Evidence Table 1.  Comparison Studies: Part I


	Author, Year
UI
	Design
	Demographics
	Clinical condition
	Patient population
	Inclusion Criteria
	Exclusion Criteria

	Antonicelli 1991

91368949
	Double-blind crossover
	Location: Italy

Setting: outpatient

Mean age: (66-77)

% Male: ND

Enrolled: 14
	Hypertension

Non-critically ill
	Elderly hypertensives on cadralizine
	Mild or moderate arterial essential HBP--reliable echo required
	obesity, pulmonary emphysema

	Atallah 1995

95398907
	Prospective
	Location: Egypt

Setting: hospital

Mean age: ND

% Male: ND

Enrolled: 5
	Hemodynamics Critically ill
	 5 radical cystectomy
	ND
	<20 years old, grossly obese or overweight, cardiac arrhyth-mias, valvular heart lesions, abnormal thoracic anatomy

	Balestra 1992

92103922
	Prospective
	Location: Switzerland

Setting: ICU

Mean age: 63.4

% Male: 80

Enrolled: 10
	Hemodynamics Critically ill
	CV and/or respiratory illness
	ND
	ND

	Barin 2000

20214491
	Prospective
	Location: Australia

Setting: lab

Mean age: 62.7

% Male: 66

Enrolled: 47
	Hemodynamics Non-critically ill
	Routine cardiac catheterization for suspected cardiac disease
	ND
	Severe lung disease, severe valve insuf-ficiency or stenosis, pulmonary con-gestion, pleural effusions, AV shunts, amyloi-dosis, cardiac arrhythmias, frequent ectopic activity, severe organ failure, advanced malignancy

	Barry 1997

11056698
	Observational
	Location: UK

Setting: ICU

Mean age: 63

% Male: ND

Enrolled: 7
	Hemodynamics

Critically ill
	1 acute pancreatitis; 2 emergency repair of aortic aneurysm; 1 appendix abscess; 1 pulmonary embolism; 

1 cholangitis; 

1 respiratory failure
	Patients requiring PAC
	ND

	Belardinelli 1996

96259436
	Prospective
	Location: Italy

Setting: lab

Mean age: 48.6

% Male: 80

Enrolled: 25
	Hemodynamics Non-critically ill
	CAD
	Consecutive patients in sinus rhythm with documented CAD and prior MI
	Unstable angina, MI<2 months, chronic heart failure, COPD, significant valvular heart disease, uncon-trolled HBP, hypotension, arthritis, other orthopedic peripheral vas-cular or neuro-logic disease that limits the ability to exercise

	Bogaard 1997

98075787
	Prospective
	Location: Holland

Setting: Lab

Mean age: 57

% Male: ND

Enrolled:19
	Hemodynamics 

Fluid management

Routine
	COPD
	Clinical diagnosis of COPD; FEV/VC>80%, normal ECG
	Any pathology interfering with exercise; CV meds

	Bowling 1993

94007883
	Prospective
	Location: US

Setting: outpatient

Mean age:56.8

% Male: 50

Enrolled: 20
	Hemodynamics Non-critically ill
	15/20 patients treated with anthracycline chemo for various malignancies
	Ambulatory adults scheduled for radionuclide angiography
	Evidence of ongoing myocardial injury, tchysdysrhythmia or significant valvular heart disease

	Castor 1994

94153663
	Prospective
	Location: Germany

Setting: ICU

Mean age: (35-65)

% Male: 40

Enrolled: 10
	Hemodynamics Critically ill
	Surgical removal of intracranial tumor or aneurysm
	ND
	ND

	Clancy 1991

91341839
	Cross-sectional
	Location: US

Setting: ICU, OR

Mean age: (17-83)

% Male: ND

Enrolled:17
	Hemodynamics Critically ill
	5 trauma, 5 post-CABG, 5 post-abdominal surgery, 2 cardiopulmonary
	ND
	ND

	Critchley 1996

96338592
	Prospective
	Location: Hong Kong

Setting: ICU

Mean age: ND

% Male: ND

Enrolled: 8
	Hemodynamics

Critically ill
	2 partial hepatectomies; 5 radical cystectomies + ileal conduit; 1 abdominal aortic aneurysm repair
	Patients requiring PAC
	ND

	Critchley 2000

20399480
	Prospective
	Location: Hong Kong

Setting: ICU

Mean age: (13-87)

% Male: 70

Enrolled:24
	Hemodynamics 

Fluid management

Critically ill
	13 Sepsis, 5 fluid balance problems,

6 cardiothoracic problems
	Patients in whom PAC was used to measure CO
	ND

	Demeter 1993

94032793
	Cross-sectional
	Location: USA

Setting: CCU

Mean age: 59

% Male: 100

Enrolled: 10
	Hemodynamics Critically ill
	CABG
	Stable, non-ventilated CABG in open heart recovery
	ND

	Doering 1995

96019885
	Prospective, 

Longitudinal

Repeated measures
	Location: US

Setting: ICU

Mean age: 66.7

% Male: 88

Enrolled: 34
	Hemodynamics Critically ill
	Elective cardiac surgery
	PAC in place
	Aortic insufficiency, aortic valve replacement scheduled

	Drazner 2002

21947433
	Prospective
	Location: USA

Setting: hospital

Mean age: 52

% Male: 74

Enrolled: 50
	Hemodynamics non-critically ill
	Heart failure
	Right-sided cardiac catheterization
	Electrical interference, difficulty with venous catheterization, uncertain diagnosis, no pulmonary arterial wedge pressure.

	Genoni 1998

98373881
	Prospective
	Location: Italy

Setting: ICU

Mean age: 63

% Male: 80

Enrolled: 10
	Hemodynamics Critically ill
	Acute lung injury with mechanical ventilation
	ND
	Thoracic surgery, chest tube, or vasoactive drugs

	Hirschl 2000

20346676
	Prospective
	Location: Austria

Setting: CCU

Mean age: 60.9

% Male: 72

Enrolled: 29
	Hemodynamics Critically ill
	Critically ill patients requiring monitoring: 18 CV, 

2 pulmonary, 

4 infectious, 

2 toxicological, 

3 neurological diseases
	Admission to ED or CCU for circulatory disorders
	Ongoing cardio-pulmonary resuscitation, hypothermia, heart valve dys-function by ECHO, evidence of pleural effu-sion, mitral regurgitation, failure of tricuspid valve

	Horstmann 1993

94328978
	Prospective
	Location: Germany

Setting: lab

Mean age: ND

% Male: 97

Enrolled: 35
	Hemodynamics Non-critically ill
	Patients undergoing heart catheterization and supine bicycle exercise for CHD
	ND
	ND

	Jewkes 1991

92118578
	Cross-sectional
	Location: UK

Setting: ICU

Mean age: ND

% Male: ND

Enrolled: 16
	Hemodynamics Critically ill
	Patients in ICU after aortic surgery, abdominal surgery, acute respiratory failure
	aortic surgery, abdominal surgery, acute respiratory failure
	Septic shock, severe arrhythmias, or too unstable

	Kerkkamp 1999

99300751
	Prospective
	Location: Holland

Setting: critical care

Mean age: 65.4

% Male: 54

Enrolled: 28
	Hemodynamics Non-critically ill
	Heart disease (uncomplicated CAD, cardiomyopathy)
	ND
	ND

	Kindermann 1997

98023345
	Prospective
	Location: Germany

Setting: inpatient

Mean age: 63

% Male: 40

Enrolled: 53
	Pacemaker

Non-critically ill
	High degree A/V block
	ND
	ND

	Kizakevich 1993

94032797
	Prospective
	Location: US

Setting: critical care

Mean age:59

% Male:100

Enrolled:26
	Hemodynamics Non-critically ill
	Chest pain – patients admitted for elective coronary angiography
	Ambulatory, reasonable expectation of exercise to moderate workload
	Valvular heart disease

	Marik 1997
	Prospective
	Location: US

Setting: lab

Mean age: 67

% Male: 80

Enrolled: 30
	Hemodynamics Non-critically ill
	CAD
	Consecutive patients undergoing elective right and left heart catheterization
	Valvular heart disease, AF

	Mattar 1991

92036473
	Prospective
	Location: Brazil

Setting: ICU

Mean age: 54.3

% Male: 83

Enrolled: 17
	Hemodynamics

Critically ill
	Subgroup from mixed ICU: 13 pts with abnormal diastolic function, 

4 with normal left ventricular function
	ND
	ND

	Mehlsen 1991

92119899
	Prospective
	Location: Denmark

Setting: Lab

Mean age: ND

% Male: ND

Enrolled: 25
	Hemodynamics Non-critically ill
	Unmedicated patients with ischemic heart disease
	Ischemic heart disease
	ND

	Ng 1993

94907300
	Prospective
	Location: UK

Setting: ICU

Mean age: 60

% Male: 74

Enrolled: 31
	Hemodynamics Critically ill
	Hemodynamically stable intensive care patients incl  

11 post laparotomy, 5 post femoral artery surgery, 4 cardiopulmonary disease, 3 ARF
	Selected consecutively depending on availability of drs and patients
	Hemodialysis,  hemofiltration, or pts with intracardiac shunts

	Perrino 1994

94220628
	Prospective
	Location: USA

Setting: critical care

Mean age: 67.9

% Male: ND

Enrolled: 50
	Hemodynamics Critically ill
	Noncardiac surgery, predominantly elderly with cardiac disease
	Consecutive patients scheduled for noncardiac surgery and PAC
	History consistent with valvular heart disease or intracardiac shunts, unsatisfactory TEB signals

