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AAA: Abdominal aortic aneurysm

ACB: Aorto-coronary bypass
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CHF: Congestive heart failure

COPD: Chronic obstructive pulmonary disease

CT: Computed tomography scan

EVAR: Endovascular aortic aneurysm repair

IAA: Inflammatory aortic aneurysm

ICU: Intensive care unit

MI: Myocardial infarction

NS: Not significant

NPR: Norwegian Patient Registry

NYHA: New York Heart Association

RCT: Randomised clinical trials

30d: Thirty day (mortality),

US: Ultrasound
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Introduction

Although definitions based on fixed diameters have been proposed, an aneurysm of the

abdominal aorta is mainly defined as a dilatation with at least 50% increase in diameter

compared to the expected normal diameter of an adjacent unaffected part of the aorta

(Johnston KW et al 1991). The dilatation is caused by a degradation of elastic fibres in the

arterial wall, which make the aortic diameter increase as the process is progressing. The

dilatation may cause rupture of the aorta with fatal haemorrhage as result.

With a few exceptions, AAA is thought to be of atherosclerotic origin. An AAA has

according to some authors always some degree of aortic wall inflammation, but in

approximately 5% of the patients, thickened aneurysm wall is reported. Further, there may be

perianeurysmal fibrosis and dense adhesions to the duodenum (Walker DI et al 1972). The

condition is then named IAA, which is though by several authors to be a separate disease

entity. The condition is associated with more intraoperative technical problems and many of

the patients have hydronephrosis with impairment of the renal function due to obstruction of

the urethers caused by the fibrosis.

Studies have shown that male gender, age, smoking, atherosclerotic disease and a positive

family history are independent risk factors for AAA, while there is more controversy about

the association with other risk factors for atherosclerosis like hypertension and

hypercholesterolemia. The total rate of AAA in a large Swedish autopsy study was 4.3% for

men and 2.1% for women (Bengtsson H et al 1992). The prevalence was increasing during the

study period and with age, reaching a peak in men (5.9%) at the age of 80 and after 90 years

in women (4.5%).
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Women on the other hand have a 3-4-fold increased risk of rupture and female gender is

associated with increased risk of death after rupture (Cronenwett JL and Johnston KW 1999,

Brown LC and Powell JT 1999, Stenbaek J et al 2004). It has also been demonstrated that

women are less likely to be admitted to hospital and selected for operation for ruptured AAA

than men (Semmens JB et al 2000). Furthermore, studies on repair of non-ruptured AAA have

shown that female gender is associated with higher early mortality and lower long-term

survival (Menard MT et al 2003, Stenbaek J et al 2004). In recent studies there has been an

understanding that women tend to have smaller aortas (Pedersen OM et al 1993) and that the

aneurysm diameter as indication for treatment should be smaller for women than for men

(Heikkinen M et al 2002).

The first published AAA resection with reestablishment of vascular continuity by a preserved

human arterial graft was done by Charles Dubost at Broussais Hospital, Paris, France, 31.

March 1951 (Dubost C et al 1952). Later, treatment with aneurysm resection and the

implantation of synthetic vascular grafts has become standard. In 1991 Parodi and colleagues

and Volodos and colleagues performed the first endovascular repairs of AAA, and as the

method has been improved, EVAR has been used in an increasing number of patients (Parodi

JC et al 1991, Volodos NL et al 1991).

The early mortality (30d) after open emergency repair for AAA is still high, with 30-60%

(Bayly PJM et al 2001, Heller JA et al 2000) mortality for patients with ruptured AAA, while

mortality numbers following elective repair range from 0-8% (Brewster DC et al 2003,

Blankensteijn JD et al 1998). A review of 64 published series showed a weighted mean 30d

mortality of 5.5% for elective operations (Hallin A et al 2001). In 48 studies the weighted

mean 30d mortality was 47.2% for emergency operations, and nearly all were performed for
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ruptured aneurysm. Although there have been several technical problems with the

endoprostheses, early morbidity and mortality seems to be lower compared to open repair and

high-risk as well as elderly patients have been claimed especially suitable for EVAR

(Greenhalgh RM et al 2004, Sicard GA et al 2001, Prinssen M et al 2004).

AAA is most often an expression of a generalized atherosclerotic disease, and the patients

therefore often have a high prevalence of comorbidity. Coronary heart disease, hypertension,

intermittent claudication, cerebrovascular disease, renal failure and COPD are all diseases that

that can impair the patient’s life expectancy and some have shown to be associated with

increased perioperative mortality (Johnston KW 1989). The recording of risk factors among

the operated patients is also a crucial part of case-mix evaluation when comparing results

from different centers. Meta-analyses performed by Steyerberg and colleagues have

demonstrated that Serum Creatinin> 1.8mg/dL and CHD are the independent risk factors with

the highest risk of perioperative mortality after elective AAA repair, with Odds ratios of 3.3

and 2.3 respectively (Steyerberg EW et al 1995). Knowing the comorbidity and life

expectancy of patients as well as the operative results of the department is therefore

mandatory to make a recommendation regarding treatment for AAA.
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Study objectives

Paper I

The aim was to study the occurrence and treatment of concomitant intra-abdominal disease

and their influence of on results after operation, in a cohort of patients treated for infrarenal

AAA.

Paper II

The aim was to investigate whether there was a higher incidence of autoimmune diseases in

patients with IAA.

Paper III

The purpose was to investigate if symptoms, type of admission (elective vs. emergency) and

timing of surgery influenced early mortality (<30d) in patients operated on for non-ruptured

symptomatic AAA.

Paper IV

To study early mortality, long-term survival and relative survival in patients aged 80 years or

more who were treated electively with open operation for AAA.

Paper V

To study quality of data on treatment for AAA in a national vascular registry (NorKar) and a

national administrative registry (NPR). Further we wanted to evaluate our inclusion criteria

when searching for AAA-procedures in medical registries.
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Paper VI

The object was to study changes in treatment for AAA in a university hospital over a twenty

year time span with focus on patient volume, mortality and use of resources.
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Methodological considerations

The papers presented in this thesis are based on historical cohort studies of patients operated

for AAA from 1983 to 2002. The patients have been followed over a time span from two to

twenty years. The studies are mainly based on patients operated for AAA at the Department

of Surgery, St. Olavs Hospital, but two of the studies also include patients from other

Norwegian hospitals (Paper IV and V). Paper IV was performed as a multi-center study to

include enough patients to raise statistical power.

St Olavs hospital is the only hospital in the county of Sør-Trøndelag performing vascular

surgery, and is also a referral hospital for two neighbour counties. In the studies from our

hospital we corrected for home-county of the patients, but found no measurable difference in

the results. Thus, in addition to being hospital based, study I, II, III and VI, can also be

considered as population based for the county of Sør-Trøndelag when excluding the patients

referred from Nord-Trøndelag and Møre & Romsdal (Blankensteijn JD et al 1998).

In Paper I, patients were included before the end of 1994 and before our database was

completed by quality assessment. This is the reason for the lower number of patients, 459, in

this paper. A review of the medical records of the remaining 61 patients operated 1983-1994

did not alter the prevalence of concomitant diseases or the conclusions.

An advantage of our single-centre studies is that there has been a thorough inclusion and

follow-up of all patients, and that the material is close to complete. In this way inclusion-bias

related to missing patients is minimized.

However, studies based on historical data have weaknesses in the evaluation of risk factors,

especially when based on anamnestic data only. None of the patients in these studies have

been diagnosed with standardised tests on comorbidity for the purpose of this study, but a
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thorough evaluation of all available data from the medical records has been performed.

Definitions have been based on objective data as far as possible, e.g. medication for COPD

and hypertension, serum-creatinin level of more than 140 µmol/L in renal failure and positive

information on symptoms and smoking. IAA was registered according to an accepted

definition by the presence of a thickened aneurysm wall, extensive perianeurysmal and

retroperitoneal fibrosis and dense adhesions to adjacent abdominal organs (Rasmussen TE et

al 1999). All objective data from the medical record like operating time, results of blood

samples, time in ICU and hospital, as well as survival, have been checked against hospital and

public registries. Still as shown in a recent paper, completeness of medical record

documentation may vary with the urgency of admittance, and may have contributed to some

of the differences observed in Paper III (Lewis DR et al 2003). Follow up was performed by

checking patients against the Norwegian Registrar’s Office of Births and Deaths, which is

updated every 14 days, and by collecting information from the local district hospital of the

patients.

There will always be selection of patients in a non-randomized clinical study depending on

decisions made by the operating surgeons, available diagnostic and therapeutic modalities and

on properties of the patients. This selection could influence the outcome, and thus constitute a

threat against causal interpretation of the results. Although multivariate analyses have been

used to control for potential confounding, observational comparisons between different

treatment modalities will always be at risk of influence by unmeasured confounders.

Still the results may reveal associations and hypotheses that can be further tested by RCT, and

although randomized trials are well suited to estimate causal associations and effects,

observational studies have the ability to document daily clinical practice. Retrospective
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studies may also constitute an acceptable study design when studying rare conditions, like

IAA in Paper II.
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Summary of results

Paper I.

In 12 (2.6 %) of 459 patients, concomitant malignancies in colon or the urogenital system

were discovered in connection with diagnosis and treatment for AAA. In 10 cases the AAA

was treated as a secondary procedure, with no early morbidity or mortality. One high risk

patient was operated with simultaneous AAA-resection and nephrectomi. A second patient

with assumed impending rupture turned out to have metastasis from a renal tumour. Both died

within 11 days of the operation from MI.

Asymptomatic cholelithiasis was not systematically recorded among patients treated for

AAA, but 5 patients had cholecystitis, one had iatrogenic rupture of his AAA at laparoscopic

cholecystectomy and the aneurysm of one further patient ruptured while waiting for surgery

of a fistula between the colon and the gallbladder. The five patients had surgery for both

conditions and the latter two had their gallbladder intact. Cholecystectomy was performed

separately prior to aneurysm resection except in one case where the procedures were

performed simultaneously. Of the patients who were operated with cholecystectomy, two died

from occlusion of the superior mesenteric artery on the 6th postoperative day and none

survived more than 3 years.

Paper II

The prevalence of autoimmune diseases in 31 patients with inflammatory aortic aneurysm

(IAA) was 19% compared to none (p=0.0017) in a matched control group within the cohort of

patients operated on for AAA. There were; 2 cases of rheumatoid arthritis, 2 cases of systemic

lupus erythematosus, 1 had giant cell arthritis and 1 patient had seronegative polyarthritis
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diagnosed as rheumatoid arthritis. The autoimmune diseases were classified according to

accepted criteria (Arnett FC et al 1988, Tan EM et al 1982, Hunder GG et al 1990).

Median wall thickness of the aneurysm was 11.2 mm in the IAA-group. Involvement of the

duodenum was the most common complication of IAA, and 26% had hydronephrosis due to

uretheral obstruction. Median ESR was almost doubled in IAA-patients compared to the

control group. Patients with IAA seemed to have higher need for blood transfusion and longer

operating time, while stay in ICU, hospital stay and early mortality was similar in the two

groups.

Paper III

129 patients were admitted to hospital as emergencies because of symptoms related to a non-

ruptured AAA. In 61 patients operated on as emergencies (within 24 hours of an emergency

admittance) for non-ruptured AAA, mortality (30d) was 18.0% compared to 4.2% in 68

patients operated semi-electively (later than 24 hours after an emergency admittance) and 239

elective patients with non-ruptured AAA. The presence and number of symptoms did not

show any significant correlation to early mortality. Four patients previously turned down for

elective operation all died following emergency operation for non-ruptured AAA. One

additional patient previously found unfit for surgery survived a semi-elective operation.

Emergency patients showed a clear tendency of more coronary heart disease and significantly

more of the patients were categorized as 3 and 4 according to the NYHA-classification.

Interestingly more elective patients were reported to have hypertension and intermittent

claudication. There was a tendency towards more women among patients admitted as

emergencies without rupture than patients operated electively.

PDF Creator - PDF4Free v2.0                                                    http://www.pdf4free.com

http://www.pdfpdf.com/0.htm


17

Paper IV

Overall early mortality in this series of 105 consecutive octogenarians operated electively for

AAA was 10.9%. Although comparisons on gender and age failed to show any significant

differences, men and patients more than 84 years of age had a relative high early mortality,

11% and 16.7% respectively. 30d mortality for women was 8.7% and their relative 5-year

survival was 101% compared to 81% for men. Octogenarians seemed to have long-term

survival comparable to an age matched control group with a median 5-year survival of 47%.

For patients aged 84 years or more, median survival was 35 months. Cardiac complications

were the most common cause of early death and mortality did not change during the study

period.

Hypertension and cardiac conditions were the most common comorbidities but more men than

women had preoperative renal failure. The complication rates seemed fair, but 12 patients

were reoperated, nine due to haemorrhage. Median postoperative hospital stay was 9 days and

14 patients needed ventilatory support for more than one day.

Paper V

The comparison between the national vascular registry (NorKar) and the national

administrative registry (NPR) showed that NPR is probably more complete for patients

treated for AAA nationwide. The reason is that hospitals that are not members of NorKar

report to NPR, but also that more patients were reported to NPR than to NorKar for member

hospitals. The completeness of AAA treatments in NorKar was 84%, compared to NPR. The

investigation further showed that there was lack of Procedure-Diagnosis-consistency in 7% of

the patients in both registries, showing that the codes for procedure and diagnosis did not

match. Relative to NPR numbers only 60% of patients who died in hospital after operation for

AAA were reported to NorKar. Corrected for the overall completeness of reporting for each
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hospital, only 72.3% (CI; 65.2, 79.4) of early deaths were reported to NorKar. The reason for

this systematically underreporting could not be assessed. The crude national in-hospital

mortality was 33.7% for ruptured and 5.0% for non-ruptured AAA, while the crude NorKar

mortality numbers were 29.9% and 3.1% respectively.

A detailed evaluation of one NorKar Local Registry using all available registries and the

medical records of the member hospital, showed that the completeness was 91.3%, and that

5.3% of the registered cases were falsely coded or doublets.

Paper VI

From 1983 to 2002, 1045 patients were treated for AAA at St. Olavs Hospital, University

Hospital of Trondheim. We observed an increasing number of elective operations in each 5-

year period. While operations for both non-ruptured and ruptured AAA increased in men,

there was only a steady increase in operations for ruptured AAA in women. Simultaneously,

the use of bifurcated vascular grafts declined compared to tube grafts. Although the number

of emergency operations has increased, the number of emergency operations for non-ruptured

AAA has declined during the period. Since its introduction in 1995, EVAR is preferred in an

increasing proportion of patients.

The median operation time and anaesthesia time increased with more than one hour during the

first decade and has been stable since then. 30d mortality was 41.6% for ruptured, 18.9 for

emergency non-ruptured and 4.8% for elective operations. Although women had a slightly

lower 30d mortality following elective operation compared to men (3.0% vs. 5.1%, NS),

women had a higher mortality after operation for ruptured AAA, 57.1% and 37.4%

respectively. Five-year survival was inferior in women after AAA repair and especially for

those with ruptured AAA (24.3% vs. 41.3%). In logistic and Cox’ regression, factors

influencing 30d and long-term mortality were age at operation, cerebrovascular disease and
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renal failure. Long-term survival was further impaired by COPD, diabetes and that the

operation was performed before 1993.
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General discussion

The papers in this thesis have mainly focused on patients operated for non-ruptured AAA. In

ruptured AAA mortality is 100% if the condition is not treated. The purpose of surgery for the

two categories of patients is quite different. While the indication for surgery is vital in patients

with rupture, the operation is prophylactic in patients with no signs of rupture.

In paper I we showed that performing AAA repair as a secondary procedure after an operation

for malignancy did not result in postoperative mortality or serious morbidity in our study

population. Other studies have shown that AAA and gastric or colorectal malignancies can

safely be treated with one stage operation in selected patients (Matsumoto K et al 2002,

Georgopoulos S et al 2004, Oshodi TO et al 2000, Baxter NN et al 2002), and concomitant

AAA and carcinoma of the bladder have also been treated simultaneously with success in one

study (Grego F et al 2003). A recent review has further proposed that synchronous aortic and

gastrointestinal surgery should be performed when urgent surgery for both conditions is

indicated (Tilney HS et al 2002). We feel that in an elective situation, the risk of graft

contamination from a colorectal procedure still make us choose a staged procedure, with

priority for the symptomatic or the most threatening condition.

