Acute normovolemic hemodilution in cardiac surgery (ANH). A multicenter randomized controlled trial. Rationale and design.
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Supplemental table 1: Secondary endpoints
	Mortality
	30-day mortality
	Death occurs within 30 days from surgery or during the same hospitalization (1).

	Bleeding complications
	Amount of blood components transfused 
	Number of patients receiving blood components (RBC, FFP, PLT, Fibrinogen, PCC, Cryoprecipitate, Other)
Units of RBC FFP or PLT 

	
	Estimated total blood volume lost 
	mL of blood lost in the first 12 hours after surgery

	
	Surgical revision for bleeding
	

	Ischemic complications
	Myocardial infarction
	Defined according to the universal definition of myocardial infarction (2)

	
	Stroke or TIA
	Defined accordingly the latest guidelines (3) 

	
	Thromboembolic events
	Defined as new arterial deep vein thrombosis or pulmonary embolism.

	Renal complication
	Acute kidney injury
	Defined according to KDIGO 2012 guidelines (4)


Abbreviations: RBC = red blood cells; FFP = fresh frozen plasma; PLT = platelet; TIA = transient ischemic attack; RIFLE= Risk, Injury, Failure, Loss of kidney function, and End-stage kidney disease.



Supplemental table 2: Exclusion criteria during surgery 
	Criteria
	Definition
	

	Hemodynamic instability
	Unfeasibility to withdraw ≥ 650 ml without inducing hemodynamic instability
	e.g.: presence of hypotension, tachycardia, arrhythmias, hypovolemia, use of vasoconstrictors or inotropes drugs

	Pre CPB anemia (Htc < 30%)
	Unfeasibility to withdraw ≥ 650 ml without inducing pre-CPB anemia.
	The following formula can help to calculate the post ANH Htc if crystalloid fluid replacement is used:

Volume to be drawn (650 ml) = EBV x (Hi - Hf) / Havg5
Havg = average haematocrit = (Hi + Hf)/2

	On CPB anemia (Htc < 24%)
	Unfeasibility to withdraw ≥ 650 ml without inducing low Htc during CPB
	The following formula can help to calculate the expected Htc after priming and cardioplegia:

EBV x Hi = V2 x Hf6


Abbreviations: ANH acute normovolemic hemodilution; EBV: estimated blood volume (body weight x 65 ml for women and 70 ml for men); Hi = initial hematocrit; Hf = target hematocrit; V2 = in-CPB blood volume (EBV – ANH volume) + priming volume + cardioplegia volume + volume of fluids provided by anesthesiologist.
Note: If plasmapheresis is a strategy implemented in the center and known to the attending physician available and RBC can be promptly reinfused to the patients, anemia will not be considered as an exclusion criterion.



Supplemental table 3: Baseline Characteristics of study patients.*
	[bookmark: _Toc164181120]Characteristic
	ANH
Group (n=xx)
	Control
Group (n=xx)

	
	Value
	Value

	Median age (IQR) — yr
	
	

	Female sex — no. (%)
	
	

	Median body-mass index (IQR)† 
	
	

	Race or ethnic group — no. (%)
	
	

	    White
	
	

	    Asian
	
	

	    Other
	
	

	Median hemoglobin concentration (IQR) – g/dl
	
	

	Median INR (IQR)
	
	

	Median platelet count (IQR) – x109/l
	
	

	Median serum creatinine (IQR)— mg/dl
	
	

	Median left ventricular ejection fraction (IQR) — %
	
	

	New York Heart Association class III-IV — no. (%)
	
	

	Medical condition — no. (%)
	
	

	    Previous myocardial infarction
	
	

	    Previous cardiac surgery
	
	

	    Atrial fibrillation
	
	

	    Arterial hypertension
	
	

	    COPD
	
	

	   Chronic kidney disease
	
	

	    Liver cirrhosis
	
	

	Regular medications prior to surgery – no. (%)
	
	

	    Aspirin
	
	

	    Beta-blockers
	
	

	    ACE inhibitors/ARB agents
	
	

	    Calcium channel blockers
	
	

	    Diuretics
	
	

	    Statins
	
	


* To convert the values for serum creatinine to millimoles per liter, multiply by 88.4. Percentages may not total 100 because of rounding. Hb denotes hemoglobin, ACE angiotensin converting enzyme, ARB angiotensin receptor blocker, COPD chronic obstructive pulmonary disease, INR international normalized ratio, IQR interquartile range, NYHA: New York Heart Association class for heart failure (range I-IV, class I is a patient asymptomatic for heart failure, class IV is a patient with symptoms of heart failure at rest), NOAC novel oral anticoagulants.
† The body-mass index is the weight in kilograms divided by the square of the height in meters.