	Pickett 1992

92264297
	Prospective
	Location: US

Setting: ICU

Mean age: 65

% Male: 33

Enrolled: 43
	Hemodynamics Critically ill
	8 AMI, 17 CHF, 13 pleural effusion, 6 pericardial effusion, 6 sepsis, mitral regur-gitation, 7 AF, 

11 HBP, 3 arterio-fistula
	PAC in place <24 hr; TD CO values agree ( 20%; 

(4 TD CO; satisfactory EC waveforms; L/Zo ratio(165% and  (70%
	Aortic insufficiency, intracardiac shunts

	Raaijmakers 1998a

99079379
	Prospective
	Location: Holland

Setting: ICU

Mean age: 50

% Male: 77

Enrolled: 13
	Hemodynamics Critically ill
	7 acute lung injury and 6 ARDS--all caused by sepsis


	ND
	ND

	Raaijmakers 1998b

99214718
	Prospective
	Location: Holland

Setting: ICU

Mean age: 50

% Male: 77

Enrolled: 13
	Hemodynamics Critically ill
	7 acute lung injury and 6 ARDS--all caused by sepsis


	Lung injury score
	ND

	Sageman 1993

93339081
	Retrospective, longitudinal
	Location: USA 

Setting: inpatient

Mean age: 63

% Male: 58

Enrolled: 50
	Hemodynamics Critically ill
	CABG
	All patients with CABG enrolled between Nov 1990-July 1991
	Hemodynamically unstable requiring pressors, vasodilators, intropes, liquid boluses, evidence of significant valvular disease, evidence of left BBB or AMI

	Sageman 2002

21843329
	Prospective
	Location: USA

Setting: ICU

Mean age: ND

% Male: ND

Enrolled: 20
	Hemodynamics critically ill
	CABG or valve replacement surgery
	Pts undergoing CPB who enrolled between Dec 1998- April 1999
	Significant post-op valvular pathology

	Shoemaker 2001

21393819
	Prospective
	Location: USA

Setting: ED/ICU

Mean age: 36.6

% Male: 87

Enrolled: 151
	Hemodynamics

Critically ill
	Major trauma patients admitted to ED
	Consecutively monitored patients
	ND

	Shoemaker 2000

21021875
	Prospective
	Location: USA

Setting: ED

Mean age: 60.5

% Male: 47

Enrolled: 45
	Hemodynamics Critically ill
	Acutely ill sepsis and septic shock patients in ED: evidence of infection
	Consecutively monitored patients
	ND

	Shoemaker 1998

99087206
	Prospective
	Location: USA

Setting: critical care

Mean age: 57

% Male: 69

Enrolled: 680
	Hemodynamics Critically ill
	Acutely ill patients after admission to hospital: 139 severely injured or hemorrhaging, 129 nontrauma, 274 high risk surgical patients
	Consecutively monitored patients
	ND

	Shoemaker 1994

95079738
	Prospective
	Location: USA

Setting: critical care

Mean age: 45

% Male: 68

Enrolled: 68
	Hemodynamics Critically ill
	Severely ill patients who required PAC
	Consecutively monitored patients
	ND

	Spiess 2001

11687996
	Prospective
	Location: USA

Setting: ICU

Mean age: 64

% Male: 66

Enrolled: 47
	Hemodynamics Critically ill
	First-time CABG
	No other planned cardiac surgery
	Known vascular heart disease 

	Summers 2001

21233995
	Retrospective
	Location: USA

Setting: ED

Mean age: ND

% Male: ND

Enrolled: 15
	Hemodynamics Critically ill
	All ED patients from 1997-98 whose hemodynamics were assessed: MI, CHF, HBP, cocaine ingestion
	ND
	ND

	Thangathurai 1997

97331660
	Prospective
	Location: USA

Setting: critical care

Mean age: (31-86)

% Male: 70

Enrolled: 23
	Hemodynamics Critically ill
	Patients undergoing extensive surgical procedures with anticipated major blood loss and significant fluid shifts incl  8 radical cystecomy, 3 esophagectomy, 

2 prostatectomy
	ND
	ND

	Thomas AN 1991

92129741
	Prospective
	Location: UK

Setting: ICU

Mean age: 56.8

% Male: 93

Enrolled: 28
	Hemodynamics Critically ill
	CABG
	Consecutive patients 24 hours post-CABG
	ND

	Thomas SH 1992

93152372 

(Trial 1)
	Prospective
	Location: UK

Setting: ICU

Mean age: 58

% Male: 53

Enrolled: 15
	Hemodynamics Critically ill
	ICU pts including 

2 AF, 4 COPD
	ND
	Valvular stenosis or regurgitation

	Thomas SH 1992

93152372 

(Trial 2)
	Prospective
	Location: UK 

Setting: ICU

Mean age: 57

% Male: 100

Enrolled: 34
	Hemodynamics Critically ill
	Coronary heart disease 
	CHD documented by coronary angiography and contrast LV within 6 wks
	Use of beta-blockers, patients who changed during treatment between angio-graphy and TEB

	Van der Meer 1999

99161702
	Prospective, cross-sectional
	Location: Holland

Setting: Critical care

Mean age: 56.6

% Male: 81

Enrolled: 26
	Hemodynamics Critically ill
	Pts scheduled for echocardiography due to suspected CAD, valve pathology, ventricular septum defect
	Consecutive patients 
	Continuous dysrhythmias; aortic valve pathology, heart rate difference <5% between ED and TEB, ideal body weight deviation <15%

	Van der Meer 1999

99151080
	Prospective
	Location: Holland

Setting: lab

Mean age: 51.3

% Male: 88

Enrolled: 8
	Hemodynamics

Non-critically ill
	Angiographically documented CAD; 7/8 showed hx of recent MI
	CAD
	ND

	Van der Meer 1997

97385315

Woltjer 1996a

97034589

Woltjer 1996b

97166939


	Prospective
	Location: Holland

Setting: ICU

Mean age: (34-70)

% Male: 78

Enrolled: 37
	Hemodynamics Critically ill


	Mechanically ventilated patients after cardiac surgery incl 36 CABG
	Pts <70 years 
	Hemodynamically unstable patients, cardiac arrhythmias, variation in measurements <15% mean values 

	Van der Meer 1996

97081838
	Prospective
	Location: Holland

Setting: ICU

Mean age: 57.5

% Male: 81

Enrolled: 21
	Hemodynamics Critically ill
	CABG, aortic valve replacement
	Cardiac surgery
	Nonstable cardiac status, age<70, weight deviation >15% ideal body wt, cardiac dys-rhythmias, variations >15% mean TEB signals

	Van der Meer 1996

96310167
	Prospective
	Location: Holland

Setting: lab

Mean age: 45

% Male: 33

Enrolled: 24
	Hemodynamics

Non-critically ill
	Patients who used cardiotoxic chemotherapy or suffered from cardiac failure
	ND
	cardiac dysrhythmias

	Velmahos 1998

98347548
	Prospective
	Location: USA

Setting: ED

Mean age: 61.5

% Male: 76

Enrolled: 17
	Hemodynamics Critically ill
	Acute thrombotic cerebrovascular accidents
	Consecutive patients arriving at ED with hemodynamic instability from cerebrovascular accidents
	ND

	Weiss 1995

96071685

(stable pts)
	Prospective
	Location:US

Setting: outpatient

Mean age: 44.1

% Male: 40

Enrolled: 15
	Hemodynamics Non-critically ill
	Stable non-critically ill patients undergoing diagnostic heart catheterization
	ND
	Improperly applied electrodes, or interference with standard patient care

	Weiss 1995

96071685

(unstable pts)
	Prospective
	Location: US

Setting: ICU

Mean age:50.7

% Male:36

Enrolled:14
	Hemodynamics Critically ill
	Unstable patients admitted to MICU with conditions requiring CV monitoring
	CY monitoring
	Improperly applied electrodes, or interference with standard patient care

	Woltjer 1997

97468636
	Prospective
	Location: Holland

Setting: outpatient

Mean age: 61.6

% Male: ND

Enrolled: 24
	Hemodynamics

Non-critically ill
	Pts incl: 23 CAD; 

3 aortic stenosis, 2 stenosis+aortic regurgitation; 

3 mitral regurgitation; 

1 idiopathic cardiomyopathy; 

9 HBP; 2 diabetes
	Pts who underwent diagnostic heart catheterization
	Aortic valve pathology; mitral regurgitation

	Woo 1992

91302095
	Prospective
	Location: USA

Setting: CCU

Mean age: 53.7

% Male: 84

Enrolled: 44
	Heart transplant

Critically ill
	Heart failure
	Individuals in CCU with ischemia or idiopathic cardiomyopathy with functioning PAC
	Pacemaker, mechanical ventilation, intraortic balloon pump therapy, renal failure, ambiguous ECG signals

	Wong KL 1996

97238198
	Prospective
	Location: Taiwan

Setting: CCU

Mean age: (39-64)

% Male: 67

Enrolled: 18
	Hemodynamics Critically ill
	CABG
	Consecutive patients with hemodynamic instability from cerebrovascular accidents
	Prior severe arrhythmias or aortic insufficiency

