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INTRODUCTION

Fluid loading3 is one of the most common therapeutic intervention

in patients undergoing surgery, as well as in patients with hypotension39

or shock. It is very challenging to determine which level of preload is

optimal in an “abnormal” situation (eg, vasodilation induced by

anesthetic agents or sepsis). Therefore, to determine fluid therapy, a very

practical approach consists in detecting patients who will be able to turn

fluid loading into a significant increase in stroke volume (SV) and cardiac

output (CO) .Clinical end points of fluid therapy are sometimes different

i.e. increasing blood pressure, or urine output but will be achieved only if

the physiologic effect an increase in stroke volume .If not, fluid

administration is useless or even potentially harmful as in worsening

pulmonary and tissue edema, hemodilution. Therefore reliable sensitive

and specific indicators of fluid responsiveness which recognize the ability

to turn fluid loading into a significant increase in Stroke volume (SV) are

needed.

              Conventional hemodynamic variables, such as blood pressure,

heart rate (HR), central venous pressure (CVP)38, and even pulmonary

artery occlusion pressure (PAOP)22, are insensitive and sometimes

misleading in the assessment of circulating blood volume. As an
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alternative to these static variables, assessment of stroke volume variation

(SVV)27 has been used as a dynamic index to guide fluid therapy.

Mechanical ventilation induces cyclic variations in venous return which

may be turned into cyclic variations in SV (SVV). Stroke volume

variation may be used as a continuous preload variable that allows for

optimal fluid management. The SVV are more pronounced during

hypovolemia and the variation decreases if intravascular volume is

restored.SVV has shown to reliably predict changes in cardiac output.

Hence a prospective observational study was done to compare the

effects of fluid responsiveness  on Stroke volume variation and central

venous pressure and also to determine which variable reliably predicts

fluid responsiveness.
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AIM OF THE STUDY

The  aim  of  this  study  was  to  assess  whether  Stroke  volume

variation(SVV) can  serve as a predictor of fluid responsiveness in

patients undergoing elective major abdominal surgery.

To compare  Stroke volume variation (SVV)  with  Central  venous

pressure (CVP) for fluid responsiveness.
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PRELOAD VARIABLES

Preload is best defined as left ventricular end-diastolic volume

(LVEDV). According to the Frank–Starling principle as the preload

increases left ventricular stroke volume increases until the optimal

preload is achieved at which point the stroke volume remains relatively

constant (see Figure 1). This optimal preload is related to the maximal

overlap of the actin-myosin myofibrils. It is important to note that in an

intact heart the actin-myosin links cannot be disengaged and hence there

is no descending limb of the Frank–Starling curve. Once the left ventricle

is functioning near the 'flat' part of the Frank–Starling curve fluid loading

has little effect on cardiac output and only serves to increase tissue edema

and to promote tissue hypoxia. In normal physiologic conditions, both

ventricles operate on the ascending portion of the Frank–Starling curve5.

This mechanism provides a functional reserve to the heart in situations of

acute stress.

In normal individuals, an increase in preload (with volume

challenge) results in a significant increase in stroke volume37. In contrast,

only about 50% of patients with circulatory failure will respond to a fluid

challenge31. Furthermore, as a result of altered left ventricular compliance

and function, the position of an acutely ill patient on the Frank–Starling
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curve cannot be predicted from their preload (LVEDV) alone. In

critically ill patients it is therefore important not only to determine the

patients' preload (LVEDV) but their fluid responsiveness, i.e. to whether

the patient will

FIG 1: Frank starling Curve

Have an increase in stroke volume or cardiac output with fluid

loading (i.e. have recruitable cardiac output). Simultaneously, it is

important to determine the patients' overall fluid balance and more

specifically the interstitial fluid volume. In patients with increased

interstitial fluid volume it is more appropriate to increase cardiac output

by using a vasoactive agent rather than with fluid boluses alone. Volume
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responsiveness may be defined as increased systolic volume (SV) with

consequent increased cardiac output (CO) from an established volume

infusion which would provide better oxygen supply to the tissue.

However,this response to volume testing will only take place when

both ventricles operate in the ascending phase of the Frank-Starling

curve, i.e., in a preload dependence status.