We had no cases of colon necrosis in the 6 patients operated for concomitant colorectal

cancer. Colonic resection will impair the arterial supply to the colon by ligation of collateral

vessels. One of our indications for reimplanting a patent inferior mesenteric artery has been

previous colon resection. The present study cannot evaluate the necessity of this procedure,

but we have experienced fatal colon necrosis when the routine of reimplantation was not

followed in one such case.

To operate the malignant disease first makes sense, because prophylactic aortic surgery has

limited value if disseminated malignant disease is discovered in assessment of the cancer.
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However in a patient with a large AAA and a small asymptomatic colon carcinoma we would

recommend aortic surgery first.

The prognosis of the patients with cholecystitis was poor in this series, probably due to a high

median age of 74 years. One can though not exclude the possibility that a sudden onset of

cholecystitis in some patients is a sign of increased physiological vulnerability leading to high

risk of death from various causes. Technical difficulties connected to a hostile abdomen after

prior inflammation and surgery may increase the risk of open surgery and could be an

indication for EVAR, provided the patient is suited from an anatomical point of view (Lee JT

et al 2002).

With a definition of emergency operation as surgery performed within 24 hours of an

emergency admittance, patients with non-ruptured AAA in this group seemed to have more

risk factors than patients operated electively, as shown in Paper III. In the logistic regression

in paper VI emergency operation had an odds ratio of 4.9 (2.4-9.9) for 30d mortality

compared to elective operations. This is probably the most important reason for the observed

difference in 30d mortality between emergency end elective patients. In paper VI we have

demonstrated that less symptomatic patients have been operated as emergencies during recent

years. Thus, the decrease in number of emergency operations for non-ruptured AAA over the

period indicates a change in treatment policy at our department. It could also be the result of

an increased availability and improved quality of CT scans that can rule out rupture. We hope

that through this change in policy, early deaths may have been avoided by performing the

operation under more elective conditions (VI) (Bell CM and Redelmeier DA 2001). A

weakness of our study is that emergent admitted patients that were discharged without being

operated, have not been primarily assessed. Most of them will still have been included in our

cohort by later elective or emergency treatment.
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Women have a 3-4 fold increase in risk of rupture of their aneurysm compared to men.

(Brown LC and Powel JT 1999, Brown PM et al 2003). Still women are less likely to be

operated for ruptured AAA (Evans SM et al 2000, Semmens JB et al 2000). Our study on

octogenarians (Paper IV) indicated that women had slightly larger aneurysms, 68 to 65mm,

but that men were median 1.5 years older. In addition to the increased proportion of women

among emergency patients in Paper III, this indicates that women are less likely to be

considered for elective surgery for AAA as well in our institution. This is also supported by

the finding in Paper VI that there has been a small reduction in the proportion of women

operated for non-ruptured AAA during the study period. The fact that women with AAA are

at higher risk to die from rupture, and that the risk of rupture increases at a smaller aneurysm

diameter than in men, probably calls for a more aggressive treatment policy in women with

AAA (Heller JA et al 2000, Brown PM et al 2003).

The reduced long-term survival in women after treatment of AAA found in paper VI is

difficult to explain and different views on this matter have been presented in the literature

(Evans SM et al 2000, Semmens JB et al 2000). It is possible that AAA in women is

associated with a more aggressive atherosclerotic disease (Solberg S et al 2005). In a

population-based study women with AAA are also more likely to be current smokers than

men (Pleumeekers HJ et al 1995). The fact that women in paper III had superior long-term

survival may be the result of a stronger selection of low risk female octogenarians for

operation compared to men, and the fact that they were on average 1.5 years younger than the

men.

The introduction of EVAR in February 1995 at our department had implications for indication

and preferred treatment for some of the patients. We have tried to compensate for this by

including only patients operated 1983-94 in Paper I-III. In paper IV on octogenarians there
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may have been a selection bias since patients treated with EVAR were not included. Thus, the

increase in the number of octogenarians treated would have been even higher, because elderly

and high-risk patients more often have been offered EVAR instead of open repair. The benefit

of operation must be evaluated based on annual risk of rupture, chance of survival after

rupture and the risk of early death after a prophylactic operative treatment. The annual risk of

rupture is related to the size of the aneurysm, but on this point there is substantial controversy

among surgeons (Lederele FA et al 1996) and the results in different studies varies (Brewster

DC et al 2003). A striking observation is that the cause of death in unoperated patients in

these surveillance studies is ruptured AAA in only 30-50% of the cases, even when the

aneurysm diameter was more than 65mm (Conway KP et al 2001). The perioperative

mortality in our study on octogenarians with median aneurysm size of 65mm equals the

annual rupture risk of aneurysms with a diameter of 65mm (BrewsterDC et al 2003). Without

obtaining a substantial decrease in early mortality by improving open surgery, or by using

EVAR to a greater extent, elective AAA treatment is questionable in octogenarians, especially

in the oldest group and in those with co-morbidities.

The increased prevalence of autoimmune diseases among patients with IAA has to our

knowledge not previously been reported (Paper II). Treatment of IAA is connected with

technical challenges and this is reflected by the longer operating time in our study. The

epidemiological association implies that in patients with known autoimmune disease and

AAA, ESR-measurement and CT-scan should be performed in order to prepare the surgical

team on difficulties connected to a possible IAA, and perhaps choose EVAR as an alternative.

(Lange C et al 2005). Because IAA is discovered most often during the operation,

introduction of EVAR may have as a consequence that fewer IAA are detected if the

diagnosis is not made during interpretation of the CT scans.
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AAA is usually an asymptomatic condition that in itself causes no physical impairment.

Perioperative mortality, morbidity and late survival are therefore important elements for

evaluation of the indication for and benefit from surgery for AAA. In our study on reporting

to NPR and NorKar (V) it became evident that the sources of data were insufficient both on a

national level but also for several hospitals. The finding of systematically under-reporting of

in-hospital deaths in NorKar of 28% is a serious weakness of the national vascular registry

that demands further investigation and correction. Although the reasons have not been

assessed, a part of the explanation could be that patients dying after surgery are treated for

their complications in other departments where the vascular registry is unknown. The lack of

completeness of vascular registries has only sporadically been assessed or debated in

publications, but it is a major challenge to get reliable data from such registries (Kantonen I et

al 1997).

An interesting observation is that there was no association between hospital volume of AAA

operations and early mortality. Although the university hospitals have the highest number of

patients, the volume of each surgeon might still be just as large in a county hospital. The

university hospitals further have obligations as training institutions with the consequence that

many of the operations are performed by less skilled surgeons under supervision by a senior.

This is most likely one of the explanations for the increase in operating time during the study

period observed in Paper VI. We were not able to relate mortality rates to position of

operating surgeon, but it must be a demand that the training situation is not affecting

operating time, early mortality or complication rate (Evans SM et al 1999). Introduction of

EVAR has negatively influenced the training situation for surgical residents regarding open

AAA repair, since the volume of open operations is decreasing simultaneously with an

increasing complexity of the surgical cases (Sternbergh WC 3rd et al 2002). Continuous

surveillance of the mortality and complication rate of training centres by a vascular registry is
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necessary for the documentation of a high standard of results and patient safety. Our study (V)

has also demonstrated that a national administrative registry has an important function as a

corrective for a vascular registry. Improvement of both registries can probably be achieved by

comparison on individual patient-level.
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Conclusions

• Repair of AAA as a secondary procedure did not result in high postoperative mortality

or serious morbidity in a cohort of patients operated for concomitant colon or renal

malignancies, but patients with concomitant cholecystitis had inferior long-term

survival.

• IAA is in our study associated with increased incidence of autoimmune diseases, but

further investigation is needed to explore the nature of this association.

• Patients admitted and operated as emergencies with non-ruptured AAA seem to have a

higher prevalence of co-morbidities, and emergency operation may contribute to

higher 30d mortality in these patients.

• Octogenarians treated electively with open operation for AAA have comparable long-

term survival with a matched normal population. However, operation seems

questionable especially in the oldest patients due to high early (30d) mortality.

• Lack of consistency and completeness of reported data, especially reduced relative

completeness of reporting early deaths after AAA-treatment in the national vascular

registry, calls for strategies in quality assessment including person identifiable data.

• Over twenty years there has been an increase in operating time for AAA that may be

due to increased educational load in our hospital. A relative decrease in proportion of

women operated electively is not in consistency with the increased risk of rupture and

death after rupture related to female gender, and calls for further analysis.
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CLINICAL RESEARCH STUDIES

Inflammatory aortic aneurysm is associated with
increased incidence of autoimmune disease
E. S. Haug, MD,a J. F. Skomsvoll, MD, PhD,b G. Jacobsen, MD, PhD,c T. B. Halvorsen, MD, PhD,d

O. D. Sæther, MD, PhD,a and H. O. Myhre, MD, PhD,a Trondheim, Norway

Objective: It has been suggested that certain genetic risk factors indicative of an autoimmune mechanism can be identified
in patients with inflammatory aortic aneurysm (IAA). We therefore investigated whether there was a higher incidence of
autoimmune diseases in patients with IAA. Further, we explored risk factors, need for in-hospital resources, and early
results of treatment, in a case-control study in a university hospital setting.
Material and methods: From 1983 to 1994, 520 patients were operated because of abdominal aortic aneurysm (AAA).
Thirty-one patients had IAA. Control subjects were matched for aneurysm rupture, emergency or elective hospital
admission, and date of operation. Two noninflammatory AAA were included for every IAA.
Results: Of the 31 patients with IAA, 6 patients (19%) had autoimmune disease, compared with none of the control
subjects (P � .0017). Two patients had rheumatoid arthritis, 2 patients had systemic lupus erythematosus, 1 had giant
cell arteritis, and 1 patient had an undifferentiated seronegative polyarthritis diagnosed as rheumatoid arthritis. Nineteen
patients (61%) with IAA had involvement of the duodenum, and 8 patients (26%) had hydronephrosis with ureteral
involvement. Operating time was longer in the IAA group, which also had a higher need for blood transfusion. Hospital
stay, intensive care unit stay, and 30-day mortality were similar in the two groups.
Conclusion: Except for longer operating time and more need for blood transfusions in the IAA group, use of hospital
resources was similar after operations to treat IAA or noninflammatory AAA. The study findings indicate an association
between IAA and autoimmune disease. This is in accordance with other reports that showed a genetic risk determinant
mapped to the human leukocyte antigen (HLA) molecule in these patients. Further research is necessary to explore
whether IAA might be a separate entity with a role of antigen binding in the origin of the disease. (J Vasc Surg 2003;38:
492-7.)

Inflammatory aortic aneurysm (IAA) is a special variant
of abdominal aortic aneurysm (AAA) first described by
Walker et al.1 Hydronephrosis in AAA, described by James2

in 1935 and DeWeerd et al3 in 1955, was probably caused
by the same condition. Other investigators have stated that
one can observe, to varying degree, the same type of
inflammation in all atherosclerotic aneurysms.4,5 IAA is
characterized by a gray-white appearance observed during
operation. Thickened aneurysm wall, perianeurysmal fibro-
sis, and dense adhesions to adjacent abdominal organs such
as the duodenum and ureter are characteristic of IAA.1,6 In

particular, the anterior and lateral walls of the aneurysm are
thickened, and the inflammatory tissue includes abundant
infiltration of lymphocytes and plasma cells.5,7,8 There is a
similarity to idiopathic retroperitoneal fibrosis or periaortic
fibrosis.9 The histologic appearance of IAA is almost iden-
tical to giant cell arteritis.

The association between AAA, giant cell arteritis, and
Takayasu disease has been described.10 In contrast, Ehren-
feldt et al11 did not find any association between aortic
aneurysm or aortic dissection and occurrence of giant cell
arteritis or polymyalgia rheumatica. In review of our cohort
of AAA, it was striking that several patients with IAA had
autoimmune disease, eg, rheumatoid arthritis, systemic lu-
pus erythematosus (SLE), and giant cell arteritis. Further, it
has been suggested that certain genetic risk factors can be
identified in patients with IAA, indicating an autoimmune
mechanism.6,12

The purpose of our study was to investigate whether
there is a higher incidence of autoimmune disease in pa-
tients with IAA. Further we explored risk factors, need for
in-hospital resources, and early results after treatment in
patients with IAA compared with patients with noninflam-
matory AAA.
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Medical Genetics,d University Hospital of Trondheim, and the Depart-
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MATERIAL AND METHODS

From 1983 to 1994, 520 patients were operated on
because of AAA. All patient records were reviewed, and the
cohort was reexamined in the outpatient clinic or by ques-
tionnaire to surviving subjects 5 to 16 years after the
operation. Thus 100% follow-up was obtained. In 31 pa-
tients (6%) the operating surgeon diagnosed IAA. The
macroscopic criteria for IAA used in our department in-
clude white glistening perianeurysmal fibrosis, thickened
aneurysm wall, and dense adhesions of adjacent abdominal
organs.13 In 21 cases the diagnosis was confirmed at histo-
logic examination with hematoxylin-eosin-saffran staining.
Characteristic findings at microscopy were loss of smooth
muscle cells and elastic tissue in the media, which in most
cases was extensively replaced with fibrous tissue. The
periaortic tissue exhibited granulation tissue with fibrosis
and a lymphoplasmocytic inflammatory infiltrate, often
with follicular aggregations of mature lymphoid cells.
Granulomas were not observed.7 Aneurysm wall thickening
was recorded in all patients either intraoperatively, on the
histologic specimen obtained during surgery, or on preop-
erative computed tomography scans.

Six patients (19.4%) with IAA were women; median
patient age was 70 years (Table I). Twelve IAA (39%) were
asymptomatic, 15 IAA (49%) were symptomatic without
rupture, and 4 IAA (13%) were ruptured.

The study design was case-control within a cohort. The
control group was matched for rupture, emergency or
elective hospital admission, and date of operation. Control
subjects were selected from a group of patients with non-
inflammatory AAA, and 2 control subjects were included
for every patient with IAA, for a control group with 62
patients. Control subjects included the last patient operated
on before and the first patient operated on after each
patient with IAA. For patients with ruptured IAA, the last
patient with ruptured non-IAA before and the first patient
after served as controls. Review of medical records and
follow-up were performed similarly in both groups. The
diagnosis of autoimmune disease was made before surgery
in all cases, and was verified by a rheumatologist from
clinical investigation, serologic tests, and biopsy findings,

when needed. We also compared the patients with IAA
with the total group of 489 patients operated on to treat
non-IAA during the study period. Because the control
group was matched for rupture, and type of admission was
related to occurrence of symptoms, we compared the inci-
dence of symptoms with the total group of 341 patients
with nonruptured AAA.

In-hospital resources were estimated from patient
records. Length of stay, stay in the intensive care unit or
intermediate care unit, operating time, anesthesia time
(total time in the operating room), and need for assisted
ventilation and blood transfusions were recorded. From
preoperative investigations, concomitant diseases such as
coronary heart disease (angina, previous myocardial infarc-
tion, percutaneous coronary intervention, or aortocoro-
nary bypass grafting), hypertension treated medically, renal
failure (creatinine concentration �140 �mol/L), chronic
obstructive pulmonary disease, and diabetes were also
noted.

The investigation was approved by the local ethics
committee. Data were entered into the statistical database
Medlog, with which analysis also was performed. For sta-
tistical analysis the nonparametric Wilcoxon rank sum test
and �2 test, with appropriate corrections, were used. Ob-
served differences with P � .05 were considered statistically
significant.

RESULTS

Of the 31 patients with IAA, autoimmune disease was
diagnosed in 6 before surgery. In contrast, no autoimmune

Table II. Prevalence of autoimmune disease in 31
patients with IAA and 62 control patients with
noninflammatory AAA

IAA Controls P

Autoimmune diseases 6 (19.3%) 0 .0017
Rheumatoid arthritis 3 —
Systemic lupus erythematosus 2 —
Giant cell arteritis 1 —

IAA, Inflammatory aortic aneurysm; AAA, abdominal aortic aneurysm.

