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ORIGINAL RESEARCH

Outcomes of Acute Aortic Dissection 
Surgery in Octogenarians
Ming-En Hsu, MD*; An-Hsun Chou, MD, PhD*; Yu-Ting Cheng, MD; Hsiu-An Lee , MD;  
Kuo-Sheng Liu, MD, PhD; Dong-Yi Chen, MD; Victor Chien-Chia Wu , MD; Pao-Hsien Chu , MD;  
Tien-Hsing Chen, MD; Shao-Wei Chen , MD, PhD

BACKGROUND: Octogenarians (≥80 years old) are high-risk patients for acute aortic dissection (AAD) surgery. However, no 
population-based study has investigated the late outcomes of AAD surgery in octogenarians. This study aimed to investigate 
the late outcomes of AAD surgery in octogenarians.

METHODS AND RESULTS: A total of 3998 patients who received AAD surgery from 2005 to 2013 were identified from the Taiwan 
National Health Insurance Research Database. In-hospital complications and late outcomes including all-cause mortality, 
major adverse cardiac and cerebrovascular event, respiratory failure, and redo aortic surgery were evaluated. The risks of late 
outcomes between octogenarians and nonoctogenarians were compared using the multivariable Cox proportional hazard 
model or Fine and Gray competing model. The numbers of the octogenarians who underwent type A and B AAD surgeries 
were 206 (6%; 206/3423) and 79 (13.7%; 79/575), respectively. Compared with the nonoctogenarians, the type A octogenar-
ians had higher risks of in-hospital mortality and several in-hospital complications, whereas the type B octogenarians did 
not. Furthermore, compared with the nonoctogenarians, the type A octogenarians had a higher risk of all-cause mortality 
(61.7% vs 32.5%; hazard ratio [HR], 2.35; 95% CI, 1.95–2.84) and a higher cumulative incidence of major adverse cardiac and 
cerebrovascular event and respiratory failure, and the type B octogenarians demonstrated a higher risk of all-cause mortality 
(44.3% vs 30.4%; HR, 1.74; 95% CI, 1.18–2.55). The octogenarians receiving AAD surgeries had higher mortality rates than 
the normal octogenarian population.

CONCLUSIONS: Octogenarians receiving AAD surgeries exhibit worse late outcomes than nonoctogenarian counterparts.
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Acute aortic dissection (AAD) is an emergency 
condition with high rates of mortality and mor-
bidity.1,2 According to the International Registry of 

Acute Aortic Dissection (IRAD), the surgical mortality 
rate of type A aortic dissection has significantly de-
creased from 25% to 18% during 1995 through 2013. 
In type B aortic dissection, the mortality rate of open 
surgical repair has decreased from 30% to 21%, with 
increasing trends in endovascular treatment.3 Age 
is associated with the mortality rate in patients with 
AAD,4–7 especially in octogenarians.8–11 Thus, with 

population aging, AAD in octogenarians is becoming a 
concern. The number of octogenarians with AAD is ex-
pected to rise in future, and these patients with limited 
life spans and relatively high surgical risks need to re-
ceive appropriate treatments. Consequently, additional 
studies on AAD in octogenarians are needed.

Recent studies11–17 have shown that octogenarians 
with AAD should receive type A AAD surgery, with sat-
isfactory outcomes; however, these studies have small 
sample sizes. Other studies18,19 have shown the epide-
miology and late outcomes of type B AAD surgery, but 
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they have not focused on the octogenarian population. 
Therefore, a nationwide cohort study evaluating the late 
outcomes of AAD surgery in octogenarians is warranted.

Aortic surgeries are reimbursed by the National 
Health Insurance (NHI) program, which covers more 
than 99% of the population of Taiwan. In this nation-
wide cohort study, using the Taiwan National Health 
Insurance Research Database (NHIRD), we investi-
gated the late outcomes of both type A and type B 
AAD surgery in octogenarians in Taiwan.

METHODS
The data that support the findings of this study are 
available from the corresponding author upon reason-
able request.

Study Population and Validation
By using NHIRD,20–22 patients who were admitted 
to the hospital with the diagnostic code of aortic 
dissection (International Classification of Diseases, 

Ninth Revision, Clinical Modification [ICD-9-CM] 
code 441.0) and who received NHI reimbursement 
codes (69024, 69035, 69036, and 69037) for surgi-
cal treatment of aortic dissection from 2005 to 2013 
were identified. Those who had a previous diagnosis 
of aortic dissection or received redo aortic dissec-
tion surgery were excluded. Subsequently, patients 
newly diagnosed with aortic dissection were classi-
fied into type A or type B groups using Taiwan NHI 
reimbursement codes and surgical material codes of 
vascular graft of aorta and endovascular prosthesis. 
The admission date of AAD surgery was assigned as 
the index date.