STROKE VOLUME VARIATION:

FIG 2 : The respiratory-cycle-induced changes in stroke volume (SV).

The stroke  volume variation is calculated between the maximal

(SVmax) and minimal (SVmin) values of stroke volume. Paw, positive

airway pressure.
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Physiological basis for heart–lung interactions

Heart–lung interactions30 can be understood based on the effects of

changes in intrathoracic pressure (ITP) and lung volume on venous return

and left ventricular ejection, and the energy needed to create these

changes. During spontaneous ventilation, venous return increases with

negative swings in ITP, subsequently increasing right ventricular volume

and causing the intraventricular septum to move into the left ventricle.

This is manifested by a spontaneous inspiration-associated decrease in

left ventricular end-diastolic volume and decreased left ventricular

diastolic compliance. This decreased left ventricular preload causes an

immediate decrease in left ventricular stroke volume and pulse pressure

which is referred to as pulsus paradoxus. The more vigorous the

ventilatory efforts, the greater the ITP swings and the more pulsus

paradoxus occurs.

Fig 3: Variation during spontaneous and controlled ventilation
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Until recently it was felt that ventricular interdependence was

minimal during normal tidal volume positive-pressure ventilation because

the changes in ITP are small, making both the lung inflation-induced

pulmonary vascular resistance and venous return changes small. Mitchell

et al.32, however, showed in dogs that positive-pressure ventilation also

altered left ventricular output in a fashion explained by ventricular

interdependence.

The principles underling the SVV are based on simple

physiology32. Intermittent positive pressure ventilation induces cyclic

changes in the loading conditions of the left and right ventricles.

Mechanical insufflation decreases preload and increases after load of the

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

pressure gradient that is related in the inspiratory increase in pleural

pressure. The increase in RV afterload is related to the inspiratory

increase in transpulmonary 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.

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
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expiratory period. The cyclic changes in RV and LV stroke volume are

greater when the ventricles operate on the steep rather than the flat

portion of the Frank–Starling curve .Therefore, the magnitude of the

respiratory changes in LV stroke volume is an indicator of biventricular

preload dependence. So in  a mechanically ventilated patient, positive

pressure ventilation displaces the ventricle wall inward during systole to

assist in ventricular emptying causing a slight rise in the systolic pressure

during mechanical inspiration. This is called the reverse pulsus paradoxus

which is a sensitive indicator of hypovolaemia.

Fig 4: Physiology of stroke volume variation.
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The enormous appeal of using the SVV as a marker of volume

responsiveness is that it dynamically predicts an individual patients'

position on their Starling curve and this is independent of ventricular

function and compliance as well as pulmonary pressures and mechanics

unlike the central venous pressure. Furthermore, this technology is

relatively simple both in concept and in execution and is conducive to

monitoring both in the operating room and ICU. It should be appreciated

that both arrhythmias and spontaneous breathing activity40 will lead to

misinterpretations of the respiratory variations in pulse pressure/stroke

volume.  Furthermore,  for  any  specific  preload  condition  the  SVV  will

vary according to the tidalvolume(28,34).The normal values of SVV is less

than 10 -15 % in mechanically ventilated patients with different studies

quoting a different threshold range.

Reuter30 and colleagues demonstrated a linear relationship between

tidal volume and SVV. De Backer29 and colleagues evaluated the

influence of tidal volume on the ability of the PPV to predict fluid

responsiveness. These authors reported that the SVV was a reliable

predictor of fluid responsiveness only when the tidal volume was at least

8 mL/kg
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Fig 5: Volume challenge

• Patient A is preload responsive:

On steep part or fluid responsive portion

Fluid bolus results in significant increase in SV

• Patient B is not preload responsive:

On plateau portion of curve; No preload recruitibility

Same bolus volume does not result in significant increase in SV
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The time-honored method of assessing preload responsiveness is to

administer a relatively small intravascular volume bolus rapidly and

observe the subsequent hemodynamic response in terms of blood

pressure, pulse, cardiac output, SvO2 and related measures. There is little

agreement regarding what absolute volume and infusion rate defines an

adequate fluid challenge. In a volume challenge trial estimates of

improved circulatory status (e.g. increasing blood pressure and decreasing

heart rate) and improved effective blood flow (e.g. increasing SvO2 and

decreasing blood lactate) are used to document a beneficial response47.

