Staggered passive leg raising test for predicting several degrees of fluid responsiveness in mechanical ventilated patients

Universitat de Girona

Facultat de Medicina
R

Department of Anesthesiology and Reanimation, Hospital Univeristari Josep Trueta

Staggered Passive Leg
Raising Test for
predicting several
degrees of fluid
responsiveness in
mechanical ventilated
patients.

An observational study

Author: Rosa Bernabeu Santisteban
Tutor: Antonio Villalonga Morales
January 2017



Staggered passive leg raising test for predicting several degrees of fluid responsiveness in mechanical ventilated patients

Thanks to everyone that got involved in this work.

Thanks to the people working in the Department of Anesthesia and Reanimation in Hospital
Universitari Josep Trueta.

Special thanks to Berta Pardina, Antonio Villalonga and Abel Lopez for their help and
guidance.



Staggered passive leg raising test for predicting several degrees of fluid responsiveness in mechanical ventilated patients

1. ABREVIATIONS.....ciittteiiiiiiitieiineitiieinneeeiensssiiiiesseesssssssssiiesseessnssssssssesesessnsssssssaes
2. ABSTRACT ....ciiiiiiiiieeniiiiiiieiieiieetiiiieietitetnasssiieisettessssssssiessseesssssssssssssseessssssssssssssenns
3. INTRODUCTION ....ccctuuuiirirmnniirernnnierennnsiinennssiinennssienessssissessssistessssessesssssssesssssssensses
3.1 FLUID THERAPY ..ottt ettt san s sra e srae e
3.2  UNDERSTANDING FLUID RESPONSSIVENESS ........cooviiiiiiiiiiiiiiiiiiiicien
3.2.1  FRANK-STARLING PRINCIPLE .....ccocuiiiiiiiiiiiiiiiiiiiciiiic s 10
3.2.2 HEARTH-LUNG INTERACTIONS DURING MECHANICAL VENTILATION ............ 11
3.3 INDICATORS OF FLUID RESPONSSIVENESS.......cccvttiiiiiiiiiiecieeceeec e 12
3.3.1  STATIC INDICATORS OF FLUID RESPONSSIVENESS........cccccovvuiiiiiniiiininiiiininns 13
3.3.1 DINAMIC INDICATORS OF FLUID RESPONSSIVENESS .......ccooeviiiiniiiiiiiiieenne 15
3.4 FLUID RESPONSSIVENESS IN CLINICAL PRACTICE........ettiiiiieiiiieeeeeec e 18
3.4.1  PASSIVE LEG RAISING TEST....ooiiiiiiiiiiiiiiiiiiiiciiicinc e 18
3.4.2  VIGILEO/FLOTRAC SYSTEM ...ccutriiriiienieiieiietesiesiesie ettt eeenens 20
3.4.3 OTHERTECHNIQUES........occtiiiiiiiiiiiicti e 21
4.  JUSTIFICATION ....cccttuuiirtinnniiretnnniirttnniiremnnsiineenssientssssistessssistessssistesssssssesssssssensses 23
L O I 5 1 e 24
6. OBJECTIVES......couuuiiriinniiiiiniiiniininiiniiiiseniinasiniinasiesiesssiesessssissessssissesssssssesssssssenes 24
6.1  MAIN OBJIECTIVE ..ottt e 24
6.2  SECONDARY OBJECTIVES.....oiiiiiiiiiieieeeieee ettt 24
7. METHODS......cittuiiiiiiniinitininiiiiiniiiaertinasertinasieretsasiesersssissersssssserssssssenssssssenes 25
7.1 STUDY DESIGN ....oiiiiiiiiiiiiiiieiiiicitic it 25
7.2 PARTICIPANTS .ottt ettt e e s e e s e e s e e e s e mnes 25
7.2.1  INCLUSION CRITERIA ...ttt e e 25

7.2.2  EXCLUSION CRITERIA......oiiiiiitiiiiiiitic e 25



Staggered passive leg raising test for predicting several degrees of fluid responsiveness in mechanical ventilated patients

78 T Y AN 1V 1 I PP 27
7.3.1  SAMPIE SIZE ueeiiiiieieee e et e e s e e e e e 27
2 T Y- 11 4T o] 1SRy = 1Yot d o o USSRt 27

8.  VARIABLES AND MEASUREMENTS....ccccuiiieiiiiinmnennnnsssssesimmnensssssssssssnnsessssssssssssanes 28
9. DATA COLLECTION AND STUDY CIRCUIT ...ccciuiiiuiirniieniiensiencrncrasesnsssessesssosssnsssnsees 29
10. STATISTICAL ANALYSIS ....cuieiiiiiiiieiiiincteiieniieneteseraserssssesseessasssasssnsssnsssnssanssnnes 31
11. WORK PLAN AND CHRONOGRAM .....ccitttremmennssiiinnninensnssssssssnmmsessssssssssssssssssssssssns 32
12. BUDGET AND FEASIBILITY ...ciiiitrueiiiiniiiiinnnmensssisiiimieessssssssisimmsessssssssssssmsesssssssssss 34
13. STRENGHTS AND LIMITATIONS......cccitiiiiimmmmmnnsisiniiieesssnsssssssimmsssssssssssssssssssssssssses 35
14. IMPACT OF THE STUDY....ccciiitirrmuunnsiiiiininennesssisssinmmmssssssisssimmsmssssssssssssnmsssssssssses 36
15. ETHICAL CONSIDERATIONS......cceuutiiiiiiiiinnnnensisiiiiiiinnsaesssssssinenmssssssssssmensssssssssses 37
16. BIBLIOGRAPHY......ccettueiiiiiiiiiintnnnnnsisiiiiieesssssssisiiiiisessssssssisiiesssssssssssssssssssssnssssss 39
17, ANNEXES ...ccuuuiiiiiiiiiennennsiiiiiiiesssessssisiiiiieesssssssssssiiesesssssssssssstessssssssssssssssesssssssssss 43

17.1 ANNEX 1: CASE-REPORT FORM .....coiiiiiiiiieii ettt eeeeaaisn e s e e e eeeaaas 43

17.2 ANNEX 2: VIGILEO/FLOTRAC SYSTEM ...oviiiteieeieee ettt et evee et eveseeneeeens 44

17.3 ANNEX 3: INFORMED CONSENT SHEET ....cccttttitiiiiriieeeeeeeeeeeeeeeeeeereeeeeeeseeesesesenenen 46

17.4 ANNEX 4: PATIENT INFORMATION SHEET.....cooiiiiiiii, 47

17.5 ANNEX 5: RESEARCHERS COMMITMENT ...ccvvtiiiiiiriiiiiieieiererererererereeerereeereeereeenen 48



Staggered passive leg raising test for predicting several degrees of fluid responsiveness in mechanical ventilated patients

1. ABREVIATIONS

SV Stroke Volume

HR Heart rate

CO Cardiac output

MSP Mean systemic pressure

RAP Right atrial pressure

LV Left ventricle

RV Right ventricle

CVP Central venous pressure
GEDV global end diastolic volume
SVV Stroke volume variation

SV Stroke volume

PPV Pulse pressure variation

TV Tidal volume

RR Respiratory rate

PEEP Positive end expiratory pressure
IH Intraabdominal hypertension
PVR peripheral vascular resistance
ICU Intensive care units

PLR Passive leg raising test

SPLR Staggered passive leg raising test
Sat O, Oxygen saturation

EEO end expiratory occlusion
MAP Mean arterial pressure

OIT orotracheal intubation
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2. ABSTRACT

STAGGERED PASSIVE LEG RAISING TEST TO PREDICT FLUID RESPONSIVENESS IN MECHANICAL

VENTILATED PATIENTS.