Additionally, an octogenarian group who were not 
diagnosed with aortic dissection and did not undergo 
AAD surgery was identified from the Longitudinal 
Health Insurance Database 2000 (LHID 2000), which 
is a subset of the NHIRD and contains the claims 
data of 1  million individuals randomly sampled from 
the year 2000 Registry of Beneficiaries. Each octoge-
narian in the type A or type B AAD groups was fre-
quency-matched with 10 nondissection octogenarian 
controls based on birth date (±180 days) and sex. The 
index date of each octogenarian control was assigned 
as the date of surgery of their corresponding matched 
octogenarian patient. The octogenarian control cohort 
was created separately for type A and type B AAD 
groups.

Internal validation was performed to verify the ac-
curacy of the inclusion criteria of our AAD population 
of this study. The validation was conducted through a 
chart review of consecutive patients diagnosed with 
aortic dissection at Linkou Chang Gung Memorial 
Hospital from 2011 to 2013. The anonymous data 
of patients in the NHIRD were linked with the hospi-
tal records based on sex, birth date, and admission 
and discharge dates. In our validation, the positive 
predictive values of the ICD-9-CM code 441.0 (which 
represents aortic dissection) and surgical reimburse-
ment codes were 97.06% (297/306) and 94.41% 
(152/161), respectively. The positive predictive values 
of type A and type B AAD were 88.98% (105/118) 
and 92% (46/50), respectively (data not shown). The 
study was exempted from ethical review because all 
data in the NHIRD were anonymized (104-7990B), 
and the internal validation was approved by the in-
stitutional review board of Chang Gung Memorial 
Hospital (201601407B0).

Comorbidities and Outcomes
Comorbidities were detected using diagnostic codes 
in inpatient records before the index date, which could 
be tracked to the year 1997. In-hospital complications 
during the index admission were identified using ICD-
9-CM diagnostic or Taiwan NHI reimbursement codes. 

CLINICAL PERSPECTIVE

What Is New?
•	 The number of octogenarians receiving acute 

aortic dissection (AAD) surgery is increasing.
•	 Compared with nonoctogenarians, octogenar-

ians who received type A AAD surgery had higher 
risks of in-hospital mortality and a higher cumu-
lative incidence of all-cause mortality, major ad-
verse cardiac and cerebrovascular event, and 
respiratory failure, whereas octogenarians who 
received type B AAD surgery only showed a 
higher cumulative incidence of all-cause mortality.

What Are the Clinical Implications?
•	 Old age is not a contraindication for AAD sur-

gery, but the patient and family members should 
be well informed about the high risks involved in 
the surgery.

Nonstandard Abbreviations and Acronyms

AAD	 acute aortic dissection
LHID	 Longitudinal Health Insurance Database
MACCE	 major adverse cardiac and 

cerebrovascular event
NHI	 National Health Insurance
NHIRD	 National Health Insurance Research 

Database
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Late outcomes were all-cause mortality, major adverse 
cardiac and cerebrovascular event (MACCE), respira-
tory failure, and redo aortic surgery. Mortality was de-
fined as withdrawal from the NHI program.23 MACCE 
was defined as admission with a principal diagnosis of 
acute myocardial infarction, heart failure, or stroke, with 
validated diagnostic codes.24–26 Respiratory failure was 
verified based on the possession of a catastrophic ill-
ness certificate, and redo aortic surgery was detected 
using Taiwan NHI reimbursement codes. Details of 
ICD-9-CM codes are provided in Table S1.

Information regarding follow-ups was extracted 
from the Registry for Beneficiaries, which is a subset 
of the NHIRD. All patients were followed up from index 
admission to December 31, 2013, or the date of death, 
whichever occurred first.

