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Objective: To investigate the performance of the Acute
Physiology and Chronic Health Evaluation (APACHE) Il scor-
ing system in patients admitted to the intensive care unit
(ICU) after major vascular surgery.

Design: Retrospective cohort study.

Setting: A tertiary referral center.

Participants: Three thousand one hundred forty-eight pa-
tients who underwent major vascular surgery between Oc-
tober 1994 and March 2006.

Interventions: None.

Measurements and Main Results: Data were abstracted
from an institutional APACHE Illl database. Standardized
mortality ratios (SMRs) (with 95% confidence intervals)
were calculated. The area under the receiver operating char-
acteristic curve (AUC) and Hosmer-Lemeshow C statistic
were used to assess discrimination and calibration, respec-
tively. The mean age of 3,148 patients studied was 70.5
years (+standard deviation 9.6). The mean Acute Physiology
Score and the APACHE Il score on the day of ICU admission
were 31.0 (+17.5) and 45.1 (+=18.8), respectively. The mean

ROGNOSTIC SCORING SYSTEMS have been used to

quantify the severity of illness in patients admitted to the
intensive care unit (ICU) and to predict their chances of sur-
vival in the ICU and hospital discharge. The Acute Physiology
and Chronic Health Evaluation (APACHE) scoring system, the
Mortality Probability Model, and the Simplified Acute Physi-
ology Score (SAPS) are examples of such systems.! The
APACHE is the most widely used ICU prognostic scoring
system in the United States. Throughout the decade of the
1990s and the early part of the current decade, APACHE III
was the most up-to-date version of the APACHE system,
although it was superseded by the publication of APACHE IV
in May 2006.24

Although they may have acceptable accuracy in the predic-
tion of mortality for a heterogenous group of ICU patients,
generic models are likely to perform less well in selected
patient subpopulations that were not well represented in the
original cohort.> For example, in studies of patients with he-
matologic malignancies and solid tumors and in kidney and
liver transplant recipients admitted to the ICU, APACHE and
SAPS do not accurately predict mortality.6-!!

Of the patients used for the development of the original
APACHE III prognostic model, only 629 patients were admit-
ted to the ICU after aortic surgery. These patients accounted for
only 3.6% of the 17,440 patients on which APACHE III was
based. The accuracy of the APACHE III prognostic system in
predicting the ICU and hospital mortality rates of patients after
major vascular surgery has not been reported previously.

The authors sought to investigate the performance of the
APACHE 1II prognostic scoring system in a large cohort of
patients admitted to the vascular surgical ICU of the authors’
institution. The authors hypothesized that APACHE III would
perform well in predicting hospital mortality after major vas-
cular surgery.

predicted ICU and hospital mortality rates were 3.2%
(+7.8%) and 5.0% (+9.5%), respectively. The median (and
interquartile range) ICU and hospital lengths of stay were
4.3 (3.6-5.1) and 14 days (11.9-16.8 days), respectively. The
observed ICU mortality rate was 2.4% (75/3, 148 patients)
and hospital mortality rate was 3.7% (116/3,148). The ICU
and hospital SMRs were 0.74 (0.58-0.91) and 0.74 (0.61-0.88),
respectively. The AUC of APACHE lll-derived prediction of
hospital mortality was 0.840 (95% confidence interval, 0.799-
0.880), indicating excellent discrimination. The Hosmer-
Lemeshow C statistic was 28.492, with a p value <0.01,
indicating poor calibration.

Conclusions: The APACHE lll scoring system discriminates
well between survivors and nonsurvivors after major vascu-
lar surgery, but calibration of the model is poor.
© 2008 Elsevier Inc. All rights reserved.

KEY WORDS: vascular surgery, abdominal aortic aneurysm,
intensive care unit, Acute Physiology and Chronic Health
Evaluation scoring systems, prognosis

METHODS

After institutional review board approval and the granting of a
waiver of informed consent, a retrospective study of prospectively
collected data was performed. Adult patients who underwent major
vascular surgery at the authors’ center between October 1994 and
March 2006 were identified and studied. Major vascular surgery was
defined as elective and emergent abdominal, descending thoracic and
thoracoabdominal aneurysm repair, surgical management of aortic dis-
sections, and aortoiliac and aortofemoral bypass procedures. Patients
requiring full cardiopulmonary bypass were excluded as were those in
whom authorization for research-related medical record review was
unavailable.

