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ABSTRACT 

Objectives - To study the trend in incidence of aneurysms of the abdominal 

aorta in the Netherlands during the past two decades. 

Setting - The Dutch population from 1972 through 1992. 

Design - Analysis of all hospital admissions and deaths due to aneurysms of 
the abdominal aorta. 
Outcome measures - Age adjusted and age-specific mortality and discharge 

rates. In-hospital mortality after surgery upon aneurysms of the abdominal 
aorta. 
Results - From 1972 to 1992 age adjusted mortality from aneurysms of the 

abdominal aorta rose from 3.1 to 8.1 per 100,000 in men, and from 1.4 to 2.2 in 

women. Age adjusted discharge rates (alive and dead) for non-ruptured 

abdominal aortic aneurysms increased from 3.7 to 37.6 per 100,000 in men and 
from 1.2 to 5.5 in women. For ruptured aneurysms, the age adjusted discharge 

rates increased from 2.4 to 10.3 per 100,000 in men and from 0.7 to 1.7 in 
women. Age adjusted in-hospital mortality after surgery upon non-ruptured 

aneurysms was halved from 13% in 1972 to 7% in 1992, mortality after acute 

repair upon ruptured aneurysms also decreased from 52% in 1972 to 36% 
in 1992. 

Conclusions - There was an impressive increase in hospital based incidence for 

aneurysms of the abdominal aorta during the past two decades in the 

Netherlands. An improved detection rate through ultrasound is probably a 
major contributor to this increase, but gender differences and the rise in the 

number of ruptured aneurysms suggest that a real increase in incidence may 

exist, especially in men. Surgical outcome for both ruptured and non-ruptured 
aneurysms of the abdominal aorta improved. 
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INTRODUCTION 

Recent reports from England and Wales, the United States and Australia have 
suggested an increase in mortality from aneurysms of the abdominal aorta 
during recent decades. Simultaneously, a marked increase in the number of 
hospital admissions and operations for these aneurysms was observed. The 
annual increase in the incidence of abdominal aortic aneurysms has been 
estimated at 4.2% in men and 14% in women. 

Despite improvements in acute medical care, the prognosis for a patient 
with a ruptured aneurysm remains poor, with a mortality rate as high as 
80 to 90%. After the first resection of an aneurysm of the abdominal aorta by 
Dubost et al in 1951, surgical treatment has become the standard treatment for 
aneurysms of a certain size. Mortality after elective surgery varies between 
„ . , . ,_,.. 3,11-19 

1.4 and 6.5%. 
We studied the trends in the incidence of aneurysms of the abdominal aorta 

in the Netherlands by age, sex and calendar year from 1972 through 1992. In 

addition, changes in in-hospital mortality after surgical treatment of 

abdominal aortic aneurysms were assessed. 

MATERIALS AND METHODS 

Population data and the number of deaths due to aortic aneurysms in the 

Netherlands from 1972-1992 were obtained from Statistics Netherlands, 

Voorburg, the Netherlands. The number of deaths was grouped by 5 year age 

categories, sex and underlying cause of death. Causes of death were coded 

according to the International Classification of Disease (ICD). We used ICD-8 

rubric aneurysm of the abdominal aorta (441.2) for the period 1972-1978, and 

we combined ICD-9 rubrics aneurysm of the abdominal aorta, ruptured (441.3) 

and without mentioning of rupture (441.4) for the period 1979-1992. 

