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Predicting outcome in 
critical care: the current 
status of the APACHE 
prognostic scoring 
system David T. Wong MD, Will iam A. Knaus MD 

The APACHE (Acute Physiology and Chronic Health Evalua- 

tion) prognostic scoring system was developed in 1981 at the 

George Washington University Medical Center as a way to 

measure disease severity. APACHE II, introduced in 1985, was 

a simplified modification of the original APACHE. The APACHE 

!1 score consisted of three parts: 12 acute physiological 

variables, age and chronic health status. Probability of death 

can be derived by using the disease category and the APACHE H 

score. The uses of APACHE H include risk stratification to 

account for case mix in clinical studies, comparison of the 

quality of care among ICUs, and assessment of group and 

individual prognoses. APACHE III, a retinement of APACHE H, 
will be introduced in late 1990. The APACHE I11 data base 

includes 17,457 patients from a representative sample of 40 

American hospitals. Additional potential uses of APACHE HI 

include the identification of factors in the ICU which contribute 
to outcome and assistance in individual patient decision- 

making. This article reviews the development, current uses and 

potential applications of the APACHE ~3,stem. 

L'APACHE (acute physiology and chronic health evaluation) 

est un systOme de gradation pronostique qui s'est ddveloppE en 

1981 d George Washington University Medical Center atit, de 

mesurer la sEvEritd de la maladie. APACHE II, introduit en 

1985, fut une modification qui a simplifid I'APACHE original. 
L'APACHE H consiste en trois parties : 12 variables physiolo- 

giques aiguEs. 6ge et dtat de santE chronique. La probabilitE de 
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la mortalitd peut Etre ddduite en utilisant la catdgorie de maladie 

et le systdme d'dvaluation APACHE II. Les utilisations de 

I'APACHE H incluent la stratification du risque atin de tenir 

compte de l'identification des cas dans des dtudes cliniques 

mixtes, la comparaison de la qualitd des soins entre les unitds de 

soins intensifs et l'Evaluation des pronostics individuel et de 

groupe. APACHE HI, un ratinement de I'APACHE II, sera 

introduit vers latin des anndes 1990. Les donndes de I'APACHE 

II! incluent 17,457 patients d'une population representative de 

40 h6pitaux amEricains. Les utilisations potentielles addition- 

nelles de I'APA CHE IH incluent l' identification des facteurs attr 

soins intensify qui contribuent d l'issue et tJ l'assistance 
concernant les decisions sur certains patients. Cet article revolt 

le ddveloppement des utilisations courantes, des applications 

potentielles du systEme APACHE. 
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Recent American data indicate that intensive care unit 
(ICU) beds account for 7% of  all hospital beds, 15-20% 
of hospital costs and 1% of the gross national product 
(GNP).I Improving therapeutic capabilit ies and increas- 
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ing use of monitoring technology have escalated ICU 
demand at a time of economic constraint and resource 
limitation. Precise disease classification and accurate 
outcome prediction can optimize ICU bed usage by 
reducing unnecessary low-risk monitored-only patients 
and futile care of terminally ill patients. 

The APACHE (acute physiology and chronic health 
evaluation) prognostic scoring system was developed in 
1981 at the George Washington University Medical 
Center as a way to measure disease severity. 2 The 
APACHE score was found to correlate directly with 
hospital mortality. APACHE 11, introduced in 1985, was 
a simplified refinement of the original APACHE. 3 Prob- 
ability of death can be derived by using the disease 
category, acute physiological score, age and the chronic 
health status. The uses of APACHE ii include risk 
stratification, comparison of the quality of care, and 
prognosis. APACHE I11, a refinement of APACHE 1I will 
be introduced in late 1990. 4 This article reviews the 
development, current uses and potential applications of 
the APACHE system. 

Development of the APACHE prognostic scoring 
system 
Although few question the need for ICUs, there is a lack 
of data to document their effectiveness in improving 
patient outcome. 5 This is because it is difficult to conduct 
randomized studies in patients at high risk of dying and, 
until recently, there was no accurate method to account 
for case mix in an ICU overtime or among different ICUs. 
Therefore it was difficult to determine if outcome varia- 
tions were related to therapeutic effort or to a difference in 
case mix. A severity-of-disease scoring system allows the 
investigator to risk-stratify patients and compare patient 
risk from different units. 

