N
N

N

HAL

open science

Are clinical trials dealing with severe infection fitting
routine practices? Insights from a large registry.

Yann-FErick Claessens, Philippe Aegerter, Hamdi Boubaker, Bertrand Guidet,

Alain Cariou

» To cite this version:

Yann-Erick Claessens, Philippe Aegerter, Hamdi Boubaker, Bertrand Guidet, Alain Cariou. Are
clinical trials dealing with severe infection fitting routine practices? Insights from a large registry..

Critical Care, 2013, 17 (3), pp.R89. 10.1186/cc12734 . inserm-00841273

HAL 1d: inserm-00841273
https://inserm.hal.science/inserm-00841273
Submitted on 4 Jul 2013

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépot et a la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche francais ou étrangers, des laboratoires
publics ou privés.


https://inserm.hal.science/inserm-00841273
https://hal.archives-ouvertes.fr

Claessens et al. Critical Care 2013, 17:R89
http://ccforum.com/content/17/3/R89

C, cRiTICAL cARE

RESEARCH

Open Access

Are clinical trials dealing with severe infection
fitting routine practices? Insights from a large

registry

Yann-Erick Claessens'**", Philippe Aegerter*®, Hamdi Boubaker*®, Bertrand Guidet”®, Alain Cariou®® and for

Cub-Rea Network

Abstract

conclusions in routine care.

septic shock patients (Cub-Rea network, 1992 to 2008).

Introduction: Guidelines dealing with severe sepsis and septic shock mostly rely on randomized controlled trials
(RCTs) to ensure the best standards of care for patients. However, patients included in high-quality studies may
differ from the routine population and alter external validity of recommendations. We aimed to determine to what
extent non-inclusion criteria of RCTs dealing with severe sepsis and septic shock may affect application of their

Methods: In a first step, the MEDLINE database was searched for RCTs treating severe sepsis and septic shock
patients between 1992 and 2008, and non-inclusion criteria for these studies were abstracted. Two reviewers
independently evaluated the articles, which were checked by a third reviewer. We extracted data on the study
design, main intervention, primary endpoint, criteria for inclusion, and criteria for non-inclusion. In a second step,
the distribution of the non-inclusion criteria was observed in a prospective multicenter cohort of severe sepsis and

Results: We identified 96 articles out of 7,012 citations that met the screening criteria. Congestive heart failure
(35%) and cancer (30%) were frequent exclusion criteria in selected studies, as well as other frequent disorders
such as gastrointestinal and liver diseases and all causes of immune suppression. Of the 67,717 patients with severe
sepsis and septic shock in the Cub-Rea database, 40,325 (60%) experienced at least one of the main exclusion
criteria, including 11% of congestive heart failure patients and 11% of cancer patients. In addition, we observed a
significant trend for increasing number of patients with these criteria along time.

Conclusion: Current exclusion criteria for RCTs dealing with severe sepsis and septic shock excluded most patients
encountered in daily practice and limit external validity of the results of high-quality studies.

Keywords: sepsis, septic shock, randomized controlled trial, exclusion criteria, co-morbidity, cohort

Introduction

Since the early 1990s, considerable efforts have been pro-
vided to improve treatment and global management of
patients suffering from severe infection. In August 1991,
the American College of Chest Physicians and the Society
of Critical Care Medicine released a landmark Consensus
Conference agreeing on definitions to be applied to
patients with severe infections [1]. Classifications were
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provided to assist clinicians and researchers including
homogeneous and comparable populations in trials deal-
ing with severe sepsis and septic shock. Following this
conference, a number of major studies have been pub-
lished that substantially modified the management and
course of severe sepsis and septic shock patients. For the
same period, the mortality of patients with severe infec-
tions did not decrease [2] or remained high, suggesting
that physicians might be unaware of the scientific
advances in the field of severe infection.

Severe sepsis is a major problem in intensive care,
accounting for over 10 to 20% of stays of increased
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duration [3] and with a recent increase in hospitalization
[4]. The most severe presentation is septic shock with
an individual mortality that has recently slightly
decreased [5] but with an overall specific mortality that
has increased [6] due to the higher number of patients,
in particular older patients [7].

This observation prompted scientific societies to
develop a partnership that intended to provide standards
of care for management of severe sepsis and septic
shock, based on the highest levels of evidence published
scientific knowledge. Key recommendations overviewed
management of septic patients, including specific treat-
ments such as antimicrobial therapy, hemodynamic
management and use of adjunctive therapies, and sup-
portive care such as sedation, tight glucose control and
mechanical ventilation [8].

Implementation of these guidelines, however, has been
offset by a number of barriers. Heterogeneous levels of
equipment and resuscitation skills and overburden in
ICUs compromise the quality of care delivered to septic
patients, especially those requiring a high level of techni-
cal support [9,10]. Besides these organizational limita-
tions, the way these guidelines are applicable or not to
routine care patients is also controversial. One can sup-
pose that differences between groups of homogeneous
patients included in pivotal trials and real-life patients
routinely admitted to the ICU may prevent guideline
generalization. Even if non-inclusion criteria are known
to explain these differences, their identification and fre-
quency among routine ICU patients is lacking. As a con-
sequence, it is actually difficult to assess the proportion
of patients in whom the most current recommended
treatments were in fact not tested. To specifically address
whether international recommendations to treat septic
patients fit routine ICU patients or not, we first checked
for non-inclusion criteria in published randomized con-
trolled trials (RCTs) dealing with severe sepsis and septic
shock since 1992. In a second step, we investigated the
frequency of these non-inclusion criteria in a large ICU
population by using a multicenter ICU registry.

