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Abstract

Introduction: Acute Type A Aortic Dissection (ATAAD) is a cardiothoracic emergency that requires urgent interven-
tion. Elderly status, particularly age over 80, is an independent risk factor for mortality and morbidity. The mid-term
outcomes of this age group are also unknown. This systematic review and meta-analysis of observational studies was
therefore performed to analyse short- and mid-term mortality and morbidity in octogenarians following surgery for
ATAAD.

Methods: A systematic review was conducted for studies published since January 2000. The primary endpoint was
short-term mortality, either reported as 30-day mortality or in-hospital mortality and medium-term (five year) survival.
Secondary endpoints were rates of postoperative complications, namely stroke, acute renal failure (ARF), re-explora-
tion and intensive care unit (ICU) length of stay (LOS).

Results: A total of 16 retrospective studies, with a total of 16, 641 patients were included in the systematic review
and meta-analysis. Pooled analysis demonstrated that octogenarian cohorts are at significantly higher risk of short-
term mortality than non-octogenarians (OR 1.93; 95% Cl 1.33-2.81; P<0.001). Actuarial survival was significantly

lower in the octogenarian cohort, with a five-year survival in the octogenarian cohort of 54% compared to 76% in the
non-octogenarian cohort (P<0.001). There were no significant differences between the cohorts in terms of secondary
outcomes: stroke, ARF, re-exploration or ICU LOS.

Conclusion: Octogenarians are twice as likely to die in the short-term following surgery for ATAAD and demonstrate
a significantly lower five-year actuarial survival. Patients and family members should be well informed of the risks of
surgery and suitable octogenarians selected for surgery.
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Introduction

Acute type A aortic dissection (ATAAD) is a cardiotho-
racic emergency and is associated with a high morbidity
and mortality [1-3]. The short-term postoperative mor-
tality rate is between 15-30% and postoperative com-
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The mainstay of management is urgent cardiothoracic
intervention. Non-operative management confers a high
short-term mortality rate and is usually reserved for
patients who either refuse surgery or where surgery does
not offer a good long-term prognosis [3]. Octogenarian
status has been shown to be an independent risk factor
for post-operative mortality in ATAAD [4]. Furthermore,
they are more likely to present late with malperfusion,
as a result of complex tears [4]. Despite this, surgery is
being offered to this demographic as a result of an age-
ing population coupled with enhancements of surgical
technique and post-operative care [5, 6]. The short-term
and mid-term outcomes in this cohort are still unclear. A
systematic review published in 2011 demonstrated that
octogenarians have a higher short-term mortality [7].
Another published in 2016, defining an elderly cohort as
age greater than 70, demonstrated short-term mortality
two times higher in this cohort [8]. Since then, several
well-designed retrospective studies have been published
comparing outcomes of octogenarians to non-octoge-
narians following surgery for ATAAD. Our aim was to
summarise the evidence comparing octogenarians to
non-octogenarians following surgery for ATAAD, inves-
tigating short-term mortality and morbidity, as well as
mid-term survival (5 years).

Methods

Search strategy and study selection

This review was written in accordance with Preferred
Reporting Items for Systematic Reviews and Meta-Anal-
yses (PRISMA) recommendations and guidance [9]. An
electronic literature search was performed utilising Pub-
Med, Scopus and OVID/MEDLINE databases from Janu-
ary 2000 to October 2021. The search strategy included
a combination of keywords and Medical Subject Head-
ings (MeSH) including “Type A Aortic Dissection” AND
“Octogenarian” AND “Outcomes” NOT “Type B Aortic
Dissection”. A total of 545 abstracts were screened after
duplicates (51) were removed. Strict inclusion criteria
below were applied, and 75 articles were selected for full
text review. Two reviewers (A.E, M.M) assessed the eli-
gibility of the selected papers. Discrepancies between
full text reviews were adjudicated by a third reviewer
(A.W.S). References of included articles were also cross-
checked to see if additional studies could be identified. A
total of 16 studies were included in the systematic review
and meta-analysis. The search strategy is presented in
Additional file 1: Fig. 1.

Inclusion and exclusion criteria

The inclusion criteria were (1) Stanford Type-A Aortic
Dissection, surgically managed (2) clearly defined octo-
genarian and non-octogenarian cohorts (3) short-term
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mortality and/or postoperative outcomes provided for
both octogenarian and non-octogenarian cohorts (4) and
published after year 2000. Studies that did not provide
a comparison of mortality between octogenarian and
non-octogenarian cohorts were excluded. All publica-
tions were limited to English. Conference abstracts, case
reports, editorials, reviews and expert opinion pieces
were excluded.

