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ABSTRACT

Purpose: Despite the lifesaving potential, mechanical ventila-
tion (MV) imposes a considerable amount of mechanical stress
on the lung. Pulmonary and systemic cytokine release due to
inflammatory process triggered by MV may give valuable infor-
mation on patient outcome.

Materials and methods: Thirty patients aged >18 years with
acute respiratory distress who required MV were enrolled for
the study. Three milliliters of the venous blood was collected
immediately after the initiation of MV and at 24 hours. Serum
levels of interleukin (IL)-6, IL-8 and, tumor necrosis factor-a
(TNF-o) were estimated using quantitative immunometric sand-
wich enzyme immunoassay technique. Based on their outcome
from MV, they were divided into two groups: Survivors (group I)
and nonsurvivors (group II).

Results: Serum levels of IL-6 and IL-8 significantly increased in
group Il (n=13) when compared with group | (n =17) (p <0.0001
and p < 0.001 respectively) at 24 hours of MV. However, TNF-a.
did not show any significant difference between the two groups.
The IL-6 >111.9 pg/mL at 24 hours of MV increases the prob-
ability of mortality by factor 2.40. An increase of IL-6 by 1 pg/mL
significantly increases the relative probability of mortality by a
factor of 1.004 (95% CI, 1.0003-1.0078, p = 0.0001).

Conclusion: Estimating the levels of IL-6 and IL-8 at 24 hours of
connecting the patient to MV will help in predicting the outcome
of the patient.
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INTRODUCTION

Over the past 30 to 40 years, mechanical ventilation (MV)
has become an indispensable therapeutic modality for the
management of respiratory failure. However, soon after
its inception, it became apparent that MV per se could
lead to a number of deleterious complications, includ-
ing initiation or exacerbation of underlying lung injury.'
Research over the past two decades has focused primar-
ily on the mechanical factors (i.e., pressure and volume)
that affect ventilator-induced lung injury (VILI).>*
Despite considerable amount of experimental work and
a number of innovations in ventilator therapy aimed at
minimizing such injury, the morbidity and mortality of
acute respiratory failure remain high, and VILI remains a
significant problem in the care of critically ill patients. The
concept of VILI came into light after animal experimental
studies clearly demonstrated that MV with high airway
pressure and tidal volume led to a rapidly developing
permeability-type pulmonary edema with diffuse alveo-
lar damage accompanied by severe lung inflammation
when protracted. High lung volume rather than pressure
was identified as responsible for these abnormalities,
hence the term volutrauma.®

Earlier, generous tidal volumes (Vy) (15-20 mL/kg)
were delivered to patients to provide adequate CO, elimi-
nation and counterbalance the formation of atelectasis.
In the following years, practices progressively moved
toward a reduction of tidal volume to values lower than
10 mL/kg and interestingly it was associated with a
more rapid attenuation of the inflammatory response.®”
Definite proof of a causal relation between mortality
and ventilator strategy was given by the results of a
multicenter randomized controlled trial that showed a
decreased mortality rate of 22% in patients ventilated
with a 6 mL/kg rather than a 12 mL/kg VT.8

The airway epithelium being the primary site at which
lung tissue is exposed to various physiochemical stress
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factors serves as a target and mediator of inflammation
via production of cytokines and chemokines from the
lung soon after initiation of MV.? Isolated, unperfused rat
lungs when ventilated for 2 hours with strategies aimed
atincreasing lung MV stress released significant amounts
of proinflammatory tumor necrosis factor-a (TNF-a),
interleukin (IL)-1B, IL-6, and anti-inflammatory (IL-10)
cytokines, as well as the chemokine macrophage inflam-
matory protein (MIP)-2 into airspaces.'” The TNF-o and
IL-6 have also been detected in the perfusate of isolated
mouse lungs ventilated with a large V."!

