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INTRODUCTION 

Hemodynamic stability is one of the key concept of perioperative management 

in patients undergoing major surgical procedures like neurosurgery. Among the many 

methods the anesthesiologist target optimising intravascular volume to achieve 

hemodynamic stability. The clinical determination of the intravascular volume can be 

extremely difficult in those undergoing major surgery. This becomes more difficult if 

the patient has underlying cardiac disease like coronary artery disease. The concept of 

fluid responsiveness attains relevance in maintaining optimal homeostasis, in the 

context that fluid loading is the first step in the resuscitation of hemodynamically 

unstable patients.  

Hypovolemia is a common complication encountered perioperatively in 

patients who undergo major surgery. In neurosurgical practice hypovolemia is 

compounded by the use of aggressive measures to reduce the raised intracranial 

pressure, e.g:- osmotic therapy using drugs like mannitol which induce a phase of 

hypervolemia, followed by hypovolemia or as in the case of uncompensated diuresis. 

1
   This pharmacologic cerebral decompression leads to volume loss with resultant fall 

in blood pressure and loss of neuro-autoregulatory mechanism which increases the 

risk of the dreaded complication of cerebral ischemia. Prior studies have proven that a 

careful fluid management strategy in patients undergoing neurologic surgery resulted 

in better outcome.
2

  It has been proven that the mainstay of management of 

hypovolemic patients is nevertheless intravenous fluids. Hence, calculation of dosage 

parameters of intravenous fluids is of paramount importance. Inadequate volume 

replenishment leads to hypoperfusion of tissues and thereby worsens organ 

dysfunction which may be further compounded by uncorrected hypovolemia, 

resulting in the use of inappropriate infusions of vasopressor agents, thus worsening 
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the viscous cycle of ischemia. 
3,

 
4
 However, fluid overloading also impedes oxygen 

delivery and compromise patient outcome especially in patients with associated 

cardiac dysfunction. Overzealous fluid resuscitation results in increased rate of 

complications the most common being pulmonary edema and cardiac failure thereby 

resulting in poor outcome represented as increased duration of hospitalisation in ICU 

setting; and increased morbidity and mortality. 
5, 6

  

Recent studies have put forth the concept of timely and aggressive 

resuscitation of critically ill patients which may limit and/or revert tissue hypoxia and 

thereby improve the outcome. 
7
 The landmark study by Rivers et al concluded that 

early goal-directed therapy driven protocols, will prevent organ dysfunction and 

improve overall survival rate in patients with severe sepsis and prevent subsequent 

septic shock. 
8
 Likewise protocols which optimize the preload and resultant cardiac 

output improvement in patients undergoing surgery have significantly reduced 

postoperative morbidity and duration of hospital stay. 
9,

 
10,

 
11

  Various indices are 

described in the literature for assessment of fluid status in critically ill and 

perioperative patients. 
12,

 
13

 They are classified as static and dynamic indices. Static 

indices are simple to measure; however various studies have found them unreliable to 

guide therapy. Hence dynamic indices are usually the preferred guide to assess the 

responsiveness of fluid challenge and requirement. 
14,

 
15,

 
16

 

Passive leg raising is a form of reversible auto-transfusion, which transfers 

approximately 150-300 ml of blood from the lower limbs to the central circulation, 

thereby serves as an immediate method of resuscitation in hypovolemia. Apart from 

treatment of hypovolemia this method also serves as test to determine fluid 

responsiveness without administering a single drop of fluid; and thereby determine 

the position of each patient in the Frank-Starling curve. This way overzealous fluid 
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resuscitation can be avoided in fluid unresponsive patients avoiding the adverse 

effects of excess intravenous fluids.  Transoesophageal echocardiography (TEE) is a 

semi invasive dynamic imaging modality which rapidly gained credence and 

popularity in the cardiothoracic centers worldwide by mid 1990s. It has also been 

found to be useful in some non cardiac surgical procedures, in particular in the 

management of neurosurgical patients and haemodynamically unstable patients in 

intensive care units (ICUs). TEE has been validated in monitoring cardiac output 

(CO) and changes in diameter of caval veins or left ventricular stroke volume 

(LVSV). 
17

 

TEE is a far more specific and objective method of assessment as well as 

monitoring the response to therapy when compared to impedance plethysmography 

especially in terms of measuring stroke volume, cardiac output and cardiac index. 

Moreover, TEE has got very little inherent risk, in comparison to invasive methods of 

measuring such indices like pulmonary artery catheter. 
18 ,

 
19 ,

 
20

 Further, as per 

ACC/AHA guidelines, TEE ought to be routinely used in neurosurgical procedures 

where there are anticipated risks of major fluid shifts, and hemodynamic perturbations 

(Class IIa indication).  

The present evidence on PLR assessed fluid responsiveness is predominantly 

limited to Intensive care unit setting. Multitude of co-morbid conditions like sepsis, 

acute kidney injury, cardiac dysfunction, ionotropic therapy etc can confound fluid 

dynamics in critically ill patients. In this background, we proposed the present study 

to compare fluid responsiveness using clinical and TEE derived parameters in  two  

groups of patients - Group 1:- Patients (without coronary artery disease) undergoing 

neurosurgical procedures; and Group 2:- Patients with coronary artery disease 

undergoing coronary artery bypass graft procedure under general anaesthesia (GA).  
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REVIEW OF LITERATURE 

Fluidresponsiveness (FR) is the ability of stroke volume and thereby cardiac 

output to increase in response to a fluid infusion. SV is the amount of blood ejected 

from the heart with each beat and is dependent on preload (end-diastolic wall tension), 

contractility and afterload (end-systolic wall tension). When myocytes are stretched, 

they contract more forcefully and so SV increases as venous return increases. This 

concept is depicted by the Frank–Starling law. As well this is the foundation for the 

concept of fluid responsiveness. However, when stretched beyond a certain level, they 

are unable to contract more forcefully and so SV does not increase further (fluid 

„unresponsiveness‟).The ultimate goal of resuscitation with fluids, vasopressors and 

inotropes is to ensure adequate oxygen delivery (DO2) to prevent or treat organ 

dysfunction. 

Static and dynamic physiologic parameters have been described to quantify 

fluid responsiveness. Traditionally the central venous pressure (CVP) has been the 

main static physiologic parameter to guide fluid management. A European survey of 

intensivists/anesthesiologists reported that more than 90% used the CVP to guide 

fluid management. 
21

 A Canadian survey also reported that 90% of intensivists use the 

CVP to monitor fluid resuscitation in patients with septic shock. 
22

 The CVP is a good 

approximation of right atrial pressure, which is a major determinant of right 

ventricular (RV) filling. It has been assumed that the CVP is a good indicator of RV 

preload. Furthermore, because RV stroke volume determines LV filling, the CVP is 

assumed to be an indirect measure of LV preload. 

However, due to the changes in venous tone, intrathoracic pressures, LV and 

RV compliance, and geometry that occur in critically ill patients, there is a poor 

relationship between the CVP and RV end-diastolic volume. Furthermore, the RV 
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end-diastolic volume may not reflect the patients‟ position on the Frank-Starling 

curve and therefore his/her preload reserve. More than 100 studies have been 

published to date that have demonstrated no relationship between the CVP (or change 

in CVP) and fluid responsiveness in various clinical settings. 
23

 Based on this 

information, it has been ascertained that the CVP should no longer be routinely used 

for guiding fluid management in the ICU, operating room, or emergency room. 

With the advancement in technology, many other invasive methods to 

determine the fluid status of a patient were postulated. One of these being the 

pulmonary artery occlusion pressure (PAOP), which was suggested to be a reliable 

index to predict the volume  status in patients who were critically ill. Tousignant   and 

Diebel, after extensive research on PAOP, came to the final conclusion that the PAOP 

had a lower baseline value in patients who were responders in comparison with those 

who were not responsive. Furthermore, studies conducted by Wagner and Leatherman 

brought to the notice of all that, patients who had an increase in the LV stroke volume 

after fluid therapy had a co-relation with the baseline PAOP in a linear manner. 

Inspite of this linear relationship, no single PAOP cut off value has been determined 

to gauge the hemodynamic response to volume expansion prior to giving fluid 

infusion to the patient.
24

 

Since there was no consensus on the cut-off value which was found to be the 

baseline to initiate fluid administration, it was concluded that though the PAOP 

showed values that were significant statistically, and they could not be used to 

discriminate between patients who were responders or non-responders. Many other 

studies came to prove a fact that the baseline values of PAOP were comparable 

between the responder and the non-responder groups of patients. Studies also came to 

the conclusion that there was absolutely no co-relation when cardiac filling pressures 
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were compared before volume expansion and also the hemodynamic response to 

volume expansion. 
25,

 
26,

 
27

 

During the past decade a number of dynamic tests of volume responsiveness 

have been reported. These tests dynamically monitor the change in stroke volume 

after a maneuver that increases or decreases venous return (preload). These tests 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. These 

techniques use the change in stroke volume during mechanical ventilation or after a 

passive leg raising (PLR) maneuver to assess fluid responsiveness. Different dynamic 

tests have diverse applicability in spontaneous breathing patient versus in a patient on 

mechanical ventilation. 

An impressive number of studies have demonstrated that the pulse pressure 

variation (PPV) derived from analysis of the arterial waveform, the stroke volume 

variation (SVV) derived from pulse contour analysis, and the variation of the 

amplitude of the pulse oximeter plethysmographic waveform to be highly predictive 

of fluid responsiveness. 
28

 These three tests have applicability in patients on 

mechanical ventilation. It should be appreciated that both arrhythmias and 

spontaneous breathing activity will lead to misinterpretations of the respiratory 

variations in pulse pressure/ stroke volume. Heart – Lung interactions during 

mechanical ventilation attain importance in this context. Intermittent positive-pressure 

ventilation induces cyclic changes in the loading conditions of the left and right 

ventricles. Mechanical insufflation decreases preload and increases afterload of the 

right ventricle. The RV preload reduction is due to the decrease in the venous return 

pressure gradient that is related to the inspiratory increase in pleural pressure. 
29

 The 

increase in RV afterload is related to the inspiratory increase in transpulmonary 
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pressure. The reduction in RV preload and increase in RV afterload both lead to a 

decrease in RV stroke volume, which is at a minimum at the end of the inspiratory 

period. 
30

 The inspiratory reduction in RV ejection leads to a decrease in LV filling 

after a phase lag of two or three heart beats because of the long blood pulmonary 

transit time. Thus, the LV preload reduction may induce a decrease in LV stroke 

volume, which is at its minimum during the expiratory period when conventional 

mechanical ventilation is used. The magnitude of the respiratory changes in LV 

strokevolume is an indicator of biventricular preload dependence. With remarkable 

consistency, a variation of greater than 12% to 13% has been reported to be highly 

predictive of volume responsiveness. 

The pulse oximeter plethysmographic waveform differs from the arterial 

pressure waveform by measuring volume rather than pressure changes in both arterial 

and venous vessels. The dynamic changes of the plethysmographic waveform with 

positive pressure ventilation have shown a significant correlation and good agreement 

with the PPV and have accurately predicted fluid responsiveness in both the operating 

room and ICU setting. 
31,

 
32,

  
33

 The “Pleth Variability Index” (PVI) is an automated 

measure of the dynamic change in the “Perfusion Index” that occurs during a 

respiratory cycle (Masimo Corporation, Irvine, CA).The “Perfusion Index” is the 

infrared pulsatile signal indexed against the nonpulsatile signal and reflects the 

amplitude of the pulse oximeter waveform. The PVI correlates closely with the 

respiratory induced variation in the plethysmographic and arterial pressure waveforms 

and can predict fluid responsiveness noninvasively in mechanically ventilated 

patients. 
34,

 
35

  

Echocardiography is an essential tool for guiding resuscitation in critically ill 

patients. The question of whether the patient improves with fluid, additional 



8 | P a g e  
 

vasopressors or inotropes can be difficult to answer. Echocardiography is an 

evidence-based dynamic approach and ideally suited to address this problem. 

Echocardiography provides much more information on the causes of shock than just 

FR and is increasingly considered the first-line monitoring tool of choice in 

hemodynamically compromised patients. Both static and dynamic parameters may be 

assessed to build a picture of the circulatory state. 

Echocardiography derived left ventricular (LV) dimensions, LV outflow 

variations and great vein diameter variations have been used to assess fluid 

responsiveness. Changes in LV size as assessed by TEE reflect changes in preload. 

However, increasing preload does not necessarily increase SV, and LV size is not 

always a predictor of fluid responsiveness. LV outflow variation parameters 

commonly studied include – stroke volume variation (SVV), aortic peak velocity 

(aortic velocity time integral or aortic VTI) and aortic VTI variation. The left 

ventricular outflow tract (LVOT) diameter can be assumed not to change in size over 

the respiratory and cardiac cycle and so changes in aortic blood flow reflect changes 

in stroke volume. Measuring the VTI (measurement of all the velocities of RBCs for 

each contraction at a certain point) can be done by tracing the spectral Doppler 

envelope. Tracing the largest and smallest VTI over a respiratory cycle allows the 

percentage change to be calculated. 

Certain facts need be remembered while using LV outflow variation. The 

patient must be in sinus rhythm otherwise stroke volume may vary because of the 

arrhythmia. There must be no spontaneous respiratory effort, which would alter 

preload and SV and make variations a reflection of work of breathing rather than FR. 

Tidal volumes should be around 8 mL/kg. Lower tidal volumes, although now 

desirable in critical illness, cause small amplitude changes in intravascular pressure 
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and have been shown to cause false negatives. Intra-abdominal pressure should also 

be normal.  

The size and variation in size over the respiratory cycle of both the inferior 

venacava (IVC) and superior venacava (SVC) also give information about volume 

status. IVC size, measured just distal to the hepatic vein, in spontaneously breathing 

patients correlates with RAP. 
36

 Ventilated patients demonstrate a low correlation 

between IVC size and right atrial pressure (RAP); however, an RAP of less than 10 

mm of mercury can be assumed if the IVC is less than 12 mm. 
37

 Invasively ventilated 

patients often have a dilated IVC because of increased intrathoracic pressure rather 

than as a reflection of their intravascular volume status.IVC diameter variation can 

reliably predict fluid responsiveness even in  patients on mechanical ventilation. A 

diameter „variability‟ cut-off value of more than 12% identifies responders. 
38

 A 

variation threshold of 18% is used if „IVC distensibility index‟ is used.IVC diameter 

variation has also been studied in spontaneously breathing patients without respiratory 

support; however, the evidence to support its use is weak and cannot be advocated at 

this time. 
39

 The superior venacaval (SVC) diameter changes are opposite of the IVC 

in mechanical ventilation. The collapsibility index of the SVC has been shown to be 

predictive of fluid responsiveness with a variation in SVC size of 36%, being an 

appropriate cut-off value using the equation 100 × (Dmax – Dmin/Dmin). 
40

 

Right ventricle (RV) size can also be used to titrate fluid administration. An 

increase in RV size with no increase in SV is a definite stopping point for fluid 

administration. Paradoxical septal wall motion demonstrating very high RV pressure 

may be a contraindication to IV fluids.  

Echocardiography also allows titrating fluid therapy based on fluid tolerance. 

In both spontaneously breathing and ventilated patients, a small IVC that varies in 
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size with respiration, non-dilated right heart chambers, a non-displaced inter-

ventricular septum, absence of right and left ventricular systolic failure and absence of 

markers of raised LVEDP all suggest that fluid administration will not cause acute 

harm. Fluid administration should stop when aortic velocity time integral (VTIAo) no 

longer significantly increases with a fluid bolus.  

Passive leg raising (PLR) is a reversible maneuver that mimics rapid fluid 

loading by shifting venous blood from the legs 
41

 toward the intra-thoracic 

compartment and by increasing right and left ventricular preloads, thereby increasing 

LV SV and CO. 
42 ,

 
43

 It has been demonstrated that up to 300 ml of blood is 

transferred into the central circulation with this method, but it may vary depending on 

anthropometric features, venous valve competency, and the use of compression 

stockings or devices. The volume is likely diminished during conditions of severe 

vasoconstriction, such as cardiogenic or hypovolaemic shock or use of high dose 

vasopressors. The increase in CO and/or arterial pressure after PLR could predict the 

corresponding response after a fluid infusion. Hence, PLR may be considered a 

reversible auto-transfusion, the effects of which mostly vanish after one minute. An 

increment of 10% or more in SV or aortic VTI after one minute of PLR is suggestive 

of fluid responsiveness. 

The concept of detecting preload responsiveness by using PLR emerged from 

a study in mechanically ventilated patients, where the increase in thermodilution 

stroke volume after a fluid infusion correlated with the increase in arterial pulse 

pressure produced by PLR.
44

 Since then the ability of PLR to serve as a test of preload 

responsiveness has been confirmed in additional studies performed in critically ill 

patients. 
45,

 
46,

 
47,

 
48,

 
49,

 
50,

 
51
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Monnet X et al 
52

 have provided a succinct summary of performing the PLR 

test which importantly should be performed by tilting the bed rather than lifting the 

patient‟s legs. PLR should start from the semi-recumbent and not the supine position. 

Adding trunk lowering to leg raising should mobilize venous blood from the large 

splanchnic compartment, thus magnifying the increasing effects of leg elevation on 

cardiac preload and increasing the test‟s sensitivity. Therefore starting PLR from a 

semi-recumbent position induces a large increase in cardiac preload because it 

induces the shift of venous blood not only from both the legs but also from the 

abdominal compartment. The PLR effects must be assessed by a direct measurement 

of cardiac output and not by the simple measurement of blood pressure. Indeed, 

reliability of PLR is poorer when assessed by using arterial pulse pressure compared 

with cardiac output.
53

 Although the peripheral arterial pulse pressure is positively 

correlated with stroke volume, it also depends on arterial compliance and pulse wave 

amplification. The latter phenomenon could be altered during PLR, impeding the use 

of pulse pressure as a surrogate of stroke volume to assess PLR effects. 

The technique used to measure cardiac output during PLR must be able to 

detect short-term and transient changes since the PLR effects may vanish after1 

minute. Techniques monitoring cardiac output in „real time‟, such as arterial pulse 

contour analysis, echocardiography, esophageal Doppler, or contour analysis of the 

volume clamp-derived arterial pressure, should be used. 
54

 Conflicting results have 

been reported for bio-reactance method. 
55,

 
56

 The hemodynamic response to PLR can 

even be assessed by the changes in end-tidal exhaled carbondioxide, which reflect the 

changes in cardiac output in the case of constant minute ventilation. Pain, cough, 

discomfort, and awakening could provoke adrenergic stimulation, resulting in 

mistaken interpretation of cardiac output changes. Some simple precautions must be 
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taken to avoid these confounding factors. PLR must be performed by adjusting the 

bed and not by manually raising the patient‟s legs. Bronchial secretions must be 

carefully aspirated before PLR in an intensive care scenario. It has been suggested 

that PLR is unreliable in the case of intra-abdominal hypertension. 
57

  Nevertheless, 

the single study investigating this issue did not confirm the hypothesis since intra-

abdominal pressure was not measured during PLR. 

Because it has no side effects, PLR should be considered as replacement for 

the classic fluid challenge. 
58

 The main drawback of the fluid challenge is that, if it is 

negative, fluid has nonetheless been irreversibly administered to the patient. Repeated 

fluid challenges therefore can lead to fluid overload. In this regard, PLR is an 

attractive method of challenging preload without administering one drop of fluid. 

Importantly, it should be remembered that detection of preload responsiveness by a 

positive PLR test should not routinely lead to fluid administration. Indeed, the 

decision to administer fluid must always be made individually on the basis of the 

mandatory presence of the three following situations: hemodynamic instability or 

signs of circulatory shock (or both), preload responsiveness (positive PLR test), and 

limited risks of fluid overload. Also, a negative PLR test should contribute mainly to 

the decision to stop or discontinue fluid infusion, in order to avoid fluid overload, 

suggesting that hemodynamic instability should be corrected by means other than 

fluid administration.  

Since its introduction, the diagnostic ability of PLR induced auto-transfusion 

in predicting fluid responsiveness has been studied by many authors. The predictive 

value of PLR-induced changes in CO or in other hemodynamic parameters having the 

same physiological meaning; such as cardiac index (CI), stroke volume (SV), aortic 

blood flow (ABF), aortic velocity–time integral (VTIAo); was the core concept in all 
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these studies. Cardiac output or its corroborative variables were derived from either of 

the many methods in these studies namely – esophageal Doppler, transthoracic 

echocardiography, transpulmonary thermodilution, pulse-contour analysis and 

bioreactance. The PiCCO™ system (Pulsion Medical Systems, Munich, Germany) 

uses transpulmonary thermodilution to calibrate the pulse-contour-derived stroke 

volume, whereas the stroke volume derived from the FloTrac-Vigileo™ (Edward 

Lifesciences, Irvine, CA) device is uncalibrated. Both of these devices may be useful 

to determine the hemodynamic response to PLR. In this regard, an increase in “pulse 

contour” cardiac output by more than 10% in response to PLR has been shown to 

accurately predict volume responsiveness in mechanically ventilated patients with 

spontaneous breathing activity. Although less invasive than pulmonary artery 

catheterization, these techniques are not ideally suited to resuscitation in the 

emergency room or ward or on initial presentation in the ICU. In these situations, the 

change in stoke volume after a PLR maneuver can be assessed noninvasively by 

bioreactance.  

Bioreactance cardiac output measurement is based on an analysis of relative 

phase shifts of an oscillating current that occurs when this current traverses the 

thoracic cavity. It differs from traditional bioimpedance-based systems, which rely on 

measured changes in signal amplitude.
59

 The NICOM™ (Cheetah Medical, Portland, 

OR, USA), based on bioreactance technique, is comprised of a high-frequency (75 

kHz) sine wave generator and four dual electrode “stickers” that are used to establish 

electrical contact with the body. The cardiac output as measured by bioreactance has 

been shown to be highly correlated with that measured by thermodilution and pulse 

contour analysis. 
60,

 
61

 The NICOM™ system has an algorithm with user prompts and 

an interface that rapidly facilitates the performance of a PLR maneuver. Patient 
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ventilator status (spontaneous ventilation versus mechanical ventilation) and cardiac 

rhythm (sinus versus arrhythmia) were found to be confounding the effects of PLR 

induced changes since the original study. A few studies 
44 46

 enrolled only patients 

adapted to ventilator and in sinus rhythm to assess PLR induced changes in cardiac 

output, whereas, many other studies 
45 47 51

 also enrolled patients with spontaneous 

respiratory efforts and/ or arrhythmias to assess similar changes. However, almost all 

these studies are entirely limited to critical care/sepsis scenario. In 2010, Cavallaro F 

et al 
62

 systematically reviewed the published evidence on the ability of PLR induced 

changes in cardiac output (PLR-cCO) and in arterial pulse pressure (PLR-cPP) to 

predict fluid responsiveness and found – PLR induced changes in cardiac output 

reliably predict fluid responsiveness regardless of ventilation mode, underlying 

cardiac rhythm and technique of measurement; and can be recommended for routine 

assessment of fluid responsiveness in majority of ICU population. PLR-induced 

changes in pulse pressure can be a viable alternative with lower predictive ability, 

irrespective of ventilator status (spontaneous ventilation versus mechanical 

ventilation) and cardiac rhythm (sinus versus arrhythmia). These changes were also 

independent from the device used to measure CO: PiCCO (pulse contour cardiac 

output), Vigileo/FloTrac, esophageal Doppler, echocardiography. All studies included 

in this meta-analysis were conducted in ICU on patients in shock due to various 

etiologies. A further meta-analysis of 21 studies conducted in 991 adult patients, 

published recently by Monnet et al, 
63

 also demonstrated that the changes in CO 

during a PLR test predicted fluid responsiveness with excellent pooled sensitivity and 

specificity. The pooled area under the ROC curve in the meta-analysis was 0.95±0.01. 

