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Prediction of fluid responsiveness has been considered an essential tool for modern fluid
management. However, most studies in this field have focused on patients in intensive care
unit despite numerous research throughout several decades. Therefore, the present narra-
tive review aims to show the representative method’s feasibility, advantages, and limitations
in predicting fluid responsiveness, focusing on the operating room environments. Firstly, we
described the predictors of fluid responsiveness based on heart-lung interaction, including
pulse pressure and stroke volume variations, the measurement of respiratory variations of
inferior vena cava diameter, and the end-expiratory occlusion test and addressed their lim-
itations. Subsequently, the passive leg raising test and mini-fluid challenge tests were also
mentioned, which assess fluid responsiveness by mimicking a classic fluid challenge. In the
last part of this review, we pointed out the pitfalls of fluid management based on fluid re-
sponsiveness prediction, which emphasized the importance of individualized decision-mak-
ing. Understanding the available representative methods to predict fluid responsiveness and
their associated benefits and drawbacks through this review will aid anesthesiologists in
choosing the most reliable methods for optimal fluid administration in each patient during
anesthesia in the operating room.
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INTRODUCTION

Fluid administration is a first-line treatment for hemody-
namically unstable patients in the operating room to in-
crease cardiac output and improve tissue oxygenation. How-
ever, many classical methods that seem to determine the
need for fluid bolus infusion failed to increase cardiac out-
put according to fluid administration [1], which means fluid
had been inadvertently loaded into the patients who did not
need fluid administration [2,3]. Therefore, the need for pre-
dicting fluid responsiveness has been raised to avoid unnec-
essary fluid administration and improve the patient’s out-

comes because fluid overload is associated with postopera-

tive complications, including pulmonary edema [4], acute
kidney injury [5], and increased risk of mortality [6].
Historically, so-called “static” parameters of cardiac pre-
load, such as central venous pressure and pulmonary artery
occlusion pressure, have been used for decades. But those
variables cannot accurately predict fluid responsiveness in
many previous studies [7,8]. After the first study of systolic
pressure variation in patients with sepsis-induced hypoten-
sion who required mechanical ventilation in the surgical in-
tensive care unit (ICU) [9], numerous studies have demon-
strated many parameters that can predict fluid responsive-
ness in various conditions. So, at present, a variety of predic-

tors of fluid responsiveness such as pulse pressure variation
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(PPV), stroke volume variation (SVV), respiratory variation
of inferior vena cava diameter, end-expiratory occlusion
(EEOQ) test, passive leg raising (PLR) test, mini-fluid chal-
lenge test, and many other parameters have been widely
used in daily clinical practice.

However, many previous studies have been performed in
the ICU patients. Considering that the environments of the
operating room (OR) and the ICU are different in many
ways, a parameter that is helpful in the ICU to predict fluid
responsiveness can be challenging or even unavailable for
the prediction of fluid responsiveness during the surgical
procedure under anesthesia in the OR. Therefore, in the
present review, we summarized the existing and recently
updated results and limitations of the representative param-
eters for fluid responsiveness prediction, focusing on the OR
environment. The pitfalls in fluid management based on the
predictors of fluid responsiveness were also addressed.

PARAMETERS BASED ON HEART-LUNG
INTERECTION

Pulse pressure and stroke volume variations

PPV and SVV are some of the firstly verified predictors of
fluid responsiveness in mechanically ventilated patients [10].
The physiology of those parameters is based on heart-lung
interaction according to positive pressure ventilation, which
means the changes in intrathoracic pressure during me-
chanical ventilation affect the cardiac preload and afterload
differently between the left- and right-sided hearts, leading
to the circulated changes in pulse pressure and stroke vol-
ume in continuous arterial pressure waveforms (Fig. 1) [11].
Many studies in the ICU and the OR have confirmed the va-
lidity of PPV and SVV as a predictor of fluid responsiveness,
and they have been widely used to guide fluid management
in daily clinical practice [10,12,13]. A meta-analysis showed
that PPV could predict fluid responsiveness with a sensitivity
of 88%, a specificity of 89%, and an area under the receiver
operating characteristic curve (AUROC) of 0.94 [13]. Zhang
etal. [14] also demonstrated SVV has an odd diagnostic ratio
of 18.4 in predicting fluid responsiveness with a sensitivity of
81% and specificity of 80%.

Despite the high accuracy and reliability of PPV and SVV,
they cannot be accurately served as a predictor of fluid re-
sponsiveness in many conditions, such as patients with
spontaneous breathing activity [15], cardiac arrhythmias

[11], low tidal volume (<8 ml/kg) [16], low lung compliance
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[15], open-chest condition [17], increased intra-abdominal
pressure (Table 1) [18,19]. Currently, the patients in the ICU
have been less sedated and frequently ventilated using low
tidal volume. So, the reliability and use-frequency of PPV
and SVV for fluid responsiveness prediction seem to be de-
creasing in the ICU environment. On the contrary, PPV and
SVV are still used a lot in the OR because they can retain the
predictive value accurately, as the required conditions their
applicability are generally fulfilled during general anesthesia
for surgical procedures.

Several recent studies have suggested that temporally in-
creasing tidal volume can restore the predictability of PPV
and SVV in various clinical situations of the ICU and OR.
Myatra et al. [20] showed that the increases in PPV and SVV
related to the transient increase in tidal volume from 6 to 8
ml/kg for 1 min could be a reliable predictor of fluid respon-
siveness in ICU patients. Min et al. [21,22] also demonstrated
that augmentation of PPV using a temporary increase in tid-
al volume from 8 to 12 ml/kg and the Valsalva maneuver
could restore its predictability of fluid responsiveness in the
anesthetized patients in the “gray zone” and with the open-
chest condition, respectively. So, employing a temporary in-
crease in tidal volume can be an alternative option to over-
come some limitations of PPV and SVV.

Respiratory variation of inferior vena cava diameter

Respiratory variation in the diameter of the inferior vena
cava has been suggested as a non-invasive parameter to pre-
dict fluid responsiveness and is widely used in ICU patients
[23]. This method does not require arterial catheterization and
can be easily obtained using ultrasound with minimal training.
However, based on the recent results, it seems to need more
studies to confirm the diagnostic accuracy of respiratory varia-
tion of inferior vena cava to predict fluid responsiveness.

