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ABSTRACT: During the weaning process, spontaneous breathing trials (SBTs) involve

cardiopulmonary stress for ventilated patients. As interleukin (IL)-6 is a major modulator of the

stress response, we hypothesised that systemic IL-6 increases during a SBT and that this

increase is more evident in SBT failure.

49 SBTs of 30-min duration were performed on different mechanically ventilated patients, and

classified as SBT failure or success. Blood samples were drawn before and at the end of the SBT.

An additional sample was drawn 24 h later in a subset of patients (n539). Serum IL-6 levels and

other inflammatory mediators commonly associated with stress were determined.

IL-6 levels increased from mechanical ventilation to spontaneous breathing in all patients

(p50.02) and in the chronic obstructive pulmonary disease (COPD) population (p50.05) with SBT

failure compared with success, but not in non-COPD patients (p50.12). After 24 h of SBT stress,

IL-6 levels decreased in patients with SBT failure (under mechanical ventilation at that point)

(p50.02) and those with weaning success (p50.04). No changes were observed in the remaining

inflammatory mediators.

Systemic IL-6 increases during a 30-min, failed SBT, especially in COPD patients. Future studies

may corroborate the different IL-6 responses among different populations who initiate weaning,

together with the potential clinical implications.

KEYWORDS: Chronic obstructive pulmonary disease, critical care, interleukin-6, mechanical
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D
uring the weaning process, the routine
employment of daily spontaneous breath-
ing trials (SBTs) or the use of low levels of

pressure support as a weaning method decreases
the duration of ventilation support and improves
survival [1–4]. However, this test could result in
cardiopulmonary stress for some patients. Stress is
defined as ‘‘the state to which an organism is led
because of external or internal forces (stressors) that
threaten to alter its dynamic equilibrium (home-
ostasis)’’ [5]. This definition of stress could be
applied to the weaning process after close exam-
ination of the factors that influence the pathophy-
siology of weaning failure. The transition from
mechanical ventilation to spontaneous breathing
entails an increase in respiratory muscle energy
demands to cope with respiratory load (respiratory
stress) [6], with a consequent increase in oxygen
demand [7, 8], which in turn requires an increase in
cardiac output (cardiovascular stress) [7]. Although
all patients who perform a SBT must face this
stress, patients who fail the SBT are subjected to
higher pulmonary [6] and cardiovascular stress

[7, 9, 10] than those who tolerate the trial. If we
assume that during a failed SBT, patients experi-
ence high cardiopulmonary stress, we could also
assume that the different biological systems asso-
ciated with stress response could be also activated
during this process [5].

When the stress system is activated, there is a
consequent increase in plasma catecholamines due
to sympathetic stimulation [11]. The secretion of
catecholamines during stress is associated with
systemic interleukin (IL)-6 production [12]. Con-
sidering SBT as a ‘‘stress model’’, we hypothe-
sised that, after the patient has been subjected to
mechanical ventilation, the ‘‘stress’’ of initiating
spontaneous breathing is associated with an in-
crease in systemic IL-6. As IL-6 production seems
to be related to the intensity of stress in other
conditions (especially in acute exercise) [13, 14], we
also hypothesised that the increase of IL-6 during
SBT is higher in patients who fail the trial, because
this population typically develops higher cardio-
pulmonary stress. Although the primary focus of
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our study was IL-6, we also assessed tumour necrosis factor
(TNF)-a, IL-1b, IL-8, IL-10 and C-reactive protein (CRP) to
determine the inflammatory pattern associated with IL-6
changes, since these markers are usually related to IL-6 response
under different stress conditions [5, 14].