Statistical Analysis
Baseline characteristics between groups were com-
pared using the chi-square test for categorical varia-
bles or the independent sample t test for continuous 
variables. In-hospital outcomes in the octogenarians 
and nonoctogenarians were compared using multi-
variate logistic regression for categorical variables or 
multivariate linear regression for continuous variables. 
The risk factors for in-hospital death were identified 
by introducing the variables with P<0.2 into the mul-
tivariate logistic regression analysis with backward 
selection. The risk of all-cause mortality (including 
in-hospital death) between the octogenarians and 
nonoctogenarians was compared using multivariable 
Cox proportional hazard regression. The cumulative 
incidence of other time-to-event outcomes (MACCE, 
respiratory failure, and redo aortic surgery) between 
the groups was compared using the multivariable 
Fine and Gray model, in which all-cause mortality 
was considered as a competing risk. All regression 
analyses were adjusted for sex, hospital volume of 
AAD surgery, surgery year, and other details pertain-
ing to the surgical procedure.

A two-sided P value lower than 0.05 was consid-
ered statistically significant, and no adjustment for 
multiple testing (multiplicity) was made in this study 
to avoid a low statistical power. All statistical analyses 
were performed using SAS version 9.4 (SAS Institute, 
Cary, NC), including the procedure of “phreg” for sur-
vival analyses and the macro “% cif” for generating cu-
mulative incidence.

RESULTS
Epidemiology of AAD Surgery
A total of 3998 patients, including 206 and 79 octoge-
narians receiving type A and B AAD surgery, respec-
tively, were included in this study (Figure  1A). From 

2005 to 2013, the numbers of AAD surgeries had in-
creased (P<0.001), with an increase in the proportion 
of octogenarians (P=0.008) who underwent the proce-
dure; however, no significant decrease was observed 
in the in-hospital mortality rate in the octogenarians 
(P=0.839; Figure 1B).

Population Characteristics
The clinical and surgical characteristics of the study 
population are listed in Table 1. The type A octoge-
narians had a higher prevalence of comorbidities and 
higher Charlson comorbidity index scores. The type 
B octogenarians had a higher prevalence of chronic 
obstructive pulmonary disease and were more likely 
to receive aortic stent surgery at a high-volume 
center.

In-Hospital Complications
Several covariates, including sex, hospital volume of 
AAD surgery, surgery year, and other surgical details, 
were adjusted for in comparisons of in-hospital com-
plications. The type A octogenarians had higher rates 
of in-hospital mortality (odds ratio [OR], 2.20; 95% CI, 
1.61–3.01) and complications. In addition, the duration 
of stay in the intensive care unit (regression coefficient 
[B], 2.75; 95% CI, 0.99–4.51) and the hospital (B, 3.93; 
95% CI, 0.57–7.29) was longer in this group than in the 
nonoctogenarian counterparts (Table 2). By contrast, 
no significant difference was observed in in-hospital 
outcomes between the octogenarians receiving type 
B AAD surgery and the nonoctogenarian counterparts 
(Table 2). It is noted that the nonsignificant group dif-
ferences in type B surgery may be due to the small 
sample size.

Risk Factor Analysis of In-Hospital 
Mortality
The risk factors for in-hospital mortality for the type A 
octogenarians were history of heart failure (OR, 2.36; 
95% CI, 1.10–5.07) and aortic root replacement (OR, 
3.27; 95% CI, 1.01–10.58), and in the type B octoge-
narians, aortic stent surgery was a protective factor 
(OR, 0.05; 95% CI, 0.01–0.47; Figure 2). The in-hospital 
mortality rates of octogenarians with type A AAD who 
had zero, one, and two risk factors were 28.8, 52.5, 
and 66.7%, respectively. The in-hospital mortality rates 
of octogenarians with type B AAD who underwent aor-
tic stent surgery and who did not undergo aortic stent 
surgery were 1.6% (1/63) and 25% (4/16), respectively.

Late Outcomes During Follow-Up
The median follow-up of the entire analyzed cohort was 
1.97 (25th–75th percentile, 0.15–4.59) years. During 
long-term follow-up, the type A octogenarians had a 
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higher risk of all-cause mortality (61.7% vs 32.5%; haz-
ard ratio [HR], 2.35; 95% CI, 1.95–2.84; Figure 3A), a 
higher cumulative incidence of MACCE (11.2% vs 6.8%; 
subdistribution HR, 1.76; 95% CI, 1.13–2.74; Figure S1) 
and respiratory failure (18.9% vs 7.1%; subdistribution 
HR, 2.93; 95% CI, 2.05–4.18; Figure S2), and a lower 
rate of redo aortic surgery (1.5% vs 6.5%; subdistribu-
tion HR, 0.27; 95% CI, 0.09–0.86; Figure S3). The type 
B octogenarians had a higher risk of all-cause mor-
tality (44.3% vs 30.4%; HR, 1.74; 95% CI, 1.18–2.55; 
Figure  3B). However, no significant differences were 
observed in the cumulative incidence of MACCE, res-
piratory failure (Figures  S3 and S4), and redo aortic 
surgery between the two groups (Figure 3D). It is noted 

that the nonsignificant group differences in type B sur-
gery may be due to the small sample size. Both type 
A and B groups had higher mortality rates than the 
normal octogenarian population (Figures 3A and 3B). 
The cumulative mortality rate was 26.2% at 1 year and 
32% at 5 year for the type A octogenarians, and the 
rate was 21.7% at 1 year and 30.4% at 5 year for the 
type B octogenarians.