Table I. Age, sex, and prevalence of comorbidity in 31 patients with IAA and 62 control patients with AAA

IAA Controls

SignificanceN % N %

Age (y, median) 69.9 70.6 NS
Gender

Male 25 81 48 77 NS
Female 6 19 14 23 NS

Comorbidity
Coronary heart disease 11 35 20 32 NS
Chronic obstructive pulmonary disease 2 6 9 15 NS
Diabetes 2 6 3 4.8 NS
Renal failure 7 23 8 13 NS
Hypertension 8 26 17 27 NS

IAA, Inflammatory aortic aneurysm; AAA, abdominal aortic aneurysm; NS, not statistically significant.
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disease was found in the control subjects (P � .0017; Table
II). Two patients (1 seropositive, 1 seronegative) had rheu-
matoid arthritis,14 and 2 patients had SLE.15 These diag-
noses were in accordance with the criteria set forth by the
American College of Rheumatology. Both patients with
SLE also had antiphospholipid syndrome. One of these
patients had low titer of antinuclear antibody, low titer of
antideoxyribonucleoprotein, anti–Sjögren’s syndrome A
antibody, high titer of antiribonucleoprotein, and high titer
of anti-Smith antibody, and medium titers of anti-ribonu-
cleoprotein and anticardiolipin antibodies. This 39-year-
old woman had an aneurysm with diameter of 65 mm. The
other patient with SLE and antiphospholipid syndrome had
an autoantibody profile consisting of positive antinuclear
antibodies, medium titer of positive anticardiolipin anti-
bodies, low titer of anti–Sjögren’s syndrome A antibody,
high titer of anti–Sjögren’s syndrome B antibody, low titer
of anti-Smith antibody. One patient had undifferentiated
seronegative polyarthritis, which was diagnosed as rheuma-
toid arthritis. One patient had giant cell arteritis, docu-
mented by characteristic inflammatory lesions in the tem-
poral artery. Microscopy of the biopsy specimen showed
pronounced expansion of the internal lamina elastica, ne-
crotic and hyalinized lamina media, infiltration of mononu-
clear leukocytes in all layers, and giant cells in the internal
lamina elastica. American College of Rheumatology criteria
for classification of giant cell arteritis were fulfilled.16 In the
IAA group, 1 patient with rheumatoid arthritis, 1 patient
with SLE, and 1 patient with giant cell arteritis used oral
corticosteroid therapy; no patients in the control group
used such treatment.

In 3 of 489 patients (0.6%) with noninflammatory AAA
autoimmune disease was diagnosed at operation. This inci-
dence is significantly lower than in the patients with IAA
(P � .001). One patient had sarcoidosis, 1 patient had SLE,
and 1 patient had giant cell arteritis.

Patients with nonruptured IAA (n � 27) more often
had abdominal pain, compared with patients with nonrup-

tured AAA (n � 341)(51.9% vs 30.2%; P � .04). In turn,
this seemed to cause a slight tendency toward urgent ad-
mission to hospital in the IAA group (48% vs 34%), but this
difference did not reach statistical significance (P � .20).
There was no significant difference in reports of back pain
or tenderness at clinical examination in the two groups.

In the IAA group, median aortic wall thickness was
11.2 mm (range, 4.2-25 mm). There were no significant
difference in maximal aneurysm diameter in the two
groups, with median diameter of 60 and 65 mm, respec-
tively. In patients with IAA, the duodenum was involved in
19 patients (61%) and the left renal vein in 5 patients (16%),
and in 9 patients (29%) the inflammatory reaction extended
beyond the aortic bifurcation. Eight patients (26%) in the
IAA group had hydronephrosis from involvement of the
urether, which was bilateral in 2 patients. Erythrocyte sed-
imentation rate was significantly higher in patients with
IAA compared with control subjects (28 vs 16 mm; P �
.01). General symptoms such as malaise and weight loss
were more often observed in patients with IAA than in the
control group (Table III).

There were no differences between groups with regard
to incidence of preoperative coronary heart disease, hyper-
tension, diabetes, or chronic obstructive pulmonary dis-
ease. Thus, with the exception of local fibrotic changes,
there were no differences in preoperative risk factors in the
two groups. Median operating time was significantly longer
in the IAA group compared with the control group (203 vs
160 minutes; P � .003; Table IV). There was also a higher
need for blood transfusion in the IAA group (median, 6 vs
3 units of saline adenine glucose mannitol blood; P �
.009). However, there was no statistically significant differ-
ence in median postoperative hospital stay or time in the
intensive care unit (108 vs 92 hours; P � .209). Neither
was the need for assisted ventilation different (median, 0
hours). Thirty-day mortality among patients with IAA was
25% in those with ruptured aneurysm and 7.4% in patients

Table III. Symptoms and signs in patients with IAA compared with control subjects with noninflammatory AAA

IAA (N � 30) Controls (N � 62)

Pn % n %

General symptoms 7 23 3 4.8 .02
Joint phenomena 2 6.7 0 0 NS
ESR (median) (mm/L)* 28.0 16.5 �.001
Hematocrit (median)* 0.38 0.43 .011
Aneurysm size (median) (mm) 65 60 NS
Duodenal involvement 19 61 — —

Aortoduodenal fistula 1 3.0 — —
Distal involvement† 9 27 — —
Hydronephrosis 8 26 1 1.6 .0008

Right side 2 1
Left side 3 0
Bilateral 3 0

IAA, Inflammatory aortic aneurysm; AAA, abdominal aortic aneurysm; ESR, erythrocyte sedimentation rate; NS, not significant.
*Patients and control subjects with ruptured aneurysms excluded.
†Inflammation extending onto common iliac arteries.
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with nonruptured aneurysm, and there was no difference
compared with the control subjects.

DISCUSSION

Walker et al1 found no evidence of a systemic collagen
disorder in their patients with IAA. However, other authors
have proposed an autoimmune predisposition in such pa-
tients.6 Prevalence of aortitis has been decribed in 10% of
patients with ankylosing spondylitis,17 and aortitis has also
been found in a proportion of patients with rheumatoid
arthritis.9 Further, accelerated atherosclerosis, including
plaque formation in the carotid arteries, and higher inci-
dence of death due to cardiac disease have also been ob-
served in this group.18-20 Although AAA has been de-
scribed in patients with various autoimmune diseases,21 to
our knowledge this is the first report to show a higher
incidence of autoimmune disease in patients with IAA
compared with matched control subjects with noninflam-
matory AAA. Evidence of a genetic predisposition for de-
velopment of IAA exists. Thus a genetic risk determinant
mapped to the HLA-DR molecule, and in particular to the
HLA-DRB1 locus and the alleles B1*15 and B1*0404,
suggests a role for genetic risk factors in IAA.6,11 Of inter-
est, substitution of a glutamine for a negatively charged
aspartic acid at the entrance to pocket 4 significantly
changes the binding of the pocket and therefore changes
antigen selection. This suggests a critical role for antigen
binding in the origin of the disease, and its distinct location
on the HLA-DR molecule suggests disease specificity,
compared with giant cell arteritis. HLA typing was not
possible in our patients, but is done in prospective studies.
Various environmental factors, eg, viruses, may have a role
in the triggering mechanisms for development of inflam-
matory rheumatic disease, connective tissue diseases, and
primary vasculitis. Tests for microbial antigens such as
herpes simplex virus and cytomegalovirus22-24 have not
been performed. However, detection of these viruses in
serum and in biopsy specimens of arterial wall can be done
in forthcoming studies. Microscopy of biopsy specimens
may be important to reveal cellular composition and depos-
its that reflect both extent and different types of immuno-
logic activity in the vascular wall.24

Inasmuch as the question of increased incidence of
autoimmune disease in IAA first was discussed after the
study had been completed, there was no chance that the
surgeons were biased and looked for autoimmune disease
more diligently in patients with IAA. Furthermore, our
criteria for IAA were the same during the entire study. In a
case-control study, matching of control subjects is impor-
tant. We decided to match for rupture and urgency of
admission when we identified the control group. Selecting
control subjects from the group of patients operated on
directly before or after the index patients was done to
provide comparable data, which compensated for any pos-
sible temporal differences in treatment policy. Primarily, we
approached the data via a nested case-control design. A
limitation of that design is not that we selected two control
subjects per index case, but that the number of patients
with the index condition, IAA, was restricted. It is recom-
mended that the number of control subjects be increased,25

as in our study, but not beyond 4:1. We choose 2:1 as a
compromise, ie, the last eligible patient before and the first
patient after each index case. However, to test our hypoth-
esis further, we compared the occurrence of autoimmune
diseases in the IAA group with that in the entire noninflam-
matory AAA group. A strength of the study was complete
follow-up of patients throughout the entire period before
introduction of endovascular procedures to treat AAA at
our hospital.

Our hospital serves a well-defined geographic area.
Autoimmune disease would have been recorded if the
patient had received any treatment at a hospital in the
region, because all patient records were thoroughly re-
viewed and 100% follow-up was obtained. We therefore
find it unlikely that any autoimmune disease in the control
group was missed.

The technical challenges represented by the inflamma-
tory changes are reflected in the longer operating time and
greater need for blood transfusion. This may be an argu-
ment in favor of endovascular therapy for IAA.26-28 Endo-
vascular repair is feasible in these cases,29 but both regres-
sion and proliferation of the inflammatory changes30 have
been reported. Therefore this treatment method remains
controversial. Thirty-day mortality of 7.4% in the patients

Table IV. Hospital resources used after operation in 31 patients with IAA compared with 62 control subjects with
noninflammatory AAA

IAA Controls

PMedian Range Median Range

Operating time (min) 205 110-320 160 65-381 .003
Anesthesia time (min) 300 185-455 274 125-535 .04
Postoperative hospital stay (h) 216 48-720 216 0-4416 NS
Intensive care/intermediate

care unit stay (h)
108 36-542 92 5-4416 NS

Postoperative artificial
ventilation (h)

0 0-144 0 0-3648 NS

Blood transfusion (median
units SAG)

6 3 .009

IAA, Inflammatory aortic aneurysm; AAA, abdominal aortic aneurysm; SAG, saline adenine glucose mannitol blood; NS, not significant.

JOURNAL OF VASCULAR SURGERY
Volume 38, Number 3 Haug et al 495



with nonruptured IAA seems high, but includes two pa-
tients who underwent emergency surgery. One patient had
acute ischemia of the left lower limb after arteriography.
Closed compartment syndrome developed, and fasciotomy
was required. Severe multiorgan failure developed, includ-
ing renal failure, and the patient died on the tenth postop-
erative day. The other patient underwent emergency sur-
gery because of pain, but there was no rupture. The
immediate postoperative course was uneventful, but on the
fifth postoperative day a large myocardial infarction oc-
curred, which was verified at autopsy.

We investigated data for patients operated on from
1983 to 1994 because at that time all AAAs were treated
with open surgery with a standardized technique that was
the same for all operating surgeons. In February 1995
endovascular treatment was introduced in our hospital, and
this technique has since been used in about 40% of cases.
Thus patients who underwent open surgery since 1995
were selected.

Mitchinson31 claimed that IAA, perianeurysmal fibro-
sis, and idiopathic retroperitoneal fibrosis are all a manifes-
tation of the same process, and therefore proposed the
common name periaortitis. This was later supported by
Martina et al32 in a series in which idiopathic retroperito-
neal fibrosis seemed to be related to a high incidence of
aortic atherosclerosis. Stella et al33 also showed that degree
of postoperative regression not unexpectedly is related to
cell-fibrosis ratio, in which fibrosis preponderance is related
to poor response with regard to regression of periaortic
thickening after graft implantation. The results are not
uniform, however,34-38 and progression after open repair as
well as endovascular repair have been reported.31,35 Several
reports of IAA and perianeurysmal fibrosis include a com-
bination of both conditions,1,37 and IAA, idiopathic retro-
peritoneal fibrosis, and perianeurysmal fibrosis are often
clinically indistinguishable when complicated with ure-
theral involvement.

In conclusion, our study has demonstrated an associa-
tion between IAA and autoimmune disease. This is in
accordance with other reports that showed a genetic risk
determinant mapped to the HLA molecule in these pa-
tients. The findings seem to contradict the theory that IAA
is only an end stage of an inflammatory process present in all
aortic aneurysms, and supports the theory that IAA is a
separate entity. In this series there was longer operating
time and higher need for blood transfusion after surgery to
treat IAA, compared with operations to treat noninflamma-
tory AAA. However, use of other hospital resources and
early mortality were similar in both groups.
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CORRECTIONS

In: “Pixel distribution analysis of B-mode ultrasound scan images predicts histologic features of atheroscle-
rotic carotid plaques” (Lal BK, Hobson RW II, Pappas PJ, Kubicka R, Hameed M, Chakhtura EY, et al.
J Vasc Surg 2002; 35:1210-7).

The name Ellie Y. Chakhtura is spelled incorrectly. The correct spelling is Elie Y. Chakhtoura.

In: “Carotid artery stenting: analysis of data for 105 patients at high risk” (Hobson RW II, Lal BK,
Chaktoura E, Goldstein J, Haser PB, Kubicka R, et al. J Vasc Surg 2003;37:1234-9).

The name Ellie Y. Chaktoura is spelled incorrectly. The correct spelling is Elie Y. Chakhtoura.

In: “Endothelial cell seeding fails to attenuate intimal thickening in balloon-injured rabbit arteries”
(Conte MS, Choudry RP, Shirakowa M, Fallon JT, Birinyi LK. J Vasc Surg 1995;21:413-21).

The name Choudry is spelled incorrectly. The correct spelling is Choudury.
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Emergency Non-ruptured Abdominal Aortic Aneurysm

E.S. Haug,1 P. Romundstad,3 P. Aadahl2 and H.O. Myhre1*
Departments of 1Surgery, and 2Anaesthesiology, University Hospital of Trondheim, Norway; and 3Department
of Public health, Norwegian University of Science and Technology, Norway
Objectives. To investigate symptoms and early mortality (!30 days) following open surgery for emergency, symptomatic
non-ruptured abdominal aortic aneurysm (AAA).
Design. Retrospective cohort study.
Patients and methods. During the period 1983–1994, 129 patients had an emergency admission, followed by surgery, for
symptomatic non-ruptured AAA. Sixty-one received surgery within 24 h of admission and 68 received surgery more than
24 h after admission (median 135 h, inter-quartile range: 51–239 h). During the same period 239 patients had elective
surgery for non-ruptured AAA. Early mortality (!30 days), symptoms and co-morbidities were recorded. Data were
retrieved from the patient records.
Results. Mortality (30 days) was 18% in the 61 patients having surgery within 24 h of emergency admission for non-
ruptured AAA. Mortality following either delayed surgery (semi-elective) after emergency admission or elective surgery was
4.2% (pZ0.0002). Four out of 11 patients who died within 30 days following an acute operation had previously been
declared unfit for elective surgery. One additional emergency patient had been found unfit for open surgery, but survived a
delayed operation.
Conclusion. The high mortality rate of patients with non-ruptured, symptomatic AAA undergoing surgery within 24 h of
admission appears to be influenced by several factors, including co-morbidities and the acute operation. We propose that the
30-day mortality for non-ruptured AAA should be reported in two categories: mortality rate for elective surgery and
mortality for surgery performed within 24 h of emergency admission. The term ‘emergency non-ruptured’ is a suitable term
for the latter group.
Keywords: Non-ruptured AAA; Symptoms; Acute surgery; Mortality; Co-morbidity.
Introduction

Patients with infrarenal abdominal aortic aneurysms
(AAA) are most often separated into three groups;
elective or asymptomatic patients, patients with
ruptured aneurysm and symptomatic or emergency
patients without rupture.1–6 The definition of the latter
group is in many publications vague and the criteria
for inclusion are in some cases based on symptoms
only.4,8 The group is then named ‘symptomatic AAA’.
Other definitions are related to the timing of surgery.2,4

A clear definition of this group is important for a
proper characterization and comparison of patients
with non-ruptured AAA, since early mortality may
vary according to inclusion criteria.

