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Acute Physiology and Chronic Health Evaluation (APACHE) III Outcome
Prediction After Major Vascular Surgery
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Objective: To investigate the performance of the Acute

hysiology and Chronic Health Evaluation (APACHE) III scor-

ng 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-

ients who underwent major vascular surgery between Oc-

ober 1994 and March 2006.

Interventions: None.

Measurements and Main Results: Data were abstracted

rom an institutional APACHE III database. Standardized

ortality ratios (SMRs) (with 95% confidence intervals)

ere calculated. The area under the receiver operating char-

cteristic curve (AUC) and Hosmer-Lemeshow C statistic

ere used to assess discrimination and calibration, respec-

ively. The mean age of 3,148 patients studied was 70.5

ears (�standard deviation 9.6). The mean Acute Physiology

core and the APACHE III score on the day of ICU admission
ular surgery.
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redicted ICU and hospital mortality rates were 3.2%

�7.8%) and 5.0% (�9.5%), respectively. The median (and

nterquartile range) ICU and hospital lengths of stay were

.3 (3.6-5.1) and 14 days (11.9-16.8 days), respectively. The

bserved ICU mortality rate was 2.4% (75/3, 148 patients)

nd hospital mortality rate was 3.7% (116/3,148). The ICU

nd hospital SMRs were 0.74 (0.58-0.91) and 0.74 (0.61-0.88),

espectively. The AUC of APACHE III–derived prediction of

ospital mortality was 0.840 (95% confidence interval, 0.799-

.880), indicating excellent discrimination. The Hosmer-

emeshow C statistic was 28.492, with a p value <0.01,

ndicating poor calibration.

Conclusions: The APACHE III scoring system discriminates

ell between survivors and nonsurvivors after major vascu-

ar surgery, but calibration of the model is poor.

2008 Elsevier Inc. All rights reserved.
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ntensive care unit, Acute Physiology and Chronic Health
ere 31.0 (�17.5) and 45.1 (�18.8), respectively. The mean Evaluation scoring systems, prognosis
ROGNOSTIC SCORING SYSTEMS have been used to
quantify the severity of illness in patients admitted to the

ntensive care unit (ICU) and to predict their chances of sur-
ival in the ICU and hospital discharge. The Acute Physiology
nd Chronic Health Evaluation (APACHE) scoring system, the
ortality Probability Model, and the Simplified Acute Physi-

logy Score (SAPS) are examples of such systems.1 The
PACHE is the most widely used ICU prognostic scoring

ystem in the United States. Throughout the decade of the
990s and the early part of the current decade, APACHE III
as the most up-to-date version of the APACHE system,

lthough it was superseded by the publication of APACHE IV
n May 2006.2-4

Although they may have acceptable accuracy in the predic-
ion of mortality for a heterogenous group of ICU patients,
eneric models are likely to perform less well in selected
atient subpopulations that were not well represented in the
riginal cohort.5 For example, in studies of patients with he-
atologic malignancies and solid tumors and in kidney and

iver transplant recipients admitted to the ICU, APACHE and
APS do not accurately predict mortality.6-11

Of the patients used for the development of the original
PACHE III prognostic model, only 629 patients were admit-

ed to the ICU after aortic surgery. These patients accounted for
nly 3.6% of the 17,440 patients on which APACHE III was
ased. The accuracy of the APACHE III prognostic system in
redicting the ICU and hospital mortality rates of patients after
ajor vascular surgery has not been reported previously.
The authors sought to investigate the performance of the

PACHE III prognostic scoring system in a large cohort of
atients admitted to the vascular surgical ICU of the authors’
nstitution. The authors hypothesized that APACHE III would
erform well in predicting hospital mortality after major vas-
METHODS