METHODS AND MATERIALS
Patients
This prospective study was conducted from November 2005 to
June 2009 in a respiratory intensive care unit at the Hospital
Clinic of Barcelona, Spain. All intubated and mechanically
ventilated patients (o48 h) were consecutively included for the
study when the following criteria were fulfilled: 1) improve-
ment or resolution of the underlying causes of acute respiratory
failure; 2) no fever (o38uC) or hypothermia (,36uC); 3)
haemoglobin o9 g?dL-1; 4) absence of vasoactive drugs;
5) normal consciousness after discontinuing sedation; and 6)
arterial oxygen tension (Pa,O2) .60 mmHg with inspiratory
oxygen fraction (FI,O2) f0.4 and positive end-expiratory
pressure f5 cmH2O. Exclusion criteria were: 1) tracheotomy
or other upper airway disorders; 2) active upper gastrointestinal
bleeding; 3) lack of cooperation; and 4) decision to limit life-
sustaining treatments. The study was approved by the ethics
committee of the Hospital Clinic of Barcelona and informed
written consent was obtained in all cases.

Protocol
A T-piece trial was performed in all eligible patients.
Endotracheal suctioning was performed before the study. SBT
failure was defined as the presence and persistence of one of the
following criteria: 1) respiratory frequency (fR) .35 breath-
s?min-1; 2) arterial oxygen saturation measured by pulse oximetry
,90% (80% in chronic respiratory failure) at FI,O2 o0.4; 3) heart
rate .140 or ,50 beats?min-1, or increases or decreases of .20%
compared with mechanical ventilation; 4) systolic blood pressure
.180 or ,70 mmHg, or increases or decreases of .20%
compared with mechanical ventilation; 5) decreased conscious-
ness, agitation or diaphoresis; and 6) thoracoabdominal para-
doxical movement [15, 16]. If no signs of SBT failure appeared in
30 min, the trial was considered successful (SBT success) and
patients were extubated. Alternatively, if signs of failure
appeared during this period, patients were reconnected to the
ventilator (SBT failure). The decision whether to extubate the
patient or reinstitute mechanical ventilation was made solely by
the primary physician.

Data collection and definitions
All relevant data from patients’ medical records and bedside
flow charts were reviewed at entry and at the end of the
protocol. Maximal inspiratory pressure (MIP) and maximum
expiratory pressure (MEP) were measured prior to the SBT,
using a unidirectional valve [17].

During the first 48 h after extubation, the patients with SBT
success were followed up and classified as follows. Weaning
success was defined as extubation and the absence of ventilatory
support 48 h following the extubation [2]. Respiratory failure after
extubation was defined as, in addition to re-intubation criteria, the
presence and persistence, within 48 h after extubation, of at least
two of the following: 1) respiratory acidosis (arterial pH ,7.35
with arterial carbon dioxide tension .45 mmHg); 2) arterial
oxygen saturation measured by pulse oximetry ,90% or Pa,O2

,60 mmHg at FI,O2 o0.5; 3) fR .35 breaths?min-1; 4) decreased
consciousness, agitation or diaphoresis; and 5) clinical signs
suggestive of respiratory muscle fatigue and/or increased work
of breathing, such as the use of respiratory accessory muscles,
paradoxical motion of the abdomen or retraction of the intercostal
spaces [16]. Immediate re-intubation criteria were pre-defined as
any of the following major clinical events: respiratory or cardiac
arrest; respiratory pauses with loss of consciousness or gasping
for air; psychomotor agitation inadequately controlled by seda-
tion; massive aspiration; persistent inability to remove respiratory
secretions; heart rate ,50 beats?min-1 with loss of alertness; and
severe haemodynamic instability without response to fluids and
vasoactive drugs [16].

The causes of respiratory failure after extubation were assigned
using adapted published definitions: 1) upper airway obstruc-
tion; 2) aspiration or excess respiratory secretions; 3) congestive
heart failure; 4) respiratory failure; and 5) encephalopathy [18].
Rescue therapy with noninvasive ventilation (NIV) was used in
the case of respiratory failure after extubation if immediate re-
intubation was not necessary [16].

Inflammatory response
Venous blood samples were collected during mechanical
ventilation, just before beginning the protocol and at the end
of the SBT. In order to assess the recovery response of
inflammatory mediators after the SBT, an additional sample
was obtained 24 h after the protocol in a subset of patients
(n539); it was not possible to collect the sample in the remaining
patients. Serum was obtained after centrifuging the sample at
3006g (1,800 rpm) for 10 min, and it was then frozen at -80uC
until further processing. The determination of cytokine levels
was performed with a commercial enzyme immunoassay
technique (Biosource, Nivelles, Belgium). The limits of detection
were as follows. IL-1b and IL-6: 2 pg?mL-1; TNF-a: 3 pg?mL-1;
IL-8: 0.7 pg?mL-1; and IL-10: 1 pg?mL-1. CRP was measured
with an immunoturbidimetric method using a commercially
available test (Bayer, Leverkusen, Germany) with an Advia 2400
(Siemens AG, Munich, Germany).

