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ORIGINAL

The importance of technology for achieving
superior outcomes from intensive care

Abstract Objective: To test the hy-
pothesis that technology availabil-
ity, staffing, and diagnostic diversity
in an intensive care unit (ICU) are
associated with the ability to de-
crease hospital mortality.

Design: Prospective multicenter
descriptive cohort study.

Setting: Ten Brazilian medical-sur-
gical ICUs,

Patients: 1734 consecutive adult
ICU admissions.

Measurements and results: We re-
corded the amount of technology,
number of diagnoses, and availabil-
ity of nurses at each ICU. We also
used demographic, clinical and
physiologic information for an
average of 173 admissions to each

ICU to calculate standardized mor-
tality ratios (SMRs) for each ICU.
The mean SMR for the ten ICUs
was 1.67 (range 1.01-2.30). A greater
availability of ICU equipment and
services was significantly (p < 0.001)
associated with a lower SMR.
Conclusion: The ability of Brazilian
ICUs to reduce hospital mortality is
associated with the amount of tech-
nology available in these units.

Key words Intensive care -
Outcome and process assessment
(health care) - Probability
models - Quality of health

care - Resource allocation -
Organization and administration

Introduction

Despite the widespread use and growing international
reliance on intensive care units (ICUs), these units and
many of the technologies they rely upon have not been
evaluated through randomized clinical trials. Although
the incremental value of these services and technologies
is not precisely known, the rising cost of medical care,
and in particular expensive services like intensive

care, has increased the need for determining where to
invest limited resources and how to monitor their
performance.

One increasingly proposed measure, risk-adjusted
or standardized mortality ratio (SMR), is especially
useful as a performance measure for ICUs because
mortality is high and variable [ 1-3]. Although SMRs
are not yet universally accepted [4], substantial pro-
gress has been made in addressing major analytic chal-
lenges and predictive methods are increasingly able to
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account reliably for variations in severity of illness,
patient selection, and other patient characteristics
[5-8].

We recently reported a large prospective study of
factors associated with risk-adjusted mortality rates at
42 ICUs in the United States. We found substantial
variation, with 10 of the 42 units having SMRs signifi-
cantly higher (5) or lower (5) than expected by random
variation [17. This study concluded that the amount of
technology present in an ICU directly correlated with
its ability to save patients’ lives [9]. In an on-site
organizational analysis at 9 of the 42 ICUs, a team of
clinical and management investigators could not cor-
rectly rank each unit’s performance according to its
SMR [10]. This led some observers to question the
usefulness of measuring SMRs [11].

In the current study, we had an opportunity to
address this concern and to investigate further the
incremental value intensive care technology brings to
modern hospital practice. This is because the Brazilian
ICUs participating in this study had greater variations
in SMRs [12] and technology availability than the
ICUs in the United States.

Patients and methods

Patient data

Information was collected for 1734 consecutive adult ICU admis-
sions at ten ICUs in ten Brazilian hospitals between January 1990
and May 1991 by trained data collectors using APACHE III data
collection software [6]. APACHE III uses 78 mutually exclusive
ICU admission diagnostic categories, 17 potential physiologic ab-
normalities, age, 7 comorbidities, operative status and priority (elec-
tive or emergency, which was defined as surgery for an immediately
life-threatening condition), and location prior to ICU admission.
Patient survival was recorded at ICU and hospital discharge. The
exclusion criteria for this study were identical to those used in the
APACHE I1I study, ie., patients admitted to the ICU <4 h, age
< 16 years, suspected myocardial infarction, coronary bypass sur-
gery, and burn injury. Further details about the study methods,
characteristics, and outcomes for these Brazilian ICUs and patients
are reported in another paper [12].

