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EXECUTIVE SUMMARY 

The Centers for Medicare & Medicaid Services (CMS) requested that AHRQ 

commission an evidence report to inform CMS of the evidence regarding ultrasound-

based monitoring of cardiac output (Doppler). This is currently listed as a Category II 

procedure (clinical reliability and efficacy not proven), which is “considered experimental 

and should not be covered at this time”. Accordingly, on May 9th 2006, AHRQ, in 

consultation with CMS and ECRI, issued a Statement of Work (SOW) contracting ECRI 

to prepare an evidence report on this topic.  

In commissioning this report, AHRQ, in consultation with CMS and ECRI, developed 

four Key Questions to be addressed. These four Key Questions are presented below. 

Key Question 1: What types of devices/techniques are currently used to assess 
cardiac output? 

Key Question 2: Does therapeutic management based on esophageal Doppler 
ultrasound-based cardiac output monitoring during surgery lead to improved 
patient outcomes (fewer complications and shorter hospital stay), compared to:  

a. 	 Pulmonary artery catheter-based measurement of cardiac output via 
thermodilution? 

b. 	Catheter-based measurement of central venous pressure? 

c. 	 Conventional clinical assessment (physical examination, fluid input 
and output measurements)? 

Key Question 3: Does therapeutic management based on esophageal Doppler 
ultrasound-based cardiac output monitoring during hospitalization lead to 
improved patient outcomes (fewer complications and shorter hospital stay), 
compared to: 
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a. 	 Pulmonary artery catheter-based measurement of cardiac output via 
thermodilution? 

b. 	Catheter-based measurement of central venous pressure? 

c. 	 Conventional clinical assessment (physical examination, fluid input 
and output measurements)? 

Key Question 4: What complications, harms, and adverse events associated with 
esophageal Doppler ultrasound-based monitoring have been reported? 

Data Sources 

We searched 17 external and internal databases, including PubMed and EMBASE, for 

clinical trials on the use of esophageal Doppler ultrasound for cardiac output monitoring. 

In addition, we routinely reviewed more than 1,600 journals and supplements 

maintained in ECRI’s collections to determine if they contained relevant information. 

We also examined the bibliographies/reference lists from peer-reviewed and gray 

literature. (Gray literature includes reports and studies produced by local government 

agencies, private organizations, educational facilities, and corporations that do not 

appear in the peer-reviewed journal literature.) Although we examined gray literature 

sources to identify relevant information, we only consider published, peer-reviewed 

literature in this report. 

Evidence Bases 

Our searches identified 317 potentially relevant articles. Of these, we retrieved 75 

full-length articles. We read each article in full to determine whether it met a set of 

general and question-specific a priori inclusion criteria. Twenty-seven of the retrieved 

articles met the inclusion criteria for at least one key question. Four of the 27 included 

articles addressed more than one of our four key questions. Key Question 1 is not 

evidence-based; instead, it requires a summary of the technologies currently used to 

measure cardiac output. The information addressing this question is derived primarily 

from review articles written by experts in the field. The evidence base for 
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Key Question 2 consisted of seven studies, the evidence base for Key Question 3 

consisted of one study, and the evidence base for Key Question 4 consisted of 23 

studies. 

Main Findings and Conclusions 

Key Question 1: What types of devices/techniques are currently used to assess 
cardiac output? 

Several methods are currently used to monitor cardiac output in patients during surgery 

or intensive care. These methods include thermodilution, dye dilution, lithium dilution, 

methods using the Fick principle, pulse contour methods, thoracic electrical 

bioimpedance, transesophageal echocardiography, esophageal Doppler monitoring, 

and ultrasonic cardiac output monitoring. 

Key Question 2: Does therapeutic management based on esophageal Doppler 
ultrasound-based cardiac output monitoring during surgery lead to improved 
patient outcomes (fewer complications and shorter hospital stay), compared to:  

a. 	 Pulmonary artery catheter-based measurement of cardiac output via 
thermodilution? 

b. 	Catheter-based measurement of central venous pressure (CVP)? 

c. 	 Conventional clinical assessment (physical examination, fluid input 
and output measurements)? 

After searching the literature, retrieving articles, and applying the inclusion/exclusion 

criteria, we identified seven publications with 583 patients that addressed this question. 

None of these studies compared esophageal Doppler monitoring to thermodilution. 

Five studies compared esophageal Doppler with CVP plus conventional clinical 

assessment to CVP plus conventional clinical assessment. The median quality of these 

five studies was high, and the age generalizability to the Medicare population was fair. 

Two studies compared esophageal Doppler with conventional clinical assessment to 

Page 3 



conventional clinical assessment alone (one of these studies also compared 

esophageal Doppler with conventional clinical assessment to CVP with conventional 

clinical assessment). The median quality of these two studies and their generalizability 

in terms of patient age to the Medicare population was high. 

The addition of esophageal Doppler monitoring for guided fluid replacement to a 

protocol using CVP and conventional clinical assessment during surgery leads to a 

clinically significant reduction in the rate of major complications and total complications 

in surgical patients compared to CVP plus conventional clinical assessment. The 

strength of evidence supporting this finding is strong. Because only three of five studies 

separately reported major complications, and because of differences in the way total 

complications were reported, no quantitative conclusion is presented for these 

outcomes. 

The addition of esophageal Doppler monitoring to the protocol described above also 

reduces the length of hospital stay for surgical patients (clinical significance uncertain). 

The strength of evidence supporting this finding is strong. The lack of a calculable 

precise effect size in some studies precluded a quantitative summary estimate of the 

reduction in length of stay. 

Only one study compared esophageal Doppler plus conventional clinical assessment to 

CVP plus conventional clinical assessment. Because this was one small study with 

non-informative effect sizes, no evidence-based conclusions were possible for any of 

the outcomes of interest. 

The addition of esophageal Doppler monitoring for guided fluid replacement to 

conventional clinical assessment during surgery leads to a clinically significant reduction 

in the length of hospital stay compared to that associated with conventional clinical 

assessment alone. The strength of evidence supporting this finding is weak. The low 

number of studies (two) precluded a quantitative estimate of the reduction in length of 

hospital stay. Because only a single study reported total complications, no conclusion 

was possible concerning this outcome. 
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The evidence was insufficient to allow conclusions to be reached concerning relative 

mortality rates for any of the comparisons in Key Question 2. 

The conclusions for Key Question 2 only apply to patients undergoing surgical 

procedures with an expected substantial blood loss or fluid shifts requiring fluid 

replacement. 

Key Question 3: Does therapeutic management based on esophageal Doppler 
ultrasound-based cardiac output monitoring during hospitalization lead to 
improved patient outcomes (fewer complications and shorter hospital stay), 
compared to: 

a. 	 Pulmonary artery catheter-based measurement of cardiac output via 
thermodilution? 

b. 	Catheter-based measurement of central venous pressure? 

c. 	 Conventional clinical assessment (physical examination, fluid input 
and output measurements)? 

After searching the literature, retrieving articles, and applying the inclusion/exclusion 

criteria, we identified one study that compared esophageal Doppler monitoring plus 

CVP plus conventional clinical assessment to CVP plus conventional clinical 

assessment for optimization of intravenous fluid replacement in patients admitted to 

intensive care following cardiac surgery. This study was judged to be of high quality 

based on ECRI ratings. Generalizability to the Medicare population was fair. However, 

this was a single small study without a demonstrably large treatment effect on the 

outcomes of interest. Therefore, no conclusions could be reached for this question. 

Key Question 4: What complications, harms, and adverse events associated with 
esophageal Doppler ultrasound-based monitoring have been reported? 

Currently, no serious adverse events associated with esophageal Doppler probes have 

been reported in the literature or in adverse event databases. The only minor events 

identified included two cases of incorrect probe placement in the left main bronchus, 
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one case of incorrect placement in the trachea, a tube displacement during probe 

removal, and an unspecified number of cases of minimal trauma in the buccal cavity 

during probe placement. Nineteen studies with a total of 654 patients specifically stated 

that esophageal Doppler probes did not cause any complications. The number of 

patients represented in these studies is relatively small. However, the available 

evidence suggests that esophageal Doppler probes are relatively low-risk devices, 

as reporting of even minor morbidity has been infrequent thus far. 
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SCOPE OF REPORT 

The Centers for Medicare & Medicaid Services (CMS) requested that AHRQ 

commission an evidence report to inform CMS of the evidence regarding ultrasound-

based monitoring of cardiac output (Doppler). Accordingly, on May 9th 2006, AHRQ, in 

consultation with CMS and ECRI, issued a Statement of Work (SOW) contracting ECRI 

to prepare an evidence report on this topic. AHRQ, in consultation with CMS and ECRI, 

developed four Key Questions to be addressed. These questions are as follows: 

1. What types of devices/techniques are currently used to assess cardiac output? 

2. Does therapeutic management based on esophageal Doppler ultrasound-based 

cardiac output monitoring during surgery lead to improved patient outcomes 

(fewer complications and shorter hospital stay), compared to:  

a. 	 Pulmonary artery catheter-based measurement of cardiac output via 

thermodilution? 

b. 	 Catheter-based measurement of central venous pressure? 

c. 	 Conventional clinical assessment (physical examination, fluid input and 

output measurements)? 

3. Does therapeutic management based on esophageal Doppler ultrasound-based 

cardiac output monitoring during hospitalization lead to improved patient 

outcomes (fewer complications and shorter hospital stay), compared to:  

a. 	 Pulmonary artery catheter-based measurement of cardiac output via 

thermodilution? 

b. 	 Catheter-based measurement of central venous pressure? 

c. 	 Conventional clinical assessment (physical examination, fluid input and 

output measurements)? 
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4. What complications, harms, and adverse events associated with esophageal 

Doppler ultrasound-based monitoring have been reported? 

The esophageal Doppler ultrasound devices evaluated in this report include the 

following: CardioQ, HemoSonic 100, and TECO. Earlier models of these devices (some 

with different names than the current models) were also included. These devices differ 

from transesophageal echocardiography (TEE) with Doppler in that they require less 

training to operate and are less expensive.(1) TEE systems are beyond the scope of 

this report. 

As shown in the Key Questions, this report focuses on patient-oriented outcomes. 

Validation studies that compared the agreement between Doppler ultrasound cardiac 

output measurements and measurements obtained with comparable technologies (e.g., 

thermodilution) were beyond the scope of this report. Such comparisons are generally 

performed within the same patients, whereas any comparison of clinical outcomes 

requires that the compared technologies must be used to direct fluid replacement in 

different patients. 
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BACKGROUND 

In this section, we provide background information on cardiac output monitoring and 

esophageal Doppler ultrasound. The purpose of this section is to provide context for the 

research syntheses presented later in this report. The information presented in this 

section may be based upon opinion, and we have not critically assessed its accuracy. 

This section is therefore not, in the strictest sense of the term, evidence-based. 

Consequently, no statement in this Background section should be interpreted as an 

endorsement or a criticism by ECRI. 

Intravenous Fluid Management 

For patients in surgery or intensive care units, optimization of intravenous fluid 

replacement (colloid or crystalloid solutions) is essential to achieve maintenance of 

adequate organ perfusion. Ideally, this requires measurement of blood pressure and 

flow. Blood pressure must be sufficient to maintain a patent (open) vessel lumen, and 

blood flow must be sufficient to deliver adequate oxygen and metabolites to every cell 

(as well as remove metabolic byproducts such as CO2 and lactate).(1,2) If patients do 

not receive enough additional fluids, this can lead to hypovolemia (abnormally low levels 

of blood plasma) followed by hypotension and renal failure.(3) Conversely, addition of 

too much fluid may precipitate heart failure. 

Methods of Intravenous Fluid Management 

Conventional Clinical Assessment 

Conventional clinical assessment usually refers to non-invasive assessment of various 

clinical markers. In some institutions, fluid management may be based only on 

assessment of hemodynamic variables such as heart rate, systolic blood pressure, and 

urinary output, with no measure of blood flow or central venous pressure (CVP). 
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Central Venous Pressure (CVP) Monitoring 

In addition to the conventional clinical assessment described above, some institutions 

will monitor CVP via a central venous catheter. CVP is a measure of the pressure in the 

right atrium.(4) Loss of fluid leads to a drop in CVP, while addition of fluid tends to 

increase CVP. This provides another measure to aid the physician in deciding how 

much additional fluid is required for individual patients in surgery or intensive care. 

Although CVP is usually measured with a catheter, some institutions may monitor CVP 

using a non-invasive method,(5) which is less accurate and is often incorporated in 

conventional clinical assessment. 

Cardiac Output Monitoring 

Cardiac output refers to the amount of blood pumped by the heart per unit time, 

measured in liters per minute. It can be calculated by multiplying the stroke volume (the 

amount of blood pumped by the left ventricle in one contraction) and the heart rate.(6)  

In theory, calculation of cardiac output may enable clinicians to more accurately titrate 

the level of additional fluids (colloid or crystalloid intravenous solutions) and vasoactive 

therapies to achieve adequate tissue perfusion. If the cardiac output does not increase 

after a fluid addition, this may indicate that the upper limit of fluid replacement has been 

achieved, and further fluid addition could lead to venous congestion and postoperative 

pulmonary edema. 

Several methods are available for monitoring of cardiac output; the method generally 

used as a “reference” standard for other methods is thermodilution via a pulmonary 

artery catheter (see Key Question 1 for a detailed description of this and other methods 

for cardiac output monitoring). The use of pulmonary artery catheters carries a risk of 

serious complications, which has led some investigators to prefer less invasive methods 

of cardiac output measurement. 
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Esophageal Doppler Monitoring 

Esophageal Doppler monitoring is a relatively non-invasive technique used to measure 

cardiac output. A small probe is inserted into the esophagus of mechanically-ventilated 

patients, usually during anesthesia. The probe is introduced orally and advanced gently 

until its tip is located approximately at the mid-thoracic level, and then rotated so that it 

faces the descending aorta. The tip of the probe contains a Doppler transducer which 

transmits an ultrasound beam (4 MHz continuous-wave or 5 MHz pulsed-wave). 

The change in frequency of this beam as it reflects off a moving object allows 

measurement of blood flow velocity in the descending aorta. This measurement, when 

combined with an estimate of the cross-sectional area of the aorta, allows calculation of 

hemodynamic variables including stroke volume and cardiac output.(2,7) Potential 

limitations of esophageal Doppler monitoring include operator dependency, occasional 

difficulties in probe placement, difficulty interpreting the signal during periods of 

arrhythmia,(8) and the lack of central venous access (which can be obtained when 

using a pulmonary artery catheter to measure cardiac output). However, some 

practitioners do not consider lack of central venous access to be a limitation, as central 

venous catheters carry a risk of infection and other complications.(9) 

Currently, the two most widely-used esophageal Doppler monitors are the CardioQ 

(Deltex Medical, Chichester, UK) and the HemoSonic 100 (Arrow International, 

Reading, PA). Each uses a different method for determination of stroke volume. 