Statistical analysis
Data are presented as mean¡SD, except variables that were not
normally distributed, which are presented as median (inter-
quartile range (IQR)). Absolute changes of serum inflammatory
mediators levels expressed as the change between mechanical
ventilation and the end of the SBT were calculated, and included
in the analysis. All data were tested for normality using
Kolmogorov–Smirnov test. All inflammatory mediators were
not normally distributed except CRP. Levels that were unde-
tectable were assigned a value equal to the lower limit of
detection for the assay. In order to correctly assess the
inflammatory response associated with SBT, we performed data
analysis of inflammatory markers separately in two stages: from
mechanical ventilation to SBT (inflammatory response over the
SBT) and from SBT to 24 h after the trial (recovery phase after
SBT). Comparisons were carried out by unpaired or paired t-test
when appropriate, if the data were normally distributed.
Otherwise, Wilcoxon and Mann–Whitney nonparametric tests
were used for paired and unpaired comparisons, respectively.

Because chronic obstructive pulmonary disease (COPD)
appears to be an independent risk factor for increased duration
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of weaning and weaning failure [19], we performed separate
post hoc analyses comparing SBT failure and success in this
population, and in patients without COPD.

In the absence of previous data concerning IL-6 changes during
weaning, we initiated a study analysing IL-6 changes during
weaning in 26 patients [20]. In this sample, we had already
observed that: 1) IL-6 increased in patients who failed the SBT;
and 2) when we divided the population in COPD and non-
COPD patients, the increase was only present in COPD patients
who failed the SBT. However, the number of patients in each
subgroup was limited, so we performed a power analysis. We
observed an increase of 29 pg?mL-1 in the subgroup of COPD
patients who failed the SBT. Assuming a similar result in the
non-COPD patients who failed the SBT (standard deviation
28 pg?mL-1), the sample size calculation revealed a minimum of
eight patients (power 80%; two-sided a50.05).

The level of significance was set at 0.05 in all tests (all two-
tailed). Statistical analysis was performed with SPSS 16 (SPSS,
Chicago, IL, USA).

RESULTS

Physiological characteristics
General clinical characteristics of the 49 patients included in
this study are summarised in table 1. Of the 49 SBTs assessed
in this population, 33 (67%) were considered SBT success and
16 (33%) SBT failure. Within the success group, seven patients
developed respiratory failure after extubation and 26 were
classified as weaning success. The causes of failure after
extubation were respiratory failure (n56), where NIV was
initiated, and encephalopathy (n51), where it was decided to
limit life support therapy.

The physiological parameters of all patients and the subgroup of
the COPD population are shown in table 2. In all trials, fR and
mean systemic arterial pressure significantly increased at the end
of the SBT in failure and success groups; heart rate increased
significantly in the SBT failure group but not in the SBT success
group. There was also a significant decrease of pH and Pa,O2 in
all trials. The MIP, MEP and fR/total volume ratio did not
discriminate between patients with SBT success and failure in all
patients (p50.16, p50.81 and p50.11, respectively) and in the
COPD subgroup (p50.56, p50.57 and p50.22, respectively).

Inflammatory response over the SBT in the population as a
whole
In the 49 patients in the study, during mechanical ventilation,
baseline levels of IL-6 were not significantly different when
patients were divided into SBT failure or success groups
(p50.12). Over the SBT, the increase in IL-6 was only statistically
significant in patients with failure (p50.02) (fig. 1a). Change in
(D)IL-6 in SBT failure was significantly increased compared
with the success group (p50.05) (fig. 1c). For the remaining
mediators, no differences were observed in baseline values and
no significant changes were observed during the SBT (table 3).