ICU characteristics

Concurrent with patient data collection, each ICU director provided
information about hospital and ICU structure, defined as selected
characteristics of the providers of care, their tools, resources, and
physical and organizational setting. ICU level was classified accord-
ing to criteria outlined by the 1983 United States National Institutes
of Health critical care consensus conference [13]. Data were col-
lected using a translated questionnaire adapted from the APACHE
IIT study [9,10]. Data on hospital structure included size, type
(public or private), and teaching status. For each ICU, structural
information included the amount of technology available, nurse and
physician staffing, and diagnostic diversity — the same factors tested
in the APACHE III study [9]. Technology availability was meas-

ured by the percentage of 38 items of equipment or services recom-
mended in guidelines published between 1983 and 1988 [13-15]
(Table 1). Nurse staffing was assessed by computing the average
nurse-to-patient ratio in each ICU across all shifts. Diagnostic
diversity was defined by the number of different diseases treated in
each ICU, using the 78 major disease categories [6] in the APACHE
IIT prognostic system. Because the number of patients studied varied
from 135 to 200, we measured diagnostic diversity by counting the
number of disease categories for the first 135 admissions to each
untt.

Data analysis

To calculate the risk-adjusted ratio or SMR, we predicted each
patient’s probability of hospital mortality using a previously
validated multiple logistic regression equation [1] and compared
observed to predicted hospital mortality. The relationship between
each of the four previously described structural characteristics and
the SMRs were examined using ordinary least squares regression
across the ten hospitals. A significance level of p < 0.05 was accepted
as important.

To test for potential bias in predicted mortality due to differences
in availability of laboratory tests, we compared the proportion of
patients in the United States and Brazil who had missing laboratory
measures, stratifying by levels of severity. To construct the severity
strata for the missing value comparison we used vital signs data and
the APACHE III weights for heart rate, mean blood pressure,
temperature, and respiratory rate. This was done because very few
ICU patients have missing vital signs. and there is a clear expecta-
tion for intensive care physicians to order more laboratory tests
when vital signs are very deranged. We then examined the frequency
of missing data for the 11 APACHE III physiologic measures based
on laboratory testing across vital sign-based severity strata for both
countries. This analysis compared only the number of patients who
had no measurement during the first 24 h, not the total number of
laboratory tests per day or the frequency of testing across hospitals.

Results

Four of the ten ICUs were in teaching hospitals, as
defined by their affiliation with a medical school and
the presence of critical care residency programs; five
were private and five public. The mean number of
hospital beds was 397 (range 60-1107), with an average
of 3.5% designated for intensive care. The mean num-
ber of ICU beds was 14 (range 6-26). There were two
level 1 and eight level II ICUs. All units were mixed
medical-surgical and staffed by physicians, usually
part-time intensivists, on a 24-h on-site basis. At five
hospitals, the nurse-to-patient ratio was 1:1, the re-
maining hospitals had a slightly lower ratio, especially
during night shifts, with the lowest ratio of 1:2. Brazil
has a severe shortage of registered nurses, so that the
majority of these nurses did not have an undergraduate
degree. Nurses with undergraduate degrees have
leadership and administrative roles and are not
routinely involved with patient care in Brazil.

The characteristics and outcomes for the 1734 con-
secutive ICU admissions are summarized below and
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Table 1 Technology availability
measurements in 10 Brazilian

ICUs and 42 ICUs in the USA
(NA not available, SV O, mixed

Percentage of units with
technology available

venous O, saturation) Us Brazil
Equipment and services

Electrocardiograph monitor 100 100
Intra-arterial pressure 100 100
Pulmonary artery catheter 100 100
Transvenous pacer wire 100 100
Defibrillator 100 100
Resuscitation cart 100 100
Intubation equipment 100 100
Chest/abdominal X-ray (24 h a day) 100 100
Infusion pumps 100 100
Peritoneal dialysis 100 100
In-hospital blood gas testing® 100 100
In-hospital chemistry testing® 100 100
In-hospital hematologic testing® 100 100
Continuous positive airway pressure apparatus 100 90
Mechanical ventilator, volume 100 90
Mechanical ventilator, pressure® NA 100
Cardiac pacemaker (external) 100 60
Sengstaken-Blakemore tube 97.6 100
Positive-end expiratory pressure capable manual

ventilation device 97.6 30
Pulse oximeter 95.2 90
Computerized tomography (24 h a day) 95.2 80
Isolation beds 95.2 70
Nutritional support services 952 80
Cardiac pacemaker (atrial-ventricular sequential) 90 40
Portable electrocardiograph® 88 100
Ultrasound (24 h a day) 85 90
Nuclear medicine (24 h a day) 85 10
Hemodialysis 83 90
Intracranial pressure monitor 80 70
Plasmapheresis 75 70
Ventriculostomy 70 40
Continuous arterial-venous hemofiltration 68 70
Fluoroscopy 67 50
End-tidal CO, monitor 67 40
Intra-arterial vasopressin infusion 58 10
Portable ventilator 50 80
Intra-aortic balloon pump 50 30
Pulmonary artery catheter with continuous SVO, 43 20

