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Use of the esophageal echo-Doppler to guide 
intensive care unit resuscitations: A retrospective 
study
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A
b

st
ra

ct Purpose: The esophageal Doppler monitoring (EDM) has emerged as an alternative to the pulmonary artery 

catheter (PAC). The purpose of this study is to better deÞ ne its role in the ICU. Materials and Methods: 

Retrospective review of Hemosonic� 100 EDM probe use between 2003 and 2005. Patient- and EDM-related 

characteristics, indications, complications, resuscitation end points (lactate, base excess - BE, left ventricular 

ejection time - LVET) were recorded. Comparisons between EDM and PAC were made. Results: Thirty-nine 

patients were monitored using the EDM. EDM-guided interventions resulted in signiÞ cantly improved lactate, 

BE and LVET (all, P<0.01). The change in BE correlated with change in LVET (R=0.7143, P<0.0002). Car-

diac output (CO) measurements by EDM and PAC were compared using the Bland-Altman method (mean 

= 0.0167, standard deviation = 0.9351, variance = 0.8745, 95% CI -1.854 to 1.887), which demonstrated 

that the EDM tended to underestimate CO in the lower ranges of measurements and overestimate CO in 

the upper ranges. Conclusions: EDM may be most helpful in ventilated/sedated patients requiring short-

term hemodynamic monitoring. When compared to PAC, the EDM tends to underestimate CO in the lower 

range and overestimate CO in the upper range of measurements. We recommend EDM use concurrently 

with end-points of resuscitation.
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Introduction
The pulmonary artery catheter (PAC) is considered the 

standard of care in invasive hemodynamic management 
of critically ill intensive care unit (ICU) patients.[1] Despite 
its potential risks, controversies and requirement 
for specialized critical care environment, the PAC 
continues to be widely utilized.[2,3] The esophageal 

Doppler monitoring (EDM) technology has emerged as 
a potential alternative to the PAC.[4-6] Numerous studies 
have established the safety and reliability record of the 
EDM in various clinical settings.[6-10] The purpose of this 
study is to analyze our institutional use of the EDM and 
design an algorithm to deÞ ne the role for the EDM in our 
intensive care units.

Materials and Methods
A retrospective review of EDM use from January 2003 

to September 2005 was performed. The Hemosonic� 
100 (Arrow International, Inc., Reading, Pennsylvania, 
USA) esophageal echo Doppler probe was utilized. 
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Patient characteristics, indications for EDM use, 
insertion time and route, duration of use, complications 
and resuscitation outcomes were recorded. Measured 
parameter comparisons (cardiac output) between the 
EDM and the PAC were performed.

The HemosonicTM 100 EDMonitor consists of a reusable 
trans-esophageal probe with sterile, single-use jackets. 
The probe utilizes two ultrasonic transducers interposed 
on the tip of the probe: A continuous M-mode transducer 
operates at 10 MHz and the pulsed Doppler transducer 
operates at 5 MHz. The probe can be inserted orally or 
nasally. The probe is in the correct anatomical position 
when the Doppler stethoscope and waveform are at 
their maximal intensity, triphasic, with minimal distortion 
and the M-mode echo shows the parallel anterior and 
posterior walls of the descending aorta with minimal 
artifact.[11]

DifÞ cult probe insertion was deÞ ned as insertion time 
greater than seven minutes (duration greater than the 75th 
percentile of all measured insertion times) or instances 
where the EDM had to be removed and replaced due 
to inability or difÞ culty in placement or patient factors 
(i.e., morbid obesity, inability to pass the probe nasally, 
patient intolerance requiring sedation and presence of a 
complication).

The EDM-speciÞ c parameter, left ventricular ejection 
time (LVET), was utilized to assess and follow cardiac 
preload and outß ow impedance. The LVET is the time 
difference between opening and closing of the aortic 
valve. Increases in preload and/or decreases in afterload 
will increase LVET. Conversely, LVET will decrease with 
decreases in preload and/or increases in afterload.[12]

Outcome was reported as observed 28-day mortality as 
well as mortality predicted by the SAPS II score.[13] For 
the purpose of mortality description in this study, only 
nonorgan donors (NOD, 32 patients) were considered, 
with the organ donors (OD, seven patients) excluded. The 
SAPS II score was calculated for each NOD.

