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Abstract

Introduction

Objective: Adequate resuscitation of acutely ill patients
requires knowledge of the circulatory condition. Traditional

vital signs have been shown to be of limited valuein the
hemodynamic differentiation of patients presentingto the
emergency department (ED). In this study we examia the
impact on medical decision making of adding noninvaive
measures of cardiac output (NICO) by impedance cartbg-
raphy (ICG) to the available vital signs in a population of ED

patients.

Methods: NICO as measured by ICG (Lifegard ICG,
Analogic, Corporation) was made available as an adjnct to

the traditional vital signs in the ED of a large, inner city aca-
demic institution. All physicians, nurses and medcal techni-
cians were in-serviced with regard to the applicatn of the

ICG device and acquisition of NICO measurements.
Physicians and nurses were allowed to obtain a NICOon

any patient in which a greater degree of hemodynana dif-

ferentiation was thought to be needed. Utilization of the

new vital sign and the influence of the measuremendn med-
ical decision-making and patient disposition were tacked
through a quality assurance initiative. Retrospecive analy-
sis of the database of collected information was eamined
for changes in diagnostic impressions and disposibin.

Results: The ED records and quality assurance reports were
examined for 80 patients presenting with a varietyof com-
plaints over a 3-month period. In this group (62% female;

average age 51 years old) the measurement of NICO

changed the initial diagnostic impression or treatnent in
29% of patients. Additionally, this information wa s deter-
mined to be pivotal in an analysis of the patientOsondition
23% of the time. While the influence of the measureon dis-
position was uncertain, 48% of these patients wereadmitted
compared to 15% for the general patient population over
the same time period.

Conclusion: This study suggests that the inclusion of NICO
as a part of the standard vital signs available toED person-
nel can impact the diagnostic impression in a sigrdicant
number of those patients in which the measurementsvere
obtained.

An accurate evaluation of the hemodynamic conditionis a
common problem encountered during the medical careof
acutely ill patients. The human circulation is conmplex and it
has been shown that it is often impossible to detenine the
true clinical state from a conventional analysis ofblood pres-
sure and heart rate alone. While the traditional vital signs
give indirect clues as to the condition of a patienOs central
hemodynamics, what clinicians really want to know is blood
flow and oxygen delivery. Recently, oxygen saturaion by
pulse oximetry has emerged as a fifth vital sign tat has

helped clinicians in determining the severity of tke patientOs

condition.? Though pulse oximetry can accurately monitor
the oxygen saturation of the blood, a determination of the
cardiac output is the best measure of the circulatinOs ability
to deliver oxygen and nutrients to the organs and nay be
considered as the unknown vital sign. While therehave been
growing concerns among emergency and critical carspecial-
ists about the safety of pulmonary artery catheterzation, the
technique of impedance cardiography (ICG) has allowed
physicians to rapidly and noninvasively obtain the same
information regarding the cardiac output of the acutely ill
patient3* These ICG derived noninvasive cardiac output
(NICO-ICG) measurements have been demonstrated to é
accurate within the scope of clinical decision makng and
may often provide the missing piece of the hemodynaic
puzzle* The simplicity of application and noninvasive
nature of ICG technology makes the measurement ofardiac
output a practical process for a large number of paients in
which this important physiologic parameter would be other-
wise unknown. In this study we examined the impact
on medical decision making and disposition of implenenting
a program for the routine utilization of ICG techno logy in an
emergency department (ED) setting. The goal is t@xplore
the impact of the addition of this important vital sign on the
management of selected patients.

Impedance Cardiography

The technology of ICG was first developed by the Naional
Aeronautics and Space Administration in the 19600snd
since that time has been used clinically in many dical care
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areas as an alternative method to invasive
cardiac output determination.* It is based
on the idea that the human thorax is elec-
trically a bulk conductor in which the
aorta and vena cava act as a natural path
of least resistance to the flow of current?®
When a low amplitude current is injected
across the thorax through a series of sur-
face electrodes, sensed changes in th
voltage provides a waveform image of the
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blood flow in the great vessels during the
cardiac cycle.

From these waveforms, Figure 1: This figure depicts the typical ECG and ICG wavefars describing

several important circulatory parameters the sequential relationship between the electricaand mechanical events of

can be derived including the cardiac out- the cardiac cyle. The shaded area under the ICG stplic curve C is used to

put and systemic vascular resistance. calculate the stroke volume using a variation of te pulse-contour method.
Other measurable parameters include the Q: beginning of cardiac electrical conduction; B: artic valve opening;

maximum acceleration of flow, which isa C: maximum aortic flow (dZ/dtmax); X: aortic valve closing S2; O: mitral valve
measure of the inotropic state and the opening; PEP: pr-ejection period; VET: ventricuteejection time.

baseline electrical resistance (impedance)

of the thorax, which is directly proportional to th e content
of fluid in the thoracic cavity. These values havebeen repeat-
edly demonstrated to closely correlate to measurenms
obtained through thermodilution techniques. The sersing
electrodes also detect the electrocardiogram (ECG3ignal.
While the ECG depicts the electrical events of théeart, the
ICG waveform portrays the mechanical actions of cadiac
contraction. In addition to being noninvasive, highly repro-
ducible and inexpensive, ICG derived parameters carbe
measured continuously for beat-by-beat monitoring. An
example readout display from the Analogic Lifegard ICG
device is presented in Figure 1.