2 Not available in Shortell et al. [9]
bData from the USA includes portable electrocardiographic and pressure monitoring

are reported in detail in another paper [12]. The most
common diagnoses were trauma (n = 306), cerebral
hemorrhage (n = 139), surgery for a gastrointestinal
neoplasm (n = 75), and sepsis (n = 75). The mean age of
the patients was 52 years; more than half (58.5%) were
less than 59 years old. The mean first-day APACHE 111
score was 55+427. Fourteen percent of patients
(n = 246) were transferred from other hospitals or
ICUs. Observed ICU mortality was 29% and hospital
mortality was 34% (range 21-57%). The mean SMR
for all patients was 1.67, ranging from 1.01 to 2.30
among the ten units.

In aggregate, 95.4% of Brazilian patients and
99.7% of patients in the United States had all four
vital signs (heart rate, mean blood pressure, temper-
ature, respiratory rate) measured during the first
ICU day, implying that a severity scale based only
on those four APACHE III components would not
be substantially biased by missing data between
the two countries. Figure 1 shows the mean number
of missing laboratory tests across severity strata based
on APACHE NI weights for the four vital sign
measurements. For each country, the mean number
of missing tests declines substantially as the severity
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Mean number of missing laboratory test results

~+ Brazil (n=1734) & US (n=16 6ﬂ
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Fig.1 The relationship between severity strata, based on the
weights and frequency of vital-sign measurement, and missing labor-
atory tests used in APACHE II1 [6] for 1734 Brazilian plus and
16622 US patients delta. The vital signs measured in APACHE III
include heart rate HR, mean blood pressure M AP, respiratory rate
RR, and temperature. The 11 possible missing laboratory tests
include pH, arterial O, and CO, (PaO,, PaCO,), hematocrit, white
blood cell count, creatinine, blood urea nitrogen, sodium, albumin,
bilirubin, and glucose

of vital sign abnormality increases. Within each sever-
ity range the number of missing laboratory values in
Brazil is significantly lower, not higher, than in the
United States.

The availability of the 38 recommended ICU tech-
nologies is listed in Table 1. The Brazilian units varied
from a low of 24 items (63%) to a high of 36 (95%); the
average was 76%. The majority of units (90%) had
what would be considered standard ICU equipment.
Compared to ICUs in the United States [ 10], there was
more variation in newer technologies (external cardiac
pacemakers, in-unit laboratory testing) and more spe-
cialized services, such as intra-aortic balloon pumps,
ventriculostomy, and the capability of treating gas-
trointestinal bleeding using intra-arterial vasopressin
infusion (Table 1).

There were 66 ICU admission diagnoses. The mean
frequency of diagnoses was 44 (range 28-59) among all
admissions and 38 (range 26-48) among the first 135
admissions to each unit. The overall nurse-to-patient
ratio was 0.85, with a range of 0.5 to 1.3.

Findings from the regression analysis of structural
and organizational associations with risk-adjusted
hospital mortality are summarized in Table 2. There
was a significant association between the percentage of
recommended technology available and the SMR
(p < 0.001). The units with the highest SMRs had 70%
or less of the 38 items, and units with lower SMRs had
90% or more (Fig. 2). Variations in nurse-to-patient
ratio and diagnostic diversity did not demonstrate
a significant association with risk-adjusted mortality in
this study.