DISCUSSION
In this study, we reported the epidemiology and late 
outcomes of AAD surgery in octogenarians. Pape et 

Figure  1.  Inclusion of the study patients (A) and the epidemiology of AAD surgery (B).
The dashed line represents the fitted (predicted) trend based on the observed data. AAD indicates acute 
aortic dissection.
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al3 showed improvements in surgical mortality in pa-
tients receiving type A and B AAD surgery, and Jones 
et al19 reported decreasing mortalities in patients who 
underwent open surgery or endovascular treatments 

for type B AAD. Nonetheless, improvements in surgical 
techniques and perioperative care were not reflected 
in total in-hospital mortality in the octogenarians in the 
current nationwide study.

Table 1.  Clinical and Surgical Characteristics of the Study Population

Variables

Type A Type B

Total 
(n=3423)

Age ≥80 y 
(n=206)

Age <80 y 
(n=3217) P Value

Total 
(n=575)

Age ≥80 y 
(n=79)

Age <80 y 
(n=496) P Value

Characteristic

Age, y 59.1±13.6 83.7±2.7 57.5±12.5 62.4±15.6 84.5±3.7 58.9±13.7

Male 2351 (68.7) 89 (43.2) 2262 (70.3) <0.001 470 (81.7) 61 (77.2) 409 (82.5) 0.262

Comorbidity

Marfan syndrome 84 (2.5) 0 (0.0) 84 (2.6) 0.019 7 (1.2) 0 (0.0) 7 (1.4) 0.288

Hypertension 2355 (68.8) 141 (68.4) 2214 (68.8) 0.910 426 (74.1) 63 (79.7) 363 (73.2) 0.216

Diabetes mellitus 364 (10.6) 39 (18.9) 325 (10.1) <0.001 74 (12.9) 8 (10.1) 66 (13.3) 0.433

Heart failure 162 (4.7) 33 (16.0) 129 (4.0) <0.001 33 (5.7) 4 (5.1) 29 (5.8) 0.781

Old myocardial infarction 71 (2.1) 2 (1.0) 69 (2.1) 0.252 27 (4.7) 6 (7.6) 21 (4.2) 0.190

Peripheral arterial disease 123 (3.6) 7 (3.4) 116 (3.6) 0.877 45 (7.8) 9 (11.4) 36 (7.3) 0.204

Atrial fibrillation 204 (6.0) 31 (15.0) 173 (5.4) <0.001 13 (2.3) 3 (3.8) 10 (2.0) 0.323

Old stroke 270 (7.9) 30 (14.6) 240 (7.5) <0.001 70 (12.2) 8 (10.1) 62 (12.5) 0.549

Chronic kidney disease 179 (5.2) 13 (6.3) 166 (5.2) 0.472 49 (8.5) 7 (8.9) 42 (8.5) 0.907

Liver cirrhosis 38 (1.1) 3 (1.5) 35 (1.1) 0.625 11 (1.9) 2 (2.5) 9 (1.8) 0.666

Coagulopathy 74 (2.2) 6 (2.9) 68 (2.1) 0.445 13 (2.3) 1 (1.3) 12 (2.4) 0.522

COPD 133 (3.9) 21 (10.2) 112 (3.5) <0.001 41 (7.1) 10 (12.7) 31 (6.3) 0.040

Previous cardiac surgery 52 (1.5) 4 (1.9) 48 (1.5) 0.609 18 (3.1) 1 (1.3) 17 (3.4) 0.306

CCI score 2.1±1.5 2.7±1.8 2.0±1.5 <0.001 2.3±1.8 2.6±1.8 2.3±1.8 0.139

Hospital volume of aortic dissection surgery 0.571 0.006

First quartile (1–94) 845 (24.7) 51 (24.8) 794 (24.7) 120 (20.9) 15 (19.0) 105 (21.2)

