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Inter-observer variability in APACHE Il
scoring: effect of strict guidelines and

training

Abstract Objective: To assess the
effect of strict guidelines and a rig-
orous training program on variabili-
ty in scoring the revised Acute
Physiology and Chronic Health
Evaluation (APACHE II).

Design and setting: Prospective sur-
vey and intervention in the surgical
ICU of a university teaching hospi-
tal.

Measurements: Seven experienced
intensivists and nine residents de-
termined APACHE II scores in one
set of patients before and in another
set 4 months after a rigorous train-
ing program, following strict guide-
lines for using the APACHE II.
Results: APACHE 11 scores were
14.3 + 4.4 before the training pro-
gram (n = 12) and 18.9 + 2.4 after
(n =11). Interobserver agreement
rates increased significantly from
59.7% to 76.5 % and the interob-
server reliability coefficient
(weighted ) from 0.72 to 0.85 after
our training program was imple-
mented. The changes were signifi-

cantly greater in experienced in-
tensivists than in less experienced
residents, indicating that more ex-
perienced physicians profited to a
greater degree from our training
program.

Conclusion: Interobserver variabili-
ty in APACHE II scoring decreases
markedly when strict guidelines and
a regular training program are im-
plemented, particularly among
more experienced physicians. How-
ever, in our study a degree of vari-
ability (10-15 %) persisted even in
experienced intensivists with similar
training, experience, and back-
ground, suggesting that a degree of
variability is inherent in APACHE
II scoring.
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Chronic Health Evaluation II score -
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Introduction

The revised Acute Physiology and Chronic Health
Evaluation (APACHE II) score [1] is used widely in in-
tensive care units (ICUs), as an index of case severity,
to predict outcome, to assess clinical performance and
quality of care in the ICU [2, 3], and in research proto-
cols to ascertain differences between treatment groups.
In spite of its general acceptance and widespread use,
the variability and validity of APACHE II scoring have

not been extensively studied. To our knowledge no stud-
ies have dealt specifically with the effect of training pro-
grams on reliability of APACHE II scoring. We have
previously reported wide interobserver variability in
APACHE II scores among a group of physicians assess-
ing the same patients [4]. The study included experi-
enced intensivists, who according to the literature, can
be regarded as experts in the use of scoring systems,
and ICU residents. No significant difference in interob-
server variability was found between the two groups of
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physicians [4]. Subsequently we analyzed our data and
identified various causes of error and confusion in
APACHE II scoring. We then set about to correct these
problems by implementing a rigorous training program
and imposing strict guidelines in the use of the
APACHE II. We report here the effect of this training
program and the implementation of strict guidelines on
variability in APACHE II scoring.

The main objectives of our study were: (a) to identify
common sources of errors in APACHE II scoring and to
devise appropriate guidelines and training program to
overcome them; (b) to evaluate the effect of our training
program on interobserver variability; and (c) to deter-
mine the degree of variability that persists in spite of
training (probably indicating inherent variability in the
APACHE II score). Additional objectives were to com-
pare interobserver variability between residents and ex-
perienced intensivists and to assess whether the change
in interobserver variability differs between experienced
intensivists and residents.

Methods and materials

Sixteen physicians (seven experienced intensivists and nine ICU
residents with a mean ICU experience of 6 months) determined
APACHE 1I scores from the charts of 12 suitable patients before
the training program and those of 11 thereafter. This produced 16
APACHE 1I scores of each individual patient. The patients were
randomly selected; cardiac surgery patients were excluded because
the APACHE 1I score has not been validated for this category of
patients. Patients with ICU stay of 8 h or less were also excluded.

