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Abstract

Introduction: Procalcitonin (PCT) is activated during cardiopulmonary bypass (CPB)
and may be a predictor of acute respiratory distress syndrome (ARDS). The object is
to validate that whether patients with different serum PCT concentration have
different incidence of developing moderate to severe ARDS.

Methods and analysis: The study is a prospective, single center, observational cohort
study. All patients admitted to the cardiosurgery department who are programmed for
a cardiac surgery with CPB are screened for study eligibility. All eligible patients will
receive operation with CPB. Blood samples are obtained for test of white blood cell
(WBC) count, N-terminal pro-B-type natriuretic peptide (Nt-pro-BNP), C-reactive
protein (CRP) and procalcitonin (PCT). Patients are assigned to PCT elevated cohort
or control cohort according to serum PCT concentration on the first postoperative day
with a cut-off value of 7.0 ng/ml. Data will be collected daily for seven days, which
including baseline data, perioperative data and outcomes. The primary endpoint is
incidence of moderate to severe ARDS, which is diagnosed according to the Berlin
definition.

Ethics and dissemination: The study was approved by the Institutional Review Board
of Fujian Provincial Hospital. Study findings will be disseminated through
peer-reviewed publications and conference presentations.

Trial registration: Chinese Clinical Trial Registry (ChiCTR-OCH-14005076).
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Introduction

Epidemiological studies have shown that cardiac surgery is a known risk factor for
acute respiratory distress syndrome (ARDS).[1-3] There are more than 300,000
patients who undergo cardiac surgery every year in the United States, as many as 20%
will have ARDS.[4] The risk factors include the type of surgery, cardiopulmonary
bypass, ischemia-reperfusion injury, transfusion-related acute lung injury and drug
toxicity. The mortality rate associated with ARDS is approximately 40% in the
general population, but much higher among post—cardiac surgery patients, which may
be as high as 80%.[5 6] Moderate to severe ARDS causes the majority of death cases,
and the possible therapeutic choices are different in different severity of ARDS. Mild
ARDS patients usually need non-invasive treatments, while moderate to severe ARDS
patients are more likely in need of more aggressive interventions such as prone
positioning, recruitment maneuver, neuromuscular blockage agents, inhaled nitric
oxide, high frequency oscillatory ventilation and even extracorporeal membrane
oxygenation. It is meaningful to identify patients with moderate to severe ARDS.
Although cardiac surgery with cardiopulmonary bypass (CPB) is considered a highly
sterile type of surgery, it can lead to a systemic inflammatory response syndrome
(SIRS).[7] The possible causes are the exposure of blood to non-physiological
surfaces, ischemia-reperfusion injury due to aortic clamping and extracorporeal
circulation,[8] as well as a translocation of endotoxins from gut to the bloodstream
after the release of the aortic clamp,[9] which can activate inflammatory cascades

similar to those observed in sepsis. Cytokines such as interleukin (IL)-6, IL-8, tumor
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necrosis factor (TNF)-alpha as well as C-reactive protein (CRP), lipoprotein-binding
protein (LBP) and procalcitonin (PCT) may play an important role in the immune
reaction, while PCT liberation is predominantly depended on the use of CPB.[10]

PCT is initially described as an early, sensitive and specific marker for sepsis
associated with bacterial infection.[11] However, it is also increased in clinical
situations without infections such as major surgery, burns, or trauma.[12] Previous
studies suggested that the concentration of serum PCT increased at the end of CPB,
reaching its peak on the first day and then declined rapidly.[7 13] It is also suggested
that significant elevation of PCT level can be observed when complications
presented.[7 14 15] Therefore, we hypothesis that PCT could be a predictor of the
development of ARDS, especially moderate to severe ARDS, in patients undergo
cardiac surgery with CPB. Our aim is to validate that whether patients with different
serum PCT concentration have different incidence of developing moderate to severe

ARDS.
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Methods and analysis

Study design overview
The present study is a prospective, single center, observational cohort study in

patients after elective cardiac surgery.

Study setting and population

The study setting is cardiosurgical intensive care unit (ICU) (20 beds) and

cardiosurgery department (118 beds), Fujian Provincial Hospital (2500 beds), Fujian

Provincial Clinical College of Fujian Medical University, Fuzhou, China.

All patients admitted to the cardiosurgery department who are programmed for a

cardiac surgery under CPB are screened for study eligibility.

Inclusion criteria are:

1) Age 18 years and above;

2) Programmed cardiac surgery under CPB;

3) Be free from active preoperative infection or inflammatory disease (meet all of the
following criteria at study entry: leukocyte count < 12*10°/L, PCT < 0.5 ng/ml,
body temperature < 37.5°C);

4) Able to consent.

Exclusion criteria are:

1) History of chronic obstructive pulmonary disease (COPD), asthma or interstitial

lung disease (ILD);
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2) History of lung surgery;
3) Pregnant or lactating women;
4) Unwillingness of the patient to provide consent;

5) Enrolled in another trial.

Anesthesia, CPB and perioperative management

All patients’ cardiosurgery undergo with general anesthesia and median sternotomy.
Anticoagulation is obtained by using sodium heparin at a dose of 3 mg/kg for CPB
patients. After attaining an activating clotting time (ACT) greater than 480 seconds,
CPB is initiated by using an occlusive roller pump (jostra, Germany) and a membrane
oxygenator (affinity7000, American), followed with moderate hypothermia (28(7) and
crystalloid cardioplegic cardiac arrest. Pump flow is about 2.0-2.6 1/min/m’ during
CPB and the mean arterial pressure (MAP) is maintained between 60 and 80 mmHg.
At the end of surgery, protamine is given at a 1:1 ratio for reversal of the heparin
effect (to obtain an ACT < 160s). The ventilator is initially set to deliver a tidal
volume around 7-10 ml/kg and a respiratory rate adjusted to maintain an arterial CO,
pressure (PaCO;) between 35 and 40 mmHg during the surgery. Cephazolin is used as
perioperative antibiotic prophylaxis. Patients are monitored postoperatively in the
ICU and ventilated until they meet the following criteria:

1) Awake and cooperative;

2) Adequate recovery of muscle strength;

3) Normal tidal volume, normocapnia (end-tidal carbon dioxide 30-45 mmHg),
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minimum pulse oxygen saturation (SpO,) > 95% with fraction of inspiration oxygen
(Fi0,) 0.5;

4) Hemodynamic stability (small dosage of vasopressor support and mean arterial
pressure within 10-15% of baseline);

5) No severe arrhythmias;

6) No bleeding or indications of re-exploration.

Patients’ endotracheal tube is removed if they meet the criteria. Patients are
discharged from ICU after successful extubation. In our clinical practice, blood
samples are routinely obtained for test of whole blood routine before and 1 day after
operation, respectively. PCT 1is also tested before and 1 day after operation.
N-terminal pro-B-type natriuretic peptide (Nt-pro-BNP) and CRP are tested 1 day
after operation. Chest X-ray is routinely obtained before operation, 1 day and 7 days
after operation, respectively. Additional chest X-ray examinations are performed if
patients represent hypoxia due to suspicious infection, pulmonary atelectasis,
pleural effusion or ARDS. Blood gas analysis is tested at least once per day when the
patients are in the ICU. After they are transferred to the routine room, blood gas
analysis is tested when the physicians considered it is necessary, or when patients’

SpO; cannot be maintained greater than 95% with a FiO, of 0.5.

Follow up and data collection

This is an observational study that no intervention is applied. At study entry, data on

demographic, history of smoking, history of past illness characteristics, diagnosis and
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the New York Heart Association (NYHA) functional classification [16] are collected.
Type of surgery, duration of operation, CPB and aortic clamping and net fluid balance
during the operation are recorded. The concentration of serum CRP, Nt-pro-BNP and
PCT level on the first postoperative day are also recorded. Patients are assigned to the
PCT elevated cohort or control cohort according to serum PCT concentration on the
first postoperative day with a cut-off value of 7.0 ng/ml. Daily fluid balance and
highest vasoactive-inotropic score (VIS) are calculated. VIS is calculated as dopamine
dose (ug/kg/min) + dobutamine dose (ug/kg/min) + 100 x epinephrine dose
(ug/kg/min) + 100 x norepinephrine dose (ug/kg/min) + 15 x milrinone dose
(ug/kg/min) + 10000 x vasopressin dose (U/kg/min).[17] Data are collected until the
seventh day after operation. ARDS is diagnosed according to the Berlin definition.[18]
A checklist (Table 1) is used to assess the development of moderate to severe ARDS.
Two physicians make the diagnosis independently. Only the patients who are
diagnosed by both two physicians are considered with moderate to severe ARDS.
Echocardiography or pulmonary artery catheter (PAC) is applied to exclude
hydrostatic edema. Physicians who assess the development of ARDS are unaware of

patients’ PCT level.
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10 Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7