The VILI may be difficult to diagnose in humans
because its appearance may overlap the damage associ-
ated with the primary disease for which MV was insti-
tuted. In addition to increasing the amount of cytokines in
the lung, it has been suspected that overinflation during
MV may promote the release of cytokines into the blood.?
High circulating and tissue levels of proinflammatory
cytokines, such as TNF-a. and IL-6, appear to be con-
tributing factors toward the development of a systemic
inflammatory response that produces or aggravates lung
damage and may lead to multiple organ failure.'! In this
study, we correlated the circulating levels of cytokines
like IL-6, IL-8, and TNF-a at 0 and 24 hours of MV with
the outcome of patients from MV.

MATERIALS AND METHODS
Type of study: Prospective follow-up study.

Inclusion Criteria

Thirty patients (age > 18 years) admitted to the inten-
sive care unit (ICU) of a tertiary care hospital with acute
respiratory distress and who required volume-controlled
continuous MV for at least 24 hours were enrolled for the
study. Approval from the institutional ethical committee
was taken before commencement of the study. Written
consent was taken from the patient’s relatives before
collection of blood.

Exclusion Criteria

Patients with sepsis, neuromuscular diseases, left ven-
tricular dysfunction, chest or abdominal trauma, injury
due to burns, and history of exacerbation of chronic
respiratory failure during the last 3 months were excluded
from the study.

Sample Size

All the occurrences in 6 months between July 2015 and
December 2015 were included in the study. There were
176 admissions to the ICU during the study period.
Out of these, 35 had acute respiratory distress and were

intubated. Five patients were excluded from the study as
two of them had pulmonary edema due to left ventricular
dysfunction; two of them had exacerbation of chronic
respiratory failure; and one was weaned from MV before
24 hours. Hence, 30 patients were included in the study.

Data collected from the patients’ record included age,
sex, underlying disease, and sequential organ failure
assessment (SOFA) score within 24 hours after the patient
was connected to MV, documentation of the need for
MYV, and duration of MV. Strict input-output chart was
maintained for all the patients to estimate their fluid
balance. About 3 mL of the venous blood was collected
immediately and at 24 hours after the patient was put on
MYV and centrifuged at 3,000 rpm for 10 minutes; serum
was stored at 80 C until further analysis. At the end of
the study period, once 30 samples were collected, levels
of IL-6, IL-8, and TNF-a were estimated in duplicate
(with the technician blinded to the patient outcome from
MV) using a solid-phase enzyme-linked immunosorbent
assay method based on the quantitative immunometric
sandwich enzyme immunoassay technique following the
manufacturer’s instructions.

On ICU admission, the following standard ventilation
protocol was applied: Patients were continuously sedated
(benzodiazepines and/or opioids), remained supine, and
were ventilated with volume-controlled continuous MV.
Respiratory rate and fraction of inspired oxygen (FIO,)
were adjusted to maintain arterial oxygen saturation >90%,
partial pressure of carbon dioxide (PaCO,) of 35 to 45 mm
Hg, and pH > 7.25. Tidal volumes of all the patients were
between 5 and 7 mL/kg of the predicted body weight.
Positive end-expiratory pressure (PEEP) was keptat 10 cm
H,O. The inspiratory: expiratory (I:E) ratio was 1:2.

Duration of Mechanical Ventilation

Duration of MV was calculated from the time the patient
was intubated and connected to ventilator till the time
he was disconnected from the ventilator. A combination
of subjective and objective parameters was used to wean
the patient from MV. The objective parameters used were
(a) PaO,/FiO, > 150-200; (b) level of PEEP between 5 and
8 cm H,O; (c) FiO, level < 50%; (d) pH > 7.25; and (e) ability
to initiate spontaneous breaths. The subjective parameters
used were (a) hemodynamic stability; (b) absence of active
myocardial ischemia; (c) absence of clinically significant
vasopressor requiring hypotension; and (d) adequate mus-
cular strength allowing the capability to initiate/sustain
the respiratory effort. Patients were classified as survivors
if they were successfully weaned and discharged without
any episode of reintubation. Based on their outcome from
MYV, the patients were divided into two groups: Survivors