A conceptual model for the APACHE prognostic 
scoring system was formulated in 1979. 2 The initial 
model involved the identification of factors that influence 
outcome from an acute illness (Table I). APACHE 
incorporated the three patient factors (disease, reserve, 
severity) which were treatment-independent. Disease was 
classified using the primary diagnostic reason for ICU 
admission, l fa  specific diagnosis could not be given, then 

TABLE I Factors influencing outcome for an acute illness 

Patient factors Treatment factors 
(before treatment) (post-treatment) 

Type of disease Type of therapy 
Physiologic reserve Amount of therapy 
- age Response to therapy 
- chronic disease 
Severity of illness 

the principle organ system dysfunction precipitating ICU 
admission was used. Physiological reserve was reflected 
by age and prior health status. Severity of disease was 
measured by acute physiological abnormalities, repre- 
sented by clinical and laboratory measurements available 
at presentation to the ICU. 

The original APACHE consisted of two parts: the APS 
(acute physiology score) representing the degree of acute 
illness and CHE (chronic health evaluation) indicating 
physiological reserve before the acute illness. The APS 
variables were developed by a panel of physicians from 
medicine, surgery and anaesthesia. Thirty-four variables 
were selected and relative weights (0-4) were assigned 
according to the clinicians' clinical experience and a 
review of the literature. The greatest degree of abnormali- 
ty (worst value) of each variable within the first 32 hr after 
admission was used. The CHE consisted of a question- 
naire inquiring about the number of recent physician 
visits, activities of daily living and the presence of 
carcinoma. Patients were then classified into A for 
excellent health to D for severely failing health. The final 
score consisted of an APS and a CHE (e.g., 25-D). 
Probability calculations were not part of the original 
APACHE system. 

Results from the initial study group indicated a direct 
relationship between the APS score and the probability of 
death. However, with the CHE, only class D was found to 
be independently associated with mortality. The predic- 
tive ability of the APACHE score was subsequently 
validated in new populations of patients. 6-s Criticisms of 
the APACHE included the large number of variables and 
the 32 hr allowed for data collection. Further analysis and 
modifications led to the development of the APACHE 11. 

APACHE I13 which was introduced in 1985 incorpora- 
ted a number of important changes. First, the number of 
APS variables was reduced from 34 to 12 (Figure I). This 
was accomplished by eliminating infrequently measured 
variables (e.g., serum lactate, osmolality) and redundant 
variables (e.g., BUN). Subsequently, using multivariate 
analysis, the smallest number of variables that reflected 
physiological derangement yet maintained statistical pre- 
cision was found to be 12. 3 In addition, the threshold and 
weights of variables were modified according to their 
statistical correlation to hospital mortality. Particularly, 
the Glasgow Coma Scale was given an increased weight 
of 12 and acute renal failure was double-weighted with a 
maximum score of 8. The most abnormal APS values 
within the first 24 hr of ICU admission were used. 
Chronic health points were assigned only for severe organ 
system dysfunction. Nonoperative and emergency sur- 
gery were given additional weight and age was incorpo- 
rated into the APACHE II score. 

With these modifications, APACHE II then consisted 
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FIGURE 1 The APACHE II severity of disease classification system. 3 
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FIGURE 2 The relationship between predicted and observed hospital 
mortality rate for varying levels of APACHE I1 scores. 9 

of three parts: APS (12 variables; creatinine: 0 - 8  points, 
Glasgow Coma Scale: 0 - 1 2  points, other 10 variables: 
0 - 4  points each; maximum 60 points), age points (0-6)  
and chronic health points (0-5)  for a maximum total score 
of 71. The patients were assigned a specific diagnosis 
according to the principal reason for admission. Coronary 
artery bypass surgery patients were placed in a separate 
category and eliminated from the overall analysis due to 
their unique situation of high initial APS and very low 
mortality rate. 

The APACHE I1 system was extensively evaluated in 
an initial study population of 5815 patients from 13 
medical centres. 9 There was a direct correlation between 
the APACHE 11 score and hospital mortality (Figure 2). 
Each three-point increase in APACHE II was associated 
with an increase in hospital mortality (P < 0.05). The 
overall risk of  hospital mortality also varied according to 
the primary diagnosis. An APACHE I1 score of ten in 
patients with septic shock was associated with a higher 
mortality rate than the same score in patients with acute 
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TABLE II Calculation of the predicted hospital mortality for an 
individual patient 

Ln (R/I-R) = -3 .517  + (APACHE I1 x 0.146) + D + S 

where 

R = Risk of hospital mortality 
D = Disease weight according to relative risk 

imposed by a specific disease. (range: - 3 . 35  to +0.89) 
S = Additonal weight (0.603) ["or emergency surgery 
Ln = Log e 

gastrointestinal bleeding. The prime determinants of 
hospital mortality were the disease category and the 
APACHE II score. 