The AUROC with a value of 0.805, in their study confirmed very good diagnostic 

accuracy of the test.  
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The clinical use of TEE in cardiac surgery has been a standard of care. The 

clinical use of TEE in non- cardiac surgery has been growing and is now a valuable 

tool in the anesthesiologist‟s perioperative diagnostic armamentarium. The use of 

TEE in cardiac surgery has been well established for a large variety of cardiac and 

aortic conditions.
64

 In the non-cardiac surgical realm, the primary accepted indication 

has been „suspected cardiovascular pathology that may result in hemodynamic, 

pulmonary, or neurologic compromise.
65

  For intensivists, the use of TEE is 

recommended when it may change therapies and when other monitoring or less 

invasive diagnostic modalities are not expected to give the same timely information. 

TEE in the non-cardiac operating room has been associated with altering therapies in 

up to 60% of patients for over a decade, as long as the patients had appropriate 

indications for the TEE to be performed.
66

 The commonly recognized benefit is the 

ability, with TEE, to assess left ventricular function and loading conditions, to 

recognize wall motion abnormalities, and in guiding vasopressor therapy.
67

  In neuro-

anaesthesia practice, the dreaded complication of venous air embolism in which non 

compressible venous cavities are open to the air, and frequently above the level of the 

heart, remains the published recommendation for the use of TEE in the peri-operative 

arena for this population. Sitting craniotomies are a subset of this field‟s patients in 

which TEE is frequently considered a very useful diagnostic tool, even to the extent 

that it has been considered a standard of care at certain institutions in this specific 

population subset.
68

  TEE also has expanded use in the arenas of vascular surgery – 

for detection of myocardial dysfunction during aortic cross clamping and large fluid 

volume shifts; urological surgery – for detection of macroscopic embolism from renal 

cell carcinoma; and  orthopaedic surgery – for detection of embolic material in hip or 

femoral intramedullary surgeries. In liver transplantation surgery TEE is used as a 
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real-time, biventricular tool for evaluating ventricular chamber size and function 

where in this type of surgery where rapid shifts in intravascular volume or electrolyte 

fluctuations can quickly change hemodynamics. Diastolic dysfunction in liver 

transplant patients has recently been associated with increased risk of allograft 

rejection, graft failure, and mortality.
69

 It has been shown that grade 1 or 2 

esophagealvarices, though considered a relative contraindication to placement, do not 

preclude the use of TEE when deemed clinically indicated.
70 ,

 
71

 In the field of 

intensive care medicine TEE has established role in monitoring hemodynamic 

instability, monitoring during weaning from extracorporeal membrane oxygenation 

and for surveillance of circulatory status after return of spontaneous circulation post-

cardiac arrest. The increased popularity of recently developed small, miniaturized, 

single use TEE probes (hTEE) need be asserted in this context. 

Studies evaluating fluid responsiveness in patients with coronary artery 

disease undergoing coronary artery bypass surgery are scarce. Appropriate fluid 

management is one of the most important elements of early goal-directed therapy after 

cardiothoracic surgery 
72,

 
73,

 
74

 Cautious fluid management is usually advocated in 

patients suffering acute myocardial infarction, particularly when the left ventricle is 

affected, because of the risk for deleterious volume overload leading to venous 

congestion, pulmonary & tissue oedema; and increased strain on an acutely 

ischaemic, failing ventricle. Increased pre-load may still be beneficial, however, in the 

subset of patients in whom the left ventricle is still operating on the upward slope of 

the Frank– Starling pre-load to stroke volume relation. The clinical challenge lies in 

predicting the response to volume expansion in the individual patient, i.e. in which 

patient will stroke volume increase in response to fluid administration. In the critically 

ill coronary artery disease patient on mechanical ventilation, cyclic changes in intra-



17 | P a g e  
 

thoracic pressure influence both cardiac pre and afterload, further contributing to the 

complexity of determining volume responsiveness. 

 

Snygg J et al 
75

 studied the fluid responsiveness in a pig closed chest model of 

induced acute myocardial infarction. The authors anaesthetized fifteen mechanically 

ventilated pigs following acute left myocardial infarction by temporary coronary 

occlusion. Animals were instrumented to monitor central venous and pulmonary 

artery occlusion pressures; and systolic pressure variation and pulse pressure 

variations. The authors measured cardiac output using pulmonary artery catheter and 

the PiCCO ((PiCCO Plus, Version 6.0; Pulsion Medical Systems, AG, Munich, 

Germany) monitor was used for measuring stroke volume variation. Variations in the 

velocity time integral by pulsed-wave Doppler echocardiography were determined in 

the left (VTI LV) and right (VTIRV) ventricular outflow tracts. Consecutive boluses 

of 4 ml/kg hydroxyethyl starch were administered and volume responsiveness was 

defined as a 10% increase in CO. Receiver–operator characteristics (ROC) in this 

study demonstrated the largest area under the curve for VTIRV [0.81 (0.70–0.93)] 

followed by PPV [0.76 (0.64–0.88)] [mean (and 95% CI)]. SPV, VTILV and SVV did 

not change significantly during volume loading. CVP and PAOP increased but did not 

demonstrate significant ROC. 

 

Sobczyk D et al 
76

studied the usefulness of dynamic IVC-derived parameters 

(collapsibility index, distensibility index) in comparison to passive leg raising, in 

postoperative fluid management in 35 mechanically ventilated patients with left 

ventricular ejection fraction ≥30%, immediately after elective coronary artery bypass 

grafting. The IVC collapsibility index (IVC-CI) was defined as: IVC-CI = IVCmax - 
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IVCmin/IVCmax. The IVC distensibility index (IVC-DI) was calculated using the 

formula: IVC-DI = IVCmax - IVCmin/IVCmin. Both indices were expressed as a 

percentage. The authors assessed fluid responsiveness of the study population after 

fluid bolus administration and after passive leg raising. Among the study population 

68.57% were fluid responders. Cardiac output was assessed using transthoracic 

echocardiography. A 15 % PLR-induced increase of cardiac output predicted a 15 % 

increase in cardiac output after fluid administration, with 79.17 % sensitivity and 

81.82 % specificity. The diagnostic accuracy of PLR (area under ROC curve) was 

0.805. Both dynamic IVC derivatives (IVC-CI, IVC-DI) were slightly higher in fluid 

responders when compared to non-responders, however this trend did not reach 

statistical significance. The authors concluded that ultrasonographic measurement of 

IVC respiratory variation did not reach statistical significance in differentiation 

between fluid responders and non-responders. 

 

Song Y et al 
77

 studied respirophasic carotid artery peak velocity variation 

(Vpeak-CA) apart from pulse pressure variation as a predictor of fluid responsiveness 

in 40 mechanically ventilated patients with coronary artery disease undergoing 

elective coronary artery bypass surgery. In this study the authors found PPV and 

Vpeak-CA correlated significantly with an increase in stroke volume index after 

volume expansion. Area under the receiver-operator characteristic curve (AUROC) of 

PPV and Vpeak-CA were 0.75 [95% confidence interval (CI) 0.59–0.90] and 0.85 

(95% CI 0.72– 0.97). The optimal cut-off values for fluid responsiveness of PPV and 

Vpeak-CA were 13% (sensitivity and specificity of 0.74 and 0.71) and 11% 

(sensitivity and specificity of 0.85 and 0.82), respectively.  Further, in a subgroup 

analysis of 17 subjects having pulse pressure hypertension (≥ 60 mm Hg), PPV failed 
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to predict fluid responsiveness (AUROC 0.70, P = 0.163), whereas the predictability 

of Vpeak-CA remained unchanged (AUROC0.90, P = 0.006). The authors concluded 

that Doppler assessment of respirophasic Vpeak-CA to be a highly feasible and 

reliable method to predict fluid responsiveness in mechanically ventilated patients 

undergoing coronary revascularization. 

 

At present the available evidence on PLR is limited mainly to the ICU, with 

investigations conducted in patients with hemodynamic instability of multiple 

etiology; most common being sepsis. Co-morbid conditions like acute kidney injury, 

cardiac dysfunction, pulmonary dysfunction and ionotropic infusions can confound 

fluid responsiveness in ICU patients. Evidence pertaining to evaluation of efficacy of 

PLR on fluid responsiveness in peri-operative scenario is limited. Moreover, the use 

of echocardiography as a method to assess such responsiveness is not widespread. 
78

  

None of published studies have used transesophageal echocardiography (TEE) to 

evaluate such responsive changes in cardiac output. In this context TEE offers the 

distinct benefit of real time assessment of fluid responsiveness as compared to 

transthoracic echocardiography which may be methodologically cumbersome in the 

perioperative period.   
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HYPOTHESIS 

We hypothesised that fluid responsiveness to a passive leg raising maneuver in 

patients without and with coronary artery disease under general anaesthesia and 

mechanical ventilation will be the same. Patients without any co-morbid illness 

presenting for elective major neurosurgery represented the non-coronary artery 

disease group; and patients undergoing coronary artery bypass graft surgery 

represented the cases with coronary artery disease in our study. 

AIMS AND OBJECTIVES 

Primary Objective:- 

The primary aim of the study was to find the diagnostic accuracy of TEE 

assessed parameters in predicting fluid responsiveness to PLR in two groups of 

patients:– Group (1) Patients without coronary artery disease undergoing major 

elective neurosurgical procedures; and Group (2)  Patients with coronary artery 

disease undergoing coronary artery bypass graft procedure under general anaesthesia 

(GA). 

Secondary Objectives:- 

The secondary objectives of our study were 

(a) To describe and classify the study variables as clinical and TEE derived in 

both the groups, and to assess changes in each within stipulated time intervals 

after PLR. 

(b) To study whether patients with and without coronary artery disease respond 

the same way or differently to a physiological fluid challenge induced by PLR. 
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(c) To study the consistency and duration of a hemodynamic response 

(clinical/TEE derived) to the PLR, provided there was a response. 

(d) To compare across clinical and  TEE derived parameters, and to find the best 

pair of either to predict a hemodynamic response to fluid challenge induced by 

PLR, provided there was a response in either of the groups 

(e) To find the threshold raise/fall in each of the clinical and TEE derived 

parameter to predict responsiveness with the best sensitivity and specificity, 

provided there was a response. 
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MATERIALS AND METHODS 

DESIGN 

Prospective observational study 

SETTING 

Neurosurgery and cardiothoracic surgery operating rooms of the Sri Chitra 

Tirunal Institute for Medical Sciences and Technology, Thiruvananthapuram, Kerala. 

Both the operating rooms of our institution are equipped with TEE system. 

METHODOLOGY 

We designed a prospective observational study to find the diagnostic accuracy 

of various clinical and TEE assessed parameters in predicting fluid responsiveness in 

two groups of patients – Group 1: Patients (without coronary artery disease) 

undergoing elective major neurosurgical procedures under general anesthesia; and - 

Group 2: Patients with coronary artery disease undergoing elective coronary artery 

bypass graft procedure under general anesthesia and cardiopulmonary bypass (CPB). 

The study was conducted at the neurosurgery and cardiothoracic surgery operating 

rooms of our hospital. Both the operating rooms of our institution are equipped with 

TEE ultrasound system. 

Both the operating rooms of our institution are equipped with TEE system. 

Institute Technical Advisory committee approval was obtained prior to conduct of the 

study vide TAC Registration number: SCT/S/2016/524 dated 22.09.2016. Institutional 

ethics committee clearance was obtained prior to initiating the study vide approval 

number SCT/IEC/980/DECEMBER-2016 dated 06.01.2017. The study was registered 

with the Clinical Trial Registry of India vide reference number REF/2018/03/018851 
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and registration number CTRI/2018/05/013655 dated 03/05/2018.  Written informed 

consent was obtained from all participants. A Data Safety Monitoring Board (DSMB) 

was constituted which included five faculty members of our institution who 

independently did periodic surveillance of the study conduct and adverse events if 

any. None of the members of DSMB were investigators of this study. 

Patients were enrolled to the study from the elective operation list of the respective 

surgical department namely neurosurgery (Group 1) and cardiothoracic and vascular 

surgery (Group 2). The study was conducted between January 2017 and December 

2017. 

Written informed consent was obtained from patients willing to participate in the 

study. 

The following are the inclusion criteria of each of the group of patients- 

Group 1 

a) Patients of age 19-65 years undergoing major elective neurosurgical procedures 

under GA and mechanical ventilation. 

b) Patients in whom intraoperative TEE monitoring was required on account of their 

surgical or disease factors like risk of venous air embolism, surgery in semi-sitting 

posture, or anticipated occurrence of intraoperative hemodynamic instability. 

Group 2 

Patients with coronary artery disease, undergoing coronary artery bypass graft 

procedure (CABG) under GA and mechanical ventilation.  
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All patients undergoing CABG under GA are routinely monitored for intraoperative 

diagnosis of myocardial ischemia and hemodynamic instability as well as aid in 

therapeutic management with intraoperative TEE at our institute. 

EXCLUSION CRITERIA 

 Patient refusal. 

 Age less than 18 years and more than 65 years. 

 For Group-1: patients with documented coronary artery disease or regional 

wall motion abnormality seen in preoperative echocardiography 

 Presence of heart block, cardiac rhythms other than sinus rhythm. 

 Valvular heart disease, intracardiac shunts, peripheral vascular disease. 

pregnant or nursing woman 

 Patients with left ventricular dysfunction as determined by preoperative 

echocardiography. 

 Presence of esophageal pathologies like esophageal mass, stricture, tracheo-

esophageal fistula, esophageal varices, history of previous esophageal/upper 

GI surgery. 

 Cervical arthritis/Atlanto -axial joint disease with restricted neck mobility. 

 Hip and Knee replacement or arthritis restricting the movements of leg. 

 Pregnant and nursing women 

 Patients undergoing emergency surgery 

DETAILED DISCUSSION OF THE STUDY PROTOCOL 

Patients in group 1 of our study required routine intraoperative TEE 

monitoring on account of their surgical/disease factors/risk for venous air embolism, 
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irrespective of the study requirement. All patients undergoing CABG are monitored 

with TEE intraoperatively in our institution.  

 During pre-anesthetic visit, patients were explained about the study protocol 

in detailed and written informed consent was obtained for study enrollment. On the 

day of surgery patients were shifted to the operation theatre suite and American 

Society of Anesthesiologists (ASA) standard monitors were connected. Baseline 

recordings of heart rate, non-invasive blood pressure and SpO2 were monitored using 

a bedside monitor (Philips Intellivue, MX700, Philips Medizin systems, 

Germany).Under local anaesthesia infiltration [Lignocaine (2%) skin infiltration] I.V 

access with 16 G /18 G venous cannula was obtained. An arterial access with 20 G 

arterial cannula was obtained in the non-dominant upper extremity radial artery and 

the pressure transducer was positioned at the mid-axillary level for beat to beat 

measurement of blood pressure. 

Baseline infusion of crystalloid intravenous fluids was initiated as per standard 

operating protocol and treatment decision of the attending anaesthesiologist. 

Intravenous fluid administration dosage was not altered for study purpose. The 

patients were pre-oxygenated with oxygen at 6 L/min for three to five minutes after 

which they were premeditated with fentanyl 2-3mcg/kg and induced with propofol 1-

2mg/kg. Further endotracheal intubation was facilitated with an intermediate acting 

muscle relaxant vecuronium, dosed at 0.1mg/kg. Post induction maintenance was 

achieved with an air: oxygen mixture of the ratio 1:1 and sevoflurane at a MAC of 

0.5-1.0.Intravenous maintenance of anaesthesia was done with an infusion of fentanyl 

with atracurium at an infusion rate of 1mcg/kg /hr of fentanyl and 0.01 to 0.02 

mg/kg/hr of atracurium. Mechanical ventilation was instituted in volume-controlled 

mode (Aestiva /5, Datex Ohmeda) with a square wave (constant inspiratory flow) 
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adjusted to obtain a PaCO2 of 35- 40 mm Hg during surgery. Positive end expiratory 

pressure (PEEP) was not applied.If necessary, the ventilator protocol was changed to 

achieve a PaCO2 of 35- 40 mm Hg. A blanket and a warming system using forced air 

(Bair Hugger Warming system, Augustine Medical, USA) were applied in order to 

avoid hypothermia. Body temperature was measured using temperature probe placed 

in the nasopharynx. Post-optimization of ventilatory settings and final positioning, the 

Peak Inspiratory Pressure (PIP) was recorded. 

The TEE probe (GE Vivid 7 with 9T 4, 0-10.0 MHz multiplane TEE probe, 

GE Healthcare, Wauwatosa, WI 53226, USA) was inserted after insertion of a bite 

block and adequate lubrication with lubricant jelly in neurosurgical patients. The 

probe was inserted before the patient was positioned for surgery.TEE derived 

variables were recorded as per standard American Society of Echocardiography 

guidelines. For cardiac surgical patients iE33, RT3D TEE ultrasound machine (Philips 

Ultrasound USA) and matrix array TEE transducer (X7-2t) was used. 

Clinical and TEE measurements were obtained at three time intervals – 

baseline, 1 minute after PLR and 10 minutes after PLR. The clinical and TEE 

variables studied were entered manually into a proforma. TEE variables were 

obtained using mid-esophageal four chamber view,mid-esophageal bicaval view,mid-

esophageal aortic valve long-axis view, trans-gastric mid-papillary short axis view 

and deep trans-gastric long axis view. The TEE study protocol used in this study is as 

follows. 

Echocardiographic (TEE) based evaluation and measurements   

(1) Mid-esophageal four chamber view (ME 4C):- 
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The probe was advanced to a depth of 30 to 35cm until it was immediately 

posterior to the left atrium. With the imaging angle at 0 to 10 degrees, sector depth at 

12-14 cms and with the TEE probe in neutral position, the four chamber view was 

obtained. The probe was turned to the left (counter clockwise rotation of the probe) to 

center the mitral valve (MV). Clockwise rotation of the probe (turning it to the right) 

would center the left ventricle in the sector display. The key structures observed here 

were the left atrium, the left ventricle, the right atrium, right ventricle, tricuspid and 

mitral valves; and the septal and lateral walls of the myocardium.   

In this view we measured left ventricular end diastolic volume (LVEDV) and 

left ventricular end systolic volume (LVESV). In the ME four chamber view, short 

loops were saved and end -systolic and end diastolic frames were identified. End-

diastole was defined as the largest left ventricular cross sectional area immediately 

after R-wave peak in the echocardiogram. End-systole was defined as the smallest left 

ventricular cross-sectional area immediately after the end of the T wave. The 

endocardial borders were traced, starting at the medial or anterior mitral annulus and 

finishing at the lateral or posterior mitral annulus. We obtained non-foreshortened 

views of the left ventricle so as to visualize the true apex and prevent underestimation 

of volumes. Left ventricular volume was calculated using modified Simpsons method. 

In this method, the LV is described as a series of 20 discs from the base to the apex of 

the left ventricle, like a stack of coins with decreasing size. The computer software 

package calculated the volume of each disc as area multiplied by height and the 

volumes were summated to give total left ventricular volume. 

(2) Midesophageal aortic valve long -axis view:-   

This view was obtained by rotating the imaging angle to approximately 110 to 

130 degrees and a sector depth of 8 to 10 cm with the probe in neutral position. The 
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important structures seen here are the left ventricular outflow tract (LVOT), aortic 

valve (AV) and the ascending aorta. The stroke volume (SV), cardiac output (CO) and 

stroke volume variation (SVV) were calculated using LVOT diameter measured from 

this view during systole. 

(3) Midesophageal Bicaval View:- 

This view was obtained by turning the probe further to the patient‟s right at an 

angle of 105 to 120 degrees and a sector depth of 8 to 10 cms with the probe neutral. 

Structures visualized in this view include the left atrium, the right atrium, right atrial 

appendage, inter-atrial septum, superior venae cava and inferior venae cava. 

Anatomical M-mode was used to measure the diameters of the superior venae cava 

(SVC) by adjusting the probe position cranially or caudally. The SVC diameters 

measured were the maximum diameter on expiration (SVC max) and minimum 

diameter on inspiration (SVC min). The measurements were done during the same 

respiratory cycle.  

(4) Trans-gastric mid-papillary short axis view:-  

This view was obtained with the probe of the TEE at an angle of 0 degrees and 

a sector depth of 12 cm with the probe in the ante-flexed position inside the stomach. 

This view shows the left ventricular walls, the left ventricular cavity and the papillary 

muscles. 

(5) Deep trans-gastric long axis view:- 

The probe was pushed into the deep transgastric position and the tip of the 

probe was anteflexed further to bring the above mentioned view. The pulse wave 

Doppler cursor was placed 5 mm above the level of aortic valve inside the LVOT. 

The Doppler recordings were obtained with low speed to depict both the high and low 
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height of the wave tracing in the same respiratory cycle consisting of both inspiration 

and expiration. The stroke volume was calculated from multiplying the LVOT cross 

sectional area with the velocity time integral (VTI) by tracing the Doppler waves at 

the high and low waves.  The stroke volume and cardiac output were calculated using 

the software provided in the TEE machine. 

After obtaining baseline TEE readings, both groups of patients underwent 

PLR from semi-recumbent position, as per standard protocol using movements of the 

electronic position adjustable operating table. Patients were first made semi-

recumbent using the electronic adjustments of the operating table. Following this head 

end of the operating table was lowered and simultaneously PLR was introduced using 

electronic adjustments of the operating table.  Real-time assessment of clinical and 

TEE based parameters were done at 1 minute and 10 minutes after PLR. The clinical 

parameters studied included heart rate, systolic blood pressure, diastolic pressure, 

pulse pressure, systolic pressure variability and pulse pressure variability. The TEE 

derived parameters studied included left ventricular end diastolic volume, aortic VTI, 

aortic VTI variability, stroke volume, superior venae cava diameter, superior 

venacava collapsibility index, cardiac output and cardiac index. Averages of three 

readings for each measurement at – baseline, 1 minute after PLR and 10 minutes after 

PLR - were taken for all the clinical and TEE derived recordings. Patients were 

watched for any adverse events following PLR. In case of any adverse event in the 

form of hemodynamic instability or compromise in mechanical ventilation, patients 

were returned to supine position and excluded from study. Patients were returned to 

supine position after recording the observations following which surgical procedure 

was continued as planned by the surgical team. 
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STATISTICAL ANALYSIS 

Sample size calculation:- Assuming an equivalence margin of 2% and 

standard deviation of 2.6% for fluid responsiveness measured by TEE, to achieve 

80% power with alpha error of 5%, minimum sample size required in each of the two 

groups is estimated to be 21. We recruited 29 patients to group 1 and 25 patients to 

group 2 (age 19-65years in both groups), to compensate for the outliers and 

confounders. 

