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3. Abbreviations  
 

AAA                                        Abdominal aortic aneurysm 

b/min                                       beats per minute 

CA    Coeliac artery 

CO    Cardiac output 

COPD    Chronic obstructive pulmonary disease 

CSFD    Cerebrospinal fluid drainage 

CSFP    Cerebrospinal fluid pressure 

CVP    Central venous pressure 

DC    Declamping of the aorta 

HRQOL   Health-related quality of life 

ICU    Intensive care unit 

l/min    Litres per minute 

pre-XC                                         prior to aortic cross-clamping 

SF-36    Short-form 36 

SMA    Superior mesenteric artery 

TAA                                        Thoracic aortic aneurysm 

TAAA    Thoracoabdominal aortic aneurysm 

XC    Cross-clamping  

X-corp    Extracorporeal circulation 
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4. Introduction and background 
 
A thoracoabdominal aortic aneurysm is an aneurysm of the aorta that includes the 

orifices to the visceral arteries; the celiac artery (CA), the superior mesenteric artery 

(SMA) and the renal arteries (Crawford 1974). Most of these aneurysms include both 

the thoracic and abdominal aorta. According to the classification of Crawford, who 

was a pioneer in modern surgical treatment of these aneurysms, they are divided into 

four types on the basis of the extent of the aneurysm (Crawford et al 1986). Type I 

involves most of the descending thoracic and upper abdominal aorta, type II involves 

most of the descending thoracic aorta and most of the abdominal aorta. Type III 

involves the distal descending thoracic aorta and varying segments of the abdominal 

aorta and finally type IV aneurysms, which are actually abdominal aneurysms, 

involve most or the entire abdominal aorta although including the arteries mentioned 

above (Crawford et al 1986) (Fig.1). In recent years a Type V aneurysm has been 

identified, starting at the level of the sixth intercostal space, tapering to just above the 

renal arteries (Safi et al 1998). 

 

The aneurysm dilatation is usually caused by atherosclerosis leading to degeneration 

of the aortic wall, which makes the aortic diameter progressively increase. The 

etiology may also be conditions like Marfan syndrome, aortic dissection, arteritis, 

infection, complications following previous aortic surgery and trauma (Crawford & 

Crawford 1984, Coselli & Poli de Figueiredo 1997). Atherosclerotic aneurysms 

usually occur in the older age groups, with an increasing proportion of the population 

in the industrialized countries. The gender ratio of TAAA is similar to infrarenal 

abdominal aortic aneurysms with both groups showing a moderate male 

predominance. Aortic dissection, connective tissue disorders and aortitis seem to be 
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more common causes of TAAA when compared to AAA (Webb & Williams 1999).  

The true incidence of TAAA is unknown (Svensjö et al 1996). However an estimated 

incidence has been reported to be 2.2 cases per 100,000 inhabitants per year in the 

U.S. (Webb & Williams 1999).  

 

 

Fig. 1 Crawford’s classification of thoracoabdominal aortic aneurysms into four 

types. 

The natural history of descending thoracic- and thoracoabdominal aortic aneurysms is 

described in rather few studies (Crawford et al 1986, Cambria et al 1995, Coselli & 

Poli de Figueiredo 1997, Griepp et al 1999). The prognosis is significantly influenced 

by size, location, the occurrence of symptoms and etiology. Independent from the 

different mechanisms of injury and degeneration affecting the structural integrity of 

the aortic wall, the biological fate of most aneurysms is progressive enlargement, 

rupture and death, provided the patient is not dying from other causes (Coselli & Poli 

de Figueiredo 1997). Aneurysms developing in the thoracic or abdominal aorta 

following aortic dissection have a higher risk of rupture than atherosclerotic 

aneurysms, and thus portend a worse prognosis without intervention (Webb & 

Williams 1999). The 5-year survival of untreated patients with TAAA is significantly 

lower than age matched controls. Cambria and colleagues (1995) reported a 17% 
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repair-free 5-year survival rate of untreated TAAA. In their series aneurysm on the 

basis of dissection and ruptured aneurysms were excluded. In a study of Crawford et 

al (1986) the estimated 5-year survival rate of non-operated patients was less than 

20% following diagnosis, and half of the deaths were due to rupture of the aneurysm.  

 

Surgical treatment 

 
The first successful repair of a thoracoabdominal aortic aneurysm was reported in 

1955 by Etheredge (Etheredge et al 1955). Later, DeBakey and coworkers (DeBakey 

et al 1965) demonstrated that a Dacron graft could function as a temporary bypass 

during thoracoabdominal repair and then serve as a permanent vascular replacement. 

Stepwise grafting using 8 mm Dacron sidelimbs to the celiac, superior mesenteric and 

renal arteries decreased the organ ischaemia time. Crawford commenced using and 

developing the graft inclusion technique for repair of TAAA in the 1960’s and a 

clinical series was reported in 1974 (Crawford 1974). By introducing a technique of 

incorporating the orifices of the visceral vessels as an inlay inclusion patch, the 

operative mortality was significantly reduced, and shortened clamp times led to 

improvement in overall results.  

 

During the 1980’s and 90’s the results following thoracoabdominal aneurysm repair 

improved. 30-day mortality following elective operations varied from over 10% to 

around 7% depending upon the extent of the repair and the nature of the disease 

(Hollier et al 1988, Cambria et al 1989, Gilling Smith et al 1995, Sandmann et al 

1995, Cowan et al 2003). In 1986 Crawford and colleagues reported a 91% early (30-

day) survival rate in 605 patients treated surgically for TAAA. A few years later the 
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30-day survival rate in three series of type I and II TAAA repair showed improved 

and comparable results; around 96% (Crawford et al 1991, Svensson et al 1998, 

Coselli et al 2002). During the last decade distal aortic and visceral perfusion and 

cerebrospinal fluid drainage have been used successfully as adjuncts in an attempt to 

reduce end-organ ischemia in addition to various pharmacological treatment 

modalities (Safi et al 2003). Simpler methods have usually been preferred for type IV 

aneurysms (Crawford & Crawford 1984, Schwartz et al 1996, Walhgren & Walhberg 

2005). As a method to demonstrate the effectiveness of surgical repair of descending 

thoracic aortic aneurysms and TAAA when compared to the natural history, Miller 

and colleagues (2004) found that the 5-year mortality in a cohort of unoperated 

patients was 87% vs. 39% in a population treated surgically for TAAA, giving a risk 

difference of 48%. These numbers indicate that two patients need to be treated to 

prevent one death within five years. 

 

Complications 

 
The surgical treatment of TAAA involves the vasculature of multiple organs, with the 

potential for complications. Renal insuffiency, symptomatic aneurysms, rupture and 

type II aneurysms were identified predictors of 30-day mortality in a study of 

LeMaire and colleagues (2003). Morbidity can be devastating and may prolong 

hospital stay and recovery. Postoperative quality of life can be negatively affected, 

especially for those experiencing complicated postoperative courses (Paper V). 

However, contrasting the 5-year survival rate of non-treated patients (Crawford et al 

1986, Cambria et al 1995) the 5-year survival rate of patients treated surgically has 

been reported to be between 60 and 73.5% repectively (Svensson et al 1993, Webb & 
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Williams 1999, Coselli et al 2002). Comparing long-term survival in series from 

different time intervals should be performed with care. The life expectancy is steadily 

increasing, and better treatment of comorbidity may improve life expectancy over 

time. 

 

Nevertheless, non-operative therapy may be selected in patients of high age, and in 

those with modest-sized aneurysms, or multiple comorbidities making the short-term 

risk of surgery prohibitive or limit the life expectancy to a degree that makes surgical 

treatment contraindicated (Gilling-Smith and Wolfe 1995). Non-operative 

management and close follow-up has been recommended for smaller TAAA if the 

annual growth rate does not exceed 5 mm over a 6-month period (Lobato and Puech-

Leão1998). Otherwise, operative repair is considered the preferred method in patients 

with ruptured or symptomatic TAAA or whenever the diameter of the aneurysm 

exceeds 50-60 mm (Crawford et al 1991, Cambria et al 1995, Lobato and Puech-

Leão1998).  

 

Neurologic complications 

Decreased blood perfusion to the spinal cord during cross-clamping of the descending 

thoracic aorta is probably the most important single mechanism of postoperative 

neurologic complications. In 1993 Svensson and colleagues reported a 16% incidence 

of paraplegia or paraparesis, of which 45% developed paraplegia and 55% 

paraparesis, in a study of 1509 patients following TAAA repair. Significant predictors 

of these devastating complications were aortic clamp time, extent of aortic repair, 

rupture, patient age, and a history of renal dysfunction. Several other risk factors for 

neurologic complications connected with aortic cross-clamping have been identified: 
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Firstly, cerebrospinal fluid pressure (CSFP) increases with anaesthetic manoeuvres 

during aortic surgery (Svensson et al 1990) and with aortic cross-clamping (Svensson 

et al 1990, Crawford et al 1991, Paper IV). Secondly, oxygenation of the spinal cord 

falls rapidly with aortic cross-clamping, even with the application of deep 

hypothermia and circulatory arrest (Svensson et al 1992). Thirdly, failure to reattach 

patent intercostal arteries is associated with an increased risk of paraplegia and 

paraparesis (Svensson et al 1991, Jacobs et al 1999). The need for reimplantation of 

intercostal and lumbar arteries can be assessed by recording motor evoked potentials 

during the operation (Svensson et al 1991, Jacobs et al 2000). The degree of ischemia 

is dependent on the number and diameter of available collateral arteries, including the 

anterior and posteriolateral spinal arteries, and on the extent of the aneurysm 

(Svensson et al 1993).  

 

Protection of the spinal cord from ischemic and reperfusion injury has been the topic 

of several experimental research projects and clinical studies during the last two 

decades (Paper IV). The understanding of the pathophysiological changes of aortic 

cross-clamping in man has increased, but the means of preventing paraplegia or 

paraparesis is not yet fully understood (Jacobs et al 1999). Therefore there is need for 

further clinical and experimental investigations (Cochrane Review 2005). 

