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Abstract

Objective: Although elderly patients undergoing surgery for acute type A aortic dissection (ATAAD) is increasing, their

physical activities are not fully understood. We report the physical activities and surgical outcomes in the elderly patients who

underwent ATAAD. Methods: From 2009 to 2019, 103 consecutive patients underwent surgery for ATAAD at our institution.

Surgical outcomes along with pre- and postoperative physical activities in 52 elderly patients ([?]70 years old) were compared

with those in 51 younger patients (<70 years old). Postoperative walking difficulty was defined as taking [?]30 days to regain

the ability to walk 200 m postoperatively or as the inability to walk at discharge. Results: It took longer for elderly patients

to regain the ability to walk 100 or 200 m postoperatively. ROC analysis revealed the AUC of the duration for walking

200 m postoperatively as a prognostic indicator for late deaths was 0.878, with the highest accuracy at 30 days (sensitivity

= 83.3%, specificity = 91.8%). Hospital mortality within 30 days was 3.8%, and 1-, 3-, and 5-years survival rates were 92%,

84.7%, 84.7%, respectively, for elderly patients, with no significant differences between groups. Cox proportional hazard analysis

showed postoperative walking difficulty was an independent risk factor for late mortality in all cohorts (P = 0.017). Conclusions:

Elderly patients undergoing surgical ATAAD repair showed acceptable surgical outcomes. However, they were more likely to

decrease their physical activities postoperatively. Postoperative difficulty in walking was an independent risk factor for the late

mortality in patients with ATAAD.
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Abstract

Objective: Although elderly patients undergoing surgery for acute type A aortic dissection (ATAAD) is
increasing, their physical activities are not fully understood. We report the physical activities and surgical
outcomes in the elderly patients who underwent ATAAD.

Methods: From 2009 to 2019, 103 consecutive patients underwent surgery for ATAAD at our institution.
Surgical outcomes along with pre- and postoperative physical activities in 52 elderly patients ([?]70 years
old) were compared with those in 51 younger patients (<70 years old). Postoperative walking difficulty was
defined as taking [?]30 days to regain the ability to walk 200 m postoperatively or as the inability to walk
at discharge.

Results: It took longer for elderly patients to regain the ability to walk 100 or 200 m postoperatively.
ROC analysis revealed the AUC of the duration for walking 200 m postoperatively as a prognostic indicator
for late deaths was 0.878, with the highest accuracy at 30 days (sensitivity = 83.3%, specificity = 91.8%).
Hospital mortality within 30 days was 3.8%, and 1-, 3-, and 5-years survival rates were 92%, 84.7%, 84.7%,
respectively, for elderly patients, with no significant differences between groups. Cox proportional hazard
analysis showed postoperative walking difficulty was an independent risk factor for late mortality in all
cohorts (P = 0.017).

Conclusions: Elderly patients undergoing surgical ATAAD repair showed acceptable surgical outcomes.
However, they were more likely to decrease their physical activities postoperatively. Postoperative difficulty
in walking was an independent risk factor for the late mortality in patients with ATAAD.

KEYWORDS

aortic dissection, rehabilitation, elderly patients, surgery, physical activities

INTRODUCTION

Acute type A aortic dissection (ATAAD) is a serious and lethal cardiovascular event, and surgical repair is
essential to help these patients.1 Old age is a risk factor for in-hospital mortality in cardiovascular surgery,2

and according to the data of The International Registry of Acute Aortic Dissection (IRAD), age [?]70 years
is a significant predictor of in-hospital surgical mortality in ATAAD.3 In contrast, it has been reported that
octogenarian patients showed satisfactory surgical outcomes and survival rates, which suggests a confident
approach toward emergency repair in elderly patients.4 Physical activities are important prognostic factors
for late mortality in elderly patients with cardiovascular disease.5 Cassiatore et al reported that walking
ability is strongly related to mortality and morbidity in elderly patients after cardiac coronary artery bypass
grafting.6 However, there are few studies that investigated the rehabilitation outcomes and postoperative
physical activities for ATAAD in elderly patients.7, 8 The specific types and intensities of rehabilitation that
may be both safe and beneficial postoperatively for patients who underwent ATAAD is still controversial.7

We report our experience with ATAAD surgery in patients aged [?]70. The outcomes of our rehabilitation
program based on walking exercise and the surgical outcomes of ATAAD repair in these patients were

2
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. compared with those in patients aged <70 years. We also assessed how postoperative physical activities
impact late mortality in the patients with ATAAD.

MATERIALS AND METHODS

Patients

We retrospectively reviewed 103 consecutive patients who were admitted to the emergency ward of Yokosuka
General Hospital Uwamachi from January 2009 to December 2019 and underwent surgical repair for ATAAD.
The patients were grouped by age; 52 patients aged [?]70 years were assigned to the elderly group (median
age, 78 years [74–83]; range, 70–94) and 51 patients aged <70 years were assigned to the control group
(median age, 61 years [52.5–65.5]; range, 41–69). Surgical outcomes and physical activities before and after
surgery were compared between the groups. In addition, rehabilitation outcomes in the patients regaining
ambulatory autonomy at discharge were compared between the groups (30 patients in the elderly group vs 37
patients in the control group). Our selection process and the number of selected patients are shown in Figure
1. The Institutional Review Board approved this retrospective observational study. Approval included a
waiver of informed consent.

Methods

Computed tomography angiography and echocardiography were used to provide a definitive ATAAD diag-
nosis. After the diagnosis was confirmed, the patient was promptly transferred to the operating room. The
ATAAD was confirmed by intraoperative findings. Variables were collected from patient’s medical records
and preoperative examination. Preoperative characteristics including sex, body mass index (BMI), comor-
bidities, type of aortic dissection, malperfusion, shock (systolic blood pressure (sBP) level <80 mmHg), and
pre- and postoperative physical activities were compared between the groups. Surgical variables including
operation time, cardiopulmonary bypass time, surgical procedure, postoperative complications, intensive care
unit (ICU) and hospital stay, hospital death within 30 days, use of walking aids at discharge, late mortality,
and aortic reintervention were also compared between the groups. In the patients who regained ambulatory
autonomy at discharge, rehabilitation outcomes including duration to ability to walk 100 and 200 m postop-
eratively, blood pressure levels before and after rehabilitation, antihypertensive drug administration during
rehabilitation, intervention of speech and swallowing therapy after extubation, and duration of ICU and
hospital stay were also compared between the groups. Long-term outcomes were obtained through patient
follow up. We examined patients at our outpatient clinic. The median follow-up period for the entire cohort
was 49 months (19.5–90.5), and the follow-up rate was 100%.

