly increased among octogen-
arians compared to younger patients up to two years
after surgery but become comparable to that of younger
patients up to 5 years, when hazard of mortality again
increased markedly in octogenarians and persisted later
(Figure 2). At 5- and 10-year, in the propensity score
matched cohorts, the country-, year-, age- and sex-adjus-
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Table 3 Outcomes of patients in the study cohorts.

Unmatched cohorts

Propensity score matched cohorts

Outcomes Age >80

Age <80years Age 280 years

A Iae s 805 Pvalue n=280 =280 Pvalue
Hospital mortality 586 (16.4%) 103 (31.6%) <0.001 56 (20.0%) 84 (30.0%) 0.006
Stroke/ global brain ischemia 676 (18.9%) 47 (14.4%) 0.046 59 (21.1%) 35 (12.5%) 0.007
Paraparesis/paraplegia 195 (5.5%) 9 (2.8%) 0.037 12 (4.3%) 8 (2.9%) 0.362
Tetraparesis/ tetraplegia 3 (0.1%) 0 1.000 0 0 -
Mesenteric ischemia 131 (3.7%) 18 (5.5%) 0.094 12 (4.3%) 15 (5.4%) 0.554
Sepsis 440 (12.3%) 34 (10.4%) 0.321 35 (12.5%) 31 (11.1%) 0.600
Dialysis 508 (14.2%) 51 (15.6%) 0.480 32 (11.5%) 41 (14.6%) 0.266
Reoperation for bleeding 504 (14.1%) 45 (13.8%) 0.885 33 (11.8%) 37 (13.2%) 0.609
Tracheostomy 291 (8.1%) 28 (8.6%) 0.776 22 (7.9%) 22 (7.9%) 1.000
Deep sternal wound infection 79 (2.2%) 10 (3.1%) 0.320 1 (0.4%) 10 (3.6%) 0.006
Heart failure 493 (13.8%) 59 (18.1%) 0.032 35 (12.5%) 48 (17.1%) 0.122
Mechanical circulatory support 136 (3.8%) 5 (1.5%) 0.036 8 (2.9%) 4 (1.4%) 0.243
Acute lower limb ischemia 120 (3.4%) 4 (1.2%) 0.031 5 (1.8%) 4 (1.4%) 1.000
Major lower limb amputation 16 (0.4%) 1 (0.3%) 1.000 0 1 (0.4%) 1.000
Acute upper limb ischemia 13 (0.4%) 0 0.618 1(0.4%) 0 1.000
Surgery for intestinal complications 17 (0.5%) 1 (0.3%) 1.000 2 (0.7%) 1 (0.4%) 1.000
10-year mortality 1132 (44.0%) 196 (93.0%) <0.001 97 (48.0%) 165 (93.2%) <0.001
Data are presented as n (%).
100% P <0.0001 07 Smoothed hazard estimates
759% 0.6 -
_ >80 years - 0.5 1
% 50% - 8 0.4 - > 80 years
B K| 0.3 1
= 259 < 80 years gi ‘ B
01 = ——< 80 years
0 . . . . . 0 2 4 6 8 10
0 2 4 6 8 10 Years after surgery
No. at risk Years after surgery Figure 2 Hazards of mortality in propensity score matched
<80years 280 148 120 77 47 7 pairs of patients aged < 80 years and 2 80 years.
280years 280 109 77 45 17 4 after patients’ recovery from surgery. In this subgroup of

Figure 1 Late mortality after surgery for type A aortic dissec-
tion in propensity score matched pairs of patients aged < 80
years and 2 80 years.

ted relative survival were 0.72 (95%ClI: 0.65-0.78) and
0.57 (95%Cl: 0.46-0.66) among patients aged < 80 years
and 0.48 (95%ClI: 0.40-0.55) and 0.28 (95%ClI: 0.18-0.39)
among patients aged > 80 years, respectively. We ob-
served that mortality risk decreased at 3-month after sur-
gery. Based on this observation, we believed reasonable
to evaluate the relative survival of patients who sur-
vived 3 months after surgery to assess the net benefit

1020

patients, 5- and 10-year relative survival were 0.96
(95%CI: 0.89-0.99) and 0.77 (95%Cl: 0.63-0.86) among
patients aged < 80 years, and 0.88 (95%Cl: 0.75-0.95) and
0.46 (95%CI: 0.23-0.66) in patients aged > 80 years, re-
spectively (Figure 3). Among octogenarians, relative sur-
vival decreased markedly 5 years after surgery (Figure 3).