Introduction:

Objectives:

Design:

Participants

and methods:

Key words:

Fluid therapy is one of the cornerstones of resuscitation, although only 50% of critically ill
patients are fluid responders. In recent years, the most traditionally used techniques to
understand patient’s fluid status, such as central venous pressure (CVP) or mean arterial
pressure (MAP), have shown to be unreliable in predicting fluid responsiveness.
Consequently, new techniques have been developed as improved predictors, such as,
stroke volume variation (SVV) or continuous cardiac output (CO) monitoring systems.
FloTrac/Vigileo system calculates continuous CO and SVV by analyzing the arterial pulse
waveform though semi-invasive arterial catheterization.

Passive leg raising (PLR) test is an alternative preload-modifying maneuver: when inferior
limbs are raised an amount of blood is autotransfused to the central circulation. PLR has
been included in several guidelines in critically ill patient’s resuscitation. Combined with a
SVV and CO monitoring system, PLR may help predict fluid responsiveness in critically ill
patients.

However, none of these techniques have been proved to predict several degrees of fluid
responsiveness, which could lead to a better and more individualized fluid therapy, where
patients would receive the amount of fluid that their heart can manage.

The aim of this study is to evaluate if Staggered Passive Leg Raising (SPLR) test can trigger
significant changes on SVV, CO and MAP assessed by Vigileo/FloTrac device in mechanical
ventilated patients in order to establish several degrees of fluid responsiveness.

This is an observational, cross-sectional study performed in The department of
Anesthesiology in a third level teaching facility, Hospital Universitari Josep Trueta. The
study will be performed in 2017.

Patients (n=32) attending the operating room between April and May 2017 for a major
surgery who will need monitoring with Vigileo/FloTrac device, CVP and mechanical
ventilation.

Measurements of SVV, CO and MAP will be obtained with Vigileo/FloTrac in baseline
status, during SPLR test and after a fluid bolus. ANOVA analysis for repeated measures will
be used for analyzing mean SVV, CO and MAP.

Fluid responsiveness, Vigileo/FloTrac, Passive leg raising (PLR), stoke volume variation

(SVV), Cardiac output (CO)
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3. INTRODUCTION

3.1 FLUID THERAPY

The cornerstone of resuscitation of hemodynamic unstable critically ill patients is often
considered to be fluid loading (1). The need of fluid is a common situation in critical care and
postsurgical patients and it may be a consequence of hormonal response to surgical stress (2),
blood loss, maintenance of postsurgical fluid therapy, gastrointestinal or urinary loss, fluid
redistribution, insensible loss due to the exposure in the surgical camp (2), burns or fever (3).
Moreover, the surgical patient can present hemodynamic changes secondary to vasodilatation
of the anesthetic drugs and neuroaxial block (2,4), and the surgical position or pressure on
some cavities of the body during the surgery, as in laparotomy (5). All these situations can
develop a functional or organic fluid depletion (6).

The aim of the fluid treatment is to ensure an adequate tissue perfusion including the
damaged tissue to help wounds healing (2), by increasing cardiac output and oxygen delivery
(7) but avoiding fluid therapy complication. Fluid balance near to zero is capable of reducing
the postoperative complications in a dose-response relation, especially the cardiopulmonary
complications(8). Consequences of fluid overload may be systemic, the pooling in the
interstitium can lead to tissue edema affecting gut motility predisposing to postoperative ileus
(9), lung and tissue edema (10), exerting hydrostatic pressure on microvasculature and
difficulting tissue perfusion and oxygenation, and also impair wound healing predisposing to
wound infection and dehiscence (11).

There are several situations in whose fluid theraphy is indicated: resuscitation of a critical
ill patient, routine maintenance, reposition of fluid loose and redistribution of fluid, moreover
the reassessment of the indication of the treatment is very important (3).

Both, hypervolemia and hypovolemia are harmful states and attempts have to be made to

administer the treatment in consonance with the patient status (12). Fluid therapy needs to be
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seen as a treatment, evaluating its pros and cons, trying to avoid overdose or underdose in
order to avoid collateral effects (7).

In critical ill patients, fluid overload can prolong mechanical ventilation and increase
mortality of critically ill patients in general, but specially in patients with sepsis (13—15), acute
respiratory distress syndrome (16—18), intra-abdominal hypertension (19) and acute kidney
injury (20,2). Rivers et al. demonstrated in a study that a protocol of early goal-directed
therapy reduces organ failure and improves survival in patients with severe sepsis and septic
shock (17).

Little evidence is available for the type and exact dosing of fluid administration (1,3). The
resuscitation of the critically ill patient requires an accurate assessment of the patient’s
intravascular volume status and the likelihood that the patient will respond to a fluid
challenge. So indeed, resuscitation depends on volume responsiveness, or what is the same, it
depends on the cardiac preload and the increase in stroke volume after starting the fluid

therapy (22).
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3.2 UNDERSTANDING FLUID RESPONSSIVENESS

The main objective of cardiorespiratory system is to ensure tissue oxygenation, and the
arrival of oxygen depends on cardiac output (CO) and arterial content of O,. When assessing a
patient in a critical situation, it is very important to keep in mind figure 1 scheme, because a

correct oxygenation is crucial for his/her prognosis.

Tissue

oxigenation

. Arterial
| Cardiac output | content of O,
Stroke Volume Cardiac Rate Hemoglobin 0, saturation Arterial
Pressure of O,
Preload Afterload Cardiac
Contractility

Figure 1. Determinants of tissue oxygenation (23).

One of the difficulties of fluid treatment is based on the different response to fluids,
studies on different patients populations have demonstrated that only 50% of the patients are
fluid responders (1,24-26). Thus when tissue hypoperfusion is likely, it is key to find out the
patient’s position on the cardiac performance curve or Frank Starling curve to predict whether
an increase in CO or SV is to be expected from fluid loading (1)

CO is the product of stroke volume (SV) and heart rate (HR) (23,27), and it is an extremely
important cardiovascular variable that is continuously adjusted so that the cardiovascular
system operates to meet the body transport needs. In turn, SV is determined by preload,

afterload and cardiac contractility, as Frank Starling’s law states(7,22,23,27,28).
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Besides, preload depends on venous return (VR), which is defined by mean systemic

pressure (MSP), vascular resistance and right atrial pressure (RAP):

MSP -RAP
VR = .
Vascular resistance

(28);

meaning that venous return can be increased by fluid loading (1). However, if this increase in
venous return can produce an increase in SV depends, inter alia, on heart contractility. For
example, it has been studied that non-volume responsive patients do not increase their CO

presumably because the increase in arterial pressure-induced left ventricular afterload was a

more important determinant of CO than was the increase in MSP (29).

