
Traditional elective, open repair

of infrarenal abdominal aortic

aneurysms (AAA) has a reported

mortality rate ranging from 4.8% to

8.4%.1,2 Because of this high peri-

operative risk, most patients under-

going elective aortic surgery have

been traditionally admitted to the

intensive care unit (ICU) for the

first postoperative day3,4 (POD) for

monitoring. As ICU resources be-

come more limited, increasing con-

straints have been placed on elective

ICU admissions, and alternatives are

being explored for routine care after
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Background: To review morbidity and mortality of patients undergoing elective, open repair of infra-
renal abdominal aortic aneurysms and were admitted postoperatively to a surgical stepdown unit rather
than routinely to the intensive care unit (ICU), we carried out a retrospective review. Methods: All pa-
tients undergoing this type of repair in our centre, a division of vascular surgery in a tertiary-care teach-
ing hospital in Ontario, over a 27-month period were reviewed. A consecutive 230 patients who under-
went aneurysm repair from September 1999 through November 2001 were routinely admitted to a
surgical stepdown unit postoperatively, with only a minority of patients requiring admission to ICU. We
reviewed the rate of initial ICU admission and that of subsequent ICU admission after stepdown-unit
admission. We also assessed morbidity, mortality and length of hospital stay for patients admitted to
ICU as well as those admitted to the stepdown unit. Results: ICU admission was avoided in 204 (89%)
of these patients. The remaining 26 patients (11%) required ICU admission at some point during their
hospital stay. Only 3 patients (1%) originally admitted to the stepdown unit subsequently required post-
operative admission to ICU. Conclusions: Our experience demonstrates that proper preoperative as-
sessment and selection allows the majority of elective infrarenal aneurysm repairs to be safely cared for
postoperatively in a stepdown unit, and that subsequent ICU admissions are rare.

Contexte : Pour étudier les taux de morbidité et de mortalité chez des patients subissant une réparation
ouverte élective d’anévrismes de l’aorte abdominale infrarénale et admis après l’intervention dans une
unité de soins chirurgicaux courants plutôt qu’aux soins intensifs comme on le fait d’habitude, nous
avons procédé à une étude rétrospective. Méthodes : Nous avons étudié les dossiers de tous les patients
qui ont subi ce type d’intervention au cours d’une période de 27 mois dans notre centre, division de
chirurgie vasculaire d’un hôpital d’enseignement de soins tertiaires de l’Ontario. Au total, 230 patients
consécutifs ayant subi une réparation d’un anévrisme entre septembre 1999 et novembre 2001 ont été
admis de façon routinière dans une unité de soins chirurgicaux courants après l’intervention, et une mi-
norité seulement de patients ont dû être admis aux soins intensifs. Nous avons étudié les taux d’admis-
sion initiale aux soins intensifs et d’admission aux soins intensifs après une admission à l’unité de soins
chirurgicaux courants. Nous avons aussi évalué les taux de morbidité et de mortalité et la durée du
séjour à l’hôpital. Résultats : On a évité l’admission aux soins intensifs chez 204 (89 %) de ces patients.
Les 26 autres (11 %) ont dû être admis aux soins intensifs à un moment donné au cours de leur séjour à
l’hôpital. Seulement trois patients (1 %) admis initialement à l’unité des soins chirurgicaux courants ont
dû être admis par la suite aux soins intensifs. Conclusions : Notre expérience démontre qu’une évalua-
tion préopératoire et une sélection appropriées avant l’intervention permettent à la majorité des patients
qui subissent une réparation élective d’un anévrisme infrarénal de recevoir de façon sécuritaire des soins
postopératoires dans une unité de soins chirurgicaux généraux et que les admissions subséquentes aux
soins intensifs sont rares.
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AAA repair. Selective utilization of

the ICU based on individual patient

factors has been reported; direct ad-

mission to the surgical ward was

found to be safe and cost-effective in

up to 48% in one series of patients5

and 88% in another.6 To determine

practice patterns here in Canada, we

surveyed the current membership of

the Canadian Society for Vascular

Surgery (CSVS) and found that 33

of 43 respondents (77%) routinely

admit their patients to the ICU post-

operatively.