12 Timing: Within 1 week of a known clinical insult | Yes 0 |Yes OO |Yes OO |Yes O | Yes O | Yes O | Yes I
13 or new or worsening respiratory symptoms No O |[No O [No O |No O |No O |No O |No 0O

ig Chest imaging: Bilateral opacities not fully Ves O | Yes O | ves O | Yes O | es O | ves O | Yes O
. . es es es es es es es
17 explained by effusions, lobar/lung collapse, or Yo Olve Olve Olve Olre Olve Olve O

18 nodules

20 Origin of edema: Respiratory failure not fully |Yes [ | Yes O | Yes O | Yes [0 | Yes O | Yes [0 | Yes [
21 explained by cardiac failure or fluid overload |No [ |{No [ |{No O |No O |[No O |[No O |No O

23 Oxygenation

Mild: 200 mm Hg <Pa0./Fi0. < 300 mm Hg with PEEP
25 ! mm Hg <Pa./Fi0; i e Yes OO | Yes O | Yes O | Yes O | Yes O | Yes O | Yes O
26 or CPAP=5 cm H,0

Mod te: 100 H Pa0./Fi0, < 200 Hg with
28 oderate mm Hg < Pa0./Fi0. i He W Yes O | Yes O | Yes O | Yes O | Yes O | Yes O | Yes O
29 PEEP =5 cm H.0

30 . .
S : Pa0./Fi02 < 100 mm H th PEEP =5
31 evere: Pa0/Fi & W o Yes OO | Yes O | Yes O | Yes O | Yes O | Yes O | Yes O

32 H.0

33 D th tient developed ARDS? Yes [0 | Yes O | Yes O | Yes O | Yes O | Yes O | Yes I
i ?

34 oes Hie patient deveiope No O |[No O |[No O |No O |No O |No O |No O

37 Abbreviations: CPAP, continuous positive airway pressure; FiO,, fraction of inspired oxygen; PaO,, partial pressure of arterial oxygen;
38 PEEP, positive end-expiratory pressure.
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PCT determination

Serum PCT levels were measured by a highly sensitive and specific commercially
available immunoluminometric assay kit (Vidasbrahms PCT, mini VIDS, Italy)
according to the manufacturer’s recommendation. Quantitative measurement allowed

determination of PCT concentrations ranging from 0.05 to 200 ng/ml.

Study endpoints
The primary endpoint is incidence of moderate to severe ARDS.
Secondary endpoints include:

1) The duration of mechanical ventilation;

2) The length of ICU stay;

3) Complications after surgery.

Sample size

Primarily, we expect the incidence of moderate to severe ARDS is higher in the PCT
elevated group than in the control group. Previous investigations showed the overall
morbidity of moderate to severe ARDS was around 0.5%-2% of patients underwent
cardiac surgery.[1-3] Our pilot study showed that the incidence could be as high as 15%
in the patients with elevated PCT level. Using the Power and Sample Size Calculation
program, we will need to investigate 64 exposure subjects and 64 control subjects to

be able to reject the null hypothesis. The Type I error probability (o) with testing this

null hypothesis is 0.05 and Type II error probability (f) is 0.2.
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Statistical analysis
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Baseline characteristics will be summarized by univariate analyses. Categorical

11 variables will be presented as numbers and percentages, and analyzed by the x*-test.
14 Continuous variables will be checked for normal distribution and presented as mean
and standard deviation or median and inter-quartile range as appropriate. Comparison
19 of continuous variables will be performed by using Student’s t-test for normally
distributed variables and the Mann-Whitney U test for non-normally distributed

24 variables. All tests of significance will be at the 5% significance level, and two-sided.

26 Analyses are performed by using SPSS 19.0 (IBM Corporation, New York, USA).
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Ethical aspects and informed consent

The study protocol and consent forms were approved on October 7th, 2014 by the
Institutional Review Board of Fujian Provincial Hospital. The study was registered on
October 8th, 2014 at the ClinicalTrials.org (ChiCTR-OCH-14005076).

After patient’s eligibility for the study is confirmed, the study coordinator will be
introduced to the family. The surgeon will make sure the family knows the credentials
of the study coordinator, and says that this person is going to discuss a research
program being conducted, and the patient is qualified to do so. Every relevant aspect
of the project will be described. The study coordinator will stop frequently, ask if
there are any questions, and request that the family repeat back in their own words
what is being discussed, to make sure they understand. The study coordinator will be
especially careful to assure the family that they are free to decline consent without
consequences and that they can withdraw consent at any time without impact on
treatment. Family members will be provided with contact information for the study
coordinator, local co-investigator and the local Ethical Committee. Written consent

will be obtained in the presence of a witness.

Dissemination plan
Results of the trial will be submitted to international peer reviewed journal. Results
will also be presented at national and international conferences relevant to subject

fields.
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Abstract

Introduction: Procalcitonin (PCT) is activated during cardiopulmonary bypass (CPB)
and may be a predictor of acute respiratory distress syndrome (ARDS). The object is
to validate that whether patients with different serum PCT concentration have
different incidence of developing moderate to severe ARDS.

Methods and analysis: The study is a prospective, single center, observational cohort
study. All patients admitted to the cardiosurgery department who are programmed for
a cardiac surgery with CPB are screened for study eligibility. All eligible patients will
receive operation with CPB. Blood samples are obtained for test of white blood cell
(WBC) count, N-terminal pro-B-type natriuretic peptide (Nt-pro-BNP), C-reactive
protein (CRP) and procalcitonin (PCT). Patients are assigned to PCT elevated cohort
or control cohort according to serum PCT concentration on the first postoperative day
with a cut-off value of 7.0 ng/ml. Data will be collected daily for seven days, which
including baseline data, perioperative data and outcomes. The primary endpoint is
incidence of moderate to severe ARDS, which is diagnosed according to the Berlin
definition.

Ethics and dissemination: The study was approved by the Institutional Review Board
of Fujian Provincial Hospital. Study findings will be disseminated through
peer-reviewed publications and conference presentations.

Trial registration: Chinese Clinical Trial Registry (ChiCTR-OCH-14005076).
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Introduction

Epidemiological studies have shown that cardiac surgery is a known risk factor for
acute respiratory distress syndrome (ARDS).[1-3] There are more than 300,000
patients who undergo cardiac surgery every year in the United States, as many as 20%
will have ARDS.[4] The risk factors include the type of surgery, cardiopulmonary
bypass, ischemia-reperfusion injury, transfusion-related acute lung injury and drug
toxicity. The mortality rate associated with ARDS is approximately 40% in the
general population, but much higher among post—cardiac surgery patients, which may
be as high as 80%.[5 6] Moderate to severe ARDS causes the majority of death cases,
and the possible therapeutic choices are different in different severity of ARDS. Mild
ARDS patients usually need non-invasive treatments, while moderate to severe ARDS
patients are more likely in need of more aggressive interventions such as prone
positioning, recruitment maneuver, neuromuscular blockage agents, inhaled nitric
oxide, high frequency oscillatory ventilation and even extracorporeal membrane
oxygenation. It is meaningful to identify patients with moderate to severe ARDS.
Although cardiac surgery with cardiopulmonary bypass (CPB) is considered a highly
sterile type of surgery, it can lead to a systemic inflammatory response syndrome
(SIRS).[7] The possible causes are the exposure of blood to non-physiological
surfaces, ischemia-reperfusion injury due to aortic clamping and extracorporeal
circulation,[8] as well as a translocation of endotoxins from gut to the bloodstream
after the release of the aortic clamp,[9] which can activate inflammatory cascades

similar to those observed in sepsis. Cytokines such as interleukin (IL)-6, IL-8, tumor

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml



©CoO~NOUTA,WNPE

BMJ Open

necrosis factor (TNF)-alpha as well as C-reactive protein (CRP), lipoprotein-binding
protein (LBP) and procalcitonin (PCT) may play an important role in the immune
reaction, while PCT liberation is predominantly depended on the use of CPB.[10]

PCT is initially described as an early, sensitive and specific marker for sepsis
associated with bacterial infection.[11] However, it is also increased in clinical
situations without infections such as major surgery, burns, or trauma.[12] Previous
studies suggested that the concentration of serum PCT increased at the end of CPB,
reaching its peak on the first day and then declined rapidly.[7 13] It is also suggested
that significant elevation of PCT level can be observed when complications
presented.[7 14 15] Therefore, we hypothesis that PCT could be a predictor of the
development of ARDS, especially moderate to severe ARDS, in patients undergo
cardiac surgery with CPB. Our aim is to validate that whether patients with different
serum PCT concentration have different incidence of developing moderate to severe

ARDS.
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Methods and analysis

Study design overview
The present study is a prospective, single center, observational cohort study in

patients after elective cardiac surgery.

Study setting and population

The study setting is cardiosurgical intensive care unit (ICU) (20 beds) and

cardiosurgery department (118 beds), Fujian Provincial Hospital (2500 beds), Fujian

Provincial Clinical College of Fujian Medical University, Fuzhou, China.