Vascular surgical patients who require ICU admission at the authors’
tertiary referral center are managed in a single 20-bed ICU by an
anesthesiologist-intensivist-led multidisciplinary critical care team.
The critical care service works in conjunction with the vascular surgical
services. Since 1994, the APACHE III scoring system has been used in
a prospective fashion for all patients in this ICU (except for the small
percentage of patients who spend fewer than 4 hours in the ICU).
Although a vascular surgical progressive care unit was opened in 2001,
patients after major vascular surgery are routinely admitted to the ICU
postoperatively. During the period of the study, the vast majority of
aortic aneurysm repairs were performed via the open, rather than the
endovascular, technique. Aneurysm repair via the endovascular route
was introduced at the authors’ institution in late 1999. Although pa-
tients after such surgery are now commonly admitted to the progressive
care unit rather than the ICU, during the initial years of endovascular
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Table 1. Comparison of Survivors to Hospital Discharge With Nonsurvivors in 3,148 Patients After Major Vascular Surgery
Overall (n = 3,148) Survivor (n = 3,032) Nonsurvivor (n = 116) p Value*
Male 2395 2308 87
Female 753 724 29 0.075
Mean (+SD) age (y) 70.5 (+£9.6) 70.3 (+£9.6) 76.5(£8.2) <0.01
Mean Acute Physiology Score 31.0 (£17.5) 30.0 (£15.7) 58.7 (+32.8) <0.01
Mean APACHE Il Score 45.1 (=18.8) 43.9 (=16.9) 75.6 (=33.1) <0.01
Predicted ICU mortality (%) 3.2(+7.8) 2.6 (*5.4) 19.5 (*+25.1) <0.01
Predicted hospital mortality 5.0 (=9.5) 4.3(+7.2) 24.6 (+26.6) <0.01
Elective surgery 2750 2678 72 <0.01

*p Values are for survivor versus nonsurvivor.

aneurysm repairs, these patients were primarily admitted to the ICU in
the postoperative period. Thus, the authors collected data on the over-
whelming majority of major vascular procedures during the study
period.

For each of the identified patients, the institutional APACHE III
database was searched using the software provided by Cerner Corpo-
ration (Kansas City, MO), and APACHE III data for the first ICU day
were abstracted. Only data for the first ICU admission of an index
hospitalization were collected. Data collected included demographics,
the acute physiology score and APACHE III scores, and predictions of
ICU and hospital mortality and lengths of stay. Patients’ ICU and
hospital discharge status (survivor v nonsurvivor) and discharge loca-
tion were recorded. Laboratory values used for APACHE III scoring
were entered automatically using software that interfaces with the
laboratory. Bedside nurses abstracted vital signs, urine output, and
Glasgow coma scores according to a formalized protocol, and these
were entered into the computer by trained specialists. Experienced
clinical ICU nurses performed an audit of the collected data for missing
and discrepant admission and physiologic and outcome values. To
successfully pass the audit, criteria were set including at least 90%
agreement on admission variables overall; 100% agreement on admis-
sion and discharge dates; a minimum of 80% agreement on admission
diagnosis, admission and discharge times, chronic health items, read-
mission status, surgical status, and active treatment status; and at least
85% agreement on overall physiology variables. Calculations were
performed at the Cerner Corporation after the online transfer of entered
data. The authors have previously described the use of APACHE III at
their institution.'?

SPSS 11.5 (SPSS Inc, Chicago, IL) and MedCalc 9.0 (MedCalc
Software, Mariakerke, Belgium) were used to perform the data analy-
ses. Descriptive data are summarized as mean (standard deviation),
median (interquartile range), or percentage. A Student ¢ test and rank-
sum tests were used to compare continuous variables, and a chi-square
analysis was used to compare categoric variables. Patients with missing
data were excluded from the analyses involving the missing data.
Two-tailed statistical tests were used, and tests were considered statis-
tically significant if p was less than 0.05. The 95% confidence intervals
(CIs) were calculated for each of the standardized mortality ratios and
ICU and hospital length of stay ratios.'3

