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Background: Little is known about variations in care and outcomes of patients undergoing surgical repair for
type A aortic dissection(TAAD). We aim to investigate decade-long trends in TAAD surgical repair in England.
Methods: Retrospective review of the National Adult Cardiac Surgery Audit, which prospectively collects
demographic and peri‑operative information for all major adult cardiac surgery procedures performed in the
UK. We identified patients undergoing surgery for TAAD from January 2009-December 2018, reviewed
trends in operative frequency, patient demographics, and mortality.
Findings: Over the 10-year period,3,680 TAAD patients underwent surgical repair in England. A doubling in
the overall number of operations conducted in England was observed (235 cases in 2009 to 510 in 2018).
Number of procedures per hospital per year also doubled(9 in 2009 to 23 in 2018). Overall, in-hospital mor-
tality was 17.4% with a trend toward lower mortality in recent years(23% in 2009 to 14.7% in 2018). There
was a significant variation in operative mortality between hospitals and surgeons. We also found that most
patients presented towards the middle of the week and during winter.
Interpretation: Surgery is the only treatment for acute TAAD but is associated with high mortality. Prompt
diagnosis and referral to a specialist center is paramount. The number of operations conducted in England
has doubled in 10 years and the associated survival has improved. Variations exist in service provision with a
trend towards better survival in high volume centers.
Funding: British Heart Foundation and NIHR Biomedical Research center(University Hospitals Bristol and
Weston NHS Foundation Trust and University of Bristol).
© 2021 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/)
Bristol Royal Infirmary, Upper

Benedetto).

Ltd. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/)
1. Introduction

According to the Healthcare Safety Investigation Branch (HSIB)
data [1], aortic dissection(AD) may occur in around 4.5 per 100,000 of
the population per year, equal to around 2500 cases per year in Eng-
land. AD involving primarily the ascending thoracic aorta (type A) is a
life-threatening condition associated with significant risk of mortal-
ity. Around 50% of patients with type A AD(TAAD) die before reaching
any hospital and 50% die before reaching a specialist center [1�5].
Prompt surgical repair remains the standard treatment for TAAD
[6,7]. Improvement in diagnostic techniques, initial management and
increased clinical awareness [8] over the last decade are expected to
have increased the number of patients promptly diagnosed and
referred to surgery. In addition, recent changes in the provision of
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Research in Context

Evidence before this study

� Acute Type A aortic dissections are a life-threatening condi-
tion for which timely surgical repair is the gold standard of
treatment despite its inherent risks.

� Detailed analysis of trends in England of mortality and
morbidity following surgery have not previously been
published

� Outcome-volume relationship between individual sur-
geon’s experience and mortality

Added value of this study

� Significant outcome-volume relationship at center-level as
well- decreased mortality, increased complexity of surgery
and increased number of operations on very elderly
patients

� Lower incidence of cardiovascular compromise at the time
of presentation.

� Trend towards increased mortality risk in patients from
areas of high deprivation (IMD<5).

� Higher volume of operations over winter. Lower operative
volume at weekends.

� Increased mortality at weekends

Implications of all the available evidence

� Establishment of a national network of experienced dedi-
cated aortic surgeons and high-volume centers should be
considered to provide a uniform high standard of care

� Further research into referral times, transfer times and ini-
tial management of patients between peripheral hospitals
and tertiary care providers

� Increased research into provision and outcome of care in
areas of high deprivation
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services, with subspecialty aortic services having been developed
within cardiothoracic centers across the UK, have also contributed to
a more-equitable access to surgical treatment and improved out-
comes [3,9]. Accurate trends and outcomes of patients who survive
long enough to undergo surgical repair in England have yet to be
reported. We aim to investigate decade-long trends in TAAD surgical
repair in England using national-level data.
2. Methods

The register-based cohort study is part of a research approved by
the Health Research Authority (HRA) and Health and Care Research
Wales and a waiver for patients’ consent was waived (HCRW) (IRAS
ID: 278,171).

