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Abstract t 

Background. Background. 
Thee aim of this study was to develop a scoring system for operative mortality of 
patientss with acute type A aortic dissection. 

Methods. Methods. 
Betweenn 1974 and 1999, a total of 252 patients were operated on for an acute type 
AA aortic dissection. We reviewed retrospectively preoperative and intraoperative 
recordss to conduct an analysis of risk factors associated with surgery. Multivariate 
analysiss was used to predict operative mortality and to provide a preoperative risk 
profilee of each individual patient that could be used for future patients. 

Results. Results. 
Operativee mortality was 25.0% (n=63). A logistic regression model with three 
explanatoryy variables to predict operative death showed a good fit: the risk factors 
associatedd with operative mortality were preoperative cardiopulmonary 
resuscitationn (p=0.0013, odds ratio=15.7) and iatrogenic dissection (p=0.0014, 
oddss ratio=9.8). Drained pericardial tamponade (p=0.0386, odds ratio=0.12) 
appearedd to be a protective factor associated with decreased mortality. 

Conclusions. Conclusions. 
Becausee existing scoring systems do not fit this pathologic condition, we propose 
thee use of this Antonius Dissection Scoring System, based on the logistic 
regressionn model, to predict the chances of operative mortality for each patient 
beforee operation. The survival of patients with concomittant pericardial 
tamponadee may benefit from pericardial drainage. 
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Introduction n 

Inn acute type A aortic dissection, emergency surgery is required to prevent fatal 
rupturee into the pericardium and to avoid pericardial tamponade. Improved 
surgicall  techniques and perioperative care have resulted in a reduction of the 
operativee risk over the last decades [1-6]. However, the surgical treatment of an 
acutelyy dissected ascending aorta still carries a considerable operative mortality, 
rangingg from 21% to 30% [1-11]. We assessed the relationship between 
preoperativee risk factors and operative mortality. We retrospectively reviewed the 
chartss of patients who underwent operation in our institution, and conducted a 
detailedd preoperative risk analysis. Based on this model, we aimed to define a new 
scoringg system to predict operative mortality. 

Materiall and Methods 

PatientPatient population 
Betweenn November 1974 and September 1999, a total of 252 patients with acute 
typee A aortic dissection were admitted for emergency surgery to the St. Antonius 
Hospitall  (Nieuwegein, the Netherlands). There were 163 men and 89 women with 
aa mean age of 58 years (range 16 to 82 years; SD  12 years). We obtained all 
clinicall  data by retrospective review of the patient records. The diagnosis of acute 
typee A aortic dissection, according to the Stanford classification [12], was made 
mainlyy by transesophageal echocardiography (63%, n=160), which is our current 
diagnosticc method of choice; computed tomography (26%, n=66), or magnetic 
resonancee imaging. In the early years diagnosis was confirmed by aortography. 
Thee interval between onset of acute symptoms and operation was within 14 days. 
Elevenn patients (4.4%) had Marfan's syndrome. In 2 patients dissection occurred 
duringg pregnancy. Twelve patients had an iatrogenic dissection after cardiac 
surgeryy (coronary bypass grafting in 6, aortic valve replacement in 4, combined 
coronaryy bypass grafting and aortic valve replacement in 1, and mitral valve plasty 
inn 1) with a median interval of 2 days before the onset of the diagnosis of 
dissection.. In 4 of these patients, type A dissection originated intraoperatively. A 
totall  of 31 patients (12%) had signs of neurologic dysfunction before surgery. This 
includedd 3 patients with peripheral neurologic dysfunction and 28 with central 
neurologicc dysfunction. In 11 patients (4.4%), adequate circulation was 
preoperativelyy restored by draining pericardial tamponade; this was done by 
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puncturee in all cases. Cardiopulmonary resuscitation was performed in 12 patients 
(4.8%).. Operative mortality was defined as death occurring within 30 days after 
thee operation or during initial hospitalization. No patients were lost to follow-up 
duringg this period. 

