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Abstract Background Although the use of less invasive hemodynamic monitoring with either calibrated
or uncalibrated techniques is steadily increasing in the ICU, many questions with regard to the different
techniques, their indications and pitfalls remain unanswered. Recent data suggest that perioperative
optimisation and goal directed therapy guided by hemodynamic monitoring could improve outcome.
Objective To assess the awareness and current knowledge on hemodynamic monitoring among critical
care physicians. Methods A 14-item knowledge questionnaire was shown electronically to the participants
of the 1* international fluid academy day (iFAD) held in Antwerp (Belgium) on November 19% in 2011.
Each question was shown before the lecture covering the topic under study. The same questions were
repeated at the end of the iFAD to see whether a learning curve could be observed. Results from the two
voting sessions were compared. This paper reports on the results of the second part of the questionnaire
including 7 knowledge questions on hemodynamic monitoring. Besides answering the knowledge
questions respondents also provided information on their country of residence, basic speciality and
years of experience. Participants of the conference voluntarily completed the survey via a voting system
and the answers were recorded automatically and exported to an Excel worksheet. Statistical analysis
was performed with SPSS software. Results One hundred fifty nine (80%) of the 200 distributed voting
pads among the 274 first iFAD participants were actively used during the conference day. The average
overall score on the 7 knowledge questions on hemodynamic monitoring after the first vote was
25.4%22.2% vs 43.1£25.6% after the second vote (p<0.0001). The best score after the first vote was for
United Kingdom with 32.9+24.4% and Germany having the worst (19.4£12.8%). After the second vote
this was again the United Kingdom (49%26.8%) and again Germany (35.4+26.4%). Residents in training
had the best score 31+£24.9% after the first while those with 1 to 5 years of experience had the best score
49.2126.6% after the second vote (p<0.0001). Intensivists had the best score after the first vote with
35.5£23.4% and also performed best after the second vote 55.5+24.6%. Conclusions There is general lack
of knowledge on hemodynamic monitoring and assessment of preload and fluid responsiveness. Since
correct fluid management and early intervention with goal directed therapy but also late conservative
fluid management can reduce morbidity and mortality in critically ill patients, further educational efforts
should be directed towards improving the knowledge on hemodynamic monitoring to guide this fluid
management. This can be done by organising state of the art lectures and evaluating acquired knowledge

with a voting system.
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Introduction

The first International Fluid Academy Day (IFAD)
was held on Saturday November 19*in 2011 at the “El-
zenveld” Congress and Convention Centre in Antwerp,
Belgium. This meeting was attended by 249 doctors,
25 faculty, 105 nurses together with 30 people form
the industry totalling 400 medical workers. Although
the use of less invasive hemodynamic monitoring with

either calibrated or uncalibrated techniques is steadily
increasing in the intensive care unit (ICU), many qu-
estions with regard to the different techniques, their
indications and pitfalls remain unanswered. Recent
data suggest that perioperative optimisation and goal
directed therapy guided by hemodynamic monitoring
could improve outcome. The aim of this study was to
assess the awareness and current knowledge on hemo-
dynamic monitoring among critical care physicians.
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1. Most septic patients admitted to the ICU
will proceed spontaneously to the flow
phase of shock

2. Peripheral edema is a result of fluid
overload and is only of cosmetic concern

3. The combination of PEEP, albumin and
diuretics can help to initiate the transition
from ebb to flow phase in ALI patients*

4. Capillary leak reaches its maximum
within the first 24 hours

Fig. 1. Knowledge question 8 (KQ8): Which statement is
correct regarding fluid management and fluid overload?
Distribution of answers (in percentage) on KQ8, black
squares denote first vote and grey squares second vote after
the lecture was given. The * denotes the correct answer

Methods

During the main medical symposium a voting
system was used (n=200). A 14-item knowledge
questionnaire was shown electronically to the par-
ticipants of the 1* international fluid academy day
(iFAD) held in Antwerp (Belgium) on November 19
in 2011. Each question was shown before the lecture
covering the topic under study. The same questions
were repeated at the end of the iFAD to see whether
a learning curve could be observed. Results from
the two voting sessions were compared. This paper
reports on the results of the second part of the qu-
estionnaire including 7 knowledge questions (KQ8
to KQ14) on hemodynamic monitoring and fluid
responsiveness. Each talk was also preceded with
a general question. Participants of the conference
voluntarily completed the survey via a voting system
and the answers were recorded automatically and
exported to an Excel worksheet. Statistical analysis
was performed with SPSS software.

Results

Demographics of respondents

The primary discipline of the respondents was an-
aesthesiology 36.5%, intensive care medicine 23.3%,
emergency medicine 18.2%, internal medicine 18.2%,
surgery 1.3% while 2.5% were not a doctor. The re-
spondents resided in the following countries: Belgium
43.4%, The Netherlands 20.1%, United Kingdom 9.4%,
Germany 5%, France 3.1%, and 18.9% came from
other countries. With regard to the years of experience
inthe ICU, 6.3% answered to be in training, 11.9% had
1 to 5years of experience, 18.9% between 5and 15 and
44% stated to have more than 15 years experience,
finally 18.9% answered not working in an ICU.