2.1. Data extraction and cleaning

A complete extract of prospectively collected data from the
National Adult Cardiac Surgery Audit (NACSA) was obtained from the
National Institute of Cardiovascular Outcomes Research (NICOR) cen-
tral cardiac database. Definitions of database variables used for the
study are available at https://www.nicor.org.uk/national-cardiac-
audit-program/adult-cardiac-surgery-surgery-audit/ . The National
Institute for Cardiovascular Outcomes Research (NICOR) registry pro-
spectively collects demographic, as well as peri -operative clinical
information, including mortality, for all major adult cardiac surgery
procedures performed in the UK. The flow of the data from surgeon-
input to analysis has been described elsewhere [10]. Briefly, data
entered locally by surgeons are validated at the unit-level by data-
base managers prior to upload via a web-portal to NICOR. At this
stage, further validation is performed according to logical rules and
missing data reports are generated for primary variables (e.g., Euro-
SCORE risk factors, patient identifiers and outcome data). The data
are then forwarded to an academic healthcare informatics depart-
ment for data cleaning. The complete data cleaning process has been
previously described [10]. Briefly, duplicate records are removed,
transcriptional discrepancies re-coded and clinical and temporal con-
flicts resolved. The data cleaning is performed by the analyst respon-
sible for the governance analysis in collaboration with surgeons and
the audit manager. All cleaning is made reproducible by program-
ming a series of scripts, which are updated following each new data
extract. At this stage, and prior to analysis, data for the last 3 years
are returned to each contributing hospital for local validation, and
units update their records in the central registry repository where
necessary. Most missing data are resolved during the validation
stages of the data transfer from individual centers. Missing and con-
flicting data for in-hospital mortality status are backfilled and vali-
dated via record linkage to the Office for National Statistics (ONS)
census database. The overall percentage of missing data for baseline
information is very low (1.7%). Missing categorical or dichotomous
variable data were imputed with the mode while missing continuous
variables data imputed with the median.

For the present analysis, from the NACSA registry we identified
patients undergoing surgery for TAAD from January 2009 to Decem-
ber 2018 in England. All procedures included in the present analysis
were classified under the heading of urgent (non-elective admission
with need for surgery during the same admission), emergency (oper-
ation before the next working day) or salvage (patients needing car-
diopulmonary resuscitation on route to theater or before anesthetic
induction). A set of variables related to clinical presentation and
operative data were obtained. We also reported on socioeconomic
status using terciles the Index of Multiple Deprivation (IMD), which
is obtained by combining information from seven domains to give a
summative relative measure of deprivation (0 corresponds to most
deprived areas and 10 least deprived). For each patient, surgeon and
hospital annual volume relative to the year of surgery was derived.
Expected risk was assessed using a validated risk prediction model,
the International Registry of Aortic Dissection (IRAD) score [11]. The
primary outcome was in-hospital mortality. Other outcomes investi-
gated were postoperative non-fatal cerebrovascular events, need for
post-operative dialysis and re-exploration for bleeding.

2.2. Statistical analysis

Categorical variables were summarized as counts and percen-
tages. Continuous variables were summarized as median and stan-
dard deviation (or median and interquartile range in case of non-
normal distribution). Comparison of variables distribution across the
years was performed by means of x2 test, ANOVA and Kruskal Wallis
test.

For the primary analysis, baseline characteristics operative data
and outcomes were stratified by year of surgery to identify relative
changes over a decade period. Outcomes were further stratified by
age categories and socioeconomic neighborhood status. To investi-
gate the effect of hospital and surgeon, outcomes were presented by
terciles of annual hospital and surgeon volume and the variance due
to individual hospital and surgeon was analyzed using risk-adjusted
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Table 1
Annual variations.

