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R
esuscitation of critically ill patients 
in shock from cardiogenic, hypovo-
lemic, obstructive, distributive, or 
neurogenic etiology is a cornerstone 

of the care delivered by emergency physi-
cians (EPs).1 Regardless of the etiology, it 
is essential that the treating EP initiate re-
suscitative measures in a timely manner 
and closely trend the patient’s response to 
these interventions. 

The early goal-directed therapy (EGDT) 
initially proposed by Rivers et al2 in 2001 
demonstrated a bundled approach to fluid 
resuscitation by targeting end points for 
volume resuscitation, mean arterial blood 
pressure (MAP), oxygen (O2) delivery/
extraction (mixed venous O2 saturation, 
[SvO2]), hemoglobin (Hgb) concentration, 
and cardiac contractility. Since then, ad-
vancements in laboratory testing and he-
modynamic monitoring (HDM) devices 
further aid and guide resuscitative efforts, 

and are applicable to any etiology of shock. 
In addition to these advancements, the 

growing evidence of the potential harm 
from improper fluid resuscitation, such as 
the administration of excessive intravascu-
lar fluid (IVF),3 underscores the importance 
of a precise, targeted, and individualized ap-
proach to care. This article reviews the back-
ground, benefits, and limitations of some of 
the common and readily available tools in 
the ED that the EP can employ to guide fluid 
resuscitation in critically ill patients. 

Physical Examination
Background
The rapid recognition and treatment of 
septic shock in the ED is associated with 
lower rates of in-hospital morbidity and 
mortality.4 The physical examination by 
the EP begins immediately upon examin-
ing the patient. The acquisition of vital 
signs and recognition of physical exami-
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nation findings suggestive of intravascular 
volume depletion allows the EP to initiate 
treatment immediately.

In this discussion, hypotension is de-
fined as systolic blood pressure (SBP) of 
less than 95 mm Hg, MAP of less than 65 
mm Hg, or a decrease in SBP of more than 
40 mm Hg from baseline measurements. 
Subsequently, shock is defined as hypo-
tension with evidence of tissue hypoperfu-
sion-induced dysfunction.5,6 Although the 
use of findings from the physical examina-
tion to guide resuscitation allows for rapid 
patient assessment and treatment, the pre-
dictive value of the physical examination 
to assess hemodynamic status is limited. 

Visual inspection of the patient’s skin and 
mucous membranes can serve as an indica-
tor of volume status. The patient’s tongue 
should appear moist with engorged sublin-
gual veins; a dry tongue and diminished 
veins may suggest the need for volume re-
suscitation. On examination of the skin, de-
layed capillary refill of the digits and cool, 
clammy extremities suggest the shunting of 
blood by systemic circulation from the skin 
to central circulation. Patients who progress 
to more severe peripheral vasoconstriction 
develop skin mottling, referred to as livedo 
reticularis (Figure 1). 

Benefits
The major benefit of the physical exami-
nation as a tool to evaluate hemodynamic 
status is its ease and rapid acquisition. 
The patient’s vital signs and physical ex-
amination can be obtained in the matter 
of moments upon presentation, without 
the need to wait on results of laboratory 
evaluation or additional equipment. Ad-
ditionally, serial examinations by the same 
physician can be helpful to monitor a pa-
tient’s response to resuscitative efforts. 
The negative predictive value (NPV) of the 
physical examination in evaluating for hy-
povolemia may be helpful, but only when 
it is taken in the appropriate clinical con-
text and is used in conjunction with other 
diagnostic tools. The physical examination 
can exclude hypovolemic volume status 
with an NPV of approximately 70%.7  

A constellation of findings from the 
physical examination may include altered 
mentation, hypotension, tachycardia, and 
decreased urinary output by 30% to 40% 
intravascular volume loss.8,9 Findings from 
the physical examination to assess fluid 
status should be used with caution as in-
terobserver reliability has proven to be 
poor and the prognostic value is limited.

Limitations
The literature shows the limited prognos-
tic value of the physical examination in 
determining a patient’s volume status and 
whether fluid resuscitation is indicated. 
For example, in one meta-analysis,10 su-
pine hypotension and tachycardia were 
frequently absent on examination—even 
in patients who underwent large volume 
phlebotomy.8 This study also showed 
postural dizziness to be of no prognostic 
value. 