	World 1996

96318217

(Trial 1)
	Prospective
	Location: UK

Setting: ICU

Mean age: (40-76)

% Male: 62

Enrolled: 21
	Hemodynamics Critically ill
	Pts admitted to ICU requiring right heart catheterization
	Patients collected over 3 years: which incl 7 CHF, 8 IHD
	Sepsis, severe dysrhythmia, aortic incompetence

	World 1996

96318217

(Trial 2)
	Prospective
	Location: UK

Setting: CCU

Mean age: (18-82)

% Male: 72

Enrolled: 50
	Hemodynamics Critically ill
	Routine orthopedic surgery
	Tourniquet applied to lower limb to prevent arterial blood flow
	Sepsis, severe dysrhythmia, aortic incompetence

	Yakimets 1995

95347996

(Trial 1)
	Prospective, convenience sample
	Location: Canada

Setting: lab

Mean age: 54.4

% Male: 71

Enrolled: 17
	Hemodynamics Non-critically ill
	Heart disease with routine cardiac catherization incl 

7 CAD, 3 angina, 

2 dilated cardiomyopathy
	ND
	ND

	Yakimets 1995

95347996

(Trial 2)
	Prospective, convenience sample
	Location: Canada

Setting: inpatient

Mean age: 57.8

% Male: 68

Enrolled: 28
	Hemodynamics Critically ill
	Post-elective heart surgery incl 17 CABG, 5 aortic valve replacement
	Hemodynamic stability
	No i.v. fluid boluses; no diuretics within 1 hour of onset of study interval, no changes in medications for 15 minutes, no changes in ventilator treatment

	Young 1993

93159934
	Prospective
	Location: UK

Setting: ICU

Mean age: ND

% Male: ND

Enrolled: 19
	Hemodynamics Critically ill
	Clinically septic patients incl 5 perforated viscus, 

4 pulmonary infection, 4 sepsis post-trauma
	Microbiological evidence of sepsis or positive blood culture
	Alteration in therapy

	Zacek 1999

20032610
	Prospective, cross sectional
	Location: Czech

Setting: ICU

Mean age: ND

% Male: ND

Enrolled: 28
	Hemodynamics Critically ill
	Adults undergoing elective cardiac surgery: 19 CABG, 4 aorta valve replacements
	PAC inserted prior to anesthesia or during surgery
	Cardiac pacing, motor disturbance, low quality TEB signal

	Zubarev 1999

99300756
	Prospective 
	Location: Russia

Setting: critical care

Mean age: ND

% Male: ND

Enrolled: 11
	Hemodynamics Critically ill
	AMI complicated by acute left ventricular failure
	ND
	ND


	Author, Year

UI
	Parameters Tested
	Bioimpedance System, Procedure, Equation
	Comparison 1 and Procedure
	Comparison 2 and Procedure
	Comparison 3 and Procedure

	Antonicelli 1991

91368949
	Stroke volume
	No model detail. 4 electrodes: 2 around neck, one at xiphisternal joint, one at abdomen. Sinusoidal AC 4maRMS/100 KHz passed thru thorax.  Kubicek modified equation.
	Pulsed Doppler echocardiography with bi-dimensional transducer at 2.5 MHz.
	
	

	Atallah 1995

95398907
	Cardiac index
	NCCOM-3 (BoMed Mfrs, Irvine CA): 8-spot electrode array situated according to manufacturer’s instructions
	Thermodilution:

Values were the mean  of 3 injections of 10ml 5% dextrose at room temp.
	
	

	Balestra 1992

92103922
	Cardiac output
	NCCOM-3 Revision 4 (BoMed Mfrs, Irvine CA): 2.5 mA 60kHz. Kubicek modified by Sramek-Bernstein
	Thermodilution: balloon-tipped pulmonary artery flow-directed catheter (Baxter Edwards 131-7F): Injection 10mL iced isotonic saline boluses.
	Electrode position explicitly evaluated on healthy volunteers only.

10 critically ill patients TD vs. external electrodes
	10 critically ill patients TD vs. internal electrodes

	Barin 2000

20214491
	Cardiac output
	RheoCardioMonitor

(Rheo-Graphic PTE, Singapore): 6 single spot electrodes: 2 at appendix level, 2 on the neck, one on left knee, one in middle forehead. 2mA RMS AC current 100kHz. Kubicek equation.
	Thermodilution: 7F balloon-tipped pulmonary artery flow-directed catheter (Baxter Edwards 131-7F): 5 injections 10mL iced isotonic saline boluses.
	
	

	Barry 1997

11056698
	Cardiac index
	NCCOM 3, BoMed, Cheshire UK--8 spot electrodes placed at root of neck and chest wall. 2.5mA rms, 70 kHz. 
	Thermodilution:

Modified PAC (Model 746H8F, Baxter Healthcare)
	
	

	Belardinelli 1996

96259436
	Cardiac output, stroke volume
	NCCOM-3 Series R7S (BoMed Mfrs, Irvine CA): 2.5 mA 70kHz. Sramek-Bernstein
	Thermodilution: 

7Fr Swan Ganz catheter  (Baxter Edwards 131-7F): Bolus Injection 20mL 4C dextrose.
	Direct Fick: 3 blood samples obtained from pulmonary and left brachial arteries--arteriovenous oxygen difference calculated as average value.
	

	Bogaard 1997

98075787
	Cardiac output, stroke volume
	IPG-104 Minilab, RJL Systems, Detroit, Equip Medkey, Gouda Holland). Constant sinusoidal AC 0.8mA , 60 kHz introduced thru one spot electrode on forehead, 4 electrodes at lower abdomen. 2 prs in mid-axillary lines at base of neck and at xiphoid level of sternum detect voltage change. Kubicek equation
	Indirect Fick (equilibrium CO-2 rebreathing method)
	
	

	Bowling 1993

94007883
	Ejection fraction
	NCCOM-3 Series R7 (BoMed Mfrs, Irvine CA): 2.5 mA 70kHz. 8 impedance-quality gel electrodes place on neck and and thorax.  Sramek-Bernstein
	Radionuclide ventriculography
	
	

	Castor 1994

94153663
	Cardiac output
	NCCOM-3 R7 (BoMed Mfrs, Irvine CA).  2 pairs of electrodes 5 cm apart at  neck & lower thoracic aperture at level of xiphoid .Current 2.5mA RMS, 70 kHz. Sramek-Bernstein equation.
	Thermodilution: ice-cold 5% glucose 10mL. Standard method  used  by Baxter.
	Doppler echo-cardiography (Quantascope-Vital Science, Denver) placed at suprasternal notch.
	

	Clancy 1991

91341839
	cardiac output
	NCCOM.3R.7 connected to Zenith laptop #184 Model 2WL-184-2. 2 electrodes on each side of neck, 2 at thorax. Low amplitude 2.5 mA current, 70 kHz.  Sramek-Bernstein.
	Thermodilution: 7FSwan-Ganz catheter, Baxter Edwards Labs)
	
	

	Critchley 1996

96338592
	Cardiac output
	NCCOM3-R7.

Sramek-Bernstein equation
	Thermodilution: 7.5F PAC (BioSensor Intl, Singapore) inserted through jugular vein. 10ml cold 0.9% saline injected 1-3 sec. Determination by Sirecust 1261 monitor (Siemens Medical) .
	
	

	Critchley 2000

20399480
	CO, lung fluid content
	NCCOM-3R-7 connected to Zenith laptop #184 Model 2WL-184-2. 2 electrodes on each side of neck, 2 at thorax (total of 8 lateral spot elecrtrodes). Srameck-Bernstein.
	Thermodilution: 7FSwan-Ganz catheter calculated with Sirecust 961/1261 monitor.
	
	

	Demeter 1993

94032793
	Cardiac output
	Minnesota Impedance Cardiograph Model 304B (Surcom, Minneapolis) connected to computer Model 2400S (Gould, Cleveland). 4 electrode tapes applied at chest and neck. Constant current 4mA, 100kHz. 3 baseline signals averaged for 3 separate positions.  Kubicek equation.
	Thermodilution: 

Catheter  (Baxter Edwards) measured by computer 9520A).

5 CO obtained of iced saline in 3 positions.
	
	

	Doering 1995

96019885
	Cardiac index
	NCCOM-3 (BoMed Mfrs, Irvine CA). Revision 7 software.  8 electrodes placed at thorax and neck.
	Thermodilution:

Marquette Electronics, Chicago. Manual injection 10mL 5% dextrose.
	
	

	Drazner 2002

21947433
	Cardiac output, cardiac index
	BioZ--patches on right side of neck placed posterior to ear lobe to avoid interference with venous access, and patchs on left placed equal distance anterior to lobe. Chest leads placed according to manufacturer. Measurements obtained either on 10 or 30 beat averaging.
	Thermodilution n=50: right sided cardiac catheter-ization using balloon-tipped flotation catheter.Output obtained by average of 3-5 independent values.
	Fick (subset N=28). Oxygen consumption obtained by Sensor-Medics Corp Delta Trac Metabolic Monitor (Yorba LInda CA).
	

	Genoni 1998

98373881
	Cardiac output
	NCCOM-3 R7 (BoMed Mfrs, Irvine CA): Value of CO obtained as average of 12 beats--5 measurements at 1 min intervals, and 2 extremes discarded.
	Thermodilution: 

7.5 Fr PA catheter  (Baxter Edwards) measured by computer 9520A). Infusion of iced 10mL sodium chloride injected 3 times.
	