3.2.1 FRANK-STARLING PRINCIPLE

According to Frank-Starling principle, as the preload increases, left ventricular stroke
volume increases until the optimal preload is achieved at which point the stroke volume
remains relatively constant. Once the left ventricle is functioning near the “flat” part of the
curve, fluid loading has little effect on the stroke volume (22). The shape of the Frank Starling
curve is dependent on other factors influencing cardiac function besides preload, most notably
contractility and afterload (1). Thus, varying shapes in the Frank-Starling curve can lead to
different cardiac response depending on ventricular systolic function. (7) (Figure 2)

In normal physiological

Stroke
volume conditions, both  ventricles

Normal
ventricular systolic function

operate on the ascending

portion of the Frank-Starling

%/’ Poor curve, and this mechanism

0l Fancian /T\ ////;/"’"_ 1 ventricular systolic function

///// provides a functional reserve to

the hearth in situations of acute

Cardiac preload
stress (22)

Cardiac function does not

10

Figure 2 Frank-Starling relationship (7)
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depend directly and solely on the cardiac preload and consequently it does not help in
predicting fluid responsiveness, however an increase in stroke volume and cardiac output as

ventricular systolic function indicators can predict fluid responsiveness (7).

3.2.2 HEARTH-LUNG  INTERACTIONS DURING  MECHANICAL

VENTILATION

Mechanical insufflations decrease preload and increase afterload of the right ventricle (RV)
due to the decrease in the venous return pressure gradient and to the inspiratory increase in
transpulmonary pressure (22). Both, lead to a reduction in RV stroke volume.

The inspiratory reduction in RV ejection leads to a decrease in left ventricle (LV) filling, thus
the LV preload reduction may induce a decrease in LV stroke volume. The cyclic changes in RV
and LV stroke volume are greater when the ventricles operate on the steep rather than the flat
portion of the Frank-Starling curve (Figure 3) (22). The magnitude of the respiratory changes in
LV stroke volume assessed as stroke volume variation (SVV) is an indicator of biventricular

preload dependence (22).

Mpﬂmmy+[ \LV preload H N LV stroke

transit time: volume

A LV stroke

|
|
I
I
I
I
|I
¥ v

’ ALV preload
Pulse pressure Pulse pressure
MAXIMUM MINIMUM
at the end of inspiration during expiratory period

Figure 3: Hearth-lung interactions, hemodiynamic effects of mechanical ventilation. (22)
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3.3 INDICATORS OF FLUID RESPONSSIVENESS

During the past 20 years, a number of tests for predicting volume responsiveness have
been developed to allow the clinician to determine the individual patient’s position on his/her
Frank-Starling curve, and thus determine whether the patient is likely to be fluid-responsive or
not (22) (Table 1). The need for predictors of fluid responsiveness is high to select patients who
might benefit from fluid loading, and thereby avoiding ineffective and potentially deleterious
fluid administration in situations where inotropics may better be used (1).

Several indicators have been used to test preload responsiveness (Table 1). We can classify
them in static and dynamic indicators, latest recommendations are to use dynamic rather than
static indicators, when possible, to predict fluid responsiveness (1,12,24,26,30-32). However,
in routine clinical practice, the conditions necessary to predict fluid responsiveness with
dynamic indicators are not usually met (1,7), a recent prospective French study reported an
incidence of 17% of instances where the reliability of PPV and SVV could be used without
limitation in ICU, while in the operating room setting, PPV and SVV monitoring can be applied
more frequently (33).

To choose the correct test for each clinical situation, it is important to keep in mind that
each one has its limitations and different diagnostic thresholds (Table 2). These tests

dynamically monitor the change in stroke volume after a maneuver that increases or decreases

STATIC PARAMETERS DYNAMIC PARAMETERS venous  return  or

Differential arterial pressure Systolic arterial pressure variation preload (22).
Mean arterial pressure Diastolic arterial pressure variation
Central venous pressure Stroke volume variation

Pulmonary artery occlusion pressure

Heart rate

Diuresis

Table 1: Static and dynamic parameters for predicting fluid responsiveness (23).

12
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3.3.1 STATIC INDICATORS OF FLUID RESPONSSIVENESS

Static indicators as Central Venous Pressure (CVP), pulmonary artery occlusion pressure,
the global end-diastolic volume measured with transpulmonary thermodilution, left ventricular
end-diastolic dimensions measured by echocardiography and the flow time of aortic flow by
esophageal Doppler, are all bad indicators of fluid responsiveness (7). The inability to reflect
preload responsiveness is given again by the shape of the Frank-Starling curve which can vary

from one patient to another or even can change in a patient from one time to another (7)

(Figure 2).
Method Threshold  Main limitations
Pulse pressure/stroke volume variations [22] 12% Cannot be used in case of spontaneous breathing, cardiac arrhythmias, low tidal volume/
lung compliance
Inferior vena cava diamet: iations [44] 12% Cannot be used in case of spontaneous breathing, low tidal volume/lung compliance
Superior vena caval diameter variations [44] 36%* Requires performing transesophageal Doppler
Cannot be used in case of spontaneous breathing, low tidal volume/lung compliance
Passive leg raising [55 10% Requires a direct measurement of cardiac output
End-expiratory occlusion test [75] 5% Cannot be used in non-intubated patients
Cannot be used in patients who interrupt a 15-s respiratory hold
"Mini"-fluid challenge ( nl) [84] 6%** Requires a predise technique for measuring cardiac output

*Conventional”fluid challenge (500 mL) [81] 15% Requires a direct measurement of cardiac output

Induces fluid overload if repeated

* Thresholds from 12 to 40% have been reported
** 10% is more compatible with echography precision. Citations indicate the most important reference regarding the test

Table 2 Summary of methods predicting preload responsiveness with diagnostic threshold and limitations (7)

CVP has been used for decades to test preload responsiveness and it has been
demonstrated as unreliable (7,12,34,35), more than 100 studies have been published
demonstrating no relationship between CVP or its change and fluid responsiveness in various
clinical settings (34). CVP is a good approximation of right atrial pressure which is a major
determinant of RV filling, and because RV stroke volume determines LV filling, CVP is assumed
to be an indirect measure of LV preload (7). However, there are other factors that can
influence on its measure such as changes in venous tone, intratorathic pressures or LV and RV
compliance (22). At any rate CVP is a key determinant of cardiac function, organ perfusion and
a good marker of preload, but not preload responsiveness (7). Yet despite this, several studies
showed that static markers of preload as CVP are still used in intensive care units and in the

operating room (36,37), although many authors and works have recommended not to use CVP

13
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routinely for guiding fluid management in the ICU, operating room, or emergency room
(7,22,34).

A static value could correspond to preload responsiveness as well as preload
unresponsiveness, depending on the shape of the Frank-Starling curve , and that is a limitation
of all static values like CVP named before (1,7).

The measure of left ventricle end diastolic volume obtained with echocardiography has
been introduced as a clinical variable to assess the preload, nevertheless, it has limitations like
the learning curve and the impossibility of continuous monitoring for a long time (2). It has also
been demonstrated that it is not a good predictor of fluid responsiveness (38)

The global end-diastolic volume (GEDV) measured with transpulmonary thermodilution is
the sum of all volumes at the end of diastole in the atria and ventricles, being equivalent to
preload. Mathematical analysis of transpulmonary thermodilution curve and the continuous
measure of cardiac output, based in pulse contour analysis offers the possibility of measuring
GEDV (2). GEDV measured with transpulmonary thermodilution is the only static measure that
can reflect preload and fluid responsiveness and, unlike dynamic parameters, its measure is

not influenced by spontaneous breathing (2)

14
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3.3.1 DINAMIC INDICATORS OF FLUID RESPONSSIVENESS

The first method developed for the dynamic assessment of preload responsiveness was
stroke volume variation (SVV) (7). SVV is a naturally occurring phenomenon in which the
arterial pulse pressure falls in inspiration and rises during expiration due to changes in intra-

thoracic pressure, secondary to negative pressure ventilation in spontaneous breathing (23).