Patients and methods

First step: exclusion criteria in RCTs dealing with severe
sepsis and septic shock

We first identify the most frequent non-inclusion cri-
teria in RCTs dealing with severe infections.

Literature search strategy and inclusion criteria

The comprehensive literature searches included all trials
published in PubMed from 1 January 1992 to 31 Decem-
ber 2008. This period corresponded to that from release
of the first American College of Chest Physicians guide-
lines to the last update of bundles from the Surviving
Sepsis Campaign [3].
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We included all trials (positive and negative) that
labeled the following MeSH keywords in the title and
abstract: sepsis; severe sepsis; septic shock; treatment;
randomized. We excluded trials in which no therapeutic
intervention was undertaken, and trials on ARDS since
sepsis is only one of the combining factors. Finally, we
selected interventional trials in populations with severe
sepsis and septic shock. All authors evaluated the eligibil-
ity of the trials, resolving disagreements by discussion
and consensus.

Data extraction

Two authors (HB, Y-EC) independently extracted data
that were checked by one author (AC). We noted the
study period, year of publication, and geographic area
where the study was performed. We detailed the study
design: monocenter or multicenter, randomized or not,
controlled or not, blind or open, financial disclosure (sup-
ported or not by the pharmaceutical industry or healthcare
societies). We checked whether Bone criteria [1] were
used or not to include patients, and whether mortality was
the main evaluation criteria. We described the number of
patients screened and excluded when available. Interven-
tions (treatment, strategy, procedure) were classified as fol-
low: vasopressors; fluid loading/global hemodynamic-
based strategy; steroids; antimicrobial agents; modulation
of immunity; coagulation-targeted therapy; miscellaneous.
We abstracted whether the results related to the primary
endpoint were positive or not.

For each trial, we carefully detailed the non-inclusion
criteria that we distributed between the following cate-
gories: pregnancy; age categories (<18 years, >75 years);
presence of congestive heart failure; presence of cancer
(excluding local skin cancer and cancer healed for at
least 6 months); gastrointestinal and liver disorder; HIV
infection; solid organ transplantation; treatment with
steroids; coagulation disorders or treatment; burns; renal
replacement therapy; overweight; neutropenia; cerebro-
vascular stroke; miscellaneous.

Second step: study cohort from the Cub-Rea database
This second step aimed to assess the distribution of
previously identified exclusion criteria in a large ICU
population.

Selection of patients from the database

The College des Utilisateurs de Bases de données en
Réanimation (Cub-Rea) database has been described else-
where [5,11,12]. In brief, the Cub-Rea network, created in
1992 by the Société de Réanimation de Langue Francaise
(Paris, France), is a record of admissions to 40 adult ICUs
in 35 hospitals located in and around Paris. According to
French regulations for ethical use of computerized data,
the Cub-Rea project was approved by the Comité National
Informatique et Liberté.
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Data were extracted from admissions to all the 40
ICUs participating in the database. We selected patients
included in the database from 1992 to 2008. As pub-
lished previously, the Cub-Rea group currently utilizes
the common definition for severe sepsis and septic
shock [1,5]. Data were extracted for ‘septicemia’, ‘sepsis’,
‘severe sepsis’ (defined as both an infection and an
organ failure) and ‘septic shock’, and for demographic
characteristics, dates of ICU admission and discharge,
category (medical, scheduled or unscheduled surgical)
and type of admission (community, hospital ward, or
institution), and immune status (immune deficiency
included HIV infection, ongoing malignancy, radiation
or chemotherapy, high dose or chronic use of corticos-
teroids, immune-suppressive drugs). Data were also
extracted for ‘site of infection” and ‘type of microorgan-
isms’, and for ‘interventions’. The ICU length of stay
was calculated using the number of calendar days
between admission and discharge. Hospital mortality
rates were available from 1997 and readmission rates
during the same hospital stay were available from 1999
for all units.

Finally, we assessed the presence or absence of pre-
viously identified non-inclusion criteria among each of
these routine ICU patients.

Analyses

Unpaired ¢ tests and y” statistics were used for compari-
sons of continuous and nominal variables, respectively.
The changes from 1993 to 2008 for relevant variables
were analyzed by analysis of variance with the contrasts
method and by Pearson chi-squared analysis with the
Cochran-Armitage trend test for continuous and nom-
inal variables, respectively. P <0.05 was considered sig-
nificant in all multivariate analyses. Analyses were
performed with SAS statistical software (SAS Institute,
Cary, NC, USA).

Results
Exclusion criteria in RCTs dealing with severe sepsis
and septic shock

A search using ‘severe sepsis’, ‘septic shock’ and ‘treat-
ment’ as keywords in the PubMed database identified 7,012
publications from 1 January 1992 to 31 December 2008.
Among these publications, 734 were ‘randomized’ trials.
We selected 96 interventional trials including patients with
severe sepsis and septic shock after careful assessment of
each publication (Figure 1), corresponding to 26,875
included patients (see Additional file 1 for studies’ charac-
teristics and Additional file 2 for a complete publications’
list). The main intervention referred to vasopressors in 38
trials; fluid loading/global hemodynamic-based strategy in
eight trials; steroids in eight trials; modulation of immunity
in 29 trials; coagulation-targeted therapy in 11 trials; and
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other adjunctive therapy in four trials. No study referred to
antimicrobial agents. Results did not support the primary
hypothesis in 63 studies. The number of patients screened
and patients excluded were reported in only 23 trials.