Medical records in our surgical ICU were kept manually by res-
idents, nurses, and intensivists. All physicians and nurses were in-
structed to keep extensive records in a uniform way; grand rounds
were carried out every day, which included inspection of the charts
by the staff intensivist on duty. Mean arterial pressure and heart
rate were measured continuously, and the most abnormal value of
the past hour was noted at least once every hour. Alarms were set
to go off if blood pressure and/or heart rate exceeded or fell below
predetermined limits; these abnormal values were then noted
while appropriate corrective action was taken. Thus the most ab-
normal value of the past hour was always recorded. Core tempera-
ture was measured continuously, using a rectal probe. Extensive
laboratory tests were performed every 4h on a routine basis.
Blood gasses, hematocrit, and electrolytes were assessed every
hour, or more often if necessary, using a blood gas analysis machine
(Chiron 855, Chiron Diagnostics, Houten, The Netherlands) locat-
edin the ICU. All laboratory test results were noted in the chart by
the nurse. In addition, printed laboratory results were included in
the patient chart twice every day. Residents and nurses work in 8-
h shifts, and a complete report of the patients’ condition was noted
during each shift. All decisions made at the grand rounds, changes
in the patients’ condition, test results, and other relevant issues
were noted in the chart.

Before the study APACHE II scores were assessed by intensi-
vists and residents on the basis of a manual on scoring issues in
the ICU. This manual contained, among other things, the original
APACHE 1II paper [1] and selected other articles from internation-
al and national medical journals dealing with scoring issues. A
copy of this manual was located at the desk in the ICU where phy-

sicians wrote their APACHE II assessments. Various ICU refer-
ence books were available in our ICU library, which is located on
the same floor as the ICU itself. In addition, there were education-
al sessions twice yearly for ICU residents and fellows dealing with
the issue of quality control in the ICU including scoring issues (al-
though much less thoroughly and specifically than in our later
training sessions).

Each batch of scores was collected over a 5-week period. Fol-
lowing the first part of our study (assessment of variability before
implementation of our training program) we carefully studied
sources of problems and confusion that had contributed to high
variability in APACHE II scoring. Based on this analysis we draft-
ed strict guidelines and implemented a rigorous training program
for our medical staff. The new guidelines were clarified during
these training sessions, and various examples were provided and
discussed. In addition, a set of “difficult” patients (actual patients
admitted to the ICU and “’hypothetical” patients) were scored
during training sessions, and the results and pitfalls discussed ex-
tensively. All physicians were instructed to adhere strictly to the
original guidelines as laid down by Knaus et al. [1]. For example,
points must be given for a single measurement of high blood pres-
sure or for a brief episode of tachycardia, even when these data
are inconsistent with the general trend, and regardless of whether
the physician feels that the measurement accurately reflects the
patient’s physiological status. Similarly, data acquired in the emer-
gency room or operating room before ICU admission must be ex-
cluded. Strict guidelines were laid down regarding chronic health
points and points for Glasgow Coma Score. We developed a con-
sensus as to how all physicians would define acute renal failure
leading to doubling of “renal points.” In addition, we provided all
physicians with written guidelines and a quick reference table for
calculating points from the APACHE II oxygenation formula.
During training sessions, difficult “hypothetical” cases were dis-
cussed, and issues over which confusion was apparent were incor-
porated in the written guidelines. In addition, an abbreviated ver-
sion of these guidelines was printed on the back of the forms used
for APACHE II scoring. After a few months we again asked our
medical staff to score a number of consecutive patients, to assess
the effect of our training program on interobserver variability.
The same methods and period for score collection were used.

Statistical analysis used Students’ unpaired ¢ test for compari-
son of standard deviations before and after training. Excel and
SSPS 9 software for Windows was used for further statistical analy-
sis including 95 % confidence interval (CI) and univariate analysis
to determine the weighted x scores and interobserver agreement
rates before and after training.