Data on hospital admissions for abdominal aortic aneurysms were obtained 

from the National Medical Register of SIG Health Care Information. The 

National Medical Register of SIG Health Care Information is a nation-wide 

database of hospital admissions in the Netherlands. From 1986 onwards, all 

hospitals (university and general) in the Netherlands participated in this 

register. In 1972, the starting year of our analysis, 70% of all hospital 

admissions were recorded, in 1982 the coverage had grown to 97%. On the 

basis of these figures appropriate multiplying factors were used to estimate 

the yearly number of hospital admissions in the Netherlands. Records include 

diagnoses at discharge, age and sex of the patient, length of hospital stay, type 

of operations performed, and type of discharge (dead or alive). The Interna-
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tional Classification of Diseases Clinical Modification (ICD-CM) was used to 
classify diagnoses at discharge. For the period 1972-1979 we used ICD-CM-8 
rubrics aneurysm of the abdominal aorta without (441.3) and with rupture 
(441.4). For the period 1980-1992 we used ICD-CM-9 rubrics aneurysm of the 
abdominal aorta with (441.3) and without rupture (441.4). Only admissions 
with a first-listed discharge diagnosis of aneurysm of the abdominal aorta 
were counted in this study. 

For all admissions with a first-listed discharge diagnosis of abdominal 
aortic aneurysms it was determined whether an operation upon the aneurysm 
was performed. During the study period three different coding systems for 
operations were used. In the first two coding systems (1972-1989) operations 
on an abdominal aortic aneurysm were coded among a broader group of 
operations on abdominal arteries. The combination of a first-listed discharge 
diagnosis of abdominal aortic aneurysm and an operation from this group 
could have resulted in a slight overestimation of the actual number of 
operations upon abdominal aortic aneurysms for that period. 

In-hospital mortality (as a percentage) after surgery for non-ruptured or 
ruptured aneurysms of the abdominal aorta was calculated by dividing the 
number of patients with discharge status dead after their operation by the 
total number of admissions with a operation for that type of aneurysm. 

Mid-year population figures were calculated by averaging the number of 
inhabitants in the Netherlands at the start and end of each year. Age adjusted 
rates were calculated by direct standardisation using the 'new' European 
standard population as a standard." Age-specific rates were calculated using 
10 year age groups (45-54, 55-64, 65-74, 75-84, 85+). 

RESULTS 

From 1972 to 1992 the population of the Netherlands increased from 
13.3 million to 15.2 million. The number of inhabitants of 55 years or over 
increased from 2.6 million (19%) in 1972 to 3.4 million (22%) in 1992. 

Mortality 

The absolute number of deaths due to abdominal aortic aneurysms in the 
Netherlands rose from 231 in 1972 to 756 in 1992. For men, there was a 3.5-fold 
increase from 171 deaths in 1972 to 590 in 1992. For women the number of 
deaths increased 2.8-fold from 60 to 166. Of all male deaths in 1992 above the 
age of 55 years 1.0% was attributed to aneurysms of the abdominal aorta. In 
women this proportion was 0.3%. 
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The age adjusted death rates for abdominal aortic aneurysms are shown in 
figure 1. The death rates for males increased 2.6-fold from 3.1 to 8.1 per 100,000 
and for women 1.6-fold from 1.4 to 2.2 per 100,000. Analyses of age-specific 
death rates for males showed that this rise was most pronounced in the higher 
age groups, especially in those above 75 years of age. In females, death due to 
abdominal aortic aneurysms was rare below the age of 75. The moderate rise 
in the age adjusted death rate for abdominal aortic aneurysms among women 
mainly resulted from a rise in those above the age of 85 years. 

1972 
1992 

Figure 1. Age adjusted death rates for abdominal aortic aneurysms for men and women in 
the Netherlands from 1972-1992. Source: Statistics Netherlands. Standardised using the 
'new' European Standard Population. 
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Hospital discharges 

The total number of admissions with a first-listed discharge diagnosis of an 
abdominal aortic aneurysm increased from 433 (39% ruptured) in 1972 to 
4,002 (22% ruptured) in 1992. In both men and women there was a marked 
increase in ruptured and non-ruptured cases, but the increase in non-ruptured 
aneurysms was more pronounced (table 1). The contribution of ruptured cases 
of abdominal aortic aneurysms to the total number of admissions for ruptured 
aneurysms and for surgery upon non-ruptured aneurysms decreased from 
63% in 1972 to 35% in 1992. The percentage of admissions for non-ruptured 
abdominal aortic aneurysms in which an operation was performed, increased 
from 37% in 1972 to 53% in 1992 and for ruptured aneurysms from 40 to 66%. 