Primary and secondary endpoints, study quality appraisal
The primary endpoint for this systematic review was
short-term mortality, defined as either 30-day mortal-
ity or in-hospital mortality, and medium term (five year)
survival. Secondary endpoints were rates of postop-
erative complications, namely stroke, acute renal fail-
ure (ARF), re-exploration and intensive care unit (ICU)
length of stay (LOS) in days. ARF was uniformly defined
as de-novo dialysis postoperatively (either temporarily
or permanently). Study quality was assessed using the
National Heart, Lung, and Blood Institute (NHLBI) Study
Quality Assessment Tool [10]. Relevant aspects of each
study were summarised on a table and study quality then
assigned (Additional file 1: Table 1).

Data extraction and analysis
All data was extracted pilot forms and entered into an
excel database. For baseline variables, nominal data was
recorded as the number of events (n) and expressed as
a percentage. Continuous variables were expressed as
mean and standard deviation, or median and interquar-
tile ranges. Baseline patient data was aggregated. Medians
and interquartile ranges were first converted to mean and
standard deviation utilizing the method outlined by Hozo
et al. [11]. Baseline patient data was compared between
the octogenarian and non-octogenarian cohorts. A t-test
was utilised in instances of continuous variables, and a
two-sample test of proportions was utilised in dichoto-
mous variables. Statistical significance was denoted as
P<0.05. A meta-analysis of the primary and secondary
outcomes was conducted and represented by forest plots
where appropriate. A random effects model was used due
to study heterogeneity and results expressed as either
an odds ratio for binary data and Hedges G statistic for
continuous data. Heterogeneity was assessed using the I?
test statistic. Low heterogeneity was denoted by I% < 50%,
moderate heterogeneity by I> 50—-74%, and high heteroge-
neity by I? > 75%. Statistical analysis was carried out using
Stata (Version 17.0, StataCorp, Texas, USA) ®
Kaplan—Meier survival curves were digitized where
presented and an algorithmic computational tool was
utilized to derive individual patient data as outlined by
Guyot et al. [12]. Event and censoring data were compiled
for 5 years, and overall survival curves were produced
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with Stata (Version 17.0, StataCorp, Texas, USA) ®© A log
rank test was done to assess for significant survival differ-
ences between the groups, with significance denoted by
P<0.05. Studies that did not report numbers at risk for
both groups were excluded from survival analysis as indi-
vidual patient data (IPD) could not be derived.

Assessment of bias

Some studies reported ‘consecutive recruitment’ of
octogenarians, meaning that octogenarians received an
operation regardless of age. Studies that did not report
consecutive recruitment of octogenarians introduce a
selection bias. The impact of this was assessed by per-
forming a subgroup analysis of short-term mortality (out-
come 1), comparing studies which reported consecutive
recruitment to those which did not. A separate subgroup
analysis of short-term mortality was also conducted
stratifying studies published in Japan and elsewhere,
in order to account for the impact of high baseline life
expectancy encountered in the Japanese population. Pub-
lication bias was assessed through visual inspection of
generated funnel plots and Begg’s rank correlation test R
(R version 3.6.1, R Foundation for Statistical Computing,
Vienna, Austria).

Results

Baseline characteristics

A total of 16 studies with 16,641 patients were included
in the systematic review [13-28]. All papers were retro-
spective cohort studies. The number of included patients
ranged from 101 to 5,175. Nine studies reported con-
secutive recruitment of octogenarians. The quality of
included studies ranged from poor to good, with a total
of six studies deemed as good quality. Baseline statis-
tics, including reporting frequency are presented in
Table 1. A total of 9,622 patients (58%) were male and
9784 (59%) had hypertension. Twenty-six percent and
24% of patients presented in tamponade or malperfusion
respectively.

In terms of operative characteristics, cross clamp time
(CCT) and cardiopulmonary bypass time (CPBT) was
significantly lower in the octogenarian cohorts, at 110
and 167 min respectively (P=0.04 and P=0.02). Aortic
root surgery and total arch replacements were formed
significantly less frequently in the octogenarian cohorts,
at 3.3% and 24% respectively (P<0.01 and P=0.01). Only
one study commented on the use of frozen elephant
trunk (FET) and this was not included in the analy-
sis [17]. None of the studies commented on the rate of
open distal anastomoses. Four studies commented on the
deep hypothermic circulatory arrest times (DHCA) and
use of antegrade cerebral perfusion (ACP). The mean
DHCA time in the octogenarian cohort was 30.5 min
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(SD 12.9 min) however this was not significantly different
from the non-octogenarian cohort (?P=0.37). The use of
ACP in the octogenarian cohort was significantly lower
(42% vs 59%, P=0.04). Complete baseline data summa-
rised in Additional file 1: table 2.

