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           Hemodynamics (from the words “blood” and “power” 
in Greek) refers to the forces that determine 

blood fl ow in the circulation. The goal of circulation 
is to delivery oxygen and other nutrients to the tis-
sues, and, thus, the ultimate concern is tissue and cel-
lular perfusion. Clinicians caring for patients therefore 
need to focus not only on hemodynamic forces, but 
also on hemodynamic parameters that address the 
amount and adequacy of blood fl ow within the circu-
latory system. 

 Although entitled “Hemodynamic Monitoring,” this 
review will consider hemodynamic assessment as well. 
The distinction is that hemodynamic assessment evalu-
ates the current state of blood fl ow and perfusion with 

consideration of potential causes for abnormalities, 
whereas hemodynamic monitoring is a serial assess-
ment that can establish clinical trajectories and assess 
the response to therapeutic interventions. Although 
the terms are often used interchangeably, and moni-
toring is clearly a form of assessment, consideration 
of their differences can help clarify some of the con-
fusion about how to assess their effects. An assess-
ment is diagnostic and would not by itself be expected 
to alter outcome. Monitoring is intended to detect 
physiologic abnormalities at their earliest stages, 
when interventions would be expected to be most 
effective, and to evaluate the effects of therapeutic 
maneuvers. 

 The effects of hemodynamic measurements on out-
comes depend more on the effi cacy of the therapies 
than on the techniques chosen to make those mea-
surements. Nonetheless, the point of either assess-
ment or serial monitoring is to aid treatment. The 
risks of any hemodynamic monitoring technique must 
be weighed against these potential benefi ts. This brief 
review will take a physiologic and clinical approach to 
hemodynamic monitoring, considering what parame-
ters to monitor, when to measure them, and how to 
use the information. Techniques tend to evolve rapidly, 
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 Hemodynamic assessment is   a key component of the evaluation of the critically ill patients and 
has both diagnostic and prognostic utility. This review outlines a general approach to assessment 
of hemodynamics and perfusion, and then discusses various hemodynamic parameters: heart 
rate, BP, intravascular (central venous and pulmonary artery) pressures, cardiac output, and 
myocardial performance, within the context not only of how they are best measured but also how 
they should be used in a clinical context. Hemodynamics are best assessed using a combination of 
not only different hemodynamic parameters but also those with the inclusion of clinical indices of 
perfusion. The benefi ts of these techniques, as with all medical testing and interventions, 
must be weighed against any potential risks. Although what to measure and how to measure 
it is important, what is most important is how to use the information. Evaluating the response to 
therapeutic interventions is frequently the most useful way to employ hemodynamic monitoring 
techniques. For the practitioner, learning how to select from a robust set of hemodynamic tools 
and how to tailor their use to individual clinical settings will allow for optimal patient care.   
  CHEST 2013;  143� ( 5 ): 1480 – 1488  

  Abbreviations  :     CO  5  cardiac output  ;    CVP  5  central venous pressure    ;    HR  5  heart rate  ;    PA  5  pulmonary artery    ;    PAC  5  pul-
monary artery catheter  ;    PAOP  5  pulmonary artery occlusion pressure    ;    SV  5  stroke volume  ;    Sv o  2   5  mixed venous oxygen 
saturation     
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another factor that suggests the merits of a concep-
tual approach to hemodynamic monitoring.  

 Technical Considerations and Monitoring 
Systems 

 Detailed consideration of technical aspects of moni-
toring devices is beyond the scope of this article; the 
reader is referred to a number of excellent reviews 
that address these in detail.  1 - 4   This article is also not 
specifi cally intended to guide the choice among various 
devices that measure the same or similar parameters. 
Nonetheless, a thorough understanding of the tech-
nology is crucial for assessment of the data obtained. 

 The fi rst requirement of a monitoring system is 
accuracy. Clinicians must be able to assess the reliability 
of a given measurement, and in particular, to discern 
when a device may not be providing accurate data. 

 Specifi c techniques must be chosen to fi t the patient 
and the clinical setting. The overall milieu may be the 
most important factor of all; hemodynamic monitoring 
entails serial measurements by a team of multidisci-
plinary practitioners, all of whom need to have a cer-
tain level of comfort with the data being obtained. 
There is a learning curve with all devices, and thus a 
requisite investment of time and effort if a device is 
to be used. Local expertise and comfort level with a 
particular technique may be as important as any other 
factor in the choice of a hemodynamic monitoring 
modality.   

