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ABSTRACT

Aims: Due to limited resources, to provide a simple and transparent tool for physicians to
facilitate budget-related, medical decisions in any patient.
Study Design: Comparative study.
Methodology: Several articles with topics referring to the 2008 ”Surviving Sepsis
Campaign” guidelines in critically ill patients with varying effects on defined clinical
endpoints were analyzed regarding the costs of additional treatment success (COATS). A
simplified ICER = incremental cost-effectiveness ratio to assess COATS was expressed
as the product of the number of patients needed to treat (NNT) and the difference in
treatment costs per patient.
Results: In publications with significant treatment effects enabling calculation of NNTs,
calculating “COATS = NNT x delta costs per patient", mean costs to avoid one additional
death or morbidity could be defined. Considering the 95% confidence interval, estimated
costs at minimum and maximum to reach distinct clinical endpoints could be expressed.
In studies with no significant results, NNTs and COATS were tending to infinity.
Conclusion: COATS based on NNT as a simplified ICER is an easy way for the
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physician at the bedside caring for individual patients to explicitly describe the amount of
money which has to be spent to reach definable aims in the clinical setting in one
additional patient, such as reduction of mortality or morbidity, or to reassess therapies
without significant results. In contrast to COATS, ICER based on quality-adjusted life
years may be necessary to perform calculation of the short-term and long-term costs for
the community and the adequate allocation of health care resources.

Keywords: Budget-related decisions; costs; intensive care units; incremental cost-
effectiveness ratio; morbidity; mortality; sepsis.

ABBREVIATIONS

APACHE II – Acute Physiology and Chronic Health Evaluation II score; ARR - absolute risk
reduction; CER - control event rate; CIPNP - critical illness polyneuropathy; EER -
experimental event rate; CI - confidence interval; COATS - costs of additional treatment
success, i.e., NNT x costs per patient; CUA - cost-utility analysis; HTA - health technology
assessment; ICU - intensive care unit; ICER - incremental cost-effectiveness ratio; IIT -
intensive insulin therapy; MODS - multiple organ dysfunction syndrome; NHS - National
Health Service; NNT - number needed to treat; rhAPC - recombinant human activated
protein C; QALY - quality-adjusted life years; SSC - Surviving Sepsis Campaign; 95%CI -
95% confidence interval;

1. INTRODUCTION

In 2008, the update of the “Surviving Sepsis Campaign” (SSC) guidelines (Dellinger et al.,
2004; Dellinger et al., 2008) has been published to provide recommendations for best
current care directly targeting severe sepsis and general care of the critically ill patient.
These guidelines intend to improve outcome (Dellinger et al., 2004; Dellinger et al., 2008).
However, besides beneficial effects for patients, application of some guidelines may also
lead to undesirable effects, such as harm to patients, more burdens on staff and patients,
and enhanced costs. For example, the expensive application of recombinant human
activated protein C (rhAPC) in septic shock may be a two-sided sword, reducing mortality on
the one side but also increasing the economic risks on the other side (Dellinger et al., 2004;
Dellinger et al., 2008).

In daily clinical work, physicians make decisions concerning own clinical experience and
knowledge, recommendations of societies of their profession with evidence-based medicine
guidelines, effects of interventions on morbidity and mortality and individual costs. Due to
limited resources, physicians are confronted with the individual costs and the financial
burden for societies. Thus, for physicians, simple tools for budget-related decisions based on
clinical reasoning to facilitate clinical decision making and justification regarding different
stakeholders of health care systems (patients, physicians, societies, lawyers, insurance
companies, economists, politicians, health care providers and health care users) during daily
clinical work are desirable. Physicians are aware of the costs per patient at least for
expensive therapies, and they are used to read numbers needed to treat (NNTs) in scientific
publications, and, thereby, can estimate effectiveness of treatment options.