Inflammatory response over the SBT in COPD patients
23 weaning trials were assessed in these patients. No significant
differences were observed in median (IQR) baseline levels of
IL-6 between the failure (n58) and success (n515) groups: 49
(22–147) pg?mL-1 in SBT failure and 35 (11–40) pg?mL-1 in SBT

success (p50.44). While IL-6 increased during the SBT in all
patients who failed the weaning attempt (p50.05; fig. 2a), these
changes were not observed in those who tolerated the SBT
(p50.64; fig. 2b). In addition, DIL-6 in SBT failure was
significantly higher (p50.03) compared with the success group
(fig. 2c). In contrast, patients without COPD (fig. 3) showed no
significant changes during the SBT in failed (n58) and
successful (n518) trials. No changes were observed in the
remaining mediators.

Inflammatory response 24 h after the SBT
In the 39 trials subgroup from which an additional sample was
obtained 24 h after SBT, eight were classified as SBT failure, seven
as respiratory failure after extubation and 24 as weaning success.
In SBT failure (under mechanical ventilation at 24 h), median
(IQR) IL-6 levels decreased after 24 h of the trial from 82 (35–160)
to 58 (25–125) pg?mL-1 (p50.02). In weaning success, IL-6
significantly decreased at 24 h after extubation from 42 (13–100)
to 29 (8–58) pg?mL-1 (p50.04). In the respiratory failure after
extubation group, IL-6 did not significantly change in 24 h
(patients were breathing spontaneously when the sample was
collected). No significant changes were observed in the remaining
inflammatory markers.

TABLE 1 Baseline characteristics of patients on entry into
study

Age yrs 68¡13

Males/females 41/8

Mechanical ventilation time days 7¡5

APACHE II score

Admission 17¡7

Study entry 10¡4

Underlying diseases

Chronic respiratory disorders# 33 (67)

COPD 23

Non-COPD 10

Chronic heart disorders" 13 (26)

Immunosuppression+ 7 (14)

Diabetes mellitus 12 (24)

Reason for initiating mechanical ventilation

Exacerbation of chronic respiratory disorders 13 (27)

Congestive heart failure 6 (12)

Pneumonia 6 (12)

Sepsis 5 (10)

Post-operative respiratory failure 2 (4)

Neurological disease 2 (4)

Other causes 15 (31)

Data are presented as mean¡SD, n or n (%), unless otherwise stated. n549.

APACHE: Acute Physiology and Chronic Health Evaluation; COPD: chronic

obstructive pulmonary disease. #: including COPD, chronic bronchitis

associated with dyspnoea and current or former history of smoking in the

absence of pulmonary function testing, sequelae of pulmonary tuberculosis,

chest wall deformity or obesity associated with a restrictive ventilatory disorder,

and bronchiectasis; ": including coronary artery disease, hypertensive or

valvular heart diseases, and dilated myocardial disease of any cause;
+: including neutropenia after chemotherapy or bone marrow transplantation,

drug-induced immunosuppression in solid-organ transplantation, or as a result

of corticosteroid or cytotoxic therapy, and HIV-related disorders.
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DISCUSSION
The main findings of the study are that in ventilated patients
who performed a 30-min SBT: 1) IL-6 increase was higher in
SBT failure compared with success; 2) when patients were
divided in COPD and non-COPD subgroups, only the subset

of patients with COPD increased IL-6 during the SBT; 3) at 24 h
after SBT, IL-6 decreased in patients who remained ventilated
(SBT failure) or in weaning success; and 4) the remaining
inflammatory mediators assessed did not significantly change
during weaning.

TABLE 2 Physiological parameters during mechanical ventilation (MV) and the spontaneous breathing trial (SBT) among patients
with SBT failure or success

All trials# COPD trials"