Another study by Saugel et al7 that com-
pared the physical examination (skin as-
sessment, lung auscultation, and percus-
sion) to transpulmonary thermodilution 
measurements of the cardiac index, global 
end-diastolic volume index, and extra-
vascular lung water index, found poor 

Figure 1. Skin mottling (livedo reticularis). The finding 
of this lace-like, purplish discoloration of the skin is 
due to vasoconstriction, as may occur in vasospasm 
or in response to a shock state to redirect blood flow 
from the extremities to the central, core circulation. 
Photograph courtesy of Cutis. 2017;100:125-128. Copyright 
2017 Frontline Medical Communications Inc.
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interobserver correlation and agreement 
among physicians. 

The physical examination is also associ-
ated with weak predictive capabilities for 
the estimation of volume status compared 
to the device measurements. Another con-
temporary study by Saugel et al9 evaluated 
the predictive value of the physical exami-
nation to accurately identify volume re-
sponsiveness replicated these results, and 
reported poor interobserver correlation 
(κ coefficient 0.01; 95% caval index [CI] 
-0.39-0.42) among physical examination 
findings, with a sensitivity of only 71%, 
specificity of 23.5%, positive predictive 
value of 27.8%, and negative predictive 
value of 66.7%.9

Serum Lactate Levels
Background
In the 1843 book titled, Investigations of 
Pathological Substances Obtained Dur-
ing the Epidemic of Puerperal Fever, Jo-
hann Joseph Scherer described the cases 
of seven young peripartum female patients 
who died from a clinical picture of what is 
now understood to be septic shock.11 In his 
study of these cases, Scherer demonstrat-
ed the presence of lactic acid in patients 
with pathological conditions. Prior to this 
discovery, lactic acid had never been iso-
lated in a healthy individual. These results 
were recreated in 1851 by Scherer and Vir-
chow,11 who demonstrated the presence of 
lactic acid in the blood of a patient who 
died from leukemia. The inference based 
on Scherer and Virchow’s work correlated 
the presence of excessive lactic acid with 
bodily deterioration and severe disease. 
Since this finding, there has been a great 
deal of interest in measuring serum lactic 
acid as a means to identify and manage 
critical illness. 

In a 2001 groundbreaking study of EGDT 
for severe sepsis and septic shock, Rivers 
et al2 studied lactic acid levels as a marker 
for severe disease. Likewise, years later, the 
2014 Protocol-Based Care for Early Sep-
tic Shock (PROCESS), Prospective Mul-

ticenter Imaging Study for Evaluation of 
Chest Pain (PROMISE), and Australasian 
Resuscitation in Sepsis Evaluation (ARISE) 
trials used lactate levels in a similar man-
ner to identify patients appropriate for 
randomization.12-14 While the purpose of 
measuring lactic acid was only employed 
in these studies to identify patients at risk 
for critical illness, the 2012 Surviving Sep-
sis Campaign Guidelines recommended 
serial measurement of lactate, based on the 
assumption that improved lactate levels 
signified  better tissue perfusion.15 

Although much of the studies on lac-
tate levels appear to be based on the treat-
ment and management of septic patients, 
findings can be applied to any etiology of 
shock. For example, a serum lactate level 
greater than 2 mmol/L is considered ab-
normal, and a serum lactate greater than 4 
mmol/L indicates a significantly increased 
risk for in-hospital mortality.16 

Benefits
It is now a widely accepted belief that the 
rapid identification, triage, and treatment 
of critically ill patients has a dramatic ef-
fect on morbidity and mortality.4 As previ-
ously noted, lactate has been extensively 
studied and identified as a marker of severe 
illness.17,18 A serum lactate level, which 
can be rapidly processed in the ED, can be 
easily obtained from a minimally invasive 
venous, arterial, or capillary blood draw.18 
The only risk associated with serum lactate 
testing is that of any routine venipuncture; 
the test causes minimal, if any, patient dis-
comfort. 