We applied the same surgical strategies for the elderly patients and the young patients. Our surgical pro-
cedure comprised median sternotomy with standard cardiopulmonary bypass. The subclavian artery, left
ventricular apex, or femoral artery was used for arterial cannulation. Antegrade or retrograde of cold blood
cardioplegic solution was infused for myocardial protection. Surgery was performed under hypothermic cir-
culatory arrest (bladder temperature, 20degC–26degC), and open distal anastomosis was performed under
circulatory arrest with or without antegrade selective cerebral perfusion. In general, a tear-oriented surgical
strategy was conducted.9 Ascending replacement was performed in patients for whom the entry site was lo-
cated in the ascending aorta or was not found in the ascending aorta or aortic arch (DeBakey IIIb retrograde
dissection). Total or partial arch replacement was performed in patients whose entry site extended to or was
located in the aortic arch. Although aortic valves were preserved whenever possible, we performed aortic
root replacement when the intimal tear extended to the sinus of Valsalva or when we observed root dilation
associated with annuloaortic ectasia.

Rehabilitation program

Our rehabilitation program began on day 1 postoperatively. Range of motion exercise and respiratory
rehabilitation were performed on the bed during intubation on day 1. After extubation, patients with
hoarseness and dysphagia proactively underwent speech and swallowing therapy. Physical rehabilitation was
carried out in a seated position on the bed and included foot stepping, standing by the bedside, and walking

3
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. 50 m. Afterward, walking distance was gradually increased from 100 to 200 m, depending on the patient’s
condition. Patients who walked at discharge were confirmed to be able to walk >200 m before discharge.
Patients who were unable to walk postoperatively due to paraplegia or major cerebral infarction did not
participate in the rehabilitation program. Systolic and diastolic blood pressure (dBP) levels were monitored
before and after rehabilitation. According to the guidelines for rehabilitation in patients with cardiovascular
disease,10 patients with communicating and noncommunicating aortic dissection after surgery had sBP level
maintained at [?]120 mmHg and [?]130 mmHg, respectively, during rehabilitation with antihypertensive drugs
including calcium blockers, angiotensin II receptor blockers (ARBs), angiotensin-converting-enzyme (ACE)
inhibitors, or beta blockers. Postoperative computed tomography angiography was performed within 7 days
to assess whether the false lumen of descending aorta or below was thrombosed or not. During rehabilitation,
patients who presented with leg fatigue, dyspnea, or who were evaluated by physical therapists to be at risk
of falling were discontinued from walking. We followed the discontinuance criteria of the rehabilitation
described in the guidelines for rehabilitation in patients with cardiovascular disease (JCS 2012).10.

Physical activity

The Barthel index and walking ability were assessed before surgery and at discharge in the patients with
ATAAD. The Barthel index is a widely used instrument that assesses activities of daily living.11 The Barthel
index score ranges from 0 (completely dependent) to 100 (totally independent), which mean that lower scores
reflect greater nursing dependence.12Walking ability was assessed in terms of the patients being able to walk
without any aid; with assistive devices, such as a walker and crutches; needed a wheelchair; or were bedridden
with all assistance. Postoperative walking difficulty was defined as patients who needed more than 30 days
to be able to walk a distance of 200 m after surgery or were unable to walk at discharge.

Statistical Analysis

Continuous data are expressed as the median (25–75 interquatile range), although the Barthel index is
expressed as mean +- SD. All continuous data were compared between the two groups using Mann–Whitney
U test. Categorical data are expressed as frequencies (%) and evaluated using the chi-square test or Fisher’s
exact test. The prognostic value of the duration that patients could walk 100 m or 200 m after surgery was
evaluated using receiver operating characteristic (ROC) curve for late mortality. Overall survival was defined
as the time from surgery to death from any cause. Time-related survival was estimated using Kaplan–Meier
method and compared using a log-rank test between the two groups. Cox proportional hazards analysis was
used to determine the risk factors for late mortality. Predictors were entered into a univariable analysis, and
any variable with a p value of [?]0.05 (and aged [?]70 years) was entered into the multivariable analysis. All
statistical analyses were performed using EZR (Saitama Medical Center, Jichi Medical University, Saitama,
Japan) or Prism version 8.0 (GraphPad Software, San Diego, CA, USA). A p value of <0.05 was considered
statistically significant. The overall survival and ROC curve figures were created using Prism version 8.

RESULTS

Patient characteristics

Preoperative clinical characteristics of the patients are presented in Table 1.

Significantly more patients in the elderly group were female (P< 0.001), and thus, BMI was significantly
lower in the elderly group (P < 0.001). There were no significant differences for hypertension, hyperlipidemia,
diabetes mellitus, chronic kidney disease, preoperative shock status (sBP > 80 mmHg), cardiac tamponade,
and neurologic deficit between the groups. Interestingly, patients in the elderly group were significantly
more likely to have undergone DeBakey type II dissection and noncommunicating dissection compared with
the patients in the control group (DeBakey type II: P = 0.0349, noncommunicating aortic dissection: P<
0.001). There were no significant differences for malperfusion between the groups. Although preoperative
walking ability was not significantly different between the groups, the Barthel index in the elderly group was
significantly lower than the control group (P = 0.008).

Operative details and complications

4



P
os

te
d

on
A

u
th

or
ea

18
D

ec
20

20
—

T
h
e

co
p
y
ri

gh
t

h
ol

d
er

is
th

e
au

th
or

/f
u
n
d
er

.
A

ll
ri

gh
ts

re
se

rv
ed

.
N

o
re

u
se

w
it

h
ou

t
p

er
m

is
si

on
.

—
h
tt

p
s:

//
d
oi

.o
rg

/1
0.