Traditionally, SVV is calculated as: SVV = (SVmax — Sme)/Sv mean

over a respiratory cycle or other period of time (23). For measuring SVV, mechanical
ventilation can be used as a provocative test where the patient needs to be using positive
pressure ventilation (7,23). The rationale is that, during positive pressure ventilation,
insufflations decrease preload of the right ventricle, inducing a decrease in preload of the left
ventricle that leads to diminution in left stroke volume (SV) (SVmin) (23), and during
expiration the opposite situation occurs (SVmax) (Figure 4). If left ventricular stroke volume
changes in response to cyclic positive pressure ventilation, this indicates that both ventricles

are preload dependent (7).

25 - 110
SVmax / /

o 20 ‘L 4100 %
> > /\»‘{ SVmin / Y \"‘ R0 4
Q_% 10 ! / ‘ \ y ! /! b %Y a R 3 I\ 80 ‘i'-U
T Wik Mol 7 I At e ®
g sh || ( e W \ VAV IV N [\ d70 €8
c \ \ i Vo 1 i v c
< 0 [ ehniamd \—WWJ' \/\MWAWJ 60 ®

-5 R . A . R . 50

1 2 3 4 5 6 7

Time (seconds)

Figure 4: Stroke volume variation in controlled ventilated patients (23)

Pulse pressure variation (PPV) is the comparable measurement to SVV. Arterial pressure
rises during inspiration and falls during expiration due to changes in intra-thorathic pressure
secondary to positive pressure ventilation (23). In recent years, PPV has accumulate a large
amount of evidence (26,39,40). PPV is obtained directly from the peripheral arterial pressure
waveform, while SVV can be peripherally derived from subsequent pulse contour analysis of

15
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this arterial pressure waveform, but both peripherally derived parameters are an accurate
reflection of central SVV (1). A value of PPV above 12% has shown to be highly predictive of
fluid responsiveness (1)
SVV and PPV are not preload indicators, but indicators of relative response to preload (23)
It is important to understand that there are some circumstances depending on the

situation of the patients, which can affect the measure of SVV and PPV (2) (Table 2)

Tidal Volume Needs to be >8ml/kg, large enough to facilitate significant changes
in preload (23,41)

Open Thorax Increases intrathorathic pressure. Dynamic indicators are not
useful (2)

Intraabdominal Hypertension  Controversial (see text for more information)

PEEP Increases intrathorathic pressure. No diagnostic threshold (2,23)

Spontaneous Breathing SVV was found to be inaccurate in patients with spontaneous

breathing activity (23,42)

Arrhythmia SVV and PPV become highly variable and inaccurate with

arrhythmias such as atrial fibrillation (1,23)
Vascular tone Should be considered as it can lead to inaccurate SVV (23)
Very high respiratory rate (RR) False negative (7) if RR is >35 (23)

Right heart failure The increase in right ventricular afterload could be responsible of

some false positives in SVV and PPV(7,23)
Heart rate (HR) Should be < 150 bpm (23)

Table 3. Limitations of SVV and PPV as predictors of fluid responsiveness.

Cyclic changes in intrathorathic pressure and in tidal volume can reflect changes in stroke
volume (SV) by reducing venous return, which can be further diminished in an hypovolemic
situation (2). Changes in dynamic indicators are more reliable when TV is high (2), many
studies assessed that SVV and PPV are good predictors only when TV is at least 8 ml/kg
(1,2,7,23). The use of dynamic indicators and its variation cannot be used in patients
undergoing thorax surgery because of the changes in intrathorathical pressure (2). The same
physiopathology explains that increases in positive end expiration pressure (PEEP) make
difficult the evaluation of dynamic indicators (23), besides, diagnostic threshold for VVS is not

defined when PEEP is used.(2) As it has been explained before, SVV and PPV cannot be

16
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measured during spontaneous breathing due to the influence of changes in intratorathic
pressure during its measure (1,2,22,42).

It has been postulated that noradrenalin is a drug that can induce changes directly in
capacitancy vessels (2) where the major proportion of blood volume resides in (1), altering PPV
and SVV (2). Is necessary to take into account that, evaluating dynamic indicators with
apparels based on pulse pressure waveform in situations when there are changes in vascular
tone, makes SVV and PPV values less reliable. However, later versions of this machines have
improved its precision in patients with sepsis or alteration in vessels contractility (23).

If intraabdominal hypertension (IH) affects to venous return is a controversial issue. Some
authors postulate that IH can decrease venous return as a consequence of inferior cava venous
compression and collapse (2,43,44). However, other authors, and among them, Monnet et al,
postulate that the position in which PLR is done, decreases IH by reducing the weight of the
diaphragm and thorax on the abdominal cavity (43). Accurate investigation in this issue is

needed to understand the real effect of IH during PLR, thus the question remains unsolved.

17
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3.4 FLUID RESPONSSIVENESS IN CLINICAL PRACTICE

The most common and validated way to predict fluid responsiveness in clinical practice is
either to use a SVV or a CO monitoring system. Although the ideal situation would be to use
SVV, very often, criteria needed for using SVV cannot be applied in our patients because of
their comorbidities or their clinical situation.

However, to predict fluid responsiveness using CO monitoring, two methods must be
combined, to generate the changes in preload on one hand, and to measure de subsequent

changes in stroke volume on the other hand (1).

3.4.1 PASSIVE LEG RAISING TEST

Passive Leg Raising (PLR) test is a diagnostic tool for prediction fluid responsiveness which
can be considered as a reversible or virtual fluid challenge (43) of around 300mL of blood (45).
The maneuver consists in moving the patient to a position in which the trunk is horizontal and
the lower limbs are lifted at 45°, mobilizing some venous blood from the lower limbs and the
abdomen toward de cardiac cavities (7,43). PLR promotes venous return and increases right
and left cardiac preload to an extent that is sufficient to challenge preload responsiveness of
both ventricles (46) with a maximum increase within the first 60 or 90 seconds (1,23). PLR test
is now accepted as a test for predicting fluid responsiveness in clinical practice, having recently
been recommended by a consensus conference of the European Society of Intensive Care
Medicine (12) and has also been implemented in the bundles of the Surviving Sepsis Campaign
(47).

The importance of the correct positioning of the patient when performing the PLR test has
been studied, and it has been widely demonstrated that starting the maneuver from semi-

recumbent position augments the effects of the test on cardiac preload. (7,22,43,45,48).
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transfer of blood
from the legs and abdominal
compartments

=test for
fluid responsiveness

passive leg raising

Figure 4 Passive leg raising. The passive leg raising test consists in measuring the hemodynamic effects of a leg elevation up to 45°. A simple

ostural maneuver is to transfer the patient from the semirecumbent posture to the passive leg raising position by using
the automatic motion of the bed.

Figure 5: Passive leg raising test maneuver (22).

One of the advantages of PLR test is that it can be used in instances in which the fluid
responsiveness based on SVV is not reliable (spontaneous breathing, cardiac arrhythmias, low
lung compliance and low tidal volume) (49)

Since PLR is insufficient to induce a significant increase in arterial pressure (43,50), effects
of the PLR must be assessed by the direct measurement of CO (7,43). Other of the main
advantages of PLR is that, a meta-analysis in 2010 demonstrated that PLR-induced changes in
cardiac output (CO) predicted fluid responsiveness regardless of the technique of CO
measurement (50), thus PLR-induced changes in cardiac output (CO) can be measured with
methods that are able to track changes in CO or stroke volume on a real-time basis.
Echocardiography, pulse contour analysis, esophageal Doppler, bioreactance and
photoplethysmography have demonstrated similar results (7,43).

