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Purpose: The purpose of this study was to clarify the treatment of patients with small
abdominal aortic aneurysms (AAAs) less than 5 cm in diameter and those believed to be
unfit for operation with AAAs 5 cm diameter or greater.

Methods: Four hundred ninety two patients with AAAs less than 5 cm when first seen were
entered in a prospective measurement program by ultrasonography or computed
tomography scan (exclusively after 1988) every 6 months. A decision regarding operative
fitness was made when the AAA was 5 cm. Patients then underwent operation if fit or
continued follow-up if their AAA was larger than 5 cm but they were unfit. A further
group of 91 patients with aneurysms 5 cm or greater when first seen but unfit for repair
were entered in the prospective measurement program.

Results: In the group with AAAs less than 5 cm at entry, operation was performed in 201
patients as a result of increase in AAA size to 5 cm or greater (157), AAA expansion of
more than 0.5 cm in 6 months (24), or for other reasons (20). Of those with AA As smaller
than 5 cm at entry, 291 have not undergone operation at a mean follow-up of 42 months.
Expansion was significantly related to aneurysm size at entry and was highest in the 4.5
to 4.9 cm group at 0.7 cm/year. In the group of patients deemed unfit for operation with
5 cm AAAs [as a graduate of the less than 5 cm group at entry (85 patients) or first seen
with AAA greater than 5 cm (91 patients)], 10 ruptures have occurred. Of these patients
with ruptured AAAs, six had AAAs between 5.0 and 5.6 cm.

Conclusions: Because of the risk of rupture demonstrated in our series in AAAs 5 cm or
slightly greater and the progressive increase in expansion to a mean of 0.7 cm/year in those
AAAs between 4.5 and 4.9 cm at entry, recommendation for elective operation in patients
with AAAs between 4.5 and 5.0 cm should be strongly considered in a fit patient. (J VASC
SURG 1996;23:213-22.)

The management of small abdominal aortic
aneurysms (AAAs) continues to be controversial.
A number of authors have reported studies rec-
ommending conservative treatment for those pa-
tients with AAAs smaller than 5 cm.'* Scott et al.®

have suggested, however, that surgical repair is
potentially detrimental until the AAA is 6 cm in
diameter. In contrast, a subcommittee of the
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Joint Council of the Society for Vascular Sur-
gery and the North American Chapter of the
International Society for Cardiovascular Sur-
gery recommended operation for fit individuals
with AAAs greater than 4 ¢cm in diameter.® Fur-
thermore it has been suggested not only that
operation prolongs life in the patient with AAA
between 4 and 5 cm’ but also that operation is
cost-effective in this group.® Because of the con-
troversy some authors have suggested that only
randomized trials can provide answers, and at
present in Great Britain and in the American
Veterans Administration trials are underway.”!©
The purpose of this study is to clarify the treat-
ment of this perplexing group of patients by means
of a prospective series of patients with serial ra-
diologic diameter measurements and selective op-
eration.
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Table I. Size at entry, rate of expansion, and percent undergoing operation in patients with
abdominal aortic aneurysm <5 cm at entry (n = 492)
Entry size Menn expansion vate Percent undengoing
(cm) Patients enteved (emjyr) SD (+ cm) opevation
2.0-24 6 0.17 0.11 0
2.5-2.9 26 0.22 0.27 12
3.0-3.4 105 0.33 0.59 20
3.5-3.9 106 0.41 0.53 34
4.0-4.4 162 0.54 0.54 50
87 0.71 0.78 68

4.5-4.9

Table II. Comparison data between nonsurgical and surgical groups in patients with abdominal

aortic aneurysm <5 cm at entry (n = 492)

Category Orevall No opevation Operation
No. of patients 492 291 201
Mean entry age (yr + SD) 68.4 (7.7) 69 (8.0) 67.1 (6.9)
Mean entry AAA size (cm + SD) 3.8 (0.6) 3.6 (0.6) 4.1 (0.5)
Mean follow-up (mo + SD) 42.2 (28) 29 (22)
Mean no. of visits (scans = SD) 5.2 (3.2) 5.7 (3.4) 4.6 (2.8)
Mean expansion rate (cm/yr = SD) 0.48 (0.64) 0.23 (0.28) 0.83 (0.75)

PATIENTS AND METHODS

All patients with no symptoms and AAAs smaller
than 5 cm on ultrasonography or computed tomog-
raphy (CT) scan were entered into the prospective
measurement program. Those with AAAs 5 cm or
greater underwent operation unless they were con-
sidered to have too high of a risk for operation, in
which case they were monitored as a separate “high
risk” group.

