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Abstract
Objective To analyze the costs of treating critically ill patients.

Design and setting Multicenter, observational, prospective, cohort, bottom-up study on
variable costs in 51 ICUs.

Patients and participants A total of 1,034 patients aged over 14years who either spent less
than 48h in the ICU or had multiple trauma, major abdominal surgery, ischemic stroke, chronic
obstructive pulmonary disease, cardiac failure, isolated head injury, acute lung injury/adult
respiratory distress syndrome (ALI/ARDS), nontraumatic intracranial hemorrhage or coronary
surgery.

Interventions Data recorded for each patient: length of ICU stay, and cost in euros of all
diagnostic and therapeutic procedures, drugs and equipment used, and consultations by
physicians from other units. To express cost-efficiency we calculated for each diagnostic group
the cost per surviving patient (expenditure for all patients/number of surviving patients) and
money loss per patient (expenditure for patients who died/total number of patients).

Measurements and results Median costs for a multiple trauma patient were €4076 and for
coronary surgery patient €380. The variability is largely due to different lengths of ICU stay.
Cost per surviving patient was higher for ALI/ARDS, nontraumatic intracranial hemorrhage,
multiple trauma, and emergency abdominal surgery. Money loss per patient was higher for
ALI/ARDS and lower for multiple trauma. Planned coronary and major abdominal surgery and
short-stay patients were treated most cost-efficiently.

Conclusions Cost of treatment in an ICU varies widely for different types of patients.
Strategies are needed to contain the major determinants of high costs and low cost-efficiency.

For the Gruppo Italiano per la Valutazione degli Interventi in Terapia Intensiva. GiViTl is the
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Introduction

Cost containment is an important and demanding challenge in healthcare [/]. Concerns about
costs also apply to critical care, which absorbs a large proportion of total hospital

expenditure [2, 3, 4]. Cost issues cannot be dealt with properly unless both clinical and
economical aspects of treating patients are considered [5]. Little is known about the factors
affecting variability in patient-specific costs [2]. A Medline search over 2000-2004 for papers
with major topic heading of “costs and cost analysis” and “critical care” yields only 46 reports,
most of which are editorials, position papers, cost-effectiveness analyses of specific
interventions, or papers on costs averaged across all patients or pertaining to intensive care unit
(ICU) as a whole.

There are two approaches for determining costs: the “top-down” and the “bottom-up”
methods [6]. The top-down approach calculates the average cost per patient or per patient-day
by dividing total annual budget plus overheads for the entire ICU by the number of patients or
patient-days [0, 7]. Although this method is straightforward, it is unsuitable for certain types of
evaluations, as it assumes that expenditure of resources is the same for all patients, which is
clearly unrealistic particularly in ICUs [8]. The bottom-up approach adds up costs of all items
used for each patient [6, 7]. This facilitates economic evaluation of ICU resources but is
time-consuming and expensive since it requires extensive data recording and accurate
data-to-money conversion. Economic information useful for clinical decisions can only stem
from multicenter bottom-up studies aimed at determining factors that affect patient-specific
Ccosts.

The present contribution reports the findings of a bottom-up study that comprised part of

a multiannual project on costs in critical care carried out by the Gruppo Italiano per la
Valutazione degli Interventi in Terapia Intensiva (GiViTI,; Italian Group for the Evaluation of
Interventions in Intensive Care Medicine) [9, /0]. The main aims of this study were: to identify
the most important cost drivers in ICU to describe and compare the costs of treating different
types of patients; to validate the Nine Equivalents of Nursing Manpower Use Score

(NEMS) [//] and diagnosis-related-group. We here report the results of the first two of these
aims.

Methods and materials

Fifty-one ICUs belonging to the GiViTI network took part in this observational, prospective
cohort study. For each patient enrolled cost of care received was calculated as shown below.
Between 1999 and 2000 a total of 1,034 patients were enrolled.