Predictors of Outcome in Octogenarians

Multilevel mixed-effect logistic regression identified
age = 85 years (44.9% vs. 27.4%), preoperative estimated
glomerular filtration rate <45 mL/minper 1.73 m* (44.3%
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0.9 < 80 years

>80 years

Relative survival
=}
3

0 2 4 6 8 10
Years after surgery

Figure 3 Relative survival in propensity score matched pairs
of 3-month survivors aged < 80 years and > 80 years.

vs. 27.3%), preoperative invasive ventilation (58.5% vs.
27.7%), preoperative mesenteric malperfusion (68.8% vs.
29.7%) and aortic root replacement (57.1% vs. 27.8%) as
independent predictors of in-hospital mortality (Table 4).
Partial or total aortic arch replacement was also associ-
ated with a very high rate of in-hospital mortality com-
pared to younger patients (45.8% vs. 30.5%, P=0.119),
but such a difference did not reach statistical significance
likely because the small number of patients (24 patients)
who underwent aortic arch surgery among octogenari-
ans. The use of hypothermic circulatory arrest did not in-
crease the risk of in-hospital mortality in the octogenari-
ans (P=0.607), however tended to increase the risk of
stroke/ global brain ischemia (P = 0.053). The use of
antegrade cerebral perfusion did not have a prognostic
effect either on in-hospital mortality (P = 0.277) or
stroke/ global brain ischemia (P= 0.456).

The probabilities of in-hospital mortality estimated
by this regression model had an AUC of 0.792 (95%Cl:
0.735-0.850) (Hosmer-Lemeshow’s test P=0.972). The
expected/observed in-hospital mortality ratio was 0.991,
calibration-in-the-large 0.016, slope 1.096 (Figure 4). Es-
timated glomerular filtration rate < 45 mL/min per
1.73 m* was associated with a marked increase of the risk
of in-hospital mortality (44.3% vs. 27.3%) and was in-
cluded into the multivariable regression model for es-

timation of an additive risk score (Table 4). According to
this additive risk score (mean 1.1 £ 1.3) (Table 4), 68.4% of
patients had a score <1 and the in-hospital mortality of
these two risk score categories was 20.9%. Markedly in-
creased rates of in-hospital mortality rates were ob-
served in patients with a risk score > 1 (Figure 5). Five-
year mortality increased along with this additive risk
score (0 point: 42.8%; 1 point: 62.5%; 2 points: 53.0%; 3
points: 73.5%; = 4 points; 94.7%; Log-rank test: P <
0.0001).

DISCUSSION

The main findings of the present study can be sum-
marized as follows: (1) patients aged > 80 years have a
significantly higher risk of in-hospital mortality com-
pared to younger patients; (2) hazard risk and relative
survival analyses showed an increased mortality risk
among patients aged > 80 years persisting up to 2 years
after surgery, but such a risk became comparable to that
of younger patients up to 5 years after surgery; (3) relat-
ive survival of 3-month survivors was good, but de-
creased markedly 5 years after surgery both in the eld-
erly and younger patients; (4) surgery for ATAAD can be
performed with reasonable low risks of in-hospital and 5-
year mortality in patients aged 80-84 years, without
compromised kidney function, preoperative invasive
mechanical ventilation and/ or mesenteric ischemia, and
provided that a limited resection of the dissected aorta is
performed.

These findings have significant epidemiologic and
clinical relevance because of the increasing longevity of
the population of the Western countries. When life ex-
pectancy was analyzed at the start and the end of the
study period of this analysis, we estimated that the me-
dian life expectancy of subjects of 80 years of age in the
countries participating in this study, had increased from
7.4 years in 2005 to 8.1 years in 2021 among men and

Table 4 Independent predictors of in-hospital mortality among octogenarians.