Analysis of data:- Data collected during the study were compiled using 

Microsoft Office Excel. Normality of data was tested with Kolmogorov–Smirnov 

one-sample test. Variates were presented as mean±SD for continuous variates with 

normal distribution. Hemodynamic parameters were classified as clinical and 

echocardiographic variables and analysed at paired intervals. Repeated measure 

ANOVA was used for paired comparison of hemodynamic data in both groups at 3 

intervals - baseline versus hemodynamic response at 1 minute after PLR; baseline 

versus 10 minutes after PLR; and 1 minute versus 10 minute PLR response. The 

correlation between significant clinical and echocardiographic variables was assessed 

using Karl Pearson correlation coefficient. Bland-Altman analysis was performed to 

evaluate the agreement between significant clinical and echocardiographic variables. 

Receiver operating characteristic (ROC) curves were generated separately for 

significant clinical and echocardiographic variables and area under curves was 

calculated. Sensitivity, specificity and corresponding likelihood ratios of each 

hemodynamic variable in predicting a response was calculated from the ROC curves 

data. A P value <0.05 was considered as statistically significant. All statistical 

analyses were carried out with IBM SPSS Statistics for Windows, version 21.0 (IBM 

Corp, USA.  
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RESULTS AND OBSERVATIONS 

 

Patients undergoing major elective neurosurgery were classified as Group 1 

and patients undergoing elective CABG were classified as Group 2 in our study. A 

total of 29 patients undergoing elective neurosurgery and 25 patients undergoing 

elective CABG were recruited into the study. The demographic characteristics, 

medical condition and baseline echocardiography characteristics of the recruited cases 

are depicted in Table 1, 2 and 3.. A total of 137 TEE examinations and measurements 

were obtained across both the groups. Study variables were classified as clinical and 

echocardiographic for the purpose of analysis. Measurements were recorded as 

baseline, 1 minute after PLR and 10 minutes after PLR. Paired comparison was done 

for clinical and echocardiographic parameters at baseline versus hemodynamic 

response at 1 minute after PLR; baseline versus 10 minutes after PLR; and 1 minute 

versus 10 minute PLR response. Percentage of change in each parameter at 1 and 10 

minutes after PLR, from baseline and also change at 10 minutes with regard to 1 

minute values were also calculated. A p value of <0.05 was considered significant. A 

10% or more change in paired comparison of any clinical/echocardiographic variable 

was considered as hemodynamic response based on results from previous studies. 
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Table 1– Demographic parameters of the study population 

(Group 1 – Non-coronary artery disease patients undergoing major elective 

neurosurgery 

Group 2 - Coronary artery disease patients undergoing elective coronary artery 

bypass surgery) 

Age in years 
Group I(n=29) Group II(n=25) Total 

n= % n= % n= % 

≤40 12 41.4 0 0.0 12 22.2 

41 – 50 9 31.0 2 8.0 11 20.4 

51 – 60 2 6.9 10 40.0 12 22.2 

>60 6 20.7 13 52.0 19 35.2 

Gender Group I(n=29) Group II(n=25) Total 

Male 16 55.2 25 100.0 41 75.9 

Female 13 44.8 0 0.0 13 24.1 
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Table 2: Baseline characteristics of Group 1 cases (non-cardiac disease patients 

undergoing elective major neuro-surgical  procedures)  

Parameter Values (%)* 

Male 16 (55.17) 

Female 13 (44.82) 

Diagnosis (n=29) 

High grade glioma 11 (37.93) 

Para-saggital meningioma  4 (13.79) 

Para-falcine meningioma 3 (10.34) 

Planumsphenoidale meningioma 2 (6.89) 

Frontal ependymoma 1 (3.44) 

Occipital meningioma 1 (3.44) 

Recurrent meningioma  1 (3.44) 

Cerebral metastasis 1 (3.44) 

Choroid plexus papilloma 1 (3.44) 

Frontal epidermoid tumor 1 (3.44) 

Trigeminal neuralgia 1 (3.44) 

Middle cerebral artery aneurysm 1 (3.44) 

3
rd

 ventricular colloid cyst 1 (3.44) 

 

(*Note- Percentages don‟t add up to hundred as values were approximated to 

the nearest decimal) 
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Table 3 – Demographic parameters and baseline echocardiographic parameters 

of the study population 

Parameter 

 

Group I Group II   

 p value  Mean  SD  Mean  SD 

Weight 63.8 11.9 67.4 12.2 0.283 

Height 160.7 11.3 164.0 7.7 0.218 

BSA 1.68 0.19 1.75 0.18 0.206 

Heart rate 68.6 15.2 60.5 8.6 0.021 

Systolic BP 111.6 17.5 108.6 15.2 0.509 

Diastolic BP 65.0 10.2 62.1 9.0 0.281 

Baseline LVOT 1.96 0.16 2.00 0.18 0.352 

LVIDD 3.70 0.89 3.13 0.51 0.007 

LVIDS 2.18 0.57 1.91 0.37 0.044 

EF 66.7 8.3 71.0 7.1 0.045 

 

We observed that baseline demographic parameters were comparable between 

two groups of patients. 

Further to this, we analyzed the variation in clinical and echocardiographic 

parameters from baseline. Clinical parameters analyzed include – heart rate, systolic 

blood pressure (maximum and minimum), diastolic blood pressure (maximum and 

minimum), pulse pressure, systolic pressure variation and pulse pressure variation. 

Paired comparison was done for these clinical parameters at baseline versus 

hemodynamic response at 1 minute after PLR; baseline versus 10 minutes after PLR; 

and 1 minute versus 10 minute PLR response. Percentage of change in each parameter 

at 1 and 10 minutes after PLR, from baseline and also change at 10 minutes with 

regard to 1 minute values were also calculated. A p value of <0.05 was considered 

significant. A 10% or more change in paired comparison of any 

clinical/echocardiographic variable was considered as hemodynamic response based 

on results from previous studies.  
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Table 4 A –Heart rates at various intervals in group 1 and 2 

  

 HR  

 Group I   Group II   

 p value  Mean  SD  mean  SD 

Baseline 68.6 15.2 60.5 8.6 0.021 

1 minute PLR 67.2 14.6 59.4 8.9 0.024 

10 minute PLR 66.7 14.7 59.1 9.0 0.030 

 

 

Table 4 B – Paired comparison for heart rates across various intervals in group 1 

and 2, and the % of change at each interval 

  Paired comparison 

Paired difference Percentage 

of change 

p value 

mean SE   

Group I 

Baseline vs 1 minute PLR -1.414 0.766 -2.1 0.075 

Baseline vs 10 minute PLR -1.948 0.834 -2.8 0.027 

1 minute PLR vs  10 minute 

PLR -0.534 0.44 -0.8 0.235 

Group II 

Baseline vs 1 minute PLR -1.06 0.837 -1.8 0.217 

Baseline vs 10 minute PLR -1.34 0.786 -2.2 0.101 

1 minute PLR vs 10 minute 

PLR -0.28 0.47 -0.5 0.557 

 

(SD – Standard Deviation, SE – Standard Error, PLR – Passive Leg Raising) 

  



36 | P a g e  
 

 

 

Mean baseline heart rates were significantly lower in group 2 cases compared 

to group 1. We observed that there was no significant variation in heart rates after 

PLR (Table 4B), across both the groups at any of the paired comparison intervals. A 

2.8% decrease in heart rate in group 1 cases after PLR though statistically significant 

(p=0.027) was not of hemodynamic relevance (only 10% or more change in any 

parameter after PLR was considered hemodynamic response).  There was a decrease 

in heart rate in group 2 cases at rates of 1.8%, 2.2% and 0.5% at baseline versus 1 

minute PLR, baseline versus 10 minute PLR and 1 minute PLR versus 10 minute PLR 

respectively. These changes were not significant.   
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Table 5 A – Systolic Blood Pressure at various intervals in group 1 and 2 

SBP (Max) 

 Group I   Group II   

 p value  Mean  SD  mean  SD 

Baseline 111.6 17.5 108.6 15.2 0.509 

1 minute PLR 115.2 17.6 127.5 16.5 0.011 

10 minute PLR 113.5 17.7 123.1 13.4 0.031 

 

 

Table 5 B – Paired comparison for Systolic Blood Pressure across various 

intervals in group 1 and 2, and the % of change at each interval 

  Paired comparison 

Paired 

difference 

Percentage 

of change 

p value mean SE 

Group 

I 

Baseline vs 1 minute PLR 3.621 2.743 3.2 0.198 

Baseline vs 10 minute PLR 1.931 2.11 1.7 0.368 

1 minute PLR vs 10 minute 

PLR -1.69 1.56 -1.5 0.288 

Group 

II 

Baseline vs 1 minute PLR 18.88 1.639 17.4 <0.001 

Baseline vs 10 minute PLR 14.48 1.835 13.3 <0.001 

1 minute PLR vs 10 minute 

PLR -4.4 1.504 -3.5 0.007 

(SD – Standard Deviation, SE – Standard Error, PLR – Passive Leg Raising) 
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We observed that in group 2 cases, there was significant increase in systolic 

blood pressure. [Table 5] at paired comparison intervals of baseline versus 

hemodynamic response at 1 minute after PLR and baseline versus 10 minutes after 

PLR. Systolic BP increased by 17.4% (18.88 +/- 1.639) and 13.3 % (14.48 +/- 1.835) 

at paired comparison intervals of baseline versus 1 minute after PLR and baseline 

versus 10 minutes after PLR respectively. A significant change in systolic BP at 

paired comparison interval of 1 minute versus 10 minutes after PLR was not of 

hemodynamic relevance (4.4% decrease). The changes in systolic blood pressure in 

group 1 cases were at the rates of 3.2%, 1.7% and -1.5% respectively at paired 

comparison intervals of baseline versus 1 minute PLR, baseline versus 10 minute PLR 

and 1 minute PLR versus 10 minute PLR. These changes were not significant. 
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Table 6 A – Diastolic Blood Pressure at various intervals in group 1 and 2 

DBP (Max) 

 Group I   Group II   

 p value  Mean  SD  mean  SD 

Baseline 65.0 10.2 62.1 9.0 0.281 

1 minute PLR 66.0 10.7 75.2 11.4 0.003 

10 minute PLR 64.8 10.6 72.8 10.4 0.007 

 

 

Table 6B – Paired comparison for Diastolic Blood Pressure across various 

intervals in group 1 and 2, and the % of change at each interval 

  

Paired 

comparison 

Paired 

difference 

Percentage 

of change 

p value Mean SE 

Group 

I 

Baseline vs 1 

minute PLR 1 1.62 1.5 0.542 

Baseline vs 10 

minute PLR -0.241 1.373 -0.4 0.862 

1 minute PLR vs 

10 minute PLR -1.241 1.303 -1.9 0.349 

Group 

II 

Baseline vs 1 

minute PLR 13.12 1.087 21.1 <0.001 

Baseline vs 10 

minute PLR 10.68 1.215 17.2 <0.001 

1 minute PLR vs 

10 minute PLR -2.44 1.02 -3.4 0.025 

(SD – Standard Deviation, SE – Standard Error, PLR – Passive Leg Raising) 
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We observed that in group 2 cases, there was significant increase in diastolic 

blood pressure [Table 6] at paired comparison intervals of baseline versus 

hemodynamic response at 1 minute after PLR and baseline versus 10 minutes after 

PLR. Diastolic BP  increased by 21.1% (13.12 +/- 1.087) and 17.2 % (10.68 +/- 

1.215) at paired comparison intervals of baseline versus 1 minute after PLR and 

baseline versus 10 minutes after PLR respectively. A significant change in diastolic 

BP at paired comparison interval of 1 minute versus 10 minutes after PLR was not of 

hemodynamic relevance (3.4% decrease). The changes in diastolic blood pressure in 

group 1 cases were at the rates of 1.5%, -0.4% and -1.9% respectively at paired 

comparison intervals of baseline versus 1 minute PLR, baseline versus 10 minute PLR 

and 1 minute PLR versus 10 minute PLR. These changes were not significant. 
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Table 7 A – Mean Pulse Pressure at various intervals in group 1 and 2 

  

 PP (mean) 

 Group I   Group II   

 p 

value  Mean  SD  Mean SD 

Baseline 46.1 10.8 45.6 11.9 0.894 

1 minute PLR 48.5 10.9 51.3 11.6 0.370 

10 minute PLR 47.9 11.4 50.2 10.1 0.441 

 

Table 7 B – Paired comparison for Mean Pulse Pressure across various intervals 

in group 1 and 2, and the % of change at each interval 

  

Paired 

comparison 

Paired 

difference 

Percentage 

of change p 

value mean SE 

Group 

I 

Baseline vs 1 

minute PLR 2.483 1.709 5.4 0.157 

Baseline vs 10 

minute PLR 1.81 1.552 3.9 0.253 

1 minute PLR vs 

10 minute PLR -0.672 0.575 -1.4 0.252 

Group 

II 

Baseline vs 1 

minute PLR 5.66 0.969 12.4 0 

Baseline vs 10 

minute PLR 4.52 1.03 9.9 0 

1 minute PLR vs 

10 minute PLR -1.14 0.7 -2.2 0.116 

(SD – Standard Deviation, SE – Standard Error, PLR – Passive Leg Raising) 
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We observed that in group 2 cases, there was significant increase in mean 

pulse pressure [Table 7] at paired comparison intervals of baseline versus 

hemodynamic response at 1 minute after PLR and baseline versus 10 minutes after 

PLR. Mean pulse pressure increased by 12.4% (5.66 +/- 0.969) and 9.9 % (4.52 +/- 

1.03) at paired comparison intervals of baseline versus 1 minute after PLR and 

baseline versus 10 minutes after PLR respectively. The changes in mean pulse 

pressure in group 1 cases were at the rates of 5.4%, 3.9% and -1.4% respectively at 

paired comparison intervals of baseline versus 1 minute PLR, baseline versus 10 

minute PLR and 1 minute PLR versus 10 minute PLR. These changes were not 

significant. 

Further we analysed the variation in echocardiographic parameters from 

baseline.  

  



43 | P a g e  
 

Table 8 A – Maximum SVC diameter at various intervals in group 1 and 2 

  

 SVC (max) 

 Group I   Group II   

 p 

value  Mean  SD  Mean  SD 

Baseline 1.44 0.27 1.45 0.31 0.911 

1 minute PLR 1.49 0.27 1.50 0.23 0.806 

10 minute PLR 1.43 0.23 1.54 0.26 0.133 

 

Table 8 B – Paired comparison for maximum SVC diameter across various 

intervals in group 1 and 2, and the % of change at each interval 

  

Paired 

comparison 

Paired 

difference 

Percentage 

of change p 

value Mean SE 

Group 

I 

Baseline vs 1 

minute PLR 0.048 0.027 3.3 0.08 

Baseline vs 10 

minute PLR -0.003 0.03 -0.2 0.909 

1 minute PLR vs 

10 minute PLR -0.052 0.027 -3.5 0.061 

Group 

II 

Baseline vs 1 

minute PLR 0.056 0.045 3.9 0.225 

Baseline vs 10 

minute PLR 0.089 0.042 6.1 0.043 

1 minute PLR vs 

10 minute PLR -0.033 0.033 -2.2 0.334 

(SD – Standard Deviation, SE – Standard Error, PLR – Passive Leg Raising) 
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It was observed that there was a significant increase in SVC diameter 

(p=0.043) at paired comparison interval of baseline versus 10 minutes after PLR in 

group 2 cases (Table 8). This response was not of hemodynamic significance 

(6.1%).The changes of SVC diameter in group 1 cases were at the rates of 3.3%, -

0.2% and -3.5% respectively at paired comparison intervals of baseline versus 1 

minute PLR, baseline versus 10 minute PLR and 1 minute PLR versus 10 minute 

PLR.The SVC diameter variation at these intervals were not significant 

hemodynamically or statistically. 
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Table 9 A – Left ventricular end diastolic volume (LVEDV) at various intervals 

in group 1 and 2 

 LVEDV 

  

 Group I   Group II   

 p value  Mean  SD  mean  SD 

Baseline 91.40 20.66 76.26 16.01 0.004 

1 minute PLR 94.79 18.49 82.70 15.51 0.013 

10 minute PLR 92.07 20.25 80.54 13.81 0.020 

 

Table 9 B – Paired comparison for left ventricular end diastolic volume 

(LVEDV) across various intervals in group 1 and 2, and the % of change at each 

interval 

  Paired comparison 

Paired 

difference 

Percentage 

of change p 

value mean SE 

Group 

I 

Baseline vs 1 minute PLR 3.397 1.608 3.7 0.044 

Baseline vs 10 minute 

PLR 0.672 1.381 0.7 0.63 

1 minute PLR vs 10 

minute PLR -2.724 1.702 -2.9 0.121 

Group 

II 

Baseline vs 1 minute PLR 6.44 1.639 8.4 0.001 

Baseline vs 10 minute 

PLR 4.28 1.623 5.6 0.014 

1 minute PLR vs 10 

minute PLR -2.16 1.351 -2.6 0.123 

(SD – Standard Deviation, SE – Standard Error, PLR – Passive Leg Raising) 
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We noticed that in group 2 cases LVEDV increased significantly at paired 

comparison intervals of baseline versus 1 minute after PLR and baseline versus 10 

minutes after PLR with a 8.4% and 5.6% change respectively (p=0.001 and 0.014) 

[Table 9].  There was a 3.7% increase in LVEDV at paired comparison interval of 

baseline versus 1 minute after PLR among group 1 cases also (p=0.044). Neither of 

these changes in LVEDV was considered hemodynamic response to PLR (10% or 

more increase or decrease from baseline was considered response).  
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Table 10 A – Stroke volume at various intervals in group 1 and 2 

  

  SV 

 Group I   Group II   

 p value  mean  SD  Mean  SD 

Baseline 64.8 23.9 54.9 17.1 0.090 

1 minute PLR 67.1 20.1 61.0 18.1 0.253 

10 minute PLR 65.9 21.2 57.9 19.4 0.160 

 

Table 10 B – Paired comparison for stroke volume across various intervals in 

group 1 and 2, and the % of change at each interval 

  Paired comparison 

Paired 

difference 

Percentage 

of change p 

value Mean SE 

Group 

I 

Baseline vs 1 minute PLR 2.276 1.401 3.5 0.116 

Baseline vs 10 minute 

PLR 1.064 1.821 1.6 0.564 

1 minute PLR vs 10 

minute PLR -1.211 1.173 -1.8 0.311 

Group 

II 

Baseline vs 1 minute PLR 6.14 1.875 11.2 0.003 

Baseline vs 10 minute 

PLR 3.04 2.055 5.5 0.152 

1 minute PLR vs 10 

minute PLR -3.1 1.762 -5.1 0.091 

(SD – Standard Deviation, SE – Standard Error, PLR – Passive Leg Raising) 
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We noticed that in group 2 cases there was a significant increase in stroke 

volume by 11.2% (p=0.003) at paired comparison interval of baseline to 1 minute 

after PLR (Table 10). The responses at other paired comparison intervals were not 

significant hemodynamically or statistically in either of the groups.The changes of left 

ventricular stroke volume in group 1 cases were at the rates of 3.5%, 1.6% and -1.8% 

respectively at paired comparison intervals of baseline versus 1 minute PLR, baseline 

versus 10 minute PLR and 1 minute PLR versus 10 minute PLR. These changes were 

not significant.  
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Table 11 A – Average aortic velocity time integral (aortic VTI) at various 

intervals in group 1 and 2 

 Average VTI 

  

 Group I   Group II   

 p value  Mean  SD  Mean  SD 

Baseline 21.7 5.4 17.6 4.8 0.005 

1 minute PLR 22.8 4.5 19.4 4.3 0.007 

10 minute PLR 22.3 5.0 18.7 5.0 0.011 

 

 

Table 11 B – Paired comparison for average aortic velocity time integral (aortic 

VTI) across various intervals in group 1 and 2, and the % of change at each 

interval 

  Paired comparison 

Paired 

difference 

Percentage 

of change p 

value Mean SE 

Group 

I 

Baseline vs 1 minute PLR 1.093 0.49 5.0 0.034 

Baseline vs 10 minute 

PLR 0.622 0.594 2.9 0.303 

1 minute PLR vs 10 

minute PLR -0.471 0.39 -2.1 0.237 

Group 

II 

Baseline vs 1 minute PLR 1.787 0.536 10.2 0.003 

Baseline vs 10 minute 

PLR 1.076 0.592 6.1 0.082 

1 minute PLR vs 10 

minute PLR -0.711 0.467 -3.7 0.141 

(SD – Standard Deviation, SE – Standard Error, PLR – Passive Leg Raising) 

 

  



50 | P a g e  
 

 

 

We noticed that in group 2 cases there was a significant increase in average 

aortic VTI by 10.2% (p=0.003) at paired comparison interval of baseline to 1 minute 

after PLR (Table 11). There was a significant increase in average aortic VTI at paired 

comparison interval of baseline versus 1 minute after PLR. The responses at other 

paired comparison intervals were not significant hemodynamically or statistically in 

group 2 cases.The changes of average aortic VTI in group 1 cases were at the rates of 

5%, 2.9% and -2.1% respectively at paired comparison intervals of baseline versus 1 

minute PLR, baseline versus 10 minute PLR and 1 minute PLR versus 10 minute 

PLR. These changes were not significant.   
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Table 12A – Aortic velocity time integral (aortic VTI) variability at various 

intervals in group 1 and 2 

  

 VTI variability 

 Group I   Group II   

 p 

value  mean  SD  mean  SD 

Baseline 17.6 9.6 14.9 10.6 0.329 

1 minute PLR 19.5 11.9 14.8 9.7 0.117 

10 minute PLR 18.8 14.5 14.4 12.3 0.233 

 

Table 12 B – Paired comparison for aortic velocity time integral (aortic VTI) 

variability across various intervals in group 1 and 2, and the % of change at each 

interval 

  

Paired 

comparison 

Paired 

difference 

Percentage 

of change p 

value Mean SE 

Group 

I 

Baseline vs 1 

minute PLR 1.947 2.304 11.1 0.405 

Baseline vs 10 

minute PLR 1.248 3.318 7.1 0.71 

1 minute PLR vs 

10 minute PLR -0.699 3.127 -3.6 0.825 

Group 

II 

Baseline vs 1 

minute PLR -0.101 1.564 -0.7 0.949 

Baseline vs 10 

minute PLR -0.508 2.481 -3.4 0.84 

1 minute PLR vs 

10 minute PLR -0.407 2.354 -2.8 0.864 

(SD – Standard Deviation, SE – Standard Error, PLR – Passive Leg Raising) 
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We observed that average aortic VTI variability did not vary significantly in 

either of the groups at any of the paired comparison intervals (Table 12). In group 1 

cases there was a 11.1% increase in aortic VTI variability which was not significant 

(p=0.405). The VTI variability in group 2 cases decreased at rates of 0.7%, 3.4% and 

2.8% at paired comparison intervals of baseline versus 1 minute PLR, baseline versus 

10 minute PLR and 1 minute PLR versus 10 minute PLR. These changes were not 

significant.   
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Table 13A – Stroke volume variability (SVV) at various intervals in group 1 and 

2 

 SVV 

  

 Group I   Group II   

 p 

value  mean  SD  Mean  SD 

Baseline 17.5 9.1 14.9 10.4 0.320 

1 minute PLR 18.6 12.0 15.1 10.2 0.253 

10 minute PLR 18.9 10.8 12.8 9.5 0.033 

 

Table 13 B – Paired comparison for Stroke volume variability (SVV) across 

various intervals in group 1 and 2, and the % of change at each interval 

  Paired comparison 

Paired 

difference 

Percentage 

of change p 

value Mean SE 

Group 

I 

Baseline vs 1 minute PLR 1.109 2.146 6.3 0.609 

Baseline vs 10 minute 

PLR 1.323 2.571 7.6 0.611 

1 minute PLR vs 10 

minute PLR 0.213 2.365 1.1 0.929 

Group 

II 

Baseline vs 1 minute PLR 0.222 1.695 1.5 0.897 

Baseline vs 10 minute 

PLR -2.114 2.291 -14.2 0.365 

1 minute PLR vs 10 

minute PLR -2.336 2.058 -15.5 0.268 

(SD – Standard Deviation, SE – Standard Error, PLR – Passive Leg Raising) 

 

  



54 | P a g e  
 

 

 

We observed that in group 2 cases, stroke volume variability decreased at 

baseline versus 10 minutes after PLR and 1 minute versus 10 minutes after PLR at 

14.2% and 15.5% respectively, however this was not significant (p=0.365 and 0.268) 

[Table 13]. None of the other responses in stroke volume variability was significant 

hemodynamically or statistically in either of the groups at any of the paired 

comparison intervals.The stroke volume variability in group 1 cases increased at rates 

of 6.3%, 7.6% and 1.1% at paired comparison intervals of baseline versus 1 minute 

PLR, baseline versus 10 minute PLR and 1 minute PLR versus 10 minute PLR. These 

changes were not significant statictically or hemodynamically. 
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Table 14A – Systolic pressure variability (SPV) at various intervals in group 1 

and 2 

 SPV 

  

 Group I   Group II   

 p 

value  mean  SD  Mean  SD 

Baseline 4.74 3.05 4.53 2.51 0.782 

1 minute PLR 4.08 2.10 3.84 2.28 0.701 

10 minute PLR 5.06 3.27 2.63 1.34 0.001 

 

Table 14B – Paired comparison for Systolic pressure variability (SPV) across 

various intervals in group 1 and 2, and the % of change at each interval 

  

Paired 

comparison 

Paired 

difference 

Percentage 

of change p 

value mean SE 

Group 

I 

Baseline vs 1 

minute PLR -0.666 0.541 -14.1 0.229 

Baseline vs 10 

minute PLR 0.317 0.747 6.7 0.674 

1 minute PLR vs 

10 minute PLR 0.983 0.519 24.1 0.068 

Group 

II 

Baseline vs 1 

minute PLR -0.684 0.623 -15.1 0.284 

Baseline vs 10 

minute PLR -1.9 0.558 -41.9 0.002 

1 minute PLR vs 

10 minute PLR -1.216 0.383 -31.7 0.004 

(SD – Standard Deviation, SE – Standard Error, PLR – Passive Leg Raising) 
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We noticed that systolic pressure variability decreased significantly in group 2 

cases at intervals of baseline versus 10 minutes after PLR and 1 minute versus 10 

minute after PLR at rates of 41.9% and 31.7% respectively (p=0.002 and 0.004) 

[Table 14]. A 15.1% decrease in SPV at paired comparison interval of baseline versus 

1 minute after PLR in group 2 cases was not significant.In patients undergoing 

neurosurgical procedures (group 1 cases), changes in SPV occurred at  baseline versus 

1 minute after PLR and 1 minute versus 10 minutes after PLR at -14.1% and 24.1% 

rates respectively, however these changes were not significant (p=0.229 and 0.068). 