Among the 96 selected studies, 24 (corresponding to
2,163 patients) did not mention any exclusion criteria.
These trials were monocenter in 20 studies, and nine
studies were controlled and eight studies were double
blind. Results were positive for the primary endpoint in
33 studies. In these studies, the number of patients
screened and excluded was not reported. Mortality was
the primary endpoint in four studies.

The non-inclusion criteria used in the remaining 72
studies are reported in Table 1. Pregnant women were
excluded from 46 studies, patients aged <18 years from 39
studies, and patients aged >75 years from four studies.
The main underlying co-morbidities that led to patients’
exclusion were congestive heart failure (34 studies) and
cancer (30 studies). Gastrointestinal and liver disorders
were also frequent non-inclusion criteria. In 33 studies,
patients could not participate if they suffered from at least
one cause of severe immune suppression (combining
AIDS, neutropenia and transplant). Patients with coagula-
tion disorders or treatment interfering with hemostasis
could not be enrolled in 12 trials. Other miscellaneous
non-inclusion criteria appeared in 60 trials.

Study cohort from the Cub-Rea database

During the study period, 282,058 participants were
admitted in the ICUs participating in the Cub-Rea net-
work. Among these, 67,717 had severe sepsis and/or septic
shock (Figure 2). Among the whole ICU population, the
proportion of these patients with severe sepsis and/or sep-
tic shock progressively increased over time, and approxi-
mately doubled from 1992 (15.6%) to 2008 (30.9%,
P <0.0001). At least one non-inclusion criterion identified
in RCTs dedicated to severe infection was recorded in
40,325 (60%). Age >75 years was the most frequent non-
inclusion criterion (Table 2), accounting for 23% of the
population. Congestive heart failure and cancer were often
present. Disorders leading to severe immune suppression
were also frequently encountered. Of note, these exclusion
criteria were frequently combined (Table 2). Other condi-
tions leading to exclusion from RCTs were less frequent
and each had an impact below 10% of the studied popula-
tion. Interestingly, 14,009 (21%) patients had at least two
main non-inclusion criteria.

All along the study period, a time trend was observed
that corresponds to an increasing number of patients with
at least one non-inclusion criterion over years. A majority
of patients were free from non-inclusion criteria in 1992,
while 65.4% experienced at least one exclusion criterion in
2008. Patients >75 years of age represented <20% before
1997 and up to 27% in the late 2000s (Figure 3). This
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7.012 Publications Identified by MeSH
« Severe Sepsis », « Septic Shock »
and « Treatment »

6,278 Non Randomized Trials
734 Randomized Trials

638 Non Therapeutic Trials

96 Randomized Interventional Trials
(286,875 patients included)

24 \WithoutNon Inclusion Criteria
(2,183 patients included)

72 Randomized Interventional Trials
(24,712 patients included)

Figure 1 Flow diagram of screened, eligible, and included
randomized controlled trials, and number of patients included.

time-dependent change was observed for most non-inclu-
sion criteria. Among these criteria, overweight was subject
to the highest increase, as it was registered in <1% of
the population until 1996, and reached 5.7% in 2008
(P <0.0001). The number of pregnant women did not
change over time (P = 0.99). By contrast, AIDS (P <0.0001)
(see Additional file 3), cerebrovascular stroke (P <0.0001)
and burns (P = 0.02) significantly decreased during the
study period.

Finally, we compared patients with and without non-
inclusion criteria. Patients with at least one non-inclusion
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criterion were older, had higher Simplified Acute Physio-
logical Score II, more frequently required vasopressors
and renal replacement therapy, and had worse outcome
(P <0.0001) (Table 3).

Discussion

In this article we demonstrate that RCTs dedicated to
treatment of severe sepsis and septic shock do not fit a
large part of the patients that are currently admitted to
ICUs with severe infection. Patients with common
co-morbidities, usual medications, cancer and various
immune deficiencies were not included in clinical trials
dealing with severe sepsis and septic shock although
such patients are likely to develop severe infections
[13]. Whether the results of these trials are applicable
to these frequently encountered ICU patients is
questionable.

RCTs are believed to currently provide the best level
of evidence that ensures efficacy of drugs interventions
or strategies. Regarding severe infections, their results
represent the basement of evidence-based clinical
knowledge and practices as recommendations of the
Surviving Sepsis Campaign [8]. Feasibility of such trials
requires homogeneous populations with selective char-
acteristics to allow group comparisons and internal vali-
dation. Characteristics of the population are therefore
tightly selected but lead to exclusion of potential partici-
pants. For instance, it has been reported that 23% trials
included in meta-analyses excluded no patients [14], and

Table 1 Exclusion criteria from randomized controlled trials dealing with severe sepsis and septic shock

Exclusion criteria  Number (%) of Vasopressors  Fluid Steroids Modulation of Modulation of Miscellaneous

trials (n = 96) (n =37) loading (n = (n = 8) immunity (n = 28)  coagulation (n =11) (n =4)
8)

Pregnancy 46 (47%) 16 (43%) 2 (25%) (50%) 15 (54%) 6 (55%) 4 (100%)

Age <18 years 39 (40%) 7 (19%) 6 (75%) (63%) 13 (46%) 7 (63%) 1 (25%)