Four hundred ninety-two patients with aneu-
rysms less than 5 cm were entered into the study
between September 1976 and December 31, 1992.
The follow-up was continued until December 31,
1994. An additional 91 patients with AAAs 5 cm or
greater in maximum diameter were entered for con-
servative treatment because of high surgical risk. All
patients were studied by either serial ultrasonography
or CT scans. Ultrasonography was used primarily
between 1976 and 1982, because it was accepted as
the standard technique for aneurysm follow-up.!* Of
the 492 patients with AAAs smaller than 5 cm at
entry, 380 were monitored exclusively by CT, and
112 were monitored by ultrasonography. Two hun-
dred ten of 492 patients were entered into the study
before 1988, when serial CT scanning became stan-
dard. Of the 91 patients with AAAs greater than 5 cm
at entry, 79 were monitored by CT, and 12 were
monitored by ultrasonography.

All patients with AAAs smaller than 5 cm in
diameter were entered into the study. No assess-

ment of operability was made initially or during the
serial follow-up, unless the criteria for potential
operation were met. The criteria for operation for
patients deemed to be fit included an increase in
AAA size to 5 cm, AAA expansion of more than
0.5 cm in 6 months, development of aneurysm-
related symptoms or signs (pain, peripheral emboli),
and aortoiliac occlusive disease requiring treatment.
Follow-up including patient visits and radiologic
measurements was done by the aneurysm study
authors. Abdominal aortic measurements were not
done by referring physicians. All patients with AAAs
reaching 5 cm did not undergo operation. Relative
contraindications included recent myocardial infarc-
tion, severe angina that was unmanageable surgically
or medically, congestive heart failure, severe pul-
monary insufficiency, significant residuum from
stroke, significant renal failure (creatinine greater
than 300 pmol/L), metastatic malignancy, and ex-
treme old age.

The second group of patients was a higher risk
population having AAAs equal to or greater than
5 cm and deemed unfit for operation with AAA at
that size. This group consisted of 176 patients.
Eighty-five were “graduates” from the group of 492
patients with AAAs less than 5 cm at entry and were
believed to be at unacceptable risk for operation when
their AAA increased to 5 cm or more. A further 91
patients at high risk were entered into the study for
conservative treatment with AAAs 5 cm or greater.
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Table III. Average lengths of follow-up of patients with abdominal aortic aneurysms <5 cm at

entry (follow-up group, n = 291)

Length of follow-up Average length of follow-up
(mo) No. of patients (mo = SD)
0-12 28 8.9 (2.6)

13-24 63 19.2 (3.9)
25-36 63 30.2 (3.9)
37-48 43 42.5 (3.8)
49-60 31 53.8 (3.9)
61-84 35 71.5 (6.3)
85-108 17 97.1 (6.6)
109-132 10 113.6 (3.9)
133+ 1 137

Table IV. Average lengths of follow-up for patients with abdominal aortic aneurysm <5 cm at

entry (operation group, n = 201)

Length of follow-up Average length of follow-up

mo, No. of patients (mo = SD)

0-12 74 8.0 (2.2)
13-24 41 17.5 (3.4)
25-36 39 29.9 (4.0)
37-48 19 41.9 (3.7)
49-60 16 55.3 (3.8)
61-84 9 75.3 (6.2)
85-108 2 100.5 (6.4)
109-132 1 125

Table V. Expansion of abdominal aortic aneurysm in follow-up and surgical groups with

abdominal aortic aneurysm <5 cm at entry (n = 492)