The CardioQ uses a disposable 6 mm probe to measure blood flow in the descending 

thoracic aorta. A proprietary nomogram (factoring in patient age, weight, and height) is 

used to estimate the cross-sectional area in the descending aorta. The HemoSonic 100 

uses a 7 mm non-disposable probe that requires a disposable sheath for each use. 

The probe contains two transducers, one measuring aortic blood flow and the other 

(known as an M-mode echo transducer) measuring the cross-sectional area of the 

descending aorta. The M-mode (or motion mode) transducer is further used to confirm 

probe placement by providing visualization of the walls of the descending aorta. 

M-mode technology is also used in transesophageal echocardiography (TEE). For this 

reason, the HemoSonic monitor is sometimes referred to as an echo-ED monitor.(1,10)  
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Clinical Practice Guidelines 

Our searches identified no clinical practice guidelines specifically focusing on the use of 

esophageal Doppler monitoring systems for optimization of fluid replacement in surgical 

or intensive care patients. 

Target Population 

Despite the lack of clinical practice guidelines, inclusion/exclusion criteria and patient 

characteristics described in studies of cardiac output monitoring suggest that the 

authors in these studies reserved guided fluid replacement during surgery or intensive 

care for relatively higher-risk patients. They tend to be older patients, including some 

with co-morbid conditions, who require major surgical procedures (such as bowel 

resection, hip fracture repair, and cardiac surgery) with a significant anticipated blood 

loss.(8) One study’s inclusion criteria specified patients who were undergoing 

procedures where the anticipated blood loss was >500 ml.(11) Although most cardiac 

output monitoring studies do not specify an expected level of blood loss, they focus on 

procedures that are associated with high levels of blood loss necessitating fluid 

replacement. Cardiac output-guided fluid replacement is not generally considered for 

low-risk patients having ambulatory surgery.(8) 

Previous Systematic Reviews 

The Cochrane Collaboration has published a systematic review titled “Perioperative fluid 

volume optimization following proximal femoral fracture”.(3) This review evaluated 

randomized controlled trials (RCTs) that compared different fluid optimization 

interventions, including esophageal Doppler monitoring. Two trials met the inclusion 

criteria; both compared esophageal Doppler monitoring to “usual care”, and one of the 

trials also compared central venous pressure (CVP) monitoring to “usual care”. 

The authors focused on patient-oriented outcomes such as mortality, complications, 

length of hospital stay, and independence in activities of daily living. They concluded 

that “invasive methods of fluid optimization (they consider esophageal Doppler an 
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invasive method) during surgery may shorten hospital stay, but their effects on other 

important, patient-centred, longer-term outcomes are uncertain. Adverse effects on 

fatality cannot be excluded.” They further concluded that “more research is needed”. 

Two additional systematic reviews have evaluated the agreement of esophageal 

Doppler monitoring and thermodilution via pulmonary artery catheter for measurement 

of cardiac output. One of these reviews was performed by investigators at the 

University of Manchester and University College London in the UK,(10) while the other 

was conducted by investigators at the University of Calgary (Alberta, Canada).(12) 

These reviews selected studies that compared agreement between measurements of 

the two techniques within the same patients. They did not evaluate the impact of these 

techniques on clinical outcomes (which would have required parallel control groups that 

each received a different monitoring method). The UK authors concluded that “the 

esophageal Doppler monitor has high validity (no bias and high clinical agreement with 

pulmonary artery thermodilution) for monitoring changes in cardiac output”. 

The Canadian authors concluded that esophageal Doppler “is a practical, reliable, and 

valid device for measuring cardiac output in perioperative and critically ill patients. 

Further studies with larger numbers of patients are needed to determine if the limited 

precision observed is inherent to the technique, the diagnoses of patients studied, or the 

small sample sizes.” 

Ongoing Trials 

In a summary of preliminary results for the year 2005, Deltex Medical announced that 

the first multicenter RCT investigating the impact of CardioQ on death rates following 

emergency hip fracture repair would be initiated in 2006. The trial will involve more than 

15 hospitals across France and is expected to be completed in three years. 

Dr. Bernard Cholley is the lead investigator. The number of patients to be enrolled and 

the control intervention were not mentioned.(13) 
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Regulatory Issues 

Manufacturers and U.S. Food and Drug Administration (FDA) Status 

The CardioQ cardiac output and fluid status monitoring system is manufactured by 

Deltex Medical Ltd. (Chichester, West Sussex, UK). The earliest model of this system 

(originally known as EDM) received FDA approval for marketing under the 510(k) 

process in November, 1995.(14) The later model (renamed CardioQ) received FDA 

approval for marketing under the 510(k) process in August, 2003.(15) 

The Hemosonic 100 cardiac output monitor is manufactured by Arrow International 

(Reading, PA). This device received FDA approval for marketing under the 510(k) 

process in February, 1998 (originally approved as the Somatec, Inc. DYNEMO 

3000).(16) 

The TECO cardiac output monitoring system was manufactured by Medicina Ltd. 

(Oak House, Cookham, Berkshire, UK). This device was never approved for marketing 

in the U.S., but has been marketed in the U.K., Ireland, India, and China. In February 

2006, Deltex Medical announced that it had purchased the TECO monitor business 

from Medicina Ltd.(17) Deltex Medical has no plans to market the TECO system, so it is 

no longer commercially available. 

Training and Credentialing 

Our searches identified no formal guidelines for training and credentialing of esophageal 

Doppler system operators. However, a study by Lefrant et al. found that adequate 

training was achieved after the operator had used an esophageal Doppler device in 

12 patients. Successful training was determined by the operator’s ability to get “a loud 

and clear Doppler signal with a well-defined sharp waveform”. Also, the correlation 

coefficient (r) for paired cardiac output measurements at different times in the same 

patients increased from 0.53 during the training period to 0.89 during the post-training 

period (r = 1 would be a perfect correlation).(18) 
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Current CMS Policy Regarding Cardiac Output Monitoring with 

Doppler Ultrasound 

Current CMS policy appears in the NCD for Ultrasound Diagnostic Procedures 

(220.5).(19) The benefit category is listed as Diagnostic Tests. The indications and 

limitations of coverage section divides these procedures into two categories. The NCD 

states that “Medicare coverage is extended to the procedures listed in Category I” 

provided that the techniques are “medically appropriate and the general indications 

specified in these categories are met. Techniques in Category II are considered 

experimental and should not be covered at this time.” Monitoring of cardiac output 

(Doppler) is currently listed in Category II (clinical reliability and efficacy not proven) and 

is thus ineligible for coverage at present. 

Third Party Payer Coverage 

Our searches of ten company Web sites found three payers with coverage policies on 

topics related to esophageal Doppler monitoring, while seven payers had no coverage 

policy related to this technology. This is a representative but not comprehensive sample 

of coverage policies. Details about the payers with relevant coverage policies appear in 

Table 1; it is not clear that these policies include esophageal Doppler devices such as 

CardioQ. Payers that did not have relevant coverage policies include Blue Cross/ 

Blue Shield of Alabama, Blue Cross/ Blue Shield of Minnesota, Blue Cross/ Blue Shield 

of Tennessee, Blue Cross/ Blue Shield of Wisconsin, Cigna, Health Partners, and 

Humana. This does not necessarily mean that these companies do not provide 

reimbursement for esophageal Doppler monitoring; the procedure may be covered as 

part of a composite payment (DRG) for surgical or hospital services. 
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Table 1. Third Party Payer Coverage 

Third Party Payer Coverage Policy 

Aetna(20) 
http://www.aetna.com/cpb/data/CPB 
A0008.html 

The coverage policy is titled “Color-Flow Doppler Echocardiography in Adults”. 
It includes transesophageal Doppler echocardiography; however, it is not clear that the 
policy includes esophageal Doppler devices such as CardioQ. 
Aetna considers color-flow Doppler in adults medically necessary for the following 
indications: 

• Evaluation of septal defects 
• Evaluation of the severity of valve stenosis or regurgitation 
• Evaluation of site of left-to-right or right-to-left shunts 
• Assessment of diseases of the aorta 
• Evaluation of prosthetic valves 

Aetna considers color-flow Doppler in adults experimental and investigational for all other 
indications. 

Blue Cross/Blue Shield of 
Massachusetts(21) 
http://www.bluecrossma.com/comm 
on/en_US/medical_policies/108%20 
Echocardiography%20prn.pdf 

The coverage policy is titled “Echocardiography (including transesophageal echo, 
stress echo, bubble echo, color Doppler echo, fetal cardiac echo)”. It is not clear that 
esophageal Doppler devices are covered by this policy. 
Cardiac echocardiography in adults and children is covered for any indications, 
except when used as a screening test in the absence of signs or symptoms of a disease 
or condition. 

Blue Cross/Blue Shield of 
North Carolina(22) 
http://www.bcbsnc.com/services/me 
dical­
policy/pdf/intraoperative_transesoph 
ageal_echocardiography.pdf 

The coverage policy is titled “IntraoperativeTransesophageal Echocardiography”. It is not 
clear that this policy covers use of esophageal Doppler systems. 
The policy provides a long list of surgical procedures for which intraoperative 
transesophageal echocardiography is covered, and a list of procedures for which use of 
this technology is not covered. The policy does not address non-operative usage of this 
technology. 
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METHODS 

Key Questions Addressed 

We address the following Key Questions in this report: 

1. What types of devices/techniques are currently used to assess cardiac output? 

2. Does therapeutic management based on esophageal Doppler ultrasound cardiac 

output monitoring during surgery lead to improved patient outcomes (fewer 

complications and shorter hospital stay), compared to: 

a. 	 Pulmonary artery catheter-based measurement of cardiac output via 

thermodilution? 

b. 	 Catheter-based measurement of central venous pressure? 

c. 	 Conventional clinical assessment (physical examination, fluid input and 

output measurements)? 

3. Does therapeutic management based on esophageal Doppler ultrasound cardiac 

output monitoring during hospitalization lead to improved patient outcomes 

(fewer complications and shorter hospital stay), compared to:  

d. 	 Pulmonary artery catheter-based measurement of cardiac output via 

thermodilution? 

e. 	 Catheter-based measurement of central venous pressure? 

f. 	 Conventional clinical assessment (physical examination, fluid input and 

output measurements)? 

4. What complications, harms, and adverse events associated with esophageal 

Doppler ultrasound monitoring have been reported? 
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Population of Treatment Intermediate Patient-oriented 
interest outcomes outcomes 

Patients receiving 
surgery 

Patients 
hospitalized (post-
surgical or other 
inpatient care) 

Esophageal 
Doppler 

monitoring vs. 
catheter-based 

CVP monitoring to 
optimize delivery 

of intravenous 
fluids 

Question 4 

Optimized flow time 
(corrected) 

Optimized stroke 
volume 

Esophageal 
Doppler 

monitoring vs. 
conventional 

clinical 
assessment to 

optimize delivery 
of intravenous 

fluids 

Optimized cardiac 
output 

Optimized oxygen 
delivery 

Esophageal 
Doppler 

monitoring vs. 
catheter-based 

thermodilution to 
optimize delivery 

of intravenous 
fluids 

Reduced mortality 

Reduced length of 
hospital stay 

Reduced total 
complications 

Reduced major 
complications 

Question 2, 3 

Benefits Benefits 

Harms 

EDM-related 
complications 

In assessing safety, we consider all reported complications that may be related to use of 

esophageal Doppler ultrasound devices. 

Figure 1 illustrates the relationship between esophageal Doppler monitoring, the 

Key Questions, and the outcomes of interest. Because Key Question 1 is not 

evidence-based (it merely asks what are the alternative technologies used to measure 

cardiac output), it is not included in Figure 1. This report evaluates only patient-oriented 

outcomes, including total complications, major complications (generally defined as life-

threatening or requiring intensive or high dependency care), mortality, and length of 

hospital stay. Intermediate outcomes such as increased cardiac output cannot be 

perceived by the patient and are beyond the scope of this report. They are presented in 

Figure 1 only to show their place within the analytic framework. 

Figure 1. Analytic Framework 
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Literature Searches 

Details of our literature searches, which included searches of 17 electronic databases, 

hand searches of the bibliographies of all retrieved articles, and searches of the gray 

literature, are presented in Appendix A.  

Study Inclusion/Exclusion Criteria 

General Inclusion/Exclusion Criteria 

We used the following general criteria to determine which studies would be included in 

our analysis for Key Questions 1 through 4: 

1. Studies must have been published in English. We recognize the possibility that 

requiring studies to be published in English could lead to bias, but we believe it is 

sufficiently unlikely that we cannot justify the additional time and expense for 

translation.(23,24) 

2. Studies must have addressed one of the Key Questions. 

3. Studies must have been published as full journal articles (no meeting abstracts). 

Meeting abstracts generally have insufficient description of methods to allow 

assessment of quality, and the reported results often contain discrepancies with 

results presented in later peer-reviewed publication of the same study. 

4. If the same study is reported in multiple publications, only the most recent 


publication will be included. This serves to avoid duplication of data. 


5. For controlled studies, 10 or more patients per treatment group must have been 

enrolled. This increases the likelihood that the studies contain a representative 

sampling of the patient population. 

Question-Specific Inclusion/Exclusion Criteria 


The following inclusion/exclusion criterion was specific to Key Question 1: 


•	 Clinical guidelines, review articles, and FDA approvals will be used to identify 

other methods of cardiac output monitoring 
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The following inclusion/exclusion criteria were specific to Key Questions 2 and 3: 

•	 Studies must include parallel control groups – controlled studies are required in 

situations where influences other than the technology of interest may be 

responsible for treatment outcomes. Comparison of esophageal 

ultrasound-based monitoring to a standard-of-care-monitored control group 

(ideally catheter-based measurements of cardiac output or CVP, but also 

including other conventional clinical assessments) is needed to sort out the 

influence of the monitoring technology from other potential influences. Trials that 

compare two monitoring technologies in the same patients cannot be used to 

determine which technology leads to better clinical outcomes. Therefore, only 

trials with head-to-head comparisons of esophageal ultrasound and 

standard-of-care monitoring in separate patients will be examined. 

•	 Within a given trial, patients in both groups must have received comparable 

surgery (for Key Question 2) or must have had comparable diagnoses (for 

Key Question 3) 

•	 Studies cannot perform a mixed analysis of surgical and non-surgical patients 

(such a study would not answer Key Question 2 or 3). 