Primary endpoint: morality

The primary endpoint of short-term mortality was
reported in all included studies with a total of 16,641
patients. This is summarised in Additional file 1: table 3.
Pooled analysis demonstrated that octogenarian cohorts
are at significantly higher risk of short-term mortal-
ity than non-octogenarians (OR 1.93; 95% CI 1.33-2.81;
P<0.001). There was significant heterogeneity reported
(I>=80%). There was no evidence of publication bias on
visual inspection of funnel plots (Additional file 1: Fig. 2)
or Begg’s test (P=0.62). This result is represented in
Fig. 1. Mid-term (five year) survival was reported in eight
of the included studies. Seven studies provided Kaplan—
Meier curves suitable for aggregation. Pooled analysis
demonstrated that actuarial survival in yearly intervals to
five years was 80%, 77%, 77%, 76% and 76% for the non-
octogenarian group. Corresponding actuarial survival at
the same intervals were 69%, 65%, 61% 58% and 54% in
the octogenarian group respectively (Fig. 2). There was
a significant difference in survival between both groups
(P<0.001). In terms of study location, there was a sig-
nificantly lower odds ratio towards mortality in the octo-
genarian cohort in studies conducted in Japan to those
conducted elsewhere (OR 1.14 vs 2.72, P=0.01). Further-
more, short-term mortality was not significantly higher in
the octogenarian cohort in the Japanese studies (P=0.64)
however was significantly higher in the non-Japanese
studies (P<0.01) (Fig. 3). In terms of study design, short
term mortality was not significantly different when com-
paring studies that consecutively recruit octogenarians to
those that do not (OR 2.20 vs 1.74, P=0.58) (Fig. 4).

Secondary endpoint: acute renal failure

At least one secondary endpoint was also reported in
all included studies. These endpoints are summarised in
Additional file 1: Table 3. Ten studies with a total of 11,
112 patients reported outcomes for post-operative ARF.
The cumulative incidence in the octogenarian cohort
was 11.7% compared to 12.8% on the non-octogenarian
cohort. There was no significant difference between the
two cohorts (OR 0.93; 95%CI 0.79-1.11; P=0.44). There
was no evidence of publication bias on visual inspec-
tion of funnel plot of odd ratio (Additional file 1: Fig. 3)
(Begg’s test P=0.62). Individually, none of the included
studies demonstrate a significantly higher rate of postop-
erative renal failure in the octogenarian cohort.
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Mort>80  Mort<80 Odds ratio Weight
Study Yes No Yes No with 95% CI (%)
Benedetto etal 2021 69 181 573 2,857 [ | 1.90[1.42, 2.54] 9.93
Bojko et al 2020 20 50 35 130 -l 1.49[0.78, 2.81] 8.07
Chavaron et al 2006 9 7 34 177 —i— 6.69[2.33, 19.20] 5.73
Goda et al 2010 3 15 38 245 —a— 1.29[0.36, 4.66] 4.68
Hsu et al 2020 70 136 649 2,568 [ | 2.04[1.51, 275 9.89
Kawahito et al 2017 7 105 68 846 —— 0.83[0.37, 1.85] 7.09
Neri et al 2001 20 4 28 115 —l—20.54[6.50, 64.87] 5.27
Ohnuma etal 2016 93 824 396 3,862 [ | 1.10[0.87, 1.40] 10.14
Omura et al 2017 9 54 25 257 -l 1.71[0.76, 3.88] 7.02
Rylski et al 2011 29 54 60 321 . 3 2.87[1.69, 4.88] 872
Shiono et al 2006 3 21 5 105 -+ 3.00[0.67, 13.53] 3.88
Suenaga et al 2016 2 23 3 89 —— 2.58[0.41, 16.36] 2.94
Suzuki et al 2019 6 49 27 237 —— 1.07[0.42, 2.74] 6.34
Tang et al 2013 0 21 9 71 = 0.18[0.01, 3.13] 1.44
Tochii et al 2016 0 24 10 124 = 0.24[0.01, 4.27] 1.45
Trimarchietal 2010 12 18 174 565 Hll- 216[1.02, 4.58] 7.41
Overall < 1.93[1.33, 2.81]
Heterogeneity: 1> = 0.34, I> = 79.71%, H’ = 4.93
Test of 6, = 8;: Q(15) = 52.60, p = 0.00
Testof® =0:z=3.47,p =0.00