Initial small-scaled validation studies in the ICU reported
that respiratory variation of inferior vena cava diameter
could be a reliable parameter for predicting fluid respon-
siveness in mechanically ventilated patients [24-26] and
even spontaneously breathing patients with cardiac arrhyth-
mia [27]. A systematic review also suggested that respiratory
variation in the diameter of the inferior vena cava had diag-
nostic accuracy higher than central venous pressure, lower
than the PLR test, and equivalent to SVV and PPV [28]. How-
ever, in a recent study of 540 patients in the ICU, respiratory
variation of inferior vena cava diameter showed lower diag-

nostic accuracy in predicting fluid responsiveness than the
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Fig. 1. PP variation and SV variation. During inspiration in positive-pressure mechanical ventilation, the increase in intrathoracic pressure
leads to an increase in cardiac preload, which results in the largest PP and SV at the end of inspiration. Conversely, intrathoracic pressure
decreases during expiration, resulting in a decrease in PP and SV. Consequently, PP and SV are smallest at the end of expiration. PP: pulse
pressure, SV: stroke volume, PPV: pulse pressure variation, SVV: stroke volume variation.

initial validation studies (threshold value: 8%, AUROC:
0.635, sensitivity: 55%, and specificity: 70%) [29]. Two recent
meta-analyses reported that the pooled AUROCS, sensitivi-
ties, and specificities of respiratory variation of inferior vena
cava diameter in mechanically ventilated patients were 0.75,
79%, and 70% [30] and 0.82, 69%, and 88% [31], respectively.
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Although the exact reasons for those divergent results have
not been fully explained, it seems to play a role in those dis-
crepancies that the compliance of inferior vena cava de-
pends on many factors, such as volume status, intra-abdom-
inal pressure, and measurement location [29,32].

In addition, the respiratory variation of inferior vena cava
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Table 1. Summary of Available Tests to Predict Fluid Responsiveness with Main Advantages and Limitations in the Operating Room

Test Monitoring techniques

Advantages Limitations

Heart-lung interaction indices

Pulse pressure variation/  Arterial catheter
Stroke volume variation

Inferior vena cava diameter Transthoracic echocardiog- e Applicable in patients with sponta-

¢ No requirement for the direct
measurement of cardiac output

¢ Cannot be used in patients with spon-
taneous breathing, cardiac arrhyth-
mia, intra-abdominal hypertension,
and open chest

 False negative in low-tidal volume ven-
tilation/low lung compliance

» Transthoracic approach may not be

raphy neous Ipreathing and cardiac ar- feasible due to operation field
rhythmia « Not reliable in intra-abdominal hyper-
tension
End-expiratory occlusion  Pulse contour analysis * Easy to perform ¢ Requires precise and real-time mea-
test surement

Fluid loading methods

Passive leg raising test Pulse contour analysis
Echocardiography

Oesophageal Doppler

* Applicable in patients with sponta-

¢ Cannot be used in spontaneous
breathing patients

* Limited evidence in the operating room

 Positional change cannot be feasible

neous breathing and cardiac ar- during surgery
rhythmia « Not reliable in intra-abdominal hyper-
* Mimics fluid challenge without actu- tension

al fluid administration

Pulse oximeter

Bioreactance

Mini-fluid challenge Pulse contour analysis

Echocardiography

* Applicable in patients with sponta-
neous breathing and cardiac ar-
rhythmia

* Requires a very precise measurement
due to low cut-off values

* Repeated use may cause fluid overload

diameter shares most limitations of PPV and SVV except for
cardiac arrhythmia and spontaneous breathing activity be-
cause those parameters are based on the same physiology
that is heart-lung interactions [27]. Moreover, because the di-
ameter of the inferior vena cava is measured in the subcostal
region [25], measurement of the inferior vena cava using ul-
trasound is sometimes impossible in certain types of proce-
dure (i.e., intra-abdominal surgery) because performing that
method can interfere with the operation and contaminate
the surgical field (Table 2). Therefore, respiratory variation in
the diameter of the inferior vena cava seems to play a limited

role in predicting fluid responsiveness in the OR.

End-expiratory occlusion test

The EEO test is based on the simple physiology that insuf-
flation during mechanical ventilation can decrease cardiac
preload [33]. Eliminating the rise in intrathoracic pressure
during the inspiratory phase increases venous return, which
acts as a fluid challenge to predict fluid responsiveness. The
EEO test can be performed simply to stop the mechanical

ventilation at the end-expiration and to measure the resulting
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changes in cardiac output for longer than 12 seconds [34].
This method is very easy-to-perform and reliable in certain
conditions where PPV and SVV can be unreliable, such as low
tidal volume ventilation, low pulmonary compliance (i.e.,
acute respiratory distress syndrome), and cardiac arrhythmia
[15,35,36]. Because of its brevity, the EEO test requires a pre-
cise, continuous, and real-time hemodynamic assessment to
detect the changes in cardiac output properly [34].

Since the first report by Monnet et al. [35] in 2009, several
studies showed that hemodynamic response to an EEO test
could accurately predict fluid responsiveness in ICU patients
[20,36]. But it would be hard to conclude whether the EEO
test has a diagnostic accuracy to predict fluid responsiveness
in the OR. Biais et al. [37] showed that changes in stroke vol-
ume index induced by the EEO test could predict fluid re-
sponsiveness in patients with low tidal volume ventilation
(6.9 ml/kg of ideal body weight). Whereas the EEO test failed
to discriminate fluid responders during laparotomic surgery
[38,39] and in a prone position during neurosurgery [40],
which may affect venous return by involving alterations in
intra-abdominal pressure and vena cava pressure [41,42]. In

addition, even a recent meta-analysis that stated the EEO
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Table 2. Overview of Monitoring Devices Available for the Prediction of Fluid Responsiveness

Monitoring devices Requirement

Advantages Limitations

Invasive method

Pulmonary artery catheter ¢ Central venous catheter

Less-invasive methods

Pulse contour analysis * Arterial catheter

Transesopahgeal echocardiography

Esophageal doppler

Non-invasive methods
Transthoracic echocardiography

Bioimpedance

¢ Direct measurement of hemo-
dynamic parameters, includ-
ing pulmonary artery pressure,
cardiac output

* Delay in determining cardiac output

¢ |Invasiveness and complications
(bleeding, infection, arrhythmias,
and vessel damage)

¢ Continuous cardiac output mon- ¢ Lack of accuracy in hemodynami-
itoring cally unstable patients or during
use of vasoactive drugs

* Not reliable in patients with arrhyth-
mia

* Time and resource-intensive
(equipment, trained personnel...)

¢ Realtime measurement of he-
modynamic parameters and
cardiac function

o Acquir_em_ent of qua_ntitative and e Operator dependency
qualitative data (ejection frac- . Nt syitable for patients with
tion, stroke volume...) esophageal pathology

¢ Risk of dislocation, misplacement

 Not suitable for patients with
esophageal pathology

 Real-time monitoring of cardiac
output

¢ Time and resource-intensive
(equipment, trained personnel...)