22
54

1/
au

.1
60

83
01

13
.3

99
68

00
7/

v
1

—
T

h
is

a
p
re

p
ri

n
t

a
n
d

h
a
s

n
o
t

b
ee

n
p

ee
r

re
v
ie

w
ed

.
D

a
ta

m
ay

b
e

p
re

li
m

in
a
ry

. Operative details and complications are shown in Table 2. Ascending aortic replacement was more likely
in the elderly group (P = 0.065). Arch replacement was less likely in the elderly group, but there was no
statistically significant difference (P = 0.091). There was no significant difference in aortic root replacement,
concomitant aortic valve replacement, and coronary artery bypass grafting between the groups. Because of
more ascending aortic replacement and less arch replacement in the elderly group, pump run time, aortic
cross-clamp time, and operation time were significantly lower in the elderly group (pump run time: P <
0.001; aortic cross-clamp time:P = 0.003; operation time: P < 0.001).

Among postoperative complications, stroke, pneumonia, mediastinitis, intestinal ischemia, long-term in-
tubation (>3 weeks), and re-exploration for bleeding were not significantly different between the groups.
Frequency of postoperative temporary or permanent hemodialysis were significantly lower in patients in the
elderly group (P = 0.015). Postoperative dysphagia occurred significantly more frequently in elderly patients
(P = 0.017). ICU stay was likely to be longer in the elderly group (P = 0.094); hence, the duration of hos-
pitalization was significantly longer in the elderly group (P= 0.045). Elderly patients with ATAAD surgery
were more likely to decrease their walking ability at discharge because they were significantly less likely to
discharge by walking without any aids (P = 0.021) and more likely to discharge with a wheelchair compared
with patients in the control group (P = 0.052). Postoperative walking difficulty was significantly more ad-
vanced in the elderly group (P = 0.013); therefore, the Barthel index for the elderly group on discharge was
significantly lower than the control group (P = 0.032).

Rehabilitation outcomes

The rehabilitation outcomes were compared between the groups to assess their physical activities among the
patients regaining ambulatory autonomy at discharge (30 patients in the elderly group, and 37 patients in the
control group). Preoperative characteristics and operative details in patients are presented in Supplemental
Table 1 and Supplemental Table 2. Rehabilitation outcomes in patients regaining ambulatory autonomy
at discharge are presented in Table 3. During rehabilitation, it was likely that elderly patients took longer
to walk 100 or 200 m postoperatively (P = 0.024 and P = 0.025, respectively); although, there was no
difference in postoperative walking difficulty between the groups. Elderly patients required significantly
more speaking and swallowing therapy after surgery (P = 0.043). However, the length of ICU stay and
the total hospitalization were not significantly different between the groups. There was no difference in
communicating dissection between the groups postoperatively. Pre-rehabilitation sBP and dBP levels were
112.5 mmHg (104.3–120) and 68 mmHg (61.5–74), respectively, in the elderly group compared with 121.5
mmHg (110–130) and 72 mmHg (60–75), respectively, in the control group. Post-rehabilitation sBP and
dBP levels were 123 mmHg (112.3–133.3) and 75 mmHg (65.5–81.3), respectively, in the elderly group
compared with 121 mmHg (110–134.3) and 70 mmHg (59–80), respectively, in the control group. There
were no statistical differences in pre-rehabilitation and post-rehabilitation blood pressure levels between the
groups. During the rehabilitation program, antihypertensive drugs, including calcium blockers, ARB or
ACE inhibitors, and beta blockers, were prescribed to control blood pressure. The ARB and ACE inhibitors
were needed less significantly in patients in the elderly group to control the blood pressure (P = 0.003),
although the use of calcium blockers and beta blockers was not significantly different between the groups.
The combination of the aforementioned three drugs was needed less significantly in patients in the elderly
group to control blood pressure (P = 0.004).

The prognostic value of patients’ ability to walk 200 m postoperatively was evaluated using ROC analysis;
the results showed that AUC as a prognostic indicator for late mortality was 0.878 (95% confidence interval
[CI]: 0.722–1; P = 0.002), with the highest accuracy at 30 days (sensitivity = 83.3%, specificity = 91.8%;
Figure 2A). Evaluation of patient’s ability to walk 100 m postoperatively using the ROC analysis as well,
the AUC as a prognostic indicator for late mortality was 0.878 (95% CI: 0.753–1; P = 0.002), with a the
highest accuracy at 20 days (sensitivity = 83.3%, specificity = 82%; Figure 2B).

Long-term outcomes

There were eight remote deaths in the elderly group and three in the control group during follow up (Table
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. 4). Median follow-up time was 49 months (19.5–90.5) for all patients; 42.5 months (18.8–75.8) for patients in
the elderly group and 53 months (22.5–99) for patients in the control group. Survival rate at 1, 3, and 5 years
from initial surgical repair, excluding hospital deaths within 30 days, was 92% (95% CI: 0.801–0.969), 84.7%
(95% CI: 0.703–0.924); and 84.7% (95% CI: 0.703-0.924), respectively, in the elderly group compared with
97.8% (95% CI: 0.853–0.997), 97.8% (95% CI: 0.853–0.997), and 94.2% (95% CI: 0.778–0.986), respectively,
in the control group. A log-rank test comparing the two survival curves did not indicate the significant
difference between the groups (P = 0.117) (Figure 3).

Causes of remote deaths included heart failure (1), stroke (2), rupture of the downstream aorta (1), and
pneumonia (4) in the elderly patients. There were eleven late reinterventions including repair for aortic root
(1), aortic arch (1), descending aorta (6), and abdominal aorta (3). There were no significant differences in
late reinterventions between the groups.

To assess how postoperative physical activities after the surgery impacted late mortality, patients with
postoperative walking difficulty, excluding hospital deaths within 30 days, were compared with patients
without postoperative walking difficulty. The patients with postoperative walking difficulty were found to
have significantly worse late mortality compared with the patients without it (Figure 4A) (P < 0.001).