Age >75 years 4 (4%) 1 (3%) 1 (13%) (13%) 1 (4%) 0 0

Congestive heart 34 (35%) 13 (35%) 2 (25%) (38%) 12 (43%) 2 (18%) 1 (25%)

failure

Cancer 29 (30%) 7 (19%) 2 (25%) 3 (38%) 11 (39%) 6 (55%) 2 (50%)

Gastrointestinal and 17 (18%) 6 (16%) 2 (25%) 2 (25%) 6 (21%) 3 (27%) 1 (25%)

liver disorder

Use of steroids 16 (16%) 0 0 (88%) 11 (39%) 0 0

HIV infection 15 (15%) 0 1 (13%) (%) 9 (32%) 1 (9%) 0

Solid organ graft 14 (14%) 0 1 (13%) (50%) 7 (25%) 2 (18%) 0

Coagulation 12 (12%) 0 1 (13%) (25%) 5 (18%) 6 (55%) 0

abnormalities

Burns 11 (11%) 0 1 (13%) 3 (38%) 4 (14%) 3 (27%) 0

Renal replacement 11 (11%) 3 (8%) 1 (13%) 1 (13%) 3 (10%) 3 (27%) 0

therapy

Overweight 7 (7%) 0 2 (7%) 4 (36%)

Neutropenia 5 (5%) 1 (3%) 0 4 (14%) 0

Cerebrovascular 3 (3%) 0 1 (13%) 0 1 (9%)

stroke

Results expressed as number (%). Exclusion criteria were not mutually exclusive.
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282,048 Patients Included in the
CubRea DataBase

214 331 Patients without

Severe Sepsis and Septic
Shock

67,717 Severe Sepsis and Septic Shock

» 27.392 (40%) Eligible for RCT

40,325 (60%) Non Eligible for RCT

Réanimation; RCT, randomized controlled trial.

Figure 2 Flow chart of patients from the Cub-Rea database (1992 to 2008). Cub-Rea, College des Utilisateurs de Bases de données en

the results were more significant in studies that
excluded patients. In the present study, the majority
(75%) of RCTs devoted to severe sepsis and septic shock
had non-inclusion criteria. Selecting patients is also
believed to decrease uncontrolled and unknown adverse
events in patients with severe underlying disorders. As a
consequence, more fragile patients cannot enter most
RCTs. Patients enrolled in clinical trials therefore some-
times differ from the actual target population. This may
result in a paradox where methodology oversights clini-
cal relevance. Research conducted by more than 300
analysts observed that older people were often excluded
from studies focused on Alzheimer’s dementia, arthritis

and incontinence [15]. RCTs may therefore lack external
validity. Consequently, efficacy and adverse outcome can
be ignored when translating scientific evidence into
daily practice.

Clinical practice addresses complex patients suffering
from multiple health problems that require multiple
medications. In a primary care population, patients eligi-
ble for five RCTs dealing with hypertension had 5 to 11
chronic conditions [16]. Ideally, RCTs would include
more complex and severe patients to allow translation of
results in daily practice. A recent review examined the
exclusion criteria in 283 RCTs published in high-quality
medical journals [17]. The subject of interest in these

Table 2 Exclusion criteria in patients from the Cub-Rea database with severe sepsis and septic shock.

Exclusion criteria At least one criterion

One single criterion

Combination of two criteria Combination of >2 criteria

40,325
377 (0.6%)
15,871 (23%)

26316
7 (0.8%)
9,733 (37%)

Age <18 years
Age >75 years

Pregnancy 80 (0.1%) 43 (0.1%)
Congestive heart failure 7457 (11%) 2,848 (11%)
Cancer 7,266 (11%) 2,810 (11%)
Severe immune suppression? 8,930 (13%) 3,600 (14%)
AIDS 3,519 (5%) 2,400 (9%)
Neutropenia 2,949 (4%) 492 (2%)
Solid organ graft 2462 (4%) 708 (3%)
Coagulation abnormalities 5481 (8%) 1,567 (6%)
Gastrointestinal and liver disorders 5416 (8%) 2,197 (8%)
Chronic renal failure requiring RTT 1,990 (3%) 660 (3%)
Overweight 2,027 (3%) 910 (3%)
Cerebrovascular stroke 1,953 (3%) 1,055 (4%)
Burns 160 (0.2%) 69 (0.2%)

10,599 3410

84 (0.8%) 76 (2.2%)
4,854 (46%) 1,284 (38%)
28 (0.3%) 9 (0.3%)

3,364 (32%)
2,820 (27%)
2,975 (28%)

1,245 (37%)
1,636 (45%)
2,355 (69%)

759 (7%) 360 (11%)
1,270 (12%) 1,187 (35%)
946 (9%) 808 (24%)
2,231 (22%) 1,613 (47%)
2,003 (19%) 1,216 (36%)
796 (8%) 534 (16%)
716 (7%) 401 (12%)
639 (6%) 259 (8%)
55 (0.5%) 36 (0.1%)

Results expressed as number (%). CuB-Rea, College des Utilisateurs de Bases de données en Réanimation; RTT, renal replacement therapy. *Severe immune
suppression category combines patients with AIDS or neutropenia or transplant. Transplant category combines patients with bone marrow, kidney, liver, and

heart or lung transplant.
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Figure 3 Time trends of main exclusion criteria in septic patients from Cub-Rea database (1993 to 2008). Year 1992 was removed from the
graph because of nonrepresentative values related to the small sample. Cub-Rea, College des Utilisateurs de Bases de données en Réanimation.

articles was infectious diseases in 55 (19%) studies and cri-
tical care in eight (2.8%). Exclusion related to medication
and co-morbidities were frequent and poorly justified (for
details, see Additional file 4). As an example, cardiac disor-
ders are excluded from 24% of RCTs published in the
selected set of journals [17]. In western countries, conges-
tive heart failure is the most common underlying disorder
and the leading cause of death [12]. Additionally conges-
tive heart failure is a major co-morbidity associated with
death in septic patients. In our study, patients with con-
gestive heart failure were excluded in 34 (35%) articles

whereas the disorder was encountered in 11% patients
with severe infections from our database (Additional files
5 and 6).