Second quartile (109–206) 893 (26.1) 52 (25.2) 841 (26.1) 104 (18.1) 12 (15.2) 92 (18.5)

Third quartile (207–334) 904 (26.4) 62 (30.1) 842 (26.2) 125 (21.7) 8 (10.1) 117 (23.6)

Fourth quartile (336–665) 781 (22.8) 41 (19.9) 740 (23.0) 226 (39.3) 44 (55.7) 182 (36.7)

Surgery year 0.151 0.366

2005–2007 892 (26.1) 42 (20.4) 850 (26.4) 122 (21.2) 12 (15.2) 110 (22.2)

2008–2010 1143 (33.4) 72 (35.0) 1071 (33.3) 152 (26.4) 22 (27.8) 130 (26.2)

2011–2013 1388 (40.5) 92 (44.7) 1296 (40.3) 301 (52.3) 45 (57.0) 256 (51.6)

Type A dissection surgical detail

Extension of aortic surgery

Partial or total aortic arch replacement 1012 (29.6) 67 (32.5) 945 (29.4) 0.337 … … … …

Aortic root replacement (Bentall 
operation)

360 (10.5) 13 (6.3) 347 (10.8) 0.042 … … … …

Elephant trunk 86 (2.5) 1 (0.5) 85 (2.6) 0.055 … … … …

Ascending aorta replacement only 2044 (59.7) 130 (63.1) 1914 (59.5) 0.306 … … … …

Additional surgery

CABG 335 (9.8) 20 (9.7) 315 (9.8) 0.969 … … … …

Valve replacement 308 (9.0) 23 (11.2) 285 (8.9) 0.262 … … … …

Type B surgery type <0.001

Open repair … … … … 234 (40.7) 16 (20.3) 218 (44.0)

Aortic stent … … … … 341 (59.3) 63 (79.7) 278 (56.0)

Follow-up, y 2.7±2.6 1.6±2.1 2.8±2.6 <0.001 2.3±2.3 2.0±1.9 2.4±2.4 0.146

CABG indicates coronary artery bypass graft; CCI, Charlson comorbidity index; and COPD, chronic obstructive pulmonary disease.
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Type A Aortic Dissection

Several studies4,8–17 have shown acceptable in-hos-
pital mortality rates and late outcomes of surgery in 
octogenarians with type A AAD; however, these stud-
ies have small sample sizes. Piccardo et al11 reported 
an in-hospital mortality rate of 44.3% and 5-year 
overall survival of 32% in type A octogenarians (n=79) 
in Europe, and they recommended surgery only for 
uncomplicated cases. In a study in Japan,17 the in-
hospital mortality and 5-year overall survival rates in 

type A octogenarians (n=112) were 6.3 and 57.1%, re-
spectively, with no differences in surgical mortality or 
complications between the octogenarian and nonoc-
togenarian groups. In the present nationwide study 
with a large sample size (n=206 octogenarians), the 
in-hospital mortality and 5-year cumulative mortality 
rates were 34% and 68%, respectively. In contrast 
to the nonoctogenarian group, octogenarians pre-
sented with higher in-hospital mortality and a higher 
cumulative incidence of morbidity during long-term 
follow-up. However, the rate of redo aortic surgery 

Table 2.  Operation-Related Complications and Outcomes of Type A and Type B Aortic Dissection Surgery in the 
Octogenarians and Nonoctogenarians

Variables

Type A Type B

Age ≥80 y 
(n=206)

Age <80 y 
(n=3217)

OR/B for Age ≥80 y 
(95% CI)*

Age ≥80 y 
(n=79)

Age <80 y 
(n=496)

OR/B for Age ≥80 y 
(95% CI)*

Categorical parameter

Cardiogenic shock and need MCS 22 (10.7) 254 (7.9) 1.53 (0.95 to 2.47) 1 (1.3) 22 (4.4) 0.36 (0.05 to 2.82)

Respiratory failure 60 (29.1) 553 (17.2) 1.92 (1.39 to 2.65)† 7 (8.9) 68 (13.7) 0.64 (0.27 to 1.47)

New onset stroke 16 (7.8) 376 (11.7) 0.63 (0.37 to 1.07) 4 (5.1) 29 (5.8) 1.06 (0.35 to 3.22)

New onset ischemic stroke 15 (7.3) 355 (11.0) 0.63 (0.36 to 1.08) 4 (5.1) 27 (5.4) 1.22 (0.40 to 3.74)