The primary factor addressed by a fluid challenge is preload

responsiveness; specifically, will cardiac output increase with fluid

loading? Thus, a fluid challenge must be conducted within the context of

known or suspected tissue hypoperfusion. Furthermore, a volume

challenge is not fluid resuscitation; it is merely a test to identify those

who are preload responsive. Volume responders can then be given

additional fluid resuscitation with minimal risk for worsening cor

pulmonale or inducing pulmonary edema.

A minimally invasive hemodynamic monitoring technology has

been developed for the analysis of the arterial pressure wave to determine

cardiac  output.  This  is  classified  as  Pulse  Contour  analysis  or  Pulse
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Pressure Analysis24. Devices are now available on the market, with

different algorithms and features:

•  Flotrac technology and Vigileo Monitor25 (Edwards Lifesciences,

Irvine, CA, USA)is one among them.

Physics and Physiology

Flow is determined by a pressure gradient along a vessel and the

resistance to that flow (F= P/R). The FloTrac algorithm uses a similar

principle to measure pulsatile flow by incorporating the effects of both

vascular resistance and compliance through a conversion factor known as

Khi ( ).

Cardiac output is calculated by multiplying heart rate by the stroke

volume. The FloTrac algorithm uses these same components but

substitutes heart rate with the pulse rate (PR), capturing only truly

perfused beats, and multiplies PR by a calculated stroke volume. Stroke

volume is calculated from the patient’s arterial pressure using a specially

designed system, the FloTrac sensor.

The FloTrac algorithm analyzes the pressure waveform at one

hundred times per second over 20 seconds, capturing 2,000 data points

for analysis. These data points are used along with patient demographic

information to calculate the standard deviation of the arterial pressure
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AP). This ( AP) is proportional to pulse pressure (PP). The AP is

multiplied by a conversion factor known as Khi ( ) which incorporates

both the effects of resistance and compliance (vascular tone) and also

converts AP in (mmHg) into ml/beat. Therefore, with the variables AP

and vascular tone ( ) flow or stroke volume can be calculated.

Fig 6: VIGILEO MONITOR WITH FLOTRAC TRANSDUCER.

Traditional: CO = HR * SV

FloTrac system: APCO –Arterial pressure based cardiac output:

APCO= PR x ( AP * )

Where  = M (HR, AP, C(P), BSA, MAP, µ3ap, µ4ap . . .)

AP = standard deviation of arterial pulse pressure in mmHg is

proportional to pulse pressure.
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 = scaling multivariate parameter proportional to the effects of vascular

tone on pulse pressure.

M = multivariate polynomial equation.

BSA =body surface area calculated by Dubois’ equation for body surface

area.

MAP = mean arterial pressure calculated by taking sum of sampled

pressure point values over 20 seconds and dividing it by the number of

pressure points.

µ = statistical moments determined by skewness(symmetry) and kurtosis

(distinctness of a peak)calculated along several mathematical derivatives.

SVV is calculated as the variation of the beat-to beat SV from the mean

value during the most recent 20 seconds:

SVV = SVmax _ SVmin /SVmean

where SVmax is the maximum stroke volume,

SVmin is the minimum stroke volume

SVmean is the mean stroke volume

Since clinically available, the FloTrac system has been validated against

various cardiac output technologies including thermodilution cardiac

output.
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No Manual Calibration Needed:

Since the FloTrac algorithm continuously adjusts for the patient’s

ever changing vascular tone, it does not require manual calibration. As a

component of the calibration, Khi auto corrects for changes in vascular

tone through a complex waveform analysis.

Technical Considerations

The  algorithm is dependent upon a high fidelity pressure tracing.