Model A Model B
Variables OR (95%ClI) P-value Variables OR (95%CI) P-value Additive score
Age 285 yrs 2.242 (1.303-4.511)  0.005 Age 285 yrs 2.399 (1.312-4.385)  0.004 1
eGFR 0.970 (0.956-0.986) <0.001 eGFR <45 mL/min per1.73m* 1904 (1.014-3572)  0.045

Invasive ventilation 3.806 (1.675-8.650)  0.001
4.758 (1.314-17.226) 0.017

4.325 (1.991-9.395) < 0.001

Mesenteric malperfusion

Aortic root replacement

Invasive ventilation
Mesenteric malperfusion

Aortic root replacement

1
3.801 (1.721-8.396)  0.001 2
4.145 (1.181-14.555) 0.026 2
4.304 (2.001-9.256) < 0.001 2

Model A included eGFR as a continuous variable; Model B included dichotomized eGFR; eGFR: estimated glomerular filtration rate

according to the CKD-EPI equation expressed in mL/min per 1.73 m’.

.| http://www.jgc301.com; jgc@jgc301.com

1021



JOURNAL OF GERIATRIC CARDIOLOGY RESEARCH ARTICLE

100% 4 EX}TectGQ/obser\'ed in-hospital mortality ratio = 0.991
Calibration-in-the-large = 0.016
Slope = 1.096
AUC=0.792

80%
60% 4

40%

Reference
©  Groups
95% Cls
Smoother
b L
T T T T T (I)
0 20% 40% 60% 80% 100%
Expected in-hospital mortality

20%

Observed in-hospital mortality

Figure 4 Calibration plot of probabilities of in-hospital mor-
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Figure 5 In-hospital mortality rates of patients aged = 80 years
according to the additive risk score.

from 9.0 years in 2005 to 9.8 years in 2021 among wo-
men." This shift in the expectancy of life brings together
a higher proportion of very elderly subjects and an in-
creased need of invasive treatments in these patients. The
controversy regarding the safety, efficacy and ethical
soundness of major surgery is of particular concern
when considering the high risk of early postoperative
mortality and severe complications in patients with ad-
vanced age and the finite nature of human life.
Regarding the clinical outcomes these patients, a re-
cent pooled analysis including data from 16 studies
showed that patients aged > 80 years had a significantly
higher risk of short-term mortality compared to younger
patients (OR = 1.93, 95%CI: 1.33-2.81).") However, a sig-
nificant heterogeneity (F = 79.7%) between studies have
been observed, with comparable early mortality between
the study groups in studies from Japan (OR =1.14,
95%ClI: 0.93-1.40). The important limitation of this ana-
lysis resides in the lack of risk adjustment for relevant
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baseline and operative covariates. In fact, the present
study showed that the magnitude of the risk of in-hos-
pital mortality in octogenarians compared to younger
patients (crude OR = 2.347, 95%(Cl: 1.829-3.013; P < 0.001)
was mitigated after adjusting differences between the
study cohorts with a propensity score matched analysis
(adjusted OR = 1.714, 95%ClI: 1.162-2.529). A recent
study by Park, et al.”"! showed that when adjusted for
baseline risk factors, octogenarians may experience com-
parable outcomes to younger patients. Differences
between the studies may be further biased by institu-
tional or individual surgeon’s patient selection policy.
Indeed, in the present study, the proportion of octogen-
arians and their in-hospital mortality differed between
the participating hospitals. Consequently, in the present
series, a significant number of octogenarians (n =134,
41%) did not have any risk factor associated with in-
creased in-hospital mortality. It is worth noting that their
in-hospital mortality and 5-year mortality were 15.7%
and 42.8%, respectively. These results can be considered
excellent considering the severity of such a highly lethal
condition and the magnitude of emergency aortic sur-
gery in this aged patient population. This observation
highlighted the importance of a strict preoperative pa-
tients” selection.

A few studies reported on the late survival of these
very elderly. Eranki, et al® pooled the late survival of
472 octogenarians after surgery for ATAAD from seven
studies. They estimated that 5-year mortality rate among
octogenarians was 46%, a measure which is comparable
to the 5-year mortality rate observed in the present study
(53.5%).

The risk of most early adverse events was comparable
between patients aged = 80 years and their younger
counterpart. However, the risk of postoperative stroke
was lower in the elderly compared to the younger pa-
tients” cohort. A pooled analysis by Eranki, et al.*”)
demonstrated a numerically lower risk of stroke after
surgery for ATAAD among octogenarians compared to
younger patients (9.4% vs. 10.5%, OR = 0.92, 95%ClI:
0.71-1.21). Two large studies reported on numerically
lower rates of stroke among octogenarians. Benedetto, et
al.”? reported a postoperative rate of non-fatal
cerebrovascular events of 6.4% in octogenarians and
9.4% in younger patients (chi-square test: P=0.114). Hsu,
et al™ reported a postoperative rate of stroke of 7.8% in
octogenarians and 11.7% in younger patients (chi-square
test: P=0.087). We hypothesize that this finding could be
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related to a more expedite repair of the thoracic aorta and
avoidance of aortic arch replacement in the very elderly.