The dominant symptoms for emergency non-
ruptured AAA are abdominal pain, back pain and a
ing author. Hans O. Myhre, MD, Professor of Surgery,
ospital of Trondheim, N-7006 Trondheim, Norway.
: hans.myhre@medisin.ntnu.no

0612 + 07 $35.00/0 q 2004 Elsevier Ltd. All rights reser
tender aneurysm on clinical examination.2,9,4,10,11 A
higher early mortality has been reported in the
symptomatic or emergency group of patients com-
pared to asymptomatic AAA.2,5,6,11–16 The reason for
this difference is unclear. Timing of surgery has also
been controversial in symptomatic patients. Some
surgeons have recommended operation without
delay with the intention of preventing death from a
possible rupture.3,17–19 Others have argued for an
approach where pre-operative assessment is per-
formed and the operation carried out under more
optimal conditions than is allowed by an emergency
situation.1,2,4,7,8,11,20–23
Objectives

In this study, we separated patients with non-ruptured
AAA according to different clinical criteria. The
purpose was to investigate if symptoms, type of
admission (elective versus emergency) and timing of
Eur J Vasc Endovasc Surg 28, 612–618 (2004)
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surgery influenced early mortality (!30 days). Thus,
we wanted to investigate whether it was possible to
identify high-risk patients with non-ruptured sympto-
matic AAA.
Patients and Methods

During the period 1983–1994 altogether 520 patients
were operated on for AAA at our institution. Patients
from this period were selected for the study since
endovascular treatment was started early in 1995. Of
the 520 patients, 152 had ruptured aneurysm defined
by the intra-operative finding of blood outside the
aneurysm wall. In total 368 patients had non-ruptured
AAA and 171 of them had symptoms considered to be
related to their aneurysm (Fig. 1). Forty-three of these
171 had symptoms of relatively long duration and had
been admitted electively. One hundred and twenty
eight patients were admitted as emergencies, because
of symptoms as was one further patient with evidence
of rapid AAA expansion (20 mm in 10 months). In no
other case did aneurysm size alone result in emer-
gency admission. Sixty-one patients underwent sur-
gery within 24 h of admission and the remaining 68
underwent delayed surgery (median 135 h, inter-
quartile range: 51–239 h). Altogether 239 of the
patients with non-ruptured aneurysms were admitted
electively.

Emergency admission was defined as admission
initiated without administrative or medical prep-
aration when the patient was considered to need
prompt diagnostic evaluation and possible treatment.
For practical purposes, according to local practice, we
defined emergency surgery as an operation performed
within 24 h after emergency admission. Operation
later than 24 h after an emergency admission was
defined as ‘semi-elective’ because there was an
Fig. 1. Number of patients and early mortality (%) in
subgroups of patients with non-ruptured AAA, according to
3 different classification criteria. *Emergency operation is
defined as an operation within 24 h following an emergency
admission.
opportunity for pre-operative evaluation and prep-
aration similar to that in the elective situation.

We compared the three groups (emergency, semi-
elective and elective) as well as asymptomatic versus
symptomatic with respect to risk factors, comorbidity,
symptoms and early mortality.

The nature and duration of symptoms were
abstracted from medical records. Symptoms were
identified when reported in the records. Abdominal
pain, back pain and tenderness at clinical examination
were defined as major symptoms. The feeling of
pulsation and abdominal discomfort were regarded
as minor symptoms. Duration of the dominant
symptom was recorded in 7 categories ranging from
‘0–6 h’ and up to ‘6 months’. Four patients with critical
lower limb ischaemia and AAA and 2 with occlusion
of the aneurysm, also were considered symptomatic.
Aneurysm size, defined as the maximum cross-
sectional diameter, was measured either by computed
tomography scans, ultrasonography or intra-opera-
tively. The majority of measurements were made by
either CT-scan or ultrasonography. Although these
modalities are not directly comparable, we used both
as available. We also recorded whether the diagnosis
of AAA was known prior to admission, whether the
patient previously had been found unfit for elective
surgery or had refused surgery. Aneurysms were
reported as inflammatory if they had a grey–white
appearance observed intra-operatively. Thickened
aortic wall, peri-aneurysmal fibrosis and adhesions
to adjacent abdominal organs were other character-
istics of inflammatory aneurysm. The thickened wall
was also observed on pre-operative CT-scans.24,25

Coronary heart disease (previous myocardial
infarction, angina, aortocoronary bypass surgery or
percutaneous coronary intervention), hypertension
(treated medically), chronic obstructive pulmonary
disease (COPD) and renal insufficiency (creatinine
concentration O140 mmol/l) also were noted. Cardiac
function was further categorized according to the
classification of the New York Heart Association
(NYHA) in 355 (96.4%) of the patients. The 30-day
mortality following surgery was recorded.

Surviving patients have been followed either at the
out-patient clinic or by contact with the primary
physician. In addition, data on patient survival was
collected from the Norwegian Registrar’s Office of
births and deaths, which is updated every 14 days.
Statistical analyses were done in SPSS. Chi squared
tests, with Yates correction and Wilcoxon rank sum
tests were used. Observed differences with a p-value
!0.05 were considered as statistically significant.
The study received approval from the local ethics
committee.
Eur J Vasc Endovasc Surg Vol 28, December 2004
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Results
Asymptomatic versus symptomatic patients

The 30-day mortality following surgery for non-
ruptured AAA for 197 asymptomatic and 171 sympto-
matic patients was 4.6 and 8.8%, respectively, pZ0.16
(Table 1). The age distribution in the two groups was
similar but there was an indication that there were
more women in the symptomatic group (24.0 versus
15.7%, pZ0.064). Patients with symptoms had a larger
median aneurysmal diameter (60 versus 50 mm, p!
0.001). Inflammatory aneurysms were documented in
8.8% of the symptomatic patients and 6.1% of the
asymptomatic patients. Symptomatic patients were
more often classified as NYHA class 3 and 4 (11.0
versus 3.1%, pZ0.006), with a tendency for coronary
heart disease to be present more often in the
symptomatic group (49.1 versus 39.3%). Asympto-
matic patients reported intermittent claudication and
hypertension more often than the symptomatic
patients.
Elective versus emergency admission

The 239 patients admitted electively had a 30-day
mortality of 4.2%, significantly lower than the 10.9%
mortality in the 129 patients admitted as emergencies,
pZ0.024 (Table 2). Age was similar for the two groups,
but there was an indication of an increased proportion
of women in the emergency group (24.8 versus 16.7%
in the elective group). Patients admitted as emergen-
cies had significantly larger aneurysms (61.5 versus
50.0 mm, p!0.001). Emergency patients also had
significantly more coronary heart disease, with a
tendency for more patients having NYHA class 3
and 4 (10.7 versus 4.7%, pZ0.058). In contrast, more
elective patients were being treated for hypertension
Table 1. Patient data, comorbidity and early mortality in asymptoma

Asymptomatic patients NZ
197% (n)

Gender (female) 15.7 (31)
Median age 69.7
Max.aneurysmal diameter
(mm)

50 (nZ184)

Co-morbidity
Coronary heart disease 39.3 (77)
NYHA class 3 and 4 3.1 (6)
COPD 9.7 (19)
Renal failure 12.7 (25)
Hypertension 35.7 (70)
Intermittent claudication 33.7 (66)

Mortality (!30 days) 4.6 (9)

COPD, chronic obstructive pulmonary disease

Eur J Vasc Endovasc Surg Vol 28, December 2004
and complained of intermittent claudication. Inflam-
matory aneurysms were documented in more emer-
gency admissions (10.1%) than elective admissions
(5.9%, pZ0.203). Some 43 (18%) of the elective patients
had symptoms related to their AAA. However, most of
the symptoms were minor and the duration of the
dominant symptom was significantly longer than in
patients admitted as emergencies. This subgroup of 43
patients had a 30-day operative mortality of 2.3%.
Emergency versus elective or semi-elective operation

When we combined the patients undergoing elective
surgery with those undergoing surgery semi-elec-
tively, there was a total of 307 patients with a 30-day
mortality of 4.2% compared with a mortality of
18% in the 61 patients with emergency surgery
(Table 3). Age and gender was similar in the two
groups. The aneurysm diameter was larger in the
emergency group (64.5 versus 55 mm, pZ0.002).
Further, there were significantly more patients with
NYHA class 3 and 4 (15.5 versus 5.1%, pZ0.009)
and a tendency towards more coronary heart
disease in the emergency group (55.7 versus
41.5%, pZ0.06). The presence of aneurysm was
known prior to admission in 48 (37%) patients
admitted as emergencies, but the diagnosis pre-
viously was unknown in the remainder. Inflamma-
tory aneurysms were present in 8.2% of the patients
undergoing emergency surgery versus 7.2% of those
operated electively or semi-electively.

The duration of symptoms was significantly
shorter in the emergency patients with a median of
3–7 days and most (93.4%) of these patients had
major symptoms. In particular, 7/11 of the early deaths
in this group occurred in patients where AAA had
been diagnosed previously. Four patients who had
previously been regarded unfit for elective operation
tic and symptomatic patients with non-ruptured AAA

Symptomatic patients NZ
171% (n)

Sign. (p-value)

24.0 (41) 0.064
68.7 0.382
60 (nZ162) !0.001

49.1 (84) 0.074
11.0 (18) 0.006
13.5 (23) 0.344
11.1 (19) 0.761
26.2 (44) 0.066
11.2 (19) !0.0001

8.8 (15) 0.156



Table 2. Patient data, co-morbidity and early mortality in patients admitted electively and as emergencies for non-ruptured AAA

Elective admission NZ239%
(n)

Emergency admission NZ
129% (n)

Sign. (p-value)

Gender (female) 16.7 (40) 24.8 (32) 0.085
Median age 69.0 69.7 0.589
Max. aneurysmal diameter
(mm)

50.0 (222) 61.5 (124) !0.001

Co-morbidity
Coronary heart disease 39.9 (95) 51.2 (66) !0.05
NYHA class 3 and 4 4.7 (11) 10.7 (13) 0.058
COPD 11.0 (26) 12.4 (16) 0.811
Renal failure 12.1 (29) 11.6 (15) 0.980
Hypertension 35.3 (84) 23.8 (30) 0.033
Intermittent claudication 30.4 (72) 10.1 (13) !0.0001

Symptoms
Major symptoms 9.6 (23) 89.1 (115) !0.001
Only minor symptoms 8.4 (20) 6.2 (8) 0.676
Critical lower limb ischemia 0.4 (1) 2.3 (3)
Acute AAA occlusion 0 1.6 (2) –
Duration of symptoms O6 months 1–2 weeks !0.001

Mortality 4.2 (10) 10.9 (14) 0.024

COPD, chronic obstructive pulmonary disease. Only 43 electively admitted patients reported symptoms. The mortality of this sub-group was
2.3%.
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due to cardiac failure, decreased pulmonary function
and malignancy, died within 30 days after emergency
surgery. Only one patient (who survived surgery) had
been found unfit for open surgery in the semi-elective
group. In patients with a previous diagnosis of AAA
who underwent emergency surgery, the 30-day mor-
tality was 35%, compared with a mortality of 10% for
those undergoing emergency surgery without pre-
vious diagnosis of AAA.

The causes of death of all patients are given in Table
4. Cardiac disease and multi-organ failure were the
most common causes of death.
Table 3. Patient data, co-morbidity and early mortality in patients ope
emergencies for non-ruptured AAA

Elective/semi-elective oper-
ation NZ307% (n)

Gender (female) 18.2 (56)
Median age 69.1
Max. aneurysmal diameter
(mm)

55 (nZ288)

Co-morbidity
Coronary heart disease 41.5 (127)
NYHA class 3 and 4 5.1 (15)
COPD 10.4 (32)
Renal failure 12.4 (38)
Hypertension 34.3 (105)
Intemittent claudication 26.2 (80)

Symptoms
Major symptoms 26.4 (81)
Only minor symptoms 8.5 (26)
Critical lower limb ischemia 0.3 (1)
Acute AAA occlusion 0.3 (1)
Duration of symptoms 1–6 months

Mortality 4.2 (13)

COPD, chronic obstructive pulmonary disease.
Discussion
Mortality and size of groups

This study shows that operative mortality is highest
for symptomatic patients undergoing emergency
surgery (within 24 h) for non-ruptured AAA and
that these patients have larger aneurysms and poorer
NYHA classifications than other patients undergoing
surgery for non-ruptured AAA. The presence of
inflammatory AAA appeared less important. The
rated electively and semi-electively compared to those operated as

Emergency operation NZ61%
(n)

Sign. (p-value)

26.2 (16) 0.208
69.9 NS
64.5 (nZ58) 0.002

55.7 (34) 0.057
15.5 (9) 0.009
16.4 (10) 0.271
9.8 (6) 0.732
15.5 (9) 0.008
8.2 (5) 0.004

93.4 (57) !0.001
3.3 (2) 0.281
2.3 (3) –
1.6 (1) –
3–7 days !0.001

18.0 (11) 0.0002
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Table 4. Causes of death according to urgency of operation in patients operated on for non-ruptured AAA

Elective operation NZ
239

Semi-elective operation
NZ68

Emergency operation
NZ61

Total NZ368

Myocardial infarction 4 2 2 8
Multiorgan failure 1 1 3 5
Cardiac failure 1 2 3
Haemorrhage 2 1 3
Intestinal ischaemia 1 1 2
Pulmonary insufficiency 1 1
Renal failure 1 1
Unknown 1 1

Total 10 3 11 24
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rationale for dividing patients with non-ruptured
AAA into two groups was that elective patients with
asymptomatic AAA have a different course and
mortality than the corresponding group of patients
with non-ruptured symptomatic AAA admitted as
emergencies. In the latter group the indication for
surgery is not only prophylactic, but to treat a suspected
or impending rupture or a concomitant life-threatening
condition such as critical lower limb ischaemia. Conse-
quently, the emergency group will contain high-risk
patients who might have been found unfit for elective
surgery. However, this is unlikely to be the only reason
underlying the high operative mortality in the patients
undergoing emergency surgery.
Timing of surgery

In various reports the definition of acute, emergency
and urgent surgery varies strongly.8 The time limit for
acute surgery has ranged in different reports from
within 6 h after admission to several days.4,13,20 In our
institution, patients with non-ruptured aneurysm
admitted as emergencies represented 35% of the total
cohort of AAA patients. Among 368 patients with non-
ruptured AAA, there were11 early deaths among the
61 patients undergoing emergency surgery, account-
ing for almost half (46%) of the total 30-day mortality.
Therefore this is an important group to target to reduce
operative mortality for the total group of patients with
non-ruptured AAA.

High-risk patients, including those previously unfit
for elective surgery do not appear to benefit from
emergency surgery. Four such patients undergoing
emergency operations died within 30 days, but
another previously unfit patient survived a semi-
elective operation. Emergency surgery may be an
independent risk factor for mortality, for even those
with previously undiagnosed AAA, the mortality
following emergency surgery was 10%. Postponement
of the operation for more than 24 h after an emergency
admission resulted in the same 30-day mortality as for
Eur J Vasc Endovasc Surg Vol 28, December 2004
patients with asymptomatic AAA undergoing elective
surgery. There were no cases of rupture following the
decision to postpone surgery and allow pre-operative
assessment, following emergency admission for symp-
tomatic AAA. Others have reported similar find-
ings.26,27 It has also previously been stated that
emergency operation is associated with a higher
mortality7,20,28 and that any policy change to a more
immediate operation could lead to an increased
mortality in this specific group of patients with
symptomatic non-ruptured AAA.2

In haemodynamically stable patients, where clinical
examination indicates that rupture is unlikely, a
computed tomography scan is indicated to rule out
the possibility of contained rupture. Thereafter, one
option is to transfer the patient to an intermediate care
unit for monitoring of blood pressure and organ
function, giving time for optimising organ func-
tion.29,30 If beta-blockers have not been prescribed
previously, these should be administered prior to
surgery and maintained throughout the hospital stay.
In current practice there may be and indication for
endovascular treatment in the high-risk patients.
Finally, the patient should be operated during the
day, by an experienced surgical and anaesthetic team
and appropriate intensive care facilities should be
available.28
Symptoms

In this series 18% of the elective patients reported
symptoms from their AAA, while all but one of the
patients admitted as emergencies had symptoms
related to their AAA. In Estes’ series from 1950 of
102 non-operated AAA, only 30% were asympto-
matic.29 To our knowledge there are no reports
describing the natural history of patients with symp-
tomatic aneurysm or whether the symptoms predict
rupture. Major symptoms like pain and tenderness
were more common among emergency patients, while
the feeling of pulsation in the abdomen was the most
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often reported symptom in the elective group. We
observed a significantly shorter duration of symptoms
in patients admitted as emergencies compared to the
elective group and also in those operated within 24 h
of admission. Our study did not evaluate the intensity
of symptoms since this would have been difficult to do
retrospectively.