Avoiding Fluid Overload

KQ8. Which statement is correct regarding fluid
management and fluid overload? Possible answers
were:

1. Most septic patients admitted to the ICU will pro-
ceed spontaneously to the flow phase of shock,

Vote 1 (%)
uVote 2 (%)

1. Although EVLWi can easily be measured
at the bedside, studies did not show an
benefit when is EVLWi-

2.In conditions of changing preload,
fterload or ilty calil cco
techniques are preferred*

3. The precision of TPTD is based on the
number of calibrations, (studies show that
at least 5 need to be done)

4. Cardiac ultrasound has no value in the
ICU because it is a NONcontinuous
measurement
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Fig. 2. Knowledge question 9 (KQ9): Which statement

is correct regarding monitoring tools? Distribution of
answers (in percentage) on KQ9, black squares denote
first vote and grey squares second vote after the lecture
was given. The * denotes the correct answer. EVLWI:
extravascular lung water index, CCO: continuous cardiac
output, TPTD: transpulmonary thermodilution, ICU:
intensive care unit

2. Peripheral edema is a result of fluid overload and
is only of cosmetic concern,

3. The combination of positive end-expiratory
pressure (PEEP), albumin and diuretics can help
to initiate the transition from ebb to flow phase in
patients with acute lung injury, and

4. Capillary leak reaches its maximum within the
first 24 hours

There seems to exist a benefit for restrictive as com-
pared to liberal fluid strategies in selected patients. I's
there an additional effect of early removal of fluids or
should we go from early adequate over late conserva-
tive fluid management towards late goal directed
fluid removal? What is the Ebb and Flow phase of
shock? Is anasarc edema just of cosmetic concern
or is it harmful for the organs and eventually the
patient? Do we need to rethink the 2 hit ischemia-
reperfusion model and replace it by a 3 hit model,
where unresolved shock will lead to the third hit,
the global increased permeability syndrome? In the
“Fluid Overload: Poor Cosmetics or Bad Medicine?”
lecture by Dr Manu Malbrain (Antwerp, Belgium),
edema and derailed cumulative fluid balances were
discussed. They are not just collateral damage but
may put the patient at additional risk. During his
lecture he talked about fluid management and avoid-
ing fluid overload. If you give to much fluids and the
patient gets peripheral edema it is not a cosmetic
issue, but it’s bad medicine. We must avoid that.
The correct answer to KQ8 is “The combination of
PEEP, albumin and diuretics can help to initiate the
transition from ebb to flow phase in patients with
acute lung injury”. Figure 1 shows the distribution
of answers (in percentage) on KQ8. The percentage
correct answers increased from 65% after the first
vote to 93% after second vote at the end of the day
when the lecture was given (p<0.0001).

Hemodynamic monitoring

KQ9. Which statement is correct regarding monitor-
ing tools? Possible answers were:

1. Although extravascular lung water index (EVL-
WI) can easily be measured at the bedside, studies
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1. Cardiac filling pressures are good
predictors of preload

2. Volumetridindicators of cardiac preload
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3. Arecent meta-analysis of 29 RCCT
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in the US and in EU
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Fig. 3. Knowledge question 10 (KQ10): Which statement is
correct? Distribution of answers (in percentage) on KQ10,
black squares denote first vote and grey squares second
vote after the lecture was given. The * denotes the correct
answer. RCCT: randomized controlled clinical trial, SV:
stroke volume, US: United States, EU: European Union

did not show an outcome benefit when treatment is
EVLWI-driven,

2. In conditions of changing preload, afterload or
contractility calibrated continuous cardiac output
(CCO) techniques are preferred,

3. The precision of transpulmonary thermodilution
(TPTD) is based on the number of calibrations, (stu-
dies show that at least 5 need to be done), and

4, Cardiac ultrasound has no value in the ICU because
it is a non-continuous measurement

What are the tools we have at our disposal to keep
the fluid therapy in control? When do we use them?
What about noninvasive, noncalibrated devices to
measure cardiac output? How less invasive can one
goina septic patient under vasopressors? Can we use
new techniques like electric impedance or finger-
cuff pressure in ICU patients? Do we need a specific
device for a specific patient? In his lecture entitled
“Assessment of Fluid Therapy: use the right tool for
the right job!”, Xavier Monnet from Bicétre hospital
in Paris (France) talked about the monitoring devices
thatare today available in the ICU and the operating
room. And the main message was that during the last
year many technological improvements allow the
development of several monitoring devices that allow
accessing the cardiovascular function and this gives
us the opportunity to choose the right monitoring
tool depending on the patient’s severity. The cor-
rect answer was “In conditions of changing preload,
afterload or contractility calibrated CCO techniques
are preferred”. Figure 2 shows the distribution of
answers (in percentage) on KQ9. The percentage cor-
rect answers increased from 62% after the first vote
to 87% after second vote at the end of the day when
the lecture was given (p<0.0001).