The age adjusted discharge rates for ruptured and non-ruptured aneu­
rysms are shown in figure 2. In men, the age adjusted discharge rates for non-
ruptured abdominal aortic aneurysms increased 10-fold from 3.7 to 37.6 per 
100,000. In women the increase was 4.6-fold from 1.2 to 5.5 per 100,000. For 
ruptured abdominal aneurysms these figures were less dramatic. In men there 
was a more than 4-fold increase from 2.4 to 10.3 per 100,000 and for women a 
2.4-fold increase from 0.7 to 1.7 per 100,000. 

For men, the age-specific discharge rates for non-ruptured abdominal 
aneurysms rose in all relevant age groups, but the increases were relatively 
higher in the age groups over 65 years of age (upper panel figure 3). In 
women, all age groups over 55 years of age contributed to the rise in hospital 
admissions for non-ruptured aneurysms of the abdominal aorta, although the 
largest increases were seen in the age groups between 65 and 84 years of age 
(lower panel figure 3). 

Table 1. Number of hospital admissions and in parentheses the percentage of admissions 
in which an operation was performed for ruptured and non-ruptured aneurysms of the 
abdominal aorta in the Netherlands from 1972 to 1992. 

Year Men Women 

ruptured non-ruptured ruptured non-ruptured 
AAA AAA AAA AAA 

1972 136(44%) 204(41%) 31 (23%) 62 (23%) 
1977 329 (59%) 517(58%) 43(31%) 124(34%) 
1982 419(63%) 1,034 (59%) 69 (36%) 171 (53%) 
1987 655 (74%) 1,817(65%) 114(51%) 262 (52%) 
1992 755 (67%) 2,724 (53%) 125(59%) 398(51%) 

AAA = Abdominal Aortic Aneurysm. 
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Figure 2. Age adjusted discharge rates for abdominal aortic aneurysms without rupture and 
with rupture in men (upper panel) and women (lower panel) in the Netherlands from 1972-
1992. Source: SIG Health Care Information. Standardised using the 'new' European 
Standard Population. 
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Figure 3. Age-specific discharge rates for non-ruptured abdominal aortic aneurysms in men 
(upper panel) and women (lower panel) in the Netherlands from 1972-1992. Age groups in 
years: ±=55-64, x=65-74, •=75-84, »=85 and over. Source: SIG Health Care Information. 
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Mortality after surgery 

Age adjusted in-hospital mortality after surgery upon abdominal aortic 
aneurysms is presented in figure 4. In-hospital mortality after surgery upon 
non-ruptured aneurysms halved from 13% in 1972 to 7% in 1992 (men and 
women combined). In-hospital mortality in 1992 increased sharply with age 
from 4% in those aged 55-64 to 25% in those 85 years and over. 

Age adjusted in-hospital mortality after surgery for ruptured aneurysms of 
the abdominal aorta also decreased, from 52% in 1972 to 36% in 1992. 
Postoperative in-hospital mortality in 1992 for ruptured aneurysms increased 
with age from 28% in those aged 45-54 years to 71% in those over 85 years of 
age. 

Ruptured 
aneurysms 

\ A- A 

1972 1976 1980 1984 

Year 

1988 1992 

Figure 4. Age adjusted in-hospital mortality after surgery for non-ruptured and ruptured 
aneurysms of the abdominal aorta in men (solid line) and women (broken line). Source: SIG 
Health Care Information. Standardised using the 'new' European Standard Population. 
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DISCUSSION 

This study shows a pronounced increase in both mortality from and hospital 
discharge rates for aneurysms of the abdominal aorta in the Netherlands 
during the past two decades. This increase remained after adjustment for age 
and was more prominent in men than in women. During the same period, 
surgical outcome after surgery for ruptured abdominal aneurysms reduced 
gradually but remained high, while in-hospital mortality after elective surgery 
of abdominal aortic aneurysms halved to 7%. 