Supplemental table 4: Intraoperative assessment*
	Characteristic
	ANH
Group (n=xx)
	Control
Group (n=xx)

	
	Value
	Value

	Surgery type – no. (%)
	
	

	    CABG
	
	

	    Valve
	
	

	    Aortic 
	
	

	    Combined
	
	

	    Other
	
	

	Median CPB duration (IQR) – min
	
	

	Median ANH volume (IQR) – ml
	
	

	Median volume of infused fluids (IQR) – ml  
	
	

	Median lowest HCT during CPB (IQR) – %
	
	

	Median pre-heparin ACT (IQR) – sec.
	
	

	Median post-protamine ACT (IQR) – sec.
	
	

	Heparin pro Kg (IQR) – UI
	
	

	Protamine pro Kg (IQR) – mg
	
	

	Hypotension – no. (%)
	
	

	Tachyarrhythmia – no. (%)
	
	

	Vasoactive and Inotropic drugs – no. (%)
	
	

	    Epinephrine
	
	

	    Norepinephrine
	
	

	    Dobutamine
	
	

	    Other
	
	

	Mechanical circulatory support – no (%)
	
	


*Percentages may not total 100 because of rounding. ACT denotes activated clotting time, ANH acute normovolemic hemodilution, CABG coronary artery bypass graft, CPB cardiopulmonary bypass, HCT hematocrit, IQR interquartile range.
† All surgery combining more than one of the other procedures listed.


Supplemental table 5: Clinical outcomes.*
	
	ANH
Group (n=xx)
	Control
Group (n=xx)

	
	Value
	Value

	Primary outcome
	
	

	Number of patients receiving packed RBCs transfusion – no. (%)
	
	

	Secondary outcomes
	
	

	30-days mortality — no. (%)
	
	

	Bleeding complications – no. (%)
	
	

	    Surgical revision for bleeding
	
	

	    Median blood loss at 12h from surgery (IQR) – ml
	
	

	    Patients receiving blood components – no. (%)
	
	

	        Packed red blood cell
	
	

	        Fresh frozen plasma
	
	

	        Platelets
	
	

	        Other hemostatic medicaments – no. (%)
	
	

	            Fibrinogen
	
	

	            PCC
	
	

	            Cryoprecipitate
	
	

	            Other
	
	

	    Units transfused – no.
	
	

	            Packed red blood cell
	
	

	            Fresh frozen plasma
	
	

	            Platelets
	
	

	Ischemic complications – no. (%)
	
	

	Acute kidney injury † – no. (%)
	
	

	    RRT necessary no. (%)
	
	

	Myocardial infarction – no. (%)
	
	

	Stroke/TIA - no. (%)
	
	

	Thromboembolic events – no. (%)
	
	

	Vasopressors or Inotropic drugs > 48h – no. (%)
	
	

	Sepsis – no. (%)
	
	

	Septic shock – no. (%)
	
	

	Lowest hematocrit in ICU (IQR) - %
	
	

	Median duration of ventilation (IQR) – hours 
	
	

	Median duration of ICU stay (IQR) – hours
	
	

	Median duration of hospital stay (IQR) – days
	
	


*Data are presented as relative risks for dichotomous outcomes and as absolute mean differences for continuous outcomes. The 95% confidence intervals presented in this table have not been adjusted for multiplicity; therefore, inferences drawn from these intervals may not be reproducible. AKI denotes acute kidney injury; CI confidence interval; IQR interquartile range.
† Acute kidney injury is defined according to KDIGO 2012 guidelines. 
‡ Data presented as absolute mean difference.
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Definition of secondary outcomes
Thirty-days mortality1. 
Death within 30 days from surgery or during the same hospitalization.