* Operator dependency

* Limited acoustic window due to pa-
tient position and operative field

e Lack of reliability in patient move-
ment, adipose tissue, edema, or
the presence of electrical interfer-
ence

¢ Real-time measurement of he-
modynamic parameters and
cardiac function

¢ Simple, easy-to-use

 Real-time monitoring of cardiac
output

test successfully predicted fluid responsiveness in the ICU
and OR was based merely on two previous studies: One that
the EEO test could predict fluid responsiveness in patients
with protective ventilation in the OR [37] and the other that
EEO test failed to predict fluid responsiveness in patients
undergoing laparotomic surgery [38]. Therefore, to ascertain
the diagnostic accuracy of the EEO test as a predictor of fluid
responsiveness in the OR, further studies conducted in the
OR environment will be needed.

TESTS THAT ASSESS FLUID
RESPONSIVENESS BY MIMICKING
CLASSIC FLUID LOADING

Passive leg raising test
The PLR test involves positional changes from the semi-re-
cumbent position to the position of the 45° of leg elevation

with the horizontal trunk, which causes transferring blood
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from the lower limbs and splanchnic territory towards the in-
trathoracic compartment, thus increasing circulatory volume
around 150-300 ml [43,44]. This reversible “self-transfusion”
allows the assessment of fluid responsiveness without actual
fluid infusion to the patient [43]. Also, the PLR test is indepen-
dent of the heart-lung interaction; therefore, it can be success-
fully used to assess fluid responsiveness in patients with
spontaneous breathing activity, cardiac arrhythmia, low tid-
al volume ventilation, and low pulmonary compliance [45].
Numerous studies have repeatedly established the high reli-
ability of the PLR test as a predictor of fluid responsiveness
in a wide variety of clinical situations [45,46]. A meta-analy-
sis also demonstrated that PLR-induced changes in cardiac
output > 10% very reliably predict fluid responsiveness with
good AUROC, sensitivity, and specificity (0.95, 85%, and
91%, respectively) [45]. Therefore, the Surviving Sepsis Cam-
paign has involved the PLR test in the hemodynamic man-
agement of septic shock [47].

Because the effects of the PLR test should be measured
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using cardiac output, not arterial pressure [48] and usually
reach the maximum within 1 minute and then diminish, a
real-time cardiac output monitoring device, such as arterial
pulse contour analysis, echocardiography, and esophageal
Doppler, should be used for assessing the changes in
PLR-induced cardiac output [45,49]. More recently, less-in-
vasive and easy-to-use cardiac output measuring devices
such as perfusion index from plethysmography and bioreac-
tance-based cardiac output have been suggested as the al-
ternative methods to assess the changes in cardiac output by
PLR. Beurton et al. [50] showed that an increase in perfusion
index during a PLR test = 10% could predict fluid respon-
siveness with a sensitivity of 91% and a specificity of 79%
(AUROC = 0.89) in ICU patients with acute circulatory fail-
ure. Galarza et al. [51] also reported that changes in bioreac-
tance-based cardiac output during PLR test > 10% success-
fully discriminated fluid responders with a sensitivity of 92%
and a specificity of 80% (AUROC = 0.88) in critically ill pa-
tients in the ICU. The previous study found that the bioreac-
tance monitor, which averaged cardiac output over a 30-s
period, was not able to measure the effects of PLR accurately
due to its longer averaging time [52]. However, the latest ver-
sion of the Starling-stroke volume system, which only takes
8 seconds to average cardiac output, allows for a more accu-
rate assessment of the PLR effects [51]. This highlights the
significance of utilizing a real-time cardiac output monitor
to effectively monitor the effects of a brief test like PLR.

Five rules should be followed when accurately imple-
menting the PLR test because the performing method fun-
damentally affects the hemodynamic effects and reliability
of the PLR test as follows [53]. First, the PLR test must start
from the semi-recumbent position. Second, cardiac output,
not arterial pressure, should be measured to assess the effect
of the PLR test. Third, real-time cardiac output monitoring
devices should be used. Forth, the cardiac output should be
reassessed after returning to the semi-recumbent position
after the PLR test and should return to the value before the
PLR test. Fifth, any confounding factors that provoke adrenal
stimulation, such as pain, cough, discomfort, and awaken-
ing, should be avoided during the PLR test.

Considering those rules when performing the PLR test
and their effect on the reliability of the PLR test in predicting
fluid responsiveness, it seems to be questionable whether
the PLR test can be performed accurately during surgery in
the OR. First, the presence of surgical equipment or the sur-
gical procedure can make the positional change impossible

or not allowed. In addition, the patients should be in a later-
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al or prone position in some operations. Second, each time
the PLR test is performed, the operation should be stopped
because a precise surgical procedure is impossible when
changing the patient’s position. The surgical procedure can
also be a potential confounding factor that causes adrenal
stimulation. Third, applying elastic compression stockings,
frequently used to prevent venous thromboembolism in the
OR, may compromise the reliability of the PLR test to predict
fluid responsiveness by reducing returning blood volume
[54]. Last, the reliability of the PLR test has been questioned
in cases of intra-abdominal hypertension [55], which may
restrict applying the PLR test in a specific type of surgical
procedure that increases intra-abdominal pressure, such as
laparoscopic surgery with intra-abdominal carbon dioxide
insufflation. So, despite the proven safety and accuracy in
predicting fluid responsiveness, it seems that the PLR test
can merely be used in very limited cases during surgical pro-
cedures in the OR.

Mini-fluid challenge

From decades ago, the fluid challenge technique has been
suggested for fluid management [56] because infusing fluid
bolus and measuring its effect on cardiac is the most definite
way in practice to determine the presence of fluid respon-
siveness. However, the “classic” fluid challenge with the ad-
ministration of 300-500 ml of fluid is irreversible and can
lead to fluid overload, especially if repeated, in case of the
absence of fluid responsiveness, which occurs in about half
of the patients. Therefore, the classic fluid challenge seems
to be considered the treatment rather than the challenge.
Thus, a “mini-fluid challenge” with rapid infusion (1-2 min)
of a small amount (100-150 ml) of crystalloid or colloid has
been introduced as an alternative method [48,57]. The
mini-fluid challenge is also independent of heart-lung inter-
action, like the PLR test, so it can be used to predict fluid re-
sponsiveness in various clinical conditions where PPV and
SVV cannot be applied.