Barometric vs volumetric preload indicators
KQ10. Which statement is correct...:

1. Cardiac filling pressures are good predictors of
preload,

uVote 1(%)
1. The passive leg raising test is always =Vote 2 (%)

positive in fluid responders

2.SVV but not PPV loses its ability to
predict fluid responsiveness in patients
with increased ITP or IAP*

3. <00l hemodvnarmi
cannot be used or interpreted if there is no
regular sinus rhythm or if TV is >7ml/kg

4. The increase in SPV that sometimes can
be seen in patients with acute lung edema
after intubation is only related to a delta
Up (AUp) phenomenon
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Fig. 4. Knowledge question 11 (KQ11): Which statement
is correct regarding fluid responsiveness? Distribution of
answers (in percentage) on KQ11, black squares denote
first vote and grey squares second vote after the lecture
was given. The * enotes the correct answer. PPV: pulse
pressure variation, SVV: stroke volume variation, ITP:
intrathoracic pressure, IAP: intraabdominal pressure, TV:
tidal volume, SPV: systolic pressure variation

2. Volumetric indicators of cardiac preload are good
predictors of fluid responsiveness,

3. A recent meta-analysis of 29 randomized control-
led trials showed that peri-operative hemodynamic
optimization does not decrease mortality,

4. Intraoperative fluid optimization of stroke volu-
me is useful to decrease post-operative morbidity
in patients undergoing major abdominal surgery,
and

5. A majority of anesthesiologists do peri-operative
hemodynamic optimization today in the United
States (US) and in the European Union (EU).

Old habits die hard but does the good old central
venous and capillary wedge pressures still hold
against the new volumetric armamentarium? When
are barometric indices of preload not working? Why
are static filling pressures useless as resuscitation
endpoint since they may lead to under- or futile
over-resuscitation? Why are volumetric indices
better in conditions of increased intrathoracic
pressure (ITP)?

In his lecture entitled “The Clash of the Titans: Ba-
rometric vs Volumetric preload indicators”, Manu
Malbrain from ZNA Stuivenberg hospital in Antwerp
(Belgium) stated that in conditions of increased ITP
like the use of PEEP, in patients with auto-PEEP or
increased intra-abdominal pressures (IAP), volume-
tric preload indicators like global enddiastolic volu-
me index (GEDVI) or right ventricular enddiastolic
volume index (RVEDVI) correctly indicate the true
preload status of the patient, whereas barometric
ones may be erroneously increased. The correct
answer was “Intraoperative fluid optimization of
stroke volume is useful to decrease post-operative
morbidity in patients undergoing major abdominal
surgery“. Figure 3 shows the distribution of answers
(in percentage) on KQ10. The percentage correct
answers increased from 58% after the first vote to
65% after second vote at the end of the day when the
lecture was given (p=NS).
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1. Increase in cardiac output

2. Administration of dobutamine

3. Administration of
nitroglycerine*

4. Fluid administration

Fig. 5. Knowledge question 12 (KQ12): Increased lactate
levels are associated with increased morbidity and
mortality. Which treatment is NOT associated with a
significant decrease in lactate levels? Distribution of
answers (in percentage) on KQ12, black squares denote
first vote and grey squares second vote after the lecture
was given. The * denotes the correct answer

Fluid responsiveness

KQl11. Which statement is correct regarding fluid
responsiveness? Possible answers were:

1. The passive leg raising test is always positive in
fluid responders,

2. Stroke volume variation (SVV) but not pulse
pressure variation (PPV) loses its ability to predict
fluid responsiveness in patients with increased in-
trathoracic pressure or increased intra-abdominal
pressure,

3. Functional hemodynamic parameters cannot be
used or interpreted if there is no regular sinus thythm
or if tidal volume is >7 ml/kg, and

4. The increase in systolic pressure variation (SPV)
that sometimes can be seen in patients with acute
lung edema after intubation is only related to a delta
Up (AUp) phenomenon.

Is the patient really in need for extra fluid? How can
you tell? Why can a fluid challenge be dangerous
for the patient? Can we always trust the passive leg
raising test? Is there any difference in the progno-
stic value between SVV, PPV, SPV? Can we use the
respiratory systolic variation test at the bedside? Do
we need new thresholds for fluid responsiveness in
conditions of increased ITP or IAP? Do functional
hemodynamics work in patients with right heart
failure or spontaneous breathing? Has alow SVV any
meaning in patients with atrial fibrillation?