Table 2 Factors associated with standardized mortality ratios
(SMRs) in ten Brazilian hospitals

Model for all ten hospitals

(R* =0.89)
Dependent variable Coefficient p-value
Technology availability —0.118 0.001
Nurse-to-patient ratio 0.32 0.12
Diagnostic diversity —0.01 0.11

Standardized Mortality Ratio
25
I

i & Brazilian ICU

T BZ Trend (p=0.001)

2.0
L5
1.0 L
0.5
60 65 70 75 80 8s 90 95 100
Availability of recommended technology

Fig.2 The relationship between the percentage of available re-
commended technologies and standardized mortality ratio in ten
Brazilian ICUs. Individual ICU solid triangle, univariate regression
line (regression coefficient = — 0.444; p = 0.001)

Discussion

We found that variations in SMRs among these 10
Brazilian ICUs are strongly (p < 0.001) associated with
differences in the availability of ICU technology. These
results confirm and extend findings from an earlier
examination of associations with SMRs among 42
ICUs in the United States [9,10]. Compared to that
study in the United States, the Brazilian units had
a wider range of risk-adjusted performance (SMRs
from 1.01 to 2.30 vs 0.67 to 1.25 in the USA), and there
was also greater variation in the amount and type of
technology available. In Brazil, the availability of ICU
technology is more severely limited than in the United
States because of severe economic constraints and po-
litical pressures [16,17]. The results of this study, how-
ever, suggest that in both countries variations in risk-
adjusted outcomes are related to the availability of the
tools and devices that make modern intensive care
possible. This study, therefore, replicates findings from
a study in ICUs in the United States, which indicated
that greater availability of technology in ICUs is asso-
ciated with improved risk-adjusted survival [9]. In this
regard, we suggested in the study in the United States
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that it was not the availability of technology alone but
an institutional and unit commitment to obtain re-
sources that would keep the unit performing well. Most
likely, similar imperatives apply in Brazil, where the
economic support and infrastructure of ICUs is much
more variable than in the United States and thus leads
to greater variation in technology availability (Table 1)
and risk-adjusted outcome (Fig. 2). A recent report of
increased mortality among patients who were denied
ICU admission because of a limited number of beds
also supports this suggestion [18].

The lack of a relationship between diagnostic diver-
sity and risk-adjusted mortality was not consistent with
our initial study and with a growing body of literature
suggesting that concentrating on fewer diagnoses is
associated with better patient outcomes [19-21]. The
most likely reason is that we studied only a small
number (10) of Brazilian units compared to 42 in the
United States. In other words, the lack of an associ-
ation between diagnostic diversity and SMR represents
poor evidence that this variable is not important due to
the limited power of a 10-unit study to reject a false-
negative result. The lack of association between nurse-
to-patient ratio and SMR is also likely due to the small
number of units studied and low variation in nurse-to-
patient ratio (0.86). Similar to the study in the United
States, none of these units had major shortfalls in nurse
staffing during data collection.

Our findings must be considered within the context
of several limitations. We acknowledge that some of the
variations in risk-adjusted mortality may be related to
chance variations because study data were collected
over a relatively brief time period [22], inadequately
measured individual patient characteristics, and selec-
tion or lead-time bias due to differences in patient
referral [1,12,23]. Differences in the frequency of miss-
ing laboratory tests appears not to have caused biased
underprediction, although a reduced frequency of test-
ing within each day in Brazil compared to the United
States is still possible. Analysis of the relationship be-
tween the proportion of patients with missing results
for physiologic measures and SMRs in hospitals in the
United States, however, revealed no association [24].
The small number of hospitals and ICUs studied also
reduced our ability to test the associations of private
versus public, and teaching versus nonteaching hospi-
tal status with their SMRs.

The large amount of variation in risk-adjusted mor-
tality found among these 10 Brazilian ICUs indicates
that detecting these differences is important and worthy
of ongoing evaluation. We hope this study will improve
the focus of subsequent studies relating ICU structure
and process with risk-adjusted mortality by defining
variables of interest and those which require further
study. More needs to be learned concerning which
aspects of intensive care medical and nursing practice
are related to improving risk-adjusted mortality for
ICU patients, especially at a time when increased em-
phasis is being placed on reducing new investment in
medical technology. In the specific case of these 10
ICUs, we cannot conclusively claim it is the availability
of any one or more of the specific items listed in Table 1
that was causally related to the variation in risk-ad-
justed outcome. We do conclude that SMRs appear to
be a useful and sensitive measure that correlates with
one important component of modern intensive care,
the amount of life-saving technology available.
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