Since the first report in 2011 [57], which reported an in-
crease in the variation of subaortic velocity time index after
100 ml of colloid infusion over 1 min could predict fluid re-
sponsiveness with a sensitivity of 95% and a specificity of
78% (AUROC = 0.92) in mechanically ventilated patients in
the ICU, several studies have shown the reliability of
mini-fluid challenge to predict fluid responsiveness in the
ICU [20,58,59] and the OR [60,61]. A recent meta-analysis

has confirmed the reliability of mini-fluid challenge as a pre-
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dictor of fluid responsiveness by demonstrating that the
pooled AUROC for the mini-fluid challenge was 0.91 with
the best threshold of 5% and that pooled sensitivity and
specificity were 82% and 83%, respectively [62]. In addition,
a multi-center trial has shown that the mini-fluid challenge
of 100 ml over 1 min successfully predicted fluid responsive-
ness with a sensitivity of 98% and specificity of 87% for cut
off value of 4% (AUROC = 0.95) in patients undergoing lapa-
rotomy [63]. Considering those results, the mini-fluid chal-
lenge can be an attractive option if the other predictors of
fluid responsiveness are not feasible or applicable.

However, the mini-fluid challenge has several limitations
as follows. First, critical methodological issues have been re-
cently raised regarding the existing results of the mini-fluid
challenge, in which the predictor parameters after the
mini-fluid challenge of 100 ml and the outcome parameters
after 500 ml of fluid administration were calculated from the
same baseline, leading to potential mathematical coupling
and overestimation of the observed predictive power [64].
Second, even in cases where preload responsiveness is pres-
ent, a small volume of fluid administration will elicit small
changes in cardiac output [65]. Therefore, a precise device to
measure cardiac output should be needed to detect a rela-
tively small diagnostic threshold for the mini-fluid challenge
(around 5%) [48]. Last, the mini-fluid challenge entails the
administration of fluid which cannot be removed. Although
the risk is lower compared to a traditional fluid challenge,
there is still a potential for fluid overload if the mini-fluid

challenge is repeated.

PITFALLS IN FLUID MANAGEMENT
Gray zone: Uncertainty exists in every test

No single test or value is perfect for predicting fluid respon-
siveness tests or for any diagnostic tests. There are inherent
limitations in every test. In statistical analysis, fluid respon-
siveness is typically described in a dichotomous manner as
either present or absent. But the response to fluid adminis-
tration is a continuous parameter. Thus, the diagnostic
threshold derived from the quantitative test is arbitrary and
does not reflect the full range of potential responses. So, the
"gray zone," which represents a zone of uncertainty, has been
introduced as a complement to the binary constraint of ROC
curve analysis [66]. Cannesson et al. [67] first reported that
the gray zone of PPV to predict fluid responsiveness was be-
tween 9% and 13% in approximately 24% of patients. In addi-
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tion, previous studies have shown that 17% and 19% of pa-
tients were included in the gray zone for the EEO test [37] and
mini-fluid challenge [61], respectively. Therefore, anesthesi-
ologists should recognize that relying solely on a single pa-
rameter within the gray zone may not provide definitive
guidance for fluid administration decisions.

Fluid responsiveness is not an omnipotent rule

The decision to administer fluid should not be solely
based on the presence of fluid responsiveness. While fluid
responsiveness indicates the likelihood of a patient's poten-
tial to increase cardiac output in response to fluid adminis-
tration, it does not necessarily mean that fluid should always
be given. It is crucial to consider the patient's overall fluid
status, underlying pathology, and potential risks associated
with fluid overload. Although fluid administration may be
necessary to optimize hemodynamics in some patients, ex-
cessive fluid administration may lead to complications such
as pulmonary edema and impaired organ function in certain
conditions, such as congestive heart failure, chronic kidney
disease, or acute respiratory distress syndrome [4]. Alterna-
tive treatments, such as vasopressors or inotropes, may be
more appropriate in these cases. Therefore, fluid therapy
should always be individualized based on careful evaluation
of the patient's clinical condition, focusing on achieving ad-
equate tissue perfusion while avoiding complications asso-
ciated with fluid overload.

No need to determine fluid responsiveness in
every patient

In the OR, the ultimate goal of fluid management is to op-
timize the patient's hemodynamic status by promptly ad-
dressing blood volume depletion or other contributing fac-
tors to hemodynamic instability. Therefore, immediate fluid
loading will be more effective than testing fluid responsive-
ness if the clinical situation corresponds to the obvious hy-
povolemia (i.e., massive bleeding). However, it should be re-
membered that in most other cases, fluid administration in-
creases cardiac output sufficiently in around half of patients.

CONCLUSION

For the optimal fluid management in each patient, it is
crucial to determine fluid responsiveness accurately before

fluid administration to prevent unwanted fluid overload and
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the related risks. However, several well-known existing
methods for assessing fluid responsiveness, such as respira-
tory variation of inferior vena cava diameter, the EEO test,
and the PLR test, require numerous prerequisites, and even
when certain limitations are addressed, their applicability in
the operating room remains restricted. So, despite its inevi-
table limitations resulting from the heart-lung interaction,
PPV and SVV will be the first choice as a test for fluid respon-
siveness prediction in the OR environments if the patient is
not in a situation where PPV and SVV cannot be applied,
such as the presence of spontaneous breathing or cardiac
arrhythmia. If PPV and SVV are not applicable, a mini-fluid
challenge seems helpful for predicting fluid responsiveness
in the OR. Further studies will be needed to evaluate the op-
timal method for determining fluid responsiveness focusing
on OR environments.

FUNDING

None.

CONFLICTS OF INTEREST

No potential conflict of interest relevant to this article was
reported.

DATA AVAILABILITY STATEMENT

Data sharing is not applicable to this article, as no datasets
were used or analyzed for this study.

AUTHOR CONTRIBUTIONS

Conceptualization: Ah Ran Oh, Jong-Hwan Lee. Method-
ology: Ah Ran Oh, Jong-Hwan Lee. Writing - original draft:
Ah Ran Oh, Jong-Hwan Lee. Writing - review & editing: Ah
Ran Oh, Jong-Hwan Lee. Investigation: Ah Ran Oh, Jong-
Hwan Lee. Resources: Ah Ran Oh, Jong-Hwan Lee. Supervi-
sion: Ah Ran Oh, Jong-Hwan Lee. Validation: Ah Ran Oh,
Jong-Hwan Lee.

ORCID

Ah Ran Oh, https://orcid.org/0000-0002-8076-5104
Jong-Hwan Lee, https://orcid.org/0000-0001-8249-5550

240

—

w

D

©

10.

11.

12.

13.

REFERENCES

. Michard E Teboul JL. Predicting fluid responsiveness in ICU

patients: a critical analysis of the evidence. Chest 2002; 121:

2000-8.

. Malbrain MLNG, Regenmortel NV, Saugel B, Tavernier BD, Van

Gaal PJ, Joannes-Boyau O, et al. Principles of fluid management
and stewardship in septic shock: it is time to consider the four
D’s and the four phases of fluid therapy. Ann Intensive Care

2018; 8: 66.

. Malbrain MLNG, Langer T, Annane D, Gattinoni L, Elbers P,

Hahn RG, et al. Intravenous fluid therapy in the perioperative
and critical care setting: executive summary of the International

Fluid Academy (IFA). Ann Intensive Care 2020; 10: 64.