All patients admitted to the cardiosurgery department who are programmed for a

cardiac surgery under CPB are screened for study eligibility.

Inclusion criteria are:

1) Age 18 years and above;

2) Programmed cardiac surgery under CPB;

3) Be free from active preoperative infection or inflammatory disease (meet all of the
following criteria at study entry: leukocyte count < 12*10°/L, PCT < 0.5 ng/ml,
body temperature < 37.5°C);

4) Able to consent.

Exclusion criteria are:

1) History of chronic obstructive pulmonary disease (COPD), asthma or interstitial

lung disease (ILD);
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2) History of lung surgery;
3) Pregnant or lactating women;
4) Unwillingness of the patient to provide consent;

5) Enrolled in another trial.

Anesthesia, CPB and perioperative management

All patients’ cardiosurgery undergo with general anesthesia and median sternotomy.
Anticoagulation is obtained by using sodium heparin at a dose of 3 mg/kg for CPB
patients. After attaining an activating clotting time (ACT) greater than 480 seconds,
CPB is initiated by using an occlusive roller pump (jostra, Germany) and a membrane
oxygenator (affinity7000, American), followed with moderate hypothermia (28(7) and
crystalloid cardioplegic cardiac arrest. Pump flow is about 2.0-2.6 1/min/m’ during
CPB and the mean arterial pressure (MAP) is maintained between 60 and 80 mmHg.
At the end of surgery, protamine is given at a 1:1 ratio for reversal of the heparin
effect (to obtain an ACT < 160s). The ventilator is initially set to deliver a tidal
volume around 7-10 ml/kg and a respiratory rate adjusted to maintain an arterial CO,
pressure (PaCO;) between 35 and 40 mmHg during the surgery. Cephazolin is used as
perioperative antibiotic prophylaxis. Patients are monitored postoperatively in the
ICU and ventilated until they meet the following criteria:

1) Awake and cooperative;

2) Adequate recovery of muscle strength;

3) Normal tidal volume, normocapnia (end-tidal carbon dioxide 30-45 mmHg),
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minimum pulse oxygen saturation (SpO,) > 95% with fraction of inspiration oxygen
(Fi0,) 0.5;

4) Hemodynamic stability (small dosage of vasopressor support and mean arterial
pressure within 10-15% of baseline);

5) No severe arrhythmias;

6) No bleeding or indications of re-exploration.

Patients’ endotracheal tube is removed if they meet the criteria. Patients are
discharged from ICU after successful extubation. In our clinical practice, blood
samples are routinely obtained for test of whole blood routine before and 1 day after
operation, respectively. PCT 1is also tested before and 1 day after operation.
N-terminal pro-B-type natriuretic peptide (Nt-pro-BNP) and CRP are tested 1 day
after operation. Chest X-ray is routinely obtained before operation, 1 day and 7 days
after operation, respectively. Additional chest X-ray examinations are performed if
patients represent hypoxia due to suspicious infection, pulmonary atelectasis,
pleural effusion or ARDS. Blood gas analysis is tested at least once per day when the
patients are in the ICU. After they are transferred to the routine room, blood gas
analysis is tested when the physicians considered it is necessary, or when patients’

SpO; cannot be maintained greater than 95% with a FiO, of 0.5.

Follow up and data collection

This is an observational study that no intervention is applied. At study entry, data on

demographic, history of smoking, history of past illness characteristics, diagnosis and
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the New York Heart Association (NYHA) functional classification [16] are collected.
Type of surgery, duration of operation, CPB and aortic clamping and net fluid balance
during the operation are recorded. The concentration of serum CRP, Nt-pro-BNP and
PCT level on the first postoperative day are also recorded. Patients are assigned to the
PCT elevated cohort or control cohort according to serum PCT concentration on the
first postoperative day with a cut-off value of 7.0 ng/ml. Daily fluid balance and
highest vasoactive-inotropic score (VIS) are calculated. VIS is calculated as dopamine
dose (ug/kg/min) + dobutamine dose (ug/kg/min) + 100 x epinephrine dose
(ug/kg/min) + 100 x norepinephrine dose (ug/kg/min) + 15 x milrinone dose
(ug/kg/min) + 10000 x vasopressin dose (U/kg/min).[17] Data are collected until the
seventh day after operation. ARDS is diagnosed according to the Berlin definition.[18]
A checklist (Table 1) is used to assess the development of moderate to severe ARDS.
Two physicians make the diagnosis independently. Only the patients who are
diagnosed by both two physicians are considered with moderate to severe ARDS.
Echocardiography or pulmonary artery catheter (PAC) is applied to exclude
hydrostatic edema. Physicians who assess the development of ARDS are unaware of

patients’ PCT level.
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10 Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7

12 Timing: Within 1 week of a known clinical insult | Yes 0 |Yes OO |Yes OO |Yes O | Yes O | Yes O | Yes I
13 or new or worsening respiratory symptoms No O |[No O [No O |No O |No O |No O |No 0O

ig Chest imaging: Bilateral opacities not fully Ves O | Yes O | ves O | Yes O | es O | ves O | Yes O
. . es es es es es es es
17 explained by effusions, lobar/lung collapse, or Yo Olve Olve Olve Olre Olve Olve O

18 nodules

20 Origin of edema: Respiratory failure not fully |Yes [ | Yes O | Yes O | Yes [0 | Yes O | Yes [0 | Yes [
21 explained by cardiac failure or fluid overload |No [ |{No [ |{No O |No O |[No O |[No O |No O

23 Oxygenation

Mild: 200 mm Hg <Pa0./Fi0. < 300 mm Hg with PEEP
25 ! mm Hg <Pa./Fi0; i e Yes OO | Yes O | Yes O | Yes O | Yes O | Yes O | Yes O
26 or CPAP=5 cm H,0

Mod te: 100 H Pa0./Fi0, < 200 Hg with
28 oderate mm Hg < Pa0./Fi0. i He W Yes O | Yes O | Yes O | Yes O | Yes O | Yes O | Yes O
29 PEEP =5 cm H.0

30 . .
S : Pa0./Fi02 < 100 mm H th PEEP =5
31 evere: Pa0/Fi & W o Yes OO | Yes O | Yes O | Yes O | Yes O | Yes O | Yes O

32 H.0

33 D th tient developed ARDS? Yes [0 | Yes O | Yes O | Yes O | Yes O | Yes O | Yes I
i ?

34 oes Hie patient deveiope No O |[No O |[No O |No O |No O |No O |No O

37 Abbreviations: CPAP, continuous positive airway pressure; FiO,, fraction of inspired oxygen; PaO,, partial pressure of arterial oxygen;
38 PEEP, positive end-expiratory pressure.
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PCT determination

Serum PCT levels were measured by a highly sensitive and specific commercially
available immunoluminometric assay kit (Vidasbrahms PCT, mini VIDS, Italy)
according to the manufacturer’s recommendation. Quantitative measurement allowed

determination of PCT concentrations ranging from 0.05 to 200 ng/ml.

Study endpoints
The primary endpoint is incidence of moderate to severe ARDS.
Secondary endpoints include:

1) The duration of mechanical ventilation;

2) The length of ICU stay;

3) Complications after surgery.

Sample size

Primarily, we expect the incidence of moderate to severe ARDS is higher in the PCT
elevated group than in the control group. Previous investigations showed the overall
morbidity of moderate to severe ARDS was around 0.5%-2% of patients underwent
cardiac surgery.[1-3] Our pilot study showed that the incidence could be as high as 15%
in the patients with elevated PCT level. Using the Power and Sample Size Calculation
program, we will need to investigate 64 exposure subjects and 64 control subjects to

be able to reject the null hypothesis. The Type I error probability (o) with testing this

null hypothesis is 0.05 and Type II error probability (f) is 0.2.
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Statistical analysis
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Baseline characteristics will be summarized by univariate analyses. Categorical

11 variables will be presented as numbers and percentages, and analyzed by the x*-test.
14 Continuous variables will be checked for normal distribution and presented as mean
and standard deviation or median and inter-quartile range as appropriate. Comparison
19 of continuous variables will be performed by using Student’s t-test for normally
distributed variables and the Mann-Whitney U test for non-normally distributed

24 variables. All tests of significance will be at the 5% significance level, and two-sided.

26 Analyses are performed by using SPSS 19.0 (IBM Corporation, New York, USA).
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Ethical aspects and informed consent

The study protocol and consent forms were approved on August 7th, 2014 by the
Institutional Review Board of Fujian Provincial Hospital. The study was registered on
August 8th, 2014 at the ClinicalTrials.org (ChiCTR-OCH-14005076).

After patient’s eligibility for the study is confirmed, the study coordinator will be
introduced to the family. The surgeon will make sure the family knows the credentials
of the study coordinator, and says that this person is going to discuss a research
program being conducted, and the patient is qualified to do so. Every relevant aspect
of the project will be described. The study coordinator will stop frequently, ask if
there are any questions, and request that the family repeat back in their own words
what is being discussed, to make sure they understand. The study coordinator will be
especially careful to assure the family that they are free to decline consent without
consequences and that they can withdraw consent at any time without impact on
treatment. Family members will be provided with contact information for the study
coordinator, local co-investigator and the local Ethical Committee. Written consent

will be obtained in the presence of a witness.