2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 p

N 235 267 281 339 314 385 395 485 469 510
Age (mean (SD)) 61.56 (13.80) 61.00 (13.79) 61.43 (13.35) 61.86 (13.57) 61.12 (13.74) 61.65 (14.47) 61.75 (14.19) 62.45 (13.52) 62.27 (13.97) 62.73 (14.15) 0.772
Age Category (%) 0.852
60 or less 94 (40.0) 116 (43.4) 122 (43.4) 137 (40.4) 132 (42.0) 156 (40.5) 166 (42.0) 200 (41.2) 191 (40.7) 205 (40.2)
61�69 64 (27.2) 64 (24.0) 73 (26.0) 94 (27.7) 83 (26.4) 96 (24.9) 98 (24.8) 111 (22.9) 106 (22.6) 114 (22.4)
70�79 68 (28.9) 72 (27.0) 73 (26.0) 84 (24.8) 78 (24.8) 106 (27.5) 101 (25.6) 143 (29.5) 136 (29.0) 147 (28.8)
80 or more 9 (3.8) 15 (5.6) 13 (4.6) 24 (7.1) 21 (6.7) 27 (7.0) 30 (7.6) 31 (6.4) 36 (7.7) 44 (8.6)

Female (%) 68 (28.9) 86 (32.2) 89 (31.7) 116 (34.2) 109 (34.7) 107 (27.8) 134 (33.9) 164 (33.8) 174 (37.1) 171 (33.5) 0.255
Known Marfans (%) 2 (0.9) 2 (0.7) 7 (2.5) 15 (4.4) 9 (2.9) 17 (4.4) 12 (3.0) 12 (2.5) 14 (3.0) 13 (2.5) 0.092
COPD (%) 21 (8.9) 26 (9.7) 30 (10.7) 35 (10.3) 33 (10.5) 51 (13.2) 25 (6.3) 30 (6.2) 40 (8.5) 14 (2.7) <0.001
Smoking status (%) 0.914
Never smoked 114 (48.5) 133 (49.8) 133 (47.3) 179 (52.8) 162 (51.6) 208 (54.0) 206 (52.2) 266 (54.8) 247 (52.7) 250 (49.0)
Ex-smoker 79 (33.6) 95 (35.6) 103 (36.7) 104 (30.7) 99 (31.5) 118 (30.6) 124 (31.4) 147 (30.3) 148 (31.6) 177 (34.7)
Current smoker 42 (17.9) 39 (14.6) 45 (16.0) 56 (16.5) 53 (16.9) 59 (15.3) 65 (16.5) 72 (14.8) 74 (15.8) 83 (16.3)

Absent paedal pulses 54 (23.0) 63 (23.6) 69 (24.6) 57 (16.8) 56 (17.8) 74 (19.2) 71 (18.0) 86 (17.7) 113 (24.1) 88 (17.3) 0.016
Hypertension (%) 160 (68.1) 186 (69.7) 203 (72.2) 224 (66.1) 196 (62.4) 252 (65.5) 250 (63.3) 334 (68.9) 327 (69.7) 351 (68.8) 0.150
Diabetic Status (%) 0.095
Not Diabetic 226 (96.2) 257 (96.3) 268 (95.4) 327 (96.5) 298 (94.9) 375 (97.4) 374 (94.7) 459 (94.6) 440 (93.8) 469 (92.0)
Diet 1 (0.4) 3 (1.1) 4 (1.4) 1 (0.3) 2 (0.6) 2 (0.5) 2 (0.5) 9 (1.9) 7 (1.5) 10 (2.0)
Oral therapy 8 (3.4) 6 (2.2) 7 (2.5) 10 (2.9) 11 (3.5) 6 (1.6) 13 (3.3) 17 (3.5) 19 (4.1) 24 (4.7)
Insulin 0 (0.0) 1 (0.4) 2 (0.7) 1 (0.3) 3 (1.0) 2 (0.5) 6 (1.5) 0 (0.0) 3 (0.6) 7 (1.4)