Thanks to advances in point-of-care 
(POC) technology, the result of serum lac-
tate assessment can be available within 10 
minutes from blood draw. This technology 
is inexpensive and can be easily deployed 
in the prehospital setting or during the ini-
tial triage assessment of patients arriving at 
the ED.19 These POC instruments have been 
well correlated with whole blood measure-
ments and permit for the rapid identifica-
tion and treatment of at risk patients. 
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Limitations
The presence of elevated serum lactate 
levels is believed to represent the pres-
ence of cellular anaerobic metabolism due 
to impaired O2 delivery in the shock state. 
Abnormal measurements therefore prompt 
aggressive interventions aimed at maxi-
mizing O2 delivery to the tissues, such as 
intravenous fluid boluses, vasopressor 
therapy, or even blood product administra-
tion. 

A return to a normalized serum lactate 
level is assumed to represent a transition 
back to aerobic metabolism. Lactate eleva-
tions, however, are not solely an indication 
of anaerobic metabolism and may only 
represent a small degree of lactate produc-
tion.20 While the specific cellular mechan-
ics are out of the scope of this article, it has 
been postulated that the increase in plasma 
lactate concentration is primarily driven 
by β-2 receptor stimulation from increased 
circulating catecholamines leading to in-
creased aerobic glycolysis. Increased lac-
tate levels could therefore be an adaptive 
mechanism of energy production—aggres-
sive treatment and rapid clearance may, in 
fact, be harmful. Type A lactic acidosis is 
categorized as elevated serum levels due to 
tissue hypoperfusion.21 

However, lactate elevations do not ex-
clusively occur in severe illness. The use 
of β-2 receptor agonists such as continuous 
albuterol treatments or epinephrine may 
cause abnormal lactate levels.22 Other med-
ications have also been associated with el-
evated serum lactate levels, including, but 
not limited to linezolid, metformin, and 
propofol.23-25 Additionally, lactate levels 
may be elevated after strenuous exercise, 
seizure activity, or in liver and kidney dis-
ease.26 These “secondary” causes of lactic 
acidosis that are not due to tissue hypoper-
fusion are referred to as type B lactic aci-
dosis. Given these multiple etiologies and 
lack of specificity for this serum measure-
ment, a failure to understand these limita-
tions may result in over aggressive or un-
necessary medical treatments. 

Central Venous Pressure
Background
Central venous pressure (CVP) measure-
ments can be obtained through a catheter, 
the distal tip of which transduces pressure 
of the superior vena cava at the entrance 
of the right atrium (RA). Thus, CVP is of-
ten used as a representation of RA pres-
sure (RAP) and therefore an estimate of 
right ventricular (RV) preload. While CVP 
is used to diagnose and determine the eti-
ology of shock, evidence and controversy 
regarding the use of CVP as a marker for 
resuscitation comes largely from sepsis- 
focused literature.5 Central venous pres-
sure is meant to represent preload, which 
is essential for stroke volume as described 
by the Frank-Starling mechanism; howev-
er, its use as a target in distributive shock, a 
state in which it is difficult to determine a 
patient’s volume status, has been popular-
ized by EGDT since 2001.2 

Since the publication of the 2004 Sur-
viving Sepsis Guidelines, CVP monitoring 
has been in the spotlight of sepsis resus-
citation, albeit with some controversy.27 
Included as the result of two studies, this 
recommendation has been removed in the 
most recent guidelines after 12 years of fur-
ther study and scrutiny.2,27,28 

Hypovolemic and hemorrhagic shock 
are usually diagnosed clinically and while 
a low CVP can be helpful in the diagnosis, 
the guidelines do not support CVP as a re-
suscitation endpoint. Obstructive and car-
diogenic shock will both result in elevated 
CVP; however, treatment of obstructive 
shock is generally targeted at the underly-
ing cause. While cardiogenic shock can be 
preload responsive, the mainstay of thera-
py in the ED is identification of patients for 
revascularization and inotropic support.29 

Benefits
The CVP has been used as a surrogate for 
RV preload volume. If a patient’s preload 
volume is low, the treating physician can 
administer fluids to improve stroke volume 
and cardiac output (CO). Clinically, CVP 
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measurements are easy to obtain provided 
a central venous line has been placed with 
the distal tip at the entrance to the RA. Cen-
tral venous pressure is measured by trans-
ducing the pressure via manometry and 
connecting it to the patient’s bedside mon-
itor. This provides an advantage of being 
able to provide serial or even continuous 
measurements. The “normal” RAP should 
be a low value (1-5 mm Hg, mean of 3 mm 
Hg), as this aids in the pressure gradient 
to drive blood from the higher pressures of 
the left ventricle (LV) and aorta through the 
circulation back to the low-pressure of the 
RA.30 The value of the CVP is meant to cor-
respond to the physical examination find-
ings of jugular venous distension.31,32 Thus, 
a low CVP may be “normal” and seen in 
patients with hypovolemic shock, whereas 
an elevated CVP can suggest volume over-
load or obstructive shock. However, this is 
of questionable value in distributive shock 
cases. 

