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Abstract

Purpose To evaluate the impact of individual institutions on the outcome after surgery for Stanford type A aortic dissection
(TAAD).

Methods This is an observational, multicenter, retrospective cohort study including 3902 patients who underwent surgery
for TAAD at 18 university and non-university hospitals.

Results Logistic regression showed that four hospitals had increased risk of in-hospital mortality, while two hospitals were
associated with decreased risk of in-hospital mortality. Risk-adjusted in-hospital mortality rates were lower in four hospitals
and higher in other four hospitals compared to the overall in-hospital mortality rate (17.7%). Participating hospitals were
classified as overperforming or underperforming if their risk-adjusted in-hospital mortality rate was lower or higher than the
in-hospital mortality rate of the overall series, respectively. Propensity score matching yielded 1729 pairs of patients operated
at over- or underperforming hospitals. Overperforming hospitals had a significantly lower in-hospital mortality (12.8% vs.
22.2%, p <0.0001) along with decreased rate of stroke and/or global brain ischemia (16.5% vs. 19.9%, p=0.009) compared
to underperforming hospitals. Aggregate data meta-regression of the results of participating hospitals showed that hospital
volume was inversely associated with in-hospital mortality (p =0.043). Hospitals with an annual volume of less than 15
cases had an increased risk of in-hospital mortality (adjusted OR, 1.345, 95% CI 1.126-1.607).

Conclusion The present findings indicate that there are significant differences between hospitals in terms of early outcome
after surgery for TAAD. Low hospital volume may be a determinant of poor outcome of TAAD.

Trial registration ClinicalTrials.gov Identifier: NCT04831073.

Keywords Type A aortic dissection - Aortic dissection - Volume

Introduction

Acute Stanford type A aortic dissection (TAAD) is associ-
ated with high mortality [1]. Emergency surgical repair of
TAAD is associated with early mortality rates higher than
10% and significant cerebral and visceral complications [2].
Interinstitutional differences may exist in terms of early and
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late outcome after surgery for TAAD, but only a few stud-
ies have evaluated this issue. Since, centralization of aortic
surgery is advocated as a measure to improve the results of
aortic surgery [3], more data are needed to support the crea-
tion of centers dedicated to the surgical and endovascular
treatment of aortic diseases. We performed a multicenter,
observational study on the outcome after surgery for acute
TAAD and we hypothesized that differences in the outcome
might exist between the participating centers. We evaluated
this issue in the present analysis.
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Methods Study participants
Study design The study participants were recruited according to the fol-

The present is an observational, multicenter, retrospective
cohort study, which was approved by the Ethical Review
Board of the Helsinki University Hospital, Finland (April
21, 2021, diary no. HUS/237/2021) and by the Ethical
Review Board of each participating hospital. The require-
ment for informed consent was waived because of the
retrospective nature of this study. The European Registry
of Type A Aortic Dissection (ERTAAD) included con-
secutive patients who underwent surgery for acute TAAD
at 18 centers of cardiac surgery located in eight European
countries (Table 1) from January 1, 2005 to March 31,
2021. Data were retrospectively collected into a Microsoft
Access datasheet (Redmond, Washington, USA) with pre-
specified baseline, operative and outcome variables. Data
on the date of death and repeated aortic intervention were
collected retrospectively from electronic national regis-
tries as well as by contacting regional hospitals, patients
and their relatives. Completeness of follow-up data varied
significantly between centers and this was due to country-
specific availability of methods to get data on follow-up.

lowing inclusion criteria: (1) TAAD or intramural hematoma
involving the ascending aorta; (2) patients aged > 18 years;
(3) symptoms started within 7 days prior to surgery; (4) pri-
mary surgical repair of acute TAAD; (5) any other major
cardiac surgical procedure concomitant with surgery for
TAAD [4]. The exclusion criteria were the following: (1)
patients aged < 18 years; (2) onset of symptoms > 7 days
prior to surgery; (3) prior procedure for TAAD; (4) retro-
grade TAAD (with primary tear located in the descending
aorta); (5) concomitant endocarditis; (6) TAAD secondary
to blunt or penetrating chest trauma [4].