During his lecture “Frank Starling revisited! The im-
portance of Fluid Responsiveness” Jean-Louis Vincent
from Brussels (Belgium) talked about fluid respon-
siveness. He is professor of intensive care medicine
at the university of Brussels. He stated that we can
predict the patient response to fluid administration
using indices like PPV or SVV. However, there are
limitations to this approach especially since the pa-
tient must be sedated and there shouldn’t be major
arrhythmias. So that in many cases we still have to
give fluid in order to assess fluid responsiveness. But
we could apply a fluid challenge approach instead,
using the TROL mnemonic, where “T” stands for the

n uVote 1 (%)

1. Indocyaninegreen clearance is always a
marker of hepatosplanchnic perfusion = Vote 2 (%)

2. New dye dilution techniques could
theoretically be used to assess renal
function and glomerular filtration rate
(GFR)*

3. A supranormal ICG-PDR is always a good
prognostic sign

4. The dye dose and dilution are
independent of serum albumin levels

Fig. 6. Knowledge question 13 (KQ13): Which statement
is correct regarding hepatosplanchnic perfusion and
dye-dilution techniques? Distribution of answers (in
percentage) on KQ13, black squares denote first vote and
grey squares second vote after the lecture was given.

The * denotes the correct answer

Type of fluids, the “R” for Rate of infusion, the “O0”
for Objectives and the “L” for Limits. Ultimately we

often have to try and evaluate the patient’s response
to fluid.

The correct answer to KQ11 is “Stroke volume varia-
tion (SVV) but not pulse pressure variation (PPV)
loses its ability to predict fluid responsiveness in
patients with increased intrathoracic pressure or
increased intra-abdominal pressure”. Figure 4 shows
the distribution of answers (in percentage) on KQ11.
The percentage correct answers increased from 41%
after the first vote to 68% after second vote at the end
of the day when the lecture was given (p=0.0002).

Lactate

KQ12. Increased lactate levels are associated with in-
creased morbidity and mortality. Which treatment is
NOT associated with a significant decrease in lactate
levels. Possible answers were:

1. increase in cardiac output,

2. administration of dobutamine,

3. administration of nitroglycerine, and

4. fluid administration

In his talk entitled “The search for the holy grail
continues: is there a place for lactate?” Jan Bakker
from the Erasmus medical center in Rotterdam, The
Netherlands talked about lactate and fluid resuscita-
tion. From his presentation it became clear that fluid
resuscitation is associated with severe decreases in
lactate levels in the early phase in critically ill pa-
tients. Prevention of increases in lactate and keeping
lactate within the normal range can prevent multiple
organ failure, especially in surgical patients.

The correct answer to KQ12 was “administration of
nitroglycerine”. Figure 5 shows the distribution of
answers (in percentage) on KQI12. The percentage
correct answers increased from 64% after the first
vote to 90% after second vote at the end of the day
when the lecture was given (p<0.0001).



1. Accuracy*

2. Continuity* 78]

3. Precision

=Vote 1 (%)

4. Other feature = Vote 2 (%)
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Fig. 7. Knowledge question 14 (KQ14): When you choose
to monitor a hemodynamic parameter, which feature

is more important to you? Distribution of answers (in
percentage) on KQ14, black squares denote first vote and
grey squares second vote after the lecture was given.

The * denotes the correct answer

Dye-dilution techniques

KQ13. Which statement is correct regarding hepato-
splanchnic perfusion and dye-dilution techniques?
Possible answers were:

1. Indocyaninegreen clearance is always a marker of
hepatosplanchnic perfusion,

2. New dye dilution techniques could theoretically
be used to assess renal function and glomerular
filtration rate (GFR),

3. A supranormal ICG-PDR is always a good progno-
stic sign, and

4. The dye dose and dilution are independent of
serum albumin levels.

In his talk entitled “Dry lungs are happy, but a dry
liver is deadly: how can dye-dilution help us?”
Michael Bauer from Jena, Germany shared with
the iFAD participants his interest in dye dilution
techniques. In the past we have been trying to maxi-
mize blood flow to the tissues with all the inherent
side effects, but now it is time for a paradigm shift
since we need to match blood flow to the demand
and dye dilution techniques can help us to achieve
this goal.

The correct answer to KQ13 was “New dye dilution
techniques could theoretically be used to assess re-
nal function and glomerular filtration rate (GFR)”.
Figure 6 shows the distribution of answers (in per-
centage) on KQ13. The percentage correct answers
increased from 52% after the first vote to 93% after
second vote at the end of the day when the lecture
was given (p<0.0001).

Future techniques

KQ14. When you choose to monitor a hemodynamic
parameter, which feature is more important to you?
Possible answers were:

1. Accuracy,

2. continuity,

3. precision, and

4. other feature.
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Fig. 8. Boxplots showing final score on knowledge
questions 8 to 14 (KQ8 - KQ14) expressed as a percentage
before the lecture (white box, first vote) and after the
lecture had been given (grey box, second vote)(p<0.0001)

Professor Azriel Perel, from Tel Aviv (Israel) gave
a talk today entitled “Techniques for the future:
continuity vs accuracy” or how to best evaluate
the parameters that we have on our monitors. We
have a lot of parameters and some of them are quite
inaccurate. Prof Perel tried to put some sense and
suggest ways how to deal with these inaccuracies
and get the correct medical decisions in view of this
information.