6

(group I) and nonsurvivors (group II).
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Table 1: Number of patients, mean age, SOFA score, and
duration of MV of the patients in the two groups

Table 2: Mean and SD of different parameters in the two groups
based on their outcome from mechanical ventilator

Group | Group Il Group | Group Il

Groups (survivors) (nonsurvivors) Parameters mean +SD  mean + SD
No. of patients (male/female) 17 (13/4) 13 (7/6) IL-6 (pg/mL) immediately after MV 152.3 + 98.3 168.6 + 101.4
Age in years 46.9+19.8 43.0+ 141 IL-6 (pg/mL) 24 hours after MV 161.2 £ 188.7 592.7 + 495.22
SOFA score at admission 54+28 6.0+34 IL-8 (pg/mL) immediately after MV 70.4 +65.2 84.2+71.0
SOFA score at 24 hours 6.2+ 3.1 11.1 + 3.6° IL-8 (pg/mL) 24 hours after MV~ 76.5+78.0 236.1 + 67.6°
Duration of MV (days) 4 (2-6 days) 7 (3—10 days) TNF-a (pg/mL) immediately after 16.2+10.5 18.9+15.2
ap < 0.001 MV

TNF-a (pg/mL) 24 hours after MV 14.3 + 8.5 16.5+11.4

Statistical Analysis

Arithmetic mean and standard deviation were estimated
to assess the level of various parameters in the study. Dif-
ferences in the levels of IL-6, IL-8, and TNF-o between the
defined groups were assessed using the Mann-Whitney
nonparametric Utest. Sensitivity, specificity, positive pre-
dictive value (PPV), negative predictive value (NPV), and
positive or negative likelihood ratios (+LRs) for IL-6, IL-8,
and TNF-a in predicting the outcome of patients from MV
were calculated. Also, receiver operative characteristic
(ROC) curves were constructed for each of the predictive
variables and the areas under the ROC curves (AUC) were
compared. The analyses were facilitated with the use of
the MedCalc 11.5.1.0 software packages. Stepwise logistic
regression analysis was used to determine as to which
of the above variable was an independent risk factor for
predicting the outcome of patients from MV. Differences
were considered significant if the p-value was <0.05.

RESULTS

The distribution of patients in the study groups along
with their mean age, duration of MV, and SOFA score are
shown in Table 1. Out of the 30 patients (21 males and
9 females) enrolled for the study, 17 patients success-
fully improved after MV support was given to them and
13 patients expired. The mean age of the survivors and
nonsurvivors did not show any statistical significant dif-
ference (p-value 0.56). There was no significant difference
in the SOFA score at the time of admission. However, the
SOFA at 24 hours after connecting to ventilatory support
was significantly increased in group II when compared
with group 1.

The mean and standard deviation of different param-
eters in the two groups are shown in Table 2. The serum

ap < 0.0001; Pp < 0.001; SD: Standard deviation

levels of IL-6, IL-8, and TNF-o were not significantly
different in the survivors and nonsurvivors immediately
after they were connected to MV. However, the serum
levels of IL-6 and IL-8 increased significantly in the non-
survivors when compared with the survivors (p < 0.0001
and p < 0.001 respectively) at 24 hours of MV. The levels
of TNF-a did not show any significant difference in the
two groups.

The sensitivity, specificity, PPV, NPV, positive or
negative LR, and AUC to predict the outcome of the
patient from MV at 24 hours are shown in Table 3 and
Graphs 1A to C. The TNF-a had high specificity or PPV
for predicting the outcome from MV at 24 hours, whereas
IL-6 had high sensitivity or NPV for this purpose. The IL-6
> 111.9 pg/mL or IL-8 > 88.9 pg/mL at 24 hours of MV
increase the probability of mortality by factor 2.40 or 2.62
respectively. By performing stepwise logistic regression
analysis, it was shown that the most powerful predictor
of outcome of patients from MV was serum IL-6 levels.
An increase of IL-6 by 1 pg/mL significantly increases
the relative probability of mortality by a factor of 1.004
(95% CI, 1.0003-1.0078, p = 0.0001).