Dissemination plan
Results of the trial will be submitted to international peer reviewed journal. Results
will also be presented at national and international conferences relevant to subject

fields.
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Abstract

Introduction: Procalcitonin (PCT) is activated during cardiopulmonary bypass (CPB)
and may be a predictor of acute respiratory distress syndrome (ARDS). The object is
to validate that whether patients with different serum PCT concentration have
different incidence of developing moderate to severe ARDS.

Methods and analysis: The study is a prospective, single center, observational cohort
study. All patients admitted to the cardiosurgery department who are programmed for
a cardiac surgery with CPB are screened for study eligibility. All eligible patients will
receive operation with CPB. Blood samples are obtained for test of white blood cell
(WBC) count, N-terminal pro-B-type natriuretic peptide (Nt-pro-BNP), C-reactive
protein (CRP) and procalcitonin (PCT). Patients are assigned to PCT elevated cohort
or control cohort according to serum PCT concentration on the first postoperative day
with a cut-off value of 7.0 ng/ml. Data will be collected daily for seven days, which
including baseline data, perioperative data and outcomes. The primary endpoint is
incidence of moderate to severe ARDS, which is diagnosed according to the Berlin
definition.

Ethics and dissemination: The study was approved by the Institutional Review Board
of Fujian Provincial Hospital. Study findings will be disseminated through
peer-reviewed publications and conference presentations.

Trial registration: Chinese Clinical Trial Registry (ChiCTR-OCH-14005076).
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Introduction

Epidemiological studies have shown that cardiac surgery is a known risk factor for
acute respiratory distress syndrome (ARDS).[1-3] There are more than 300,000
patients who undergo cardiac surgery every year in the United States, as many as 20%
will have ARDS.[4] The risk factors include the type of surgery, cardiopulmonary
bypass, ischemia-reperfusion injury, transfusion-related acute lung injury and drug
toxicity. The mortality rate associated with ARDS is approximately 40% in the
general population, but much higher among post—cardiac surgery patients, which may
be as high as 80%.[5 6] Moderate to severe ARDS causes the majority of death cases,
and the possible therapeutic choices are different in different severity of ARDS. Mild
ARDS patients usually need non-invasive treatments, while moderate to severe ARDS
patients are more likely in need of more aggressive interventions such as prone
positioning, recruitment maneuver, neuromuscular blockage agents, inhaled nitric
oxide, high frequency oscillatory ventilation and even extracorporeal membrane
oxygenation. It is meaningful to identify patients with moderate to severe ARDS.
Although cardiac surgery with cardiopulmonary bypass (CPB) is considered a highly
sterile type of surgery, it can lead to a systemic inflammatory response syndrome
(SIRS).[7] The possible causes are the exposure of blood to non-physiological
surfaces, ischemia-reperfusion injury due to aortic clamping and extracorporeal
circulation,[8] as well as a translocation of endotoxins from gut to the bloodstream
after the release of the aortic clamp,[9] which can activate inflammatory cascades

similar to those observed in sepsis. Cytokines such as interleukin (IL)-6, IL-8, tumor
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necrosis factor (TNF)-alpha as well as C-reactive protein (CRP), lipoprotein-binding
protein (LBP) and procalcitonin (PCT) may play an important role in the immune
reaction, while PCT liberation is predominantly depended on the use of CPB.[10]

PCT is initially described as an early, sensitive and specific marker for sepsis
associated with bacterial infection.[11] However, it is also increased in clinical
situations without infections such as major surgery, burns, or trauma.[12] Previous
studies suggested that the concentration of serum PCT increased at the end of CPB,
reaching its peak on the first day and then declined rapidly.[7 13] It is also suggested
that significant elevation of PCT level can be observed when complications
presented.[7 14 15] Therefore, we hypothesis that PCT could be a predictor of the
development of ARDS, especially moderate to severe ARDS, in patients undergo
cardiac surgery with CPB. Our aim is to validate that whether patients with different
serum PCT concentration have different incidence of developing moderate to severe

ARDS.

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml



©CoO~NOUTA,WNPE

BMJ Open Page 20 of 30

Methods and analysis

Study design overview
The present study is a prospective, single center, observational cohort study in

patients after elective cardiac surgery.

Study setting and population

The study setting is cardiosurgical intensive care unit (ICU) (20 beds) and

cardiosurgery department (118 beds), Fujian Provincial Hospital (2500 beds), Fujian

Provincial Clinical College of Fujian Medical University, Fuzhou, China.

All patients admitted to the cardiosurgery department who are programmed for a

cardiac surgery under CPB are screened for study eligibility.

Inclusion criteria are:

1) Age 18 years and above;

2) Programmed cardiac surgery under CPB;

3) Be free from active preoperative infection or inflammatory disease (meet all of the
following criteria at study entry: leukocyte count < 12#10°/L, PCT < 0.5 ng/ml,
body temperature < 37.5°C);

4) Able to consent.

Exclusion criteria are:

1) History of chronic obstructive pulmonary disease (COPD), asthma or interstitial

lung disease (ILD);
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2) History of lung surgery;
3) Pregnant or lactating women;
4) Unwillingness of the patient to provide consent;

5) Enrolled in another trial.

Anesthesia, CPB and perioperative management

All patients’ cardiosurgery undergo with general anesthesia and median sternotomy.
Anticoagulation is obtained by using sodium heparin at a dose of 3 mg/kg for CPB
patients. After attaining an activating clotting time (ACT) greater than 480 seconds,
CPB is initiated by using an occlusive roller pump (jostra, Germany) and a membrane
oxygenator (affinity7000, American), followed with moderate hypothermia (28[7) and
crystalloid cardioplegic cardiac arrest. Pump flow is about 2.0-2.6 1/min/m? during
CPB and the mean arterial pressure (MAP) is maintained between 60 and 80 mmHg.
At the end of surgery, protamine is given at a 1:1 ratio for reversal of the heparin
effect (to obtain an ACT < 160s). The ventilator is initially set to deliver a tidal
volume around 7-10 ml/kg and a respiratory rate adjusted to maintain an arterial CO,
pressure (PaCO;) between 35 and 40 mmHg during the surgery. Cephazolin is used as
perioperative antibiotic prophylaxis. Patients are monitored postoperatively in the
ICU and ventilated until they meet the following criteria:

1) Awake and cooperative;

2) Adequate recovery of muscle strength;

3) Normal tidal volume, normocapnia (end-tidal carbon dioxide 30-45 mmHg),
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minimum pulse oxygen saturation (SpO,) > 95% with fraction of inspiration oxygen
(Fi0y) 0.5;

4) Hemodynamic stability (small dosage of vasopressor support and mean arterial
pressure within 10-15% of baseline);

5) No severe arrhythmias;

6) No bleeding or indications of re-exploration.

Patients’ endotracheal tube is removed if they meet the criteria. Patients are
discharged from ICU after successful extubation. In our clinical practice, blood
samples are routinely obtained for test of whole blood routine before and 1 day after
operation, respectively. PCT is also tested before and 1 day after operation.
N-terminal pro-B-type natriuretic peptide (Nt-pro-BNP) and CRP are tested 1 day
after operation. Chest X-ray is routinely obtained before operation, 1 day and 7 days
after operation, respectively. Additional chest X-ray examinations are performed if
patients represent hypoxia due to suspicious infection, pulmonary atelectasis,
pleural effusion or ARDS. Blood gas analysis is tested at least once per day when the
patients are in the ICU. After they are transferred to the routine room, blood gas
analysis is tested when the physicians considered it is necessary, or when patients’

SpO, cannot be maintained greater than 95% with a FiO, of 0.5.