After institutional review board approval and the granting of a
aiver of informed consent, a retrospective study of prospectively

ollected data was performed. Adult patients who underwent major
ascular surgery at the authors’ center between October 1994 and
arch 2006 were identified and studied. Major vascular surgery was

efined as elective and emergent abdominal, descending thoracic and
horacoabdominal aneurysm repair, surgical management of aortic dis-
ections, and aortoiliac and aortofemoral bypass procedures. Patients
equiring full cardiopulmonary bypass were excluded as were those in
hom authorization for research-related medical record review was
navailable.
Vascular surgical patients who require ICU admission at the authors’

ertiary referral center are managed in a single 20-bed ICU by an
nesthesiologist-intensivist–led multidisciplinary critical care team.
he critical care service works in conjunction with the vascular surgical
ervices. Since 1994, the APACHE III scoring system has been used in
prospective fashion for all patients in this ICU (except for the small

ercentage of patients who spend fewer than 4 hours in the ICU).
lthough a vascular surgical progressive care unit was opened in 2001,
atients after major vascular surgery are routinely admitted to the ICU
ostoperatively. During the period of the study, the vast majority of
ortic aneurysm repairs were performed via the open, rather than the
ndovascular, technique. Aneurysm repair via the endovascular route
as introduced at the authors’ institution in late 1999. Although pa-

ients after such surgery are now commonly admitted to the progressive
are unit rather than the ICU, during the initial years of endovascular
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714 KEEGAN ET AL
neurysm repairs, these patients were primarily admitted to the ICU in
he postoperative period. Thus, the authors collected data on the over-
helming majority of major vascular procedures during the study
eriod.
For each of the identified patients, the institutional APACHE III

atabase was searched using the software provided by Cerner Corpo-
ation (Kansas City, MO), and APACHE III data for the first ICU day
ere abstracted. Only data for the first ICU admission of an index
ospitalization were collected. Data collected included demographics,
he acute physiology score and APACHE III scores, and predictions of
CU and hospital mortality and lengths of stay. Patients’ ICU and
ospital discharge status (survivor v nonsurvivor) and discharge loca-
ion were recorded. Laboratory values used for APACHE III scoring
ere entered automatically using software that interfaces with the

aboratory. Bedside nurses abstracted vital signs, urine output, and
lasgow coma scores according to a formalized protocol, and these
ere entered into the computer by trained specialists. Experienced

linical ICU nurses performed an audit of the collected data for missing
nd discrepant admission and physiologic and outcome values. To
uccessfully pass the audit, criteria were set including at least 90%
greement on admission variables overall; 100% agreement on admis-
ion and discharge dates; a minimum of 80% agreement on admission
iagnosis, admission and discharge times, chronic health items, read-
ission status, surgical status, and active treatment status; and at least

5% agreement on overall physiology variables. Calculations were
erformed at the Cerner Corporation after the online transfer of entered
ata. The authors have previously described the use of APACHE III at
heir institution.12

SPSS 11.5 (SPSS Inc, Chicago, IL) and MedCalc 9.0 (MedCalc
oftware, Mariakerke, Belgium) were used to perform the data analy-
es. Descriptive data are summarized as mean (standard deviation),
edian (interquartile range), or percentage. A Student t test and rank-

um tests were used to compare continuous variables, and a chi-square
nalysis was used to compare categoric variables. Patients with missing
ata were excluded from the analyses involving the missing data.
wo-tailed statistical tests were used, and tests were considered statis-

ically significant if p was less than 0.05. The 95% confidence intervals
CIs) were calculated for each of the standardized mortality ratios and
CU and hospital length of stay ratios.13

Discrimination describes the accuracy of a given prediction. Calcu-
ation of the area under the receiver operating characteristic curve
AUC) was used to assess discrimination of the predictive model. An
UC of greater than 0.9 was considered to be outstanding, greater than
.8 to 0.9 excellent, 0.7 to 0.8 acceptable, and less than 0.7 was
onsidered poor.14 Calibration describes how the prognostic instrument
erforms over a wide range of predicted mortalities. A predictive
nstrument is highly calibrated if it is accurate at predicted mortalities
f 20%, 50%, and 90%. Calibration is measured by the Hosmer-
emeshow C statistic.15 For calculation of the C statistic, observations

