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Summary
During a five year period 153 patients presented with abdominal
aortic aneurysms and 135 received grafts. The mortality was 4.2% (3
of 71) for elective cases, 16.7% (2 of 12) for acute cases (the
preoperative diagnosis of rupture found to be incorrect) and 55.8%
(29 of 52) for patients with ruptured aneurysms. For patients with
ruptured aneurysms there was a trend towards larger amounts ofblood
and colloid infusion in patients who died compared with those who
survived, but there was no statistically significant difference eitherfor
the amount transfused, or for age, distance of referral, preoperative
blood pressure, operating theatre time, or seniority of operating
surgeon, between the two groups.

It is possible that increased attention to cardiac and renal disease
might reduce mortality following elective surgery. Measures to reduce
the high mortalityfrom ruptured aneurysm must be early detection and
treatment of intact aneurysms, rapid diagnosis of rupture and expedi-
tious surgery with minimal blood loss and the accurate exclusion of
rupture in acute cases to achieve the same mortality as elective surgery.

Introduction
Since the first success-ful graft for abdominal aortic
aneurysm (1) advances in surgical technique, anaesthesia
and intensive care have reduced the risks of elective surgery
(2-4). Even patients with significant medical problems can
be considered for surgical reconstruction to avert aneurysm
rupture (4). Nevertheless, at least one third of patients in
most studies present only after rupture has occurred (3,5-7).
Although some groups report impressively low mortality
figures in these cases (4,8,9) most centres which receive
unselected cases of rupture have a 40-60% hospital mortal-
ity (6,7,10-13). A third important group of patients with
aneurysms undergo emergency surgery because of the di-
agnosis of rupture which is not confirmed at operation.
Despite the absence of leakage the mortality of these acute
cases is two to three times greater than that of patients
treated electively (7,13).
We were disturbed by a number of deaths which occur-

red on our unit after aneurysm surgery. For this reason we

reviewed our experience of patients presenting with abdo-
minal aortic aneurysms over a five year period paying
particular attention to possible factors contributing to mor-

tality.
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Patients and methods
During the five years 1st July 1979-30th June 1984, 153
patients with abdominal aortic aneurysms were referred to
the Peripheral Vascular Unit of the John Radcliffe Hospit-
al, Oxford. Grafting was performed on 135 patients-71 as
clective cases (62 men and 9 women), 12 acutely (9 men
and 3 women), and 52 ruptured (49 men and 3 women).
The ages of the three groups of patients were-elective,

TABLE I Patients presenting with abdominal aortic aneurysms in
whom grafting was not performed

Presentation
Patient Age of aneuiysm Reason for no graft

RT 57 Elective Died from aneurysm rupture just
before admission for elective
surgery: diagnosis 18 days before

SG 59 Elective Inflammatory aneurysm considered
inoperable at laparotomy.
Chronic renal failure

WL 72 Elective Referred when terminally ill with
penumonia

VI 72 Elective Patient declined surgery
TW 76 Elective Small aneurysm (5.5 cm). Ischaemic

heart disease, obstructive airways
disease

TT 76 Elective Ischaemic heart disease
AS 81 Elective Dementia, alcoholic liver disease,

bronchitis, cerebrovascular
accident

BB 81 Elective Small aneurysm (5.8cm), not
enlarging

FG 72 Ruptured Obstructive airways disease,
emphysema, cor pulmonale

AH 74 Ruptured Cerebrovascular disease.
Terminally ill

DJ 74 Ruptured Thoracoabdominal aneurysm.
Cerebrovascular disease, chronic
lung disease

JB 75 Ruptured Emphysema. Hypertension
AS 76 Ruptured Cerebrovascular accidents,

ulcerative colitis
ES 78 Ruptured Brainstem cerebrovascular accident
RA 80 Ruptured Obstructive airways disease,

cardiac failure
WF 82 Ruptured Alcoholism, anaemia,

malnourishment, obstructive
airways disease, diabetes mellitus

MJ 91 Ruptured Advanced age and shocked.
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median 69 years (range 40-80), mean 67 years (s.d.±8.1):
acute, median 71 years (range 53-83), mean 71 years