Results

Table 1 presents the findings before the implementation
of guidelines and training program (group 1;n = 12) and
Table 2 the findings after the implementation (group 2;
n =11). Overall interobserver variability in APACHE
scores decreased significantly, as demonstrated by the
decrease in standard deviation from 4.4 to 2.4, with
means of 14.3 and 18.9, respectively. Before our training
program there was no difference in scoring variability
between inexperienced residents and experienced in-
tensivists, but thereafter the variability was significantly
lower in experienced intensivists. Detailed results for in-
dividual patients are shown in Table 2. The 95 % CI val-
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Table 1 Variability in APACHE II scoring before training program

All physicians (n = 16)

Residents (n =9)

Experts (n=7)

Patient Mean 95% CI  Median Range Mean 95% CI  Median Range Mean 95% CI  Median Range

no.
1 154 11.9-189 15 7-21 159 11.4-204 16 7-21 14.8 11.5-18.1 15 9-17
2 182 14.1-223 18 7-24 17.9 13.9-21.9 16.5 7-22 18.6 14.5-22.7 18 8-24
3 8.6 6.3-109 9 3-19 8.2 59-10.6 7.5 4-19 9.1 6.9-22.7 10 3-14
4 14.0 10.8-17.2 145 8-19 13.6 10.6-16.6 13 8-17 14.5 11.1-17.9 15 9-19
5 13.8 11.4-163 14 7-19 13.0 10.4-15.6 13 8-19 14.8 12.5-17.1 15 7-18
6 124 10.3-14.5 12 8-15 12.8 10.5-152 135 9-15 122 10.2-142 115 8-13
7 152 12.1-183 135 5-24 16.1 12.7-19.5 15 5-24 14.0 11.2-16.8 13 6-19
8 10.8 9.2-124 12 4-15 10.9 9.1-12.3 10 4-14 10.1 9.3-125 9 7-15
9 21.4 17.2-25.6 10 8-34 22.1 17.7-26.5 22 8-34 20.5 16.6-24.4 185 13-34

10 19.1 153-229 19 8-30 18.2 144-22.0 18 8-30 20.3 16.4-242 20 11-26

11 12.3 10.0-14.7 11.5 6-20 12.6 10.3-15.0 12 6-20 11.9 9.5-143 12 6-18

12 104 8.1-12.8 10 2-16 9.8 7.3-12.3 10 2-16 11.2 9.1-13.3 125 5-15

All 143 +4.4 10.8-18.2* 13.9 - 14.3 £ 4.4* 10.9-17.9* 13.3 - 14.3 £ 4.3* 10.1-18.6* 14.3 -

* NS residents vs. experts

? Mean deviation from the median

Table 2 Variability in APACHE II scoring after implementation of training program

All physicians (n = 16) Residents (n =9) Experts (n=7)

Patient Mean 95% CI  Median Range Mean 95% CI  Median Range Mean 95% CI  Median Range

no.
1 23.0 22.0-24.0 24 19-25 2338 22.4-251 245 19-25 223 20.9-23.7 22 20-25
2 34.1 31.9-36.2 345 25-40 328 22.5-36.0 33 3340 353 32.5-38.1 36 29-40
3 194 18.0-20.9 18 16-25  19.6 17.6-21.7 185 16-25  19.5 172213 18 19-24
4 15.8 143-17.3 15 1427 163 13.7-19.0 15 1427 151 14.1-16.1 15 14-18
5 182 17.1-19.3 18 15-23 182 16.4-20.1 19 15-23 181 16.9-19.3 18 15-20
6 16.1 15.0-17.2 16.5 13-19 163 14.6-179 16 13-19  16.0 145-17.5 16.5 12-19
7 16.2 14.9-174 16 12-21 169 15.0-18.8 17 1421 154 13.9-17.0 16 12-18
8 152 14.3-16.1 15 12-20 158 142-173 15 12-20 146 13.7-155 15 13-16
9 14.5 13.7-153 15 11-16 147 13.6-15.8 15 11-16 144 13.1-15.6 15 11-16

10 26.1 25.3-26.9 26 24-31 264 25.1-27.6 26 25-31 259 24.8-27.0 26 24-29

11 9.1 8.1-9.9 9 6-12 10.1 9.1-11.1 11 7-21 7.9 6.7-9.0 7.5 6-11

All 189+24 14.5-26.1 16.2 - 192 £2.8* 14.7-26.4 16.9 - 17.3 £2.0* 14.4-259 16.0 -

*p < 0.02 residents vs. experts

ues decreased considerably in both residents and inten-
sivists, indicating an increased reliability of the score.
The decrease in 95 % CI values was greater in intensi-
vists.