From multivariate analysis of  the APACHE II data, an 
equation allowing calculation of an estimate of an indivi- 
dual patient 's hospital mortality was derived. The three 
variables necessary for this calculation were APACHE I1 
score, disease category and the presence or absence of 
emergency surgery as shown in Table I1. For example, 
given a non-operative patient with a diagnosis of sepsis 
and an APACHE 1I score of 25, the disease weight (D) is 
0.113 and the surgery weight (S) is zero. Using the 
equation in Table 11, 

Ln (R/I - R) = - 3 . 5 1 7  + (25  • 0.146) + 0.113 + 0 
= 0.246 

Therefore, the calculated risk of  hospital mortality (R) is 
0.561 or 56%. In a large number of ICU patients, the 
predicted hospital mortality using this equation was 
shown to correlate closely with the observed mortality 
( F i g u r e  2).  9 

The accuracy and validity of  the APACHE 11 has since 
been demonstrated in several studies using independent 
groups of new patients. 6-~ APACHE thus fulfilled its 
original objectives of  providing an accurate measure of 
the severity of  illness and the ability to predict mortality in 
an individual or groups in a wide variety of  disease 
categories. 

Current  uses of  A P A C H E  II 

Control for  case mix 
A central problem in conducting clinical studies is the 
inability to make the control and treatment groups 
comparable. Randomized allocation will randomly allo- 
cate patients but not necessarily the risk of  death between 
the control and treatment groups. For example, in the 
evaluation of a new therapy for peritonitis, potential 
patients may include a 15-yr-old with a ruptured appendix 
and an 80-yr-old with perforated cancer of the colon. 
Conclusions about treatment efficacy are invalid unless 
the patients and their associated pretreatment risk can be 

quantified and evenly distributed between the control and 
treatment groups. A prognostic scoring system allows the 
investigator to estimate individual patient risk and thereby 
determine the exact risk distribution in the two groups. 

Knaus '~ conducted a simulated clinical trial of  50 
consecutive patients with respiratory failure. Two groups 
were randomly chosen and their mean values of  demo- 
graphic, clinical and physiological variables were similar. 
Despite the apparent comparability of  the two groups, the 
mortality rates were 35 and 25%. When APACHE was 
applied to predict group mortality, values of  37 and 25% 
were obtained which matched the observed mortality. The 
use of  APACHE to risk-stratify patient groups unmasked 
the different inherent risk within the two randomized 
patient groups. 

Many groups have used APACHE 11 to risk-stratify 
patients in order to control case mix so that appropriate 
comparisons of  therapy could be made. APACHE was 
utilized in studies that investigated the effect of naloxone 
infusion in septic shock, t~ the rates of  nosocomial 
pneumonia in intubated patients given sucralfate, antacid 
or histamine-2 blocker ~2 and the ability of  topical antibi- 
otics in preventing mucosal colonization and nosocomial 
bacterial infection. ~3 The APACHE system has also been 
used extensively in assessing different therapies in pa- 
tients with intra-abdominal sepsis. ,4-~6 

Quality assurance in ICUs 
Comparing mortality statistics in a given ICU over a 
period of time can be misleading due to a change in patient 
population. Also it is inappropriate to evaluate the 
performance among different ICUs based on mortality 
rates alone. ~7 The mortality risks of  patients in a tertiary 
cancer centre and in a suburban trauma centre are very 
different. Therefore a prognostic scoring system should 
be used to adjust for the differences in case mix between 
institutions as well as over time to allow valid 
comparisons. 

Brown, 18 a retrospective study, assessed the ICU 
mortality in the periods before and after acquiring a new 
full-time critical care specialist. The distribution and 
mean APACHE score were comparable between the two 
periods. There was a 52% (P < 0.01) reduction in 1CU 
mortality in the second period. The application of 
APACHE II to control for case mix allowed the valid 
conclusion of a real reduction in ICU mortality. 

The utilization and outcome of ICUs in New Zealand 
and the United States were compared in a recent study by 
Zimmerman.  ~9 The results indicated a major difference 
in patient selection between the two countries. Using 
APACHE 11 to control for differences in case mix, the 
mortality rates in New Zealand were found to be compara- 
ble to the United States. 
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In 1986, Knaus 9 evaluated the performance of 13 
ICUs in the care of 5030 patients using the APACHE II 
system. The patients were risk-stratified by their diagno- 
sis and the APACHE I! scores. The predicted and the 
observed death rate for each hospital were compared. 
There were no significant differences between the ob- 
served and the predicted mortality in 11 hospitals. 
However, one hospital performed significantly better 
with 40% fewer deaths than predicted and one hospital 
was significantly worse with 60% more deaths. Analy- 
sis of the structure and process of the ICUs indicated the 
variation in performance appeared to be most related to 
the interaction and coordination of the hospital staff, 
rather than the administrative structure, type of therapy 
and the teaching status of the hospital. The ability to 
identify superior and inferior performance of ICUs and 
factors that contribute to such variations have major 
implications and is currently being addressed in the 
ongoing APACHE 111 study. 