Information regarding the definition criteria of risk fac-
tors have been previously reported [4]. Surgeon was defined
experienced if had performed at least 20 elective or urgent
procedures on the ascending aorta/aortic arch in the preced-
ing year.

Outcome measures

The primary outcome of this study was in-hospital mortal-
ity, i.e., all-cause death occurred during the index hospitali-
zation. The secondary outcomes were stroke, global brain
ischemia, as well as a composite end-point including in-
hospital mortality, stroke and global brain ischemia. Other
secondary outcomes were need of mechanical circulatory

Table 1 . Patients and their No Participating No. of patients (%) Study period In-hospital mor-  10-year
in-hospital and 1,0‘¥ear hospitals tality (%) mortality
all-c.al'lse mortaht){ in the (%)
participating hospitals
1 A 132 (3.4) 2011-2021 18.9 414
2 B 156 (4.0) 2009-2021 16.7 46.3
3 C 249 (6.4) 2005-2021 18.5 46.5
4 D 69 (1.8) 2007-2021 27.5 459
5 E 281 (7.2) 2010-2021 17.1 37.9
6 F 329 (8.4) 2005-2021 13.7 383
7 G 133 (3.4) 2005-2021 19.4 54.6
8 H 172 (4.4) 2008-2021 11.6 53.1
9 I 105 (2.7) 2005-2021 27.6 47.6
10 L 341 (8.7) 2005-2021 12.9 34.5
11 M 308 (7.9) 2005-2021 17.9 522
12 N 167 (4.3) 2007-2021 25.1 443
13 (¢ 293 (7.5) 2006-2021 27.0 443
14 P 81 (2.1) 2010-2021 30.9 75.4
15 Q 492 (12.6) 2005-2021 18.9 51.8
16 R 141 (3.6) 2005-2021 17.7 51.9
17 S 182 (4.7) 2010-2021 9.9 54.3
18 T 271 (6.9) 2008-2021 8.9 57.2
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support, dialysis, reoperation for intrathoracic bleeding, tra-
cheostomy, mesenteric ischemia, 10-year rates of mortality
as well as distal and proximal aortic reoperations. Definition
criteria for these outcomes have been previously reported

[4].
Statistical analysis

Categorical variables are reported as counts and percentages.
Continuous variables are reported as means and standard
deviations. Univariate analysis of continuous variables was
performed using the Kruskal-Wallis’ test and of categori-
cal variables using the Chi-square test. Survival analysis
was performed using the Kaplan—Meier and competing risk
analysis methods. Competing risk analyses using the Fine-
Gray test with all-cause death as a competing event were
performed to estimate difference between study groups in
cumulative incidence of aortic reoperations. Logistic regres-
sion using the stepwise backward method was performed
with the in-hospital mortality as the dependent variables and
considering participating hospitals along with the following
covariates associated with increased risk of in-hospital mor-
tality: age, iatrogenic TAAD, preoperative cardiac massage,
cerebral malperfusion, mesenteric malperfusion, periph-
eral malperfusion, aortic root replacement and aortic arch
replacement and procedure performed by an experienced
aortic surgeon. The risk-adjusted rate of in-hospital mortal-
ity was calculated by dividing, for each participating centre,
the observed number of events by the expected number of
events, and by multiplying this ratio by the average event rate
of the entire series. The expected numbers of events were
estimated using logistic regression. After plotting the risk-
adjusted rates, participating hospitals were classified either
as underperforming or overperforming if their risk-adjusted
rate was higher or lower than the in-hospital mortality of the
overall series, respectively. Considering the expected imbal-
ance in the baseline and operative covariates, a propensity
score matching analysis was performed employing a caliper
width of 0.2 the standard deviation of the logit. Propensity
score was calculated with logistic regression considering
over- and under-performing hospitals as dependent variable
and including all the covariates listed in Table 2, with the
exception of aortic cross-clamping time and cardiopulmo-
nary bypass time because they were expected to be part of
the participating hospital’s characteristics. A standardized
difference <0.10 was considered as an acceptable balance
between covariates of the study groups. The prognostic
impact of hospital annual volume on in-hospital mortality
was estimated using aggregated data meta-regression with
random-effects. Furthermore, the median hospital volume
of the participating hospitals was considered as a cutoff for
high and low-volume hospitals and its effect was adjusted
in multivariable logistic regression. Statistical analyses were

performed with the SPSS (version 27.0, SPSS Inc., IBM,
Chicago, Illinois, USA), Stata (version 15.1, StataCorp LLC,
College Station, Texas, USA) and Open meta-analyst (ver-
sion 2014, CESH, Brown University, Rhode Island, USA,
cebm.brown.edu/openmeta/) statistical softwares.