The following inclusion/exclusion criterion was specific to Key Question 4: 

•	 Studies of any design (controlled trials, case series, case reports), ECRI’s Health 

Device Alerts database and other adverse event databases will be examined for 

reports of complications, harms and adverse events. These sources cannot be 

used to determine causality or to estimate frequency of adverse events, but can 

be used to generate a list of adverse events possibly attributable to the 

technology. 

Identification of Evidence Bases 

The selection process used to identify the articles that comprise the evidence base for 

the key questions addressed in this report is presented in Figure 2. One relevant study 

published after the original search cutoff date (June 2006) was brought to our attention 
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by external reviewers. Accordingly, we performed an updated search (September 2006) 

to identify any additional relevant studies that may have been published since the initial 

search. Together, our searches identified 317 articles that potentially addressed Key 

Questions 1 through 4. Of these 317 articles, we retrieved 75. Key Question 1 did not 

involve an evaluation of evidence, but instead was a survey of current techniques used 

for cardiac output monitoring. As such, we do not include it as part of the selection 

process in Figure 2. Seven included articles addressed Key Question 2, one included 

study addressed Key Question 3, and 23 included articles addressed Key Question 4 

(Four of these 23 also also addressed Key Question 2). The included studies are listed 

in the Evidence Synthesis section under each Key Question that they address. 
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317 citations identified for screening 

242 rejected at abstract level 

75 articles retrieved 

48 excluded: 

19 – Studies used TEE probes, not esophageal 
Doppler probes 

29 – Studies did not report information about 
complications or any relevant outcome 

27 articles included* 

6 for Key 
Question 2 

1 for Key 
Question 3 

23 for Key 
Question 4 

* 3 articles addressed Key Questions 2 and 4 

Figure 2. Summary of Study Selection Process  
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Data Extraction 

Information extracted from the included studies is presented in Evidence Tables in 

Appendices C-F. These tables describe patient inclusion/exclusion criteria, 

design details (prospective, blinding status, etc.), information on enrolled patients 

(demographics, underlying risk, etc.), and study results. When study authors did not 

report dichotomous data as percentages, we computed percentages. We have only 

extracted outcome data relevant to the Key Questions in this report. 

Evaluation of the Quality of the Evidence Base 
ECRI’s algorithm, which is presented in Appendix B, provides systematic, reproducible, 

transparent, and a priori decision rules for rating the strength of a body of evidence. 

In applying the algorithm, we draw a distinction between a qualitative conclusion (one 

which answers the question “Does it work?”) and a quantitative conclusion (one which 

answers the question “How well does it work?”). Second, we utilize an algorithm that we 

developed to assign a strength rating to the evidence that supports our qualitative 

conclusions and a rating that defines how stable we believe any estimate of treatment 

effect to be. 

Table 2 presents definitions of the strength of evidence and stability ratings that may be 

obtained using the algorithm. These definitions, which are similar to those proposed by 

the Grading of Recommendations Assessment, Development and Evaluation (GRADE) 

working group,(25) are intuitive. Qualitative conclusions that are supported by strong 

evidence are less likely to be overturned by the publication of new data than are 

conclusions supported by weak evidence. Likewise, quantitative estimates of treatment 

effect that are backed up by stable data (data with relatively narrow confidence 

intervals) are less likely to change significantly when new data are published than are 

estimates of treatment effect drawn from a less stable data set. For more information on 

the criteria used to rate studies, see the Quality of Included Studies section under each 

Key Question in the Evidence Synthesis section of the report. 
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Table 2. Interpretation of Strength of Evidence and Stability Ratings 

Strength of Evidence Interpretation 

Qualitative Conclusion (Does it work?) 

Strong evidence Evidence supporting the qualitative conclusion is convincing. It is highly unlikely that new evidence 
will lead to a change in this conclusion. 

Moderate evidence Evidence supporting the qualitative conclusion is somewhat convincing. There is a small chance that 
new evidence will overturn or strengthen our conclusion. ECRI recommends regular monitoring of the 
relevant literature at this time. 

Weak evidence Although some evidence exists to support the qualitative conclusion, this evidence is tentative and 
perishable. There is a reasonable chance that new evidence will overturn or strengthen our 
conclusions. ECRI recommends frequent monitoring of the relevant literature at this time. 

Inconclusive Although some evidence exists, this evidence is not of sufficient strength to warrant drawing an 
evidence-based conclusion from it. ECRI recommends frequent monitoring of the relevant literature 
at this time. 

Quantitative Conclusion (How well does it work?) 

High stability The estimate of treatment effect included in the conclusion is stable. It is highly unlikely that the 
magnitude of this estimate will change substantially as a result of the publication of new evidence. 

Moderate stability The estimate of treatment effect included in the conclusion is somewhat stable. There is a small 
chance that the magnitude of this estimate will change substantially as a result of the publication of 
new evidence. ECRI recommends regular monitoring of the relevant literature at this time. 

Low stability The estimate of treatment effect included in the conclusion is likely to be unstable. There is a 
reasonable chance that the magnitude of this estimate will change substantially as a result of the 
publication of new evidence. ECRI recommends frequent monitoring of the relevant literature at this 
time. 

Unstable Estimates of the treatment effect are too unstable to allow a quantitative conclusion to be drawn at 
this time. ECRI recommends frequent monitoring of the relevant literature. 

We apply each kind of rating to the body of evidence that addresses each outcome, 

not to individual studies. We also rate on an outcome-by-outcome basis. Four primary 

factors determine our ratings for both strength and stability; the quality, quantity, 

robustness, and consistency of the evidence. Under certain circumstances, the size of 

the treatment’s effect, and whether mega-trials (trials with ≥ 1000 patients) are available 

also influence our ratings of the evidence underlying qualitative conclusions.  

We estimated the generalizability of each study to the U.S. Medicare population using 

study enrollment criteria and the reported characteristics of the patients who were 

actually enrolled in the study. 

Page 24 



Statistical Methods 
We calculated individual study effect sizes from dichotomous data using the log odds ratio 

(summary log odds ratios were converted to odds ratios in the text and conclusion 

statements). If there were no events in one of the study groups, the Peto log odds and odds 

ratios were used, as this method is appropriate for rare events in studies with no substantial 

imbalance in the number of patients in each comparison group. An alternative method used 

to calculate effect size (Cohen’s h, the arcsin transform of the difference between 

proportions) from dichotomous data was described by Snedecor and Cochran.(26) Effect 

sizes for continuous data (e.g., length of hospital stay) were calculated in the original metric 

(the weighted mean difference in days). 

In some instances, certain studies presented data for a continuous outcome (length of 

hospital stay) in a form that did not allow calculation of a precise effect size. Whereas 

accurate calculation of an effect requires means and standard deviations (SDs) or 95% 

confidence intervals, some studies report length of stay as medians and ranges. 

Because in some studies the mean length of hospital stay may be markedly skewed by 

an outlier, the median becomes a superior measure of the average patient experience. 

For this reason, we used imputation methods to estimate effect sizes from the median, 

range, and sample size when possible as described by Pudar Hozo et al.(27) If studies 

reported medians and interquartile ranges (IQRs), we assumed the distance between 

the median and the 25th percentile was 0.67 SDs. If medians were not available, effect 

sizes were calculated from means and SDs. 

Whenever relevant data from three or more studies were available and could be 

combined (and assuming that the studies used similar enough clinical methods that 

combining was considered appropriate), we summarized the results using meta

analysis. Meta-analysis allows one to pool data from different studies to obtain an 

average estimate of the treatment effect. It also provides a means for formally 

identifying and exploring important differences among the results of different studies 

(consistency). For a complete description of when studies can be combined in a meta

analysis, see Appendix B under Strength of Evidence Algorithm. 
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In brief, we first tested the available data to determine whether the results of the studies 

included in the meta-analysis differed from one another by more than that expected by 

chance (heterogeneity testing) using the I2 statistic (I2 ≥50% indicates notable unexplained 

inconsistency).(28) If study results did not differ in this manner (i.e., the data were 

consistent), we next pooled the study results in a fixed-effects model to obtain a summary 

estimate.(29) Random effects meta-analysis was performed to enable a qualitative 

conclusion if I2 ≥50% or if fewer than 80% of studies reported the outcome of interest or had 

calculable effect sizes. 

Having obtained a summary estimate of the results, we then tested the robustness of 

our findings using sensitivity analyses as recommended by Olkin.(30) This involved the 

removal of each individual study separately to determine whether any one study had a 

substantial influence on the meta-analytic findings. We also performed the systematic 

addition of each study (cumulative meta-analysis) to determine the study’s effect on the 

summary result. Studies were added in order, beginning with the highest-weighted 

study and ending with the lowest-weighted study (we also added them in reverse order, 

from lowest-weighted to highest-weighted). These sensitivity analyses were used for 

testing both quantitative and qualitative robustness. As a further test of qualitative 

robustness, we re-calculated summary effects in a different metric (Cohen’s h in place 

of the log odds ratio, Hedges’ g in place of the weighted mean difference) to see if this 

overturned the qualitative conclusions. Because of the assumptions used in 

meta-analysis of length of stay, additional sensitivity analyses were undertaken on this 

outcome (described under findings for Key Question 2). 

In instances where the evidence base consisted of two studies and the median quality 

of the studies was high, we combined the studies in a meta-analysis in an attempt to 

reach a qualitative (but not quantitative) conclusion. 
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EVIDENCE SYNTHESIS 

Key Question 1: What Types of Devices/Techniques Are Currently 
Used to Assess Cardiac Output? 

This question requires a summary of the technologies currently used to measure 

cardiac output. The information described in this section is derived primarily from review 

articles written by experts in the field, and is not truly evidence-based. 

Summary of Technologies Used to Measure Cardiac Output 

A variety of invasive and non-invasive methods are currently used to measure cardiac 

output. The ideal technique would be easy to apply, operator independent, without 

morbidity, accurate, reproducible, continuous use, and cost-effective. None of the 

available techniques meets all of these criteria.(31) Each method and its advantages 

and limitations are described below. 

Thermodilution (via a Pulmonary Artery Catheter) 

Thermodilution refers to the measurement of blood flow based on induction of a known 

change in the intravascular heat content of flowing blood at one point of the circulation, 

and detection of the resultant change in temperature at a point downstream.(32) 

Measurement requires insertion of a pulmonary artery catheter (PAC) through the right 

atrium of the heart with the tip placed in the pulmonary artery. For many years, the 

standard thermodilution technique involved introduction of a fluid bolus (colder than the 

patient’s blood) through the proximal port of the PAC into the right atrium. The injected 

fluid mixes with blood passing through the tricuspid valve into the right ventricle. As the 

cooler blood passes the catheter tip located in the pulmonary artery, a thermistor within 

the catheter senses the temperature change. A computer attached to the catheter 

calculates a curve for change in temperature over time and converts it into a 

measurement of cardiac output.(33) This method allows intermittent but not continuous 

cardiac output measurement.(34) 
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A more recent alternative to bolus thermodilution is continuous thermodilution, so 

named because it allows continuous measurement of cardiac output. This technique 

uses a modified PAC containing a thermal filament (maintained in the right ventricle) 

that continuously transfers heat directly into the blood. As in bolus thermodilution, the 

temperature change is detected downstream by the thermistor located in the catheter 

tip, and cardiac output is calculated by a computer. However, in this instance the 

computer continuously displays cardiac output readings that are updated every 

30 seconds to provide an average flow over the previous three to five minutes.(34) 

Although often used as the “reference” method when evaluating other methods of 

cardiac output measurement, thermodilution is not a true “gold standard” technique. 

Under ideal circumstances, the fluid bolus method has a 10% error rate related to 

instrument inaccuracies, operator error, and temperature transduction.(33) The relative 

accuracy of the continuous method is uncertain. Furthermore, the invasiveness of these 

methods carries a risk of serious complications, which has led some investigators to 

prefer less invasive methods of cardiac output measurement.  

Dye Dilution 

An indicator dilution method similar to bolus thermodilution is injection of a known 

concentration of a colored dye (such as indocyanine green) into the pulmonary artery. 

The concentration of dye after equilibration is measured at a downstream site (usually 

the femoral or radial artery). The moment-to-moment dye concentration measured 

spectrophotometrically by a densitometer produces a curve. This allows calculation of 

cardiac output, which equals 60x the dose of injected dye divided by the area under the 

curve (average dye concentration x time).(35) Dye dilution appears to be less widely 

used than thermodilution or lithium dilution (described below). 

Lithium Dilution 

Lithium dilution is used to measure cardiac output using a principle similar to bolus 

thermodilution and dye dilution. Unlike thermodilution or dye dilution, Lithium chloride 

(LiCl) can be injected into a central or peripheral vein, which may decrease the risk of 

serious complications. An arterial catheter with an attached lithium sensor records the 

arterial lithium concentration time curve; this data are transmitted to a hemodynamic 
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monitor that calculates cardiac output based on the following formula: cardiac output = 

LiCl dose x 60area x (1-haematocrit) lmin-1. LiCl is administered in a bolus of 

0.15 to 0.3 mmol (for an average adult) and has no known pharmacological side effects 

at this dose range. Nevertheless, it is recommended that not more than 10 to 20 

boluses should be administered to a single patient.(7) Like bolus thermodilution, this 

method allows only intermittent, rather than continuous, measurement of cardiac output. 

However, the commercially available lithium dilution cardiac output (LiDCOTM) system 

(LiDCO Ltd., London, UK) can be used as an indicator method in conjunction with 

another method that does allow continuous cardiac output measurement (see below 

under Pulse Contour Cardiac Output).(36) 

Pulse Contour Cardiac Output 

Analysis of the arterial pulse pressure waveform, measured by an arterial catheter, can 

be used to calculate cardiac output. The pulse pressure waveform results from the 

interaction between stroke volume and the mechanical characteristics of the arterial 

tree. Pulse contour methods use the pressure waveform to predict stroke volume. 

An independent technique is required to provide initial calibration of the continuous 

cardiac output analysis. The two major commercially available devices use different 

methods for calibration. PiCCO (PULSION Medical Systems AG, Munich, Germany) 

uses transpulmonary thermodilution measured from a central venous line (PAC not 

needed) to a central arterial line (femoral or axillary) for calibration purposes, while 

PulseCO (LiDCO Ltd., London, U.K.) uses lithium dilution for this purpose.(37) 

A more recent modification of pulse contour analysis, known as the pressure recording 

analytical method (PRAM), can derive cardiac output from the pressure waveform 

without requiring an independent calibration method.(38) However, this method has not 

yet been widely evaluated. 
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Methods Using The Fick Principle (Direct Oxygen and Inert Gas 

Rebreathing) 

The Fick principle enables calculation of cardiac output as the ratio between the 

consumption of any gas diffusing through the lungs (e.g., carbon dioxide) and the 

difference between arterial and venous blood levels of the gas. Commercially available 

devices use the Fick principle to measure either oxygen or carbon dioxide (CO2). 