New onset hemorrhagic stroke 1 (0.5) 33 (1.0) 0.47 (0.06 to 3.52) 0 (0.0) 5 (1.0) NA

Reexploration for bleeding 14 (6.8) 248 (7.7) 0.89 (0.51 to 1.57) 1 (1.3) 18 (3.6) 0.40 (0.05 to 3.24)

De novo dialysis 40 (19.4) 484 (15.0) 1.54 (1.07 to 2.22)† 5 (6.3) 62 (12.5) 0.66 (0.25 to 1.75)

Sepsis 20 (9.7) 184 (5.7) 1.82 (1.11 to 2.98)† 0 (0.0) 32 (6.5) NA

Deep wound infection 11 (5.3) 119 (3.7) 1.58 (0.83 to 3.03) 0 (0.0) 16 (3.2) NA

In hospital mortality 70 (34.0) 649 (20.2) 2.20 (1.61 to 3.01)† 5 (6.3) 78 (15.7) 0.56 (0.21 to 1.47)

Continuous parameter

ICU duration, d 12.9±14.9 10.1±12.2 2.75 (0.99 to 4.51)† 6.6±12.3 8.9±12.5 −0.85 (−3.81 to 2.10)

In hospital stay 27.9±27.7 23.8±23.4 3.93 (0.57 to 7.29)† 22.6±23.4 26.2±27.9 −1.81 (−8.32 to 4.69)

In hospital cost (NTD×104) 64.0±37.2 61.6±41.5 4.15 (−1.32 to 9.62) 62.7±47.5 69.2±43.2 −4.73 (−14.62 to 5.15)

B indicates regression coefficient; ICU, intensive care unit; MCS, mechanical circulatory support system; NA, not applicable; NTD, New Taiwan dollar; and 
OR, odds ratio.

*Adjusted with sex, hospital volume of type A aortic dissection surgery, surgery year, and surgery details.
†P<0.05.

Figure 2.  Risk factor analysis of in-hospital death in the octogenarians.
CI indicates confidence interval.
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was lower in octogenarians than in nonoctogenar-
ians, and aortic root replacement was found to be a 
risk factor for in-hospital mortality. These findings are 
consistent with those of previous studies, which indi-
cate that conservative surgical strategies should be 
considered for patients with limited life spans and low 
reintervention rates.15–17 This study showed that the 
in-hospital mortality rates of octogenarians with type 
A AAD who had zero, one, and two risk factors were 
28.8, 52.5, and 66.7%, respectively. Thus, octoge-
narians with type A AAD who have risk factors may 
have a similar in-hospital mortality rate irrespective 
of whether they undergo surgical or medical treat-
ment3,12; further studies on this high-risk group are 
required. The quality of life after surgery must also 
be considered in these patients,12,14 because type A 
AAD is associated with high mortality and morbid-
ity. Old age is not a contraindication for type A AAD 
surgery, but the patient and family members should 
be well informed about the high risks involved in the 
surgery. Thus, based on the clinical condition of the 
individual, the most appropriate treatment must be 
selected.

Type B Aortic Dissection

Recent studies3,19 have reported the increasing use 
of the endovascular approach for the treatment of 
type B aortic dissection, and this approach resulted 
in excellent in-hospital mortality compared with tra-
ditional open surgical repair. Old age is a risk factor 
for in-hospital mortality for type B AAD surgery.6,7 
In this study, we demonstrated the increasing trend 
of aortic stent surgery. Unlike octogenarians with 
type A AAD, those with type B AAD who underwent 
surgery were few and more likely to undergo aortic 
stent surgery at a high-volume center; additionally, 
their comorbidities were almost the same as those 
of nonoctogenarians, which may have influenced 
our results. The mortality rate in the octogenarians 
who received aortic stent surgery was also excel-
lent when compared with those who underwent 
open surgery. Therefore, rather than traditional 
open surgical repair, aortic stent surgery should 
be strongly considered for octogenarians with type 
B AAD. However, according to recent research, 
treatment for type B AAD should be based on the 

Figure 3.  Cumulative Kaplan–Meier survival of all-cause mortality in patients who received type A surgery (A) and type 
B surgery (B) and cumulative incidence of redo aortic surgery in patients who received type A surgery (C) and type B 
surgery (D). 
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clinical condition of the patient (complicated or un-
complicated) and whether medical or endovascular 
treatment should be used in uncomplicated cases 
is still under debate.1 In this study, we did not have 
clinical data to differentiate between aortic dissec-
tion patients with complicated and uncomplicated 
conditions, and the data of patients receiving medi-
cal treatment were not available. Thus, whether 
medical or endovascular treatment should be se-
lected in the octogenarians in this study was not  
discussed.