(s.d.±8.6): ruptured, median 75 years (range 52-86), mean
71 years (s.d.±7.4). Seventeen patients were considered
unsuitable for grafting and clinical details of these patients
are shown in Table 1.
The numbers and causes of deaths in hospital were

obtained for each group of patients by review of the case
notes. Those who died following operation for ruptured
aneurysms were compared with survivors with respect to
the following factors which might have influenced mortal-
ity:
Age (Mann Whitney U test) In addition to medians and
ranges, means and standard deviations are quoted through-
out to allow comparison with other reports.
Distance from hospital Either place of residence or recorded
place of collapse-greater or less than 10 miles, and also
greater or less than 20 miles-were each compared by chi
squared analysis.
Pre-operative systolic blood pressure Using 100mmHg as the
threshold level (chi squared analysis).
Operating theatre time This was derived from the anaesthetic
records which did not always indicate clearly the time of the
incision or the end of the operative procedure. When there
was any doubt the total duration of the anaesthetic record
was used.
Volume of transfusion The amounts of blood, and of total
colloid (blood plus Haemacel® plus plasma protein frac-
tion) given up to the end of the anaesthetic record were

compared using a Mann Whitney U test.
The presence or absence ofa consultant at the operation Whether as

the operating surgeon or as assistant to the vascular lecturer
(senior registrar) (X2 analysis).
The details of postoperative complications and the duration
of hospital stay were recorded for each patient.

Results
MORTALITY

Elective cases Three of 71 patients died in hospital following
elective surgery, a mortality of 4.2%.
Case 1 A man aged 72 years who suffered from angina
and had a history of two myocardial infarctions. He had
left ventricular decompensation and also some renal im-
pairment (urea 22.1 mmol/l and creatinine 179 mmo 1/ 1).
Operation was performed because his aneurysm had
become painful. Apart from transient hypotension on
induction of anaesthesia he had an uneventful operation
and initial recovery, but suffered a sudden cardiac arrest
(ventricular fibrillation) three days after operation and
resuscitation was unsuccessful.
Case 2 A man aged 64 received an aortobifemoral graft at
a long (6.5 h) and technically difficult operation. Follow-
ing this he showed signs of small emboli to the feet and
during a prolonged convalescence developed a deep
venous thrombosis. He died suddenly 77 days after op-
eration, and autopsy examination was refused.
Case 3 A man aged 77 who had a long and difficult
operation (7.5 h). His large juxtarenal aneurysm was
entered posteriorly during dissection near its neck and a

period of suprarenal aortic clamping was required. He
subsequently required re-exploration for bleeding and
received a total of 19 units of blood. Postoperatively he
developed renal failure (pre-operative urea 14.9 mmol/1),
and signs of cerebral damage. He died seven days after
operation.

Acute cases Two of 12 (16.7%) patients who were operated
on acutely died while in hospital.
Case 4 A man of 74 with a known aortic aneurysm had
been denied surgery five months previously, initially
because he had a carcinoma of the rectum requiring an
anterior resection, and then because of his stormy postop-
erative course and his 'poor physical condition'; hyper-

tension, atrial fibrillation, and mild renal dysfunction,
urea 9.9 mmol/l and creatinine 115 mmol/l. He presented
with a two day history of pain from his aneurysm and a
Dacron(g) tube graft was inserted. The only operative
problem was an episode of hypertension on induction of
anaesthesia. He was stable for 24 hours after surgery but
then required increasing therapeutic support to maintain
his blood pressure and urine output. Following the sud-
den development of severe cardiac failure on the fourth
postoperative day he developed ventricular fibrillation
and died.
Case 5 A man aged 82 with an aneurysm documented for
six years was admitted with 12 hours of pain. He was
receiving treatment for hypertension, (admission blood
pressure 295/160), had carotid, aortic, and femoral
bruits, evidence of renal impairment, (urea 21.5 mmol/l),
and a history of a cerebro-vascular accident causing
monocular blindness. An aortic bifurcation graft was
inserted, the procedure being prolonged (3.7 h) by the
need for a profunda endarterectomy. Postoperatively he
developed progressive cardiac and renal failure and died
four days later.

