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Tutorial Abstract
200 adult respiratory distress syndrome patients were
included in a prospective multicenter randomized
trial to determine the efficacy of computerized
decision support. The study was done in 10 medical
centers across the United States. There was no
significant difference in survival between the two
treatment groups (X 2=0.49 p=0.49) or in ICU
length ofstay between the two treatment groups when
controllingfor survival (F(1 dfJ =0. 88, p=0. 3 7.) There
was a significant reduction in morbidity as measured
by multi-organ dysfunction score in the protocol
group (F(Jd])=4.1, p=0.04)as well as significantly
lower incidence and severity of overdistension lung
injury (F(ldf)=45.2, p<0.001). We rejected the null
hypothesis. Efficacy was bestfor the protocol group.
Protocols were used for 32,055 hours (15 staff
person years, 3.7 patient years or 1335 patient days).
Protocols were active 96% of the time. 38,546
instructions were generated 94% were followed
This study indicates that care using a computerized
decision support system for ventilator management
can be effectively transferred to many different
clinical settings and significantly improve patient
morbidity.

Background
The care of critically ill patients is increasingly
complex and clinicians frequently suffer from
information overload. It is difficult, if not impossible
to assess all this information and generate a
systematic and reasonable therapy plan.
Computerized decision support systems can assist the
clinician with many of the tasks such as the iterative
management of mechanical ventilation. This
decision support not only standardizes care but also
may improve the quality of care by reducing
mistakes. This standardization of care also makes it
possible to thoroughly characterize the current
treatment process in order to compare it to a

proposed new therapy as part of an ongoing
continuous quality improvement (CQI) program.

Several computerized expert systems to assist in
the management of ventilation and oxygenation have
been described 14 . The Miller approach takes a
manually entered short medical history, arterial blood
gas values, ventilator settings and the new therapy
being considered and provides a critique 2. Such a
procedure requires laborious hand entry of data and
has not been subjected to a rigorous clinical
evaluation. The Menn system is an interactive
consultation based program that requires hand entry
of patient primary diagnosis, respiratory care charting
and most recent arterial blood gas data 1. Even
though the Menn system did not include
recommendations on pressure levels (PEEP, CPAP,
etc), it was considered to be clinically useful 68%
(n=198) of the time, most often (81%) only to
organize data. In 14% of the cases, the user stated
that the program changed patient care. The VentPlan
system is the most comprehensive system 4. It
interpreted physiological data from an on-line post-
surgical ICU. Five patient-days worth of data were
interpreted retrospectively but the system was not
evaluated prospectively or put to routine bedside use.
Tong 3 demonstrated, in a small trial, the benefit of a
system designed to assist in the weaning of patients
from the ventilator. None of these systems covered
the whole process of mechanical ventilation from
intubation to extubation. No previous systems were
used for routine clinical care or evaluated to
determine their efficacy. Our overall goal was the
creation of a decision support tool for mechanical
ventilation that could be widely applied in different
clinical settings and to evaluate its efficacy.
A computerized decision support system for the

management of mechanical ventilation (respiratory
evaluation, oxygenation, ventilation, weaning and
extubation) in patients with adult respiratory distress
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syndrome (ARDS) has already been developed and
clinically validated at the LDS Hospital 5-9. The
computerized decision support system was used for
over 35,000 hours in 111 ARDS patients and
controlled decision making 95% of the 24-hour day.
The survival rate was 67%, higher than the expected
3 1-33% from historical data 10, 11 , p < 0.05 . These
results demonstrated that computerized decision
support for critical care was feasible. This contrasted
with the common medical wisdom that protocol
control of therapy of such complicated ICU patients
is impossible 12*

There has never been a prospective randomized
trial of the efficacy of computerized decision support
for critical care in general much less for mechanical
ventilation specifically. The purpose of this study
was to answer two questions: 1) Can a computerized
decision support system be exported to other centers
and used by clinicians uninvolved with its
development? and 2) Does the system have an impact
on patient outcome?

Methods
A prospective randomized clinical trial was done at
ten different clinical sites (see author list for site
specifics) 200 ARDS patients were randomly
allocated to either the protocol or non-protocol
control treatment groups over the four-year accession
period. The trial design is summarized in figure 1.