An important point to keep in mind about PLR test and other methods for predicting fluid
responsiveness is that a positive PLR test should not systematically lead to administering fluid,
this decision should be made taking into account the clinical situation of the patient, since fluid

responsiveness is not associated with improved outcome. (43)
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3.4.2 VIGILEO/FLOTRAC SYSTEM

Vigileo/FloTrac system from Edwards Lifesciences, is a minimally invasive hemodynamic
monitoring based on pulse pressure waveform analysis, that enables the clinician to monitor
on real time CO, SV, SVV, cardiac index, stroke variation index and peripheral vascular
resistance (PVR) (Annex 2) using a complex algorithm.(23,51) This algorithm (Annex 2) is based
on the principle that pulse pressure is proportional to SV and is inversely related to aortic
distensibility (23).

The FloTrac system is a specific pressure transducer attached to any commercially

available arterial catheter and connected to a specific monitor (Vigileo). (52)
Channeling radial artery, FloTrac algorithm calculates CO correlating the variance between
systolic and diastolic pressure and compensating for changes in vascular physiology affecting
the pressure waveform every 20 seconds (23). Vessel compliance is estimated from
nomograms based on age, gender, height, and weight; and peripheral resistance is determined
from arterial waveform characteristics (52).

However, Vigileo/FloTrac system shouldn’t be used in all situations, although it has lately
improved its efficiency in many clinical situations, its use is still being disputed in extreme
vasodilatation, hyperdynamic circulation, hepatic cirrhosis, intraaortic counter-pulsation
balloons and aortic regurgitation (23).

Vigileo/FloTrac system is a good tool used in patients under major surgery or
hemodynamically unstable to help optimizing the therapy the patient is receiving (23,51), it's a
good tool to understand better and more accurately the clinical situation of the patient. It is
also a valid, easy to use option for predicting fluid responsiveness as it’s shown in Figure 6.

An increase in pulse contour analysis calculated CO by more than 10% in response to PLR
has been shown to accurately predict volume responsiveness in mechanically ventilated

patients with spontaneous breathing activity (43,53,54).
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Passive leg
raising test or fluid

challenge.

Figure 6: How to assess Stroke volume variation in clinical practice. Adapted from (32)
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co?

(clinical examination, SV, CO, SatO,, measurements,
lactate level, renal failure...)

Yes
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Yes

No .
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Yes

How is SVV?
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3.4.3 OTHER TECHNIQUES

> 15

%

When assessing fluid responsiveness, a fluid challenge of 500 mL can be administered, but

fluid challenge has two major drawbacks, firstly it requires a direct measurement of cardiac

output and cannot be based solely on arterial pressure changes; secondly, the fluid challenge is

not a test but a treatment itself, and patients who need more than one fluid challenge, will

receive unnecessary fluid loading (1,7). To avoid these disadvantages, a “mini-fluid” challenge

with 100 mL colloid has been described, and effects of both, the fluid challenge with 500 mL

and mini-fluid challenge with 100 mL, can be assessed with Vigileo/FloTrac system to obtain

parameters as CO, SV, cardiac index, stroke volume index, SVV or PVR (23).
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After invasive arterial pulse pressure, many other surrogates of stroke volume have been
investigated to assess SVV during mechanical ventilation and research has focused on less
invasive and non invasive techniques (7). The ventilation-induced variations in arterial pulse
pressure estimated by photoplethysmography (55), SV measured by pulse contour analysis,
the velocity time integral of the flow in the left ventricular outflow track at echocardiography,
the aortic blood flow by esophageal Doppler (56), GEDV measured with transpulmonary
thermodilution (2) and the amplitude of the plethysmographic signal (57,58) have been
established as preload responsiveness indicators (26,39).

Although it is not possible to monitor them continuously, echocardiographic assessment of
inferior and superior vena cava diameter and collapsibility, respectively, have shown to
accurately predict fluid responsiveness (7,59). However it requires transesophageal
echocardiography (22), with its limitations and lack of availability and it has been less well
studied without an established diagnostic threshold and less specificity and sensitivity
(7,60,61).

Various other methods have been developed, such as the end-expiratory occlusion test,
the respiratory systolic variation test (RSVT) and PEEP—induced change in hemodynamic
parameters, to predict fluid responsiveness while avoiding many of the caveats existing for
SVV and PPV, and they appear to be as accurate as PPV and SVV (7,62,63). The end-expiratory
occlusion (EEOQ) test consists on interrupting mechanical ventilation for at least 15 seconds
(53), removing the positive pressure from the machine and increasing cardiac preload
transiently, if cardiac output increases in response to this EEO, it indicates preload

responsiveness of both ventricles (7).
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4. JUSTIFICATION

Traditionally used parameters to understand patient’s hemodynamical situation such as
arterial blood pressure, mean arterial pressure (MAP), HR or CVP, have been demonstrated as
unable to predict fluid responsiveness (7,22), although they are indispensable for the
management of a critically ill patient in ICU, in the operating room or in the emergency room.

In recent years, new parameters have been developed to better understand fluid
responsiveness, and among them SVV and CO monitoring systems have gained importance
thanks to new minimally invasive systems available for their measurement. Vigileo/FloTrac
pulse contour analysis system is one of these minimally invasive techniques which is being
used worldwide in patients undergoing major surgery, allowing the clinician to have more
information of the patient’s cardiocirculatory state (23). As medicine evolves to
individualization of cancer treatments, many other disciplines are doing the same, as for
example, the resuscitation of a critically ill patient.

PLR maneuver, which has been traditionally used as a treatment for dizziness, it's now a
useful test that can be performed in almost all clinical situations. Since PLR is defined by some
authors as an autotransfusion(7,22,43), we have developed the hypothesis that staggering PLR
could be useful for establishing degrees of fluid responsiveness.

Staggered passive leg raising (SPLR) test consists on an adaptation of PLR test, which adds
one step to this test by performing one-leg PLR before the traditional two-leg PLR. If our
hypothesis is confirmed, this study could be the first step being able to give the patients a
more individualized fluid therapy, based on each patient specific needs. The modification of
the PLR test into stages (SPLR test) could differentiate and classify patients who are fluid
responders into two groups: partial fluid responders (the ones that only are responders to
one-leg PLR), or total fluid responders (the ones who are responders to both, one-leg PLR and

two-leg PLR).
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5. HYPOTHESIS

Changes in SVV and CO assessed by the Vigileo/Flo-track during the Staggered Passive Leg
Raising test are a useful tool to evaluate several degrees of fluid responsiveness in

mechanically ventilated patients.

6. OBJECTIVES

6.1 MAIN OBJECTIVE

To evaluate if SPLR test can trigger significant changes on CO, SVV and MAP assessed by
Vigileo/Flotrac device in mechanically ventilated patients attending Hospital Universitari Josep

Trueta of Girona for a major surgical process.

6.2 SECONDARY OBJECTIVES

e To define the proportion of patients who have SVV 2 12% during one-leg PLR and also
SVV 2 14% during two-leg PLR (partial fluid responders).
e To define the proportion of patients who have SVV 2 12% during one-leg PLR and also

SVV < 14% during two-leg PLR (total fluid responders).

24



Staggered passive leg raising test for predicting several degrees of fluid responsiveness in mechanical ventilated patients

7. METHODS

7.1 STUDY DESIGN

The study is a Hospital based, observational, cross-sectional, study with a consecutive
method of sampling of patients attending the operating room of Hospital Universitari
Josep Trueta in Girona for a major surgery procedure that meet the inclusion criteria.