T T
1/64 1/4 4 64

Random-effects REML model
Fig. 1 Short-term mortality

Table 1 Descriptive patient data Aggregate Survival Data
Variable n (patients) Mean+SD Pvalue 7
Cross clamp time >80Y0 251 11043 P=0.04 24
(min) <80YO 1006 118458
CPBT (min) >80YO 306 167 £51 P=0.02 1
<80YO 1270 177 +£68 9
Aortic root replace-  >80YO 52/1597 (3.3%) - P<0.01
ment <80YO 734/9948 (7.4%) - oA, ‘ . ‘ . ‘
Total arch replace- ~ >80YO 381/1597 (24%) - P=0.01 0 L 2 e 4 5
ment <80YO 3256/9948 (33%) - Number at risk
octogen = 0 4992 3442 2828 2350 1978 1653
DHCA >80YO 202 305+£129 P=037 octogen = 1 472 263 214 175 137 50
<80YO 781 31.2+£155 95% Cl 95% Cl
ACP >80Y0 79/186 (42%) _ P—0.04 Non-octogenarians Octogenarians
428/727 (59%) _ Fig. 2 Aggregate mid-term survival (8 included studies)
Malperfusion 614/2526 (24%) -
Tamponade 767/2974 (26%) -
Hypertension 0784/14641 (67%) - Secondary endpoint: postoperative stroke
Male 9622/16641 (58%) - Twelve studies with a total of 10,169 patients reported

outcomes for post-operative stroke. The cumulative
incidence of stroke in the octogenarian cohort was 9.4%
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Mort >80 Mort < 80 QOdds ratio Weight
Study Yes No Yes No with 95% CI (%)
Japan
Goda et al 2010 3 15 38 245 —i— 1.29[0.36, 4.66] 4.68
Kawabhito et al 2017 7 105 68 846 —— 0.83[0.37, 1.85] 7.09
Ohnuma et al 2016 93 824 396 3,862 [ | 1.10[0.87, 1.40] 10.14
Omura et al 2017 9 54 25 257 —— 1.71[0.76, 3.88] 7.02
Shiono et al 2006 3 21 5 105 —a— 3.00[0.67, 13.53] 3.88
Suenaga et al 2016 2 23 3 89 —— 2.58[0.41, 16.36] 2.94
Suzuki et al 2019 6 49 27 237 —— 1.07[0.42, 2.74] 6.34
Tochii et al 2016 0 24 10 124 = 0.24[0.01, 4.27] 1.45
Heterogeneity: 1° = 0.00, I = 0.00%, H* = 1.00 ¢ 1.14[0.93, 1.40]
Test of 6;= 6;: Q(7) = 5.15, p = 0.64
Other
Benedetto etal 2021 69 181 573 2,857 [ ] 1.90[1.42, 2.54] 9.93
Bojko et al 2020 20 50 35 130 - 1.49[0.78, 2.81] 8.07
Chavaron et al 2006 9 7 34 177 —i— 6.69[2.33, 19.20] 5.73
Hsu et al 2020 70 136 649 2,568 [ | 2.04[1.51, 2.75] 9.89
Neri et al 2001 20 4 28 115 —l—20.54[6.50, 64.87] 5.27
Rylski et al 2011 29 54 60 321 = B 287[1.69, 4.88] 8.72
Tang et al 2013 0 21 9 71 = 0.18[0.01, 3.13] 1.44
Trimarchi et al 2010 12 18 174 565 —- 216[1.02, 4.58] 7.41
Heterogeneity: 1° = 0.50, I” = 86.67%, H = 7.50 <o 2.72[1.53, 4.85]
Test of 6, = 6;: Q(7) = 25.37, p = 0.00
Overall X3 1.93[1.33, 2.81]
Heterogeneity: 1~ = 0.34, I = 79.71%, H’ = 4.93
Test of 8, = 6;: Q(15) = 52.60, p = 0.00
Test of group differences: Q,(1) =7.78, p = 0.01
1/%54 1}4 21 6L1
Random-effects REML model
Fig. 3 Short-term mortality based on country

compared to 10.5% in the non-octogenarian cohort.
There was no significant difference between the cohorts
(OR 0.92; 95%CI 0.71-1.21; P=0.57). There was no evi-
dence of publication bias on visual inspection of funnel
plot (Additional file 1: Fig. 4) (Begg’s test P=0.79).