Symptoms in patients with AAA can be caused by
other conditions, previously described as pseudo-
rupture syndrome.17 For these patients, it is assumed
that an emergency operation can be beneficial when-
ever the symptoms are caused by a life-threatening
secondary condition.19 In other cases an emergency
operation can be related to an increased risk, for
instance when the symptoms are due to myocardial
infarction. We could not identify a specific symptom
that was related to early mortality, but a rapid change
in symptoms might lead to emergency admission to
hospital and emergency surgery and thereby contrib-
ute to a higher mortality.
Patient risk factors

Symptomatic patients and patients admitted as emer-
gencies had a higher prevalence of cardiac disease and
more of them belonged to NYHA class 3 and 4 than the
corresponding non-symptomatic elective patients. The
key risk factors underlying mortality risk following
elective surgery were not identified clearly in this
study. Assessing risk factors properly demands a
thorough clinical evaluation and testing of organ
function, which could be difficult to carry out in
symptomatic patients.5 In a retrospective study like
this there are difficulties associated with collecting
necessary information from the patient’s records.
Thus, data for NYHA classification were missing in
13 (3.5%) of the patients. Surprisingly more cases of
hypertension and intermittent claudication were
reported among the patients undergoing elective
surgery for asymptomatic AAA. One explanation
could be that the medical records were more complete
for elective admissions.30 Another factor might be that
symptoms from the aneurysm could shift the focus
away from concomitant vascular disorders. In the
symptomatic patients, with their increased evidence of
cardiac disease, symptoms of lower limb arterial
obstruction could be masked.
Nomenclature and definition

Interpretation of this study must be done with caution
because of the retrospective design and the relatively
small number of patients. Prospective randomised
trials would, however, be difficult to perform for
evaluation of matters concerning clinical judgement
and subjective symptoms like pain. The study has
indicated that neither symptoms nor emergency
admission alone are suited as classification criteria to
identify high-risk patients with non-ruptured AAA. In
our opinion this group of non-ruptured AAA should
be named ‘Emergency non-ruptured’ instead of
symptomatic AAA and defined by an emergency
admission with surgery in the following 24 h. An
important implication of this definition is that exces-
sive mortality due to other factors than high-risk
patients easier can be detected in a narrow ‘emergency
group’ than in a wider ‘symptomatic group’, which
may include elective as well as semi-elective patients.
To be able to compare results from different vascular
units, reporting must be based on reproducible
criteria. As a consequence, use of terms like impend-
ing rupture, symptomatic, tender AAA and urgent
AAA should be abandoned unless defined properly.
Conclusion

In patients with emergency non-ruptured AAA,
emergency surgery (within 24 h) together with
increased co-morbidity appeared to be risk factors
for early mortality. If rupture can be ruled out, it seems
likely that these patients, when admitted as emergen-
cies, have a better prognosis if a period of time is used
for pre-operative assessment and optimisation of
organ function before semi-elective surgery is under-
taken. We suggest that ‘emergency non-ruptured’ is
better suited as a term for patients who are admitted as
emergencies and operated on within 24 h for non-
ruptured AAA.
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Octogenarians—Survival Analysis of 105 Patients
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Objectives. To study early mortality and long-term survival of patients more than 80 years of age having elective open
repair for abdominal aortic aneurysm (AAA).
Design. Retrospective multicenter cohort study.
Material. One hundred and five patients, 23 women and 82 men, with a median age of 82 years, operated at three
Norwegian hospitals during the period 1983–2002.
Method. Survival analyses were based on data from medical records and the Norwegian Registrar’s Office of Births and
Deaths. Expected survival was based on mortality rates of the general population, matched by age, sex, and calendar period.
Relative survival was calculated as the ratio between the observed and the expected survival.
Results. During the study period there has been a 10 fold increase in octogenarians treated with open operation for AAA.
Early mortality (30-day) for the whole group of patients was 10.5% (95% confidence interval (95% CI) 5.3–18.0), and
similar for both genders. The 5-year survival rate was 47% (95% CI 35.9–57.4), and not significantly different from that of a
matched group in the general population. Patients aged 84 years or more had a median survival time of 35 months (95% CI
18.5–51.6).
Conclusion. The number of AAA operations in octogenarians has increased considerably during 20 years. Octogenarians
operated electively for AAA has higher 30-day mortality as compared to younger patients. Their long-term survival appears
similar to a matched control group. The benefit of surgery must be carefully considered against the perioperative risk,
especially for the oldest octogenarians.
Keywords: Abdominal aortic aneurysm; Elective surgery; Octogenarians; Survival.
Abdominal aortic aneurysm (AAA) is an age-related
disease accounting for 1–2% of all deaths in men.1 The
overall life expectancy of the population is rising and
more elderly patients are likely to present with AAA in
the future. At present, surgery is the only treatment
option for aortic aneurysms, but the risk of operation is
not negligible and it increases with age. Most series
published on this topic have included a limited
number of patients from a single institution.2 How-
ever, one register-based study with more than 200
male octogenarians operated electively has been
reported previously.3

The objective of this study was to assess the early
mortality (30-day), complication rate and long-term
survival of patients aged 80 years or more who had
ing author. Prof. Hans O. Myhre, Department of
versity Hospital of Trondheim, N-7006 Trondheim,

: hans.myhre@medisin.ntnu.no

0001 + 07 $35.00/0 q 2005 Published by Elsevier Ltd.
been treated electively with open operation for AAA.
Furthermore, we wanted to compare the long-term
survival of the study group with an age and sex
adjusted normal population to estimate relative
survival.
Material and Method
Patients

During the period 1983–2002, 1408 consecutive
patients treated with open elective operation for
AAA were retrieved from medical and administrative
registers at two university hospitals and one county
hospital in Norway. Of these patients, 105 patients
were octogenarians and enrolled for this study. Thirty-
one octogenarians of 188 patients treated electively
with endovascular aortic aneurysm repair (EVAR) in
Eur J Vasc Endovasc Surg xx, 1–7 (xxxx)
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the same period were not included. Altogether 23
women and 82 men were included. The median age of
the patients was 82 years (inter quartile range (IQR)
80.7–83.9), and 24 patients were more than 84 years of
age. Although the age distribution was similar
between genders, men tended to be slightly older
than the women (82.2 versus 80.8). The median size of
the aneurysms was 65 mm (IQR 58–80). There were no
significant differences in aneurysmal size between
subgroups of patients, but women seemed to have
slightly larger aneurysms than men (68 versus 65 mm).

Data on risk factors such as coronary heart disease
(angina pectoris, myocardial infarction or treatment
with aorto-coronary bypass/percutanous coronary
intervention) congestive heart disease (CHD), renal
failure (serum creatinine concentration O140 mmol/l),
chronic obstructive pulmonary disease (COPD) and
postoperative complications were extracted from the
medical record of each patient. Follow-up was based
on the Norwegian Registrar’s Office of Births and
Deaths, which is updated every 14 days. Mean follow-
up for the survival analysis was 42.4 months with a
median of 34.3 months, and a 100% follow-up was
obtained.
Statistics

To compare median values we used Mann–Witney U
test, and proportions were compared with the Pearson’s
X2 test. Crude survival was calculated using the
product limit method, and illustrated as Kaplan–
Meier curves. Relative survival was calculated as the
ratio between observed and expected survival.
Expected survival was estimated from mortality
rates issued by the Norwegian Bureau of Statistics,
and matched for age, sex, and calendar period using
the Ederer I method.4 Data were handled in SPSSw

11.0, but imported to Stataw 8.0 for survival analysis.
Results

The frequency of elective AAA operations increased
during the study period from five operations in the
three hospitals during the 5-year period 1983–1987, to
50 operations in the time span from 1998 to 2002 (Fig. 1).
Dominating co-morbidities were cardiovascular dis-
ease and renal failure (Table 1). Risk factor distribution
was similar for men and women, except for renal
failure, which was more frequent among men (21
versus 0%, pZ0.02).

The early mortality (30 day) for the total group of
patients was 11% (CI, 5.3–18.0), and was similar
Eur J Vasc Endovasc Surg Vol xx, Month xxxx
among men and women; 11 and 9%, respectively
(Table 2). The 24 patients aged 84 years or more had an
early mortality of 17% compared to 9% for the patients
aged 80–83 years (pZ0.26). Early mortality did not
change during the study period. During the years
1983–1994, 35 patients were operated with four early
deaths (11%), while seven out of 70 patients (10%) died
within 30 days after surgery during the period 1995–
2002. For comparison, 30-day mortality after elective
operation in patients less than 80 years of age was 4.2%
in the two university hospitals in the same period.
Data from the county hospital were not available.

Similar results were obtained in multivariate Cox’
regression analyses in which we adjusted for pre-
operative risk factors (CHD, COPD, diabetes, kidney
insufficiency) as well as age, gender and calendar
period of operation.

Twelve patients were reoperated on for surgical
complications; nine due to haemorrhage, two with
intestinal necrosis and one with critical lower limb
ischaemia. The most frequent medical complications
were myocardial infarction (MI) and renal failure
(Table 2). Of the 11 deaths within 30-days, eight were
due to cardiac complications. Only three of these
patients had known heart disease preoperatively. Five
of the 11 patients with a postoperative MI died within
30 days of the operation. Of the 17 patients with
preoperatively registered renal failure, eight had
normal serum creatinine values in the early post-
operative phase, whereas two of these patients needed
temporary postoperative dialysis. Fourteen patients
(13%) needed postoperative respiratory support for
more than 1 day. The median postoperative hospital
stay was 9 days.

Mean follow-up for survival analysis was 42.4
months with a median of 34.3 months. Overall 5-year
crude survival was 47% (Fig. 2, Table 3). The expected
5-year survival based on national figures was 55%,
giving a relative survival of 86%. The observed
differences in survival between men and women (log
rank test, p-valueZ0.2), and between the younger and
oldest patients in the cohort (log rank test pZ0.13)
were not statistically significant. The 5-year survival
among men (42%) (Fig. 3) seemed lower than among
women (68%), (Fig. 4, Table 3). For patients aged 84
years or more, the 5-year survival was 38% compared
to 50% in patients aged 80–83 years. The 5-year relative
survival was somewhat lower for men (81%) than
among women (101%), while the relative survival for
patients aged 80–83 years and for patients aged 84
years or more, were similar (86 and 82%, respectively).
Overall median survival was 52 months, being slightly
longer for women (63 months), than for men (42
months), and somewhat longer for patients aged 80–83



 

 

Fig. 1. The number of AAA operations in octogenarians from
three Norwegian hospitals in 5-year intervals during the
period 1983–2002.

Table 2. Postoperative results following 105 consecutive elective
open operations of AAA in octogenarians

N Percent

Complications
Mortality 30 day (all) 11 10.5

Women 2 8.7
Men 9 11.0

Reoperations 12 11.4
Myocardial infarction 11 10.5
Postoperativ CHD 9 8.6
Renal failure* 10 11.4
Dialysis† 2† 1.9
Wound infection 0 –
Amputation 0 –

Resources
Median postoperative hospital stay
(d, IQR)

9 (7.2–14.0) –

Ventilatory support O1 day 14 13.3

IQR, inter quartile range; CHD, congestive heart disease.
* Patients without preoperative renal failure.
† Both patients had preoperative renal failure.
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years at operation (54 months) compared to patients
aged 84 years or more (35 months).
Discussion
Early mortality and complications

An early mortality of 11% might be regarded as high
for a prophylactic procedure, but the figure is in
accordance with the mortality for high-risk patients in
a recent review article.5 Although the 30-day mortality
in some centers of excellence is less than 2%, most
centres report perioperative mortality exceeding 5%
for all patients operated electively for AAA.5,6 For
octogenarians, early mortality was 8% in a register-
based report, although the numbers vary in different
Table 1. Co-morbidities in 105 consecutive octogenarians operated
electively for AAA in three Norwegian hospitals 1983–2002

N Percent

Co-morbidity
Hypertension 38 36.2
Coronary heart disease 31 29.5
Arrhythmia 16 15.2
Renal failure 17 15.2
Valvular heart disease 9 8.6
COPD 7 6.7
Cerebrovascular event 7 6.7
Clinical CHD 5 4.8
Diabetes 5 4.8

CHD, congestive heart disease; COPD, chronic obstructive pul-
monary disease.
publications from single hospitals.2,3,7 Our multicenter
study supports the observation that octogenarians are
at higher risk than younger patients of early post-
operative death. Due to the small size of the present
study, a formal analysis of the causes of death would
not be meaningful, and was thus abandoned. But as
expected, cardiac disease was the dominating cause.

The complication rate in this series also seems fair,
although 11% reoperations is rather high. Nine
reoperations due to haemorrhage may indicate a
potential for improved surgical technique, although
all the procedures were performed in vascular units
where trained vascular consultants usually attend all
operations. Myocardial infarction (MI) was a dominat-
ing complication, and 50% of the patients with
postoperative MI had no previous history of coronary
heart disease. Guidelines have been published on
preoperative assessment before major surgery, but no
randomised clinical trials (RCT) on the matter have to
our knowledge been reported yet.8 In addition to
history, physical examination and ECG, walking
together with the patient up stairs is an inexpensive
and efficient test of functional capacity, which can
easily be done to select patients for further cardiac
evaluation.9

Eight out of 17 patients with preoperative renal
failure according to our definition had a postoperative
normalisation of serum creatinin values. This indicates
that our preoperative cut-off value for serum creatinin
concentration O140 mmol/l may have been too low for
identifying patients at elevated risk. Treatment of
preoperative dehydration is the most likely expla-
nation for the postoperative improvement in renal
function observed in some of these patients.

Patients with AAA often have generalised
Eur J Vasc Endovasc Surg Vol xx, Month xxxx



Fig. 2. Survival probability of the total group of 105 octogenarians (—) operated electively for AAA compared with a matched
population (– – –).
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atherosclerotic disease, which is a well-known risk
factor for early postoperative complications and death.
Still, atherosclerosis is widely distributed among
octogenarians in general, and patients selected for
elective operation may also have been healthier than
the general population in the same age groups apart
from the AAA. A median postoperative stay of 9 days
is in accordance with other publications on patients
aged 80 years or more.10
Gender

The UK small aneurysm trial has indicated that the
risk of rupture in women is three times higher
compared to men with similar aneurysm size.11

Thus, a 60 mm aneurysm in a man corresponds
roughly to a 52 mm aneurysm in a woman because
women are smaller than men.12 In this study, we did
not find any significant differences in early mortality
or survival between the genders, probably due to the
Table 3. Crude and relative 1- and 5-years survival stratified by se
Norwegian hospitals 1983–2002

Variable N 1-year survival (%)

Observed survival Relative survival*

All 105 83.8 94
Women 23 87.0 93
Men 82 82.9 94
80–83 81 85.2 94
O84 24 79.2 92

* Relative survival was calculated as the ratio between observed and
mortality rates from the general population matched by age, sex, and

Eur J Vasc Endovasc Surg Vol xx, Month xxxx
small number of patients, but the women showed a
tendency of better long-term survival after operation.
Surprisingly the women also had slightly larger
aneurysms than the men, which actually should
imply a greater risk of rupture.5 One explanation
could be that more elderly women than men have been
turned down for elective surgery during this period. It
has previously been demonstrated that women are
also less likely to be selected for open repair of
ruptured aneurysm.13 The comparison between men
and women may, therefore, have been biased if
healthier women than men were selected for oper-
ation. The possibility of a higher threshold for surgery
in women could also be supported by the finding of a
significantly higher prevalence of renal failure in the
male population of the cohort.
Number of operations

A 10 fold increase in admissions of octogenarians in
x and age in octogenarians operated electively for AAA in three

5-year survival (%)

95% CI Observed survival Relative survival* 95% CI

84–100 47.1 86 65–105
70–103 68.2 101 61–126
82–101 41.7 81 58–104
83–101 49.7 86 64–107
66–105 37.7 82 37–127

expected survival. Expected survival was estimated based on
calendar time using the Ederer I method.



Fig. 3. Survival probability of 82 male octogenarians operated electively for AAA (—) compared with a matched population
(– – –).
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surgical departments has also been documented by
others.14 They also found an increase in operations on
octogenarians from 1.1 to 5.1% relative to all oper-
ations performed in one hospital during the period
1973–1989. This may not only reflect a growing
population of octogenarians, but also a greater
expectation of a successful outcome of surgery in this
group of patients. Improved postoperative care,
anaesthesia and surgical methods might have pro-
moted this development. Since the technique of EVAR
Fig. 4. Survival probability of 23 female octogenarians operated
(– – –).
was established in Norway in 1995, several octogenar-
ians have been recommended for EVAR. If the patients
treated with EVAR had been included in this study, the
increase of octogenarians treated for AAA would have
been even larger during recent years.