SurgicalSurgical considerations 
AA standard median sternotomy was performed and the patients were generally 
placedd on total cardiopulmonary bypass with venous cannulation of the right 
atriumm and right or left femoral arterial cannulation. Myocardial protection was 
obtainedd with cold crystalloid cardioplegic solution directly into the coronary 
ostia.. The left heart was vented through a transmitral catheter. Depending on the 
operativee findings, in most patients a Dacron tubegraft replacement of the 
ascendingg aorta was performed; if an intimal tear was found in the aortic arch, 
concomitantt partial, total arch replacement or elephant trunk was performed in 30 
patientss (11.9%), 9 patients (3.6%) and 1 patient (0.4%), respectively. Teflon felt 
wass frequently used. Deep hypothermic circulatory arrest was applied in 118 
patientss (46.8%) to allow for an open distal anastomosis or for arch replacement. 
Antegradee selective cerebral perfusion was used in 43 patients (17.1%) during 
circulatoryy arrest of the body [13]. We used retrograde cerebral perfusion on two 
occasions.. The remaining 89 patients (35.3%) have been operated on with simple 
aorticc cross-clamping without deep hypthermic circulatory arrest, antegrade 
selectivee cerebral perfusion, or retrograde cerebral perfusion. The aortic valve was 
examinedd and, if necessary, resuspended in 125 cases (49.6%) with commissural 
stitchess or reconstructed with gelatine-resorcinol-formaldehyde (GRF) glue (Colle 
biologique,, Fii, Saint Just Malmont, France) [14]. In 2 patients, to preserve the 
aorticc valve leaflets, aortic root remodeling was performed by reimplantation of 
thee aortic valve in a tubular Dacron graft according to David and Feindel [15]. 
Whenn this procedure was deemed inappropriate or inadequate because of aortic 
valvee disease or damage to the cusps, a mechanical bileaflet valve was inserted in 
166 cases (6.3%) or an aortic root replacement with composite prosthesis and 
reimplantationn of the coronary arteries (Bentall technique) in 30 cases (11.9%). 

StatisticalStatistical analysis 
Wee evaluated the influence of 23 preoperative variables on operative mortality by 
univariatee and multivariate analysis. The modeling process for risk stratification 
followedd a standard equation and the probability of operative mortality was 
calculatedd for each patient. 
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Statisticall  Analysis Software (version 6.12 for windows, SAS Institute, Cary, NC) 
wass used to perform all analyses. Stepwise multivariate analysis was performed to 
determinee patient characteristics independently associated with operative 
mortality.. In univariate analysis discrete variables were analyzed by the %2 or 
Fisherr exact test. Statistical significance was associated with a p value of less than 
0.05.. Variables with a p value of less than 0.15 were entered into multivariate 
analysiss by stepwise logistic regression to develop a risk equation of the form p = 
l/[[  1 + exp (- x)]. In this form p is the probability of operative death, x = BO X0 + 
B11 XI + Bk Xk, each B value is a constant associated with a specific risk factor, 
andd the X values denote the status of the risk factor for a given patient. The patient 
relatedd variables are listed in Table 1. 

Thee independent risk factors in the final model are presented as odds ratios. The 
oddss ratio predicts the magnitude of influence on mortality if the risk factor was 
presentt compared to its absence. 

TableTable 2. Multivariate significant risk factors for operative mortality 

nn Op. mortality % p Value Odds Ratio 
Iatrogenicc dissection Ï2 8 66J% 0.0014 9l 
Cardiopulmonary y 
resuscitationn 12 8 66.7% 0.0013 15.7 
Pericardiall  drainage 11 2 18.2% 0.0386 0.12 

Op.. mortality = operative mortality 

Results s 

Operativee mortality among all 252 patients was 25.0% (63/252). Univariate 
significantt predictors for operative mortality were preoperative cardiopulmonary 
resuscitationn (p = 0.002) and its derivative emergency sternotomy (p = 0.002), 
iatrogenicc dissection (p = 0.002), and acute pain at presentation (p = 0.003). 
Preoperativee pericardial drainage by punction or subxyphoidal route did not reach 
significancee at univariate analysis. Independent significant risk factors for 
operativee mortality determined by stepwise logistic regression were iatrogenic 
dissectionn and preoperative cardiopulmonary resuscitation, as listed in Table 2. 
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TableTable 1. Preoperative patient 