Discrimination describes the accuracy of a given prediction. Calcu-
lation of the area under the receiver operating characteristic curve
(AUC) was used to assess discrimination of the predictive model. An
AUC of greater than 0.9 was considered to be outstanding, greater than
0.8 to 0.9 excellent, 0.7 to 0.8 acceptable, and less than 0.7 was
considered poor.'* Calibration describes how the prognostic instrument
performs over a wide range of predicted mortalities. A predictive
instrument is highly calibrated if it is accurate at predicted mortalities
of 20%, 50%, and 90%. Calibration is measured by the Hosmer-
Lemeshow C statistic.!5 For calculation of the C statistic, observations
are sorted into their expected probability, and 10 groups of equal size

are formed. A chi-square test (with 8 degrees of freedom) is performed
by using observed and expected numbers of deaths in each decile. The
value of the chi-square test is the C statistic. A high C statistic is
associated with a small p value. This implies significant differences
between observed and predicted mortality and a lack of fit of the model.
Thus, for the Hosmer-Lemeshow statistic, a small p value (<0.05)
indicates poor calibration.

RESULTS

There were 3,148 patients who underwent major vascular
surgical procedures requiring ICU admission during the period
of the study. The characteristics of the patients overall, along
with comparison of survivors and nonsurvivors, are described
in Table 1. The distribution of the APACHE III scores in the
present cohort is shown in Figure 1. The majority of the
patients (1,912 patients, 60.7% of the total) underwent abdom-
inal aortic aneurysm repair (AAA). The repair of thoracoab-
dominal aneurysms accounted for 252 (8%) of the procedures.
Five hundred fifty-six patients (17.7%) and 428 patients
(13.6%) underwent aortofemoral and aortoiliac bypass, respec-
tively. Of the total number of surgical procedures, elective and
emergency surgery accounted for 87.4% and 12.6%, respec-
tively. The median (and interquartile range) ICU and hospital
lengths of stay were 4.3 days (3.6-5.1) and 14 days (11.9 to
16.8), respectively.

The observed ICU mortality rate was 2.4% (75/3,148 pa-
tients), and the hospital mortality rate was 3.7% (116/3,148
patients admitted to the ICU). Forty-one deaths occurred in
patients after discharge from the ICU. These included patients
in whom support was withdrawn on the surgical floor or non-
ICU ventilator-dependency unit, in whom a decision had been
made not to readmit to the ICU, or in whom a sudden decom-
pensation (eg, cardiac arrest) occurred that led to the patient’s
death before transfer back to the ICU. The standardized ICU
and hospital mortality ratios with their 95% CI were 0.74
(0.58-0.91) and 0.74 (0.61-0.88), respectively.

The AUC of APACHE IIl-derived prediction of hospital
mortality was 0.840 (95% CI, 0.799-0.880). The receiver op-
erator characteristic curve is shown in Figure 2. The Hosmer-
Lemeshow C statistic was 28.492, with a p value <0.01. The
observed and APACHE Ill-predicted numbers of hospital sur-
vivors and nonsurvivors according to deciles of risk are given
in Table 2. For the APACHE III score, the AUC was 0.821
(95% CI, 0.781-0.862). The Hosmer-Lemeshow C statistic was
6.511, with a p value of 0.590.
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Fig 1. The distribution of APACHE Il scores in a cohort of 3,148 patients admitted to the ICU after major vascular surgery. (Color version of

figure is available online.)

DISCUSSION

The present data show that the APACHE III prognostic
scoring system has excellent discriminatory capacity in patients
after major vascular surgery. However, the calibration of the
model that included the APACHE III-derived prediction of
hospital death was poor. Thus, while the scoring system can, on
the first ICU day, distinguish survivors to hospital discharge
from nonsurvivors in the cohort as a whole, this accuracy is not
consistent across all deciles of risk. This problem has been
shown by a number of other investigators and is an example of
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Fig 2. The receiver operating characteristic curve (with 95% Cl) for
the APACHE lll-derived prediction of hospital death in patients ad-
mitted to the ICU after major vascular surgery. The AUC of APACHE
Il prediction is 0.840 (95% Cl, 0.799-0.880). (Color version of figure is
available online.)

one of the reasons for the need to update prognostic scoring
systems. !0

Multiple methods have been developed in an attempt to
allow clinicians to prognosticate on patients undergoing major
vascular surgical procedures.!7-?6 These scoring systems tend to
include only parameters related to pre-existing comorbid con-
ditions of the patients rather than combining premorbid condi-
tions with objective physiologic parameters as used in the
APACHE III. A single scoring system has not gained accep-
tance. Nesi et al** evaluated five risk scoring systems in 268
patients undergoing elective infrarenal AAA. Although they
described the scores as predicting “with reasonable accuracy”
the risk of in-hospital death, each AUC was less than 0.8.