Although the age adjusted death rates observed in the Netherlands are 
lower than those reported by Fowkes et al in England & Wales, their relative 
increase in men from 1960 and 1984 was comparable with our estimate 
(2.6-fold in the Netherlands vs. 2.5-fold in England and Wales). The higher 
death rate from aneurysms of the abdominal aorta in Fowkes' study could 
originate from their restriction to those aged 40 years and over, and from 
differences in the composition of the standard population. Lilienfeld et al 
observed death rates and trends similar to ours among whites in the United 
States, during the period 1951-1981.' 

Several factors have to be considered when interpreting an upward trend in 
data obtained from routine statistics. A first explanation for the observed 
increase in occurrence of aneurysms of the abdominal aorta could be an 
increase in detection rate. The widespread use of ultrasound in hospitals since 
the mid-seventies will have lead to the detection of many previously unknown 
aneurysms. In 1989, the board of radiologists in the Netherlands recom­
mended that during all sonographic examinations of the abdomen an attempt 
should be made to visualise the abdominal aorta. With the introduction of a 
new diagnostic method, however, one would expect an accelerated increase in 
the number of cases, followed by a stabilization at a higher level, instead of the 
steady, continuous increase we observed in our study. It seems unlikely, 
therefore, that the increased use of 'routine' ultrasound can fully explain the 
observed trends. 

Changes in coding practice could be a second explanation for the observed 
increase The introduction of a new diagnostic method and improvement in 
surgical results will have increased the medical awareness of aortic aneu­
rysms. This might result in improved case detection and more deaths 
attributed to aneurysms and can explain part of the observed increase 
mortality from abdominal aortic aneurysms. However, results from autopsy 
studies still suggest that many aneurysms remain undetected during life. 
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The number of hospital admissions can be influenced by changes in referral 
practice. The national hospital registry is based on admissions, not on 
individuals. Therefore, hospital statistics overestimate the incidence of new 
cases, as admissions for diagnostic work-up and referrals to other hospitals for 
operation can not be recognised. With the introduction of ultrasound and 
computerised tomographic diagnosis, which are often performed on an 
outpatient basis, the number of re-admissions might have decreased over time. 
This view is supported by the increase in the percentage of discharges for non-
ruptured abdominal aortic aneurysms in which an operation was performed 
(37% in 1972 vs. 53% in 1992). 

Apart from the improvement in diagnostic capabilities and perhaps a 
change in coding practice, the rise in mortality and morbidity from aneurysms 
of the abdominal aorta could reflect a true increase in incidence. ' Although 
this type of research does not allow for a valid estimate of the incidence of 
aneurysms of the abdominal aorta there is evidence in favour for such a true 
increase. First of all, the increase was not the same in men and women. There 
was a larger increase in both mortality and the number of hospital admissions 
for men than women. If the increase was solely caused by an improved 
detection rate one would expect similar effects in both sexes, unless of course, 
women had fewer sonograms than men. This seems unlikely. Secondly, there 
has been a marked increase in the number of ruptured aneurysms where 
ultrasonographic detection does not play a major role. In the past days these 
emergencies would still have presented to the hospital irrespective of the 
availability of ultrasound. Thirdly, data from autopsy and epidemiologic 
necropsy studies indicate that an increase in the prevalence of aneurysms of 
the abdominal aorta exists, although no studies from the Netherlands are 

21-24 

available." Is a possible true increase in incidence of aneurysms of the 
abdominal aorta supported by other evidence? The aetiology of aneurysms of 

17 27-29 

the abdominal aorta remains a topic of debate. ' " Smoking and a genetic 
predisposition are well recognised, while the role of atherosclerosis remains 