RiskRisk vtrntiftrntinn 

relatedrelated data considered in the univariate and 
multivariatemultivariate analysis of operative mortality 

Patientt variables 
Sex x 

Agee (y) 

Acutee pain at presentation 

Timee from onset of pain to 
treatment t 

PreviousPrevious cardiac 
catheterization n 

Iatrogenicc dissection 

Marfan'ss syndrome 

Diabetess mellitus 

Anyy neurologic 
dysfunction n 

Periferall  neurologic 
dysfunction n 

Centrall  neurologic 
dysfunction n 

Limbb malperfusion 

Oliguriaa or anuria 

Clinicall  signs of cardiac 
tamponade e 

Cardiogenicc shock at 
initiall  presentation in 
hospital l 

Male e 
Female e 

<65 5 
>65 5 
Yes s 
No o 

<< 48 hrs 
>> 48 hrs 

Yes s 
No o 
Yes s 
No o 
Yes s 
No o 
Yes s 
No o 

Yes s 
No o 

Yes s 
No o 

Yes s 
No o 
Yes s 
No o 
Yes s 
No o 

Yes s 
No o 

Yes s 
No o 

n n 
163 3 
89 9 
173 3 
79 9 
215 5 
37 7 

222 2 
30 0 

11 1 
241 1 
12 2 

240 0 
11 1 

241 1 
5 5 

247 7 

31 1 
221 1 

3 3 
249 9 

28 8 
224 4 
51 1 
201 1 
17 7 

235 5 

64 4 
188 8 

31 1 
221 1 

Mortality y 
39 9 
24 4 
43 3 
20 0 
46 6 
17 7 

58 8 
5 5 

1 1 
62 2 
8 8 

55 5 
2 2 
61 1 
0 0 
63 3 

11 1 
52 2 

1 1 
62 2 

10 0 
53 3 
16 6 
47 7 
6 6 
57 7 

20 0 
43 3 

12 2 
51 1 

% % 

23.9 9 
27.0 0 
24.9 9 
25.3 3 
21.4 4 
45.9 9 

26.1 1 
16.7 7 

9.1 1 
25.7 7 
66.7 7 
22.9 9 
18.2 2 
25.3 3 

0 0 
25.5 5 

35.5 5 
13.5 5 

33.3 3 
24.9 9 

35.7 7 
23.7 7 
31.4 4 
23.4 4 
35.3 3 
24.3 3 

31.3 3 
22.9 9 

38.7 7 
23.1 1 

pp Value 
0.649 9 

1.000 0 

0.003 3 

0.369 9 

0.301 1 

0.002 2 

0.736 6 

0.336 6 

0.183 3 

1.000 0 

0.171 1 

0.277 7 

0.383 3 

0.185 5 

0.076 6 
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Patientt variables nn Mortality % p Value 

Severee haemodynamic 
problemss due to 
tamponadee or cardiogenic 
shockk at start of surgery 

Preoperativee use of 
anticoagulantia a 

Emergencyy sternotomy 

Cardiopulmonary y 
resuscitation n 

Preoperativee pericardial 
drainagee for tamponade 

Surgeryy before 1990 

EEGG at induction 

Preoperativee serum 
creatininee (mmol/L) 