There are limited data on the performance of APACHE in
vascular surgical patients. In their review of 413 patients op-
erated on for ruptured AAA at Mayo Clinic over an 18-year
period between 1980 and 1998, Noel et al?’ included informa-
tion on the APACHE II (not III) scores of the patients. As in the
present study, the APACHE scores were higher in nonsurvivors
when compared with survivors. The authors reported an odds
ratio of death of 1.05 for each unit increase in the APACHE II
score. Lazarides et al?® studied the APACHE II prognostic

Table 2. The Observed and APACHE llI-Derived Predicted Numbers
of Hospital Survivors and Nonsurvivors According to Deciles of Risk

Number of Nonsurvivors Number of Survivors

Decile
of Risk Observed Predicted Observed Predicted
1 3 5.88 312 309.12
2 1 6.01 314 308.99
3 0 6.16 316 309.84
4 2 6.29 313 308.71
5 4 6.49 311 308.51
6 9 6.73 306 308.21
7 7 7.24 308 307.76
8 5 8.06 310 306.94
9 18 10.26 297 304.75
10 67 52.83 245 259.17

NOTE. The first decile is the decile of lowest risk.
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system in 40 consecutive patients with ruptured infrarenal
aortic aneurysms. APACHE II was “a good predictor of out-
come,” although the AUC was not quoted. In a study of 88
patients with ruptured AAAs, APACHE II had limited ability to
predict outcome.?® Wolters et al*® examined the predictive
ability of APACHE II, POSSUM, and SAPS II on 107 patients
undergoing aortoiliac surgery.

Hadjianastassiou et al’*! developed the APACHE-AAA prog-
nostic scoring system in a cohort of approximately 1,900 pa-
tients who underwent open AAA repair in the United Kingdom.
This scoring system was based on APACHE II (not III), al-
though the authors used variables ascertained in the operating
room or at ICU admission in contrast to using the worst values
in the first 24 hours in the ICU as originally described for the
APACHE 1I and III. The AUC of the APACHE-AAA (0.845,
95% CI, 0.821-0.868) was marginally better than the AUC of
APACHE 1II prediction but not statistically better than the
discriminatory ability of APACHE III in the present cohort.

Outcomes after abdominal aortic surgery are related to the
organizational characteristics of ICUs and institutional experi-
ence.?>¢ It is imperative that any assessment of the quality of
care delivered in the ICU involves a consideration of the
severity of patient illness using a reliable measure of illness
severity.?” The Joint Commission has proposed the severity-
adjusted mortality rate as a specific measure that should be
recorded.*® Standardized mortality ratios may be calculated as
the ratio of the observed mortality to the mortality predicted by
a scoring system.’® The adjustment for the severity of illness
allows for the monitoring of an ICU’s performance over time
and for comparison of ICUs in the same or different hospitals
(“benchmarking”). The prediction of outcome for individual
patients is theoretically possible, although it is problematic and
controversial.!640

The “holy grail” of scoring systems used in major vascular
surgery is a system that would allow the clinician to determine
with certainty whether a given patient will survive operative
intervention based on preoperative parameters. The ideal sys-
tem would be simple, require collection of a small number of
variables not prone to observer bias, and be amenable to bed-
side use. Such a system would be especially useful in the
setting of ruptured aneurysm because it would guide practition-
ers toward operative or palliative intervention in a given pa-
tient. APACHE III does not meet the criteria required to be an
ideal scoring system for use in vascular surgery. APACHE III
is an ICU-specific scoring system. Admission to the ICU typ-
ically, although not always, occurs after the surgical procedure
has been performed. Thus, the scoring system is not helpful in
deciding who should be operated on. Furthermore, because the
patient has already been admitted to the ICU before the score is
calculated, it is not useful for prospectively determining
whether a specific patient’s ICU admission is warranted.

In addition to determining who should be operated on, an
ideal scoring system for vascular surgery would allow postop-
erative re-evaluation of patients in whom surgery was per-
formed. Laukontaus*' investigated the predictors of survival
after 48 hours of intensive care after the rupture of an AAA.
The Sequential Organ Failure Assessment score, a measure of
organ dysfunction, was an independent predictor of death.