Aside from the two early studies on CVP 
monitoring during treatment of  septic pa-
tients, there are few data to support the use 
of CVP measurement in the early resuscita-
tion of patients with shock.2,28 More recent 
trials (PROMISE, ARISE, PROCESS) that 
compared protocolized sepsis care to stan-
dard care showed no benefit to bundles 
including CVP measurements.12-14 How-
ever, a subsequent, large observational 
trial spanning 7.5 years demonstrated im-
provements in sepsis-related mortality in 
patients who received a central venous 
catheter (CVC) and CVP-targeted therapy.33 
Thus, it is possible that protocols includ-
ing CVP are still beneficial in combination 
with other therapies even though CVP in 
isolation is not. 

Limitations
The traditional two assumptions in CVP 
monitoring are CVP value represents the 
overall volume status of the patient, and 
the LV is able to utilize additional preload 
volume. The latter assumption, however, 
may be hampered by the presence of sepsis-

induced myocardial dysfunction, which 
may be present in up to 40% of critically 
ill patients.34 The former assumption does 
not always hold true due to processes that 
change filling pressures independent of in-
travascular volume—eg, acute or chronic 
pulmonary hypertension, cardiac tampon-
ade, intra-abdominal hypertension, or LV 
failure. Even before the landmark EGDT 
study, available data suggested that CVP 
was not a reliable marker for resuscitation 
management.35 A recent systematic review 
by Gottlieb and Hunter36 showed that the 
area under the receiver-operator curve for 
low, mid-range, or high CVPs was equivo-
cal at best. In addition to its unreliability 
and lack of specificity, another significant 
drawback to using CVP to guide resuscita-
tion therapy in the ED is that it necessitates 
placement of a CVC, which can be time-
consuming and, if not otherwise indicated, 
lead to complications of infection, pneu-
mothorax, and/or thrombosis.37

Mixed Venous Oxygen
Background
Most EPs are familiar with the use of ScvO2 
in EGDT protocols to guide volume re-
suscitation of septic patients.2 A patient’s 
ScvO2 represents the O2 saturation of ve-
nous blood obtained via a CVC at the con-
fluence of the superior vena cava and the 
RA, and thus it reflects tissue O2 consump-
tion as a surrogate for tissue perfusion. The 
measurement parallels the SvO2 obtained 
from the pulmonary artery. In a healthy 
patient, SvO2 is around 65% to 70% and in-
cludes blood returning from both the supe-
rior and inferior vena cava (IVC). As such, 
ScvO2 values are typically 3% to 5% lower 
than SvO2 owing to the lower O2 extracted 
by tissues draining into the IVC compared 
to the mixed venous blood sampled from 
the pulmonary artery.38

Though a debate over the benefit of 
EGDT in treating sepsis continues, under-
standing the physiology of ScvO2 measure-
ments is another potential tool the EP can 
use to guide the resuscitation of critically 
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ill patients.39 A patient’s SvO2 and, by ex-
tension, ScvO2 represents the residual O2 
saturation after the tissues have extracted 
the amount of O2 necessary to meet meta-
bolic demands (Figure 2). If tissue O2 con-
sumption increases, the ScvO2 is expected 
to decrease as more O2 is extracted from 
the blood. Additionally, if tissue O2 deliv-
ery decreases, the ScvO2 is expected to de-
crease. Examples of these occur in patients 
with hypoxemia, anemia, decreased CO 
due to decreased LV systolic contractility, 
decreased heart rate, decreased pre-load/
stroke volume from intravascular hypovo-
lemia, or decreased perfusion pressures. 
Treatment therefore can be targeted at each 
of these etiologies by providing supple-
mental O2, blood transfusion, inotropic 
medications, chronotropic medications or 
electrical pacing, IVFs, or vasoconstrictor 
drugs, respectively. 