There was a 6.7% increase in systolic pressure variability at baseline versus 10 

minutes after PLR in group 1 cases. This response was not significant.  
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Table 15A – Pulse pressure variability (PPV) at various intervals in group 1 and 

2 

 PPV 

  

 Group I   Group II   

 p 

value  mean  SD  mean  SD 

Baseline 4.97 4.90 5.07 3.98 0.934 

1 minute PLR 4.01 3.89 4.84 3.16 0.401 

10 minute PLR 5.77 7.02 2.81 1.63 0.045 

 

Table 15B – Paired comparison for Pulse pressure variability (PPV) across 

various intervals in group 1 and 2, and the % of change at each interval 

  Paired comparison 

Paired 

difference 

Percentage 

of change p 

value mean SE 

Group 

I 

Baseline vs 1 minute PLR -0.962 1.087 -19.4 0.384 

Baseline vs 10 minute 

PLR 0.793 1.373 16.0 0.568 

1 minute PLR vs 10 

minute PLR 1.755 1.153 43.8 0.139 

Group 

II 

Baseline vs 1 minute PLR -0.239 0.918 -4.7 0.797 

Baseline vs 10 minute 

PLR -2.269 0.883 -44.8 0.017 

1 minute PLR vs 10 

minute PLR -2.029 0.625 -41.9 0.003 

(SD – Standard Deviation, SE – Standard Error, PLR – Passive Leg Raising) 
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We noticed that pulse pressure variability decreased significantly in group 2 

cases at intervals of baseline versus 10 minutes after PLR and 1 minute versus 10 

minute after PLR at rates of 44.8% and 41.9% respectively (p=0.017 and 0.003) 

[Table 15]. At paired comparison interval of baseline versus 1 minute after PLR pulse 

pressure variability decreased by 4.7% in this group. This change was not significant. 

In patients undergoing neurosurgical procedures (group 1 cases), changes in PPV 

occurred at  baseline versus 1 minute after PLR, baseline versus 10 minutes after PLR 

and 1 minute versus 10 minutes after PLR at rates of -19.4%, 16% and 43%  

respectively, however these changes were not significant (p=0.384, 0.568  and 0.139). 
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Table 16 A – Superior venacava collapsibility index (SVCCI) at various intervals 

in group 1 and 2 

  

 SVCCI 

 Group I   Group II   

 p 

value  Mean  SD  mean  SD 

Baseline 9.54 3.60 10.54 6.02 0.454 

1 minute PLR 9.10 4.65 10.80 8.72 0.367 

10 minute PLR 8.06 4.70 8.31 5.74 0.860 

 

Table 16 B – Paired comparison for Superior venacava collapsibility index 

(SVCCI) across various intervals in group 1 and 2, and the % of change at each 

interval 

  Paired comparison 

Paired 

difference 

Percentage 

of change p 

value mean SE 

Group 

I 

Baseline vs 1 minute PLR -0.44 1.036 -4.6 0.674 

Baseline vs 10 minute 

PLR -1.486 0.834 -15.6 0.086 

1 minute PLR vs 10 

minute PLR -1.046 0.819 -11.5 0.212 

Group 

II 

Baseline vs 1 minute PLR 0.254 1.756 2.4 0.886 

Baseline vs 10 minute 

PLR -2.237 1.485 -21.2 0.145 

1 minute PLR vs 10 

minute PLR -2.491 1.381 -23.1 0.084 

(SD – Standard Deviation, SE – Standard Error, PLR – Passive Leg Raising) 
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A 35% decrease in superior venacaval collapsibility index is considered as 

hemodynamic response. We observed that in group 2 cases, the superior venacaval 

collapsibility index (SVCCI) decreased at rates of 21.2% and 23.1% respectively at 

baseline versus 10 minutes after PLR and 1 minute versus 10 minutes after PLR, 

however this was not statistically significant (p=0.145 and 0.084 respectively) (Table 

16). A 15.6% and 11.5% decrease in SVCCI in group 1 cases at  intervals of baseline 

versus 10 minutes after PLR and 1 minute versus 10 minutes after PLR was also not 

significant (p=0.086 and 0.212 respectively). 
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Table 17 A – Cardiac output at various intervals in group 1 and 2 

  

 Cardiac Output 

 Group I   Group II   

 p 

value  Mean  SD  mean  SD 

Baseline 4.37 1.70 3.28 0.97 0.007 

1 minute PLR 4.47 1.51 3.58 0.97 0.015 

10 minute PLR 4.35 1.57 3.43 1.19 0.020 

 

Table 17B – Paired comparison forCardiac outputacross various intervals in 

group 1 and 2, and the % of change at each interval 

  Paired comparison 

Paired 

difference 

Percentage 

of change p 

value Mean SE 

Group 

I 

Baseline vs 1 minute PLR 0.1 0.113 2.3 0.386 

Baseline vs 10 minute 

PLR -0.019 0.142 -0.4 0.893 

1 minute PLR vs 10 

minute PLR -0.119 0.088 -2.7 0.186 

Group 

II 

Baseline vs 1 minute PLR 0.303 0.128 9.2 0.027 

Baseline vs 10 minute 

PLR 0.146 0.145 4.5 0.325 

1 minute PLR vs 10 

minute PLR -0.158 0.11 -4.4 0.163 

(SD – Standard Deviation, SE – Standard Error, PLR – Passive Leg Raising) 
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There was a significant increase (9.2%) in cardiac output at baseline versus 1 

minute after PLR in group 2 cases (p=0.027) [Table 17]. Cardiac output changed at 

rates of 4.5% and -4.4% at paired comparison intervals of baseline versus 10 minute 

PLR and1 minute PLR versus 10 minute PLR respectively. These changes were not 

significant. The cardiac output did not change significantly in group1 cases at any of 

the paired comparison intervals after PLR. 
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Table 18 A – Cardiac index at various intervals in group 1 and 2 

 Cardiac Index 

  

 Group I   Group II   

 p 

value  Mean  SD  Mean  SD 

Baseline 2.62 1.00 1.87 0.50 0.001 

1 minute PLR 2.69 0.93 2.04 0.48 0.003 

10 minute PLR 2.61 0.94 1.95 0.62 0.004 

 

 

Table 18 B – Paired comparison for Cardiac index across various intervals in 

group 1 and 2, and the % of change at each interval 

  Paired comparison 

Paired 

difference 

Percentage 

of change p 

value mean SE 

Group 

I 

Baseline vs 1 minute PLR 0.068 0.071 2.6 0.344 

Baseline vs 10 minute 

PLR -0.009 0.087 -0.3 0.914 

1 minute PLR vs 10 

minute PLR -0.078 0.055 -2.9 0.171 

Group 

II 

Baseline vs 1 minute PLR 0.171 0.074 9.1 0.029 

Baseline vs 10 minute 

PLR 0.076 0.087 4.1 0.389 

1 minute PLR vs 10 

minute PLR 0.095 0.064 4.7 0.155 

(SD – Standard Deviation, SE – Standard Error, PLR – Passive Leg Raising) 
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There was a significant increase (9.1%) in cardiac index at baseline versus 1 

minute after PLR in group 2 cases (p=0.029) [Table 18]. Cardiac index increased at 

rates of 4.1% and 4.7% at paired comparison intervals of baseline versus 10 minute 

PLR and1 minute PLR versus 10 minute PLR respectively. These changes were not 

significant.  The cardiac index did not change significantly in group1 cases at any of 

the paired comparison intervals after PLR. 

In summary, there was significant change in hemodynamic parameters in 

patients undergoing CABG after PLR. There was significant increase in SBP, DBP 

and mean pulse pressure at paired comparison intervals of baseline versus 

hemodynamic response at 1 minute after PLR and baseline versus 10 minutes after 

PLR. SPV and PPV decreased significantly in this group at intervals of baseline 

versus 10 minutes after PLR and 1 minute versus 10 minute after PLR (Table 5-7, 14, 

15). For echocardiographic parameters in CABG patients there was significant 

increase in SV, aortic VTI, CO and CI at interval of baseline versus 1 minute after 

PLR. LVEDV increased significantly at both baseline versus 1 minute after PLR and 

baseline versus 10 minutes after PLR with a 8.4% and 5.6% change respectively. 

SVV decreased at baseline versus 10 minutes after PLR and 1 minute versus 10 

minutes after PLR at 14.2% and 15.5% respectively, however this was not significant 

(p=0.365 and 0.268). The SVCCI decreased at rates of 21.2% and 23.1% respectively 

at baseline versus 10 minutes after PLR and 1 minute versus 10 minutes after PLR, 

however this was not statistically significant (p=0.145 and 0.084 respectively).(Table 

8-13, 17-18) 

In patients undergoing neurosurgical procedures (group 1 cases), changes in 

SPV occurred at  baseline versus 1 minute after PLR and 1 minute versus 10 minutes 

after PLR at -14.1% and 24.1% rates respectively (p=0.229 and 0.068).(Table 14) 



65 | P a g e  
 

PPV changed during all paired comparison intervals at -19.4%, 16% and 43.8% 

respectively (p=0.384, 0.568 and 0.139).(Table 15) Echocardiographic variables of 

aortic VTI variability and SVCCI changed at paired intervals of baseline versus 1 

minute after PLR; and both baseline versus 10 minutes after PLR and 1 minute versus 

10 minutes after PLR respectively at rates of 11.1% (p=0.405), -15.6% (p=0.086) and 

-11.5% (p=0.212) (Table 12, 16). None of the clinical and echocardiographic 

responses in non-cardiac disease cases were statistically significant. Average VTI and 

LVEDV changed significantly in this group at baseline versus 1 minute after PLR, 

however this could not be designated as significant hemodynamic response to PLR as 

these variables changed at only 5% and 3.7% respectively.(Table 9, 11) 
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Table 19 - Correlation coefficient between clinical and echocardiography derived 

parameters at significant paired comparison intervals for coronary artery 

disease cases (Group 2) 

Pearson 

Correlation 

 GROUP II 

LVEDV 

(Baseline vs 1 

minute PLR) 

Aortic 

VTI 

(Baseline 

vs 1 

minute 

PLR) 

SV 

(Baseline 

vs 1 

minute 

PLR) 

CO 

(Baseline 

vs 1 

minute 

PLR) 

CI 

(Baseline 

vs 1 

minute 

PLR) 

SBP (Baseline 

vs 1 minute 

PLR) 

0.641
**

 0.521
**

 0.398
*
 0.340 0.340 

DBP (Baseline 

vs 1 minute 

PLR) 

0.596
**

 0.347 0.242 0.341 0.341 

PP (Baseline vs 

1 minute PLR) 
0.408

*
 0.415

*
 0.323 0.200 0.200 

SPV (Baseline 

vs 10 minute 

PLR) 

-0.193 -0.001 0.167 0.077 0.077 

PPV (Baseline 

vs 10 minute 

PLR) 

-0.117 -0.126 -0.270 -0.330 -0.330 

(** p < 0.01, * p < 0.05) [SBP- Systolic Blood Pressure, DBP – Diastolic Blood 

Pressure, PP- Pulse Pressure, SPV - Systolic Pressure Variability, PPV - Pulse 

Pressure Variability, LVEDV- Left Ventricular End Diastolic Volume, VTI- Velocity 

Time Integral, SV- Stroke Volume, CO – Cardiac Output, CI – Cardiac Index]  



67 | P a g e  
 

 

 

Karl-Pearson correlation coefficient was calculated across significant clinical 

and echocardiographic variables in group 2 cases to forecast the best combination of 

either in predicting the response to PLR (Table 19). A paired combination of SBP 

baseline versus 1 minute after PLR to LVEDV baseline versus 1 minute after PLR or 

average aortic VTI at  baseline versus 1 minute after PLR represented strong linear 

correlation to predict response to PLR (Pearson coefficient of 0.641 and 0.521 

respectively at p<0.01).  A paired combination of mean pulse pressure at baseline 

versus 1 minute after PLR to LVEDV baseline versus 1 minute after PLR or average 

aortic VTI at baseline versus 1 minute after PLR represented moderate linear 

correlation to predict response to PLR (Pearson coefficient of 0.408 and 0.415 

respectively at p<0.05). 
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Table 20 – Comparison of Area Under Receiver Operating Characteristic 

(AUROC) curves at significant paired comparison intervals of clinical variables, 

for coronary artery disease (Group 2) cases 

  

  
AUC SE

a
 95% CI

b
 

SBP_Baseline_to_1_minute_PLR 0.810 0.0745 0.663 to 0.912 

DBPMax_Baseline_to_1_minute_PLR 0.839 0.0689 0.697 to 0.932 

PP_Baseline_to_1_minute_PLR 0.704 0.0849 0.547 to 0.832 

SPV_Baseline_to_10_minute_PLR 0.636 0.0854 0.478 to 0.776 

PPV_Baseline_to_10_minute_PLR 0.524 0.0925 0.368 to 0.676 
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Receiver operating characteristic (ROC) curves were generated for significant 

clinical and echocardiographic variables in group 2 cases varying the discriminating 

threshold for each parameter and area under curves were calculated. The areas under 

ROC curves data for clinical and echocardiographic variables are as in Table 20 & 21 

and Figure 1 & 2. Paired comparison of DBP at baseline versus 1 minute after PLR 

had the highest AUC to predict response to PLR followed by SBP at baseline versus 1 

minute after PLR (AUC 0.839, 95% CI 0.697-0.932 and AUC 0.810, 95% CI 0.663-

0.912 respectively). Among TEE derived parameters, LVEDV at baseline versus 1 

minute after PLR followed by aortic VTI at baseline versus 1 minute after PLR had 

the highest AUC to predict response to PLR (AUC 0.635, 95% CI 0.491-0.763 and 

AUC 0.608, 95% CI 0.464-0.739 respectively). 
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Figure 1 – Comparison of Area Under Receiver Operating Characteristic 

(AUROC) curves at significant paired comparison intervals of clinical variables, 

for coronary artery disease (Group 2) cases 
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Table 21 – Comparison of Area Under Receiver Operating Characteristic 

(AUROC) curves at significant paired comparison intervals of 

echocardiographic variables, for coronary artery disease (Group 2) cases 

 

  
AUC SE

a
 95% CI

b
 

CI_Baseline_to_1_minute_PLR 0.583 0.0814 0.439 to 0.717 

CO_Baseline_to_1_minute_PLR 0.583 0.0814 0.439 to 0.717 

SV_Baseline_to_1_minute_PLR 0.581 0.0814 0.437 to 0.715 

SVV_Baseline_to_1_minute_PLR 0.530 0.0827 0.388 to 0.669 

VTI_Baseline_to_1_minute_PLR 0.608 0.0793 0.464 to 0.739 

LVEDV_Baseline_to_1_minute_PLR 0.635 0.0794 0.491 to 0.763 

SVCmax_Baseline_to_1_minute_PLR 0.553 0.0828 0.410 to 0.690 
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Figure 2 – Comparison of Area Under Receiver Operating Characteristic 

(AUROC) curves at significant paired comparison intervals of 

echocardiographic variables, for coronary artery disease (Group 2) cases 
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Table 22:- Accuracy of clinical parameter changes after PLR to predict fluid responsiveness in Group 2 cases 

 Group 2 
cases 

Criterion Sens 95% CI Spec 95% CI +LR 95% CI -LR 95% CI +PV 95% CI -PV 95% CI 

SBP 
Baseline to 
1 minute 
PLR 

>7.22 96 79.6 - 99.9 72.41 52.8 - 87.3 3.48 1.9 - 6.3 
0.05

5 
0.008 -

 0.4 
75 56.6 - 88.5 95.5 77.2 - 99.9 

  >9.84 88 68.8 - 97.5 79.31 60.3 - 92.0 4.25 2.1 - 8.8 0.15 0.05 - 0.4 78.6 59.0 - 91.7 88.5 69.8 - 97.6 

  >14.29 68 46.5 - 85.1 89.66 72.6 - 97.8 6.57 2.2 - 19.8 0.36 0.2 - 0.6 85 62.1 - 96.8 76.5 58.8 - 89.3 

Optimal cut-
point  

>7.22 96 79.6 - 99.9 72.41 52.8 - 87.3 3.48 1.9 - 6.3 
0.05

5 
0.008 -

 0.4 
75 56.6 - 88.5 95.5 77.2 - 99.9 

DBP 
Baseline to 
1 minute 
PLR 

>5.48 92 74.0 - 99.0 75.86 56.5 - 89.7 3.81 2.0 - 7.3 0.11 0.03 - 0.4 76.7 57.7 - 90.1 91.7 73.0 - 99.0 

  >8.7 88 68.8 - 97.5 75.86 56.5 - 89.7 3.65 1.9 - 7.1 0.16 0.05 - 0.5 75.9 56.5 - 89.7 88 68.8 - 97.5 

  >15.38 80 59.3 - 93.2 89.66 72.6 - 97.8 7.73 2.6 - 23.0 0.22 0.1 - 0.5 87 66.4 - 97.2 83.9 66.3 - 94.5 

 Optimal cut-
point  

>12.99 88 68.8 - 97.5 82.76 64.2 - 94.2 5.1 2.3 - 11.5 0.15 0.05 - 0.4 81.5 61.9 - 93.7 88.9 70.8 - 97.6 

PP Baseline 
to 1 minute 
PLR 

>4.55 72 50.6 - 87.9 68.97 49.2 - 84.7 2.32 1.3 - 4.2 0.41 0.2 - 0.8 66.7 46.0 - 83.5 74.1 53.7 - 88.9 

  >8.55 68 46.5 - 85.1 79.31 60.3 - 92.0 3.29 1.5 - 7.0 0.4 0.2 - 0.7 73.9 51.6 - 89.8 74.2 55.4 - 88.1 

  >14.14 40 21.1 - 61.3 82.76 64.2 - 94.2 2.32 0.9 - 5.9 0.73 0.5 - 1.0 66.7 38.4 - 88.2 61.5 44.6 - 76.6 

 Optimal cut-
point  

>7.25 72 50.6 - 87.9 75.86 56.5 - 89.7 2.98 1.5 - 5.9 0.37 0.2 - 0.7 72 50.6 - 87.9 75.9 56.5 - 89.7 

[SBP- Systolic Blood Pressure, DBP – Diastolic Blood Pressure, PP- Pulse Pressure, LR – Likelihood ratio, PV – Predictive value] 
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Table 23:- Accuracy of TEE parameter changes after PLR to predict fluid responsiveness in Group 2 cases 

Group 2 cases Criterion Sens 95% CI Spec 95% CI +LR 95% CI -LR 95% CI +PV 95% CI -PV 95% CI 

LVEDV 
Baseline to 
1 minute 
PLR 

>4.17 60 38.7 - 78.9 55.17 35.7 - 73.6 1.34 0.8 - 2.2 0.73 0.4 - 1.3 53.6 33.9 - 72.5 61.5 40.6 - 79.8 

  >11.76 52 31.3 - 72.2 82.76 64.2 - 94.2 3.02 1.2 - 7.3 0.58 0.4 - 0.9 72.2 46.5 - 90.3 66.7 49.0 - 81.4 

  >15.12 32 14.9 - 53.5 89.66 72.6 - 97.8 3.09 0.9 - 10.4 0.76 0.6 - 1.0 72.7 39.0 - 94.0 60.5 44.4 - 75.0 

 Optimal cut-
point  

>11.76 52 31.3 - 72.2 82.76 64.2 - 94.2 3.02 1.2 - 7.3 0.58 0.4 - 0.9 72.2 46.5 - 90.3 66.7 49.0 - 81.4 

SV Baseline 
to 1 minute 
PLR 

>3.16 56 34.9 - 75.6 55.17 35.7 - 73.6 1.25 0.7 - 2.1 0.8 0.5 - 1.4 51.9 31.9 - 71.3 59.3 38.8 - 77.6 

  >7.24 56 34.9 - 75.6 68.97 49.2 - 84.7 1.8 0.9 - 3.4 0.64 0.4 - 1.1 60.9 38.5 - 80.3 64.5 45.4 - 80.8 

  >15.05 40 21.1 - 61.3 68.97 49.2 - 84.7 1.29 0.6 - 2.7 0.87 0.6 - 1.3 52.6 28.9 - 75.6 57.1 39.4 - 73.7 

Optimal cut-
point  

>7.24 56 34.9 - 75.6 68.97 49.2 - 84.7 1.8 0.9 - 3.4 0.64 0.4 - 1.1 60.9 38.5 - 80.3 64.5 45.4 - 80.8 

CO 
Baseline to 
1 minute 
PLR 

>5.52 48 27.8 - 68.7 58.62 38.9 - 76.5 1.16 0.6 - 2.1 0.89 0.5 - 1.4 50 29.1 - 70.9 56.7 37.4 - 74.5 

  >10.43 44 24.4 - 65.1 72.41 52.8 - 87.3 1.59 0.8 - 3.3 0.77 0.5 - 1.2 57.9 33.5 - 79.7 60 42.1 - 76.1 

  >15.06 40 21.1 - 61.3 75.86 56.5 - 89.7 1.66 0.7 - 3.7 0.79 0.5 - 1.2 58.8 32.9 - 81.6 59.5 42.1 - 75.2 

Optimal cut-
point  

>26.52 28 12.1 - 49.4 93.1 77.2 - 99.2 4.06 0.9 - 17.8 0.77 0.6 - 1.0 77.8 40.0 - 97.2 60 44.3 - 74.3 

CI Baseline 
to 1 minute 
PLR 

>5.52 48 27.8 - 68.7 58.62 38.9 - 76.5 1.16 0.6 - 2.1 0.89 0.5 - 1.4 50 29.1 - 70.9 56.7 37.4 - 74.5 

  >9.84 44 24.4 - 65.1 62.07 42.3 - 79.3 1.16 0.6 - 2.2 0.9 0.6 - 1.4 50 28.2 - 71.8 56.2 37.7 - 73.6 

  >15.06 40 21.1 - 61.3 75.86 56.5 - 89.7 1.66 0.7 - 3.7 0.79 0.5 - 1.2 58.8 32.9 - 81.6 59.5 42.1 - 75.2 

Optimal cut-
point 

>26.52 28 12.1 - 49.4 93.1 77.2 - 99.2 4.06 0.9 - 17.8 0.77 0.6 - 1.0 77.8 40.0 - 97.2 60 44.3 - 74.3 

[LVEDV- Left Ventricular End Diastolic Volume, SV- Stroke Volume, CO – Cardiac Output, CI – Cardiac Index, LR – Likelihood ratio, PV – Predictive value]  
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Further to this the best threshold of clinical and TEE derived parameters to 

predict fluid responsiveness was assessed in group 2 cases. This was done at significant 

intervals of comparison after PLR maneuver. For clinical parameters the analysed 

intervals were SBP-baseline versus 1 minute after PLR, DBP baseline versus 1 minute 

after PLR; andpulse pressure -baseline versus 1 minute after PLR (Table 22). For TEE 

derived parameters the analysed intervals for threshold accuracy data were LVEDV - 

baseline versus 1 minute after PLR, SV - baseline versus 1 minute after PLR,CO - 

baseline versus 1 minute after PLR andCI -baseline versus 1 minute after PLR (Table 

23). These variables were depicted as delta PLR clinical and delta PLR TEE for the ease 

description. The best threshold for systolic blood pressure (delta PLR Clinical SBP) was 

at a criterion of 7.22% increment after PLR, with sensitivity 96% (CI 95 = 79.6 - 99.9) 

and specificity 72.41%  (CI 95 = 52.8 - 87.3).  The best threshold for diastolic blood 

pressure (delta PLR Clinical DBP) was at a criterion of 12.99% increment after PLR, 

with sensitivity 88% (CI 95 = 68.8 - 97.5) and specificity 82.76%  (CI 95 =64.2 - 94.2). 