	

	Hirschl 2000

20346676
	Cardiac index
	Impedance cardiograph (Cardioscreen, Messtechnik, Ilmenau German)--4 pairs electrodes placed according to Bernstein. Calculation by Sramek-Bernstein.
	Thermodilution: 

7Fr Swan Ganz catheter  (Baxter Edwards) inserted via central subclavian or jugular vein. Injection of 10mL ice cold dextrose.
	
	

	Horstmann 1993

94328978
	Cardiac output
	Tetrapolar impedance (Diefenbach, Kardio-Dynagraph). No details provided.
	Thermodilution:

Schwarze-Picker IVH4. 7F catheter, injections of 10mL iced saline, connected to CO computer
	
	

	Jewkes 1991

92118578
	Stroke volume, cardiac output
	NCCOM-3 (BoMed Mfrs, Irvine CA) using spot electrode array. 2.5mA, 70 kHz current.  Sramek-Bernstein equation..
	Thermodilution: 10ml ice cold saline at end-expiration, calculated by COM-1 computer. Measurements taken as average of 3 consec-utive readings.
	Studied different electrode types and placements in 4 normal volunteers in first phase of study
	Second phase involved 16 ICU patients.

	Kerkkamp 1999

99300751
	Left ventricular systolic function, systolic time ratio, 
	NCCOM-3 R7 (BoMed Mfrs, Irvine CA). 10 electrodes placed according to mfr's specifications.
	Echocardiography Toshiba Sonolayers SSH 140A
	
	

	Kindermann 1997

98023345
	Stroke volume
	CARDIOmed  30 and CARDIOwin system, Homburg/ Saar, Germany): at beginning of each series, LVET determined by fingertip opto-plethysmography. SV was estimated using Kubicek.
	Pulsed Doppler echocardiography, according to Ritter. Programming of AV delay done either by short 30 ms postponing mitral valve closure until end-diastolic filling is abruptly terminated at onset of LV contraction, or 250ms shortening time interval from ventricular pacing to mitral valve closure.
	
	

	Kizakevich 1993

94032797
	Systolic ejection dynamics
	Not described. Tetrapolar band electrodes placed around neck and below xiphoid process. Kubicek equation
	Doppler echo-cardiography
	
	

	Marik 1997
	Cardiac output
	IQ (Renaissance Technologies, Newton PA)
	Thermodilution
	Ventricular angiography
	

	Mattar 1991

92036473
	Systolic time intervals, diastolic time intervals
	NCCOM3-R7. 2.5 mA at 70 kHz. Kubicek's equation
	Radionuclide ventricular angiography
	Bios nuclear stethoscope
	Mobile gamma-ray measuring probe

	Mehlsen 1991

92119899
	Cardiac output
	Minnesota Impedance Cardiograph (Surcom, Minneapolis) --tetrapolar circular lead system, 4mA, 1200kHz. Kubicek equation. 
	Thermodilution: Swan-Ganz catheter (model 93A-131-7F, Edwards Labs)--bolus injections of 10ml 0C isotonic solution. CO calculated by Model 95120 computer, Edwards Labs.
	Indicator dilution technique: Itracath inserted into right cubital vein, advanced to right atrium. Catheter inserted into right brachial artery. I131-labelled human serum albumin (185 kBq, Kjeller, Norway) injected.
	

	Ng 1993

94907300
	Cardiac output, stroke volume
	NCCOM-3 R7 (BoMed Mfrs, Irvine CA). 8 electodes at root of neck and lower chest at xiphisternum.  Sramek-Bernstein equation.
	Theromodilution:

Swan-Ganz catheter 93A-83L (Baxter, Holland) and CO computer (Marquette Electronics, Milwaukee)
	
	

	Perrino 1994

94220628
	Cardiac output
	NCCOM-3 R7 (BoMed Mfrs, Irvine CA) using spot electrode array. 2.5mA, 70 kHz current.  Compatible software: Cardiodynamic Data Processing.
	Thermodilution: room temp injectate obtained at end-expiration by calibrated computer (SpaceLabs, Redmond WA).
	
	

	Pickett 1992

92264297
	Cardiac output
	HDC, Mesa AZ

Sramek equation and Kubicek equation.
	Theromodilution:

10 ml injection iced 5% dextrose calculated with Edwards' model 9520A computer
	
	

	Raaijmakers 1998a

99079379
	Cardiac output
	Homemade cardiograph, 9 spot electrode array, sinusoidal current 1mA, 64kHZ, both equations
	Thermodilution:

Pulmonary artery catheter (Baxter-Edwards)  10 ml saline bolus at room temperature
	
	

	Raaijmakers 1998b

99214718
	Cardiac output, Extravascular lung water
	9 spot electrode array. 1mA at 64 kHz. Korsten cross-section equation.
	Double indicator dilution technique (COLD)
	
	

	Sageman 1993

93339081
	Cardiac output
	NCCOM-3 R7 (BoMed Mfrs, Irvine CA). Sramek-Bernstein equation.
	Theromodilution:

5 ml injections of iced 5% dextrose calculated with HP 78534C computer
	
	

	Sageman 2002

21843329
	Cardiac index
	BioZ 1.52, CardioDynamics, San Diego). Measurements of SV averaged over 16-30 beats.
	Thermodilution:

not described
	
	

	Shoemaker 2001

21393819


	Cardiac output, cardiac index
	"Improved device" (Wantagh, Bristol PA): redesigned software increased signal/noise ratio. 4mA, 100 kHz AC. (Wang X et al )


	Thermodilution: 

Not otherwise described
	
	

	Shoemaker 2000

21021875
	Cardiac index
	“Improved device” (Wantagh, Bristol PA): redesigned software increased signal/noise ratio. (Wang X et al )


	Thermodilution: 7F balloon-tipped pulmonary artery flow-directed catheter (Baxter Edwards)
	
	

	Shoemaker 1998

99087206


	Cardiac index
	Same as above
	Same as above
	
	

	Shoemaker 1994

95079738


	Cardiac index
	Same as above
	Same as above
	
	

	Spiess 2001

11687996
	Cardiac index
	BioZ system: 

no further details
	Thermodilution: internal jugular cannulation by 7.5F introducer, PAC   (Baxter Edwards Model #831-HF75 or 139 H7.5 
	
	

	Summers 2001

21233995
	Ejection fraction by Weissler and Capan methods
	Sorba Medical Systems--not described
	Echocardiography
	
	

	Thangathurai 1997

97331660
	Cardiac output
	Model IG101(Renaissance Technologies, Newton PA:) array of 11 prewired hydrogen elect-rodes--2 injecting electrodes at lateral aspect of lower thorax at level of xiphisternal junc-tion. 4 sensing electrodes placed 5cm inside area, 3 leads across precordium and shoulder. 4 mA 100 Khz current. Author’s equation.
	Thermodilution: 10ml saline injectates at room temp made at end-expiration.
	
	

	Thomas AN 1991

92129741
	Cardiac output
	NCCOM-3 R6 using 8 Medicotest VL-00-S  electrodes, and 2 positioned on chest.
	Thermodilution: 10 ml 5% dextrose at temp of 4C-10C. Determination by CO computer 9520A, Edwards.
	
	

	Thomas SH 1992

93152372 

(Trial 1)
	Cardiac output, stroke volume
	NCCOM-3 R7 (BoMed Mfrs, Irvine CA).  10 electrodes at root of neck & at xiphisternum. Current 2.5mA RMS, 70 kHz. Sramek-Bernstein equation.
	Thermodilution: bolus injection of 20ml 4(C 5% dextrose into right atrium via flow-directed balloon catheter (Kimal Scientific Products, Uxbridge)
	
	

	Thomas SH 1992

93152372 

(Trial 2)
	Cardiac index, stroke volume index, LVET
	NCCOM-3 R7 (BoMed Mfrs, Irvine CA).  10 electrodes at root of neck & at xiphisternum. Current 2.5mA RMS, 70 kHz. Sramek-Bernstein equation.
	Thermodilution: bolus injection of 20ml 4(C 5% dextrose into right atrium via flow-directed balloon catheter (Kimal Scientific Products, Uxbridge)
	
	

	Van der Meer 1999

99161702
	Mitral valve regurgitation
	IPG-104 Minilab (RJL Systems, Detroit, & Sanofi Sante, Holland) 4 prs electrodes, current 0.8mA, 

50 kHz.. Sramek-Bernstein equation.
	Doppler echo-cardiography (HP Sonos 1000, Andover MA)
	
	

	Van der Meer 1999

99151080
	LVEF
	IPG-104 Minilab, RJL Systems, Detroit, Sanofi Sante, Massluis Holland). 4 electrodes applied according to Bernstein: Constant sinusoidal AC 0.8mA , 50 kHz.  
	Dobutamine stress echocardiography
	
	

	Van der Meer 1997

97385315

Woltjer 1996b

97166939

Woltjer 1996a

97034589
	Cardiac output

Stroke volume

Stroke volume
	IPG-104 Minilab, RJL Systems, Detroit, Equip Medical, MassluisHolland). Constant sinusoidal AC 0.8mA , 50 kHz introduced thru one spot eletrode on forehead, 4 electrodes at lower abdomen. 2 prs in mid-axillary lines at base of neck and at xiphoid level of sternum detect voltage change. Sramek-Bernstein-equation.