Devices that measure oxygen have the drawback of requiring invasive central venous 

and arterial catheters for mixed arterial and venous blood samples, and they cannot be 

used in patients ventilated with a fractional inspired oxygen (FiO2) greater than 60%; 

thus, they often cannot be used in critically ill patients.(37)  

In contrast, devices that use the Fick principle to measure CO2 (inert gas rebreathing) 

allow non-invasive determination of cardiac output. The NICO monitor (Novametrix 

Medical Systems, Inc., Wallingford, CT) calculates CO2 production from minute 

ventilation and arterial CO2 is estimated from end-tidal CO2. Partial rebreathing reduces 

CO2 elimination and increases end-tidal CO2. Combining measurements under normal 

and rebreathing conditions allows omission of venous CO2 from the Fick equation, 

eliminating the need for a central venous catheter.(2,37) This method only measures 

blood flow that participates in gas exchange. However, it does provide an estimate of 

the amount of blood that bypasses the lungs (the intrapulmonary shunt); this amount 

added to the amount involved in gas exchange comprises the total cardiac output.(34) 

This method requires the patient to be under fully controlled mechanical ventilation, and 

arterial blood samples are required for shunt estimation.(2) Also, poor hemodynamic 

instability and increased intrapulmonary shunt may decrease the precision of cardiac 

output estimation with this method.(37) 

Thoracic Electrical Bioimpedance 

Thoracic electrical bioimpedance (TEB, also known as impedance plethysmography) 

uses four electrodes attached to the neck and thorax to provide continuous assessment 

of cardiac output. A high frequency, low amplitude electric current is passed across the 

thorax. The electrodes measure changes in electrical impedance (resistance to flow) of 
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the thoracic cavity as aortic blood flow increases and decreases in response to the 

beating heart.(39) Changes in impedance correlate with stroke volume and allow 

calculation of stroke volume (and ultimately, cardiac output). Although this is a 

completely non-invasive method, the degree of methodological diversity (including 

different available electrode arrays and equations that produce differing results), 

difficulties in placing electrodes, questions about accuracy and other methodological 

issues have limited the diffusion of this technique for cardiac output measurement.(7) 

Transesophageal Echocardiography 

Transesophageal echocardiography (TEE) for measuring cardiac output has some 

features in common with esophageal Doppler monitoring. Like the latter technique, 

TEE uses an esophageal probe that can employ Doppler monitoring to calculate blood 

flow velocity, and an M-mode transducer to measure the cross-sectional area of the 

aorta (although the M-mode transducer is used in only one commercially available 

esophageal Doppler probe). Unlike esophageal Doppler, TEE can employ multiplane 

imaging to more accurately visualize cardiovascular anatomy. Other differences include 

the higher cost of TEE and the higher level of training required to use TEE.(7) Another 

limitation of TEE is a small risk of pharyngeal or esophageal perforation.(40) Such 

events have not yet been recorded for esophageal Doppler probes, possibly because 

these latter probes are smaller than TEE probes (see Key Question 4 for more 

information). 

Esophageal Doppler Monitoring


See background section for description of this technology. 


Ultrasonic Cardiac Output Monitoring (USCOM) 

USCOM is a new system that employs continuous-wave Doppler ultrasound to measure 

cardiac output.(31) Unlike TEE and esophageal Doppler systems, USCOM does not 

require insertion of an esophageal probe. Instead, a transducer is placed on the 

patient’s chest and positioned to measure either transpulmonary or transaortic blood 

flow. Thus, this method is completely non-invasive. The cross-sectional area of the 

aorta is estimated by the Nidorf equation or measured directly via another imaging 
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method (e.g., echocardiography).(41) Because this is a relatively new device, it has not 

been widely evaluated at this time. 

Subsection Summary 

Several methods are currently used to monitor cardiac output in patients during surgery 

or intensive care. These methods include thermodilution, dye dilution, lithium dilution, 

methods using the Fick principle, pulse contour methods, thoracic electrical 

bioimpedance, transesophageal echocardiography, esophageal Doppler monitoring, 

and ultrasonic cardiac output monitoring. 
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Key Question 2: Does Therapeutic Management Based on Esophageal 
Doppler Ultrasound Cardiac Output Monitoring During Surgery Lead 
to Improved Patient Outcomes (Fewer Complications and Shorter 
Hospital Stay), Compared to Catheter-Based Measurement of Cardiac 
Output (Thermodilution) or Central Venous Pressure, or Conventional 
Clinical Assessment? 

Evidence Base 

Our searches found eight randomized controlled trials (RCTs) that potentially addressed 

this question. On retrieval, one of the eight articles was found not to meet our inclusion 

criteria for this question. This study addressed Key Question 3 and is evaluated later in 

this report. 

Seven RCTs with a total of 583 patients remained to address Key Question 2. These 

studies are listed in Table 3. No included studies compared the efficacy of esophageal 

Doppler monitoring to thermodilution with a pulmonary artery catheter for optimization of 

intravenous fluid replacement. Five studies with a total of 453 patients compared the 

efficacy of esophageal Doppler monitoring plus central venous pressure (CVP) 

monitoring plus conventional clinical assessment to CVP plus conventional clinical 

assessment to optimize intravenous fluid replacement. These studies were basically 

asking whether Doppler monitoring is an effective complementary procedure to CVP 

plus conventional protocol. Two studies with a total of 130 patients compared the 

efficacy of esophageal Doppler monitoring plus conventional clinical assessment to 

conventional clinical assessment to optimize intravenous fluid replacement. One of 

these two studies also compared esophageal Doppler monitoring to CVP as a 

competing, rather than complementary, procedure. Details of these studies are 

presented in Tables D-1 to D-3, Appendix D. Although all of the studies except Venn et 

al. reported placing Doppler probes in the control group patients during surgery, Doppler 

monitoring was not used in the fluid maintenance protocol in control patients (at a 

minimum, the anesthesiologist was blinded to the esophageal Doppler readings). Six of 
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the seven studies used either the CardioQ esophageal Doppler monitoring system or an 

earlier model of this system. The remaining study (Conway et al.) used the TECO 

esophageal Doppler monitoring system. 

Table 3. Evidence Base for Key Question 2 

Randomized Controlled 
Trials 

EDM + CVP + conventional 
clinical assessment  
vs.  
CVP + conventional clinical 
assessment 

EDM + conventional clinical 
assessment 
vs.  
CVP + conventional clinical 
assessment 

EDM + conventional clinical 
assessment 
vs.  
Conventional clinical assessment 

Noblett et al. 2006(42) 
Wakeling et al. 2005(43); 
Conway et al. 2002a(44); 
Gan et al. 2002a(11);  
Mythen and Webb 1995(45) 

Venn et al. 2002(46) 

Venn et al. 2002(46); 
Sinclair et al. 1997(47) 

CVP Central Venous Pressure Assessment 

EDM Esophageal Doppler Monitoring 

a The studies by Conway et al. and Gan et al. did not use CVP as part of the algorithm for guiding additional fluid challenges 

in the EDM group. However, CVP was used as part of routine fluid management in most patients in the EDM and control 
groups. 

The types of surgery performed in these studies appear in Table D-1, Appendix D. 

Three of the studies comparing esophageal Doppler monitoring plus CVP plus 

conventional clinical assessment to CVP plus conventional clinical assessment included 

patients undergoing elective bowel surgery. Of the remaining two studies in this group, 

one included patients undergoing elective general, urologic, or gynecologic surgery, and 

the other included patients undergoing elective cardiac surgery. Within each study, the 

type of surgery performed in the Doppler-monitored and control groups was identical. 

Although the types of surgery differ across studies, they all have one thing in common: 

an anticipated major loss of blood or significant fluid shifts requiring fluid replacement. 

This is the key factor that makes esophageal Doppler monitoring applicable to these 

surgeries. Doppler monitoring is expected to provide similar benefits to these differing 

types of surgeries because the need for fluid replacement is similar across these 
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procedures. Therefore, it is reasonable to combine data from these studies in a meta

analysis. 

Two other studies, both including patients who received surgery for hip fracture repair, 

were analyzed as a separate group because they performed a different clinical 

comparison (Doppler monitoring plus conventional clinical assessment vs conventional 

clinical assessment alone).  

Quality of Included Studies 

As shown in Table 4, five studies that compared esophageal Doppler monitoring with 

CVP monitoring plus conventional clinical assessment to CVP plus conventional clinical 

assessment had a median quality score of 8.9 on the ECRI quality scale for controlled 

trials (a study with no flaws would score 10 on our 0-10 scale). Thus, the quality rating 

for this evidence base is high (for more details on the quality scale, see Appendix B). 

Two studies comparing esophageal Doppler monitoring plus conventional clinical 

assessment to conventional clinical assessment had a median quality score of 9.0, 

so the quality rating for this evidence base is high. One of these studies (Venn et al.) 

also compared esophageal Doppler monitoring to CVP. 

Tables D-4 and D-5 in Appendix D show the individual study scores based on the 

answers to each question in the ECRI quality scale. 

Table 4. Quality of Included Studies Addressing Key Question 2 
Reference Year ECRI Quality Score (Rating) 

Trials comparing EDM + CVP + conventional protocol to CVP + conventional protocol 

Noblett et al.(42) 2006 9.7 (High) 

Wakeling et al.(43) 2005 9.0 (High) 

Conway et al.(44) 2002 8.5 (High) 

Gan et al.(11) 2002 8.1 (Moderate) 

Mythen and Webb(45) 1995 8.9 (High) 

Median quality score  8.9 (High) 

Trials comparing EDM + conventional protocol to CVP + conventional protocol 

Venn et al.(46) 2002 9.0 (High) 
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Reference Year ECRI Quality Score (Rating) 

Trials comparing EDM + conventional protocol to conventional protocol 

Venn et al.(46) 2002 9.0 (High) 

Sinclair et al.(47) 1997 8.9 (High) 

Median quality score 9.0 (High) 

Details of Study Enrollees and Study Generalizability 

Patient enrollment criteria appear in Table D-1, Appendix D, and characteristics of 

included patients appear in Table D-2, Appendix D. Of the factors determining 

generalizability to the Medicare population, age is a key factor. For example, in a study 

where 100% of the patients are age 65 or older, all of these patients belong to some 

subset of the Medicare population. The same cannot be said of studies which include 

patients below age 65, regardless of what other clinical characteristics these patients 

may have. Thus, for each study we rated the age generalizability of enrolled patients 

based on the percentage of patients in the age range 65 or above.  

We note that certain of the exclusion criteria of these studies may be relevant for 

assessment of generalizability to the Medicare population. Some studies excluded 

patients with heart failure, renal dysfunction, esophageal disease, or patients requiring 

emergency surgery. However, many of the criteria listed are criteria of surgical eligibility; 

these criteria may be applied to anyone otherwise eligible for surgery and are not 

particularly useful for evaluating generalizability to the Medicare population. For some of 

these procedures, only a fraction of the Medicare population would be considered 

surgical candidates or would be likely to undergo the procedure. Determination of 

generalizability based on surgical eligibility criteria would require knowledge of the 

percentage and characteristics of Medicare patients who would be candidates and/or 

likely to undergo a given procedure. Although some exclusion criteria are not related to 

surgical eligibility and therefore more useful for determining generalizability, it is often 

difficult to determine which category each individual criterion belongs to. Due to the lack 
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of such information, we did not attempt to determine an overall generalizability rating 

based on study exclusion criteria.1 

The five studies that compared esophageal Doppler monitoring plus central venous 

pressure (CVP) monitoring plus conventional clinical assessment to CVP plus 

conventional clinical assessment had some overlap with the Medicare population, but 

the age ranges were generally large, ranging from young adult to elderly. Therefore, 

the median age generalizability of these studies to the Medicare population is “Fair.”2 

Table 5 provides the estimated percentage of patients (calculated by ECRI) in each 

study with age ≥65 years. 

The two studies that compared esophageal Doppler monitoring plus conventional 

clinical assessment to conventional clinical assessment alone were more age 

generalizable to the Medicare population. Venn et al. excluded patients with age less 

than 65 years,(46) while Sinclair et al. excluded patients with age less than 55 

years.(47) The average age of patients in these studies was in the mid-seventies 

(Sinclair et al.) and the mid-eighties (Venn et al.), with. Therefore, the age 

generalizability of these studies to the Medicare population is “High.”2 Table 5 provides 

more specific information for each study. Females represented the majority of patients 

(about 80%) in the study by Venn et al. (Sinclair et al. did not report information on 

patient gender). However, the high percentage of women is not unusual given the 

advanced age of the patients and the increased risk of hip fractures among women.  

Further details of the patients enrolled in these studies are presented in Table D-1 and 

D-2 in Appendix D. 

1  A similar problem arises when considering patient characteristics such as gender. For example, one study of older hip fracture 
patients is comprised of about 80% women (Venn et al. 2002).(46) Although the overall Medicare population is less than 80% 
women, this does not mean the study is not generalizable; women are more likely to have osteoporosis and in turn more likely 
to suffer hip fractures. Thus, one would expect a higher percentage of women in studies of hip fracture surgery. The study is 
generalizable to the subgroup of Medicare patients most likely to require this procedure. 

2 High = Characteristics of ≥75% of enrolled patients typical of Medicare population; Fair = Characteristics of ≥33% to <75% of 
enrolled patients typical of Medicare population; Poor = Characteristics of <33% of enrolled patients typical of Medicare 
population (or enrolled patients represent a subgroup of Medicare population). 
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Table 5. Age Generalizability of Studies to the Medicare Population 

Reference Year Percentage of patients 
age 65 and older 

Age generalizability rating 

Trials comparing EDM + CVP + conventional protocol to CVP + conventional protocol 

Noblett et al.b(42) 2006 50% Fair 

Wakeling et al.a(43) 2005 70% Fair 

Conway et al.b(44) 2002 57% Fair 

Gan et al.b(11) 2002 27% Poor 

Mythen and WebbC(45) 1995 44% Fair 

Median age 
generalizability 

 49.5% Fair 

Trials comparing EDM + conventional protocol to CVP + conventional protocol 

Venn et al.d(46) 2002 100% High 

Trials comparing EDM + conventional protocol to conventional protocol 

Venn et al.d(46) 2002 100% High 

Sinclair et al.a(47) 1997 87% High 

Median age 
generalizability 

 93.5% High 

a The study reported only the medians and interquartile ranges (IQRs), so to estimate the percentage, ECRI assumed a normal distribution 
and that the 25th and 75th percentiles were each 0.675 SDs from the mean. 

b The study reported only the means and SDs, so ECRI estimated this percentage by assuming a normal distribution of age. 
The study reported only the means and ranges, so to estimate the percentage, ECRI assumed a normal distribution and that the minimum 
and maximum were each 2.5 SD from the mean. 

d The study only included patients who were 65 years or older. 