Pre-op CVA (%) 17 (7.2) 22 (8.2) 15 (5.3) 13 (3.8) 20 (6.4) 19 (4.9) 20 (5.1) 19 (3.9) 35 (7.5) 30 (5.9) 0.159
LVEF (%) 0.496
good(>=50%) 174 (74.0) 212 (79.4) 222 (79.0) 269 (79.4) 248 (79.0) 310 (80.5) 327 (82.8) 385 (79.4) 368 (78.5) 416 (81.6)
moderate(30�49%) 54 (23.0) 45 (16.9) 49 (17.4) 64 (18.9) 51 (16.2) 61 (15.8) 57 (14.4) 88 (18.1) 87 (18.6) 80 (15.7)
poor(<30%) 7 (3.0) 10 (3.7) 10 (3.6) 6 (1.8) 15 (4.8) 14 (3.6) 11 (2.8) 12 (2.5) 14 (3.0) 14 (2.7)

Baseline Crea-
tinine>200mmol/L (%)

11 (4.7) 13 (4.9) 22 (7.8) 13 (3.8) 13 (4.1) 19 (4.9) 10 (2.5) 14 (2.9) 16 (3.4) 18 (3.5) 0.053

Previous cardiac surgery (%) 22 (9.4) 16 (6.0) 24 (8.5) 21 (6.2) 18 (5.7) 34 (8.8) 18 (4.6) 24 (4.9) 28 (6.0) 27 (5.3) 0.091
Acute Kidney Injury (%) 2 (0.9) 5 (1.9) 9 (3.2) 13 (3.8) 10 (3.2) 14 (3.6) 12 (3.0) 11 (2.3) 16 (3.4) 15 (2.9) 0.574
Preop Ventilation (%) 14 (6.0) 16 (6.0) 10 (3.6) 16 (4.7) 19 (6.1) 16 (4.2) 17 (4.3) 18 (3.7) 28 (6.0) 21 (4.1) 0.602
VF/VT (%) 1 (0.4) 1 (0.4) 3 (1.1) 2 (0.6) 2 (0.6) 1 (0.3) 1 (0.3) 1 (0.2) 0 (0.0) 4 (0.8) 0.559
Ongoing Chest Pain(%) 36 (15.3) 34 (12.7) 33 (11.7) 38 (11.2) 33 (10.5) 44 (11.4) 38 (9.6) 39 (8.0) 33 (7.0) 14 (2.7) <0.001
Ischaemic ECG Changes (%) 8 (3.4) 8 (3.0) 9 (3.2) 7 (2.1) 17 (5.4) 9 (2.3) 11 (2.8) 15 (3.1) 11 (2.3) 13 (2.5) 0.408
Cardiogenic Shock (%) 39 (16.6) 41 (15.4) 43 (15.3) 49 (14.5) 59 (18.8) 54 (14.0) 58 (14.7) 73 (15.1) 74 (15.8) 65 (12.7) 0.673
TIA = 1 (%) 3 (1.3) 11 (4.1) 16 (5.7) 16 (4.7) 10 (3.2) 15 (3.9) 12 (3.0) 20 (4.1) 29 (6.2) 16 (3.1) 0.082
Bicuspid Aortic Valve (%) 6 (2.6) 9 (3.4) 5 (1.8) 6 (1.8) 7 (2.2) 5 (1.3) 11 (2.8) 18 (3.7) 10 (2.1) 10 (2.0) 0.471
Aortic Insufficiency (%) 73 (31.1) 79 (29.6) 82 (29.2) 90 (26.5) 92 (29.3) 97 (25.2) 126 (31.9) 147 (30.3) 156 (33.3) 160 (31.4) 0.350
Arch Involvement (%) 55 (23.4) 53 (19.9) 43 (15.3) 61 (18.0) 65 (20.7) 81 (21.0) 98 (24.8) 123 (25.4) 136 (29.0) 143 (28.0) <0.001
Interposition Graft 188 (80.0) 203 (76.0) 171 (60.9) 228 (67.3) 221 (70.4) 301 (78.2) 283 (71.6) 361 (74.4) 341 (72.7) 376 (73.7)
Aortic Arch Replacement 6 (2.6) 8 (3.0) 23 (8.2) 16 (4.7) 4 (1.3) 4 (1.0) 6 (1.5) 12 (2.5) 12 (2.6) 16 (3.1)
Root Replacement 41 (17.4) 56 (21.0) 87 (31.0) 95 (28.0) 89 (28.3) 80 (20.8) 106 (26.8) 112 (23.1) 116 (24.7) 118 (23.1)
Concomitant CABG (%) 32 (13.6) 42 (15.7) 37 (13.2) 44 (13.0) 37 (11.8) 40 (10.4) 48 (12.2) 60 (12.4) 58 (12.4) 50 (9.8) 0.536
Annual operative volume per
surgeon (mean (SD))