.Granado RCD, Mehta RL. Fluid overload in the ICU: evaluation

and management. BMC Nephrol 2016; 17: 109.

.Wang N, Jiang L, Zhu B, Wen Y, Xi XM; Beijing Acute Kidney In-

jury Trial (BAKIT) Workgroup. Fluid balance and mortality in
critically ill patients with acute kidney injury: a multicenter pro-

spective epidemiological study. Crit Care 2015; 19: 371.

. Messmer AS, Zingg C, Miiller M, Gerber JL, Schefold JC, Pfort-

mueller CA. Fluid overload and mortality in adult critical care
patients—a systematic review and meta-analysis of observa-

tional studies. Crit Care Med 2020; 48: 1862-70.

. Marik PE, Baram M, Vahid B. Does central venous pressure pre-

dict fluid responsiveness? a systematic review of the literature

and the tale of seven mares. Chest 2008; 134: 172-8.

. Marik PE, Lemson J. Fluid responsiveness: an evolution of our

understanding. Br ] Anaesth 2014; 112: 617-20.

. Tavernier B, Makhotine O, Lebuffe G, Dupont J, Scherpereel P.

Systolic pressure variation as a guide to fluid therapy in patients
with sepsis-induced hypotension. Anesthesiology 1998; 89:
1313-21.

Michard E Boussat S, Chemla D, Anguel N, Mercat A, Lecarpen-
tier Y, et al. Relation between respiratory changes in arterial
pulse pressure and fluid responsiveness in septic patients with
acute circulatory failure. Am J Respir Crit Care Med 2000; 162:
134-8.

Michard E Changes in arterial pressure during mechanical ven-
tilation. Anesthesiology 2005; 103: 419-28; quiz 449-5.

Marik PE, Cavallazzi R, Vasu T, Hirani A. Dynamic changes in
arterial waveform derived variables and fluid responsiveness in
mechanically ventilated patients: a systematic review of the lit-
erature. Crit Care Med 2009; 37: 2642-7.

Yang X, Du B. Does pulse pressure variation predict fluid re-
sponsiveness in critically ill patients? A systematic review and

meta-analysis. Crit Care 2014; 18: 650.

www.anesth-pain-med.org


https://doi.org/10.1378/chest.121.6.2000
https://doi.org/10.1378/chest.121.6.2000
https://doi.org/10.1378/chest.121.6.2000
https://doi.org/10.1186/s13613-018-0402-x
https://doi.org/10.1186/s13613-018-0402-x
https://doi.org/10.1186/s13613-018-0402-x
https://doi.org/10.1186/s13613-018-0402-x
https://doi.org/10.1186/s13613-020-00679-3
https://doi.org/10.1186/s13613-020-00679-3
https://doi.org/10.1186/s13613-020-00679-3
https://doi.org/10.1186/s13613-020-00679-3
https://doi.org/10.1186/s12882-016-0323-6
https://doi.org/10.1186/s12882-016-0323-6
https://doi.org/10.1186/s13054-015-1085-4
https://doi.org/10.1186/s13054-015-1085-4
https://doi.org/10.1186/s13054-015-1085-4
https://doi.org/10.1186/s13054-015-1085-4
https://doi.org/10.1097/ccm.0000000000004617
https://doi.org/10.1097/ccm.0000000000004617
https://doi.org/10.1097/ccm.0000000000004617
https://doi.org/10.1378/chest.07-2331
https://doi.org/10.1378/chest.07-2331
https://doi.org/10.1378/chest.07-2331
https://doi.org/10.1093/bja/aet590
https://doi.org/10.1093/bja/aet590
https://doi.org/10.1097/00000542-199812000-00007
https://doi.org/10.1097/00000542-199812000-00007
https://doi.org/10.1097/00000542-199812000-00007
https://doi.org/10.1097/00000542-199812000-00007
https://doi.org/10.1164/ajrccm.162.1.9903035
https://doi.org/10.1164/ajrccm.162.1.9903035
https://doi.org/10.1164/ajrccm.162.1.9903035
https://doi.org/10.1164/ajrccm.162.1.9903035
https://doi.org/10.1097/00000542-200508000-00026
https://doi.org/10.1097/00000542-200508000-00026
https://doi.org/10.1097/ccm.0b013e3181a590da
https://doi.org/10.1097/ccm.0b013e3181a590da
https://doi.org/10.1097/ccm.0b013e3181a590da
https://doi.org/10.1097/ccm.0b013e3181a590da
https://doi.org/10.1186/s13054-014-0650-6
https://doi.org/10.1186/s13054-014-0650-6
https://doi.org/10.1186/s13054-014-0650-6

Fluid responsiveness in operating room

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

. Zhang Z, Lu B, Sheng X, Jin N. Accuracy of stroke volume varia-
tion in predicting fluid responsiveness: a systematic review and
meta-analysis. ] Anesth 2011; 25: 904-16.

Teboul JL, Monnet X. Pulse pressure variation and ARDS. Min-
erva Anestesiol 2013; 79: 398-407.

De Backer D, Heenen S, Piagnerelli M, Koch M, Vincent JL.
Pulse pressure variations to predict fluid responsiveness: influ-
ence of tidal volume. Intensive Care Med 2005; 31: 517-23.

De Waal EE, Rex S, Kruitwagen CL, Kalkman CJ, Buhre WE Dy-
namic preload indicators fail to predict fluid responsiveness in
open-chest conditions. Crit Care Med 2009; 37: 510-5.

Jacques D, Bendjelid K, Duperret S, Colling J, Piriou V, Viale JP.
Pulse pressure variation and stroke volume variation during in-
creased intra-abdominal pressure: an experimental study. Crit
Care 2011; 15: R33.

Renner J, Gruenewald M, Quaden R, Hanss R, Meybohm P,
Steinfath M, et al. Influence of increased intra-abdominal pres-
sure on fluid responsiveness predicted by pulse pressure varia-
tion and stroke volume variation in a porcine model. Crit Care
Med 2009; 37: 650-8.

Myatra SN, Prabu NR, Divatia JV, Monnet X, Kulkarni AP, Teboul
JL. The changes in pulse pressure variation or stroke volume
variation after a “tidal volume challenge” reliably predict fluid
responsiveness during low tidal volume ventilation. Crit Care
Med 2017; 45: 415-21.

Min JJ, Gil NS, Lee JH, Ryu DK, Kim CS, Lee SM. Predictor of flu-
id responsiveness in the ‘grey zone’: augmented pulse pressure
variation through a temporary increase in tidal volume. Br ] An-
aesth 2017; 119: 50-6.