Attention to best practice in pressure monitoring is important by; priming

with gravity, pressure bag kept to 300mmHg, adequate I.V. bag flush

volume, sensor stopcock is kept level to phlebostatic axis, and periodic

testing of optimal dampening with a square wave

FloTrac sensor is only indicated for adult use and has not been

validated in patients with ventricular assist devices or intra aortic balloon

pumps. Absolute values during aortic regurgitation may be affected

although trending may be appropriate. Severe peripheral constriction

during shock states or hypothermic episodes may influence values with

radial arterial locations, consideration to femoral sites during these

episodes or insertion of a pulmonary artery catheter may be considered.
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The ease of use of this system allows for earlier implementation of

flow monitoring in patients. The system is minimally invasive, easy-to-

use  and allows for the continuous monitoring of essential hemodynamic

information such as Continuous cardiac output CCO, Stroke volume SV,

Stroke volume variation SVV, Systemic vascular resistance SVR.

Central venous pressure:

Venous pressure is a term that represents the average blood

pressure within the venous compartment. The term "central venous

pressure" (CVP)34 describes the pressure in the thoracic vena cava near

the right atrium. CVP is a major determinant of the filling pressure and

therefore the preload of the right ventricle, which regulates stroke volume

through the Frank-Starling mechanism.

A change in CVP ( CVP) is determined by the change in volume

V) of blood within the thoracic veins divided by the compliance (Cv)

of the these veins according to the following equation:

CVP = V / Cv
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Fig 7:The effects of increased venous blood volume and decreased
venous compliance on CVP.

Therefore, CVP is increased by either an increase in venous blood

volume or by a decrease in venous compliance.  The latter change can be

caused by contraction of the smooth muscle within the veins, which

increases the venous vascular tone and decreases compliance.  In  figure 4

, point A represents a control operating point for the venous vasculature.

The curve that point A is on is the compliance curve for the thoracic

veins. If the volume of blood within these veins is increased, then the

operating point will shift up and to the right (from A to B) along the same

compliance curve. This will lead to an increase in pressure that is

determined by the change in volume and the venous compliance (slope of

the curve). CVP will also be increased if venous smooth muscle

contraction is enhanced i.e.., by sympathetic nerve stimulation). When

this occurs, the venous compliance decreases (dashed line), and the new
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operating point C will reflect a smaller venous volume but at a greater

venous pressure.

                It is important to note that the compliance of the large thoracic

veins (especially the vena cava) does not undergo large changes.  Instead,

the major site for venous compliance changes is smaller veins located

outside of the thorax. These smaller veins are can undergo significant

compliance changes. When the compliance of these veins decreases (e.g.,

by sympathetic nerve stimulation), constriction of these veins and the

resulting increased pressure is transmitted up to the thoracic veins, which

increases their volume and therefore pressure.

Factors affecting the measured CVP40:

Central venous blood volume

_ Venous return/cardiac output

_ Total blood volume

_ Regional vascular tone

Compliance of central compartment

_ Vascular tone

_ RV compliance

_ Myocardial disease

_ Pericardial disease

_ Tamponade
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Tricuspid valve disease

_ Stenosis

_ Regurgitation

Cardiac rhythm

_ Junctional rhythm

_ Atrial fibrillation (AF)

_ Atrio ventricular (A-V) dissociation

Reference level of transducer

_ Positioning of patient

Intrathoracic pressure

_ Respiration

_ IPPV

_ Positive end-expiratory pressure (PEEP)

_ Tension pneumothorax

The central venous pressure (CVP) is frequently used to guide fluid

management. The basis for using the CVP to guide fluid management

comes from the dogma that the CVP reflects intravascular volume;

specifically it is widely believed that patients with a low CVP are volume

depleted while patients with a high CVP are volume overloaded.

Furthermore, the '5-2' rule that was popularized in the 1970's is still

widely used today for guiding fluid therapy. According to this rule, the
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change in CVP following a fluid challenge is used to guide subsequent

fluid management decisions.

The CVP is a good approximation of right atrial pressure, which is

a major determinant of right ventricular filling. It has therefore been

assumed that the CVP is a good indicator of right ventricular preload.

Furthermore, as right ventricular stroke volume determines left

ventricular filling, the CVP is assumed to be an indirect measure of left

ventricular preload. However, because of the changes in venous tone,

intrathoracic pressures (positive end expiratory pressure, etc.),  there is a

poor relationship between the CVP and right ventricular end-diastolic

volume. Furthermore, the right ventricular end-diastolic volume may not

reflect the patients' position on the Frank–Starling curve and therefore

preload reserve.