Non-ICU patients 
Can the success of APACHE 11 in predicting death in ICU 
patients be extrapolated to a non-lCU setting? A recent 
study 2~ evaluated death rates and the quality of care in 93 
American hospitals for patients with four diagnoses: 
cerebral vascular accident, pneumonia, myocardial in- 
farction and congestive heart failure. Initial analysis 
revealed 20 hospitals with death rates higher or lower than 
expected. Using the principles of APACHE 1I to stratify 
patient risk, the exact disease and severity at admission 
were determined for each patient. After these factors were 
taken into consideration, almost all (70-90%) the varia- 
tions in expected versus observed death rate among 
hospitals were accounted for. 2~ 

At a time of economic constraint, there is increasing 
interest in evaluating hospital performance by comparing 
hospital mortality figures. It is important to appreciate 
that hospital mortality statistics must be interpreted in the 
light of the severity of illness of the patient population. 

Resource allocation 
There are two groups of patients whose requirement for 
ICU admission needs to be scrutinized. The first group of 
patients are those admitted for low-risk monitoring where 
active treatment is rarely necessary. The second group 
consists of severely ill patients whose death will likely 
ensue regardless of treatment. 

About 20-30% of ICU admissions consist of monitoring 
patients who are extremely unlikely to require active 
treatment. 22'23 These patients are admitted for conditions 
such as post-neurosurgery, peripheral vascular surgery, 
drug overdose or syncope. An objective method to 

TABLE Ill Low-risk thresholds for APS of APACHE It 

Primary category of 
ICU admission 

APS level at which an initially 
monitored ICU admission is at 
< 10% risk of  requiring 
subsequent active treatment 

Postoperative elective surgery "< 14 
Postoperative emergency surgeD' <8 
Nonoperative -<4 

identify low-risk patients might be useful in triage 
situations where bed availability is limited. 

Wagner 24 studied 1941 monitored-only patients admit- 
ted to ICUs. One thousand three hundred and fifty-eight 
(70%) were predicted to have less than a 10% chance of 
requiring active treatment based on a multivariate logistic 
regression equation using the APS score, surgical status 
and diagnostic category. Only 58 (4.3%) of these predict- 
ed low-risk patients received treatment, none for life- 
threatening problems. Wagner established low-risk APS 
threshold for the three main diagnostic categories (Table 
III). For example, a postoperative elective surgical patient 
with an APS score of 14 or less was predicted to have a 
low risk of requiring active treatment. The low risk APS 
threshold can provide a useful objective criterion to 
prioritize 1CU admissions. 

At the other end of the spectrum, there is the group of 
severely ill patients requiring burdensome intensive treat- 
ment yet have little chance of recovery. 

Knaus 25 studied prospectively the prognosis of patients 
with acute organ system failure (OSF) in 5677 ICU 
admissions. They found a strong correlation between 
mortality and the increase in number and/or duration of 
OSFs. Mortality for 99 patients with greater than three 
OSFs persisting for more than three days was 96% (Figure 
3). Using the equation derived, the next patient who has 
->30SFs for the fourth day has a predicted mortality of 
96 -- 5%. Can this information be applied to an individual 
patient? First, estimates of individual outcome demand 
great precision, especially when they are used to supple- 
ment clinical decisions to withdraw therapy. Secondly, 
the number of patients upon which these outcome 
estimates are based is important. Statistically it is impos- 
sible to be certain whether a patient will die based on 
information only from records of past patients. As the data 
base upon which these estimates are based expands, the 
confidence level of prediction will narrow and the ability 
to discriminate survivors from non-survivors will 
improve. 