The best threshold for pulse pressure (delta PLR Clinical PP) was at a criterion of 7.25% 

increment after PLR, with sensitivity 72% (CI 95 = 50.6 - 87.9) and specificity 75.86%  

(CI 95 = 56.5 - 89.7). 

Among the TEE assessed parameters, the best threshold for LVEDV (delta PLR 

TEE LVEDV) was at a criterion of 11.76% increment after PLR, with sensitivity 52% 

(CI 95 = 31.3 - 72.2) and specificity 82.76%  (CI 95 = 64.2 - 94.2).A 7.24% increment of 

stroke volume after PLR (delta PLR TEE SV) predicted fluid responsiveness with a 

sensitivity of 56% (CI 95 = 34.9 - 75.6) and specificity of 68.07% (CI 95 = 49.2 - 84.7). 

A 10.43% increment of cardiac output after PLR (delta PLR TEE CO) predicted fluid 

responsiveness with a sensitivity of 44% (CI 95 =24.4 - 65.1) and specificity of 72.41% 

(CI 95 = 52.8 - 87.3). A 9.84% increment of cardiac index after PLR (delta PLR TEE CI) 

predicted fluid responsiveness with a sensitivity of 44% (CI 95 = 24.4 - 65.1) and 

specificity of 62.07% (CI 95 = 42.3 - 79.3). 
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DISCUSSION 

In this study we examined the clinical and echocardiographic response to a 

physiologic fluid load induced by PLR in patients without and with coronary artery 

disease undergoing elective neurosurgery or CABG respectively. Till date few 

adequately powered studies have evaluated fluid responsiveness using TEE in two such 

different groups of cases in the intraoperative scenario. To our knowledge very few 

studies have analysed fluid responsiveness to PLR in patients with coronary artery 

disease undergoing CABG. 
77 

  

It is important to assess fluid responsiveness in patients undergoing high risk 

surgery. Dynamic indices are better than static indices to grade fluid responsiveness. The 

dynamic evaluation of fluid responsiveness in our study was done using TEE. TEE is 

routinely used in all CABG procedures in our centre and for high risk neurosurgery cases 

where venous air embolism risk is high or if hemodynamic instability due to blood loss is 

anticipated. Previous studies show TEE monitoring can improve perioperative outcome 

in non-cardiac surgery. 
79,

 
80,

 
81

 

Studies assessing the dynamic indices of fluid responsiveness have used different 

methods varying from less invasive techniques like FloTrac/Vigileo monitor (FloTrac, 

Edwards Life sciences, Irvine, CA) to noninvasive methods like LiDCO in intensive care 

unit scenario.
82,

 
83,

 
84

  However, the use of TEE though considered more invasive than 

FloTrac monitor, provides more data on structure and function of heart as well as more 

accurate estimates of static and dynamic hemodynamic variables especially in CAD 

patients. Hence we used TEE for our study. 

The methodological strengths of our study are as follows:-  
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We had chosen PLR instead of intravenous fluid infusions to assess fluid 

responsiveness. PLR is a highly physiologic maneuver as not even a single drop of 

extraneous fluid is infused. Administration of intravenous fluids either colloids or 

crystalloids can lead to adverse events many of which might be postoperatively, and thus 

outside the study duration. Hence such adverse events can be hidden and grossly under 

reported. Moreover, the auto-transfusion occurring after PLR is with patients own whole 

blood from the lower limbs and splanchnic compartment. The physiologic advantage of 

such a shift of body fluid cannot be compared with any of the extraneous fluids 

available. PLR can induce sympathetic activation in awake indviduals by increasing the 

intrathoracic blood volume. However, we did PLR maneuver in patients under general 

anesthesia, hence any such confounder could be eliminated.  

Also we did not use the PLR maneuver as a treatment method in shock. None of 

our patients were hemodynamically unstable or hypovolemic preoperatively. Hence none 

of our patients did loose the advantage of intravenous fluid therapy. This further helped 

us in standardizing the patient population by avoiding a confounding factor of highest 

degree i.e. hypovolemia.   

In group 2, we chose cases with coronary artery disease subject to CABG. 

Choosing such a group helped in eliminating bias and error in the definition of coronary 

artery disease as only patients with definite criteria satisfying coronary vessel occlusion 

undergo CABG. The treatment decision to undergo CABG was not influenced in any 

way by the study protocol. Further choosing only patients with good LV function assists 

in standardization within this group. 

Our study results showed that non-coronary artery disease patients undergoing 

neurosurgical procedures did not have hemodynamic response to fluid load induced 
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either immediately after or 10 minutes of PLR, whereas patients with CAD had 

significant hemodynamic response to PLR at 1 minute after PLR which was not 

sustained at 10 minutes [Table 4 – 18]. Patients without CAD undergoing neurosurgical 

procedures failed to significantly respond to the fluid load induced by PLR neither 

clinically nor in the TEE derived dynamic variables. A 2.5% decrease in heart rate in this 

group after PLR though statistically significant (p=0.027) was not of hemodynamic 

relevance [Table 4]. The decrease in SPV (14.1%) and PPV (19.4%) immediately after 

PLR was not significant (p=0.229 and 0.384 respectively) in this group [Table 14, 15]. A 

significant increase in LVEDV and aortic VTI in non-coronary artery disease cases fails 

to attain hemodynamic relevance as the increase was suboptimal (3.7% and 5% 

respectively) [Table 9, 11].  

Lan H et al
85

 studied the ability of left ventricular end-diastolic volume variations 

(LVEDVV) measured by TEE compared with stroke volume variation (SVV) obtained 

by the FloTrac/Vigileo monitor to predict fluid responsiveness, in patients undergoing 

craniotomy with goal directed therapy. A total of 26 adult patients of ASA physical 

status 3 and 4, with LV EF > 35%, scheduled to undergo craniotomy were enrolled to 

their study. A total of 53.8% patients did the surgery for the reason of brain tumor and 

46.2% patients for intracranial aneurysm. About 70% of patients had co-morbidities of 

hypertension. Volume expansion was undertaken with colloid infusion in their study. 

Volume expansion induced a significant increase in CO (from 3.5 ± 0.5 to 4.0 ± 0.6 

L/min/m
2
, p =0.006) and CI (from 2.2±0.2 to 2.6±0.4 L/min/m

2
, p =0.008). At the same 

time, the authors observed significant decreases SVV (from 17.8±2.8 to 11.0±2.8%, 

p<0.001) and TEE derived LVEDVV (from 22.1±7.3 to 13.6± 3.8%, p<0.001). No 

significant changes were found in Vigileo derived SV (from 54.4±10.0 to 59.3± 8.5, p = 

0.084), VTI (from 18.7±2.7 to 19.5± 3.4%, p =0.503) and TEE-SV (from 53.3±8.0 to 
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58.2± 10.7, p =0.156). The authors found a significant correlation between SVV and 

LVEDVV obtained by TEE (R2 =0.4182, p <0.001). Bland-Altman analysis of pooled 

data showed mean bias and precisions of LVEDVV and SVV at 3.4% and 4.85%, 

respectively. The area under the ROC curve were as follows: 0.971 (95% CI: 0.945–

0.997) for SVV (p<0.001), 0.890 (95% CI: 0.783–0.998) for LVEDVV (p<0.001). The 

authors found sensitivity of SVV (15%) as 0.990 and the specificity as 0.975. The 

authors further stated that a threshold value of LVEDVV greater than 15.3% helped to 

discriminate hypovolemia with a sensitivity of 0.912 and a specificity of 0.815. The 

authors concluded that for fluid responsiveness of patients during craniotomy in ASA 

III-IV physical status, LVEDVV measured by left ventricular short diameter of axle 

using M type echocardiographic measurement seems an acceptable monitoring indicator.  

However, this study had multiple limitations. Only patients with hypovolemia, defined 

by authors as systemic hypotension (mean BP < 65 mmHg) with cardiac index <2.5 

L/min/m2 and a SVV > 15%, were subject to colloid infusion. Hence final data analysis 

was limited to only 10 patients of the total 26, as only 10 patients received colloid 

infusion. Thus the study was underpowered and the results cannot be extrapolated to all 

ASA III-IV physical status neurosurgical cases. Moreover, 46.2% of the cases in study 

population had intracranial aneurysm, a condition which can predispose the patients 

multiple systemic illnesses which could have confounded the results though. Also, 

hypovolemia per se must have confounded the results of this study.     

Byon HJ
86

 et al evaluated the clinical usefulness of static and dynamic variables 

for the prediction of fluid responsiveness in children, 6 months to 9 yr of age, undergoing 

elective neurosurgery under general anaesthesia. Dynamic parameters were assessed 

using trans-thoracic echocardiography in their study. Thirty-three mechanically 

ventilated children received 10 ml/ kg of colloid for 10 min while hemodynamically 
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stable intraoperatively. Arterial pressure, heart rate, central venous pressure (CVP), and 

pleth variability index (PVI) were the static parameters assessed. Dynamic parameters of 

fluid responsiveness assessed included variation in systolic pressure, pulse pressure 

(including delta down and delta up), respiratory aortic blood flow velocity (DVpeak), 

and inferior vena cava diameter. Each parameter was measured before and after volume 

expansion. Patients were classified as responders to fluid loading if their stroke volume 

index (SVI) increased by at least 10%. There were 15 volume responders and 18 non-

responders in this study population. Of the variables examined, DVpeak (r = 0.516, p = 

0.004) and PVI (r = 0.49, p = 0.004) before volume expansion were significantly 

correlated with changes in SVI. The receiver-operating characteristic (ROC) curve 

analysis showed that PVI and DVpeak predicted fluid responsiveness better. Areas under 

the ROC curves of PVI and DVpeak were statistically larger than that of CVP (p = 0.006 

and 0.014, respectively). However, those of other variables were similar to that of CVP. 

The authors concluded that DVpeak and PVI can be used to predict fluid responsiveness 

in mechanically ventilated children under general anesthesia, undergoing neurosurgical 

procedures. The other static and dynamic variables assessed in this study were not found 

to predict fluid responsiveness significantly in children. The authors further state that of 

the dynamic variables, PPV has been consistently shown to be the best predictor of fluid 

responsiveness in adults. However, in their study, PPV was not found to be useful for 

predicting fluid responsiveness during general anesthesia in children. The findings of this 

study were similar to other studies in paediatrc population which concurs with the 

findings of previous paediatric studies. 
87,

 
88,

 
89

 PPV is a variable which is affected by 

arterial elastance also compared to SVV. Arterial elastance in children is low, and 

therefore, pressures transmitted by an increase in stroke volume may be partially 

absorbed, and pressure variations caused by an increase in stroke volume may be absent 
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from the arterial pressure waveform, which could have contributed to the low predictive 

ability of PPV in either of these studies.   

In our study, patients with CAD had significant increase in SBP, DBP and pulse 

pressure immediately after PLR. This increase was sustained until 10 minutes of 

maintaining PLR. SBP increased by 17.4% and 13.3%; and DBP increased by 21.2% and 

17.2% and at 1 and 10 minutes (p<0.001) respectively after PLR compared to baseline 

[Table 5 – 7]. SBP, DBP and pulse pressure decreased at rates of 3.5%, 3.4% and 2.2% 

respectively at 10 minutes after PLR compared to baseline. Significant changes in SPV 

and PPV were not immediate as both decreased only at 10 minutes after PLR [Table 14, 

15].  We attribute this to the fact that SPV and PPV are affected by vessel wall plasticity. 

Vessel wall plasticity in CAD patients can be reduced due to atheromatous changes in 

blood vessels, hence causing delayed reduction in SPV and PPV.  The variations in the 

above clinical hemodynamic parameters in patients with CAD suggest that there was 

significant fluid responsiveness in this group and this response remained sustained up to 

10 minutes.  

TEE derived dynamic LV volumetric data on LVEDV and SV in CAD cases of 

our study showed an increase of 8.4% (p<0.001) and 11.2% (p<0.003) respectively for 

each [Table 9, 10]. Correspondingly the aortic VTI, CO and CI increased by 10.2% 

(p=0.003), 9.2% (p=0.027) and 9.1% (p=0.029) respectively in this group [Table 11, 17, 

18]. However, the decrease in SVV in this group of cases at 10 minutes after PLR was 

not significant (14.2%, p=0.365) [Table 13]. Also the decrease in SVCCI (21.2%, 

p=0.145) at 10 minutes after PLR does not attain hemodynamic significance as previous 

studies denote only a 35% or more change in SVCCI as hemodynamic response [Table 

16]. It is demonstrated here that the variations in TEE derived hemodynamic data in 

patients with coronary artery disease were not sustained up to 10 minutes unlike clinical 
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variables. We assume this to the reason that the increase in systemic vascular resistance 

(SVR) after PLR must have sustained the increase in SBP, DBP and pulse pressure, 

whereas the effect on LV filling must have waned off at 10 minutes after leg raising. 

However, central venous pressure monitoring and subsequent analysis of SVR was not 

part of our study protocol. The much suboptimal increase in SVC diameter after leg 

raising in CAD cases can be attributed to the method of conducting PLR in our study. 

Among the multitude methods of inducing PLR we chose the method in which the 

patient was made semi-recumbent first followed by leg raising, all with automated 

adjustments of the electronic operated operating theatre table. This methodology must 

have induced a partial SVC emptying, hence contributing to the suboptimal increase in 

SVC diameter after PLR.   We attribute same etiology to the suboptimal change in 

SVCCI.  

In our study we found a combination of SBP with LVEDV, DBP with LVEDV; 

and SBP with aortic VTI represented strong linear correlation in detecting a response to 

PLR in patients with CAD (Pearson coefficient 0.641, 0.596 and 0.521 respectively at 

p<0.01). Combinations of SBP with SV, pulse pressure with LVEDV; and PP with aortic 

VTI represented moderate linear correlation to predict response to PLR (Pearson 

coefficient 0.398, 0.408 and 0.415 respectively at p<0.05) [Table 19].  

Among the clinical parameters; DBP after 1 minute of PLR (AUC 0.839, 95% CI 

0.697-0.932) followed by SBP after 1 minute of PLR (AUC 0.810, 95% CI 0.663-0.912), 

pulse pressure after1 minute of PLR (AUC 0.704, 95% CI 0.547-0.832), SPV after 10 

minutes of PLR (AUC 0.636, 95% CI 0.478-0.776) and PPV after 10 minutes of PLR 

(AUC 0.524, 95% CI 0.368-0.676); were found to be predictive of clinical response to 

leg raising in that order [Table 20 and Figure 1].  
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Among the TEE variables we studied; LVEDV after 1 minute of PLR (AUC 

0.635, 95% CI 0.491-0.763) followed by aortic VTI after 1 minute of PLR (AUC 0.608, 

95% CI 0.464-0.739), CO after 1 minute of PLR (AUC 0.583, 95% CI 0.439-0.717) and 

SV after 1 minute of PLR (AUC 0.581, 95% CI 0.437-0.715); were found to be 

predictive of clinical response to leg raising in that order.CO and CI predicted response 

in PLR in CAD cases with similar accuracy [Table 21 and Figure 2].  

Chaves RCF et al
90

  systematically reviewed the response to fluid load in 

spontaneously breathing patients. In total, 649 spontaneously breathing patients were 

assessed for fluid responsiveness from 15 studies. Of those, 340 (52%) were deemed 

fluid responsive. Assessed methods to predict fluid responsiveness in this meta-analysis 

were pulse pressure variation (∆PP); systolic pressure variation (∆SP); ∆PP during 

forced inspiratory effort; ∆SP during forced inspiratory effort (∆SPf); ∆PP during the 

Valsalva maneuver (∆PPV); ∆SP during the Valsalva maneuver (∆VSP); lowest pulse 

pressure (PPmin); stroke volume variation (∆SV);  passive leg raising (PLR)-induced 

change in stroke volume (∆SV-PLR); PLR induced change in radial pulse pressure (∆PP-

PLR); PLR-induced change in the velocity peak of femoral artery flow (∆VF-PLR); deep 

inspiration maneuver induced change in pulse pressure (∆PPdim); respiratory change in 

velocity peak of femoral artery flow (∆VF); deep inspiration maneuver-induced change 

in velocity peak of femoral artery flow (∆VFdim); ∆PP during forced inspiratory 

breathing (∆PPFB); PLR induced change in stroke volume index (SVi-PLR); change in 

cardiac output (ΔCO); inferior vena cava collapsibility index (cIVC); E wave velocity; 

aortic velocity time index (VTI) variations during PLR (∆VTI-PLR); VTI ≤ 21 cm; 

aortic velocity variation (AoVV); inferior vena cava maximum diameter (IVCmax); and 

∆CO between baseline and after PLR (∆CO-PLR). Fluid challenge was performed in 

seven (46.6%) studies through an I.V. infusion of 500 ml of saline; five studies (33.3%) 
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with 500 ml of hydroxyethyl starch (HES); one (6.7%) study with 6  ml/kg of HES; one 

(6.7%) study applied 10 mL/kg of crystalloid; and one (6.7%) study used 5 ml/kg saline. 

Adopted definitions of fluid responsiveness were an increase in SV > 10% or > 15%; an 

increase in stroke volume index (SVi) ≥ 15%; an increase in CI ≥ 10% or ≥ 15%;  an 

increase in CO ≥ 10% or 12%  or an VTI ≥ 15%. Out of 34 reported maneuvers for 

predicting fluid responsiveness in spontaneously breathing patients, 13 (38%) maneuvers 

had excellent accuracy (AUC from 0.9 to 1), 9 (26%) had adequate accuracy (AUC from 

0.8 to 0.89), 6 (18%) had fair accuracy (AUC from 0.7 to 0.79), 5 (15%) had poor 

accuracy (AUC from 0.6 to 0.69) and 1 maneuver (3%) was classified as failure (AUC 

from 0.5 to 0.59). Pulse pressure variation during the Valsalva maneuver (∆PPV) of 52% 

(AUC ± SD: 0.98 ± 0.03) and passive leg raising-induced change in stroke volume 

(∆SV-PLR) > 13% (AUC ± SD: 0.96 ± 0.03) showed the highest accuracy to predict 

fluid responsiveness in spontaneously breathing patients as per this meta-analysis. The 

main finding of this systematic review is that, regardless of intrinsic limitations of each 

reported maneuver, fluid responsiveness can be assessed in spontaneously breathing 

patients with acceptable accuracy. Approximately two-thirds (19/29) of reported 

maneuvers were deemed adequate or excellent to predict fluid responsiveness in 

spontaneous breathing patients without ventilatory support and 60% (3/5) were deemed 

excellent in mechanically ventilated patients in a spontaneous mode.  

Wiesenack C et al 
91

 studied volume responsiveness in 20 patients undergoing 

elective coronary artery bypass grafting, after induction of anaesthesia, using volume 

replacement by infusion of 6% hydroxyethyl starch 200/0.5 at dose of 7mL/kg. On an 

average 542 mL of  hydroxyethyl starch was infused at a rate of 1mL/kg/min.  The 

authors evaluated the accuracy of simultaneously assessed stroke volume variation and 

pulse pressure variation using an improved algorithm for pulse contour analysis (PiCCO 
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plus®, V 5.2.2), compared to the respiratory changes in TEE derived aortic blood 

velocity (∆Vpeak) and intrathoracic blood volume index. Baseline stroke volume 

variation correlated significantly with changes in stroke volume index (∆SVI) (r2 = 0.66; 

p = 0.05) as did baseline pulse pressure variation (r2 = 0.65; p = 0.05), whereas baseline 

values of ∆Vpeak, intrathoracic blood volume index, CVP and PCWP showed no 

correlation to ∆SVI. Pulse contour analysis underestimated the volume-induced increase 

in cardiac index measured by transpulmonar thermodilution p = 0.05). The authors 

suggested that stroke volume variation and its surrogate pulse pressure variation derived 

from pulse contour analysis using an improve algorithm can serve as indicators of fluid 

responsiveness in normoventilated cardiac surgical. 