Min JJ, Kim TK, Lee JH, Park J, Cho HS, Kim WS, et al. Evaluation
of augmented pulse pressure variation using the Valsalva ma-
noeuvre as a predictor of fluid responsiveness under open-
chest conditions: A prospective observational study. Eur J An-
aesthesiol 2017; 34: 254-61.

De Backer D, Fagnoul D. Intensive care ultrasound: VI. Fluid re-
sponsiveness and shock assessment. Ann Am Thorac Soc 2014;
11:129-36.

Feissel M, Michard E Faller JP, Teboul JL. The respiratory varia-
tion in inferior vena cava diameter as a guide to fluid therapy.
Intensive Care Med 2004; 30: 1834-7.

Barbier C, Loubieres Y, Schmit C, Hayon J, Ricome JL, Jardin E
et al. Respiratory changes in inferior vena cava diameter are
helpful in predicting fluid responsiveness in ventilated septic
patients. Intensive Care Med 2004; 30: 1740-6.
Machare-Delgado E, Decaro M, Marik PE. Inferior vena cava
variation compared to pulse contour analysis as predictors of

fluid responsiveness: a prospective cohort study. J Intensive

www.anesth-pain-med.org

27.

28.

Care Med 2011; 26: 116-24.

Bortolotti P, Colling D, Colas V, Voisin B, Dewavrin E Poissy J, et
al. Respiratory changes of the inferior vena cava diameter pre-
dict fluid responsiveness in spontaneously breathing patients
with cardiac arrhythmias. Ann Intensive Care 2018; 8: 79.
Bentzer P, Griesdale DE, Boyd ], MacLean K, Sirounis D, Ayas
NT. Will this hemodynamically unstable patient respond to a
bolus of intravenous fluids? JAMA 2016; 316: 1298-309.

29. Vignon P, Repessé X, Bégot E, Léger J, Jacob C, Bouferrache K, et

30.

31.

32.

33

34.

35.

36.

37.

38.

al. Comparison of echocardiographic indices used to predict
fluid responsiveness in ventilated patients. Am J Respir Crit
Care Med 2017; 195: 1022-32.

Das SK, Choupoo NS, Pradhan D, Saikia P, Monnet X. Diagnos-
tic accuracy of inferior vena caval respiratory variation in de-
tecting fluid unresponsiveness: a systematic review and me-
ta-analysis. Eur ] Anaesthesiol 2018; 35: 831-9.

Huang H, Shen Q, Liu Y, Xu H, Fang Y. Value of variation index of
inferior vena cava diameter in predicting fluid responsiveness
in patients with circulatory shock receiving mechanical ventila-
tion: a systematic review and meta-analysis. Crit Care 2018; 22:
204.

Caplan M, Durand A, Bortolotti P, Colling D, Goutay J, Duburcq
T, et al. Measurement site of inferior vena cava diameter affects
the accuracy with which fluid responsiveness can be predicted
in spontaneously breathing patients: a post hoc analysis of two

prospective cohorts. Ann Intensive Care 2020; 10: 168.

. Chiumello D, Chidini G, Calderini E, Colombo A, Crimella F,

Brioni M. Respiratory mechanics and lung stress/strain in chil-
dren with acute respiratory distress syndrome. Ann Intensive
Care 2016; 6: 11.

Gavelli E Teboul JL, Monnet X. The end-expiratory occlusion
test: please, let me hold your breath! Crit Care 2019; 23: 274.
Monnet X, Osman D, Ridel C, Lamia B, Richard C, Teboul JL.
Predicting volume responsiveness by using the end-expiratory
occlusion in mechanically ventilated intensive care unit pa-
tients. Crit Care Med 2009; 37: 951-6.

Monnet X, Bleibtreu A, Ferre A, Dres M, Gharbi R, Richard C, et
al. Passive leg-raising and end-expiratory occlusion tests per-
form better than pulse pressure variation in patients with low
respiratory system compliance. Crit Care Med 2012; 40: 152-7.
Biais M, Larghi M, Henriot ], De Courson H, Sesay M, Nou-
ette-Gaulain K. End-expiratory occlusion test predicts fluid re-
sponsiveness in patients with protective ventilation in the oper-
ating room. Anesth Analg 2017; 125: 1889-95.

Guinot PG, Godart J, De Broca B, Bernard E, Lorne E, Dupont H.
End-expiratory occlusion manoeuvre does not accurately pre-

dict fluid responsiveness in the operating theatre. Br ] Anaesth

241



https://doi.org/10.1007/s00540-011-1217-1
https://doi.org/10.1007/s00540-011-1217-1
https://doi.org/10.1007/s00540-011-1217-1
https://doi.org/10.1007/s00134-005-2586-4
https://doi.org/10.1007/s00134-005-2586-4
https://doi.org/10.1007/s00134-005-2586-4
https://doi.org/10.1097/ccm.0b013e3181958bf7
https://doi.org/10.1097/ccm.0b013e3181958bf7
https://doi.org/10.1097/ccm.0b013e3181958bf7
https://doi.org/10.1186/cc9980
https://doi.org/10.1186/cc9980
https://doi.org/10.1186/cc9980
https://doi.org/10.1186/cc9980
https://doi.org/10.1097/ccm.0b013e3181959864
https://doi.org/10.1097/ccm.0b013e3181959864
https://doi.org/10.1097/ccm.0b013e3181959864
https://doi.org/10.1097/ccm.0b013e3181959864
https://doi.org/10.1097/ccm.0000000000002183
https://doi.org/10.1097/ccm.0000000000002183
https://doi.org/10.1097/ccm.0000000000002183
https://doi.org/10.1097/ccm.0000000000002183
https://doi.org/10.1093/bja/aex074
https://doi.org/10.1093/bja/aex074
https://doi.org/10.1093/bja/aex074
https://doi.org/10.1093/bja/aex074
https://doi.org/10.1513/annalsats.201309-320ot
https://doi.org/10.1513/annalsats.201309-320ot
https://doi.org/10.1513/annalsats.201309-320ot
https://doi.org/10.1007/s00134-004-2233-5
https://doi.org/10.1007/s00134-004-2233-5
https://doi.org/10.1007/s00134-004-2233-5
https://doi.org/10.1007/s00134-004-2259-8
https://doi.org/10.1007/s00134-004-2259-8
https://doi.org/10.1007/s00134-004-2259-8
https://doi.org/10.1007/s00134-004-2259-8
https://doi.org/10.1177/0885066610384192
https://doi.org/10.1177/0885066610384192
https://doi.org/10.1177/0885066610384192
https://doi.org/10.1177/0885066610384192
https://doi.org/10.1186/s13613-018-0427-1
https://doi.org/10.1186/s13613-018-0427-1
https://doi.org/10.1186/s13613-018-0427-1
https://doi.org/10.1186/s13613-018-0427-1
https://doi.org/10.1001/jama.2016.12310
https://doi.org/10.1001/jama.2016.12310
https://doi.org/10.1001/jama.2016.12310
https://doi.org/10.1164/rccm.201604-0844oc
https://doi.org/10.1164/rccm.201604-0844oc
https://doi.org/10.1164/rccm.201604-0844oc
https://doi.org/10.1164/rccm.201604-0844oc
https://doi.org/10.1186/s13613-020-00786-1
https://doi.org/10.1186/s13613-020-00786-1
https://doi.org/10.1186/s13613-020-00786-1
https://doi.org/10.1186/s13613-020-00786-1
https://doi.org/10.1186/s13613-016-0113-0
https://doi.org/10.1186/s13613-016-0113-0
https://doi.org/10.1186/s13613-016-0113-0
https://doi.org/10.1186/s13613-016-0113-0
https://doi.org/10.1097/ccm.0b013e3181968fe1
https://doi.org/10.1097/ccm.0b013e3181968fe1
https://doi.org/10.1097/ccm.0b013e3181968fe1
https://doi.org/10.1097/ccm.0b013e3181968fe1
https://doi.org/10.1097/ccm.0b013e31822f08d7
https://doi.org/10.1097/ccm.0b013e31822f08d7
https://doi.org/10.1097/ccm.0b013e31822f08d7
https://doi.org/10.1097/ccm.0b013e31822f08d7
https://doi.org/10.1213/ane.0000000000002322
https://doi.org/10.1213/ane.0000000000002322
https://doi.org/10.1213/ane.0000000000002322
https://doi.org/10.1213/ane.0000000000002322
https://doi.org/10.1093/bja/aet582
https://doi.org/10.1093/bja/aet582
https://doi.org/10.1093/bja/aet582