In our centre, postoperative infra-

renal AAA patients are routinely ad-

mitted to a stepdown unit (SDU) on

a surgical ward where patients under-

go noninvasive hemodynamic moni-

toring by certified nurses. Only a mi-

nority of patients are admitted to the

ICU, because of comorbid medical

conditions and individual patient fac-

tors determined either pre- or peri-

operatively. In this report we retro-

spectively reviewed the results of

routine admission to the SDU for

mortality, major morbidity, length of

stay (LoS) and need for subsequent

ICU admission.

Methods

Patients

Using our Vascular Registry data we

retrospectively reviewed the consecu-

tive, elective, open AAA repairs per-

formed at a tertiary care referral cen-

tre. From September 1999 through

November 2001, 230 such repairs

were performed at London Health

Sciences Centre, Victoria Campus by

3 vascular surgeons. This report in-

cludes only patients who underwent

standard open, infrarenal AAA repair

where the repair was constructed at

or below the renal arteries, regardless

of the positioning of the proximal

aortic clamp. Patients were excluded

if they had ruptured aneurysms, 

a suprarenal component, aorto-

bifemoral grafting for occlusive dis-

ease or endovascular repairs. Charts

were reviewed for all patients requir-

ing ICU admission at any point dur-

ing their hospital stay. Mean age, co-

morbid medical problems, risk fac-

tors and outcomes were compared

with those of patients judged suitable

for direct postoperative admission to

the SDU.

Protocol

Before the operation, patients were

reviewed by the surgeon responsi-

ble and by internal medicine and

anesthesiology consultants in a

preadmission clinic. A preoperative

decision was made for postoperative

admission either to the SDU or

ICU, depending on their comorbid

medical conditions (Box 1). Pa-

tients with severe coronary artery

disease (CAD), chronic obstructive

pulmonary disease (COPD) or

chronic renal failure and on dialysis

were slated for direct ICU admis-

sion. Patients in the postoperative

period who in the opinion of the

anesthesiologist needed continued

ventilatory support and those who

had sustained perioperative hypo-

tension, transfusion requirements

> 3 L, hypothermia or (based on

electrocardiogram [ECG] monitor-

ing) clinically significant periopera-

tive cardiac ischemia or arrhythmias

were admitted to the ICU, either

directly from the operating room or

from the postanesthesia care unit

(PACU).

Operative technique

Patients were admitted to hospital on

the day of surgery, without bowel

preparation. Epidural analgesia was

routine unless contraindicated, fol-

lowed by general anesthesia and

placement of radial arterial and cen-

tral venous catheters. Pulmonary-

artery catheters were used at the

discretion of the anesthesiologist,

according to the patient’s underlying

cardiopulmonary status. All aortic

procedures were performed through

a standard midline, transperitoneal

approach.

Postoperative care

Patients deemed eligible for admis-

sion to the SDU were extubated in

the operating room at the comple-

tion of the procedure or in the

PACU shortly thereafter, according

to the anesthesiologist’s assessment

of their oxygenation, ventilation,

analgesia and overall clinical status.

Those entering the PACU were

monitored for approximately 3

hours, after which, if their condition

was stable, they were transferred to

the SDU. This unit is on the vascular

surgery ward, which is remote from

the ICU. Arterial lines were removed

before the transfer to the SDU. The

remaining patients were admitted to

the ICU.

The staff in the SDU were ECG-

certified vascular nurses with a 3:1

patient–nurse ratio. Medical cover-

age was provided by in-house gener-

al surgery residents and the internal

medicine on-call service.