Findings of Included Studies 

Studies Comparing Esophageal Doppler Monitoring Plus CVP Plus 

Conventional Assessment to CVP Plus Conventional Assessment 

Three of the five studies that addressed this question used CVP on a discretionary 

basis (i.e., some but not all patients received CVP monitoring).(11,44) Since patients 

that did not receive CVP appeared to be distributed equally in both groups, we 

considered it acceptable to group these studies with the two studies wherein all patients 

received CVP monitoring. These same three studies did not employ CVP in the actual 

algorithm used to guide fluid challenges in the Doppler-monitored group. However, CVP 
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was used as part of the routine management of patients in both the Doppler-monitored 

and control groups. 

A brief discussion concerning analysis of complications is warranted. Ideally, analysis 

would be performed not only on total complications but also on individual complications. 

However, because different studies reported complications in different ways, the 

evidence did not permit analysis of most individual complications. The one exception 

was death, which was reported separately in each study. In any event, a comparison of 

individual minor complications (e.g. nausea) does not capture the experience of patients 

with multiple complications, some of which are more serious than others. 

Three of the five studies reported “major” complications (see definition under Major 

Complications below) separate from total complications, thus allowing a separate 

analysis of these more severe complications. The specific types of major complications 

were relatively similar among the relevant studies (for further details, see Table D-6, 

Appendix D). 

Total complications (including major and less severe complications) were reported by 

four of the five studies. Some complications were more specific to the type of surgery 

being performed, and other complications (such as infections and pulmonary 

complications) were reported across studies (see Table D-6, Appendix D). However, 

many of these complications may be triggered or exacerbated by hypovolemia and 

tissue hypoxia.(11) Thus, it is reasonable to assume that Doppler-guided fluid 

replacement would have a similar impact on total complications regardless of the type of 

surgery performed in these studies. Therefore, a combined analysis of total 

complications from studies of different surgical procedures is appropriate. 

Mortality 

Five studies with a total of 453 patients reported the number of deaths in each treatment 

group (see Table D-7, Appendix D). None of these studies reported any deaths 

occurring during surgery. Three studies reported one death each in the control group 

within 30 days following surgery, and one study reported a death in the control group 

within 60 days following surgery. The total number of deaths is too low to allow pooling 
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2) Compute the meta-analysis based on the cumulative removal of studies (the last 

two from smallest to largest and from largest to smallest). If the upper bound of 

the SES is below the line of clinical significance, then the conclusion is 

qualitatively robust. 

Is the qualitative finding that the effect size is not substantial robust? 

The steps below are taken only if the cutoff for clinical significance is identical to the 

cutoff for statistical significance (zero) and if the confidence intervals around the 

all-study summary SES overlap with zero. This cutoff for clinical significance is generally 

used for severe adverse events (for example, when the outcome is death, even a 

miniscule difference is clinically important, thus zero is taken as the cutoff for clinical 

significance). Note: for this bolded question, if the upper or lower bound of the SES 

overlaps with -0.2 or 0.2 (again assuming the effect size measure is Hedges’ d or 

Cohen’s h; for the log odds ratio, the interval is -0.4 to 0.4), then no qualitative 

conclusion is possible (the evidence base is inconclusive). Otherwise, follow the steps 

below. 

1) Compute the meta-analysis based on the separate removal of each of the 

studies. If the upper or lower bound of the SES still overlaps zero and both are 

between -0.2 and 0.2, then it is robust. 

2) Compute the meta-analysis based on the cumulative removal of studies (the last 

two from smallest to largest and from largest to smallest). If the upper or lower 

bound of the SES still overlaps zero and both are between -0.2 and 0.2, then it is 

robust. 

Decision Point #9: Qualitatively Consistent? 

This Decision Point is used only when the evidence base for an outcome consists of two 

studies. For a given outcome, studies were considered qualitatively consistent if both 

studies had a statistically significant effect in the same direction, or if both studies did 

not have a statistically significant effect. 
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Figure 5. Moderate Quality Arm of Strength-of-Evidence Algorithm 
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Figure 6. Low Quality Arm of Strength-of-Evidence Algorithm 
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Appendix C. Summary Evidence Tables


Table C-1. Summary of Included Studies (Key Questions 2 and 3)


Author/Year Study Design/Purpose Intervention/Outcomes Demographics Results 

Noblett et al. 
2006(42) 

Design: RCT 

Purpose: to assess the 
effect of optimizing 
hemodynamic status, 
using a protocol-driven 
intraoperative fluid 
regimen, on outcome 
following elective 
colorectal resection. 

ECRI Quality Score 
(Rating):  
9.1 (High) 

Treatment 
Intervention: EDM 
(CardioQ) + CVP + 
conventional protocol 
Control Intervention: 
CVP + 
conventional protocol 

Total Enrolled: 108 
54 in treatment group 
54 in control group 

Age (median ± IQR) 
Treatment: 62.3 ± 14.0 
Control: 67.6 ± 15.2 

% female: 
Treatment: NR 
Control: NR 

Type of surgery: 
Elective bowel surgery 

Inclusion Criteria: 
Patients requiring 
elective bowel surgery 

Exclusion Criteria: 
Severe esophageal 
disease, recent 
esophageal or upper 
airway surgery, 
systemic steroid 
medication, moderate 
or severe aortic valve 
disease, bleeding 
diathesis and patient 
choice. 

Mortality: 
Treatment: 0% (0/51) 
Control: 1.9% (1/52) 
p-value: 1.0 

Major complications:  
Treatment: 0% (0/30) 
Control: 11.5% (6/30) 
p-value: 0.01 

Total complications:  
Treatment: 25.5% (13/51) 
Control: 42.3% (22/52)  
p-value: 0.07a 

Length of hospital stay 
(median days) 
Treatment: 7 (IQR: 3 to 35) 
Control: 9 (IQR: 4 to 45) 
p-value: 0.005 
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Author/Year Study Design/Purpose Intervention/Outcomes Demographics Results 

Wakeling et al. 
2005(43) 

Design: RCT 

Purpose: to determine 
whether using 
intraoperative 
esophageal Doppler 
guided fluid 
management to 
minimize hypovolemia 
would reduce post­
operative hospital stay 
and the time before 
return to gut function 
after colorectal surgery. 

ECRI Quality Score 
(Rating):  
9.0 (High) 

Treatment 
Intervention: EDM 
(CardioQ) + CVP + 
conventional protocol 

Control Intervention: 
CVP + 
conventional protocol 

Total Enrolled: 128 
64 in treatment group 
64 in control group 

Age (median ± IQR) 
Treatment: 69.1 ± 12.3 
Control: 69.6 ± 10.2 

% female: 
Treatment: 40.6 
Control: 46.9 

Type of surgery: 
Elective or semi-
elective bowel surgery 

Inclusion Criteria: 
Patients requiring 
elective or semi-elective 
bowel surgery 

Exclusion Criteria: 
Patients with age 
<18 years, 
hepatic pathology, 
perforated viscus, 
esophageal pathology, 
and coagulopathy 

Mortality: 
Treatment: 0% (0/64) 
Control: 1.6% (1/64) 
p-value: 1.0 

Major complications: 
Not reported separate from 
total complications 

Total complications:  
Treatment: 37.5% (24/64) 
Control: 59.4% (38/64)  
p-value: 0.01 

Length of hospital stay 
(median days) 
Treatment: 10 (IQR 5.75) 
Control: 11.5 (IQR 4.75) 
p-value: 0.03 
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Author/Year Study Design/Purpose Intervention/Outcomes Demographics Results 

Conway et al. 
2002(44) 

Design: RCT 

Purpose: to examine 
the effect of esophageal 
Doppler guided fluid 
administration during 
colorectal resection on 
hemodynamic 
performance, hospital 
stay, and post-operative 
complications 

ECRI Quality Score 
(Rating): 
8.5 (High) 

Treatment 
Intervention: EDM 
(TECO 2) + CVP + 
conventional protocol 

Control Intervention: 
CVP + 
conventional protocol 

Total Enrolled: 57 
29 in treatment group 
28 in control group 

Age (mean ± SD) 
Treatment: 66.5 ± 12.5 
Control: 67.5 ± 10.1 

% female: 
Treatment: NR 
Control: NR 

Type of surgery:  
Major non-emergent 
bowel surgery 

Inclusion Criteria: 
Patients undergoing 
major bowel resections 

Exclusion Criteria: 
Patients undergoing 
emergency, 
intrathoracic, or 
esophageal surgery, 
patients with known 
sensitivity to starch-
based colloid or history 
of esophageal disease 

Mortality 
Treatment: 0% (0/29) 
Control: 3.6% (1/28) 
p-value: 0.49 

Major complications:  
Treatment: 0% (0/30) 
Control: 17.9% (5/30) 
p-value: 0.02 

Total complications  
Treatment: 17.2% (5/29) 
Control: 32.1% (9/28) 
p-value: 0.23a 

Length of hospital stay: 
Mean ±SD in days 
Treatment: 18.7 ±20.2 
Control: 12.7 ±6.0 

Median (range) 
Treatment: 12 (7-103) 
Control: 11 (7-30) 
p-value: NR 
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Author/Year Study Design/Purpose Intervention/Outcomes Demographics Results 

Gan et al. 
2002(11) 

Design: RCT 

Purpose: to investigate 
whether goal-directed 
intraoperative plasma 
volume expansion 
guided by the EDM 
would shorten the 
length of hospital stay 
and improve post­
operative outcomes in 
patients undergoing 
moderate risk surgery 

ECRI Quality Score 
(Rating): 
8.1 (Moderate) 

Treatment 
Intervention: EDM 
(EDMTM) + CVP + 
conventional protocol 

Control Intervention: 
CVP + 
conventional protocol  

Total Enrolled: 100 
50 in treatment group 
50 in control group 

Age (mean ± SD) 
Treatment: 56 ± 13 
Control: 59 ± 12 

% female: 
Treatment: 38 
Control: 48 

Type of surgery:  
Major elective general, 
urologic, or gynecologic 
surgery 

Inclusion Criteria: 
Patients with American 
Society of 
Anesthesiologists (ASA) 
physical status I, II, and 
III who were to undergo 
major elective general, 
urologic, or gynecologic 
surgery with an 
anticipated blood loss of 
>500 ml. 

Exclusion Criteria: 
Patients with age 
<18 years, 
emergency surgery, 
preoperative bowel 
obstruction, 
coagulopathy, 
significant renal and 
hepatic dysfunction 
(creatinine >50% or 
liver enzymes 
>50% upper limit of 
normal values), 
congestive heart failure, 
and esophageal 
pathology (avoid 
potential complications 
of the esophageal 
probe), and those 
undergoing gastric or 
esophageal surgery or 
who were on antiemetic 
medication within 
3 days of surgery 

Mortality: 
Treatment: 0% (0/50) 
Control: 0% (0/50) 
p-value: 1.0 

Major complications: 
Not reported separate from 
total complications 

Total complications:  
Treatment: 42% (21/50) 
Control: 76% (38/50) 
p-value: 0.001a 

Length of hospital stay: 
Mean ± SD in days 
Treatment: 5 ± 3 
Control: 7 ± 3 
Median 
Treatment: 6 
Control: 7 
p-value: 0.03 
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Author/Year Study Design/Purpose Intervention/Outcomes Demographics Results 

Venn et al. 
2002(46) 

Design: RCT 

Purpose: to investigate 
whether repeated 
colloid fluid challenges 
to optimize the 
circulation 
intraoperatively, guided 
by CVP or esophageal 
Doppler 
ultrasonography, would 
benefit high-risk 
patients admitted with 
fractured hips to a 
London teaching 
hospital 

ECRI Quality Score 
(Rating): 
9.0 (High) 

Treatment 
Intervention: EDM 
(CardioQ) + 
conventional protocol 

Control Intervention: 
CVP + 
conventional protocol  

Other Intervention: 
Conventional protocol 
alone 

Total Enrolled: 90 
30 in treatment group 
31 in control group 
29 in other group 

Age (mean ± SD) 
Treatment: 82 ± 8.7 
Control: 85 ± 6.2 
Other: 84.5 ± 9.3 

% female: 
Treatment: 80 
Control: 87.1 
Other: 79.3 

Type of surgery: 
Proximal femoral 
fracture repair 

Inclusion Criteria: 
Patients admitted with 
fractured hips 

Exclusion Criteria: 
Patients with age 
<65 years, 
esophageal pathology, 
central venous cannula 
already in situ, 
pathological fracture of 
femur, refusal of 
informed consent, and 
those undergoing 
regional anesthesia 

Mortality: 
Treatment: 10% (3/30) 
Control: 19.4% (6/31) 
Other: 6.9% (2/29) 
p-value: 0.31 

Major complications: 
Not reported separate from 
total complications 

Total complications:  
Treatment: 46.7% (14/30) 
Control: 51.6% (16/31)  
Other: 79.3% (23/29) 
p-value: 0.24 

Length of hospital stay: 
Mean days (95% CI) 
Treatment: 13.5 (10.9 to 
17.5) 
Control: 13.3 (10.3 to 19.2) 
Other: 17.5 (13.9 to 24.4) 
p-value: 0.035 
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Author/Year Study Design/Purpose Intervention/Outcomes Demographics Results 

Sinclair et al. 
1997(47) 

Design: RCT 

Purpose: to examine 
the possible benefits of 
intraoperative 
circulatory optimization 
using EDM in patients 
with fractured neck of 
femur 

ECRI Quality Score 
(Rating): 
8.9 (High) 

Treatment 
Intervention: EDM 
(ODM 2) + 
conventional protocol 

Control Intervention: 
Conventional protocol 

Total Enrolled: 40 
20 in treatment group 
20 in control group 

Age (Median and IQR) 
Treatment: 74 (70.5-82) 
Control: 75.5 (69-80) 

% female: 
Treatment: NR 
Control: NR 

Type of surgery: 
Proximal femoral 
fracture repair 

Inclusion Criteria: 
Patients with fractures 
of the femoral neck of 
the hip 

Exclusion Criteria: 
Patients with age 
<55 years, 
fracture secondary to 
neoplasm, fractures 
occurring during 
hospitalization for an 
acute illness, fracture 
through the site of a 
previous surgical 
correction or associated 
with instabiliy of a 
previous prosthesis, 
planned regional 
anesthesia (precluding 
placement of Doppler 
probe), and refusal of 
consent or inability to 
contact next of kin in 
the case of patietns 
unable to give consent 
themselves 

Mortality: 
Treatment: 5% (1/20) 
Control: 10% (2/20) 
p-value: 1.0 

Major and Total 
complications:  
Treatment: NR 
Control: NR 
p-value: NR 

Length of hospital stay: 
Median and range in days: 
Treatment: 11 (3 to 23) 
Control: 20 (5 to 220) 
p-value: <0.05 
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Author/Year Study Design/Purpose Intervention/Outcomes Demographics Results 

Mythen and 
Webb 1995(45) 

Design: RCT 

Purpose: to test the 
hypothesis that 
perioperative plasma 
volume expansion with 
colloid (guided by EDM 
+ CVP) would maintain 
pHi during elective 
cardiac surgery 

ECRI Quality Score 
(Rating): 
8.9 (High) 

Treatment 
Intervention: EDM 
(ODM 1) + CVP + 
conventional protocol 

Control Intervention: 
CVP + 
conventional protocol  

Total Enrolled: 60 
30 in treatment group 
30 in control group 

Age (mean and range) 
Treatment: 63 (42-89) 
Control: 64 (44-86) 

% female: 
Treatment: NR 
Control: NR 

Type of surgery: 
Elective cardiac surgery 
(CABG or single valve 
replacement) 

Inclusion Criteria: 
Patients scheduled for 
elective coronary artery 
bypass grafts (CABG) 
or single heart valve 
replacement) who 
had a preoperative 
left ventricular ejection 
fraction (LVEF) 
estimated to be ≥50% 
and graded by the 
anesthesiologist in 
charge as ASA grade 
III. 

