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DiseaseDisease is very old, and nothing about it has changed. It is we who change, as we 
learnlearn to recognize what was formerly imperceptible. 
Jeann Martin Charcot (1825-1893) 

Aann mijn ouders 
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GeneralGeneral introduction 

Definition n 

Acutee type A aortic dissection is one of the most lethal events affecting the 
thoracicc aorta. An aortic dissection is characterized by separation of the inner and 
outerr layer of the media in a course parallel to that of the flow of blood. The 
separationn starts suddenly, when blood leaves the normal aortic channel through 
ann intimal tear which acts as a point of entry, and produces a false channel. Patients 
aree considered to have an acute type A aortic dissection when the process is less 
thann 14 days old and when the ascending aorta or aortic arch are involved in the 
dissectingg process, irrespective of the site of the primary tear or distal extension of 
thee dissection. 

History y 

Thee first clinical description of acute aortic dissection was by Morgagni more than 
2000 years ago [1]. Laennec introduced the term dissecting aneurysm in 1826. 

Surgicall  approaches have only been initiated in the last 50 years when 
cardiopulmonaryy bypass became available. Bahnson and Spencer proposed the 
operativee procedure, which is carried out today, in 1960 [2]. 

Thee first successful repair of acute ascending aortic dissection with aortic 
incompetencee was reported by Morris and colleagues in Houston in 1963 [3]. 
Subsequently,, management strategies and techniques have steadily evolved. 
Similarly,, diagnostic imaging modalities like computed tomography scanning, 
transesophageall  echocardiography and magnetic resonance imaging were 
developedd and used. A major contribution to the modern treatment of aortic 
dissectionss has been made by Debakey, who devised a commonly used 
classificationn of aortic dissections [4]. 
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Fig.Fig. 1 
ClassificationClassification of DeBakey (I, II, III  A and III  B) and Stanford (A and B) 

Classification n 

Thee classification of dissections of the aorta is based on the anatomic location and 
extentt of the disease. Initially the DeBakey's classification (Figure 1) was 
generallyy accepted, who differentiated between dissections involving the 
ascendingg aorta with involvement of the aortic arch (DeBakey type I) or without 
involvementt of the aortic arch (DeBakey type II) . Involvement of only the 
descendingg aorta was called DeBakey type III [4]. This classification seemed 
logicall  in terms of operative difficulty and risk. Nowadays the classification 
accordingg to the Stanford group (Figure 1) is more practically and clinically used 
becausee they have focused on the fundamental prognostic difference of a 
dissectionn with involvement of the ascending aorta (Stanford type A), which was 
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consideredd an indication for emergency surgical intervention, and a dissection 
beyondd the origin of the left subclavian artery (Stanford type B), requiring surgery 
onlyy under special circumstances [5]. Besides those two worldwide best-known 
classifications,, several other authors have proposed different, adapted 
classifications.classifications. However, those alternative classifications, based on the nature or 
locationn of the intimal tear [6,7] and distal or retrograde extension of the dissection 
[8],, have not influenced surgical treatment decisions and therefore they have never 
beenn well accepted. 

Incidencee and natural history 

Acutee type A dissection occurs at least two times more often in men than in 
women.. It affects individuals of all ages but most patients presenting with an acute 
typee A dissection are between 50-55 years of age [4,9]. Dissection in patients 
youngerr than 40 years of age is usually associated with the Marfan syndrome, 
bicuspidd aortic valve, coarctation of the aorta or pregnancy. The overall incidence 
off  this disease is estimated by several authors to be 5-20 per million population 
[6,10]. . 

Thee prognosis of untreated dissections of the proximal aorta is extremely poor. 
Thee largest collective review ever published of 963 patients with untreated aortic 
dissectionn showed a 50% mortality within the first 48 hours. At 1 month 84% died, 
att 3 months 90% and within the first year 92% died. After 9 years all patients were 
dead,, most of them due to rupture of their affected aorta [11]. These findings are 
confirmedd by the results of several other autopsy series of other authors, yielding 
aa hourly mortality rate ranging from 1 to 2% [12,13,14]. Most patients die acutely 
fromm false channel rupture with consequent hemopericardium, hemomediastinum 
orr hemothorax. Later in the early period, patients may die from delayed rupture or 
organn dysfunction secondary to arterial occlusion. 

Becausee of this severe prognosis and the time critical aspect of this disease without 
treatment,, the importance of early diagnosis and prompt therapy can not be 
overemphasized. . 
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Preoperativee evaluation and management 

Rapidd accurate diagnosis of acute type A aortic dissection, recognition of 
complicationss and the ability to plan appropiate surgical therapy are crucial for life 
savingg patient management. Transesophageal echocardiography has emerged as an 
excellentt tool for rapid and accurate diagnosis of acute type A aortic dissection and 
iss currently the diagnostic method of choice. This in addition to transthoracic 
echocardiography,, computed tomography, aortography and magnetic resonance 
imagingg in patients who are hemodynamically stable. In appropiate hands it 
reliablyy diagnoses dissection, determines entrance points, identifies branch vessel 
compromise,, assesses function and morphology of the aortic valve, the diameter 
off  the aortic root and the presence of pericardial fluid or tamponade. Its value as a 
screeningg tool in patients presenting with symptoms suggestive of aortic dissection 
hass been clearly demonstrated [15,16]. If the lesion is not seen on 
echocardiographyy but the history is strongly suggestive, additional testing in the 
formm of magnetic resonance imaging or a contrast-base modality will yield the 
diagnosiss in about 98% of instances, as long as the patient is in a hemodynamically 
stablee condition. Contrary to general recommendations for its presentation the 
majorityy of patients with aortic dissection have less than classic presentations. This 
meanss that a high index of suspicion is necessary, and imaging procedures are 
essentiall  to detect patients with this disease. Only 20% of patients who present 
withh a classic "tearing" pain as an initial symptom are diagnosed with an acute 
typee A aortic dissection. Such is the highly variable clinical presentation of the 
disease.. The majority present with symptoms more consistent with myocardial 
ischemiaa or non cardiac illness [17]. 

Neww neurologic deficits may present as a result of a malperfusion syndrome due 
too a dissecting process involving one or more of the aortic arch vessels. Acute 
cerebrovascularr occlusion occurs in less than 20% of patients with acute type A 
aorticc dissection [18]. A stroke may recover if relief of the occlusion occurs, but 
thenn reperfusion may result in intracerebral hemorrhage, swelling, cerebral injury, 
comaa and/or brain death. 

AA severe form of malperfusion syndrome, due to an extensive aortic dissection 
withh most or all of the distal aorta involved, may lead to acute obstruction of the 
aortaa and limbs. Despite a poor clinical picture of these patients at presentation, 
promptt surgical intervention on the proximal aorta, restoring the perfusion to the 
distall  aorta, can lead to a complete recovery. 
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Oncee the diagnosis has been established, and following aggressive pain control 
andd initial treatment with agents that lower blood pressure and diminisch 
contractilityy (beta-blockers in combination with intravenous nitroprusside), 
immediatee operation is indicated in order to prevent the expected sequelae of 
rupturee with cardiac tamponade, acute aortic regurgitation caused by loss of 
commissurall  suspension, myocardial infarction caused by coronary artery 
involvement,, or extension of the dissection. Unless, of course, overwhelming 
pathologicc situations are present that would contraindicate life-saving surgery, 
suchh as advanced malignancy or chronic dementia. The goal of operation is to 
removee the internal tear and affected portions of the aorta with a synthetic or 
occasionally,, a biological graft. Although still debated, it is generally thought that 
initiall  femoral cannulation for cardiopulmonary bypass, opening of the aorta with 
inspectionn of the distal aorta for extension of the tear, correction of the distal 
problemm with conversion to antegrade perfusion is an important early surgical 
strategy.. The more complex component of decision-making relates to the 
managementt of aortic insufficiency and tears in the vicinity of the subcoronary 
portionn of the aorta. This requires considerable decision-making and skillful 
surgeryy to provide the patient with a customized repair for the current problem 
thatt wil l ensure success for the future. Also, controversy exists as to the best 
surgicall  treatment and cerebral protection for acute dissections that originate or 
involvee the transverse arch. 

Postoperativee care 

Despitee redirecting blood flow into the true lumen proximally, up to 75% of 
patientss maintain patency of the false lumen due to distal reentry tears. 
Consequently,, after proximal aortic repair, patients are left with the equivalent of 
ann acute distal aortic dissection and are at risk for rupture and ischemic 
complications.. These patients, therefore, require continuation of management of 
leftt ventricular ejection force and blood pressure. This means that beta-blockade is 
resumedd postoperatively and fluid management is minimized. Postdissection 
aneurysmm rupture is the leading cause of late death after repair of aortic dissections 
[4].. Therefore, the patients must be followed lifelong with CT scans or MRI at 
certainn time intervals if they have persistent false lumen to detect dilatation of the 
diseasedd aorta. These patients should be on a betablocker permanently. 
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Aimm and outline of the thesis 

Fromm 1974 to 2002, more than 300 patients underwent surgical treatment for 
acutee type A aortic dissection at the department of cardiothoracic surgery of the 
St.. Antonius Hospital, Nieuwegein. Recent improvements in early mortality and 
morbidityy have resulted from more expeditious diagnosis and surgical treatment, 
improvedd perioperative care and advances in surgical techniques. However, 
operativee mortality and morbidity remain still substantial. The aim of this thesis 
wass to summarize and to evaluate the operative results, to estimate the influence 
off  preoperative and operation-related variables on outcome, to assess the benefits 
off  various surgical modalities and to examine long-term postoperative aorta- and 
surgery-relatedd events. 

ChapterChapter 2 reviews our experience of surgical management of 252 patients over a 
25-yearr period, in order to assess the determinants of operative mortality and 
morbidityy after surgery for acute type A aortic dissection. 

ChapterChapter 3 investigates our experience in the surgical management of patients 
withh acute type A aortic dissection over a 27-year period, with special emphasis 
onn long-term outcome and modalities of late death. 

ChapterChapter 4 reports the development of a scoring system to predict operative 
mortalityy for individual patients with acute type A aortic dissection. 

ChapterChapter 5 studies the durability of aortic valve preservation and root 
reconstructionn in 121 patients with type A aortic dissection and involvement of 
thee aortic root. 

ChapterChapter 6 focuses on 122 patients undergoing surgery for acute type A aortic 
dissectionn with the aid of antegrade selective cerebral perfusion and moderate 
hypothermicc circulatory arrest and determines the risk factors associated with 
hospitall  mortality and adverse neurologic outcome. 

ChapterChapter 7 reports our experience with surgery for acute type A aortic dissection 
withh involvement of the aortic arch and determines the influence of arch 
replacementt on operative mortality and morbidity, and long-term outcome. 
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ChapterChapter 8 describes four patients with acute type A aortic dissection who 
illustratee the aspecific initial presentation and importance of recognizing and 
treatmentt of lower limb ischemia as a first symptom of this disease. 

ChapterChapter 9 presents the endovascular treatment of a patient with lower extremity 
malperfusionn due to acute aortic dissection. 

ChapterChapter 10 elaborates upon the aforementioned studies. 
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Abstract t 

Objective. Objective. 
Wee examined operative risk factors for postoperative death after surgery for acute 
typee A aortic dissection. 

Methods. Methods. 
Betweenn 1974 and 1999, 252 patients, 163 men and 89 women D age, 

22 years) underwent surgery for acute type A aortic dissection. Fiftyeight 
(23.0%)) were in cardiogenic shock at time of surgery. Most patients underwent 
ascendingascending aorta replacement which was combined with aortic valve replacement 
byy means of a composite graft in 30 (11.9%) patients and an isolated aortic valve 
replacementt in 16 (6.3%). 

Results. Results. 
Thee overall operative mortality rate was 25.0% (n=63); 27.0% for patients 
operatedd upon with aortic cross-clamping, 23.7% after deep hypotherm circulatory 
arrestt and 23.3% after antegrade selective cerebral perfusion (ASCP) (p=0.73). 
Multivariatee analysis revealed iatrogenic dissection (p=0.0096, odds ratio 5.7), 
preoperativee cardiopulmonary resuscitation (p=0.0095, odds ratio 5.5) and every 
quarterr of an hour longer extracorporeal circulation (p=0.049, odds ratio 1.1) as 
independantt risk factors for operative mortality. Aortic valve replacement or 
Bentalll  procedure (p=0.0185, odds ratio 0.3) were protective factors. There were 
444 new postoperative strokes: 4.7% in the group operated upon with and 20.1% in 
thee group without antegrade selective cerebral perfusion (p=0.01). 

Conclusions. Conclusions. 
Inn order to avoid cardiogenic shock and preoperative cardiopulmonary 
resuscitation,, patients with acute type A aortic dissection should be treated 
promptly.. The choice to use an aortic valve prosthesis or Bentall procedure when 
applicablee seems to benefit the postoperative early survival. The risk of new 
postoperativee neurological events might be reduced by avoiding the appliance of 
ann aortic cross-clamp and by using ASCP. 
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Introductio n n 

Patientss with acute dissection of the ascending aorta require urgent surgery to 
preventt death from intrapericardial hemorrhage and cardiac tamponade. The 
naturall  history is associated with a mortality rate of 50% at 48 hours [1]. Graft 
replacementt of the ascending aorta and treatment of the aortic valve incompetence, 
byy aortic valve resuspension or, if required, aortic valve replacement, is the 
methodd of choice to perform the most efficient and stable repair and to prevent late 
complications,, reoperations and deaths [2]. 

Thee purpose of this present study is to review our experience of surgical 
managementt of 252 patients over a 25-year period, in order to assess the 
determinantss of operative mortality. 

Methods s 

Betweenn November 1974 and September 1999, 252 consecutive patients 
underwentt surgery for acute ascending aortic dissection at the Department of 
Cardiothoracicc Surgery of St. Antonius Hospital. Mean age was 58  12 years, 
rangee 16-82, and there were 163 males and 89 females. Aortic dissections were 
definedd as acute if chest pain or other related symptoms were present less than 14 
dayss before operation [2]. Dissections involving the ascending aorta were 
classifiedd Stanford type A according to previously published criteria [3]. The 
diagnosiss was confirmed in the early experience with aortography, currently with 
computedd tomography (26%, n=66), magnetic resonance imaging and 
transoesophageall  echocardiography (63%, n=160). The latter is our current 
diagnosticc method of choice. A history of cardiac surgery was present in 12 
patientss with a median interval of 2 days (range 0-15 days) before the onset of the 
diagnosiss of type A dissection (so-called iatrogenic dissection). In four of these 
patientss diagnosis was made intra-operatively. Six patients had undergone 
coronaryy artery bypass grafting, four patients aortic valve replacement, one patient 
combinedd coronary bypass grafting and aortic valve replacement, one patient 
mitrall  valve plasty. Marfan's syndrome was present in 11 (4.4%) patients. The 
mostt common presenting symptom was acute and severe chest pain (215/252). All 
patientt data were obtained by retrospective review of hospital records and follow-
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upp via written or telephone contact or both. Operative mortality was defined as 
deathh occuring within 30 days after the operation or during initial hospitalization. 
Noo patients were lost to folllow-up during this period. 

Inn this analysis we only considered preoperative and intra-operative possible risk 
factorss for operative mortality. This is because we assume that identification of 
thesee variables will lead to better assessment and treatment of patients with type A 
aorticc dissection. Postoperative variables, in our opinion, are effectuated by pre-
andd intra-operative factors and optimal or suboptimal treatment. We think that it 
seemss wrong methodologically to conduct an analysis in which these factors are 
includedd to determine early results. 

OperativeOperative Technique 
Duringg these 25 years, there was a substantial variability in the surgical techniques 
usedd among the different cardiothoracic surgeons (15). However, the following 
reflectss our general operative approach. After transfer to the operating room, 
patientss routinely underwent median sternotomy with cannulation of the femoral 
arteryy and venous return through the right atrium. Venting through the right 
superiorr pulmonary vein prevented ventricular distension and allowed optimal 
decompressionn of the left ventricle. Myocardial protection was achieved with cold 
crystalloidd cardioplegia and continuous topical hypothermia in the pericardial 
well.. Total cardiopulmonary bypass was conducted using moderate systemic 
hypothermia.. Temperature was continuously measured in the nasopharynx, 
oesophagus,, rectum and myocardium. The distal ascending aorta was cross-
clampedd at 25-28°C or earlier following induction of ventricular fibrillation. The 
proximall  aorta was then opened to locate the intimal tear. In the early experience, 
iff  no tear in the transverse arch could be detected during preoperative study and if 
thee quality of the aorta proximal to the cross-clamp appeared to be appropriate for 
achievementt of a safe distal anastomosis, cardiopulmonary bypass with moderate 
hypothermiaa was continued without removing the cross-clamp during the 
proximall  aortic reconstruction. When the intimal tear extended into the clamped 
area,, when the quality of the aorta at the site of the distal anastomosis was 
unfavorablee or when the surgeon found it more convenient to perform an open 
distall  anastomosis, the patients were further cooled down to a nasopharyngeal 
temperaturee of 18°C at a rate of 1°C per minute or, since 1982, untill the electro-
encephalogramm became iso-electric. The proximal aortic reconstruction was 
performedd during this cooling period. During the deep hypothermic circulatory 
arrestt (DHCA), inspection of the arch, and partial or total replacement if 
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necessary,, could be performed. If the arch appeared normal at inspection without 
anyy lucid entry tear, the aortic arch was considered unnecessary to be replaced and 
ann open distal aorto-prosthesis anastomosis was performed at the base of the 
innominatee artery, after which cardiopulmonary bypass was reinstituted with 
antegradee aortic perfusion. 

Sincee 1990, antegrade selective cerebral perfusion (ASCP) has progressively been 
introducedd in our institution and, in certain circumstances, we found it an 
importantt step towards the strugle in favour of brain protection [7]. 

Anotherr modification over the years was to avoid aortic cross-clamping. Instead, 
wee first cool the patient down to a nasopharyngeal temperature of 25 °C at which 
thee cardiopulmonary bypass is discontinued and the ascending aorta is opened. 
Underr visual control and with the patient in Trendelenburg position, the cannulas 
forr bilateral ASCP are inserted into the innominate and left common carotid artery. 
Inn addition, the left subclavian artery is either clamped or occluded with a Fogarty 
catheter.. Subsequently, we protect the heart by cold cristalloid antegrade 
cardioplegiaa through both coronary ostia, keeping myocardial temperature lower 
thann 15°C. Nasopharyngeal and blood temperatures are kept at 25°C, blood is 
perfusedd into both carotid arteries at a rate of 10 mL/kg/min and cerebral perfusion 
pressuree is adjusted to maintain a right radial arterial pressure of 40-70 mm Hg. 
Thee eventual arch replacement and distal aorto-prosthesis anastomosis are 
performedd under total circulatory arrest. Finally, when this procedure is 
completed,, ASCP is stopped and antegrade perfusion is re-instituted through an 8 
mmm tube graft attached to the aortic prosthesis. Rewarming was achieved at 1°C 
perr 3 minutes, not exceeding a 10°C gradient between arterial temperature and 
nasopharyngeall  or rectal temperature. 

Attemptss were made to preserve the aortic valve by resuspension of the 
commissuress if the dissecting process had caused regurgitation (125 patients), but 
wass always replaced in cases of annulo-aortic ectasia or if the cusps showed severe 
morphologicall  alterations [4]. 

Untill  1985, when gelatine-resorcine-formol glue (GRF) [5] became available, the 
falsee lumen was obliterated with one or more strips of Teflon felt between the 
aorticc layers. 
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StatisticalStatistical Analysis 
Statisticall  Analysis Software (version 6.12 for Windows, SAS Institute, Cary, NC) 
wass used for all analyses. Regarding operative mortality, death was considered to 
occurr within 30 days after primary surgery or during initial hospitalization [6]. In 
univariatee analysis, discrete variables were analyzed with the jl  or Fisher's exact 
testt to identify statistically significant risk factors for mortality (p < 0.05). 
Continuouss variables were analyzed by the Student's t test. After univariate 
analysis,, risk factors with a p-value less then 0.15 were conducted into stepwise 
multivariatee logistic regression to determine independant prognostic indicators for 
mortality. . 

Initiallyy after multivariate logistic regression analysis, it appeared that presence of 
ann aortic valve annulus >27 mm, was a predictor for decreased operative mortality. 
Becausee we were not able to suggest any biological cause for this result, we 
decidedd to re-run the analysis to determine the risk factors for annulus dilatation 
>277 mm. It appeared that an aortic valve replacement (by Bentall or single 
prosthesis)) was strongly associated with the presence of an aortic valve annulus 
>277 mm, which made us decide to use this additional variable in our final analysis. 

Al ll  patient related variables are listed in the Appendix A. 

.. ::::: :::  ::: 

Results s 

Thee overall operative mortality rate was 25.0% (63/252). Operative mortality in 
thee patient cohort operated upon before 1990 was 32% (n=26) versus 21% (n=37) 
afterr 1990 (p=0.08). Mortality in the patient group with an iatrogenic dissection 
wass high: 66.7% (8/12) versus 22.9% (55/240) (p=0.002). 

Perfusionn techniques are listed in Table 1. We used ASCP in 43 patients [7] and 
retrograderetrograde cerebral perfusion in two patients. Fifteen patients in whom ASCP was 
usedd and two patients with retrograde perfusion were operated upon in DHCA as 
well.. Mean aortic cross-clamp time and total cardiopulmonary bypass time were 
1111  43 and 189  65 minutes, respectively. The period of deep hypotherm 
circulatoryy arrest averaged 36  18 min. 

29 29 



ChapterChapter 2 

Inn most patients, a limited segment of the dissected ascending thoracic aorta, 
containingg the primary intimal tear if exposed, was primary repaired or resected 
andd replaced with a vascular prosthesis or a composite graft. Earlier in the series, 
155 patients underwent local repair of the intimal tear by performing an end-to-end 
re-anastomosiss without an interposition graft. This technique is currently not used 
anyy more. Operative procedures are listed in Table 2. 

TableTable 1. Perfusion techniques* 

Noo DHCA, ASCP, RCP (simple aortic 
clamping) ) 

DHCA** * 

ASCP*** * 

RCP*** * * 

Total l 

n n 

89 9 

118 8 

43 3 

2 2 

252 2 

Operative e 
mortality y 

24 4 

28 8 

10 0 

1 1 

63 3 

Percentage e 

27.0 0 

23.7 7 

23.3 3 

50.0 0 

*p=0.73 3 
**deepp hypotherm circulatory arrest 
***antegradee selective cerebral perfusion 
****retrogradee cerebral perfusion 

Concomitantt proximal arch or total arch vessel reconstruction was necessary in 30 
andd 9 patients, respectively, according to the extent of the disease. The elephant 
trunkk technique was performed in one patient. In many cases, it was possible to 
reconstructt the dissected coronary arteries, however in 16 patients coronary artery 
bypasss grafting was necessary either for irrepairable ostial involvement or for 
intrinsicc coronary artery disease. Associated surgical procedures which are 
consideredd to increase time for the operative procedure are listed in Table 3. 