There is no real correct answer to KQ14 but it is pre-
ferably either accuracy or continuity. Figure 7 shows
the distribution of answers (in percentage) on KQ14.
The percentage correct answers increased from 81%
after the first vote to 100% after second vote at the end
of the day when the lecture was given (p<0.0001).

Final knowledge score on hemodynamic monitoring

The final score obtained by adding the individual
results for KQ8 to KQ14 is shown in Figure 8. A signi-
ficant increase was observed in the total final score
from 25.4£22.2% to 43.1+25.6% after the second vote
(p<0.0001). The best score after the first vote was
for United Kingdom with 32.94£24.4% and Germany
having the worst (19.4+12.8%). After the second vote
this was again the United Kingdom (49+26.8%) and
again Germany (35.4£26.4%). Residents in training
had the best score 31£24.9% after the first while
those with 1 to 5 years of experience had the best
score 49.2+26.6% after the second vote (p<0.0001).
Intensivists had the best score after the first vote with
35.5+23.4% and also performed best after the second
vote 55.5+24.6%.

Figure 9 shows the evolution of the final score for each
country (a significant increase was observed in all co-
untries except France, Germany and UK) and Figure 10
shows the final score according to primary speciality
(asignificantincrease was observed for all specialities
except surgery and those not being a doctor).
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Fig. 9. Boxplots showing final score on knowledge
questions 8 to 14 (KQ8 - KQ14) expressed as a percentage
before the lecture (white box, first vote) and after the
lecture had been given (grey box, second vote) and
according to country of origin of participant. P-value

NS for all comparisons between vote 1 and vote 2 except
p<0.0001 for Belgium, and p=0.03 for The Netherlands
and other countries.

Discussion

Avoiding Fluid Overload

As early as 1942, the concept of a dual metabolic
response to bodily injury was introduced. In direct
response to initial proinflammatory cytokines and
stress hormones, the ebb phase represents a distri-
butive shock characterised by arterial vasodilatation
and transcapillary albumin leakage abating plasma
oncotic pressure [1, 2]. Arterial underfilling, micro-
circulatory dysfunction and secondary interstitial
edema lead to systemic hypoperfusion and regional
impaired tissue use of oxygen. In this early stage of
shock adequate fluid therapy comprises goal direc-
ted filling to prevent evolution to multiple organ
dysfunction syndrome (MODS). Patients with higher
severity of illness need more fluids to reach cardio-
vascular optimization. Therefore, at this point fluid
balance may be considered a biomarker of critical
illness, as proposed by Bagshaw et al [3].

Patients overcoming shock attain homeostasis of pro-
inflammatory and anti-inflammatory mediators clas-
sically within three days. Subsequent hemodynamic
stabilization and restoration of plasma oncotic pres-
sure set off the flow phase with resumption of diuresis
and mobilization of extravascular fluid resulting in
negative fluid balances. Recent studies showed that
conservative late fluid management (CLFM) with 2
consecutive days of negative fluid balance within the
first week of stay is a strong and independent predictor
of survival [4]. In this context the global increased per-
meability syndrome (GIPS) has been introduced, char-
acterized by high capillaryleak index (CLI, expressed
as CRP over albumin ration), excess interstitial fluid
and persistent high extravascular lung water (EVLWI),
no CLFM achievement and progressing organ failure
[5]. GIPS represents a ‘third hit’ following acute injury
with progression to MODS [6].
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Fig. 10. Boxplots showing final score on knowledge
questions 8 to 14 (KQ8 - KQ14) expressed as a percentage
before the lecture (white box, first vote) and after the
lecture had been given (grey box, second vote) and
according to primary speciality of participant. P-value
<0.01 for all comparisons between vote 1 and vote:
anaesthesiology (p<0.0001), intensive care (p=0.001),
emergency medicine (p=0.002), and internal medicine
(p=0.005), except for surgery and those not being doctors
(p=N).

The dual response to acute inflammatory insult is
characterized by a crucial turning point on day 3.
This interpretation is supported by observations
demonstrating normalization of microcirculatory
blood flow on day 3 in patients with abdominal
sepsis. Lower extravascular lung water (EVLWI)
and pulmonary vascular permeability indices [7] at
day 3 of shock were shown to correlate with better
survival.

As a result of capillary leakage and impaired flow
phase, overzealous administration of fluids in the
GIPS phase will lead to gross fluid overload and
tissue edema. Interstitial edema raises the pressure
in all four major body compartments: head, chest,
abdomen and extremities. As different compart-
ments interact and reciprocally transmit compart-
ment pressures, the concept of polycompartment
syndrome was suggested [8—10].