DISCUSSION

Injurious MV has a direct effect on pulmonary and
systemic immune responses. Our results exemplify that
patients who had high circulating levels of IL-6 and IL-8
had bad prognosis and could not survive the MV when
compared with those who had low circulating levels of
these cytokines. In vitro studies using human alveolar
macrophage cultures and ex vivo preparations of rat

1,11 «

and mice lungs, stretched” with injurious ventilator

strategies have demonstrated an upregulation of cytokine

Table 3: Predictive ability of IL-6, IL-8, and TNF-a for outcome of the patients from MV at 24 hours

Variable Cutoff point Sensitivity Specificity PPV NPV AUC +LR -LR p-value
IL-6 (pg/mL) 111.9 84.6 64.7 64.7 84.6 0.819* 2.40 0.24 0.0001
IL-8 (pg/mL) 88.9 61.5 76.5 66.7 72.2 0.683 2.62 0.50 0.0782
TNF-a (pg/mL) 24.3 30.8 100 100 65.4 0.577 0.00 0.69 0.5078

*p<0.05 vs TNF-a
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Graph 1A to C: The ROC curves for each of the predictive variables (A-IL-6, B-IL-8, C-TNF-a)

response, which may also lead to a systemic cytokine
response in vivo.""'? The present study has been under-
taken to assess the change in the levels of cytokines after
24 hours of ventilation and its relation with the outcome
of the patient.

The most frequently observed and most severe clinical
manifestations of organ failure are seen in the lungs. Many
conditions lead to the development of acute respiratory
distress syndrome (ARDS) and end in multiorgan failure.
Sepsis, aspiration of gastric contents, trauma, multiple
transfusions, pneumonia, smoke inhalation as well as
other pulmonary insults have been implicated in the
genesis. Irrespective of the cause, the triggering event
need not be initiated in the lung itself. In severe acute
pancreatitis, the organ system most often involved in
early (within 24 hours) single-organ failure is the pulmo-
nary system (91%). Extensive neutrophil infiltration of the
lungs and also of other distant organs is a characteristic
finding in patients dying of sepsis, and the degree of oxi-
dative stress and of neutrophil activation and infiltration,
especially in the lungs, appears to be the main determin-
ing factor of outcome. Acute lung injury is characterized
by alveolar capillary endothelial cell injury, increased

capillary permeability and subsequent hypoxia, and an
accumulation of the neutrophil associated inflammatory
products and other mediators."

The MV may cause lung injury through the excitation
of an inflammatory response and the release of mediators
known as cytokines. Cytokines are low—molecular-weight
soluble proteins produced by a wide variety of cells that
transmit signals between the cells involved in the inflam-
matory response. The cytokines involved are IL-8 and
CXC chemokines and probably IL-6, IL-18, and TNF-a.
In ARDS, high levels of cytokines, such as IL-6 are present
both in the lung and systemically. It is hypothesized that
the lung itself can be an important cytokine-producing
organ, such as when lung infection or inflammation is
poorly contained. In these cases, pulmonary release of
cytokines leads to elevations in their systemic levels. The
VILI associated with the use of large tidal volumes has
been shown to be associated with increased pulmonary
cytokine production, which then leads to elevations in
circulating concentrations.'*1>

The MV triggers a process referred to as mecha-
notransduction, which refers to alterations in cytoskeletal
structure without ultrastructural damage. In addition