Survival rate at 1, 3, and 5 years from initial surgical repair was 89.7% (95% CI: 0.749–0.960), 80.6% (95%
CI: 0.635–0.903), and 76.4% (95% CI: 0.576–0.877), respectively, for patients with postoperative walking
difficulty vs 98.2% (95% CI: 0.878–0.997), 98.2% (95% CI: 0.878–0.997), and 98.2% (95% CI: 0.878–0.997),
respectively, for patients without postoperative walking difficulty. Cox proportional hazard analysis showed
that postoperative walking difficulty was a significant risk factor for late mortality according to multivariable
analysis, whereas age[?]70 and postoperative stroke were not (Table 5) (HR 12.65; P = 0.017).

We also assessed the risk factors for late mortality in the patients who regained ambulatory autonomy
at discharge. Patients with postoperative walking difficulty were found to have significantly worse late
mortality compared with the patients without it difficulty (Figure 4B) (P < 0.001). It was also found in
Cox proportional hazard analysis that postoperative walking difficulty was a significant risk factor for late
mortality according to multivariable analysis, whereas age[?]70, re-exploration for bleeding, and long-term
intubation (>3 weeks) were not (Table 6) (HR 15.54; P = 0.026).

DISCUSSION

Life expectancy is increasing steadily in many countries and consequently presents a higher incidence of
cardiovascular diseases, including ATAAD,13, 14 which remains a potentially lethal clinical presentation as
emergency surgery is still a challenging procedure for elderly patients. It has been reported that surgical
risks are increased in the elderly and old age is a negative prognostic factor of early mortality after emergency
surgery for ATAAD.2, 3, 15, 16 However, surgical outcomes for ATAAD have been improving in Japan 17 as
well as in the rest of the world18, with several studies reporting good results from the surgical repair of
ATAAD in elderly patients.4, 13 Surgical outcomes in elderly patients with ATAAD may improve in this
decade. Postoperative physical activities may be strongly associated with quality of life, mental health, and
functional capacity in elderly patients with ATAAD.8It is reported that walking difficulty is an important
risk factor for mortality and morbidity in patients after elective cardiac surgery.6, 19 However, there are few
studies that assess physical activities or rehabilitation outcomes in elderly patients after surgery for ATAAD.

This study demonstrated that: 1) there were no significant differences in short-term and long-term mortality
and major postoperative complications between patients undergoing surgical repair for ATAAD in the elderly
group and in the control group; 2) during rehabilitation, it took significantly longer for elderly patients to
walk 100 or 200 m and to require speech and swallowing therapy postoperatively for dysphagia; 3) the AUC
of the 200-m walk after surgery as a prognostic indicator for late mortality was 0.878, with a highest accuracy
at 30 days (sensitivity = 83.3%, specificity = 91.8%); 4) intriguingly, postoperative walking difficulty was an
independent risk factor for late mortality in patients regaining ambulatory autonomy at discharge as well as
in all cohorts.
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. It is still unclear what specific types and intensities of rehabilitation may be postoperatively safe and beneficial
for patients with ATAAD. In this study, cardiopulmonary exercise testing or invasive walking tests were not
performed to assess physical activities because the safety and efficacy of these tests have not yet been fully
established in patients with postoperative residual aortic dissection for ATAAD.7, 20 However, we assessed
the duration for the patients to walk 100 or 200 m postoperatively, which is less invasive and helps to assess
postoperative physical activity resumption with ease compared with cardiopulmonary exercise testing or
other walk tests.

Corone et al reported 33 French patients with type I DeBakey aortic dissection (mean age, 55.1 years) who
underwent cardiac rehabilitation soon after surgical repair.21 They reported that noncontact aerobic activity
with moderate intensity is likely safe and effective for patients with surgical repair for ATAAD. In this study,
our rehabilitation program was based on walking exercise. During rehabilitation, acute elevations in BP may
transiently increase the risk of recurrent aortic dissection or rupture after surgical repair for ATAAD,22, 23

because a postdissection aorta is almost invariably dilated and may have increased associated wall stress
compared with a nondilated aorta.24 During rehabilitation in our study, sBP was strictly controlled between
100–130 mmHg with antihypertensive drugs without any aortic event, which may support the safety profile of
our rehabilitation program. Elderly patients required fewer antihypertensive drugs to control blood pressure
during the rehabilitation. Because BMI in the elderly group was significantly lower than the control group,
small body size and older age in the elderly group may affect pharmacological metabolism.

The most obvious limitations of this study were its retrospective nature, small number of participants, and
single-center design, which are potential sources of bias. In addition, although the majority of patients showed
preoperative independence in activities of daily living in this study, patients with impaired physical activity
may not have been transferred to our hospital because the family or patients did not want surgical treatment
or because they were assessed as inoperable by former doctors. Furthermore, the mean follow-up period in
the elderly group was comparatively short (median 42.5 [18.8–75.8] months; range 1–125 months), although
we did not find significant differences in long-term follow up between the elderly group and the control
group. Further studies with a larger number of patients, longer observation time, and greater emphasis on
hemodynamic and biomechanical parameters should be performed to evaluate physical activities and surgical
outcomes in elderly patients with ATAAD.

CONCLUSIONS

Elderly patients who underwent surgical repair for ATAAD showed acceptable short- and long-term survival.
However, they were more likely to experience a decrease in walking ability and to experience postoperative
dysphagia compared with younger patients. Moreover, postoperative walking difficulty was an independent
risk factor for late mortality in patients regaining ambulatory autonomy at discharge as well as in all cohorts.

ACKNOWLEDGEMENTS

The authors would like to thank Enago (www.enago.jp) for the English language review.

CONFLICT OF INTERESTS

The authors declare that there are no conflicts of interests.

AUTHOR CONTRIBUTIONS

Conception and design: Yasushi T, Yurie T

Analysis and interpretation: Yasushi T, Yurie T

Data collection: Yasushi T, Yurie T, NN

Writing the article: Yasushi T, Yurie T

Critical revision of the article: Yasushi T, Yurie T, KC, NN, KA, AY

Final approval of the article: Yasushi T, Yurie T, KC, NN, KA, AY

7



P
os

te
d

on
A

u
th

or
ea

18
D

ec
20

20
—

T
h
e

co
p
y
ri

gh
t

h
ol

d
er

is
th

e
au

th
or

/f
u
n
d
er

.
A

ll
ri

gh
ts

re
se

rv
ed

.
N

o
re

u
se

w
it

h
ou

t
p

er
m

is
si

on
.