Conversely, cellular dysfunction, which 
can occur in certain toxicities or in severe 
forms of sepsis, can lead to decreased tis-
sue O2 consumption with a concomitant 

rise in ScvO2 to supernormal values.38 The 
EP should take care, however, to consider 
whether ScvO2 values exceeding 80% rep-
resent successful therapeutic intervention 
or impaired tissue O2 extraction and uti-
lization. There are data from ED patients 
suggesting an increased risk of mortality 
with both extremely low and extremely 
high values of ScvO2.40

Benefits
A critically ill patient’s ScvO2 can poten-
tially provide EPs with insight into the 
patient’s global tissue perfusion and the 
source of any mismatch between O2 deliv-
ery and consumption. Using additional 
tools and measurements (physical ex-
amination, serum Hgb levels, and pulse 
oximetry) in conjunction with an ScvO2 
measurement, assists EPs in identifying 
targets for therapeutic intervention. The 
effectiveness of this intervention can 
then be assessed using serial ScvO2 mea-
surements, as described in Rivers et al2 
EGDT protocol. Importantly, EPs should 
take care to measure serial ScvO2 values 
to maximize its utility.38 Similar to a CVP 
measurement, ScvO2 is easily obtained 
from blood samples for serial laboratory 
measurements, assuming the patient al-
ready has a CVC with the distal tip at the 
entrance to the RA (ScvO2) or a pulmonary 
artery catheter (PAC) (SvO2). 

Limitations
Serial measurements provide the most 
reliable information, which may be more 
useful in patients who spend extended 
periods of their resuscitation in the ED. In 
comparison to other measures of global tis-
sue hypoxia, work by Jones et al41 suggests 
non-inferiority of peripherally sampled, 
serial lactate measurements as an alterna-
tive to ScvO2. This, in conjunction with the 
requirement for an internal jugular CVC, 
subclavian CVC, or PAC with their associ-
ated risks, may make ScvO2 a less attractive 
guide for the resuscitation of critically ill 
patients in the ED.

Figure 2. Mixed venous, or central venous oxygen saturations. This illustration dem-
onstrates the anticipated “normal” amount of oxygen saturation in the blood leaving 
the left ventricle (presumed to be fully saturated at 100%) and returning to the right 
heart (65%-70% saturation). The delivery of oxygen depends on CO (as a result of 
heart rate multiplied by stroke volume), Hgb and SaO2  (plus 0.3% PaO2). Conditions 
that increase oxygen consumption or decrease delivery of oxygenated blood to end-
organ tissues result in lower saturations of oxygenated blood returning to the heart in 
the mixed central venous circulation.
Abbreviations: CO, cardiac output; DO2, delivery of oxygen; Hgb, hemoglobin concentration; SaO2, 
arterial oxygen saturation; SvO2, mixed venous oxygen saturation; PaO2, partial pressure of oxygen 
dissolved in arterial blood.
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Monitoring Devices
Background
As noted throughout this review, it is im-
portant not only to identify and rapidly 
treat shock, but to also correctly identify 
the type of shock, such that treatment can 
be appropriately directed at its underlying 
cause. However, prior work suggests that 
EPs are unable to grossly estimate CO or 
systemic vascular resistance when com-
pared to objective measurements of these 
parameters.42 This is in agreement with 
the overall poor performance of physical 
examination and clinical evaluation as a 
means of predicting volume responsive-
ness or guiding resuscitation, as discussed 
previously. Fortunately, a wide variety of 
devices to objectively monitor hemody-
namics are now available to the EP.

In 1970, Swan et al43 published their 
initial experience with pulmonary artery 
catheterization at the bedside, using a 
balloon-tipped, flow-guided PAC in lieu of 
fluoroscopy, which had been mandated by 
earlier techniques. The ability to measure 
CO, right heart pressures, pulmonary arte-
rial pressures, and estimate LV end diastol-
ic pressure ushered in an era of widespread 
PAC use, despite an absence of evidence 
for causation of improved patient out-
comes. The utilization of PACs has fallen, 
as the literature suggests that the empiric 
placement of PACs in critically ill patients 
does not improve mortality, length of stay, 
or cost, and significant complication rates 
have been reported in large trials.44,45