Exclusion Criteria: 
Patients with age 
<18 years, pregnancy, 
coagulopathies or 
perforated viscus, 
esophageal or 
gastric abnormalities, 
nonpulsatile 
cardiopulmonary 
bypass, administration 
of aprotinin, and 
prior heart surgery or 
preexisting respiratory, 
hepatic, or 
renal disease. 

Mortality: 
Treatment: 0% (0/30) 
Control: 3.3% (1/30) 
p-value: 1.0 

Major complications:  
Treatment: 0% (0/30) 
Control: 20% (6/30) 
p-value: 0.01 

Total complications: 
Treatment: NR 
Control: NR 
p-value: NR 

Length of hospital stay: 
Mean and range in days 
Treatment: 6.4 (5 to 9) 
Control: 10.1 (5 to 48) 
p-value: 0.01 
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Author/Year Study Design/Purpose Intervention/Outcomes Demographics Results 
McKendry et al. 
2004(48) 

Design: RCT 

Purpose: to assess 
whether a nurse led, 
flow monitored protocol 
for optimizing 
circulatory status in 
patients after cardiac 
surgery reduces 
complications and 
shortens stay in 
intensive care and 
hospital 

ECRI Quality Score 
(Rating): 
8.5 (High) 

Treatment 
Intervention: EDM 
(CardioQ) + 
conventional protocol 

Control Intervention: 
Conventional protocol 

Total Enrolled: 174 
89 in treatment group 
85 in control group 

Age (mean ± SD) 
Treatment: 65.6 ± 10.3 
Control: 66.7 ± 10.2 

% female: 
Treatment: 37 
Control: 33 

Type of surgery: 
Cardiopulmonary 
bypass surgery 

Inclusion Criteria: 
Patients undergoing 
cardiopulmonary 
bypass surgery who 
had provided informed 
consent 

Exclusion Criteria: 
Patients with age 
<18 years, those 
undergoing off-pump 
surgery, those who 
declined consent, or 
those with relative 
contraindications to use 
of the esophageal 
Doppler probe 
(esophageal varices or 
other oropharyngeal 
and esophageal 
disease). 

Mortality: 
Treatment: 4.5% (4/89) 
Control: 2.4% (2/85) 
p-value: 0.68 

Major complications: 
Not reported separate from 
total complications 

Total complications:  
Treatment: 19.1% (17/89) 
Control: 30.6% (26/85)  
p-value: 0.08a 

Length of hospital stay: 
Mean days: 
Treatment: 11.4 
Control: 13.9 
p-value: NR 

Median days: 
Treatment: 7 
Control: 9 
p-value: 0.02 

a Calculated by ECRI 
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Appendix D. Evidence Tables for Key Question 2 

Table D-1. Patient Enrollment Criteria for Studies Addressing Key Question 2 

Reference Year Inclusion Criteria Exclusion Criteria 

Noblett et al.(42) 2006 Patients requiring elective bowel surgery Severe esophageal disease, recent esophageal or upper airway surgery, 
systemic steroid medication, moderate or severe aortic valve disease, bleeding 
diathesis and patient choice. 

Wakeling et al.(43) 2005 Patients requiring elective or semi-elective bowel surgery Patients with age <18 years, hepatic pathology, perforated viscus, 
esophageal pathology, and coagulopathy 

Conway et al.(44) 2002 Patients undergoing major bowel resections Patients undergoing emergency, intrathoracic, or esophageal surgery, 
patients with known sensitivity to starch-based colloid or history of esophageal 
disease 

Gan et al.(11) 2002 Patients with American Society of Anesthesiologists (ASA) 
physical status I, II, and III who were to undergo major 
elective general, urologic, or gynecologic surgery with an 
anticipated blood loss of >500 ml. 

Patients with age <18 years, emergency surgery, preoperative bowel 
obstruction, coagulopathy, significant renal and hepatic dysfunction 
(creatinine >50% or liver enzymes >50% upper limit of normal values), 
congestive heart failure, and esophageal pathology (avoid potential 
complications of the esophageal probe), and those undergoing gastric or 
esophageal surgery or who were on antiemetic medication within 3 days of 
surgery 

Venn et al.(46) 2002 Patients admitted with fractured hips Patients with age <65 years, esophageal pathology, central venous cannula 
already in situ, pathological fracture of femur, refusal of informed consent, and 
those undergoing regional anesthesia 

Sinclair et al.(47) 1997 Patients with fractures of the femoral neck of the hip Patients with age <55 years, fracture secondary to neoplasm, fractures 
occurring during hospitalization for an acute illness, fracture through the site of 
a previous surgical correction or associated with instabiliy of a previous 
prosthesis, planned regional anesthesia (precluding placement of Doppler 
probe), and refusal of consent or inability to contact next of kin in the case of 
patietns unable to give consent themselves 
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Reference Year Inclusion Criteria Exclusion Criteria 

Mythen and 
Webb(45) 

1995 Patients scheduled for elective coronary artery bypass grafts 
(CABG) or single heart valve replacement who had a 
preoperative left ventricular ejection fraction (LVEF) 
estimated to be ≥50% and graded by the anesthesiologist in 
charge as ASA grade III. 

Patients with age <18 years, pregnancy, coagulopathies or perforated viscus, 
esophageal or gastric abnormalities, nonpulsatile cardiopulmonary bypass, 
administration of aprotinin, and prior heart surgery or preexisting respiratory, 
hepatic, or renal disease. 

NR Not Reported 

Table D-2. Characteristics of Patients Receiving Cardiac Output Monitoring 

Author/ 
year

Year

Monitoring protocol 

N Age (m
ean ±SD) 

%
 fem

ale 

ASA grade

Goldm
an cardiac risk index 

POSSUM score

Hem
oglobin level at baseline 

(g/dl) 

Type of surgery  

Noblett et al.(42) 2006 EDM (CardioQ) + 
CVP + conventional 
protocol 
CVP + 
conventional protocol  

54 

54 

62.3 ± 14.0 

67.6 ± 15.2 

NR 

NR 

2.1 ± 0.6 

2.2 ± 0.6 

NR 

NR 

15.4 ± 4.2 

16.1 ± 3.7 

NR 

NR 

Elective bowel surgery 
(colorectal resection) 

Wakeling et al.(43) 2005 EDM (CardioQ) + 
CVP + 
conventional protocol 
CVP + 
conventional protocol 

64 
64 

69.1 ± 12.3 
69.6 ± 10.2 
Median ± IQR 

40.6 
46.9 

2 ± 1 
2 ± 1 
Median ± IQR 

NR 
NR 

17 ± 6.5 
18 ± 7 
Median ± IQR 

NR 
NR 

Elective or semi-
elective bowel surgery 

Page 96 



Author/ 
year

Year

Monitoring protocol 

N Age (m
ean ±SD) 

%
 fem

ale 

ASA grade

Goldm
an cardiac risk index 

POSSUM score

Hem
oglobin level at baseline 

(g/dl) 

Type of surgery  

Conway et al.(44) 2002 EDM (Teco 2) + 
CVP + 
conventional protocol 
CVP + 
conventional protocol 

29 
28 

66.5 (12.5) 
67.5 (10.1) 

NR 
NR 

I (I-III) 
II (I-III) 
Median (range) 

3 (3-11) 
3 (3-29) 
Median (range) 

NR 
NR 

12.8 (1.8) 
12.8 (1.5) 

Major non-emergent 
bowel surgery 

Gan et al.(11) 2002 EDM (EDMTM ) + 
CVP + 
conventional protocol 
CVP + 
conventional protocol 

50 
50 

56 (13) 
59 (12) 

38 
48 

II (I-III) 
II (I-III) 
Median (range) 

NR 
NR 

NR 
NR 

13.4 (1.9) 
12.9 (1.7) 

Major elective general, 
urologic, or 
gynecologic surgery 

Venn et al.(46) 2002 EDM (CardioQ) + 
conventional protocol 
CVP + 
conventional protocol 
Conventional protocol 

30 
31 
29 

82 (8.7) 
85 (6.2) 
84.5 (9.3) 

80 
87.1 
79.3 

3 (2.5-3) 
3 (3-4) 
3 (3-4) 
Median (IQR) 

NR 
NR 
NR 

35 (32-40) 
40 (35-42) 
38 (34-40) 
Median (IQR) 

NR 
NR 
NR 

Proximal femoral 
fracture repair 

Sinclair et al.(47) 1997 EDM (ODM 2) + 
conventional protocol 
Conventional protocol 

20 
20 

74 (70.5-82) 
75.5 (69-80) 
Median (IQR) 

NR 
NR 

2 (2-3) 
2 (2-3) 
Median (IQR) 

9 (9-13) 
9 (8-12) 
Median (IQR) 

NR 
NR 

12.5 
(11.1-13.7) 
12.7 
(10.7-14) 
Median (IQR) 

Proximal femoral 
fracture repair 
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Author/ 
year

Year

Monitoring protocol 

N Age (m
ean ±SD) 

%
 fem

ale 

ASA grade

Goldm
an cardiac risk index 

POSSUM score

Hem
oglobin level at baseline 

(g/dl) 

Type of surgery  

Mythen and Webb(45) 1995 EDM (ODM 1) + 
CVP + 
conventional protocol 
CVP + 
conventional protocol 

30 
30 

63 (42-89) 
64 (44-86) 
Mean (range) 

NR 
NR 

III 
III 
(All patients) 

NR 
NR 

NR 
NR 

NR 
NR 

Elective cardiac 
surgery (CABG or 
single valve 
replacement) 

CVP Central Venous Pressure Monitoring 
EDM Esophageal Doppler Monitoring 
IQR Interquartile Range 
NR Not Reported 

Table D-3. Fluid Management Protocols in Studies Addressing Key Question 2 

Reference Year Type of Surgery Fluid management protocol for EDM group Fluid management protocol for control group 

Noblett et al.(42) 2006 Elective bowel 
surgery 

In addition to routine fluid management, patients 
received colloid fluid boluses to maintain a descending 
aortic corrected flow time of > 0.35 seconds, and further 
boluses were given to optimize the stroke volume. Once 
achieved, further fluid boluses were given only if the 
stroke volume altered by >10% or the corrected flow 
time fell below 0.35 seconds. 

Patients managed using routine fluid management at the 
discretion of the anesthiologist. Only some patients had 
CVP lines. All patients had EDM probes inserted, but they 
were not used to guide fluid administration according to a 
specific protocol. The anesthetist and those in charge of 
postoperative patient care were blinded to the EDM 
readings. 

Wakeling et al.(43) 2005 Elective or semi-
elective bowel 
surgery 

In addition to routine fluid management, patients 
received 250 ml boluses of colloid solution. If stroke 
volume increased by 10% or more but CVP did not rise 
by 3 mm Hg or more, the fluid challenge was repeated. 
Fluid challenges were repeated until the stroke volume 

Patients managed using routine cardiovascular monitoring 
and CVP measurements. CVP was used to guide i.v. fluid 
administration and was kept between 12 and 15 mm Hg. 
Anesthetist was blinded to esophageal Doppler 
measurements, which were taken before, after laparotomy, 
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Reference Year Type of Surgery Fluid management protocol for EDM group Fluid management protocol for control group 
failed to rise by 10% and/or the CVP rose by 3 mm Hg 
or more. No further colloid fluid boluses were given until 
a 10% decrease in stroke volume occurred. Esophageal 
Doppler measurements were performed continuously. 

and at the end of the operation. 

Conway et al.(44) 2002 Major non-emergent 
bowel surgery 

In addition to routine fluid management, patients 
received additional colloid fluid boluses of 3 ml/kg 
according to an algorithm based on esophageal Doppler 
measurements. The algorithm was designed to optimize 
stroke volume (until SV did not increase by 10%) and 
maintain the corrected flow time >0.35 seconds. The 
anesthetist was blinded to EDM readings (but if the 
stroke volume fell in response to a fluid challenge and 
flow time and aortic velocity waveform indicated that the 
patient was volume overloaded, the anesthetist was 
unblinded). 

Routine fluid management based on monitoring of heart 
rate, blood pressure, and (at the discretion of the 
anesthesiologist) CVP. EDM probe was inserted in all 
patients, and the anesthetist was blinded to EDM readings 
(but if the stroke volume fell in response to a fluid 
challenge and flow time and aortic velocity waveform 
indicated that the patient was volume overloaded, the 
anesthetist was unblinded). 

Gan et al.(11) 2002 Major elective 
general, urologic, or 
gynecologic surgery 

Patients received colloid fluid boluses of 200 ml 
according to an algorithm based on esophageal Doppler 
measurements. The algorithm was designed to optimize 
stroke volume (until SV did not increase by 10%) and 
maintain the corrected flow time >0.35 seconds. If the 
latter increased above 0.4 seconds with no change in 
stroke volume, further fluid was not administered until 
the stroke volume decreased by 10% of the last value. 
In addition, patients received fluid equivalent to that lost 
as a result of surgical hemorrhage. When 20 ml/kg of 
6% hydroxyethy starch in saline had been given, 
lactated Ringer’s solution was used for further fluid 
boluses as required. Crystalloid was used in a 3:1 ratio 
for replacement of surgical blood loss. 