—
h
tt

p
s:

//
d
oi

.o
rg

/1
0.

22
54

1/
au

.1
60

83
01

13
.3

99
68

00
7/

v
1

—
T

h
is

a
p
re

p
ri

n
t

a
n
d

h
a
s

n
o
t

b
ee

n
p

ee
r

re
v
ie

w
ed

.
D

a
ta

m
ay

b
e

p
re

li
m

in
a
ry

. Statistical analysis: Yasushi T, Yurie T

Obtained funding: Not applicable

Overall responsibility: Yasushi T

REFERENCES

1. Elsayed RS, Cohen RG, Fleischman F and Bowdish ME. Acute type A aortic Dissection. Cardiol Clin .
2017;35:331-345.

2. Biancari F, Vasques F, Benenati V and Juvonen T. Contemporary results after surgical repair of type
A aortic dissection in patients aged 80 years and older: a systematic review and meta-analysis. Eur J
Cardiothorac Surg . 2011;40:1058-63.

3. Mehta RH, O’Gara PT, Bossone E, Nienaber CA, Myrmel T, Cooper JV, Smith DE, Armstrong WF,
Isselbacher EM, Pape LA, Eagle KA, Gilon D and International Registry of Acute Aortic Dissection I. Acute
type A aortic dissection in the elderly: clinical characteristics, management, and outcomes in the current
era. J Am Coll Cardiol . 2002;40:685-92.

4. Kawahito K, Kimura N, Yamaguchi A, Aizawa K, Misawa Y and Adachi H. Early and Late Surgical
Outcomes of Acute Type A Aortic Dissection in Octogenarians. Ann Thorac Surg . 2018;105:137-143.

5. Newman AB, Simonsick EM, Naydeck BL, Boudreau RM, Kritchevsky SB, Nevitt MC, Pahor M, Satter-
field S, Brach JS, Studenski SA and Harris TB. Association of long-distance corridor walk performance with
mortality, cardiovascular disease, mobility limitation, and disability.JAMA . 2006;295:2018-26.

6. Cacciatore F, Abete P, Mazzella F, Furgi G, Nicolino A, Longobardi G, Testa G, Langellotto A, Infante
T, Napoli C, Ferrara N and Rengo F. Six-minute walking test but not ejection fraction predicts mortality
in elderly patients undergoing cardiac rehabilitation following coronary artery bypass grafting. Eur J Prev
Cardiol . 2012;19:1401-9.

7. Chaddha A, Eagle KA, Braverman AC, Kline-Rogers E, Hirsch AT, Brook R, Jackson EA, Woznicki
EM, Housholder-Hughes S, Pitler L and Franklin BA. Exercise and Physical Activity for the Post-Aortic
Dissection Patient: The Clinician’s Conundrum. Clin Cardiol . 2015;38:647-51.

8. Chaddha A, Kline-Rogers E, Braverman AC, Erickson SR, Jackson EA, Franklin BA, Woznicki EM,
Jabara JT, Montgomery DG and Eagle KA. Survivors of Aortic Dissection: Activity, Mental Health, and
Sexual Function. Clin Cardiol . 2015;38:652-9.

9. Aizawa K, Kawahito K and Misawa Y. Long-term outcomes of tear-oriented ascending/hemiarch replace-
ments for acute type A aortic dissection. Gen Thorac Cardiovasc Surg . 2016;64:403-8.

10. Group JCSJW. Guidelines for rehabilitation in patients with cardiovascular disease (JCS 2012). Circ J
. 2014;78:2022-93.

11. Mahoney FI and Barthel DW. Functional Evaluation: The Barthel Index.Md State Med J . 1965;14:61-5.

12. Quinn TJ, Langhorne P and Stott DJ. Barthel index for stroke trials: development, properties, and
application. Stroke . 2011;42:1146-51.

13. Omura A, Matsuda H, Minami H, Nakai H, Henmi S, Murakami H, Yoshida M and Mukohara N. Early
and Late Outcomes of Operation for Acute Type A Aortic Dissection in Patients Aged 80 Years and Older.
Ann Thorac Surg . 2017;103:131-138.

14. Olsson C, Thelin S, Stahle E, Ekbom A and Granath F. Thoracic aortic aneurysm and dissection:
increasing prevalence and improved outcomes reported in a nationwide population-based study of more than
14,000 cases from 1987 to 2002. Circulation . 2006;114:2611-8.

8



P
os

te
d

on
A

u
th

or
ea

18
D

ec
20

20
—

T
h
e

co
p
y
ri

gh
t

h
ol

d
er

is
th

e
au

th
or

/f
u
n
d
er

.
A

ll
ri

gh
ts

re
se

rv
ed

.
N

o
re

u
se

w
it

h
ou

t
p

er
m

is
si

on
.

—
h
tt

p
s:

//
d
oi

.o
rg

/1
0.

22
54

1/
au

.1
60

83
01

13
.3

99
68

00
7/

v
1

—
T

h
is

a
p
re

p
ri

n
t

a
n
d

h
a
s

n
o
t

b
ee

n
p

ee
r

re
v
ie

w
ed

.
D

a
ta

m
ay

b
e

p
re

li
m

in
a
ry

. 15. Rylski B, Hoffmann I, Beyersdorf F, Suedkamp M, Siepe M, Nitsch B, Blettner M, Borger MA, Weigang
E and Multicenter Prospective Observational S. Acute aortic dissection type A: age-related management and
outcomes reported in the German Registry for Acute Aortic Dissection Type A (GERAADA) of over 2000
patients. Ann Surg . 2014;259:598-604.

16. Trimarchi S, Eagle KA, Nienaber CA, Rampoldi V, Jonker FH, De Vincentiis C, Frigiola A, Menicanti
L, Tsai T, Froehlich J, Evangelista A, Montgomery D, Bossone E, Cooper JV, Li J, Deeb MG, Meinhardt
G, Sundt TM, Isselbacher EM and International Registry of Acute Aortic Dissection I. Role of age in acute
type A aortic dissection outcome: report from the International Registry of Acute Aortic Dissection (IRAD).
J Thorac Cardiovasc Surg . 2010;140:784-9.