27 

controversial. In contrast to the rise in mortality from abdominal aortic 
aneurysms there was a 40% decline in coronary heart disease mortality in the 
Netherlands during the same time period.' This indicates that other aetiologic 
factors than atherosclerosis are likely to contribute to the development of 
abdominal aortic aneurysms. On the other hand, the decline in mortality for 
coronary heart disease, as a competing cause of death, could have contributed 
to the increase in incidence and mortality from aneurysms of the abdominal 
aorta. 
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In-hospital mortality after surgery upon non-ruptured abdominal aortic 
aneurysms dropped considerably from 13% in 1972 to 7% in 1992. This decline 
in mortality, despite a trend to operate upon older patients and upon patients 
with more co-morbidity, probably reflects improvements in surgical and 
anaesthetic techniques. On the other hand, the availability of ultrasound may 
have led to a disproportionate increase in the detection of smaller aneurysms, 
thereby improving postoperative mortality. The Dutch national average of 7% 
in-hospital mortality after surgery upon non-ruptured aneurysms of the 
abdominal aorta was higher than reported in most other studies. In a recent 

17 

overview, mortality after elective surgery varied between 1.4 and 6.5%. 
Several factors could be responsible for the observed differences in postop­
erative mortality. Firstly, favourable results from specialised centres may not 
reflect operative mortality from an entire country. Secondly, different 
definitions both in elective surgery and in postoperative mortality were used 
in the studies. Thirdly, differences in patient profiles, e.g. age and co­
morbidity, are not taken into account by these crude comparisons. During the 
study-period, in-hospital mortality after surgery upon ruptured aneurysms 
also improved but was still 36% in 1992, despite advances in critical care. 

In conclusion, a clear increase in age adjusted discharge rates for and 
mortality from abdominal aortic aneurysm occurred in the Netherlands 
between 1972 and 1992, most notably in men. Undoubtedly, the introduction 
of ultrasound contributed to this trend, but a true increase in incidence of 
aneurysms of the abdominal aorta is also likely. 

ACKNOWLEDGEMENTS 

This work was supported by a grant from the Netherlands Heart Foundation 
(grant no. 42.012). For this project an advisory committee was installed by the 
Netherlands Heart Foundation. We are indebted to the members of this 
committee for their helpful comments by the preparation of the paper. 



Abdominal aortic aneurysms in the Netherlands 71 

REFERENCES 

1. Lilienfeld DE, Gunderson PD, Sprafka JM, Vargas C. Epidemiology of aortic 
aneurysms: I. Mortality trends in the United states, 1951 to 1981. 
Arteriosclerosis 1987;7:637-643. 

2. Fowkes FGR, Macintyre CCA, Ruckley CV. Increasing incidence of aortic 

aneurysms in England and Wales. BMJ 1989;298:33-35. 

3. Castleden WM, Mercer JC, Members of the West Australian Vascular Service. 

Abdominal aortic aneurysms in Western Australia: descriptive epidemiology 

and patterns of rupture. Br J Surg 1985;72:109-112. 

4. Gillum RF. Epidemiology of aortic aneurysm in the United States. J Clin 

Epidemiol 1995;48:1289-1298. 

5. Pleumeekers HJCM, Hoes AW, Does van der E, Urk van H, Grobbee DE. 

Epidemiology of abdominal aortic aneurysms. Eur J Vase Surg 1994;8:119-128. 

6. Ingoldby CJH, Wujanto R, Mitchell JE. Impact of vascular surgery on 

community mortality from ruptured aortic aneurysms. Br J Surg 

1986;73:551-553. 

V. Johansson G, Swedenborg J. Ruptured abdominal aortic aneurysms: a study of 

incidence and mortality. Br J Surg 1986;73:101-103. 

8. Mealy K, Salman A. The true incidence of ruptured abdominal aortic 

aneurysms. Eur J Vase Surg 1988;2:405-408. 

9. Jenkins AMcL, Ruckley CV, Nolan B. Ruptured abdominal aortic aneurysm. Br 

J Surg 1986;73:395-398. 

10. Dubost C, Ailary M, Oeconomos N. Resection of an aneurysm of the abdominal 

aorta: reestablishment of the continuity by a preserved human arterial graft, 

with result after five months. Arch Surg 1952;64:405-408. 