Usually, an incremental cost-effectiveness ratio (ICER) is performed to assess costs of
additional treatment success (COATS). ICER may reflect in a transparent form an
assessment based on data but in a much less transparent form an appraisal based on
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values, such as quality-adjusted life years (QALYs), which express a virtual figure which is
based on somebody else’s evaluation. The QALY is based on the number of years of life
that would be added by the additional treatment. Each year in perfect health is assigned the
value of 1.0 down to a value of 0.0 for death. If the extra years would not be lived in full
health, for example if the patient would lose a limb, or be blind, have to use a wheelchair, or
need chronic dialysis, then the extra life-years are given a value between 0 and 1 to account
for this. ICER divides the difference in costs (f.e. for rhAPC (Moerer, Burchardi, 2006), €
7.400 – 0) by the difference in effects (f. e., QALYs or absolute risk reduction, ARR): ICER =
Δ costs / Δ QALY, or ICER = Δ costs / ARR. ARR is defined as control event rate (CER)
minus experimental event rate (EER). Thus, ICER = Δ costs / Δ (CER - EER). ICER to
estimate costs per life year and costs per QALY from the perspective of third party payers,
such as national health services and personal social services, include a wide range of
variables, such as known patient benefits and harms, life expectancy, baseline risk,
effectiveness data, health state value, resource use, short-term and long-term costs, future
costs and future benefits (life years) (Green et al., 2006). Most of these data are not
available for physicians at the bedside, and calculations much to complex to perform for
them, to take them into account for budget-related decisions to reach distinct clinical
endpoints such as lowering mortality or morbidity. Moreover, physicians are more used to
deal with NNT than with ARR in scientific papers and in clinical decision making to reach
specific aims and clinical endpoints. Since NNT = 1 / ARR, calculation of ICER can be
simplified to ICER = Δ costs x NNT, which represents COATS. The NNT reflects the number
of individuals who have to be treated to prevent one additional event in the experimental
group as compared to the control group (Worster, Rowe, 2001). COATS based on data such
as NNT is probably a more useful information for the physician at the bedside who has to
decide based on her/his own evaluation under the aspect of limited resources and her/his
budget than ICERs reflecting an appraisal based on values, such as QALYs.

Therefore, in the present paper, we suggest a simplified ICER based on data (NNT), that is
the COATS, which is easy to understand and to apply for physicians in daily practice relating
the solution of a clinical problem to the monetary costs. When the cost per patient is
multiplied with the NNT to yield a distinct clinical endpoint, a simplified ICER results in an
easy assessment of COATS. Moreover, physicians are interested to estimate the range of
estimated costs at minimum and at maximum to reach distinct clinical endpoints. This can be
expressed by including the 95% confidence interval (95% CI) of the NNT in the calculation of
COATS.

Therefore, to make an example, present treatment recommendations for critically ill patients
will be presented applying COATS to treatment options with clearly up to marginally
beneficial effects on clinically endpoints, such as mortality or morbidity. Intensive-care units
(ICUs) are the most expensive part of a hospital. Therefore, we decided to use treatment
guidelines for critically ill patients on the ICU to demonstrate the usefulness of COATS for
budget-related decision making for physicians. We will focus on COATS to estimate the
range of costs of main treatment recommendations in different subgroups of critically ill
patients regarding mortality and morbidity. We demonstrate that physicians may have to
reassess therapies which are not supported by significant results regarding clinical endpoints
with NNTs and COATS tending to infinity. We suggest to simplify ICER based on data (NNT)
for physicians, that is COATS, to increase acceptance of cost-effectiveness analyses in their
daily clinical work.
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2. METHODOLOGY

2.1 Study Design

Publications of the reference list of the SSC 2008 guidelines were used and a
Medline/PubMed research has been performed. To make an example for the simplified
calculation method COATS, original studies and meta-analyses demonstrating clearly up to
marginally beneficial effects on clinically endpoints, such as mortality or morbidity, were
chosen. Papers revealing ARR, NNT with 95%CI, and costs per patient were used as a
basis to calculate COATS. NNT was calculated as NNT = 1/ARR. 95%CI for ARR was
calculated as 95%CI = ARR ± 1.96 x σ. The standard error σ was calculated as follows:

With n1 = number of patients in the control group, in which an event occurs r1-times, and n2
= number of patients in the intervention group with r2-times the event. This results in event
rates of p1 = r1/n1 and p2 = r2/n2.