CARDS

Hospital Hospital
Discharge Discharge
Figure 1: Clinical Trial Design

The clinical endpoint of the trial was either survival
at hospital discharge or death.
The ARDS entry criteria were defined using
established standards 13, 14 15:
1. Arterial/alveolar partial pressure of oxygen ratio

< 0.3 (or arterial partial pressure of oxygen
divided by the fraction of inspired oxygen <200)

2. Total static thoracic compliance < 50 ml/cm H20
3. No evidence of heart failure or fluid overload

(pulmonary artery occlusion pressure < 18)
4. Acute onset of illness accompanied by an ARDS

risk factor
5. Radiographic evidence of bilateral diffuse

infiltrates
Patients who met any of the following criteria were
excluded from the trial:

1. ARDS for > 21 days duration
2. Severe chronic systemic disease or another
clinical condition which in itself greatly limits
survival. These include but are not limited to:
a) Irreversible central nervous system

b) Severe chronic obstructive pulmonary disease
c) Total body surface bums exceeding 40%
d) Rapidly fatal malignancy
e) Chronic left ventricular failure
f) Chronic renal failure
g) Chronic liver failure

Stratified randomization with blocking was used.
Within each clinical trial site, the patients were
initially stratified by age and existence of barotrauma
and then randomly assigned to either the protocol or
non-protocol treatment groups. Stratification was
used to avoid nonuniform distribution of patients
with characteristics likely to influence their outcome
(i.e. all of the older patients in the protocol group).
The treatment groups were balanced in randomly
chosen blocks of 2 or 4 to avoid temporal
nonuniformity while assuring a lack of prior
knowledge of the resulting treatment group. Efficacy
was defined as the hierarchy of:
1) Survival (to hospital discharge)
2) Costs (reflected by length ofICU stay)
3) Morbidity (a daily multi-organ dysfunction and

sepsis score(MODS) was done to assess major
organ system function) 15-17 The MODS score
(range=0-30) is a sum of graded scores (0-3) for
each of the 8 major organ systems and a six level
score (0-6) for sepsis.

4) Iatrogenic Injury (Incidence and severity of
overdistension and pressure damage to the lung
known as barotrauma that can be a side effect of
mechanical ventilation) There are many chest x-
ray scoring systems for cystic fibrosis 18-20.
however, there were none designed to measure
barotrauma. Our barotrauma score was the sum of
two parts. First, a score from the daily chest
radiograph (if multiple findings-we used highest
score):
Score Description

0 No Evidence of Barotrauma
Interstitial Air

Pneumomediastinum or SubQ emphysema
3 Unilateral Pneumothorax
4 Bilateral Pneumo or massive SubQ emphysema
The second portion of the score was the number of
chest tubes (thoracostomy tubes). The barotrauma
score not only reflected the incidence of new
barotrauma (radiographic score) but also the
therapeutic interventions necessary to treat already
existing barotrauma (number of chest tubes).
The null hypothesis (HO: There is no difference in

efficacy between protocol and non-protocol control)
was tested in the four hierarchical levels of efficacy:

Level I Variable Statistical
Test

I Survival x2
2 ICU Length of stay for 3 Way

survivors and non-survivors ANOVA
3 Max MODS Score for Tway

survivors and non-survivors ANOVA
4 Max Barotrauma Score for 2-way

patients with and without ANOVA
barotrauma at randomization

We built into the computerized decision support tools
automated monitoring agents that stored in the
database a very detailed record of how the system
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was used. This allowed the analysis of user
acceptance and generalizability. In particular we
examined;
1)Percent of total time in the trial during which

protocols controlled patient care.
2)Number of protocol instructions that were not

followed and why.
3)Variation in performance at different clinical sites.

Results
The first level of the definition of efficacy was

survival. The following table summarizes survival
for each of the cells in our randomization matrix.
Age Rx Group Barotrauma died lived

Control No Baro
Baro

r J----I 'LT- ---- * x r7
I

0
I

13

Baro I 2

Protocol NoBaro [ TV
Protocol No Baro

Baro
4 10 14

--A " C4 z 0

Baro 4 2 6
<65 Control No Baro 15 35 5
<65 Control No Baro T 35 5F

Baro 9 23 32
Baro 23 32

Protocol No Baro 16 36 52
Protocol No Baro 16 36 52

Baro 12 19 31
= ~~~~~Baro 12 19 31

68 132 200
by8Z 132 2UU

There was no significant difference in survival
between the two treatment groups (Mantel-Haentzel
X 2=0.49 p=0.49).