Data will be collected before starting surgery.

7.2 PARTICIPANTS

The participants in the study will be patients between 18 and 70 years attending the
operating room in Hospital Universitari Josep Trueta for a major surgery who due to the
aggressiveness of the surgery, will need monitoring with Vigileo/FloTrack device, CVP and

mechanical ventilation during the surgery, and who meet the inclusion criteria.

7.2.1 INCLUSION CRITERIA

All five inclusion criteria must be present:
e Mechanical ventilated patients
e Sinusal rhythm
e Need of Vigilieo/Flo-Track device for monitoring during the surgery
e Between 18 and 70 years

e SVV>10%

7.2.2 EXCLUSION CRITERIA

e Valvular heart disease
e Intracardiac shunts

e Preoperative arrhythmia
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Regional myocardical asynchrony

e Peripherial vascular disease

e Ejection fraction less than 30%

e Pacemarker carriers

e Need of cardiac support (pacemaker or intra-aortic balloon pump carriers).
e Amputation of any of the lower members

e Osteoarthritis

e Need of vasoplegic drugs

e Septic shock

e Diabetic neuropathy
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7.3SAMPLE

7.3.1 Sample size

Calculation of the sample size has been done using GRANMO application, taking in account
that SVV is the most important variable for our study, and based on data published by other
studies (64,65).

Assuming a standard deviation of 4 for this variable, a loss rate of 0%, and accepting an
alpha risk of 0.05 and a beta risk under 0.2 in a bilateral contrast, 32 subjects will be needed to
detect a difference equal or greater than 2 standard deviations in mean SVV.

In Hospital Universitari Josep Trueta, at least 5 patients per week go through a major
surgical procedure; therefore the time needed for collecting all the data necessary for our

study will be approximately of 7 weeks.

7.3.2 Sample selection

Subjects included in the study will be patients attending the operating room in Hospital
Universitari Josep Trueta of Girona for a major procedure that will need general anaesthesia,
mechanical ventilation and Vigileo/FloTrac system monitoring, meeting the inclusion and
exclusion criteria.

Patients attending the study will be selected at the operating room, after the evaluation in

preanesthetic consultation where potential candidates will be evaluated.
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8. VARIABLES AND MEASUREMENTS

All the data will be collected into the case-report form attached in Annex 1 in four
moments (baseline status, during SPLR and after a fluid bolus) and registered with Edwards-
Vigileo/FloTrac system which has shown its validity and reproducibility in different clinical
situations (66—68). As Vigileo/FloTrac system gives constant information of the parameters, we
will collect the data of our variables once in each of the four steps of data collection.

MAIN VARIABLES

Stroke volume variation It is a quantitative discrete variable calculated as
SVV = SVmax — SVmin/Sv mean ©OVEr a respiratory cycle (23).

Cardiac output is a quantitative continuous variable, calculated with FloTrac algorithm as
COAP = FP x ds(PA) X y (23) (see Annex 2). Cardiac output depends on age, stress,
metabolical state and corporal surface among others (28).

Mean Arterial Pressure is a quantitative continuous variable that can be calculated as

MAP =DP + % (SP — DP). (28)

For our secondary objective, if statistical analysis shows differences between mean SVV,
CO and MAP in several measurements during SPLR test; we will classify the patients into two
categories using a new dichotomous variable defined by us as fluid response to SPLR:

o Partial fluid responders, defined as patients who show a SVV > 12% during one-leg
PLR and a SVV 2 14% during two-leg PLR.
o Total fluid responders, defined as patients who show a SVV 2 12% during one-leg
PLR and a SVV < 14% during two-leg PLR.
This classification will allow us to analyze if describing several degrees of fluid responsiveness
is possible.
COVARIATES

Age (measured in years) and Gender (female or male)

28



Staggered passive leg raising test for predicting several degrees of fluid responsiveness in mechanical ventilated patients

9. DATA COLLECTION AND STUDY CIRCUIT

During 7 weeks, medical personal of the department of Anestesiology and Reanimation of
Hospital Universitari of Girona who participate in the study, will collect the data from every
patient that fulfils the criteria of our study, using the case-report form (Annex 1). Data will be
collected in the operating room, before starting the surgery.

PREPARATION

Before starting anesthetic induction and during preoperative period, patients will be
monitored with pulseoxymeter for SatO,, sphygmomanometer to control systolic pressure,
MAP and diastolic pressure, five-lead electrocardiography, and oxygen with facial mask. All
measures will be in accordance with institutional standards.

As we explained before, drugs used in anesthetic induction can have different
hemodynamic effects, hence the importance of a standardized anesthetic induction and
maintenance for our study. For the anesthetic induction we will use:

e Midazolam: 1 to 5 mg intravenous, in relation with weight and age. This is the dose
used in clinical practice to decrease the patient’s preoperative anxiety.

e Fentanyl: 2 mcgr/kg

e Propofol: 1’5 to 2’5 mg/kg in relation with basal status and age of the patient.

e Rocuronium: 0’5 mg/kg.

After anesthetic induction we will proceed to orotracheal intubation (OTI) and anesthetic
maintenance will be done with Sevofluorane maintaining a minimum alveolar concentration
between 0,5% and 1%. Mechanical ventilation will be maintained with a General Electric
Ventilator using a volume-controlled mode: tidal volume > 8 ml/kg, and RR of 12 breaths per
minute.

With the patient anesthetized, we will carry out the placement of the catheter in the radial
artery to start minimally invasive monitoring with Vigileo/FloTrac device, providing invasive
blood pressure measurement, CO, SVV, PVR, and cardiac index. Monitoring of CVP will also be
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needed for intraoperative hemodinamical monitoring. Later, a heavy gauge cannula will be
channeled, to use just in case it is needed during the surgery. This process should last between
15 and 20 minutes, which is time enough for the patient to stabilize after the anesthetic
induction and OTI.

DATA COLLECTION

With the patient stabilized and anesthetized with Sevofluorane ensuring a minimum
alveolar concentration between 0.5 % and 1% and a SVV >10 % we will proceed to data
collection.

Baseline determination will be done first with the patient in the semi recumbent position:
head elevated 45°. As the patient will be lying on supine position during the preparation
process, after the change to the semi recumbent position, we will wait 2 minutes until his/her
body stabilizes in the new position.

The second determination will be done while elevating one leg (one leg-PLR test). It is
important to understand that PLR test always starts from the semi recumbent position (23,45)
and legs have to be elevated 45° simultaneously with the descent of the trunk to the supine
position. To avoid confounding factors we will elevate the right leg placing a wedge pillow
usually used in the operating room to ease intubation of patients with difficult airway. We will
collect the data 120 seconds after positional change, when the maximum effect takes place.

Once data of one leg-PLR test are collected, the patient will return to semi recumbent
position during 5 minutes, time enough for its body to adapt hemodinamically to the new
position. Again, two leg-PLR test will be done starting from the semi recumbent position and
elevating legs to 45° simultaneously with the descent of the trunk to the supine position. Data
will be collected 120 seconds after positional change, and returning to supine position after it.