Subsequently, a number of non-invasive 
or less-invasive HDM devices have been 
developed. Amongst the more commonly 
encountered modern devices, the tech-
niques utilized for providing hemodynam-
ic assessments include thermodilution and 
pulse contour analysis (PiCCOTM), pulse 
contour analysis (FloTrac/VigileoTM), and 
lithium chemodilution with pulse power 
analysis (LiDCOplusTM).46 The primary 
utility of these devices for the EP lies in 
the ability to quantify CO, stroke volume, 
and stroke volume or pulse pressure varia-

tion (PPV) to predict or assess response 
to resuscitative interventions (volume ad-
ministration, vasopressors, inotropes, etc).

Benefits
Many of these devices require placement 
of an arterial catheter. Some require the ad-
dition of a CVC. Both of these procedures 
are well within the clinical scope of the 
EP, and are performed with fair frequency 
on critically ill patients. This is a distinct 
advantage when compared to pulmonary 
artery catheterization, a higher risk proce-
dure that is rarely performed outside of the 
intensive care unit or cardiac catheteriza-
tion laboratory. In addition, all of the de-
vices below present hemodynamic data 
in a graphical, easy-to-read format, in real 
time. All of the devices discussed report 
stroke volume variation (SVV) or PPV con-
tinuously.  
 
Limitations
Though these measures have validated 
threshold values that predict volume re-
sponsiveness, they require the patient to 
be intubated with a set tidal volume of 
greater than or equal to 8 mL/kg without 
spontaneous respirations and cardiac ar-
rhythmias, in order to accurately do so. 
All of the HDM devices that rely on pulse 
contour analysis as the primary means of 
CO measurement cannot be used in the 
presence of significant cardiac arrhythmias 
(ie, atrial fibrillation), or mechanical circu-
latory assistance devices (ie, intra-aortic 
balloon counterpulsation). None of these 
devices are capable of monitoring micro-
circulatory changes, felt to be of increasing 
clinical importance in the critically ill. 

The use of HDM devices to monitor CO 
with a reasonable degree of accuracy, trend 
CO, and assess for volume responsiveness 
using a number of previously validated 
parameters such as SVV is now in little 
doubt. However, these devices are still in-
vasive, if less so than a pulmonary artery. 
The crux of the discussion of HDM devices 
for use in ED resuscitation revolves around 
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whether or not the use of such devices to 
drive previously validated, protocolized 
care results in better outcomes for patients. 
The EP can now have continuous knowl-
edge of a large number of hemodynamic 
parameters at their fingertips with relative-
ly minimal additional efforts. At the time 
of this writing, though, this is both untest-
ed and unproven, with respect to the ED 
population.  

Point-of-Care Ultrasound 
Background
Over the past two decades, ultrasound 
(US) has become an integral part of the 
practice of emergency medicine (EM), and 
is now included in all United States Ac-
creditation Council for Graduate Medical 
Education Emergency Medicine Residency 
Programs.47,48 It has emerged as a very im-
portant bedside tool performed by the cli-
nician to identify type of shock and guide 
resuscitation, and has been endorsed by 
both EM and critical care societies.49-51 
This section reviews the utility of US as 
a modality in identifying shock and guid-
ing resuscitation, in addition to the pitfalls 
and limitations of this important tool.

In 2010, Perera et al47 described in their 
landmark article the Rapid Ultrasound in 
SHock (RUSH) examination, which de-
scribes a stepwise (the pump, tank, pipes) 
approach to identify the type of shock 
(cardiogenic, hypovolemic, obstructive, or 
distributive) in the crashing, hypotensive 
ED patient. We do not describe the full 
RUSH examination in this review, but dis-
cuss key elements of it as examples of how 
POCUS can assist the EP to make a rapid 
diagnosis and aid in the management of 
patients in shock. The “pump” is the heart, 
which is assessed in four different views to 
identify a pericardial effusion and possible 
tamponade, assess contractility or ejection 
fraction of the LV (severely decreased, de-
creased, normal, or hyperdynamic), and 
right heart strain which is identified by an 
RV that is larger than the LV, indicative of 
a potential pulmonary embolus. 