Obviously disorders or treatments that deregulate innate
and adaptative immunity increase the risk for severe infec-
tions. Neutropenia, steroids, cancer and especially hemato-
logical malignancies are basically responsible for a burden
of infection. In a report of 283 trials including 35 RCT's
for treatment of oncologic and hematological malignan-
cies, cancer patients were excluded in 46 (16%) studies
and those with blood disorders in 59 (21%) [17]. Here we

Table 3 Characteristics and eligibility/non-eligibility distribution of severe sepsis and septic shock patients from

Cub-Rea

Total population (n = 67,717)  Eligible for RCT (n = 27,392)  Non-eligible for RCT (n = 40,325) P value
Age, years 64 (50 to 75) 58.2 (46 to 68) 69 (53 to 79) <0.0001
Gender, male 42,977 (63%) 18,177 (66%) 24,800 (62%) <0.0001
Charlson Index >2 8,366 (12%) 1,254 (5%) 7,112 (18%) <0.0001
Referred from ED 28,847 (42%) 12,730 (46%) 16,117 (40%) <0.0001
SAPS 2 46 (34 to 63) 38 (25 to 53) 49 (36 to 66) <0.0001
Mechanical ventilation 52,783 (78%) 21,290 (78%) 31,493 (78%) 0.249
Renal replacement therapy 12,654 (19%) 3,429 (13%) 9,225 (23%) <0.0001
Vasopressors 40,126 (59%) 14,211 (52%) 25,915 (64%) <0.0001
ICU mortality 22,970 (34%) 6,613 (24%) 16,357 (41%) <0.0001
In-hospital mortality 22,447 (33%) 6,088 (22%) 16,359 (41%) <0.0001

Characteristics of patients from the College des Utilisateurs de Bases de données en Réanimation (Cub-Rea) database with severe sepsis and septic shock, and
distribution according to their eligibility or non-eligibility to randomized controlled trials (RCTs). Results expressed as number (%) and median (interquartile
range). P <0.05 was statistically significant. ED, emergency department; SAPS, Simplified Acute Physiological Score.
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show that these were frequent exclusion criteria for
patients with severe infection, whereas they were fre-
quently encountered at the bedside. Besides these exclu-
sion criteria that can be forecast, other frequent
conditions might be underperceived as exclusion criteria
whereas they frequently impair the eligibility of septic
patients. This particularly applies to gastrointestinal and
liver disorders.

Pharmacological properties of medications are modi-
fied in physiological changes. Anticipating these varia-
tions is sometimes challenging. Obesity, an increasing
condition in western countries, is illustrative for this
paradigm. In obese patients, pharmacokinetics of drugs
may change as the volume distribution differs from non-
obese patients. We observed that overweight was a cri-
terion for exclusion in 7% trials while 18 to 32% of
American citizens present a body mass index >30 [18].
We observed in our population that obesity was a con-
dition that increased over time whereas it did not reach
the incidence recorded in North America. This may be
related to a different distribution of this condition in
our area [19] or to recent perception of the problem or
inadequate evaluation and underestimation of over-
weight. As obese patients may be at risk to develop
severe infections [20], and because their prognosis is
worsened [19], people with overweight should enter
RCTs dealing with severe sepsis and septic shock.

We observed that a minority of trials dealing with
severe infections excluded older patients. The burden of
infection encountered in western countries is related to
ageing. Additionally, age and mortality are closely
related in infectious diseases [21,22]. A number of
reports recently warned physicians on the exclusion of
older patients from RCTs [23,24]. More than 38% of
RCTs excluded patients over the age of 65 [17]. In trials
devoted to treatment of cancer, only 25% of patients
were older than 65 [25]. In our study, older patients
were excluded from only 4% of studies but the most
common cutoff was 75 years, which can be responsible
for an underestimating of age impact on non-inclusion.

The weight of co-morbidities on patients’ prognosis is
a usual concept in several fields of medicine. Their
impact has been extensively described in infectious dis-
orders [13,26,27]. In this setting, underlying disorders
are likely to impair prognosis by decreasing host defense
against the microorganism [28]. Alternatively, patients
are unable to face increasing oxygen demand because of
impaired physiological adaptation. In brief, co-morbid-
ities expose the patient to more severe infections [28].
Whereas excluding patients because of co-morbidities
allows recruitment of a homogeneous population in
RCTs, it may be detrimental for translation of evidence
into daily practice.
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A major issue is to determine barriers to participate in
a clinical trial. Refusal occurs in one out of five patients
approached. Factors that influence the decision to
decline the invitation to enter a trial are poorly known
[29]. The most important reasons for failing entry into a
study remain lack of an adequate trial and unmet inclu-
sion criteria. This suggested a lack of pragmatic studies
addressing frequent clinical questions in patients with
common characteristics [30].