System described in van der Meer above and: 9 spot electrode configuration used--5 electrodes applied ( 1 to forehead, 4 in semicircular manner low on abdomen, 

2 in mid-axillary lines, 2 in mid-clavicular lines). Constant sinusoidal AC 0.8 mA, 60 kHz.  Both Kubicek and Sramek-Bernstein equations compared.
	Thermodilution: PAC inserted into jugular, 10 ml 0,9% saline at temp of 5C. Determination by CO computer 9520A, Edwards.

See van der Meer above
	
	

	Van der Meer 1996

97081838
	Cardiac output
	IPG-104 Minilab, RJL Systems, Detroit, Equip Medical, Massluis Holland). Constant sinusoidal AC 0.8 mA , 

50 kHz introduced thru one spot electrode on forehead, 4 electrodes at lower abdomen. 2 prs in mid-axillary lines at base of neck and at xiphoid level of sternum detect voltage change. Kubicek equation
	Thermodilution: 

7Fr Swan Ganz catheter  (Baxter Edwards) inserted via central subclavian or jugular vein. Injection of 10mL 5C dextrose randomly chosen, repeated 4 times and averaged. 
	
	

	Van der Meer 1996

96310167
	LVEF
	IPG-104 Minilab, RJL Systems, Detroit, Equip Medical, Massluis Holland). 4 electrodes applied according to Bernstein: Constant sinusoidal AC 0.8 mA, 50 kHz.  4 separate equations used, adopted from Capan and Judy, 2 newly developed.
	Radionuclide ventriculography
	
	

	Velmahos 1998

98347548
	Cardiac index
	Wang's new prototype TEB: 11 noninvasive disposable prewired hydrogen electrodes--

2 placed at side of neck, 

2 at lateral aspect of lower thorax, 4 placed 5cm inside the area defined by electrodes. 3 ECG leads placed across precordium and left shoulder. 4mA, 100 kHz AC. 
	Thermodilution: 

7Fr PAC  (Baxter Edwards)--3-5 measurements, averaged.
	
	

	Weiss 1995

96071685

(stable patients)
	Cardiac output
	NCCOM-3 R7 (BoMed Mfrs, Irvine CA) using spot electrode array. 2.5mA, 70 kHz current.  
	Thermodilution: Swan-Ganz catheter attached to American Edwards 9520A computer. Readings done using 3-5 injections of 10ml 5% dextrose at room temp.
	
	

	Weiss 1995

96071685

(unstable patients)
	Cardiac output
	NCCOM-3 R7 (BoMed Mfrs, Irvine CA) using spot electrode array. 2.5mA, 70 kHz current.
	Thermodilution: Swan-Ganz catheter attached to Nihon Kohden BSM-8500A. Readings done using 3-5 injections of 10ml 5% dextrose at room temp.
	
	

	Woltjer 1997

97468636
	Stroke volume, PCWP
	IPG-104 Minilab, RJL Systems, Detroit, Equip MediKey, Gouda,Holland). 9 electrodes applied constant sinusoidal AC 0.8 mA, 50 kHz. Kubicek equation.
	Thermodilution: 7F single lumen balloon tipped catheter (Arrow International, Reading PA) by injection of 10ml 0.9% saline solution at 5C.
	
	

	Woo 1992

91302095
	Cardiac output
	NCCOM-3 (BoMed Mfrs, Irvine CA) attached to electrodes (MediTrace, Graphic Controls Corp, Buffalo) Sramek-Bernstein equation.
	Thermodilution calculated based on 3 injections at end expiration (5-8C, 10 ml each, 1 min apart).
	
	

	Wong KL 1996

97238198
	Cardiac output
	NCCOM-3 R7 (BoMed Mfrs, Irvine CA) 8 spot electrodes placed according to BoMed's instructions. CO measurement averaged from 16 successive artifact-free heartbeats.
	Thermodilution: average of 3 vaules using CO computer (M1012A HP, Boeblinger Germany), 

5 ml boluses of 5% dextrose solution at 4C. Sramek-Bernstein.
	
	

	World 1996

96318217

(Trial 1)
	Cardiac output
	NCCOM-R7 (Kimal Scientific Products) Procedure not described.
	Thermodilution: PAC (Baxter Healthcare) with iced 5% dextrose injectate.
	
	

	World 1996

96318217

(Trial 2)
	Cardiac output
	NCCOM-R7 (Kimal Scientific Products) Procedure not described.
	Doppler probe (Abbott Labs) passed orally into esophagus.
	
	

	Yakimets 1995

95347996

(Trial 1)
	Cardiac index, stroke volume
	NCCOM-3 R7 (BoMed Mfrs, Irvine CA) using spot electrode array. 2.5mA, 70 kHz current.  Compatible software: Cardiodynamic Data Processing.  Sramek-Bernstein.
	Fick method at rest and during supine exercise on bicyle ergometer (Ergomed #740L, Siemens Ltd, Langdon Germany). CO determined from oxygen uptake,  oxygen consumption, arterial oxygen content, or mixed venous oxygen uptake measured by Quinton Q-Plex metabolic cart. 
	
	

	Yakimets 1995

95347996

(Trial 2)
	Cardiac index, stroke volume, cardiac output
	NCCOM-3 R7 (BoMed Mfrs, Irvine CA) using spot electrode array. 2.5mA, 70 kHz current.  Compatible software: Cardiodynamic Data Processing.  Sramek-Bernstein.
	Thermodilution

3 injections of 10ml room temp 5% dextrose injected into tight atrium through proximal lumen of PAC (nF, American Edwards). 
	
	

	Young 1993

93159934
	Cardiac index
	NCCOM-3 R6 (BoMed Mfrs, Irvine CA. 8 electrodes placed on neck and thorax, 2 electrodes placed on right sternal border, over the apex beat, according to manu-facturer's instructions.
	Thermodilution performed using COM-1 computer. Temps less than 10C, injections made manually during expiration. Average of 3 measurements.  
	
	

	Zacek 1999

20032610
	Cardiac output
	Hotman AH/HHC (Hemo Sapiens, Irvine CA)--8 solid gel electrodes applied on skin at neck and thorax.  Sramek-Bernstein. 
	Thermodilution--value of CI was average of 4 consecutive injections of saline solution at room temp. Marquette Electronics software was used.
	
	

	Zubarev 1999

99300756
	LVEA, LVET, DTI
	Bioimpedance poly-rheocardiography system  with  “tetrapolar electrode location.”  1 injection band electrode at neck and 1 at thorax. 2 sensing band electrodes at neck and 2 at xyphoid.  Kubicek equation modified by Gunderov using human thorax as a frustum of a cone, not cylinder.


	Thermodilution--

No elaboration provided
	
	


	Author, Year

UI
	Results
	Author’s Conclusions
	Quality Criteria

	
	
	
	Apparatus
	Equation
	Population
	Condition

	Antonicelli 1991

91368949
	RM=56 (14)


   r=0.95

   D=-0.73ml, SD=8.46 ml

Also provides separate SM data for each visit with 14 measurements in each visit and r=0.96, 0.95, 0.96, 0.94 respectively)
	Correlation excellent. 
	No
	Yes
	No
	Yes

	Atallah 1995

95398907
	RM=86 (5) 

   No r given

   D=TD-TEB=-0.69 L/min.m2 SD=0.66
	TEB is unreliable in CO measurement and cannot replace or be interchanged with TD.
	Yes
	No
	No
	Yes

	Balestra 1992

92103922
	SM=10 

   r2=0.55 (external electrodes)

   [r2=0.98 (internal electrodes) – not pertinent for the report]

   D=TEB-TD=1.99 L/min SD=2.20 (external electrodes)

   [D=TEB-TD=-0.05 L/min SD=0.26 (internal electrodes)]
	Values comparable but not identical to TD--discrepancy probably caused by position of the electrodes. Method is accurate and could be a good alternative to TD. 
	Yes
	Yes
	Yes
	No

	Barin 2000

20214491
	RM=142 (47) 

   r2=0.74

   D=TEB-TD=-0.18 L/min SD=0.78

Subgroup data provided for men and women and for first 20 and last 27 patients
	TEB performs best when cardiac rhythm is normal. Presence of BBB and AF can cause errors in determining Q point, preceding peak ejection period, and may lead to inaccuracies of EF but not CO. Premature ventricular contractions are hemodynamically less effective and result in small signals.
	Yes
	Yes
	Yes
	Yes

	Barry 1997

11056698
	RM=239 (7) 

   r2=0.01

   D=TEB-TD=-0.16 L/min-m2 SD=1.16
	TEB shows poor agreement with thermodilution and cannot be recommended for CO monitoring in this situation.
	Yes
	Yes
	Yes
	Yes

	Belardinelli 1996

96259436
	TD

Group A (ischemic cardiac myopathy): 

RM=45 (15) 

   r=0.94 (Rest)

RM=180 (15) 

   r=0.90 (exercise)

Group B: 

RM=30 (10) 

   r=0.90 (rest)

RM=120 (10) 

   r=0.90 (exercise)

Fick

Group A (ischemic cardiac myopathy): 

RM=45 (15) 

   r=0.85 (rest)

RM=180 (15) 

   r=0.93 (exercise)

Group B: 

RM=30 (10) 

   r=0.95 (rest)

RM=120 (10) 

   R=0.89 (exercise)