 

Belloni L et al 
92

 studied dynamic parameters of fluid responsiveness by LiDCO 

and TEE  in 19 patients during off-pump coronary artery bypass surgery. Fluid challenge 

was performed with 7 mL/kg of hydroxyethyl starch over 5 minutes, 20 minutes after 

induction of anesthesia, before skin incision and sternotomy, and without inotrope 

infusion. The study results confirmed the   ability of PPV and SVV to predict fluid 

responsiveness in mechanically ventilated patients during general anesthesia and authors 

suggested the choice of LiDCO as a reliable, minimally invasive, and simple method to 

obtain these markers in the operating room. 

 

Song Y et al 
77

 studied the respirophasic variation in carotid artery blood flow 

peak velocity (DVpeak-CA) measured by pulsed wave Doppler ultrasound as a predictor 

of fluid responsiveness in mechanically ventilated patients with coronary artery disease. 

Forty patients undergoing elective CABG were enrolled to the study. Subjects were 

classified as responders if stroke volume index (SVI) increased ≥15% after volume 

expansion (6 ml/kg). The DVpeak-CA was calculated as the difference between the 
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maximum and minimum values of peak velocity over a single respiratory cycle, divided 

by the average. CVP, PCOP, PPV, and DVpeak-CA were recorded before and after 

volume expansion. PPV and DVpeak-CA correlated significantly with an increase in SVI 

after volume expansion. Area under the ROC curve of PPV and DVpeak-CA were 0.75 

[95% CI 0.59–0.90] and 0.85 (95% CI 0.72– 0.97). The optimal cut-off values for fluid 

responsiveness of PPV and DVpeak-CA in their study were 13% (sensitivity and 

specificity of 0.74 and 0.71) and 11% (sensitivity and specificity of 0.85 and 0.82), 

respectively. The authors did a subgroup analysis in 17 subjects having pulse pressure 

hypertension (≥ 60 mm Hg). The PPV failed to predict fluid responsiveness (AUROC 

0.70, P=0.163)in this sub-group, whereas the predictability of DVpeak-CA remained 

unchanged (AUROC 0.90, P=0.006). The authors concluded that Doppler assessment of 

respirophasic DVpeak-CA seems to be a highly feasible and reliable method to predict 

fluid responsiveness in mechanically ventilated patients undergoing coronary 

revascularization. 

It is inferred here that majority of the studies assessing fluid responsiveness in 

perioperative scenario in CAD patients used intravenous fluids. Though adverse events 

to this intraoperatively were not reported in any of these studies postoperative 

complications to colloid infusions in the study population cannot be excluded. Our study 

was more physiological in that we used a highly physiologic maneuver of fluid loading 

i.e. PLR.  

As clearly mentioned earlier we re-emphasize the need for dynamic indices for 

predicting volume responsiveness. It is now proved beyond doubt that, static indices like 

CVP, PAOP and variables obtained from echocardiographic evaluation such as RVEDV 

and LVEDA cannot accurately sense the changes in ventricular preload and are therefore 

not good predictors of fluid responsiveness. It has been shown that both RAP and PAOP 
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tend to erroneously estimate the transmural pressures in subjects with PEEP (extrinsic or 

intrinsic). It should also be understood that the post fluid therapy increase in end diastolic 

volume depends mainly on how the partitioning of the fluid happens into the different 

zones of cardiovascular compliances organized in series [Right Atrium-Right Ventricle-

Pulmonary circulation-Left Atrium-Left Ventricle]. It should also be noted that rise in 

stroke volume as a result of increase in LVEDV mainly depends on the ventricular 

function because a decrease in contractility of the ventricles will decrease the 

relationship of slope between LVEDV and SV.  

 

The assessed parameters were classified as clinical and TEE based for the clarity 

of description in our study. Both static and dynamic parameters were included in the 

clinical and TEE derived parameters of our study. Such a classification is unique to our 

study. Use of TEE for fluid responsiveness evaluation had the unique benefit in our study 

as TEE monitoring is a standard of care for complex neurosurgical cases and all CABG 

procedures in our institution. Cardiac output measured by TEE have been shown to 

correlate well with measurements of CO obtained using thermo dilution technique with 

Pulmonary Artery Catheter (PAC) which is considered as the gold standard, but is far 

more invasive and when compared to TEE had greater degree of complications. It is 

proven that SV and CO calculated with TEE is more definitive when compared to bio-

impedance plethysmogram. TEE is now considered to be relatively safe and non-

invasive. However the insertion and manipulation of the TEE probe may cause 

oropharyngeal, esophageal and gastric trauma. The occurrences of TEE associated 

complications are in the range of 0%-0.5%, which is minimal when compared to the 

benefits offered by it in terms of cardiac status evaluation. In our study there was no 

adverse events reported due to insertion and placement of TEE probe.   
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LIMITATIONS 

Patient safety is a key consideration in applying evidence to practice. PLR is a 

safe and simple maneuver. Several researchers have noted that the effects of PLR in the 

critically ill are reversed when the legs are returned to the horizontal position 
44, 45, 50

 and 

it does not result in acute fluid overload in patients who are not responsive to preload. In 

the studies presented on PLR, there were no reports of patients leaving the study because 

of the maneuver. However, Bertolissi M et al 
93

 in their study inferred that in patients 

with depressed RV function, PLR caused a decrease in the RV end-diastolic volume 

index (from 171 ± 50 to 142 ± 32 mL/m2; p<0.05) and the RV end-systolic volume 

index (from 124 ± 45 to 91 ± 22 mL/m2; p > 0.05). In contrast, patients with preserved 

RV function had a PLR-induced increase in the RV end-diastolic volume index (mean 

[SD], from 105 ± 17 to 133 ± 29  mL/m2; p< .05), and the RV end-systolic volume index 

(from 61 ± 13 to 77 ± 24 mL/m2; p< .05). Implication of this finding is to use caution 

when performing PLR in patients with depressed RV function (ie, ejection fraction < 

40%). This study in coronary artery disease cases was underpowered hence the results 

cannot be extrapolated to other cases with coronary artery disease. However, in our study 

we included only cases with good LV function.  

Changes in arterial compliance, in comparison with normal vascular tone, may 

cause the change in pulse pressure to inaccurately reflect the change in SV. If the arterial 

compliance decreases (eg, vasoconstriction due to pain or vasopressor medications), the 

pulse pressure may increase. Conversely, if the arterial compliance increases (eg:- 

vasodilatation due to sepsis), the pulse pressure may be decreased. Contraindications to 

the use of the PLR include patients with traumatic brain injury, because the PLR may 

increase intracranial pressure. Other limitations include patients with fractures of the 
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lower extremities and leg amputations, because these conditions may cause a difference 

in the volume of unstressed blood recruited by the maneuver.
94

 

Echocardiographic measurements though only semi-invasive, are operator 

dependent and with high inter-rater variability. In our study we standardized this by the 

same investigator performing the measurements across both the groups.  
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CONCLUSIONS 

 We found that TEE is an efficient tool which provides dynamic parameters to 

evaluate fluid responsiveness. This can be consolidated with static and dynamic 

parameters evaluated clinically.  

 The clinical and TEE derived variables to be studied for the best evaluation of 

fluid responsiveness after PLR are as follows – Clinical parameters:- Systolic 

blood pressure, Diastolic blood pressure, Pulse pressure, Systolic pressure 

variability and Pulse pressure variability; and for TEE derived parameters:- 

Cardiac output, Cardiac index, Left ventricular end diastolic volume, Stroke 

volume, Stroke volume variability, Aortic velocity time integral and Superior 

venaecava diameter.     

 Patients without coronary artery disease did not significantly respond to fluid 

load induced by PLR in our study.  Patients with CAD had significant 

hemodynamic improvement in both clinical and echocardiographic parameters at 

1 minute after PLR, the effects were only partially sustained at 10 minutes. 

 A paired combination of blood pressure to LVEDV or VTIAo represents strong 

linear correlation to predict such response in CAD patients. 

 An increment in diastolic blood pressure proved to be the best clinical parameter 

to assess fluid responsiveness to PLR; whereas, pulse pressure variability was 

least sensitive clinical parameter to assess such a response. 

 An increment in cardiac output or cardiac index proved to be the best TEE 

derived parameter to assess fluid responsiveness to PLR; whereas, a change in 

superior vanaecava diameter was the least sensitive TEE derived parameter to 

assess such a response.   
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Consent form 

Participant’s name:                                         Date of Birth / Age (in 

years): 

I_______________________________, son/daughter/husband/wife/relative(specify 

relation) of ____________________________________(name of patient) hereby 

declare that   (Please tick boxes) 

 I have read the above information provided to me regarding 

the study - “Comparison of fluid responsiveness using Transesophageal 

echocardiography in patients without coronary artery disease undergoing 

neurosurgical procedures versus patients with coronary artery disease 

undergoing coronary artery bypass graft surgery” [ ] 

 I have clarified any doubts that I had. [ ] 

 I also understand that my participation in this study is entirely voluntary and 

that I am free to withdraw permission to continue to participate at any time 

without affecting my usual treatment or my legal rights [ ] 

 I understand that the study staff and institutional ethics committee members 

will not need my permission to look at my health records even if I withdraw 

from the trial. I agree to this access [ ] 

 I understand that my identity will not be revealed in any information released 

to third parties or published [ ] 

 I voluntarily agree to take part in this study [ ] 

 I have been provided with the contact numbers of the principal investigator, in 

case I want to know more about the study and participants rights [ ].  

 I received a copy of this signed consent form [ ] 

 

Name Signature/thumb impression of patient/legally acceptable representative:  

Date:  

 

Name and signature of witness: 

Relation to participant:       Date: 

 

Person Obtaining Consent 

I attest that the requirements for informed consent for the medical research 

project described in this form have been satisfied. I have discussed the research 

project with the participant and explained to him or her in non-technical terms all of 

the information contained in this informed consent form, including any risks and 

adverse reactions that may reasonably be expected to occur. I further certify that I 

encouraged the participant to ask questions and that all questions asked were 

answered. 

Name and signature with date: 
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Patient information sheet 

 

Title of the study: 

Comparison of fluid responsiveness using Transesophageal echocardiography in 

patients without coronary artery disease undergoing neurosurgical procedures 

versus patients with coronary artery disease undergoing coronary artery bypass 

graft surgery 

Name of the Investigators:  

Dr. Varun S, Dr. Manikandan. S, Dr. Thomas Koshy, Dr. K Jayakumar 

You are scheduled to undergo a major surgical procedure which can lead to 

some hemodynamic changes during the procedure. Different patients respond to these 

changes differently. Hence, these changes need intense monitoring and 

transesophageal echocardiography is a modality which helps in identifying the cause 

as well as response to treatment during the periods of hemodynamic instability. 

You are being requested to participate in this study which compares different 

parameters which detects the hemodynamic changes in response to passive leg raising 

under general anaesthesia between patients with and without coronary artery disease. 

This study will require observation of parameters derived from transesophageal 

echocardiography used for monitoring during your surgery. This tool is used as part 

of monitoring during anaesthesia in this institute and worldwide. We have planned to 

include about 50 patients from this hospital in this study. 

What is esophagus? 

Esophagus is the part of digestive tract extending from mouth to the stomach. 

The lower part of esophagus lies behind the heart. Hence, a device can be used which 

can scan the heart better from behind by lying in the middle or lower part of the 

esophagus. 

What is echocardiography? 

Echocardiography is a simple non-invasive method to scan the heart like the 

ultrasound scan. Echocardiography can be done by placing a specific type of 

ultrasound emitting device over the chest or in the esophagus.    

What is Transesophageal echocardiography(TEE)? 

TEE is an ultrasound scan of your heart. During TEE an ultrasound probe is 

inserted through your mouth into the esophagus.The ultrasound shows the structure 

and functions of the heart muscles and valves from different angles. This tool has 

been used all over the world in neurosurgical patients undergoing major surgeries and 

found to be safe. This tool is used routinely in cardiothoracic surgeries – especially 

coronary artery bypass graft surgery.  This tool is semi-invasive in nature.  

What is passive leg raising? 

 Passive leg raising is a method used to shunt more blood to heart and brain. 

The lower limb blood vessels of every human being have a reserve of nearly half a 

litre of blood in it. By raising the legs simultaneously this blood partly moves to the 

blood volume of other parts of body especially – heart and brain. This method is 

traditionally used for symptomatic relief of sudden unconsciousness.  Blood from 

lower limb reserve moves to heart and thereby to systemic circulation.  This method 

avoids the need of artificial intravenous fluids and also has the advantage of 

reversibility of systemic changes once the legs are returned to neutral position. This 

method is some what similar to a “natural, reversible and physiological blood 

transfusion.”  

Who will be included in this study? 
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We are planning to include 50 patients from our hospital as two groups (25 

patients in each group). Patients undergoing major neurologic surgery whom require a 

transesophageal echocardiography device for their monitoring during surgery due to  

one of the many factors as decided by the anaesthesiologist caring them will be 

included in one group. Patients who are planned for cardiac coronary artery bypass   

graft surgery for ischemic heart disease will be included in other group. Patients 

undergoing coronary artery bypass graft surgery are routinely monitored by 

transesophageal echocardiography in our hospital. We are planning to include patients 

within age group of 18 to 65 years. We are not including patients with uncontrolled 

hypertension; patients for emergency surgery; presence of esophageal pathologies and 

past history of gastrointenstinal surgery; abnormal bleeding tendencies; and patients 

with osteoarthritis limiting limb movement. We are not including pregnant and breast 

feeding patients. We are also not including patients who participated in another study 

in this institution in the preceeding one month. 

If you take part what will you have to do? 

On the day of surgery you will be taken inside the operation theatre. Monitors 

to check your heart beat, blood pressure and oxygen saturation level will be attached. 

A small venous cannula will be inserted under local anesthesia in the hand for fluid 

and drug administration. Arterial cannula also will be inserted under local anesthesia 

for monitoring the blood pressure as a routine practice. General Anaesthesia will be 

induced as per the routine anesthesia protocol in the hospital.  After the patient is fully 

sedated and paralyzed; and connected to the ventilator, a transesophageal 

echocardiography probe will be inserted through the mouth into the esophagus. After 

this the parameters to be studied are recorded. Following this a passive leg raising will 

be done using electronic adjustments of the operating table, thereby raising both your 

legs simultaneously. Cardiac parameters are recorded using transesophageal 

echocardiography during this time. After recording the parameters you will be 

returned to neutral position using electronic adjustments of the operating table and 

once again echocardiographic parameters will be recorded. After this, surgery is 

started as planned by the surgical team.  Transesophageal echocardiography tool will 

be used to monitor the hemodynamic changes throughout your surgery. At the end of 

surgery transesophageal echocardiography probe will be removed.  

No additional intravenous fluids or drugs, apart from what you receive as per 

routine anaesthesia protocol of this hospital irrespective of your participation in this 

study, will be used for the purpose of the study. We will be taking recordings from 

thetransesophageal echocardiography device which will be otherwise used in your 

surgery; irrespective of your participation in this study. Under no circumstance 

transesophageal echocardiography device shall be placed on you just for the sake of 

conducting this study. 

Does transesophageal echocardiography use have any side effects? 

Majority of people do not have any side effects. This procedure will be done 

under complete general anaesthesia. Hence you will not be aware of the procedure 

and also you will remain pain free. The reported side effects are sore throat and 

numbness of throat when used in awake patients but the incidence of these 

complications in our study will be remote as the patient is in general anesthesia. Other 

reported complications are very rare and include - injuries to teeth, oral cavity or 

esophagus. These complications are very rare in patients under general anesthesia 
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Futhermore, the patients with risk of getting injured are excluded by the detailed and 

comprehensive exclusion criteria of our study, which will be strictly adhered to.   

Can you withdraw from this study after it starts? 

Your participation in this study is entirely voluntary and you are also free to 

decide to withdraw permission to participate in this study. If you do so, this will not 

affect your usual treatment at this hospital in any way. In addition, if you experience 

any side effects, the study will be stopped and you will be given additional treatment. 

What will happen if you develop any study related injury? 

We do not expect any injury to happen to you on account of your participation 

in this study as the anaesthesia technique and monitoring tools would be same even if 

you were not part of the study. But if you do develop any side effects or problems due 

to the study, these will be treated at no cost to you. We are unable to provide any 

monetary compensation, however. 

Will you have to pay for the cost of using the devices? 

Transesophageal echocardiography will be used as a part of routine 

anaesthesia protocol for your surgery as your disease condition requires complex 

procedures which require advanced monitoring for your safety. You will not be 

required to pay any extra charges for participation in this study. 

What happens after the study is over? 

After the recordings for the study are taken with transesophageal 

echocardiography the same tool will be used to monitor patient hemodynamics 

throughout the length of the surgery. After surgery is over the transesophageal 

echocardiography probe will be removed before shifting the patient to intensive care 

unit. 

Will your personal details be kept confidential? 

The results of this study will be used for thesis submission as a part of 

academic research and will be submitted to a medical journal for publication, but you 

will not be identified by name in any publication or presentation of results. However, 

your medical notes may be reviewed by people associated with the study, without 

your additional permission, should you decide to participate in this study. 

If you have any further questions, please ask Dr. Varun S, (Principal investigator) 

Mobile number: 9041426743. email: varunsureshtmc@gmail.com 

Dr S Manikandan, Additional Professor, Anaesthesiology, SCTIMST, Trivandrum – 

11; 9446334711, kanmanis@sctimst.ac.in 

 

For any further clarifications and concerns regarding the study’s ethics clearance, 

please contact: The Member Secretary, Institutional Ethics Committee, SCTIMST, 

Trivandrum – 11. Phone: 0471-2524234, email: iec.mem.sec@sctimst.ac.in 
 

mailto:varunsureshtmc@gmail.com
mailto:kanmanis@sctimst.ac.in


tcmKn¡pÅ hnh-cW ]{Xn-I  

 

Page 1 of 4 

 

]T\ ioÀjIw: 

kncm-kw-_-Ô-amb ikv{X-{In-b¡v hnt[-b-cm-hp¶, sImtdm-Wdn ip²-c-à-¡p-gÂ Akp-
JanÃm¯ tcmKn-I-fnepw sImtdm-Wdn ip²-c-à-¡p-gÂ Akp-J-w DÅ sImtdm-Wdn ip²-c-à-
¡p-gÂ ss_¸mkv {Km^väv ikv{X-{In-b-¡p -hn-t[-b-cm-hp¶ -tcmKn-I-fnepapÅ {Zmh-I- {]-Xn-I-c-
W-̄ n-sâ Xmc-Xayw {Sm³kn-tkm-̂ mPnbÂ Ft¡m-ImÀUn-tbm-{K-̂ n- (än. C. C) D]-tbm-Kn-̈ p 
\S-̄ p¶ ]T\w.   

Kth-j-Isâ t]cv 

tUm. hcp¬ Fkv, tUm. aWn-I-WvT³ Fkv, tUm. tXmakv tImin. tUm. sI Pb-Ip-amÀ 

ikv{X-{In-bm-th-f-bnÂ, Nne amä-§Ä cà-Nw-{I-a-W-hy-h-Ø-bn-ep-m-Im-\n-S-bpÅ  Hcp Kuc-
h-X-c-amb ikv{X-{In-b¡v Xm¦Ä hnt[-b-\m-Im³t]m-hp-I-bm-Wv. Cu amä-§-tfmSv hyXy-kvX-
tcm-Kn-IÄ hn`n-¶-am-bmWv {]XnI-cn-¡p-¶-Xv. -B-I-bmÂ Cu amä-§Ä kPo-h-amb \nco-£-W-
¯n\v hn[-b-am-t¡--Xpv. cà-Nw-{I-a-W-hy-h-Ø-bnse AØn-c-X-bpsS L«-̄ nÂ ImcW-
§-fpw, NnIn-Õ-tbm-SpÅ {]XnI-c-W-§fpw Is-̄ m³ klm-b-I-amb Hcp {]{In-b-bmWv 
{Sm³kn-tkm-̂ mPnbÂ Ft¡m-ImÀUn-tbm-{K-̂ n. 

s]mXphm-b -a-b-¡-en\v hnt[-b-am¡n sImtdm-Wdn ip²-c-à-¡p-gÂ Akp-JapÅ-hcpw CÃm-
¯-h-cp-amb tcmKn-I-fnÂ `mKn-I-ambn Imep-bÀ¯n-s¡m-Sp-¡p-¶-Xn-eqsS Dm-Ip¶ {]Xn-I-c-W-
§-fn-eqsS cà-Nw-{I-aW hyh-Ø-bn-se amä-§Ä Xncn-̈ -dn-bp¶ hyXykvX LS-I-§sf Xmc-
Xayw sN¿p¶ Cu ]T\¯nÂ ]¦mfnbmIm³ Xm¦tfmSv A`yÀ°n¡p¶p. Xm¦-fpsS 
ikv{X{In-bm-k-a-b¯v \nco-£-W-̄ n-\m-bp-]-tbm-Kn-¡p¶ {Sm³kn-tkm-^mPnbÂ Ft¡m-
ImÀUn-tbm-{K-̂ n-bneqsS BÀPn-¡p¶ hyXyØ LS-I-§-fpsS \nco-£Ww Cu ]T-\-̄ n-\m-h-
iy-am-Wv. Cu Øm]-\-¯nepw temI-sa-¼mSpw Cu D]-I-cWw ab-¡-ensâ `mK-ambn D]-tbm-
Kn-¡p-¶p. Cu Bip]{Xnbnse 50 tcmKnIfnÂ Cu ]T\w \S¯m³ R§-fp-t±-in-¡p-¶p. 

F´mWv Cutkm-^m-Kkv ? 

hmbap-XÂ Bam-ibw hsc-bpÅ A¶-\m-f-̄ nsâ `mK-amWv Cutkm-̂ m-K-kv. Cutkm-̂ m-K-
knsâ Xmsg-bpÅ `mKw lrZ-b-̄ n\v ]n³h-i¯v ØnXn-sN-¿p-¶p. BI-bmÂ Hcp D]-I-cWw 
sImv Cutkm-̂ m-K-knsâ Xmsgtbm a²y-̀ m-Kt¯m ]pd-InÂ\n¶p sa -̈s -̧«-hn[w lrZ-b-
¯nsâ Nn{Xo-I-cWw \S-̄ m\m-hpw. 

F´mWv Ft¡mImÀUntbm{K^n ? 

Ft¡mImÀUntbm{K^n F¶Xv efn-Xhpw lrZ-b-̄ nsâ DÅnÂ I-S-¡m-sX-bp-Å Nn{XoI-
cWw  \S-̄ p-¶-þ AÄ{Sm-kuv Nn{Xo-I-cWw t]m-epÅþ Hcp coXn-bm-Wv. Hcp {]tXy-I-Xcw 
DbÀ¶ Bhr-Xn-bp-Å -i_vZw ]pd-s -̧Sp-hn-¡p¶ D]-I-cWw s\©n-\p-ap-I-fn-tem, Cutkm-̂ m-
K-kn-\p-Åntem h¨v  Ft¡mImÀUntbm{K^n sN¿mw. 

F´mWv {Sm³kn-tkm-̂ mPnbÂ Ft¡mImÀUntbm{K^n (än.-C.-C) ? 