Thee cause of death was: cardiac failure in 17, cerebral in 26, uncontrollable 
bleedingg in 13, sepsis in 7 as summarized in Table 4. Central neurologic deficit 
wass present in 85 patients. Of these patients 57 had a persisting neurologic deficit 
off  which 44 originated postoperatively. Fifteen patients had a transient 
preoperativee neurologic deficit and 13 other had a transient postoperative 
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neurologicc deficit. Most of the patients with a persisting postoperative 
neurologicall  deficit had been operated on with the use of an aortic cross-clamp as 
shownn in Table 5. Although not significant, a trend towards increased new 
persistingg neurological deficit was seen (p=0.13). Fortythree patients operate 
uponn with ASCP showed 2 new persisting neurological deficits versus 42 new 
strokess in the group operated without ASCP (p=0.01). Twentyeight patients 
postoperativelyy required a re-sternotomy because of haemorrhagic problems. 
Eightteenn patients required temporary renal dialysis for renal insufficiency. One 
patientt developed mediastinitis due to sternal infection. 

TableTable 2. Operative procedures 

BB entail 

Ascendingg aorta replacement 

AVR**  and ascending aorta replacement 

End-to-endd anastomosis** 

Total l 

n n 

30 0 

191 1 

16 6 

15 5 

252 2 

Percentage e 

11.9 9 

75.8 8 

6.3 3 

6.0 0 

100% % 

*aorticc valve replacement 
**ascendingg aorta re-anastomosis without 
interpositionn graft (after glueing or reinforcing 
bothh aortic stumps with Teflon) 

Wee compared 81 patients, operated on in the time interval 1974-1990, versus 171 
patientss in the most recent time interval. The group of early operated patients 
(beforee 1990) showed less preoperative neurologic problems (p=0.66, RR=0.32), 
lesss patients older than 65 years (p=0.09, RR=0.35), more dissections of the right 
coronaryy artery (p=0.015, RR=2.73), less resuspensions of the native aortic valve 
(p<0.0001,, RR=0.14), more use of teflon felt for the proximal anastomosis/aortic 
roott reconstruction (p<0.0001, RR=6.17) and less Bentall procedures performed 
(p=0.032,, RR=0.32). We also assessed the operative date as a possible longitudinal 
riskk factor of mortality in the analysis, which appeared not to be the fact (p=0.37, 
RR=0.88/eachh cumulative 5 year period, CI=0.67-1.16). 
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Acutee pain at presentation (p = 0.003), iatrogenic dissection (p = 0.002), 
preoperativee need for cardiopulmonary resuscitation (p = 0.002) and its derivative 
emergencyy sternotomy (p = 0.002), presence of an aortic valve annulus >27 mm 
(pp = 0.002), change of arterial cannulation location because of malperfusion (p = 
0.0003),, additional time consuming surgical procedures (p = 0.001), Bentall 
proceduree (p = 0.045) and a longer period of extracorporeal circulation time (p = 
0.003)) appeared to be relevant significant determinants of operative mortality by 
univariatee analysis. 

TableTable 3. Associated surgical procedures 

nn Percentage 

Partiall  arch 30 11.9 

Totall  arch 9 3.6 

Totall  arch 1 0.4 

CABG**  16 6.3 

Various: : 

Bypasss to innominate 7 

Explorativee 6 

Explorationn 6 

Surgicall  problems 4 

Myocardiall  septal 2 

Repairr for bleeding 7 

Sectioo caesarea 1 

*coronaryy artery bypass grafting 
**aorticc valve replacement after unsuccesful aortic valve resuspension 

Byy multivariate logistic regression analysis, iatrogenic dissection (p = 0.010, odds 
ratioo = 5.7), preoperative need for cardiopulmonary resuscitation (p = 0.010, odds 
ratioo = 5.5) and every cumulative 15 minutes of longer extracorporeal perfusion (p 
== 0.005, odds ratio =1.1) were found to be significant independant risk factors for 
operativee mortality (Table 6). Aortic valve replacement, by means of a single 
aorticc valve prosthesis or a composite Bentall, was a significant predictor for 
decreasedd operative mortality (p = 0.019, odds ratio = 0.3). 
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TableTable 4. Causes of operative mortality 

Causee of death n Percentage 

Cardiacc failure 17 27.0 

Strokee 26 41.3 

Bleedingg 13 20.6 

Sepsiss 7 11.1 

Totall  63 100% 

Discussion n 

Complicationss of acute aortic dissection occur rapidly and often with a fatal 
outcome.. Operative treatment still remains the most successful approach to 
preventt lethal consequences of the dissection. Most surgeons report serious 
preoperativee conditions as main risk factors for death [8-10]. Early performed 
surgery,, which is of course desirable because of the high early mortality in the 
naturall  history of this disease, probably increases the surgical risk by including 
moree critically il l patients who are near death [11]. This might explain our 
relativelyy high mortality although it is quiet similar to the number reported by the 
Stanfordd group (26  3%) [12]. 

Inn this series operative mortality indeed increases significantly for patients who 
hadd undergone cardiac surgery previously or who needed cardiopulmonary 
resuscitationn before surgery. Patients with iatrogenic type A dissection were 
frequentlyy intubated and sedated. Especially, such intra-operative and early 
postoperativee conditions cause a delay between onset of symptoms and diagnosis, 
whichh might explain the increased mortality (66.7%) for these 12 patients. We 
includedd these patients because the treatment strategy is analogous. The high 
operativee mortality in our hospital (25.0%) might also be explained by the high 
proportionn of referred patients operated on in cardiogenic shock (58 patients or 
23.0%)) of which 36.2% (21 patients) died. However, it has always been the policy 
inn our hospital not to refuse surgical treatment for patients with a type A aortic 
dissection.. Prompt diagnosis before development of cardiac tamponade is critical 
too improve operative salvage rate. 

Althoughh the surgical treatment of patients with this emergency situation has 
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TableTable 5. New postoperative neurologic deficit (n=44) 

Aorta-X* * 

Noo aorta-X 

Total l 

ASCP** * 

Noo ASCP 

Total l 

ASCP-DHCA*** * 

Noo ASCP 

Total l 

NN totaal 

223 3 

29 9 

252 2 

43 3 

209 9 

252 2 

28 8 

224 4 

252 2 

Neww CVA 

42 2 

2 2 

44 4 

2 2 

42 2 

44 4 

1 1 

43 3 

44 4 

Percentage e 

18.8% % 

6.9% % 

4.7% % 

20.1% % 

3.6% % 

19.2% % 

P P 

0.13 3 

0.01 1 

0.04 4 

*appliancee of aortic cross-clamp 
**usee of ASCP as brain protection 
***us ee of ASCP without deep hypotherm circulatory arrest 

evolvedd in the past decades with excellent results [10,13], as described by Ehrlich 
ett al. [14], in this patient cohort the operative date was not found to be a 
statisticallyy significant risk factor for operative death. This means that, although 
thee treatment of these patients clearly evolved with time, the multiple changes in 
operativee techniques, methods of perfusion, cerebral protection, introduction of 
GRF-glue,, could not substantially change our results. Mortality remained 
comparativelyy stable throughout the entire 25-year period. It was also obvious that 
thee frequency of such operations was significantly different during the first 16 
yearss (81 patients) and the subsequent 9-10 years (171 patients), which off course 
directlyy will have an impact on surgical expertise and will influence time of 
surgeryy and perfusion times. On the other hand we realize that this is a 
retrospective,, non-randomized comparison of the results of 15 different surgeons 
usingg a variety of techniques. 

Accordingg to other authors, the risk of neurological disorders and death increases 
significantlyy with circulatory arrest time [15]. Although we could not demonstrate 
thatt longer circulatory arrest time raises the risk of death, we have shown that the 
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TableTable 6. Multivariate significant risk factors for operative mortality 

Iatrogenicc dissection 

Cardiopulmonary y 
resuscitation n 

++ 15 minutes 
extracorporeall  perfusion 

Aorticc valve replacement 
orr Bentall 

n n 

12 2 

12 2 

46 6 

Operative e 
mortality y 

8 8 

8 8 

5 5 

Percentage e 

66.7% % 

66.7% % 

10.9% % 

P P 

0.010 0 

0.010 0 

0.005 5 

0.019 9 

Odds s 
ratio ratio 

5.7 7 

5.5 5 

1.1 1 

0.3 3 

riskk of death seems to be associated with a certain increase of extracorporeal 
circulationn time. Additionally we believe that longer extracorporeal circulation 
timee only reflects a more extensive operation, naturally closely related to the 
surgeons'' expertise and strategy to handle acute type A dissections. We also 
showedd a possible relationship between the occurence of new postoperative 
cerebrall  deficits and surgery without the use of ASCP. On the other hand, avoiding 
thee appliance of an aortic cross-clamp might improve postoperative neurological 
outcome.. Fortyfour patients had new postoperative neurologic deficits, of which 
422 patients had an aortic cross-clamp applied at least instantly. The two patients 
withh neurologic deficits, operated upon with ASCP, were operated on with 
appliancee of an aortic cross-clamp as well. None of the patients, operated upon 
withoutt appliance of an aortic cross-clamp but with ASCP, had a neurologic 
deficit.. This finding suggests an increased risk if an aortic cross-clamp is applied 
inn patients with acute type A dissection. 

Inn this series, all patients have been operated on with arterial cannulation through 
thee femoral artery, however, excellent results have been achieved with modern 
strategiess of axillary artery perfusion which has improved neurologic outcomes 
elsewheree [16]. In this regard, by means of an effective and more reliable 
perfusionn of the true lumen, it may be superior to femoral artery perfusion and 
couldd lead to improved outcomes with these operations. 
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Mostt authors currently agree that Marfans' disease and annuloaortic ectasia 
representt a contra-indication to root preservation during surgery for acute type A 
dissectionn [2,17,18]. Accordingly these patients should undergo a Bentall 
proceduree [19] or alternatively the procedure described by David et al.[20]. In our 
series,, aortic valve replacement was associated with the presence of an aortic valve 
annuluss >27 mm, and aortic valve replacement by means of an aortic valve 
prosthesiss or a Bentall procedure was associated with decreased mortality. 

Inn this series, bleeding was the cause of death in 20.6% of the operative deaths, but 
mortalityy was not significantly improved by techniques supposed to provide a 
moree secure proximal or distal anastomosis, as the use of GRF glue, fibrin glue, 
Teflonn felt or Blaylock reinforcement, although we previously reported improved 
resultss with conservation of the native aortic valve using surgical glues [4]. 
Theoretically,, aortic valve replacement and the Bentall procedure, which are 
supposedd to add to the complexity and length of the operation, might even increase 
thee operative risk by prolonging cardiopulmonary bypass time. However, the use 
off  aortic valve replacement or Bentall procedure seems to be associated with 
decreasedd mortality, which perhaps can be explained because they might prevent 
fromm prolonging cardiopulmonary bypass time due to proximal anastomosis 
bleedingg or secondary repair after unsuccesful aortic valve resuspension. It 
appearedd that only one of the 30 patients after a Bentall procedure died due to 
bleedingg and none of the 16 patients after aortic valve replacement. 

Wee actually advocate an open distal technique using DHCA if it is anticipated that 
thee arrest time will last less than 30 minutes; ASCP is used when the arrest time 
wil ll  last longer than 30 minutes. Based on our results, we might shift towards more 
usee of ASCP and avoidance of aortic clamping. 

Wee currently believe that a couple of basic surgical principles should be kept in 
mindd every time surgery for acute type A dissection is performed. The intimal tear 
shouldd always be resected and if it is not found, one should look for it. If no tear 
iss identified in the ascending aorta, inspection of the distal ascending aorta or the 
aorticc arch should follow with the use of DHCA. The aortic valve should be 
preservatedd if morfologically normal and without annulus dilatation, otherwise a 
Bentalll  procedure might be recommended [4]. To protect the brain during 
circulatoryy arrest ASCP might be more beneficial. Clamping of the aorta can only 
bee safely applied if adequate and sufficient controls are available intra-operatively 
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(bilaterall  radial artery pressure, electro-encephalogram and bilateral transcranial 
dopplerr monitoring). If aortic clamping is applied, the clamping zone should 
alwayss be excised and at least the ascending aorta should be replaced. 

Inn conclusion, our experience indicates that the patients with an acute type A aortic 
dissectionn should have early confirmation of the diagnosis in order to prevent or 
avoidd preoperative situations such as cardiogenic shock and the need for 
cardiopulmonaryy resuscitation. We demonstrated that perhaps avoiding the 
appliancee of an aortic cross-clamp and the use of ASCP is preferable to reduce the 
riskk of new postoperative neurological events. The choice to use an aortic valve 
prosthesiss or Bentall procedure when applicable seems to benefit the 
postoperativee early survival. 
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Appendixx A.l Table A.l Pre-operative patient related data considered in the 
univariateunivariate and multivariate analysis of operative mortality 

Patientt variables Mortality y % % 

Gender r 

Age e 

Acutee pain at 
presentation n 
Timee from onset of 
painn to treatment 

Previouss cardiac 
catheterization n 

Iatrogenicc dissection 

Marfan'ss syndrome 

Diabetess mellitus 

Anyy neurologic 
dysfunction n 

Peripherall  neurologic 
dysfunction n 

Centrall  neurologic 
dysfunction n 

Limbb malperfusion 

Oliguriaa or anuria 

Clinicall  signs of 
cardiacc tamponade 

Cardiogenicc shock at 
initiall  presentation in 

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 

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 

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 

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 

hospital l 
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Patientt variables _nn Mortality % 

Severee haemodynamic 
problemss due to 
tamponadee or cardiogenic 
shockk at start of surgery 
Preoperativee use of 
anticoagulantia a 

Emergencyy sternotomy 

Cardiopulmonary y 
resuscitation n 

PreoperativePreoperative pericardial 
drainagee for tamponade 

Surgeryy before 1990 

EEGG at induction 

PreoperativePreoperative 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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PerioperativePerioperative patient related data considered in the univariate and multivariate 
analysisanalysis of operative mortality 

Patientt variables 

Hemopericardium m 

Rupturedd ascending aorta 

Noo aortic entry tear located 

Dissectionn left coronary 
artery y 

Dissectionn right coronary 
artery y 

Macroscopicc normal aortic 
valve e 

Calcifiedd aortic valve 

Presencee of aortic valve 
annuluss >27mm 

Changee of arterial 
cannulationn location for 

Deepp hypotherm circulatory 
arrest t 

Antegradee selective 
cerebrall  perfusion 

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 

nn 1 

67 7 
185 5 

18 8 
234 4 

25 5 
227 7 

18 8 
234 4 

54 4 
198 8 

210 0 
42 2 

10 0 
242 2 

38 8 
214 4 

10 0 
242 2 

135 5 
117 7 

43 3 
209 9 

Mortality y 

24 4 
39 9 

6 6 
57 7 

6 6 
57 7 

1 1 
62 2 

15 5 
48 8 

52 2 
11 1 

2 2 
61 1 

2 2 
61 1 

8 8 
55 5 

34 4 
29 9 

10 0 
53 3 

% % 

35.8 8 
21.1 1 

33.3 3 
24.4 4 

24.0 0 
25.1 1 

5.6 6 
26.5 5 

27.8 8 
24.2 2 

24.8 8 
26.2 2 

20.0 0 
25.2 2 

5.2 2 
28.5 5 

80.0 0 
22.7 7 

25.2 2 
24.8 8 

23.3 3 
25.4 4 

0.021 1 

0.403 3 

1.000 0 

0.050 0 

0.598 8 

0.847 7 

1.000 0 

0.002 2 

0.0003 3 

1.000 0 

0.849 9 
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Patientt variables 

Diameterr dacron graft 
(mm)) used for proximal 
anastomosis s 

Aorticc valve re suspension 

Teflonn felt used for 
proximall  anastomosis 

GRFF glue used for 
proximall  anastomosission 

Blalockk reinforcement for 
distall  anastomosis 

Fibrinouss glue used for 
aorticc valve resuspension 

Additionall  surgical 
procedure e 

20 0 
22 2 
24 4 
25 5 
26 6 
28 8 
29 9 
30 0 
32 2 
34 4 

missing g 
data a 

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 

1 1 
12 2 
37 7 
4 4 
61 1 
42 2 
2 2 
42 2 
9 9 
2 2 
40 0 

125 5 
127 7 

47 7 
205 5 

161 1 
91 1 

105 5 
147 7 

9 9 
243 3 

53 3 
199 9 

Mortality y 

0 0 
2 2 
14 4 
1 1 
12 2 
5 5 
0 0 
42 2 
9 9 
0 0 

31 1 
32 2 

16 6 
47 7 

40 0 
23 3 

25 5 
38 8 

2 2 
61 1 

23 3 
40 0 

% % 

0 0 
16.7 7 
37.8 8 
25.0 0 
19.7 7 
11.9 9 
0 0 

26.2 2 
33.3 3 

0 0 

24.8 8 
25.2 2 

34.0 0 
22.9 9 

24.8 8 
25.3 3 

23.8 8 
25.9 9 

22.2 2 
25.1 1 

43.4 4 
20.1 1 

P P 

1.000 0 

0.135 5 

1.000 0 

0.769 9 

1.000 0 

0.001 1 
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Patientt variables 

Usee of aortic cross-clamp 
onn ascending aorta 

Antegradee re-perfusion 
throughh distal prosthesis 

BB entail procedure 

Ascendingg aorta 
replacement t 

Aorticc arch replacement 

Aorticc valve replacement 

End-to-endd re-
anastomosiss without 
interpositionn graft 

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 

223 3 
29 9 

77 7 
175 5 

30 0 
222 2 

207 7 
45 5 

40 0 
212 2 

16 6 
236 6 

15 5 
237 7 

Mortality y 

56 6 
7 7 

19 9 
44 4 

3 3 
60 0 

55 5 
8 8 

12 2 
51 1 

2 2 
61 1 

5 5 
58 8 

% % 

25.3 3 
24.1 1 

24.7 7 
25.1 1 

10.0 0 
27.0 0 

26.6 6 
17.8 8 

30.0 0 
24.1 1 

12.5 5 
25.9 9 

33.3 3 
24.5 5 

P P 

0.658 8 

1.000 0 

0.045 5 

0.258 8 

0.430 0 

0.371 1 

0.538 8 
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TableTable A.2 Test procedure of continuous patient related data 

Patientt variables 

Diameterr prosthesis 
proximall  anstomosis 
(mm) ) 

Extracorporeal l 
circulationn time (min) 

Aorticc cross-
clamp/myocardial l 

Deepp hypotherm 
circulatoryy arrest time 
(min) ) 

Brainn ischaemia time 
(min) ) 

Antegradee selective 
cerebrall  perfusion time 
(min) ) 

Bodyy ischaemia time 
(min) ) 

Minimal l 
bloodtemperaturee (°C) 

Minimall  rectal 
temperaturee (°C) 

Minimall  nasopharyngeal 
temperaturee (°C) 

Aliv e e 
Dead d 

Nott available 

Aliv e e 
Dead d 

Aliv e e 
Dead d 

Aliv e e 
Dead d 

Nott available 

Aliv e e 
Dead d 

Nott available 

Aliv e e 
Dead d 

Nott available 

Aliv e e 
Dead d 

Nott available 

Aliv e e 
Dead d 

Nott available 

Aliv e e 
Dead d 

Nott available 

Aliv e e 
Dead d 

Nott available 

n n 

164 4 
48 8 
40 0 

189 9 
63 3 

189 9 
62 2 

96 6 
31 1 
8 8 

96 6 
31 1 
8 8 

33 3 
10 0 
0 0 

128 8 
43 3 
81 1 

183 3 
61 1 
8 8 

172 2 
56 6 
24 4 

178 8 
59 9 
15 5 

Meann  SD 

27.00  2.6 
26.77  2.8 

182.55
56.5 5 

109.55
40.6 6 

35.11  15.4 
35.55  17.4 

32.66  13.9 
33.33  19.1 

61.55 2 
53.88  18.1 

38.66  19.1 
39.55  18.0 

15.88 2 
14.99  4.8 

23.11 3 
22.11 0 

20.22  5.7 
19.88 1 

P P 

0.566 6 

0.003 3 

0.443 3 

0.845 5 

0.824 4 

0.544 4 

0.795 5 

0.254 4 

0.256 6 

0.636 6 
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Abstract t 

Background. Background. 
Thiss study investigates the determinants of long-term outcome and modalities of 
latee death after surgical treatment of acute type A dissection. 

Methods. Methods. 
Betweenn 1974 and 2001, 315 consecutive patients were operated on for acute type 
AA aortic dissection. Operative mortality was 22.9%. A series of 243 survivors of 
surgicall  treatment were followed for up to 27 years. End points were death, 
cardiovascularr reoperation and neurological events. Median follow-up was 4.5 
years.. Follow-up was 99.6% complete. 

Results. Results. 
Cumulativee survival of discharged patients was , % and 

%% at 1, 10 and 20 years respectively. During follow-up 47 patients died. 
Causee of death was cardiac failure in 7, haemorrhage due to rupture of the distal 
aortaa in 7 and stroke in 4 patients. Multivariate analysis revealed advanced patients 
agee and postoperative haemodialysis as peri-operative indicators of late death 
(p<0.05). . 
Freedomm from cardiovascular reoperation was % at 1 year, % at 
100 years and % at 20 years. A total of 58 patients required 86 
cardiovascularr reoperations; aortic root or ascending aorta replacement was 
performedd in 20, distal ascending aorta and arch replacement in 13, descending 
aortaa replacement in 6, thoracoabdominal aorta replacement in 7, abdominal aorta 
replacementt in 7 and miscelleanous reoperations in 6 patients. Multivariate 
analysiss revealed male gender and left coronary artery dissection as significant 
determinantss for late cardiovascular reintervention (p<0.05). Cumulative 
incidencee of stroke after 20 years was 3.8%. 

Conclusions. Conclusions. 
Acutee type A dissection represents an emergency situation with acceptable long-
termm results for discharged survivors of surgical treatment. 
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Introductio n n 

Thee long-term survival of patients after surgical repair for type A aortic dissection 
hass improved since the early reports of Hirst [1] and Anagnostopoulos [2]. 
However,, the early mortality rates remain still as high as 40% [3]. We have 
previouslyy reported on our short-term results after surgery for acute type A aortic 
dissectionn [4]. The purpose of this retrospective study is to report our 
experiencess in the surgical treatment of patients with acute type A dissection over 
aa 27-year period, with special emphasis on long-term outcome and modalities of 
latee death. 