Detailed D are provided in table III in the paper
	TEB is an accurate and reproducible technique for measuring CO, SV--no significant differences were found among devices. In critically ill patients, there was moderate agreement, and drug-induced changes in SV were accurately detected.
	Yes
	Yes
	Yes
	Yes

	Bogaard 1997

98075787
	RM=81 (14) 

   r=0.79 (SV), r=0.92 (CO) for 

TEB -Hct

   D=0.55ml, SD=12.4 ml for TEB-Hct (SV)

   D=0.01 L/mm SD=1.28 for TEB-ct (CO)

Also provides data for differently corrected TEB, e.g. r=0.73 (SV), r=0.89 (CO) for TEB-135, or TEB-150. See table A for more details on different D calculations
	The validity of TEB for measuring SV, CO during submaximal exercise seems acceptable. "Addition of non-invasive hemodynamic measurements might prove to be of much benefit…The improvement in validity using an Hct-based blood resistivity is small.”
	Yes
	Yes
	yes
	Yes

	Bowling 1993

94007883
	SM=20

r=0.74

D=(TD-TEB)=-8.9% SD=7.15%
	TEB should not be used in place of radionuclide ventriculography.
	Yes
	Yes
	Yes
	No

	Castor 1994

94153663
	RM=131 (10) during controlled IPPV ventilation

   No r given

   D=TEB-TD=1.4% SD=16.2%

RM=56 (10) during apnea

    No r given

    D=TEB-TD=-2.2% SD=11.2%

RM=152 (10) during spontaneous breathing in ICU

    No r given

    D=TEB-TD=-2.1% SD=11.0%
	Simultaneous measures of TEB/DU lead to prolonged disturbance of impedance signal. Metallic DU transducer absorbs current between 2 inner sensing electrodes, reducing dZ/dtmax signal, thus calculation results in decreased CO values. (The investigator was unaware of the measurements.)  2 major problems of TEB: correct signal processing of critical parameters, and the empirically derived equations. Compared with TD, TEB overestimates CO in normal range during spontaneous ventilation and IPPV,  also in low flow conditions. TEB seems to underestimate CO during IPPV and sepsis. Other limitations: aortic regurgitation, tachyarrhythmias, open-heart surgery, extreme obesity. Other sources of errors: incorrect electrode placement.
	Yes
	Yes
	No
	Yes

	Clancy 1991

91341839
	RM=51 (17) 

   r=0.91

   D=TEB-TD=0.23L/min SD=0.56
	TEB: less expensive, has no associated patient risk (whereas TD is associated with cardiac arrythmia, pneumorthorax, infection), easier to use, produces continuous data profile, allowing earlier intervention.. Constraints include: obese body  habitus, cervical collars, diaphoretic skin, electrocautery, motion artifacts, open thoraces. Other clinical limitations: cardiac arrhythmias, valvular insufficiency, ventricular arrhythmias, HBP, CHF.
	Yes
	No
	No
	Yes

	Critchley 1996

96338592
	RM=157(8) 

   r=0.60

   D [logarithmic]=lnTD=lnTEB=0.14 SD=0.66

Note that values are in log scale for the estimation of bias.
	Technology appears to be too inaccurate to provide useful intra-operative monitor for abdominal surgery, resulting from factors related to surgery that alter VEPT and hence the calibration of TEB. When operating conditions remain stable, instruments perform to a high degree of repeatibility.
	Yes
	Yes
	Yes
	Yes

	Critchley 2000

20399480
	SM=24 

   r=0.39
   D=TD-TEB=1.49 L/min SD=4.16

Also gives correlations between effect and Zo (=0.83)
	All newer generations of TEB still use basic method of calculating CO as BoMed even the electronics and signal processing is now improved. Lung injury leads to BoMed significantly underestimating CO which is related to excessive lung fluid which effectively shortcircuits impedance changes.
	Yes
	Yes
	Yes
	Yes

	Demeter 1993

94032793
	SM=10 supine 1 position

   r=0.97 (TEB-Hct), [0.99 (TEB-135), 0.99 (TEB-150)]

SM=10 45( position   

   r=0.90 (TEB-Hct), [0.82 (TEB-135), 0.82 (TEB-150)]

SM=10 supine 2 position   

   r=0.84 (TEB-Hct), [0.74 (TEB-135), 0.74 (TEB-150)]


	TEB correlates highly to TD, recommended for open heart recovery patients.
	Yes
	Yes
	Yes
	Yes

	Doering 1995

96019885
	SM=34 ICU admission 

   r2=0.23 

   D=TEB-TD=0.21 SD=0.53 (L/min.m^2)

SM=34 Normothermia 

   r2=0.08 

   D=TEB-TD=0.02 SD=0.72 (L/min.m^2)

SM=34 Postextubation 

    r2=0.05 

    D=TEB-TD=0.04 SD=0.86 (L/min.m^2)

SM=34 24h ICU 

    r2=0.21 

    D=TEB-TD=0.18 SD=0.76 (L/min.m^2)
	Do not use immediately after cardiac surgery: agreement between methods is poor. Use of this device as trending is inappropriate at this time. Mean TEB values exceeded TD consistently, difference reflecting low post-op level of blood flow.  One patient’s abnormal chest morphology precluded TEB measurement.
	Yes
	Yes
	Yes
	Yes

	Drazner 2002

21947433
	TD

SM=50 

   r=0.76 (CO) r=0.64 (CI)

   D=TEB-TD=0.03 L/min SD=1.1 (CO)

   D=TEB-TD=0.01 L/min m2 SD=0.6 (CI)

Fick

   SM=28 r=0.73 (CO) r=0.61 (CI)

   D=TEB-Fick=0.74 L/min SD=1.1 (CO)

   D=TEB-Fick=0.4 L/min m2 SD=0.6 (CI)
	BioZ measures were significantly correlated, suggesting the modality may have clinical utility in heart failure. 
	Yes
	No
	Yes
	Yes

	Genoni 1998

98373881
	RM=60 (10) 

   r2=0.14 

   D=TD-TEB=1.81 L/min SD=2.14

Subgroup data for ZEEP and PEEP also given
	TEB is not an accurate and reproducible method for determining CO, independently from the application of PEEP. From a subsequent letter: TEB provided non-uniform positive results; previous studies were uncontrolled and those prospective studies that had good design and examined large populations had heterogeneous categories of patients, thus leading to inconclusive results; few efforts have been spent in improving knowledge of technical problems of the technique.
	Yes
	Yes
	Yes
	Yes

	Hirschl 2000

20346676
	RM=175 (29) 

   No r given, but IPD given

   D=TD-TEB=0.61 L/min.m2 SD=0.74
	TEB is not a general substitute for TD--CO cannot be accurately assessed in a considerable percentage of critically ill patients. Heart valve dysfunction, pleural effusion, positive end-expiratory pressure are conditions associated with low accuracy and reliability, and these increase with age of the patient. In elderly, atherosclerotic changes reduce Windkessel effect of aorta and lead to reduction of the changes in TEB. 
	Yes
	Yes
	Yes
	Yes

	Horstmann 1993

94328978
	SM=35 at rest 

   r=-0.006

RM=unknown (35) 

4 measurements per patient (?) at exercise 

   r=0.45
	TEB is not a reliable technique to measure absolute values of CO at rest. During exercise, large scatter limits the method to the measurement of relative change in CO in larger groups--heart rate alone is a better indicator of increase of CO than TEB.
	No
	Yes
	Yes
	Yes

	Jewkes 1991

92118578
	RM=160 (16) 

   r=0.72 (CO), r=0.83 (SV)

   D=TD-TEB=-0.86 L/min SD=0.88 (CO)

   D=TD-TEB=-13 mL SD=11.1 (SV)
	Main source of observer error in TEB relates to placement of electrodes and electrode type which can change skin-electrode interface which can affect dynamic component of the signal.  Alterations in electrode position alter Z values which are proportional to L according to the Sramek-Bernstein formula. TEB overestimates at low and underestimates at high values of CO.
	Yes
	Yes
	No
	No

	Kerkkamp 1999

99300751
	Data provided on systolic time ratio, index of contractility, acceleration index, Heather index – no data on SV, CO, or CI
	TEB: noninvasive, simple to use, especially in situations where sequential monitoring is required.
	Yes
	Yes
	No
	No

	Kindermann 1997

98023345
	No direct data on CO, SV, or CI.  Aimed for optimization of AV delay.  For AV delay optimal, r=0.655 in ATP and r=0.529 in AVP based on 53 and 49 patients, respectively
	SV is not very precise for TEB
	Yes
	Yes
	Yes
	No

	Kizakevich 1993

94032797
	Tables 2 and 4 provide correlation data on several parameters of systolic event timing and systolic ejection indices, but no data on SV, CO, or CI.
	Users of dZ/dt timing features for determining aortic valvular events might consider alternative impedance features to improve ejection time accuracy.
	No
	No
	Yes
	Yes

	Marik 1997
	SM=24

TD

r=0.08 (CO)

D=(TEB-TD)=0.06 SD=0.06 (estimated from plot)

VA

r=0.02 (EF)

D=((TEB-VA)=1% SD=17%
	Poor agreement between CO, EF, LVEDV. TEB produces unreliable and misleading data which lead to inappropriate clinical interventions
	Yes
	Yes
	Yes
	Yes

	Mattar 1991

92036473
	SM=17 

   r2=0.48 against angiography or nuclear stethoscope (no separate data).  
	TEB is usually correlated with TD. 
	Yes
	Yes
	Yes
	Yes