The second level of our definition of efficacy was
ICU length of stay as a surrogate for costs.

ICU Length of Stay (days)
Rx Group survival Mean SEM N

injury as reflected by a maximum daily barotrauma
score. Barotrauma Score

Group Baro Mean SEM N

There was a significantly lower barotrauma score in
the protocol group (F(ldf)=45.2, p<0.001)

Evaluating the overall null hypothesis; level 1 and
2 were not significantly different, levels 3 and 4 were
significantly different. We rejected the null
hypothesis that there is no significant difference in
efficacy between the protocol and the control group.
Efficacy was best for the protocol group.

The results of this study represent over 32,000
hours of experience using the computerized decision
support tool. None of this time is in the institution
where the tool was constructed. This is the
equivalent of 15 staff person years of use and close to
four patient years of care. Figure 2 illustrates that
despite the variety of clinical settings and clinicians
the protocols were used 96% of the time they were
intended to be used. This is the time from
randomization to extubation excluding times where
the family may have elected to withdraw support.
Our automated monitoring agents allowed us to
examine every single instruction of more than 38,000
generated.

Protocol Utilization

1,150
4%
A__

32055 Total Hours
15 Staff-Person Years
3.7 Patient Years
1335 Patient Days

ontrol died 25.8 3.5321
survived 25.2 2.477 65

Protocol died 25.5 3.6 36
2.1 6

T here was no significant difference in ICU length of
stay between the two treatment groups when
controlling for survival (F(ldf)=0.88, p=0.37)

The third level definition of efficacy was
morbidity as measured by the maximum daily MODS
score. MODS Score
Group Survival Age Mean SEM N
Control died <65 15.13 1.37 8

265 16.59 0.70 2:
survived <65 12.00 0.93 6

>65 11.58 0.44 57E
rotocol died <65 14.88 1.63 W

->65 15.12 0.68 X
surviv 11.42 1.30 12

sgfalred 11.94 0.48r in

here was a significantly reduced MODS score in the

r Active

| Suspended

Figure 2: Protocol Utilization (Hours)
Only 6% of instructions were not followed (figure 3).

protocol group (F( 1df)=4. 1, p=0.04)
The efficacy fourth level was iatrogenic lung
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Protocol Instructions Generated

2,289 38,546 Total Instructions

_ 1 *~~~~Followed |

Figure 3: Fraction of instructions followed
Clinicians rarely (0.3%) found substantial clinical
reason to not follow the instructions (figure 4). The
most frequent problem (37%0 of declined instructions)
was incorrect or missing data charted in the patients
record.

Distribution of Reasons for Declining Instructions
* Followed But Not Charted (1.4%)

o3 Hemo Unstable(1.1%)
1% a. 0 Invahid Data (0.8%)

03 Lnit Exceeded (0.13%)
A Other(1.7%)
N MD Objection (0.3%)
3 Software (0.03%)
. Tedinical Problem (0.07%)
O Transport (0.06%)
_ ABG problem (0.07%)
E BusyOther patient care (0.04%)

19% 03 Predited Bad Outcome (0.27%)

14% Reasons (% of Total Instmctions)

2%

Figure 4: Reasons for declining instructions
The performance was good at all sites; however,
there was significant variability in performance
between sites (figure 5). The best performance was
from the sites that had prior experience with
computerized patient records.

Performance By Trial Site
(Sites with more than 1% of patients)

8

0) 7

66

0

(4 4

0

(' 2

HERMANN KDMC MCKAY OSCHNER UVRMC

Trial Site
Figure 5: Performance at different clinical trial sites

Discussion
This is one of the first large multi-center

prospective randomized trials of the efficacy of
computerized decision support. The study
demonstrates that although survival and length of
stay do not appear to be different there is strong
evidence that the number of organs failing and the
amount of iatrogenic lung damage were significantly
reduced. The success experienced in this study
proves that a decision support tool can be created at
one site and effectively distributed to other clinical
sites uninvolved in its original creation. These
results indicate that computers and computerized
decision support can be an effective tool for
dissemination of standards of care as well as study
protocols.
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