Data collection

A case record form was developed and validated by means of three independent data collection
campaigns in samples of 2, 3, and 29 ICUs. Detailed data were collected regarding ICU
admission and discharge (including diagnosis-related-group) and daily information about
diagnostic and therapeutic procedures (including NEMS), drugs and equipment used,
consultancies from other departments. For drugs we recorded the amount given and consumed,
the former being the dose actually given to the patient and the latter as the sum of this plus any
drug wasted or discarded. We limited data collection to resources costing more than €25 per
week. Daily information was gathered until ICU discharge or for a maximum of 21days.
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Data were collected for patients above 14years of age either (a) spending less than 48h in the
ICU or (b) with any of the following on admission: multiple trauma, major abdominal surgery,
ischemic stroke, chronic obstructive pulmonary disease (COPD), cardiac failure, isolated head
trauma, acute lung injury or acute respiratory distress syndrome (ALI/ARDS), nontraumatic
intracranial hemorrhage, or coronary bypass. These are the most frequent admission categories
reported in previous GiViTI studies [/2]. The rationale for considering short-stay patients as

a group by itself was that costs for them are more homogeneous, and the main source of
variability would be illness severity, which in this circumstance is well represented by vital
status at ICU discharge.

Each ICU was asked to enroll: (a) 5-10 consecutive patients staying less than 48h plus (b)
5-10 consecutive patients from at least two of the above diagnostic groups. In this way each
ICU enrolled 15-30 patients. Since each diagnostic group was simultaneously entrusted to ten
ICUs, we expected 50—100 patients for each diagnostic group and about 500 patients with an
ICU stay shorter than 48h. During data collection, age, gender, diagnosis, dates of ICU
admission and discharge, and ICU outcome were also collected for all nonenrolled patients
admitted to participating ICUs to standardize overall estimates (see below). The expected
number of patients was enrolled in almost all diagnostic groups (Table 1).

Table 1 Variable costs for each diagnostic group, ICU mortality, and length of stay (LOS) (COPD
chronic obstructive pulmonary disease, ALI/ARDS acute lung injury or acute respiratory distress

syndrome)

Variable ICU LOS median

cost COST structure (%) (Q1-Q3)

€ | | | | | | || |

?;I:;')n Drugs [Nutrition [Infusions2 |Consumables Imaging |Laboratory |Consultations [Dead [Patients |Patients

in
tests ICU |alive dead
(%)

Multiple

4717 10 8.5
tra_uma (3185) 169 |59 27.3 8.9 154 22.9 2.6 12.1 (5-21) |(3-17.5)
(n=71)
Major
abdominal 33582594) 119 3.9 302 9.5 62 P73 0.8 259 2(1-3) 5(2-8)
surgery,
unscheduled
(n=28)
Major

: 730 4

abdominal (647) 21.7 4.5 41.6 6.4 3.9 20.2 1.5 0.0 (2-10.5) =
surgery,
scheduled
(n=37)
Ischemic 904 2.5
stroke (n=19) |(895) 157 6.3 3.0 10.8 18.7 42.2 3.4 42.1 5 (1-6) (1-6.5)
COPD (n=84) (11977792) 164 |14 114 17.6 3.2 35.8 3.1 22.8 8 (4-16) 9.5 (6-17)
ALI/ARDS 3946
(n=73) (3071) 25.1 6.2 20.3 10.9 7.7 28.2 1.5 40.0 9 (5-18) |14 (8-20)
Cardiac 1376
failure (n=44)(1576) 189 44 8.7 17.5 12.5 36.4 1.7 309 4 (3-7) 2 (1-6)
Isolated head 3149
aa:u;r:; (2464) 143 5.1 13.5 18.6 17.7 27.1 3.7 18.3 8 (5-16) |3 (1-7)
Nontraumatic 2658 7.5 5
intracranial (2706) 174 |75 7.7 17.1 205 263 34 478 145-19) |(1.5-11.5)
hemorrhage
(n=98)
Coronary 576
bypass (n=41) [(598) 6.1 1.6 27.6 11.6 12.6 39.7 0.8 00 1(1-1)
LOS <48 h, 379
alive (1=395) (396) 10.8 |1.3 21.6 13.1 13.8 36.5 2.9 — 1(1-1) |
LOS <48 h, - 1903 8.1 0.2 45.4 14.9 12.0 17.4 1.9 — — 1(1-1)

dead (n=70) [(1012)
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@ Including blood and blood-products