 General Approach 

 The key issue in hemodynamic assessment is per-
fusion. Clinical evaluation (history, physical examina-
tion, imaging, laboratory data) is crucial and may be 
suffi cient in some cases. Clinical indices of insuffi -
cient perfusion include oliguria, clouded sensorium, 
delayed capillary refi ll, and cool skin.  5 - 7   Other mea-
sures, such as serum lactate levels and mixed venous 
oxygen saturation (Sv o  2 ), provide additional infor-
mation about perfusion. Nonetheless, hemodynamic 
therapies for shock are usually (and appropriately) 
targeted at the determinants of perfusion, namely 
pressure and cardiac output (CO), and clinical assess-
ment may not always be optimally sensitive and spe-
cifi c. This review will focus on monitoring of pressure 
and fl ow, with subsequent consideration of how to 
assess perfusion. When perfusion is compromised, an 
assessment of its components may be crucial to for-
mulate treatment strategies. There is no intent to mini-
mize the value of clinical judgment in planning and 
implementing those strategies. 

 Monitors can be thought of as measuring either 
hemodynamic parameters themselves, or the effects 
of those parameters, with obvious overlap. Hemody-

namic parameters that determine perfusion include 
heart rate   (HR), BP, intravascular pressures, CO/stroke 
volume (SV), and ventricular performance ( Table 1 ). 
The adequacy of perfusion is difficult to measure 
directly, but it may be possible to get a sense of the 
adequacy of global perfusion by measur ing mixed 
or central venous oxygen saturation. This review is 
organized by parameter, with consideration of various 
techniques to assess that parameter, and the strengths 
and weaknesses of each technique.     

 Monitoring techniques should be used in a clin-
ical context—with a clear sense of what the clinician 
is going to do with the information. An initial hemo-
dynamic assessment is most often useful for diagnos-
tic purposes, usually in the setting of perfusion failure, 
which may have been occult. That assessment can 
measure the extent of the hemodynamic abnormal-
ities and may help determine their cause. Subsequent 
hemodynamic monitoring is most often used to assess 
the effects of interventions, something best accom-
plished by using techniques in a dynamic, rather than 
a static, fashion. This last point is crucial and some-
times underappreciated. It should come as no surprise 
that a single measurement is less useful than serial 
assessments of the trend over time or of the response 
to interventions. When assessments are inadequate, 
what may be needed is not a better method but a better 
understanding of how to use an available technique.   

 Hemodynamic Parameters  

 Heart Rate 

 Although HR is relatively simple to assess, its impor-
tance should not be underestimated. HRs that are too 
rapid or too slow can compromise CO. Whether the 
HR is appropriate to the physiology and degree of 
illness is also worth consideration. Finally, whether a 
vasoactive agent is increasing CO via a chronotropic 
mechanism (by increasing HR) or inotropic mecha-
nism (by increasing SV) can be a crucial distinction. 

 HR is usually assessed using a bedside electro-
cardiographic monitor, which gives an instantaneous 
reading of beats per minute over the prior several 
seconds. Many bedside monitors are not designed to 

 Table 1   —Hemodynamic Parameters    

  Hemodynamic Parameters  

  Heart rate 
 BP 
 Vascular pressures 
  Central venous pressure 
  Pulmonary artery pressure 
 Cardiac output 
 Ventricular performance  
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allow display of the HR trend over the past hours 
or even minutes and, in this sense, monitoring tech-
nology limits the availability of potentially useful data 
to clinicians, a state of affairs that might merit some 
rethinking. Bedside fl ow sheets can trend HR and 
other parameters, but their use is waning with the 
move to fully electronic medical records. 

 Recent data suggest the potential utility of beat-
to-beat HR variability as a nonlinear index of degree 
of illness in shock.  8 , 9   This remains investigational, but 
there is no technical reason why trends or nonlinear 
parameters could not be displayed on a monitor if 
clinicians declared them useful in patient care.   