Regarding the increased risk of deep sternal wound
infection in octogenarians, the present study confirmed
the knowledge of an association between advanced age
and the of risk for postoperative infections after adult
cardiac surgery.**

Maintaining a good quality of life may take priority
over lifespan extension.”™ Therefore, the decision to per-
form major cardiovascular surgery in the elderly should
consider the risk of a postoperative decline of the health-
related quality in terms of physical, cognitive, and social
functioning.” Current studies provided controversial
results on these issues.” " There are studies reporting
comparable postprocedural quality of life among octo-
genarians and younger patients,”* while other studies
observed a significantly poorer quality of life, declining
with time, among survivors of surgery for ATAAD com-
pared to the general population.**" The identification of
risk factors associated with poor postoperative health-re-
lated quality of life is as important as the identification of
determinants of postoperative mortality. Future studies
on surgery for ATAAD should therefore consider health-
related quality of life as one of the main outcome meas-
ures.

There are several methodological limitations which
should be considered when evaluating the present res-
ults. First, the retrospective nature is the main limitation
of this study. Second, data on late mortality was re-
trieved from records of control visits, electronic national
registries as well as by contacting regional hospitals, pa-
tients and their relatives, but its completeness cannot be
verified. Third, patients” selection might have varied
between participating centers as suggested by signific-
ant differences in the proportion of octogenarians
between hospitals (Table 1). Fourth, the proportion of oc-
togenarians and their in-hospital mortality varied
between the hospitals contributing to this multicenter
study. However, multilevel mixed-effects regression
analyses were performed considering the potential
cluster effect of the participating hospitals to address the
heterogeneity in the patient’s selection process and oper-
ative/perioperative treatment strategies in different in-
stitutions. Fifth, we do not have data on patients who
were not surgically treated after referral. This prevents a
comparative analysis of the baseline characteristics and
outcomes of surgically treated patients and of those pa-
tients who were left untreated. Finally, the present find-

A ¥ http:/ /www.jgc301.com; jgc@jgc301.com

ings may not apply to non-European population whose
risk of early postoperative mortality and severe complic-
ations can be much lower.™

The strength of the present study resides in the rather
large number of patients aged = 80 years and the young-
er counterpart. Indeed, a post-hoc power analysis sho-
wed that a sample size of 123 patients per group would
have been enough to reject the null hypothesis of a non-
significant difference between in-hospital mortality of the
study groups (16.4% vs. 31.6%, alpha 0.005, power 0.80).
Survival analysis comparing the observed late mortality
of these patients with that of country-, age-, and sex-
matched disease-free subjects from the general popula-
tions of the participating countries provided a clinically
relevant measure of the survival benefit of surgery in
these critically ill-patients. Furthermore, this registry
gathered data on patients treated at different hospitals
from several European countries and the case-mix of this
series makes the results generalizable, at least in the
Western countries.

Conclusions

Mortality after surgery for ATAAD among patients
aged = 80 years is significantly increased compared to
younger patients. Still, these results justify emergency
surgery in selected octogenarians with ATAAD. In fact,
when compared to younger patients and the general
population, we observed a satisfactory long-term sur-
vival in patients aged > 80 years, and this benefit may last
up to 5 years after the procedure. Therefore, clinicians in-
volved in the decision-making process of these very eld-
erly, can be confident to indicate surgical repair of
ATAAD in octogenarians with reasonably long-life ex-
pectancy, in absence of preoperative mesenteric malper-
fusion, renal failure, and the need of invasive mechanic-
al ventilation, with the aim to repair only the ascending
aorta.

These findings have significant epidemiologic and
clinical relevance because of the increasing longevity of
the population of the Western countries. Evaluation of
the postoperative functional recovery remains of utmost
importance™ and should be investigated to conclusively
establish whether surgery for ATAAD is justified in the
very elderly.
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