Ruptured aneurysms The hospital mortality for patients with
ruptured aneurysms was 29 of 52 (55.8%). The causes and
times of death for these patients are shown in Table II.

OPERATION FOR RUPTURED ANEURYSM: FACTORS
INFLUENCING SURVIVAL

Age There was no significant difference between the ages of
survivors (range 59 to 80, median 71 years, mean
71 s.d.±5.9 years), and those who died, (range 52 to 86,
median 74 years, mean 71 s.d.±8.6 years).

TABLE II Causes of death following operations for ruptured
aneurysm

Time after
operation

Patient Age Causes o death (days)

CW 52 Died on table: no more details available 0
TC 55 Acute gastric erosions: massive GI bleed 2
DS 57 Renal failure 9
AS 59 Ischaemic colitis with performation. 15

Shock lung. Renal failure
LC 59 Ischaemic colitis with perforation 25
JC 63 Renal failure. Pleural effusions 22
BP 64 Rupture of thoracic aneurysm 14
RB 65 Cardiac, pulmonary and renal failure. 5

(inflammatory aneurysm)
RJ 68 Bleeding: coagulation failure <1
CS 70 Recent myocardial infarct. Ventricular <1

fibrillation
AP 71 Renal failure 8
AR 71 Renal failure 10
FL 72 Cardiac failure. Renal failure 10
WL 73 Renal failure 6
FC 74 Cardiac failure I
JL 74 Sudden cardiac arrest 12
RN 74 Renal failure 7
WM 74 Renal failure. Myocardial infarction 10
JB 75 Intraperitoneal rupture. Extensive <1

intravascular thrombosis
DM 75 Pulmonary embolus 14
DA 76 Ischaemic colon. Bronchopneumonia 6
ES 77 Cardiac failure <1
WM 78 Continued bleeding <1
SC 78 Continued bleeding <1
CH 78 Continued bleeding. Cardiorespiratory <1

arrest
EP 79 Cerebrovascular accident 5
FW 81 Renal failure. Bronchopneumonia 2
Pd 82 Renal failure. Cardiac arrest 3
MN 86 Aorta failed to hold sutures. Died on table 0



Mortality of abdominal aortic aneurysm

Distance of referral Fifteen of 30 (50%) patients from a
distance of less than 10 miles died, compared with 14 of 22
(64%) of those from further afield. Twenty three of 41
(56%) referred from less than 20 miles distant died, com-
pared with 6 of 11 (55%/) from further than 20 miles.
Neither of thcse differences in mortality was statistically
significant.
Systolic blood pressure Thirty eight of 53 (72%) patients had a
systolic blood pressure of less than 100mmHg recorded
before operation but the duration of hypotension could not
be accurately determined in most cases. Although there was
a trend towards higher mortality in hypotensive patients-
23 of 38 (61%/) died compared with 7 of 15 (47%/) of those
whose systolic blood pressure was maintained above
100 mmHg, this difference did not reach statistical signi-
ficance.
Theatre time Total theatre time was similar for those who
survived (1 .7 to 5.3 h, median 3.2 h) and for those who died
(range 1.5 to 5.0h, median 3.4h).
Volume of transfusion The amount of blood transfused was 2
to 16 units (median 8 units) for those who survived and 3 to
26 units (median 11 units) for those who died. There was no
statistically significant difference between these two groups.
There was an apparently significant difference in the total
volume of colloid transfused between survivors (range 3 to
17 units, median 10 units) and those who died (range 3 to
36 units, median 13 units) P=0.04, but if this is corrected
for the number of comparisons made in this study then the
difference is no longer significant.
Grade of surgeon There was no significant difference in mor-
tality. When a consultant surgeon was present at operation,
10 of 22 (45%) patients died, when surgery was performed
by the vascular lecturer (senior registrar) without the
assistance of a consultant 16 of 30 (53%) died.