Benefit from operation

The patients selected for the present study were
operated on prophylactically for an asymptomatic
electively for AAA (—) compared with a matched population
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condition, not immediately life threatening, and the
relative survival seems fair. Ideally a study on benefit
from treatment should be performed as a RCT, but it
would probably be both ethically and medically
difficult for many surgeons not to treat patients with
large AAA’s. In two RCT’s on small aneurysms, O60%
of the patients in the surveillance groups underwent
operation during the study period.15,16 Another
problem is the weak documentation on the natural
history of expansion and rupture of large aneurysms.
In a recent study rupture occurred in 50 patients who
had previously been turned down for elective sur-
gery.12 Among them 22 patients were operated on
when rupture took place and the 30-day mortality
after operation was 50%. The average rupture rate for
men and women with AAA O60 mm was 19% per
year. The contribution of aneurysm repair to life
prolongation in octogenarians with limited life expect-
ancy is, therefore, questionable. A recent review also
emphasized that the number of years lost is greater for
a death occurring during elective AAA repair than for
a death resulting from late rupture, e.g. at 86 years of
age.17 Another study showed that 50% of patients unfit
for elective operation of aneurysms with a diameter of
more than 70 mm had died from other causes than
rupture within 16 months.18 Studies have also been
performed to assess gained lifetime relative to the
costs of operation for ruptured AAA in octogenar-
ians,19 but we have not found similar studies on
benefit from elective operation. In elderly patients it is,
therefore, difficult to balance the benefit of an
operation against the risk of mortality and compli-
cations following surgery.

One study reported a similar quality of life (QoL) in
patients surviving operation for AAA and in the
normal population, but a period of 3–6 months was
necessary to recover from operation.20 In contrast,
another study showed that 36% of operated patients
experienced lack of recovery to preoperative status
after an open AAA operation, and 18% would not
undergo open AAA repair again after having experi-
enced the recovery process.21

The surgeon should, therefore, in addition to the
possibility of prolonging the patient’s life, consider the
possibility of worsening the physical and mental
status of the patient after the operation. Knowing the
risk of early death and the problems of postoperative
recovery, information rather than persuasion seems
most appropriate when deciding whether to operate
on patients over 80 years of age with AAA or not.
Results from studies on treatment with EVAR seem to
make this an attractive alternative when treating
elderly patients with limited life expectancy, provided
they are anatomically suited.22–26 Although the
Eur J Vasc Endovasc Surg Vol xx, Month xxxx
potential for late complications has been higher after
EVAR than after open repair, this method seems to
have a lower mortality (30 day) and a lower risk of
serious morbidity and impaired physical function-
ing.27–29
Conclusion

The risk of early death after elective open AAA repair
is higher for octogenarians than reported for younger
patients. Long-term survival appears similar to that of
a population matched for age and gender. However,
the benefit of operation should always be thoroughly
evaluated, especially among the older octogenarians.
When suitable, EVAR might be considered in elderly,
high-risk patients.
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National Administrative Registry
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Objective. To study consistency of data and completeness of reporting in a national vascular registry, NorKar, and a
national administrative registry, The Norwegian patient register (NPR).
Design. Comparative registry-based national study supplemented with a comprehensive control of patients registered in one
major hospital.
Material. All patients registered with a procedure-code for treatment of AAA in NorKar or NPR during 2001 or 2002, were
included.
Method. We compared the reporting of procedure-codes, diagnosis-codes and in-hospital deaths after treatment for
abdominal aortic aneurysm (AAA) in the two registries to evaluate completeness. Consistency between procedure-codes and
diagnoses were evaluated within both registries. Completeness of reporting to one NorKar Local Registry was investigated in
more detail in one of the hospitals.
Results. Compared with the NPR numbers, NorKar contained 69% of the patients treated for AAA in Norway, while
completeness for NorKar member hospitals was 84%. The detailed investigation in one of the hospitals showed a
completeness of 91% and a false inclusion of 5.3% of all cases treated for AAA. The consistency between procedure-codes and
diagnosis-codes was 93% in both registries. We found evidence of substantial underreporting of in-hospital deaths to NorKar
in several hospitals. Overall reporting of early deaths to NorKar relative to completeness of reported cases was estimated to
72%.
Conclusion. There is an underreporting of patients with AAA to NorKar according to the NPR numbers and a need for
better control of procedure-diagnosis consistency in both registries. There seems to be a substantial underreporting of early
deaths to NorKar. Introduction of unique patient-identifiable data could improve the quality of both registries by making
matching of data possible.
Keywords: Abdominal aortic aneurysm; Vascular registries; Coding; Completeness; Consistency.
Introduction

Establishing registries for various medical conditions
has become more common during recent years. In
2002, Norway had more than 60 official medical
registries of which 50% received financial support
from the authorities.1 As registry based studies are
getting more common, there is need for validation of
the registries forming the basis for these investi-
gations. So far there have been few publications on
quality control on different vascular registries, and
published studies have mainly focused on
ing author. Prof. Hans O. Myhre, Department of
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reproducibility of the reported data by recoding trials
of random cases.2–4 Analyses on completeness have to
our knowledge only been performed for single
hospitals and have ranged from 51 to 100%, with a
considerable variation between the hospitals.2 Repro-
ducibility of entered data has in audits ranged from 76
to 100%3–5 depending on the accuracy of the variables.
To our knowledge no comparison of vascular surgical
procedures in different national registries has been
reported so far.

The objective of this project was to study quality of
data on treatment of abdominal aortic aneurysm
(AAA) in a national vascular registry compared to a
national administrative registry, with focus on con-
sistency between procedure-codes and diagnosis,
completeness of reporting of procedures and in-
hospital deaths. In addition, we wanted to evaluate
Eur J Vasc Endovasc Surg 29, 571–578 (2005)
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the completeness of one local vascular database
(NorKar Local Registry) by matching relevant data
on AAA treatment available in various registries in
one major hospital.
Material and Methods
The Norwegian vascular registry (NorKar)

The national registry of the Norwegian society for
vascular surgery was established in 1995 and includes
different arterial procedures. In 2001, 17 out of 23
departments of vascular surgery were reporting to the
registry. NorKar is based on local databases (NorKar
Local Registries) with patient-identifiable data in
member-hospitals, which reports all cases anon-
ymously to the central registry on a regular basis.
The registry contains diagnosis-codes (limited to amaxi-
mum of three), procedure-codes (limited to a maximum
of six) for each treatment and variables on risk factors,
symptomatology, indication for surgery, surgeon’s posi-
tion, complications and vascular graft patency.
Norwegian patient registry (NPR)

The Norwegian patient registry, established in 1997, is
an independent registry of all patient treatments in the
public healthcare of Norway, and is owned by the
Norwegian ministry of health. This administrative
registry contains all patient consultations at the out-
patient clinics as well as all hospital stays. The
hospitals are getting compensation from the auth-
orities on the basis of the volume of reported
diagnoses and procedure-codes according to a DRG
(Diagnosis Related Groups) -based system, and NPR
consists of the reported data. In 2001, 60% of the
hospitals’ income was based on this system. Thus,
there is a strong incentive for the hospitals to report
their activity completely. Reporting to the adminis-
trative registry is also compulsory to formally dis-
charge a patient from hospital. The registry contains
diagnosis-codes, procedure-codes and several admin-
istrative variables like waiting time until admission,
status at discharge from hospital (alive/dead) and the
need for further care.
Coding-systems

Both registries use International Codes of Diseases
ICD-10 for recording of diagnoses.6 For coding of
procedures, both registries use the Norwegian
Eur J Vasc Endovasc Surg Vol 29, June 2005
translation of the NOMESCO (Nordic Medical Stat-
istics Committee) classification of surgical procedures
(NCSP).7 NCSP-E is the original English version of the
coding-system, which was first published in 1996.8

NCSP codes were designed to describe in order; organ
system (first letter), functional anatomical region
(second letter) and general surgical method (third
letter). The last two numbers describe in order the
specific procedure in the category by surgical tech-
nique and exact anatomical localisation. NCSP has
been implemented in all Scandinavian countries with
a translated version for each country. Both the vascular
and the administrative registry contain date of admis-
sion, procedure and discharge from hospital, which
also makes calculation of in hospital mortality poss-
ible. Thirty-day mortality is not available in any of the
registries. The forms for each hospital stay are filled in
by the residents and consultants of the vascular unit,
the coding and other data from the forms are then
entered to a computer by secretaries. But while data
from the vascular registry is not used for administrative
purposes, NPR data will be checked by the adminis-
trative staff of the hospital, and correction may be
performed before reporting to the central authorities.

A search was done in the Norwegian patient
registry and the Norwegian vascular registry for
patients with the NCSP procedure-codes of open,
endovascular and endoscopic repair of AAA (PDG10,
PDG 21, PDG 22, PDG 23, PDG24, PDQ10, PDQ10C
PDQ30 and PDS 10) for the years 2001 and 2002. A
similar search was done in both registries. The
investigation is based on number of operations, with
the consequence that there can be more than one
registration per patient. Some of the relevant pro-
cedure-codes will also have been used for treatment of
other conditions than AAA (I71.3-4, 8–9). In the
present study, we defined procedure-diagnosis-con-
sistency as a NCSP procedure-code combined with an
ICD-10 diagnosis-code of a relevant indication for the
procedure performed. We, therefore, developed a
procedure-diagnosis-consistency table (Tables 1A
and 1B) for all possible consistent combinations.
Cases with a consistent combination for other indi-
cations than treatment for AAA, e.g. the implantation
of bifurcated vascular graft (PDG20-24) combined
with iliac artery aneurysm (I72.3), and implantation
of endovascular prosthesis (PDQ10) together with
aortic atherosclerosis (I70.0), were excluded from the
investigation when no diagnosis of AAAwas present.
All the other cases with one or more of the defined
procedure-codes were included, also when there was
no ICD-10-code for AAA among the diagnosis-codes.

At the national level both registries are anonymous,
but the administrative registry has a unique



Table 1A. Consistent combinations of NCSP procedure-codes and ICD-10 diagnosis codes relevant for abdominal aortic aneurism (AAA)
repair

Code NCSP ICD-10

Chapter PD: infrarenal aorta and iliac arteries AAA Aortic occlusion Iliac aneurysm

Section; PDG: operation for aneurysm in the infrarenal abdominal aorta and iliac arteries*

PDG10 Operation on the infrarenal aorta for aneurysm. I71.3,4,8,9 None None
PDG20 Bypass from aorta to iliac artery for aneurysm I71.3,4,8,9 None I72.3
PDG21 Bypass from aorta to bilateral iliac arteries for

aneurysm
I71.3,4,8,9 None I72.3

PDG22 Bypass from aorta to iliac artery and contralateral
femoral artery for aneurysm

I71.3,4,8,9 None I72.3

PDG23 Bypass from aorta to femoral artery for aneurysm I71.3,4,8,9 None I72.3
PDG24 Bypass from aorta to bilateral femoral artery for

aneurysm
I71.3,4,8,9 None I72.3

Section; PDQ: implantation of endovascular prosthesis in the infrarenal abdominal aorta and iliac arteries
PDQ10CPDQ30 Implantation of endovascular prosthesis in infrarenal

aorta
I71.3,4,8,9 I70.0 None

Implantation of endovascular prosthesis in iliac artery I71.3,4,8,9 I70.2 I72.3
Section; PDS: endoscopic operation on the infrarenal abdominal aorta and iliac arteries

PDS10 Endoscopic operation on the infrarenal abdominal
aorta

I71.3,4,8,9 I70.0 None

For aortic occlusion without AAA the relevant chapter for conventional bypass in NCSP is PDH; bypass from infrarenal aorta and iliac
arteries.
* Reoperations after earlier reconstruction are to be coded in NCSP as PDU.74-99.
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identification-number for each patient. The selection
from this registry could, therefore, easily be controlled
for double case registrations, which we did not find. In
the vascular registry, the design of the database allows
for double registration of both operations and patients,
as there is no unique patient key. If two cases of the same
age and sex, coming from the same county, were
operated in the same hospital on the same day with
exactly the same procedure-code and similar diagnoses,
only one of these recordswas included in the evaluation.

Completeness of the reporting to our vascular
registry was estimated according to numbers of the
administrative registry assuming a nearly complete
registration in the latter.

To correct for overall completeness of reporting
from each hospital when studying reported in-hospital
deaths in the vascular registry, we defined relative
completeness as; completeness of reported in-hospital
deaths divided by overall completeness of reporting to
the vascular registry for each hospital.
Table 1B. Relevant ICD-10 diagnosis codes for the study of AAA-tre

ICD-10 Text*

Section I71 Aortic aneurysm and aortic diss
I71.3 Abdominal aortic aneurysm wit
I71.4 Abdominal aortic aneurysm wit
I71.8 Aortic aneurysm with undefined
I71.9 Aortic aneurysm with undefined
Section I72 Other aneurysm
I72.3 Aneurysm of iliac artery
I72.9 Aneurysm with undefined local
Section I70 Atherosclerosis
I70.0 Atherosclerosis of the aorta
I70.2 Atherosclerosis of artery in limb

* Translation of the Norwegian version.
The retrospective control of one local vascular
database was done by additional searches through the
operation registry and the anaesthesiological registry of
one member-hospital. All patients with any recorded
data indicating AAA was evaluated. The recorded
diagnosis and procedure-codes were controlled in the
medical record for each individual patient.

Data were retrieved from the two registries on
Microsoft Excelw files and handled in Microsoft
Accessw. For statistical analysis we used SPSS 11.0
for Windowsw. The investigation was approved by the
local ethics committee.
Results
Completeness and consistency of data

For the period 2001 and 2002, we identified 1544 cases
atment

ection
h rupture
hout information of rupture
localisation, with rupture
localisation and without information of rupture

isation
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with the relevant procedure-codes in the national
administrative registry (NPR) reported from 29 differ-
ent hospitals. Of these, 21 cases were excluded because
the data were consistent with treatment for isolated
iliac aneurysm or stent grafting of aorto-iliac obstruc-
tive disease. This left a total number of 1523 treatments
for AAA in this registry (Table 2).

A corresponding search in the national vascular
registry (NorKar) showed 1055 cases treated for AAA
in 17 member hospitals after the exclusion of 18 case-
doublets together with 15 cases for which coding was
consistent with other indications for surgery. Thus,
69% of the total national number of treatments for
AAAwas reported to the vascular registry and within
the member hospitals the completeness of reporting
was 84%. Endoscopic aortic operation (PDS10) was not
performed in any cases.

The number of cases where procedure- and diag-
nosis-code was consistent according to Table 1A, was
1417 (93.0%) for NPR and 990 (93.8%) for NorKar
(Table 3). In non-member hospitals there was consist-
ency in 242 of 265 cases (91.3%). For several hospitals
the consistency of the data reported differed between
NPR and NorKar.

In the administrative registry 362 cases (23.8%) had
ruptured AAA according to their ICD-10 diagnosis.
One thousand and fifty five cases (69.3%) were coded
as having non-ruptured AAA, while in 106 cases
(7.0%) the diagnosis-codes were not suited for classi-
fication of rupture status. In the vascular registry the
number of cases with ruptured AAA was 244 (23.1%)
according to the diagnosis, 746 (70.7%) were non-
ruptured, while 65 cases (6.2%) could not be classified.

Completeness of ruptured cases was 72.5% in the
vascular registry and 86.1% for non-ruptured cases.
For cases where status of rupture could not be assessed
from the ICD-10 coding, completeness was 78.3%.

According to data from the vascular registry, 34
procedures (3.2%) were secondary to a former vascu-
lar procedure. In the Norwegian patient registry there
is no variable to discriminate between primary and
secondary procedures in a similar way.
Table 2. Operations for AAA performed in Norway according to
Norwegian patient registry, NPR, and in 17 member-hospitals
according to the Norwegian vascular registry, NorKar, during the
period 2001–2002

Operation NPR, N (%) NorKar, N (%)

Tube graft 885 (58) 633 (60)
Bifurcated graft 491 (32) 320 (30)
EVAR 132 (9) 91 (9)
Combinations 15 (1) 11 (1)
Total 1523 1055

Eur J Vasc Endovasc Surg Vol 29, June 2005
Mortality

The reporting of in-hospital mortality varied strongly
between different hospitals and between the adminis-
trative registry and the vascular registry within each
individual hospital (Table 4). Some hospitals reported
less than 50% of their in-hospital deaths to the vascular
registry. Compared to numbers from the administra-
tive registry, only 60% of patients who died in the
hospital were reported to the vascular registry by the
members, and the relative completeness of reporting
in-hospital deaths was 72.3% (95% CI 65.2–79.4).