KEEGAN ET AL

Kniemeyer et al*> showed that the use of a scoring system after
48 hours was appropriate to determine the need for continued
ICU care. Although such decision-making may aid in the
preservation of limited health care resources, APACHE III
predicts mortality based on parameters recorded on the first
ICU day, and predictions based on subsequent ICU days have
not been validated. Furthermore, prediction of the outcome of
individual patients is fraught with difficulty. For example, of 17
patients in the present cohort predicted to have a hospital
mortality of greater than 70% on the first ICU day, 6 survived
to hospital discharge (data not shown). These results are con-
sistent with the results of the study of the APACHE II by
Lazarides et al?® that showed that in patients with ruptured
infrarenal AAAs the accuracy of outcome prediction in any
given individual patient was limited. Berge et al** showed that
even predictions of mortality of greater than 95% may be
erroneous.

Although APACHE III is not an ideal scoring system for
outcome prediction in vascular surgery, it may be useful in
other ways. For example, the practice of admitting patients to
the ICU after elective infrarenal AAA repair has been ques-
tioned. The introduction of endovascular repair has especially
prompted this debate.** The use of prognostic scoring systems
may serve to identify a cohort of patients who, by virtue of their
low predicted mortality, might be cared for in a progressive
care unit (also known as an intermediate care unit or stepdown
unit) rather than in an ICU.4547

The present study is limited in that it reflects the experience
of a single medical center, and the results may not be applicable
to other centers. However, the validation of APACHE in a
group of patients at a single center may more accurately reflect
the performance of the model without the confounding influ-
ence of standards of care at different institutions. It is interest-
ing that the model that includes the APACHE III score shows
good calibration, but the calibration of the model that includes
the APACHE III-derived prediction of mortality is poor. The
relatively low number of deaths may have influenced the cal-
ibration analysis, perhaps artificially improving the perfor-
mance of the model that uses the APACHE III score as shown
by Kramer and Zimmerman.*

Future investigations could involve customization of the
APACHE III model in an effort to improve on either the
calibration or discrimination of the model (or both). The addi-
tion of variables identified as relevant by some of the other
vascular surgery—predictive models would be one method of
such a customization. Also, analysis of the performance of
APACHE 1V (with or without customization) in this patient
population would be of considerable interest.

CONCLUSION

The APACHE III scoring system discriminates well between
survivors and nonsurvivors in patients admitted to the ICU after
major vascular surgery, but calibration of the model is poor.
Although APACHE III is not useful for the prediction of
individual patient outcome or for the identification of specific
patients in whom surgery is appropriate, it may have utility for
risk stratification and benchmarking in vascular surgery when
used for analysis of cohorts of patients.



APACHE Il OUTCOME

717

REFERENCES

1. Afessa B, Gajic O, Keegan MT: Severity of illness and organ
failure assessment in adult intensive care units. Crit Care Clin 23:639-
658, 2007

2. Knaus WA, Draper EA, Wagner DP, et al: APACHE II: A
severity of disease classification system. Crit Care Med 13:818-829,
1985

3. Knaus WA, Wagner DP, Draper EA, et al: The APACHE III
prognostic system. Risk prediction of hospital mortality for critically ill
hospitalized adults. Chest 100:1619-1636, 1991

4. Zimmerman JE, Kramer AA, McNair DS, et al: Acute Physiology
and Chronic Health Evaluation (APACHE) IV: Hospital mortality
assessment for today’s critically ill patients. Crit Care Med 34:1297-
1310, 2006

5. Murphy-Filkins R, Teres D, Lemeshow S, et al: Effect of chang-
ing patient mix on the performance of an intensive care unit severity-
of-illness model: How to distinguish a general from a specialty inten-
sive care unit. Crit Care Med 24:1968-1973, 1996

6. Afessa B, Tefferi A, Dunn WF, et al: Intensive care unit support
and Acute Physiology and Chronic Health Evaluation IIT performance
in hematopoietic stem cell transplant recipients. Crit Care Med 31:
1715-1721, 2003

7. Sadaghdar H, Chelluri L, Bowles SA, et al: Outcome of renal
transplant recipients in the ICU. Chest 107:1402-1405, 1995