Follow-up group (n = 291)

Surgical group (n = 201)

Mean expansion

Mean expansion

Enzry size (cm) No. of patients (empyr = SD) No. of patients (emfyr = SD) p*
2.0-24 6 0.17 (0.11) 0 - —
2.5-2.9 23 0.15 (0.14) 3 0.81 (0.35) <0.0001
3.0-3.4 84 0.18 (0.19) 21 0.91 (1.10) <0.0001
3.5-3.9 70 0.23 (0.22) 36 0.76 (0.74) <0.0001
4.0-4.4 80 0.27 (0.29) 82 0.81 (0.59) <0.0001
45-49 28 0.38 (0.52) 59 0.87 (0.83) 0.003

*p Values calculated with standard two-sample # test comparing differences in expansion between follow-up groups and surgical groups

stratified by size at entry.

These patients were entered into the study between
October 1977 and December 31, 1993, with
follow-up to December 31, 1994. AAA size at entry
in this high-risk group was 5.0 to 5.4 cm (130
patients), 5.5 to 5.9 cm (25 patients), 6.0 to 6.4 (18
patients), and 6.5 to 6.9 (3 patients). Follow-up in
this group was similar with CT scans every 6 months.
The criteria for operation (other than rupture) were
less precise than for the group with AAAs smaller
than 5 cm but included continued expansion and
improvement in patient condition.

All statistical analyses comparing rates of expan-

sion were done with two-sample ¢ tests for popula-
tions of equal variance. The comparison of patients’
chances of undergoing operation, factoring their age
and size of aneurysm at entry, was performed with
Pearson’s x* tests with Yate’s continuity correction.
The time until rupture was calculated by Kaplan-
Meier testing,

RESULTS

Four hundred ninety-two patients were entered
into the study with AAAs smaller than 5 cm when
first secen. Their AAA size at entry, rate of AAA
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Table VI. Comparison of means and medians of expansion rates for abdominal aortic aneurysms

<5 cm at entry into study (n = 492)

Entry size Mean expansion rate Median expansion rate First guartile Third quartile
(em) (emfyr) SD (£ empyr) (cmyyr) (cmfyr) (em/yr)
2529 0.22 0.27 0.14 0.05 0.27
3.0-34 0.33 0.59 0.19 0.05 0.33
3.5-3.9 0.41 0.53 0.26 0.12 0.48
4.0-4.4 0.54 0.54 0.34 0.17 0.72
4549 0.71 0.78 0.44 0.21 0.86
Table VII. Significance of the comparison of expansion rates stratified by abdominal aortic
aneurysm size at entry (<5 cm at entry study)
2.5-2.9 cm 3.0-34 cm 3.5-3.9 cm 4.04.4 cm 4.5-4.9 cim
2.5-2.9 cm
3.0-3.4 cm 0.1953
3.5-3.9 cm 0.0429 0.1431
4.0-4.4 cm 0.0016 0.0009 0.0186
4.5-4.9 cm 0.00105 0.000062 0.000684 0.0252

Table VIII. Entry age and rates of
operation for patients with abdominal aortic
aneurysms <5 cm at entry (n = 492)

Age at entry No. of Percent undergoing
() patients operation
40-49 4 0
50-59 59 49
60-69 208 45
70-79 184 38
80-89 37 19

expansion, and percent undergoing operation are
shown in Table I. Ages, follow-up, and mean
expansion rates (492 patients) and the categories of
those continuing follow-up without operation (291)
and undergoing operation (201) are shown in Table
II. A detailed breakdown of the average (mean)
length of follow-up for the 291 patients in the group
with AAAs smaller than 5 ¢m at entry and not
undergoing operation is shown in Table III. A
detailed breakdown of follow-up in the 201 patients
with AAAs smaller than 5 cm at entry and undergo-
ing operation is shown in Table I'V.