3.11 (2.01) 3.13 (2.06) 3.90 (2.69) 3.11 (1.82) 4.29 (2.91) 4.59 (2.38) 4.78 (2.60) 4.79 (2.55) 5.52 (4.21) 5.90 (4.18) <0.001

Annual operative volume
(mean (SD))

9.94 (3.98) 12.03 (5.89) 13.33 (6.29) 17.11 (9.63) 16.17 (8.38) 18.13 (8.71) 18.88 (8.20) 21.32 (9.11) 21.95 (10.81) 23.31 (10.98) <0.001

Indices of Multiple Depriva-
tion Tercile (%)

0.083

[1,4] 86 (37.2) 93 (36.0) 85 (31.5) 107 (32.6) 94 (31.3) 105 (29.1) 125 (33.4) 174 (37.3) 165 (36.7) 154 (31.0)
(4,8] 104 (45.0) 95 (36.8) 124 (45.9) 135 (41.2) 141 (47.0) 172 (47.6) 155 (41.4) 204 (43.8) 185 (41.1) 228 (46.0)

(continued on next page)
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funnel plot. Finally, we analyzed possible chronological patterns (i.e.,
year of surgery weekday and month) in presentation and overall
mortality.

Analysis of hospital and surgeon effect: to investigate whether
variation in mortality can be attributed to individual hospital or sur-
geon performance, risk adjusted funnel plots were generated. The
IRAD score was used as expected risk. Each hospital and surgeons
were then displayed as a scatter point showing the individual risk
adjusted mortality calculated as observed mortality rate/predicted
mortality rate multiplied by the national average. Upper and lower
control limits were calculated at 3 standard deviations (correspond-
ing to 99.8% confidence intervals(CIs)) from the mean, using the exact
binomial method described by Spiegelhalter [12]. An upper warning
limit (calculated similarly to 95% CIs) was also calculated at 2 stan-
dard deviation from the mean.

Time series analysis: Generalized Additive Model (GAM) was
implemented to analyze the effect of weekday, month and year on
the number of dissection and observed mortality. Cyclic spline term
was used for months and p-spline term was used for weekday and
years. Number of knots used were 7,12,10 for weekdays, months and
years. The effect of each term on outcomes was assessed the signifi
cance of smooth terms.

Statistical analysis was performed using R version 4.0.0.
Role of the funding source: The sponsor did not influence the

study design nor analysis of the data. They funded the data acquisi-
tion and analysis and support the submission of this article for publi-
cation.

3. Results

3.1. Number of procedures per years

Overview of patients undergoing TAAD repair in England during
the study period is reported in Table 1. Over the 10-year analysis
period, 3680 cases of TAAD were operated on in England. There has
been a steady doubling in the overall number of operations per-
formed in that time, from 235 in 2009 to 510 in 2018 and this was
observed across all age categories. (Fig. 1A). As a consequence, the
mean number of procedures per surgeon and per center per year,
increased from` from 9 cases in 2009 to 21 in 2018.