The costs per patient and COATS were calculated for the most relevant examples of
treatment recommendations in the 2008 SSC guidelines which therefore have been listed in
the management bundle which has to be fulfilled within the first 24 hours (Dellinger et al.,
2004; Dellinger et al., 2008) for critically ill patients with severe sepsis / septic shock. These
examples are the most common, most relevant and controversially discussed, and most
expensive (rhAPC) treatment recommendations. The following treatments in patients with
severe sepsis / septic shock served as examples: application of rhAPC (Bernard et al., 2001;
Moerer and Burchardi, 2006), of low dose hydrocortisone (Annane et al., 2002; Sprung et al.,
2008) and of intensive insulin (Brunkhorst et al., 2008; Van den Berghe et al., 2006).

COATS was calculated by multiplying the difference in costs per patient for a health service
A compared to a health service B with the corresponding NNT. Multiplying the difference in
costs per patient with the NNT, the cost per successful treatment results as COATS:

COATS = NNT x Δ costs (A - B) per patient.

If treatment A is put in addition to a standard treatment, the calculation of COATS is reduced
to “NNT x costs per patient” for treatment A.

In the present study, the simplified “COATS = NNT x costs per patient” calculation was
applied to assess COATS.

The range of costs that has to be expected regarding minimal and maximal estimated costs
was expressed by the 95%CI of the NNT.

2.2 Data Analysis

NNTs with corresponding 95%CI and the resulting COATS are presented for different
treatment regimens regarding morbidity and mortality.
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3. RESULTS AND DISCUSSION

3.1 COATS and Significant Clinical Results

3.1.1 COATS and mortality

Due to the original study, application of rhAPC in addition to standard therapy in patients
with severe sepsis with APACHE II ≥ 25 or multiple organ dysfunction syndrome (MODS) did
cost € 7,400 per patient (Bernard et al., 2001; Moerer and Burchardi, 2006). The NNT to
avoid one additional death within 28 days due to sepsis by rhAPC was 16.4 (95%CI 9.6 –
55.6) (Bernard et al., 2001) (Table 1). According to the above algorithm "COATS = NNT x
costs per patient", the costs to avoid one additional sepsis related death would have been
16.4 x € 7,400 = € 121,360. Considering the 95%CI, the minimal costs would have been 9.6
x € 7,400 = € 71,040 and the maximal costs would have been 55.6 x € 7,400 = € 411,440.

Underlying meta-analyses with significant effects on mortality, such as low dose
hydrocortisone in septic shock (Annane et al., 2009) or intensive insulin therapy in
subgroups of patients with severe sepsis (Ellger et al., 2008) or of surgical critically ill
patients (Griesdale et al., 2009), NNT and COATS can be calculated (Table 1).

3.1.2 COATS and morbidity

In a meta-analysis, morbidity, defined as critical illness polyneuropathy (CIPNP), was
lowered by intensive insulin therapy in severe sepsis (Ellger et al., 2008). Thus, NNT (mean
10.2, 95%CI 6.8 - 20.7) and COATS to avoid CIPNP in one patient in addition with € 734 in
mean (95%CI, € 490 - 1,490) are definable.

3.2 COATS and No Significant Clinical Results

Regarding rhAPC, there was no effect on mortality in a recently completed clinical trial, the
PROWESS-SHOCK trial (FDA, 2011), and in a meta-analysis (Friedrich et al., 2006) (Table
1). Also, there was no effect on morbidity in the original paper (Bernard et al., 2001). Thus,
NNT and COATS are infinite. Also, despite low costs per patient, in original studies with no
effect on mortality and morbidity with low dose hydrocortisone (Annane et al., 2002; Sprung
et al., 2008) and intensive insulin therapy (Brunkhorst et al., 2008; Van den Berghe et al.,
2006) in patients with severe sepsis or septic shock, NNT and COATS are infinite.