                 Recently, the idea that the CVP reflects blood volume has been

challenged. CVP is only a very small part of venous return/cardiac output

• Venous Return (VR) = Mean Circulatory Filling Pressure – CVP/

Venous Resistance

• CVP measured is intramural, but desired value is transmural pressure
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Interpretation of the CVP

The following discussion is designed to assist in the interpretation

of the CVP when the measurement of the CO is not available.

Venous return and CO are described by these two curves:

The Fig 8 shows two venous return curves: the upper represents a

normal circulating volume (CO = 6 L/min) and the lower represents

hypovolemia.  The diagram on the right shows two contractility

(‘Starling’) curves, the lower one representing a decreased contractility.

At steady state, venous return and CO are equal, and the two curves can

be constructed on the same graph. The point at  which the two curves

intersect is the CVP.
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Fig 9: Intersecting CVP curves.

In  the  above  graph  Fig  9.,  the  starting  CVP  is  4  cmH2O.   If  the

CVP increases to 8 cmH2O, the new value can occur at a variety of CO

values, as shown by the dotted vertical line, with different physiological

implications.  The two possible extremes are that the CVP has increased

only due to an increase in volume (new venous return curve) or that it has

increased only due to a decrease in contractility (new Starling curve).

Clearly, a combination of both phenomena is possible.  The same

thinking process can be illustrated for a decrease in CVP.  Hence, an

isolated CVP value can represent very different hemodynamic conditions,

and without a CO measurement, it is difficult to interpret the change in

CVP.   In  a  reasonably  stable  patient,  changes  in  MAP  should  parallel

changes in CO.  An increase in CVP will be likely due to an increased

circulating volume if the MAP also increases.  An increase in CVP will
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be likely due to a decreased contractility if the MAP decreases.  In an

unstable patient, measurement of the CO may be necessary.

 Limitations of CVP Monitoring

•  Not a measure of circulating blood volume

–  The body attempts to maintain homeostasis (adequate transmural

CVP)

–  Mean circulating filling pressure is  a better measure (but difficult

to determine)

•  CVP is a static hemodynamic variable

•  CVP affected by many other variables as already discussed.

Receiver operating characteristic (ROC)29, or simply ROC

curve, is a graphical plot of the sensitivity, or true positive rate, vs. false

positive rate (1  specificity or 1  true negative rate).The ROC can also

be represented equivalently by plotting the fraction of true positives out

of the positives (TPR = true positive rate) vs. the fraction of false

positives out of the negatives (FPR = false positive rate).Also known as a

Relative Operating Characteristic curve, because it is a comparison of

two operating characteristics (TPR & FPR) as the criterion changes.
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Consider a diagnostic test that seeks to determine whether a person

has a certain disease. A false positive in this case occurs when the person

tests positive, but actually does not have the disease. A false negative, on

the other hand, occurs when the person tests negative, suggesting they are

healthy, when they actually do have the disease.

Fig 10: Receptor operator characteristic curves.

To draw an ROC curve, only the true positive rate (TPR) and false

positive rate (FPR) are needed. TPR determines a classifier or a

diagnostic test performance on classifying positive instances correctly

among all positive samples available during the test. FPR, on the other

hand, defines how many incorrect positive results occur among all

negative samples available during the test.
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A  ROC  space  is  defined  by  FPR  and  TPR  as x and y axes

respectively, which depicts relative trade-offs between true positive

(benefits) and false positive (costs). Since TPR is equivalent with

sensitivity and FPR is equal to 1  specificity, the ROC graph is

sometimes called the sensitivity vs (1  specificity) plot. The best

possible prediction method would yield a point in the upper left corner or

coordinate (0,1) of the ROC space, representing 100% sensitivity (no

false negatives) and 100% specificity (no false positives). The (0,1) point

is  also  called  a perfect classification. The diagonal divides the ROC

space. Points above the diagonal represent good classification results,

points  below the line poor results.  Area Under Curve (AUC) is  equal  to

the probability that a classifier will rank a randomly chosen positive

instance higher than a randomly chosen negative one. It can be shown

that the area under the ROC curve is closely related to the Mann–Whitney

U which tests whether positives are ranked higher than negatives. A

reliable and valid AUC estimate can be interpreted as the probability that

the classifier will assign a higher score to a randomly chosen positive

example than to a randomly chosen negative example.
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REVIEW OF LITERATURE

Cardiac preload is one determinant of cardiac output (CO).