Materia ll  and methods 

Betweenn November 1974 and December 2001, 315 consecutive patients (205 men 
andd 110 women) were operated on for acute type A aortic dissection at the St. 
Antoniuss Hospital, Nieuwegein, The Netherlands. The mean patient age was 

22 years. If chest pain or other symptoms occurred less than 14 days before 
operation,, the dissection was defined as acute [5]. The type of the aortic dissection 
wass considered, according to the Stanford classification, to be type A if the 
ascendingg aorta was involved [6]. The diagnosis of type A aortic dissection was 
confirmedd by either aortography especially in the early experience, 
transoesophageall  echocardiography (64%, n=203), computed tomography 
(29.8%,, n=94), magnetic resonance imaging, or operative exploration. The present 
studyy reports on our experience of a series of 243 patients, who survived surgical 
treatmentt for acute type A dissection and were discharged from the hospital, to 
establishh the long-term outcome and modalities of late death after emergency 
operationn for acute dissection. Ten patients in this series had Marfan's syndrome. 
Al ll  patients were anticoagulated postoperatively with Coumadin for 3 months and 
weree then switched to antiplatelet therapy unless they were in atrial fibrillation or 
hadd undergone a Bentall procedure or separate aortic valve replacement. 

SurgicalSurgical technique 
Throughoutt the years of the study, there was a substantial variability in 
cardiothoracicc surgeons (15) and, due to changed insights, in surgical technique. 
Thee following reflects our general approach. The operation was performed using 
femorall  artery cannulation, venous return through the right atrium, median 
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sternotomyy approach, total cardiopulmonary bypass, and cardiac arrest with cold 
oxygenatedd crystalloid cardioplegia. A left ventricular drain was inserted through 
thee right upper pulmonary vein. After administration of cardioplegia, the 
ascendingg aorta was opened and the aortic valve was inspected. Whenever 
possible,, attempts were made to repair the aortic valve. The aortic arch was 
exploredd under circulatory arrest and if an intimal tear was present, parts of or the 
completee aortic arch were replaced. The brain was protected either by deep 
hypothermiaa or antegrade cerebral perfusion. The segment of aorta containing the 
intimall  tear was usually resected and replaced with a Dacron prosthesis and, 
frequently,, the aortic stumps were reinforced with Teflon strips. Gelatin-
resorcinon-formalinn (GRF) adhesive (Colle biologique, Fii, Saint Just Malmont, 
France)) or fibrinous glue (Tissu-col, Immuno AG, Vienna, Austria) were not 
routinelyy used. In the later years, if the aorta was cross-clamped, the clamping 
regionn was always replaced. 

Isolatedd ascending aorta replacement was performed in 132 patients (54.3%), 
hemiarchh replacement in 45 (18.5%), total arch replacement in 12 (4.9%) and 
elephantt trunk in one. Ten patients, in the earlier series, had primary repair of an 
intimall  tear without graft replacement of the ascending aorta. The aortic valve was 
replacedd in 16 patients (6.6%); a mechanical valve was implanted in 14 patients 
andd a biological valve was used in the remaining two. In 104 patients (42.8%) it 
wass possible to resuspend the aortic valve, in 9 patients aortic root remodeling was 
performedd by reimplantation of the aortic valve in a tubular Dacron graft 
accordingg to David [7] and in 2 patients according to the technique described by 
Yacoub.. The native aortic valve remained untouched in the remaining 80 patients, 
whilee a Bentall procedure was performed in 31 patients. Concomitant coronary 
bypasss grafting was necessary in 9 patients. 

Deepp hypotherm circulatory arrest (DHCA) was used in 96 patients (39.5%) to 
alloww for an open distal anastomosis or for arch replacement. Antegrade selective 
cerebrall  perfusion (ASCP) was applied in 81 patients (33.3%) during circulatory 
arrestt of the body [8, 9]. We have used retrograde cerebral perfusion (RCP) only 
once,, while the remaining 65 patients (26.8%) have been operated upon with 
simplee aortic cross-clamping without DHCA, ASCP or RCP. 

Follow-up Follow-up 
Fromm January to April 2002, we performed a cross-sectional follow-up of all 
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patientss not known to be dead. Data were obtained by retrospective review of 
hospitall  records. Follow-up information was collected by written and telephone 
contactss with patients, relatives, or physicians. Follow-up was 99.6% complete. 
Onee patient remained untracked, due to emigration with unknown current address 
orr relatives. Total cumulative follow-up extendend to 1292 patient-years with a 
mediann of 4.5 years. 

StatisticalStatistical Analysis 
Statisticall  Analysis Software (version 8.2 for Windows, SAS Institute, Cary, NC) 
wass used for all analyses. Univariate analysis of potential risk factors (see 
Appendix)) was performed to identify statistically significant perioperative risk 
factorss (p<0.05) for end-points as death, cardiovascular reoperation and 
neurologicall  events. The univariate analysis was followed by logistic regression 
analysiss (binary outcome) or Cox proportional hazard regression analysis (time 
relatedd binary outcome) to determine independent perioperative risk factors. 
Kaplan-Meierr life tables were constructed to estimate long-term survival rates for 
operativee survivers. Groups were compared using log-rank tests. Continuous data 
aree expressed as means  SD. 

Results s 

Survival Survival 
Overalll  operative mortality was 22.9%, 243 patients survived surgical treatment 
andd were discharged from the hospital. Among the discharged patiens, 
cumulativee survival was 96.4+1.3%, % and % at 1, 10 and 20 
yearss respectively (Figure 1). Median survival time was 16.0 years. During the 
follow-upp period 47 patients died (19.3%). Seven patients died due to cardiac 
failure,, 7 patients had fatal rupture of the distal aorta and 4 patients died due to a 
strokee (Table 1). Multivariate analysis of the operative survivors revealed 
advancedd patients age at surgery and postoperative need for haemodialysis as 
predictorss that were associated with late death (Table 2). 
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FigureFigure 1. Survival of operative survivors 

LongLong term results 

100% % 

75% % 

50% % 

2 5 % ' ' 

00 %i 

11 year 96.4+1.3%, n=196 
100 years 1 

200 years 39.4+12.0%, n=2 

\ \ 

" 11 1 ( 1 1 1 

00 2.5 5 7.5 10 12.5 

Postoperativee years 

15 5 17.5 5 20 0 

TableTable 1. Causes of late death 

Respiratoryy insufficiency 
Malignancy y 
Haemorrhage e 
Sepsis s 
Stroke e 
Cardiacc failure 
Unknown n 
Total l 

n n 
4 4 
2 2 
7 7 
o o 

4 4 
7 7 
20 0 
47 7 

% % 
1.6 6 
0.8 8 
Z*.s Z*.s 

1.2 2 
1.6 6 
2.9 9 
8.2 2 
19.3 3 
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TableTable 2. Multivariate determinants of late death 

Variablee p-value Relative Risk 95% Confidence Limits 
Advancedd age (per year) 0.005 1.044 1.013-1.076 
Haemodialysiss Q.009 3.6 1.4-9.3 

LateLate cardiovascular reoperation 
Duringg the follow-up period a total of 58 (23.9%) patients had to be reoperated. 
Somee of the patients required multiple reoperations for a total of 86 reoperations. 
Fourr patients died at reoperation. The following reoperations were performed 
initially :: aortic root and/or ascending aorta replacement in 20 patients, graft 
replacementt of the transverse arch and ascending aorta in 13 patients and isolated 
descendingg aorta replacement in 6 patients. Graft replacement of the thoraco-
abdominall  aorta or the isolated abdominal aorta was necessary in respectively 7 
andd 7 patients. Miscellaneous reoperations were performed due to carotid disease 
inn 1 patient, rupture and re-rupture of the ventricular septum in one same patient, 
sternall  refixation in 1 patient and late tamponade in 2 patients. Freedom from 
cardiovascularr reoperation was % at 1 year, % at 10 years and 
41.9  15.0% at 20 years (Figure 2). Male gender and dissection of the left coronary 
arteryy seemed to be independent significant determinants for late cardiovascular 
reoperationn (Table 3). 

TableTable 3. Multivariate determinants of cardiovascular intervention 

Variablee p-value Relative Risk 95% Confidence Limits 
Malee gender 0.03 2.1 1.1-3.9 
Leftt coronary 
arteryy dissection 0.05 2.1 1.0-4.5 

Wee also compared the risk of late aortic root reoperation for patients with a native 
aorticc valve (196 patients) versus patients with an aortic valve replacement (16 
isolatedd aortic valve prostheses and 31 Bentall procedures): there was no statistical 
significantt difference (p=0.92) as shown in Figure 3. 

Multivariatee analysis of the patient cohort with an aortic valve replacement did not 
reveall  significant variables for late aortic root reoperation. Multivariate analysis of 
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FigureFigure 2. Freedom from late cardiovascular reintervention 
100% % 

75% % 

50% % 

25% % 

11 9 
100 years , n=29 
200 years 41.9+15.0%, n=l 

2.5 5 7.5 5 10 0 12.5 5 15 5 17.5 5 20 0 

Postoperativee years 

thee cohort with a native aortic valve showed an aortic annulus >27 mm, dissection 
off  the left coronary artery and the use of GRF adhesive for aortic root 
reconstructionn as significant variables for late reintervention on the aortic root 
(Tablee 4). 

TableTable 4. Multivariate determinants of late aortic root intervention 

Variable e 
Aorticc annulus >27 mm 
Leftt coronary 
arteryy dissection 
GRF-gluee for aortic root 

p-value e 
0.002 2 

0.06 6 
0.03 3 

Relativee Risk 
6.0 0 

2.8 8 
3.2 2 

95%% Confidence Limits 
2.0-18.2 2 

1.0-8.2 2 
1.1-9.3 3 
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FigureFigure 3. Freedom from aortic root reintervention 
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LateLate neurologic events 
Amongg the survivors 7 patients had late neurological deficits, which were 
permanentt in all of them. The cumulative incidence of stroke after 20 years was 
3.8%.. Too few patients were available for proper multivariate analysis, therefore 
wee also analysed the total group of patients with late neurologic events, consisting 
off  the 7 patients with a stroke and 6 patients with a transient ischaemic attack 
(Figuree 4). Only emergency sternotomy appeared to be a significant perioperative 
determinantt for late neurologic event, p=0.03, RR 4.2, CL 1.14-15.1. Two patients 
withh a stroke had undergone a Bentall procedure, all the remaining patients with a 
strokee or transient ischaemic attack had their native aortic valve and were not on 
Coumadins. . 
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Comment t 

Wee have reviewed the late results for 243 discharged patients who survived 
surgicall  treatment for acute type A dissection. The results indicate that the 
variables,, found to influence the long-term results, were all associated with 
preoperativee patient related factors and with a certain seriousness and extent of the 
diseasee which for the most part cannot be readily modified. This is similar to 
previouss reports where late results were shown to depend upon both technical 
featuress of the operation and the basic condition of the patients [10, 16]. 

Previouss reports on long-term survival after treatment for acute type A dissection 
havee included follow-up data up to 20 years. According to these prior reports 10-
yearss survival rates are 30-60% [11,12,13,14,15,16,17,18,20]. Although the 
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patientt characteristics are not completely comparable, our long-term results seem 
comparablee and acceptable. Operative techniques did not improve the long-term 
survivall  significantly. Other surgeons have advocated that only resection of the 
dissectedd ascending aorta is justified, because the principal goal of the operation 
iss the survival of the patient. Their argument is that the risks of a more extensive 
operation,, done by surgeons with inadequate experience with aortic dissection, 
withh replacement of the arch outweighs the longterm benefit [18]. In our series, 
moree extensive operations with arch replacements did not affect the late results, 
althoughh all of our surgeons, some of them less trained in aortic surgery, 
contributedd to all operations. On the other hand we agree with other authors, 
becausee a more advanced patients age at surgery is significantly influencing the 
latee survival rate, that the potential benefit of extensive surgery on late survival has 
too be related to the limited life expectancy of patients at an advanced age [19]. 
However,, we believe that surgery for acute type A dissection should not be denied 
onn the sole consideration of advanced age. 

Inn all patients, if the intimal tear is located in the ascending aorta, the ascending 
aortaa should be totally replaced, and the aortic valve preserved whenever possible. 
Whenn the intimal tear is located in, or extends into, the aortic arch, this segment 
shouldd be partially or totally replaced [16]. Failure to resect the intimal tear and 
replacee the transverse arch in those cases might predispose to late reoperation. 
However,, in accordance with the results of other authors [10], also in our series 
malee gender and coronary artery disease were determinants of late aortic 
reoperation,, and the treatment method did not significantly influence the rate of 
latee aortic reoperation. Thirtythree patients required late graft replacement of the 
remainingg native distal aorta in order to exclude their postdissection aneurysm 
withh patent false lumen. For this reason all survivors of type A should be treated 
withh beta-adrenergic blocking agent, and require continued surveillance with 
annuall  CT or MR scans of the aorta [13, 15]. 

Wee showed that the long-term results regarding aortic root reoperation, between 
patientss with a native aortic valve and patients with an aortic valve replacement 
weree not significantly different (p=0.92). This is comparable with previously 
publishedd results focusing on our relatively durable results of aortic valve 
preservationn and root reconstruction in patients who underwent surgery for acute 
typee A aortic dissection with involvement of the aortic root [20]. In the mentioned 
study,, the use of fibrin glue (RR 8.7, p=0.03) and an aortic annulus >27 mm (RR 
4.2,, p=0.04) were identified as significant risk factors for aortic root 
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reoperation.Additionallyy in the same study, the use of GRF also seemed to 
compromisee the long-term durability which is in accordance with the results of 
otherr authors who claimed that gluing dissected aortic wall tissue carries a high 
riskrisk of redissection [21]. Therefore we might agree with Sabik et al [17] that 
aggressivee routine complete aortic root replacement is not always justified. 

Otherr authors have reported that patients receiving a mechanical prosthesis, and 
thereforee indefinite anticoagulation, are threatened by potential catastrophe as a 
neurologicc event [5]. However this has not been confirmed in our series; two 
patientss with a Bentall procedure had late neurological deficits. Nevertheless we 
emphasizee the desirability of preserving the native valve whenever possible. 

Alsoo in our series, there was no influence of year of operation on the late results 
although,, of course, we still need to consider the retrospective, non-randomized 
naturee of this study and its results of different surgeons using a variety of available 
techniques.. Nevertheless we agree with Ehrlich and colleagues [18] that any other 
furtherr reduction of mortality rate in patients with a predilection for dissection 
mightt come from earlier recognition of risk factors such as hypertension and aortic 
dilatation,, followed by elective operation with its much lower mortality and 
morbidity.. The multiple changes in operative techniques, methods of perfusion and 
cerebrall  protection have not substantially changed our long-term results. 

Althoughh acute type A aortic dissection is still considered to represent an 
emergencyy situation that requires immediate surgical treatment, it seems that for 
dischargedd survivors of surgical treatment the long-term results are good. The late 
survivall  rates may be enhanced in the future by closer surveillance of the aorta and 
earlierearlier reintervention before the development of dissection-related complications. 
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Appendix x 

ExaminedExamined preoperative and perioperative patient related variables 

DemographicDemographic characteristics. Gender, age. 

Comorbidities.Comorbidities. Diabetes mellitus, preoperative anticoagulantia. 

PredisposingPredisposing factors for dissection. Cardiac catheterization, previous cardiac 
surgery,, Marfan syndrome. 

PreoperativePreoperative status. Acute pain at presentation, time onset to treatment, any 
neurologicc dysfunction, peripheral neurologic deficit, central neurologic deficit, 
limbb malperfusion, oliguria or anuria, cardiac tamponade, cardiogenic shock at 
presentation,, cardiogenic shock at start surgery, cardiopulmonary resuscitation, 
preoperativee pericardial drainage, preoperative serum creatinine, left ventricular 
function. . 

AorticAortic pathology. Aortic valve regurgitation, ruptured ascending aorta, location of 
entryy tear, dissection of left coronary artery, dissection of right coronary artery, 
macroscopicc normal aortic valve, calcified aortic valve, aortic annulus >27mm. 

Procedure.Procedure. Emergency sternotomy, date of operation, EEG at induction, 
hemopericardium,, change of arterial cannulation site, deep hypotherm circulatory 
arrest,, antegrade selective cerebral perfusion, diameter proximal aortic prosthesis, 
aorticc valve resuspension, teflon felt, GRF glue, Blalock for distal anastomosis, 
fibrinn glue, additional surgical procedure, aortic cross-clamping, antegrade re-
perfusionn distal prosthesis, Bentall procedure, ascending aorta replacement, aortic 
archh replacement, aortic valve replacement, end-to-end reanastomosis, 
extracorporeall  circulation time, myocardial ischemia time, deep hypotherm 
circulatoryy arrest time, brain ischemia time, antegrade selective cerebral perfusion 
time,, body ischemia time, blood temperature, rectal temperature, nasopharyngeal 
temperature. . 
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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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Introductio n 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. 

Materia ll  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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Abstract t 

Background. Background. 

Thee aim of this study was to determine the durability of aortic valve preservation 
andd root reconstruction in type A aortic dissection with involvement of the aortic 
root. . 

Methods. Methods. 
Fromm November 1976 to February 1999, 246 patients underwent surgical 
treatmentt for acute type A aortic dissection at our institution. In 121 patients 
(49%),, all with acute type A dissection and aortic root involvement, the aortic 
valvee was preserved and one or more of the sinuses of Valsalva were 
reconstructed.. The mean age of this group was 1 years and 70 (58%) were 
men.. Thirty patients (25%) were operated in cardiogenic shock. Criteria for aortic 
roott reconstruction were technical feasibility and surgeon preference. Techniques 
usedd for reconstruction were valve resuspension in all patients and additional 
reinforcementt of the aortic root with Teflon (L.R. Bard, Tempe, AZ) felt (n=21), 
gelatin-resorcinol-formaldehyde-gluee (GRF-glue, Fii, Saint-Just Malmont, 
France)) (n=103), or fibrinous glue (Tissu-col, Immuno AG, Vienna, Austria) 
(n=5).. Mean follow-up was 6 months. 

Results. Results. 
Thee operative mortality was 21.5% (n=26). Actuarial survival was , % 
andd % at 1, 5 and 10 years, respectively. Median aortic regurgitation in 
patientss with retained native aortic valve at follow-up was 1+. All root 
reoperationss included aortic valve replacement (n=12). Freedom from aortic root 
reoperationn was % at 1 year, % at 5 years and % at 10 years. The 
incidencee of aortic root reoperation was 23%, 11% and 40%, respectively, when 
Teflonn felt, GRF-glue, and fibrinous glue were used for root reconstruction. 
Multivariatee Cox proportional hazard analysis revealed the use of fibrinous glue 
(RR=8.7;; p=0.03) as well as the presence of an aortic valve annulus more than 27 
mmm (RR=4.2; p=0.04) as independent risk factors for aortic root reoperation. 

Conclusions. Conclusions. 
Aorticc valve preservation in acute type A dissection provides relatively durable 
results.. The use of fibrinous glue for root reconstruction seems to compromise the 
long-termm durability of the repair compared with Teflon felt and GRF-glue. A 
dilatedd aortic annulus requires a more extensive root procedure. 
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Introductio n n 

Acutee type A aortic dissection according to the Stanford classification [1 ] involves, 
perr definition, the ascending aorta. The degree of involvement of the ascending 
aorta,, however, may vary from a discrete intramural hematoma to a totally 
disruptedd aortic wall architecture including the aortic root. This usually causes 
severee aortic regurgitation. Whereas surgical treatment in the former can consist of 
aa short segment replacement of the ascending aorta, surgical options in the latter 
needd to restore a functional aortic root. This can be obtained by the Bentall and De 
Bonoo [2] procedure. As type A dissection does not affect the aortic valve annulus 
orr the valve leaflets, efforts have been made in individuals without preexisting 
aorticc valve pathology to reconstruct in some way the sinuses of Valsalva and 
resuspendd the aortic valve commissures [3-6]. This aims to restore the geometry 
off  the aortic root and subsequently aortic valve competence. The reported 
durabilityy of these different techniques, however, is not uniformly good [7], and 
follow-upp is mostly short. This study focuses on the durability of the aortic valve 
preservationn and root reconstructive technique in patients who underwent surgical 
treatmentt for an acute type A aortic dissection with involvement of the aortic root. 
Thee second objective of the study was to determine risk factors for aortic root 
reoperation. . 

Materia ll  and methods 

InclusionInclusion criteria 
Fromm November 1976 to February 1999, 246 consecutive patients underwent 
surgicall  treatment for acute type A aortic dissection according to the Stanford 
classificationn [1]. The dissection was considered acute if the operation was 
performedd within 14 days after the onset of symptoms. In addition, eligibility for 
thee study required involvement of the aortic root by the dissection with subsequent 
surgicall  reconstruction of one or more of the sinuses of Valsalva and preservation 
off  the aortic valve. Patients who received a supracoronary ascending aortic 
replacementt without root reconstruction were excluded from this analysis as well 
ass patients undergoing a David and associates [8] procedure. Following these 
criteria,, 121 patients (49%) were included in the study. 
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PatientPatient characteristics 
Thee mean age was 1 years (range, 24 to 81 years) and 58% (n=70) were men. 
Twoo patients previously underwent coronary artery bypass grafting (CABG) and 
anotherr patient had had a descending thoracic aorta replacement for a ruptured 
typee B aortic dissection. Marfan's syndrome was present in 2 patients. Table 1 
showss the patient distribution per year. One fourth of the patients (n=30) were 
operatedd in cardiogenic shock. Preoperative neurological deficit was diagnosed in 
199 patients (Table 2). However, this was transient and fully recovered at the time 
off  operation in 10 patients. Associated procedures included partial or total arch 
replacementt in 18 patients, CABG in 4 patients, and exploratory laparotomy in 
anotherr 4 patients. 

Postoperativelyy patients were anticoagulated with Coumadin (Du Pont 
Pharmaceuticals,, Wilmington, DE) for 3 months and were then switched to 
antiplatelett therapy unless they were in atrial fibrillation. 

TableTable 1. Number of patients operated per year throughout the study periods 

Year r 

No.. of 
patients s 

76 6 

1 1 

82 2 

2 2 

83 3 

2 2 

84 4 

2 2 

85 5 

2 2 

86 6 

1 1 

87 7 

3 3 

88 8 

4 4 

89 9 

3 3 

90 0 

11 1 

91 1 

11 1 

92 2 

13 3 

93 3 

10 0 

94 4 

9 9 

95 5 

7 7 

96 6 

14 4 

97 7 

17 7 

98 8 

7 7 

99 9 

2 2 

aan=n= 121. 

SurgicalSurgical technique 
Thee technique changed somewhat over the years since a total of 11 surgeons 
operatedd on the patients included in this series. Usually the procedure started with 
aa median sternotomy, followed by cannulation through the femoral artery and right 
atriall  appendage. A left ventricular decompression line was inserted through the 
rightright superior pulmonary vein. In cases of hemodynamic instability or 
resuscitation,, extracorporeal circulation (ECC) was usually initiated by arterial 
andd venous cannulation in the groin using a long venous cannula, after which 
mediann sternotomy was performed. 