 BP 

 Noninvasive arterial BP monitoring is widely employed, 
but estimation of BP using a cuff in the setting of 
shock, especially an automated measurement system, 
may be inaccurate. Use of an arterial cannula provides 
a more appropriate and reproducible measurement 
of arterial pressure.  6 , 10   An important benefi t of inva-
sive arterial BP monitoring is that it allows beat-to-
beat analysis, so that decisions regarding therapy can 
be based on immediate BP information.  11   

 BP by itself is not a particularly good index of perfu-
sion. A number of randomized studies have shown that 
raising mean arterial pressure from 65 to 85 mm Hg 
has no demonstrable effect on renal function or met-
abolic measures of perfusion.  12 , 13   Below a certain BP, 
however, autoregulation in vascular beds is compro-
mised, and fl ow is dependent on pressure. Although the 
precise BP goal to target in shock remains uncertain, 
targeting a mean arterial pressure of 60  6   or 65  14   mm Hg 
is recommended. 

 Variations in arterial pressure with respiration 
can be used as an index of fl uid responsiveness (also 
termed preload responsiveness, meaning that SV 
increases with fl uid administration). If the changes in 
venous return consequent to changes in intrathoracic 
pressure with respiration are suffi cient to infl uence 
SV, this suggests relative hypovolemia. In intubated 
and sedated patients, variability of systolic pressure, 
pulse pressure, or SV  .    10% to 12% is correlated with 
an increase in CO of at least 15% in response to fl uid 
administration.  15 , 16   In spontaneously breathing patients, 
this measure is much less reliable,  16   although some 
studies suggest that the response to straight leg raising 
can be used in a similar fashion, albeit with lower accu-
racy.  17   There are a number of potential challenges 
in assessment of arterial pressure variation. The tidal 
volume must be adequate and constant, so sedation 
must be suffi cient to suppress spontaneous ventila-
tion. Irregular rhythms such as atrial fi brillation limit 
the use of pulse pressure variation as well. These mea-
sures may not perform well in patients with ARDS.  18   

What is clear, however, is that such dynamic moni-
toring is superior to static measurements of intravas-
cular pressures in predicting preload responsiveness,  19   
and arterial cannulation can enable assessment of these 
dynamic parameters. Assessment of beat-to-beat var-
iability of pressure obviously requires technology that 
measures BP on every heart beat.   

 Vascular Pressures  

 Central Venous Pressure:     Central venous pressure 
(CVP) can be measured readily by placing a trans-
ducer in series with any catheter in central venous 
circulation. CVP is equivalent to right atrial pres-
sure (except in the uncommon setting of vena caval 
obstruction), and provides an estimate of right ventri-
cular preload. Use of CVP to measure fl uid respon-
siveness, however, is complicated by a number of 
factors. First, the waveform is complex, with an    a  wave 
resulting from atrial contraction, a  c  wave coincident 
with the closing of the tricuspid valve in end-diastole, 
and a  v  wave caused by atrial fi lling, with an  x  descent 
after the  c  wave and a  y  descent after the  v  wave 
( Fig 1 ). Strictly speaking, CVP should be measured in 
end-expiration at the base of the  c  wave, but if the 
 c  wave is not visible then the average of the  a  wave is 
used.  20   The second, and even more daunting challenge, 
is that the physiologic determinants of CVP are mul-
tiple and do not remain constant. CVP is determined 
by interactions among venous return, which is a func-
tion of blood volume and compliance of the venous 

  
 Figure 1.      A typical central venous pressure (CVP) waveform 
(bottom tracing) and accompanying ECG (top). The a, c, and 
v waves and the x and y descents are shown. CVP should be mea-
sured at end expiration at the base of the C wave (see arrow).      
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system, right ventricular function, and pulmonary 
arterial pressure. In critically ill patients, these are 
rarely static, and so it should come as little surprise 
that a single measurement of CVP is a poor predic-
tor of fl uid responsiveness.  21   Tricuspid regurgitation, 
which produces large v waves, can also complicate 
interpretation of the CVP. Finally, use of CVP as an 
index of left ventricular preload implies that right-
sided pressures are normal; in an ICU population 
with a high incidence of both acute and chronic pul-
monary abnormalities, this is often not the case.       