The expansion rates in the follow-up and surgical
groups of the 492 patients with AAAs less than 5 cm
at entry are shown in Table V. Those undergoing
operation had significantly greater expansion rates at
all entry sizes, as shown in Table V. Further
comparisons of mean and median expansion rates
and expansion rates of the first and third quartile for
the entire group with AAAs smaller than 5 cm at

entry are shown in Table VI. As demonstrated in
Table VII, the larger the diameter of the AAA at entry
was, the greater the rate of expansion was. Of
particular importance is the rate of expansion in the
group with AAAs 4.5 to 4.9 cm and a growth rate of
0.7 cm/year, which is significantly greater than that of
all other groups.

The details showing the ages of the patients at
entry and rate of operation are shown in Table VIIL
The chances of patients undergoing operation at 80
years of age or greater at time of entry were
significantly less than if they were younger than 80
years of age (p = 0.005) at entry. Furthermore if age
and size at entry are combined, the chances of
requiring operation were even more dramatically
different. Patients 70 years of age or greater with
.AAAs less than 4 cm in diameter are far less likely to
ever undergo operation in a selective management
program than those younger than 70 years of age
with AAAs equal to or greater than 4 cm in diameter,
as shown in Table IX.

Of the 492 patients with AAAs less than 5 cm at
entry, 291 patients were monitored without opera-
tion. Seventy patients were removed from the study
after an average follow-up of 47 months for reasons
of advanced age (18), refusal of follow-up (16), move
to another center (14), terminal malignancy (8),
multisystem failure (5), and other reasons (9). A total
of 66 deaths occurred in this follow-up group of 291
patients, as shown in Table X. In two of these patients
(with last AAA diameter measurements of 3.3 and
4 cm) we were unable to determine a cause of death.
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Table IX. A comparison of surgical rates combining patient age at entry (<70 years or =70
years) and abdominal aortic aneurysm size at entry (<4 cm or =4 cm) '

Operation No operation
Aneurysm =4 cm, age < 70 yr 92 45
Aneurysm <4 cm, age =70 yr 29 81

Pearson’s x? test with Yates’ continuity correction.
Null hypothesis: The groups are homogeneous.
x? = 39.0055, df = 1, p = 0.0000000000000000053.

Table X. Deaths in aneurysm follow-up
group with abdominal aortic aneurysms
<5 cm at entry (n = 66)

Table XI. Reasons for operation in group
entering study with abdominal aortic
aneurysms <5.0 cm (n = 201)

Cardiac 29
COPD 13
Malignancy
Stroke
Renal
Suicide
Rupture
Other
Unknown

DN =W ON\D

COPD, Chronic obstructive pulmonary disease.

*Patient who died of rupture had just had computed tomography
scan showing increase in abdominal aortic aneurysm to 5 cm and
was awaiting surgical assessment.

The causes of deaths were determined by autopsy (4),
hospital record examination (16), family physician
plus immediate family (7), and family physician alone
(40). One patient in this group died of a rupture. A
CT scan was performed 3 weeks before rupture/death
occurred; this CT indicated the AAA was 5 cm. The
patient was waiting to be assessed for operation.
The 201 patients undergoing operation in the
group with AAAs smaller than 5 cm had operations
for the reasons shown in Table XI. The vast majority
had operations for an AAA increase to 5 cm or
greater. Of the 24 who had an increase in AAA of 0.5
cm or more in 6 months, 19 of 24 had aneurysms
between 4.5 and 4.9 cm. Of the 157 patients who
underwent operation for an aneurysm greater than
5 cm, 45 were in the delayed “higher” risk group
because of being considered unfit for operation when
their AAA first increased to 5 cm or greater. One of
these operations in the high-risk group was for
rupture. This patient entered the study with an AAA
at 4 ¢cm, but when her AAA was 5 cm, she was
considered unfit for operation because of her renal
failure and obesity. She had a rupture (and survived
operation) when her AAA was 5.1 cm. The rate of
AAA expansion in the patients undergoing operation
was significantly greater than that of the follow-up
group, as shown in Table V. Four perioperative

AAA reached 5ecm 157
Expansions of greater than 0.5 cm in 6 months
Symptoms of pain or signs of peripheral emboli
Occlusive disease

Large iliac aneurysm

Patient concern

Aortic bleb

Rupture

o
— s U100 W

AAA, Abdominal aortic aneurysm.