Table 1. Comparison of Survivors to Hospital Discharge W

Overall (n � 3,148)

Male 2395
Female 753
Mean (�SD) age (y) 70.5 (�9.6)
Mean Acute Physiology Score 31.0 (�17.5)
Mean APACHE III Score 45.1 (�18.8)
Predicted ICU mortality (%) 3.2 (�7.8)
Predicted hospital mortality 5.0 (�9.5)
Elective surgery 2750

*p Values are for survivor versus nonsurvivor.
re sorted into their expected probability, and 10 groups of equal size 6
re formed. A chi-square test (with 8 degrees of freedom) is performed
y using observed and expected numbers of deaths in each decile. The
alue of the chi-square test is the C statistic. A high C statistic is
ssociated with a small p value. This implies significant differences
etween observed and predicted mortality and a lack of fit of the model.
hus, for the Hosmer-Lemeshow statistic, a small p value (�0.05)

ndicates poor calibration.

RESULTS

There were 3,148 patients who underwent major vascular
urgical procedures requiring ICU admission during the period
f the study. The characteristics of the patients overall, along
ith comparison of survivors and nonsurvivors, are described

n Table 1. The distribution of the APACHE III scores in the
resent cohort is shown in Figure 1. The majority of the
atients (1,912 patients, 60.7% of the total) underwent abdom-
nal aortic aneurysm repair (AAA). The repair of thoracoab-
ominal aneurysms accounted for 252 (8%) of the procedures.
ive hundred fifty-six patients (17.7%) and 428 patients
13.6%) underwent aortofemoral and aortoiliac bypass, respec-
ively. Of the total number of surgical procedures, elective and
mergency surgery accounted for 87.4% and 12.6%, respec-
ively. The median (and interquartile range) ICU and hospital
engths of stay were 4.3 days (3.6-5.1) and 14 days (11.9 to
6.8), respectively.
The observed ICU mortality rate was 2.4% (75/3,148 pa-

ients), and the hospital mortality rate was 3.7% (116/3,148
atients admitted to the ICU). Forty-one deaths occurred in
atients after discharge from the ICU. These included patients
n whom support was withdrawn on the surgical floor or non-
CU ventilator-dependency unit, in whom a decision had been
ade not to readmit to the ICU, or in whom a sudden decom-

ensation (eg, cardiac arrest) occurred that led to the patient’s
eath before transfer back to the ICU. The standardized ICU
nd 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 III–derived prediction of hospital
ortality was 0.840 (95% CI, 0.799-0.880). The receiver op-

rator characteristic curve is shown in Figure 2. The Hosmer-
emeshow C statistic was 28.492, with a p value �0.01. The
bserved and APACHE III–predicted numbers of hospital sur-
ivors and nonsurvivors according to deciles of risk are given
n Table 2. For the APACHE III score, the AUC was 0.821
95% CI, 0.781-0.862). The Hosmer-Lemeshow C statistic was

nsurvivors in 3,148 Patients After Major Vascular Surgery

rvivor (n � 3,032) Nonsurvivor (n � 116) p Value*

2308 87
724 29 0.075

70.3 (�9.6) 76.5 (�8.2) �0.01
30.0 (�15.7) 58.7 (�32.8) �0.01
43.9 (�16.9) 75.6 (�33.1) �0.01
2.6 (�5.4) 19.5 (�25.1) �0.01
4.3 (�7.2) 24.6 (�26.6) �0.01

2678 72 �0.01
ith No

Su
.511, with a p value of 0.590.
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DISCUSSION

The present data show that the APACHE III prognostic
coring system has excellent discriminatory capacity in patients
fter major vascular surgery. However, the calibration of the
odel that included the APACHE III–derived prediction of

ospital death was poor. Thus, while the scoring system can, on
he first ICU day, distinguish survivors to hospital discharge
rom nonsurvivors in the cohort as a whole, this accuracy is not
onsistent across all deciles of risk. This problem has been
hown by a number of other investigators and is an example of

0

Fig 1. The distribution of APACHE III scores in a cohort of 3,148 pa

gure is available online.)