Results
Participant characteristics

The mean age of patients was 63.3 (13.0) years, and there
were 1185 (30.4%) females. DeBakey type I dissection was
present in 3275 (83.8%) patients. TAAD was of iatrogenic
origin in 103 (2.6%) of patients. The proportion of patients
in the participating hospitals is summarized in Table 1. Par-
ticipating hospitals significantly differed in terms of patients’
characteristics and operative approach (Table 2). Early and
10-year outcome differed between participating hospitals as
well (Table 3).

In-hospital mortality

Overall, 689 (17.7%) patients died during the hospital stay
(Table 3). Logistic regression including multiple covariates,
as above listed, provided probabilities for hospital mortality
whose area under the receiver operating characteristic curve
was 0.687 (95% CI 0.664-0.709). Logistic regression con-
firmed that four hospitals (I, N, O, P) were associated with
increased risk of in-hospital mortality, while two hospitals
(S, T) were associated with decreased risk of in-hospital
mortality. The other factors independently associated with
in-hospital mortality are summarized in Table 4. It is worth
noting that in this regression model, operation performed
by experienced surgeon was not a factor associated with
decreased risk of in-hospital mortality (p =0.646).

Risk-adjusted in-hospital mortality rates of each partici-
pating hospital are shown in Fig. 1. Risk-adjusted in-hospital
mortality rates were lower in four hospitals and higher in
other four hospitals compared to the overall in-hospital mor-
tality rate (17.7%) (Fig. 1).

Propensity score matching analysis

Participating hospitals were classified as overperforming or
underperforming if their risk-adjusted in-hospital mortality
rate was lower or higher than the in-hospital mortality rate
of the overall series, respectively (Fig. 1). Based on this
criterion, nine hospitals were classified as overperforming
and nine hospitals as underperforming. Propensity score
matching with a caliper of 1.4 yielded 1729 pairs with com-
parable baseline and operative covariates (Table 5). Among
propensity score matched cohorts, overperforming hospitals
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Table 4 Factors independently associated with in-hospital mortality

Covariates Odds ratio (95% CI) P value
Centers
A Reference <0.0001
B 0.830 (0.433-1.591) 0.575
C 1.106 (0.627-1.953) 0.728
D 1.725 (0.837-3.553) 0.139
E 0.962 (0.547-1.691) 0.892
F 0.838 (0.475-1.479) 0.542
G 1.232 (0.643-2.363) 0.529
H 0.666 (0.341-1.302) 0.235
1 2.140 (1.129-4.057) 0.020
L 0.768 (0.436-1.352) 0.360
M 0.818 (0.467-1.431) 0.481
N 2.305 (1.268-4.190) 0.006
(0] 1.855 (1.084-3.174) 0.024
P 2.269 (1.145-4.497) 0.019
Q 1.344 (0.800-2.259) 0.264
R 1.141 (0.598-2.180) 0.689
S 0.445 (0.224-0.885) 0.021
T 0.498 (0.266-0.933) 0.029
Age 1.036 (1.029-1.044) 0.000
Iatrogenic TAAD 2.178 (1.368-3.467) 0.001
Preoperative cardiac massage 5.045 (3.574-7.123) 0.000
Cerebral malperfusion 1.605 (1.306-1.972) 0.000
Mesenteric malperfusion 2.545 (1.758-3.684) 0.000
Peripheral malperfusion 1.840 (1.442-2.349) 0.000
Aortic root replacement 1.438 (1.167-1.771) 0.001
Total or partial aortic arch repair ~ 1.665 (1.335-2.077) 0.000