Prophylactic measures are usually based on the assumption that the problem is 

multifactorial (Myhre et al 1990). Several principles including mechanical methods 

like reimplantation of intercostal arteries, the use of bypass or shunts, and 

pharmacological methods or hypothermia have often been used in the combination 

with CSF drainage (Crawford et al 1991, Svensson et al 1998, Coselli et al 2002). 
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However, data supporting the role of CSFD in TAAA surgery for prevention of 

neurologic injury is still limited (Myhre et al 1996, Khan & Stansby  2003).  

 

Intestinal ischemia  

A number of approaches have been advocated for reducing intestinal ischemia which 

represents a risk of multiorgan failure following TAAA surgery (Christakis et al 1989, 

Jacobs et al 1997, Cambria et al 1998, Article I), which is an important source of 

morbidity during and after TAAA repair (Cohen et al 1988, Leijdekkers et al 1999). 

Intestinal ischemia is also implicated in the development of intraoperative 

coagulopathy (Gertler et al 1996, Harward et al 1996). Adjuncts like retrograde aortic 

perfusion as well as passive shunts have been applied (Paper I, Cambria et al 1998). 

During the last decade, the use of retrograde aortic perfusion by means of a left heart 

bypass combined with sequential aortic clamping and selective perfusion of the CA, 

SMA and both renal arteries, has in some centres become the preferred method for 

TAAA repair (Safi et al 2003, Jacobs et al 2004). Using centrifugal pump and heparin 

coated tubes has the advantage of reducing the need of heparinization, and gives the 

possibility to control distal blood flow. By this method visceral perfusion is 

maintained during the whole procedure, irrespective of the extent of the aneurysm and 

the time of aortic cross-clamping (Safi et al 2003). The method can be modified with 

perfusion of the kidneys with cold crystalloid solution, in an attempt to further reduce 

the risk of renal failure.  

 

Renal failure 

Acute renal failure is a common and potentially serious complication after TAAA 

surgery, affecting from 7-40 % (Svensson et al 1989, Safi et al 1996, Kashyap et al 
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1997). The severity of renal injury depends on the duration of renal ischemia time. 

Postoperative dialysis in required in 3-15% of all patients (Svensson et al 1989, Safi 

et al 1996, Widmann et al 1998). The optimal way of protecting the kidneys during 

TAAA surgery is controversial. Theoretically, blood perfusion of the kidneys should 

reduce renal injury by delivering oxygenated blood to the renal tissue (Svensson et al 

1993). However, some reports have suggested that normothermic blood perfusion is 

not the optimal method for renal protection (Safi et al 1996). There are several 

possible causal explanations. In addition to sufficient flow, adequate arterial pressure 

seems to be essential in maintaining renal function (Jacobs et al 1998). It has been 

shown that perfusing the kidneys with cold crystalloid solution may be preferred to 

normothermic blood (Köksoy et al 2002). The aim of cold crystalloid renal artery 

perfusion is to produce local hypothermia and reduce the metabolic needs of the 

kidneys. This technique has been our preferred method for protection of the kidneys 

during TAAA operations. 

 

Quality of life  
 
The long-term consequences of TAAA repair have been described to a lesser extent, 

except for the mortality rates. Thus, the risk of non-operative management should be 

balanced against expected surgical mortality and the risk of spinal cord injury or other 

complications in most patients before proceeding with surgical treatment. In the 

discussion whether the patient should be operated or not, it is also of importance to 

know which quality of life the patient can expect in the years following surgery. To 

our knowledge there are no studies of HRQOL in patients operated for TAAA. 

However, Ohlson and co-workers have presented an investigation performed in 

patients who underwent surgery for descending thoracic aortic aneurysm (Ohlson and 
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Thelin1999). They found that the patients were satisfied with the operation, but 

reported a lower quality of life than the general population. Such information in 

addition to knowledge about medical risk factors could give a better background for 

evaluation of the best treatment modality in these patients (Higginson and Carr 2001).  
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5. Aims of the thesis 
 

The aim of the present thesis was to study various technical aspects on resection and 

graft replacement for thoracoabdominal aortic aneurysm (I, II). In two of the papers 

descending thoracic aortic aneurysm repair was included in addition to TAAA repair 

(III, IV) since the problems regarding cardiac function and spinal fluid dynamics were 

similar in the two groups. In paper V postoperative quality of life was investigated in 

long-term survivors following TAAA surgery. 

Paper I 
 
The aim was to investigate the feasibility of applying a T-shunt supplying the celiac 

and superior mesenteric arteries with blood via a sidebranch of the main vascular graft 

following completion of the proximal anastomosis. The technique was used for type 

III and IV thoracoabdominal aortic aneurysms.  

Paper II 
 
To discuss the various technical strategies for surgical treatment of type III and IV 

thoracoabdominal aortic aneurysm. 

Paper III 
 
To study the haemodynamic, metabolic and blood gas response of proximal aortic 

cross-clamping, which occurred during thoracic – and thoracoabdominal aneurysm 

aortic repair. Only patients operated without extracorporeal circulatory support were 

included in the investigation.  
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Paper IV 
 
The aim was to investigate cerebrospinal fluid pressure during and after thoracic – 

and thoracoabdominal aortic repair. We also wanted to investigate the volume of CSF 

removed during and after the operation. Finally, CSFP was correlated to the 

occurrence of postoperative neurologic complications. 

Paper V 
 
The aim was to investigate health-related quality of life in long-term survivors 

following TAAA repair, comparing with results obtained in age and gender adjusted 

data from the general population. 
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6. Patients and methods 
 
Thoracoabdominal aortic aneurysm repair was started at St. Olavs Hospital, 

University Hospital of Trondheim, in the early 1980’s and at the same time surgery 

for disease of the descending thoracic aortic aneurysm was started. The present 

investigations were based on patients operated during the period 1985 –2001 using 

direct cross-clamping of the aorta without extracorporeal circulation; the so-called 

“clamp and go” technique. Patients treated by stentgrafting were excluded from the 

study. Hybrid operations, which are a combination of open and endovascular repair, 

were also excluded from the investigation, with two patients as exceptions (Paper II 

and V). A follow-up of patients included in the present investigations was completed 

in August 2003. 

 

Data recording 

  
Patients’ medical data were retrieved in medical records and all surviving patients 

were followed either at the outpatient clinic, by contact with the primary physician or 

by collecting information from the patient’s local district hospital. Subsequently, all 

data were indicated into a form and plotted into SPSS version 13.0 (SPSS, Chicago, 

Illinois, USA) for statistical analysis. Physiological data were not available in all 

patients, partly due to the emergency nature of several of these operations. 

Furthermore, although monitored, some intraoperative data were not noted in the 

anaesthesia chart. Follow-up was also performed by checking patients against the 

Norwegian Registrar’s Office of Births and Deaths. In Paper V patients’ informed 

consent and permission to include a close relative was provided. Survey data were 
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collected either by mail or phone using the Short-Form 36 and Disease-specific 

questions. All investigations were approved by the local ethics committee. 

 

Statistical analysis 
 
 

To describe the intra – and postoperative data following TAAA repair using a 

technique of shunting the coeliac and superior mesenteric arteries in Paper I, data 

were presented using medians and range.  

 

To describe the distribution of preoperative risk factors, the mortality rate and 

postoperative problems in patients operated on for Crawford type III and IV aneurysm 

in Paper II, data were presented using numbers and percentages (%). Intraoperative 

data, need for artificial ventilation and hospital stay were described as median values 

and interquartile range. Long-term survival probability of nonruptured type III and IV 

aneurysms was plotted in a Kaplan-Meier curve. 

 

In Paper III patient data and preoperative risk factors were presented in percent (%). 

Haemodynamic values and blood gases were given as mean values with standard 

deviations. A paired t-test was used to investigate the changes in haemodynamics and 

metabolic response induced by aortic cross-clamping in a group of patients operated 

without extracorporeal circulatory support. However, a complete set of data was not 

available for all time points during the operation mainly because of the emergency 

nature of several of these operations. The paired t-test analyses were therefore 

restricted to time points in which most of the patients were represented. Thus, the 

measure point 45 minutes during XC was excluded from the analysis. 
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In paper IV patient characteristics and comorbidities were presented as numbers of 

cases. Details of operation and spinal fluid drained intra – and postoperatively were 

given as median values with range.  To estimate the correlation between CSFP, 

removed CSF and CVP, we used the Pearson correlation coefficient. To assess 

differences in CSFP before, during and after aortic cross-clamping we used repeated 

measures ANOVA, assuming a common underlying variance. Before XC, 

measurements performed after induction of anaesthesia and immediately prior to XC 

were combined. During XC, values immediately after XC and after 15, 30 and 45 

minutes respectively, were recorded. Finally, during the DC phase the values at 5 and 

15 minutes and at the end of surgery were combined. As for Paper III, a complete set 

of measurement data were not available for all time points during the operation  

 

To assess health-related quality of life in long-term survivors after TAAA repair,  

SF-36 result scores were presented using the mean values with 95 % confidence 

intervals. When comparing with the general population, each patient score was 

matched on sex and age. Patient’s scores were also compared with relative’s scores, 

but in this part of the examination only individuals with relative’s scores were 

included in the analysis. Paired samples t-test was performed when comparing mean 

scores of separate groups. The result scores of the disease-specific questions were 

illustrated in bars representing the number of patients. 
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Anaesthesia technique 
  

In all patients anaesthesia was introduced by barbiturate, fentanyl and pancuronium. 

Continuation of the anaesthesia was obtained by isofluran and N2O/O2. Furthermore, 

fentanyl/pancuronium was supplemented with epidural bupivacain (5 mg/mL). In 

addition to a Swan-Ganz catheter, two large-bore intravenous lines were available. 