 Pulmonary Artery Pressure:     Pulmonary artery (PA) 
pressure can be measured at the bedside using a 
balloon-tipped fl ow-directed (Swan-Ganz  ) catheter.  22   
On insertion, pressures are measured in the right 
atrium, right ventricle, and PA. A PA occlusion (“wedge”) 
pressure (PAOP) is typically obtained by infl ating 
the balloon at the end of the catheter ( Fig 2 ). When 
there   is no pulmonary venous obstruction (something 

  
 Figure 2.      Pulmonary artery catheterization waveforms. A, Right 
atrium. B, Right ventricle. C, Pulmonary artery. D, Pulmonary 
artery occlusion.    

that is rare), a continuous column of blood is present 
between the left atrium and the tip of the catheter, 
and thus measured pressure refl ects left atrium pres-
sure. On   catheter insertion, blood can be withdrawn 
for determination of oxygen saturation in the right 
atrium, right ventricle, and PA, which can be useful 
for the evaluation of intracardiac shunts, and Sv o  2  can 
be measured, either continuously or in blood sam-
ples drawn from the PA. The PA catheter can also be 
used to measure CO by thermodilution; cold saline is 
injected in the proximal port, and the temperature 
change is measured at the tip of the catheter. This 
can be done by injection at the bedside, and some 
catheters enable continuous measurement of CO.     

 There are a number of pitfalls to be considered in 
using PAOP as a surrogate for   left ventricle preload. 
Use of the PAOP for this purpose assumes that there 
is no signifi cant mitral valve disease (or pulmonary 
venous obstruction, something that is quite uncom-
mon), and a constant relationship between pressure 
and volume in the left ventricle. These assumptions 
may not be satisfi ed in many critically ill patients. In 
addition, there are a number of technical pitfalls in 
measurement, including not ensuring that the trans-
ducers are correctly positioned and calibrated, not 
considering the effects of positive end-expiratory pres-
sure on transmural pressures, positioning the PA cath-
eter in a zone of the lung in which alveolar pressures 
exceed vascular pressures (in which case catheter pres-
sure may not refl ect vascular pressure throughout the 
respiratory cycle), and incorrectly interpreting the 
waveforms.  23 , 24   

 Evaluating the utility of the PA catheter solely 
on the ability of a single determination of PAOP to   
measure left ventricle preload seems short-sighted. As 
noted previously, other measurements, including right-
sided pressures, CO, and Sv o  2  can be obtained from 
the   pulmonary artery catheter (PAC) and used to gen-
erate a more complete hemodynamic profi le. But more 
to the point, while a single assessment can be used 
for diagnostic purposes, the PAC can and should be 
used in a serial fashion, to assess changes in multiple 
parameters, including fi lling pressures, SV, and Sv o  2 , 
either in response to physiologic stress or during the 
course of therapeutic interventions. For example, 
while a given level of PAOP does not provide much 
information about fl uid responsiveness, the PAC, by 
measuring changes in pressures, SV, and Sv o  2  after 
fl uid challenge, can help guide clinicians about how 
to optimize oxygen delivery while minimizing the risk 
of pulmonary edema. In this context, it is perhaps as 
important to know when not to give additional fl uids 
as when to give them; when fl uid challenges raise 
fi lling pressures but do not result in improvements in 
SV or clinical status, the clinician has received a clear 
indication to stop. 
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 There has been considerable controversy concern-
ing the use of PACs since the publication of a retro-
spective report suggesting their use may be associated 
with patient harm.  25   This fi nding has not been con-
fi rmed in subsequent randomized trials, and is likely 
to have been infl uenced by several factors, including 
inaccurate acquisition and interpretation of the data. 
More importantly, the propensity matching used in 
that study did not account for the selection bias caused 
by the fact that PACs are more likely to be used in 
patients with a downward clinical trajectory. None-
theless, there are important risks, including infection, 
perforation, occlusion, thrombosis and embolism with 
indwelling catheters, arrhythmia when catheters are 
placed in or transit the right ventricle, and a risk of 
rupture of the PA with balloon occlusion to obtain a 
PAOP, particularly in patients with pulmonary hyper-
tension. Overall, it is clear that routine use of PACs in 
a number of settings is not associated with improved 
outcomes,  26 - 32   something that perhaps should not come 
as a surprise. And it should be clear from this review 
that PAC is not the only available tool for hemody-
namic assessment. However, regardless of the opin-
ion of an individual clinician on the balance between 
the risks and benefi ts of the PAC, it is important not 
to take away from the controversy the lesson that hemo-
dynamic assessment has no value. An appropriately 
focused hemodynamic assessment, regardless of the 
method by which the information is obtained, can 
assist in patient management in ways that may not be 
entirely measurable in clinical trial outcomes.    