Aorticc valve insufficiency 

Normall  left ventricle 
function n 

Yes s 
No o 

Yes s 
No o 
Yes s 
No o 

Yes s 
No o 

Yes s 
No o 
Yes s 
No o 

Abnormal l 
Normal l 

Unknown n 

<< 150 
>> 150 

Missing g 
data a 
No o 
I I I I 

III-I V V 
Missing g 

data a 

Yes s 
No o 

Missing g 
data a 

58 8 
194 4 

56 6 
196 6 
28 8 
224 4 

12 2 
240 0 

11 1 
241 1 
81 1 
171 1 
21 1 
206 6 
25 5 

186 6 
43 3 
23 3 

67 7 
107 7 
41 1 
27 7 

164 4 
13 3 
75 5 

21 1 
42 2 

16 6 
47 7 
14 4 
49 9 

8 8 
55 5 

2 2 
61 1 
26 6 
37 7 
15 5 
39 9 
9 9 

39 9 
16 6 
8 8 

22 2 
26 6 
6 6 
9 9 

31 1 
5 5 
27 7 

36.2 2 
21.6 6 

28.6 6 
24.0 0 
50.0 0 
21.9 9 

66.7 7 
22.9 9 

18.2 2 
25.3 3 
32.1 1 
21.6 6 
71.4 4 
18.9 9 
36.0 0 

21.0 0 
37.2 2 
34.8 8 

32.8 8 
24.3 3 
14.6 6 
33.3 3 

18.9 9 
38.5 5 
36.0 0 

0.037 7 

0.488 8 

0.002 2 

0.002 2 

0.736 6 

0.087 7 

0.001 1 
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Preoperativee pericardial drainage by punction or subxyphoidal route was a 
significantt predictor for decreased operative mortality. 

Wee were able to develop the following scoring profile to estimate the additional 
chancess of operative mortality before initiating surgery: p = 1/[1 + exp (- x)], in 
whichh p is the probability of operative mortality and x = -1.94 + [2.3 x 0 (no 
iatrogenicc dissection) or 1 (iatrogenic dissection)] + [2.8 x 0 (no cardiopulmonary 
resuscitation)) or 1 (cardiopulmonary resuscitation performed)] - [2.1 x 0 (no 
drainedd pericardial tamponade) or 1 (drained pericardial tamponade)]. 

Basedd on this Antonius Dissection Scoring System, a patient who has his or her 
aortaa dissected shortly after a cardiac intervention and who also needs to be 
resuscitatedd before the repair, has a risk of dying of: l/[l+exp (-1.94+2.3+2.8-
0)]=l/(l+exp-3.2)=l/(l+0.04)=l/1.04=95.7%,, whereas a patient without 
iatrogenicc dissection, no need for cardiopulmonary resuscitation and no drained 
pericardiall  tamponade, has a chance of 87.4% to survive the repair. Possible 
permutationss to determine a given patient's operative risk are listed in table 3. 

TableTable 3. Permutations determining patient risk 

Iatrogenicc Cardiopulmonary Drained pericardial Observed Predicted 
dissectionn resuscitation tamponade deaths mortality (%) 

(n=12)) (n=12) (n=ll) 

Yess (12) Yes(l) 

Noo (11) 

Noo (240) Yes (11) 

Noo (229) 

Totall  252 

Yess (0) 
No( l ) ) 
Yess (2) 
Noo (9) 

Yess (4) 
Noo (7) 
Yess (5) 

Noo (224) 

252 2 

0%% (0) 
100%% (1) 
0%% (0) 

77.8%% (7) 

25.0%% (1) 
85.7%% (6) 
20.0%% (1) 
20.9%% (47) 

25.0%% (63) 

72.6% % 
95.7% % 
14.5% % 
58.4% % 

21.3% % 
69.2% % 
1.7% % 
12.6% % 
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Comment t 

Surgeryy for acute type A dissection still has a high operative mortality. Apart from 
thee relative rareness of this disease and the extreme technical difficulties that 
mightt be encountered, this is also due to the inclusion of moribund patients who 
aree about to die and who require a demanding repair. Most surgeons report serious 
preoperativee conditions as leading risk factors for death [1,11,16]. Early operation, 
off  course desirable because of the high early mortality in the natural history of the 
illness,, probably increases the surgical risk by including more critically ill patients 
whoo are near death [4]. In cardiac surgery there is an increasing demand to 
evaluatee the risk of surgery before the intervention. Currently used scoring 
systemss for the prediction of early mortality in our institution perform well in 
generall  cardiac surgery patients, but they usely do not include type A dissection as 
ann additive factor for the predicted mortality. Therefore those scoring systems do 
nott exactly fit for this specific pathology. The French score (modified Parsonnet's 
score)) includes acute dissection as a significant risk factor [17], whereas the 
EuroSCOREE detects thoracic aortic surgery as an additive factor [18]. The initial 
Parsonnet'ss score does not include aortic dissection at all [17,19]. 