To test the overall agreement in the physicians’ ob-
servations we also calculated weighted x scores and in-
terobserver agreement rates (i.e., how many scores at-
tributed by physicians were exactly the same, expressed
as a percentage of the total number of scores). These
values are shown in Table 3. Before implementation of
our training program the overall interobserver agree-
ment was 59.7% (residents, 59.2%, experts, 60.1%;
NS). The overall k score was 0.72 (intensivists 0.74, resi-
dents 0.71). After implementation of our training pro-
gram the overall interobserver agreement increased to
76.5% (residents 70.9 %, experts 76.5%; p < 0.01 resi-
dents vs. experts, p < 0.01 before vs. after training over-

all and in both groups). The overall x score increased
to 0.85 (intensivists 0.89, residents 0.82).

The most frequent sources of problems in APACHE
scoring before implementation of our training program
were:

¢ Inclusion of data acquired in the operating room and/
or emergency room (some physicians, both experts
and residents, mistakenly took these data into ac-
count). On the other hand, data obtained in the oper-
ating room in patients requiring surgery within the
first 24 h after ICU admission, which should have
been included in APACHE score assessment, were
often mistakenly disregarded.

¢ Interpretation of data which were inconsistent with
the general trend (for example, tachycardia which
was found only once during a 24-h period was (mis-
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Table 3 Reliability coefficients and interobserver agreement rates for APACHE II scoring before and after implementation of training

program

Before training program After training program

Agreement K 95% CI Agreement K 95% CI
Residents 59.2% 0.71 0.64-0.78 70.9 %o *owHHEE 0.82 0.74-0.9
Intensivists 60.1% 0.74 0.66-0.80 79.8 Yo H oA HEE 0.89 0.81-0.95
Overall 59.7% 0.72 0.68-0.76 76.5%* 0.85 0.80-0.90

* p < 0.01 before vs. after training program, **p < 0.01 residents vs. experts, *** p < 0.01 difference in training effect (= increases in inter-

observer agreement) experts vs. residents

takenly) disregarded by some physicians but not by
others.

e The attributing of chronic health points (2 or 5); this
was the most frequent source of error. Many physi-
cians erroneously attributed points for chronic dis-
eases not listed in the original APACHE II score,
such as stable angina of New York Heart Association
class II, mild emphysema, diabetes mellitus, and any
malignancy.

e The definition of what constitutes “emergency sur-
gery.”

e Erroneous exclusion of some laboratory results (in
particular those determined directly in the ICU using
a rapid laboratory device installed in the ICU (Rap-
idlab 855, Chiron Diagnostics, Emeryville, Calif.,
USA) instead of by the general hospital laboratory;
these laboratory results were mistakenly disregarded
by many physicians.

¢ Glasgow Coma Score: mistaken attribution of points
for loss of consciousness induced by sedation, or mis-
taken nonattribution of points in patients with loss of
consciousness induced by medication taken in sui-
cide attempt.

Less frequently occurring errors were:

e Pacemaker present upon admission; points for
bradycardia incorrectly attributed.

e Missing data scored as normal.

¢ High serum creatinine before admission: points mis-
takenly doubled.

¢ Nonattribution of points for abnormal values of he-
matocrit, white blood cell count, creatinine or sodi-
um because abnormal laboratory values were found
even prior to ICU admission, or because levels re-
mained in the same range during the first 24 h after
ICU admission.

¢ Counting errors in addition of APACHE II score and
errors in attribution of points for age.

e (Calculating errors in oxygenation formula (alveolar-
arterial O, gradient) in patients with FIO, greater
than 50 %.

Persisting sources of variability in scoring after imple-
mentation of our training program included:

e Attribution of chronic health points (differences in
interpretation of low-dose prednisone treatment, hu-
man immunodeficiency virus status, recent surgical
intervention for colon cancer).

Artificial cooling in a patient with severe head injury.
Incomplete or missing data (two patients).