Prior to cross-clamping of the thoracic aorta, 25-40 g of mannitol was administered 

intravenously. Sodium bicarbonate was infused to counteract metabolic acidosis. To 

reduce blood pressure during cross-clamping of the thoracic aorta, nitroglycerine and 

sodium-nitroprusside were infused. These drugs were discontinued prior to 

declamping of the aorta. 3000 IU of heparin was given prior to cross-clamping of the 

aorta. Autotransfusion was used during most operations. The kidneys were irrigated 

with cold Ringer’s acetated solution (4oC) containing 1000 IU of heparin/L (Stenseth 

& Myhre 1988).  

 

Paper I 

In paper I data from eight patients operated on for either type III (5) or type IV (3) 

thoracoabdominal aortic aneurysm were induced. The feasibility of applying a T-

shunt (Vascushunt 11F, Baxter Healthcare Corp. Erwin CA, USA) for perfusion of 

the CA and SMA following completion of the proximal anastomosis was investigated. 

This is a type of shunt originally designed for carotid artery surgery. The shunt was 

connected to a sidebranch of the main vascular prosthesis. It was used until the final 

anastomosis to the CA, SMA and both renal arteries had been almost completed. 

Immediately prior to termination of this anastomosis, the shunt was removed and the 

last couple of stitches were placed. Mortality, reoperations, as well as local and 
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general complications were recorded. Furthermore, postoperative renal function, stay 

in hospital and in the ICU, as well as clamp-time until final restoration of blood flow 

to the CA and SMA were measured. A complete follow-up of the series was obtained. 

 

Paper II 

Twenty-seven patients operated for type III (10) or type IV (17) thoracoabdominal 

aortic aneurysms were investigated and the results following the application of 

different techniques were discussed. The “clamp and sew” technique was used in six 

cases. In 12 patients with type IV aneurysm the proximal part of the vascular graft 

was bevelled including the CA, the SMA and one or both renal arteries in the 

proximal anastomosis. Finally, the eight patients operated with shunting of SMA and 

CA referred to in paper I were included. A 100% follow-up was obtained. Early 

mortality (<30 days) was recorded and late survival calculated in patients with non-

ruptured aneurysm by the Kaplan Meier method. The patients were categorized 

according the whether they had rupture, were symptomatic but without rupture or 

whether the operation was performed electively. Risk factors like hypertension, 

coronary heart disease, renal disease and chronic obstructive pulmonary disease were 

investigated. ASA classification was also recorded for evaluation of preoperative risk.  

 

Paper III 

Fifty-one patients treated for thoracoabdominal (31) or descending thoracic aortic 

aneurysm (20) were included in this investigation. They were operated on using direct 

aortic cross-clamping without circulatory support. The following parameters were 

measured: EKG, intraarterial pressure (right radial artery), central venous pressure 

and pulmonary arterial pressures. These parameters were measured continuously. The 
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pulmonary capillary wedge pressure and cardiac output was measured intermittently 

as were blood gases and haemoglobin. Cardiac output was measured by the 

thermodilution technique. Haemodynamic variables and blood gases were measured 

before and during aortic cross-clamping. Urine output, serum potassium and body 

temperature were also recorded. Before XC measurements performed after induction 

of anaesthesia and immediately prior to XC were included. During XC we recorded 

values immediately after XC and after 15 and 30 minutes respectively. Only 

individuals with observation in both time spans were included in the analysis.  

 

Paper IV 

In 29 patients operated on for thoracic or thoracoabdominal aortic aneurysm we made 

an attempt of monitoring the cerebrospinal fluid pressure with the intention to keep it 

below 10 mm/Hg during and after the operation. For monitoring of CSFP and 

drainage of CSF, a 16G catheter was introduced via the L3-L4 interspace. The 

pressure was partly measured intermittently and partly by the use of an overflow 

system (Exacta external drainage and monitoring system, Medtronic Inc., MN, USA) 

where CSF was supposed to be drained whenever the pressure increased above 10 

mm/Hg. The catheter was left in place and usually removed on the 2nd postoperative 

day. The CSFP was correlated to the central venous pressure as was drained volume 

of CSF. Length of stay in hospital and ICU were recorded as were operating time and 

the need for artificial ventilation. Postoperative complications with special attention to 

neurologic deficits were noted, and the occurrence of neurologic complications was 

related to the level of CSFP during the operation.  
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Paper V 

Thirteen long-term survivors following thoracoabdominal aortic surgery were 

investigated, but two were lost to follow-up. Health related quality of life (HRQL) 

was measured by the short form 36 (SF-36) and questions specific for vascular 

disease. In addition, the patients’ relatives received corresponding questions, 

responding on behalf of the patient. Patient’s data scores were compared with age and 

gender adjusted data from the general population, and with the relatives’ scores. 
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7. Summary of results 
 

Paper I:  In eight patients a technique of using a carotid T-shunt connected to a 

sidebranch of the main vascular prosthesis was applied for supplying blood to the 

coeliac and superior mesenteric arteries during repair of type III (5) and IV (3) 

TAAA. There was no early mortality in this group. One reoperation became necessary 

due to haemorrhage and another patient was reoperated with a Hartmann’s procedure 

for gangrene of the sigmoid colon. One patient had postoperative paraparesis, but 

eventually recovered quite well, and was able to walk with splints. Two patients 

required dialysis for three days, but no permanent dialysis became necessary. The 

median clamp time until completion of the anastomosis to the CA, SMA and renal 

arteries was 47 min (range 35 - 82). However the actual ischemia time to the bowel 

was only 10-20 min, i.e. the time necessary to perform the proximal anastomosis. 

During follow-up one patient died of malignancy, one of renal insuffiency and two 

from myocardial infarction after 5, 5, 6.5 and 7.5 years respectively. The other 

patients were alive from 3 to 8 years after surgery. The shunting method seems 

feasible, but the flow capacity of the shunt needs to be explored more thoroughly.  

 

Paper II: Twentyseven patients were operated on for type III (10) and IV (17) 

TAAA. The “clamp-and-sew” technique was applied in six cases, and one of these 

patients with a ruptured type III aneurysm died within 30 days from myocardial 

infarction. Of the 12 patients with type IV aneurysms who had the orifices of the 

visceral arteries included in one proximal anastomosis, three died within 30 days. All 

four patients (14.8%) who died within 30 days had ruptured aneurysm, giving a 45% 

mortality rate in this particular group. There were no early deaths in a group of eight 
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patients where a shunt-technique to the CA and SMA had been applied, as described 

in Paper I. However, one patient in that group with a type III aneurysm developed 

postoperative paraparesis. An identical surgical technique was planned in one more 

patient who developed postoperative paraparesis. However due to technical problems 

during the operation the shunt could not be applied. Two additional patients had signs 

of moderate multiorgan failure, but lived for 5 and 6 years respectively, without 

sequelae. Reoperations for haemorrhage became necessary in two patients, and one 

patient underwent surgery for sigmoid necrosis. Four patients needed temporary 

dialysis.  

 

Excluding patients who were admitted with rupture, the 5-year survival rate was 65%. 

There were no significant differences in median clamp time between the various 

groups. However, the actual ischemia time to the bowel was lowest in the shunt group 

because SMA and CA were perfused with blood from the T-shunt after about 10-20 

min. The median hospital stay was similar in all groups; 16.8 days (range 12 to 35).  

 

Paper III:  In 51 patients operated on for TAAA or TAA using direct cross-

clamping of the aorta without circulatory support, mean cardiac output rose 

significantly during XC (from 4.7 l/min to 6.0 l/min, p<0.01). A similar percentual 

increase in heart rate (from 70 b/min to 88 b/min) and proximal systemic blood 

pressure was observed during XC, even if an attempt had been made to keep the blood 

pressure at near-normal levels using vasodilating agents. Diastolic pulmonary arterial 

pressure as well as pulmonary capillary wedge pressure increased, whereas central 

venous pressure remained unchanged. The systemic vascular resistance remained 

unchanged during the XC-phase. Base-excess decreased significantly during XC. A 
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highly significant increase in SvO2 (p <0.001) during aortic cross-clamping indicated 

an increased perfusion of the upper part of the body during this phase of the operation.  

 

Paper IV: In 29 patients with TAA or TAAA, operated without shunting or 

extracorporeal circulation, monitoring and drainage of CSFP was performed 

intraoperatively and until the second postoperative day. Twentysix patients had no 

postoperative neurologic deficits. In contrast, three suffered from postoperative 

neurologic sequele detected in the immediate postoperative period. The survival time 

until follow-up in the groups with and without paraplegia/paraparesis averaged 10 (7-

15) and 5 (0-16) years respectively.  

 

The patients who developed neurologic sequelae had a higher intraoperative CSFP 

compared to those without neurologic symptoms (p=0.04). Median CSFP before 

cross-clamping of the thoracic aorta, at cross-clamping, 15 min after cross-clamping 

and 15 min after declamping of the aorta were 18, 19, 17 and 19 mm/Hg respectively 

in patients with neurologic sequelae. In asymptomatic patients these pressures were 8, 

13, 9 and 12 mm/Hg respectively.  

During the operation a median of 41 ml (0-65) of CSF was removed in the three 

patients with neurologic sequelae. For comparison 43 ml (0-143) was removed in the 

asymptomatic group. On the day of operation the total removed volumes were 210 

and 85 ml respectively, whereas the volumes from start of the operation until removal 

of the catheter were 600 and 251 ml respectively. 
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There was a statistically significant positive correlation between CVP and CSFP when 

including all intervals of measurement (r=0.8, p=0.02). The correlation between CVP 

and the drained volume of CSF, however, did not reach statistical significance.  

 

Paper V: Assessing health-related quality of life in 11 long-term survivors 

following TAAA repair showed that the patient’s SF-36 scores were generally poorer 

than that of the normal population in both physical and mental dimensions. Patients 

who had a complicated postoperative course generally scored lowest in all physical 

dimensions. Comparing with the relatives’ scores, there were no significant 

differences. According to the disease specific questions, impotence and pain were 

reported as major long-term postoperative problems. Compared to the preoperative 

status, patients with uncomplicated postoperative courses all reported improved health 

status (n =6) while five patients with complicated postoperative courses reported 

poorer health status. 9 out of 11 patients experienced the same or improved health-

related quality of life and two reported reduced health-related quality of life following 

surgery. 10 out of 11 patients evaluated the operation as successful. 
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8. General discussion 
 

The papers in this thesis have focused on operative technique, pathophysiology and 

long-term results of patients treated surgically for TAAA and to some extent for TAA. 