3.2. Clinical presentation and outcomes

Although mean age at presentation did not change significantly
during the study period, there was some increase in the number of
operations on octogenarians(Table 1 and Fig. 1A). Approximately one
third of those operated on were female without significant change
across the years,. Pre-operative diagnosis of Marfan’s syndrome, a
form of connective tissue disorder that is linked to a risk of TAAD, has
more than doubled� 0.8% in 2009 to 2.5% in 2018. There was a trend
towards a reduction in the number of patients presenting with tran-
sient neurological deficit, ongoing chest pain, acute kidney injury,
absent paedal pulses or in cardiogenic shock (Table 1). The overall
risk (International Registry of Aortic Dissection(IRAD) score) showed
a marginally significant reduction in recent years. Notably, patients
were more likely to undergo a more extensive repair with an
increased number of patients undergoing full aortic root replace-
ment.

Overall, in-hospital mortality was 17.4% with a trend toward
lower mortality in the most recent years (23% in 2009 to 14.7% in
2018)(Table 1 and Fig. 2A). The rate of post-operative stroke has
remained unchanged (9�10%),as did the need for dialysis and inci-
dence of sternal wound infections. A decrease in the need for post-
operative re-exploration for bleeding was observed over time, from
17.4% to 7.5% of cases. Mortality was significantly higher among octo-
genarians and on average remained unchanged (Table 2 and Fig. 2B).

https://stats.stackexchange.com/questions/174266/gam-model-summary-what-is-meant-by-significance-of-smooth-terms
https://stats.stackexchange.com/questions/174266/gam-model-summary-what-is-meant-by-significance-of-smooth-terms


Fig. 1. Number of type A aortic dissection repairs by year and age group.

U. Benedetto et al. / The Lancet Regional Health - Europe 7 (2021) 100131 5
We also found that mortality was higher in patients from most
deprived socioeconomic neighborhoods(Table 3).
3.3. Hospital and surgeon effect

When outcomes were stratified by annual surgeon (Table 4) and
center volume (Table 5), we found evidence of improved outcomes
for high volume surgeons ( �6 cases per year) and high-volume cen-
ters (�22 cases per year). Forest plot analysis showed that a total of
fourteen surgeons out of 439 underperformed compared to the
national average(mortality above the upper control limit) (Fig. 3A).
No surgeon was found to outperform compared to the national aver-
age (i.e. below the lower control limit). Three centers out of thirty
underperformed compared to the national average(above the upper
control limit) andtwo were low-volume centers (<100 cases in 10
years). One unit was outperformed compared to the national average
(below the lower control limit) and was a high-volume center.
3.4. Chronobiological patterns

Time analysis on number of TAAD operated on showed a marked
monthly variations with a high incidence in winter (October to
December) and a decreased incidence in the Summer (June/July)
(P<0.001)(Supplementary Figure 1). There also appeared to be a mid-
week increase in the incidence in operations and a decrease on Satur-
day and Sunday (P<0.001). Time analysis confirmed a progressive
reduction in mortality over the years (P<0.001) but a significant
trend towards higher mortality at weekend (P<0.001) with no effect
related to months (P = 0.45).
4. Discussion

We presented a decade long report on over 3600 patients oper-
ated on for type A aortic dissection in England from 2009 to 2018. In
this time we noted an almost doubling of the total number of opera-
tions performed as well as the number of operations performed per
surgeon and per center. Surprisingly we found a small trend towards
a reduction in the overall risk profile in recent years (IRAD score) due
to less patients undergoing surgery in critical conditions. There was
also an increase in complexity of operations performed and a slight
increase in the number of patients with known connective tissue dis-
orders undergoing surgery for TAAD.. The net result was a decrease
in mortality from 23% to 15% with no increase in the incidence of
other complications, notably the rate of strokes. We speculate that
the reason for less patients operated on in a critical condition is a
combination of increased awareness in peripheral hospitals,
increased rapidity of radiological diagnosis and importantly the insti-
tution of appropriate analgesia and antihypertensives treatments in
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the emergency department. There was also a decrease in the inci-
dence of re-explorations post-surgery which may be attributed to
improved experience, pharmaceutical management haemostasias
and post-operative blood pressure optimization.