Oncee the patient was on ECC, systemic cooling was initiated. In the early 
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TableTable 2. Preoperative neurological deficit0 

Noo of patients 

Typee of deficit Total Transient 

Paraparesiss 2 0 

Hemiparesiss 11 6 

Monoparesiss 3 3 

Visuall  disturbance 1 1 

Hemiplegiaa 1 0 

Dysphasiaa 1 0 

flfl n=n= 19. 

experience,, the distal ascending aorta was clamped at 25°C to 28°C or earlier if 
ventricularr fibrillation occurred. The proximal aorta was then opened to locate the 
intimall  tear. If the intimal tear extended into the clamped area, the patient was 
cooledd to a nasopharyngeal temperature of 16°C or, since 1982, until the 
electroencephalogramm became isoelectric. The proximal reconstruction (see 
further)) was performed during this cooling episode. The arch was then exposed 
underr deep hypothermic circulatory arrest (DHCA) and partially or totally 
replacedd if necessary. If it was unnecessary to replace the arch, an open distal 
aortoprosthesiss anastomosis was performed and ECC was reinstituted. 

Iff  the intimal tear did not extend into the clamped aortic area, the reconstruction 
off  the dissected portion was performed under aortic cross-clamping. 

Sincee 1990, antegrade selective cerebral perfusion (ASCP) has progressively been 
introducedd in our institution. The technique has been reported previously [9] and 
iss currently our technique of choice for brain protection. Of the 121 patients 
involvedd in this study, a total of 69 had DHCA and 22 patients had ASCP. 

Anotherr modification that developed over the years is to avoid aortic cross-
clamping.. We currently cool the patient down til l a nasopharyngeal temperature of 
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25°CC at which point the ECC is discontinued. We then install the ASCP and 
subsequentlyy protect the heart by cold cristalloid antegrade cardioplegia, which is 
administeredd directly into the coronary ostia. The eventual arch procedure and 
distall  ascending aortic anastomosis are performed under total circulatory arrest. 
Oncee this is completed, ASCP is stopped and antegrade perfusion is resumed 
throughh a side arm of the prosthesis. Then air is removed from the prosthesis and 
thee prosthesis is clamped. The proximal ascending aortic procedure is performed 
duringg the subsequent rewarming. 

Al ll  of the patients included in this study had a reconstruction of one or more of the 
sinusess of Valsalva that were affected by the dissection. The decision to perform a 
roott reconstruction rather than a Bentall procedure was made 
intraoperativelyy by the surgeon and was dependent upon his preference and 
estimationn of the feasibility. The aortic root was reconstructed with either Teflon 
(L.R.. Bard, Tempe, AZ) felt (n=21), gelatin-resorcinol-formaldehyde-glue (GRF-
glue,, Fii, Saint-Just Malmont, France) (n=103), or fibrinous glue (Tissu-col, 
Immunoo AG, Vienna, Austria) (n=5). The reconstructive material was put 
betweenn the dissected aortic layers. The total number of applications outranges the 
totall  number of patients involved in the study as several patients had a 
combinationn of the root reconstructive techniques (Table 3). Two patients had a 
surprisingg combination of GRF-glue and fibrinous glue. This was due to 
unforeseenn lack of stock, which only became apparent during the operation when 
additionall  glue was required for optimal apposition of the dissected layers. 

Thee aortic valve was resuspended by a commissuroplasty, using a U-stitch pledget 
inn all patients. The ascending aorta was replaced by a prosthesis starting at the 
levell  of the sinotubular junction in all but 10 patients who underwent a local repair 
off  the intimal tear. These patients were operated early in the series and we 
currentlyy do not perform local repair. 

Meann aortic cross-clamp time, DHCA and ECC were , 8 and 1 
minutes,, respectively. 

AssessmentAssessment of repair and durability 
Thee initial repair was assessed intra-operatively, at first by the hemodynamic 
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TableTable 3. Aortic Aortic root reconstructive techniques used in the study group" 

Techniquee used No. of patients 

GRF-glue,, alone 90 

Teflonn felt alone 7 

Fibrinouss glue alone 1 

GRF-gluee + Teflon felt 11 

GRF-gluee + fibrinous glue 1 

Teflonn felt + fibrinous glue 2 

GRF-gluee + Teflon felt + fibrinous glue 1 

Unknownn 8 

aan=n= 121. 
GRF-gluee = gelatin-resorcinol-formaldehyde-glue. 

parameterss and from 1988 on also by transesophageal echocardiography (TEE) 
wheneverr available. However, this was not always the case in emergency 
conditions. . 

Thee repair durability was assessed primarily by the incidence of aortic valve and 
roott reoperation. All reoperations were analyzed and the causes were noted. All 
otherr reoperations were also recorded. Causes of death were also analyzed to 
detectt recurrent aortic regurgitation as a possible causative factor. 

Inn addition, the latest available transthoracic echocardiogram (TTE) was used to 
determinee the degree of aortic regurgitation and the presence of aortic root 
dilatation;; TTE was available in 56 of 67 patients who retained their native aortic 
valvee at the time of follow-up. In patients undergoing an aortic valve and root 
reoperation,, the last TTE before the reoperation was used. 

PostoperativePostoperative follow-up 
Thee 30-day mortality was 21.5% (n=26). Ten of these patients were operated in 
cardiogenicc shock. Causes of death are summarized in Table 4. None of the 
patientss dying of heart failure had recurrent aortic regurgitation. Six of the 13 
neurologicall  deaths occurred in patients who had had a preoperative persisting 
centrall  neurological deficit and 1 in a patient who had had a preoperative transient 
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TableTable 4. Causes of 30-day mortality' 

CauseCause of death No. of patients 

Strokee 13 

Heartt failure 5 

Hemorrhagee 5 

Sepsiss 2 

Unknownn 1 
aann = 26. 

neurologicall  deficit. Actuarial survival at 30 days was . 

Postoperativee complications were frequent: 9 patients required temporary dialysis, 
233 patients required prolonged (> 5 days) mechanical ventilation, and 15 patients 
experiencedd a new peri-operative neurologic event. In 10 of the latter patients the 
deficitt was central and in 5 it was peripheral. 

Follow-upp was achieved either by yearly outpatient visit or by phone and letter to 
thee patient and the referring physician. A fil e on current status, medication, 
morbidity,, and mortality was completed per patient. Follow-up was closed on June 
1,, 1999, and was 100% complete. Mean follow-up was 6 months, with a 
maximumm of 16 years in 2 patients. 

Theree were 20 late deaths. The causes are summarized in Table 5. Four of these 
deathss occurred after an aortic valve reoperation (see Results). None of the 
patientss died of recurrent aortic regurgitation. Actuarial survival was , 
64+5%,, and % at 1,5, and 10 years postoperatively (Fig 1). 

Eightt patients with retained native aortic valve experienced a neurological event 
duringg late (> 30 days) follow-up: 6 had a transient ischemic attack (TIA) and 2 
hadd a stroke. One patient had two TIAs; another had a second stroke for a total of 
tenn postoperative neurologic events. With the exclusion of the preoperative and 
perioperativee neurological events, the postoperative freedom from 
thromboembolicc events rate was 95% at 1 year and 89% at 10 years (Fig 2). 
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TableTable 5. Causes of late death" 

Causee of late death No, of patients 

Aorticc rupture 5 

Sepsiss 3 

Strokee 3 

Heartt failure 3 

Suddenn death 2 

COPDD 1 

Malignancyy 1 

Unknownn 2 
aann = 20. 
COPDD = chronic obstructive pulmonary disease. 

StatisticalStatistical analysis 
Thee design of the study was retrospective and analysis was performed with the 
Statisticall  Analysis Software (version 6.12 for Windows, SAS Institute, Cary, NC). 
Dataa are expressed as the mean  standard deviation. Survival and event-free 
estimatess were determined by the method of Kaplan-Meier [10] and are expressed 
ass the proportion  standard error. Comparison between variables was performed 
withh the x2 or Fisher's exact test when appropriate. A value of p less then 0.05 was 
consideredd statistically significant. Cox proportional hazard analysis was used to 
determinee risk factors for aortic valve reoperation. Variables with p value less than 
0.155 on univariate analysis were entered into the multivariate analysis. 

Results s 

AorticAortic root reoperation 
Aorticc root reoperation occurred in 12 patients at a mean of 8 years 
postoperatively.. Details on these patients are summarized in Table 6. Aortic root 
dilatationn with subsequent aortic regurgitation was the major cause of 
reoperation,, occurring in 9 patients. All root reoperations included aortic valve 
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FigFig 1. Actuarial survival of patients with acute type A dissection and aortic valve 
preservationpreservation (including 30-day mortality). 
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replacement.. Four patients died at reoperation. Freedom from aortic root 
reoperationn was , , and % at 1,5, and 10 years, respectively 
(Figg 3). 

AA total of 8 patients had an aortic valve annulus more than 27 mm measured 
intraoperativelyy and 4 of these patients required a reoperation (Table 6). 
Reoperationn occurred in 5 of 21 (23%) patients in whom Teflon was used for 
reconstructionn of the aortic root. With regard to the use of GRF-glue and fibrinous 
glue,, reoperation occurred in 11 of 103 patients (11%) and 2 of 5 patients (40%) 
respectively.. Multivariate Cox proportional hazard analysis revealed the use of 
fibrinouss glue (RR=8.7; p=0.03) and the presence of an aortic valve annulus more 
thann 27 mm (RR=4.2; p=0.04) as independent risk factors for aortic root 
reoperation.. The use of Teflon was correlated with an increased risk for 
reoperationn (RR=2.8 on univariate analysis and RR=1.5 on multivariate analysis) 
butt this was not statistically significant (p=0.08 and p=0.5 on univariate and 
multivariatee analysis, respectively). Freedom from aortic root reoperation was 
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FigFig 2. Freedom from thromboembolic (TE) events in patients surviving more 
thanthan 30 days (excluding the preoperative and perioperative neurologic events). 
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significantlyy worse when one or two of the independent risk factors were present 
ass was the case in 11 patients; it was 97% at 1 year, 92% at 5 years and 79% at 7 
yearss if risk factors were absent versus 79% at 1 year, 66% at 5 years and 33% at 
77 years when any or both of the risk factors were present (p=0.0001) (Fig 4). 

Thee curve of the patients with risk factors falls to zero because the patient with the 
longestt follow-up in this group was reoperated 7.4 years after the initial operation. 

OtherOther reoperations 
Twelvee additional aortic reoperations were performed during follow-up. These 
includedd three false aneurysms at the distal prosthesis-aortic arch anastomosis, one 
moree prosthesis infection, two descending aortic aneurysm replacements, two 
thoracoabdominall  aortic aneurysm replacements, three abdominal aortic aneurysm 
replacements,, and one iliac artery reconstruction. There were no deaths at these 
additionall  reoperations. Freedom from any aortic reoperation was , 81 , 
andd % at 1, 5 and 10 years postoperatively (Fig 5). 

AssessmentAssessment of repair durability 
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FigFig 3. Freedom from aortic root reoperation in patients surviving more than 30 
days days 
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FigFig 4. Freedom from aortic root reoperation (> 30 days) with (%) and without 
(-)(-) risk factors. 
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TableTable 6. 

Patient t 
no. . 

1 1 

2 2 

3 3 

4 4 

5 5 

6 6 

7 7 

8 8 

9 9 

10 0 

11 1 

12 2 

f f 

AorticAortic valve/root reoperations 

Operation n 
(year) ) 

1985 5 

1988 8 

1990 0 

1990 0 

1990 0 

1991 1 

1991 1 

1992 2 

1992 2 

1992 2 

1992 2 

1997 7 

Technique e 

Teflon n 

GRF F 

GRF F 

Teflonn + 
GRF F 

GRF F 

GRF F 

Teflonn + 
GRF+ + 

fibrinous s 

Teflonn + 
GRF F 

GRF F 

GRF F 

Teflonn + 
GRF F 

GRFF + 
fibrinous s 

glue e 

duringduring follow 

Annulus s 
>> 27 mm 
att initial 
operation n 

Yes s 

No o 

Yes s 

No o 

Yes s 

No o 

Yes s 

No o 

No o 

No o 

No o 

No o 

-up -up 

Pre--
reoperat t 

ive e 
AR R 
44 + 

22 + 

44 + 

33 + 

22 + 

44 + 

44 + 

44 + 

33 + 

44 + 

22 + 

22 + 

Primary y 
indicationn for 
reoperation n 

Roott dilatation 

Falsee aneurysm 
2-VD D 

Roott dilatation 

Roott dilatation 

Roott dilatation; 
2-VD D 

Roott dilatation 

Roott dilatation; 
3-VD D 

Roott dilatation; 
2-VD D 

Roott dilatation; 
2-VD;; MR 

Dehiscencee at 
commissure e 

Roott dilatation 

Graftt infection 
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IntervalInterval to 
reoperation n 
(months) (months) 

75 5 

83 3 

11 1 

70 0 

66 6 

41 1 

22 2 

67 7 

39 9 

2 2 

12 2 

7 7 

Reoperative e 
procedure e 

Bentall l 

Bentall, , 
CABG G 

Bentall l 

Bentall,, arch, 
ET T 

Bentall,, arch, 
ET,, CABG 

AVR,, asc, 
arch,, ET 

Bentall,, arch, 
ET,, CABG 

Bentall, , 
CABG G 

CABG,, MVR 

AVR R 

AVR,, asc 

AVR R 
homograft, , 

omentoplasty y 

Reoperative e 
outcome e 

Aliv e e 

Aliv e e 

Reoperativee death 

Aliv e e 

Aliv e e 

Aliv e e 

Aliv e e 

Aliv e e 

Aliv e e 

Reoperativee death 

Reoperativee death 

Reoperativee death 

ARR = aortic regurgitation; 
archh = aortic arch 
replacement; ; 
ascc = ascending aortic 
replacement; ; 
AVRR = aortic valve 
replacement; ; 
CABGG = coronary artery 
bypasss grafting; 
ETT = elephant trunk; 
GRFF = gelatin-resorcinol-
formaldehyde; ; 
MRR = mitral regurgitation; 
MVRR = mitral valve 
replacement; ; 
VDD = vessel disease 
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Ass stated earlier, none of the patients who died of heart failure (five operative 
deathss and three late deaths), had recurrent aortic regurgitation. 

FigFig 5. Freedom from any aortic reoperation in patients surviving more than 30 
days. days. 
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Att follow-up, 67 patients of 75 survivors had retained their native aortic valve. A 
TTEE was available in 56 of these patients. As indicated in Table 7, the majority of 
thee patients had no or 1+ aortic regurgitation. Median degree of aortic 
regurgitationn was 1+. Twelve patients had 2+ and 2 patients had 3+ aortic 
regurgitation.. They are currently asymptomatic but are followed carefully at 
regularr intervals. Details concerning the aortic root dimensions at the level of the 
sinusess of Valsalva, measured in the same patient cohort at follow-up, are provided 
inn Table 8. Ten patients had an aortic root measuring more than 40 mm, of whom 
22 had a diameter exceeding 50 mm, a limit that is currently considered an 
operativee indication [8]. 
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TableTable 7. Follow-up TTE results with regard to the presence of aortic 
regurgitation regurgitation 

Degreee of aortic regurgitation No. of patients 

"ÖÖ 19 

1++ 23 

2++ 12 

J+J+ 2 
aann = 56 of 67 surviving patients with retained native aortic valve. 
TTEE = transthoracic echocardiogram. 

Comment t 

OperativeOperative mortality 
Althoughh the outcome of the surgical management of type A dissection has 
improvedd considerably over the years [11,12], operative mortality is still 
substantial.. Reported operative mortality in the literature is as low as 6% [5,6] to 
8%% [13], but is usually between 20% and 30% [3,4,7,12,14-17]. Our operative 
mortalityy was 21.5% (n=26) which is comparable with these reports. One of the 
contributingg factors to this high operative mortality is undoubtedly the high 
proportionn of (referred) patients operated in cardiogenic shock (25%). Ten of 30 
patientss operated in cardiogenic shock died. Major efforts are constantly made to 
organisee prompt referral of patients diagnosed with type A dissection in order to 
decreasee the incidence of preoperative cardiogenic shock. We hope this will 
contributee to decrease operative mortality. 

TableTable 8. Follow-up TTE measurements of the aortic root at the level of the 
sinusessinuses of Valsalva" 

Diameterr (mm) No. of patients 

<355 37 

3 6 - 400 9 

41-455 7 

46-500 1 

>500 2 
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DurabilityDurability of root repair 
Durabilityy was assessed by the incidence of aortic root reoperation and by follow-
upp TTE. Advantages of preservation of the native aortic valve are avoidance of a 
valvee substitute with its possible adverse effects and avoidance of a permanent 
needd of anticoagulation in mechanical valve replacement. This need of 
anticoagulationn impairs spontaneous trombosis in the false lumen and persistent 
perfusionn of the false lumen leads to aneurysm formation, which has been 
associatedd with decreased late survival [11]. The advantages of valve preservation 
havee to be balanced against the risk of reoperation during follow-up. Freedom 
fromm aortic valve reoperation at 10 years has been reported to be as high as 95% 
[17]]  when valve preservation was performed. However, other reports cite 80% 
freedomm from aortic valve reoperation at 10 years [4,18]. Freedom from aortic 
valve/roott reoperation at 10 years in the present series was 69%. This is 
somewhatt lower than the previously mentioned reports. 

Tablee 6 indicates that the use of GRF-glue did not prevent aortic root dilatation in 
somee instances, contrary to a previous report [6]. In addition, follow-up TTE 
revealedd 2 patients with 3+ aortic regurgitation and 10 patients with an aortic root 
diameterr more than 40 mm. Undoubtedly some of these patients will need 
reoperationn in the future. Therefore, further follow-up of this patient cohort is 
mandatory. . 

RiskRisk factors for root reoperation 
Multivariatee Cox proportional hazard analysis revealed the use of fibrinous glue 
andd the presence of an aortic valve annulus more than 27 mm as independent risk 
factorss for aortic root reoperation. This negative impact of fibrinous glue is in 
sharpp contrast with the results previously reported with fibrinous glue by Séguin 
ett colleagues [5]. Their article reports on the use of fibrinous glue in 15 patients 
withh type A dissection. There was 1 nonvalve-related operative death, and at a 
meann follow-up of 2.3 years the mean aortic regurgitation grade was 0.3. No 
reoperationss were reported. 

Mostt authors currently agree that Marfan's syndrome and annuloaortic ectasia 
representt a contraindication to root preservation during operation for type A 
dissectionn [3,4,6,14,16,18]. These patients should undergo a Bentall procedure [2] 
orr alternatively the procedure described by David et associates [8]. Four of the 
reoperationss in the current series occurred in patients having an aortic annulus 
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moree than 27 mm measured peroperatively. All of these initial operations were 
performedd earlier in the series. In retrospect these patients should not have 
undergonee a root reconstructive procedure, which would have decreased the 
reoperationn incidence. 

Althoughh not statistically significant, the present series demonstrates a trend 
towardss improved durability in patients treated with GRF-glue versus Teflon. The 
reoperationn rate in patients treated with GRF-glue was 11% versus 23% when 
Teflonn was used. Equally good results with GRF-glue have been reported by 
others,, either reporting on a single experience with GRF-glue [3,6,14] or in 
comparisonn with Teflon [19]. The use of GRF-glue for the reapproximation of the 
dissectedd aortic layers decreases the incidence of reoperations as well as the 
persistencee of false lumina thus increasing the event-free survival. However, in the 
articlee by Pessotto et coworkers [16], the use of GRF-glue had no impact on the 
incidencee of reoperation, which increased with increasing preoperative aortic 
regurgitation.. Another concern with regard to the use of GRF-glue is the recent 
reportt by Fukunaga et colleagues [7]. In a series of 148 patients in whom GRF-
gluee was used to reinforce the dissected layers, reoperations were necessary in 20 
patients.. In 9 of these patients, complications necessitating reoperation occurred in 
aorticc segments that underwent reconstruction with GRF-glue at the first 
intervention.. Root redissection was present in 7 patients and another patient 
presentedd with a rupture near the distal graft-aorta anastomosis. Macroscopically, 
thee areas looked necrotic but histologic examination in 2 patients revealed media 
degenerationdegeneration rather than necrosis. We have had no similar experience in our series. 
Inn particular, we have not seen redissection occurring in areas treated with GRF-
glue.. However, the report by Fukunaga and colleagues [7] raises an important 
concernn that needs further follow-up; in particular, the formaldehyde component, 
whenn used excessively, seems to cause tissue necrosis [7]. 

LimitationsLimitations of the study 
Thee current series is a retrospective review covering a long time interval. 
Accordingly,, many surgeons have operated on the patients included in this study. 
Althoughh each surgeon might have a personal approach, the technique used to 
reconstructt the aortic root was relatively uniform, with the exception of the use of 
Teflon,, GRF-glue, or fibrinous glue to approximate the dissected layers. In 
addition,, the decision to perform a root reconstruction was made intraoperatively 
andd was entirely dependent on the surgeon's preference and estimation of the 
feasibility.. This is, of course, very subjective and might have contributed to a 
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selectionn bias of patients undergoing root reconstruction. In addition, the 
individuall  choice of the product used for root reconstruction resulted in different 
samplee sizes and combination of different products. This bias, however, should 
havee been accounted for by the statistical analysis. 

Anotherr limitation of the study is the absence of a grading system reflecting to 
whatt extent the aortic root was affected by the dissection. We initially aimed to do 
soo but given the retrospective nature of the study, many operative reports did not 
mentionn to what extent the aortic root was affected and we abandoned this idea. 
Wee are therefore unable to determine whether reoperations occurred in the more 
heavilyy affected aortic root. It is our current strategy to reconstruct the aortic root 
onlyy when one sinus is affected completely or two sinuses partially. If the 
dissectionn involves more than one sinus of Valsalva, we currently favor the 
reimplantationn technique described by David and associates[8]. 

Conclusion n 

Aorticc valve preservation and root reconstruction in patients undergoing operation 
forr acute type A aortic dissection with involvement of the aortic root, provides 
relativelyy durable results. Freedom from aortic root reoperation is 69% at 10 
years.Thee use of fibrinous glue seems to compromise the durability of the repair 
andd there is a trend toward enhanced durability whenever GRF-glue is used versus 
Teflon.. We believe that an aortic valve reimplantation procedure according to 
Davidd and associates [8] or a Bentall procedure [2] is more appropriate in patients 
withh an aortic annulus more than 27 mm. 
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Abstract t 

Background. Background. 
Antegradee selective cerebral perfusion (ASCP) has proved to be a reliable method 
off  brain protection during surgery of the thoracic aorta, but its use during aortic 
dissectionn surgery still remains controversial. In this study, we present our results 
afterr the operative repair of acute type A aortic dissections using ASCP and 
moderatee hypothermic circulatory arrest. 

Methods. Methods. 
Betweenn October 1995 and August 2001, 122 patients (76 men, 46 women) 
underwentt repair of acute type A aortic dissection with the aid of ASCP and open 
distall  anastomosis. The avarage age was 2 d deviation). 
Preoperativee complications included cardiac tamponade (n=34; 27.0%), aortic 
regurgitationn (n=27; 22.1%), and new neurological deficits (n=ll; 9%). 