In the administrative registry, the crude national in-
hospital mortality was 33.7% for ruptured and 5.0%
for non-ruptured AAA (Table 5). In the vascular
registry the corresponding mortality rates were
29.9% for ruptured and 3.1% for non-ruptured AAA,
respectively, and mortality in member hospitals did
not seem to differ from non-member hospitals.
Work-up of one local vascular database

The detailed evaluation involving one NorKar Local
Registry showed that 134 patients met the search
criteria (PDG10-24 or PDQ10). One patient was
correctly coded, but not included because he was
treated for an isolated iliac aneurysm. Of the remain-
ing 133, two were found to be case-doublets, while
further five patients were incorrectly included due to
false procedure-codes (Table 6). The evaluation also
revealed 10 patients in the database with registered
data that could implicate AAA, but who had been lost
to inclusion due to false coding of procedures. Further,
we examined the records of 20 patients coded as
operation for aorto-iliac occlusion with implantation
of a bifurcated vascular graft (PDH20-24), but they
were all correctly coded. By matching of the database
with the local anaesthesiology registry, we found three
patients that met the inclusion criteria, but who had
been lost to registration in the vascular registry. Thus,
the completeness of this NorKar local registry was 90.6
and 5.3% of the registered cases were falsely coded or
doublets.
Discussion
Completeness of data

The reporting to the Norwegian patient registry is
likely to be nearly complete because the reporting is
compulsory for formally discharging a patient from
hospital and to get reimbursement from the health



Table 3. Completeness of the Norwegian vascular registry, NorKar, compared to Norwegian patient registry, NPR, and consistency
between diagnosis and procedure-codes in the two registries, for patients treated for AAA in Norway during the period 2001–2002

Hospital Number of operations
2001–2002*

Completeness Procedure-diagnosis-consistency

NorKar/NPR (%) NPR (%) (range) NorKar (%)

NorKar members
A O100 87.7 96.6 96.0
B O100 93.7 95.4 97.0
C O100 77.0 95.1 95.7
D O100 94.1 95.1 96.9
E O100 92.6 92.6 92.7
F 40–100 94.8 81.7 88.2
G 40–100 73.6 90.3 92.6
H 40–100 97.4 98.8 89.9
I 40–100 80.9 91.2 89.1
J 40–100 99.0 94.8 96.9
K 10–39 100 95.7 81.6
L 10–39 50.0 100 100
M 10–39 6.4 91.6 100
N 10–39 100 92.3 96.2
O 10–39 100 97.9 97.9
P 10–39 41.4 92.7 100
Q 10–39 13.8 92.8 96.0

Non-members†

R1-2 40–100 – 91.4 (87.8–95.3) –
R3-6 10–39 – 91.5 (87.9–97.3) –
R7-12 !10 – 88.9 (50–100) –
NorKar members 1258 83.9 93.4 93.8
Non-members 265 – 91.3 –
All 1523 69.3 93.0 –

* According to NPR numbers.
† Hospitals that were not members of NorKar are named R1-12.

Table 4. Reporting of in-hospital deaths following AAA repair for individual hospitals according to the Norwegian vascular registry,
NorKar and Norwegian patient registry, NPR, and completeness of reporting in-hospital deaths to NorKar, in the years 2001–2002

Hospital Number of oper-
ations 2001–2002*

Crude mortality
NPR (%)

Crude mortality
NorKar (%)

Completeness* of
reported deaths (%)

Relative complete-
ness† % (95% CI)

NorKar members
A O100 15.8 8.0 44.4 50.6
B O100 9.8 6.0 57.1 61.0
C O100 7.4 9.6 100 130.0
D O100 11.7 7.1 58.3 61.3
E O100 15.5 16.8 100 108.0
F 40–100 1.4 1.5 100 104.4
G 40–100 19.4 3.8 14.3 19.4
H 40–100 18.5 17.7 93.3 95.7
I 40–100 16.2 3.6 18.2 22.5
J 40–100 7.2 5.2 71.4 72.2
K 10–39 18.4 15.8 85.7 85.7
L 10–39 10.0 0 0 0
M 10–39 6.4 0 0 0
N 10–39 11.5 15.4 100 133.3
O 10–39 4.2 4.2 100 100
P 10–39 17.1 17.7 42.9 103.4
Q 10–39 27.6 0 0 0

Non members‡

R1-2 40–100 8.7 – – –
R3-6 10–39 11.9 – – –
R7-12 !10 22.2 – – –
Members 1258 12.3 8.9 60.6 72.3 (65.2–79.4)
Non-members 265 10.6 – – –
Total 1523 12.0 – – –

* According to NPR.
† Relative completenessZreported in hospital deaths (%)/overall completeness of reporting (%).
‡ Hospitals that were not members of NorKar are named R1-12.
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Table 5. Reporting of in-hospital deaths for ruptured and non-ruptured AAA in the Norwegian vascular registry, NorKar and Norwegian
patient registry, NPR, in the years 2001–2002

Hospital Number of oper-
ations 2001–2002*

Rupture NPR (%) Rupture NorKar
(%)

Non-rupture NPR
(%)

Non-rupture Nor-
Kar (%)

NorKar members
A O100 30.4 21.2 4.7 1.6
B O100 27.3 19.4 3.9 0
C O100 28.0 30.4 2.2 3.0
D O100 42.9 28.6 6.0 3.7
E O100 41.2 53.6 8.7 8.1
F 40–100 0 5.9 2.4 0
G 40–100 40.0 10.0 8.9 2.6
H 40–100 50.0 45.5 5.4 6.1
I 40–100 46.7 14.3 8.5 2.4
J 40–100 25.9 16.7 0 0
K 10–39 30.8 30.0 13.0 9.5
L 10–39 100 0 0 0
M 10–39 28.6 0 2.8 0
N 10–39 20.0 30.0 7.1 6.7
O 10–39 33.3 28.6 0 0
P 10–39 83.3 100 3.1 6.7
Q 10–39 36.4 0 15.4 0

Non members†

R1-2 40–100 25.0 – 4.7 –
R3-6 10–39 33.3 – 3.7 –
R7-12 !10 33.3 – 0 –
Members 1258 33.7 29.9 5.0 3.1
Non-members 265 29.6 – 4.2 –
Total 1523 33.1 – 4.8 –

In 6.1% (65 patients) in NorKar and 6.9% (105 patients) of the patients in NPR presence of aneurysm rupture could not be decided from the
coding.
* According to NPR.
† Hospitals not being members of NorKar are named R1-12.
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authorities. In our national vascular registry there is no
economic motivation or administrative demands for
reporting to the registry. The participation in the registry
is not compulsory and the required workload and
resources must be covered by each participating
hospital. This can explain some of the discrepancy in
numbers reported to the two registries for somemember
hospitals. Although data may be complete, there is also
the possibility that the administrative registry may be
overestimating the number of cases. Transfer of patients
from one hospital to another postoperatively,may result
in reporting of the same procedure-codes in both
hospitals, and thus falsely increase the numbers of
procedures reported. Due to the anonymous capacity of
Table 6. Control of data on AAA-treatment in one local vascular data

Patients included from the search in the NorKar local registry
Falsely included*

NorKar patients lost to inclusion due to false procedure-code†

Patients lost to NorKar‡

Total 2001–02

* Two doublets.
† Found by controlling of patients registered in the NorKar local regis
on procedure-code.
‡ Found in the local anaesthesiological registry.

Eur J Vasc Endovasc Surg Vol 29, June 2005
the data, the presence or magnitude of such over-
reporting could not be assessed by this study. During
recent years there has been criticism of the coding done
by Norwegian hospitals, and the Office of the Auditory
General of Norway has concluded that false coding has
artificially raised the reimbursement to some hospitals.
Because, operation for AAA is a demanding procedure,
which requires large resources, over-reporting of this
procedure may give economical benefits for the hos-
pital.9 It is our opinion that completeness of data cannot
be firmly established before both registries include
patient-identifiable data. This will improve the quality
of both registries bymakingmatching of data on patient
level possible.
base (NorKar Local Registry) in the period 2001–02

N (%)

133
K7 (5.3)
10 (7.2)
3 (2.2)

139

try with data implicative of AAAwho did not meet the search criteria
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Diagnosis-procedure-consistency

Lack of procedure-diagnosis-consistency is a major
problem since both the procedure-code and the
diagnosis-code may be false. Misclassified patients
may, therefore, either be lost or falsely included. The
number of patients in this study may be overestimated
because, cases with procedure-codes for AAA treat-
ment but no ICD-10-code of AAA are included.
However, reported patients with false procedure-
codes may on the other hand have been lost to
inclusion. To improve the quality when entering the
data, algorithms and control-mechanisms of consist-
ency should be implemented in the registration soft-
ware. A study has also indicated that doctors’
participation has raised the quality of coding,10 but
this has not guaranteed for satisfactory data quality in
the Norwegian vascular registry.
Reporting of in-hospital mortality

Hospital mortality or 30d mortality are the most
reproducible data when reporting on early results
after treatment for AAA. This audit shows that there is
great discrepancy between mortality reported by
various hospitals in two different registries. The
relative completeness of reported in-hospital deaths
of 72%, strongly suggests a systematic underreporting
to the vascular registry. There can be several reasons
for this finding, and the explanation may differ
between hospitals. Different routines when formally
discharging patients that die during the hospital stay
compared to those who survive may be one of the
reasons for the underreporting to the registry. Fur-
thermore, patients dying from complications after an
AAA operation may be taken care of by other groups
of personnel like anaesthesiologists or cardiologists
who may be unaware of the vascular registry. Finally,
one cannot exclude the possibility that some depart-
ments are less willing to report unfavourable results.
No matter the reason, early mortality is probably the
most crucial quality parameter in treatment of AAA,
and it is the responsibility for the chief of any vascular
department to make sure that the numbers presented
in any registry are correct.
Validation of one local vascular database

The reason for doing the separate control of one
NorKar Local Registry was mainly to estimate the
efficacy of our inclusion criteria based on the defined
procedure-codes. The control showed that 9.4% of all
the patients operated for AAA, were not identified by
our search in the local vascular database using our
inclusion criteria. The possibility that patients have
been lost to all hospital registries, and thus lost to our
control, is probably small. The finding that 7.2% were
registered with false codes, and that only 2.2% had not
been recorded indicates that the greatest potential for
improvement is in quality control of coding and data-
entry. In addition, regularly matching of the local
vascular database with other registries in the hospital
would probably improve the completeness of data
considerably.
Problems in coding

Since endovascular aortic aneurysm repair (EVAR),
was established in Norway 1995, the coding for stent-
grafting for AAA has been the same as the code used
for aortic stent-implantation in atherosclerosis obliter-
ans (ASO), although the devices are different. In
contrast, the codes for implantation of bifurcated
vascular grafts for aneurysm and obliterating athero-
sclerosis are divided into two different categories
(PDG and PDH) according to indication, although the
general surgical methods are similar and that indi-
cation is not supposed to be an inherent part of the
NSCP system. The fact that it is for implantation of
bifurcated graft, means that patients treated for
concomitant AAA and ASO, cannot be coded for
both indications. This may have resulted in an under-
estimation of concomitant treatment of aorto-iliac
occlusion in patients treated for AAA.

Secondary procedures are relatively rare in open
surgery for AAA, but have become quite common
after the introduction of EVAR.11 In the vascular
registry there is a unique variable to classify the
procedure as primary or secondary. In our national
administrative registry there is no variable for classi-
fication of the procedure as primary or secondary to a
previous operation for AAA. However, when asses-
sing the procedure-codes we observed an inconse-
quent coding of secondary procedures, and thus we
were unable to compare the registries according to this
capacity. Clearer guidelines in coding and proper
instructions of participating surgeons therefore seem
mandatory.
Registry based studies

As medical registries and registry based reports are
getting more common, we have tried to demonstrate
some of their limitations and the need for quality
control of data. Our study has shown that important
information on AAA treatment can be attained from
Eur J Vasc Endovasc Surg Vol 29, June 2005
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the two different registries. Early mortality, length of
stay in hospital, numbers treated and age of treated
patients is information that can be achieved from a
public patient registry like NPR. For data on risk
factors, surgical details, results and case-mix, a
vascular registry based on reproducible data filled in
by qualified staff is mandatory.

There is need for defined strategies to assure for the
correctness of data. These may include proper instruc-
tion of attending physicians, controlled entry of data
and algorithms to ensure consistency of data. One
possible strategy to obtain completeness of data as
demonstrated in our study, is matching of different
registries. To be able to check up on and further correct
false registrations, patient identifiable data is manda-
tory. Otherwise matching can only provide an estimate
for data quality. To avoid that assumptions are based
on systematic weakness of data like under-reported in-
hospital deaths, registry based studies must address
the completeness and limitations of the data
presented.
Conclusion

The evaluation showed an underreporting of pro-
cedures in patients with AAA to the national vascular
registry (NorKar) relative to the national adminis-
trative registry (NPR), and demonstrates a need for
better control of procedure-diagnosis consistency in
both registries. Consistency of data could probably be
improved by introducing algorithms in the entry
software of the databases. There seems to be a
substantial underreporting of early deaths in the
vascular registry that calls for further investigations.
Eur J Vasc Endovasc Surg Vol 29, June 2005
Finally, we suggest that the two registries are made
patient identifiable to facilitate improvement of data
quality in general.
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Abstract

Background

Our aim was to investigate the number of operations for abdominal aortic aneurysms (AAA)

including time-trends in treatment during a 20-year period.

Method

1045 patients treated with open surgery (906) or EVAR (139) were treated for AAA during

the period 1983-2002. Number of operations, risk factors, anaesthesia time and operating time

were investigated. Data were either collected retrospectively from the patient’s medical

records or from the Norwegian National Vascular Registry.

Results

There was an increase in the number of operations for both ruptured and non-ruptured AAA

in men during the study period. Among women, the increase was observed only for ruptured

aneurysm. Operating time and anaesthesia time increased during the 20-year period. Early

mortality (<30 days) was 4.8 percent in the elective group, 18.9 percent in the emergent non-

ruptured group operated within 24 hr of admittance, and 41.6 percent in the ruptured group.

Women with ruptured AAA experienced a higher 30-day mortality than men, 57.1 and 37.4

percent respectively (p-value = 0.006). Excluding 30-day mortality, the long-term mortality

was similar for patients with non-ruptured and ruptured aneurysm. We observed an

improvement in long-term survival over the last 20 years (p-trend = 0.02).

Conclusion

There has been an increase in the number of AAA operations for rupture both in men and

women, and in male patients there was also an increase in elective operations. There has been

an increase in anaesthesia and operating time. Provided the patient is surviving the operation,

the long-term prognosis is comparable for ruptured and non-ruptured. Long-time survival

seems to have improved during the study period.
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Introduction

During the last decades the incidence of abdominal aortic aneurysm (AAA) has been

increasing, also after adjustment for the increasing number of elderly in the population (1).

Simultaneously, endovascular repair (EVAR) has emerged as a new option for treating AAA.

Encouraging early and mid-term results have been presented (2, 3), but the technology is not

perfect (4).

There is a substantial proportion of patients who are unfit for treatment by EVAR from an

anatomical point of view, and the long-term results are still uncertain. Encouraging results

have also been presented with EVAR following ruptured AAA (5). However, due to

problems with resources and logistics, open surgery is still the method of choice in most

centres.

The aim of the present study was to investigate prognostic factors for early and long-term

mortality in a cohort of patients operated for AAA during a 20-year period. Finally, we

studied trends and changes in number of operations, operating time and anaesthesia time over

the 20-year calendar period.
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Material and methods

During the 20-year period 1983 – 2002, 1045 patients were treated with either open operation

(906) or EVAR (139) for AAA at our institution. The median age at operation was 71 years,

and women constituted 17% (n=178) of the cohort. 504 of the patients were admitted to the

hospital as emergencies, and 298 (28.5%) of the patients had a ruptured aneurysm. 206

patients with non-ruptured AAA were admitted as emergencies, mainly due to symptoms.

These patients were categorized into emergency non-ruptured or elective according to

whether they were operated within 24 hours after admission or not.

A prospective national vascular registry (6) was established in 1995, and information

concerning patients treated between 1995 and 2002 were retrieved from this registry locally.

Data for patients operated 1983 to 1994 were collected retrospectively from the patients’

medical records. To make matching of data from the early and the late period possible, we

used the same definitions when collecting data.

Information on risk factors like coronary heart disease (angina pectoris, myocardial infarction

or treatment with aorto-coronary bypass / percutaneous coronary intervention), renal failure

(serum creatinin concentration >140 µmol/l), chronic obstructive pulmonary disease (COPD)

and major postoperative complications were extracted for each patient.