Therapeutic utility of the EDM was determined based 
on the success of the resuscitation. If lactate and 
base excess worsened following the resuscitation, the 
resuscitation was determined to be unsuccessful, even 
in the context of improving EDM parameters.

Statistical methods used included Student�s T-test, 
descriptive statistics and calculations of variable 
correlation. The Bland-Altman method for two different 
techniques of measurement was utilized when examining 
the correlation between PAC and EDM. Statistical 
signiÞ cance was set at alpha < 0.01.

Results
A total of 39 pts (26 men, 13 women, mean age 

63.4 ± 17.2 y/o) were monitored using the EDM [Table 1]. 
The most common indications for EDM use included 
postoperative resuscitation (17/39), resuscitation of 
non-surgical patients (13/39), diagnosing the type 
of hemodynamic dysfunction (11/39) organ donor 
optimization (7/39), inability to utilize PAC due to 
anatomically difficult central venous access (5/39), 
veriÞ cation of PAC data (4/39), trauma resuscitation 
(2/39) and intraoperative monitoring (1/39). More than 
one indication per patient could be present (i.e., a patient 
with suspected cardiogenic shock who is undergoing 
postoperative resuscitation or a patient in septic shock 
with anatomically difÞ cult central venous access).

For the purpose of mortality analysis, the seven organ 
donors (OD) were excluded. The mean SAPS score for 
the remaining 32 patients was 18.4 ± 4.58 (predicted 
mortality 31.8 ± 13.7%). The observed 28-day patient 
mortality in this group of patients was 7/32 (21.9%).

Probe data provided therapeutically useful information 
in 36 pts (92.3%). SigniÞ cant decrease in serum lactic 
acid and base excess was observed following episodes 
of EDM-guided resuscitation. EDM parameters guided 
appropriate use of vasopressors in 21 patients (53.8%) 
and/or ß uid resuscitation/diuresis in 36 patients (92.3%), 
which was reß ected by the changes in mean serum 
lactate (3.53 ± 2.28 vs 1.88 ± 1.23, P<0.0030), base 
excess (-6.99 ± 4.41 vs -2.15 ± 4.41, P<0.0002), as well 
as LVET (263 ± 93.6 vs 343 ± 70.3, P<0.0002). The 
change in base excess signiÞ cantly correlated with the 
change in LVET (R=0.7143, P<0.0002) [Table 2].

The EDM and the PAC-derived cardiac output (CO) data 
were subjected to the Bland-Altman analysis, a method 
for comparing different measuring instruments, with 
observed mean of 0.0167, standard deviation of 0.9351, 
variance of 0.8745 and 95% conÞ dence interval -1.854 
to 1.887 [Figure 1]. Further examination of the Bland-
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Altman bias plot demonstrated that the EDM tended to 
underestimate CO in the lower range of measurements 
and overestimate CO in the upper range.

The majority of patients met their resuscitation end-
points successfully within six hours (75%) to eight hours 
(85%) after initiating EDM-guided resuscitation. The 
three patients in whom EDM-guided resuscitation was 
not successful experienced clinical worsening and were 
documented to have increased lactate level and worsening 
base deÞ cit despite resuscitative maneuvers.

The EDM was inserted orally (12/39) or nasally (27/39), 
depending on various patient factors and tolerability. Oral 
insertion was more likely in organ donors (6/7, 85.7%) 
than non-organ donors (NOD) (7/32, 21.8%). Mean 
insertion time was 5.74 ± 2.71 min. Duration of probe 
use was 4.50 ± 4.67 h (range 20 min to 19 h, median 
3.00 h, Þ rst quartile 1.00, third quartile 5.96 h). Sedation 
was necessary in 28/39 patients and 36/39 patients were 
mechanically ventilated.

DifÞ cult EDM insertion (insertion time ≥ 7 min or ≥ 
1 failed attempt at placement followed by successful 
placement) was encountered in 7/39 (17.9%) patients. 