POSTOPE,RATIVE COMPLICATIONS

These are shown in Table III. Renal failure and cardiac
complications predominated in those who died. Overall,
respiratory complications were commonest but the majority
of affccted patients survived. The one uniformly fatal com-
plication was bowel ischaemia.

Re-exploration was required in all six elective cases with
signs of bleeding, and in two of the five with peripheral
ischaemia. Two others had only very minor distal emboli
and the patient who died had irretrievable but serious distal
embolism.
Among the miscellaneous complications there were two

cases of buttock burns in patients with ruptured aneurysms
caused by an operating table water blanket on which the
thermostats had failed. Ischaemia due to peripheral vaso-
constriction and aortic clamping predisposed to tissue dam-
age by water circulating at about 45°C. Both injuries

TABLE III Complications recorded in patients undergoing surgeryfor
abdominal aortic aneurysm

Elective and acute cases Ruptured cases
(n=83) (n=52)

Patients who Patients Patients who Patients
survived who died survived who died
(n=45) (n=8) (n=26) (n=46)

Cardiac 3 3 2 9
Respiratory 17 0 5 5
Renal failure 0 2 2 13
Bleeding 5 1 4 8
Wound 2 0 1 0
Bowel ischaemia 0 0 0 3
Peripheral ischaemia 4 1 1 4
Venous 5 1 4 1

thromboembolism
Other 9 0 7 3

occurred within the space of a few days, following which the
fault was identified.

HOSPITAI, STAY

The median number of days spent in hospital after opera-
tion by survivors was 12 (range 7 to 28) for elective cases, 14
(range 11 to 22) for acute cases, and 17 (range 9 to 48) for
patients with ruptured ancurysms.

Discussion
These results are disappointing and pose two questions.
Firstly, how do our results compare with those of other
units? Secondly, how might they be improved?
Many other reports on the surgery of ruptured aortic

aneurysm published during the last decade reflect our own
experience of a hospital mortality around 50% (6,10-16).
Ccntres with very low mortalities tend to operate on a
highly selected minority of patients with aneurysmal rup-
ture (4,8,14). Their figures are not comparable to those of
centres like our own where over a third of the aneurysms are
operated on as emergencies for rupture (3,5-7,10,11). Our
own referral pattern is that of a district general hospital, in
contrast to major tertiary referral centres in the United
States. Even within the United Kingdom mortality figures
require cautious interpretation, since some units exclude
from surgical treatment a large proportion (25-58%) of
patients presenting with rupture (10,11,17).
The patient with a ruptured aneurysm has no chance of

survival without surgical reconstruction. Therefore unless
one can predict with certainty that a patient will not survive
operation, then it would seem that surgery should almost
invariably be offered. A number of factors have been associ-
ated with increased mortality after operation for aneurysm
rupture. Delay in diagnosis (17) can only be reduced by an
increased awareness of the condition by primary care physi-
cians. Pre-existing cardiac (14) or renal disease and adv-
anced age (8,12,15,16) are both risk factors, although many
authors point out that age alone should not be a bar to
surgery since some very elderly patients survive (8,12). We
found no significant difference in the ages of those who
survived compared with those who died. It is interesting to
note that the mean age of our patients is rather higher than
that reported from many other centres (3,4,7,13).
Other factors shown to influence the operative mortality

reflect the magnitude of the blood loss; preoperative
hypotension (12,14,15), extensive peroperative bleeding
(14,16), and the volume of blood transfused (8,16). In our
study total transfusion requirements were greater in those
who died than in survivors, and colloid plasma expanders
formed a substantial proportion of the total volume trans-
fused in these cases. In view of the possible relationship
between the volume transfused and mortality, limiting op-
erative blood loss is an important aim. Rapid accurate
control of the aneurysm neck (8), avoidance of venous
injury, use of the inlay technique (4), and tube rather than
bifurcated grafts where possible (3,5,6), all contribute to
reducing overall blood loss.
A prolonged operation has been associated with in-