Patients underwent noninvasive
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Box 1. Indications for
admission to the ICU

Planned preoperative
• Coronary artery disease

— Congestive heart failure
— Ejection fraction < 40%
— NYHA class III or IV angina

• Chronic obstructive pulmonary
disease
— Home oxygen
— FEV1 < 1 L

• Chronic renal failure
— Dialysis-dependent

Perioperative
• Sustained hemodynamic

instability (< 90 systolic)

• Cardiac ischemia, arrhythmia

• Need for ongoing ventilation

• Hypothermia (< 35°C)

• Transfusion > 3 L

FEV1 = forced expiratory volume in 1 second;
ICU = intensive care unit; NYHA = New York
Heart Association



cardiac monitoring overnight and, if

their condition was judged to be sta-

ble, were transferred to a standard

surgical-ward bed the next day. They

were encouraged to ambulate on

POD 1; diet was resumed on POD 2

and advanced according to patient

tolerance. Oral analgesics were pre-

scribed when the epidural and Foley

catheters were removed, on about

POD 3. Patients were discharged

home when tolerating a normal diet

and comfortable resuming a normal

activity level.

Outcome measures

Main outcome measures were mor-

tality, major medical morbidity, hos-

pital and ICU LoS, and rate of sub-

sequent ICU admission from SDU.

Types of complications were defined

as follows: cardiac, as myocardial in-

farction, arrhythmia or congestive

heart failure; pulmonary, as pneumo-

nia or atelectasis requiring ventilatory

support or prolonging the patient’s

stay; and renal, as acute renal failure

requiring dialysis.

Results

Patient demographics

Patients initially admitted to the ICU

(n = 23, 10%) were compared with

those admitted to the SDU (n = 207,

90%; Fig. 1). Although the ICU

group had more severe medical

problems, culminating in their selec-

tion for direct ICU admission, the

groups were similar in age (mean 72

yr in either group), gender ratio and

overall prevalence of risk factors such

as severe CAD, COPD, hypertension

and smoking.

Mortality and morbidity

Overall, 6 study patients (2.6%) died.

Group mortality and morbidity rates

are compared in Table 1.

ICU admissions

With use of the SDU, we were able

to avoid 204 ICU admissions (89%

of patients). The remaining 26 pa-

tients (11%) required ICU admission

at some point during their hospital

stay. Among these, 23 (10% of all

study subjects) were admitted di-

rectly to ICU from the operating or

recovery room; 12 of those admis-

sions were planned preoperatively.

All those taken to ICU were ventila-

ted, to be weaned there later.

Only 3 patients originally admit-

ted to the SDU (1% of study partici-

pants) required subsequent admis-

sion to ICU in the postoperative

period (Table 2). One had a large

pulmonary embolus on POD 7 re-

quiring ICU admission. The second

patient had a wound dehiscence on

POD 12 and needed ventilatory sup-

port in the ICU after closure. The

third underwent urgent laparotomy

on POD 1, which revealed an omen-

tal infarct, and similarly required ven-

tilation in the ICU afterward. All 3

patients survived their complications.

Upon discharge from the ICU, they

spent additional time in the SDU be-

fore transfer to a ward.

Length of stay

The overall average LoS was 7.7
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FIG. 1. Risk factors and comorbid conditions of patients taken
to the stepdown unit (white columns) or intensive care unit
(dark columns) for postoperative care. CAD = coronary artery
disease; HTN = hypertension; COPD = chronic obstructive pul-
monary disease.

Table 1

Mortality and morbidity in study
patients admitted to the step-
down and intensive care units

Outcome
 SDU, %

(n = 207)
 ICU, %
(n = 23)

Death 0 17.4

Complications

Cardiac 15.5 52.1

Pulmonary 1.4 21.7

Renal 0 8.7

ICU = intensive care unit; SDU = stepdown unit

Table 2

Subsequent ICU admissions from stepdown unit

Patient
no. Complications

ICU length
of stay, d Outcome

1
Pulmonary embolus,
postoperative day 7 2

Alive, discharged
postoperative day 14

2
Dehiscence,
postoperative day 12

5
Alive, discharged
postoperative day 40

3
Omental infarct,
postoperative day 2 3

Alive, discharged
postoperative day 12

ICU = intensive care unit



days; the mean LoS for each group is

illustrated in Fig. 2. Mean total hos-

pital stay was 7.2 days for the 207

patients in the SDU group and 11.2

days for the 23 people in the ICU

group. Three patients in the SDU

group required subsequent ICU ad-

mission for periods of 2, 3 and 5

days respectively, for an average ICU

stay of 3.3 days. Patients admitted

directly to the ICU had an average

LoS there of 2.4 days.