11 • Johnston KW. Multicenter prospective study of nonruptured abdominal aortic 

aneurysms. II. Variables predicting morbidity and mortality. J Vase Surg 
1989;9:437-447. 

12. AbuRahma AF, Robinson PA, Boland JP, Lucente FC, Stuart SP, Neuman SS, et 

al. Elective resection of 332 abdominal aortic aneurysms in a southern West 

Virginia community during a recent five-year period. Surgery 1991;109:244-251. 

13. Akkersdijk GJM, Graaf van der Y, Bockel van JH, Vries de AC, Eikelboom BC. 

Mortality rates associated with operative treatment of infrarenal abdominal 

aortic aneurysm in the Netherlands. Br J Surg 1994;81:706-709. 

14. Johnston KW, Scobie TK. Multicenter prospective study of nonruptured 

abdominal aortic aneurysms. I. Population and operative management. J Vase 

Surg 1988;7:69-81. 

15. Mutirangura P, Stonebridge PA, Clason AE, McClure JH, Wildsmith JAW, 

Nolan B, et al. Ten-year review of non-ruptured aortic aneurysms. Br J Surg 

1989;76:1251-1254. 



72 Chapter 3 

16. Greenhalgh RM. Prognosis of abdominal aortic aneurysm. Operate on tender 

aneurysms, but get better data on small asymptomatic aneurysms. BMJ 

1990;301:136. 

17. Ernst CB. Abdominal aortic aneurysm. N Engl J Med 1993;328:1167-1172. 

18. Golden MA, Whittemore AD, Donaldson MC, Mannick JA. Selective evaluation 

and management of coronary artery disease in patients undergoing repair of 

abdominal aortic aneurysms: a 16-year experience. Ann Surg 1990;212:415-423. 

19. Naylor AR, Webb J, Fowkes FGR, Ruckley CV. Trends in abdominal aortic 

aneurysm surgery in Scotland (1971-1984). Eur J Vase Surg 1988;2:217-221. 

20. World Health Organization. World Health Statistics Annual 1992. World 

Health Organization, Geneva 1993: XXII. 

21. McFarlane MJ. The epidemiologic necropsy for abdominal aortic aneurysm. 

JAMA 1991;265:2085-2088. 

22. Johnson G Jr, Avery A, McDougal G, Burnham SJ, Keagy BA. Aneurysms of the 

abdominal aorta. Incidence in blacks and whites in North Carolina. Arch Surg 

1985;120:1138-1140. 

23. Bengtsson H, Bergqvist D, Sternby NH. Increasing prevalence of abdominal 

aortic aneurysms: a necropsy study. Eur J Surg 1992;158:19-23. 

24. Darling RC, Messina CR, Brewster DC, Ottinger LW. Autopsy study of 

unoperated abdominal aortic aneurysms. The case for early resection. 

Circulation 1977;56(Suppl. 2):161-164. 

25. Melton LJ, Bickerstaff LK, Hollier LH, Van Peenen HJ, Lie JT, Pairolero PC, 

Cherry KJ, O'Fallon WM. Changing incidence of abdominal aortic aneurysms: a 

population-based study. Am J Epidemiol 1984;120:379-386. 

26. Bickerstaff LK, Hollier LH, Van Peenen HJ, Melton LJ, Pairolero PC, Cherry KJ. 

Abdominal aortic aneurysms: the changing natural history. J Vase Surg 

1984;1:6-12. 

27. Reed D, Reed C, Stemmermann G, Hayashi T. Are aortic aneurysms caused by 

atherosclerosis? Circulation 1992;85:205-211. 

28. Johansen K, Koepsell T. Familial tendency for abdominal aortic aneurysms. 

JAMA 1986;256:1934-1936. 

29. Martin P. On abdominal aortic aneurysms. J Cardiovasc Surg 1978;19:597-598. 

30. Bots MC, Grobbee DE. Cardiovascular disease in the Netherlands over the past 

25 years. Prevalence, incidence, trends in morbidity and mortality. Neth J 

Cardiol 1991;4:141-145. 