Follow up and data collection

This is an observational study that no intervention is applied. At study entry, data on

demographic, history of smoking, history of past illness characteristics, diagnosis and
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the New York Heart Association (NYHA) functional classification [16] are collected.
Type of surgery, duration of operation, CPB and aortic clamping and net fluid balance
during the operation are recorded. The concentration of serum CRP, Nt-pro-BNP and
PCT level on the first postoperative day are also recorded. Patients are assigned to the
PCT elevated cohort or control cohort according to serum PCT concentration on the
first postoperative day with a cut-off value of 7.0 ng/ml. Daily fluid balance and
highest vasoactive-inotropic score (VIS) are calculated. VIS is calculated as dopamine
dose (ug/kg/min) + dobutamine dose (ug/kg/min) + 100 x epinephrine dose
(ug/kg/min) + 100 x norepinephrine dose (ug/kg/min) + 15 X milrinone dose
(ug/kg/min) + 10000 x vasopressin dose (U/kg/min).[17] Data are collected until the
seventh day after operation. ARDS is diagnosed according to the Berlin definition.[18]
A checklist (Table 1) is used to assess the development of moderate to severe ARDS.
Two physicians make the diagnosis independently. Only the patients who are
diagnosed by both two physicians are considered with moderate to severe ARDS.
Echocardiography or pulmonary artery catheter (PAC) is applied to exclude
hydrostatic edema. Physicians who assess the development of ARDS are unaware of

patients’ PCT level.
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Table 1 Checklist of ARDS
Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7
Timing: Within 1 week of a known clinical insult | Yes 0 |Yes OO |Yes OO |Yes O | Yes O | Yes O | Yes I
or new or worsening respiratory symptoms No O [No O |[No O |{No O |No O |No O [No 0O
i ing: Bilateral iti t full
Cheft.lm:g;ng ffl é era losac/llles nou y 3 Yes [0 | Yes O | Yes O | Yes O | Yes O | Yes O | Yes I
i ions, ]
explained by effusions, lobar/lung collapse, or Yo Olde Olve Olve Olve Olve Ol O
nodules
Origin of edema: Respiratory failure not fully |Yes [ | Yes O | Yes O | Yes [0 | Yes O | Yes [0 | Yes [
explained by cardiac failure or fluid overload |No [ |{No [ |{No O |No O |[No O |[No O |No O
Oxygenation
Mild: 200 mm Hg <Pa0./Fi0. < 300 mm Hg with PEEP
! mm Hg <Pa./Fi0; i e Yes OO | Yes O | Yes O | Yes O | Yes O | Yes O | Yes O
or CPAP=5 cm H,0
Moderate: 100 mm Hg < Pa0./Fi0. << 200 mm Hg with
oderate mm Hg < Pa0./Fi0. i He W Yes OO | Yes O | Yes O | Yes O | Yes O | Yes O | Yes O
PEEP =5 cm H.0
S : Pa0,/Fi02 < 100 Hg with PEEP =5
Heovere a0:/Fi i e o Yes OO | Yes O | Yes O | Yes O | Yes O | Yes O | Yes O
2
D th tient developed ARDS? Yes [0 | Yes O | Yes O | Yes O | Yes O | Yes O | Yes I
ien ?
oes the patie evesope No O |[No O |[No O |No O |No O |No O |No O
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PEEP, positive end-expiratory pressure.

Page 24 of 30



Page 25 of 30 BMJ Open

PCT determination

Serum PCT levels were measured by a highly sensitive and specific commercially
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available immunoluminometric assay kit (Vidasbrahms PCT, mini VIDS, Italy)
11 according to the manufacturer’s recommendation. Quantitative measurement allowed

14 determination of PCT concentrations ranging from 0.05 to 200 ng/ml.

19 Study endpoints

The primary endpoint is incidence of moderate to severe ARDS.
24 Secondary endpoints include:

The duration of mechanical ventilation;

26 1)

29 2) The length of ICU stay;

31 3) Complications after surgery.

Sample size

39 Primarily, we expect the incidence of moderate to severe ARDS is higher in the PCT
elevated group than in the control group. Previous investigations showed the overall

44 morbidity of moderate to severe ARDS was around 0.5%-2% of patients underwent
cardiac surgery.[1-3] Our pilot study showed that the incidence could be as high as 15%
49 in the patients with elevated PCT level. Using the Power and Sample Size Calculation
program, we will need to investigate 64 exposure subjects and 64 control subjects to

54 be able to reject the null hypothesis. The Type I error probability (o) with testing this

57 null hypothesis is 0.05 and Type II error probability (f) is 0.2.
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Statistical analysis

Baseline characteristics will be summarized by univariate analyses. Categorical
variables will be presented as numbers and percentages, and analyzed by the x*-test.
Continuous variables will be checked for normal distribution and presented as mean
and standard deviation or median and inter-quartile range as appropriate. Comparison
of continuous variables will be performed by using Student’s t-test for normally
distributed variables and the Mann-Whitney U test for non-normally distributed
variables. All tests of significance will be at the 5% significance level, and two-sided.

Analyses are performed by using SPSS 19.0 (IBM Corporation, New York, USA).
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Ethical aspects and informed consent

The study protocol and consent forms were approved on OetoberAugust 7th, 2014 by
the Institutional Review Board of Fujian Provincial Hospital. The study was
registered on OetoberAugust 8th, 2014 at the ClinicalTrials.org
(ChiCTR-OCH-14005076).

After patient’s eligibility for the study is confirmed, the study coordinator will be
introduced to the family. The surgeon will make sure the family knows the credentials
of the study coordinator, and says that this person is going to discuss a research
program being conducted, and the patient is qualified to do so. Every relevant aspect
of the project will be described. The study coordinator will stop frequently, ask if
there are any questions, and request that the family repeat back in their own words
what is being discussed, to make sure they understand. The study coordinator will be
especially careful to assure the family that they are free to decline consent without
consequences and that they can withdraw consent at any time without impact on
treatment. Family members will be provided with contact information for the study
coordinator, local co-investigator and the local Ethical Committee. Written consent

will be obtained in the presence of a witness.

Dissemination plan
Results of the trial will be submitted to international peer reviewed journal. Results
will also be presented at national and international conferences relevant to subject

fields.
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Abstract

Introduction: Procalcitonin (PCT) is activated during cardiopulmonary bypass (CPB)
and may be a predictor of acute respiratory distress syndrome (ARDS). The objective
of this study is to determine whether patients with different serum PCT concentrations
exhibit different rates of developing moderate to severe ARDS.

Methods and analysis: This is a prospective, single centre, observational cohort study.
All patients admitted to the cardiosurgery department for cardiac surgery with CPB
were screened for study eligibility. All eligible patients received a CPB procedure.
Blood samples were obtained to determine white blood cell (WBC) counts as well as
N-terminal pro-B-type natriuretic peptide (Nt-pro-BNP), C-reactive protein (CRP)
and procalcitonin (PCT) levels. Patients were assigned to the PCT elevated cohort or
the control cohort based on serum PCT concentrations on the first postoperative day
with a cut-off value of 7.0 ng/ml. Data, including baseline, perioperative and outcome
data, were collected daily for seven days. The primary endpoint was the incidence of
moderate to severe ARDS, which was diagnosed according to the Berlin definition.
Ethics and dissemination: The study was approved by the Institutional Review Board
of Fujian Provincial Hospital. Study findings are disseminated through peer-reviewed
publications and conference presentations.

Study registration: Chinese Clinical Trial Registry (ChiCTR-OCH-14005076).
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Introduction

Epidemiological studies have demonstrated that cardiac surgery is a known risk factor
for acute respiratory distress syndrome (ARDS).[1-3] Over 300,000 patients undergo
cardiac surgery every year in the United States, and up to 20% will experience
ARDS.[4] The risk factors include the type of surgery, cardiopulmonary bypass,
ischemia-reperfusion injury, transfusion-related acute lung injury and drug toxicity.
The mortality rate associated with ARDS is approximately 40% in the general
population; however, this rate is considerably higher (up to 80%) among post—cardiac
surgery patients. [5 6] Moderate to severe ARDS causes the majority of deaths
associated with this syndrome, and the possible therapeutic choices differ for the
varying severities of ARDS. Mild ARDS patients typically only require non-invasive
treatments, whereas moderate to severe ARDS patients are more likely to require
more aggressive interventions, including prone positioning, recruitment manoeuvres,
neuromuscular blockage agents, inhaled nitric oxide, high frequency oscillatory
ventilation and even extracorporeal membrane oxygenation. Thus, the identification
of patients with moderate to severe ARDS is clinically meaningful.

Although cardiac surgery with cardiopulmonary bypass (CPB) is considered a highly
sterile type of surgery, it can lead to a systemic inflammatory response syndrome
(SIRS).[7] The possible causes of SIRS include the exposure of blood to
non-physiological surfaces, ischemia-reperfusion injury due to aortic clamping and
extracorporeal circulation.[8] In addition, the translocation of gut endotoxins to the

bloodstream after the release of the aortic clamp is another potential cause[9] that can
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activate inflammatory cascades similar to those observed in sepsis. Cytokines, such as
interleukin (IL)-6, IL-8, tumour necrosis factor (TNF)-alpha, and C-reactive protein
(CRP), lipoprotein-binding protein (LBP) and procalcitonin (PCT) potentially play
important roles in immune reactions, whereas PCT liberation is predominantly
dependent upon the use of CPB.[10]

PCT is initially described as an early, sensitive and specific marker for sepsis
associated with bacterial infection.[11] However, PCT levels are also increased in
clinical situations not associated with infections, including major surgery, burns, or
trauma.[12] Previous studies suggested that serum PCT concentrations increase at the
end of CPB, peaking on the first day and then rapidly declining.[7 13] Data have
suggested that significant increases in PCT levels are observed when complications
present.[7 14 15] Therefore, we hypothesis that PCT could serve as a predictor of the
development of ARDS, especially moderate to severe ARDS, in patients undergoing
cardiac surgery with CPB. Our aim is to determine whether patients with different
serum PCT concentrations exhibit different rates of developing moderate to severe

ARDS.
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Methods and analysis

Study design overview
The present study is a prospective, single centre, observational cohort study involving

patients undergoing elective cardiac surgery.