Figure 1: The Bland-Altman bias plot comparing cardiac output (CO) 
measurements obtained by the pulmonary artery catheter (PAC) 
and the esophageal Doppler monitor (EDM). The thin horizontal line 
indicates the mean (0.0167). Two thick horizontal lines indicate the 
95% conÞ dence interval (-1.854 to 1.887). The trend line (*) demon-
strates that the EDM tends to underestimate CO in the lower ranges 
of measurements and overestimate CO in the upper ranges relative 
to the PAC.

Table 1: Summary of study results
Variable(s) Value P-value (if applicable) Comment
Patient and EDM use-related parameters
Mean age 63.4 ± 17.2 years
Patient gender 26 men, 13 women
Organ donors (OD) 7 patients
Non-organ donors (NOD) 32 patients
Mean SAPS score (NOD) 18.4 ± 4.58  
Mortality (NOD patients)   Predicted mortality
Predicted  31.8 ± 13.7%  based on SAPS score.
Observed  21.9%  
Oral insertion 12 (30.8%)  Oral route utilized in
Nasal insertion 27 (69.2%)  6/7 (85.7%) of OD 
   and 7/32 (21.8%) of NOD
Insertion time (mean) 5.67 ± 2.71 minutes  Prolonged insertion
   time if >7 min
Duration of use (mean) 4.50 ± 4.67 hours  Prolonged EDM 
   usage if more than 
   6-8 hours

Resuscitation end-points
Lactic acid
Preresuscitation (mean) 3.53 ± 2.27
Postresuscitation (mean) 1.88 ± 1.23 P < 0.0002 
Base excess (BE)
Preresuscitation (mean) -6.99 ± 4.41
Postresuscitation (mean) -2.15 ± 4.41 P < 0.0002 There was signiÞ cant
   correlation between
Left-ventricular ejection time (LVET)   change in BE and
Preresuscitation (mean) 263 ± 93.7  change in LVET:
Postresuscitation (mean) 343 ± 70.3 P < 0.0002 R= 0.7143, P< 0.0001

Esophageal Doppler monitoring (EDM)

Table 2: Proposed contraindications for esophageal 
Doppler monitor use

Recent esophageal surgery
Cranial, oral, or maxillofacial trauma
Esophageal varices
Known esophageal diverticulum (relative)
Patient inability to tolerate esophageal probe insertion
(Including requirement for prohibitive level of sedation)
Patient refusal
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Factors related to difÞ cult insertion included morbid 
obesity (4/39), epistaxis (1/39), vasovagal response 
(1/39) and inability to insert nasally prompting conversion 
to oral insertion (1/39).

Complications included epistaxis in one patient and 
vasovagal response in another patient. The patient with 
epistaxis had narrow nasal opening and the EDM had to 
be placed orally. In the case of vasovagal response, the 
patient recovered from bradycardia promptly after removal 
of the probe without any interventions and subsequently 
underwent successful placement of the EDM.

There were no statistically significant correlations 
between parameters related to probe insertion (patient 
gender, age, weight/BMI, height, distance from probe 
tip to patient�s nares or lips and prevalence of difÞ cult 
insertion). However, we noted a trend towards difÞ cult 
or prolonged probe insertion in morbidly obese patients 
and patients with small nares. We also noted more 
inter-measurement variability in the geriatric (≥65 year 
old) patients.

Discussion
The EDM has emerged as a reliable modality for 

noninvasive monitoring of critically ill patients in the 
ICU, the operating room and of critically ill obstetric 
patients.[4,8,14-15] It offers useful hemodynamic data 
while (a) avoiding invasive line placement-related 
complications (pneumothorax, arterial injury, hematoma) 
and unnecessary needle exposure to the health care 
worker; (b) limiting the over-reliance on pulmonary 
arterial pressure-derived estimations of end-diastolic 
volume; and (c) obviating the technical limitations 
imposed by fluctuating intrathoracic pressures and 
relative lack of reliability of invasive arterial and central 
venous line monitoring, especially in the geriatric patient 
population.[4,6,16-17]

The most common indications for EDM use in this study 
included postoperative resuscitation, resuscitation of 
nonsurgical patients, diagnosis of the type of hemodynamic 
dysfunction, organ donor optimization, inability to utilize 
PAC due to anatomically difÞ cult access, and veriÞ cation 
of PAC data. Table 1 lists proposed absolute and relative 
contraindications to EDM placement.