The abdomen plays a central role in GIPS and poly-
compartment syndrome as positive fluid balances are
a known risk factor for secondary intra-abdominal
hypertension (IAH) which in turn is associated with
deleterious effects on other compartments and organ
functions (Figure 11). Renal function in particular
is strongly affected by IAH. Furthermore, renal in-
terstitial edema in absence of IAH may impair renal
function, too. Therefore, fluid overload leading to
IAH and associated renal dysfunction may coun-
teract its own resolution. As adverse effects of fluid
overload in states of capillaryleakage are particularly
pronounced in the lungs, monitoring of EVLWI may
offer a valuable tool to guide fluid management
in the critically ill. It must be stated that EVLWI
can never be a trigger to start fluids but it is rather
a safety parameter to define the capillary leak and
to guide de-resuscitation [11, 12]. In this hypothesis,
(change in) EVLWI has a prognostic value as a re-
flexion of the extent of capillary leakage, rather than
as a quantification of lung function impairment by
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Fig. 11.Vicious cycle leading to IAH and ACS (avoid futile
crystalloid resuscitation)

Table 1. The 3 hit model of shock. SVV: stroke volume
variation, PPV: pulse pressure variation, EVLWI:
extravascular lung water index, IAP: intra-abdominal
pressure, ICG-PDR: indocyanine green plasma
disappearance rate

FIRST HIT SECOND HIT THIRD HIT

Phass e lhow _____[Nofow |

Functional Organ function Perfusion (ICG-
hemodynamics (EVLWi, IAP) PDR)
(SVV, PPV)

Fluid balance

lung water [13]. Patients at risk for GIPS as assessed
by CLI, IAP, changes in EVLWI and fluid balance,
require restrictive fluid strategies and even fluid
removal guided by extended hemodynamic monitor-
ing including lung water measurements (late goal
directed fluid removal). It must be noted that pleural
effusions do not increase EVLWI [14]. Restrictive
fluid management may necessitate a greater use of
vasopressor therapy, resuscitation with hyperoncotic
solutions (e.g. albumin 20%) and early initiation of
diuretics and renal replacement therapy.

Within the concept of dual response to shock, it is
possible to identify patients with persistent capillary
leakage not to reach the flow phase. In this context,
GIPS reflects a ‘third hit’ of shock, after acute injury
and MODS. In those patients, superfluous fluid ad-
ministration results in edema formation, progression
of organ failure and worse outcome and may be con-
sidered toxic (Figure 12 and Table 1). Therefore, as
soon as hemodynamics allow, early transition to con-
servative fluid management and even fluid removal
on the basis of EVLWI-guided protocol is mandated
(late goal directed fluid removal) [4—6, 13].

Hemodynamic monitoring

Since the publication by Connors on the outcome
related to the use of the Swan-Ganz, critical care

Trauma
Infection
Bumns

1
Sopers [ Neutrophil activation
Cytokine Release

[ Shock and Ischemia ]

[SECOND HIT.

[Rmschﬂon and Rapeduslon]

Fig. 12. The 3 hit model. Figure Legend Rhadbo:
rhabdomyolysis, ECS: extremity compartment syndrome,
ICH: intracranial hypertension, ALI: acute lung injury,
ARDS: acute respiratory distress syndrome, IAH: intra-
abdominal hypertension, ABI: acute bowel injury, ACS:
abdominal compartment syndrome, AIDS: acute intestinal
distress syndrome, AKI: acute kidney injury, ATN: acute
tubular necrosis, GIPS: global increased permeability
syndro

physicians are using less pulmonary artery catheters
(PAC)[15]. However not using any form of invasive
or less invasive hemodynamic monitoring may lead
to a literal and figural dead-end [16]. Rather then
going back to measurement of urine output and
central-to-peripheral temperature difference, doing
some kind of hemodynamic monitoring (if not the
PAC) will preserve our knowledge basis [17]. And
in analogy with medication where there are no bad
antibiotics but only bad bugs, we can conclude from
theliterature that less or noninvasive hemodynamic
monitoring technologies are as accurate as the PAC
[18, 19]. They can offer useful additional and even
new information that can help or alter our decision-
making and treatment strategies [13, 20]. However
each technology is different, needs to be assessed
on its own merits and has a steep learning curve.
Costs and effectiveness will play a major role in
the future [21]. Today, the ICU physician can cho-
ose from a whole armamentarium of less invasive
hemodynamic monitors and thus he needs to use
the right monitor for the right job. Depending on
whether the patient is in the emergency room, the
operating room or the ICU, his choice may change,
while the former may be monitored with uncalibrated
pulse contour CO, the latter may benefit from more
advanced (calibrated) hemodynamic monitoring
with transpulmonary thermodilution and its derived
volumetric parameters.
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Barometric vs volumetric preload indicators