Results. Results. 
Stepwisee logistic regression revealed preoperative cardiac tamponade (p=0.018) 
andd new neurological deficits (p=0.017) to be independent determinants for 
hospitall  mortality (19.7%). Permanent neurological complications occurred in 7% 
off  patients. Independent risk factors for temporary neurological dysfunction 
(11.2%)) included cardiac tamponade (p=0.019) and preoperative neurological 
deficitss (p=0.000). 

Conclusions. Conclusions. 
Inn our experience, the surgical treatment of acute type A aortic dissection with the 
aidd of ASCP was associated with acceptable hospital mortality and neurologic 
morbidityy rates. 
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Introductio n n 

Despitee the fact that several advances in preoperative recognition, intraoperative 
techniquess and postoperative care have been achieved in recent years, the 
treatmentt of acute type A aortic dissection is still associated with considerable 
mortalityy and morbidity rates [1-4]. Antegrade selective cerebral perfusion 
(ASCP)) has proved to be a reliable method of brain protection during surgery of 
thee thoracic aorta [5-8]. However, since manipulation and cannulation of the arch 
vesselss are required, its use during aortic dissection repair is still debated. The 
purposee of this study was to review our experience in 122 consecutive patients 
undergoingg surgery for acute type A aortic dissection with the aid of ASCP and to 
determinee the risk factors associated with hospital mortality and adverse 
neurologicall  outcome. 

Materia ll  and methods 

Patients Patients 
Betweenn October 1995 and August 2001, 122 patients underwent surgical repair 
off  acute type A aortic dissection with the aid of ASCP, moderate hypothermia, and 
openn distal anastomosis at St. Antonius Hospital (Nieuwegein, the Netherlands) 
andd S'Orsola Hospital (Bologna, Italy). Medical records were reviewed for 
clinicall  variables including preoperative status, intraoperative data, and early 
postoperativee complications. Patients referred for chronic dissections were 
excludedd from the study. 

Seventy-sixx men (62.3%), and 46 women (37.7%) having a mean age of 2 
yearss (range 27 to 81 years) were enrolled in the study. All patients had precordial, 
back,, or abdominal pain at the onset of symptoms. Cardiac tamponade (n=34, 
27%),, new neurological deficits (n=ll, 9%), aortic valve insufficiency (n=27, 
22.1%),, and arterial hypertension (n= 52, 42.6%) were the most common 
preoperativee findings (Table 1). Preliminary diagnosis at the referring institutions 
wass usually made by means of echocardiography, computed tomographic scan or, 
occasionally,, by angiography. To prevent further delay, it is the policy of our 
institutionss to immediately transfer the patient to the operating room where a 
transesophageall  echocardiogram is performed under anesthesia for final 
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diagnosticc confirmation. 

Thee dissection always involved the ascending aorta. The tear site was located at 
thee ascending aorta in 84 patients (68.9%), at the transverse arch in 24 (19.7%), 
andd at the proximal descending thoracic aorta in 3 (2.5%). In the remaining 11 
patientss (9.0%), an entry tear was not found (probably because it was more distally 
located). . 

OperativeOperative technique 
AA median sternotomy was used in all 122 cases. After systemic heparinization, 
cardiopulmonaryy bypass (CPB) was performed using a cannula for arterial return 
inn the femoral artery having the best pulsation and a venous single-two stage 
cannulaa in the right atrium. The left side of the heart was vented through the right 
superiorr pulmonary vein. Myocardial protection was obtained by means of 
antegradee or retrograde infusion of cold crystalloid cardioplegia and topical 
pericardiall  cooling. 

Detailss of our cannulation technique and method of ASCP with moderate 
hypothermicc circulatory arrest have been previously described [9,10]. Briefly, 
afterr the cardiopulmonary bypass was instituted and the patients were cooled to a 
nasopharyngeall  temperature of 22 to 26°C (usually within 30 minutes), systemic 
circulationn was arrested and the aorta opened. With the patient in the 
Trendelenburgg position, two 15 F retrograde coronary sinus perfusion cannulas 
(Medtronicc DLP; Chase Medical Inc, Houston, TX) were inserted into the 
innominatee and left common carotid arteries through the aortic lumen. The left 
subclaviann artery was clamped or occluded with a Fogarty catheter (Baxter Health 
Care,, Irvine CA; IFM Clearwater, FL) in order to avoid the steal phenomenon. 

Cerebrall  perfusion was started at a rate of 10ml/min/kg and adjusted to maintain a 
rightright radial arterial pressure between 40 and 70 mm of Hg. During open distal 
anastomosiss [11,12], blood perfusion to the lower half of the body from the 
femorall  artery was discontinued. 

Afterr the distal anastomosis was performed, the proximal graft was cross-
clampedd and the extracorporeal circulation reinstituted in an antegrade manner 
troughh a side branch of the prosthesis. The intimal tear was always resected if 
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TableTable 1. Univariate analysis of hospital mortality, PND, and TND. 

Hospitall  mortality PND 
Riskk factor n Death% p n PND% p n 

TND D 
TND%% p 

0.649 9 

0.588 8 

0.371 1 

0.485 5 

0.207 7 

Renall  insufficiency 0.416 
Noo 115 19.1 

Yess 7 28.6 

0.029 9 

0.039 9 

0.553 3 

0.411 1 

Age>65 5 
No o 

Yes s 

Gender r 
Male e 
Female e 

Hypertension n 
No o 

Yes s 

Marfan n 
No o 

Yes s 

COPD D 
No o 

Yes s 

70 0 
52 2 

76 6 
46 6 

70 0 
52 2 

119 9 
3 3 

115 5 
7 7 

21.4 4 
17.3 3 

19.7 7 
19.6 6 

21.4 4 
17.3 3 

19.3 3 
33.3 3 

20.9 9 

Tamponade e 
No o 

Yes s 

Neurologic c 
symptoms s 

No o 
Yes s 

Aorticc insufficiency 
No o 
Yes s 

Redoo procedure 
No o 

112 112 

88 8 
34 4 

111 1 
11 1 

95 5 
27 7 

118 8 
4 4 

14.8 8 
32.4 4 

17.1 1 
45.5 5 

20.0 0 
18.5 5 

20.3 3 

66 6 
49 9 

71 1 
44 4 

65 5 
50 0 

113 3 
2 2 

108 8 
7 7 

109 9 
6 6 

87 7 
28 8 

106 6 
9 9 

88 8 
27 7 

111 1 
4 4 

9.1 1 
4.1 1 

5.6 6 
9.1 1 

6.2 2 
8 8 

7.1 1 

6.5 5 
14.3 3 

7.3 3 

4.6 6 
14.3 3 

7.5 5 

6.8 8 
7.4 4 

7.2 2 

0.463 3 

0.362 2 

0.488 8 

0.865 5 

0.405 5 

0.642 2 

0.097 7 

0.510 0 

0.602 2 

0.746 6 

60 0 
47 7 

67 7 
40 0 

61 1 
46 6 

105 5 
2 2 

101 1 
6 6 

101 1 
6 6 

83 3 
24 4 

98 8 
9 9 

82 2 
25 5 

103 3 
4 4 

10.0 0 
12.8 8 

11.9 9 
10.0 0 

8.2 2 
15.2 2 

11.4 4 

11.9 9 

10.9 9 
16.7 7 

8.4 4 
20.8 8 

7.1 1 
55.6 6 

11.0 0 
12.0 0 

11.7 7 

0.440 0 

0.512 2 

0.203 3 

0.787 7 

0.481 1 

0.519 9 

0.096 6 

0.001 1 

0.566 6 

0.617 7 
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Hospitall  mortality PND TND 

Riskk factor n Death% p n PND% p n TND% p 

Tearr site 
Ascendingg aorta 
Arch h 
Proximal l 
descendingg aorta 
Unknown n 

Failuree to 
resectt the tear 

No o 
Yes s 

Extentt of 
replacement t 

Ascending g 
aorta/hemiarch h 

Ascending g 
aorta+arch h 

Associated d 
procedures s 

No o 
Yes s 

CPBB time>180 
No o 
Yes s 

Myocardial l 
ischemicc time>120 

No o 
Yes s 

ASCPP time>60 
No o 
Yes s 

84 4 
24 4 

3 3 
11 1 

111 1 
11 1 

102 2 

20 0 

94 4 
28 8 

63 3 
59 9 

82 2 
40 0 

82 2 
40 0 

20.2 2 
12.5 5 

33.3 3 
27.3 3 

18.9 9 
27.3 3 

19.6 6 

20.0 0 

20.2 2 
17.9 9 

15.9 9 
23.7 7 

17.1 1 
25.0 0 

19.5 5 
20 0 

0.670 0 

0.371 1 

0.589 9 

0.510 0 

0.194 4 

0.213 3 

0.564 4 

81 1 
22 2 

2 2 
10 0 

105 5 
10 0 

98 8 

17 7 

87 7 
28 8 

61 1 
54 4 

79 9 
36 6 

79 9 
36 6 

3.7 7 
18.2 2 

10 0 

6.7 7 
10.0 0 

5.1 1 

17.6 6 

6.9 9 
7.1 1 

3.3 3 
11.1 1 

5.1 1 
11.1 1 

3.8 8 
13.9 9 

0.117 7 

0.529 9 

0.094 4 

0.625 5 

0.100 0 

0.211 1 

0.080 0 

78 8 
18 8 

2 2 
9 9 

98 8 
9 9 

93 3 

14 4 

81 1 
26 6 

59 9 
48 8 

75 5 
32 2 

76 6 
31 1 

11.5 5 
16.7 7 

12.2 2 

10.8 8 

14.3 3 

11.1 1 
11.5 5 

8.5 5 
14.6 6 

10.7 7 
12.5 5 

11.8 8 
9.7 7 

0.586 6 

0.328 8 

0.488 8 

0.598 8 

0.245 5 

0.509 9 

0.522 2 
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ASCP=antegradee selective cerebral perfusion; CPB=cardiopulmonary bypass; COPD=chronic 
obstructivee pulmonary disease; PND=permanent neurological dysfunction; TND=temporary 
neurologicall  dysfunction 

locatedd in the ascending aorta or in the transverse arch; the false lumen was 
occludedd with a monofilament suture using a Teflon (CR. Bard, Tempe, AZ) felt, 
gelatine-resorcinol-formaldehyde-gluee (GRF-glue, Fii, Sain-Just-Malmont, 
France)) or fibrinous glue (Tissue-col, Immuno AG, Vienna, Austria) to reinforce 
thee proximal and distal anastomotic sites. The reconstructive material was placed 
betweenn the dissected aortic layers. The extent of the replacement, determined by 
thee intimal tear location, and the associated procedures are summarized in Table 2. 

Whenn a complete aortic arch replacement was performed, "en bloc repair" (n=13) 
[13]]  or "separated graft technique" (n=7) [5] were used to reimplant the arch 
vessels.. The tools of cerebral monitoring included right and left radial arterial 
pressuree lines, electroencephalogram, regional oxygen saturation in the bilateral 
frontall  lobes by means of a near-infrared spectroscopy and transcranial Doppler 
measurementt of the blood velocity of the middle cerebral artery to confirm the 
properr placement and function of both cannulas when available. Transesophageal 
echocardiographyy was routinely used. 

StatisticalStatistical analysis 
Continuouss variables were expressed as mean  1 standard deviation, and 
categoricall  variables were expressed as percentages. All preoperative and 
intraoperativee variables (Table 1) were first analyzed using univariate analysis 
(unpairedd two-tailed t test, x2 t e st o r Fisher's exact test when appropriate) to 
determinee whether any single factor influenced hospital mortality and neurologic 
outcome;; p < 0.05 was considered to indicate statistical significance. Variables 
whichh had p < 0.05 in the univariate analysis were examined using multivariate 
analysiss by forward stepwise logistic regression in order to evaluate independent 
riskk factors for hospital mortality, permanent neurological dysfunction, and 
transientt neurological dysfunction. 

Thee analysis for permanent neurological dysfunction (stroke or coma) and 
transientt neurological dysfunction (postoperative confusion, agitation, delirium, 
prolongedd obtundation, or transient parkinsonism with negative brain computed 
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tomographyy scanning and complete resolution before discharge) were conducted 
separately.. Risk factors for permanent neurological dysfunction were examined in 
alll  patients who survived the operation long enough to undergo neurological 
evaluation.. Risk factors for transient neurologic dysfunction were assessed in all 
operativee survivors without permanent neurological dysfunction. Statistical 
analysiss was performed using SPSS 10.0 statistical software (SPSS Inc, Chicago, 
IL) . . 

Results s 

CardiopulmonaryCardiopulmonary bypass data 
Thee mean CPB time was 4 minutes (range 85 to 493 minutes) and the mean 
myocardiall  ischemic time was 4 minutes (range 28 to 267 minutes). The 
meann ASCP time was 7 minutes (range 19 to 150 minutes). Sixty-five 
patientss (53.3%) had an ASCP time of more than 45 minutes, and 36 (29.5%) of 
moree than 60 minutes (Fig.1). The mean lowest nasopharyngeal and rectal 
temperaturess were C and , respectively. The mean 
lowestt blood temperature was 18.1 . 

HospitalHospital mortality 
Overalll  hospital mortality was 19.7% (24 of 122 patients). Causes of death were 
multiorgann failure (n=10), bleeding (n=4), late residual aneurysm rupture in the 
wardd (n=4), cardiac failure (n=2), coma (n=2), intestinal ischemia (n=l), and acute 
myocardiall  infarction (n=l). 

Usingg multivariate analysis, preoperative new neurologic deficits (p=0.017; 
OR=5.6)) and cardiac tamponade (p=0.018; OR=5.6) were indicated to be 
independentt determinants for hospital mortality (Table 3). Failure to resect the 
intimall  tear as well as prolonged CPB and ASCP times had no impact on hospital 
mortalityy (table 1). 

HospitalHospital morbidity 
Thee 2 patients who died in the operating room from bleeding, the 3 who died from 
multiorgann failure and the 2 who died from cardiac failure before sedation couldbe 
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discontinuedd were excluded from the analysis for neurological outcome. 

Permanentt neurological dysfunction occurred in 8 patients (7%). No predictive 
riskk factors for permanent neurological dysfunction were identified by 
multivariatee analysis. Transient neurologic dysfunction occurred in 12 of the 107 
survivorss without permanent neurological dysfunction (11.2%). Stepwise logistic 
regressionn indicated preoperative new neurological deficits (p=0.000; OR=14.6) 
andd cardiac tamponade (p=0.019; OR=5.4) to be independent predictors of 
transientt neurological dysfunction (Table 3). Failure to resect the intimal tear as 
welll  as prolonged CPB and ASCP times were not statistically associated with an 

TableTable 2. Overview of the operative techniques 

Operativee techniques No.. of patients (%) 
Proximall  aortic repair a 

Distall  aortic repair b 

Aorticc valve replacement 
Compositee graft replacement 
Aorticc valve resuspension 
Aorticc root remodeling 
CABG G 
Elephantt trunk 

1022 (83.6) 
20(16.4) ) 
77 (5.7%) 
10(8.2) ) 
4(3.3) ) 
66 (4.9) 
4(3.3) ) 
11 (0.8) 

aa Ascending aorta or hemiarch replacement; 

""  Ascending aorta and transverse arch replacement. 
CABG=coronaryy artery bypass grafting. 

increasedd risk of permanent or transient neurologic complications (table 2).Other 
postoperativee complications included renal insufficiency requiring dialysis in 11 
patientss (9%), respiratory insufficiency requiring mechanical ventilatory support 
off  more than 5 days in 27 (22.1%), acute myocardial infarction in 7 (5.7%), and 
bleedingg requiring a rethoracotomy in 17 (13.9%). 
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TableTable 3. Stepwise logistic regression for significant 
determinantsdeterminants of hospital mortality and TND. 

hospitall  mortality 
Predictorr p Odds 95% CL 

Ratio o 
Neww neurological deficits 0.017 5.6 1.33-20.22 
Cardiacc tamponade 0.018 5.6 1.22-8.96 

TND D 

P P 

0.000 0 
0.019 9 

Odds s 
Ratio o 
14.6 6 
5.4 4 

95%% CL 

6.40-316.73 3 
1.38-44.54 4 

CL=confidencee limit; TND=transient neurologic dysfunction. 

Comment t 

Althoughh the surgical outcome in patients with acute type A aortic dissection has 
substantiallyy improved in recent years, mortality and morbidity rates are still 
considerablyy high [1-4]. 

Inn our high-risk group of patients (Table 1), the hospital mortality, permanent 
neurologicall  dysfunction, and transient neurological dysfunction rates were 
19.7%,, 7% and 11.2%, respectively. Multivariate analysis indicated only 
preoperativee conditions, namely new neurological deficits and cardiac tamponade, 
too be independent predictive risk factors for hospital mortality and transient 
neurologicc dysfunction. None of the variables analyzed were statistically 
correlatedd with an increased risk of permanent neurological dysfunction. 

Itt has been demonstrated that a deep hypothermic circulatory arrest time of more 
thann 30, 45 and 60 minutes is associated with an increasing risk of transient 
neurologicall  dysfunction, stroke, and mortality, respectively [14,15]. Therefore, in 
ourr series, only 11 patients (9%), who had an ASCP time of less than 30 minutes, 
couldd have been treated by means of deep hypothermic circulatory arrest within 
thee safe time limit. Sixty-five patients (53.3%) had an ASCP time of more than 45 
minutes,, and 36 (29.5%) of more than 60 minutes (Fig. 1). In this study, which 
confirmss our previous findings [6,8-10], the duration of ASCP did not affect 
hospitall  mortality and neurological outcome. 
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FigureFigure 1. Distribution of patients by selective cerebral perfusion time. (ASCP= 
antegradeantegrade selective cerebral perfusion) 
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Byy means of ASCP, the time of circulatory arrest can be safely prolonged as 
comparedd to deep hypothermic circulatory arrest with or without retrograde 
cerebrall  perfusion, allowing more complex repairs to be performed [7]. This seems 
too be very important especially in the case of acute aortic dissection repair, 
permittingg unhurried and accurate reconstruction of the friable aortic tissue or 
moree extended aortic replacement. 

Recentt reports [16-21] indicate an higher risk of early mortality when 
simultaneouss aortic arch replacement is performed, ranging from 20% to 55%. In 
aa recent study, Kazui et al. [22] reported a hospital mortality of 21% in a selected 
groupp of 70 patients with acute type A aortic dissection undergoing complete aortic 
archh replacement with the aid of ASCP. In our series, a simultaneous aortic arch 
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replacementt was performed in 20 patients (16.7%) with a hospital mortality rate 
off  20% (4/20). The extent of the replacement did not affect either hospital 
mortalityy or neurological outcome. 

Thee technical complexity and cumbersome operative field, as well as manipulation 
andd cannulation of the arch vessels which might be involved in the dissection, are 
consideredd as possible drawbacks of ASCP. Preparation and insertion of the ASCP 
catheterss take less than 2 minutes in experienced hands. Our ASCP cannulas are 
flexiblee and can be easily placed towards the patient's head so as not to obscure 
thee operating field. Furthermore, they are connected to the oxygenator through a 
separatee single roller pump allowing separate control of systemic and cerebral 
perfusions.. Cannulation of the arch vessels, especially in case of acute dissection, 
iss certainly a delicate maneuver, and great care has to be taken. However, in our 
series,, no cannulation-related complications occurred. It was always possible to 
distinguish,, throughout the aortotomy, the true lumen of the arch vessels and to 
perform,, under direct visualisation, a safe cannulation. If the arch vessels are 
involvedd in the dissection and a simultaneous aortic arch replacement is 
performed,, the "separated graft technique" [22] can be used to reimplant the supra-
aorticc vessels. This provides an important advantage, that is, the anastomotic 
suturess are placed more distally on the arch vessels to which point the dissection 
doess not usually extend. 

Inn our series, no spinal cord injuries occurred after surgery. The mean circulatory 
arrestt time was 7 minutes, and the mean nasopharyngeal and rectum 
temperaturess were 23°C and 26°C, respectively. This proves that when ASCP and 
moderatee hypothermia are employed, it is safe to stop body circulation for about 
600 minutes. Using ASCP, spinal cord perfusion may continue through the right 
subclaviann and right vertebral arteries, as well as through the blocked left 
subclaviann and left vertebral arteries. This probably underscores the value of 
ASCPP and the importance of blocking the left subclavian artery. 

Cerebrall  monitoring plays a central role during aortic dissection repair. The 
installationn requires only a few minutes and malpositioning of the ASCP system as 
welll  as cerebral malperfusion at the institution of CPB can be easily and 
immediatelyy detected. If cerebral malperfusion occurs during the cooling period, 
eitherr a different arterial inflow site can be selected or, alternatively, if the patient's 
temperaturee is already low enough, circulatory arrest and ASCP can be promptly 
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instituted. . 

Inn summary, during surgery of acute type A aortic dissection, ASCP with moderate 
hypothermiaa provided reliable brain protection, even in longer periods of 
circulatoryy arrest which are anticipated in this complex form of aortic surgery. 
ASCPP is technically feasible, and resulted in low neurologic complication rate and 
acceptablee hospital mortality. 
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Abstract t 

Background. Background. 
Wee report our experience with surgery for acute type A aortic dissection with 
involvementt of the aortic arch. 

Methods. Methods. 
Fromm January 1986 to December 2001, 277 patients underwent surgery for acute 
typee A aortic dissection. In 70 patients (25.3%), surgery was extended into the 
aorticc arch: hemiarch and total arch replacement in 53 (75.7%) and 17 (24.3%) 
patients,, respectively. Deep hypothermic circulatory arrest was used in 19 patients, 
antegradee selective cerebral perfusion in 38, and combined deep hypothermic 
circulatoryy arrest with antegrade selective cerebral perfusion in 13. 

Results. Results. 
Operativee mortality was 18.6% (13/70) after extended replacement into the arch 
versuss 21.7% (45/207) after surgery limited to the ascending aorta (p=0.62). 
Multivariatee analysis did not reveal significant risk factors for operative mortality. 
Postoperatively,, 5 patients (8.1%) had a new postoperative cerebral vascular 
accidentt (CVA). Multivariate analysis showed an earlier date of operation as the 
onlyy independant determinant for a new postoperative CVA (p=0.0162, 
RR=0.80/year,, 95% CI=0.67 to 0.96). None of the patients, operated on with 
antegradee selective cerebral perfusion, had a new cerebral deficit. Comparing the 
differentt methods of cerebral protection, multivariate risk analysis revealed 
antegradee selective cerebral perfusion as a significant protective factor against 
neww postoperative CVA (p=0.0110, OR=0.12, 95% CI=0.02 to 0.61). Survival at 5 
andd 10 years was 66.6% and 40.0%, respectively, after replacement of the aortic 
archh versus 68.7% and 57.7%, respectively, after replacement of the ascending 
aortaa (p=0.96). Freedom from aortic arch reoperation was 96.3% at 5 and 77.0% 
att 10 years versus 86.6% and 75.1% in both groups, respectively (p=0.21). 