MV SBT p-value+ MV SBT p-value+

fR breaths?min-1

SBT failure 17¡6 24¡11 0.009 17¡7 20¡9 0.11

SBT success 17¡4 20¡5 0.002 17¡4 19¡4 0.07

Heart rate beats?min-1

SBT failure 82¡20 95¡24 0.08 84¡23 89¡28 0.61

SBT success 88¡19 79¡32 0.18 89¡18 90¡32 0.71

P̄sa mmHg

SBT failure 84¡13 99¡16 ,0.001 87¡15 101¡16 0.002

SBT success 86¡15 98¡17 ,0.001 89¡12 100¡17 0.001

Pa,CO2 mmHg

SBT failure 46¡11 50¡14 0.13 50¡12 56¡16 0.24

SBT success 43¡8 44¡9 0.07 47¡9 48¡11 0.44

Arterial pH

SBT failure 7.44¡0.05 7.37¡0.08 0.006 7.43¡0.05 7.37¡0.09 0.05

SBT success 7.44¡0.04 7.42¡0.06 0.006 7.43¡0.04 7.39¡0.06 0.02

Pa,O2 mmHg

SBT failure 91¡19 83¡26 0.07 93¡18 76¡20 0.05

SBT success 101¡19 92¡26 0.01 102¡24 92¡32 0.05

fR/VT

SBT failure 100¡70 58¡27

SBT success 73¡40 77¡35

MIP cmH2O

SBT failure 42¡18 51¡21

SBT success 52¡19 44¡13

MEP cmH2O

SBT failure 66¡29 78¡28

SBT success 68¡22 68¡25

Data are presented as mean¡SD, unless otherwise stated. COPD: chronic obstructive pulmonary disease; fR: respiratory frequency; P̄sa: mean systemic arterial pressure;

Pa,CO2: arterial carbon dioxide tension; Pa,O2: arterial oxygen tension; VT: tidal volume; MIP: maximal inspiratory pressure; MEP: maximal expiratory pressure. #: n549;
": n523; +: paired comparisons between MV and SBT in each group.
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To the best of our knowledge, the role of inflammatory markers
during the weaning process has not been studied before. In
order to explain the results obtained, we have to view weaning,
particularly the SBT, as a test that could represent a cause of
cardiopulmonary stress for the ventilated patient. KOKSAL et al.
[21] compared the endocrine stress response developed during
three methods of weaning using a T-tube, continuous positive
airway pressure and pressure support in 60 patients who were
successfully weaned. The patients of the T-tube group devel-
oped a greater increase in plasma insulin, cortisol, glucose and
urine valine mandelic acid, showing a higher endocrine stress
response than in the other weaning modes. Along the same
lines, sympathoadrenal stimulation has been described as

intense and usually greater in those patients who are weaned
successfully, with a consequent increase in systemic catechola-
mine levels [22]. The imbalance between the capacity and
loading conditions of the respiratory and cardiovascular system
during the weaning process could entail major cardiopulmon-
ary stress, especially in patients with limited baseline condi-
tions, causing weaning failure, and triggering the somatic stress
response and a potential increase in IL-6 [2, 5].

In our study, the increase of serum IL-6 levels was higher in SBT
failure compared with success, especially in the COPD popula-
tion. These results may be attributed to the fact that COPD
patients present less favourable reserve conditions for coping
with cardiopulmonary stress during the SBT than non-COPD
patients [6, 10, 23], which explains the high rate of weaning
failure typically described in COPD [24]. From our results, it
appears that only COPD patients without excessive stress (no
changes in IL-6) can achieve SBT success. In contrast, IL-6 levels
were not influenced by the performance of a SBT in non-COPD
patients, possibly due to the fact that they presented a better
reserve for coping with the SBT stress than COPD patients.
However, this hypothesis should be tested in further studies.

The post-stress response observed at 24 h after the trial was more
consonant with the initial hypothesis. The majority of the
patients, except those who developed respiratory failure after
extubation, showed a decrease in IL-6 at 24 h, which was highly
significant in the event of SBT failure (possibly due to the relative
resting of the cardiorespiratory system after the increased stress
of a failed SBT) and in weaning success (showing the relative
clinical stability of patients after extubation). This IL-6 response,
particularly in SBT failure, was similar to the decline observed in
the post-stress period reported in the stress model of acute
exercise [14].