*This patient entered the study with abdominal aortic aneurysm at
4 cm and at 5 an was considered unfit for operation. She had
rupture when aneurysm was 5.1 cm.

deaths occurred in the 201 patients, giving a periop-
erative mortality rate of 2%.

The higher risk group of 176 patients consisted of
85 patients who entered the study with AAAs less
than 5 cm and 91 patients entering the study with
AAAs 5 or greater and believed to be unsuitable for
operation with AAA at that size. Ninety-three
patients in this group have not undergone operation
with the reasons for extended follow-up shown in
Table XII. Fifty of these 93 patients have been
removed from follow-up for the following reasons:
refusal of follow-up (22), multiple medical problems
preventing attendance at clinics (11), advancing age
preventing travel (11), terminal malignancy (5), and
moving to a distant location (1). In addition, 24
known deaths occurred in the nonoperative group
including cardiac (14), rupture (4), malignancy (2),
chronic obstructive pulmonary disease (2), cere-
brovascular accident (1), and other (1). The average
length of follow-up in these patients was 13 months,
with details shown in Table XIII. Eighty-three
patients in this higher risk group have undergone
operation, with rupture as an indication in six
patients. Five operative deaths occurred. Three of
those 5 patients had rupture for an indication.

The patients with rupture in this higher risk
group of 176 patients require further examination. A
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Table XII. Reasons for extended follow-up
in patients not undergoing operation (group
with abdominal aortic aneurysms >5 cm,

n = 93)

No. of patients

Reason for extended follow-up (n = 93)*
Recent M1 6
Severe angina 7
Other cardiac problems 27
Pulmonary insufficiency | 23
Stroke 7
Terminal cancer 7
Advanced age 17
Other

Prostate cancer 2
Depression 1
Moved away 1
Delay on waiting list 1
Operation refused 8
Renal insufficiency 4
Alcoholism 2
Obesity 2

MI, Myocardial infarction.
*Note that each patient may have multiple indications for extended
follow-up over 5 cm.

summary of their ages, aneurysm size at last mea-
surement, the intervals between measurement and
time of rupture, clinical summary, and confirmation
of rupture are shown in Table XIV. In all patients
with ruptured AAAs smaller than 6 cm, the interval
between CT scan and rupture was 5 months or less
(mean 2 months), suggesting that these measure-
ments closely approximate those at rupture. The six
patients with rupture smaller than 6 cm are from a
group of 155 patients monitored for an average of 15
months. The annual risk of rupture in this group with
AAA 5.0 to 5.9 cm is thus 3.4%. The time until
rupture in this group of six patients with rupture as
calculated by the Kaplan-Meier method is shown in
Fig. 1.

DISCUSSION

Widespread agreement has existed for many years
that AAA 6 cm or greater should be repaired except
in individuals with major coexisting disease, which
makes long-term survival unlikely.'>'* Nevertheless
the annual risk of rupture in this group is unknown.
Since the report by Szilazyi'® was published in 1966,
AAAs greater than 6 cm have been considered lethal.
In our study only 21 patients were in the group with
AAAs greater than 6 cm, and little can be added with
the small numbers in this study to the natural history
of patients with AAAs greater than 6 cm in diameter.
The risk of AAA rupture greater than 5 cm has been
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discussed by a number of authors, all of whom found
a significant risk of rupture.>*'%17 These authors did
not distinguish, however, between AAAs of 5.0 to
5.9 cm and those 6 cm or greater. In our series seven
patients with AAAs between 5.0 and 5.9 cm had
rupture, one patient with AAA at 5 cm in the low-risk
group awaiting assessment had rupture, and six
patients in the higher risk group with AAAs greater
than 5 cm had rupture. The annual risk of rupture of
3.4% found in the 155 patients with AAAs between
5.0 and 5.9 cm may have to be considered the lower
limit of rupture, because some of the “cardiac” deaths
could have been related to ruptured AAA in spite of
all attempts at accurate follow-up. The annual risk of
rupture in this group outweighs the operative mor-
tality rate of 2% in our center. We cannot recom-
mend conservative treatment for fit individuals with
AAAs between 5.0 and 5.9 cm.