17. Committee for Scientific Affairs TJAfTS, Masuda M, Okumura M, Doki Y, Endo S, Hirata Y, Kobayashi
J, Kuwano H, Motomura N, Nishida H, Saiki Y, Saito A, Shimizu H, Tanaka F, Tanemoto K, Toh Y,
Tsukihara H, Wakui S and Yokomise H. Thoracic and cardiovascular surgery in Japan during 2014 : Annual
report by The Japanese Association for Thoracic Surgery.Gen Thorac Cardiovasc Surg . 2016;64:665-697.

18. Pape LA, Awais M, Woznicki EM, Suzuki T, Trimarchi S, Evangelista A, Myrmel T, Larsen M, Harris
KM, Greason K, Di Eusanio M, Bossone E, Montgomery DG, Eagle KA, Nienaber CA, Isselbacher EM and
O’Gara P. Presentation, Diagnosis, and Outcomes of Acute Aortic Dissection: 17-Year Trends From the
International Registry of Acute Aortic Dissection. J Am Coll Cardiol . 2015;66:350-8.

19. Hulzebos EH, Smit Y, Helders PP and van Meeteren NL. Preoperative physical therapy for elective
cardiac surgery patients. Cochrane Database Syst Rev . 2012;11:CD010118.

20. Casillas JM, Hannequin A, Besson D, Benaim S, Krawcow C, Laurent Y and Gremeaux V. Walking
tests during the exercise training: specific use for the cardiac rehabilitation. Ann Phys Rehabil Med .
2013;56:561-75.

21. Corone S, Iliou MC, Pierre B, Feige JM, Odjinkem D, Farrokhi T, Bechraoui F, Hardy S, Meurin P and
Cardiac Rehabilitation working Group of the French Society of C. French registry of cases of type I acute
aortic dissection admitted to a cardiac rehabilitation center after surgery. Eur J Cardiovasc Prev Rehabil .
2009;16:91-5.

22. Hatzaras IS, Bible JE, Koullias GJ, Tranquilli M, Singh M and Elefteriades JA. Role of exertion or
emotion as inciting events for acute aortic dissection. Am J Cardiol . 2007;100:1470-2.

23. Hatzaras I, Tranquilli M, Coady M, Barrett PM, Bible J and Elefteriades JA. Weight lifting and aortic
dissection: more evidence for a connection. Cardiology . 2007;107:103-6.

24. Koullias G, Modak R, Tranquilli M, Korkolis DP, Barash P and Elefteriades JA. Mechanical deteri-
oration underlies malignant behavior of aneurysmal human ascending aorta. J Thorac Cardiovasc Surg .
2005;130:677-83.

TABLE 1 Preoperative charactaristics

Characteristics Total (n=103) Age<70 (n=51) Age[?]70 (n=52) P value
Age 70 (61.5-78) 61 (52.5-65.5) 78 (74-83) < 0.001
Male 46 (44.7%) 35 (68.6%) 11 (21.2%) < 0.001
BMI 24.1 (21-27.7) 25.6 (22.5-29.8) 23.1 (19.6-25.8) < 0.001
Hypertention 69 (67.0%) 35 (65.8%) 34 (66.7%) 0.384
Diabetes mellitus 5 (4.9%) 2 (3.9%) 3 (5.9%) > 0.99
Choronic kidney disease 34 (33.0%) 17 (33.3%) 17 (33.3%) > 0.99
Hyperlipidemia 15 (14.6%) 9 (17.6%) 6 (11.8%) 0.416
DeBakey Ior IIIb retrograde 79 (76.7%) 44 (86.3%) 35 (67.3%) 0.035
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. Preoperative shock (sBP < 80mmHg) 19 (18.4%) 8 (15.9%) 11 (21.2%) 0.613
Cardiac tamponade 59 (57.3%) 25 (49.0%) 34 (65.4%) 0.113
Cardiopulmonary resuscitation 3 (2.9%) 2 (3.9%) 1 (1.9%) 0.564
Neruologic deficit 6 (5.8%) 3 (5.9%) 3 (5.8%) > 0.99
Malperfusion 19 (18.4%) 12 (23.5%) 7 (13.5%) 0.213
Paraplegia 1 (1.0%) 1 (2.0%) 0 (0%) 0.49
Limb 6 (5.8%) 4 (7.8%) 2 (3.8%) 0.678
Renal 6 (5.8%) 4 (7.8%) 2 (3.8%) 0.437
Brain 11 (10.7%) 5 (9.8%) 6 (11.5%) > 0.99
Coronary 1 (1.0%) 1 (2.0%) 0 (0%) 0.485
Mesenteric 7 (6.8%) 6 (11.8%) 1 (1.9%) 0.06
Preoperative physical activities
Barthel index 96.6 ± 13.9 99.8 ± 1.4 93.6 ± 19.2 0.008
Walking without any aids 94 (91.3%) 48 (94.1%) 46 (88.5%) 0.488
Walking with assistive device 8 (7.8%) 3 (5.9%) 5 (9.6%) 0.715
Wheelchair 0 (0%) 0 (0%) 0 (0%) > 0.99
Bedridden 1 (1.0%) 0 (0%) 1 (1.9%) > 0.99
Abbreviations: BMI, body mass index Abbreviations: BMI, body mass index Abbreviations: BMI, body mass index Abbreviations: BMI, body mass index Abbreviations: BMI, body mass index