Ischemia to the spinal cord, the bowel and the kidneys represent an immediate threat 

to a successful result following these operations, owing to both the technical 

difficulties of aortic reconstruction and the organ stress suffered in patients who are 

often elderly and afflicted by multiple comorbidities. Complications may also occur in 

other organ systems (Svensson et al 1991). However, it was found to be outside the 

scope of this thesis to include all possible complications in the discussion. 

Postoperative complications will not only threaten the patients’ life expectancy, but 

also their physical and mental health status which could have major effect on their 

experienced quality of life.  

There are several limitations with the present investigations, primarily caused by its 

retrospective nature. The data registrations were often insufficient and originally not 

recorded for research purposes. However, retrospectively describing and controlling 

practice is of importance for establishing a baseline for comparison with new 

treatment modalities.  

 

Paper I 

In paper I we observed that the method of shunting the celiac and superior mesenteric 

arteries with blood after completion of the proximal anastomosis was feasible during 

repair of type III and type IV aneurysms. A prerequisite is that the proximal 

anastomosis is performed end to end to the aorta. The shunt is connected to a 

sidebranch of the main prosthesis and this connection should be rather close to the 
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proximal anastomosis not to interfere with the anastomosis to the CA and SMA. In 

one patient where it was located more distally, we were unable to apply this method.  

 

The idea of using the shunting technique to minimize intestinal ischemia was 

presented in experimental investigations by Cohen and co-workers (1988), as a 

method to reduce the extent of intravascular coagulation which occurs with proximal 

aortic cross-clamping of more than one hours duration (Gertler et al 1996). The 

possibility of cooling the small bowel for the protection against ischemia has also 

been suggested (Hennesy et al 1991) and perfusion of the SMA with cold crystalloid 

solution has been used in the clinical situation (Line PD, personal communication). 

By the shunting technique the ischemia time to the bowel and liver can be reduced to 

the time necessary to perform the proximal anastomosis, which will usually be in the 

order of 10-20 min. As in other operations for TAAA we used perfusion of the 

kidneys with cold acetated Ringer’s solution containing heparin.  

 

Although we avoid a prolonged ischemia time to the bowel by the described 

technique, there is still distal ischemia to muscular tissue and perhaps also a decreased 

perfusion to the spinal cord as long as the aorta is cross-clamped. In contrast, using 

extracorporeal circulation and double clamping of the aorta allows perfusion of the 

lower part of the body including the kidneys and the bowel while the proximal 

anastomosis is performed.  

 

In the present investigation we did not measure blood flow during shunting of the 

SMA and the CA, which would have been advantageous to observe the actual blood 

flow to the liver and bowel. The volume of blood flow necessary to avoid intestinal 
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ischaemia is largely unknown (Leijdekkers et al 1999). However, the described 

principle of shunting has been applied by others (Cambria et al 1998) for type I and 

type II aneurysms with excellent results. After the shunt is removed, the sidebranch 

can be used for revascularisation of arteries, which orifice cannot be included in one 

single sidehole of the main graft. An example is the left renal artery, which is often 

located far from the right renal artery in large aneurysms.  

 

Paper II 

In paper II the presented method of shunting was included since it was used for both 

type III and IV TAAA. In patients with type IV aneurysms it has been recommended 

to include the CA, SMA and the renal arteries in one proximal anastomosis (Crawford 

& Crawford 1984, Schwartz et al 1996, Wahlgren & Wahlberg 2005). This represents 

a simplification of the operative technique. In these cases it is difficult to perform 

shunting of the CA and SMA, and the time of visceral ischemia in our series was 

somewhat longer (median 39 min) than whenever the proximal anastomosis is made 

end to end as described in paper I. Irrigation of the kidneys with cold crystalloid 

solution was applied, and renal insufficiency did not represent a major problem in any 

of these operations. 

 

Initially we used the so-called “clamp and sew” technique with the modification that 

the kidneys were perfused with cold crystalloid solution. Nevertheless, the time 

needed for perform the proximal anastomosis and the anastomoses to the visceral 

arteries should preferably be kept below 30-40 min. Expedient surgery is therefore 

necessary and the surgeon has limited time to perform the procedure without inducing 

ischaemia to the bowel and the spinal cord. Should complications occur, there is little 
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time for additional correcting procedures which includes XC of the aorta. The 

selection of the preferred surgical technique must be based on personal preferences 

and results. Therefore, during recent years we have to a greater extent applied 

extracorporeal circulation especially for type I, II and III thoracoabdominal 

aneurysms. Previously this technique was regarded as a disadvantage because of the 

necessity of heparinization and the risk of haemorrhage (Crawford & Rubio 1973). 

However, during recent years, using modern techniques for extracorporeal circulation 

including a left heart bypass, centrifugal pump and heparin coated tubes (Coselli et al 

2002, Safi et al 2003, Coady & Mitchell 2003), the risk of haemorrhage has been 

significantly decreased. Other methods to avoid organ ischaemia have been the 

application of a separate graft anastomosed to the visceral arteries prior to 

replacement of the aneurysm (Ballard 1999, Ballard et al 2002). Another method is to 

apply a temporary right axillofemoral bypass prior to thoracolaparotomy and repair of 

the thoracoabdominal aneurysm (Camerota and White 1995). A combination of open 

surgery with extraanatomic bypass to the visceral arteries and stentgrafting of the 

aneurysmal lesion has been described as an option, which is less traumatic to the 

patient (Quiñones-Baldrich et al 1999, Lundbom et al 2004, Rubin 2005). Recently 

endovascular repair using stentgrafts with sidebranches to the visceral arteries have 

been presented (Bleyn et al 2002, Anderson et al 2005). 

 

For type IV aneurysms we still think that the described technique of bevelling the 

proximal part of the graft and including the orifices of the visceral arteries into the 

proximal anastomosis is a viable method. The presented results are in accordance with 

those obtained by other authors taking into consideration that the majority of our 

patients were emergencies with 33% having rupture (Crawford et al 1991, Bradbury 
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et al 1999, Lewis et al 2002, Cowan et al 2003). The long-term survival seems 

acceptable for patients having symptoms or being treated electively. However, the 

material is too small to draw any final conclusions 

 

Paper III 

The haemodynamic response of thoracic aortic cross-clamping in the clinical situation 

has remained controversial. In 51 patients operated on for thoracoabdominal or 

descending thoracic aortic aneurysm using cross-clamping of the aorta, we observed 

the same pattern as in experimental investigations (Aadahl et al 1995). A significant 

increase in cardiac output was observed during cross-clamping of the thoracic aorta. 

We also observed a proximal hypertension and a tachycardia with decreased systolic 

volume of the left ventricle (Aakhus et al 1995). Further, there was an acidosis which 

was most pronounced after removal of the aortic clamp (data not shown). The reason 

for the increased cardiac output is probably displacement of blood from the 

splanchnic circulation to the relatively non-compliant upper part of the body, 

increasing preload and thereby activating the Frank Starling mechanism (Gelman et al 

1994). In addition, there might be a stimulation of the sympathetic nervous system 

due to ischaemia distal to the aortic clamp (Strømholm et al 1999). This mechanism 

could also explain the tachycardia.  

 

The technique of anaesthesia and especially the application of vasodilating agents 

during aortic cross-clamping are probably of importance for the haemodynamic 

response described in this work (Gelman 1995, Aadahl et al 1995). In general, the 

described changes in cardiac function seemed to be well tolerated by most patients. 

However, whenever the clinical situation permits, we treat coronary heart disease 
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prior to elective thoracoabdominal aortic surgery. For emergencies, and especially 

patients with ruptured aneurysm, there is insufficient time for evaluation and 

treatment of cardiac function.  

 

When using extracorporeal circulation we have not observed any increase in cardiac 

output and the acidosis was also absent (data are not shown). Thus, the negative 

effects of aortic XC may thereby be eliminated. The present results and the risk of 

inducing organ ischaemia by applying the “clamp and go” technique has lead to a re-

evaluation of the operative strategy for thoracic- and thoracoabdominal aortic 

reconstruction. Recent reports indicate that maintenance of distal perfusion during the 

aortic reconstruction may improve the results (Coselli and LeMaire 1999, Safi et al 

2003). Thus, for type I, II an III TAAA left heart bypass and selective perfusion of the 

CA and SMA combined with perfusion of the kidneys with cold crystalloid solution is 

used to a greater extent at our institution.  

 

Paper IV 

In the clinical situation there are few possibilities of monitoring the circulation of the 

spinal cord. From experimental investigations using laser Doppler technique (Aadahl 

et al 1990) one can observe that the microcirculation of the cord is first decreased to a 

level of 9% of baseline following aortic cross-clamping, and then stabilizing at about 

40% of baseline values. However, we do not know the arterial blood pressure of the 

cord, but suppose that it is significantly decreased during XC. Furthermore, the 

pressure of the veins which are draining the cord, has so far not been measured. 

Nevertheless, it is suggested that an increase in CSFP during cross-clamping of the 

aorta will decrease the perfusion pressure of the cord (Hollier 1987).  
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For a long time it has been debated whether drainage of CSFP could reduce the 

incidence of paraparesis and paraplegia following TAAA repair. We found a higher 

intraoperative CSFP in patients who had neurologic sequelae in the immediate 

postoperative period. Indirectly, this supports the view that CSF drainage is 

advantageous and this has also been shown by two prospective randomised studies 

(Svensson et al 1998, Coselli et al 2002). Removal of CSF has also been applied 

successfully in the treatment of late paraplegia both following open and endovascular 

treatment of thoracic- and thoracoabdominal aneurysms (Tiesenhausen et al 2000, 

Azzizadeh et al 2000, Fleck 2002 et al, Aadahl et al 2003). A slightly higher volume 

of CSF was drained during and after operation in patients with neurologic sequele 

(600 vs. 251 ml). However, this difference did not reach statistical significance and 

may have been caused by chance. Malfunction of the catheter was the reason for the 

increased CSFP in the three patients who developed neurologic sequelae. An overflow 

system seems to be a good solution provided it is supervised continuously during the 

operation. In case of malfunction the catheter should be slightly withdrawn, or if 

necessary be replaced.  