Study Strengths
This study has several advantages. First, this is a pop-
ulation-based cohort study with a large sample size 
and a nearly complete long-term follow-up. Second, 
AAD surgeries are reimbursed by the Taiwan NHI pro-
gram, thus eliminating selection bias due to economic 
reasons. Third, we could differentiate the types of AAD 
by using the Taiwan NHI reimbursement and surgical 
material codes, and the accuracy of the types of AAD 
was validated in this study.

Study Limitations
Nevetheless, there are a few limitations of this study. 
First, the diagnosis of AAD and classification into 
type A and B were based on ICD-9-CM, Taiwan NHI 
reimbursement, and surgical material codes; thus, 
the possibility of coding errors cannot be eliminated. 
However, we performed internal validation to verify 
the accuracy of the inclusion criteria of our AAD 
population. Second, detailed clinical data are una-
vailable in the Taiwan NHIRD. Therefore, such infor-
mation, which may influence the outcomes, was not 
included in this study. However, experts in the NHI 
program regularly review medical records to ensure 
that every procedure, including laboratory and radio-
logic examinations, medication, and surgery, is com-
patible with the indications and treatment guidelines 
for reimbursement. Therefore, this bias may have 
limited impact on our conclusion. Third, we could 
not identify the type of dissection in patients who 
did not undergo surgery by using the Taiwan NHIRD. 
Therefore, we added a nonsurgical group of patients 
who had either type A or type B AAD as a reference 
for comparison with our study population (Table S2). 
Finally, the evidence level of our study was limited by 
the retrospective nature of the analysis and its inher-
ent limitations.

CONCLUSIONS
In conclusion, octogenarians receiving AAD surger-
ies exhibit worse late outcomes than nonoctogenar-
ian counterparts. With population aging globally, it is 

important to improve the outcomes of AAD in the el-
derly population.
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Table S1. ICD-9-CM code used in the current study. 

Variable Code 

Aortic dissection 441.0x 

Marfan syndrome 759.82 

Hypertension 401.xx-405.xx 

Diabetes mellitus 250.xx 

Heart failure 428.xx 

Old myocardial infarction 410.xx, 412.xx 

Peripheral arterial disease 440.0x, 440.2x, 440.3x, 440.8x, 440.9x, 

443.xx, 444.0x, 444.22, 444.8x, 447.8x, 

447.9x 

Atrial fibrillation 427.31 

Stroke 430.xx-437.xx 

Chronic kidney disease 580.xx-589.xx, 403.xx-404.xx, 016.0x, 

095.4x, 236.9x, 250.4x, 274.1x, 442.1x, 

447.3x, 440.1x, 572.4x, 642.1x, 646.2x,  

753.1x, 283.11, 403.01, 404.02, 446.21 

Liver cirrhosis 571.2x, 571.5x, 571.6x 

Coagulopathy 286.0-286.9, 287.1, 287.3-287.5, 289.81, 

289.82 

Chronic obstructive pulmonary disease   491.xx, 492.xx, 496.xx 

Respiratory failure 518.xx 

Ischemic stroke 433.xx-437.xx 

Hemorrhagic stroke 430.xx-432.xx 

Dialysis 585.xx (Catastrophic illness card) 

Sepsis 038.xx, 790.7 

Acute myocardial infarction 410.xx 

 

ICD-9-CM, International Classification of Diseases, Ninth Revision, Clinical Modification 

code. 

 



Table S2. The baseline characteristics in octogenarians with AAD who underwent type A 

surgeries, type B surgeries, and who did not undergo surgery. 

Variable Type A 

surgery 

(n = 206) 

Type B 

surgery 

(n = 79) 

Nonsurgery 

(n = 1,957) 