The mean SAPS II score for nonorgan donor (NOD) 

group was 18.4 ± 4.58, with associated predicted 28-
day mortality of 31.8 ± 13.7%. The observed 28-day 
patient mortality was 21.9% in this study. Both the SAPS 
II-predicted and the observed mortality demonstrate 
the signiÞ cant illness severity in this group of patients 
and support the use of either invasive or noninvasive 
hemodynamic monitoring tools.

We believe that the optimal role for the utilization of the 
EDM in the ICU is for initial hemodynamic assessment. If 
prolonged monitoring is indicated, especially in patients 
who are not ventilated and sedated, the EDM should 
be replaced with PAC.[17] In this capacity, the EDM can 
be used to help determine the presence and the nature 
of hemodynamic abnormality and provide time before 
image-guided placement of central venous lines can be 
performed or be used as a sole hemodynamic assessment 
modality if the patient can be successfully resuscitated 
within a set period of time. We set this suggested time 
interval around the 75th - 85th percentile of EDM time 
usage in this study or approximately 6-8 h. The rationale 
for this approach is that majority of patients in this series 
responded to the interventions directed by the EDM within 
that period of time and those who did not respond to such 
interventions usually required prolonged hemodynamic 
monitoring (>24 hours). In addition, patient comfort level 
and sedation requirements may be lower when PAC is 
used for the long-term monitoring as opposed to EDM.

Several exceptions to this rule can be entertained. One 
of these exceptions would be in cases involving organ 
procurement, in which case the EDM may potentially 
be utilized up to and including the organ procurement 
procedure. In other cases, there may be a contraindication 
or inability to obtain central venous access. For example, 
the EDM can be used in a patient who is bacteremic/
fungemic and in whom one wishes to limit the number 
of invasive central venous monitoring devices. At times, 
patients who present with limited central venous access 
options (i.e., patients with end-stage renal disease 
and/or multiple prior venous access procedures) can be 
resuscitated for longer periods of time utilizing the EDM 
as the sole hemodynamic monitoring device.

Esophageal Doppler probe insertion can be performed 
nasally or orally. In this study, oral insertion was more 
likely in organ donors (86%) than nonorgan donors 
(NOD) (22%), depending mainly on patient tolerability 
factors and sedation requirements. Oral insertion in NOD 
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patients was utilized in patients who were deeply sedated, 
already had pre-existing nasal catheters (nasogastric 
or postpyloric) or in cases where the EDM could not be 
placed nasally (due to anatomic size limitations) in a 
sedated patient without immediately available adequate 
central venous access catheter for PAC insertion.

Much like in the previous published reports, we tended 
to follow only selected variables when it comes to 
observational trends in the EDM data.[4,7] In fact, even 
when the EDM did not seem to provide the correct 
absolute values of cardiac performance parameters, it 
did provide clinically useful hemodynamic parameter 
trends.[4,7-8]

At times, we utilized the EDM for a quick-look 
hemodynamic assessment, followed by a period of 
resuscitation, followed by re-insertion and another 
quick-look conÞ rmation of patient hemodynamic status. 
In this manner, the EDM served as a conÞ rmatory tool, 
which when combined with utilization of resuscitation 
end-points, offered a more complete hemodynamic and 
clinical picture of the patient status. With the use of topical 
local anesthetic agent, this clinical maneuver can be 
easily performed even in a non-sedated, nonintubated 
patient.