	Mehlsen 1991

92119899


	RM=58 (on unstated number of both healthy subjects and ill patients)

Contrast is against either TD or isotope dilution (n=28, n=30 respectively)

   No r given but IPD given

   D=TEB-(TD or lD)=0.23 L/min SD=1.13
	TEB is reliable and useful, highly recommended for hemo-dynamic effects of physiological and pharmacological interventions but not for quantitative studies of central blood volume. Systematic difference found between absolute values of CO measured by TEB and dilution techniques (TEB overestimated low values and underestimated high values) but close correlation between changes.
	Yes
	Yes
	No
	No

	Ng 1993

94907300
	SM = 27 (duplicate means)

   r=0.87 (CO) r=0.86 (SV)

   D=TH-TEB=1.4 L/min (CO) SD=1.4

   D=TH-TEB=14 ml (SV) SD=13.4 ml
	Difficulties in obtaining signals caused by interference due to poor skin contact, abnormally high ECG T-wave, motion artifacts due to ventilation or vibration of the air mattress. Reproducibility is better since it is hand-free and avoids intra-observer variation. TEB underestimates CO because it detects only pulsatile impedance signals during systole. TEB cannot be considered sufficiently accurate for routine use in intensive care patients.
	Yes
	No
	Yes
	Yes

	Perrino 1994

94220628
	RM=451 (43) [excludes 7 patients with inadequate signals]

   r=0.84

   D=TEB-TD=-0.41 L/min SD=1.0

Also gives data on correlation of changes in CO
	TEB is a simple to use, continuous monitor of CO, Considerable progress has been made but clinically significant errors are revealed, e.g. in obese or arrhythmic patients, and interference of electrical noises. The validity of TEB in patients with CAD and impaired ventricular function has yet to be established. Reassessment of the technology is warranted.
	Yes
	Yes
	Yes
	No

	Pickett 1992

92264297
	RM=201 (43) 

   r=0.75, r=0.86 when using SM with means of multiples

   D=TD-TEB=0.125 L/min SD=1.03
	TEB is essentially equivalent in accuracy and reproducibility within defined limits.
	Yes
	Yes
	Yes
	Yes

	Raaijmakers 1998a

99079379
	RM=30 (13) 

   r=0.42 (SB equation), r=0.75 (Kubicek equation)

   D=TD-TEB=2.4 L/min SD=2.8 (SB) or 1.8L/min SD=2.0  (K)  
	Kubicek equation is superior to Sramek-Bernstein.  Accuracy needs further improvement to become a useful clinical tool.
	Yes
	Yes
	Yes
	Yes

	Raaijmakers 1998b

99214718
	RM=29 (13) 

r=-0.24 (extravascular lung fluid)
	Using  bioimpedance to estimate pulmonary edema yields different results for cardiogenic and non-cardiogenic edema
	Yes
	Yes
	Yes
	Yes

	Sageman 1993

93339081
	SM=50 

   r2=0.24

   D=TD-TEB=-0.33 L/min SD=3.14

Also subgroup data for ventilated, non-ventilated, tube thoracotomies, obese, IBW) given in Table 1
	Degree of correlation and agreement is poor. Use of TEB as substitute for TD in measuring cardiac output in post-aortocoronary bypass patients cannot be recommended. The presence of certain equipment may contribute to distortion of thorax electric field. Bandage may prohibit correct postioning of throrax electrodes.  Alterations in cutaneous blood flow may have an impact.
	Yes
	Yes
	Yes
	Yes

	Sageman 2002

21843329
	RM=216(20) 

   r2=0.86

   D=TD-TEB=0.07L/min.m2 SD=0.20

(Also gives data for correlation of changes over time: r=0.95)
	Improvements have substantially increased precision and reliability.TEB is equivalent to TD-derived cardiac index in post-op cardiac surgery patients. TEB requires adherence of chest and neck electrodes--if patients have oily skin or are diaphoretic, electrodes may become dislodged. Measurement familiarity with the equipment is required for accurate data retrieval.
	Yes
	Yes
	Yes
	Yes

	Shoemaker 2001

21393819
	SM?=151  

   r=0.91

   D=-0.30L/min.m(  SD=1.1
	Advantages include technical convenience and continuous display of data allowing calculation of amount of deficit or excess of each variable. Easy, cheap, fast, safe, sensitive. It also provides an approach to an organized coherent therapeutic plan based on physiologic criteria for the emergency patient proceeding from ER. Linear discriminant function predicted outcome correctly in 95% of survivors, 62% of nonsurvivors in early period after admission.
	Yes
	Yes
	Yes
	Yes

	Shoemaker 2000

21021875
	RM=311 (45) 

   r=0.78

   D=TEB-TD=-0.16 L/min.m2 SD=0.95
	Noninvasive monitoring is easier, quicker, more convenient. Real time hemodynamic monitoring in ED provides early warning of outcome and may be used to guide therapy.
	Yes
	Yes
	Yes
	Yes

	Shoemaker 1998

99087206
	RM=2192 (680) 

   r=0.85

   D=TEB-TD=-0.124 L/min.m2 SD=0.75

Subgroups per setting provided

ED subgroup RM=990 r=0.83, D=-0.058 L/min.m2 SD=0.78

OR subgroup RM=407 r=0.88, D=-0.027 L/min.m2 SD=0.46

ICU subgroup RM=795 r=0.85, D=-0.17 L/min.m2 SD=0.68
	TEB can be acceptable alternative where noninvasive monitoring is not available.
	Yes
	Yes
	Yes
	Yes

	Shoemaker 1994

95079738
	RM=842 (68) 

   r=0.86

   D=TEB-TD=-0.013 L/min  (no range or SD noted)
	Unsatisfactory measurements can be caused by clinical conditions such as pleural effusion, severe pulmonary edema, chest tubes, other conditions where electrolyte solutions would allow the electrical signal to bypass normal thoracic structures.  Bioimpedance underestimates corresponding TD estimations in clinical conditions where very high cardiac output values are associated with tachycardia and cardiac dysrhythmias. 
	Yes
	Yes
	Yes
	Yes

	Spiess 2001

11687996
	RM=182(47) 

   r=0.71

   D=TEB-TD=-0.28 L/min.m2 SD=0.67

Also subgroup data are given for each of 4 timepoints, e.g. for time point 1 r=0.87, time point 2 r=0.73, time point 3 r=0.73, time point 4 r=0.56
	BioZ generally agrees with TD: in fact it is more accurate and unaffected by cardiopulmonary bypass. The only time point when there was less accuracy was at end of surgery immediately before transport t ICU--stainless steel wires used to approximate the sternum may have altered current flow in the chest. Abnormal waveforms can easily be observed on BioZ's display screen. 
	Yes
	Yes
	Yes
	Yes

	Summers 2001

21233995
	SM=15 only EF correlations

   r=0.89 by Weissler method, r=0.89 by Capan method 

No SV, CO, or CI data.
	Lack of familiarity with the device, difficulties in recording and matching electrical and mechanical events of LV, and an uncertainty of its inherent accuracy has prevented widespread use among practicing physicians.  Simple and inexpensive technology that could potentially be used effectively.
	No
	No
	Yes
	Yes

	Thangathurai 1997

97331660
	RM=256 (23) 

   r=0.89

   D=TEB-TD=0.1 L/min SD=1.0

Also subgroup data by original software, revised software, esophagectomy patients
	Easier, faster, safer than TD.  Generally accurate and reliable and can be clinically useful in patients undergoing non-cardiac surgical procedures. 
	Yes
	Yes
	Yes
	Yes

	Thomas AN 1991

92129741
	RM=101 (28) 

   No r given, but IPD given 

    D is provided broken in two subgroups

       Subgroup of <12 hours RM=46 (28)

       D=TEB-TD=-1.08 L/min SD=0.96

       Subgroup of 12-24 hours RM=55 (28)

       D=TEB-TD=0.09 L/min SD=0.54
	TEB is not consistently reliable in intensive care. Poor technique can weaken agreement between comparative measurements--if a single electrode becomes displaced, NCCOM3 produces unacceptably low CO values without recognizing that the wave form is abnormal.
	Yes
	No
	No
	Yes

	Thomas SH 1992

93152372 

(Trial 1)
	Subgroup ICU SM=15 

   No r given

   D=8.1 ml (SV) SD=13.02 ml

   D=0.55 L/min (CO) SD=0.28
	Calculation of SV remains controversial because of questionable assumptions used in Kubicek's equations. Notwithstanding such reservations, we found acceptable agreement in patients with CV disease.
	Yes
	Yes
	Yes
	Yes

	Thomas SH 1992

93152372 

(Trial 2)
	Subgroup CAD SM=34 

   r=0.65 (SVI), r=0.25 (CI)

   Must revisit paper
	Calculation of SV remains controversial because of questionable assumptions used in Kubicek's equations. Notwithstanding such reservations, we found acceptable agreement in patients with CV disease.
	Yes
	Yes
	Yes
	Yes

	Van der Meer 1999

99161702
	SM=26 

   r=0.85

   D=TEB-Echo=0.20 L/min SD=0.74

Also subgroup data  for presence and absence of valve pathology
	Both measurements are influenced by aortic valve pathology. TEB is capable of reliable estimation of SV even in MVR.
	Yes
	Yes
	Yes
	Yes

	Van der Meer 1999

99151080
	No SV, CO, CI data.  Correlation of wall motion score with Heather index (r=-0.78) and between WMS and RZ time (r=0.75)
	TEB might be a valuable method for peri- and post-op monitoring.
	Yes
	Yes
	Yes
	Yes

	Van der Meer 1997

97385315

Woltjer 1996b

97166939

Woltjer 1996a

97034589

	SM=37 

   r=0.60

   D=TEB-TD=0.06 L/min SD=1.25

(after 12 obese exclusion, D=TEB-TD=0.99 L/min SD 0.96)

Kubicek equation with modified semi-circular electrode array: r=0.90  mean difference (2sd) 0.5 (17.1 ml)  using Sramek Bernstein:for lateral spot electrode array: r=0.0.64; -2.7  (29.3 ml) (abstract appears to incorrectly report; this result given in Table 2
Kubicek equation: r=0.90

mean difference (2sd) 2.0 (17.7 ml) using Kubicek’s equation for normal weight patients and r=0.80; -2.7  (14.4ml) for obese patients.