P 

value 

Characteristic     

Age, years 83.7±2.7 84.5±3.7 85.4±4.1a <0.001 

Male 89 (43.2) 61 (77.2)a 1,174 (60.0)ab <0.001 

Baseline comorbidity     

Marfan syndrome 0 (0.0) 0 (0.0) 0 (0.0) NA 

Hypertension 141 (68.4) 63 (79.7) 1,530 (78.2)a 0.006 

Diabetes mellitus 39 (18.9) 8 (10.1) 404 (20.6) 0.066 

Heart failure 33 (16.0) 4 (5.1)a 349 (17.8)b 0.012 

Old myocardial infarction 2 (1.0) 6 (7.6)a 136 (6.9)a 0.004 

Peripheral arterial disease 7 (3.4) 9 (11.4)a 147 (7.5) 0.034 

Atrial fibrillation 31 (15.0) 3 (3.8)a 278 (14.2)b 0.029 

Old stroke 30 (14.6) 8 (10.1) 466 (23.8)a <0.001 

Chronic kidney disease 13 (6.3) 7 (8.9) 334 (17.1)a <0.001 

Liver cirrhosis 3 (1.5) 2 (2.5) 46 (2.4) 0.707 

Coagulopathy 6 (2.9) 1 (1.3) 60 (3.1) 0.653 

COPD 21 (10.2) 10 (12.7) 512 (26.2)a <0.001 

Previous cardiac surgery 4 (1.9) 1 (1.3) 40 (2.0) 0.888 

CCI score 2.7±1.8 2.6±1.8 3.6±2.4ab <0.001 

Index year    0.002 

2005-2007 42 (20.4) 12 (15.2)a 548 (28.0)b  

2008-2010 72 (35.0) 22 (27.8) 662 (33.8)  

2011-2013 92 (44.7) 45 (57.0)a 747 (38.2)b  

In-hospital complications     

Cardiogenic shock and need 

MCS 

22 (10.7) 1 (1.3) 7 (0.4) <0.001 

Respiratory failure 60 (29.1) 7 (8.9)a 197 (10.1)a <0.001 

New onset stroke 16 (7.8) 4 (5.1)a 76 (3.9)a 0.030 

New onset ischemic stroke  15 (7.3) 4 (5.1) 64 (3.3)a 0.012 

New onset hemorrhagic stroke 1 (0.5) 0 (0.0) 13 (0.7) 0.737 

Re-exploration for bleeding 14 (6.8) 1 (1.3) 0 (0.0)a <0.001 

Dialysis (de novo dialysis) 40 (19.4) 5 (6.3)a 29 (1.5)ab <0.001 



Variable Type A 

surgery 

(n = 206) 

Type B 

surgery 

(n = 79) 

Nonsurgery 

(n = 1,957) 

P 

value 

Sepsis 20 (9.7) 0 (0.0)a 132 (6.7) 0.014 

Deep wound infection 11 (5.3) 0 (0.0) 0 (0.0)a <0.001 

In hospital mortality 70 (34.0) 5 (6.3)a 349 (17.8)ab <0.001 

ICU duration (days) 12.9±14.9 6.6±12.3a 2.4±5.4ab <0.001 

In hospital stay 27.9±27.7 22.6±23.4 12.0±16.5ab <0.001 

In hospital cost (NTD×104) 64.0±37.2 62.7±47.5 8.7±20.1ab <0.001 

Follow-up outcome     

All-cause mortality (including 

in-hospital death) 
127 (61.7) 35 (44.3)a 1,356 (69.3)b 

<0.001 

Follow-up (years) 1.6±2.1 2.0±1.9 1.7±2.0 0.495 

MACCE (AMI/HF/stroke) 23 (11.2) 6 (7.6) 214 (10.9) 0.637 

Acute myocardial infarction 3 (1.5) 1 (1.3) 34 (1.7) 0.914 

Heart failure 13 (6.3) 1 (1.3) 94 (4.8) 0.204 

Stroke 9 (4.4) 4 (5.1) 103 (5.3) 0.858 

AMI, acute myocardial infarction; CABG, coronary artery bypass graft; CCI, Charlson 

comorbidity index; COPD, chronic obstructive pulmonary disease; HF, heart failure; ICU, 

intensive care unit; MACCE, major adverse cardiac and cerebrovascular event; MCS, 

mechanical circulatory support system; NTD, New Taiwan dollar. 

a, Indicated P< 0.05 vs. the type A surgery group. 

b, Indicated P< 0.05 vs. the type B surgery group. 

  



Figure S1. Cumulative incidence of MACCE in type A surgery.  

 

CI, confidence interval. MACCE, major adverse cardiac and cerebrovascular event. 

  



Figure S2. Cumulative incidence of respiratory failure in type A surgery.  

 

CI, confidence interval. 

  



Figure S3. Cumulative incidence of MACCE in type B surgery.  

 

CI, confidence interval. MACCE, major adverse cardiac and cerebrovascular event. 

  



Figure S4. Cumulative incidence of respiratory failure in type B surgery. 

 

CI, confidence interval. 