TABLE 2 Operative details and complications

Operative details Total (n=103) Age<70 (n=51) Age[?]70 (n=52) P value
Ascending aorta replacement 79 (76.7%) 35 (68.6%) 44 (88.6%) 0.065
Aortic arch replacement 21 (20.4%) 14 (27.5%) 7 (13.5%) 0.091
Aortic root replacement 3 (2.9%) 2 (3.9%) 1 (1.9%) 0.618
Concomitant AVR 7 (6.8%) 4 (7.8%) 3 (5.8%) 0.715
Concomitant CABG 3 (2.9%) 1 (2.0%) 2 (3.8%) > 0.99
Pump run time, minutes 141 (126.5-167) 152 (131.5-194) 132.5 (122.8-146.8) < 0.001
Aortic cross-clamp Time, minutes 92 (75-108.5) 102 (84-135) 88.5 (71.5-100.5) 0.003
Operation time, minutes 290 (245-352) 320 (272-420) 264 (233.8-308.3) < 0.001
Complications
Stroke 6 (5.8%) 3 (5.9%) 3 (5.8%) 0.837
Pneumonia 15 (14.6%) 8 (15.7%) 7 (13.5%) 0.787
Mediastinitis 3 (2.9%) 1 (2.0%) 2 (3.8%) > 0.99
Intestinal ischemia 1 (1.0%) 0 (0%) 1 (1.9%) > 0.99
Postoperative hemodialysis 12(11.7%) 10 (19.6%) 2 (3.8%) 0.015
Re-exploration for bleeding 5 (4.9%) 1 (2.0%) 4 (7.7%) 0.363
Long-term intubation (more than 3 weeks) 14 (13.6%) 7 (13.7%) 7 (13.5%) > 0.99
Dysphagia 45 (43.7%) 16 (31.4%) 29 (55.8%) 0.017
ICU stay, days 7 (6-13.5) 7 (5-12) 8 (7-14) 0.094
Hospital stay, days 24 (17-45) 22 (14-37) 28.5 (19-54.3) 0.045
Barthel index at discharge 79.4 ± 35.1 84.7 ± 33.7 74.5 ± 36 0.034
Discharged by walking without any aids 52 (50.5%) 31 (60.8%) 21 (40.4%) 0.021
by walking with assistive device 15 (14.6%) 6 (11.8%) 9 (17.3%) 0.587
by a wheelchair 11 (10.7%) 2 (3.9%) 9 (17.3%) 0.052
Postoperative walking difficulty 38 (36.9%) 12 (23.5%) 26 (50%) 0.013
Hospital death within 30 days 8 (7.8%) 6 (11.8%) 2 (3.8%) 0.16
Abbreviations: AVR, aortic valve replacement; CABG, coronary artery bypass grafting; ICU, intensive care unit Abbreviations: AVR, aortic valve replacement; CABG, coronary artery bypass grafting; ICU, intensive care unit Abbreviations: AVR, aortic valve replacement; CABG, coronary artery bypass grafting; ICU, intensive care unit Abbreviations: AVR, aortic valve replacement; CABG, coronary artery bypass grafting; ICU, intensive care unit Abbreviations: AVR, aortic valve replacement; CABG, coronary artery bypass grafting; ICU, intensive care unit

TABLE 3 Rehabilitation-outcomes in the patients regaining ambulatory autonomy at discharge
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.

Rehabilitation-outcomes Total (n=67) Age<70 (n=37) Age[?]70 (n=30) P value
Duration for walking 100m, days 9 (6-18.5) 7 (6-17) 13.5 (8-24.5) 0.024
Duration for walking 200m, days 13 (9-22) 11 (7-20) 15 (10.5-26) 0.025
Postoperative walking difficulty 10 (14.9%) 4 (10.8%) 6 (16.2%) 0.324
Speech and swallowing therapy 26 (38.8%) 10 (27%) 16 (53.3%) 0.043
Communicating dissection after surgery 25 (37.3%) 16 (43.3%) 9 (30%) 0.316
Pre-rehabilitation sBP, mmHg 116.5 (106-128) 121.5 (110-130) 112.5 (104.3-120) 0.061
Pre-rehabilitation dBP, mmHg 69.5 (60-74.3) 72 (60-75) 68 (61.5-74) 0.917
Post-rehabilitation sBP, mmHg 121.5 (110-134) 121 (110-134.3) 123 (112.3-133.3) 0.929
Post-rehabilitation dBP, mmHg 72 (64-80.5) 70 (59-80) 75(65.5-81.3) 0.242
Antihypertensive drugs during rehabilitation
Calcium blocker 47 (70.1%) 28 (75.7%) 19 (63.3%) 0.296
ARB or ACE inhibitor 34 (50.7%) 25 (67.6%) 9 (30%) 0.003
Beta blocker 53 (79.1%) 31 (83.8%) 22 (73.3%) 0.37
Dual-drugs combination 28 (41.8%) 13 (35.1%) 15 (50%) 0.319
Triple-drugs combination 22 (32.8%) 18 (48.6%) 4(13.3%) 0.004
Barthel index at discharge 96.9 ± 6.7 97.6 ± 5.7 96 ± 7.7 0.343
ICU stay, days 7 (6-13.5) 7 (6-9) 8 (7-14) 0.276
Hospital stay, days 22.5 (16.3-34) 22 (16-34) 23.5 (18.3-37) 0.315
Abbreviations: ACE, angiotensin-converting-enzyme; ARB, angiotensin II receptor blocker; dBP, diastolic blood pressure; ICU, intensive care unit; sBP, systolic blood pressure Abbreviations: ACE, angiotensin-converting-enzyme; ARB, angiotensin II receptor blocker; dBP, diastolic blood pressure; ICU, intensive care unit; sBP, systolic blood pressure Abbreviations: ACE, angiotensin-converting-enzyme; ARB, angiotensin II receptor blocker; dBP, diastolic blood pressure; ICU, intensive care unit; sBP, systolic blood pressure Abbreviations: ACE, angiotensin-converting-enzyme; ARB, angiotensin II receptor blocker; dBP, diastolic blood pressure; ICU, intensive care unit; sBP, systolic blood pressure Abbreviations: ACE, angiotensin-converting-enzyme; ARB, angiotensin II receptor blocker; dBP, diastolic blood pressure; ICU, intensive care unit; sBP, systolic blood pressure

TABLE 4 Long-term outcome

Long-term outcome Total (n=103) Age<70 (n=51) Age[?]70 (n=52) P value
Remote death 11 3 8 0.201
Aortic event 2 (18.2%) 0 (0%) 2 (25%) 0.495
Stroke 1 (9.1%) 0 (0%) 1 (12.5%) > 0.99
Pneumonia 6 (54.5%) 2 (66.7%) 4 (50%) 0.678
Cardiac failure 1 (9.1%) 0 (0%) 1 (12.5%) > 0.99
Unknown 1 (9.1%) 1 (33.3%) 0 (0%) 0.495
Aortic reintervention 11 5 6 > 0.99
Aortic root 1 (9.1%) 1 (20%) 0 (0%) 0.495
Aortic arch 1 (9.1%) 1 (20%) 0 (0%) 0.495
Descending aorta 6 (54.5%) 2 (40%) 4 (66.7%) 0.678
Abdominal aorta 3 (27.3%) 1 (20%) 2 (33.3%) > 0.99