 

Paper V 

Traditionally, the value and effect of all surgical treatment is measured by immediate 

and long-term morbidity and mortality. In Paper V we showed that measuring health-

related quality of life of long-term survivors after TAAA repair could provide 

knowledge about the long-term effects of surgery. We used proxies to provide 

information about quality of life in the study, based on an assumption that they can 

attribute supplementary information and that the patient is the primary source of 
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information who should be regarded as the gold standard (Sneeuw et al 1998, 

Addington-Hall & Kalra 2001). There was high agreement between individual 

patients and their proxies on the disease-specific questions, although lower levels of 

agreement were found in the SF-36 scores. As a group, proxies tend to rate the 

patient’s quality of life as more impaired than the patient. However the magnitude of 

this bias tends to be limited (Sneeuw et al 1998, Addington-Hall & Kalra 2001).  

 

Most patients experienced an impaired physical functioning after TAAA repair, 

reporting impotence and bodily pain as major problems several years after surgery. 

Mostly the sensation of pain was located in the field of the surgical incision. The 

patient’s perception of impaired physical function after TAAA surgery also becomes 

evident when comparing the patient’s physical dimensions scores of the SF-36 with 

that of a general population. The postoperative pain problem may be minimized 

provided endovascular repair is used to a greater extent for TAAA (Bleyn et al 2002, 

Anderson et al 2005).  

 

Our patients generally reported lower SF-36 mental function scores than a general 

population. However, most patients evaluated their HRQOL as improved compared to 

the preoperative situation. Accordingly, they evaluated the operation as successful and 

would have undergone the same procedure today. There seems to be no direct 

correspondence between objective functioning and an individual’s quality of life 

(Rothwell et al 1997), because the patients rate their quality of life highly despite 

obvious physical problems. One could argue whether these findings are reflections of 

the individual’s ability to adapt to a new situation, a phenomenon of internal 
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adaptation called “response shift” (Addington-Hall & Kalra 2001, Higginson & Carr 

2001).  
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9. Main Conclusions 
 

• Shunting of blood to the superior mesenteric and coeliac arteries during 

TAAA repair is feasible and the results have been acceptable. Further 

investigation of the blood flow sufficient to avoid intestinal ischaemia is 

desirable.  

• The “clamp and go” technique gives limited time for performing the necessary 

anastomosis during TAAA repair without inducing organ ischaemia. Inclusion 

of the orifices of the visceral arteries in the upper anastomosis is a feasible 

method during surgery for type IV aneurysms. Shunting of the CA and SMA 

might be an acceptable option, especially during surgery for type III and in 

selected cases with type IV aneurysms.  

• Cardiac output was significantly increased during XC in patients operated on 

for thoracoabdominal and descending thoracic aortic aneurysms without 

circulatory support. Simultaneously, heart rate was increased and there was a 

hyperdynamic circulation proximal to the aortic clamp. Although these 

changes were well tolerated by most patients, the observations may influence 

the selection of operative strategy for some of these patients.  

• Compared with asymptomatic patients, a higher intraoperative CSFP was 

observed in patients with neurologic sequele following thoracic- and 

thoracoabdominal aneurysm repair. Further, there was a tendency of higher 

volumes of CSF drained in this group of patients. Although the series is too 

small to allow firm conclusions, it supports the view that CSFP monitoring 

and drainage is beneficial in reducing the risk of neurologic complications 

during thoracic- and thoracoabdominal aneurysm repair.  
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• Long-term survivors who have experienced postoperative complications or a 

decreased physical function level following TAAA surgery report low 

HRQOL scores on the SF-36 form compared to a normal population. Bodily 

pain and impotence are most frequently reported problems. Despite physical 

constraints, most patients report an acceptable HRQOL when relating TAAA 

surgery to disease-specific questions.  
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10. Corrections 
 
Summary: 

Page 4, List of papers: References of paper III and IV have been added. 
 
 
Paper II 

Page 408, right column, Patients and methods, 1st line: 
 
2000 should be replaced by 2001. 
 
Page 410, right column, line 9 from above: 
 
“141 ml of spinal fluid was removed at the day of operation” (“during the” should be  
 
replaced by “at the day of”). 
 

Table III 

Clamp time until final revascularization --- 45 (36-55.3)  

(45 within the parenthesis should be replaced by 36) 

 

Paper III 
 
Page 2, right column, line 9 from above: 
 
N2/O2 should be replaced by N2O/O2
 
Table 3, line 4 from above: 
 
PO2 should be replaced by pO2 (capital P should be replaced by p) 
 
 
Paper IV 
 
Page 2, left column, line 11 from above: 
 
N2O2 should be replaced by N2O/O2
 
Page 3, right column, line 3 from below: 
 
Table II should be replaced by Table III 
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Paper V 

Page 88, right column, Patients and medical records: 

1983 should be replaced by 1985 

Page 89, left column, line 2 from above: 

1.3 should be replaced by 2.0 in the parenthesis 

Page 90, table I: 

Patient no 10: 1.3 should be replaced by 2.0 

Page 93, left column, para 4, line 1 from below: 

Reference 5 should be excluded. 

Line 5 from above: The references should be 13, 17, 18 
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Shunting of the Coeliac and Superior Mesenteric Arteries
during Thoracoabdominal Aneurysm Repair

T. O. Eide,1 H. O. Myhre,1* O. D. Saether1 and P. Aadahl2

Departments of 1Surgery, and 2Anaesthesiology, University Hospital of Trondheim, Trondheim, Norway

Objectives. To describe our experience with shunting of the coeliac and superior mesenteric arteries during
thoracoabdominal aneurysm repair.
Design. Retrospective study.
Material. Eight patients undergoing resection and graft replacement of Crawford type III (5) and type IV (3)
thoracoabdominal aortic aneurysms were included in this series. One patient had rupture, four were symptomatic and three
were operated on electively.
Methods. A vascular graft with a sidearm was applied for the reconstructions. A T-shunt was connected to the sidearm.
Following completion of the proximal anastomosis the shunt was inserted into the coeliac and superior mesenteric arteries.
The anastomoses to these arteries and the renal arteries were then completed. Finally the distal anastomosis was performed.
Results. There was no early mortality (30 days). One patient had postoperative paraparesis, but recovered quite well.
Reoperation became necessary due to sigmoid necrosis in one patient and due to haemorrhage in another. During the follow-
up period four patients died but the other patients are alive between 3 and 8 years after surgery.
Conclusion. The application of shunting of the superior mesenteric and coeliac arteries during thoracoabdominal aortic
surgery is feasible and the results have been acceptable. Further investigation of the optimal blood flow needed to avoid
intestinal ischaemia in a larger series of patients is desirable.

Key Words: Thoracoabdominal repair; Shunting; Coeliac artery; Superior mesenteric artery.

Introduction

During treatment of thoracoabdominal aortic aneur-
ysms, ischaemia to the spinal cord, bowel and kidneys
represent a threat to a successful result. Several
adjuncts have been introduced to reduce the risk of
organ ischaemia.1,2 Thus, extracorporeal circulation
either as a femorofemoral or atriofemoral bypass is
preferred by several surgeons.3 To avoid visceral
ischaemia, separate perfusion of these arteries via a
sidearm from the arterial line could be advantageous.
In January 1994 we introduced a technique for
shunting of the coeliac axis (CA) and the superior
mesenteric artery (SMA) during operations for type III
and IV thoracoabdominal aortic aneurysms.4,5 This
adjunct had previously been suggested following
animal experiments by Cohen and co-workers6 and a
similar technique has previously been described for
clinical use.7 The purpose of this paper is to describe
the technique and to discuss alternatives to minimise

visceral ischaemia during thoracoabdominal aortic
surgery.

Material and Methods

Prior to induction of anaesthesia an 18G thoracic
epidural catheter was applied at the th6-7 level and a
16G intrathecal catheter was inserted at the L3–L4
level for cerebrospinal fluid drainage. The intrathecal
catheter was removed on the third postoperative day.
Anaesthesia was induced by barbiturate, fentanyl and
pancuronium. Continuation of the anaesthesia was
obtained by isofluran and N2O/O2. Furthermore,
fentanyl/pancuronium was supplemented with
epidural bupivacain (5 mg/ml). A double lumen
tube was applied in six patients. In addition to a
Swan-Ganz catheter, two large-bore intravenous lines
were available. Two hundred and fifty millilitre
(37.5 g) of mannitol was administered intravenously
prior to cross-clamping of the thoracic aorta. An
infusion of sodium bicarbonate was given to counter-
act metabolic acidosis. To reduce the blood pressure
during aortic cross-clamping, nitroglycerine and
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sodium nitroprusside was infused, but the infusion
was terminated prior to declamping of the aorta.8

3000 IU of heparin was given prior to cross-clamping
of the aorta. Autotransfusion was used during all
operations. A regular thoracolaparotomy was per-
formed and the 7th intercostal space was entered.
Vascular clamps were applied on the thoracic aorta
proximal to the aneurysmal dilatation and distally on
the abdominal aorta or the iliac arteries. The aneur-
ysmal sac was then opened and a vowen, gelatine
impregnated vascular prosthesis with a presutured
8 mm sidearm (Gelweavew, Vascutek Ltd., Inchinnan,
Scotland) was used. Into the sidearm an 11F carotid T-
shunt (Vascushunt 11F, Baxter Healthcare Corp, Erwin
CA, USA) had been placed in advance and secured by
a suture. (Fig. 1). The kidneys were perfused with cold
(4 8C) Ringer’s acetated solution containing 1000 IU of
heparin per litre. The proximal anastomosis was
sutured in an end-to-end fashion. After completion of
the proximal anastomosis the vascular clamp was
applied distal to the sidearm and the limbs of the T-
shunt were then placed into the CA and the SMA where
they were kept in place by inflatable balloons. Thus,
blood flow to these arteries was reestablished immedi-
ately after completion of the proximal anastomosis. The
lumbar and intercostal arteries were oversewn with the
exception of those included in the proximal anastomo-
sis. Through a sidehole in the main graft the CA, the
SMA and one or both renal arteries were anastomosed
to the prosthesis. Immediately prior to completion of
this second anastomosis, the T-shunt and the catheters
to the renal arteries were removed. After completion of
the anastomosis blood flow was reestablished to these
arteries and the distal anastomosis was then completed.