8. Angus DC, Clermont G, Kramer DJ, et al: Short-term and long-
term outcome prediction with the Acute Physiology and Chronic
Health Evaluation II system after orthotopic liver transplantation. Crit
Care Med 28:150-156, 2000

9. Azoulay E, Moreau D, Alberti C, et al: Predictors of short-term
mortality in critically ill patients with solid malignancies. Intensive
Care Med 26:1817-1823, 2000

10. Azoulay E, Recher C, Alberti C, et al: Changing use of intensive
care for hematological patients: The example of multiple myeloma.
Intensive Care Med 25:1395-1401, 1999

11. Sawyer RG, Durbin CG, Rosenlof LK, et al: Comparison of
APACHE 1I scoring in liver and kidney transplant recipients versus
trauma and general surgical patients in a single intensive-care unit. Clin
Transplant 9:401-405, 1995

12. Afessa B, Keegan MT, Hubmayr RD, et al: Evaluating the
performance of an institution using an intensive care unit benchmark.
Mayo Clin Proc 80:174-180, 2005

13. Altman DG, Machin D, Bryant TN, et al: Statistics With Con-
fidence. London, Wiley-Blackwell, 2000

14. Choi B: Slopes of a receiver operating characteristic curve and
likelihood ratios for a diagnostic test. Am J Epidemiol 148:1127-1132, 1998

15. Lemeshow S, Hosmer DW Jr: A review of goodness of fit
statistics for use in the development of logistic regression models. Am J
Epidemiol 115:92-106, 1982

16. Le Gall JR: The use of severity scores in the intensive care unit.
Intensive Care Med 31:1618-1623, 2005

17. Hardman DT, Fisher CM, Patel MI, et al: Ruptured abdominal
aortic aneurysms: Who should be offered surgery? J Vasc Surg 23:
123-129, 1996

18. Eagle KA, Coley CM, Newell JB, et al: Combining clinical and
thallium data optimizes preoperative assessment of cardiac risk before
major vascular surgery. Ann Intern Med 110:859-866, 1989

19. Samy AK, Murray G, MacBain G: Glasgow aneurysm score.
Cardiovasc Surg 2:41-44, 1994

20. Samy AK, Murray G, MacBain G: Prospective evaluation of the
Glasgow Aneurysm Score. J R Coll Surg Edinb 41:105-107, 1996

21. Steyerberg EW, Kievit J, de Mol Van Otterloo JC, et al: Peri-
operative mortality of elective abdominal aortic aneurysm surgery. A
clinical prediction rule based on literature and individual patient data.
Arch Intern Med 155:1998-2004, 1995

22. Kertai MD, Steyerberg EW, Boersma E, et al: Validation of two
risk models for perioperative mortality in patients undergoing elective
abdominal aortic aneurysm surgery. Vasc Endovasc Surg 37:13-21,
2003

23. Vanzetto G, Halimi S, Hammoud T, et al: Prediction of cardio-
vascular events in clinically selected high-risk NIDDM patients. Prog-
nostic value of exercise stress test and thallium-201 single-photon
emission computed tomography. Diabetes Care 22:19-26, 1999

24. Nesi F, Leo E, Biancari F, et al: Preoperative risk stratification
in patients undergoing elective infrarenal aortic aneurysm surgery:
Evaluation of five risk scoring methods. Eur J Vasc Endovasc Surg
28:52-58, 2004

25. Harris JR, Forbes TL, Steiner SH, et al: Risk-adjusted analysis
of early mortality after ruptured abdominal aortic aneurysm repair. J
Vasc Surg 42:387-391, 2005

26. Hsiang YN, Turnbull RG, Nicholls SC, et al: Predicting death
from ruptured abdominal aortic aneurysms. Am J Surg 181:30-35, 2001

27. Noel AA, Gloviczki P, Cherry KIJ Jr, et al: Ruptured abdominal
aortic aneurysms: The excessive mortality rate of conventional repair.
J Vasc Surg 34:41-46, 2001

28. Lazarides MK, Arvanitis DP, Drista H, et al: POSSUM and
APACHE II scores do not predict the outcome of ruptured infrarenal
aortic aneurysms. Ann Vasc Surg 11:155-158, 1997

29. Maziak DE, Lindsay TF, Marshall JC, et al: The impact of
multiple organ dysfunction on mortality following ruptured abdominal
aortic aneurysm repair. Ann Vasc Surg 12:93-100, 1998