Significant information is available on the natural
history of AAAs between 4.0 and 4.9 cm. A number
of authors did not find any AAA to be smaller than
5 cm at time of rupture.>!>'” Qther authors had
patients with ruptures between 4.0 and 4.9 c¢m, but
the intervals between the last scan and event were
either prolonged or unstated,®*21%!8 allowing ques-
tion of the actual size at rupture. No patient in our
series of 492 patients entering the study with AAA
less than 5 cm had rupture while the AAA was still
less than 5 cm. The sole patient in the “low-risk”
group had AAA increase to 5 cm and had rupture
before undergoing surgical assessment. On the basis
of our experience, the risk of rupture in the group of
patients with AAAs 4.0 to 4.9 cm is negligible as long
as selective operation for rapid expansion is per-
formed. The rate of expansion of AAA was shown to
be related to size at entry as shown in Tables I, VI,
and VII. The expansion rate in the 4.5 t0 4.9 cm AAA
group of 0.7 cm per year was significantly greater
than that of all other groups. Other authors have also
found a relationship between aneurysm size and
expansion rate.>'%1”!? Limet et al.’ found a rate of
expansion of 0.69 cm/year in a group of 41 patients
in 2 4.0 to 4.9 cm AAA group, corresponding to our
work. Gadowski et al.'” demonstrated that large
aneurysms (greater than 5 cm) that rupture show
more rapid expansion than those that remain intact.
Our selective policy of operating on those AAAs with
expansion of more than 0.5 cm in 6 months may well
have contributed to the absence of ruptures in
patients while their AAAs were still smaller than
5 cm.

Our work reinforces four central assumptions.
First, AAAs greater or equal to 5 cm are indeed prone
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Fig. 1. Kaplan-Meier probability estimate of no rupture on a group of 155 patients monitored
with abdominal aortic aneurysm (AA4A) size between 5.0 and 5.9 cm. The probability estimate
of no rupture decreases with increasing AAA size from 98.7% at 5 cm to 94.1% at 5.6 cm.

Table XIII. Average lengths of follow-up for patients with abdominal aortic aneurysms >5 cm at

entry (follow-up patients, n = 93)

Length of follow-up Average length of follow-up
(mo) No. of patients (mo = SD)
0-6 38 0.9 (2.1)
7-12 12 9.6 (2.3)
13-24 27 18.4 (3.6)
25-36 11 282 (3.1)
37-48 3 40.3 (2.1)
49-60 2 53.5 (2.1)

Table XIV. Ruptures in the group with abdominal aortic aneurysms >5 cm (n = 10)

Size of last Interval between last Age at
computed tomography mensurement and rupture/death

scan (cm) rupture (mo) () Clinical summary Confirmation of vupture
5.0 1 78 Died after operation At operation
5.0 5 68 Died after operation Autopsy
5.0 4 76 Died without operation Autopsy
5.1 0 59 Survived operation At operation
5.2 0 69 Survived operation At operation
5.6 1 83 Died after operation At operation
6. 8 79 Died at home Attending physician
6.5 6 86 Died after operation Autopsy
6.8 1 73 Survived operation At surgery
7.5 0 83 Died without operation CT scan

CT, Computed tomography.

to rupture. Second, AAAs smaller than 5 cm are
unlikely to rupture, if they are monitored closely and
if operation is performed for AAA expansion greater
than 0.5 cm in 6 months. Third, AAAs between 4.5

t0 4.9 cm expand fairly rapidly with a mean rate of 0.7
cm/year. Fourth, most younger patients (younger
than 70 years) with AAAs greater or equal to 4 cm
will undergo operation in a selective program within
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2 years of entry into the study. Because of these
findings, we believe that operation should be offered
to fit individuals with aneurysms 4.5 to 4.9 cm in
diameter. However, we do not deem it necessary to
proceed to operation when the AAA is smaller than
4.5 cm, unless evidence is seen of other factors such
as rapid expansion.