In four cases we used the sidearm of the main
prosthesis as a separate bypass to the left renal artery
because the distance between the two renal arteries was
too wide to anastomose them to the sidehole of the
main graft (Fig. 2). In the others the sidearm was
oversewn and removed.

During the period 1994–1999 eight patients were
operated on for thoracoabdominal aortic aneurysm
using the described technique of shunting of the SMA
and CA. The shunting technique was planned in one
more patient. However, the sidearm was located too
close to the sidehole of the main graft. It therefore
became impossible to apply the shunt while doing the
anastomosis to the visceral arteries and the operation
was performed with aortic cross-clamping only. Five
of the patients were women and three men with a
median age of 69 years (range 58–79). Concomitant
diseases included hypertension in five patients. Four
had coronary heart disease defined as angina, pre-
vious myocardial infarction, previous PCI or aortocor-
onary bypass grafting, two had lower limb ischaemia
and two had previously undergone surgery for
infrarenal abdominal aortic aneurysm. Two patients
had chronic obstructive pulmonary disease. One of the
patients was operated on because of rupture while
four were symptomatic and three patients were
operated on electively. According to the ASA classifi-
cation five belonged to the ASA class III and three to
the ASA class IV. Five patients had aneurysms
cathegorised as Crawford type III whereas three had
a type IV aneurysm. The maximal aneurysmal
diameter averaged 70 mm (range 60–96). The study
was approved by the local ethics committee.

Results

There was no early mortality (less than 30 days). One
reoperation became necessary due to haemorrhage
and another was reoperated for gangrene of the
sigmoid colon. A Hartmann’s procedure was per-
formed. One patient had postoperative paraparesis,
but eventually recovered quite well. Two patients
required dialysis for three days, but there was no need
for permanent dialysis. In one case splenectomy was
performed due to haemorrhage. The median operating
time was 261 min (Table 1). The median clamp time
until restoration of blood flow to the CA, SMA and
renal arteries was 47 min (35–82) while the median
need for blood transfusion was 1350 ml (900–2700).
There was a significant increase in cardiac output
during cross-clamping of the thoracic aorta from a
median level of 4.4 l prior to cross-clamping to 6.9 l
during thoracic aortic cross-clamping. The volume of

Fig. 1. The application of a T-shunt for perfusion of the
superior mesenteric artery (SMA) and the coeliac artery (CA)
during thoracoabdominal aneurysm repair. The kidneys are
perfused with Ringer’s acetated solution of 4 8C.
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cerebrospinal fluid removed during the day of
operation averaged 74 ml and the total removed
volume was 142 ml. The median requirement for
ventilatory support was 31 h and median stay in an
intensive care unit or intermediate care unit was 8
days (4–33). All patients have been followed at the
outpatient clinic. Four patients died during the follow-
up period after 5, 5, 6.5 and 7.5 years respectively. One
died of malignancy, one of renal insufficiency whereas
two died from myocardial infarction. No autopsies
were performed. The other four patients are alive
between 3 and 8 years after surgery.

Discussion

Several techniques have been applied to reduce organ
ischaemia following thoracoabdominal aortic aneur-
ysm repair.1,2 Whereas extracorporeal circulation is
used to a great extent for type I and II aneurysms,
other techniques have been suggested for the treat-
ment of type III and IV aneurysms.9,10 The reason is

that extracorporeal circulation is not without compli-
cations in these patients, especially haemorrhage due
to heparinisation. Sequential cross-clamping will not
eliminate a period of ischaemia to the bowel and
kidneys unless these organs are perfused via separate
catheters from the arterial line.11,12 Direct cross-
clamping of the aorta without any special adjuncts
has been used for several years.13 We have also used
this method and find it technically simple. However,
the time until completion of the anastomosis to the
visceral arteries was in the same range as in the
presented series, which means that the actual visceral
ischaemia time became significantly longer. This could
lead to postoperative complications including multi-
organ failure. In 12 patients operated on for type IV
aneurysm not included in this series, we applied an
alternative technique where the visceral arteries were
conserved on a patch of aortic tissue. The proximal
part of the graft was then cut in an oblique fashion
thereby including the orifice of the visceral arteries in
one single proximal anastomosis.14 In the presented
cases, however, the proximal extension of the aneurysm

Table 1. Data following thoracoabdominal aortic repair in eight patients using shunting of the coeliac and superior mesenteric arteries.

Median Range

Operating time (min) 261 (190–377)
Blood transfusion (ml SAG) 1350 (900–2700)
Time of aortic cross-clamping until completion of the anastomosis to
the coeliac, superior mesenteric and renal arteries (min)

47 (35–82)

Median time of ventilatory support (h) 31 (10–256)
Total postoperative stay in hospital (d) 15 (10–90)
Stay in ICU/intermediate care unit (d) 8 (4–33)

Fig. 2. Reconstruction of a thoracoabdominal type III aneurysm. The sidearm of the vascular prosthesis, which primarily was
used for shunting of the superior mesenteric and the coeliac arteries, was in this case applied as a bypass to the left renal
artery. Since the attachment of the sidearm to the main graft is relatively close to the proximal anastomosis there is little
chance of kinking when the left kidney is rotated back to it’s original site.
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was too high for the application of this technique and a
separate proximal end-to-end anastomosis was there-
fore made. One disadvantage of the described shunt-
ing technique is that the proximal anastomosis has to
be completed before blood flow can be restored to the
CA and SMA. However, the time needed to perform
the proximal anastomosis was in the range of 10–
20 min, which actually represents the ischaemia time
to the bowel. This ischaemia time is therefore reduced
approximately 25 min compared to direct cross-
clamping of the aorta, which is similar to the
observations from other investigations.7

Measurement of blood flow would have been
advantageous to observe the flow capacity of the
shunt applied in this series.15 It is possible that shunts
with a higher flow capacity would have been
advantageous. We did not measure any indicators of
intestinal ischaemia in this series. However, par-
ameters like early mortality and complication rate,
need for postoperative ventilatory support and stay in
hospital were reasonable, indicating that in general no
severe or long lasting visceral ischaemia had taken
place. The stay in the intensive care unit or intermedi-
ate care unit of 8 days seems long, but we often let the
patient stay in the intermediate care unit for a longer
time than actually needed, until the bowel function
became normal and the patient was fully mobilised.
An extra side-branch with a T-shunt could have been
used to perfuse the kidneys with blood rather than
Ringer’s acetated solution. However, in a prospective
randomised series it has been shown that cold
crystalloid perfusion is superior to normothermic
blood to conserve the renal function during thora-
coabdominal aneurysm repair.16

Shunting of only one of the CA or SMA has been
described by other surgeons with excellent results.7

The results were fairly similar to ours, but the majority
of their patients had type I and II aneurysms, which
usually have a higher complication rate than type III
and IV aneurysms. A comparison between the two
series is therefore difficult. It might be beneficial to
apply an extra shunt to avoid prolonged ischaemia of
the lower extremities.17 Further, the application of a
Gott shunt or a similar device might actually have
reduced the ischaemia time to the visceral organs to a
minimum.

Spinal fluid drainage is now performed routinely
during thoracoabdominal aortic repair. In some of our
cases the spinal fluid pressure increased significantly
during thoracic aortic cross-clamping. Spinal fluid was
removed to keep the pressure below 10 mm/Hg, a
level, which has been suggested to decrease the
incidence of neurologic complications.18,19 In spite of
this adjunct one of our patients had postoperative

paraparesis. He has recovered quite well and is now
mobilised using crutches.

The reason for the increased cardiac output
observed during cross-clamping of the thoracic aorta
is unclear. It may be caused by a redistribution of the
blood volume, the application of vasoactive agents or
an increase in catecholamine levels, which we have
observed in experimental investigations.20 An increase
in cardiac output is usually well tolerated but could
represent a stress to the heart, especially in elderly
patients with coronary heart disease. It is possible that
more extensive shunting including both the CA, SMA
and the arteries and to lower extremities might give
better hemodynamic stability in these patients, but
future investigations are necessary to explore this
possibility further. It is possible that such a technique
might also improve the intraoperative collateral
circulation to the spinal cord and perhaps reduce the
incidence of neurologic complications. From a theor-
etical point of view, perfusion of the CA or SMA with
cold solutions could increase the tolerance of intestinal
ischaemia. However, rather limited volumes of fluid
can be used since a significant decrease in body
temperature should be avoided. A solution to this
problem might be external cooling of the bowel, which
has only been tested in an experimental setting.21

In conclusion shunting of the CA and SMA during
thoracoabdominal aortic surgery for type III and IV
aneurysms is feasible and the results have so far been
acceptable. A larger series of patients are required to
investigate the volume of blood flow necessary to
avoid visceral ischaemia.
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Health-related quality of life in long term-
urvivors of thoracoabdominal aortic aneurysm
epair

rine M. Olberg Eide, MA, RN, Pål Romundstad, MSc, PhD, Pål Klepstad, PhD, MD, and Hans O. Myhre, PhD, MD