Secondary endpoint: re-exploration
Twelve studies with a total of 14,999 patients reported
on re-exploration post-operatively. Octogenarians were

at slightly higher risk of re-exploration post-operatively
however this was not statistically significant (OR 1.08;
95%CI 0.81-1.45; P=0.59). The breakdown for re-
exploration was not specified in the included studies.
There was asymmetry evident on visual inspection of
forest plot (Additional file 1: Fig. 5a) confirmed on arc-
sine Begg test (P =0.004). However, after correction for
publication/small study bias with Duval and Tweedie
trim and fill method there was still no significant dif-
ference in re-exploration post- operatively (corrected
OR 1.12, 95% CI 0.75-1.67, P=0.53 with additional
imputed values (Additional file 1: Fig. 5b).
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Mort >80 Mort < 80 Odds ratio Weight
Study Yes No Yes No with 95% Cl (%)
Consecutive recruitment
Chavaron et al 2006 9 7 34 177 —i— 6.69[2.33, 19.20] 5.73
Goda et al 2010 3 15 38 245 —— 1.29[0.36, 4.66] 4.68
Kawahito et al 2017 7 105 68 846 —- 0.83[0.37, 1.85] 7.09
Neri et al 2001 20 4 28 115 —l—20.54 [ 6.50, 64.87] 5.27
Omura et al 2017 9 54 25 257 —- 1.71[0.76, 3.88] 7.02
Shiono et al 2006 3 21 5 105 —— 3.00[0.67, 13.53] 3.88
Suenaga et al 2016 2 23 3 89 —— 2.58[0.41, 16.36] 2.94
Suzuki et al 2019 6 49 27 237 —— 1.07[0.42, 2.74] 6.34
Tang et al 2013 0 21 9 71 = 0.18[0.01, 3.13] 1.44
Heterogeneity: 1° = 0.98, I” = 74.53%, H” = 3.93 <P 2.20[1.01, 4.81]
Test of 6, = 6;: Q(8) = 30.74, p = 0.00
Not Reported
Benedetto et al 2021 69 181 573 2,857 [ | 1.90[1.42, 2.54] 9.93
Bojko et al 2020 20 50 35 130 = 1.49[0.78, 2.81] 8.07
Hsu et al 2020 70 136 649 2,568 [ | 2.04[1.51, 2.75] 9.89
Ohnuma et al 2016 93 824 396 3,862 [ ] 1.10[0.87, 1.40] 10.14
Rylski et al 2011 29 54 60 321 = B 287[1.69, 4.88] 8.72
Tochii et al 2016 0 24 10 124 = 0.24[0.01, 4.27] 1.45
Trimarchi et al 2010 12 18 174 565 - 2.16[1.02, 4.58] 7.41
Heterogeneity: 1° = 0.08, I” = 65.83%, H> = 2.93 ¢ 1.74[1.30, 2.33]
Test of 6, = 8;: Q(6) = 20.34, p = 0.00
Overall X3 1.93[1.33, 2.81]
Heterogeneity: 1° = 0.34, I = 79.71%, H’ = 4.93
Test of 8, = 6;: Q(15) = 52.60, p = 0.00
Test of group differences: Q,(1) = 0.30, p = 0.58
1/%54 1}4 21 6‘4
Random-effects REML model
Fig. 4 Short-term mortality based on study design (consecutive recruitment)
Secondary endpoint: ICU length of stay Discussion

Four studies with a total of 9,782 patients reported
data for ICU LOS (days). The mean ICU LOS in the
octogenarian cohort was 7.7 days and 7.1 days in the
non-octogenarian cohort. Hedges G statistic was 0.05
(95%CI—0.18-0.28, P=0.66) suggesting that there
was no significant difference between the two cohorts.
There was significant heterogeneity between the stud-
ies (I>=87%). These results are summarized in Figs. 5,
6,7, 8.

The number of elderly patients undergoing surgery has
risen in recent years due to the increasing age of the gen-
eral population, technical improvements operatively and
improvements in postoperative care [29]. In most forms
of cardiac surgery, octogenarians demonstrate favorable
long-term outcomes with low mortality and significantly
improved post-operative quality of life [30, 31]. This is
especially true in octogenarians undergoing aortic valve
surgery [30]. ATAAD on the other hand, is associated
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AKI >80 AKI<80 Odds ratio Weight
Study Yes No Yes No with 95% CI (%)
Benedetto et al 2021 35 215 475 2,955 -‘- 1.01[0.70, 1.47] 21.26
Bojko et al 2020 11 59 3 134 ——— 0.81[0.38, 1.71] 5.14
Kawahito et al 2017 5 107 69 845 —— 0.57[0.23, 1.45] 3.37
Neri et al 2001 9 15 28 115 —=—— 246[0.98, 6.21] 3.4
Ohnumaetal 2016 111 806 545 3,713 [ | 0.94[0.75, 1.17] 61.38
Shiono et al 2006 3 21 16 94 — 0.84[0.22, 3.14] 1.67
Suenaga et al 2016 1 24 3 89 1.2410.12, 12.42] 0.55
Suzuki et al 2019 4 51 38 226 — 0.47[0.16, 1.37] 252
Tang et al 2013 0o 21 6 74 0.27[0.01, 4.92] 0.34
Tochii et al 2016 0 24 15 119 0.16[0.01, 2.72] 0.36
Overall ¢ 0.93[0.79, 1.11]
Heterogeneity: 7° = 0.00, I> = 0.00%, H’ = 1.00
Test of 8, = 6;: Q(9) = 9.53, p=0.39
Testof®=0:z=-0.78,p=0.44