TAAD type A aortic dissection
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Fig. 1 Risk-adjusted rates
with 95% confidence intervals
of in-hospital mortality after
surgery for acute type A aortic
dissection at the participating
hospitals. Red line is the rate
of in-hospital mortality in the
overall series, red dots indicate
hospitals with significantly
higher risk-adjusted rates and

had a significantly lower in-hospital mortality (12.8% vs.
22.2%, p<0.0001) along with decreased rate of stroke and/
or global brain ischemia (16.5% vs. 19.9%, p=0.009) and
mesenteric ischemia (2.5% vs. 5.0%, p <0.0001) (Table 6).
Overperforming hospitals had increased rate of re-explora-
tion for intrathoracic bleeding (15.5% vs. 12.8%, p=0.025).
A 10-year, patients operated in overperforming hospitals
had lower mortality (45.0% vs. 49.8%, p <0.0001) (Fig. 2),
but higher rate of distal aortic reoperation (9.8% vs. 5.2%,
p<0.0001). A trend toward increased risk of proximal aortic
reoperation was observed in patients operated in overper-
forming hospitals (5.2% vs. 3.3%, p=0.051).

Impact of hospital volume on in-hospital mortality

Aggregate meta-regression of the results of participating
hospitals showed that hospital volume was inversely associ-
ated with in-hospital mortality (omnibus p =0.043, intercept
coefficient 0.244, 95% CI10.177-0.311) (Fig. 3). The median
hospital volume (14 cases/year) was considered as a cutoff
for high-volume hospitals (9) and low-volume hospitals (9)
and its effect was significant in aggregate data meta-regres-
sion. Furthermore, hospitals with an annual volume < 15
cases/year had an increased risk of in-hospital mortality in
multivariable logistic regression (adjusted OR, 1.345, 95%
CI 1.126-1.607).

Discussion

The findings of the present study can be summarized as fol-
lows: (1) the early outcome of surgery for TAAD may sig-
nificantly differ between hospitals; (2) low hospital volume
of surgical procedure for TAAD may be a determinant of
poor outcome.

green dots indicate hospitals 16 1
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Table 5 Patients’ characteristics and operative data of unmatched and propensity score matched cohorts

Unmatched cohorts Propensity score matched cohorts

Overperform-  Underperform-  Standardized Overperform-  Underperform-  Standardized

ing centers ing centers differences ing centers ing centers differences
N=2172 N=1730 N=1729 N=1729

Age, mean (SD), y 62.8 (13.0) 63.9 (12.9) 0.087 63.2 (13.0) 64.0 (12.9) 0.058
Females, No. (%) 674 (31.0) 511 (29.5) 0.033 534 (30.9) 510 (29.5) 0.030
Genetic syndrome, No. (%) 57 (2.6) 24 (1.4) 0.088 36 (2.1) 24 (1.4) 0.053
Bicuspid aortic valve, No. (%) 84 (3.9) 67 (3.9) 0.000 61 (3.5) 67 (3.9) 0.018
Tatrogenic dissection, No. (%) 59 (2.7) 44 (2.5) 0.011 47 (2.7) 44 (2.5) 0.011
Diabetes, No. (%) 102 (4.7) 94 (5.4) 0.033 84 (4.9) 94 (5.4) 0.026
Stroke, No. (%) 92 (4.2) 61(3.5) 0.037 57 (3.3) 61(3.5) 0.013
Pulmonary disease, No. (%) 213 (9.8) 114 (6.6) 0.117 136 (7.9) 114 (6.6) 0.049
Extracardiac arteriopathy, No. (%) 128 (5.9) 71 (4.1) 0.082 81 (4.7) 71 (4.1) 0.028
Prior cardiac surgery, No. (%) 72 (3.3) 50 (2.9) 0.025 58 (3.4) 50 (2.9) 0.027
Cardiac massage, No. (%) 91 (4.2) 76 (4.4) 0.010 73 (4.2) 76 (4.4) 0.009
Shock requiring inotropes, No. (%) 451 (20.8) 197 (11.4) 0.257 271 (15.7) 196 (11.3) 0.127
Cerebral malperfusion, No. (%) 496 (22.8) 333 (19.2) 0.088 362 (20.9) 333 (19.3) 0.042
Spinal malperfusion, No. (%) 52 (2.4) 30 (1.7) 0.046 38(2.2) 30 (1.7) 0.033
Renal malperfusion, No. (%) 230 (10.6) 134 (7.7) 0.099 170 (9.8) 134 (7.8) 0.074
Mesenteric malperfusion, No. (%) 92 (4.2) 70 (4.0) 0.010 72 (4.2) 69 (4.0) 0.009
Peripheral malperfusion, No. (%) 371 (17.1) 172 (9.9) 0.210 224 (13.0) 171 (9.9) 0.096
DeBakey type I dissection, No. (%) 1814 (83.5) 1461 (84.5) 0.096 1435 (83.0) 1460 (84.4) 0.084
Operative data