Staging of acute kidney injury (KDIGO criteria)4
	Stage
	Serum creatinine
	Urine output

	1
	1.5 to 1.9 times baseline or ≥0.3 mg/dl (≥26.5 μmol/l) increase
	<0.5 ml/kg/hour for 6 to 12 hours

	2
	2.0 to 2.9 times baseline
	<0.5 ml/kg/hour for ≥12 hours

	3
	3.0 times baseline or increase in serum creatinine to ≥4.0 mg/dl (≥353.6 μmol/l) or initiation of renal replacement therapy or in patients <18 years a decrease in eGFR to <35 ml/minute per 1.73 m2
	<0.3 ml/kg/hour for ≥24 hours or anuria for ≥12 hours


eGFR, estimated glomerular filtration rate

Bleeding complications
-  surgical drains (until removal), 
-  blood components transfused 
-  need for surgical revision

Ischemic complications
Myocardial infarction (ESC recommendations)2
The term acute myocardial infarction should be used when there is evidence of myocardial injury (defined as an elevation of cardiac troponin values with at least one value above the 99th percentile upper reference limit) with necrosis in a clinical setting consistent with myocardial ischemia.
For the sake of immediate treatment strategies such as reperfusion therapy, it is usual practice to designate patients with persistent chest discomfort or other symptoms suggestive of ischemia and ST-segment elevation in at least two contiguous leads as STEMI. In contrast, patients without ST-segment elevation at presentation are usually designated as having a non-ST-segment elevation myocardial infarction (NSTEMI) and separate guidelines have recently been developed for these.
Some patients with myocardial infarction develop Q-waves (Q-wave MI), but many do not (non-Q-wave MI). In addition to these categories, myocardial infarction is classified into various types, based on pathological, clinical, and prognostic differences, along with different treatment strategies. Despite the fact that the majority of STEMI patients are classified as a type 1 myocardial infarction (with evidence of a coronary thrombus), some STEMIs fall into other myocardial infarction types. Myocardial infarction, even presenting as STEMI, also occurs in the absence of obstructive coronary artery disease on angiography. This type of myocardial infarction is termed ‘myocardial infarction with non-obstructive coronary arteries’.
Type 1: Spontaneous myocardial infarction
Type 2: Myocardial infarction secondary to an ischemic imbalance
Type 3: Myocardial infarction resulting in death when biomarker values are unavailable
Type 4a: Myocardial infarction related to percutaneous coronary intervention (PCI)
Type 4b: Myocardial infarction related to stent thrombosis
Type 4c: Myocardial infarction related to restenosis
Type 5: Myocardial infarction related to coronary artery bypass grafting (CABG)

Stroke (ESA/ESICM recommendations)3
The ACS-NSQIP defines stroke as an embolic, thrombotic or hemorrhagic cerebral event with persistent residual motor, sensory or cognitive dysfunction (e.g. hemiplegia, hemiparesis, aphasia, sensory deficit, impaired memory).

Thromboembolic events
New arterial deep vein thrombosis or pulmonary embolism.
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Other variables definitions

Active endocarditis7
Patient still on antibiotic treatment for endocarditis at time of surgery

Baseline serum creatinine8
Baseline serum creatinine is the latest creatinine available prior to randomization during hospitalization or from a known pre-hospitalization baseline (within 365 days).

ARDS (ESA / ESICM recommendations)9
Defined accordingly to the Berlin definition of respiratory distress syndrome.
- Timing: within one week of a known clinical insult or new or worsening respiratory symptoms and
- Chest imaging (radiograph or computed tomography scan): bilateral opacities not fully explained by effusions, lobar/lung collapse or nodules and
- Origin of oedema: respiratory failure not fully explained by cardiac failure or fluid overload. Need objective assessment (e.g. echocardiography) to exclude hydrostatic oedema if no risk factor present, and
- Oxygenationa:
- Mild. PaO2 /FiO2 between 26.7 and 40.0 kPa (200–300 mmHg) with PEEP or CPAP ≥5 cmH2O (may be delivered non-invasively in the mild acute respiratory distress syndrome group)
- Moderate. PaO2/FiO2 between 13.3 and 26.6 kPa (100–200 mmHg) with PEEP ≥5 cmH2O.
- Severe. PaO2/FiO2 < 13.3 kPa (100 mmHg) with PEEP ≥5 cmH2O.
a If altitude is higher than 1000 m, a correction factor should be calculated (PaO2 : FiO2 x [barometric pressure/101 kPa])