Study setting and population

The study setting is a cardiosurgical intensive care unit (ICU) (20 beds) and

cardiosurgery department (118 beds) at Fujian Provincial Hospital (2500 beds), Fujian

Provincial Clinical College of Fujian Medical University, Fuzhou, China.

All patients admitted to the cardiosurgery department for a cardiac surgery involving

CPB were screened for study eligibility.

The following inclusion criteria were used:

1) Patients are 18 years of age and older;

2) Patients underwent cardiac surgery involving CPB;

3) Patients are free from active preoperative infection or inflammatory disease (all of
the following criteria were achieved at study entry: leukocyte count < 12%10°/L,
PCT < 0.5 ng/ml, body temperature < 37.5°C);

4) Patients are capable of providing consent.

The following exclusion criteria were used:

1) History of chronic obstructive pulmonary disease (COPD), asthma or interstitial

lung disease (ILD);
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2) History of lung surgery;
3) Pregnant or lactating women;
4) Unwilling to provide consent;

5) Enrolled in another trial.

Anaesthesia, CPB and perioperative management

All patients undergo cardiosurgery with general anaesthesia via median sternotomy.
Anticoagulation is promoted in CPB patients via the administration of3 mg/kg sodium
heparin. After attaining an activating clotting time (ACT) greater than 480 seconds,
CPB is initiated by using an occlusive roller pump (Jostra, Germany) and a membrane
oxygenator (Affinity7000, American) followed by moderate hypothermia (28°C) and
crystalloid cardioplegic cardiac arrest. The pump flow is approximately 2.0-2.6
I/min/m* during CPB. The mean arterial pressure (MAP) is maintained at 60-80
mmHg. At the end of surgery, protamine is administered at a 1:1 ratio to reverse the
heparin effect (to obtain an ACT < 160 s). The ventilator is initially set to deliver a
tidal volume approximately 7-10 ml/kg, and the respiratory rate is adjusted to
maintain an arterial CO, pressure (PaCO,) of 35-40 mmHg during the surgery.
Cephazolin is administered as perioperative antibiotic prophylaxis. Patients are
monitored postoperatively in the ICU and receive ventilation until the following
criteria are met:

1) Awake and cooperative;

2) Adequate recovery of muscle strength;
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3) Normal tidal volume, normocapnia (end-tidal carbon dioxide 30-45 mmHg), and
minimum pulse oxygen saturation (SpO,) > 95% with a fraction of inspiration oxygen
(FiOy) of 0.5;

4) Hemodynamic stability (small dosage of vasopressor support and mean arterial
pressure within 10-15% of baseline);

5) No severe arrhythmias;

6) No bleeding or indications of re-exploration.

The patient’s endotracheal tube is removed if he/she achieves the criteria. Patients are
discharged from the ICU after successful extubation. In our clinical practice, blood
samples are routinely obtained for whole blood assessment prior to and 1 day after the
operation. PCT is also assessed prior to and 1 day after the operation. N-terminal
pro-B-type natriuretic peptide (Nt-pro-BNP) and CRP levels are assessed 1 day after
the operation. A chest X-ray is routinely obtained prior to the operation as well as 1
and 7 days after the operation. Additional chest X-ray examinations are performed if
patients exhibit hypoxia due to suspicious infection, pulmonary atelectasis,
pleural effusion or ARDS. A blood gas analysis is performed at least once daily when
the patients are in the ICU. After they are transferred to a normal room, a blood gas
analysis is performed when deemed necessary by the physicians or when patients’

SpO, cannot be maintained at a level greater than 95% with a FiO, of 0.5.

Follow-up and data collection

This is an observational study wherein no intervention is applied. At study entry, data
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regarding patient demographics, history of smoking, history of past illness patient
characteristics, diagnosis and the New York Heart Association (NYHA) functional
classification [16] are collected. The type of surgery, duration of operation, CPB and
aortic clamping and net fluid balance during the operation are recorded. Serum CRP,
Nt-pro-BNP and PCT concentrations are also recorded on the first postoperative day.
Patients are assigned to the PCT elevated cohort or control cohort based on serum
PCT concentrations on the first postoperative day using a cut-off value of 7.0 ng/ml.
Daily fluid balance and highest vasoactive-inotropic score (VIS) are calculated. VIS is
calculated as dopamine dose (ug/kg/min) + dobutamine dose (ug/kg/min) + 100 x
epinephrine dose (ug/kg/min) + 100 X norepinephrine dose (ug/kg/min) + 15 X
milrinone dose (ug/kg/min) + 10000 x vasopressin dose (U/kg/min).[17] Data are
collected until the seventh day after the operation. ARDS is diagnosed according to
the Berlin definition. [18] A checklist (Table 1) is used to assess the development of
moderate to severe ARDS. Two physicians make the diagnosis independently. Only
patients diagnosed with moderate to severe ARDS by both physicians are considered.
Echocardiography or pulmonary artery catheter (PAC) is applied to exclude
hydrostatic oedema. Physicians who assess the development of ARDS are unaware of

the patient’s PCT level.
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Table 1 ARDS Checklist
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10 Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7

12 Timing: Within 1 week of a known clinical insult | Yes 0 |Yes OO |Yes OO |Yes O | Yes O | Yes O | Yes I
13 or new or worsening respiratory symptoms No O |[No O [No O |No O |No O |No O |No 0O

ig Chest imaging: Bilateral opacities not fully Ves O | Yes O | ves O | Yes O | es O | ves O | Yes O
. . es es es es es es es
17 explained by effusions, lobar/lung collapse or Yo Olve Olve Olve Olre Olve Olve O

18 nodules

20 Origin of oedema: Respiratory failure not fully | Yes O | Yes O | Yes [0 | Yes [0 | Yes O | Yes O | Yes [
21 explained by cardiac failure or fluid overload |No [ |{No [ |{No O |No O |[No O |[No O |No O

23 Oxygenation

Mild: 200 Hg <Pa0,/Fi0. < 300 Hg with PEEP
25 ! mn Hg <Pa0:/Fi0: i e Yes OO | Yes O | Yes O | Yes O | Yes O | Yes O | Yes O
26 or CPAP=5 cm H,0

Mod te: 100 H Pa0./Fi0, < 200 Hg with
28 oderate mn Hg < Pa0y/F10; i e w Yes O | Yes O | Yes O | Yes O | Yes O | Yes O | Yes O
29 PEEP =5 cm H.0

30 . .
S : Pa0,/Fi02 < 100 H th PEEP =5
31 evere: Pal:/Fi i He Wi o Yes OO | Yes O | Yes O | Yes O | Yes O | Yes O | Yes O

32 H.0

33 Has th tient developed ARDS? Yes [0 | Yes O | Yes O | Yes O | Yes O | Yes O | Yes I
i ?

34 as the patient devetope No O |[No O |[No O |No O |No O |No O |No O

37 Abbreviations: CPAP, continuous positive airway pressure; FiO,, fraction of inspired oxygen; PaO,, partial pressure of arterial oxygen;
38 PEEP, positive end-expiratory pressure.
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PCT determination

Serum PCT levels were measured using a highly sensitive and specific commercially
available immunoluminometric assay kit (Vidasbrahms PCT, mini VIDS, Italy)
according to the manufacturer’s recommendation. Quantitative measurement allowed

the determination of PCT concentrations ranging from 0.05 to 200 ng/ml.

Study endpoints
The primary endpoint is the incidence of moderate to severe ARDS.
The secondary endpoints include the following:

1) The duration of mechanical ventilation;

2) The length of ICU stay;

3) Complications after surgery.

Sample size

Primarily, we expect the incidence of moderate to severe ARDS to be increased in the
PCT elevated group compared with the control group. Previous investigations indicate
the overall morbidity of moderate to severe ARDS was approximately 0.5%-2% of
patients undergoing cardiac surgery.[1-3] Our pilot study revealed that the incidence
could be as high as 15% in patients with elevated PCT levels. Using the Power and
Sample Size Calculation program, 64 exposure subjects and 64 control subjects must
be investigated to be able to reject the null hypothesis. The type I error probability («)

for testing our null hypothesis is 0.05, and the type II error probability (5) is 0.2.
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Statistical analysis
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Baseline characteristics were summarised using univariate analyses. Categorical

11 variables are presented as numbers and percentages and analysed using the x*-test.

14 Continuous variables are assessed for normal distribution and presented as means and
standard deviations or medians and inter-quartile ranges as appropriate. Continuous
19 variables are compared using the Student’s t-test for normally distributed variables
and the Mann-Whitney U test for non-normally distributed variables. All tests of

24 significance were two sided and conducted at the 5% significance level. Subgroup
analysis was performed to illustrate the effects of different types of surgery. Analyses

29 are performed using SPSS 19.0 (IBM Corporation, New York, USA).