APACHE III Prediction of Hospital Death

0 20 40 60 80 100

100

80

60

40

20

0

100-Specificity

Se
ns

iti
vi

ty

Fig 2. The receiver operating characteristic curve (with 95% CI) for

he APACHE III–derived prediction of hospital death in patients ad-

itted to the ICU after major vascular surgery. The AUC of APACHE
II prediction is 0.840 (95% CI, 0.799-0.880). (Color version of figure is

vailable online.)
ne of the reasons for the need to update prognostic scoring
ystems.16

Multiple methods have been developed in an attempt to
llow clinicians to prognosticate on patients undergoing major
ascular surgical procedures.17-26 These scoring systems tend to
nclude only parameters related to pre-existing comorbid con-
itions of the patients rather than combining premorbid condi-
ions with objective physiologic parameters as used in the
PACHE III. A single scoring system has not gained accep-

ance. Nesi et al24 evaluated five risk scoring systems in 268
atients undergoing elective infrarenal AAA. Although they
escribed the scores as predicting “with reasonable accuracy”
he risk of in-hospital death, each AUC was less than 0.8.

There are limited data on the performance of APACHE in
ascular surgical patients. In their review of 413 patients op-
rated on for ruptured AAA at Mayo Clinic over an 18-year
eriod between 1980 and 1998, Noel et al27 included informa-
ion on the APACHE II (not III) scores of the patients. As in the
resent study, the APACHE scores were higher in nonsurvivors
hen compared with survivors. The authors reported an odds

atio of death of 1.05 for each unit increase in the APACHE II
core. Lazarides et al28 studied the APACHE II prognostic

200

s admitted to the ICU after major vascular surgery. (Color version of

Table 2. The Observed and APACHE III–Derived Predicted Numbers

of Hospital Survivors and Nonsurvivors According to Deciles of Risk

Decile
of Risk

Number of Nonsurvivors Number of Survivors

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
100
NOTE. The first decile is the decile of lowest risk.
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716 KEEGAN ET AL
ystem in 40 consecutive patients with ruptured infrarenal
ortic aneurysms. APACHE II was “a good predictor of out-
ome,” although the AUC was not quoted. In a study of 88
atients with ruptured AAAs, APACHE II had limited ability to
redict outcome.29 Wolters et al30 examined the predictive
bility of APACHE II, POSSUM, and SAPS II on 107 patients
ndergoing aortoiliac surgery.
Hadjianastassiou et al31 developed the APACHE-AAA prog-

ostic scoring system in a cohort of approximately 1,900 pa-
ients who underwent open AAA repair in the United Kingdom.
his scoring system was based on APACHE II (not III), al-

hough the authors used variables ascertained in the operating
oom or at ICU admission in contrast to using the worst values
n the first 24 hours in the ICU as originally described for the
PACHE II and III. The AUC of the APACHE-AAA (0.845,
5% CI, 0.821-0.868) was marginally better than the AUC of
PACHE II prediction but not statistically better than the
iscriminatory ability of APACHE III in the present cohort.
Outcomes after abdominal aortic surgery are related to the

rganizational characteristics of ICUs and institutional experi-
nce.32-36 It is imperative that any assessment of the quality of
are delivered in the ICU involves a consideration of the
everity of patient illness using a reliable measure of illness
everity.37 The Joint Commission has proposed the severity-
djusted mortality rate as a specific measure that should be
ecorded.38 Standardized mortality ratios may be calculated as
he ratio of the observed mortality to the mortality predicted by

scoring system.39 The adjustment for the severity of illness
llows for the monitoring of an ICU’s performance over time
nd for comparison of ICUs in the same or different hospitals
“benchmarking”). The prediction of outcome for individual
atients is theoretically possible, although it is problematic and
ontroversial.16,40