Chronic Obstructive Pulmonary Disease10
Chronic obstructive pulmonary disease is a common, preventable and treatable disease that is characterized by persistent respiratory symptoms and airflow limitation that is due to airway and/or alveolar abnormalities usually caused by significant exposure to noxious particles or gases. Chronic obstructive pulmonary disease may be punctuated by periods of acute worsening of respiratory symptoms, called exacerbations.
Chronic obstructive pulmonary disease should be considered in any patient who has dyspnea, chronic cough or sputum production, and/or a history of exposure to risk factors for the disease.
Spirometry is required to make the diagnosis; the presence of a post-bronchodilator FEV1/FVC < 0.70 confirms the presence of persistent airflow limitation.
The goals of chronic obstructive pulmonary disease assessment are to determine the severity of the disease, including the severity of airflow limitation, the impact of disease on the patient’s health status, and the risk of future events (such as exacerbations, hospital admissions, or death), to guide therapy.

Classification of causes of death11
Cause of death was classified according to the following list:
· cardiogenic shock
· distributive (septic) shock
· arrhythmia
· hypoxic respiratory failure
· hypovolemic shock
· neurological
· metabolic
· other

Inotropic score12
Dopamine dose (mcg/Kg/min) + Dobutamine dose (mcg/Kg/min) + 100 x Epinephrine dose (mcg/Kg/min) + 100 x Norepinephrine dose (mcg/Kg/min) + 50 x Levosimendan dose (mcg/Kg/min) + Enoximone dose (mcg/Kg/min) + 10.000 x Vasopressin dose (UI/kg/min)

Mediastinitis13
Mediastinitis must meet at least one of the following criteria:
1. Patient has organisms cultured from mediastinal tissue or fluid obtained during a surgical operation or needle aspiration.
2. Patient has evidence of mediastinitis seen during a surgical operation or histopathologic examination.
3. Patient has at least 1 of the following signs or symptoms with no other recognized cause: fever (> 38°C), chest pain, or sternal instability, and at least 1 of the following:
· purulent discharge from mediastinal area
· organisms cultured from blood or discharge from mediastinal area
· mediastinal widening on x-ray.
Neurological dysfunction type 214
New deterioration in intellectual function, confusion, agitation, disorientation, memory deficit, or seizure without evidence of focal injury.

Noninvasive ventilation (NIV)15
Non-invasive ventilation (NIV) refers to the delivery of ventilatory support via the patient’s upper airway using a mask or similar device

New York Heart Association (NYHA) class16
Class I	No limitation of physical activity. Ordinary physical activity does not cause undue fatigue, palpitation, dyspnea (shortness of breath).
Class II	Slight limitation of physical activity. Comfortable at rest. Ordinary physical activity results in fatigue, palpitation, dyspnea (shortness of breath).
Class III	Marked limitation of physical activity. Comfortable at rest. Less than ordinary activity causes fatigue, palpitation, or dyspnea.
Class IV	Unable to carry on any physical activity without discomfort. Symptoms of heart failure at rest. If any physical activity is undertaken, discomfort increases.

Peripheral Vascular Disease7
One or more of the following: claudication, carotid occlusion or >50% stenosis, amputation for arterial disease, previous or planned intervention on the abdominal aorta, limb arteries or carotids

Pneumonia (ESA / ESICM recommendations)17
The CDC defines pneumonia as follows: two or more serial chest radiographs with at least one of the following (one radiograph is sufficient for patients with no underlying pulmonary or cardiac disease): 
- new or progressive and persistent infiltrates 
- consolidation
- cavitation.
And at least one of the following:
- fever (> 38°C) with no other recognized cause
- leucopaenia (white cell count < 4 x 10 9 /L) or leucocytosis (white cell count > 12 x 10 9 /L)
- for adults > 70 years old, altered mental status with no other recognized cause;
And at least two of the following:
· new onset of purulent sputum or change in character of sputum, or increased respiratory secretions, or increased suctioning requirements
· new onset or worsening cough, or dyspnea, or tachypnea
· rales or bronchial breath sounds
· worsening gas exchange (hypoxemia, increased oxygen requirement, increased ventilator demand).
Severity grading
· Mild. Results in only temporary harm and would not usually require specific clinical treatment.
· Moderate. More serious complication but one which does not usually result in permanent harm or functional limitation. Usually requires clinical treatment.
· Severe. Results in significant prolongation of hospital stay and/or permanent functional limitation or death. Almost always requires clinical treatment.
Poor mobility7
Severe impairment of mobility secondary to musculoskeletal or neurological dysfunction
Postoperative pulmonary complications18
	Respiratory infection