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml



©CoO~NOUTA,WNPE

BMJ Open Page 12 of 33

Ethical aspects and informed consent

The study protocol and consent forms were approved on August 7th, 2014 by the
Institutional Review Board of Fujian Provincial Hospital. The study was registered on
August 8th, 2014 at ClinicalTrials.org (ChiCTR-OCH-14005076).

After patient eligibility for the study is confirmed, the study coordinator is introduced
to the family. The surgeon ensures that the family is aware of the study coordinator’s
credentials and indicates that this individual will discuss the research program being
conducted and that the patient is qualified to participate. Every relevant aspect of the
project is described. The study coordinator frequently pauses to ask if there are any
questions and requests that the family repeat is the topic being discussed in their own
words to ensure that they understand. The study coordinator is especially careful to
assure the family that they are free to decline consent without consequences and that
they can withdraw consent at any time without impacting treatment. Family members
are provided contact information for the study coordinator, local co-investigator and

the local Ethical Committee. Written consent is obtained in the presence of a witness.

Dissemination plan
The study results will be submitted to an international peer reviewed journal. Results
will also be presented at national and international conferences relevant to the subject

fields. We will also consider disseminating the results to the participants.
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Introduction:Procalcitonin (PCT) is activated during cardiopulmonary bypass (CPB)
11 and may be a predictor of acute respiratory distress syndrome (ARDS). The objective
of this study is to validate-thatdetermine whether patients with different serum PCT
16 concentrationshave-exhibit different ineidenee-rates of developing moderate to severe
18 ARDS.

20 Methods and analysis:The-stadyThis is a prospective, single eentercentre,
observational cohort study. All patients admitted to the cardiosurgery department whe-

25 are-programmed-for a-cardiac surgery with CPB are-were screened for study eligibility.

27 All eligible patients wil-reeeive-operation-withreceived a CPB procedure. Blood

29 samples are-were obtained fertest-efto determine white blood cell (WBC) counts as

well as -N-terminal pro-B-type natriuretic peptide (Nt-pro-BNP), C-reactive protein

34 (CRP) and procalcitonin (PCT) levels. Patients-are—_were assigned to the PCT
36 elevated cohort or the control cohort aceerding-tebased on serum PCT concentrations
38 on the first postoperative day with a cut-off value of 7.0 ng/ml. Data, including

baseline, perioperative and outcome data wi-bewere collected daily for seven days;-

. The primary endpoint

45 is-was the incidence of moderate to severe ARDS, which #s-was diagnosed according
47 to the Berlin definition.

49 Ethics and dissemination: The study was approved by the Institutional Review Board
of Fujian Provincial Hospital. Study findings wil-beare disseminated through

54 peer-reviewed publications and conference presentations.
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Introduction

Epidemiological studies have shewn-demonstrated that cardiac surgery is a known
risk factor for acute respiratory distress syndrome (ARDS).[1-3] Fhere—are—meore
thanOver 300,000 patients whe—undergo cardiac surgery every year in the United
States, as—many—asand up to 20% will have—experience ARDS.[4] The risk factors
include the type of surgery, cardiopulmonary bypass, ischemia-reperfusion injury,
transfusion-related acute lung injury and drug toxicity. The mortality rate associated

with ARDS is approximately 40% in the general population; however,;but-mehthis

rate is considerably higher (up to 80%) among post—cardiac surgery patients—whiech

may-be-as-high-as-80%.[5 6] Moderate to severe ARDS causes the majority of death

deaths associated with this syndromeeases, and the possible therapeutic choices are

differentdifferin—for the differentseverityvarying severities of ARDS. Mild ARDS

patients usualy—needtypically only require non-invasive treatments, while-whereas

moderate to severe ARDS patients are more likely in—need—efto require more
aggressive  interventions,steh—asincluding prone positioning, recruitment
manewvermanoeuvres, neuromuscular blockage agents, inhaled nitric oxide, high
frequency oscillatory ventilation and even extracorporeal membrane oxygenation. ¥

Thus, the identification ofis—eanineful-to—identify patients with moderate to severe

ARDS s clinically meaningful.

Although cardiac surgery with cardiopulmonary bypass (CPB) is considered a highly

sterile type of surgery, it can lead to a systemic inflammatory response syndrome

(SIRS).[7] The possible causes are—of SIRS include the exposure of blood to
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non-physiological surfaces, ischemia-reperfusion injury due to aortic clamping and

extracorporeal circulation.;[8] as—wel—asIn addition, the—a translocation of gut

endotoxins fremgut-to the bloodstream after the release of the aortic clamp_is another
potential cause;[9] whieh-that can activate inflammatory cascades similar to those
observed in sepsis. Cytokines, such as interleukin (IL)-6, IL-8, tamertumour necrosis
factor (TNF)-alpha,as—weH—asand C-reactive protein (CRP), lipoprotein-binding
protein (LBP) and procalcitonin (PCT) may-potentially play an-important roles in the
immune reactions, while—whereas PCT liberation is predominantly depended
endependent upon the use of CPB.[10]

PCT is initially described as an early, sensitive and specific marker for sepsis
associated with bacterial infection.[11] However, #4sPCT levels are also increased in

clinical situations withewt—not associated with infections,steh—asincluding major

surgery, burns, or trauma.[12] Previous studies suggested that the-concentration—of
serum PCT concentrations increased at the end of CPB, reaching—its—peakpeaking on
the first day and then deelined-rapidly_declining.[7 13] His—alseData have suggested
that significant elevatien—efincreases in PCT levelsean—beare observed when
complications presented.[7 14 15] Therefore, we hypothesis that PCT could be-serve
as a predictor of the development of ARDS, especially moderate to severe ARDS, in
patients underge—undergoing cardiac surgery with CPB. Our aim is to wvalidate
thatdetermine whether patients with different serum PCT concentrationshave-exhibit

different inetdeneerates of developing moderate to severe ARDS.
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11 Study design overview
The present study is a prospective, single eentercentre, observational cohort study ia

16 involving patients after-undergoing elective cardiac surgery.

20 Study setting and population

The study setting is a cardiosurgical intensive care unit (ICU) (20 beds) and
25 cardiosurgery department (118 beds);—) at Fujian Provincial Hospital (2500 beds),
27 Fujian Provincial Clinical College of Fujian Medical University, Fuzhou, China.

29 All patients admitted to the cardiosurgery department whe—are—programmed—for a

cardiac surgery ander-involving CPB are-were screened for study eligibility.

34 Inelusion-The following inclusion criteria arewere used:
36 1) Age-Patients are 18 years of age and abeveolder;

38 2) Programmed-Patients underwent cardiac surgery underinvolving CPB;

3) Be-Patients are free from active preoperative infection or inflammatory disease
(meetall of the following criteria were achieved at study entry: leukocyte count <
45 12#10°/L, PCT < 0.5 ng/ml, body temperature < 37.5°C);

47 4) AbletePatients are capable of providing consent.

49 Exelusion-The following exclusion criteria arewere used:

1) History of chronic obstructive pulmonary disease (COPD), asthma or interstitial

54 lung disease (ILD);
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2) History of lung surgery;
3) Pregnant or lactating women;

4) Ynwillingness-ofthe-patient Unwilling to provide consent;

5) Enrolled in another trial.

AnesthesiaAnaesthesia, CPB and perioperative management

All patients’eardiosurgery——undergo cardiosurgery with general

anesthesiaanaesthesiaand—via median sternotomy. Anticoagulation is ebtained—by

usingpromoted in CPB patients via the administration ofsedium-heparin-at-a-dose-of 3
mg/kg sodium heparinfer-CPB—patients. After attaining an activating clotting time
(ACT) greater than 480 seconds, CPB is initiated by using an occlusive roller pump
(jestraJostra, Germany) and a membrane oxygenator (affinity7000Affinity7000,
American); followed with—by moderate hypothermia (28()) and crystalloid
cardioplegic cardiac arrest. Pump-The pump flow is abeut2approximately 2.0-2.6
I/min/m’ during CPB.and-theThe mean arterial pressure (MAP) is maintained between
at 60-—and-80 mmHg. At the end of surgery, protamine is given-administered at a 1:1
ratio ferreversal-efto reverse the heparin effect (to obtain an ACT <+60s_160 s). The
ventilator is initially set to deliver a tidal volume arewndFapproximately 7-10 ml/kg,
and a-the respiratory rate is adjusted to maintain an arterial CO, pressure (PaCO,)
between-of 35-and-40 mmHg during the surgery. Cephazolin is ssed-administered as

perioperative antibiotic prophylaxis. Patients are monitored postoperatively in the

ICU and wventilated-receive ventilation until they-meet-the following criteria_are met:
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1) Awake and cooperative;

2) Adequate recovery of muscle strength;

3) Normal tidal volume, normocapnia (end-tidal carbon dioxide 30-45 mmHg), and
minimum pulse oxygen saturation (SpO,) > 95% with a fraction of inspiration oxygen
(Fi0O,) of 0.5;

4) Hemodynamic stability (small dosage of vasopressor support and mean arterial
pressure within 10-15% of baseline);

5) No severe arrhythmias;

6) No bleeding or indications of re-exploration.