T

T T
1/64 1/8 1 8

Random-effects REML model
Fig. 5 Postoperative acute renal failure
CVA>80 CVA<80 Odds ratio Weight
Study Yes No Yes No with 95% ClI (%)
Benedetto et al 2021 16 234 322 3,108 0.66[0.39, 1.11] 18.53
Bojko et al 2020 9 61 23 142 0.91[0.40, 2.08] 8.92
Hsu et al 2020 16 190 376 2,841 0.64[0.38, 1.07] 18.43
Kawahito et al 2017 14 98 87 827 1.36[0.74, 2.48] 14.93
Neri et al 2001 6 18 31 112 1.20[0.44, 3.29] 6.32
Omura et al 2017 3 60 14 268 0.96[0.27, 3.44] 4.07
Rylski et al 2011 15 68 52 329 1.40[0.74, 2.62] 13.89
Shiono et al 2006 2 22 8 102 1.16[0.23, 5.84] 2.61
Suenaga et al 2016 2 23 9 83 — 0.80[0.16, 3.97] 2.66
Suzuki et al 2019 7 48 30 234 —i— 1.14[0.47, 274 8.02
Tang et al 2013 0o 21 2 78 0.73[0.03, 15.79] 0.74
Tochii et al 2016 0 24 17 117 0.14[0.01, 2.36] 0.87
Overall < 0.92[0.71, 1.21]
Heterogeneity: 1° = 0.03, I” = 13.84%, H> = 1.16
Test of 6; = 6;: Q(11) =9.12, p = 0.61
Testof 6 =0:z=-0.57, p = 0.57
1/234 1}8 1 é

Random-effects REML model

Fig. 6 Postoperative stroke
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Re-explore>80 Re-explore<80 Odds ratio Weight
Study Yes No Yes No with 95% ClI (%)
Benedetto et al 2021 19 231 359 3,071 - 0.70[0.44, 1.14] 16.11
Bojko et al 2020 6 64 10 155 — 145[0.51, 4.17] 6.00
Hsu et al 2020 14 192 248 2,969 i 0.87[0.50, 1.52] 13.96
Kawahito et al 2017 5 107 42 872 0.97[0.38, 2.51] 7.05
Neri et al 2001 6 18 11 132 —&— 4.00[1.32, 12.14] 5.51
Ohnuma et al 2016 48 869 281 3,977 0.78[0.57, 1.07] 21.56
Rylski et al 2011 19 64 78 303 1* 1.15[0.65, 2.04] 13.66
Shiono et al 2006 3 21 104 ——®—— 248[0.57, 10.70] 3.45
Suenaga et al 2016 3 22 88 ——®%—3.00[0.63, 14.39] 3.05
Suzuki et al 2019 5 50 14 250 — 1.79[0.62, 5.18] 5.89
Tang et al 2013 2 19 73 1.10[0.21, 5.72] 278
Tochii et al 2016 0 24 127 0.35[0.02, 6.27] 0.97
Overall L 2 1.08[0.81, 1.45]
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Fig. 8 ICU length of stay

with high mortality and morbidity and octogenarian sta-
tus is a significant risk factor for mortality [4]. Concerns
regarding post-operative quality of life and long-term
outcomes means that this age demographic is more likely
to be managed non-operatively [32, 33]. Aoyama et al.
demonstrated that this transition point between patients
managed operatively vs non-operatively is approxi-
mately 85 years [33]. Short-term mortality is significantly