The esophageal Doppler monitor was turned away from 
the anesthetist and the screen covered. Hemodynamic 
variables triggering fluid administration involved a urinary 
output <0.5 ml/kg/h, an increase in heart rate >20% above 
baseline or >110 beats/min, a decrease in mean systolic 
blood pressure <20% below baseline or <90 mm Hg, or 
CVP <20% of baseline. Boluses of 200 ml of fluid were 
administered until the above target was restored. The 
anesthesiologist would also administer additional fluid 
if deemed clinically indicated. 
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Reference Year Type of Surgery Fluid management protocol for EDM group Fluid management protocol for control group 

Venn et al.(46) 2002 Proximal femoral 
fracture repair 

In addition to routine fluid management, patients 
received additional 200 ml colloid fluid challenges 
guided by Doppler measurements of stroke volume and 
corrected flow time. Similar to Conway et al. protocol, 
except if the corrected flow time rose above 0.4 seconds 
and the stroke volume remained the same, a further 
100 ml colloid fluid was given. If after this fluid challenge 
the stroke volume still remained the same, no further 
fluid was given until the stroke volume fell by 10%. 
CVP was not recorded. 

Control (no CVP) group: I.v. fluid administered as 
appropriate according to physician judgment (crystalloid 
and/or colloid). Although CVP was recorded, the clinician 
was blinded to measurements and unable to use them to 
guide therapy. No additional fluid boluses were given in 
this group. 
CVP group: in addition to routine fluid management, 
patients received additional 200 ml colloid fluid challenges 
guided by the response of CVP to a fluid challenge. 

Sinclair et al.(47) 1997 Proximal femoral 
fracture repair 

In addition to routine fluid management, patients 
received additional colloid fluid boluses of 3 ml/kg 
according to an algorithm based on esophageal Doppler 
measurements. The algorithm was designed to optimize 
stroke volume (until SV did not increase by 10%) and 
maintain the corrected flow time >0.35 seconds. If the 
latter increased above 0.4 seconds with no change in 
stroke volume, further fluid was not administered until 
the stroke volume decreased by 10% of the last value. 
CVP was not recorded. The anesthetist was blind to 
EDM readings, but aware of the fluid volumes given as 
fluid challenges to the protocol group. 

Patients received crystalloid, colloid, or blood to replace 
estimated fluid losses and to maintain heart rate and blood 
pressure. CVP was not recorded. EDM probes were 
inserted in all patients, but the anesthetist was blinded to 
EDM readings. 

Mythen and 
Webb(45) 

1995 Elective cardiac 
surgery (CABG or 
single valve 
replacement) 

In addition to routine fluid management, patients 
received additional 200 ml colloid fluid boluses to obtain 
a maximum stroke volume (when stroke volume failed to 
rise by 10%) and a rise in CVP >3 mm Hg. Stroke 
volume was monitored until a 10% decrease occurred, 
at which time another bolus was given. This procedure 
was repeated every 15 minutes until the end of surgery 
except when the patients underwent cardiopulmonary 
bypass. 

Patients received crystalloid or colloid solutions based on 
judgment of the anesthetist. EDM probe was inserted in all 
patients, but operating room personnel were blinded to 
EDM readings. 

CABG 
CVP 
EDM 

Coronary Artery Bypass Grafting 
Central Venous Pressure 
Esophageal Doppler Monitoring 
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Table D-4. Study Quality Evaluation – Studies Comparing Esophageal Doppler Monitoring Plus CVP 
Plus Conventional Protocol to CVP Plus Conventional Protocol 

ECRI study quality scale - questions 

Study 

Noblett et al. Wakefield et al. Conway et al. Gan et al. Mythen
and Webb 

1. Were patients randomly assigned to groups? Yes Yes Yes Yes Yes 

2. Did the study employ stochastic randomization? Yes NR Yes Yes No 

3. Were any methods used to make the groups comparable- randomization, matching, etc.? Yes Yes Yes Yes Yes 

4. Were patients assigned to groups based on factors other than patient or physician preference? Yes Yes Yes Yes Yes 

5. Were the characteristics of the patients in different groups comparable? Yes Yes No Yes Yes 

6. Did the patients in the different study groups have similar levels of performance on outcomes at baseline? Yes Yes Yes Yes Yes 

7. Was the study prospectively planned?  Yes Yes Yes Yes Yes 

8. Did 85% or more of the patients complete the study? Yes Yes Yes Yes Yes 

9. Was there a less than 16% difference in completion rates in the study’s groups? Yes Yes Yes Yes Yes 

10. Were all of the study’s groups concurrently treated? Yes Yes Yes Yes Yes 

11. Was compliance with treatment greater than or equal to 85% in both of the groups? Yes Yes Yes Yes Yes 

12. Were both groups treated at the same centers? Yes Yes Yes Yes Yes 

13. Were subjects blinded to treatment? Yes Yes Yes Yes Yes 

14. Did the authors test and confirm that blinding of patients was maintained? NR NR NR NR NR 

15. Was the treating physician blinded to group assignment?  Yes No No No No 

16. Were the outcome assessors blinded to group assignment? Yes Yes No Yes Yes 

17. Was there concealment of allocation? Yes Yes Yes Yes Yes 

18. Was the outcome of interest objective and was it objectively measured?a Yes Yes Yes Yes Yes 

19. Were the same methods used to measure outcomes in all of the study’s groups?a Yes Yes Yes Yes Yes 
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ECRI study quality scale - questions 

Study 

Noblett et al. Wakefield et al. Conway et al. Gan et al. Mythen 
and Webb 

20. Was the instrument used to measure the outcome standard?a Yes Yes Yes Yes Yes 

21. Was the same treatment given to all of the patients enrolled in the experimental group? Yes Yes Yes No Yes 

22. Was the same treatment given to all of the patients enrolled in the control group? Yes Yes Yes No Yes 

23. Were the follow-up times in all of the study’s relevant groups approximately equal? Yes Yes Yes Yes Yes 

24. Was the funding for this study derived from a source that does not have a financial interest in its results? Yes Yes Yes No Yes 

25. Were the author’s conclusions supported by the data in the results section?  Yes Yes Yes Yes Yes 

Quality score 9.7 9.0 8.5 8.1 8.9 

Quality rating High High High Moderate High 
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Table D-5. Study Quality Evaluation – Studies Comparing Esophageal Doppler 
Monitoring Plus Conventional Protocol to Conventional Protocol 

ECRI study quality scale - questions 
Study 

Venn et al. Sinclair et al. 

1. Were patients randomly assigned to groups? Yes Yes 

2. Did the study emply stochastic randomization? Yes No 

3. Were any methods used to make the groups comparable- randomization, matching, etc.? Yes Yes 

4. Were patients assigned to groups based on factors other than patient or physician preference? Yes Yes 

5. Were the characteristics of the patients in different groups comparable? NR Yes 

6. Did the patients in the different study groups have similar levels of performance on outcomes at baseline? Yes Yes 

7. Was the study prospectively planned?  Yes Yes 

8. Did 85% or more of the patients complete the study? Yes Yes 

9. Was there a less than 16% difference in completion rates in the study’s groups? Yes Yes 

10. Were all of the study’s groups concurrently treated? Yes Yes 

11. Was compliance with treatment greater than or equal to 85% in both of the groups? Yes Yes 

12. Were both groups treated at the same centers? Yes Yes 

13. Were subjects blinded to treatment? Yes Yes 

14. Did the authors test and confirm that blinding of patients was maintained? NR NR 

15. Was the treating physician blinded to group assignment?  No No 

16. Were the outcome assessors blinded to group assignment? Yes Yes 

17. Was there concealment of allocation? Yes Yes 

18. Was the outcome of interest objective and was it objectively measured?a Yes Yes 

19. Were the same methods used to measure outcomes in all of the study’s groups?a Yes Yes 

20. Was the instrument used to measure the outcome standard?a Yes Yes 
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ECRI study quality scale - questions 
Study 

Venn et al. Sinclair et al. 

21. Was the same treatment given to all of the patients enrolled in the experimental group? Yes Yes 

22. Was the same treatment given to all of the patients enrolled in the control group? Yes Yes 

23. Were the follow-up times in all of the study’s relevant groups approximately equal? Yes Yes 

24. Was the funding for this study derived from a source that does not have a financial interest in its results? Yes Yes 

25. Were the author’s conclusions supported by the data in the results section?  Yes Yes 

Quality score 9.0 8.9 

Quality rating High High 

Page 104 



Table D-6. Specific Complications Reported in Included Studies 

Reference Year Type of Surgery Reported complications 

Trials comparing EDM + CVP + conventional protocol to CVP + conventional protocol 

Noblett et al.(42) 2006 Elective bowel surgery Major complications: Life-threatening complications requiring HDU or 
ICU care. Included death, pneumonia plus multiple organ dysfunction 
syndrome (MODS), anastomotic breakdown and MODS, sepsis and 
intra-abdominal collection, pneumonia requiring non-invasive 
ventilatory support.  
Intermediate complications: Complications requiring surgical, 
endoscopic, or radiological intervention. 
(Note: The authors reported the total number of intermediate or major 
complications for each treatment group.)  
Other complications: complications requiring pharmacological 
treatment, or deviations from normal postoperative course not requiring 
intervention. Specific complications mentioned were ileus, nausea, and 
vomiting. 

Wakeling et 
al.(43) 

2005 Elective or semi-elective 
bowel surgery 

Death, pulmonary/thrombotic, infectious, renal, gastrointestinal, 
cardiovascular, neurological, wound, hemotological, pain, social. They 
did not separate major complications from total complications. 

Conway et al.(44) 2002 Major bowel resections Death, chest infection, pulmonary embolus, cardiac failure, 
arrhythmias, surgical problems requiring reoperation, delirium  
Major complications: complications requiring critical care. 
(Note: the authors did not report how many patients in each group had 
each type of complication, they only reported the total number of 
patients with complications in each group.) 
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Reference Year Type of Surgery Reported complications 

Gan et al.(11) 2002 Major elective general, 
urologic, or gynecologic 
surgery with an anticipated 
blood loss of >500 ml. 

Acute renal dysfunction, cardiovascular (hypotension, pulmonary 
edema, arrhythmia), chest infection, wound infection, coagulopathy, 
severe nausea/vomiting requiring emetic, respiratory support > 24 h. 
(Note: authors reported each of these complications separately for 
each treatment group. They did not report the total number of patients 
who had complications, they reported only the total number of events.) 

Mythen and 
Webb(45) 

1995 Elective coronary artery 
bypass grafts (CABG) or 
single heart valve 
replacement 

Major complications: Death, multiple organ failure, chest infection with 
pleural effusion and disorientation, respiratory failure with nausea and 
vomiting, cerebrovascular accident, paralytic ileus with pericardial 
effusion and disorientation. 
Minor complications: wound infection, dyspnea, disorientation, 
persistent nausea and vomiting beyond third post-operative day. 
(Note: the authors only reported the number of patients who had major 
complications. Because they did not even report the number of minor 
complications, no estimate of total complications was possible). 

Trials comparing EDM + conventional protocol to conventional protocol 

Venn et al.(46) 2002 Hip fracture repair Mortality, myocardial infarction, cardiac failure, rapid atrial fibrillation, 
hypotension, impaired renal function, pseudo-obstruction, chest 
infection, wound infection, urinary tract infection, cellulitis ,pancreatitis, 
pulmonary embolus, deep hemorrhage requiring transfusion, 
hematemesis. 
(Note: authors reported each of these complications separately for 
each treatment group. They did not report the total number of patients 
who had complications, they reported only the total number of events.) 

Sinclair et al.(47) 1997 Hip fracture repair NR 
HDU High dependency unit 
ICU Intensive care unit 
NR Not reported 
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Table D-7. Results for Key Question 2 - Mortality 

Study N 

% operative deaths (n/N) 
% post-operative deaths 

(in-hospital or within 30 days) (n/N) % total deaths during trial (n/N) 

EDM group Control group p-value EDM group Control group p-value EDM group Control group p-value 

Trials comparing EDM + CVP + conventional protocol to CVP + conventional protocol 

Noblett et al.(42) 103 0 (0/51) 0 (0/52) 1.0 0 (0/51) 1.9 (1/52) 1.0 0 (0/51) 1.9 (1/52) 1.0 

Wakeling et al.(43) 128 0 (0/64) 0 (0/64) 1.0 0 (0/64) 0 (0/64) 1.0 0 (0/64) 1.6 (1/64) 1.0 

Conway et al.(44) 57 0 (0/29) 0 (0/28) 1.0 0 (0/29) 3.6 (1/28) 0.49 0 (0/29) 3.6 (1/28) 0.49 

Gan et al.(11) 100 0 (0/50) 0 (0/50) 1.0 0 (0/50) 0 (0/50) 1.0 0 (0/50) 0 (0/50) 1.0 

Mythen and Webb(45) 60 0 (0/30) 0 (0/30) 1.0 0 (0/30) 3.3 (1/30) 1.0 0 (0/30) 3.3 (1/30) 1.0 

Trials comparing EDM + conventional protocol to CVP + conventional protocol 

Venn et al.(46) 90 0 (0/30) 0 (0/31) 1.0 10 (3/30) 19.4 (6/31) 0.30 10 (3/30) 19.4 (6/31) 0.30 

Trials comparing EDM + conventional protocol to conventional protocol 

Venn et al.(46) 90 0 (0/30) 0 (0/29) 1.0 10 (3/30) 6.9 (2/29) 1.0 10 (3/30) 6.9 (2/29) 1.0 

Sinclair et al.(47) 40 0 (0/20) 0 (0/20) 1.0 0 (0/20) 5.0 (1/20) 1.0 5.0 (1/20) 10 (2/20) 1.0 
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Table D-8. Results for Key Question 2 – Major Complications 

Study N 

% major (life-threatening) 
complications during trial 

(n/N) 

EDM group Control group 
Peto odds ratio 

(95% CI)a p-valuea 

Trials comparing EDM + CVP + conventional protocol to CVP + 
conventional protocol 

Noblett et al.(42) 103 0 (0/51) 11.5 (6/52) 0.13 (0.02 to 0.64) 0.01 

Conway et al.(44) 57 0 (0/29) 17.9 (5/28) 0.11 (0.02 to 0.69) 0.02 

Mythen and Webb(45) 60 0 (0/30) 20 (6/30) 0.11 (0.02 to 0.60) 0.01 
a Calculated by ECRI 

Page 108 



Table D-9. Results for Key Question 2 – Total Complications 

Study N 

% total complications during 
trial (n/N) 