3.3 Costs Related to Life Expectancy

In more classical medical economic analyses, costs per one additional survivor are
calculated related to life expectancy. For example, if life expectancy is computed at ten
years and the mean costs for rhAPC are € 121,360, the costs per saved year are €12,136,
and if the utility is computed at 0.5, the cost per QALY is € 24,272 (Table 1).

Regarding rhAPC, the estimates of costs per life year and costs per QALY were pounds
4,931 (around 6,051 €) and pounds 8,228 (10,097 €) for patients with severe sepsis and
multiple organ dysfunction (Green et al., 2006).
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Table 1. Simplified incremental cost-effectiveness analysis to assess costs of additional treatment success (ICER = COATS,
i. e., NNT x costs per patient) and mean costs regarding life expectancy for therapies in critically ill patients concerning

mortality

Therapy Study Patients Mortality Cost
per
patient
(€)

NNT ICER = COATS Mean costs
with life
expectancy

95%CI 95%CI 10 5

Mean Min. Max. Mean Min. Max. Years Years

rhAPC (1) Original
study

severe sepsis
/ septic shock

* 7400 (7) 16.4 9.6 55.6 121360 71040 411440 12136 2427
2

rhAPC (2) Original
study

septic shock n. s. 7400(7) n. d. n. d. ∞ n. d. n. d. ∞ n. d. n. d.

rhAPC (3) Meta-
analysis

severe sepsis
/ septic shock

n. s. 7400(7) n. d. n. d. ∞ n. d. n. d. ∞ n. d. n. d.

Hydrocor-
tisone (4)

Meta-
analysis

severe sepsis
/ septic shock

* 39 (8) 15.4 8.3 98.8 601 324 3853 60 120

IIT (5) Meta-
analysis

severe sepsis
>3 days ICU

* 72 (9) 13.2 6.9 143 950 497 10289 95 190

IIT (6) Meta-
analysis

Surgical ICU * 72 (9) 22.7 14.3 56 1634 1030 4003 163 326

CI - confidence interval; COATS - costs of additional treatment success, i.e., NNT x costs per patient; ICU - intensive care unit; ICER - incremental
cost-effectiveness ratio; IIT - intensive insulin therapy; NNT - number needed to treat; rhAPC - recombinant human activated protein C; n. s. - not

significant; n. d. - not definable; ∞ - tends to infinity; * - significantly reduced, i. e., p < 0.05; (1) = Bernard GR, 2001; (2) = FDA, 2011; (3) =
Friedrich JO, 2006; (4) = Annane D, 2009; (5) = Ellger B, 2008; (6) = Griesdale DE, 2009; (7) = Moerer O, 2006; (8) = Annane D, 2002; (9) = Van

den Berghe G, 2006.
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4. DISCUSSION

The present paper demonstrates that budget-related clinical decision making by ICER by
practicing physicians may be facilitated by calculation based on data that is COATS, i. e., the
product of the difference in treatment costs per patient and the NNT. Applying this simplified
form of ICER, costs for reaching clinical endpoints, such as avoiding one additional death
can be determined, if studies provide significant results with NNTs. The range of estimated
costs at minimum and at maximum to reach distinct clinical endpoints can be expressed by
the 95%CI of the NNT. On the other hand, it becomes obvious for physicians that they hardly
can justify their therapeutic decisions, when the NNTs and COATS are tending to infinity
regarding clinical endpoints, if therapies are not supported by significant results. Taken
together, we suggest physicians should use a simplified from of ICER, that is COATS, to
estimate the range of costs to reach distinct clinical endpoints due to studies with significant
results or to reassess therapies without significant results in original papers or meta-
analyses under the aspect of limited resources and budget-related decisions.

The calculation of COATS is in fact nothing else than an ICER. However, physicians are
more used to deal with NNT than with ARR in scientific papers and in clinical decision
making to reach specific aims and clinical endpoints. ICER to asses COATS based on data
(NNT) in a transparent form is probably a more useful information for the physician at the
bedside who has to decide based on her/his own evaluation than ICERs which may reflect in
a much less transparent form an appraisal based on values, such as QALYs.