Patients™ The patient’s endotracheal tube is removed if they-he/she meet-achieves the

criteria. Patients are discharged from the ICU after successful extubation. In our
clinical practice, blood samples are routinely obtained for test-ef whole blood reutine
assessmentbefere—prior to and 1 day after the operation;—respeetively. PCT is also
tested-assessed befere-prior to and 1 day after the operation. N-terminal pro-B-type
natriuretic peptide (Nt-pro-BNP) and CRP levels are tested-assessed 1 day after the
operation. Ehest-A chest X-ray is routinely obtained befere-prior to the operation;—_as
well as 1 day-and 7 days after the operation;—+espeetively. Additional chest X-ray
examinations are performed if patients represent-exhibit hypoxia due to suspicious
infection, pulmonary atelectasis, pleural effusion or ARDS. Bleed—A blood gas
analysis is-tested_performed at least once per—-daydaily when the patients are in the

ICU. After they are transferred to the-a reutinenormal room, a blood gas analysis is

tested-performed when deemed necessary by the physicians eonsidered-it-is-necessary;
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or when patients’ SpO, cannot be maintained at a level greater than 95% with a FiO,

of 0.5.

Follow-up and data collection
This is an observational study that-wherein no intervention is applied. At study entry,

data en-regarding patient demographics, history of smoking, history of past illness

patient characteristics, diagnosis and the New York Heart Association (NYHA)
functional classification [16] are collected. Fype-The type of surgery, duration of
operation, CPB and aortic clamping and net fluid balance during the operation are
recorded. Fhe—econeentration—ef—sSerum CRP, Nt-pro-BNP and PCT level
concentrations en—the—first—peostoperative—day—are also recorded_on the first
postoperative day. Patients are assigned to the PCT elevated cohort or control cohort
aeceordingtobased on serum PCT concentrations on the first postoperative day with
using a cut-off value of 7.0 ng/ml. Daily fluid balance and highest
vasoactive-inotropic score (VIS) are calculated. VIS is calculated as dopamine dose
(ug/kg/min) + dobutamine dose (ug/kg/min) + 100 x epinephrine dose (ug/kg/min) +
100 x norepinephrine dose (ug/kg/min) + 15 x milrinone dose (ug/kg/min) + 10000 x
vasopressin dose (U/kg/min).[17] Data are collected until the seventh day after the
operation. ARDS is diagnosed according to the Berlin definition.[18] A checklist
(Table 1) is used to assess the development of moderate to severe ARDS. Two

physicians make the diagnosis independently. Only the—patients whe—are-diagnosed

with moderate to severe ARDS by both twe-physicians are considered-with-mederate
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te-severe-ARDS. Echocardiography or pulmonary artery catheter (PAC) is applied to
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exclude hydrostatic edemaoedema.Physicians who assess the development of ARDS

11 are unaware of the patient’s> PCT level.
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Table 1 Checkliste£ ARDSChecklist

e
[Ny

Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7

el
w N

Timing: Within 1 week of a known clinical insult | Yes O | Yes O | Yes [ | Yes O | Yes O | Yes [ | Yes O
or new or worsening respiratory symptoms No [ [No O |No O |No [ |[No O [No O |No [

=
[62 ¥

=
()]

i ing: Bilateral iti t full
Chest imaging: Bilateral opacities not fully Yes [0 | Yes OO | Yes O | Yes O | Yes OO | Yes O | Yes [

No O |No O |[No O |No [ |[No O |No O |No [

e
o~

explained by effusions, lobar/lung collapsesr or
nodules

=
©

N
o

Origin of oedema: Respiratory failure not fully | Yes [0 | Yes OO | Yes O | Yes OO | Yes OO | Yes U | Yes O
explained by cardiac failure or fluid overload |[No O |No O |No [ |[No O [{No O |[No O |[No O

NN
N -

N
w

Oxygenation

Mild: 200 mm Hg <Pa0./Fi0.<< 300 mm Hg with PEEP
or CPAP=5 cm H.0

N
N

Yes [ | Yes O | Yes O | Yes [ | Yes O | Yes O | Yes [

N
ol

N
[e)]

Moderate: 100 mm Hg < Pa0./Fi0, <X 200 mm Hg with
PEEP =5 cm H.0

N
~

Yes [ | Yes O | Yes O | Yes O | Yes O | Yes [ | Yes [

N
[os]

N
©

Severe: Pa0,/Fi02 < 100 mm Hg with PEEP =5 cm
H,0

| Has the patient developed ARDS? Yes [ | Yes O | Yes OO | Yes O | Yes O | Yes O | Yes [
mas_the p P ’ No O [No O |No O [No O |No O [No O |No O

Yes [0 | Yes OO | Yes O | Yes O | Yes O | Yes O | Yes [

w W
= O

w
N

w
w

w
N

Abbreviations: CPAP, continuous positive airway pressure; FiO,, fraction of inspired oxygen; PaO,, partial pressure of arterial oxygen;
36 PEEP, positive end-expiratory pressure.

37
38
39
40
41
42
43
44
45
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PCT determination
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‘ Serum PCT levels were measured by—using a highly sensitive and specific
11 commercially available immunoluminometric assay kit (Vidasbrahms PCT, mini
VIDS, Italy) according to the manufacturer’s recommendation. Quantitative
measurement allowed the determination of PCT concentrations ranging from 0.05 to

18 200 ng/ml.

Study endpoints

25 The primary endpoint is the incidence of moderate to severe ARDS.
27 Seeendary-The secondary endpoints include the following:

29 1) The duration of mechanical ventilation;

31 2) The length of ICU stay;

34 3) Complications after surgery.

38 Sample size

40 Primarily, we expect the incidence of moderate to severe ARDS is-higherto be
increased in the PCT elevated group thanircompared with the control group.

45 Previous investigations shewed-indicate the overall morbidity of moderate to severe
47 ARDS was areund-Bapproximately 0.5%-2% of patients underwent-undergoing

49 cardiac surgery.[1-3] Our pilot study shewed-revealed that the incidence could be as

high as 15% in the-patients with elevated PCT levels. Using the Power and Sample

54 Size Calculation program, we-will-need-to-investigate-64 exposure subjects and 64
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control subjects must be investigated to be able to reject the null hypothesis. The Fype-

type I error probability (a) with-for testing this-our null hypothesis is 0.05, and Fype-

the type II error probability () is 0.2.

Statistical analysis
Baseline characteristics wib-beweresummarized-summarised by-using univariate
analyses. Categorical variables will-beare presented as numbers and percentages; and

analyzedanalysedby-using the y’-test. Continuous variables witk-be-cheekedare

assessed for normal distribution and presented as means and standard deviations or
medians and inter-quartile ranges as appropriate. Comparisen-of-eContinuous
variables will-be-performed-byare compared using the Student’s t-test for normally
distributed variables and the Mann-Whitney U test for non-normally distributed

variables. All tests of significance wil-bewere two sided and conducted at the 5%

significance level;and-twe-sided. Subgroup analysis wi-bewas performed to

illustrate the affeetion-effects of different types of surgery. Analyses are performed by-

using SPSS 19.0 (IBM Corporation, New York, USA).
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Ethical aspects and informed consent
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The study protocol and consent forms were approved on August 7th, 2014 by the

11 Institutional Review Board of Fujian Provincial Hospital. The study was registered on
August 8th, 2014 at-the ClinicalTrials.org (ChiCTR-OCH-14005076).

16 After patient’seligibility for the study is confirmed, the study coordinator wHl-beis

18 introduced to the family. The surgeon wil-make-sureensures that the family knews-the
20 eredentials-ofis aware of the study coordinator’s credentials; and says-indicates that
this persen-individual is-geingtewill discuss a-the research program being conducted;
25 and that the patient is qualified to de-separticipate. Every relevant aspect of the

27 project will-beis described. The study coordinator wil-step-frequently; pauses to ask if
29 there are any questions; and requests that the family repeat baek-in-theirown-words-

whatisis the topic being discussed_in their own words; to make-sureensure that they

34 understand. The study coordinator will-beis especially careful to assure the family that
36 they are free to decline consent without consequences and that they can withdraw

38 consent at any time without #mpaet-enimpacting treatment. Family members w-
beare provided with-contact information for the study coordinator, local

co-investigator and the local Ethical Committee. Written consent wiH-beis obtained in

45 the presence of a witness.

49 Dissemination plan

. { Formatted: Highlight

54 journal. Results will also be presented at national and international conferences
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relevant to the subject fields. We will also consider disseminate-disseminating the .

results to the participants.
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