creased mortality (16) although this was not our experience.
There has been some suggestion that the seniority of the
surgeon performing the operation has a bearing on survival
(12) and that the number of aneurysm operations routinely
performed by the surgeon is also a contributing factor (18).
We noted little difference in survival when a consultant was
present, compared with the cases dealt with by the vascular
lecturer (senior registrar) alone. Nevertheless this is dif-
ficult to evaluate in our unit as the consultant would be
present at the beginning of the lecturer's training period of
one year and later for cases that were presenting technical
difficulties.

It has been suggested that distance travelled to hospital
has a bearing on survival in two ways. Firstly, the long
distances travelled to tertiary referral centres in the United
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States may have a selective effect, such that only the fitter
and more stable patients arrive for surgery (3,8). Secondly,
hospitals such as our own, which receive most of their
patients within two or three hours of rupture may observe
an increased mortality for those hypotensive and unfit
patients who travel more than a few miles and arrive in very
poor condition (16). There was a slightly lower survival in
our patients travelling more than 10 miles to hospital, but
not in those travelling more than 20 miles.

It was not possible to identify before surgery those pa-
tients with a high chance of survival, and therefore we
believe that most patients with a ruptured aneurysm should
be considered suitable for operation. Despite the most
skillful surgery a substantial proportion of these patients
will continue to die, since many who survive a technically
satisfactory operation in a stable cardiovascualr state subse-
quently develop renal or cardiac failure, which were the two
commonest causes of death in our series.

Reported mortality from elective aneurysm repair varies
widely from less than one % (19) to more than 10% (6,10).
The majority of units report mortalities between these
extremes (7,20,21), mostly below 5% for cases operated
upon in recent years (2-4,13,22). These figures are, howev-
er, influenced by patient selection which is not always clear
from published reports. When details of patient selection
are given it becomes apparent that up to one quarter are
considered unfit for surgery (6,17). The substantial risk of
death from aneurysm rupture in patients refused elective
surgery is now well documented (17,23,24) and there is an
increasing trend to offer operation to all but the most aged
and infirm (4,17). This policy demands rigorous measures
to ensure optimal cardiac performance (19), and Diehl and
colleagues (20) have adopted a policy of coronary artery
bypass grafting as a prelude to aortic surgery in selected
patients. All of our patients who died after elective surgery
had pre-existing cardiac or renal disease. One patient (Case
1) was found at autopsy to have severe triple vessel coron-
ary atheroma, and might have benefitted from prior coron-
ary bypass grafting. Technical factors contributed to the
two remaining deaths, substantial blood loss in one case,
and dislodgement of embolic material to the feet with
prolonged hospital stay and eventual death in the second.

Authors who report acute cases as a separate group agree
that mortality is higher than that with planned elective
surgery (4,7,13), although the reasons for this have not been
explained. Both of our patients who died had been refused
elective surgery because the risks were felt to be unaccept-
ably high. This posed a difficult dilemma when the patient
returned with symptoms suggesting rupture. An advance in
management of these cases would be an investigation which
could rapidly and reliably exclude aneurysm rupture in
doubtful cases. Fewer patients without aneurysm rupture
would then need to be operated on as emergencies with
inadequate preoperative medical evaluation.
The overriding requirement for decreasing mortality

from aortic aneurysm is early detection. The differences in
mortality between different centres are insignificant com-
pared with the differences in survival of patients operated
on electively and those dealt with as emergencies. Recogni-
tion of aneurysms before the onset of acute symptoms,
therefore, has important implications, and published re-
ports suggest that this is being more effectively achieved in
the United States of America than in the United Kingdom.
Abdominal aortic aneurysm is responsible for 1.3% of all
deaths in men over the age of 65 in the UK (25). Large
aneurysms in thin patients can always be diagnosed by
abdominal examination, which should therefore become as
routine a part of the examination of men over the age of 60
years as recording the blood pressure is at present.
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