Two major prospective trials are currently ran-
domizing patients 50 to 79 years of age with AAA
between 4.0 and 5.4 cm® or patients 60 to 76 years
of age with AAA between 4.0 and 5.5 cm™ to cither
operation or conservative treatment. No doubt exists
that if these trials are continued, significant important
data will be provided. On the basis of our data,
however, the necessity of operating on a 76-year-old
patient with a 4 cm aneurysm could be questioned.
We would also be concerned about the fit 50-year-old
patient with a 5.4 cm AAA randomized to follow-up.
On grounds of our observations we found that
asymptomatic AAAs of 4.5 to 4.9 cm in diameter in
fit individuals should receive the same therapeutic
considerations as aneurysms of a larger size.
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DISCUSSION

Dr. Jack L. Cronenwett (Lebanon, N.H.). Today the
Kingston group has updated their experience with the
conservative management of small aneurysms, which they
initially presented at this meeting 4 years ago. Now, with
nearly double the number of patients, they continue to
avold rupture in aneurysms smaller than 5 cm. Before we
adopt this approach, however, which would seem to be
appropriate, I would like to ask Dr. Brown to clarify several
questions.

First of all, how confident are you that only one of these

small aneurysms ruptured, when 24% of these patients
were lost to follow-up? Furthermore, if autopsies were not
performed in the 10% of patients who died of cardiac
causes, could these not have masked cases of aneurysm
rupture?

Second, even if we accept that no aneurysms ruptured
when less than 5 cm, it is disconcerting that six aneurysms
ruptured between 5.0 and 5.2 cm. Thus, there appears to
be a fine line between safety and danger. If these aneurysms
were known to have reached 5 cm, why were they not



JOURNAL OF VASCULAR SURGERY
Volume 23, Number 2

repaired? Does this reflect a problem with compliance,
which would have to be nearly perfect in this type of
strategy?

Third, I note in your manuscript that you have
switched from ultrasonography to CT scan surveillance,
presumably to increase your accuracy. Do you think that
this is cost-effective, or do you think that the implied
accuracy of CT scanning actually exceeds the precision of
our knowledge of natural history at this point in time?

Finally, rather than applying a uniform size criterion to
all patients, we have adopted a selective approach for
managing small aneurysms. By using decision analysis
techniques, we have concluded that good-risk patients
younger than 70 years of age will benefit from repair of 4
to 5 cm aneurysms, if they have other risk factors for
aneurysm rupture besides size, such as hypertension,
chronic pulmonary disease, or a positive family history. I
wonder if you have analyzed any of these other potential
risk factors for rupture, or whether you believe that size is
the only factor that we should consider?

In summary, the data that we have heard today is really
not discordant with our own opinions, using two different
techniques, and I think that we are both coming to the same
point, that is, that we can safely, selectively treat patients
with 4 to 5 cm aneurysms perhaps at the 4.5 cm mark.

Dr. Peter M. Brown (Kingston, Ontario, Canada). As
far as the 24% loss to follow-up, there were 70 patients who
were deleted from follow-up, after a mean follow-up,
however, of almost 5 years. Many of these patients were
simply too old and frail, and follow-up was simply
impossible. However, of these 70, there was significant
follow-up for a long period of time.

I would agree that, in a second point, with the real risk
of danger at 5 cm. I think that something dangerous does
occur at 5 cm. The patients in that group were in the higher
tisk group of patients, and they were believed to be
unsuitable for surgery. But I agree that 5 cm is too close to
danger, particularly when we have an increase of 0.7 cm per
year in that 4.5 to 4.9 group. We thus feel that our policy
of waiting to 5 cm has to be modified, and we have to go
to 4.5 cm to virtually eliminate the risk of rupture while
monitoring patients at low risk.