8
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to this, direct trauma to the plasma membrane of alveo-
lar cells and loss of cell integrity lead to the release of
intracellular cytokines to the interstitium and decom-
partmentalization into both the alveolar space and the
systemic circulation. In patients with ARDS, the highest
cytokines are found downstream from the lung. This, in
turn, reaffirms that biotrauma is not only confined to the
lungs, but may also result in a systemic inflammatory
response syndrome (SIRS) and distant organ apoptosis,
both leading to multiorgan dysfunction and death.'>!”
In a study by Wothuis et al,'® the patients scheduled to
undergo an elective surgical procedure lasting >5 hours
were randomly assigned to MV with either higher tidal
volumes of 12 mL/kg and no PEEP, i.e., zero positive
end expiratory pressure (ZEEP), or lower tidal volume of
6 mL/kg and 10 cm H,O PEEP. After induction of anes-
thesia and 5 hours thereafter, bronchoalveolar lavage
(BAL) fluid and /or blood was investigated for change in
levels of inflammatory markers. This study demonstrated
that even short-term MV is associated with significant
inflammatory changes in the pulmonary compartment
and that a lung-protective strategy attenuates these
changes. The levels of inflammatory mediators in the
BAL fluid are higher after 5 hours of MV with higher tidal
volume and ZEEP as compared with the baseline levels.
No increase in levels was seen after 5 hours of MV with
lower tidal volume and PEEP. This implies activation of
polymorphonuclear cells, which were recruited to the
pulmonary compartment or already present there. This
study proposed that lung injury is induced by a “multiple-
hit model,” whereby predisposing conditions, such as
injurious MV may result in pulmonary inflammation. A
second hit, such as prolonged (injurious) MV may cause
additional lung injury, finally resulting in full-blown
ARDS with higher morbidity and mortality. There is
also accumulating clinical evidence which supports this
hypothesis. Higher Vp ventilation was independently
associated with development of ARDS in patients who
did not have ARDS at the onset of MV in the ICU.'®
Furthermore, postoperative patients who were venti-
lated with a lower V strategy had a lower risk of pulmo-
nary infection and duration of intubation and duration
of stay tended to be shorter."” In a study conducted by
Ranieri et al,” a reduction in number of polymorphonu-
clear cells and proinflammatory mediators in the BAL
fluid was demonstrated with a lung-protective strategy as
compared with conventional MV in patients with ARDS.

Fernandez-Pérez et al*!

showed that higher intraopera-
tive Vp is more associated with respiratory failure after
pneumonectomy. Protective MV with lower Vand PEEP
during esophagectomy resulted in a decrease in systemic

proinflammatory response, improved lung function, and

earlier extubation.???> Therefore, it can be said that even
during a brief period of MV, patients will most likely
benefit from lower Vi and PEEP, which can, thereby,
limit the proinflammatory changes in the lungs and the
resulting SIRS.'®

Our study aimed at demonstrating the increase in the
levels of serum cytokines and, therefore, the prediction of
the outcome from MV. This study showed an increase in
the level of serum IL-6 and IL-8 in patients who did not
survive MV, whereas the serum levels of TNF-o were not
elevated in them. This could be due to the short half-life
of TNF-a and/or complex formation with soluble recep-
tors. The IL-6 is a multifunctional cytokine induced
by TNF-o,” which participates in acute inflammatory
responses, and also promotes recruitment of neutrophils
to injured tissue sites by induction of MIP-2, an analog of
human IL-8.2* The duration of the MV in the two groups
was comparable, and only one patient among the non-
survivors was on ventilation for 10 days. Also, IL-6 >111.9
pg/mL or IL-8 > 88.9 at 24 hours of MV increases the
probability of mortality by factor 2.40 or 2.62 respectively.
Hence, the estimation of the serum levels of IL-6 and IL-8
after the patient is put on MV might help the intensivist to
know the lung status. Elevated levels of these cytokines
may indicate overinflation and injurious MV and poor
prognosis of the patient. Further studies can be taken up
with large sample size and carrying out serial measure-
ments of cytokines during the course of MV.
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