{Sm³kn-tkm-̂ mPnbÂ Ft¡mImÀUntbm{K^n F¶mÂ Xm¦-fpsS lrZ-b-̄ nsâ No{Xo-I-
cWw DbÀ¶ Bhr-Xn-bp-Å -i_vZw D]-tbm-Kn¨v sN¿m³ D]-tbm-Kn-¡p¶ D]-I-c-W-am-Wv.  
CXn-\mbn hmbn-eqsS Cutkm-̂ m-K-kn-te¡v (A¶-\m-fw) DbÀ¶ Bhr-Xn-bp-Å -i_vZw D]-
tbm-Kn¨v Nn{Xo-I-cWw \S¯m-\pÅ IpgÂ CtSXpvv. DbÀ¶ Bhr-Xn-bp-Å- i_vZw 
hyXykvX tImWp-I-fnÂ \n¶pw lrZb t]in-I-fp-sSbpw hmÂhp-I-fp-sSbpw LS-\bpw 
{]hÀ¯-\hpw ImWn-̈ p-X-cpw. Cu D]-I-cWw {][m-\-s¸« ikv{X-{In-b¡v hnt[-b-cm-Ip¶ 
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\yqtdm ikv{X-{Inbm  tcmKn-I-fnÂ temI-sa-¼mSpw D]-tbm-Kn-¡p-¶Xpw kpc-£n-X-sa¶v 
Is-̄ -s -̧«n-«p-Å-Xp-amWv. ImÀUn-tbm-sXm-dm-knIv ikv{X-{In-b-I-fnÂ km[m-c-W-bmbn Cu 
D]-I-cWw D]-tbm-Kn-¡p-¶pþ {]tXy-In¨pw sImtdm-Wdn ip²-c-à-¡p-gÂ ss_]mkv ikv{X-
{In-b-IfnÂ. ico-c-̄ n-\p-ÅnÂ `mKn-I-ambn IS-¡p-¶-kz-̀ m-h-amWv Cu D]-I-c-W-̄ n-\v. 

F´mWv Imep-bÀ¯n-s¡m-Sp-¡Â ? 

lrZ-b-̄ n-te¡pw Xe-t¨m-dn-te¡pw IqSp-XÂ cà-sa-̄ n¡m\p-X-Ip¶ coXn-bmWv Imep-
bÀ¯n-s¡m-Sp-¡Â. a\p-jy-cpsS Imensâ Xmgv`m-K-̄ pÅ cà-¡p-g-ep-IfenÂ GI-tZiw Ac 
enä-tdmfpw càw kw`-cn-̈ n-«p-m-Ipw. Imep-IÄ Htc-k-abw DbÀ¯p-¶-Xn-eqsS Cu càw 
`mKn-I-ambn ico-c-̄ nsâ aäp-̀ m-K-§-fn-te¡v {]tXy-In¨pw lrZ-b-̄ n-te¡pw Xe-t¨m-dn-te¡pw 
\o§pw. s]s«-¶p-m-Ip¶ t_m[-t¡-Sn\v em£-Wo-I-amb Bizmkw e`n-¡m³ ]mc-¼-cy-
ambn Cu coXn D]-tbm-Kn-̈ p-h-cp-¶p.  Imense kw`-cn¨-«pÅ càw lrZ-b-̄ n-te¡pw AXp-
hgn Nw{I-a-W-hy-h-Ø-bn-te¡pw \o§p-¶p. Cu coXn Ir{Xnaambn Rc-¼n-eq-sS {ZmhIw 
\ÂIp-¶Xv Hgn-hm-¡m-\pw Imep-IÄ km[m-c-W- \n-e-bn-em-¡p¶Xn-eqsS Nw{I-a-W-hy-hØ-
bnse amä-§Ä ]qÀÆ-Øn-Xn-bn-em-¡p-¶-Xn\pw Ign-bpw. kzm`m-hn-I-amb, Xncn-̈ p-sIm-p-h-cm-
hp¶ imco-cn-I-am-b -càw \ÂI-en-t\mSv GI-tZiw kmay-ap-Å-XmWv Cu coXn. 

Bscsbms¡ Cu ]T-\-̄ nÂ DÄs¸-Sp-¯pw ? 

R§Ä \½psS Bip-]-{Xn-bnse 50 tKmKn-Isf cv {Kq¸p-I-fn-embn (25 tcmKn-IÄ Hcp 
{Kq¸nÂ) DÄs -̧Sp-̄ m³ Dt±-in-¡p-¶p. KuchXcamb \yqtdm-f-PnIv ikv{X-{In-b¡v hnt[-b-am-
Ip¶, ]e-Xn-semcp LS-I-ambn {Sm³kn-tkm-̂ mPnbÂ Ft¡mImÀUntbm{K^n D]-IcWw 
\nco-£-W-̄ n-\m-h-iy-apÅXmbn tcmKnsb ]cn-N-cn-¡p¶ A\-kvXo-tjym-f-PnÌv \nÝ-bn-¡p-¶, 
tcmKn-Isf Hcp-{Kq-̧ n-epÄs¸-Sp-̄ pw. lrZb sImtdm-Wdn ip²-c-à-¡p-gÂ ss_]mkv {Km^väv 
ikv{X-{In-b¡v hnt[-b-cm-Im³t]m-Ip¶ Ckv¡oanIv lrZ-b-tcm-K-apÅ tcmKn-Isf asämcp 
{Kq¸nepw DÄs -̧Sp-̄ pw. sImtdm-Wdn BÀ«dn ss_]mkv {Km^väv ikv{X-{In-b¡v hnt[-b-
cmIp¶- tcm-Kn-Isf \½psS Bip-]-{Xn-bnÂ km[m-c-W-bmbn {Sm³kn-tkm-̂ mPnbÂ 
Ft¡mImÀUntbm{K^n \nco-£-W-̄ n\v hnt[-b-cm-¡p-¶p-v. 18 hb-Ên\pw 65 hb-Ên-\p-anS-
bn-epÅ tcmKn-I-sf-bmWv DÄs¸-Sp-̄ m-\p-t±-in-¡p-¶-Xv. A\n-b-{´n-X-amb cà-k-½À±w, ASn-
b-́ n-c-amb ikv{X-{In-b, Cutkm-̂ m-K-kn-epÅ Akp-J-§-fpsS km¶n-²yw, Kmkvt{Sm Câ-
Ìbn\Â ikv{X{In-b-bpsS Ncn-{Xw, Akm-[m-c-W-amb cà-{kmh km²y-X-IÄ, Imep-I-fpsS 
Ne-\s¯ ]cn-an-X-s -̧Sp-¯p¶ HmÌntbm BÀss{X-änkv F¶n-h-bpÅ tcmKn-Isf ]T-\-̄ n-
epÄs -̧Sp-̄ n-Ã. ape-bqSp-¶-h-sctbm KÀ`n-Wn-I-sftbm DÄs¸Sp-̄ n-Ã. Ignª Hcp-am-k-̄ n-
\p-ÅnÂ Cu Bip-]-{Xn-bnÂ asäm-cp-]-T-\-̄ nÂ ]s¦-Sp¯ tcmKn-I-sfbpw DÄ -̧Sp-̄ n-Ã. 

]s¦-Sp-¡p-I-bm-sW-¦nÂ Xm¦-sf´v sN¿-Ww ? 

Cu ]T-\-̄ nÂ ]s¦-Sp-¡phm³ Xm¦Ä k½-Xn-¡p-I-bm-sW-¦nÂ ikv{X-{In-b-bpsS Znhkw 
\n§sf Hm -̧td-j³ Xntb-ä-dnÂ sImpt]mbn lrZ-b-an-Sn¸v, cà-k-½À±w, ico-c-̄ nse 
HmIvkn-Psâ Afhv F¶nh ]cn-tim[n¡m\pÅ D]-I-c-W-§Ä \n§-fpsS ico-c-̄ nÂ LSn-
¸n-¡pw. tem¡Â A\-kvtXjy X¶-Xn-\p-tijw \n§-fpsS ssIbnÂ {Zmh-I-§Ä, acp¶v 
F¶nh \ÂIp-hm³ Hcp IpgÂ IS-̄ n-hn-Sp-¶-Xm-bn-cn-¡pw.  cà-k-½À±w Af-¡m-\mbn 
km[m-c-Wt]mse   BÀ«o-cn-bÂ Im-\pe IS¯pw.  AXn-\p-tijw \n§Ä¡v Bip-]-{Xn-bnse 
A\-kvtXjy \S-]-Sn-{I-a-§Ä¡v A\p-k-cn-̈ pÅ A\-kvtXjy \ÂIp-¶-Xm-bn-cn-¡pw. \n§sf 
]qÀ®-ambn ab-¡n-b-tijw km[m-cW sN¿p-¶-co-Xn-bnÂ shân-te-äÀ b{ -́hpambn _Ôn-̧ n-
¡p-¶p.  CXn-\p-tijw än.-C.-C-bpsS kvIm³ Ipg-Â \n§-fpsS hmbn-eqsS A¶-\m-f-̄ nte¡v 
CSp-¶-Xm-Wv. AXn-\p-tijw thp¶ kqNn-IIÄ tcJ-s -̧Sp-̄ pw. AXn-\p -Xp-SÀ¨-bmbn 
Imep-IÄ DbÀ¯p-¶-Xn-\mbn Hm¸-td-j³ tS_nÄ Ce-Ivt{Sm-Wn-¡-embn {Ia-s -̧Sp¯pw AXp-
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hgn Xm¦-fpsS cp-Im-ep-Ifpw Htc-k-a-b-̄ v DbÀ¯-s -̧Spw. Cu kabw lrZbkqNn-I-IÄ 
{Sm³kn-tkm-̂ mPnbÂ Ft¡m ImÀUntbm{K^n D]-tbm-Kn¨v tcJ-s -̧Sp-¯pw. AXn-\p-tijw 
Hm -̧td-j³ tS_nÄ Ce-Ivt{Sm-Wn-¡-embn {Ia-s -̧Sp¯n Xm¦sf km[m-cW ØnXn-bn-em-¡p-
Ibpw   Ft¡mImÀUntbm{K^n kqNn-I-IÄ tcJs¸-Sp-̄ p-Ibpw sN¿pw. AXn-\p-tijw 
ikv{X-{InbmkwLw ikv{X-{Inb Bcw-̀ n-¡pw.  

Xm¦Ä Cu ]T-\-̄ nÂ ]s¦-Sp-̄ m-ep-an-sÃ-¦nepw km[m-c-Wbmbn ab-¡Â {]{In-b-bv¡mbn 
D]-tbm-Kn-¡p-¶-Xn-ep]cn {Zh-§tfm acp-t¶m Cu ]T-\-̄ n-\mbn D-]-tbm-Kn-¡p-I-bnÃ. Xm¦Ä 
Cu ]T-\-̄ nÂ ]s¦-Sp-¯m-ep-an-sÃ-¦nepw ikv{X-{In-b-bv¡m-bp-]-tbm-Kn-¡p¶ {Sm³kn-tkm-
^mPnbÂ Ft¡mImÀUntbm{K^n ^e-§Ä tcJ-s¸-Sp-̄ pw. Cu ]T-\-¯n-\m-bn-am{Xw Hcp-
km-l-N-cy-̄ nepw {Sm³kn-tkm-̂ mPnbÂ Ft¡mImÀUntbm{K^n D]-I-cWw Xm¦-fnÂ LSn-
¸n-¡p-I-bn-Ã. 

än.-C.C D]-I-cWw C]-tbm-Kn-¡p-¶-XpsImpÅ ]mÀiz-^-e-§Ä? 

`qcn-]£w Bfp-IÄ¡pw ]mÀiz ^e-§-fp-m-In-Ã. ]qÀ®-amb ab-¡-en-\p-ti-j-amWv CXp-]-
tbm-Kn-¡p-¶-Xv, BI-bmÂ Xm¦Ä Cu \S-]-Sn-sb-¸än Adn-bp-I-bn-Ã, thZ-\bnÃm-Xn-cn-¡p-Ibpw 
sN¿pw. NneÀ¡v sXmbnÂ Xcn¸pw, aµ-Xbpw DWÀ¶n-cn-¡p¶ Ah-Ø-bn-ep-]-tbm-Kn-̈ mÂ 
A\p-̀ -h-s -̧Sm-dpv ]t£ tcmKn s]mXp-hmb ab-¡-en\v hnt[-b-am-sW-¶-Xn-\mÂ, R§-fpsS 
]T-\-̄ nÂ Cu k¦oÀ®-X-IÄ Dm-hm-\pÅ km[yX hnZq-c-am-Wv. ]Ãp-IÄ¡v ]cn¡v, 
hmbv¡pw Cutkm-̂ m-K-kn-\p-apÅ ]cn¡v F¶n-h-bmWv tcJ-s -̧Sp-̄ -s¸«n«pÅ aäv  k¦oÀ®-
X-IÄ. Xs¶-bp-aÃ Hgn-hm-¡p¶ hn`m-K-̄ nemI-bmÂ ]cp¡v ]äm³ km[y-X-bpÅ tcmKn-Isf 
IÀi-\-ambn Hgn-hm-¡p-Ibpw sN¿pw. 

Bcw`n¨ tijw Cu ]T-\-¯nÂ \n¶v ]n·m-dp-hm³ km[n-¡ptam? 

Cu ]T-\-̄ nÂ ]s¦-Sp-¡pI F¶Xv \n§-fpsS am{Xw Xocp-am\w A\p-k-cn-̈ mWv. CXnÂ 
]s¦-Sp-¡m-Xn-cn-¡m³ \n§Ä¡v ]qÀ® kzmX-{´y-ap-v. B Xocp-am\w \n§-fpsS NnIn-Õsb 
Hcp Xc-̄ nepw _m[n-¡n-Ã. ]T\w XpS-§n-b-Xn-\p-ti-jhpw \n§Ä¡v Fs -́¦nepw ]mÀiz-̂ -
e-§-fp-m-bmÂ ]T\w \nÀ¯p-¶Xpw A[n-I-ambn NnIn-Õn-¡p-¶-Xp-am-bn-cn-¡pw.  

Cu ]T\hpambn _Ô-s¸«v Xm¦Ä¡v Fs´-¦nepw ]cp-¡p-m-bmÂ F´p kw`-hn¡pw? 

A\-kvtXjy kt¦-Xhpw \nco-£W D]-I-c-W-§fpw Xm¦Ä ]T-\-̄ nÂ ]s¦-Sp-¡p-¶n-sÃ-
¦nepw H¶p- X-s¶-bm-I-Â ]T\ ^e-ambn Xm¦Ä¡v A]-ISw kw`-hn-¡m-\pÅ km[y-X-bn-Ã. 
F¶mÂ Xs¶bpw Fs -́¦nepw ]mÀiz-̂ -e-§tfm {]iv\-§tfm Dm-bmÂ bmsXm-cp-hn[ 
A[nI sNe-hp-an-ÃmsX AXn-\p-th NnInÕ \n§Ä¡v sNbvXp Xcp-¶-Xm-Wv. ]s£ 
AXn\p ]I-cambn ]Ww Xcp-¶-Xm-bn-cn-¡n-Ã. 

]T-\-¯n\v D]-I-cWw D]-tbm-Kn-¡p-¶-Xnsâ Nnehv tcmKn sImSp-t¡-Xptm? 

Xm¦-fpsS tcmKm-h-Øbpw ikv{X-{In-b-bpsS k¦oÀ®-X-bpw-aqew ab-¡-ensâ km[m-cW \S-
]-Sn-I-fpsS `mK-ambn {Sm³kn-tkm-̂ mPnbÂ Ft¡mImÀUntbm{K^n t]mepÅ B[p-\o-I-
amb \nco-£W-kw-hn-[m\w Xm¦-fpsS kpc-£-¡mbn D]-tbm-Kn-t¡--Xpv. Cu ]T-\-̄ nÂ 
]-s¦-Sp-¡p-¶-Xn\v Xm¦Ä IqSp-XÂ ]Ww apS-t¡--XnÃ 

 

 



tcmKn¡pÅ hnh-cW ]{Xn-I  
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]T\w Ignbpt¼mÄ F´pmIpw? 

]T-\m-h-iy-̄ n-\m-bpÅ tcJ-̧ -Sp-̄ -ep-IÄ¡ptijw {Sm³kn-tkm-̂ mPnbÂ 
Ft¡mImÀUntbm{K^n ikvXv{In-b-bn-ep-S-\ofw cà-Nw-{I-a-W-hy-h-Øsb \nco-£n-¡m³ D]-
tbm-Kn-¡pw. ikv{X{Inb ]qÀ¯n-bm-¡nb tijw sF.-kn.-bp-hnte¡v amäp-¶-Xn-\pap³]v än. C. 
C  amäp-¶-Xm-Wv.  

\n§-fpsS hyàn-]-c-amb hnh-c-§Ä cl-ky-ambn kq£n-¡ptam? 

Cu ]T-\-̄ nsâ ^e-§Ä ]T\ Kth-j-W¯nsâ `mK-ambn Xokn-kn-\p-]-tbm-Kn-¡p-¶Xpw 
GsX-¦nepw saUn-¡Â {]kn-²o-I-c-W-̄ nÂ sImSp-¡p-¶-Xp-am-bn-cn-¡pw. ]s£ H¶nepw 
\n§-fpsS t]tcm A{UtÊm {]kn-²o-I-cn-¡nÃ. \n§-fpsS saUn-¡Â hnh-c-§Ä Cu ]T-\-
t¯mSv _Ôs¸« Bfp-IÄ ]cn-tim-[n-¡p-¶-Xm-bn-cn-¡pw.  

\n§Ä¡v CXn-s\-̧ än IqSp-XÂ Fs -́¦nepw Adn-bp-hm-\p-s-¦nÂ, Zbhp sNbXv _Ô-s -̧
SpI þ tUm. hcp¬ Fkv ({][m\ Kth-j-I³) samss_Â t^m¬ \¼À : 9041426743. Cþsa-

bnÂ varunsureshtmc@gmail.com.,  

tUm. Fkv. aWn-I-WvT³, AUn-j-WÂ s{]m^., A\-kvXo-tjym-f-Pn, Fkv. kn. än. sF. Fw. 

Fkv. än. Xncp-h-\-́ -]pcw þ11 (9446334711)  Cþ-sa-bnÂ: kanmanis@sctimst.ac.in. 

 

]T-\-̄ nsâ ss\Xo-I-Xbn-epÅ IqSp-XÂ hni-Zo-I-c-W-§Ä¡pw DXvI-WvT-IÄ¡pw Zb-hmbn 
_Ô-s -̧Sp-I. sa¼À sk{I-«-dn, C³Ìn-äq-j-WÂ F¯nIvkv I½n-än, Fkv. kn. än. sF. Fw. 

Fkv. än. Xncp-h-\-́ -]pcw þ11 t^m¬. 04172524234 Cþ-sa-bnÂ: iec.mem.sec@sctimst.ac.in. 
 
 



 

 

PROFORMA FOR DATA COLLECTION 
Comparison of fluid responsiveness using Transesophageal echocardiography in patients without coronary artery disease undergoing 

neurosurgical procedures versus patients with coronary artery disease undergoing coronary artery bypass graft surgery 
Patient age:                                                          Diagnosis : 
Weight:            Height:  Proposed surgery : 
Sex:      BSA:   Date of surgery :     
   

Factors Include  Exclude  Factors  Include  Exclude  

Patient consent Yes  No  

Abnormal coagulation profile. No Yes  
Nature of procedure  Elective  Emergency  

Age 18-65 < 18, >65 Presence of esophageal 

pathologies  (esophageal mass , 

stricture , tracheo-esophageal 

fistula , esophageal varices, peptic 

ulcer, scleroderma) 

No  Yes  
Sinus Rhythm Yes No  

Preoperative  routine transthoracic 

echocardiography 
Yes No  

Cardiac Pathologies (valvular heart 

disease, intracardiac shunts, 

peripheral vascular disease) or  

No Yes 
History of active upper GI 

bleed/recent upper GI bleed. 
No   Yes  

Pre op Heart rate > 50 < 50  

History of previous esophageal/upper 

GI surgery 
 No  Yes  

Lung Pathologies (like asthma, COPD 

and tuberculosis) pathologies 
No  Yes  

Systemic HT stage III & above No  Yes  

Heart block No  Yes  

Pregnancy , Nursing No Yes 

Supine position intraoperatively Yes  No  

  

Serial 
number           / 25 

Group 1 / 2 



 

 

Parameters 
[three recordings and 

average(avg)] 

Baseline After PLR 
(immediate) 

After PLR  
(10 minutes) 

1 2 3 avg 1 2 3 Avg 1 2 3 avg 

HR             

Systolic BP (maximum)             

Systolic BP (minimum)             

Diastolic BP(maximum)             

Diastolic BP(minimum)             

SVC 
diameter(maximum) 

            

SVC  diameter(minimim)             

LVEDV (maximum)             

LVEDV (minimum)             

SV (maximum)             

SV(minimum)             

SVV             

PPV             

LVOT Diameter             

PIP             

TV             

EtCO2             

CVP             

LVOT VTI             
 

Adverse 

events (if 

any) 

Treatment  Further 

Intervention  

Sore throat   

Arrthymias   

Esophageal 

injury 

  

Others    

 

 

 

 

Name & Signature of Investigator : 
 

 

Abbreviations: 
PLR – passive leg raising; BSA – body surface 

area; Temp(*C) – temperature in degree 

centigrade; EtCO2 - end tidal carbondioxide; 

HR(bpm) – heart rate (beats per minute); PIP – 

peak inspiratory pressure; SBP – systolic 

blood pressure;  SVC – superior venacava; 

LVOT – left ventricular outflow tract; LVOT 

VTI – left ventricular outflow tract velocity 

time integral; SV – stroke volume; CO – 

cardiac output; CI – cardiac index; LVEDV – 

left ventricular end diastolic volume; CVP – 

central venous pressure; SVV – stroke volume 

variation, TV – tidal volume; SVV –  stroke 

volume variation  
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1 1 339623 r frontal glioma cranotiomy 16.12.2016 36 m 75 170 1.88 65 64 109 107 80 76

2 1 423239 r frontal glioma cranotiomy 22.12.2016 37 f 63 160 1.67 52 51 122 120 77 74

3 1 380588 l frontal glioma cranotiomy 07.12.2017 30 m 72 175 1.87 56 55 89 85 54 51

4 1 426655 planum sphenoidale menngioma cranotiomy 13.02.2017 43 m 72 170 1.84 53 52 128 121 77 73

5 1 422887 l frontal lesion cranotiomy 15.02.2017 51 f 68 151 1.69 94 92 120 111 59 55

6 1 426444 r mid 3rd parasagittal meningioma cranotiomy 02.03.2017 47 f 41 152 1.32 62 61 105 100 59 56

7 1 421127 l frontal parafalcine meningioma cranotiomy 13.03.2017 64 f 66 157 1.7 78 77 119 116 64 61

8 1 417576 l frontal glioma cranotiomy 20.03.2017 30 f 82 180 2.02 66 65 95 90 55 53

9 1 429491 r parasagittal meningioma cranotiomy 24.03.2017 42 f 64 157 1.67 56 55 100 92 53 48

10 1 431944 l parietocooipital meningioma cranotiomy 04.07.2017 45 f 54 153 1.51 54 53 96 92 60 57

11 1 436564 l parietal glioma cranotiomy 10.08.2017 44 m 85 177 2.04 57 56 97 92 58 52

12 1 429397 l parasagittal frontal meningioma cranotiomy 14.08.2017 35 m 81 170 1.96 76 75 99 96 66 63

13 1 425729 l frontal glioma cranotiomy 18.08.2017 42 m 60 152 1.59 74 73 96 94 54 53

14 1 439066 l parasagittal meningioma cranotiomy 11.10.2017 65 m 65 182 1.81 68 67 127 123 78 74