higher in non-operative management of octogenarians
as patients pass away rapidly from the sequelae of malp-
erfusion [28, 33]. Once the patient survives the initial
event, survival in the long-term (10 years) of the opera-
tive cohort may be comparable to the non-operative
cohort [34]. Patients and family members should be
well informed of the risks of surgery and postoperative
recovery.
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The surgical approach between both cohorts dif-
fers, with a higher incidence of complex surgery in
the younger group. Older patients were more likely to
undergo isolated ascending aorta replacement rather
than a composite graft implantation. Both groups under-
went proximal or hemiarch replacement equally often,
while younger patients underwent more total aortic arch
replacements. Aortic root surgery was almost exclu-
sively performed in the younger cohort, ranging from 1
to 5% in the octogenarian cohort across most studies. An
aggressive surgical approach including a full root or arch
replacement is associated with an improved freedom
from reoperation rate and may not be associated with
increased risk in an all-ages cohort, however, this may
not be applicable to an elderly cohort [35, 36]. Elderly
patients are particularly vulnerable to extended CPB
and circulatory arrest times. In addition, the tissue qual-
ity may also be more friable making multiple anastomo-
ses technically challenging. Piccardo et al. demonstrated
that in an octogenarian cohort, the in-hospital mortality
was prohibitively high in patients undergoing total arch
replacement [37]. This approach may also seem unneces-
sary in an elderly cohort where long-term freedom from
reoperation is not a pertinent issue [37]. Minimising CPB
and circulatory arrest times in an octogenarian cohort is
beneficial, by performing a less extensive procedure such
as an ascending aorta replacement with an interposition
graft [38]. Ghazy et al. termed this a ‘defensive strategy’
and demonstrated improved heath related quality of life
(HR-QOL) when elderly patients are managed in this way
[39]. Adopting a strategy aimed at minimising operative,
CPB, circulatory arrest and rewarming time whilst ame-
liorating the life-threatening complications of ATAAD is
recommended in the octogenarian cohort.

There was a significantly lower number of octoge-
narians patients undergoing antegrade cerebral per-
fusion (ACP) during ATAAD repair. Cohort studies
demonstrate that ACP can be safely used in an elderly
population [40-42]. Pacini et al. demonstrated a mortal-
ity of 7% and neurological event rate of 5% in 95 elderly
patients (age>75) undergoing aortic arch surgery, with
ACP [40]. A limitation is that these outcomes may not
extend to emergencies such as an ATAAD. Studies that
assess ATAAD demonstrate a mortality benefit utilising
the axillary artery as a preferred site of arterial inflow
[42]. Future studies assessing an elderly population are
warranted.

In the current study, early mortality was twice as high
in the octogenarian cohort. This result is consistent with
previous published systematic reviews. Biancari et al.
(2011) demonstrated a pooled mortality of 36.7% in the
octogenarian cohort, with octogenarians twice as likely
to die in the short-term. Bruno et al. assessed an elderly
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population (age>70), demonstrating an odds ratio of
2.25 and a pooled mortality rate of 19.9%. Since these
two systematic reviews, a number of large contemporary
retrospective studies have been published comparing
octogenarians to non-octogenarians. This study dem-
onstrated that octogenarians were twice as likely to die
in the short-term after surgery for ATAAD. There are a
number of possible factors that can explain this. Firstly,
elderly patients tend to show fewer symptoms such as
pain and present later, with more extensive dissections
[20]. Secondly, perioperative complications are observed
in higher frequency, such as cardiac tamponade, supra-
aortic branch vessel involvement and dissections extend-
ing to the abdominal aorta [20, 22]. Octogenarians with
risk factors such as malperfusion, heart failure or root
involvement have a significantly higher mortality [17,
18, 43]. Thirdly, octogenarians do not have the same
physiological reserve as younger patients, and do not
recover from postoperative sequelae as easily. Our sub-
group analysis of study location demonstrated a signifi-
cantly lower mortality in Japanese studies compared to
non-Japanese studies. Octogenarians account for 20% of
patients undergoing surgery in Japan and this proportion
is increasing [44]. The improved mortality may be a result
of the high life expectancy of the Japanese population,
lower incidence of atherosclerosis and extensive dissec-
tion [45]. Dissections involving this population are more
likely to be less complex, Type-B with a retrograde com-
ponent with fewer entry tears located in ascending aorta
[45].

There were no significant differences in three out of the
four of the secondary endpoints. The rate of stroke and
AREF in both cohorts were comparable, with low hetero-
geneity between the studies. This result is consistent with
previously published literature [8]. Though, the presence
of postoperative ARF or stroke is associated with higher
mortality in the elderly cohorts [46]. The results of ICU
LOS were varied across the included studies and there
was no significant difference between the two cohorts on
pooled analysis. It should be noted that two high quality
studies reported a longer ICU LOS in the elderly cohort
[17, 20]. Elderly patients may require more time to wean
from the ventilator and demonstrate protracted time to
full neurological recovery postoperatively and therefore
spend more time in ICU. None of the included studies
demonstrated a significantly higher stroke rate in either
population group. This result is in line with published
data from large registry databases whereby the incidence
of postoperative stroke was unrelated to age [47]. Causes
of re-exploration include uncontrolled bleeding, tam-
ponade and infection. This study did not demonstrate a
significant difference in rates of re-exploration between
either cohort. An element of selection bias may account
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for this, as there may have been higher threshold to man-
age unwell octogenarians (more prone to coagulopathy)
operatively.