We identified several limitations in this study. First,
there might be some differences between non-inclusion
criteria extracted from RCTs and patients’ characteris-
tics. However, even if they exist, their relevance was lim-
ited and should have induced a negligible bias. Perhaps
more important, we were unable to identify both coagu-
lation disorders and use of steroids among the database
population. Consequently, no firm conclusion can be
drawn from our results regarding these two criteria.
Also we did not restrict our analysis to positive studies
but also to negative studies, since we considered that
these negative studies could have influenced the sepsis
guidelines in a similar manner. Finally, we tested only
one French database population, and a replication in a
different ICU population could have been useful.
Whereas we provide data from a large multicenter ser-
ies, patients we selected for severe sepsis and septic
shock may differ from other cohorts, even in western
countries. Indeed, assessment of these diagnoses may be
subjective, and the incidence of underlying disorders
may be not representative for other areas.

Conclusion

Here we demonstrate that RCTs dealing with severe
sepsis and septic shock infrequently include patients
with conditions that usually coexist and predispose to
severe infection in routine ICU patients. Moreover, we
also show that the frequency of these non-inclusion
conditions increased over recent years. Excluding
patients from analysis of intervention trials presumably
results in biased estimates of treatment effects, because
patients excluded may correspond to the actual target
population [14]. These findings advocate for extension
of entry criteria for participants with multiple co-mor-
bidities as they constitute the majority of patients with
severe sepsis and septic shock.

Key messages
+ RCTs dealing with severe sepsis and septic shock
support current guidelines; however, these studies use
stringent exclusion criteria that lead to exclusion of
numerous patients.
« In an important cohort of patients with severe sepsis
and septic shock, 60% experienced at least one of the
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main exclusion criteria for RCTs dedicated to this
disorder.

« A significant trend for increasing number of patients
with these criteria is observed with time.
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Additional file 2: a complete list of publications selected for the
study.
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of nonrepresentative values related to the small sample.

Additional file 4: a list presenting the classification of non-inclusion
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justified reasons among main non-inclusion criteria across studies’
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Abbreviations
CuB-Rea: College des Utilisateurs de Bases de données en Réanimation; RCT:
randomized controlled trial.

Authors’ contributions

Y-EC conceived the study, proceeded to selection of the studies used for
the paper, and participated in data extraction and redaction of the
manuscript. PA was responsible for extraction of data from the Cub-Rea
database, statistical treatment of the data and redaction of the manuscript.
HB proceeded to selection of the studies used for the paper and
participated in data extraction and redaction of the manuscript. BG was
responsible for the Cub-Rea network and database, and participated in
conception of the study and critical review of the manuscript. AC
participated in the study conception and design, and in redaction of the
manuscript. All authors approved the final manuscript. Physicians from the
Cub-Rea group participated in daily implementation of the database.

Competing interests
The authors declare that they have no competing interests.

Acknowledgements

The authors are indebted to physicians that participate in the Cub-Rea
Network: Hopital Ambroise Paré (Boulogne, France): F Jardin, B Page; Hopital
André Mignot (Versailles, France): JP Bedos; Hopital Avicenne (Bobigny,
France): Y Cohen; JP Fosse; Hopital Antoine Béclére (Clamart, France): F
Brivet; Hopital Kremlin-Bicétre (Le Kremlin-Bicétre, France): C Richard; Hopital
Bichat (Paris, France): B Régnier, M Wolff, Hopital Cochin (Paris, France): JP
Mira, A Cariou; Hopital Gilles de Corbeil (Corbeil, France): D Caen; Hopital
Delafontaine (Saint-Denis, France): M Fraisse, M Thuong; Hopital Européen
Georges Pompidou (Paris, France): JY Fagon, JL Diehl; Centre Hospitalier de
Gonesse (Gonesse, France): D Golgran-Toledano; Hopital Henri Mondor
(Créteil, France): C Brun Buisson; Hotel-Dieu (Paris, France): JP Huchon, A
Rabbat; Institut Gustave Roussy (Villejuif, France): G Nitenberg, F Blot; Hopital
Jean Verdier (Bondy, France): G Dhonneur; Hopital Lariboisiére (Paris, France):
F Baud, B Megarbanne; Hopital Louise Michel (Evry, France): A Tenaillon;
Hopital Louis Mourier (Colombes, France): D Dreyfuss; Centre Hospitalier
Inter-Communal de Montreuil (Montreuil, France): JL Pallot, E Obadia; Hopital
Pitié-Salpétriere (Paris, France): J Chastre, CE Luyt (medical ICU), T Similowski,
A Duguet (respiratory ICU), Bolgert (neurological ICU); Centre Hospitalier

Page 8 of 9

Intercommunal de Poissy Saint-Germain-en-Laye réa chir (France): JP Terville
(trauma and surgical ICU), H Outin (medical ICU); Centre Hospitalier
Intercommunal du Raincy-Montfermeil (Montfermeil, France): JM Coulaud, L
Donetti; Hopital Raymond Poincaré (Garches, France): D Annane, C Jars-
Guincestre; Hopital Robert Ballanger (Aulnay-sous-Bois, France): D Zarka, F
Hilpert; Hopital Saint-Antoine (Paris, France): G Offenstadt, B Guidet; Hopital
Saint-Joseph (Paris, France): J Carlet, B Misset; Hopital de Saint-Germain-en-
Laye (Saint-Germain-en-Laye, France): JL Ricome, Y Loubiere; Hopital Saint-
Louis (Paris, France): B Schlemmer (medical ICU); L Jacob (surgical ICU);
Hopital Tenon (Paris, France): C Mayaud, A Parrot (respiratory and medical
ICU); F Bonnet, JP Fulgencio (surgical ICU unit); Centre Hospitalier Victor
Dupouy (Argenteuil, France): H Mentec.