The “holy grail” of scoring systems used in major vascular
urgery is a system that would allow the clinician to determine
ith certainty whether a given patient will survive operative

ntervention based on preoperative parameters. The ideal sys-
em would be simple, require collection of a small number of
ariables not prone to observer bias, and be amenable to bed-
ide use. Such a system would be especially useful in the
etting of ruptured aneurysm because it would guide practition-
rs toward operative or palliative intervention in a given pa-
ient. APACHE III does not meet the criteria required to be an
deal scoring system for use in vascular surgery. APACHE III
s an ICU-specific scoring system. Admission to the ICU typ-
cally, although not always, occurs after the surgical procedure
as been performed. Thus, the scoring system is not helpful in
eciding who should be operated on. Furthermore, because the
atient has already been admitted to the ICU before the score is
alculated, it is not useful for prospectively determining
hether a specific patient’s ICU admission is warranted.
In addition to determining who should be operated on, an

deal scoring system for vascular surgery would allow postop-
rative re-evaluation of patients in whom surgery was per-
ormed. Laukontaus41 investigated the predictors of survival
fter 48 hours of intensive care after the rupture of an AAA.
he Sequential Organ Failure Assessment score, a measure of

rgan dysfunction, was an independent predictor of death. u
niemeyer et al42 showed that the use of a scoring system after
8 hours was appropriate to determine the need for continued
CU care. Although such decision-making may aid in the
reservation of limited health care resources, APACHE III
redicts mortality based on parameters recorded on the first
CU day, and predictions based on subsequent ICU days have
ot been validated. Furthermore, prediction of the outcome of
ndividual patients is fraught with difficulty. For example, of 17
atients in the present cohort predicted to have a hospital
ortality of greater than 70% on the first ICU day, 6 survived

o hospital discharge (data not shown). These results are con-
istent with the results of the study of the APACHE II by
azarides et al28 that showed that in patients with ruptured

nfrarenal AAAs the accuracy of outcome prediction in any
iven individual patient was limited. Berge et al43 showed that
ven predictions of mortality of greater than 95% may be
rroneous.

Although APACHE III is not an ideal scoring system for
utcome prediction in vascular surgery, it may be useful in
ther ways. For example, the practice of admitting patients to
he ICU after elective infrarenal AAA repair has been ques-
ioned. The introduction of endovascular repair has especially
rompted this debate.44 The use of prognostic scoring systems
ay serve to identify a cohort of patients who, by virtue of their

ow predicted mortality, might be cared for in a progressive
are unit (also known as an intermediate care unit or stepdown
nit) rather than in an ICU.45-47

The present study is limited in that it reflects the experience
f a single medical center, and the results may not be applicable
o other centers. However, the validation of APACHE in a
roup of patients at a single center may more accurately reflect
he performance of the model without the confounding influ-
nce of standards of care at different institutions. It is interest-
ng that the model that includes the APACHE III score shows
ood calibration, but the calibration of the model that includes
he APACHE III–derived prediction of mortality is poor. The
elatively low number of deaths may have influenced the cal-
bration analysis, perhaps artificially improving the perfor-
ance of the model that uses the APACHE III score as shown

y Kramer and Zimmerman.48

Future investigations could involve customization of the
PACHE III model in an effort to improve on either the

alibration or discrimination of the model (or both). The addi-
ion of variables identified as relevant by some of the other
ascular surgery–predictive models would be one method of
uch a customization. Also, analysis of the performance of
PACHE IV (with or without customization) in this patient
opulation would be of considerable interest.

CONCLUSION

The APACHE III scoring system discriminates well between
urvivors and nonsurvivors in patients admitted to the ICU after
ajor vascular surgery, but calibration of the model is poor.
lthough APACHE III is not useful for the prediction of

ndividual patient outcome or for the identification of specific
atients in whom surgery is appropriate, it may have utility for
isk stratification and benchmarking in vascular surgery when

sed for analysis of cohorts of patients.
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