A number of validity checks were carried out concurrently during data entry by our
computer-based case record form. These checks were of four sorts: inconsistency per se (e.g.,
wrong date), inconsistency relative to other variables (e.g., gynecological interventions in
males), implausibility per se (e.g., less than 500mg amoxicillin per day), implausibility relative
to other variables (e.g., 1-day mechanical ventilation in ALI/ARDS patients with longer stay).
The system refrained from saving inconsistent data, while keeping implausible data after user
confirmation. Data were also reviewed by the coordinating center, and doubts were discussed
with the individual ICUs. Most of the queries concerned patients with outlier costs. If
confirmed as outliers, these patients were kept in the analysis.

Costing strategy

The monetary cost of each item considered was recorded. Drug costs were one-half retail prices
(which is what hospitals are charged in Italy). The 2000 national price list provided by the
Ministry of Health was used to cost laboratory and imaging tests. For all the other 235 items
ICUs were asked to provide the prices actually paid in 2000. Since only 32 ICUs (63%) were
able to provide these, we calculated the mean price for each item from the available data and
applied this to all ICUs. In some cases (21.9%) such as pulmonary artery catheters we found
outliers (ICUs paying disproportionately high prices compared to others). When this happened
and the data were not corrected after the proper query, we computed trimmed means.

We then subdivided the cost structure for each single patient into seven headings: drugs, where
the cost was related to the quantity consumed; nutrition, excluding nutritional devices;
infusions, including blood and blood products; consumables, including nutritional devices,
catheters, and all kinds of kits (e.g., for ventilation, dialysis); imaging; laboratory tests; and
consultations from other intra- or extrahospital departments.

Statistical analyses

Patients enrolled in each diagnostic group were fully representative of the population belonging
to that group, but the data collection design meant that the relative sizes of the groups were not
representative of the overall population admitted to the ICUs. For example, our protocol yielded
the same number of patients with nontraumatic intracranial hemorrhage and with major
abdominal surgery, while the former are much rarer than the latter in a general ICU population.
Therefore for estimates referring to the overall population we could not simply add what we
had obtained in the patients collected because this would have overweighted the contribution of
rarer diagnostic groups. To remove this bias data were directly standardized to the diagnostic
group structure of the overall population admitted [/3].

By this fundamental epidemiological approach we expected the standardized description of the
present population to be similar to an independent sample of patients admitted to Italian

ICUs [/2]. This was actually true (data not shown), giving evidence of the validity of the
process. All estimates that refer to the overall population were thus standardized, while
estimates that refer to individual diagnostic groups were left as crude parameters. Since patients
undergoing major abdominal surgery can differ widely depending upon the type of
intervention, we split this group into scheduled and unscheduled abdominal surgery.

To better describe the financial burden of the various diagnostic groups of patients we
developed two further measures: cost per surviving patient, i.e., money spent for all patients
divided by the number of patients who survived, and money loss per patient, i.e., money spent
for patients who died divided by the total number of patients. These two measures were plotted
together yielding a graph of the efficiency of resource consumption.

Categorical and ordinal variables are presented as percentages and continuous variables as mean
and standard deviation. Multiple regression analysis using a step-by-step backward approach
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was used to identify independent predictors of the cost per patient. All available patient
characteristics were entered into the model. The backward approach compared different models
by the likelihood ratio test, using 0.05 as the threshold of statistical significance. Collinearity,
i.e., interrelationship between independent variables, was assessed using variance inflation
factors (VIF) and condition number (CN) [/4]. A VIF greater than 10 or a CN greater than 30
was considered suggestive of moderate to severe collinearity, a problem that could affect the
accuracy of regression calculations. Normality and homoscedasticity of the dependent variable
distribution were assessed by the normal probability plot and Spearman's correlation coefficient
between predicted and absolute values of residuals, using data transformation, where
appropriate. Data were analyzed by the SAS system 8.02.

Results

As expected, we found wide variability in variable costs, both within and between diagnostic
groups (Fig. 1). The mean cost of treating a multiple trauma patient was €4717 and that for

a coronary bypass surgery was €576. Much of the variability was due to the difference in the
length of stay (LOS), and therefore daily costs vary much less (Fig. 2). Table 1 shows different
variable costs for each diagnostic group, ICU mortality and LOS.