Finally, 4 mL/kg of an electrolytic solution will be perfused in 5 minutes (3). This input of
liquid is not aggressive after an anesthetic induction in a patient that is in famis diet for more

than 6 hours. Data will be collected 2 minutes after the infusion.
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10.STATISTICAL ANALYSIS

All the statistical variables analysis will be performed using IBM Statistical Package for
Social Science (SPSS) version 23.0. Statistical significance will be considered at a p value < 0,5
and confidence intervals will be calculated at 95%.

e DESCRIPTIVE ANALYSIS

Results of data collected will be presented as percentages and proportions for categorical
variables. For quantitative variables, results of data collected will be presented as mean + SD
and interquartile range (25-75) depending on whether they have a normal distribution or not.

e BIVARIATE ANALYSIS

To study the relationship between mean SSV, CO and MAP repeated measures during SPLR
test and after a bolus of fluid, we will use ANOVA analysis for repeated measures.

If the ANOVA analysis for repeated measures shows statistic differences we will assess our
secondary objectives by analyzing and describing the proportion of patients defined as partial
fluid responders or total fluid responders.

e MULTIVARIANT ANALYSIS

A lineal multiple regression analysis will be conducted in order to adjust the relationship

between changes in mean SSV, CO and MAP in the different groups with potential

confounders (gender and age) and to give more external validity to our study.
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11. WORK PLAN AND CHRONOGRAM

All the study process is expected to last 11 months. Activities carried out during this time
will be organized in the following 4 phases.

PASE 1: PREPARATION AND COORDINATION

This first part of the study lasts two months and consists on the elaboration of the current
protocol from November 2016 to January 2017.

In order to specify the tasks every member of the team will be in charge, investigators,
collaborators and statisticians will met. The methods of data collection will be discussed and
set up, and the chronogram will be corrected with the collaboration of the members of the
research team. Also during this meeting we will instruct all the researchers participating in the
data collection process to ensure it is correct. Once the protocol is approved by all the team
participating and ready, we will present it to the Ethical Committee of Hospital Univeristari
Josep Trueta for its evaluation and approval.

In order to control de data collected, asses the progress of the study, identify deficiencies
and correct methodological flaws, the researchers will meet once.

PHASE 2: DATA COLLECTION

This part of the study lasts 7 weeks and consists on the selection of the patients with the
inclusion/exclusion criteria described before, and data collection.

Data collection will be carried out using a pre-established form attached in Annex 1 and
the entire process should last 30 or 45 minutes to avoid hindering the work in the operating
room.

PHASE 3: STATISTICAL ANALYSIS PROCESS

After processing the database, all data will be analyzed using the appropriate statistical
tests by an external statistician. This part of the study should last 1 month.

Conclusions and results will be extracted and evaluated by all the research team.
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PHASE 4: PUBLICATION AND DISSEMINATION

During the last two months, the researchers will write and edit a scientific paper to

publish.

CHRONOGRAM

STAGES

2016

2017

N |D

J | F M [A K I | A

Phase 1: Preparation and coordination (November 2016 - March 2017)

Protocol elaboration and evaluation

Research team coordination meeting

Ethical approval

Phase 2: Data collection (April 2017 — May 2017)

Data collection process | |

Phase 3: Statistical analysis (June 2017 — July 2017)

Statistical analysis

Evaluation of results

Phase 4: Publication and dissemination (July 2017 — September 2017)

Final article elaboration

Results

publication
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12. BUDGET AND FEASIBILITY

EXPENSES COSTS
PERSONAL EXPENSES
Investigator team 0€
EXECUTIVE EXPENSES: Material and services
Statistical specialist (25 hours; 35 €/hour) 700 €
Office consumables and others 100€
Electrolytic solution (32 units, 3.04€/unit) 97,28€
PUBLICATION AND DISSEMINATION
Publication costs 2000€

(Inscriptions, transport and accommodation

to national and international appointments)

TOTAL: 2.897,28€

We consider that activities needed for the study don’t compromise normal clinical

assistance. All the patients selected for the study will be patients that would need a

Vigileo/FloTrac system for the hemodynamic monitoring of the surgery, meaning that no

higher cost has to be assumed for the realization of the study.

Given that the means in terms of personal and material are already available, once the

study is accepted by the ethics committee and the budget is approved, it can be carried out

complying with all aspects involved in this protocol.
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13.STRENGHTS AND LIMITATIONS

Several limitations of this study should be acknowledged.

Our study is designed as a descriptive cross-sectional study. With this design, we cannot
establish causal inferences; therefore we will only be able to talk about an association
between our variables.

Selection bias could be present for two reasons, firstly, because a non-probabilistic
consecutive sampling method has been chosen for the study. And secondly because the study
has been designed to collect the data on the moment after the anesthetic induction, when
patients are not in a ideal stable state due to the perioperative processes (vasodilator effects
of anesthetic drugs, intubation, channeling radial artery and a central vein). The ideal situation
would have been to do it in reanimation room, but few patients in our hospital meet the
criteria we needed there, and the inclusion period of our study would have been too long.

It is possible to have covariables producing confusion which we have not considered
before in the multivariate analysis, for example the previous volemic status of the patient
which is very difficult to approach.

Since several people will be collecting the data, we are aware that there could be a bias in
the data collection process, for minimizing this risk, we will have a meeting with all researchers
participating in the study to explain the exact process and to ensure everybody fills the case-
report form in the same way.

This study also has some strengths that are worth remarking. The loss of participants will
be zero, as they will be selected in the moment they enter the operating room and all the data
collection process for the study doesn’t change the patient’s management. Thus the work has
high feasibility, as it won’t involve many expenses. Besides, SPLR test hasn’t been described in

any other study before.
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14. IMPACT OF THE STUDY

Fluid responsiveness is a relatively new concept developed specially in critical care context
that is getting introduced in clinical practice. Many techniques for predicting fluid
responsiveness have been discovered in the last 15 years and, like in every medical attention,
most aggressive techniques are being substituted by minimally invasive techniques, as for
example PLR test.

Fluid responder patients are always treated with the same dose of fluids, and it has been
demonstrated that an accurate fluid therapy adapted to the patient real needs was related to
less complications. Thus, we asked ourselves if a modified PLR test could guide to several
degrees of fluid responsiveness, and for answering that question we have developed this
protocol describing SPLR test.

If our hypothesis is confirmed, this work could be the first step for predicting several
degrees of fluid responsiveness and to personalize fluid therapy, to deepen the idea that fluid
is a treatment itself and should’nt be overdosed or underdosed, showing the importance of
adjusting the dose to the patient real needs.

Obviously further studies will be necessary to confirm our hypothesis and to show

evidence that SPLR test is a good predictor of several degrees of fluid responsiveness.
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15.ETHICAL CONSIDERATIONS

As regulated by the law 14/2007 of the 3rd of July about biomedical investigation, this
study will have to be approved by the Clinical Research Ethics Committee (CEIC, Comité d’Etica
d’Investigacio Clinica) of the Hospital Universitari Josep Trueta in Girona.

This study is conducted according to the requirements expressed in the Declaration of
Helsinki of Ethical Principles for Medical Research Involving Human Subjects signed by the
World Health Association the October 2013, and to ministerial order SAS/3470/2009 defined in
the current legislation in Spain related with the conduct of observational studies.

All participants will be informed about the interventions and the details of this
intervention study. They will participate voluntarily in the study and will be given an
Information Sheet (Annex 4) and Informed Consent Sheet (Annex 3) for the inclusion in the
study. It is imperative that patients read and understand the information sheet and sign the
informed consent forms too. Thereby, the principle of autonomy will be respected. In case of
incapability, we will seek informed consent from their legally authorized representative.