The purpose was to assess health-related quality of life (HRQOL) in long-term survivors of thoracoabdominal aneurysm
repair. Between 1983 and 2001, 43 patients underwent thoracoabdominal aneurysm repair. Long-term survivors (13) were
investigated. Two were lost to follow-up. The mean follow-up period was 6.2 years. HRQOL was measured by Short Form
(SF)-36, constructed of 36 items grouped into eight scales measuring physical functioning, role limitations caused by physical
problems, bodily pain, general health perceptions, vitality, social functioning, role limitations caused by emotional problems,
and mental health. Additional questions specific for vascular disease were ascribed. The patients’ relatives received
corresponding questions, responding on behalf of the patients. Patient data scores were compared with a selection of
individuals from the general population. The patients’ SF-36 scores were generally poorer than that of the healthy population
in both physical and mental dimensions. Patients who had a complicated postoperative course generally scored lowest in
physical dimensions. Comparing patients’ scores with relatives scoring on behalf of the patients showed no statistical
differences. According to disease-specific questions, impotence and pain were reported as major long-term postoperative
problems. Patients with uncomplicated postoperative courses all reported improved health status (six) compared with the
preoperative status, whereas five patients with complicated postoperative courses reported poorer health status. Nine of 11
patients experienced the same or improved HRQOL, and two patients reported reduced HRQOL after surgery. Ten of 11
patients evaluated the operation as successful. Although the sample size in this study is small, those who had postoperative
complications or reported a decreased physical function in the years after surgery generally had low scores in almost all
dimensions of the SF-36. When disease-specific questions were related to thoracoabdominal aneurysm surgery, most patients

reported an acceptable HRQOL. (J Vasc Nurs 2005;23:88-94)
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Although there has been significant improvement in surgical
echnique, anesthesia, and intensive care, surgical treatment of
horacoabdominal aortic aneurysm (TAAA) is still associated
ith significant mortality and morbidity. The risk is dependent
n the extent of the aneurysm, nature of the disease, and urgency
f the operation.1 The early mortality is significantly lower when
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he patient is treated electively, compared with emergency op-
rations, which are performed in patients with rupture or pain
aused by aneurysm expansion.2 Survival is the most used
ndicator of the quality of treatment. However, because serious
omplications such as renal failure or neurologic sequelae can
ccur after these operations,1,3 it is also import to know the
xpected health-related quality of life (HRQOL) after surgery.4

uch knowledge in addition to information about medical risk
actors could be included in the decision process before the
perations.

Measurement of HRQOL has been performed in patients
reated for thoracic and abdominal aortic aneurysms.3,5,6 How-
ver, to our knowledge there are no investigations focusing on
RQOL after TAAA repair. Thus, the primary aim of the
resent investigation was to measure the postoperative HRQOL
fter TAAA repair and to compare the HRQOL results with
hose observed in a healthy population. Self-reported HRQOL
cores were also compared with the relative’s proxy scoring of
atient HRQOL.

ATERIAL AND METHODS

atients and medical records

Between 1983 and 2001, 43 patients underwent thoracoab-
ominal aneurysm repair at our institution. Thirteen patients
ere alive at the start of this study in October 2003. Two patients

id not respond. Eleven patients agreed to participate in the study
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three women and eight men). The mean interval from surgery
ntil the investigation was 6.2 years (1.3-14.1 years), and the
ean age at follow-up investigation was 67.4 years (44.4–78.3

ears). The median aneurysm diameter was 70.0 mm. According
o Crawford’s classification for TAAA, four patients had type II,
our patients had type III, and three patients had type IV. One
atient had ruptured aneurysm, six patients had symptomatic
onruptured aneurysm, and four patients underwent operation
lectively.

Patients’ data were retrieved in medical records and supple-
ented by a medical follow-up study. A majority of the patients

ad various comorbidities before surgery. The patient’s primary
hysician and the local hospital were contacted to assess possible
hanges in the patient’s general heath status in the years after
urgery. Complications related to aortic surgery were identified.
atient data and results are summarized in Table I. The investi-
ation was approved by the local ethics committee.

isease-specific and health-related quality of life
uestionnaire

Thirteen long-time survivors received a Norwegian transla-
ion of the Short Form (SF)-367 and a disease-specific question-
aire3 by mail. The SF-36 is a generic questionnaire that mea-
ures physical ability and quality of life and is recommended for
pplication in vascular surgery.8,9 It consists of 35 items in eight
imensions of health: physical functioning, social functioning,
hysical and mental role limitation, emotional well-being, ener-
y/fatigue, pain, and general health perception.10 The Norwegian
ersion of SF-36 has been tested on a representative group of the
eneral Norwegian population, according to the recommenda-
ions for converting the system developed by the International
uality of Life Assessment.11 The SF-36 scores range from 0 to
00 (100 represents the best function level). Patient data scores
ere compared with age- and gender-adjusted data from the
eneral population.12,13

A questionnaire specific for vascular diseases was added to
valuate the individual’s HRQOL in relation to the operation for
neurysmal disease. The form contains seven questions evaluat-
ng health and QOL related to aneurysmal surgery. A similar
uestionnaire form has been applied in an investigation of
RQOL after thoracic aneurysm surgery.3 We added one ques-

ion to the questionnaire in our study; “Would you agree to
ndergo the same operation today?” The self-administered forms
ere sent to patients by mail, and they were given the opportu-
ity of assistance from one of the researchers to complete the
uestionnaires, either by phone or personal contact. Nonre-
ponders were contacted by phone after 1 month. Four patients
esponded by phone, six patients responded by mail, and one
atient filled out the questionnaire during a personal interview.

To ascertain whether the patient’s perception of health and
RQOL may have changed subsequent to surgery, we asked for

he patient’s permission to include one of their close relatives in
he study. The purpose was to assess how relatives score
RQOL on behalf of the patient and thereafter to compare the
atient’s and the relatives’ scores. We presupposed that this
ould provide more precise information required for detecting
hanges in the patient’s perception of HRQOL in the years after

urgery, and that the difference in scores would demonstrate p
his.4 All but one patient agreed to include a relative in the study.
ne patient’s relative did not respond. The remaining nine

elatives returned the questionnaires by mail.

tatistical analysis

The analyses were performed with SPSS version 12.1 (SPSS
nc., Chicago, IL). The SF-36 result scores were presented using
ean values and 95% confidence intervals. When compared with

he general population, each patient score was matched on sex
nd age. Patients’ scores were also compared with relatives’
cores, but only individuals with a relative’s score were included
n that analysis. Paired-samples t tests were performed when
omparing mean scores of separate groups. P values of less than
05 were considered statistically significant.

ESULTS

urgical and late postoperative results

Thirteen patients were alive at the time of this follow-up
tudy. Postoperative complications, medical condition registered
t the time of medical follow-up study, and self-reported com-
lications related to aneurysm surgery as recorded from the
isease-specific questionnaire for the patients included in this
tudy are described in detail in Table I. Six patients had impo-
ence and/or sexual lust disturbance as a major problem. Two
atients reported sexual problems as irrelevant for their situation.
even patients reported pain as a major problem that they related

o the aortic surgery. The pain was described as a stabbing and
asting ache in the areas of the surgical incision.

hort Form-36 scores

The results of the patients’ HRQOL scores are presented in
able II. The patient scores are compared with expected mean
cores of corresponding individuals in a general population. The
atients’ SF-36 scores were significantly lower than that of the
ealthy population in the bodily pain (41.4 vs. 68.8), physical
unctioning (41.8 vs. 77.3), and role physical dimensions (25.0
s. 58.7). Scores for vitality (43.0 vs. 60.2), social functioning
62.5 vs. 84.2), general health (59.1 vs. 69.2), and mental health
66.8 vs. 80.3) were lower, but not statistically different from the
xpected scores of the healthy population. Patients who experi-
nced a complicated postoperative course had low levels of
unction in all physical dimensions.

The results of the relative’s proxy HRQOL scores are pre-
ented in Table III. The relatives’ scores are compared with
ean self-reported scores of the patients. The patient’s relatives

cored lower than the patients on bodily pain (35.4 vs. 46.8),
eneral health (62.9 vs. 48.6), mental health (73.0 vs. 61.0), and
ole emotional (83.3 vs. 66.7), but the differences in scores were
ot statistically significant. The scores were similar in the role
hysical (28.1 vs. 31.1) and vitality (45.6 vs. 41.9) dimensions.
elatives had higher scores in the physical functioning (40.6 vs.
2.2) and social functioning (59.7 vs. 66.7), but these were not
tatistically significant.

isease-specific scores

Six patients with uncomplicated postoperative courses re-

orted improved health status compared with their preoperative



PAGE 90 SEPTEMBER 2005JOURNAL OF VASCULAR NURSING
www.jvascnurs.net
TABLE I

POSTOPERATIVE COMPLICATIONS AT THE PRIMARY HOSPITALIZATION IN THE TIME
INTERVAL FROM SURGERY UNTIL INVESTIGATION (YEARS), MEDICAL CONDITION AT TIME
OF FOLLOW-UP INVESTIGATION, AND SELF-REPORTED PROBLEMS RELATED TO SURGERY
FOR ALL LONG-TERM SURVIVORS AFTER THORACOABDOMINAL AORTIC SURGERY

Patient
No.