EURO

T |

Fig. 1 Total variable costs. Boxes 25th—75th percentiles; whiskers 10° and 90° percentiles;
central line median; X mean; COPD Chronic obstructive pulmonary disease; ALI/ARDS acute lung
injury or acute respiratory distress syndrome; LOS length of stay; A alive; D dead

.

X

EURO

Multiple taisre dom Ischsemic oen ALVARDS  Curttioc fiiluee  Iseluind b
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Fig. 2 Daily variable costs. Boxes 25th—75th percentiles; whiskers 10° and 90° percentiles;

central line median; X mean; COPD Chronic obstructive pulmonary disease; ALI/ARDS acute lung
injury or acute respiratory distress syndrome; LOS length of stay; A alive; D dead
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Fig. 3 plots the two measures: cost per surviving patient and money loss per patient. Cost per
surviving patient was higher in ALI/ARDS, nontraumatic intracranial hemorrhage, multiple
trauma, and unscheduled major abdominal surgery, but these conditions differed widely in
terms of money loss per patient, which was higher for ALI/ARDS and lower for multiple
trauma. Coronary bypass, scheduled major abdominal surgery, and short-stay patients were
treated most cost-efficiently.

* Multiple traums

viving patients

Cast per sur

« COPD

Maney bass per patlent

Fig. 3 Two-dimensional representation of the relative cost of treating different conditions in terms
of cost per surviving patient and money loss per patient. Vertical, horizontal lines First and third
quartiles of costs per surviving patient and money loss per patient. Row A The most expensive
conditions (per surviving patient); row C least expensive conditions; column 1 most efficiently
treated conditions; column 3 least efficiently treated conditions. The challenge is to shift diseases
from the top to the bottom of the graph, and from right to left. COPD Chronic obstructive

pulmonary disease; ALI/ARDS acute lung injury or acute respiratory distress syndrome; LOS
length of stay

Log-transformation of the cost was adopted to fulfill the normality and homoscedasticity
assumptions for the linear regression model (Table 2). Eight variables proved to be significantly
correlated with variable costs: diagnostic group, Simplified Acute Physiology Score 11
(SAPS-II), coma on admission, sepsis classification, length of ICU stay, respiratory failure on
admission, cardiac failure on admission, and vital status at ICU discharge. The latter was
important only for patients staying less than 48h. VIF and CN ruled out collinearity. The
correlation coefficient was 0.71 (p<0.0001). Having adopted the log-transformation, the

exponential of B for dichotomous variables corresponds to the relative increment in costs. For
example, patients with respiratory failure on admission cost about 19% more than patients
without failure, other covariates in the model being the same.

Table 2 Multivariate regression model; dependent variable: logarithmic transformation of cost. R
2=0.7132, F=125.63, df=19, p<0.0001 (COPD chronic obstructive pulmonary disease, ALI/ARDS
acute lung injury or acute respiratory distress syndrome, SAPS Il Simplified Acute Physiology
Score I, SIRS systemic inflammatory response syndrome, LOS length of stay)

W

Intercept 5.29 <0.0001
Variables present at admission
Diagnosis: multiple trauma vs. cardiac failure 1.20 13.321<0.0001

Diagnosis: (major abdominal surgery, unscheduled, vs. cardiac failure 0.80 2.23 <0.0001
Diagnosis: major abdominal surgery, scheduled, vs. cardiac failure ~ 0.36 |1.430.0314

Diagnosis: ischemic stroke vs. cardiac failure 0.17 |1.190.3886
Diagnosis: COPD vs. cardiac failure 0.36 |1.430.0108
Diagnosis: ALI/ARDS vs. cardiac failure 0.85 2.34 <0.0001
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N