Confirmatory laboratory parameters used to verify 
and reafÞ rm EDM observations in this study were lactic 
acid level and base excess. Both of these parameters 
showed signiÞ cant improvement as a result of EDM-
guided resuscitation, as evidenced by decreased mean 
post-resuscitation lactic acid levels and decreased mean 
post-resuscitation base deÞ cit. De la Torre, et al., also 
advocate the use of resuscitation endpoints in conjunction 
with the EDM.[18]

In cases where the PAC and the EDM were in place 
simultaneously, analogous data were obtained (cardiac 
output) from the respective modalities. Previous reports 
show that the correlation between cardiac output 
measurements obtained by the EDM and the PAC tends 
to be very good, with the reported range of correlation 
coefficient between 0.52 and 0.98 and the mean 
correlation coefÞ cient of 0.89 from collected literature 
reviews.[14,16] However, these studies lack signiÞ cantly in 
their methodologies and do not convincingly demonstrate 
the interchangeability of the two methods. When 

examined closely, our data shows that the EDM tends to 
underestimate CO in the lower range of measurements 
and tends to overestimate CO in the upper range of 
measurements [Figure 1]. One previous study also 
reported that when compared to the PAC, the EDM 
tended to consistently underestimate cardiac output in 
women with preeclampsia.[8] Based on these Þ ndings, 
caution has to be exercised when EDM and the PAC are 
being used interchangeably and although measurements 
obtained by the two methods are generally in agreement, 
clinicians should be advised that perhaps a more reliable 
method of transitioning between the two techniques 
should be based on establishing and defining new 
measurement trends following change in measuring 
method. Keeping with previously published observations, 
it has to be noted that as with most monitoring equipment 
utilized in resuscitation of critically ill patients, both the 
EDM and the PAC have to be used in the context of the 
overall clinical picture and can only constitute an adjunct 
to good clinical judgment.[8,19-20]

We also noted a statistically signiÞ cant correlation 
between the absolute change in left ventricular ejection 
time (LVET) and the change in base excess. Although 
the complete signiÞ cance of this Þ nding is unknown, 
it may point to the LVET as a resuscitative monitoring 
tool. Of interest, the change in lactic acid level did not 
seem to correlate with the change in base excess or 
the change in LVET. It is uncertain why one, but not the 
other resuscitation end-point would correlate with an 
EDM parameter. Perhaps other, clinical factors such as 
amount and rate of administration of resuscitative ß uids 
or presence of organ dysfunction, contributed to this 
observation.

The EDM can provide the clinician with other potential 
advantages over the PAC. First, the EDM takes 
approximately 10 min less to insert than the PAC and is 
less expensive than the PAC.[4] The cost of placing the 
PAC is between $80 and $100 greater than the cost of 
EDM placement for each insertion.[4] Second, it can be 
used continuously or discontinuously and does not require 
central venous access to initiate patient monitoring. In 
several patients in this series, the EDM obviated the 
need for central venous access and only peripheral 
intravenous access was used. Thus, clinicians have an 
option for accurate hemodynamic monitoring in settings 
where it may be logistically difÞ cult to obtain this data - the 
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Figure 2: Algorithm for esophageal Doppler monitoring in the ICU. PAC = Pulmonary artery catheter, EDM = Esophageal Doppler monitor, * = 
In these clinical situations, the EDM could be utilized for much longer periods of time (in this study, up to 19 h)

emergency department or the general hospital ward. In 
fact, the ease of EDM deployment and signal acquisition 
make it possible for trained allied health professionals to 
place, use and communicate the EDM data to a central 
location, an exciting option for organ procurement teams, 
the military, rescue and pre-hospital personnel, as well as 
disaster response medical teams.[20] A proposed algorithm 
for EDM use in the ICU is presented [Figure 2].

Conclusions
The EDM offers an alternative method of hemodynamic 

assessment in critically ill patients, with a broad spectrum 
of potential indications. With some exceptions, we 
advocate its use in ventilated and/or sedated patients 
for episodic care requiring short- to moderate-term (6 to 
8 h) hemodynamic monitoring. For patients who require 
long-term hemodynamic monitoring or patients who are 
not sedated, the PAC remains the best option. When 

compared to PAC, the EDM tends to underestimate CO in 
the lower range and overestimate CO in the upper range 
of measurements. We recommend EDM use concurrently 
with end-points of resuscitation. A proposed algorithm for 
EDM use in the ICU is presented.
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