Apart from IL-6, we did not obtain significant results from the
analysis of the remaining mediators. These results suggest the
absence of a marked inflammatory response during a 30-min
SBT, despite the increase in IL-6, which is similar to the
‘‘exercise’’ condition (stress secondary to a physical exercise)
and contrasts with sepsis, where several inflammatory media-
tors are increased [14]. In fact, the SBT is physiologically closer
to exercise than other types of stress [25]. It has even been
hypothesised that IL-6 could exert inhibitory effects in TNF-a
and IL-1b during acute exercise, playing an anti-inflammatory
role [14]. Another explanation for our results could be that the
remaining inflammatory markers may increase just after the

TABLE 3 Concentrations of cytokines and C-reactive
protein (CRP) during mechanical ventilation (MV)
and the spontaneous breathing trial (SBT) in the
overall population

MV SBT p-value#

IL-1b pg?mL-1

SBT failure 2 (0–3) 2 (1–3) 0.71

SBT success 2 (0–2) 2 (0–3) 0.59

IL-6 pg?mL-1

SBT failure 60 (28–147) 72 (35–151) 0.02

SBT success 35 (15–86) 40 (13–105) 0.46

IL-8 pg?mL-1

SBT failure 31 (11–95) 26 (12–63) 0.71

SBT success 38 (16–69) 33 (10–62) 0.50

IL-10" pg?mL-1

SBT failure 1 (1–3) 1 (1–4) 0.88

SBT success 1 (1–4) 1 (1–3) 0.25

TNF-a pg?mL-1

SBT failure 12 (6–25) 15 (5–24) 0.50

SBT success 8 (4–17) 8 (4–15) 0.83

CRP mg?dL-1

SBT failure 10¡8 10¡9 0.30

SBT success 7¡7 7¡6 0.97

Data are presented as median (interquartile range) or mean¡ SD, unless

otherwise stated. IL: interleukin; TNF: tumour necrosis factor. #: paired

comparisons between MV and SBT in each group; ": undetectable in the

majority of patients assessed.
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SBT, because IL-6 appearance in the circulation is by far the most
marked and its increase precedes the other cytokines in stress
secondary to exercise [14].

In our opinion, the current study may open novel possibilities in
weaning research. Physiologically, the role of IL-6 in the
weaning process must be elucidated. Future research must
explore the connection of IL-6 with the hypothalamic–pituitary–
adrenal axis and sympathetic system during the SBT and the
hypothetical metabolic and hormonal implications of the rise in
IL-6. As has been previously described, there is an increase in
several hormonal modulators associated with stress during a
SBT [21, 22]. IL-6 is a major modulator of the different systems
triggered during a stress response [5], so we have hypothesised
that IL-6 could play a key role in the stress response associated
with SBT, especially in COPD. The potential clinical conse-
quences of an increased response of IL-6 and other stress
modulators during the SBT remain unknown, but it would be of
interest to determine the threshold at which an increased stress
response during a SBT could have deleterious systemic effects.
Actually, systemic IL-6 overproduction is associated with
different actions in haematological, immunological, hepatic,
neurological, cardiac and endocrine systems [12]. This hypoth-
esis may well have important clinical implications in different
prognostic outcomes. In fact, IL-6 is associated with mortality in
other stress conditions, such as acute respiratory distress
syndrome [26] or sepsis [27].

Certain limitations of the study must be considered. First, the
results obtained at 24 h must be interpreted with caution, as
external factors other than weaning could have influenced the
final values and this might prevent appropriate interpretation of
the data. Secondly, another limitation of our study is the limited
duration of SBT (30 min). Patients usually fail a SBT within the
first 20 min, so the success rate of a 30-min SBT is very similar to
a 120-min trial [28, 29]. Nevertheless, it is possible that during
longer SBTs, the increase in IL-6 could be higher, due to the
progressive increase in inspiratory effort during the trial [30].
Thirdly, the data obtained from the COPD and non-COPD
populations were obtained from an analysis of subgroups, so
the results must be viewed with caution and stand to be
confirmed in specific studies addressed to these populations.

In conclusion, our results provide the first evidence that
systemic IL-6 increases during the course of a 30-min, failed
SBT, especially in COPD patients. No significant changes were
observed in the remaining inflammatory mediators studied.

Future research could serve to explore the association of IL-6
levels and the mechanisms of weaning failure in COPD patients,
and the possible association with prognostic outcomes.
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