Anesth Pain Med Vol. 18 No. 3

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

2014; 112: 1050-4.

Weil G, Motamed C, Monnet X, Eghiaian A, Le Maho AL.
End-expiratory occlusion test to predict fluid responsiveness is
not suitable for laparotomic surgery. Anesth Analg 2020; 130:
151-8.

Messina A, Montagnini C, Cammarota G, Giuliani E Muratore L,
Baggiani M, et al. Assessment of fluid responsiveness in prone
neurosurgical patients undergoing protective ventilation: role
of dynamic indices, tidal volume challenge, and end-expiratory
occlusion test. Anesth Analg 2020; 130: 752-61.

Edgcombe H, Carter K, Yarrow S. Anaesthesia in the prone posi-
tion. Br J Anaesth 2008; 100: 165-83.

Wadsworth R, Anderton JM, Vohra A. The effect of four different
surgical prone positions on cardiovascular parameters in
healthy volunteers. Anaesthesia 1996; 51: 819-22.

Jabot J, Teboul JL, Richard C, Monnet X. Passive leg raising for
predicting fluid responsiveness: importance of the postural
change. Intensive Care Med 2009; 35: 85-90.

Boulain T, Achard JM, Teboul JL, Richard C, Perrotin D, Ginies G.
Changes in BP induced by passive leg raising predict response
to fluid loading in critically ill patients. Chest 2002; 121: 1245-
52.

Monnet X, Marik P, Teboul JL. Passive leg raising for predicting
fluid responsiveness: a systematic review and meta-analysis.
Intensive Care Med 2016; 42: 1935-47.

Mallat J, Fischer MO, Granier M, Vinsonneau C, Jonard M, Mah-
joubY, et al. Passive leg raising-induced changes in pulse pres-
sure variation to assess fluid responsiveness in mechanically
ventilated patients: a multicentre prospective observational
study. Br ] Anaesth 2022; 129: 308-16.

Evans L, Rhodes A, Alhazzani W, Antonelli M, Coopersmith CM,
French C, et al. Executive summary: surviving sepsis campaign:
international guidelines for the management of sepsis and sep-
tic shock 2021. Crit Care Med 2021; 49: 1974-82.

Monnet X, Shi R, Teboul JL. Prediction of fluid responsiveness.
What’s new? Ann Intensive Care 2022; 12: 46.

El Hadouti Y, Valencia L, Becerra A, Rodriguez-Pérez A, Vincent
JL. Echocardiography and passive leg raising in the postopera-
tive period: a prospective observational study. Eur ] Anaesthesi-
012017; 34: 748-54.

Beurton A, Teboul JL, Gavelli E Gonzalez FA, Girotto V, Galarza
L, et al. The effects of passive leg raising may be detected by the
plethysmographic oxygen saturation signal in critically ill pa-
tients. Crit Care 2019; 23: 19.

Galarza L, Mercado P, Teboul JL, Girotto V, Beurton A, Richard C,
et al. Estimating the rapid haemodynamic effects of passive leg

raising in critically ill patients using bioreactance. Br ] Anaesth

242

52.

53.

54.

55.

56.

57.

2018; 121: 567-73.

Kupersztych-Hagege E, Teboul JL, Artigas A, Talbot A, Sabatier
C, Richard C, et al. Bioreactance is not reliable for estimating
cardiac output and the effects of passive leg raising in critically
ill patients. Br ] Anaesth 2013; 111: 961-6.

Monnet X, Teboul JL. Passive leg raising: five rules, not a drop of
fluid! Critical Care 2015; 19: 18.

Chacko CJ, Wise MP, Frost PJ. Passive leg raising and compres-
sion stockings: a note of caution. Crit Care 2015; 19: 237.
Beurton A, Teboul JL, Girotto V, Galarza L, Anguel N, Richard C,
et al. Intra-abdominal hypertension is responsible for false neg-
atives to the passive leg raising test. Crit Care Med 2019; 47:
€639-47.

Weil MH, Henning R]. New concepts in the diagnosis and fluid
treatment of circulatory shock: thirteenth annual becton, dick-
inson and company oscar schwidetsky memorial lecture.
Anesth Analg 1979; 58: 124-32.

Muller L, Toumi M, Bousquet PJ, Riu-Poulenc B, Louart G, Can-
dela D, et al. An increase in aortic blood flow after an infusion
of 100 ml colloid over 1 minute can predict fluid responsive-
ness: the mini-fluid challenge study. Anesthesiology 2011; 115:
541-7.

58. WuY, Zhou S, Zhou Z, Liu B. A 10-second fluid challenge guided

59.

60.

61.

62.

63.

by transthoracic echocardiography can predict fluid respon-
siveness. Crit Care 2014; 18: R108.

Smorenberg A, Cherpanath TGV, Geerts BE De Wilde RBP, Jan-
sen JRC, Maas JJ, et al. A mini-fluid challenge of 150 mL predicts
fluid responsiveness using ModelflowR pulse contour cardiac
output directly after cardiac surgery. J Clin Anesth 2018; 46: 17-
22.