Computer versus clinicians 
Numerous studies have compared clinical judgement with 
statistical prediction using prognostic scoring systems. 
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HOSPITAL MORTALITY ACCORDING TO NUMBER 
AND DURATION OF ORGAN SYSTEM FAILURE 

N u m b e r  tst 
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  ,ceo, l S=~ Mortal i ty" 
2 
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~ '  3 NO. Deaths 152 
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I std. dev. = 
N = total number; P = percent death rate; O = I - P  

For a patient w i l h ~ 3 0 S F  on the 4th day of OSF, 
N = 52, P = .96, Q = .04: therefore, 1 std. dev. 
= 1.4and 1.4/52 = 2.7%, so • tier. = 96% r 

Therefore, the next patient to have �9 30SF  on the 4th day 
of OSF has a projected death rate Irom 90.6 to 100%. 
(Use of potsson distr=bulion yields equivalent results) 

FIGURE 3 Hospital mortality according to the number and duration of organ system failure (OSF). Columns indicate the number of  days with 
OSF and rows indicate the number of OSFs. The hospital mortality in percentages are shown in the rectangular boxes. 25 

Kruse 26'27 and McClish 28 compared the accuracy of 
mortality prediction using APACHE 11 scores with 
clinical assessment by critical care physicians and nurses. 
Both studies found no differences in accuracy between the 
two methods. The ability to predict death based on clinical 
assessment was compared with computer analysis of daily 
APACHE II values and the number and duration of 
OSFs. 3~ The computer model was shown to be more 
accurate and specific than clinicians in predicting death. 
Larvin 29 found APACHE superior to other prognostic 
scoring systems and to clinical judgement in predicting 
organ system failure and complications in acute 
pancreatitis. 

Outcome prediction by prognostic scoring systems 
appears to be at least as good as, and occasionally superior 
to, clinical judgement. 

Individual patient decisions 
Can the APACHE I1 prognostic scoring system be useful 
in making individual patient decisions? Although the 
outcome predictions with prognostic scoring will never be 
entirely accurate, we believe a risk estimate for death of 
80-95% with narrow confidence limits can be useful to 
the clinician. 

Let us consider the frequent argument that group 
statistics do not apply to a single individual patient. 
Individual prognostic estimates derived from a scoring 
system provide an objective risk assessment based on 
statistics of past patients with the same diagnosis and 
similar degree of illness. Clinicians frequently make 
treatment decisions based on subjective past experiences. 
It has been demonstrated that physicians' estinaations of 
patient outcome is altered by a number of biases. 32 It is 
difficult for a physician to determine ifa particular patient 
is representative of a past group of patients; his judgement 
is disproportionately influenced by recent experience; and 
he may be anchored in his initial-risk estimate and fail to 
adjust it with subsequent data. A properly constructed 
prognostic scoring system can overcome these biases. 
Thus, in comparative studies of outcome prediction, 
prognostic scoring systems have been shown to be as least 
as good as and occasionally superior to clinical judge- 
ment. 26- 30 

Chang 33 used the APACHE II score predicted mortality 
to identify patients who would not benefit from total 
parenteral nutrition (TPN). Patients referred for TPN 
were predicted to live or die based on an equation using 
their admission and subsequent APACHE 11 scores. 
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Clinical decisions were not influenced by the patients' 
outcome predictions. In a group of 26 patients, all eight 
predicted to die died. Of the 18 patients predicted to live, 
seven died. Since the positive predictive value (PPV) for 
death was 100%, it was suggested that TPN could be 
withheld from the eight patients predicted to die without 
affecting their eventual outcome. 

With a similar methodology, Dobkin 34 used the 
APACHE I1 predicted mortality to identify patients who 
would not benefit from haemodialysis. In a group of 146 
patients referred for haemodialysis, using a risk criterion 
of >70% on the first day of dialysis, all 35 patients 
predicted to die died. The PPV for death was 100%. The 
author suggested that if dialysis were withheld from this 
group of patients this would not change their outcome but 
would achieve considerable cost reduction. 

Chang 35 proceeded to study the prediction of outcome 
based on computerized analysis of the absolute value and 
the rate of change of daily organ failure scores. Organ 
failure scores were derived from APACHE II scores 
modified by the number and duration of organ system 
failure (Figure 4). Predictions by the model were not used 
to influence clinical decisions. Eight hundred and thirty- 
one ICU patients in Saudi Arabia were subjected to 
analysis. Of 109 patients predicted to die, all died. Of the 
722 patients whose outcome predictions were unknown, 
181 died. There were no false positive predictions of 
death. 

Advancement in computerized ICU data entry and 
analysis has made rapid availability of patient prognostic 
estimates a clinical reality. Physicians may make clinical 
decisions based on objective prognostic estimates in 
addition to their clinical impression. 