Mistaken exclusion of data inconsistent with the gen-
eral trend (in spite of our training program!).

e Mistaken exclusion of data obtained in the operating
room in a patient requiring surgery in the first 24 h
after ICU admission.

e (Calculation errors in computing APACHE scores.

Conclusion

We conclude that interobserver variability in APACHE
II scoring decreases markedly when strict guidelines
and a training program are implemented. A significant
increase in interobserver agreement was observed
(from 59.7% to 76.5%); weighted k scores increased
from 0.72 to 0.85. Expressed as a percentage of
APACHE scores, variability decreased from 31% to
13%. In theory, decreases in variability could be ex-
plained if the second group of patients were in some
way “easier” to score than the first group; however,
both groups of patients were randomly selected, and
similar degrees of variability (between 10% and 20 %)
were observed in all patients after training. This makes
it highly likely that the observed effects were due to
our training program. Experienced physicians profited
more from this program than inexperienced residents.
However, a significant degree of variability in scoring
persisted, even in experienced intensivists with similar
training, experience, and background. Therefore we
conclude that some degree of variability is inherent in
APACHE II scoring. We found this variability to be
10-15 % the figure was somewhat lower in experienced
intensivists.

Previous studies dealing with APACHE II applica-
tion and implementation have provided some data on
variability [5, 6, 7, 8]. However, only few of these studies
dealt specifically with score variability and reliability,
focusing instead on the appropriateness of the
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APACHE II equation from the United States for other
countries [8], reliability and reproducibility in the re-
porting of clinical parameters [9], quality and reliability
of APACHE II data collection in regard to the reliabili-
ty of mortality prediction by the score [7], and compari-
son in interobserver variability between physicians and
nurses [6]. To our knowledge, no previous studies have
dealt with the effects of a training program and guide-
line implementation on scoring variability in everyday
clinical practice. Moreover, only few data are available
on problems encountered in specific items of the
APACHE 1I score, although some authors have tou-
ched upon this subject [7, 9]. We chose not to perform
statistical subanalysis on the sources of variability listed
in our results in view of the relatively small number of
patients included in our study and because this was not
the primary aim of our investigation.

In some studies, usually those carried out in the Unit-
ed States, scoring was performed out by experts special-
ized in full-time data collection and assessment of
APACHE scores. Such experts would obviously have
fewer or no benefits from a training program and guide-
line implementation such as described in this study.
However, this is not the normal situation in most hospi-
tals, where APACHE II scores are assessed by the at-
tending physician and/or by the supervising consultant.
Therefore we feel that our findings more adequately re-
flect the situation in most ICUs.

In view of its key role in ICU medical literature, it is
remarkable that methods sections in papers reporting
APACHE scores rarely if ever describe how and by
whom these scores were obtained, or whether the scores
were revised or checked by the authors. An additional
problem with the APACHE II score is that it is likely

to lead to serious bias against ICUs in hospitals with
well-equipped emergency rooms. The reason for this is
that stabilization of very ill patients in the emergency
room results in lower APACHE scores at ICU admis-
sion. In contrast, hospitals in which such patients are ad-
mitted directly to the ICU are likely to show a better
“performance” based on APACHE II scores. This po-
tential bias can further complicate comparisons in per-
formance between different ICUs, and the interpreta-
tion of APACHE II scores in medical literature.

Although the APACHE 1II score is an extremely
valuable tool in critical care medicine, it is important to
realize that a degree of variability is inherent to the
score (as is generally the case in research tools). Physi-
cians treating patients in the ICU, those interpreting
the results of clinical trials, and financial controllers
and decision makers should be aware of these limita-
tions in the interpretation and use of APACHE II
scores, and the inherent variability of the score. Firm as-
sessments of quality of medical care based (largely) on
scoring systems should be viewed with some caution.
Potential authors of ICU outcome studies should de-
scribe how and by whom scores were assessed, and
take score variability into account when analyzing their
results. This applies especially to multicenter ICU out-
come trials, where slight differences in scoring proce-
dures between the participating centers may increase
variability in scoring.
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