Guinot PG, Bernard E, Defrancq E, Petiot S, Majoub Y, Dupont H,
et al. Mini-fluid challenge predicts fluid responsiveness during
spontaneous breathing under spinal anaesthesia: an observa-
tional study. Eur ] Anaesthesiol 2015; 32: 645-9.

Biais M, De Courson H, Lanchon R, Pereira B, Bardonneau G,
Griton M, et al. Mini-fluid challenge of 100 ml of crystalloid pre-
dicts fluid responsiveness in the operating room. Anesthesiolo-
gy 2017; 127: 450-6.

Messina A, Dell'Anna A, Baggiani M, Torrini F, Maresca GM,
Bennett V, et al. Functional hemodynamic tests: a systematic
review and a metanalysis on the reliability of the end-expiratory
occlusion test and of the mini-fluid challenge in predicting fluid
responsiveness. Crit Care 2019; 23: 264.

Messina A, Lionetti G, Foti L, Bellotti E, Marcomini N, Camma-
rota G, et al. Mini fluid chAllenge aNd End-expiratory occlusion
test to assess flUid responsiVEness in the opeRating room (MA-
NEUVER study): a multicentre cohort study. Eur ] Anaesthesiol

www.anesth-pain-med.org


https://doi.org/10.1093/bja/aet582
https://doi.org/10.1213/ane.0000000000004205
https://doi.org/10.1213/ane.0000000000004205
https://doi.org/10.1213/ane.0000000000004205
https://doi.org/10.1213/ane.0000000000004205
https://doi.org/10.1093/bja/aem380
https://doi.org/10.1093/bja/aem380
https://doi.org/10.1111/j.1365-2044.1996.tb12608.x
https://doi.org/10.1111/j.1365-2044.1996.tb12608.x
https://doi.org/10.1111/j.1365-2044.1996.tb12608.x
https://doi.org/10.1007/s00134-008-1293-3
https://doi.org/10.1007/s00134-008-1293-3
https://doi.org/10.1007/s00134-008-1293-3
https://doi.org/10.1378/chest.121.4.1245
https://doi.org/10.1378/chest.121.4.1245
https://doi.org/10.1378/chest.121.4.1245
https://doi.org/10.1378/chest.121.4.1245
https://doi.org/10.1007/s00134-015-4134-1
https://doi.org/10.1007/s00134-015-4134-1
https://doi.org/10.1007/s00134-015-4134-1
https://doi.org/10.1016/j.bja.2022.04.031
https://doi.org/10.1016/j.bja.2022.04.031
https://doi.org/10.1016/j.bja.2022.04.031
https://doi.org/10.1016/j.bja.2022.04.031
https://doi.org/10.1186/s13613-022-01022-8
https://doi.org/10.1186/s13613-022-01022-8
https://doi.org/10.1186/s13054-019-2306-z
https://doi.org/10.1186/s13054-019-2306-z
https://doi.org/10.1186/s13054-019-2306-z
https://doi.org/10.1186/s13054-019-2306-z
https://doi.org/10.1016/j.bja.2018.03.013
https://doi.org/10.1016/j.bja.2018.03.013
https://doi.org/10.1016/j.bja.2018.03.013
https://doi.org/10.1016/j.bja.2018.03.013
https://doi.org/10.1186/s13054-014-0708-5
https://doi.org/10.1186/s13054-014-0708-5
https://doi.org/10.1186/s13054-015-0955-0
https://doi.org/10.1186/s13054-015-0955-0
https://doi.org/10.1097/ccm.0000000000003808
https://doi.org/10.1097/ccm.0000000000003808
https://doi.org/10.1097/ccm.0000000000003808
https://doi.org/10.1097/ccm.0000000000003808
https://doi.org/10.1186/cc13891
https://doi.org/10.1186/cc13891
https://doi.org/10.1186/cc13891
https://doi.org/10.1016/j.jclinane.2017.12.022
https://doi.org/10.1016/j.jclinane.2017.12.022
https://doi.org/10.1016/j.jclinane.2017.12.022
https://doi.org/10.1016/j.jclinane.2017.12.022
https://doi.org/10.1097/aln.0000000000001753
https://doi.org/10.1097/aln.0000000000001753
https://doi.org/10.1097/aln.0000000000001753
https://doi.org/10.1097/aln.0000000000001753
https://doi.org/10.1186/s13054-019-2545-z
https://doi.org/10.1186/s13054-019-2545-z
https://doi.org/10.1186/s13054-019-2545-z
https://doi.org/10.1186/s13054-019-2545-z

Fluid responsiveness in operating room

2021; 38: 422-31. 66. Ray P, Le Manach Y, Riou B, Houle TT. Statistical evaluation of a
64. Enevoldsen J, Scheeren TWL, Berg JM, Vistisen ST. Existing fluid biomarker. Anesthesiology 2010; 112: 1023-40.

responsiveness studies using the mini-fluid challenge may be 67. Cannesson M, Le Manach Y, Hofer CK, Goarin JP, Lehot JJ, Vallet

misleading: methodological considerations and simulations. B, et al. Assessing the diagnostic accuracy of pulse pressure

Acta Anaesthesiol Scand 2022; 66: 17-24. variations for the prediction of fluid responsiveness: a “gray
65. Monnet X, Marik PE, Teboul JL. Prediction of fluid responsive- zone” approach. Anesthesiology 2011; 115: 231-41.

ness: an update. Ann Intensive Care 2016; 6: 111.

www.anesth-pain-med.org 243


https://doi.org/10.1111/aas.13965
https://doi.org/10.1111/aas.13965
https://doi.org/10.1111/aas.13965
https://doi.org/10.1111/aas.13965
https://doi.org/10.1186/s13613-016-0216-7
https://doi.org/10.1186/s13613-016-0216-7
https://doi.org/10.1097/aln.0b013e3181d47604
https://doi.org/10.1097/aln.0b013e3181d47604

	INTRODUCTION
	PARAMETERS BASED ON HEART-LUNG INTERECTION 
	Pulse pressure and stroke volume variations 
	Respiratory variation of inferior vena cava diameter
	End-expiratory occlusion test 

	TESTS THAT ASSESS FLUID RESPONSIVENESS BY MIMICKING CLASSIC FLUID LOADING 
	Passive leg raising test 
	Mini-fluid challenge 

	PITFALLS IN FLUID MANAGEMENT  
	Gray zone: Uncertainty exists in every test 
	Fluid responsiveness is not an omnipotent rule 
	No need to determine fluid responsiveness in every patient 
	CONCLUSION
	FUNDING
	CONFLICTS OF INTEREST 
	DATA AVAILABILITY STATEMENT 
	AUTHOR CONTRIBUTIONS 
	ORCID
	REFERENCES