 CO/Stroke Volume 

 CO is reported more commonly than SV, but one 
might make a persuasive case that SV is the more 
relevant hemodynamic parameter. CO is calculated 
as the product of HR and SV, but changes in HR do 
not necessarily lead to linear changes in CO since 
cardiac fi lling is infl uenced by fi lling time. Evaluation 
of the response of SV to hemodynamic optimization 
is desirable since the goal is usually to increase CO by 
increasing SV, not by increasing HR.  

 Pulmonary Artery Catheters:     The reference method 
for measurement of CO involves use of the Fick prin-
ciple,  33   where uptake equals fl ow times the differ-
ence between infl ow and outfl ow concentrations; this 
assumes a steady state. Indicator dilution with indo-
cyanine green was the original technique, but this 
method is diffi cult and cumbersome, so thermodilu-
tion is most commonly performed.  34   Thermodilution 
measures CO over several cycles, and has a number 
of technical limitations that can limit its accuracy, 
most prominently tricuspid regurgitation, which is 
not uncommon in critically ill patients with   pulmonary 

disease ( Fig 3 ). Thermodilution CO is usually mea-
sured using a PAC; with repeated bolus injections it 
is con sidered accurate to  �    5% to 10%.  35   Continuous 
CO can be measured using a modifi ed PAC with an 
embedded heating fi lament; this displays continuous 
trended CO, but it is important to realize that the 
displayed measurement represents an average fl ow 
over the prior 3 to 6 min.  36   With either method, effec-
tive net forward SV can be calculated by dividing CO 
by HR. In patients with signifi cant valvular regurgita-
tion or intracardiac shunting, the actual SV may be 
signifi cantly underestimated.       

 Pulse Contour Analysis:     CO can also be estimated 
by analysis of the pulse contour from an arterial wave-
form, since the systolic portion of the waveform refl ects 
SV. This also provides information about changes in 
SV on a beat-to-beat basis. Several different systems 
are available. The LIDCO device uses a radial arterial 
waveform and was designed to be calibrated using 
lithium dilution (although a recent model uses a cali-
bration equation).  37   The PICCO device uses a femo-
ral artery catheter calibrated using transpulmonary 
thermodilution, in which a bolus is injected into the 
central veins while temperature is measured from the 
femoral catheter; this technique also allows for esti-
mation of intrathoracic blood volume.  38   The PICCO 
device can be used in axillary arteries as well. Both 
of these devices may need to be recalibrated over 
time and with changes in clinical status. A third system 
(Vigileo) uses a blood-fl ow sensor connected to an 
arterial line, and is not calibrated externally but using 

  
 Figure 3.      Thermodilution cardiac output curves. A, Normal cardiac 
output. B, High cardiac output. Rapid dilution of cold injectate 
with warm blood leads to a smaller area under the temperature-
time curve. C, Low cardiac output. Slower dilution of cold injec-
tate with warm blood. D, Faulty injection with double dip. The 
measurement should be disregarded.    
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an equation that incorporates arterial pulsatility (the 
SD of the pressure wave over a 20-s interval) and a 
constant derived from the patient’s biometric values 
(sex, age, height, and weight) and the skewness and 
kurtosis of the arterial waveform.  39   This calibration 
constant is updated every minute. The software algo-
rithms to perform this calibration have been updated 
over time. 