F u t u r e  u s e s  

APACHE IH 
Although APACHE 11 has been used and validated 
internationally and has yielded accurate estimates of 
patient outcome, there is still room for improvement. The 
current development of APACHE 11I is being undertaken 
with the following objectives: 
1 to improve the statistical predictive power of the 

APACHE score by redefining the variables and their 
weights in the APS score and by improving the precision 
of disease classification; 36 

2 to identify and quantify the factors in ICU care that 
contribute to the variations in ICU outcome; 37 

3 to obtain a large nationally representative data base 
from which individual outcome prediction with narrow 
confidence limits can be based. 38 
In 1988 and 1989, 17457 consecutive ICU patients 

were collected from 40 American medical centres, 26 
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FIGURE 4 ICU patient outcome prediction using trend analysis of  
organ failure score (OFS) over time. 3~ Based on computerized trend 
analysis of OFS from a criteria defining group of I00 patients, absolute 
values and patlerns of change of OFS were established that allowed 
prediction of survivors and non-survivors. Here, level I, level 2 and 
level 3 corresponded to OFS of 35, 31 and 27. For 731 patients 
studied prospectively, those with a day one score >35 (level I) were 
predicted to die. For patients whose day one scores were between 35 
(level I) and 31 (level 2) and the day two score decreased by less Ihan 
2.5, they were also predicted to die. 

of which were randomly selected to be representative 
nationwide. The major changes of the APACHE Ill are 
outlined below. 

APS 

In an attempt to improve the statistical power of the APS, 
five new physiological variables (albumen, bilirubin, 
glucose, BUN, urine output) have been added and the 
thresholds and weights of existing variables changed. The 
predictive accuracy of APACHE I1 will serve as a 
standard against which this new version will be measured. 

TIMING 

Currently the most abnormal physiological measurements 
recorded in the first 24 hr in the ICU are used. These 
measured values are treatment-dependent. 39 Appropriate 
treatment will decrease the APACHE score. Also the 
amount of time that patients are treated in the emergency 
room before transfer to ICU could affect the ICU 
A P A C H E  score .  39"40 APACHE Ill will address these 
issues by comparing the admission and worst 24 hr ICU 
data and by incorporating the origin of the patient before 
ICU transfer in the analysis. Daily ICU APACHE data up 
to seven days as well as on the day of ICU discharge are 
also collected. 
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CHS 

The role of age, comorbidity (assessment of organ 
dysfunction) and functional health (activities of daily 
living) will be assessed and their relationship to outcome 
determined. 

DISEASE 

The reliability and accuracy of outcome prediction is 
dependent on the precision of disease classification. 
APACHE II1 will increase the number of specific diag- 
nostic categories to improve the homogeneity within each 
diagnostic group. 

PROCESS OF CARE 

From 1985, the analysis of outcome from 13 ICUs 
indicated that the variation in performance is related most 
to interaction and coordination of the hospital staff. In 
APACHE Ill, ICU organization and management issues 
such as staff communication, coordination, conflict reso- 
lution and job satisfaction are evaluated in each hospital 
initially by questionnaires to ICU staff and subsequently 
by an on-site team visit. The ICU factors identified to be 
correlated to outcome may have a major impact on 
improvement in the effectiveness of ICU care. 

INDIVIDUAL PATIENT DECISIONS 

With a large nationally representative data base and a 
more precise disease classification system, outcome 
prediction with narrow confidence limits can be achieved. 
For the low-risk monitoring group mentioned previously, 
APACHE threshold values can be established to help with 
triage decisions. For severely ill patients with little chance 
of recovery, predicted individual outcome based on data 
from patients with the same diagnosis and degree of 
illness can be used to support the clinician in m~ing  
difficult but increasingly unavoidable patient care 
decisions. 

Prediction over time 
Chang 3~ utilized a computer model based on trends of 
daily APACHE 1I scores and OSFs to predict patient out- 
come more accurately than with day one score alone. 
Larvin 29 showed that the APACHE ii score at 48 hr was 
more accurate than the admission score in predicting 
outcome in acute pancreatitis. Wong 4t showed that an 
APACHE 11 score of 10-19 on ICU days three to six was 
associated with a higher hospital mortality than when the 
same score was obtained on day one. Bion 42 also 
demonstrated that analysis of proportional change of 
Sickness Score (modification of APACHE 11) over time 
enhanced the power to predict outcome. It is intuitively 
obvious that normalization of physiological variables 
indicate effective therapy or a reversal of disease pro- 

cesses while worsening of physiology implies the oppo- 
site. Thus, both the absolute value of the APACHE score 
and its rate and degree of change over time are important 
in outcome prediction. The best criteria in predicting 
outcome by evaluating APACHE score over time has yet 
to be established. 

Automation 
Most of the physiological data (e.g., heart rate, blood 
pressure, respiratory rate) are available from ICU moni- 
tors and most of the laboratory data (haemoglobin, PO2, 
creatinine) are available from computerized laboratory 
systems. By electronically interfacing with the ICU 
monitor and the laboratory system, the APS can be 
entered automatically into the computer. With automated 
patient data entry, the APACHE score and individual 
patient risk prediction can be made available to the 
clinician daily in a printout similar to a laboratory report. 
An automated APACHE II1 data management system is 
expected to be available in early 1991. 