Discussion

Because of serious perioperative risk

and associated medical comorbidi-

ties, postoperative admission to the

ICU has been traditional after elec-

tive, open, infrarenal AAA repair. Se-

lective use of the ICU based on indi-

vidual patient factors has been found

to be safe and cost-effective: Bertges

and colleagues5 showed that ICU ad-

missions could be avoided in up to

48.6% of their patients. Podore and

Throop6 found that up to 88% of

their postoperative patients could be

admitted directly to an SDU as part

of a clinical pathway to shorten hos-

pital stays. When CSVS members

were surveyed, 77% reported still

routinely admitting their patients to

the ICU postoperatively. In our cen-

tre, postoperative infrarenal AAA pa-

tients are routinely cared for in a vas-

cular surgical SDU with only a mi-

nority of patients being admitted to

the ICU because of comorbid med-

ical conditions. Complete care for

these patients is the responsibility of

the vascular surgery team. This has

been very effective in our institution;

we attribute this to our preoperative

assessment and use of the selection

criteria for ICU admission as out-

lined.

Our overall mortality rate in this

series of 230 patients was 2.6%,

which is lower than many published

rates from the literature. The Cana-

dian aneurysm study1 reported an

overall mortality rate of 4.8% for a

group of similar patients. The differ-

ence may be partly explained by the

fact that during this same 26-month

period we carried out 99 infrarenal,

endovascular aneurysm repairs, a

procedure currently limited to high-

risk medical patients. Had our surg-

eries been done as traditional open

procedures, the overall mortality and

ICU admission rates would likely

have been much higher. Thus, we

have demonstrated that SDU admis-

sion is safe for most patients under-

going open AAA repair, with no

deaths in our cohort of patients trea-

ted postoperatively in the SDU ra-

ther than the ICU.

Although ICU admission for the

purposes of more intensive monitor-

ing has been traditional following

AAA repair, the literature does not

support any added benefit from

more invasive monitoring with pul-

monary-artery catheters.7,8

Not unexpectedly, the mortality

rate was higher in the group ini-

tially admitted to the ICU (17%):

these patients preselected for ICU

admission were known to be at

higher risk. Major medical morbid-

ity also differed between the

groups; the higher incidences of

complications can also likely be at-

tributed to preselection. The car-

diac complication rate of 15.5% in

patients admitted to the SDU,

which is considerable, is none-

theless consistent with published

rates, ranging from 11.5%5 to 23%

(the Canadian Aneurysm Trial).9

Again, the literature does not sup-

port more aggressive routine car-

diac investigation; selective investi-

gation based on clinical factors

appears to be adequate.10–12

The average hospital stay for all

our study patients, 7.7 days (standard

deviation 4.5 d), approximates re-

ports from the literature (5.9–9.9

d).3,4 Differences in average LoS for

patients admitted to the SDU (7.2 d)

and ICU (11.2 d) also likely reflect

the medical comorbidities in the

ICU group, as do incidences of post-

operative morbidity.

ICU admission was avoided for

89% of patients undergoing elective,

open infrarenal AAA repair. Only 3

patients (1%) originally admitted to

the SDU subsequently required ad-

mission to the ICU during the post-

operative period. The complications

precipitating their ICU admissions

occurred after the first postoperative

day, which is when most centres that

routinely admit patients to the ICU

postoperatively transfer patients to

the surgical ward. Considering the

nature of the complications, it seems

unlikely that they would have been

avoided had we admitted these 3 pa-

tients to the ICU immediately after

surgery.

Our experience demonstrates that

the majority of elective infrarenal

AAA patients undergoing open re-

pair can be safely admitted to an

SDU for postoperative management,

and that routine postoperative ICU

admission is unnecessary. Being able

to provide safe, effective postopera-

tive care while sparing valuable and

costly ICU resources is an important

benefit of this approach.
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FIG. 2. Mean length of stay (LoS) in the
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