Author details

'Department of Emergency Medicine, Centre Hospitalier Princesse Grace,
MC-98012, Principalty of Monaco. “Department of Emergency Medicine,
Hopital Cochin, AP-HP, 27 rue du Faubourg Saint-Jacques, F-75679 Paris
Cedex 14, France. Faculté de médecine, Université Paris Descartes, F-75006
Paris, France. “Department of Public Health, Hopital Ambroise Paré, AP-HP,
92104 Boulogne, France. Université Versailles St-Quentin, UPRES EA 2506,
Paris, France. “Department of Emergency Medicine, Centre Hospitalier
Universitaire Fatouma Bourguiba, T-5019 Monastir, Tunisia. 7Departmem of
Intensive Care Medicine, Hopital Saint-Antoine, AP-HP, F-75012 Paris, France.
SUnité de Recherche en Epidémiologie Systémes d'Information et
Modélisation (U707), UPMC Université Paris 06 Inserm, F-75012 Paris, France.
9Departmem of Intensive Care Medicine, Hopital Cochin, AP-HP, F-75679
Paris Cedex 14, France.

Received: 20 August 2012 Revised: 1 March 2013
Accepted: 18 April 2013 Published: 24 May 2013

References

1. Bone RC, Balk RA, Cerra FB, Dellinger RP, Fein AM, Knaus WA, Schein RM,
Sibbald WJ: Definitions for sepsis and organ failure and guidelines for
the use of innovative therapies in sepsis. The ACCP/SCCM Consensus
Conference Committee. American College of Chest Physicians/Society of
Crit Care Med. Chest 1992, 101:1644-1655.

2. Friedman G, Silva E, Vincent JL: Has the mortality of septic shock changed
with time? Crit Care Med 1998, 26:2078-2086.

3. Guidet B, Aegerter P, Gauzit R, Meshaka P, Dreyfuss D, CUB-Réa Study
Group: Incidence and impact of organ dysfunctions associated with
sepsis. Chest 2005, 127:942-951.

4. Dombrovskiy VY, Martin AA, Sunderram J, Paz HL: Rapid increase in
hospitalization and mortality rates for severe sepsis in the United States:
a trend analysis from 1993 to 2003. Crit Care Med 2007, 35:1244-1250.

5. Annane D, Aegerter P, Jars-Guincestre MC, Guidet B: Current epidemiology
of septic shock. Am J Respir Crit Care Med 2003, 168:165-172.

6. Martin GS, Mannino DM, Eaton S, Moss M: The epidemiology of sepsis in
the United States from 1979 through 2000. N £ngl J Med 2003,
348:1546-1554.

7. Martin GS, Mannino DM, Moss M: The effect of age on the development
and outcome of adult sepsis. Crit Care Med 2006, 34:15-21.

8. Dellinger RP, Carlet JM, Masur H, Gerlach H, Calandra T, Cohen J, Gea-
Banacloche J, Keh D, Marshall JC, Parker MM, Ramsay G, Zimmerman JL,
Vincent JL, Levy MM: Surviving Sepsis Campaign Management Guidelines
Committee: Surviving Sepsis Campaign guidelines for management of
severe sepsis and septic shock. Crit Care Med 2004, 32:8358-873.

9. Carlbom DJ, Rubenfeld GD: Barriers to implementing protocol-based
sepsis resuscitation in emergency department: results of a national
survey. Crit Care Med 2007, 35:2525-2532.

10. Yu DT, Black E, Sands KE, Schwartz JS, Hibberd PL, Graman PS, Lnken PN,
Kahn KL, Snyman DR, Parsonnet J, Moore R, Platt R, Bates DW, Academic
Medical Center Consortium Sepsis Project Working Group: Severe sepsis:
variation in resource and therapeutic modality use among academic
centers. Crit Care 2003, 7:R24-R34.

11. Aegerter P, Auvert B, Buonamico G, Sznajder M, Beauchet A, Guidet B, Le
Gall JR, Cub-Réa: [Organization and quality control of a clinical database
on intensive care medicine in central and suburban Paris]. Rev Epidemiol
Sante Publique 1998, 46:226-237.

12. Guidet B, Aegerter P, Gauzit R, Meshaka P, Dreyfuss D: Incidence and impact
of organ dysfunction associated with severe sepsis. Chest 2005, 127:942-951.


http://www.biomedcentral.com/content/supplementary/cc12734-S1.DOC
http://www.biomedcentral.com/content/supplementary/cc12734-S2.DOC
http://www.biomedcentral.com/content/supplementary/cc12734-S3.DOC
http://www.biomedcentral.com/content/supplementary/cc12734-S4.DOC
http://www.biomedcentral.com/content/supplementary/cc12734-S5.DOC
http://www.biomedcentral.com/content/supplementary/cc12734-S6.DOC
http://www.ncbi.nlm.nih.gov/pubmed/1303622?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/1303622?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/1303622?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/1303622?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9875924?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9875924?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15764780?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15764780?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17414736?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17414736?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17414736?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12851245?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12851245?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12700374?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12700374?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16374151?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16374151?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15090974?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15090974?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15090974?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18075366?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18075366?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18075366?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12793887?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12793887?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12793887?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9690289?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9690289?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15764780?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15764780?dopt=Abstract

Claessens et al. Critical Care 2013, 17:R89 Page 9 of 9
http://ccforum.com/content/17/3/R89

13.  Dhainaut JF, Claessens YE, Janes J, Nelson DR: Underlying disorders and
their impact on the host response to infection. Clin Infect Dis 2005, 41:
S481-5489.