15 1 439667 l frontotemporal metastasis cranotiomy 10.10.2017 42 m 56 157 1.56 79 78 105 94 65 60

16 1 439278 choroid plexus papilloma cranotiomy 24.10.2017 38 f 38 157 1.7 89 82 113 102 64 55

17 1 440140 r frontal meningioma cranotiomy 26.10.2017 64 f 62 150 1.61 61 60 89 84 43 42

18 1 404404 frontal midline epidermoid cranotiomy 30.10.2017 34 f 65.2 154 1.67 74 70 118 110 69 63

19 1 440628 r sphenoid wing meningioma cranotiomy 01.11.2017 63 f 48.7 144 1.4 110 105 171 167 90 87

20 1 434404 r trigeminal neuralgia mvd 06.11.2017 36 f 71.7 158 1.77 89 88 123 121 63 56

21 1 437834 r temperoparietal glioma cranotiomy 08.11.2017 63 m 72 164 1.81 67 65 113 113 67 66

22 1 431956 r mca aneurysm clipping 10.11.2017 63 m 55 165 1.59 53 51 114 103 64 58

23 1 430371 r insular glioma cranotiomy 14.11.2017 38 m 61 160 1.65 69 68 98 93 58 47

24 1 441196 l sphenoid wing meningioma cranotiomy 20.11.2017 23 m 45.4 129.5 1.28 86 85 113 110 73 71

25 1 230775 l frontal ependymoma cranotiomy 22.11.2017 21 f 49.6 158.5 1.48 64 62 113 108 59 54

26 1 442729 colloid cyst third ventricle cranotiomy 01.12.2017 42 m 75 160 1.48 95 94 94 85 57 54

27 1 442708 l temporal hgg cranotiomy 04.12.2017 53 m 64 157 1.57 56 55 108 107 68 67

28 1 412560 l temperoparietal recurrent meningioma cranotiomy 05.12.2017 46 m 73.8 170 1.87 47 45 146 141 80 76

29 1 443056 l frontal hgg cranotiomy 15.12.2017 29 m 65.1 170.5 1.76 64 61 116 114 71 69

Group 1:  t0-baseline; t1-1 minute after PLR; t2 - 10 minutes after PLR ; max- maximum; min - minimum
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.l
ve
d
v.
m
ax

t1
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1.3 1.1 77 66 56 38 17.8 12 2 16 488 38 57 56 141 136 74 72 1.4 1.1 113 77 61 57

1.6 1.5 92 85 67 56 21.6 17.9 2 23 451 28 57 56 134 128 87 86 1.7 1.5 95 80 72 57

1.6 1.4 98 90 82 62 21 15.9 2.2 19 465 28 55 54 89 83 50 48 1.5 1.4 95 89 78 74

1.1 1 101 84 46 46 15.8 15.8 1.9 17 501 31 54 53 126 122 79 74 1.2 1.1 101 72 44 37

1.2 1.1 99 83 50 39 18.1 14.1 1.9 29 469 28 94 93 127 120 62 58 1.5 1.3 86 71 67 45

1.4 1.2 90 82 55 40 23.6 16.8 1.7 14 373 38 66 65 117 110 68 64 1.8 1.6 103 95 59 39

1.2 1.1 67 58 27 22 17.5 14 1.7 26 405 34 79 78 103 97 53 49 1.3 1.2 71 60 38 29

1.5 1.4 90 79 49 37 17.4 14.6 1.8 20 534 33 59 57 90 86 54 51 1.3 1.2 85 82 54 36

1 0.8 92 83 74 63 34.1 29 1.8 22 487 27 57 56 142 136 77 74 1.2 1.1 112 105 73 61

1.4 1.3 82 77 53 44 23.4 19.7 1.7 19 475 30 55 54 104 101 70 66 1.6 1.5 90 86 65 48

1.8 1.6 117 112 105 92 31.2 27.6 2.1 16 436 36 56 55 104 100 58 54 1.8 1.7 121 110 115 86

1.6 1.4 91 88 47 41 20.1 17.6 2 17 401 29 76 74 101 96 69 67 1.5 1.4 92 87 56 53

1 0.9 117 116 97.5 95.5 28.3 27.7 2.1 20 501 27 76 75 96 94 54 53 1 1 100 105 76.7 74.3

2.2 2 156 139 144.7 129.25 36 32.2 2.2 17 367 38 65 64 101 99 57 56 2.2 1.9 157 138 148 116

1.4 1.3 60 42 44.6 34.7 19.2 14.7 1.7 16 410 24 81 80 120 108 75 70 1.4 1.2 67 47 58.56 43.35

1.3 1.2 86 76 60.04 46.03 19.9 15.2 2 19 531 30 72 69 98 93 51 47 1.4 1.2 89 86 60.36 47.86

1.4 1.3 96 91 77 75 25.2 24 2.1 22 456 27 63 60 128 121 60 53 1.5 1.4 119 85 82 81

1.5 1.4 119 115 87.41 73.55 29.7 25 1.9 18 459 27 67 65 113 109 65 59 1.4 1.2 117 110 86.52 67.28

1.5 1.3 65 50 51.5 39.8 17 13.1 2 12 352 29 104 102 165 159 92 88 1.3 1.2 79 68 68.65 50.92

1.4 1.2 125 104 95.4 80.6 27.1 21.5 1.9 18 386 28 87 85 123 118 62 58 1.4 1.3 124 114 91.14 86.86

1.8 1.7 149 106 107 90 36.2 25.9 2.3 17 375 29 70 68 114 111 67 65 1.9 1.8 146 99 105 80

1.1 1 104 98 84.71 71.3 22.8 27.1 2 17 382 27 53 52 111 108 62 59 1 0.9 109 99 87.3 70.04

1.4 1.3 83 80 66.29 60.36 21.9 19.9 2 15 377 28 68 67 110 106 57 54 1.5 1.4 92 84 63.19 57.73

1.3 1.2 74 69 53.7 49.74 22.1 20.5 1.8 28 380 27 85 83 117 115 77 73 1.2 1 81 70 53.18 46.44

1.4 1.2 86 72 71.88 59.72 26.3 21.8 1.9 21 392 31 63 60 114 106 61 56 1.4 1.3 87 73 67.57 61.08

1.3 1.2 99 90 59.84 54.91 18.5 17 2 18 436 29 94 93 97 95 62 61 1.6 1.4 111 103 73.63 63.78

1.5 1.4 90 88 47.44 41.55 20.1 17.6 2 18 463 29 50 49 102 101 62 61 1.6 1.5 92 85 56.49 53.69

1.5 1.4 97 94 88.41 77.39 24.5 21.4 2.1 18 432 30 47 45 140 137 79 76 1.5 1.4 96 87 79.89 78.29

2 1.9 96 86 86 66 22 20.2 2 19 454 32 61 58 114 113 70 68 2 2 108 93 81 70

Group 1:  t0-baseline; t1-1 minute after PLR; t2 - 10 minutes after PLR ; max- maximum; min - minimum
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19.3 18 15 476 31 63 62 132 130 69 66 1.4 1.1 93 77 69 66 21.9 20.7 15 490 30 3.1 1.8 72

23.1 18.1 23 460 24 50 49 133 131 90 88 1.5 1.4 93 87 80 67 25.7 21.3 23 473 24 3.6 2.4 61

18.8 17.2 19 476 27 52 51 86 81 47 45 1.6 1.5 99 88 68 65 16.4 16.1 19 470 27 3.9 2.3 69

15 13.5 17 499 30 54 53 123 115 73 70 1.2 1.1 86 75 44 37 15 13.5 17 500 30 3.7 2.1 73

18.3 13.5 30 460 28 93 92 142 136 73 68 1.2 1.2 77 74 62 50 20.2 12.7 29 470 29 2.4 1.1 47

25.4 16.8 14 375 31 66 65 107 95 55 50 1.7 1.6 88 78 54 40 23.4 17.6 14 373 31 3.6 2.4 61

24 18.7 27 401 34 78 77 104 98 57 49 1.4 1.3 70 58 37 32 24.2 17.7 27 401 36 3.3 1.6 61

21.1 14.4 21 541 33 57 56 88 85 54 51 1.3 1.2 96 87 44 35 17.2 14 21 551 32 2.9 1.2 45

34 28.8 24 491 26 57 56 109 104 55 53 1.4 1.2 75 74 69 55 32 25.4 24 487 26 4.2 2.4 58

29 21.2 20 478 31 56 55 92 86 54 53 1.2 1.1 86 80 50.5 40.7 22.3 17.9 20 466 29 3.1 1.7 71

34.4 25.6 17 431 35 57 56 110 104 64 58 1.9 1.8 120 110 112 90 33.5 27 17 426 36 3.1 2.2 60

23.9 22.7 17 398 28 75 74 100 95 68 63 1.5 1.4 91 85 58 45 24.8 19.3 17 407 28 3.6 2.4 63

22.3 21.6 21 499 26 76 75 94 91 54 51 1 1 109 108 78.3 56.57 22.6 16.4 21 488 26 3.2 1.9 71

36.9 28.9 17 375 38 67 66 111 101 63 60 1.9 1.8 153 133 143.3 103.8 35.7 25.8 18 378 38 5.1 3 66

25.2 18.7 16 401 26 82 81 115 101 72 70 1.4 1.2 65 50 58.5 43 18.7 25 16 407 26 2.9 2 59

20 15.8 19 498 29 68 67 96 94 51 48 1.3 1.1 99 92 52.18 41.49 17.3 13.7 19 499 31 4.5 2.5 76

31.4 22.3 22 476 28 63 62 121 117 55 52 1.3 1.2 121 91 89 85 31.9 24.1 22 478 28 2.9 2 59

29.4 22.9 18 436 28 69 62 120 113 72 63 1.2 1.1 117 105 100.38 81.94 34.1 27.8 18 472 28 2.7 1.4 80

22.6 16.7 12 343 31 104 98 169 152 87 76 1.4 1.2 62 52 56.77 36.13 18.7 12.2 13 348 30 3.1 1.9 74

25.8 24.6 18 375 29 85 83 114 110 55 53 1.5 1.3 127 116 99.26 75.71 28.1 21.4 18 382 28 4.4 2.6 73

35.5 24 17 371 28 67 66 112 109 67 64 1.8 1.7 143 125 104 99 34.7 30.4 18 372 30 6.6 3.8 74

27.9 22.4 17 379 28 53 52 114 109 68 65 1 0.9 104 101 85.17 63.98 27.2 20.5 17 380 27 3.1 1.8 72

20.9 19.1 15 376 27 68 67 111 108 59 55 1.4 1.3 95 90 66.48 56.92 22 18.8 15 378 28 4.3 2.5 73

21.9 19.9 28 382 28 81 80 117 115 79 77 1.3 1.2 76 66 48.83 48.1 20.1 20 28 386 27 3 1.7 70

24.7 22.3 21 396 30 62 59 114 103 61 54 1.4 1.3 86 73 65.95 64.2 24.1 23.5 21 390 30 3.9 2.3 69

22.8 19.7 18 432 29 98 97 98 96 66 61 1.5 1.4 94 91 75.39 66.28 23.3 20.5 18 430 29 3.7 2.1 73

23.9 22.7 18 465 29 51 49 106 104 64 63 1.6 1.5 91 86 58.5 45.73 24.8 19.3 18 464 29 3.6 2.4 63

22.1 21.7 18 434 30 45 44 140 139 78 75 1.5 1.4 98 92 82.02 70.48 22.7 19.5 18 437 30 4.6 2.6 74

27 23.2 19 456 32 58 57 114 108 68 67 1.8 1.8 99 83 76 73 25.3 24.3 19 456 32 5.1 3.2 67

Group 1:  t0-baseline; t1-1 minute after PLR; t2 - 10 minutes after PLR ; max- maximum; min - minimum
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1 2 318692 cad, tvd, gdlv cabg 15.03.2017 64 m 51.6 151 1.47 60 59 106 102 58 56

2 2 426388 cad, tvd, dm, htn cabg 22.03.2017 51 m 62.5 167 1.702 74 73 135 131 64 59

3 2 426194 cad, tvd, old iwmi, dm, htn cabg 28.03.2017 55 m 64.2 164 1.71 72 71 134 131 74 70

4 2 429783 cad, tvd, gdlv, nstemi, smoker cabg 24.04.2017 65 m 57 166 1.622 55 54 109 103 56 46

5 2 428677 cad, tvd, gdlv, dm, htn, dlp cabg 18.05.2017 43 m 67.8 170 1.79 66 65 109 104 64 59

6 2 431913 cad, tvd, ckd, t2dm, htn cabg 24.05.2017 65 m 65 161 1.7 52 51 102 97 54 50

7 2 429453 cad, tvd, dlp, gdlv.htn, t2dm, lmca, mild pah cabg 05.06.2017 65 m 54 149 1.49 58 57 140 129 71 64

8 2 432311 cad, tvd, lmca, gdlv, htn,t2dm cabg 07.06.2017 55 m 72 159 1.78 70 69 95 93 69 65

9 2 431039 cad, tvd, dm, gdlv cabg 12.06.2017 65 m 68 165 1.77 53 51 106 95 58 54

10 2 431281 cad, tvd, t2dm, htn cabg 19.06.2017 65 m 75 171 1.887 66 65 109 106 64 63

11 2 433768 cad, lmca, gdlv, t2dm, dlp cabg 20.06.2017 60 m 65 160 1.7 69 68 95 90 63 60

12 2 431909 cad, tvd, gdlv, dm, htn, smooker cabg 21.06.2017 57 m 68 162 1.78 58 57 89 85 51 49

13 2 433044 cad, tvd, lmca, gdlv cabg 22.06.2017 49 m 59 169 1.669 73 72 108 105 70 68

14 2 431901 cad, tvd, gdlv, dm, htn cabg 23.06.2017 61 m 52 158 1.52 57 56 115 111 59 56

15 2 433026 cad, tvd, gdlv, dm cabg 05.07.2017 55 m 82 181 2.03 62 61 107 102 61 58

16 2 433286 cad, lmca, gdlv, t2dm, dlp, old cva cabg 17.07.2017 65 m 69 169 1.79 55 54 114 108 59 58

17 2 434616 cad, tvd, gdlv, htn, dlp cabg 18.07.2017 64 m 104 173 2.235 49 47 123 120 67 66

18 2 433919 cad, nstemi, tvd, gdlv, dm cabg 19.07.2017 58 m 92 178 2.132 61 60 126 121 72 70

19 2 433428 cad, dm, dlp cabg 20.07.2017 54 m 71 155 1.748 65 64 98 94 61 58

20 2 9604222 cad, tvd, gdlv, htn, dlp cabg 21.07.2017 65 m 56 161 1.582 42 41 100 90 52 48

21 2 434172 cad, tvd cabg 25.07.2017 65 m 65 165 1.71 54 49 74 72 44 42

22 2 431393 cad, tvd, gdlv, htn, dm cabg 02.08.2017 55 m 71 155 1.748 72 71 112 110 88 87

23 2 434612 cad, tvd, awmi, gdlv, dm cabg 25.09.2017 57 m 73 164 1.823 70 69 88 87 53 52

24 2 436708 cad, tvd, gdlv, nstemi, smoker, htn cabg 28.09.2017 65 m 52 159 1.515 60 59 110 102 58 55

25 2 9404205 cad, tvd, gdlv, tia, htn, dm cabg 12.10.2017 65 m 68 169 1.786 54 53 111 107 63 62

Group 2:  t0-baseline; t1-1 minute after PLR; t2 - 10 minutes after PLR; max- maximum; min - minimum
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1.64 1.44 86 76 60 46 19.9 15.2 2 18 348 38 57 56 126 120 66 62 1.7 1.62 89 86 60 47

1.4 1.15 90 82 55 40 23.6 16.8 1.7 16 400 28 69 69 155 151 80 78 1.8 1.5 103 95 59 39

1.2 0.9 99 83 50 39 18.1 14.1 1.9 14 398 29 86 85 147 143 90 85 1.5 1.3 86 71 67 45

1.09 0.98 56 49 50 45 17.6 15.7 1.9 12 386 32 48 47 117 106 55 49 1.45 0.92 59 48 53 42

1.13 0.9 87 80 82 74 29 27 1.93 11 389 30 62 60 125 120 80 76 1.36 1.25 102 96 76 70

1.13 0.98 61 60 28 27 10.9 10.6 1.81 18 391 32 52 51 119 117 70 68 1.18 1.03 80 57 27 25

1.25 1.15 65 64 46 45 22.8 22.3 1.6 15 387 25 57 56 166 150 87 80 1.11 0.948 67 65 47 46

1.55 1.49 74 67 25 24 9.93 9.43 1.9 16 393 25 65 64 108 102 75 71 1.43 1.35 79 62 41 36

1.29 1.15 99 93 75 60 21.6 17.4 2.1 13 378 23 52 51 123 120 70 69 1.38 1.27 95 91 69 62

1.57 1.45 57 52 50 43 13.2 11.3 2.2 15 389 27 59 58 142 138 81 78 1.89 1.45 65 58 57 50

1.54 1.44 62 56 51 43 16.3 13.8 2 20 387 28 64 63 124 118 80 78 1.41 1.35 72 68 57 50

1.69 1.56 85 65 69 57 22.1 18.2 2 21 375 27 59 58 99 98 59 57 1.57 1.49 73 72 53 43

1.29 1.25 85 81 66 64 23.3 22.5 1.9 11 398 30 70 69 124 117 81 76 1.41 1.38 86 82 61 53

1.03 0.927 77 67 67 60 19.4 17.2 2.1 16 352 24 60 59 131 129 73 65 1.37 1.27 79 71 68 56

1.37 1.25 68 67 61 52 19.4 16.6 2 19 435 28 63 62 136 132 81 79 1.53 1.4 95 91 77 75

2.26 2 87 85 78 75 27.5 26.3 1.9 16 369 26 53 52 132 127 73 71 1.71 1.61 103 100 93 83

2.21 1.97 117 112 98 90 23.5 21.8 2.4 20 531 23 48 47 136 131 77 75 1.87 1.84 120 115 111 108

1.76 1.69 120 105 90 84 21.7 20.3 2.3 21 486 24 60 59 125 123 75 74 2.07 1.99 109 103 91 82

1.45 1.43 76 72 46 32 14.5 10.1 2 19 396 26 63 62 118 113 75 74 1.39 1.23 86 85 65 51

1.34 1.22 78 72 53 38 16.8 12 2 13 396 22 46 45 129 125 71 70 1.37 1.36 88 82 63 54

1.59 1.31 70 61 49 45 14.1 13 2.1 12 319 33 52 51 98 97 60 59 1.5 1.13 81 74 65 64

1.48 1.36 67 58 49 37 14.1 10.7 2.1 18 384 31 71 70 146 140 112 108 1.5 1.26 75 66 58 46

1.43 1.17 70 67 46 38 14.7 12 2 25 379 38 68 67 100 97 65 64 1.45 1.29 80 68 52 43

1.25 1.23 70 60 54 51 19 18.1 1.9 14 372 27 61 60 127 123 69 68 1.29 1.27 85 70 70 65

1.23 1.03 93 80 71 67 18.6 17.6 2.3 12 312 32 53 51 134 128 76 72 1.34 1.04 109 93 93 84

Group 2:  t0-baseline; t1-1 minute after PLR; t2 - 10 minutes after PLR; max- maximum; min - minimum
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20 15.8 19 392 40 58 57 116 115 62 60 1.6 1.51 99 92 52 41 17.3 13.7 19 392 40 2.6 1.79 67

25.4 16.8 18 403 31 66 65 142 137 69 65 1.7 1.5 88 78 54 40 23.4 17.6 17 399 31 3.6 2.4 61

18.3 13.5 15 400 30 82 81 136 132 84 80 1.2 1.1 77 74 62 50 20.2 12.7 15 389 31 3.39 2.14 68

18.8 14.9 12 389 35 46 45 108 102 54 50 1.29 1.03 63 54 31 30 12.5 12.4 12 390 35 2.6 1.79 67

26.9 24.8 11 378 30 62 61 126 122 80 77 1.03 0.89 100 92 83 78 29 27.5 11 392 29 3.48 2.02 70

12 11 18 389 25 51 50 112 110 62 60 1.39 1.25 57 56 27 26 10.5 10.3 18 390 24 3.05 2.37 71

23.2 22.9 14 390 25 57 55 147 141 78 75 1.36 1.25 76 74 38 36 24.7 23.7 14 392 25 2.54 1.29 66

14.5 12.6 16 396 25 64 63 105 101 75 72 1.38 1.27 74 64 31 27 10.9 9.34 17 399 25 2.59 1.93 65

22 19.8 13 387 22 50 49 117 115 69 68 1.44 1.35 92 90 62 57 22.8 16.4 13 389 22 3.39 2.16 67

14.9 13.1 15 390 30 63 62 126 120 74 66 1.87 1.75 63 62 56 48 14.7 12.7 17 378 27 2.92 2.02 63

18.3 15.8 20 392 29 67 66 126 120 83 75 1.44 1.36 64 59 59 42 20.7 14.7 21 378 31 3.25 2.07 67

17 13.6 22 398 27 59 58 99 97 58 57 1.64 1.59 80 79 54 46 17.3 14.5 22 381 29 2.72 1.89 65

24.2 20.7 11 385 32 69 68 111 108 68 67 1.47 1.39 84 80 73 67 25.8 23.7 11 379 31 2.18 1.21 78

19.7 16.2 16 332 23 56 55 134 130 75 69 1.47 1.35 80 76 57 55 16.5 16 18 343 24 3.12 1.54 83

24.4 24 19 440 28 64 63 130 128 75 72 1.54 1.45 86 84 68 63 21.6 20 16 433 27 2.5 1.13 87

29.6 26.5 16 368 27 51 50 131 130 73 72 1.75 1.71 98 86 83 64 29.4 22.7 16 371 27 3.14 1.48 85

24.6 24 20 521 23 48 47 131 129 76 75 2.09 1.97 121 101 109 104 24.1 23.1 21 541 22 4.01 2.23 76

23.9 21.7 21 486 23 60 59 129 128 79 75 2.07 2.06 108 103 93 92 22.3 22.2 19 488 22 3.66 2.11 74

20.7 16.2 19 316 25 62 61 110 108 71 70 1.49 1.31 83 81 52 51 16.5 16.2 19 324 22 2.42 1.64 62

20.2 17.1 13 390 22 44 42 122 119 64 63 1.27 1.15 76 72 50 46 15.8 14.5 12 376 21 3.41 1.94 75

20.6 20.5 12 320 33 54 53 99 98 63 60 1.92 1.51 73 70 56 49 19.8 17.2 12 314 32 4.23 2.57 70

16.7 13.3 18 382 31 69 68 142 139 107 105 1.61 1.27 86 71 80 65 23 18.8 19 380 30 3.25 2.07 67

16.5 13.6 25 375 36 73 71 116 113 73 72 1.43 1.41 78 74 51 39 16.1 12.3 24 385 40 3.39 2.14 68

24.5 23 14 370 27 65 63 125 121 70 65 1.5 1.45 88 72 76 71 26.9 24.9 14 383 28 3.52 2.01 75

22.4 20.3 15 260 34 53 51 137 134 78 76 1.45 1.39 99 90 80 73 18.9 17.6 15 332 31 3.25 1.75 79

Group 2:  t0-baseline; t1-1 minute after PLR; t2 - 10 minutes after PLR; max- maximum; min - minimum