Completeness of the cohort has been thoroughly checked using the registries of the

department of surgery and the department of anaesthesiology. In addition we also examined

the protocols at the operating department. Anaesthesia time was defined as the total time that

the patient spent in the operating room. Only patients treated primarily for AAA with open

operation or EVAR were included. EVAR was introduced at our department in February

1995. The cohort has been checked for double registration (case doublets) by matching on

personal ID-numbers. Data on follow-up was based on the Norwegian Registrar’s Office of
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Births and Deaths, which is updated every 14 days. A 100 % follow-up was obtained. The

investigation was approved by the local ethics committee.

Statistics

Linear regression analyses were used to evaluate trends over calendar time in the annual

numbers of AAA operations, and in the mean operation and anesthesia time. In these analyses

we adjusted for mean age in the respective combinations of year, sex and type of operation.

30-day mortality was evaluated using a two samples proportion test for univariate

comparisons, and logistic regression for multivariate analyses of potential prognostic factors.

Long term survival was estimated using univariate Kaplan-Meier analyses, and potential

prognostic factors were evaluated in multivariate Cox proportional hazards regression models

after the exclusion of 30 day mortality.

In the final model statistic significant and/or clinical relevant variables were included.

Analyses were performed using SPSS version 12.0 (SPSS, Chicago, Illinois, USA).
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Results

Number and type of operations

The overall number of operations for AAA increased significantly (p<0.001) during the study

period (Figure 1). The number of operations for non-ruptured as well as ruptured aneurysm

increased significantly in men (both p-values <0.01). In women there was only an increase in

operations for ruptured aneurysm (p=0.004) whereas the number of operations for non-

ruptured AAA remained relatively constant during the study period. The proportion of

patients with non-ruptured AAA operated within 24 h of emergency admittance dropped from

16.6 percent in the period before 1995 to 3.4 percent in the period from 1995 to 2002 (p-

value<0.001). There was a change in use of vascular grafts from bifurcated to tube grafts

during the twenty year period (Figure 2), and introduction of EVAR did not seem to diminish

this steadily increasing proportion. Since 1995 EVAR has been used to an increasing extent,

and constituted 40% of all operations for non-ruptured AAA in the last five years from1998 to

2002. The mean age at operation increased from 69.3 years in 1983-87 to 71.7 in the last 5

year period. Correspondingly, the proportion of octogenarians has increased from 8.7% to

12.2%. The number of patients from the neighbour counties operated on for AAA at our

institution also increased during the study period, corresponding with the increasing total

number of patients, constituting a constant proportion of about 20 %.

The median aneurysmal diameter, measured with CT scanning or ultrasonography, in the

ruptured, emergency non-ruptured and elective groups was 72, 65 and 57 mm respectively.

Early operative results

The operating time increased significantly during the study period, accompanied by an even

more pronounced increase in anaesthesia time (Figure 3). The early mortality (< 30 days) was

4.8% for elective operations, 18.9 % in the emergency non-ruptured group and 41.6% in the

Fig.3

Fig.1

Fig. 2
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rupture group (Table 1). Although women tended to have lower 30-day mortality after repair

of non-ruptured AAA compared to men, 3.0% vs. 5.1% respectively, women had significantly

higher 30-day mortality after repair of ruptured AAA (57.1% vs. 37.4%, p=0.006).

Using multiple logistic regression analysis, age at operation, cerebrovascular disease, and

renal failure were all significantly associated with 30-day mortality (Table 2). Patients with

non-ruptured AAA operated within 24 hours of an emergency admission had an odds ratio of

4.9 (95% confidence interval (CI) 2.4-9.9) of early death compared to those who were

operated electively.

Altogether 7.4% of the patients needed an early reoperation (< 30 days), and haemorrhage,

bowel necrosis and intestinal obstruction were the most frequent reason for the procedures.

Median stay at the hospital was similar after operation for ruptured (12 days) and for non-

ruptured aneurysms (14 days). Hypertension and cardiac disease were the most prominent risk

factors and trend-analysis did not indicate substantial changes in the prevalence of co-

morbidities over the period.

Long term survival

As expected, the overall survival probability was highest in the non-ruptured group and

lowest following operation for ruptured aneurysm. However, when excluding the 30-day

mortality, the long-term survival was almost similar for the two groups (Figure 4). Overall 5-

years survival was 46.6% for women compared to 57.0% for men. Following repair of

ruptured AAA the 5-years survival was 24.3% and 41.3%, respectively. In patients with non-

ruptured aneurysm the 5-year survival was 65.7% in men compared to 58.9% in women

respectively. Factors influencing long term mortality in patients surviving 30 days after

operation were investigated using multivariate Cox regression. Cerebrovascular disease,

Table1

Table 2

Fig.4
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diabetes, COPD and renal failure were all significant prognostic factors for long-term

mortality (Table 3). We observed an improvement in long term survival over the four 5-years

operation periods (p-trend = 0.004).
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Discussion

Number and type of operations

The reasons for the increasing number of AAA operations during this 20-year period are

probably multifactorial. The incidence of AAA is increasing with increasing age, and since

the elderly part of the population is increasing, the number of AAA operations is expected to

increase. However, the number of AAA operations is increasing also when correcting for age,

thus there must be additional reasons for the increase observed. The tendency of using non-

invasive methods like ultrasonography and computed tomography scans for various

abdominal diseases has increased substantially, and a large proportion of our patients had

their AAA detected following such diagnostics. Also, the introduction of EVAR has widened

the indications for treating AAA, especially in patients unfit for open surgery including those

who are elderly with co-morbidities.

We can only speculate why the number of operations for non-ruptured AAA in female

patients was relatively unchanged during the study period, whereas there was an increase in

the number of operations for rupture. It has been documented that female patients with AAA

have a higher tendency to rupture (7) and further, women have an increased growth rate of

their aneurysm (8). Female gender also has an Odds ratio of 3 (CI 1.7-5.2) as a predictor for

operative death after repair of ruptured AAA (9). All factors indicate that AAA in women is a

more malignant condition than in men. Women get their AAA at a higher age compared to

men (1) and it has previously been shown that women are less likely than men to be admitted

to hospital and operated for ruptured AAA (10). It is possible that the diagnosis AAA is not

taken into consideration as a differential diagnosis in women to the same extent as in male

patients. Our data and especially the 30d mortality indicate that more women should probably

have been operated on electively, and this question needs to be investigated more thoroughly.
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One might have expected that an increasing number of elective operations would have lead to

a decreasing number of patients needing treatment for rupture (11). However this is a

controversial topic and various results have been reported in the literature (9, 12). It has been

stated that the number of elective operations must be increased considerably before one can

expect a drop in the incidence of rupture in the population (13). The problem is obviously to

treat the right patients at the right time. Perhaps basis of the present indication for surgery,

which to a great extent is relying on aneurysm diameter, is insufficient. One possibility is to

use aortic strain measurements, which perhaps in the future might help improving the

selection of patients needing treatment (14). We have previously shown a substantial increase

in the number of octogenarians operated electively during the period (15), which might reflect

a stronger expectation of treatment even for patients with relatively short expected survival.

The relatively high early mortality in octogenarians may however question the benefit from

open AAA- surgery in this group of patients (16). The tendency of using more straight aortic

grafts during the study period probably reflects a tendency of neglecting minor pathologic

changes of the iliac arteries. Theoretically this should have lead to a shorter operating time,

but there is often calcification located near the aortic bifurcation, which could lead to

technical difficulties during performance of the anastomosis.

Operating time and anaesthesia time

We observed an increase in the median operating time of more than one hour, and an even

more pronounced increase in anaesthesia time of nearly 1 hour and a half during the 20 year

calendar period. As more patients are treated with EVAR, one could probably anticipate that

those operated with open surgery are more complicated from a technical point of view.

However, this development was apparent even before introduction of EVAR and might reflect

that more time for performing the surgery and for doing the anaesthesia is needed in a
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teaching hospital with several residents training in vascular surgery and anaesthesiology.

Furthermore the staff has increased, leading to a lower number of operations per surgeon

during the study period. However, teaching institutions, including our own, are trying to give

the trainees sufficient experience by using qualified consultants as assistants during the

operations, which again should assure that the training situation is not affecting operating

time, early mortality or complication rate.

The increased anaesthesia time probably reflects some of the same problems. With more

residents in anaesthesiology, the time for preparation may increase. Furthermore there might

have been changes in the routine of monitoring these patients, which also includes more

technical devices that must be established before the operation can start (17). We did not find

any evidence for increased co-morbidity among the patients during the study period.

Early results

In patients with ruptured AAA, the early mortality has been relatively unchanged during the

study period. The observed 30-day mortality of 41.6 % in these patients is high, but in

accordance with other publications (18). The high 30-day mortality following operation for

rupture in female patients is difficult to explain, particularly since the distribution of

prognostic risk factors was similar among men and women. The finding is, however, known

from other studies (19-21). It has been speculated whether female patients have more

concomitant diseases than male patients, although evidence for this was not found in the

present study.

We have previously discussed the relatively high mortality in patients without rupture

admitted as emergencies for AAA and operated on within 24 hours of admittance, and have

suggested the term emergency non-ruptured AAA for these patients (22). Previously our
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policy was to operate them soon after admission to avoid rupture. The trend during recent

years has been to do a CT-scan first to exclude rupture in stable patients admitted as

emergencies. Thereafter, diagnostic investigations have been performed as necessary and the

patients are now to a greater extent operated in a more elective setting, and preferably during

daytime with the necessary expertise and resources available. We hope that this change in

practice might have prevented early deaths after operation during recent years (23).

Long term survival

When excluding the operative mortality, the long-term survival was similar in patients

operated for rupture and non-ruptured aneurysm. Recently it has been documented that EVAR

decreases the primary mortality significantly, and mid-term results are also promising (2, 3).

More long-term follow-up is, however, needed before more conclusive evidence on EVAR

can be reached, and currently only about 50% of the patients are suitable for the application of

EVAR from an anatomical point of view.

We observed a significant decreasing trend in the long term mortality over the 20-years

operation period. The explanation could be a different case-mix in the various 5-year periods.

Furthermore, better treatment of co-morbidities like cardiac, pulmonary and kidney disease

could also explain this finding. Although not statistically significant, women had an overall

reduced long-term mortality compared to men in our material, which is in agreement with

other reports (21). This might further strengthen the hypothesis that AAA in women are

stronger associated with co-morbidities with impact not only on early mortality but also on

long term survival. Based on the possible under-treatment and higher risk compared to men,

more studies should therefore focus on women with AAA.
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Conclusion

The number of AAA operation nearly doubled in the calendar period between 1983 and

2002.. There has been an increase in anaesthesia and operating time of more than one hour,

which need further assessment. Women with ruptured AAA have a higher early mortality than

men, and the reasons for this needs to be clarified. Long-term survival seems to have

improved during the study period.
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Legend for figures

Figure 1

Operations for AAA in men (left) and women (right) recorded in 5-year time spans during the

period 1983-2002.

Figure 2

Operations for AAA in 5-year time spans during the period 1983-2002 according to the use of

Y-grafts, I-grafts and EVAR.

Figure 3

Median operating time (left) and anaesthesia time (right) for AAA by in 5-year time spans

during the period 1983-2002.

Figure 4

Long-time survival among patients operated on for AAA according to rupture and non-

rupture after exclusion of early mortality (less than 30 days).
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Table 1. Early mortality(<30 days) in 1045 patients operated for AAA at St.Olavs hospital in

Norway during the period 1983-2002.

Overall Ruptured Non - ruptured

30-days mortality

N=1045 n = 298

Emergency
(<24 hr)
n = 74

Elective

n = 673

Both sexes % (SE a) 16.3 (1.1) 41.6 (2.9) 18.9 (4.6) 4.8 (0.8)

-women % (SE) 24.2 (3.2) 57.1 (6.2) 25.0 (10.8) 3.0 (2.0)

-men % (SE) 14.6 (1.2) 37.4 (3.1) 17.2 (8.6) 5.1 (0.9)

a SE= Standard error
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Table 2. Logistic regression of 30-day mortality among ruptured, emergency (operated within

24 hr), and elective patients operated on for AAA from 1983 to 2002 according to

preoperative risk factors adjusted for age at operation and sex,

Variable Odds
ratio 95% CI p-value

Cerebrovascular disease 1.8 1.1-3.1 0.03
COPD 1.5 0.9-2.5 0.14
Renal failure 1.9 1.1-3.3 0.02

Patient group <0.0001
elective 1.0 reference
emergency (<24 hr) 4.9 2.4-9.9
rupture 12.4 8.0-19.4

Additional adjustments for diabetes, cardiovascular diseases and hypertension did not change
the results (neither were these risk factors significant, all p-values >0.3)

PDF Creator - PDF4Free v2.0                                                    http://www.pdf4free.com

http://www.pdfpdf.com/0.htm


21

Table 3. Cox regression of factors influencing long term mortality after the exclusion of

operation related mortality (30-day mortality)

Relative
risk 95% CI p-value

Age at operation 1.06 1.05-1.08 <0.0001

Sex 0.21
Female 1.00 reference
Male 0.86 0.68-1.09

Operation period 0.018
1983-1987 1.00 reference
1988-1992 0.93 0.74-1.18
1993-1997 0.69 0.53-0.91
1998-2002 0.70 0.51-0.97

Cerebrovascular disease 1.56 1.20-2.04 0.001
Diabetes 1.55 1.04-2.31 0.033
COPD 1.45 1.11-1.89 0.006
Renal failure 1.47 1.06-1.99 0.019

Operation group 0.56
elective 1.00 reference
rupture 1.07 0.85-1.34

PDF Creator - PDF4Free v2.0                                                    http://www.pdf4free.com

http://www.pdfpdf.com/0.htm


 

Figure 1 
 
 
 
 
 

1998-20021993-971988-921983-87
5-years calendar periods

250

200

150

100

50

0

N
um

be
r o

f A
A

A
 o

pe
ra

tio
ns

Ruptured AAA
Non-ruptured AAA

Males

 

1998-20021993-971988-921983-87
5-years calendar periods

250

200

150

100

50

0

Ruptured AAA
Non-ruptured AAA

Females

 
 
 
 
 



Figure 2. 
 

1998-20021993-971988-921983-87
5-years calendar periods

200

150

100

50

0

N
um

be
r o

f o
pe

ra
tio

ns

EVAR
I-grafts
Y-grafts



Figure 3. 
 
 

1998-20021993-971988-921983-87
5-years calendar periods

250

200

150

100

50

0

M
ed

ia
n 

op
er

at
io

n 
tim

e 
(m

in
)

EVAR (non ruptured AAA)
Ruptured AAA
Non-ruptured open AAA

Operation time

1998-20021993-971988-921983-87
5-years calendar periods

400

300

200

100

0

M
ed

ia
n 

an
ae

st
he

si
a 

tim
e 

(m
in

)

EVAR (non ruptured AAA)
Ruptured AAA
Non-ruptured open AAA

Anaesthesia time

 



Figure 4 
 
 

20151050

Follow-up in years

1,0

0,8

0,6

0,4

0,2

0,0

Su
rv

iv
al

 p
ro

ba
bi

lit
y

Ruptured AAA
Non-ruptured AAA

 


	Art II.pdf
	Inflammatory aortic aneurysm is associated with increased incidence of autoimmune disease
	MATERIAL AND METHODS
	RESULTS
	DISCUSSION
	REFERENCES


	Art III.pdf
	sm
	Introduction
	Objectives

	Patients and Methods
	Results
	Asymptomatic versus symptomatic patients
	Elective versus emergency admission
	Emergency versus elective or semi-elective operation

	Discussion
	Mortality and size of groups
	Timing of surgery
	Symptoms
	Patient risk factors
	Nomenclature and definition

	Conclusion
	Acknowledgements
	References


	Art IV.pdf
	Elective Open Operation for Abdominal Aortic Aneurysm in Octogenarians-Survival Analysis of 105 Patients
	Material and Method
	Patients
	Statistics

	Results
	Discussion
	Early mortality and complications
	Gender
	Number of operations
	Benefit from operation

	Conclusion
	Acknowledgements
	References


	Art V.pdf
	Quality of Data Reported on Abdominal Aortic Aneurysm Repair-A Comparison between a National Vascular and a National Administrative Registry
	Introduction
	Material and Methods
	The Norwegian vascular registry (NorKar)
	Norwegian patient registry (NPR)
	Coding-systems

	Results
	Completeness and consistency of data
	Mortality
	Work-up of one local vascular database

	Discussion
	Completeness of data
	Diagnosis-procedure-consistency
	Reporting of in-hospital mortality
	Validation of one local vascular database
	Problems in coding
	Registry based studies

	Conclusion
	References