Some consider advanced age a contraindication to surgery for
TAAD. Although the present analysis has confirmed a higher mortal-
ity rate in octogenarians, the observed mortality is not prohibitive
and lower than that reported in previous series [13], thus suggesting
that surgery should not be considered prohibitive or denied to this
group solely based on age and case by case selection should be
sought.

In the present analysis, we found a trend towards lower mortality
in patients from better socioeconomic neighborhoods. The reasons
for this observation are likely to multi-factorial. Patients from most
deprived areas may not be able to access healthcare as swiftly as
others, be more unstable by the time of presentation or have a
greater burden of comorbidities. However, other factors including
complex interaction between patients and healthcare providers may
contribute to this association and further research in this field is war-
ranted.

Previous studies have shown a relationship between surgeons’
operative volumes [14] and outcomes in TAAD repair as well as
Fig. 2. Mortlaity:a) By year.b) By age.
between center operative volumes and outcome in all thoracic aortic
disease in American and Nordic populations [15�19]. The present
analysis confirms an outcome-volume relationship for both surgeons
and centers. This is likely to be related to increased surgeon and team
experience and improved management. 3 out of 30 units were found
to perform below average. Two of them were low volume centers but
surprisingly one was at intermediate volume. This seems to suggest
that sporadically factors other than volume can determine poor per-
formance in individual units which may require in-depth review of
practices.

We finally investigated variation in presentation and mortality
related to time of the year. We noted that there were significantly
more cases presenting in winter than over summer. This could possi-
bly be linked with tendency towards increased hypertension in the
winter months [20�22]. There was also a decreased tendency for
patients to present over the weekend. Although the exact cause of
this is unknown, but it is possible that patient related factors may
contribute (i.e. patients less likely to access healthcare facilities over
weekend). Knowledge of these variations may be beneficial when
planning policy and staffing decisions in tertiary referral centers.

We also found an increased mortality among patients operated at
weekend. Relation between weekend surgery and increased



Fig. 2. Continued.

Fig. 3. Funnel plot of risk-adjusted mortality:a) By total operative volume per surgeon.b) By
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mortality in other types of surgery has been previously described
[23]. It is possible that the availability of surgeons and other members
of the team specialized in aortic surgery can be reduced at weekends
and this can translate into poorer outcomes. It has been suggested
national outcomes could be improved by the establishment of a net-
work of centers and surgeons (e.g. aortic rota) in order to provide a
highly specialized service for all patients referred for TAAD [4,15,24].

5. Limitations

Generally, it is a weakness of registries that not all details can be
collected, including patients who were deemed to not be suitable for
surgery and their differences compared to those who were operated
on. There is also no information on those that were managed interve-
nitonally or conservatively, predominantly type B aortic dissections.
The dataset utilized also does not contain any details of timings from
diagnosis to surgery including transfer time to tertiary care centers.
We also have no information on variation of postoperative manage-
ment including transfusion or medications used. Finally we had to
extrapolate some of the variables for the calculation of the expected
risk as a few risk factors in the IRAD score were not consistent with
the original data entry.
total operative volume per center.



Fig. 3. Continued.

Table 2
Post-op Outcomes by Age.