Conclusion 
Since its introduction in 1981, the APACHE prognostic 
scoring system has gained acceptance as a measure of 
disease severity and in outcome prediction. It has been 
used extensively in controlling for case mix in clinical 
studies and assessing quality of care among ICUs. In the 
future, the APACHE system will produce individual 
prognostic estimates that could be used to assist clinicians 
in deciding 1CU admissions, discharges, therapeutic 
changes and withholding or withdrawing life support. 

Acknowledgements 
The work of the ICU Research Unit is supported by grants 
from the NCHSR/HCTA (HS05787), the HCFA (18-C- 
99054), The John Hartford Foundation (87267), The 
Robert Wood Johnson Foundation (13466), APACHE 
Medical System inc., and the Department of Anesthesiolo- 
gy, George Washington University Medical Center. 

References 
I Hospital Statistics, 1988. 1989-1990 ed. Chicago: 

American Hospital Association. 
2 Knaus WA, Zimmerman JE, Wagner DP, Draper EA, 

Lawrence DE. APACHE - acute physiology and 
chronic health evaluation: a physiologically based classifi- 
cation system. Crit Care Med 1981; 9: 591-7. 

3 Knaus WA, Draper EA, Wagner DP, Zimmerman JE. 

APACHE I1: a severity of disease classification system. 
Crit Care Med 1985; 13: 818-29. 

4 Zimmerman JE. APACHE III study design: analytic plan 
for evaluation of severity and outcome. Crit Care Med 
1989; 17: S169-221. 



382 C A N A D I A N  J O U R N A L  OF A N A E S T H E S I A  

5 Petty TL, Lakshminarayan S, Sahn SA et al. Intensive 

respiratory care unit. Review of ten years experience. 
JAMA 1975; 233: 34-7. 

6 Zimmerman JE, Knaus WA. Outcome prediction in adult 

intensive care. In: Shoemaker WC, Thompson WL, 

Holbrook PH et al. (Eds.). Textbook of Critical Care, 2nd 

ed. Philadelphia: Saundcrs 1988; 1447-65. 

7 SeneffMG, Knaus WA. Predicting patient outcome from 

intensive care: a guide to APACHE, MPM, SAPS, 

PRISM and other prognostic scoring systems. Journal of 

Intensive Care Medicine 1990; 5: 33-52. 
8 Dellinger EP, Wertz M J, Meakins JL et al. Surgical 

infection stratification system for intra-abdominal infec- 
tion. Arch Surg 1985; 120: 21-9. 

9 Knaus WA, Draper EA, Wagner DP, Zimmerman JE. An 
evaluation of outcome from intensive care in major 

medical centers. Ann Intern Med 1986; 104: 410-8. 

10 Knaus WA, Wagner DP, Draper EA. The value of measur- 

ing severity of disease in clinical research on acutely ill 

patients. Jourual of Chronic Disease 1984; 37: 455-63. 
I I Roberts DE, Dobson KE, Hall KW, Light RB. Effects of 

prolonged naloxone infusion in septic shock. Lancet 

1988; ii: 699-702. 

12 Driks MR, Craven DE, Celli BR et al. Nosocomial 

pneumonia in intubatcd patients given sucralfate as 
compared with antacids or histamine type 2 blockers. N 

Engl J Mcd 1987; 317: 1376-82. 

13 Kerver A J, Rommes J H, Mevissen-Verhage EA et al. 
Prevention of colonization and infection in critically 
ill patients: a prospective randomized study. Crit Care Meal 
1988; 16: 1087-93. 

14 Bohnen JM, Mustard RA, Oxholm SE, Schouten BD. 
APACHE 11 score and abdominal sepsis. Arch Surg 1988; 

123: 225-9. 
15 Olak J, Christou NV, Stein LA, Casola G, Meakins 

JL. Operative vs percutaneous drainage of intra- 
abdominal abscesses. Arch Surg 1986; 121: 141-6. 

16 Garcia-Sabrido JL, Tallada JM, Christou NV, Polo JR, 
Valdecantos E. Treatment of severe intra-abdominal 
sepsis and or necrotic foci by an 'Open-Abdomen' 
approach. Arch Surg 1988; 123: 152-6. 

17 Knaus WA, Draper EA, Wagner DP. Evaluating medical- 
surgical ICUs. In: Parillo JE, Ayers M (Eds.). Major 

�9 Issues In Critical Care Medicine. Baltimore: Williams and 
Wilkins 1984; 35-46. 