14.  Nuesch E, Trelle S, Reichenbach S, Rutjes AW, Tschannen B, Altman DG,
Egger M, Juni P: The effects of excluding patients from analysis in
randomized controlled trials: meta-epidemiological study. BMJ 2009, 339:
b32344.

15. Herrera AP, Snipes SA, King DW, Torres-Vigil |, Goldberg DS, Weinberg AD:
Disparate inclusion of older adults in clinical trials: priorities and
opportunities for policy and practice change. Am J Public Health 2010,
100:5105-5112.

16.  Fortin M, Dionne J, Pinho G, Gignac J, Almirall J, Lapointe L: Randomized
controlled trials: do they have external validity for patients with multiple
comorbidities? Ann Fam Med 2006, 4:104-108.

17. Van Spall HGC, Toren A, Kiss A, Fowler RA: Eligibility criteria of randomized
controlled trials published in high-impact general medical journals. A
systematic sampling review. JAMA 2007, 297:1233-1240.

18. Chronic Disease Overview. [http://www.cdc.gov/nccdphp/overview.htm].

19.  Goulenok C, Monchi M, Chiche JD, Mira JP, Dhainaut JF, Cariou A: Influence
of overweight on ICU mortality: a prospective study. Chest 2004,
125:1441-1445.

20. Vachharajani V, Vital S: Obesity and sepsis. J Intens Care Med 2006,
21:287-295.

21. Shapiro NI, Wolfe RE, Moore RB, Smith E, Burdick E, Bates DW: Mortality in
Emergency Department Sepsis (MEDS) score: a prospectively derived
and validated clinical prediction rule. Crit Care Med 2003, 31:670-675.

22. Fine MJ, Auble TE, Yealy DM, Hanusa BH, Wiessfeld LA, Singer DE,

Coley CM, Marroe TJ, Kapoor WN: A prediction rule to identify low-risk
patients with community-acquired pneumonia. N Engl J Med 1997,
336:243-250.

23. Bugeja G, Kumar A, Banerjee AK: Exclusion of elderly people from clinical
research: a descriptive study of published reports. BMJ 1997, 315:1059.

24.  McMurdo ME, Witham MD, Gillespie ND: Including older people in clinical
research. BMJ 2005, 331:1036-1037.

25. Herrera AP, Snipes SA, King DW, Torres-Vigil |, Goldberg DS, Weinberg AD:
Disparate inclusion of older adults in clinical trials: priorities and
opportunities for policy and practice change. Am J Public Health 2010,
100:5105-S112.

26.  Angus DC, Linde-Zwirble WT, Lidicker J, Clermont G, Carcillo J, Pinsky MR:
Epidemiology of severe sepsis in the United States: analysis of
incidence, outcome, and associated costs of care. Crit Care Med 2001,
29:1303-1310.

27. Riou Franca L, Launois R, Le Lay K, Aegerter P, Bouhassira M, Meshaka P,
Guidet B: Cost-effectiveness of drotecogin alfa (activated) in the
treatment of severe sepsis with multiple organ failure. Int J Technol
Assess Health Care 2006, 22:101-108.

28. Annane D, Bellissant E, Cavaillon JM: Septic shock. Lancet 2005, 365:63-78.

29.  Comis RL, Miller JD, Aldige CR, Krebs L, Stoval E: Public attitudes toward
participation in cancer clinical trials. J Clin Oncol 2003, 21:830-835.

30. Corrie P: Rate limiting factors in recruitment of patients to clinical trials
in cancer research: descriptive study. BMJ 2003, 327:320-321.

doi:10.1186/cc12734

Cite this article as: Claessens et al.: Are clinical trials dealing with severe
infection fitting routine practices? Insights from a large registry. Critical
Care 2013 17:R89.

Submit your next manuscript to BioMed Central
and take full advantage of:

¢ Convenient online submission

e Thorough peer review

¢ No space constraints or color figure charges

¢ Immediate publication on acceptance

¢ Inclusion in PubMed, CAS, Scopus and Google Scholar

¢ Research which is freely available for redistribution

Submit your manuscript at ( -
www.biomedcentral.com/submit BiolVied Central



http://www.ncbi.nlm.nih.gov/pubmed/16237651?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16237651?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20147682?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20147682?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16569712?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16569712?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16569712?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17374817?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17374817?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17374817?dopt=Abstract
http://www.cdc.gov/nccdphp/overview.htm
http://www.ncbi.nlm.nih.gov/pubmed/15078757?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15078757?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12626967?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12626967?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12626967?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8995086?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8995086?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9366735?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9366735?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16269472?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16269472?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20147682?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20147682?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11445675?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11445675?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16673686?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16673686?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15639681?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12610181?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12610181?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12907485?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12907485?dopt=Abstract

	Abstract
	Introduction
	Methods
	Results
	Conclusion

	Introduction
	Patients and methods
	First step: exclusion criteria in RCTs dealing with severe sepsis and septic shock
	Literature search strategy and inclusion criteria
	Data extraction

	Second step: study cohort from the Cub-Rea database
	Selection of patients from the database

	Analyses

	Results
	Study cohort from the Cub-Rea database

	Discussion
	Conclusion
	Key messages
	Abbreviations
	Authors’ contributions
	Competing interests
	Acknowledgements
	Author details
	References