Optimizing cardiac preload is therefore crucial in the care of

hemodynamically unstable patients. Numerous parameters for assessing

cardiac preload and guiding fluid therapy have been suggested and

extensively studied. Over the last decade, functional preload parameters

such as stroke volume variation (SVV) and others have been repeatedly

described to be superior when compared with cardiac filling pressures

central venous pressure (CVP) and pulmonary artery occlusion pressure.

An extensively studied method for monitoring functional preload is the

pulse contour derived SVV. Its feasibility and appropriateness in

estimating cardiac preload and volume responsiveness has been reported

in many clinical trials.

Zimmermann et al (EJA 2010)49compared the accuracy of arterial

pressure-based stroke volume variation (SVV) with central venous

pressure to predict the response of stroke volume index( SVI) to volume

replacement in patients undergoing major abdominal surgery. They

studied 20 patients scheduled for elective major abdominal surgery. After

induction of anaesthesia, all haemodynamic variables were recorded

immediately before  and subsequent to volume replacement  by infusion
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of 6% hydroxy-ethyl starch (HES) 130/0.4 (7 ml kg) at a rate of 1 ml kg

min. The volume-induced increase in SVI was at least 15% in 15 patients

(responders) and less than 15% in five patients (nonresponders). Baseline

SVV correlated significantly with changes in SVI (DeltaSVI; r = 0.80; P

< 0.001) as, whereas baseline values of central venous pressure showed

no correlation  to  DeltaSVI  and  concluded  that  SVV  can  serve  as  valid

indicators of fluid responsiveness in mechanically ventilated patients

undergoing major abdominal surgery.

Derichard A, Robin E, et al (BJA 2009)13 compared  the ability

of two algorithms  automated calculation of PPV (PPV(auto)) (Intellivue

MP 70) and stroke volume variation (SVV(auto)) (FloTrac/Vigileo) to

predict fluid responsiveness during abdominal surgery. 56 fluid

challenges given for haemodynamic instability in 11 patients undergoing

major abdominal surgery. Fluid responsiveness was defined as an

increase in stroke volume index (SVI) >10%. PPV(ref), PPV(auto),

SVV(auto), and SVI  were recorded simultaneously before and after each

fluid challenge. The authors concluded that PPV(auto) and SVV(auto)

predict fluid responsiveness accurately in patients with haemodynamic

instability during major abdominal surgery.
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Haim Berkenstadt, MD, Nevo Margalit, MD et al(Anesthesia

analgesia 2001)3  Studied stroke volume variation (SVV) as a predictor

of fluid responsiveness. Fifteen patients undergoing brain surgery were

included. During surgery, graded volume loading was performed, with

each volume loading step (VLS) consisting of 100 mL of 6%

hydroxyethylstarch given for 2 min. A total of 140 VLSs were performed.

The author concluded that Responsive and non responsive VLSs differed

in their pre-VLS values of systolic blood pressure, SV, and SVV, but not

in the values of heart rate and central venous pressure. An SVV value of

9.5% or more, will predict an increase in the SV of at least 5% in

response to a 100-mL volume load, with a sensitivity of 79% and a

specificity of 93%.