18 Brown J J, Sullivan G. Effect of ICU mortality of a 

full-time critical care specialist. Chest 1989; 96: 127-9. 
19 Zimmerman JE, Knaus WA, Judson JA et al. Patient 

selection for intensive care: a comparison of New 
Zealand and United States Hospitals. Crit Care Med 1988; 

16: 318-26. 

20 Dubois RW, Brook RH, Rogers WH. Adjusted hospital 

death rates: a potential screen for quality of medical 
care. Am J Public Health 1987; 77:1162-7. 

21 Knaus WA, Nash DB. Predicting and evaluating patient 

outcomes. Ann Intern Med 1988; 109: 521-2. 

22 McClish DK, Russo A, Franklin C et al. Profile of 

medical ICU vs ward patients in an acute care hospital. 

Crit Care Med 1985; 13: 381-6. 

23 Henning R J, McClish D, Dab, B etal. Clinical characteris- 

tics and resource utilization of ICU patients: implica- 

tions for organization of intensive care. Crit Care Med 
1987; 15: 264-9. 

24 Wagner DP, Knaus WA, Draper EA. Identification of 
low-risk monitor admissions to medical-surgical ICUs. 

Chest 1987; 92: 423-8. 

25 Knaus WA, Draper EA, Wagner DP, Zimmerman JE. 

Prognosis in acute organ-system failure. Ann Surg 1985; 

202: 685-93. 
26 Kruse JAo Thill-Baharozian MC, Carlson RW. Compari- 

son of clinical assessment with APACHE II for 

predicting mortality risk in patients admitted to a medical 

intensive care unit. JAMA 1988; 260: 1739-42. 

27 Silverstein MD. Prediction instruments and clinical judge- 

ment in critical care. JAMA1988; 260: 1758-9. 

28 McClish DK, Powell SH. How well can physicians 
estimate mortality in a medical intensive care unit? Med 
Decis Making 1989; 9: 125-32. 

29 Larvin M, McMahon MJ. APACHE 11 score for assess- 
ment and monitoring of acute pancreatitis. Lancet 1989; 
ii: 201-5. 

30 Chang RW, Lee B, Jacobs S, Lee B. Accuracy of decisions 
to withdraw therapy in critically ill patients: clinical 

judgement versus a computer model. Crit Care Med 1989; 
17: 1091-7. 

31 Chang RW, Jacobs S, Lee B. Predicting outcome among 
ICU patients using computcrised trend analysis of daily 

APACHE I1 scores corrected for organ system failure. 
Intensive Care Mcd 1988; 14: 558-66. 

32  Sox I'IC, Blatt MA, Higgins MC et al. M e d i c a l  D e c i s i o n  

Making. Boston: Butterworths 1988. 
33 Chang RW, Jacobs S, Lee B. Use of APACHE II severity 

of disease classification to identify intensive care unit 
patients who would not benefit from total parcnteral 

nutrition. Lancet 1986; i: 1483-6. 
34 Dobkin JE, Cutler RE. Use of APACHE II classification 

to evaluate outcome of patients receiving hemodialysis 
in an intensive care unit. West J Med 1988; 149: 547-50. 

35 Chang RWS. Individual outcome prediction models for 
intensive care units. Lancet 1989; ii: 143-6. 

36 Wagner DP, Draper EA, Knaus WA. Chapter 5. Develop- 
ment of APACHE II1. Crit Care Med 1989; 17: 

S 199-203. 



Wong and Knaus: THE APACHE SYSTEM 383 

37 Shortell S, Rousseau D, GiUes R. Chapter 8. Analysis of 

process. Crit Care Med 1989; 17: $213-6. 
38 Knaus WA, Wagner DP. Chapter 6. Individual patient 

decision. Crit Care Med 1989; 17: $204-9. 
39 Zimmerman JE, Galler LH, Judson JA, Streat S J, Trubuh- 

ovich RV. Severity stratification in life-threatening 
asthma. Journal of Intensive Care Medicine 1990; 5: 

120-7. 
40 Dragsted L, Jorgensen J, Jensen NH et al. Interhospital 

comparisons of patient outcome from intensive care : 
importance of lead-time bias. Crit Care Med 1989; 17: 

418-22. 
41 Wong DT, Tough J, Houston P. The correlation of hospital 

mortality to daily APACHE II scores. Clin Invest Med 
1989; 12: B22. 

42 Bion JF, Aitchison TC, Edlin SA, Ledingham IM. Sickness 
scoring and response to treatment as predictors of 
outcome from critical illness. Intensive Care Med 1988; 14: 
167-72. 