 The need for recalibration of the LIDCO and 
PICCO devices can pose interpretive challenges for 
the clinician when recalibration yields CO values that 
differ from previous determinations; the question then 
becomes whether the new values represent changes 
in clinical status or in calibration. The Vigileo system 
recalibrates itself, but the clinician has no way to 
assess the infl uence of calibration changes on the 
measured CO. Another important assumption when 
using pulse waveform analysis is that arterial com-
pliance has remained constant. It is clear that this 
assumption may be correct over short time periods but 
is unlikely to remain valid with clinical instability.  36   
Recalibration after events that cause profound changes 
in vasomotor tone, such as sepsis or cardiopulmonary 
bypass, is recommended. CO measured using pulse 
contour analysis has been found to be reasonably com-
parable to values obtained with thermodilution.  40 , 41     

 Ultrasound:     SV can also be assessed by echocardiog-
raphy and then multiplied by HR to yield CO. SV can 
be measured by multiplying the velocity-time integral 
of a Doppler signal across the left ventricular outfl ow 
tract by the outfl ow tract area. Whereas transthoracic 
or transesophageal echocardiography usually gives a 
SV at only one time point, esophageal Doppler probes 
can be used for continuous monitoring.  42   Using this 
technique, the diameter of the descending aorta is 
either estimated from biometric parameters or mea-
sured using M-mode echocardiography built into the 
device. The Doppler signal needs to be measured at 
the same angle, so the signal must be audited carefully, 
something that requires experience and judgment. 
In addition, this measurement is performed in the 
descending aorta, excluding blood fl ow to the upper 
part of the body. The limits of agreement with this 
technique are broad when compared with other tech-
niques, but esophageal Doppler may be easier to 
implement, and its use has in fact been shown to 
decrease perioperative morbidity and shorten ICU 
length of stay.  43 , 44     

 Other Techniques:     Bioimpedance cardiography can 
be used to estimate CO. Blood is conductive of elec-
tricity, and thus cardiac contraction produces a cyclic 
change in transthoracic impedance of about 0.5%. 
Conversion from those changes to SV is done using 
mathematical algorithms that have evolved since the 

method was fi rst developed. Bioreactance has been 
more thoroughly tested and is more accurate in rela-
tively stable patients, often outpatients with heart 
failure, than in critically ill patients, in whom numerous 
factors may be contributing to changes in thoracic 
impedance.  45   Newer techniques under development 
may show some promise. 

 Changes in CO 2  in expired air can be used to cal-
culate CO by the Fick principle, thus providing a 
noninvasive measure of CO. The technique actually 
measures effective lung perfusion, the capillary blood 
fl ow through ventilated parts of the lung, and thus 
its accuracy is reduced in patients with ventilation-
perfusion abnormalities, the latter being common in 
critically ill patients.  46     

 Use of Stroke Volume/CO:     CO monitoring is used 
to assess hemodynamic responses to therapeutic inter-
ventions such as fl uid resuscitation and vasoactive 
therapies, but the key clinical question is often not 
what the CO is but rather whether that output is 
suffi cient to meet a patient’s metabolic needs. Mixed 
venous oxyhemoglobin saturation reflects the bal-
ance between oxygen delivery and consumption and 
can provide an indication of the adequacy of global 
oxygen delivery; low values indicate increased oxygen 
extraction and therefore potentially inadequate resus-
citation ( Fig 4 ). Mixed venous oxyhemoglobin satu-
ration   should be measured in fully mixed blood, as 
saturation in the superior vena cava can differ from 
that in the inferior vena cava, and so is measured in 

  
 Figure 4.      Relationship between oxygen delivery and oxygen con-
sumption. When oxygen delivery is adequate, oxygen consump-
tion is autoregulated and does not vary with delivery. Tissues 
extract more or less oxygen to meet their needs, and this may be 
refl ected in mixed venous oxygen saturation. When delivery drops 
below a certain critical point, consumption begins to drop. Mixed 
venous oxygen saturation falls more rapidly, and serum lactate 
levels increase.    
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blood drawn from the distal port of a PAC, or using 
a PAC with a continuous saturation monitor at the 
distal tip. A clinical study showed that monitoring of 
central venous oxygen saturation can be a valuable 
guide to early resuscitation.  47   This measure, while not 
precisely equivalent to Sv o  2 ,  48   does trend in the same 
direction and correlates reasonably well.  49   Oxygen satu-
ration in the femoral vein, however, is not a good 
measure of global tissue perfusion.  50   The ability to get 
a sense of the adequacy of a given CO in addition to 
measuring that output in a serial fashion is an impor-
tant feature of use of a PAC.     