EDM group Control group 
Odds ratio (95%

CI)a p-valuea 

Trials comparing EDM + CVP + conventional protocol to CVP + 
conventional protocol 

Noblett et al.(42) 103 25.5 (13/51) 42.3 (22/52) 0.47 (0.20 to 1.07) 0.07 

Wakeling et al.(43) 128 37.5 (24/64) 59.4 (38/64) 0.41 (0.20 to 0.84) 0.01 

Conway et al.(44) 57 17.2 (5/29) 32.1 (9/28) 0.44 (0.13 to 1.54) 0.23 

Gan et al.(11) 100 42 (21/50)b 76 (38/50)b 0.23 (0.10 to 0.54) 0.001 

Trials comparing EDM + conventional protocol to CVP + conventional 
protocol 

Venn et al.(46) 90 33.3 (10/30) 
46.7 (14/30) b 

45.2 (14/31) 
51.6 (16/31) b 

0.61 (0.21 to 1.72) 
0.82 (0.30 to 2.25) 

0.35 
0.70 

Trials comparing EDM + conventional protocol to conventional protocol 

Venn et al.(46) 90 33.3 (10/30) 
46.7 (14/30) b 

55.2 (16/29) 

79.3 (23/29) b 

0.41 (0.14 to 1.16) 
0.23 (0.07 to 0.72) 

0.09 
0.01 

Sinclair et al.(47) 40 NR NR 

a Calculated by ECRI 
b   Total number of complications, not number of patients with complications 
NR Not Reported 
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Table D-10. Results for Key Question 2 – Length of Hospital Stay 

Study N 
Length of hospital stay (days) 

EDM group Control group p-value 

Trials comparing EDM + CVP + conventional protocol to CVP + conventional protocol 
Noblett et al.(42) 103 Median: 7 

(IQR: 3 to 35) 
Median: 9  

(IQR: 4 to 45) 
0.005 

Wakeling et al.(43) 128 Median: 10 (IQR: 5.75) Median: 11.5 (IQR: 4.75) 0.03 

Conway et al.(44) 57 Mean: 18.7 (±20.2) 
Median: 12 

(Range: 7 to 103) 

Mean: 12.7 (±6.0) 
Median: 11 

(Range: 7 to 30) 

NR 

Gan et al.(11) 100 Mean: 5 (±3) 
Median: 6 

Mean: 7 (±3) 
Median: 7 0.03 (for medians) 

Mythen and Webb(45) 60 Mean: 6.4 
(Range: 5 to 9) 

Mean: 10.1 
(Range: 5 to 48) 

0.01 

Trials comparing EDM + conventional protocol to CVP + conventional protocol 
Venn et al.(46) 90 Mean: 13.5 

(95% CI: 10.9 to 17.5) 
Mean: 13.3 

(95% CI: 10.3 to 19.2) 
0.96 

Trials comparing EDM + conventional protocol to conventional protocol 
Venn et al.(46) 90 Mean: 13.5 

(95% CI: 10.9 to 17.5) 
Mean: 17.5 

(95% CI: 13.9 to 24.4) 
0.31 

Sinclair et al.(47) 40 Median: 11 
(Range: 3 to 23) 

Median: 20 
(Range: 5 to 220) 

<0.05 
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Table D-11. Meta-analysis – Length of Hospital Stay

(EDM + Conventional Protocol vs. Conventional Protocol) 


Study N = 

Effect 
Size 
(days) 

Lower 
95% CI 

Upper
95% CI p-value I2 

Venn et al.(46) 90 -4.00 -11.57 3.57 0.30 NA 
Sinclair et al.(47) 40 -9.00 -15.83 -2.17 0.01 NA 
Random-effects summary effect size 130 -6.76 -11.83 -1.68 0.009 NA 
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Table D-12. Results of Sensitivity Analyses for Major Complications 

(EDM + CVP + Conventional Protocol vs. CVP + Conventional Protocol) 


Sensitivity analysis 
Summary Peto log odds ratio 

(95% CI) p value 
Qualitative robustness 

Removal of Noblett et al.(42) (largest 
study) 

-2.19 (-3.42 to -0.96) 0.0005 

Removal of Conway et al.(44) (smallest 
study) 

-2.13 (-3.30 to -0.96) 0.0004 

Removal of Mythen and Webb(45) -2.13 (-3.35 to -0.91) 0.0006 

Removal of Conway et al., Mythen and 
Webb (two smallest studies) 

-2.08 (-3.72 to -0.44) 0.01 

Removal of Noblett et al., Mythen and 
Webb (two largest studies) 

-2.19 (-3.86 to -0.51) 0.01 

Assumption of no effect in studies that did 
not separately report major complications 
(Wakeling et al., Gan et al.) 

-1.11 (-2.17 to -0.05) 0.04 

Original random-effects meta-analysis -2.15 (-3.14 to -1.17) 0.00002 

Original random-effects meta-analysis 
using a different metric (Cohen’s h) 

-0.80 (-1.07 to -0.54)  
Note: ES is Cohen’s h, not lnOR 

<0.0000001 
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Table D-13. Results of Sensitivity Analyses for Total Complications 

(EDM + CVP + Conventional Protocol vs. CVP + Conventional Protocol) 


Sensitivity analysis Summary log odds ratio (95% CI) p value 
Quantitative and Qualitative robustness 

Removal of Noblett et al.(42) (largest 
study) 

-1.08 (-1.58 to -0.58) 0.00003 

Removal of Wakeling et al.(43) -1.06 (-1.60 to -0.52) 0.0001 

Removal of Gan et al.(11) -0.83 (-1.33 to -0.34) 0.001 

Removal of Conway et al.(44) (smallest 
study) 

-1.02 (-1.48 to -0.56) 0.00001 

Removal of Conway et al., Gan et al. (two 
smallest studies) 

-0.84 (-1.38 to -0.30) 0.002 

Removal of Noblett et al., Wakeling et al. 
(two largest studies) 

-1.27 (-1.97 to -0.56) 0.0005 

Assumption of no effect in study that did 
not report total complications (Mythen and 
Webb) 

-0.84 (-1.27 to -0.40) 0.0002 

Original random-effects meta-analysis -1.00 (-1.43 to -0.57) 0.000006 

Original random-effects meta-analysis 
using a different metric (Cohen’s h) 

-0.47 (-0.67 to -0.28) 
Note: ES is Cohen’s h, not lnOR 

0.000003 
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Table D-14. Results of Sensitivity Analyses for Length of Hospital Stay

(EDM + CVP + Conventional Protocol vs. CVP + Conventional Protocol) 


Sensitivity analysis Summary days (95% CI) p value 
Qualitative robustness 

Removal of Noblett et al.(42) (largest study) -1.32 (-2.18 to -0.45) 0.003 

Removal of Wakeling et al.(43) -1.32 (-2.35 to -0.29) 0.01 

Removal of Gan et al.(11) -1.75 (-2.89 to -0.60) 0.003 

Removal of Mythen and Webb(45) -1.28 (-2.11 to -0.44) 0.003 

Removal of Conway et al.(44) (smallest 
study) 

-1.40 (-2.23 to -0.58) 0.0008 

Removal of Noblett et al, Wakeling et al. 
(two largest studies) 

-1.20 (-2.31 to -0.08) 0.04 

Removal of Conway et al., Mythen and 
Webb (two smallest studies) 

-1.29 (-2.14 to -0.45) 0.003 

Original random-effects meta-analysis -1.39 (-2.21 to -0.57) 0.0009 

Random-effects meta-analysis using only 
means when available 

-1.80 (-2.84 to -0.76) 0.0007 

Random effects meta-analysis using more 
conservative assumptions about ranges and 
interquartile ranges 

-1.29 (-2.30 to -0.27) 0.01 

Random effects meta-analysis using more 
conservative assumptions about ranges and 
interquartile ranges and assuming medians 
are equal in the study by Mythen and Webb 
(which only reported means and SDs) 

-1.03 (-2.05 to -0.01) 0.047 

Random effects meta-analysis using a 
different metric (Hedges’ g) 

-0.31 (-0.49 to -0.12) 
Note: ES is Hedges’ g, not days 

0.001 
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Appendix E. Evidence Tables for Key Question 3 

Table E-1. Patient Enrollment Criteria for Studies Addressing Key Question 3 

Reference Year Inclusion Criteria Exclusion Criteria 

McKendry et al.(48) 2004 Patients undergoing cardiopulmonary bypass surgery 
who had provided informed consent 

Patients with age <18 years, those undergoing off-pump 
surgery, those who declined consent, or those with relative 
contraindications to use of the esophageal Doppler probe 
(esophageal varices or other oropharyngeal and esophageal 
disease). 

NR Not Reported 

Table E-2. Characteristics of Patients in Studies Addressing Key Question 3 

Author/ 
year

Year

Cardiac output m
onitoring 

procedure 

N Age (m
ean ±SD) 

%
 fem

ale 

ASA grade

Goldm
an cardiac risk 

index

POSSUM score

Hem
oglobin 

level 
at 

baseline (g/dl) 

%
 elective surgery 

McKendry et al.(48) 2004 EDM (CardioQ) 89 65.6 (10.3) 37 NR NR NR NR 88 
Conventional clinical protocol 85 66.7 (10.2) 33 NR NR NR NR 84 

NR Not Reported 
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Table E-3. Fluid Management Protocols in Studies Addressing Key Question 2 

Reference Year Type of Surgery Fluid management protocol for EDM group Fluid management protocol for control group 

McKendry et al.(48) 2004 Cardiopulmonary 
bypass surgery 

Patients received continuous esophageal Doppler 
monitoring for first 4 h in intensive care following surgery. 
Patients received 200 ml fluid challenges (blood or 
colloid as appropriate), repeated until the stroke volume 
index increased to ≥35 ml/m2. Nitrates and inotropes 
were given as required. 

Patients received conventional management as 
determined by intensive care and surgical teams (based 
primarily on monitoring arterial and CVP, but also cardiac 
output if considered clinically indicated). Doppler 
recordings were made within 10 minutes of admission to 
the intensive care unit and at 4 h post-operatively. 
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Table E-4. Study Quality Evaluation 

ECRI study quality scale - questions 
Study 

McKendry et al. 

1. Were patients randomly assigned to groups? Yes 

2. Did the study emply stochastic randomization? Yes 

3. Were any methods used to make the groups comparable- randomization, matching, etc.? Yes 

4. Were patients assigned to groups based on factors other than patient or physician preference? Yes 

5. Were the characteristics of the patients in different groups comparable? NR 

6. Did the patients in the different study groups have similar levels of performance on outcomes at baseline? Yes 

7. Was the study prospectively planned?  Yes 

8. Did 85% or more of the patients complete the study? Yes 

9. Was there a less than 16% difference in completion rates in the study’s groups? Yes 

10. Were all of the study’s groups concurrently treated? Yes 

11. Was compliance with treatment greater than or equal to 85% in both of the groups? Yes 

12. Were both groups treated at the same centers? Yes 

13. Were subjects blinded to treatment? Yes 

14. Did the authors test and confirm that blinding of patients was maintained? NR 

15. Was the treating physician blinded to group assignment?  No 

16. Were the outcome assessors blinded to group assignment? No 

17. Was there concealment of allocation? Yes 

18. Was the outcome of interest objective and was it objectively measured?a Yes 

19. Were the same methods used to measure outcomes in all of the study’s groups?a Yes 
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ECRI study quality scale - questions 
Study 

McKendry et al. 

20. Was the instrument used to measure the outcome standard?a Yes 

21. Was the same treatment given to all of the patients enrolled in the experimental group? Yes 

22. Was the same treatment given to all of the patients enrolled in the control group? Yes 

23. Were the follow-up times in all of the study’s relevant groups approximately equal? Yes 

24. Was the funding for this study derived from a source that does not have a financial interest in its results? No 

25. Were the author’s conclusions supported by the data in the results section?  Yes 

Quality score 8.5 

Quality rating High 

Table E-5. Specific Complications Reported in Included Studies 

Reference Year Type of Surgery Reported complications 

Noblett et al.(42) 2006 Cardiopulmonary bypass 
surgery 

Death, atrial fibrillation requiring treatment, pneumothorax, cerebral 
vascular accident, chest infection, sternal wound infection, 
gastrointestinal bleed or perforated duodenal ulcer, acute renal failure, 
pleural effusion, infected leg wound, aortic regurgitation 
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Table E-6. Results of Study Addressing Key Question 3 

Study N 

% total deaths (n/N) % total complications (n/N) Length of hospital stay (days) 

EDM group Control group p-value EDM group Control group p-value EDM group Control group p-value 

McKendry et al.(48) 174 4.5 (4/89) 2.4 (2/85) 0.68 19.1 (17/89) 30.6 (26/85) 0.08 Mean: 11.4 
Median: 7 

Mean: 13.9 
Median: 9 

NR 
0.02 
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Appendix F. Evidence Tables for Key Question 4 
Table F-1. Studies Reporting That Esophageal Doppler 

Monitoring Did Not Cause Any Complications 
Reference Year Number of patients Esophageal Doppler probe model (manufacturer) 

Cipolla et al.(49) 2006 6 Hemosonic 100 (Arrow International) 

Noblett et al.(42) 2006 108 CardioQ (Deltex Medical) 

Collins et al.(50) 2005 58 Hemosonic 100 (Arrow International) 

Koliopanos et al.(51) 2005 55 ODM IIa (Abbott Laboratories) 

Sawai et al.(52) 2005 30 Hemosonic 100 (Arrow International) 

Sharma et al.(53) 2005 35 TECO (Medicina Ltd) 

Bein et al.(54) 2004 10 Hemosonic 100 (Arrow International) 

Feldman et al.(55) 2004 13 Model not specified (Deltex Medical) 

Seoudi et al.(58) 2003 15 Model EP90a (Deltex Medical) 

Conway et al.(44) 2002 57 TECO 2 (Medicina Ltd) 

Su et al.(59) 2002 24 Hemosonic 100 (Arrow International) 

Venn et al.(46) 2002 30 CardioQ (Deltex Medical) 

Odenstedt et al.(60) 2001 14 Dynemo 3000b (Somatec, Inc.) 

Madan et al.(61) 1999 14 Model EP-90Q5a (Deltex Medical) 

Elliott et al.(62) 1998 19 ODM 2a (Abbott Laboratories) 

Lefrant et al.(18) 1998 64 ODM Ia (Deltex Medical) 

Valtier et al.(63) 1998 46 ODM I a (Deltex Medical) 

Krishnamurthy et al.(71) 1997 16 ODM IIa (Abbott Laboratories) 

Sinclair et al.(47) 1997 40 ODM 2a (Abbott Laboratories) 
a Earlier models of CardioQ 
b Earlier model of Hemosonic 
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