TABLE 5 Univariable and Multivariable Analysis of Late Mortality, Excluding Hospital Deaths within
30days

Univariable Univariable Multivariable Multivariable
Variables HR (95% CI) P value HR (95% CI) P value
Preoperative characteristics
Age[?]70 2.78 (0.73-10.52) 0.133 2.17 (0.55-8.59) 0.27
Male 1.59 (0.48-5.23) 0.445 - -
Obesity, BMI >28 kg/m2 0.685 (0.15-3.18) 0.629 - -
Choronic kidney disease 1.29 (0.38-4.42) 0.683 - -
DeBakey Ior IIIb retrograde 1.34 (0.35-5.08) 0.667 - -
Communicating dissection 0.98 (0.3-3.23) 0.979 - -
Preoperative shock (sBP < 80mmHg) 0.53 (0.07-4.19) 0.551 - -
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. Cardiac tamponade 0.89 (0.27-2.91) 0.843 - -
Malperfusion 0.55 (0.07-4.27) 0.564 - -
Barthel index - > 0.99 - -
Operative details and complications
Aortic arch replacement 0.97 (0.21-4.51) 0.973 - -
Pump run time >4hr 2.04 (0.43-9.59) 0.369 - -
Complications
Stroke 6.58 (1.35-31.9) 0.02 4.9 (0.92-25.95) 0.062
Pneumonia 2.56 (0.65-10.13) 0.18 - -
Postoperative hemodialysis 0.75 (0.1-5.87) 0.782 - -
Reexploration for bleeding 1.72 (0.22-13.43) 0.606 - -
Long-term intubation (more than 3 weeks) 2.49 (0.66-9.45) 0.183 - -
Dysphagia 1.44 (0.44-4.72) 0.552 - -
Postoperative physical activities
Barthel index 1.00 (0.98-1.02) 0.845 - -
Walking difficulty 16.45 (2.1-128.7) 0.008 12.65 (1.57-101.9) 0.017
Abbreviations: BMI, body mass index; sBP, systolic blood pressure Abbreviations: BMI, body mass index; sBP, systolic blood pressure Abbreviations: BMI, body mass index; sBP, systolic blood pressure Abbreviations: BMI, body mass index; sBP, systolic blood pressure Abbreviations: BMI, body mass index; sBP, systolic blood pressure Abbreviations: BMI, body mass index; sBP, systolic blood pressure

TABLE 6 Univariable and Multivariable Analysis of Late Mortality, in the patients regaining ambulatory
autonomy at discharge

Univariable Univariable Multivariable Multivariable
Variables HR (95% CI) P value HR (95% CI) P value
Preoperative characteristics
Age[?]70 2.76 (0.50-15.13) 0.243 3.62 (0.36-36.44) 0.275
Male 2.19 (0.40-12.01) 0.368 - -
Obesity, BMI >28 kg/m2 1.37 (0.25-7.53) 0.715 - -
Choronic kidney disease - > 0.99 - -
DeBakey Ior IIIb retrograde 1.61 (0.29-8.87) 0.585 - -
Communicating dissection 0.25 (0.03-2.17) 0.21 - -
Preoperative shock (sBP < 80mmHg) - > 0.99 - -
Cardiac tamponade 0.37 (0.07-2.02) 0.25 - -
Malperfusion 1.31 (0.15-11.24) 0.806 - -
Barthel index - > 0.99 - -
Operative details and complications
Aortic arch replacement 0.75 (0.09-6.47) 0.797 - -
Pump run time >4hr 1.3 (0.15-11.36) 0.815 - -
Complications
Stroke - > 0.99 - -
Pneumonia 3.24 (0.54-19.43) 0.199 - -
Postoperative hemodialysis 2.35 (0.27-20.25) 0.438 - -
Reexploration for bleeding 18.08 (1.61-203.3) 0.019 11.34 (0.6-215) 0.106
Long-term intubation (more than 3 weeks) 7.57 (1.37-41.71) 0.02 3.14 (0.26-38.45) 0.37
Dysphagia 1.78 (0.36-8.88) 0.484 - -
Postoperative physical activities
Barthel index 0.99 (0.89-1.1) 0.817 - -
Walking difficulty 28.24 (3.29-242.6) 0.002 15.54 (1.39-174.1) 0.026
Abbreviations: BMI, body mass index; sBP, systolic blood pressure Abbreviations: BMI, body mass index; sBP, systolic blood pressure Abbreviations: BMI, body mass index; sBP, systolic blood pressure Abbreviations: BMI, body mass index; sBP, systolic blood pressure Abbreviations: BMI, body mass index; sBP, systolic blood pressure Abbreviations: BMI, body mass index; sBP, systolic blood pressure
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FIGURE LEGENDS

FIGURE 1 Patient selection flowchart

FIGURE 2 ROC curves showing the duration that patients could postoperatively walk (A) 200 m or (B)
100 m as a prognostic indicator for late mortality (200 m walk: AUC = 0.878; P < 0.002, the highest
accuracy at 30 days, sensitivity = 83.3%, specificity = 91.8%; 100 m walk: AUC = 0.878; P < 0.002, the
highest accuracy at 20 days, sensitivity = 83.3%, specificity = 82%)

FIGURE 3 Kaplan–Meier survival curves of patients undergoing surgery for acute type A aortic dissection,
excluding hospital deaths within 30 days. The control and elderly groups are represented by blue and red
line, respectively. P values are determined by analyzing log-rank test

FIGURE 4 Kaplan–Meier survival curves of patients with or without walking difficulty after surgery for
acute type A aortic dissection, excluding hospital deaths within 30 days. A, Patients with and without
postoperative walking difficulty are represented by red and blue lines, respectively. B, Among the patients
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. regaining ambulatory autonomy at discharge, the patients with and without postoperative walking difficulty
are represented by red and blue lines, respectively.P values are determined by analyzing log-rank test.
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