 Global oxygen delivery may or may not accurately 
refl ect delivery to tissue at the cellular level, which is 
the most important determinant of organ function. 
Part of the issue is distribution within the microcir-
culation. Direct visualization of the sublingual cir-
culation has shown microcirculatory perturbation in 
patients with cardiogenic  51   and septic shock.  52   Sub-
lingual capnometry correlates with microcirculatory 
fi ndings,  53   and other techniques under investigation, 
such as near infrared spectroscopy, may potentially 
address the adequacy of microcirculatory fl ow. These 
techniques are better measures of the degree of micro-
circulatory perfusion than its adequacy, but changes 
appear to track the clinical course.  54 , 55   All of these 
techniques, however, pose technical challenges, and 
their utility in the ICU is under investigation.   

 Ventricular Size and Function:     Evaluation of cardiac 
performance is a key component of a hemodynamic 
assessment. Echocardiography with color-fl ow Doppler 
is noninvasive, low risk, and can help to provide an 
expeditious assessment of cardiac chamber size, both 
left and right ventricular function, valvular structure 
and motion, atrial size, and the anatomy of the peri-
cardial space. Echocardiography can be used to ascer-
tain overall and regional systolic function as well as 
diastolic function.  56   If transthoracic echocardiographic 
images are suboptimal, contrast may be used to improve 
image quality, or transesophageal echocardiography 
may be performed. 

 Echocardiography can also be used to provide 
a hemodynamic assessment. As previously noted, 
Doppler across the aortic outfl ow tract can be used to 
mea sure SV. Diastolic ventricular dimensions give a 
sense of chamber size and allow inferences into the 
adequacy of ventricular fi lling. 

 Imaging can also be useful to predict the response 
to a fl uid challenge. The dimension of the inferior 
vena cava and its response to respiration on trans-
thoracic echo,  57   or a similar assessment of the supe-
rior vena cava on transesophageal echo,  58   have been 
shown to predict increased SV after a fl uid bolus.  59   

 Although the hemodynamic assessment possible 
with echocardiography is probably comparable to that 

using more invasive techniques, its use for moni-
toring is more problematic. The fi rst obstacle is the 
technical challenge of image acquisition, a skill that is 
operator dependent and may not be evenly distrib-
uted among the staff at different times. Serial imaging 
is also time-consuming. A focused cardiac ultrasound 
examination can provide some of the previously men-
tioned param eters,  60   and this may suffi ce in some clin-
ical settings, but serial imaging, even focused serial 
imaging, takes time and effort. Comparisons between 
echocardiography and other techniques need to take 
into consideration these logistic factors and the goals 
of the hemodynamic assessment.     

 Conclusion 

 Hemodynamic assessment is a key component in 
the evaluation of critically ill patients. It has potential 
diagnostic and prognostic utility, and, in the opin-
ion of this author, need not necessarily be proven to 
improve hard outcomes to be considered benefi cial. 
Nonetheless, all diagnostic techniques should be 
used in a clinical context, with a clear sense that their 
results have the potential to alter management, and 
their benefi ts must be weighed against their potential 
risks. 

 Technical aspects of hemodynamic monitoring tech-
niques are vital to their proper understanding. Hemo-
dynamics are best assessed using a combination not 
only of different hemodynamic parameters but with 
the inclusion of clinical indices of perfusion. 

 Consideration of different determinants of fl ow 
should guide which parameters to assess and which 
to monitor. In some contexts, intravascular volumes 
are important, in others SV and CO are important, 
and a sense of overall cardiac performance may be 
desirable. Evaluating the response to therapeutic inter-
ventions is frequently the most useful way to employ 
hemodynamic monitoring techniques. 

 The key point is that what to measure is important, 
and how to measure is also important, but what is 
most important is how to use the information. Seen 
in this way, debates about the relative utility of some 
techniques over others, and the failure of some tech-
niques to alter outcomes in selected population become 
less important. For the practitioner, learning how 
to select from a robust set of hemodynamic tools and 
how to tailor their use to individual clinical settings 
will allow for optimal patient care.     
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