60 or less 61�69 70�79 80 or more p

N 1519 903 1008 250
IRAD score (mean (SD)) 0.11 (0.11) 0.11 (0.10) 0.16 (0.11) 0.17 (0.12) <0.001
Death (%) 201 (13.2) 170 (18.8) 202 (20.0) 69 (27.6) <0.001
Non-fatal CVA (%) 121 (8.0) 86 (9.5) 115 (11.4) 16 (6.4) 0.011
Dialysis(%) 201 (14.4) 137 (16.8) 137 (15.0) 35 (15.2) 0.520
Deep Sternal Wound Infection (%) 9 (1.0) 9 (1.7) 4 (0.7) 5 (3.3) 0.047
Re-exploration (%) 165 (12.1) 102 (12.7) 92 (10.3) 19 (8.7) 0.194

IRAD-International Registry of Acute Aortic Dissection;SD-standard deviation;CVA-cerebrovascular accident.

Table 3
Post-op Outcomes by Indices of Multiple Deprivation category.

[1,4] (4,8] (8,10] p

N 1188 1543 803
IRAD score (mean (SD)) 0.13 (0.12) 0.13 (0.11) 0.13 (0.11) 0.136
Death (%) 230 (19.4) 243 (15.7) 141 (17.6) 0.047
Non-fatal CVA (%) 122 (10.3) 133 (8.6) 71 (8.8) 0.307
Dialysis(%) 184 (16.8) 193 (13.9) 111 (15.2) 0.133
Deep Sternal Wound Infection
(%)

8 (1.1) 11 (1.3) 6 (1.3) 0.953

Re-exploration (%) 137 (12.9) 146 (10.7) 86 (11.9) 0.253

IRAD-International Registry of Acute Aortic Dissection;SD-standard deviation;CVA-
cerebrovascular accident.

Table 4
Post-op Outcomes by Annual Operative Volume per Surgeon.

[1,3] (3,5] (5,20] p

N 1653 912 1115
IRAD score (mean (SD)) 0.13 (0.12) 0.13 (0.11) 0.12 (0.10) 0.188
Death (%) 338 (20.4) 157 (17.2) 147 (13.2) <0.001
Non-fatal CVA (%) 159 (9.6) 81 (8.9) 98 (8.8) 0.711
Post-op dialysis (%) 224 (15.2) 137 (16.6) 149 (14.2) 0.344
Deep Sternal Wound Infec-

tion(%)
13 (1.4) 8 (1.5) 6 (0.9) 0.612

Re-exploration(%) 183 (12.5) 91 (10.8) 104 (10.7) 0.306

IRAD-International Registry of Acute Aortic Dissection;SD-standard deviation;CVA-
cerebrovascular accident.
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Table 5
Post-op Outcomes by Annual Operative Volume per Center.

[1,13] (13,21] (21,44] p

N 1343 1157 1180
IRAD score (mean (SD)) 0.13 (0.12) 0.13 (0.10) 0.12 (0.11) 0.095
Death (%) 257 (19.1) 214 (18.5) 171 (14.5) 0.005
Non-fatal CVA (%) 102 (7.6) 106 (9.2) 130 (11.0) 0.012
Post-op dialysis (%) 167 (13.7) 214 (19.9) 129 (12.2) <0.001
Deep Sternal Wound Infec-
tion(%)

12 (1.5) 10 (1.3) 5 (0.9) 0.629

Re-exploration(%) 164 (13.7) 126 (12.2) 88 (8.5) <0.001

IRAD-International Registry of Acute Aortic Dissection;SD-standard deviation;CVA-
cerebrovascular accident.
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6. Conclusions

TAAD remains a lethal condition for which surgery is the only
treatment option. Prompt diagnosis and referral to a specialist center
is paramount. The number of operations conducted in England has
doubled in the last 10 years and the associated mortality has
decreased. Increased surgeon and center experience due to more
operations per center or surgeon per year is likely to be related to the
observed improvement . Establishment of a national network of
experienced dedicated aortic surgeons and high-volume centers
should be considered to provide a uniform high standard of care for
patients with TAAD.
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