Conclusions. Conclusions. 
Extendedd replacement into the aortic arch during surgery for acute type A 
dissectionn does not influence early and late results. The best cerebral protection 
seemss to be obtained with antegrade selective cerebral perfusion. 
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Introductio n n 

Surgeryy for acute type A dissection consists of replacement of the ascending aorta 
iff  the intimal tear is located in the ascending aorta. Partial or total arch replacement 
iss necessary if the tear is located in the proximal or distal aortic arch. In situations 
whenn only the ascending aorta is replaced, a reasonable extent of diseased distal 
aortaa remains after the operation, requiring fairly common reoperation. Therefore, 
thee approach to the distal aorta has become more aggressive in order to potentially 
decreasee the risk of late reoperation. However, a more extended initial aortic arch 
replacementt might increase operative risk compared with surgery limited to the 
ascendingg aorta. However, despite improvements in different techniques of 
cerebrall  protection, neurologic complications are still prevalent. 

Thee aim of this retrospective study was to determine the influence of arch 
replacementt on operative mortality, neurologic outcome, survival, and the risk of 
reinterventionss on the aortic arch for patients treated for acute type A aortic 
dissection. . 

Materia ll  and methods 

Betweenn January 1986 and December 2001, a total of 277 consecutive patients 
underwentt surgery for acute type A aortic dissection in our hospital. All patients 
underwentt emergency surgery within 14 days after the onset of symptoms. 
Seventyy of these patients (25.3%) underwent extended replacement of the aortic 
archh in order to excise the segment with the intimal tear. The 70 patients of this 
presentt study consisted of 49 (70%) men and 21 (30%) women, with a mean age 
off 0 years. Figure 1 shows the distribution of arch replacement and 
ascendingg aorta replacement throughout the study period. Preoperative neurologic 
complicationss consisted of transient (fully recovered at the time of operation) 
neurologicc disorders in 5 patients and permanent neurologic disorders in 3 
patients.. Surgical treatment was performed with protection of the brain by deep 
hypothermm circulatory arrest in 19, antegrade selective cerebral perfusion in 38, 
andd combined deep hypotherm circulatory arrest and antegrade selective cerebral 
perfusionn in 13 patients. Follow-up data were collected from patients files, regular 
clinicc visits, or by telephone interview and were 100% complete.. Additionally, the 
groupp of 70 arch replacement patients was compared with the group of 207 
patients,, operated on for acute type A dissection without arch replacement, 
regardingg neurologic disorders and mortality, in order to assess possible 
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FigureFigure 1. Distribution of arch replacements and ascending 
aortaaorta replacements per 3 years. 
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OperativeOperative techniques 
Duringg the 16-year period, there was a variability of operative techniques used, but 
thee following reflects our actual general operative approach. Patients suspected of 
sufferingg an aortic dissection were transfered to the operating theater, where they 
weree routinely prepared for cardiac surgery. After induction of general anesthesia, 
aa transesophageal echocardiographic probe was inserted to confirm the diagnosis. 
Al ll  patients underwent surgery for acute type A dissection on an emergency basis 
andd were operated on through standard median sternotomy. After systemic heparin 
administration,, total cardiopulmonary bypass was instituted by retrograde femoral 
arteryy cannulation with venous return through the right atrium. The use of 
cannulationn of the subclavian artery has recently been introduced in our clinic, but 
thiss technique was not used in the patients of this study. 

Afterr opening the ascending aorta, the heart was arrested by direct antegrade 
administrationn of cold crystalloid cardioplegia into both coronary ostia, keeping 
myocardiall  temperature lower than 11 °C. 
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Thee ascending aorta, containing the intimal tear, was resected and replaced with a 
wovenn Dacron graft. The extent of aortic replacement was determined by the 
locationn of the intimal tear in order to excise the segment of aorta containing the 
intimall  tear. Inspection and replacement of the aortic arch was performed with the 
patientt under deep hypotherm circulatory arrest in 19 cases. Mean duration of 
circulatoryy arrest was 41 6 minutes at an avarage cooled nasopharyngeal 
temperaturee of 15.TC  3.1°C with an iso-electrical electroencephalogram. In the 
earlyy experience, additionally to deep hypotherm circulatory arrest, cerebral 
protectionn was obtained with bilateral antegrade selective cerebral perfusion in 13 
patients.. More recently, all patients (n=38) were operated on with bilateral 
antegradee selective cerebral perfusion as a single method of cerebral protection. 
Ourr technique has been described previously [1]. The selective cerebral artery 
canulass were inserted in the brachiocephalic artery and left common carotid artery 
underr direct vision, as soon as the aortic arch lumen was opened under 
hypothermicc circulatory arrest (25 °C nasopharyngeal temperature). Cerebral 
perfusionn pressure was maintained at right radial artery pressures of aproximately 
400 to 70 mm Hg with a cerbral perfusion flow rate of 10 ml/kg/min. 
Nasopharyngeall  and blood temperatures were maintained at 25°C. The left 
subclaviann artery was occluded during antegrade selective cerebral perfusion. 
Afterr resection of the aortic arch, the distal aortic anastomosis was performed first 
byy means of the open aortic technique. The aortic arch was partially replaced in 53 
patientss (75.7%) with an intimal tear located in the proximal aortic arch, and 
totallyy replaced in 17 patients (24.3%) with an intimal tear in the distal arch. For 
hemiarchh replacement, the aortic arch with concomitant arch vessels was, shaped 
ass a peninsula, anastomosed to the obliquely trimmed graft and, for total arch 
replacement,, the arch vessels were reconstructed in an "en bloc" or island 
fashion.. Once the distal anastomosis was finished, the cerebral perfusion canulas 
weree removed and antegrade cardiopulmonary bypass was resumed through a side 
branchh of the graft. While rewarming, the proximal ascending aorta was trimmed 
andd the proximal anastomosis performed. Finally, the two grafts were 
anastomosed.. Teflon felt strips between the layers of the aorta were used in 29 
patientss (41.4%) and gelatin-resorcinol-formaldehyde (GRF) glue was used in 20 
patientss (28.6%) to reinforce the distal aortic stump. In 2 patients, GRF glue and 
Teflonn felt were both used for this purpose. Cardiopulmonary bypass time 
avaragedd 221 8 minutes. 

Concomitantt procedures performed during the same operation were aortic valve 
resuspensionn in 23 patients, aortic valve replacement in 2, and composite graft 
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replacementt in 4. 

StatisticalStatistical analysis 
Al ll  statistical analyses were calculated with Statistical Analysis Software (version 
8.22 for Windows, SAS Institute, Cary, NC). Univariate analysis of potential risk 
factorss (see Appendix) was used to identify statistically significant (p < 0.05) risk 
factors,, and was followed by logistic regression analysis (binary outcome) or Cox 
proportionall  hazard regression analysis (time related binary outcome) to determine 
independentt risk factors. Kaplan-Meier life tables were used for survival rates, and 
groupss were compared with the log-rank test. Continuous data are expressed as 
meansmeans SD. 

Results s 

Thee groups of patients, operated on with hemiarch replacement or total arch 
replacement,, were compared regarding all examined preoperative and 
perioperativee patient related variables (Appendix). There were no statistical 
differencess between those two groups at baseline. Regarding the outcome values 
forr survival and new postoperative cerebral vascular accident (CVA), arch 
replacementt was not a clinically relevant nor statistically significant risk factor 
(univariatelyy and multivariately). 

OperativeOperative mortality 
Operativee mortality was 18.6% (13/70) in the group that underwent aortic arch 
surgery,, and 21.7% (45/207) for the group of patients in which surgery was limited 
too the ascending aorta (p=0.62). Operative mortality, compared between the 
groupss of patients with and without replacement of the proximal or total aortic 
arch,, was not statistically different (Table 1). During the first 30 postoperative 
dayss or within the initial hospital stay, 3 of the 70 patients died due to cardiac 
failure,, 3 due to stroke, 5 due to sepsis, and 2 due to hemorrhage. Univariate and 
multivariatee analysis did not show statistically significant risk factors for operative 
mortality. . 
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TableTable 1. Operative mortality 

Replacementt Patients No. who died % 

Archa a 

Ascendingg aorta 

Totall  group 

aHemiarch h 
aTotall  arch 

70 0 
207 7 

277 7 

53 3 

17 7 

13 3 
45 5 

58 8 

9 9 

4 4 

18.6 6 
21.7 7 

20.9 9 

17.0 0 

23.5 5 

0.62 2 

0.72 2 

NeurologicNeurologic outcome 
Off  the patients who underwent aortic arch replacement, 8 patients presented with 
aa neurologic dysfunction before surgery; 3 patients had a transient ischemic attack 
(TIA) ,, and 5 patients had a permanent CVA. Therefore, 65 patients were at risk for 
aa new postoperative neurologic event. Of those patients at risk, 12 patients 
developedd a new postoperative neurologic event: a TIA in 5 and a CVA in 7 
patients.. Multivariate analysis for possible risk factors for a new postoperative 
CVAA revealed a recent date of surgery as a protective factor (p=0.0162, 
RR=0.80/year,, 95% CI=0.67 to 0.96). The different methods of cerebral 
protectionn did not show a significant difference regarding new postoperative CVAs 
betweenn the groups with or without aortic arch replacement (Table 2), although 
nonee of the patients who underwent arch replacement with antegrade selective 
cerebrall  perfusion developed a new postoperative CVA. Four of the 14 patients 
operatedd on with deep hypotherm circulatory arrest developed a new postoperative 
CVAA (28.6%), as did 1 of the 11 patients operated on with combined deep 
hypothermm circulatory arrest and antegrade selective cerebral perfusion (9.1%). 
Multivariatee risk analysis in a model to predict a new postoperative CVA, 
regardingg the different methods of cerebral perfusion in 247 patients at risk for 
suchh a new neurologic event, showed the use of antegrade selective cerebral 
perfusionn as a significant protective factor (p=0.0110, OR=0.12, 95% CI=0.02 to 
0.61).. Replacement of the aortic arch was no predictor for a new postoperative 
neurologicc deficit (p=0.43). 

Survival Survival 
Totall  cumulative follow-up of the 70 patients after arch replacement was 183 
patient-years,, with a median of 1.4 years. Mean follow-up was 2.6 years, with a 
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TableTable 2. Neurologic events 

Archh replacement Noo arch replacement Archh vs 
noo arch 

DHCA A 

DHCA+ASCP P 

ASCP P 

No o 

Total l 

Att risk 

14 4 

11 1 

37 7 

--

62 2 

CVA A 

4 4 

1 1 

0 0 

--

5 5 

% % 

28.6 6 

9.1 1 

0.0 0 

--

8.1 1 

Att risk 

84 4 

3 3 

39 9 

59 9 

185 5 

CVA A 

22 2 

0 0 

2 2 

10 0 

34 4 

% % 

26.2 2 

0.0 0 

5.1 1 

16.9 9 

18.4 4 

P P 
1.00 0 

1.00 0 

0.49 9 

0.07 7 

DHCA=deepp hypotherm circulatory arrest, ASCP=antegrade selective 
cerebrall  perfusion, CVA=cerebral vascular accident. 

rangee of 0 to 14.5 years. Eight of the 70 patients died within the follow-up 
period.. Cause of late death was rupture of a remote postdissection aortic 
aneurysmm in 1, heart failure in 3, and sudden death with unknown cause in 3 
patients.. Estimates for cumulative survival of the patients after arch replacement 
att 5 and 10 years postoperatively were 66.6% and 40.0%, respectively, and 68.7% 
andd 57.7% at 5 and 10 years for patients after surgery limited to the ascending 
aorta,, without a statistical difference between those two groups (p=0.96) (Figure 
2).. Also, survival between the groups operated on with hemiarch or total arch 
replacementt appeared not to be significantly different (p=0.84). 

AorticAortic arch reoperation 
Duringg the study period, reoperation with replacement of the aortic arch occurred 
inn 2 patients after replacement of the proximal aortic arch at initial surgery. The 
initiall  distal reconstruction in both patients was made without the use of Teflon 
felt.. GRF-glue was used in one of them to reinforce the distal aortic stump. There 
weree too few patients to perform statistical analysis. In 1 patient, reoperation was 
performedd with replacement of the ascending aorta, aortic arch and elephant trunk; 
inn the second patient, a Bentail procedure with replacement of the aortic arch and 
proximall  descending aorta was performed. In the first patient, the cause of 
reoperationn was a postdissection aneurysm of the residual distal aortic arch; in the 
secondd patient, reoperation was performed because of a postdissection aneurysm 
off  the residual proximal and distal native aorta. None of the patients who 
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underwentt initial replacement of the total aortic arch required reoperation with 
replacementt of the aortic arch. Freedom of reoperation with replacement of the 
aorticc arch was 96.3% at 5 years and 77.0% at 10 years postoperatively for patients 
whoo underwent arch replacement initially, and 86.6% and 75.1%, respectively, for 
patientss after surgery limited to the ascending aorta initially, p=0.21 (Figure 3). 
Otherr aortic reoperations performed during follow-up included two descending 
aortaa replacements, two thoracoabdominal aorta replacements, and three 
abdominall  aorta replacements. Cause of reoperation was a postdissection 
dilatationn of the aorta in all cases. There were no deaths at these additional 
reoperations,, and all patients were discharged in good condition without 
paraplegia. . 

FigureFigure 2. Cumulative survival (p=0.96). 
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InfluenceInfluence of the intimal tear located in the distal ascending aorta 
Outt of the 207 patients who underwent surgery limited to the ascending aorta, 150 
(72.5%)) patients had a primary intimal tear detected in the proximal or mid 
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ascendingg aorta, and 17 (8.2%) between the distal ascending aorta and the aortic 
arch.. The exact location of the intimal tear in the ascending aorta remained 
retrospectivelyy unknown in 40 (19.3%) patients because this information was not 
specificallyy mentioned in the operation reports. However, because those patients 
hadd undergone surgery limited to the ascending aorta, we have considered them to 
havee had their primary intimal tear located in the ascending aorta. We have 
comparedd the 17 patients who had an intimal tear located between the distal 
ascendingg aorta and the aortic arch with the 70 patients who underwent 
replacementt of the aortic arch, in order to assess whether the first group, in 
retrospection,, might had have benefit of replacement of their aortic arch as well. 
Operativee mortality of this group of patients with an intimal tear in the distal 
ascendingg aorta was 11.8% (2/17), without a statistical difference compared with 
thee 70 patients who underwent replacement of the aortic arch (p=0.73). Survival 
off  those 17 patients at 5 years postoperatively was 81.9% (p=0.47) and the 
freedomm of reoperation on the aortic arch was 84.9% at 5 years postoperatively 
(p=0.41). . 

FigureFigure 3. Freedom of reoperation on the aortic arch (p=0.2I). 
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Comment t 

Aorticc arch replacement is usually performed in patients with acute type A 
dissectionn whose intimal tear is located in the aortic arch. The benefits of an 
extensionn of the replacement into the aortic arch are the protection of the aortic 
archh rupture and a decrease in the risk of possible subsequent reoperations [2]. 
However,, there remains discussion whether such an extended arch replacement for 
acutee type A dissection increases the risk of early mortality and subsequently 
resultss in less satisfactory outcome compared with surgery limited to the ascending 
aorta.. Previous studies reported early mortality rates after simultaneous ascending 
aortaa and arch replacement ranging from 7.9% to 55% [3,4,5,6]. In our series of 
2777 consecutive patients with acute type A dissection, overall operative mortality 
wass 20.9.6% and 18.6% for the 70 patients who underwent ascending aorta and 
archh replacement, respectively. This means that replacement of the aortic arch did 
nott contribute to excessive operative mortality compared with ascending aorta 
replacementt without aortic arch replacement, which might be explained by patient 
selectionn and probably due to the surgical learning curve. Ascending aorta 
replacementss were performed since the earlier series, whereas replacement of the 
aorticc arch was performed in the more recent series [7]. Operative date was not a 
longitudinall  risk factor of mortality. This is in accordance to our previous report, 
wheree we already showed that; although the development and adoption of newer 
surgicall  techniques and strategies have aided surgeons to achieve successful 
results,, mortality remained comparatively stable over the past years [8]. We do, of 
course,, need to consider the retrospective, nonrandomized nature of this study and 
thee results of different surgeons, some of them less trained in aortic surgery, using 
aa variety of available techniques. 

Becausee methods of cerebral protection have evolved in recent years, aortic arch 
replacementt for acute aortic dissections has become a more accepted additional 
surgicall  treatment for these patients [3-6,9,10]. Recently, several authors have 
describedd antegrade selective cerebral perfusion as a useful method of cerebral 
protectionn during surgery on the aortic arch for acute type A dissection, achieving 
aa longer duration of safe cerebral protection using antegrade selective cerebral 
perfusionn than using deep hypothermic circulatory arrest [1,2,11,12]. Antegrade 
selectivee cerebral perfusion is considered to offer a better protection of the brain 
becausee the oxygenated blood flows antegrade into the brain; furthermore, because 
thiss method is less time-limited than deep hypothermic circulatory arrest, the 
reconstructionn of the friable dissected aortic arch can be performed unhurried 
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[13,14].. In our experience, inspection of the arch for positioning of the necessary 
bicarotidd canulas and for intimial tears can be done adequately, and the use of this 
techniquee does not restrict the operative field adversely. Transecting the ascending 
aortaa gives a good view of the arch until the level of the left subclavian artery. In 
ourr series, none of the 37 patients who underwent aortic arch replacement with the 
usee of antegrade selective cerebral perfusion experienced a CVA postoperatively. 
Onn the other hand, 28.6% of the patients who had their aortic arch replaced with 
deepp hypotherm circulatory arrest had a new postoperative CVA. Subsequently, we 
showedd that antegrade selective cerebral perfusion, compared with alternative 
cerebrall  protective procedures in surgery with arch replacement, was a protective 
factorr for new postoperative CVA. 

Latee reoperations after the initial surgical treatment for acute type A dissection are 
relativelyy common due to persistence of a patent distal false lumen with 
subsequentt aortic aneurysmal dilatation because of shear stress on the fibrotic 
aorticc wall. There is general agreement that the distal repair of the dissected aorta 
shouldd be extended sufficiently in order to exclude the segment of the aorta 
containingg the intimal tear [15,16], although the incidence of patency and blood 
floww within the false lumen still reaches 50 to 70% of patients who underwent 
surgeryy for acute type A dissection [6,17]. In this study, we focused on 
reoperationss involving the aortic arch to investigate whether initial replacement of 
thee aortic arch reduces the incidence of reoperations on this segment of the aorta, 
forr which reintervention with a new median sternotomy is necessary. The risks of 
aa reoperation, through median sternotomy, on the proximal aorta fall of course to 
zeroo if the reoperation is not needed as a result of a patent total replaced aortic 
segment.. In our series, only 2 patients required a reoperation through median 
sternotomyy for new replacement of the aortic arch after initial replacement of the 
proximall  aortic arch. This suggests, in accordance to the results of Kazui and 
associates,, that extended replacement of the aortic arch helps to avoid reoperation 
throughh median resternotomy, which has been a well-known risk factor for 
reoperation-relatedd mortality and morbidity [7]. However, compared with the 
groupp of patients who were operated on without arch replacement, the difference 
wass not significant, although the trend remains clear that extended arch 
replacementt might reduce the risk of reoperation. Our satisfactory results are in 
accordancee with the results of several authors, who advocate systematic extended 
orr total aortic resection for the initial emergent surgical procedure of acute type A 
dissection,, irrespective of the location of the intimal tear [10,18,19]. Nevertheless, 
wee agree with Kirsch and coworkers [20] that, although distal extent of aortic 

137 137 



ChapterChapter 7 

resectionn at the initial operation does not significantly influence the risk of 
reoperation,, systematic extensive or total aortic replacement in an emergency 
settingg will necessarily increase the already high operative risk and will outweigh 
thee relatively low incidence of reoperation (77.0% freedom of aortic arch 
reoperationn at 10 years in our series) and the associated operative risk. The trend 
towardss enhanced durability of aortic root repair when GRF glue was used, as 
reportedd previously [21], appeared not to be consistent for the use of GRF glue for 
distall  aortic stump reconstruction in this present series. There was, in accordance 
withh the results of Kazui and associates [19], no significant difference in freedom 
off  aortic arch reoperation between patients whose initial distal aortic anastomoses 
weree constructed with or without GRF-glue, in contrast to the results of Nguyen 
andd associates [22]. 

Theree was also no significant difference in operative mortality, survival, and 
freedomm of reoperation on the aortic arch between the group of patients who 
underwentt replacement of the aortic arch, to excise an entry tear in the arch, and 
thee subgroup of patients who had undergone surgery limited to the ascending aorta 
too exclude an intimal tear between the distal ascending aorta and the aortic arch. 
Thee location of the intimal tear was no significant risk factor for those three 
endpointss either. This confirms that the choice of treatment, replacement of the 
aorticc arch or not, can be properly made based on the location of the intimal tear 
withoutt adverse effects on the operative results. 

Conclusion n 

Surgeryy for acute type A dissection with graft replacement of the proximal or total 
aorticc arch leads to satisfactory results. Operative mortality after replacement of 
thee aortic arch is similar to operative mortality after replacement of the ascending 
aortaa without arch replacement; therefore, replacement of the aortic arch, in order 
too exclude the intimal tear in the arch, is not an additional risk factor for mortality 
afterr surgery for acute type A dissection. 

Antegradee selective cerebral perfusion seems to provide optimal protection of the 
brainn during extensive surgery for acute type A dissection. 
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Abstract t 

AA 27-year old man, two 54-year old men and a 64-year old woman presented with 
aspeciflcc symptoms: acute pain and tingling in the shoulders plus paraplegia; 
exertionall  dyspnoea and tingling in both feet for the past week; increasing 
shortnesss of breath and cold, pale legs and feet for the past week; acute retrosternal 
pain,, incontinence and paraparesis. The cause was dissection of the ascending 
aortaa (type A). Following the operation, the legs were amputated because of 
ischaemia.. The 27-year old man and one of the 54-year old men died; the other 
twoo patients made a satisfactory recovery. Acute type A aortic dissection is a life-
threateningg disease that must be recognised early because it is an absolute 
indicationn for emergency surgery. The initial manifestation of type A dissection 
mayy be very aspeciflc. Postoperative lower limb ischaemia, as the first symptom 
off  this disease, is rare and usually disappears after surgery for type A dissection. 
Inn some cases, however, ischaemia persists and alters the postoperative course 
dramatically. . 
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Inleiding g 

Eenn acute dissectie van de aorta ascendens is een levensbedreigende afwijking van 
dee thoracale aorta, die het noodzakelijk maakt de diagnose snel te stellen, 
complicatiess te herkennen en chirurgische therapie toe te passen. Via een, meestal 
kleine,, intimascheur verlaat bloed plotseling het normale aortakanaal en splijten of 
dissecerenn vervolgens de binnenste en buitenste laag van de media, waardoor een 
waarr en een vals kanaal ontstaan (figuur 1 en 2). Dit gaat meestal samen met 
hevigee thoracale pijnklachten. Als de dissectieflap het aortakanaal afsluit, kan de 
bloedstroomm naar organen of ledematen afnemen. 