Diagnosis: isolated head trauma vs. cardiac failure 1.05 2.86<0.0001
Diagnosis: intracranial hemorrhage vs. cardiac failure 0.84 2.32 <0.0001
Diagnosis: coronary bypass vs. cardiac failure 0.26 |1.300.1224
Diagnosis: LOS <48 h vs. cardiac failure -0.33 - 10.0079
SAPS II (log transformation) 0.17 - 1<0.0001
Coma; yes vs. no -0.2410.79 0.0015
Respiratory failure: yes vs. no 0.17 1.19/0.0039
Cardiac failure: yes vs. no 0.22 11.250.0023
Variables arising during the ICU stay

SIRS vs. nothing 0.41 |1.51<0.0001
Sepsis vs. nothing 0.75 12.12 <0.0001
Severe sepsis/septic shock vs. nothing 1.08 2.94 <0.0001
Variables computed after the ICU discharge

LOS 0.03 | |<0.0001
Interaction outcome, dead vs. alive, LOS<48 h 024 - 10.0187
Discussion

This multicenter study took the bottom-up approach for estimating costs. No bottom-up study,
to our knowledge, has collected data on a sample as large as ours. To make this feasible we
restricted the analysis to the costs related to resources consumed at bedside. This means that we
took into account only direct variable costs. Direct costs are those fully attributable to a single
patient and not shared by more than one, while variable costs are those affected by the level of
activity during the period considered [6]. Thus personnel costs were considered fixed since
they are not affected by the level of activity required by patients during the study period. This
can be seen as a limitation, particularly considering that personnel costs account for up to 60%
of ICU costs [/5]. However, we were interested mainly in studying the cost drivers that are
under direct and exclusive control of intensive care staff itself. Staff size and salaries were
therefore not considered.

Our results show how widely costs can differ across ICU patient groups. Much of this
variability is due to differences in length of ICU stay, but many other cost drivers play a role,
even after adjusting for LOS. The two new measures of costs, cost per surviving patient and
money loss per patient, especially when considered together, gave a better picture of the
financial burden of each disease entity.

These kinds of measures are not to be confused with the outputs of classical economic
evaluation studies (i.e., cost-minimization, cost-effectiveness, cost-benefit, or cost-utility
analysis) where the focus is on comparison of alternative courses of treatment [/6]. Here we
limited the analysis to the efficiency of treatments. Thus, as shown in Fig. 3, diseases in row

A are the most expensive (per surviving patient) while those in row C involve lower costs.
Similarly, diseases in column 1 are those most efficiently treated and those in column 3 the
most inefficiently treated. The challenge is therefore to shift diseases from the top to the bottom
of the graph, and from right to left.

Obviously much of this challenge depends on research, which should strive to provide more
effective treatments, if possible inexpensive ones. However, clinicians have a key role as well.
To move a disease from top to bottom, waste of resources should be minimized by more
cost-conscious use of expensive ones. This seems especially important for patients with
ALI/ARDS, nontraumatic intracranial hemorrhage, multiple trauma, and unscheduled major
abdominal surgery. These results are in agreement with reports in the literature [//]. Analysis
of the cost structure (Table 1) helps to indicate the best strategy for this task. Thus when
treating ALI/ARDS close attention should be paid to laboratory tests and drugs; for
nontraumatic intracranial hemorrhage patients laboratory tests and imaging are the most
important items, while in multiple trauma and unscheduled major abdominal surgery patients
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laboratory tests and infusions (including blood and blood products) call for highest priority.

To move a disease from right to left, apart from improving the general effectiveness of
treatment (especially for ALI/ARDS, nontraumatic intracranial hemorrhage, and unscheduled
major abdominal surgery) better awareness of a poor prognosis needs to be stressed. This
implies avoiding the admission of patients who are too ill and all forms of treatment obstinacy.
The short LOS of patients who died compared with surviving ones for nontraumatic
intracranial hemorrhage and isolated head trauma suggests that selection can be improved. The
longer LOS for COPD and ALI/ARDS patients may indicate the need for continuous
assessment of the patient's prognosis to prevent useless obstinacy. Nevertheless, although the
idea that early identification of terminally ill patients who can be transferred to less expensive
settings is intuitively appealing, many authors argue that it would not reduce costs [/S].