Marik PE, Cavallazzi R, Vasu T, Hirani A. Et al (Critical care

medicine 2009)27  conducted a   systematic  review  of  the  literature  to

determine the ability of dynamic changes in arterial waveform-derived

variables to predict fluid responsiveness and compare them with static

indices of fluid responsiveness. Clinical studies that evaluated the

association between stroke volume variation and the change in stroke

volume/cardiac index after a fluid or positive end-expiratory pressure

challenge were considered. Twenty-nine studies (which enrolled 685

patients) were taken into account. Overall, 56% of patients responded to a
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fluid challenge. The pooled correlation coefficients between the baseline

pulse pressure variation, stroke volume variation, systolic pressure

variation, and the change in stroke/cardiac index were 0.78, 0.72, and

0.72, respectively. The mean threshold values were 11.6 +/- 1.9% for the

stroke volume variation. The sensitivity, specificity, and diagnostic odds

ratio 0.82, 0.86, and 27.34 for the stroke volume variation, respectively

.The authors concluded that the dynamic changes of arterial waveform-

derived variables during mechanical ventilation are highly accurate in

predicting volume responsiveness in critically ill patients with an

accuracy greater than that of traditional static indices of volume

responsiveness. This technique, however, was limited to patients who

receive controlled ventilation and who are not breathing spontaneously

Micah et al (Internet Journal of Anesthesiology 2010 )35 has

compared the stroke volume variation (SVV) , arterial pressure based

cardiac output (APCO) with the current accepted methods on cardiac

output  ,the cardiac output values of continuous thermodilutional method.

The central APCO was compared with peripheral APCO. The authors

concluded that SVV is a good indicator of the cardiac preload. It is

superior to static indicators of cardiac preload. APCO measured from

peripheral artery had a high correlation with the central CO and
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conventional method for CO measurement, therefore,  was able to

accurately reflect cardiac output.

Cannesson M, Musard  H et al (Anesthesia  analgesia 2009)7

assessed the ability of a novel algorithm for automatic estimation of

stroke volume variation (SVV) to predict fluid responsiveness in

mechanically ventilated patients(n=25) referred for coronary artery

bypass grafting. SVV was continuously displayed by the Vigileo/FloTrac

system. SVV and DeltaPP were recorded simultaneously before and after

an intravascular volume expansion (VE) (500 mL hetastarch).

Responders to VE were defined as patients whose cardiac index obtained

using thermodilution increased by more than 15% after VE. The authors

concluded that SVV was able to reliably predict fluid responsiveness with

a threshold SVV value of 10% allowed discrimination of responders to

VE with a sensitivity of 82% and a specificity of 88%.

Biais M, Nouette-Gaulain K, et al (Anesthesia Analgesia 2009)4

compared stroke volume variation (SVV) assessed from a peripheral

artery with the Vigileo/FloTrac system (SVV-FloTrac) with SVV derived

close to the heart by aortic Doppler (SVV-Doppler). In Thirty patients

undergoing liver transplantation concluded that  SVV-FloTrac and SVV-

Doppler measurements show acceptable bias and limits of agreement, and
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similar performance in terms of fluid responsiveness in patients

undergoing liver transplantation.

Hofer CK, Müller SM,et al (Chest 2005)18 evaluated SVV in

cardiac patients for predicting fluid responsiveness in forty patients with

preserved left ventricular function undergoing elective off-pump coronary

artery bypass grafting. Following induction of anesthesia, before and after

volume replacement (6% hydroxyethyl starch solution, 10 mL/kg ideal

body weight), hemodynamic measurements of stroke volume index

(SVI), SVV, PPV, global end-diastolic volume index (GEDVI), central

venous pressure (CVP) and pulmonary capillary wedge pressure (PCWP)

were obtained. A significant correlation with changes of SVI was

observed for SVV (r = 0.606, p < 0.001) and PPV (r = 0.612, p < 0.001)

only. SVV and PPV were closely related (r = 0.861, p < 0.001).They

concluded that In contrast to standard preload indexes, SVV and PPV,

comparably, showed a good performance in predicting fluid

responsiveness in patients before off-pump coronary artery bypass

grafting.

Heenan et al (critical care 2006)17 evaluated the ability of

different static and dynamic measurements of preload to predict fluid

responsiveness in patients with spontaneous respiratory movements in 21

critically ill patients with spontaneous breathing movements receiving
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mechanical ventilation with pressure support mode (n = 9) or breathing

through a face mask (n = 12), and who required a fluid challenge.