Actuarial survival was significantly lower in the
octogenarian cohort, with a five-year survival in the
octogenarian cohort of 54% compared to 76% in the non-
octogenarian cohort. There was also significantly less
attrition in the younger cohort over time. Studies report
that the majority of deaths in the octogenarian cohort
were caused by non-aortic events such as pneumonia
and frailty, which may be more common postoperatively
[18]. Two studies compared octogenarians post-surgical
repair of ATAAD to an age-matched sample, demonstrat-
ing a significantly lower actuarial survival revealing the
impact of surgery in this demographic [17, 26]. This cur-
rent study demonstrated that octogenarians have a signif-
icantly lower mid-term survival after surgery for ATAAD,
compared to non-octogenarians. Few studies compare
non-operative to operative management of ATAAD in
the elderly. In the short-term, survival of those surgically
treated was superior [34, 43, 46]. There is a paucity of evi-
dence assessing long-term outcomes of surgically treated
ATAAD in the elderly cohort. The limited data available
demonstrates that in the mid-term, outcomes are signifi-
cantly worse in the non-operative arm, however, overall
survival in the long-term (10 years) becomes comparable
between both arms [34, 48, 49].

Two studies included in this review assessed HR-QOL
outcomes in the elderly cohort [14, 26]. This is a use-
ful indicator as it captures information on the physical
and mental health status of a patient. Tang et al. com-
pared octogenarians to non-octogenarians, demonstrat-
ing significantly lower physical functioning scores in the
octogenarian cohort [26]. Bojko et al. demonstrated the
same result, however this did not reach significance [14].
Studies that assess postoperative HR-QOL in the elderly
following ATAAD repair also demonstrated significant
attrition of physical health [50, 51]. Elderly patients have
a greater degree of frailty and are also more vulnerable
to the cerebral insult from deep hypothermic circula-
tory arrest which is required for some ATAAD repairs.
As a result, the elderly cohort are more prone to last-
ing physical limitations of surgery compared to younger
patients. There is a paucity of evidence assessing long
term HR-QOL in octogenarians post-ATAAD repair.
The availability of this data would be useful in making
decision whether operative management is beneficial to
octogenarians.

Limitations

The main limitation of this study is the degree of study
heterogeneity. All studies were retrospective in nature
with inherent biases in design. A number of studies did
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not report whether octogenarians were recruited con-
secutively with resultant selection bias as only ‘well’
octogenarians may have been selected for surgery.
Nine studies reported consecutive recruitment of octo-
genarians for surgery, with the exception of patients
who were moribund or refused surgery [18]. This bias
may have also extended to the recruitment of stable
and robust octogenarians only. We aimed to reduce
this bias by conducting a subgroup analysis of studies
which stated consecutive recruitment of patients in the
methodology. Furthermore, there was insufficient data
reporting the use of open and closed distal anastomo-
ses, DHCA times, FET in octogenarian populations,
limiting analysis in this area. There was also variable
reporting of cerebral perfusion strategies, which is an
important measure as it has an impact on outcome
[52]. Studies that ensure that relevant datapoints are
collected pre- and post-operatively will minimize bias.
Such studies are of course, difficult to facilitate in an
emergent setting such as an ATAAD.

Population samples also demonstrate significant het-
erogeneity. All studies are from developed countries
with significantly longer life expectancies, and therefore
results of this study cannot be extrapolated to develop-
ing countries. The majority of studies come from Japan,
which has a high life expectancy amongst developed
countries [53]. Population samples also varied with
time; six studies recruited patients from the 1990’s. Evi-
dence suggests that operative mortality has improved
significantly since these recruitment periods [6]. This is
reflected in the mortality rate reported in these earlier
studies, with studies recruiting from this period report-
ing a significantly higher mortality rate [15, 19]. We
aimed to minimize this bias by including studies from
2000 onwards. Operative technique also varied signifi-
cantly between the studies, where some studies adopted
a defensive strategy and others had a high proportion of
total arch repair and aortic root surgery in the elderly
population. This would therefore have a considerable
impact on primary and secondary endpoints.

Conclusion

Octogenarians are twice as likely to die in the first
30-days following surgery for ATAAD and are almost
twice as likely to require re-exploration postoperatively.
The 5-year actuarial survival for octogenarians was 54%
vs 76% for non-octogenarians. There were no signifi-
cant differences in the incidence of postoperative stroke,
renal failure and ICU LOS. Patients and family members
should be well informed of the risks of surgery and post-
operative recovery.
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