Menn spreekt van acute dissectie als de diagnose gesteld wordt binnen 14 dagen na 
ditt acute moment. Classificatie volgens Stanford definieert een type A dissectie 
wanneerr de aorta ascendens betrokken is, onafhankelijk van de plaats van de 
primairee intima scheur, en onafhankelijk van de mate van distale uitbreiding [1]. 
Ditt in tegenstelling tot een type B dissectie, waarbij de distale aorta is gedisseceerd 
vanaff  de linker A. subclavia. Aorta ascendensdissectie is een absolute indicatie 
voorr spoedoperatie in verband met de hoge kans op sterfte door een ruptuur, 
intrapericardialee dissectie met tamponade of een door dissectie 
gecompromitteerdee coronaire circulatie, terwijl een type B dissectie veelal 
conservatieff  met bloeddrukverlagende medicijnen wordt behandeld. 

Zonderr operatie is 50% van de patiënten met een type A dissectie binnen 48 uur 
overleden,, 70% binnen 1 week en 90% binnen 3 maanden [2]. De operatieve 
sterftee is hoog en kan oplopen tot 32.5% [3], De meeste patiënten met een 
aortadissectiee presenteren zich, behalve met pijnklachten, ook vaak met atypische 
symptomenn van cardiale, vasculaire of neurologische aard; hierdoor is het 
belangrijkk erop bedacht te zijn en essentieel beeldvormend onderzoek te verrichten 
[4].. De sterfte van patiënten met aortadissectie en ischemie van de benen kan 
oplopenn tot 60% [5]. 

Wijj  beschrijven 4 patiënten meteen acute dissectie van de aorta ascendens die zich 
presenteerdenn met ischemie van de benen. Hoewel levensreddende spoedoperaties 
warenn verricht, was later beenamputatie noodzakelijk. 
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FiguurFiguur 1. Transoesophageale echocardiografie: sagittale opname van een 
gedisseceerdegedisseceerde aorta ascendens, waarin een losliggende intimaflap zichtbaar is. 
DeDe schaalverdeling is in cm.. 

FiguurFiguur 2. (a) Gedisseceerde aorta met intimascheur boven aortaklep en 
uitbreidinguitbreiding van de dissectie naar de distale aorta. De intimaflap drukt, door 
bloedstroombloedstroom in het valse aortakanaal, het ware kanaal grotendeels dicht, (b) 
SituatieSituatie na excluderen van de intimascheur door vervanging van de 
supracoronairesupracoronaire aorta ascendens door een buisprothese. De herstelde 
bloedstroombloedstroom vult weer het ware kanaal van de distale gedisseceerde aorta. 

149 149 



ChapterChapter 8 

Ziektegeschiedenissen n 

Patiëntt A, een 27-jarige man met een blanco medische voorgeschiedenis, kreeg 
tijdenss coïtus acuut heftige pijn en tintelingen in zijn schouders en was kortdurend 
verlamdd aan beide benen. Zijn rechter been herstelde spontaan, maar sensibele en 
motorischee uitval van zijn linker been persisteerden. De huisarts verwees hem naar 
dee neuroloog, die geen primair neurologische oorzaak vond. Bij presentatie was 
patiëntt helder, hemodynamisch en respiratoir stabiel. Auscultatoir werd een luide 
diastolischee soufflé gehoord, passend bij aortaklepinsufficiëntie. Het linker been 
wass koud, bleek en pijnlijk , en pulsaties en sensibiliteit waren afwezig. De 
algemeenn chirurg werd geconsulteerd, waarna CT-scan een dissectie vanaf de aorta 
ascendenss toonde. Transthoracale echocardiografie toonde aortaklepinsufficiëntie 
graadd II . Vervolgens werd patiënt overgeplaatst naar ons ziekenhuis. 

Mett behulp van de hart-longmachine werd de aorta ascendens vervangen door een 
kunststoff  vaatprothese, in combinatie met aortaklepresuspensie. Tijdens 
systemischee circulatiestilstand werden de hersenen beschermd door middel van 
antegradee selectieve cerebrale perfusie [6]. Postoperatief bleef het linker been 
vasculairr bedreigd en volgde intra-arteriële angiografie. Hieruit bleek dat de 
dissectiee doorliep tot in de A. iliaca communis links. In de distale aorta en de A. 
iliacaa communis links werden stent aangebracht, waarna het been gereperfundeerd 
was.. Tijdens angiografie begon het been te zwellen, met als gevolg een 
logesyndroom,, waarvoor onderbeensfasciotomie werd verrricht. Door 
rhabdomyolysee uit het linker been steeg de creatinekinasewaarde tot 168.000 U/l. 
Ditt leidde tot nierinsufficiëntie met anurie en hemodialyse vanaf de 2e 
postoperatievee dag. De serumcreatineconcentratie was maximaal 594 mmol/1. 

Vanaff  de 3e postoperatieve dag ontstond bij patiënt koorts bij een geïnfecteerde 
fasciotomiewond,, wellicht door het zogenaamde 'no reflow'-fenomeen, waarbij, 
nadatt langdurige ischemie is hersteld, reperfusieschade optreedt met alsnog 
occlusiee van de microcirculatie. Als enige therapie hiervoor werd op de 4e 
postoperatievee dag een onderbeenamputatie vanaf de knie verricht. De beademing 
gingg goed; wel was er een longinfectie. 

Opp de 7e postoperatieve dag overleed patiënt na een cardiopulmonaal arrest. 
Pathologischh onderzoek van de gereseceerde aorta toonde aanwijzingen voor de 
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ziektee van Marfan en bij obductie vond men een aspiratiepneumonie. De dissectie 
liepp tot in de linker A. femoralis superficialis met hier een ruptuur naar de weke 
delen. . 

Patiëntt B, een adipeuze 54-jarige man met hypertensie die veel rookte, had sinds 
eenn week lichte dyspnée d'effort en koude, blauw verkleurde handen en voeten. 
Naa een antibioticakuur voor een vermeende luchtweginfectie verwees de huisarts 
hemm naar de cardioloog. Inmiddels liep patiënt met krukken, omdat hij door 
prikkelingenn in beide voeten niet kon staan. 

Bijj  presentatie was hij helder, niet acuut ziek, hemodynamisch en respiratoir 
stabiel.. Auscultatoir waren er normale harttonen zonder soufflé. De pulsaties 
warenn in de liezen nauwelijks palpabel. Opname op de hartbewaking volgde in 
verbandd met een beeld dat paste bij cardiomyopathie met atriumflutter. De perifere 
cyanosee werd verklaard door hartfalen ('forward failure') of embolieën. 
Transthoracalee echocardiografie toonde mogelijk een gedisseceerde aorta 
ascendenss zonder aortaklepinsufficiëntie of tamponade. Hierop werd patiënt 
overgeplaatstt naar ons ziekenhuis, waar transoesophageale echocardiografie onder 
narcosee de dissectie bevestigde en hij aansluitend werd geopereerd. 

Mett behulp van de hart-longmachine en antegrade selectieve cerebrale perfusie 
werdenn de aorta ascendens en de proximale aortaboog vervangen door een 
kunststoff  vaatprothese. Postoperatief werd de circulatie van beide benen steeds 
kritiekerr en mede op grond van bij ophtalmologisch onderzoek vastgestelde retina-
infarctenn en 'cotton-wool spots', leek het beeld op dat van perifere cholesterol-
embolieeën.. De perifere ischemie, passend bij een dubbelzijdige 'trash foot' 
(blauww verkleurde, heftig pijnlijke voet door capillaire vaatbedstoornissen, ten 
gevolgee van gefragmenteerde stolsels of perifere cholesterolembolieën ('trash')), 
wass zo ernstig dat 12 dagen postoperatief onderbeenamputatie rechts en 
voorvoetamputatiee links werden uitgevoerd. Necrotische plekjes op vingertoppen 
werden,, in afwachting van demarcatie, conservatief behandeld. Uiteindelijk werd 
patiëntt 29 dagen na operatie worden geëxtubeerd, waarna hij 4 dagen later werd 
overgeplaatstt naar een ziekenhuis in zijn woonplaats. Bij poliklinische controles 
naa 3, 6, 12 en 24 maanden bleek na een lang verblijf in een revalidatiecentrum het 
herstell  bevredigend. 
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Patiëntt C, een 64-jarige vrouw, was sinds een week kortademig en zij had 
aanhoudendd pijn op borst en rug. Omdat de kortademigheid, die zij kende als veel 
rokendee COPD-patiënte, toenam, bezocht zij de huisarts. Auscultatoir was 
precordiaall  een luide soufflé te horen. Bovendien waren beide benen en voeten 
koudd en bleek. Cardiologische verwijzing volgde. 

Electrocardiografischh waren er sinusritme en een oud voorwandinfarct. Op de 
röntgenthoraxfotoo waren vaatstuwing en pleura vocht te zien. Transthoracale 
echocardiografiee bevestigde een aanzienlijke aortaklepinsufficiëntie (graad IV) en 
opnamee volgde in verband met decompensatio cordis. Dezelfde nacht werd 
patiëntee plotseling hypotensief en respiratoir insufficiënt, waarvoor beademing en 
circulatoiree ondersteuning werden gestart. 

Transoesophagealee echocardiografie toonde een dissectie vanaf de aorta 
ascendenss met prolaps van een aortaslip en aanwijzingen voor stolsels in het linker 
atrium.. Patiënte was anurisch met een serumcreatinineconcentratie van 209 
mmol/1.. Haar linker voorvoet was, ondanks intacte voetpulsaties, ischemisch 
verkleurd.. Vervolgens werd patiënte overgeplaatst naar ons ziekenhuis, waar zij 
mett spoed werd geopereerd. 

Tijdenss de operatie werd met de hart-longmachine en met diepe systemische 
koelingg de aorta ascendens vervangen. Via het linker atrium werden de stolsels uit 
hett hart verwijderd. Voor deze stolsels was geen duidelijke oorzaak; mogelijk 
haddenn voorbijgaande ritme stoornis sen in combinatie met een gedecompenseerd 
hartt eraan bijgedragen. 

Postoperatieff  was de diurese goed. De ischemische verkleuring van de linker 
voorvoett persisteerde met intacte voetpulsaties. Dit beeld, dat paste bij 
precapillairee vaatbedstoornissen door 'trash' op basis van een gefragmenteerd 
stolsel,, werd vervolgens behandeld met iloprost intraveneus. Op de 13e 
postoperatievee dag werd wegens necrose voorvoetamputatie verricht, gevolgd 
doorr onderbeenamputatie in verband met stompnecrose. Patiënte werd 13 dagen 
beademdd en in totaal 33 dagen op de intensivecareafdeling verpleegd. 

Bijj  poliklinische controles na 3, 6, 12 en 24 maanden had zij psychische 
verwerkingsproblemenn van de amputatie, maar een bevredigend lichamelijk 
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Patiëntt D, een 54-jarige man met blanco medische voorgeschiedenis, had tijdens 
defecatiee plotseling hevige retrosternale pijn, die uitstraalde naar onderrug en 
benen.. Hij was incontinent voor urine en feces en had een paraparese. 

Bijj  presentatie op de spoedeisende hulp was hij helder en respiratoir en circulatoir 
stabiel.. De parese deed zich vooral voor aan het koude rechter been, waar 
liespulsaties,, in tegenstelling tot links, niet palpabel waren. Wegens het vermoeden 
vann een aortadissectie volgde een CT-scan; deze toonde een dissectie vanaf de 
aortaa ascendens zonder bloedstroom in de rechter A. iliaca communis en een 
infarctt van de linker nier. Patiënt was anurisch met een 
serumcreatinineconcentratiee van 113 mmol/1. Neurologische evaluatie bevestigde 
eenn dwarslaesie vanaf Tl0. Patiënt werd overgeplaatst naar ons ziekenhuis, waar 
hijj  met spoed werd geopereerd. 

Mett behulp van de hart-longmachine en antegrade selectieve cerebrale perfusie 
werdd de aorta ascendens vervangen, met resuspensie van de aortaklep. 
Postoperatieff  was de circulatie van beide benen hersteld, maar in verband met een 
logesyndroomm van het rechter onderbeen volgde een fasciotomie. De diurese was 
goedd en de creatinekinasewaarde was maximaal 36.500 U/l. Neurologisch waren 
beidee benen hersteld. 

Enkelee dagen postoperatief ontstond koorts, mogelijk door een pulmonale infectie. 
Ondankss goede voorvoetcirculatie waren er progressieve necrose en infectie van 
hett onderbeen, passend bij een 'no reflow'-fenomeen, waardoor op de 12e 
postoperatievee dag bovenbeenamputatie werd verricht. De koorts hield aan en 
patiëntt bleef beademingsafhankelijk. In verband met anurie en een 
serumcreatinineconcentratiee van 600 mmol/1 werd 2 weken postoperatief 
hemodialysee gestart. De koorts persisteerde ondanks antibiotische therapie en 26 
dagenn postoperatief overleed patiënt onder het beeld van insufficientia cordis bij 
multipell  orgaanfalen. Obductie toonde uitgebreide bronchopneumonie. 
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Beschouwing g 

Inn het St. Antonius Ziekenhuis zijn, in de jaren 1974-2002, 336 patiënten 
geopereerdd in verband met een acute type A aortadissectie. De meeste patiënten 
haddenn acuut pijn ter hoogte van schouders, rug of borst. Meestal werd de 
aandoeningg aangetoond met transoesophageale echocardiografie, CT of MRI. De 
operatievee sterfte van de gehele groep was 22.9%. Preoperatieve malperfusie van 
extremiteiten,, als gevolg van dissectie of cardiogene shock, was bij 31.4% van de 
patiëntenn aanwezig, maar beïnvloedde de operatieve sterfte niet statistisch 
significantt [7]. Alleen bij de hier beschreven 4 patiënten persisteerde 
postoperatieff  ischemie van de benen, waarvoor amputatie werd verricht. 

Hoewell  amputatie zelden voorkomt, illustreren bovenstaande 
ziektegeschiedenissenn hoe dramatisch het postoperatief beloop na een acute type 
AA aortadissectie verloopt door ischemische complicaties van de benen. Wij menen 
datt vroege herkenning van deze aandoening door eerstelijnshulpverleners een 
behandelingg op zo kort mogelijke termijn mogelijk maakt, waardoor leven en 
ledematenn van deze patiënten kunnen worden gespaard. 

Dee ontstaanswijze van de ischemie, secundair aan de dissectie, was bij elke patiënt 
verschillend:: patiënt A en D hadden ischemie als gevolg van een aorta-iliacale 
afsluitingg door de dissectieflap, patiënt B als gevolg van perifere afsluitingen door 
cholesterolembolieënn en patient C mogelijk door in capillairen vastgelopen 
trombi.. Mogelijk hebben het aortadis sectieproces en een krappe circulatoire 
toestandd bijgedragen aan de perifere trombo-embolische gevolgen. 

Alhoewell  spoedoperatie voor deze patiënten levensreddend is geweest, getuige het 
natuurlijkk beloop bij niet-geopereerde patiënten, overleden patiënt A en D 
uiteindelijkk aan de gevolgen van respiratoire sepsis en multipel orgaanfalen. 
Patiëntt B en C waren eveneens lang beademingsafhankelijk in verband met 
respiratoiree insufficiëntie. Mogelijk heeft reperfusie van ischemisch weefsel geleid 
tott pulmonale stoornissen door verhoogde vasculaire permeabiliteit in de longen 
enn pulmonale hypertensie [8]. De invaliderende consequenties van de amputaties 
voorr de behandeling en de toekomst van deze patiënten zijn duidelijk. 
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Dee aspecificiteit van de gepresenteerde klachten van deze patiënten toont het 
belangg om alert te zijn om deze aandoening te herkennen. Er hoeven namelijk niet 
altijdd acute thoracale pijnklachten te zijn en zelfs als die er zijn, zoals bij patiënt 
AA en D, kan het vermoeden van andere, bijvoorbeeld neurogische aandoeningen 
aanvankelijkk op de voorgrond staan en adequate verwijzing vertragen. Patiënt B 
enn C, die een week na het ontstaan van de klachten werden geopereerd, tonen hoe 
sluipendd en aspecifiek de klachten kunnen zijn, waardoor adequate verwijzing en 
diagnostiekk vertraagd worden. 

Inn eerste instantie moet altijd eerst de gedisseceerde aorta ascendens geopereerd 
wordenn om de patiënt in leven te houden. Indien ischemie bestaat en de 
intimascheurr in de gedisseceerde aorta ascendens wordt geëxcludeerd, kan de 
vascularisatiee van ledematen eveneens herstellen. Hierdoor zal namelijk de 
bloedstroomm antegraad in het ware lumen worden hervat (zie figuur 2) en vaak 
spontaann leiden tot herstel van de circulatie stroomafwaarts, waardoor 
bijvoorbeeldd perifere ischemie of zelfs paraplegie kan verdwijnen. Als 
postoperatieff  de ischemie nog bestaat, kan zo nodig, naast handhaven van een 
optimalee circulatoire toestand, ook intra-arteriële angiografie verricht worden. 
Periferee revascularisatie kan bereikt worden met (axillofemorale of 
femorofemorale)) vasculaire omleidingen, implantatie van intra-arteriële stents, 
zoalss bij patient A, al of niet met voorafgaande percutane fenestratie van de 
intimaflap,, of vasodilatatie met iloprost intraveneus, zoals bij patient C. Overigens 
kann ischemie van benen ook ontstaan bij type B aortadissecties, waarbij de 
proximalee aorta niet betrokken is, en bij die patiënten volgen onmiddelijk 
diagnostiekk en behandeling van ischemie van de benen, omdat levensreddende 
spoedoperatiee niet geïndiceerd is. 

Conclusie e 

Acutee type A aortadissectie kan zich manifesteren met atypische symptomen, zoals 
arteriëlee insufficiëntie van de benen. Hoewel deze ongebruikelijke klachten niet 
altijdd op de voorgrond staan, is vlotte herkenning van deze vaatstoornissen, door 
huisartsenn en andere betrokken artsen uit de eerstelijnszorg, belangrijk, omdat dit 
kann leiden tot snelle diagnosestelling en behandeling van de aortadissectie met, zo 
mogelijk,, behoud van benen. De therapie bestaat per definitie eerst uit een 
levensreddendee spoedoperatie. 
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AA 48-year old man was seen at the emergency department with sudden onset 
severee pain in his left shoulder and in his upper abdomen. Both lower extremities 
weree cyanotic without palpable femoral pulsations and he lost sensibility below 
thee knees. Six months earlier, he had undergone a Bentall procedure with 
replacementt of the ascending aorta for an intermediate/severe aortic valve 
regurgitationn due to annulo-aortic ectasia. The routine CT-scan, 3 months 
postoperatively,, showed a good operative result with normal diameters of the 
distall  aorta and without false aneurysms. He was being treated with coumadines 
andd a beta-blocker daily. The diagnosis of a type B aortic dissection with an 
occludedd distal aorta was established by a computed tomographic scan and an 
intra-arteriall  angiography was made subsequently (Fig 1). After septation of the 
occlusivee intimal flap by perforation and balloon dilatation, the occlusion above 
thee aortic bifurcation persisted (Fig 2). Application of a self extendable stent 
(Easy-Walll  stent, 14 x 89 mm) restored the perfusion of the distal aorta effectively 
(Figg 3 and 4). Reperfusion of the lower limbs was achieved 6 hours after onset of 
symptoms.. After the procedure, the vascularisation and sensibility of both lower 
extremitiess recovered and the patient had good palpable pulsations distally. The 
typee B aortic dissection was further treated conservatively. 
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Figuree 1 
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Figuree 2 
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Figuree 3 
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Figuree 4 



166 166 

\ \ 



Chapterr 10 
SUMMARY Y 

167 167 



ChapterChapter 10 

168 168 



———— Summary 

Thiss thesis focuses on the surgical treatment of acute type A aortic dissection, a 
catastrophicc disease that remains difficult to treat. 

Duringg the past years, several therapeutic and diagnostic advances have been 
introducedd to improve the treatment outcomes. These include deep hypotherm 
circulatoryy arrest (DHCA), open distal anastomosis, aortic root reconstruction, and 
antegradee selective cerebral perfusion (ASCP). However, despite these advances, 
perioperativee mortality and morbidity remain considerably high. This thesis 
examiness our results managing patients with acute type A dissection with special 
emphasiss on the management of aortic root dissection, aortic arch dissection, 
cerebrall  protection, and lower extremity malperfusion. 

ChapterChapter J gives the definition of acute type A aortic dissection and provides a 
generall  introduction to this thesis. 

ChapterChapter 2 is an analysis of the short-term results of 252 consecutive patients 
operatedd on for acute type A aortic dissection between 1974 and 1999. The 
determinantss of operative mortality were studied using multivariate statistical 
methodss to predict the individual risk. Operative mortality was 25%. Iatrogenic 
dissections,, cardiopulmonary resuscitation and extended extracorporeal 
circulationn times were associated with increased operative mortality. Patients with 
iatrogenicc dissections were frequently intubated and sedated which might cause a 
delayy between onset of symptoms and diagnosis. Prompt surgical treatment might 
preventt cardiogenic shock and cardiopulmonary resuscitation. The aortic valve 
shouldd be preserved if morphologically normal and without a dilated annulus, 
howeverr the use of an aortic valve prosthesis or Bentall procedure when applicable 
seemedd to benefit early survival, perhaps because they prevent from prolonging 
extracorporeall  circulation time and proximal anastomosis bleeding or secundary 
repairr after unsuccessful aortic valve resuspension. Additionally postoperative 
neurologicall  events were studied. Avoiding the appliance of an aortic cross-clamp 
andd using antegrade selective cerebral perfusion seemed to benefit neurological 
outcome.. We advocate an open distal technique using DHCA if the arrest time is 
anticipatedd to be less than 30 minutes, otherwise ASCP should be used. Clamping 
off  the aorta is avoided but might be safely applied if bilateral radial artery 
pressure,, electro-encephalogram and bilateral transcranial doppler monitoring are 
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available.. The clamping zone should always be excised. 

ChapterChapter 3 gives an overview of 27-years experience with surgery for acute type A 
aorticc dissection. Between 1974 until 2001, 243 survivors of surgical treatment 
weree followed. Total cumulative follow-up was 1292 patient-years with a median 
off  4.4 years. Median survival time was 16.0 years. The long-term results of those 
patientss were acceptable. Survival after 20 years was 39.4% and freedom from 
cardiovascularr reoperation was 41.9%. The incidence of stroke after 20 years was 
3.8%.. Advanced patients age at initial surgery and postoperative hemodialysis 
influencedd the survival. The multiple changes in operative techniques, methods of 
perfusionn and cerebral protection did not substantially change the long-term 
results.. Any reduction of late mortality rate in patients who survived surgery for 
acutee type A dissection, therefore, might come from close surveillance of the aorta, 
treatmentt with beta-blockers, and earlier recognition of risk factors such as 
hypertensionn and aortic dilatation, followed by elective operation with lower 
mortalityy and morbidity. 