The “tank” is then assessed by visual-
izing the IVC in the subxiphoid plane, and 
is evaluated for respiratory collapsibility 
(CI) and maximum size. This has been 
quite the debated topic over the last two 
decades. In 1988, Simonson and Schiller52 
were the first to describe a correlation in 
spontaneously breathing patients between 
IVC caliber (measured 2 cm from the ca-
voatrial junction) and variation and RAP, 
where a larger IVC diameter and less re-
spiratory variation correlated with a high 
RAP. Kircher et al53 later went on to de-
scribe that a CI greater than 50% corre-
lated with an RAP of less than 10 mm Hg 
and vice versa in spontaneously breath-
ing patients. Since then there have been 
more studies attempting to verify these 
findings in both spontaneously breathing 
and mechanically ventilated patients.54-56 
The purpose of performing these measure-
ments is not to estimate CVP, but to assess 
fluid responsiveness (ie, a blood pressure 
response to a fluid challenge). It can be as-
sumed in states of shock that a small IVC, 
or one with a high CI, in the presence of 
a hyperdynamic heart is indicative of an 
underfilled ventricle and fluid responsive-
ness, especially if the IVC size increases 
with fluid.55,57 However, there are several 
caveats to this. First, in mechanically 
ventilated patients, the IVC is already 
plethoric due to positive pressure venti-
lation, and increases in diameter with in-
spiration and decreases with expiration as 
compared to spontaneously breathing pa-
tients. Second, the CI value to predict vol-
ume responsiveness in ventilated patients 
is set at 15% instead of 50%.55 Third, it is 
important to always take the clinical sce-
nario in context; a dilated IVC with small 
CI is not necessarily only due to volume 
overload and congestive heart failure, but 
can be due to elevated RAP from obstruc-
tive shock due to cardiac tamponade or 
massive pulmonary embolus, which is 
why it is important to assess the “pump” 
first.47,58 It is also crucial to not forget to as-
sess the abdominal and thoracic cavities, 
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as intraperitoneal or pleural fluid with a 
collapsed IVC can potentially make a di-
agnosis of hemorrhagic or hypovolemic 
shock depending on the clinical scenar-
io.47 The final part of the RUSH protocol 
is to evaluate the “pipes,” inclusive of the 
lower extremity deep venous system for 
evaluation of potential thrombosis that 
could increase suspicion for a pulmonary 
embolism causing obstructive shock, and 
the aorta with the common iliac arteries 
if there is concern for aortic dissection or 
aneurysmal rupture. 

Benefits
Some of the most significant advantages to 
the use of POCUS to guide resuscitation is 
that it is quick, non-invasive, does not use 
ionizing radiation, and can be easily re-
peated. As noted above, it is a requirement 
for EM residencies to teach its use, so that 
contemporary graduates are entering the 
specialty competent in applying it to the 
care of their patients. Furthermore, POCUS 
is done at the bedside, limiting the need to 
potentially transport unstable patients. 

In the most basic applications, POCUS 

provides direct visualization of a patient’s 
cardiac function, presence or absence of 
lung sliding to suggest a pneumothorax, 

Figure 3. Measurement of cardiac output (CO) by point-of-care ultrasound (POCUS). This figure demonstrates how to measure CO with two 
views via POCUS. (A) The first requires measuring the left ventricular outflow track diameter (LVOTD) (asterisk) in the parasternal long axis view. 
(B) The second requires an apical 5 chamber view, with the pulsed Doppler gate aligned with the left ventricular outflow (LVOT) to capture and 
trace the LVOT velocity time integral (VTI) (star). The same screen can then be used to mark two consecutive heart beats to determine a heart 
rate (hearts). Many POCUS devices have cardiac packages that will then use the LVOTD and the LVOT VTI to calculate a stroke volume, then 
multiply by the heart rate to provide a measurement for CO (white box).