Wee reviewed 23 preoperative risk factors in order to construct a predictive model 
forr operative mortality. Although we are aware of the fact that perioperative 
variabless have been documented as independent predictors of operative mortality 
[1-6,10],, we did not include intraoperative and postoperative variables in our 
analysiss because we believe that the risk stratification is supposed to be done 
beforee surgery and to help us to determine which patients have an unacceptable 
highh operative risk. 

Becausee surgery before 1990 was nearly significant as an operative risk factor 
(p=0.087),, we also assessed the operative date as a possible longitudinal risk factor 
off  mortality in the analysis, which appeared not to be the case (p=0.37, Relative 
Rate=0.888 for each cumulative 5 year period, Confidence Interval=0.67 to 1.16). 
Thiss means that, although surgical treatment clearly evolved over the past 25 
years,, mortality remained comparatively stable. In the patient cohort operated 
beforee 1990, operative mortality was 32% (n=26) versus 21% (n=37) after 1990 
(p=0.08).. Of course, we still need to consider the retrospective, non-randomized 
naturee of this study and the results of different surgeons using a variety of 
availablee techniques. 
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Thee predominant risk factors, which appeared to be associated with early death, 
weree determined by multivariate analysis. The risk model that we developed uses 
statisticall  algorithms to calculate the probability of operative death. The presence 
orr absence of any risk factor for any given patient was statistically manipulated to 
providee a risk-adjusted estimate of early mortality based on the total experience 
withh all of our patients. The operative mortality rates increased significantly for 
patientss who had an iatrogenic dissection or who received cardiopulmonary 
resuscitation.. In addition, preoperative pericardial drainage by punction decreased 
thee mortality rate significantly for all patients. 

Hemodynamicc compromise or cardiogenic shock did not emerge as an 
independantindependant risk factor for operative mortality. This is probably due to the fact that 
manyy of these patients required cardiopulmonary resuscitation, which was an 
independantindependant risk factor for operative mortality. 

Inn acute type A dissection, half of the strokes observed occurred in patients with 
severee hypotension, and much of the damage is considered to be done before the 
operationn begins. Therefore, the stroke rate cannot be expected to respond to the 
generallyy beneficial effects of improvements and refinements in circulatory 
supportt adjuncts such as retrograde cerebral perfusion [20]. Neurologic 
dysfunctionn was included, even if present less than 24 hours before operation. 
Neurologicc dysfunctioning was considered to be of central or peripheral origin, as 
withh symptoms due to brain or myelum ischemia. Localized peripheral ischemia 
withoutt focal brain or myelum symptoms was not included in this study as 
relevantt neurologic disorder. 

Inn order to calculate a possible difference in catastrophal outcome, we have 
differentiatedd iatrogenic dissections occurring intraoperatively from those 
occurringg postoperatively over the mid or long term. Twelve patients had an 
iatrogenicc dissection, of which four originated intraoperatively. Three of these 4 
patientss (75.0%) died within 30 days, versus 5 of the remaining 8 patients with a 
historyy of cardiac surgery who died within 30 days (62,5%), p=0.99. This means 
thatt the groups are not significantly different and therefore more or less 
comparablee in terms of catastrophic outcome. 

PreoperativePreoperative hemodynamic compromise resulting from pericardial tamponade 
shouldd be treated promptly. If emergency femoro-femoral bypass, (the accepted 
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treatmentt to restore adequate circulation) cannot be implemented quickly, it must 
bee conceded that draining pericardial tamponade before operation could be faster 
andd more effective. However, many referring physicians without facilities for open 
heartt surgery may be reluctant to undertake this. We strongly believe that adequate 
circulationn will improve survival, even if drainage of pericardial tamponade is 
requiredd before transportation of the patient to a cardiothoracic centre. Drainage 
byy the subxyphoidal route is an option in the case of cardiac tamponade after 
cardiacc surgery. 

Thee Antonius Dissection Scoring System described above appears to be a reliable 
additionn to estimate the risk of operative death before starting surgery for acute 
typee A dissection. However, follow-up studies of this scoring system using 
prospectivee data will be required to validate the new model and its applicability to 
differentt cardiac units. It remains a matter of discussion whether patients with a 
high-riskk profile and predicted operative mortality should undergo operation, and 
ethicall  issues wil l continue to play a major role in this decision. 
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