Our multivariate model identified numerous factors that explain the variability in costs: ICU
LOS, diagnostic group, SAPS II score, presence and severity of sepsis, respiratory failure,
cardiac failure, and coma upon admission. That the length of stay affects patient costs is
obvious [8]. We confirmed this in a multivariate analysis, which further stresses the
importance, at least from the perspective of costs, of prompt detection and appropriate treatment
of long-stay patients.

Diagnostic group is another important determinant of costs. Multiple trauma, isolated head
trauma, nontraumatic intracranial hemorrhage, ALI/ARDS, and unscheduled major abdominal
surgery were the most expensive patient groups in the multivariate model. Since the model
includes many covariates, including LOS, septic complications, and severity of illness, this
result possibly reflects either a more aggressive approach, specifically adopted in these patients,
or the use of costly treatments. When costs are mainly related to consumables and laboratory
tests, the former hypothesis is probably true. This happens in ALI/ARDS, isolated head
trauma, and nontraumatic intracranial hemorrhage (Table 1). When costs are explained mainly
by infusions and drugs, the latter is more likely. This is the case in multiple trauma,
unscheduled major abdominal surgery, and ALI/ARDS (Table 1). This provides another clue
for a more conscious use of resources.

As expected, patients who stay in ICUs less than 48h cost the least, particularly if they survive,
as testified by the positive interaction between outcome and LOS less than 48h. Apart from
coma, all the other variables in the model representing the severity of the patient tell us that the
greater the severity, the higher the costs. Similar results are reported elsewhere [/7, 19, 20, 21].

Two considerations seem particularly noteworthy. First, although significant, SAPS II is not
crucial in determining the cost of ICU patients. The second consideration refers to the
classification of sepsis. The concept of systemic inflammatory response syndrome, which has
been criticized from a clinical perspective [22], seems relevant from an economic point of view,
as it increases costs by 150%. The results on sepsis (which doubled costs) and severe sepsis or
septic shock (which tripled costs) are also important and, together with findings by others [23],
call for further effective prevention and appropriate treatment of such conditions [24].

Coma deserves a final comment: why do patients admitted with coma cost less than those
admitted without coma? Other studies with an approach different from that taken here have also
found this [/7]. In all groups considered coma is a strong negative prognostic factor. One
possible explanation is that it is easier to withhold treatment for comatose patients. Again, this
calls for a better prognostic evaluation of all patients to avoid obstinacy and wastes.

A potential limitation of our study derives from the application of the same average cost per
item to all ICUs. If, for example, a drug is cheap in an ICU but expensive otherwise, the use of
this drug in the ICU may be improperly viewed as technically inefficient. In a simulation study
which always replaced resources becoming expensive by cheaper alternatives, Raikou et

al. [25] found that the calculation based on the use of average costs, as opposed to
center-specific costs, systematically overestimated treatment costs. This is of course diluted in
the real world, where switching to the cheapest alternative is not always done [26], and we
therefore considered it relatively unimportant in our analyses. Furthermore, the aim of the
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present study was not to compare the technical efficiency of different ICUs nor to carry out

a cost-effectiveness analysis nor to provide “true” estimates of treatment costs. We were
interested in describing and comparing costs of different diagnostic groups of patients. In this
sense, since a similar bias exists in all groups, its impact on the differences between groups and
on the relative importance of factors influencing costs should be small. Thus, although single
cost estimates from our study may not necessarily apply to other situations, the message behind
the differences we identified is clear.

Another potential limitation is related to the inclusion criteria, which left out some types of
patients. From the list of nonenrolled patients we saw that the eligibility criteria which we
adopted covered 83% of admissions. Clearly, the exclusions may have influenced only the
estimates referring to the overall population, which are in fact the results of the multivariate
model. Since there are a few atypical conditions, at least from the costing perspective, that were
excluded from our study (e.g., transplant patients), interpretation of the results should take this
into account.

According to the design, each of the nine types of conditions considered was enrolled by at
least ten ICUs, and short-stay patients were collected by all ICUs. This further enhances the
general applicability of the results. However, since comparable studies are lacking in the
literature, it is difficult to say how far our findings apply to other countries. Nevertheless, the
key messages could easily be validated and possibly refined by single ICUs. This would be an
important contribution to more efficient management of ICUs and, possibly, of ICU patients
too.
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