	Patient has received antibiotics for a suspected respiratory infection and
Presence of one or more of the following:
 • new or changed sputum
 • new or changed lung opacities
 • fever
 • white blood cell count >12,000

	Respiratory failure 
(one of the following)
	• Post-operative PaO2 < 8 kPa (60 mmHg) on room air
• PaO2/FiO2 ratio < 40 kPa (300 mmHg) 
• SpO2 < 90% and requiring oxygen therapy

	Pleural effusion
(evidence in chest radiography, one of the following)
	• blunting of the costophrenic angle,
• loss of sharp silhouette of the ipsilateral hemidiaphragm in
the upright position,
• evidence of displacement of adjacent anatomical structures
• (in the supine position) a hazy opacity in one hemithorax with
preserved vascular shadows

	Atelectasis
(contemporary presence of two criteria)
	• Lung opacification with a shift of the mediastinum, hilum or hemidiaphragm towards the affected area, and
• compensatory overinflation in the adjacent non-atelectatic lung

	Pneumothorax
	Air in the pleural space with no vascular bed surrounding the visceral pleura

	Bronchospasm
	Newly detected expiratory wheezing treated with bronchodilators

	Aspiration pneumonitis
	Acute lung injury after the inhalation of regurgitated gastric contents



Pulmonary Hypertension7
Systolic pulmonary artery pressure, in 2 classes moderate 31-55 mmHg and severe >55

Sepsis (ESA / ESICM recommendations)19
Sepsis is defined as life-threatening organ dysfunction caused by a dysregulated host response to infection.
Organ dysfunction can be identified as an acute change in total Sequential Organ Failure Assessment (SOFA) score ≥2 points consequent to the infection. The baseline SOFA score can be assumed to be zero in patients not known to have preexisting organ dysfunction.
A SOFA score ≥2 reflects an overall mortality risk of approximately 10% in a general hospital population with suspected infection. Even patients presenting with modest dysfunction can deteriorate further, emphasizing the seriousness of this condition and the need for prompt and appropriate intervention, if not already being instituted.
In lay terms, sepsis is a life-threatening condition that arises when the body’s response to an infection injures its own tissues and organs.

Septic Shock (ESA / ESICM recommendations)19
Septic shock is a subset of sepsis in which underlying circulatory and cellular/metabolic abnormalities are profound enough to substantially increase mortality.
Patients with septic shock can be identified with a clinical construct of sepsis with persisting hypotension requiring vasopressors to maintain mean arteria pressure ≥65 mm Hg and having a serum lactate level >2mmol/L (18mg/dL) despite adequate volume resuscitation. With these criteria, hospital mortality is in excess of 40%. 

Surgical Site Infection (Superficial)20
The CDC defines a superficial incisional surgical site infection as one which meets the following criteria.
· Infection occurs within 30 days after surgery and
· Involves only skin and subcutaneous tissue of the incision and
· The patient has at least one of the following:
1. purulent drainage from the superficial incision
2. organisms isolated from an aseptically obtained culture of fluid or tissue from the superficial incision
3. at least one of the following symptoms or signs of infection: pain or tenderness, localized swelling, redness or heat, and superficial incision is deliberately opened by surgeon and is culture positive or not cultured. A culture negative finding does not meet this criterion
4. diagnosis of an incisional surgical site infection by a surgeon or attending physician.

Unstable angina21
Unstable angina is diagnosed when there are new or worsening symptoms of ischaemia (or changing symptom pattern) and ischaemic ECG changes (Minnesota codes 4.1; 4.2; 5.1; 5.2; 9.2) with normal biomarkers. The distinction between new angina, worsening angina and unstable angina is notoriously difficult and based on a clinical assessment and a careful and full clinical history.
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