Although it may sometimes be better to have a lucky
doctor than a smart doctor, but as Samuel Shem stated
“If you don’t take a temperature you can’t find a fe-
ver” (In “The House of God” - ISBN 0-440-13368-8),
it seems logical that if one wants to assess the vo-
lume status of the patient it seems wise to measure
volumetric preload indicators instead of barometric
ones. Volumetric estimates of preload status such as
global enddiastolic volume index (GEDVI) and right
ventricular enddiastolic volume index (RVEDVI) are
of significant value in the assessment of traumati-
cally injured patients. This volumetric assessment
is especially useful in patients with increased IAP or
patients with changing ventricular compliance and
elevated intrathoracic pressure (ITP) in whom tra-
ditional intracardiac filling pressure measurements
such as central venous pressure (CVP) or pulmonary
capillary wedge pressure (PCWP) may be erroneously
elevated and difficult to interpret since they are zero-
referenced against atmospheric pressure [22—25].
Reliance on such pressures to guide resuscitation can
lead to inappropriate therapeutic decisions, under- or
overresuscitation, and organ failure [8]. Correction
of the GEDVI for the corresponding global ejection
fraction can further improve its predictive value [26].
One must also take into account that no good normal
values exist in different patient populations. The
same static volumetric targets, although better than
barometric ones may not apply for all patients [27].
A recent meta-analysis showed that baseline values
fro GEDVI are around 694ml/m2 in surgical and
788ml/m2 in septic patients [28] and thus below the
upper limit of normal of 850ml/m2 as was recently
used as target for initiating a fluid challenge [29].

Fluid responsiveness

Different techniques are available to assess fluid re-
sponsiveness. However there are certain limitations to
the use of functional hemodynamic monitoring like
SVV, PPV or SPV. The patient needs to be in regular
sinus rhythm, and the presence of atrial fibrillation
or ventricular or supraventricular extra systoles limit
their use. The patient also needs to be fully mechani-
cally ventilated without spontaneous breaths and tidal
volumes must be above 6ml/kg [30, 31]. The presence
of right heart failure and conditions related to in-
creased ITP or IAP will increase the baseline values
of the functional hemodynamic parameters making
them less reliable unless we define new thresholds
[32, 33]. In those situations (or thus in patients with
diminished respiratory compliance) other techniques
are available in order to assess fluid responsiveness
like the use of a passive leg raising (PLR) test or the
tele- or endexpiratory occlusion test [34—39]. How-
ever the PLR may result in a false negative response in
conditions of increased IAP due to diminished venous
return [40, 41]. The administration of repeated fluid
boluses until the patientis no longer fluid responsive-
ness cannot be advocated [11, 29, 42].

Lactate

Different clinical indices of perfusion can be used
atthe bedside: mean arterial pressure (MAP), urine
output, mentation, capillary refill, skin perfusion,
skin temperature, muscle tissue oxygenation with
near infrared spectroscopy (NIRS). These can be
used as such or in combination with laboratory pa-
rameters like serum lactate, pH, BE, mixed/Central
S02 or mixed venous PCO2. The first demonstration
of lactic acid in human blood in shock was done
by Johann Joseph Scherer (1814-1869) in January
1843 [43]. He describes the sad story of a woman, the
23-year-old primipara Eva Rumpel, who gave birth to
ahealthy child on 9 January 1843. The same night she
developed a painfully swollen abdomen and became
ill, feverish, and sweaty, with rapid pulse and severe
thirst. The initiated treatment was bloodletting and
clystering. The next evening she deteriorated, became
delirious, with anxious breathing, a tense abdomen,
cold extremities and rapid pulse, finally losing con-
sciousness. Again, bloodletting followed. At 4:30
a.m., 36 h after the onset of the first symptoms, she
died. During autopsy, severe purulent endometritis,
vaginal pus, pulmonary edema, and shock liver
and shock spleen were found. Looking at her story
in retrospect, she probably developed a primary
abdominal compartment syndrome [44, 45]. Fluids
are administered to increase venous return and
subsequently to increase stroke volume when cardiac
reserve is present. Severe hypovolemia is associated
with strong clinical signs including increased lactate
levels. Fluid resuscitation is associated with impro-
vement of these clinical signs. Fluid resuscitation
to fluid-unresponsiveness is associated with lower
lactate levels in the “normal” range. Fluid restriction
guided by lactate levels is associated with improved
morbidity. In a recent study to assess the effect of
lactate monitoring and resuscitation directed at
decreasing lactate levels in intensive care unit (ICU)
patients admitted with a lactate level of greater than
or equal to 3.0 mEq/L, the authors found a signifi-
cantly reduced hospital mortality when adjusting
for predefined risk factors (hazard ratio, 0.61; 95%
confidence interval, 0.43-0.87; P=0.006) [46]. As this
was consistent with important secondary endpoints,
this study suggests that initial lactate monitoring has
clinical benefit.

Dye-dilution techniques

Since the introduction of non-invasive, bed-side
hepatosplanchnic monitoring based on indocyanine
green plasma disappearance rate (ICG-PDR), this
technique is being increasingly used [47]. However,
the absence of a hepatic venous catheter results in
severe limitations in interpretation of ICG-PDR
values: ICG-PDR is not able to distinguish between
changes in hepatic blood flow (splanchnic perfusion)
or hepatic metabolic or excretory function. Recent
studies show that the ICG-PDR is a valuable prog-
nostic parameter in critically ill patients and liver



transplantation [48—51]. In summary dye dilution
with ICG-PDR determines “functional hepatocyte
reserve” and is superior to conventional “static tests”
in critical care as it seems to be able to detect hepatic
dysfunction in the absence of overt biochemical ab-
normalities, finally it may assist with therapeutic
decisions [52, 53]. Several small studies described
the effects of therapeutic interventions on ICG-PDR,
but so far no clinically valuable intervention studies
exist using ICG-PDR.