As far as cost effectiveness of CT scans, we went to it
about 7 years ago. We have so much better results with our
CT scans that we would not consider going back to
ultrasonography.

Dr. Hugh G. Beebe (Toledo, Ohio). I am not sure, 1
may have missed it, did you answer the question about the
blood pressure, which was also part of my question? And
the other part of my question is, do you have any
information about patients in your series who were taking
B-blockers?

Dr. Brown. We have not analyzed the information
regarding smoking, hypertension, B-blockers, and other
risk factors. When we started this study, it was done
prospectively, and those factors were not considered
important at that time. We found that despite blood
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pressure, cigarette history, or other factors, by using the
criteria of 4.5 cm, it would be safe whether they were
hypertensive, smokers, or whatever.

Mr. John H. N. Wolfe (London, U.K.). I have just
got one comment to make first, which is Allen Scott’s
randomized screening program from Chichester of 15,000
patients, where he has a policy of never operating below
6 cm aneurysms, and he is yet to lose a patient with that
policy in his screening program. And therefore my
follow-up question to you is, have you looked at your data,
assuming that your mortality rate was more like the
national average? You have gotten outstandingly good
results, but if you look to the mortality rate for most of the
counties in this room of about 5% or 6% for elective
aneurysm repair, would you still be able to suggest that we
should be operating on 4.5 cm aneurysms?

Dr. Brown. 'm aware of the operative results in
Ontario, with a very large percentage of well-trained
vascular surgeons, our overall mortality is 3.8% within
Ontario, and so our results are quite consistent throughout
the province. There is no doubt, like carotid surgery, that
where aneurysm surgery is appropriate is dependent on an
operative mortality rate. If a person has a rather higher
operative mortality rate than this, they would have to shift
the numbers. It may not be quite as clear-cut as in carotid
surgery, but I think that analogy also occurs with aneurysm
surgery.

Dr. Mellick T. Sykes (San Antonio, Tex.). It sounds
as if we may be trying to apply too fine a line to this area
of aneurysms between 4 and 4.5 or 5 cm. Depending on the
results of your own aneurysm surgery, the mortality may be
roughly equivalent between observation and surgery,
depending on what risk factors the patient has.

In most areas in which this situation prevails,'what we
would do is to ask the patient what line he or she is most
comfortable in. That is, if patients have had a father or a
friend die of a ruptured aneurysm, they are often very
anxious to have it repaired. On the other hand, if they have
had a friend or relative who has died at surgery, they often
will take their chances with Mother Nature and will not
want to have anything to do with surgery. »

In the Canadian system, with your protocol, is the
patient’s comfort level with surgery or observation accom-
modated? :

Dr. Brown. I would say that we have a frank and open
discussion with these patients. And when they are aware
that we followed this number of patients with no loss
between 4 and 4.5 cm, we have yet to have a patient who
is rushing and urgent for surgery. Most people are quite the
opposite. There are occasionally patients, certainly, who
have had relatives with problems; however, they have been
reassured in our system with a full and open explanation of
the results of our study.

Dr. John W. Hallett (Rochester, Minn.). I have one
comment and a couple of questions. Your data on the
number of patients with rupture in the 5 to 6 cm range are
very interesting. In the Rochester, Minnesota, project
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where we looked at 180 patients, 13 of our 16 ruptured
AAAs were more than 6 cm. So these data you present
today are new and interesting.

My questions pertain to what happens to the graft once
it is placed in the patient with a small aneurysm? Can you
give us any information on graft-related complications that
occur subsequently and on the survival of these patients:

Dr. Brown. I can give you information on graft-related

complications in that in this specific group there are no
long-term graft-related complications such as infection or
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aortoenteric fistula. As far as their long-term survival, I
could not comment on that ofthand.

I'would also note in many of the groups, although 6 cm
has classically been used as the borderline for a large
aneurysm, when you look at the data, often the 5 t0 5.9 cm
data are quite unclear, and I really wonder if the 5 ¢m
should be a more modern equivalent of the large abdominal
aortic aneurysm.
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