Sramek and Bernstein: correlation and mean difference +/- 2 standard deviations was r=0.63, -0.8(30.8 ml) and r=0.43, -7.7(26.2) for obese patients. 
	Inaccurate measurements: TEB method should not be routinely used in ICU. Frequency of the current ought to be further investigated.

Sramek-Bernstein equation was valid only with the lateral spot electrode array for calculating stroke volume, and the Kubicek equation worked well only with the modified semi-circular spot electrode array. They found a higher correlation coefficient to thermodiluation with the Kubicek equation/modified MSC electrode  configuration compared to the Sramek-Bernstein/lateral spot electrode configuration.
Weight affects calculation of stroke volume with Sramek  Bernstein’s equation;  weight correction factor does not adequately adjust. Kubicek not seriously biased by weight; appears  more accurate than Sramek Bernstein .
	Yes
	Yes
	Yes
	Yes

	Van der Meer 1996

96310167
	SM=24

R=0.75

D=TEB-TD=-0.24 L/min SD 12.4%

(LVEF)
	Noninvasive estimation of LVEF is possible.  We found fair correlation when incorporating LVET and heart rate in the equation. Whether the equation is accurate enough to measure LVEF in patients with cardiac pathology must be investigated.
	Yes
	Yes
	Yes
	Yes

	Van der Meer 1996

97081838
	SM=21

    r=0.83 with SB equation lateral spot

    D=TEB-TD=0.15 L/min SD=0.96

Table 3 provides also r and D values for different equations and electrode configurations (8 sets)
	There is no difference between reliabilities of Sramek-Bernstein and Kubicek's adjusted formulas if they are used with correct electrode positioning. These formulas should be abandoned, at least in this specific set of patients.
	Yes
	Yes
	Yes
	Yes

	Velmahos 1998

98347548
	RM=50 (17) 

   r2=0.68

   No D given, but IPD given
	Limitations: low signal to noise ratios from pleural effusions, chest tubes, pulmonary edema, severe CHF, severe pneumonia. Identifying and correcting circulatory deficits early may result in improved outcomes.
	Yes
	Yes
	Yes
	Yes

	Weiss 1995

96071685

(stable patients)
	RM=51 (15) 

   r=0.69

   D=TEB-TD=0.231 L/min SD=2.19
	Presence of valvular disease contraindicates TEB monitor. Severity of condition does not affect accuracy of TEB. Wide range in inter-subject bias variability limits value of TEB at assessing absolute values.
	Yes
	Yes
	Yes
	Yes

	Weiss 1995

96071685

(unstable patients)
	RM=49 (13) 

   r=0.81

   D=TEB-TD=0.02 L/min SD=2.33

Also subgroup data given according to cardiac output
	Best overall agreement between 2 methods. Severity of condition does not affect accuracy of TEB.
	Yes
	Yes
	Yes
	Yes

	Woltjer 1997

97468636
	SM=24

   r=0.69 (SV)

   D=TEB-TD=0.1 ml SD=22.8 ml

Excluding 5 patients with aortic valve disorder, r=0.87. Also good correlation (r=0.92) for the O/C ratio.
	Results showed moderate overall correlation between TD and TEB, and no significant difference. When data of patients with aortic valvular disorder were excluded, correlation is considerably improved. TEB can predict PCWP and measure SV over wide range of clinically relevant values.
	Yes
	Yes
	Yes
	Yes

	Woo 1991

91302095
	RM=80 (44) 

   r=0.51

   D not provided, but separate data are given for subgroups with <0.5 or >0.5 L/min difference (biased split, cannot use in summary calculations).
	TEB did not reliable provide CO estimations sufficiently similar to TD. Variables such as height, weight, mitral or tricuspid regurgitation, dyspnea had significant correlation with skin impedance results.  Nurses must be aware that TEB may not be dependable replacement for appropriately functioning PAC in critically ill patients with severe heart failure and ischemic or idiopathic dilated cardiomyopathy.  TEB cannot be recommended.
	Yes
	Yes
	Yes
	Yes

	Wong KL 1996

97238198
	RM=128 (18) 

   r=0.86

   D=TEB-TD=-0.66 L/min SD=0.915
	Good correlation obtained. Common problems influence CO: intra- and extra-cardiac shunts, valvular heart disease, alteration in hematocrit, electrocautery, mechanical ventilation and during low CO rate.  Further studies are needed. 
	Yes
	No
	Yes
	Yes

	World 1996

96318217

(Trial 1)
	SM=21 

   No r given but IPD given

   D=TEB-TD=-0.14 L/min SD=0.8 L/min
	In patients principally with sepsis, TEB provides CO estimate at least as acceptable as TD but does not permit rapid assessment of large numbers of injured patients.
	Yes
	No
	No
	

	World 1996

96318217

(Trial 2)
	SM=50 

   No r given but IPD given

   D=TEB-esoph Doppler=0.48 L/min

Also given subgroup data in orthopedic vs. other patients
	There is more variability between TEB and Doppler than expected. Doppler has the advantage of rapidity, especially in the event of injured soldiers on arrival to a field hospital.
	Yes
	No
	No
	Yes

	Yakimets 1995

95347996

(Trial 1)
	SM=17 at rest 

   r=0.684 (CO) 0.62 (CI) 0.76 (SV)

   D=TEB-Fick=-1.05 L/min SD=1.53 (CO)

   D=TEB-Fick=-0.555 L/min.m2 SD=0.78 (CI)

   D=TEB-Fick=-13.47 mL SD=20.92 ml (SV)

SM=17 at exercise 

   r=0.219 (CO) 0.26 (CI) 0.43 (SV)

   D=TEB-Fick=-1.505 L/min SD=2.24 (CO)

   D=TEB-Fick=-0.745 L/min. m2 SD=1.12 (CI)

   D=TEB-Fick=-16.67 ml SD=24.27 ml (SV)
	TEB underestimated CO in comparison to Fick. The mean difference became greater during exercise.  There is consensus that valvular disease affects accuracy of TEB and its readings should be questioned with these subjects. Gender affects stability of measurements of TEB. TEB has difficulty in assessing SV in subjects with low voltage R wave of ECG. IT is not recommended that TEB be used as a basis for clinical decision or as a basis for hemodynamic monitoring  in the management of patients with heart disease. 
	Yes
	Yes
	Yes
	Yes

	Yakimets 1995

95347996

(Trial 2)
	SM=28 set 1 

   r=0.547 (CO), 0.45 (CI), 0.67 (SV)

   D=TEB-TD=-0.425 L/min SD=1.325 (CO)

   D=TEB-TD=-0.180 L/min.m2 SD=0.702 (CI)

   D=TEB-TD=-3.192 ml SD=13.967 ml (SV)

SM=28 set 2 (2-4 hours after surgery) 

   r=0.505 (CO), 0.400 (CI), 0.737 (SV)

   D=TEB-TD=-0.358 L/min SD=1.24 (CO)

   D=TEB-TD=-0.140 L/min.m2 SD=0.67 (CI)

   D=TEB=TD=-3.69 ml SD=12.49 (SV)
	TEB underestimated CO in comparison to TD in initial set of readings and 2-4 hours later.
	Yes
	Yes
	Yes
	Yes

	Young 1993

93159934
	RM=242 (19) 

   r=0.36

  D=TD-TEB=1.69 L/min.m2 SD=1.24
	Poor correlation between CI. TEB overestimated at low cardiac index and markedly underestimated at high cardiac index. It is impossible to replace TD with TEB. TEB is too insensitive for clinical use.
	Yes
	Yes
	Yes
	Yes

	Zacek 1999

20032610
	RM=128 (28) 

   r=0.26

   D=TEB-TD=-0.07 L/min.m2 SD=1.1

Subgroup of CABG patients also given (r=0.30)
	Despite controversial opinions on validity of TEB in clinical settings, there is agreement in defining the areas where TEB is unsuitable for use--sepsis, tachycardia >180/min, extreme obesity or height, excessive patient movement, dilatation of aorta, LBBB. TEB technology encounters distinct problems in open-heart surgery.
	Yes
	Yes
	Yes
	Yes

	Zubarev 1999

99300756
	RM=24 (11) 

   r=0.91

Also gives data on time interval determinations
	BPCS had better reproducibility than TD in serial measurements of the same patients.
	Yes
	Yes
	No
	No
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