Future techniques

The cardiac output is an important hemodynamic
parameter that is increasingly used by ICU physicians
to guide fluid therapy n [54, 55]: Cardiac output is
the main determinant of oxygen delivery. Physical
examination and vital signs alone often fail to reflect
significant derangements in CO. Many of our thera-
peutic efforts are aimed at increasing the CO. Because
of the complexity of assessment of clinical variables
in septic patients, direct measurement of CO by inva-
sive hemodynamic monitoring is advisable because it
is therefore very useful for proper decision-making
in critically ill and high-risk surgical patients [56].
Perioperative optimisation has resulted in better or
altered outcomes [57—59]. The main 2 reasons to
measure CO are the identification of patients who
have low (or high) CO values that are not evident
clinically or the measurement of the response to
diagnostic and therapeutic interventions. Therefore
it is time to consider CO as just another vital sign!
The question remains however whether uncalibrated
CO monitors are accurate enough to guide therapy,
or said otherwise, not only must they be accurate and
precise but can they keep track of changes [19, 60—
66]2 When evaluating the role of new CO devices in
clinical care, the fundamental question is whether the
new device can replace thermodilution CO measure-
ment as a guide to clinical decisions. Although PAC,
FloTrac, LiDCO and PiCCO display similar mean CO
values, they often trend differently in response to
therapy and show different inter-device agreement
[63]. In the clinically relevant low CO range (<5 L/
min), agreement improved slightly. Thus, utility and
validation studies using only one CO device may po-
tentially not be extrapolated to equivalency of using
another similar device. Despite the large number of
studies evaluating new CO devices, few, if any, answer
this fundamental question [67]. There is growing evi-
dence that the pulse contour method is not the solu-
tion to providing reliable cardiac output monitoring
atthe bedside in hemodynamically unstable patients
under changing conditions of preload, afterload or
contractility [66, 68]. A fluid challenge identifies
and simultaneously treats volume depletion, whilst
avoiding deleterious consequences of fluid overload
through its small volume and targeted administra-
tion [69]. The gold standard to monitor the response
to a fluid challenge is using a continuous cardiac out-
put monitoring. The future of hemodynamic moni-
toring is already here. Examples include sublingual

PCO2, tissue oxygen saturation, and capillary blood
flow measured under the tongue [70]. Such novel
monitoring devices may add an extra dimension by
allowing real-time assessment of response to therapy
and potentially when to stop. However no monitoring
device can improve patient-centered outcomes unless
it is coupled to a treatment that improves outcome,
while a poor protocol may have deleterious effects
[29, 71, 72]. How should we deal with the inaccura-
cies and limitations of our monitored parameters?
First, we must maximize the information that can
be provided by real-time continuous measurement.
Second, we must beware of protocols, especially those
with pre-defined physiological end-points [11, 73, 74].
Third, adopt a multi-parametric approach when
making a potentially critical decision. Finally, adopt
decision-making strategies that take into account the
uncertainty of our measurements and consider the
greyzone approach [75]. In a situation where fluid
overload may be particularly deleterious, higher-
than-normal PPV values should serve as indication
for fluid administration.

A therapeutic conflict is a situation where each of the
possible therapeutic decisions carries some potential
harm [76]. In high-risk patients, the decision about
fluid administration should be done within the con-
text of a therapeutic conflict. Therapeutic conflicts
are a the biggest challenge for protocolized CV man-
agement in anesthetized and critically ill patients.
A therapeutic conflict is where our decisions can
make the most difference. We have to recognize that
all our measurements are a lot less informative and
accurate than we may want (or think). Continuity of
measurement offers vital insights that may be hidden
in the analog signals of our monitors. “Physiologi-
cal Examination” - observing multiple parameters
on the monitor in real time - should be considered
to be (at least) as important as the classic “Physical
Examination”.

Conclusions

With an average score of 25.4%22.2% after the first
vote vs 43.1+25.6% after the second vote, this survey
demonstrates that there is a general lack of know-
ledge on hemodynamic monitoring and assessment
of preload and fluid responsiveness. Since correct
fluid management and early intervention with goal
directed therapy but also late conservative fluid
management can reduce morbidity and mortality
in critically ill patients, further educational efforts
should be directed towards improving the knowled-
ge on hemodynamic monitoring to guide this fluid
management. This can be done by organising state of
the art lectures and evaluating acquired knowledge
with a voting system to detect a positive learning
curve. We must beware of protocolized care that is
based on pre-defined specific ”goals”. The future of
monitoring depends not only on new technologies
but also on our recognition of the complexities of
hemodynamic monitoring.
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