30. Wolters U, Mannheim S, Wassmer G, et al: What is the value of
available risk scores in predicting postoperative complications after
aortoiliac surgery? A prospective nonrandomized study. J Cardiovasc
Surg 47:177-185, 2006

31. Hadjianastassiou VG, Tekkis PP, Goldhill DR, et al: Quantifi-
cation of mortality risk after abdominal aortic aneurysm repair. Br J
Surg 92:1092-1098, 2005

32. Pronovost PJ, Jenckes MW, Dorman T, et al: Organizational
characteristics of intensive care units related to outcomes of abdominal
aortic surgery. JAMA 281:1310-1317, 1999

33. Kantonen I, Lepantalo M, Salenius JP, et al: Mortality in ab-
dominal aortic aneurysm surgery—The effect of hospital volume, pa-
tient mix and surgeon’s case load. Eur J Vasc Endovasc Surg 14:375-
379, 1997

34. Dimick JB, Pronovost PJ, Cowan JA, et al: The volume-out-
come effect for abdominal aortic surgery: Differences in case-mix or
complications? Arch Surg 137:828-832, 2002

35. Dimick JB, Stanley JC, Axelrod DA, et al: Variation in death
rate after abdominal aortic aneurysmectomy in the United States:
Impact of hospital volume, gender, and age. Ann Surg 235:579-585,
2002

36. Cowan JA Jr, Dimick JB, Henke PK, et al: Surgical treatment of
intact thoracoabdominal aortic aneurysms in the United States: Hospi-
tal and surgeon volume-related outcomes. J Vasc Surg 37:1169-1174,
2003

37. Glance LG, Osler TM, Dick A: Rating the quality of intensive
care units: Is it a function of the intensive care unit scoring system? Crit
Care Med 30:1976-1982, 2002

38. JCAHO: The Joint Commission announces the 2006 National
Patients Safety Goals and Requirements. Jt Comm Perspect 25:1-10,
2005

39. Rubenfeld GD, Angus DC, Pinsky MR, et al: Outcomes research
in critical care: Results of the American Thoracic Society Critical Care
Assembly Workshop on Outcomes Research. The Members of the
Outcomes Research Workshop. Am J Resp Crit Care Med 160:358-
367, 1999



718

40. Teres D, Lemeshow S: Why severity models should be used
with caution. Crit Care Clin 10:93-110, 1994

41. Laukontaus SJ, Lepantalo M, Hynninen M, et al: Prediction of
survival after 48-h of intensive care following open surgical repair of
ruptured abdominal aortic aneurysm. Eur J Vasc Endovasc Surg 30:
509-515, 2005

42. Kniemeyer HW, Reber PU, Kessler T, et al: Risk assessment in
patients with ruptured abdominal aortic aneurysms. Acta Chir Belg
102:176-182, 2002

43. Berge KH, Maiers DR, Schreiner DP, et al: Resource utilization
and outcome in gravely ill intensive care unit patients with predicted
in-hospital mortality rates of 95% or higher by APACHE III scores:
The relationship with physician and family expectations. Mayo Clin
Proc 80:166-173, 2005

KEEGAN ET AL

44. Bertges DJ, Rhee RY, Muluk SC, et al: Is routine use of the
intensive care unit after elective infrarenal abdominal aortic aneurysm
repair necessary? J Vasc Surg 32:634-642, 2000

45. Ridley SA: Intermediate care, possibilities, requirements and
solutions. Anaesthesia 53:654-664, 1998

46. Wagner DP, Knaus WA, Draper EA: Identification of low-risk
monitor admissions to medical-surgical ICUs. Chest 92:423-428, 1987

47. Zimmerman JE, Wagner DP, Knaus WA, et al: The use of risk
predictions to identify candidates for intermediate care units. Implica-
tions for intensive care utilization and cost. Chest 108:490-499, 1995

48. Kramer AA, Zimmerman JE: Assessing the calibration of mor-
tality benchmarks in critical care: The Hosmer-Lemeshow test revis-
ited. Crit Care Med 35:2052-2056, 2007



	Acute Physiology and Chronic Health Evaluation (APACHE) III Outcome Prediction After Major Vascular Surgery
	METHODS
	RESULTS
	DISCUSSION
	CONCLUSION
	REFERENCES