ChapterChapter 4 evaluates the multivariate preoperative risk analysis, intended to, 
retrospectively,, assess the relationship between preoperative risk factors and 
operativee mortality. Based on the developed logistic regression model, the 
individuall  chances of operative mortality can be predicted by using the 
permutationss iatrogenic dissection, cardiopulmonary resuscitation and drained 
pericardiall  tamponade. The latter seemed to benefit survival. Adequate circulation 
improvess survival, therefore prompt surgery should prevent hemodynamic 
deteriorationn resulting from pericardial tamponade, but it must be conceded that 
drainingg pericardial tamponade before surgery might be faster and more effective. 

ChapterChapter 5 is an analysis of the results of aortic valve preservation during surgical 
interventionn for acute type A aortic dissection with involvement of the aortic root. 
Fromm 1976 to 1999, 121 patients were operated with various techniques for aortic 
roott reconstruction and followed for a mean of almost 4 years. Ten percent of the 
patientt population underwent aortic valve replacement during follow-up but only 
onee was due to intrinsic aortic valve pathology. Nine reoperations were due to 
aorticc root dilatation. The use of fibrinous glue for aortic root reconstruction and 
thee presence of an aortic valve annulus more than 27 mm were associated with a 
statisticallyy significant higher incidence of aortic root operation. There was a trend 

770 0 



.. Summary 

towardss better durability using GRF-glue over Teflon felt for aortic root 
reconstruction. . 

ChapterChapter 6 reports on the results of 122 consecutive patients who underwent 
surgeryy for acute type A aortic dissection using antegrade selective cerebral 
perfusionn and moderate hypothermic circulatory arrest between 1995 and 2001. 
Duringg surgery of acute type A aortic dissection, the use of ASCP with moderate 
hypothermiaa resulted in low neurological complication rate and an acceptable 
hospitall  mortality. Hospital mortality was 19.7%. The risk factors associated with 
hospitall  mortality and adverse neurological outcome were analyzed with 
multivariatee statistical methods. Preoperative cardiac tamponade and neurological 
deficitss were independent risk factors for hospital mortality and temporary 
neurologicall  deficits. Both end-points were not affected by the duration of the 
ASCP,, permitting unhurried repair of friable aortic tissues and more extended 
aorticc replacements. 

ChapterChapter 7 examines 277 patients operated on for acute type A aortic dissection 
fromm 1986-2001; the results of 70 patients, who were operated on with extended 
archh replacement, were compared with the results of 207 patients who had 
undergonee surgery limited to the ascending aorta. Operative mortality was 
comparablee in both groups (18.6% for the patients who underwent arch 
replacement,, 20.9% overall operative mortality) and extended replacement into 
thee aortic arch appeared not to influence survival and late aortic arch reoperation 
rate.. Survival of the patients after arch replacement was 40.0% at 10 years and 
57.7%% for the patients after surgery limited to the ascending aorta. Freedom of 
reoperationn on the aortic arch was 77% at 10 years postoperatively for patients 
afterr arch replacement and 75.1% for patients after surgery limited to the 
ascendingg aorta. Therefore, replacement of the arch, to exclude the intimial tear, 
wil ll  not increase the operative risk or late outcome. None of the patients who had 
theirr aortic arch replaced with the use of antegrade selective cerebral perfusion had 
aa new neurologic complication, which means that the use of antegrade selective 
cerebrall  perfusion seemed to offer the best cerebral protection. 

ChapterChapter 8 describes 4 patients with an acute type A aortic dissection complicated 
withh persisting lower limb ischemia, necessitating limb amputation. These patients 
illustratee how aspecific the initial presentation of patients with an acute type A 
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dissectionn can be and they underline the importance of recognizing the symptoms, 
diagnosticc tools and treatment. First, the dissected aorta should be surgically 
repairedd in order to safe the patients life. Besides, lower limb ischemia can recover 
duee to exclusion of the intimal tear and resumed antegrade bloodflow through the 
truee lumen. If the ischemia persists postoperatively, angiography and proper 
revascularisationn will follow, while keeping the patients hemodynamic condition 
optimal. . 

ChapterChapter 9 reports on a patient with an occluded distal aorta due to an acute aortic 
dissection.. Both lower limbs were successfully saved by endovascular septation of 
thee occlusive intimal flap and application of a self expandable stent. 

Conclusionss and recommendations 

Wheneverr possible, we bypass the intensive care unit, and transport the patients 
directlyy to the operating room. The operation room is then used as the place for 
diagnosticc and therapeutic options. This includes intraoperative TEE to confirm 
thee diagnosis as well as verification of proper circulation management and pre-
andd postoperative aortic valve function. Established principles for the surgical 
treatmentt of this disease are: 

1.. Resection of the intimal tear site and replacement of the concomitant ascending 
aortaa or arch. 

2.. If the tear is not identified in the ascending aorta, inspection of the distal 
ascendingg aorta or the aortic arch should follow under circulatory arrest. 

3.. Open distal anastomosis technique using deep hypotherm circulatory arrest if 
thee anticipated arrest time is less than 30 minutes. We tend to shift towards more 
usee of antegrade selective cerebral perfusion, especially when the arrest time is 
expectedd to be more than 30 minutes. 

4.. Avoidance of aortic clamping. However, the aorta might be safely clamped if 
adequatee and sufficient controls are available (bilateral radial artery pressure, 
electro-encephalogram,, bilateral transcranial doppler monitoring). The clamping 
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zonee should always be excised. 

5.. Repair or replacement of the aortic root with obliteration of the false lumen to 
treatt potential coronary artery malperfusion and late aortic root abnormalities. 
Patientss with Marfan's syndrome or annuloaortic ectasia should undergo a B entail 
proceduree or alternatively a root reimplantation procedure according to David or 
Yacoub. . 

6.. Resuspension or replacement of the aortic valve. Preservation or resuspension 
off  a morphological normal aortic valve without a dilated annulus, otherwise 
replacementt of the aortic valve. 

7.. Obliteration of the false lumen at the distal anastomosis to reestablish primary 
floww into the true lumen. If, postoperatively, lower limb malperfusion persists, 
angiographyy and proper revascularization should follow. 

8.. Replacement of the aortic arch if this segment contains the intimal tear, although 
wee might shift towards more aggressively replacing the aortic arch in a younger 
patientt or a patient with Marfan's syndrome. 
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Ditt proefschrift richt zich op de chirurgische behandeling van een acute type A 
aortadissectie,, een ziekte die nog altijd vaak een dramatisch beloop kent en 
moeilijkk te behandelen blijkt. 

Dee afgelopen jaren zijn verschillende therapeutische en diagnostische noviteiten 
geïntroduceerdd met het doel de behandelingsresultaten te verbeteren. Hieronder 
vallen:: diep hypotherm circulatoir arrest (DHCA), open distale anastomose, 
aortawortelreconstructie,, en antegrade selectieve cerebrale perfusie (ASCP). 
Echter,, ondanks dergelijke vooruitgang blijven de perioperatieve mortaliteit en 
morbiditeitt hoog. Dit proefschrift concentreert zich op onze resultaten van 
chirurgischee behandeling bij patiënten met een acute type A aortadissectie, met 
specialee aandacht voor het beleid bij dissecties van de aortawortel, dissecties van 
dee aortaboog, cerebrale protectie, en malperfusie van de benen. 

HoofdstukHoofdstuk l geeft de definitie van een acute type A aortadissectie en voorziet in 
eenn algemene introductie van dit proefschrift. 

HoofdstukHoofdstuk 2 is een analyse van de korte-termijnsresultaten van een reeks van 252 
patiëntenn die tussen 1974 en 1999 in verband met een acute type A aortadissectie 
zijnn geopereerd. De determinanten van operatieve sterfte werden bestudeerd met 
behulpp van multivariate statistische methoden met het doel het individuele risico 
tee bepalen. De operatieve sterfte was 25%. Iatrogene dissectie, reanimatie en een 
langee extracorporele circulatieduur bleken verband te houden met een verhoogde 
operatievee sterfte. Patiënten met een iatrogene dissectie waren vaak geïntubeerd en 
gesedeerd,, wat een reden zou kunnen zijn voor de verstreken tijd tussen het 
ontstaann van de symptomen en het vaststellen van de diagnose. Onmiddelijk 
opererenn zou het ontstaan van cardiogene shock en de noodzaak van reanimatie 
kunnenn voorkomen. De aortaklep, indien morfologisch normaal en zonder 
gedilateerdee annulus, dient gespaard te worden. Echter, indien het gebruik van een 
aortaklepprotheseaortaklepprothese of Bentall procedure aangewezen was verbeterde dit de vroege 
overleving,, wellicht omdat een verlengde extracorporele circulatieduur, 
bloedingenn van de proximale anastomose, of secundaire reparatie na 
onsuccesvollee aortaklepresuspensie voorkomen werden. Tevens werden 
postoperatievee neurologische stoornissen bestudeerd. Indien vermeden werd om 
dee aortaklem te plaatsen en indien antegrade selectieve cerebrale perfusie werd 
gebruikt,, leken de neurologische resultaten te verbeteren. Wij pleiten voor het 
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makenn van een open distale anastomose met gebruik van DHCA indien verwacht 
wordtt dat de circulatie stilstand korter is dan 30 minuten. Indien geanticipeerd 
wordtt op meer dan 30 minuten zou de keuze op het gebruik van ASCP moeten 
vallen.. Het klemmen van de aorta wordt vermeden maar zou veilig kunnen worden 
gedaann als bilaterale arteria radialisdrukmeting, electro-encephalografie en 
bilateralee transcraniële doppler monitoring beschikbaar zijn. Het gebied waar de 
klemm heeft gestaan dient altijd te worden gereseceerd. 

HoofdstukHoofdstuk 3 is een overzicht van 27 jaar ervaring met operaties voor acute type A 
aortadissecties.. Hiervoor zijn 243 overlevenden na operatieve behandeling, tussen 
19744 tot en met 2001, gevolgd. De totale cumulatieve follow-up bedroeg 1292 
patiëntenjarenn met een mediaan van 4.4 jaren. De mediane overlevingsduur 
bedroegg 16.0 jaren. De lange-termijnsresultaten van deze patiënten waren 
acceptabel.. De overleving na 20 jaren was 39.4% en het vrijblijven van 
cardiovasculairee reoperaties was 41.9%. De incidentie van een CVA na 20 jaren 
wass 3.8%. De overleving werd beïnvloed door een gevorderde leeftijd van de 
patiëntenn op het moment van de initiële operatie en door postoperatieve 
hemodialyse.. De multipele veranderingen in operatietechnieken, 
perfusietechniekenn en hersenbescherming, die tijdens de onderzoeksduur werden 
geïntroduceerd,, droegen niet substantieel bij aan een verandering van de lange-
termijnsresultaten.. Elke reductie van late sterftecijfers van patiënten die na een 
operatiee voor een acute type A dissectie overleven, zou derhalve bereikt kunnen 
wordenn met nauwgezette controle van de aorta, behandeling met beta-blokkers, en 
vroegeree herkenning van risicofactoren zoals hypertensie en dilatatie van de aorta, 
gevolgdd door electieve operatie met lagere sterfte en morbiditeit. 

HoofdstukHoofdstuk 4 evalueert de multivariate preoperatieve risico analyse, waarmee we 
retrospectieff  de relatie wilden vast stellen tussen preoperatieve risicofactoren en 
operatievee sterfte. Op basis van het ontwikkelde logistisch regressie model kan het 
individuelee risico op operatieve sterfte worden voorspeld door gebruik te maken 
vann de permutaties iatrogene dissectie, reanimatie en drainage van 
pericardtamponade.. Het draineren van een pericardtamponade bleek de overleving 
tenn gunste te komen. Omdat een adequate circulatie de overlevingskansen 
verbetertt dient snel te worden overgegaan tot chirurgie om zo hemodynamische 
achteruitgangg door een pericardtamponade te voorkomen. Desalniettemin kan, 
indienn noodzakelijk, het draineren van een pericardtamponade voorafgaand aan 
eenn operatie sneller en meer effect hebben. 
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HoofdstukHoofdstuk 5 is een analyse van de resultaten van aortaklepsparende chirurgische 
behandelingg van acute type A aortadissecties waarbij de aortawortel betrokken 
was.. Vanaf 1976 tot 1999, werden 121 patiënten geopereerd waarbij de aortawortel 
opp verschillende manieren werd gereconstrueerd. De gemiddelde follow-up 
bedroegg bijna 4 jaar. Tien procent van de patiëntenpopulatie onderging tijdens de 
follow-upp een aortaklepvervanging, maar dit was slechts bij een patiënt het gevolg 
vann intrinsieke aortakleppathologie. Negen reoperaties werden verricht in verband 
mett aortaworteldilatatie. Het gebruik van fibrinelijm voor de 
aortawortelreconstructiee en de aanwezigheid van een aortaklepannulus van meer 
dann 27 mm waren significante risicofactoren voor een reoperatie. Er was een 
gunstigee invloed van het gebruik van GRF-lijm in vergelijking met Teflon vilt 
voorr de aortawortelreconstructie, alhoewel dit statistisch niet significant was. 

HoofdstukHoofdstuk 6 behandelt de resultaten van een reeks van 122 patiënten die, tussen 
19955 en 2001, in verband met een acute type A aortadissectie zijn geopereerd 
waarbijj  gebruik werd gemaakt van antegrade selectieve cerebrale perfusie en 
gematigdee hypotherm circulatoir arrest. Het gebruik van ASCP met gematigde 
hypothermicc tijdens chirurgie voor acute type A aortadissecties resulteerde in 
weinigg neurologische complicaties en een acceptabele ziekenhuis sterfte. De 
ziekenhuissterftee was 19.7%. De risicofactoren die geassocieerd waren met 
ziekenhuissterftee en met neurologische complicaties werden geanalyseerd met 
multivariatee statistische methoden. Preoperatieve harttamponade en neurologische 
stoornissenn waren onafhankelijke risicofactoren voor ziekenhuissterfte en tijdelijk 
bestaandee neurologische stoornissen. Deze beide eindpunten werden niet 
beïnvloedd door de duur van de ASCP, waardoor zonder tijdsdruk een reparatie van 
fragiell  aortaweefsel en uitgebreidere aortavervangingen mogelijk worden. 

HoofdstukHoofdstuk 7 beschrijft 277 patiënten die geopereerd zijn in verband met een acute 
typee A aortadissectie vanaf 1986 tot en met 2001; de resultaten van 70 patiënten, 
bijj  wie de operatie is uitgebreid met een vervanging van de aortaboog, zijn 
vergelekenn met de resultaten van 207 patiënten bij wie de operatie beperkt bleef 
tott vervanging van de aorta ascendens. De operatieve sterfte was in beide groepen 
vergelijkbaarr (18.6% voor patiënten die vervanging van de aortaboog 
ondergingen,, 20.9% voor de gehele patiëntengroep) en een vervanging uitgebreid 
tott en met de aortaboog bleek geen invloed te hebben op de overleving of op 
reoperatiess aan de aortaboog op langere termijn. De overleving van de patiënten 
100 jaar na aortaboogvervanging was 40.0% en deze was 57.7% bij patiënten bij 
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wiee de operatie beperkt bleef tot de aorta ascendens. Na boog vervanging bleef 
77%% van de patiënten na 10 jaren postoperatief vrij van reoperaties aan de 
aortaboog,, en na operaties beperkt tot de aorta ascendens bleef 75.1% van deze 
patiëntenn vrij . Dit betekent dat vervanging van de aortaboog, met het doel de 
intimascheurr te excluderen, het operatieve risico of de late resultaten niet zal 
beïnvloeden.. Geen van de patiënten, bij wie de aortaboog was vervangen met 
behulpp van antegrade selectieve cerebrale perfusie, had een nieuwe neurologische 
complicatie,, wat zou kunnen inhouden dat het gebruik van antegrade selectieve 
cerebralee perfusie de beste bescherming van de hersenen biedt. 

HoofdstukHoofdstuk 8 beschrijft 4 patiënten met een acute type A aortadissectie bij wie, 
doorr persisterende ischemie van de benen, amputatie van benen noodzakelijk was. 
Dezee patiënten illustreren hoe aspecifiek de initiële presentatie van patiënten met 
eenn acute type A dissectie kan zijn en zij benadrukken het belang van vroege 
herkenningg van de symptomen, diagnostische hulpmiddelen en behandeling. In 
eerstee instantie zal de gedisseceerde aorta chirurgisch moeten worden gerepareerd 
omm het leven van de patiënt te redden. Bovendien kan hierdoor de ischemie van de 
benenn herstellen omdat door het excluderen van de intimascheur de antegrade 
bloedstroomm door het ware lumen kan worden hervat. Als de ischemie 
postoperatieff  persisteert, moeten angiografie en revascularisatie volgen, terwijl 
ondertussenn de hemodynamiek van de patiënten optimaal moet worden ge-
houden. . 

HoofdstukHoofdstuk 9 behandelt een patiënt met een geoccludeerde distale aorta als gevolg 
vann een acute aortadissectie. Beide onderste ledematen werden succesvol 
gereperfundeerdd door endovasculaire septatie van de afsluitende intimaflap en het 
plaatsenn van een endovasculaire stent. 

Conclusiess en aanbevelingen 

Naa initële presentatie van deze patiënten in ons ziekenhuis brengen wij ze direct 
naarr de operatiekamer en zo vermijden we, indien mogelijk, dat ze eerst 
opgenomenn worden in de intensive care afdeling. De operatiekamer wordt 
vervolgenss gebruikt als de lokatie waar diagnostische en therapeutische 
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handelingenn worden uitgevoerd. Hieronder valt bijvoorbeeld het gebruik van 
intraoperatievee transoesophageale echocardiografie om de diagnose te bevestigen, 
enn om een correcte ondersteuning van de circulatie, en pre- en postoperatieve 
functiee van de aortaklep te verifiëren. Vastgestelde principes voor de chirurgische 
behandelingg van deze aandoening zijn: 

1.. Resectie van het segment met de intimascheur en vervanging van de betrokken 
aortaa ascendens of boog. 

2.. Indien de scheur niet wordt gevonden in de aorta ascendens, wordt vervolgens 
dee distale aorta ascendens of de aortaboog geïnspecteerd onder circulatoir arrest. 

3.. Een open distale anastomose techniek wordt gebruikt met hypotherm circulatoir 
arrestt indien verwacht wordt dat de arrestduur minder is dan 30 minuten. We 
neigenn meer naar het gebruik van antegrade selectieve cerebrale perfusie, met 
namee indien verwacht wordt dat de arrestduur meer dan 30 minuten bedraagt. 

4.. Het plaatsen van een aortaklem wordt vermeden. Echter, de aorta zou veilig 
kunnenn worden geklemd als adequate en voldoende monitoring voorhanden is 
(bilateralee arteria radialis drukmeting, elektroencephalografie, bilaterale 
transcraniëlee doppler monitoring). Het segment waar de klem heeft gestaan moet 
altijdd worden gerecesseerd. 

5.. Reparatie of vervanging van de aortawortel met afsluiten van het valse lumen 
omm zo potentiële malperfusie van coronairen te herstellen en om aortawortel 
afwijkingenn op latere termijn te voorkomen. Patiënten met het syndroom van 
Marfann of ectasie van de aorta-annulus dienen een Bentall procedure te ondergaan 
off  eventueel een aortawortel reïmplantatie zoals beschreven is door David of 
Yacoub. . 

6.. Resuspensie of vervanging van de aortaklep. Een morfologisch normale 
aortaklepp zonder verwijding van de annulus kan worden gespaard of 
geresuspendeerd,, in afwijkende gevallen dient de aortaklep te worden vervangen. 

7.. Afsluiten van het valse lumen vanaf de distale anastomose om zo de primaire 
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bloedstroomm door het ware lumen te leiden. Indien, postoperatief, malperfusie van 
dede benen blijf t aanhouden, moeten angiografie en revascularisatie volgen. 

8.. De aortaboog moet worden vervangen indien de intimascheur zich in dit 
segmentt bevindt. Echter, we neigen eveneens naar een meer aggressieve 
vervangingg van de aortaboog bij jongere patiënten en patiënten met het syndroom 
vann Marfan. 
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Advancess in surgery for acute type A aortic dissection 
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1.. Een acute type A aortadissectie conservatief behandelen is doodzonde. 

2.. Een optimale hemodynamiek voorkomt dat patiënten met een acute type A 
aortadissectiee de s(c)hock niet te boven komen. 

3.. Een goed begin is het halve werk; maar zonder operatiekamer- en intensive 
caree capaciteit is een patiënt met een acute type A aortadissectie vaak niet eens 

halfopp weg. 

4.. Vervanging van de gedisseceerde aortaboog kan voor zowel patiënt als chirurg 
eenn "are de triomph" zijn. 

5.. Vooruitgang in de chirurgisch behandeling van acute type A aortadissecties 
heeftt tot een belangrijkere verlaging van de postoperatieve morbiditeit geleid dan 

tott een lagere mortaliteit. 

6.. "Evidence based medicine" is te reduceren tot "elk nadeel heb ze voordeel 
(JohanCruijff)". . 

7.. Tijdens het schrijven van een proefschrift, naast klinische werkzaamheden, is 
hett weekend niet het einde maar het begin van de week. 

8.. Werk bevrijdt van de verveling, de ondeugd, en de armoede (Voltaire). 

9.. Wereldvrede is science fiction. 

10.. De strijd tegen terrorisme voorkomt geen belastingaanslag. 





M.. Erwin S.H. Tan 

Onn 25 October 1760 George II , then 76, rose at his normal hour of 
66 AM, called as usual for his chocolate, and repaired to the closet-stool. 

Thee German valet de chambre heard a noise, memorably described as 
'louderr than the royal wind', and men a groan; he ran in and found die 
Kingg lying on die floor, having cut his face in falling. 

Mr.. Andrews, surgeon of die household, was called and bled his 
Majestyy but in vain, as no sign of life was observed from die time of his 
fall. . 

Att necropsy die next day Dr. Nicholls, physician to his late Majesty, 
foundd die pericardium distended widi a pint of coagulated blood, 
probablyy from an orifice in die right ventricle, and a transverse fissure 
onn die inner side of die ascending aorta 3.75 cm long, dirough which 
bloodd had recendy passed in its external coat to form a raised 
ecchymosis,, this appearance being interpreted as an incipient aneurysm 
off  die aorta. 

From:: Observations concerning the body of his laic Majesty, October 26, 1760, 

byy Frank Nicholls, M.D.F.R.S. Physician to his late Majesty. 
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