A B

Figure 4. Measurement of inferior vena cava (IVC) collapsibility by point-of-care 
ultrasound (POCUS). This figure demonstrates how to measure the IVC collapsibility 
index (CI) in a spontaneously breathing patient. After obtaining a view of the IVC in 
two-dimensional (aka B Mode) imaging, the M Mode marker is placed 2 cm from the 
cavoatrial junction, and monitors the variation with the patient performing a “sniff” ma-
neuver. Many POCUS devices have cardiac packages that will then use the maximal 
and minimal measured diameters to calculate the CI (white box). 
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presence of pulmonary edema, assessment 
of CVP pressures or potential for fluid re-
sponsiveness, as well as identification of 
potential thoracic, peritoneal, or pelvic 
cavity fluid accumulation that may sug-
gest hemorrhage. There is literature to sup-
port that these assessments performed by 
the EP have been shown to be comparable 
to those of cardiologists.59,60 With contin-
ued practice and additional training, it 
is possible for EPs to even perform more 
“advanced” hemodynamic assessments 
to both diagnose and guide therapy to pa-
tients in shock (Figures 3 and 4).61 

Limitations
Although POCUS has been shown as a 
remarkable tool to help assist the EP in 
making rapid decisions regarding resusci-
tation, it is always important to remember 
its limitations. Most of the studies regard-
ing its use are of very small sample sizes, 
and further prospective studies have to 
be performed in order for this modality to 
be fully relied on.62 Compared to some of 
the previously mentioned HDM devices 
that may provide continuous data, POCUS 
needs to be performed by the treating phy-
sician, thereby occurring intermittently. 

Table. Methods for Assessing a Patient’s Hemodynamic State

Method Benefits Limitations

Physical examination Quick
No additional costs

Poor physician correlation to objective 
measures

Serum lactate levels Easily obtained
Low cost

Non-specific

Central venous pressure Correlates to JVD
Measures RAPs as surrogate for pre-load

Requires a CVC with tip at cavoatrial 
junction
Non-specific for volume tolerance/re-
sponsiveness
Poor AUROC 

Mixed venous oxygen  
saturation

Can help direct further causes of poor  
oxygen delivery/shocka

Requires a CVC with tip at cavoatrial 
junction
Non-specific for volume tolerance/re-
sponsiveness
Non-inferiority to peripheral serum 
lactate levels

Hemodynamic monitoring 
devices

Provide continuous monitoringb

Present hemodynamic data in a graphical,  
easy-to-read format, in real time

May not be readily available
Require arterial catheter ± central ve-
nous catheter
May not be accurate in spontaneously 
breathing patients, cardiac arrhythmias, 
or structure heart abnormalitiesb

Point-of-care ultrasound No ionizing radiation
Direct visualization
Non-invasive

Limited prospective studies
Operator dependent

aExamples include decreased cardiac contractility, stroke volume, hypovolemia, anemia, or low oxygen saturation. bDepending on the device model. 

Abbreviations: AUROC, area under receiver operator curve; CVC, central venous catheter; JVD, jugular venous distention; RAP, right atrial pressure.
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Emergency physicians need to be aware 
of their own experience and limitations 
with this modality, as errors in misdiag-
nosis can lead to unnecessary procedures, 
with resulting significant morbidity and 
mortality. Blanco and Volpicelli63 describe 
several common errors that include misdi-
agnosing the stomach as a peritoneal effu-
sion, assuming adequate volume resuscita-
tion when the IVC is seen to be plethoric in 
the setting of cardiac tamponade, or mis-
taking IVC movement as indicative of col-
lapsibility, amongst other described mis-
interpretations. Several other studies have 
shown that, despite adequate performance 
of EPs in POCUS, diagnostic sensitivities 
remained higher when performed by radi-
ologists.64-67 Thus it remains important for 
the EPs to be vigilant and not anchor on 
a diagnosis when in doubt, and to consult 
early with radiology, particularly if there 
is any question, to avoid potential adverse 
patient outcomes. 

Summary
There are several ways to diagnose and 
track resuscitation in the ED, which in-
clude physical examination, assessment 
of serum laboratory values, monitoring of 
hemodynamic status, and use of POCUS. 
Unfortunately, none of these methods pro-
vides a perfect assessment, and no method 
has been proven superior and effective 
over the others. Therefore, it is impor-
tant for EPs treating patients in shock to 
be aware of the strengths and limitations 
of each assessment method (Table). The 
EP will likely need to employ multiple 
approaches when evaluating a patient in 
shock—both to confirm a diagnosis as well 
as perform serial evaluation to trend the 
response to therapeutic interventions with 
the goal to restore appropriate perfusion 
to end-organ tissues. The evaluation tools 
outlined in this article provide EPs with a 
wealth of resources to provide care to the 
most critically ill patients. 
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