Experience aortic surgeon, No. (%) 1655 (76.2) 1574 (91.0) 0.407 1507 (87.2) 1573 (91.0) 0.122

Partial or total arch repair, No. (%) 525 (24.2) 251 (14.5) 0.247 355 (20.5) 251 (14.5) 0.159

Aortic root repair, No. (%) 680 (31.3) 417 (24.1) 0.161 496 (28.7) 417 (24.1) 0.104

XCT time, mean (SD), min 123 (61) 116 (56) 0.122 121 (60.8) 116 (56) 0.080

CPB time, mean (SD), min 224 (89) 206 (89) 0.207 220 (88) 206 (89) 0.155

CPB cardiopulmonary bypass, SD standard deviation, XCT aortic cross clamping time

Table 6 Outcomes in unmatched and propensity score matched cohorts

Unmatched cohorts Propensity score matched cohorts
Overperforming Underperform- P value Overperforming Underperform- P value
centers ing centers centers ing centers
N=2172 N=1730 N=1729 N=1729
Early outcomes
Hospital mortality, No. (%) 305 (14.0) 384 (22.2) <0.0001 222 (12.8) 383 (22.2) <0.0001
Stroke/global brain ischemia, No. (%) 379 (17.5) 344 (19.9) 0.052 285 (16.5) 344 (19.9) 0.009
Composite end-point, No. (%) 581 (26.8) 571 (33.0) <0.0001 437 (25.3) 570 (33.0) <0.0001
Mesenteric ischemia, No. (%) 61 (2.8) 88 (5.1) <0.0001 43 (2.5) 87 (5.0) <0.0001
Dialysis, No. (%) 329 (15.2) 230 (13.3) 0.104 250 (14.5) 230 (13.3) 0.332
Reoperation for bleeding, No. (%) 327 (15.1) 222 (12.8) 0.047 268 (15.5) 222 (12.8) 0.025
MCS, No. (%) 71(3.3) 70 (4.1) 0.0196 54 (3.1) 70 (4.0) 0.143
10-year outcomes
Mortality, (%) 46.2 49.8 0.0002 45.0 49.8 <0.0001
Distal aortic reoperation, (%) 9.5 5.2 <0.0001 9.8 5.2 <0.0001
Proximal aortic reoperation, (%) 5.2 3.3 0.040 5.2 3.3 0.051

Composite end-point =in-hospital death, stroke and/or global brain ischemia. MCS Mechanical circulatory support, i.e., intraaortic balloon pump
and/or extracorporeal membrane oxygenation. P values are adjusted for multiple covariates
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Fig.2 Long-term survival of propensity score matched patients oper-
ated for acute type aortic dissection at underperforming and overper-
forming hospitals

The main aim of this study was to identify outlier hos-
pitals in terms of perioperative mortality. We were able to
identify four centers whose results seemed unsatisfactory
compared to the other hospitals in terms of average in-hos-
pital mortality. Furthermore, the estimation of risk-adjusted
mortality rates allowed us to classify hospitals as under- or
over-performing and propensity score matching prevented
any imbalance in baseline and operative covariates inasmuch
that these might potentially have affected the results. Indeed,
we observed that overperforming hospitals performed more
frequently aortic root and aortic arch replacement proce-
dures and, despite this, their outcome was more favorable.
Meta-regression showed that low volume of surgery for
TAAD may explain such differences as it was confirmed by
adjusted regression analysis. We observed that also 10-year
mortality was lower in patients operated in overperforming
hospital, but this seems mainly an effect of the initial lower

early mortality. Overperforming hospitals had increased
rates of late aortic reoperation. We hypothesize that these
centers might have larger experience in aortic procedures,
closer follow-up and had a more active policy of repair of
aortic dissection-related complications also on the long run.
However, the proportion of reoperation was rather low in
both groups.