Cost-utility analysis (CUA) is a form of economic analysis used to guide procurement
decisions. In health economics, the purpose of CUA is to estimate the ratio between the cost
of a health-related intervention and the benefit it produces in terms of the number of years
lived in full health by the beneficiaries. Hence it can be considered a special case of cost-
effectiveness analysis. Cost is measured in monetary units. Benefit needs to be expressed
in a way that allows health states that are considered less preferable to full health to be
given quantitative values. In health technology assessments (HTAs) it is usually expressed
in QALYs. The concept of QALYs was proposed by economists (Drummond et al., 1997).
Despite of several known limitations (Porzsolt et al., 2010), this concept is - from an
economic point of view - still one of the best to make allocation decisions in health care. In
the calculation of QALYs, the quality of a fixed bundle of goods is rated by proxies and finally
translated into a virtual product of quantity and self-rated quality of life. With the simplified
form of ICER based on data (NNT) to assess COATS, we provide an easy to perform and
transparent tool for budget-related decisions for physicians which is driven by clinical
reasoning facilitating their acceptance and use.

In an ICER regarding rhAPC from the perspective of a third party payer, that is, the National
Health Service (NHS) in England and Wales, costs associated with patient care from the
NHS and the personal social services were included, together with all known patient
benefits. The estimates of costs per life year and costs per QALY were pounds 4,931 (at
around 6,051 €) and pounds 8,228 (at around 10,097 €) for rhAPC for patients with severe
sepsis and multiple organ dysfunction (Green et al., 2006). In this analysis, a huge amount
of variables was included, such as life expectancy data, baseline risk, effectiveness data,
adjustment of life expectancy data, health state value, hospital resource use, cost data (such
as for rhAPC, serious bleed, hospital costs per day in ICU and on other ward), long-term
NHS costs, future costs and future benefits (life years). The authors concluded that whereas
the therapeutic cost for rhAPC appears high (at around pounds 5,000 per patient) and the
potential impact on the provider budget is considerable, rhAPC is clinically effective,
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represents a cost-effective use of resources, and is a significant advance in the treatment of
severe sepsis in patients requiring intensive care. However, most of these data are not
available for physicians at the bedside, and calculations much to complex to perform for
them, to take them into account for budget-related decisions to reach distinct clinical
endpoints they are interested in, such as lowering mortality or morbidity.

Practicing physicians make clinical decisions based on original papers or meta-analyses,
which may be included in guidelines they adhere to. In this context, COATS could be given
for the aim of lowering mortality in the original paper regarding rhAPC, and in meta-analyses
regarding hydrocortisone or IIT in distinct subgroups of patients (Table 1). On the other
hand, COATS revealed that costs are tending to infinity, if therapies are not supported by
significant results. This was the case regarding effects on mortality of hydrocortisone and IIT
published in original articles and of rhAPC published in original articles and meta-analysis
(Table 1), respectively.

COATS may lead to congruent or discordant estimations, underlying NNTs generated by
original studies, meta-analyses or subgroup analyses regarding effects of treatment on
distinct events and clinical endpoints (Table 1). F. e., the expected COATS regarding effects
of IIT on mortality was not definable in all, mixed and medical patients, however explicable in
surgical patients (Griesdale et al., 2009) (Table 1). Thus, COATS enables physicians to
calculate in their setting of patients and decide on the basis of cost-efficiency for successful
therapy.

We have to state that ICER based on NNT to assess COATS has limitations and does not
reflect all costs attributable to a treatment in addition. COATS does not consider costs
related to adverse effects and costs during the survival period. For example, despite low
drug costs per patient with € 72 (Van den Berghe et al., 2006), in patients with severe
sepsis, a reduction in mortality and morbidity, defined as mean score for organ failure,
respectively, could not be demonstrated with intensive insulin therapy (Brunkhorst et al.,
2008). Thus, NNT and the costs reflected by COATS are tending to infinity regarding
mortality (Table 1) and morbidity. However, COATS does not point out the cost driving effect
of this regimen due to the fact that the rate of severe hypoglycemia and of serious adverse
events was significantly higher in the intensive-therapy group than in the conventional-
therapy group (Brunkhorst et al., 2008). Therefore, due to the risk / benefit ratio and not due
to the cost / benefit ratio, this study was stopped early for safety reasons.