Postoperative complications at
time of hospitalization

Time from
surgery

until
investigation

(y)
Medical condition at

time of follow-up
Self-reported problems related to

surgery

1 14.1 Polymyalgia
rheumatica,
hypertension,
operation for renal
carcinoma

3 5.0 Atrial fibrillation,
aneurysm of the
aortic arch

Pain and sense of weakness at
field of surgical incision

5 Superficial wound infection,
renal failure (temporary
dialysis), paraparesis

8.7 Paraparesis Pain in field of surgical incision
when walking, ISD

7 Reoperated for colon necrosis,
multiorgan failure, wound
infection, renal failure
(temporary dialysis)

6.8 Cardiac insuffiency Pain in the field of surgical
incision, cannot stand-up for
more than 10 min at a time,
ISD

8 8.8 Retrograde ejaculation, reduced
ISD

10 Reintervention for endoleak 1.3 ISD

12 3.1 Abdominal pain,
drainage of pleural
effusion

Chest and back pain ISD
reported not relevant for patient

14 5.6 Chest pain,
headache,
shortness of breath
during activity,
incisional hernia

Chest pain limits activity to
intervals of 10 min

16 Hypertension 5.0 Expansion of the
descending
thoracic aorta
located near the
upper anastomosis

Back pain and fatigue, ISD

18 6.8 Pain in the left flank,
cardiac insuffiency,
aneurysm of the
descending
thoracic aorta

Pain in left flank and genital
area, but ISD reported not
relevant for patient

19 Renal failure because of
occluded left renal artery,
colon necrosis, peritonitis,
decubital ulcer, paraplegia

3.0 Paraplegia, dialysis 4
times every week

ISD, renal failure, nausea and
general feeling of sickness

COPD, Chronic obstructive pulmonary disease; ISD, impotence or sexual lust disturbances.
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tatus (Fig. 1A). Three of these patients had almost or com-
letely resumed their activity level, whereas the others reported
oor activity level after surgery. All five patients with compli-

TABLE II

IN THE TOTAL SERIES OF 11 PATIENTS WHO
THORACOABDOMINAL AORTIC ANEURYSMS TH
HEALTHY POPULATION AND PATIENTS ARE L

Dimension of SF-36 Numbers

Mean score (95% CI)
expected healthy

population

Bodily pain (BP) 11 68.8 (66.5–70.5)

General health (GH) 9 69.2 (67.5–70.9)

Physical functioning
(PF) 11 77.3 (75.9–78.7)

Role physical (RP) 10 58.7 (55.6–61.8)

Mental health (MH) 10 80.3 (79.1–81.5)

Vitality (VT) 10 60.2 (58.6–61.8)

Social functioning
(SF) 11 84.2 (82.5–85.9)

Role emotional (RE) 10 72.7 (70.3–75.1)

CI, Confidence interval; SF-36, Short Form-36.

A paired mean differences from the healthy population for each separate
scores are included).

*Statistical significance, P�.05

TABLE III

IN THE TOTAL SERIES OF 11 PATIENTS WHO
THORACOABDOMINAL AORTIC ANEURYSMS TH
THE RELATIVES’ SCORES ARE LISTED, USING

Dimension of SF-36 Numbers
Means score (95%

patients

Bodily pain (BP) 9 46.8 (18.6–74.9

General health (GH) 7 62.9 (42.4–83.3

Physical functioning (PF) 9 40.6 (9.7–71.4)

Role physical (RP) 8 28.1 (�6.2–62.4

Mental health (MH) 8 73.0 (53.1–92.9

Vitality (VT) 8 45.6 (24.7–66.5

Social functioning (SF) 9 59.7 (28.3–91.1

Role emotional (RE) 8 83.3 (53.5–113.

CI, Confidence interval; SF-36, Short Form-36.

Paired mean differences from the patients’ scores for each separate dimensi
that can be compared with relatives’ scores are included).
ated postoperative courses reported poorer health status (Fig. a
A). These patients had not, or to a smaller extent, resumed their
evel of activity after the operation.

Nine of 11 patients reported the same or improved HRQOL,

ERWENT OPERATION FOR
MEAN SF-36 SCORES OF AN EXPECTED
D, USING A PAIRED-SAMPLES T TEST

n score (95% CI)
patients

Paired mean difference from healthy
population (95% CI)

.4 (17.9–64.9) �27.4 (�49.7–�5.3) P � .03*

.1 (40.7–77.8) �10.1 (�29.7–9.6) P � .27

.8 (14.5–69.2) �35.5 (�11.0–�60.9) P � .02*

.0 (�1.7–51.6) �33.7 (�56.5–�10.9) P � .02*

.8 (44.1–89.5) �13.5 (�36.0–9.1) P � .21

.0 (24.3–61.7) �17.2 (�36.9–2.5) P � .07

.5 (36.5–88.5) �21.7 (�48.0–4.6) P � .09

.0 (54.4–105.6) 7.3 (�21.4–36.1) P � .54

sion are also listed, using a paired-samples difference test (all survivors’

ERWENT OPERATION FOR
MEAN SF-36 SCORES OF THE PATIENTS AND
AIRED-SAMPLES T TEST

Mean score (95% CI)
relatives

Paired mean difference from
patients (95% CI)

35.4 (7.9–63.0) �11.4 (�42.5–19.8) P � .43

48.6 (21.5–75.6) �14.3 (�29.3–0.7) P � .06

52.2 (24.7–79.7) 11.6 (�10.2–33.6) P � .25

31.3 (�1.8–64.3) 3.2 (�37.8–44.1) P � .86

61.0 (44.1–77.9) �12 (�32.6–8.6) P � .21

41.9 (20.8–62.9) �3.7 (�26.9–19.4) P � .71

66.7 (37.1–96.3) 7.0 (�14.1–27.9) P � .47

66.7 (27.3–106.1) �16.6 (�68.3–34.9) P � .47

also listed using a paired-samples difference test (only scores of survivors
UND
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nd two reported reduced HRQOL after surgery compared with
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he preoperative status. Of the four patients who reported a
igher HRQOL, three had resumed their activity level after
urgery (Fig. 1B). Of the five who stated neither worse nor better
RQOL, all reported that they had not at all or to a small part

esumed activity after surgery. The two patients reporting a
educed HRQOL both experienced great physical constraints
fter surgery and evaluated their general health as poorer than
efore the operation. Ten of 11 patients evaluated the operation
s successful, and eight patients would agree to undergo the
ame operation again (Fig. 1C and D).

There was a high agreement between patients’ responses and
elatives’ proxy responses on the disease-specific questions.

ISCUSSION

We observed that most patients experience an impaired
hysical functioning after thoracoabdominal aortic surgery.
hese findings are reflected in both the physical dimension of the
F-36 scores and the disease-specific questions. A complicated

igure 1. Results from the disease-specific questions that were adde
he question, compared with the preoperative situation, how do y
uestion, how is your quality of life affected by the operation? (C) An
D) Answers regarding the question, would you agree to undergo th
umbers of patients.
ostoperative course had a negative impact on the patient’s p
erception of health status at late follow-up. Impotence was a
requently reported problem among our patients. This is a well-
ocumented problem after treated and untreated abdominal aor-
ic aneurysms.14,15 We observed that most patients indicated
odily pain as a major problem up to 9 years after surgery. In
ost patients pain was located in the field of the surgical

ncision. In a similar study of patients who had undergone
horacic surgery,3 pain scores were similar to that of the healthy
opulation. The differences in findings regarding pain as a
ostoperative problem between the two studies could perhaps be
xplained by the larger incisions used in thoracoabdominal aortic
urgery.

The patients’ SF-36 mental function scores were lower
han that of the general population, except for the role
motional dimension. Still, most patients reported the opera-
ion as successful and would have undergone the same pro-
edure today. It has been argued that the changes in HRQOL
hat occur in chronic and life-threatening diseases result in

he Short Form (SF)-36 health questionnaire. (A) Answers regarding
dge your general health status now? (B) Answers regarding the
s regarding the question, how do you consider the operation today?
e operation today? The bars on the coordinate axis represents the
d to t
ou ju
swer
e sam
art from patients adapting to their situation; patients change
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heir internal standards, values, or ideas of HRQOL. There-
ore an HRQOL measure in different stages of a disease does
ot always change, and individuals with serious diseases are
ot consistently evaluating their own HRQOL as inferior to
he HRQOL reported by healthy people.16 This phenomenon
s called “response shift.” 4

The scoring profile indicates that the patients do worse
hysically than mentally, and that there is a correspondence
etween self-reported functioning and an individual’s HRQOL.
evertheless, the disease-specific questions revealed that most
atients experienced an acceptable quality of life after surgery
espite physical constraint.

The observed differences in the HRQOL scores when com-
aring the patients’ scores with the relatives’ scores on behalf of
he patient were varied within both physical and mental dimen-
ions. The lowest relatives’ scores were for the role emotional
imension. However, in the disease-specific questions both
roups reported an impaired physical health status, but they were
atisfied with respect to the global questions concerning life after
AAA surgery.

We recognize that this study has some limitations. The lack
f statistically significant differences in the SF-36 scores are
ost likely explained by the low number of patients and relatives

ncluded in the study, and the large distribution of HRQOL data
niversally observed in HRQOL studies. It has been argued that
ifferences in SF-36 scores more than 10 represent a clinically
eaningful difference between patient groups. Thus, several of

he nonsignificant differences observed in this study may repre-
ent clinically important differences, which would have reached
tatistical significance in a study including a larger number of
atients. This limitation is a common feature of studies on
atients presenting with infrequent diseases.12,17,18 Similar in-
estigations on abdominal aortic aneurysms show that after both
lective and acute surgeries one can obtain an acceptable post-
perative HRQOL when comparing with an age-adjusted healthy
opulation.5,6,17,19,20

ethodologic and ethical considerations

Quality of life studies in patients undergoing operation for
AAA repair raise complex methodologic challenges. The im-
act of a specific condition on perceived health can be hidden
nd difficult to detect. Thus, it is a problem to identify to which
xtent the aneurysmal disease itself or the development of
omorbidities in the years after surgery is influencing the pa-
ient’s HRQOL. Patients may also have different expectations
egarding quality of life, and they could be in different stages in
he postoperative course including recovery from an operation.
econd, there is a selection bias because several of these oper-
tions often are performed as emergency procedures. Also,
andling of the patients is different in those who have ruptured
neurysm or pain compared with those who are asymptomatic
nd therefore undergoing operation electively. In the latter group
here is sufficient time to explain the operation and discuss the
ostoperative course, risks, and potential complications with the
atient. Such preparations are usually insufficient in patients who
ndergo emergency operations. The possibility of informing the

atients satisfactorily is then limited, and often the patient is not
repared for a high risk of a complicated postoperative course
ncluding a prolonged stay in the intensive care unit.

HRQOL has been used extensively as a measure of results
fter vascular surgery. Extensive surgery, often prolonged inten-
ive care treatment, and treatment costs should be balanced
gainst the expected HRQOL after surgery.17 In the discussion
n whether to perform surgery in patients with TAAA, the
xpected postoperative HRQOL is one of several factors that
hould be taken into consideration.
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