Regarding the impact of hospital volume on the outcome
of surgery for TAAD, three large studies have previously
investigated this issue. Kazui et al. [5] reported on a mortal-
ity of 16.3% in 10,097 TAAD patients operated on at 439
Japanese institutions from 2000 to 2004. In their series,
only four hospitals had an annual volume of TAAD surgery
of >20 cases and their mortality was 7.9%. Hospitals with
annual volume < 5 cases had a mortality of 18.5% (OR 2.16,
95% CI 1.48-3.16). The difference between the high-volume
and low-volume centers was statistically significant.

Brescia et al. [6] evaluated the outcome of 2918 patients
who underwent surgery for TAAD patients operated at 232
hospitals from 2010 to 2014 in seven countries of the United
States. The in-hospital mortality was 15.9% and was depend-
ent on the hospital volume. The in-hospital mortality rate
20.8% in hospitals with of < 3 annual cases, 16.7% with 3-5
annual cases, 14.9% for 6-10 annual cases and 11.5% for
more than 10 annual cases (p <0.001).

Dobaria et al. [7] reported the results of 25,231 patients
from the National Inpatient Sample (NIS) operated for
TAAD between 2005 and 2014. Hospitals were classified
as low-, medium- and high-volume based on tertiles of their
open-thoracic aortic operative caseload and showed in hos-
pital mortality of 21.5%, 16.8% and 11.6%, respectively
(» <0.001). Neurological complications were reported in
15.2%, 11.9% and 11.5%, respectively (p =0.002). Impor-
tantly, the rates of overall complications were rather high,
but they did not differ between the study groups (p=0.11).
This study provided the benefits of analyzing their results
based on the aortic surgery caseload rather than the TAAD
caseload. The former caseload may be a more reliable meas-
ure of the surgical and anesthesiological expertise than the

Fig.3 L’Abbé plot showing 35-]
the effect of annual hospital
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less frequently encountered TAAD. Interestingly, the overall
complication rates were similar between the study groups,
still in-hospital mortality was significantly lower among
high-volume hospitals. Such findings were observed also
in the propensity score matched cohorts of this study. These
findings suggest that, despite a high incidence of postopera-
tive complications, overperforming hospitals can provide a
better perioperative care for these complications than under-
performing centers.

Consonant with these results, Mariscalco et al. [3]
reported the results of a pooled analysis on 30 studies on
acute aortic syndrome and showed that high-volume cent-
ers were associated with significantly lower mortality (OR
0.51, 95% CI 0.46-0.56). These authors demonstrated also
that high-volume surgeons decreased the risk of mortality as
well (OR 0.41, 95% CI 0.25-0.66). The findings are similar
to those observed after surgery for ruptured abdominal aortic
aneurysm, in which hospital volume, but not surgeon’s vol-
ume, had a significant impact on perioperative mortality [8].

The retrospective nature is the main limitation of this
study. Second, we do not have data on individual surgeon’s
volume. Despite the relatively large size of this database, this
would not have allowed a reliable analysis of this important
issue because the number of procedures for TAAD per sur-
geons might still have been rather small. Third, no data were
available on the proportion and outcome of patients who
were not treated for aortic-related complications. Finally,
participating hospitals might have differed significantly for
referral pathway and distance from patient’s residence. This
means that hospitals might have a lower caseload because
referral of patients is slower as several patients might have
died during transportation. Similarly, long distances may be
associated with worse clinical conditions, which cannot be
stratified only by clinical variables.

In conclusion, the present findings indicate that there are
significant differences between hospitals in terms of early
outcome after surgery for TAAD. Low hospital volume
of TAAD may be a determinant of poor outcome in these
patients.
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