We have to be very cautious with cost-effectiveness or efficacy analyses. With many drugs,
results are very controversial with new studies not confirming positive results reported with
the initial randomized controlled trial (RCT). This has been the case with original papers
regarding rhAPC (Bernard et al., 2001), hydrocortisone (Annane et al., 2002) or IIT (van den
Berghe et al., 2001) and subsequent original trials (Brunkhorst et al., 2008; FDA, 2011;
Sprung et al., 2008) in distinct subgroups of patients. In detail, f. e., rhAPC in the initial RCT
(Bernard et al., 2001) significantly reduced mortality, reporting a NNT to avoid one additional
death of 16.4 (95%CI 9.6 – 55.6), resulting in COATS of € 121,360 (95%CI € 71,040 - €
411,440) (Table 1). However, underlying a meta-analysis (Friedrich et al., 2006)
demonstrating no significant effect on mortality, NNT and COATS are infinite. Moreover, in a
recently completed clinical trial, the PROWESS-SHOCK trial (FDA, 2011) (Table 1), rhAPC
failed to show a survival benefit, resulting in a voluntary market withdrawal of rhAPC.
Despite the market withdrawal of rhAPC, we chose this illustrative example of an expensive
treatment recommendation to demonstrate the potential of COATS to help physicians in
budget-related decisions in times of limited resources. These examples of original trials or
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meta-analyses outline the absolute necessity to be very cautious when interpreting cost
saving or cost-efficacy ratio, and to regularly reevaluate recommendations.

Resources of health care systems are limited. Rationing decisions by physicians differ from
those of the government (Pearson, 2000). The health care economy must compete with
other social priorities and thus, marginally beneficial care should be rationed for the overall
public good (Pearson, 2000). However, rationalization is complex, and societies should try to
apply therapies with the best cost-effectiveness by defining subgroups of patients who
benefit best. This is illustrated by the calculation of the estimated costs at minimum and at
maximum to reach distinct clinical endpoints in the example with rhAPC in Table 1.
Proportional advocacy by physicians requires a critical weighing of risk and benefit in every
clinical decision (Pearson, 2000). In this regard, NNTs and the 95% CI may help to define
the subgroups of patients in the low range of NNT with the best risk / benefit and cost-
efficiency ratio. Moreover, structuring clinical endpoints in a hierarchy, f. e. lowering
mortality, avoidance or reversal of shock or adverse events, such as number and duration of
organ dysfunction, morbidity or length of stay on the ICU or in hospital, COATS may help
physicians to become aware of the costs associated to reach distinct endpoints. On the
other hand, if trials are negative, NNT tends to infinity. Therefore, whatever the costs are,
COATS regarding the defined endpoints is infinite.

5. CONCLUSION

ICER based on NNT to assess COATS, i.e., the product of treatment costs per patient and
the NNT, is an easy to conduct and transparent tool based on clinical reasoning for budget-
related decisions of physicians in times of limited financial resources. Applying COATS,
costs for reaching distinct endpoints are predictable, if studies provide significant results with
NNTs. Underlying the 95%CI of the NNTs, estimated costs at minimum and at maximum to
reach distinct clinical endpoints can be given. Calculating COATS, it becomes obvious that
costs are tending to infinity, if therapies are not supported by significant results. In contrast to
the physicians caring for individual patients, for medical managers, other tools, such as
QALYs, may be necessary to perform calculation of the costs for the community and the
adequate allocation of health care resources, which better reflect complex weightings
regarding variables such as effectiveness data, baseline risk, adjustment of life expectancy
data, health state value, short-term and long-term costs, costs for different third party payers
such as national health services, future costs and future benefits (life years) and cost-
effectiveness acceptability.
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