In addition, the processing of personal data required in this study, its communication, the
personal data cession of all the patients and the confidentiality is in compliance with Spanish
Law 15/1999 of December 13 on the Protection of Personal Data (LOPD) and with the Royal
Decree 1720/2007 of December 21 of the Development of the Organic Law on Data Protection.
Patient data, including clinical history information, names and surnames, remain anonymous
when introducing and processing this information into a database, which will also be handled
according to the mentioned Law and exclusively used for the development of the study.
Moreover, in order to guarantee the confidentiality of the survey data, the access will be only
restricted to the research team, the Ethical and Clinical Investigation Committee, the pertinent
health authorities and those responsible for data analysis. The content of the database and the
documents generated during the study will be protected from not permitted uses of alien

persons, and therefore, considered strictly confidential and will not be disclosed to third
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parties except those already specified. For that reason, membership of the research team, the
hospital and the collaborators participating in the study, must sign a statement attesting to
having read and approved the final protocol, and agree with the national and international
ethical aspects with the investigation (Annex 5). All investigators will have to declare no

conflict of interest.
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17. ANNEXES

17.1 ANNEX 1: CASE-REPORT FORM

CASE-REPORT FORM for the study Staggered Passive Leg Raising Test for prediction
degrees of fluid responsiveness in mechanical ventilated patients
FILIATION DATA:

SEX: AGE: HIGH: WEIGHT:
SIGNIFICANT PATHOLOGY:

MEASUREMENTS

BASAL DATA:

Systolic Blood Pressure (SBP): Diastolic Blood Pressure:
Mean arterial pressure (MAP):

Heart Rate: Central Venous Pressure:

SVV: SV: Cl: CO:

PASSIVE LEG RAISING TEST WITH ONE LEG:

Systolic Blood Pressure (SBP): Diastolic Blood Pressure:
MAP:

Heart Rate: Central Venous Pressure:

SVV: SV: Cl: CO:

PASSIVE LEG RAISING TEST WITH TWO LEGS:

Systolic Blood Pressure (SBP): Diastolic Blood Pressure:
MAP:

Heart Rate: Central Venous Pressure:

SVV: SV: Cl: CO:

MEASUREMENTS 1 min AFTER 4 mi/kg PLASMALYTE BOLUS:

Systolic Blood Pressure (SBP): Diastolic Blood Pressure:
MAP:

Heart Rate: Central Venous Pressure:

SVV: SV: Cl: CO:
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17.2 ANNEX 2: VIGILEO/FLOTRAC SYSTEM

The FloTrac System Cardiac Output
Formula for Cardiac Output = Heart Rate x Stroke Volume

[ —
The FloTrac System Cardiac Output = Pulse Rate x [std(BP)*x]

i T
A\
Pulse Rate (PR) Standard deviation of arterial The x factor compensates
» Measured as beats per minute Blood Pressure [std(BP)] for differences in vascular
* Beats identified by upslope of * Pulse pressure e SV « std(BP) compliance and resistance
waveforms . * Measured as mmHg = Patient-to-patient differences
* Advanced beat detection * Computed on a beat-by-beat estimated from biometric data

differentiates fully perfused beats basis = Dynamic changes estimated by
* Computed from 20-second waveform analysis (skewness,
time period of beats kurtosis of the waveform)

* Measured as mL per beat/mmHg
* 20 second average updates

Figure 7: CO algorithm calculated with Vigileo/FloTrak system. Vigileo/FloTrac system is able to calculate CO

through an algorithm based on the principle that pulse pressure is proportional to SV and is inversely related to

aortic distensibility (23).

VS

13:56:01 02.12.2016
Error de la PVC: compruebe la conexién del cable PVC

Figure 8: Edwards Vigileo system
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Figure 9: Edwards FloTrac system.
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17.3 ANNEX 3: INFORMED CONSENT SHEET

CONSENTIMENT INFORMAT

Declaracié del participant: Jo, o jo,

representant legal de

Declaro que:

= Entenc que la meva participacié és voluntaria.

He llegit la fulla informativa sobre I'estudi que se m’ha entregat.

= He rebut suficient informacio sobre I'estudi.

= He pogut fer totes les preguntes necessaries respecte I'estudi.

= He estat informat per l'investigador.......cccccovvieiviiiveiercnnnenn. de les implicacions i finalitats de

I'estudi.

= Entenc que s’adoptaran les mesures per garantir la confidencialitat de les meves dades en

compliment de la Llei Organica 15/1999 .

= Concedeixo I'is de les meves dades o del meu representat legal per fins relacionats amb el
projecte anomenat: Staggered Passive Leg Raising Test for predicting degrees of fluid responsiveness in

mechanical ventilated patients.

Firma del participant Firma de l'investigador

Data: _/_/ Data: _/_/
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17.4 ANNEX 4: PATIENT INFORMATION SHEET

FULL D’INFORMACIO PEL PARTICIPANT

INVESTIGADORS PRINCIPALS: Rosa Bernabeu Santisteban, Antonio Villalonga Morales

CODI DEL PROJECTE:

1)

2)

3)

4)

5)

Generalitats del projecte: El present estudi observacional sera dut a terme per la unitat
d’Anestesiologia i Reanimacié de I'Hospital Universitari Josep Trueta de Girona, en el moment
abans de la cirurgia a la que té programat sotmetre’s el pacient. El projecte de recerca ha estat
valorat i aprovat pel Comité Etic d’Investigacié Clinica de I'Hospital Universitari Doctor Josep
Trueta.

Objectius i finalitats de I'estudi: La finalitat d’aquest estudi és trobar una relacié entre la prova
d’elevar les cames esglaonada i els parametres hemodinamics que es monitoritzen durant Ia
cirurgia per a poder aconseguir ajustar millor la dosis de liquid que se li ha d’administrar als
pacients en una situacid en la que es necessiti millorar la volémia.

Participacié: La seva participacid en l'estudi és totalment voluntaria i no s’obtindra cap
compensacié economica. La tasca del participant, consta en facilitar I’accés i I'analisi de les seves
dades als investigadors i permetre que en els moments previs a la cirurgia se li administri una
solucid electrolitica de 4mL/kg.

Confidencialitat i proteccié de dades: S’adoptaran les mesures per garantir la confidencialitat de
les seves dades en compliment de la Llei Organica 15/1999 i les dades recollides seran gestionades
de forma anonima i només utilitzades amb fins d’investigacié. També es garantiran els principis
establerts per la Llei d’Investigacié Biomeédica 14/2007.

Resultats i beneficis de la investigacié: El pacient esta en el seu dret de ser informat dels resultats
de la investigacio. Els beneficis derivats de la investigacid, tan poden beneficiar al participant com
a altres persones, i aquests seran adequadament utilitzats per assolir els objectius de I'estudi i

serviran de base per futures investigacions en aquest ambit.

Gracies per la seva participacio.
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17.5 ANNEX 5: RESEARCHERS COMMITMENT

RESEARCHER’S COMMITEMENT

Dr./Mr./Mrs.

Service:

Exposes:

| have evaluated the protocol of this clinical trial titled:

Staggered Passive Leg Raising Test for predicting degrees of fluid responsiveness in mechanical

ventilated patients.

Referring to these aspects:

= The clinical trial respects the ethical rules relevant to these kind of studies, according to good
clinical practice recommendations, in Helsinki, Declaration of World Health Organization (15

January of 2001), and to the legal normative applicable.

= | agree to participate as a researcher in this clinical trial.

= | have all the material and human resources necessary to carry on the clinical trial

without affecting the performance of other studies or my usual duties.

Girona, __/ /20
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