Methods

In a clinically directed program within a large, high volume
inner city ED (Level | trauma center), all nursingand emer-
gency technicians were trained in ICG device appli&tion and
simple data acquisition techniques required for obaining
comprehensive hemodynamic reports (Lifeguard ICG,
Analogic Corporation). In addition, physicians work ing in
this area were also given training in report intergetations.
The physicians were then allowed to order ICG monibring
at their discretion in the same manner as other rotine tests
such as a 12 lead electrocardiograms are ordered thin the
system. The only criteria for ordering ICG monitoring was
a clinical need to know more detailed hemodynamic nfor-
mation in order to better assess and treat the paént.
Records of the ICG report results, which included he influ-
ence of this additional information on patient care, were kept
as a part of a quality assurance effort in conjuncton with the
introduction of this new diagnostic equipment into the ED.
A retrospective analysis of the first 80 of these ecords was
performed to examine the impact of the ICG technolay on
medical decision making and patient disposition. The quali-
tative information was analyzed using chi squared ttistical

Impact of the Inclusion of Noninvasive Cardiac Outpt as a Vital

testing at a level of significance of p > 0.05. Tl study was
approved by the Institutional Review Board of the University
of Mississippi Medical Center.

Results

The ED records and quality assurance reports werexam-
ined for 80 patients presenting with a variety of complaints
over a 3-month period. In this group (62% female; average
age 51 years old) the measurement of NICO-ICG chaned
the initial diagnostic impression or treatment in 29% of
patients (Figure 2). Additionally, this informatio n was deter-
mined to be pivotal in an analysis of the patientOsondition
23% of the time. While the influence of the measureon dis-
position was uncertain, 48% of these patients wereadmitted
compared to 15% for the general patient population over the
same time period.

Discussion

The current study suggests that the inclusion of NCO-ICG
as an optional addition to the standard vital signsavailable
to ED personnel can impact the diagnostic impressio in a
significant number of those patients in which the neasure-
ments were obtained. The change in the combined enmbint
of diagnosis and treatment (29%) is also consistentvith the
changes in similar medical-decision markers in othestudies
looking at more specific clinical conditions in the ED. Pulse
oximetry used to determine oxygen saturation has ben
incorporated into the emergency triage process ovethe past
10 years as a screening for potential cardiopulmongy com-
plications and has frequently been called the 5th ial sign.
NICO-ICG has been referred to as the 6th vital signand
is considered to hold the same potential as an EDriage
screening tool as pulse oximetry provides. In a por study
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cians have been shown to provide poor estimates afar-

diac output based upon this information.® Yet knowl-
edge of a patientOs cardiac output is often criti¢an the

Change in Pivotal in
Diagnosis & Analysis of
Treatment Condition

decision making process®***? It may also facilitate the
process of goal-directed therapy?**

There are several limitations to the study that shald
be noted. It is obviously difficult to make conclusions
about the impact of the inclusion of NICO-ICG
measurements on medical decision making using
retrospective information. There is a potential for the
interjection of bias in the adjudication of these records.
There is also a potential for bias by way of a
Hawthorne effect in a prospective study that intends to
introduce new technology. There is also no clear deer-
mination of the influence of the measure on patient
disposition. Since there was an apparent tendencio
OorderO the additional vital sign on higher acuity
patients, we would expect a higher probability of
admission. While these limitations should be cong-
ered when interpreting the results of the study, tley do

Figure 2: When added to the traditional vital signs, ICG

measurements were often implicated in the change imiagnosis or

treatment (29%) or considered pivotal in the analyss of the
patientOs condition (23%).

we examined the effect of the inclusion of routine pulse
oximetry measurements as a vital sign on ED triagelassifi-
cation.? We recorded the triage impression of these patients
before and after obtaining the pulse oximetry meastement.
A small but statistically significant group of pati ents (2.8%)
were found to benefit from the routine use of pulseoxime-
try in an emergency triage system with only 40% ofthese
requiring admission. The current study provides euilence
that NICO-ICG measurements may be more pivotal in med-
ical-decision making than those obtained by pulse gimetry.

The purpose of this study was to determine the vale of
adding cardiac output as a vital sign in medical deision mak-
ing and diagnosis. Previous studies have demonsted that
heart rate and blood pressure alone are often unr@ble for
the evaluation of circulatory stability. Arterial p ressure is con-
served during shock and is a late indicator of ciralatory
decompensation’ This is also true for acute heart failure and
many other potentially critical illnesses seen in he ED.
Observations made at the time of acute circulatorydecom-
pensation show only rough correlations between arteal pres-
sures and cardiac index? The stress responses to hypov-
olemia (mainly neurohormonal mechanisms) tend to man-
tain arterial pressure in the face of decreasing éiw for a vari-
able period of time. However, these mechanisms cabe over-
whelmed during prolonged hypovolemia and the patiettOs
arterial pressure will decrease precipitously but nt synchro-
nous with flow. Therefore, blood flow or cardiac ou tput can-
not be inferred from arterial pressure and heart rde measure-
ments until extreme hypotension occurs. Furthermoe, physi-
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not appear to abrogate the potential importance ofthe
findings. A future prospective study could resolve
many of these issues.

The ED has become a place of increasing patient aeu

ity. This is also the place where the process of gtient

resuscitation and stabilization begins. In this ewiron-
ment it appears that the traditional vital signs are not always
sufficient to perform an adequate patient hemodynanic eval-
uation. However, logistical considerations make invasive
monitoring impractical in most circumstances. Inclusion of
NICO-ICG as an adjunct vital sign appears to provide a use-
ful alternative that could impact medical decision making
and patient care.
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