Complete hemodynamic measurements, including pulmonary artery

occluded pressure (PAOP), right atrial pressure (RAP), pulse pressure

variation ( PP) and inspiratory variation in RAP were obtained before

and after fluid challenge. Fluid challenge consisted of boluses of either

crystalloid or colloid until cardiac output reached a plateau. Receiver

operating characteristics (ROC) curve analysis was used to evaluate the

predictive value of the indices to the response to fluids, as defined by an

increase in cardiac index of 15% or more. There were no significant

differences  in  PP,  PAOP,  RAP  and  inspiratory  variation  in  RAP

between fluid responders and non-responders. Fluid responsiveness was

predicted better with static indices (ROC curve area ± SD: 0.73 ± 0.13 for

PAOP, p < 0.05 vs PP and 0.69 ± 0.12 for RAP, p = 0.054 compared

with PP) than with dynamic indices of preload (0.40 ± 0.13 for PP and

0.53 ± 0.13 for inspiratory changes in RAP, p not significant compared

with PP).The authors concluded that in patients with spontaneous

respiratory movements, PP and inspiratory changes in RAP failed to

predict the response to volume expansion.
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Kubitz et al (BJA 2007)21 compared left ventricular SVV derived

by pulse contour analysis with SVV measured using an ultrasonic flow

probe and investigated the influence of cardiac afterload on left

ventricular SVV in 13 anaesthetized, mechanically ventilated pigs . After

obtaining baseline measurements, cardiac afterload was increased using

phenylephrine and decreased using adenosine (both continuously

administered). Measurements were performed with a constant tidal

volume (12 ml kg-1) without PEEP. Neither increasing mean arterial

pressure (MAP) [from 59 (7) to 116 (19)] nor decreasing MAP [from 63

(7) to 39 (4)] affected CO, SV, and SVV (both methods). The authors

concluded that left ventricular SVV is not affected by changes in cardiac

afterload. There is a good agreement of pulse contour with flow derived

SVV.

Reuter et al (Intensive care 2003)44 investigated the influence of

the  depth  of  tidal  volume  (V(t))  on  SVV  both  during  the  state  of  fluid

responsiveness and after fluid loading in mechanically ventilated patients

in 20 hemodynamically stable patients immediately after cardiac

surgery.Stepwise fluid loading using colloids until stroke volume index

(SVI) did not increase by more than 10%. Before and after fluid loading

V(t) was varied (5, 10, and 15 ml/kg body weight) in random order.Pulse

contour SVV was measured before and after volume loading at the
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respective V(t) values. Thirteen patients responded to fluid loading with

an increase in SVI greater than 10%, which confirmed volume

responsiveness at baseline measurements. These were included in further

analysis.  During  volume  responsiveness  SVV  at  V(t)  of  5  ml/kg  (7+/-

0.7%) and SVV at V(t) of 15 ml/kg (21+/-2.5%) differed significantly

from that at V(t) of 10 ml/kg (15+/-2.1%). SVV was correlated

significantly with the magnitude of V(t). After volume resuscitation SVV

at the respective V(t) was significantly reduced; further, SVV at V(t) of 5

ml/kg(-1) (5.3+/-0.6%) and 15 ml/kg (16.2+/-2.0%) differed significantly

from that at V(t) of 10 ml/kg (10.2+/-1.0%). SVV and depth of V(t) were

significantly related.The authors concluded that in addition to

intravascular volume status SVV is affected by the depth of tidal volume

under mechanical ventilation. This influence must be regarded when

using SVV for functional preload monitoring.

Marik PE, Baram M, Vahid  B. Et al(Chest 2008)26 did   a

systematic review of the literature to determine the following: (1) the

relationship between CVP and blood volume, (2) the ability of CVP to

predict  fluid  responsiveness,  and  (3)  the  ability  of  the  change  in  CVP

(DeltaCVP) to predict fluid responsiveness. 24 studies were taken into

account which included 803 patients; 5 studies compared CVP with

measured circulating blood volume, while 19 studies determined the

relationship between CVP/DeltaCVP and change in cardiac performance
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following a fluid challenge. The pooled correlation coefficient between

CVP and measured blood volume was 0.16 (95% confidence interval

[CI], 0.03 to 0.28). Overall, 56+/-16% of the patients included in this

review responded to a fluid challenge. The pooled correlation coefficient

between baseline CVP and change in stroke index/cardiac index was 0.18

(95% CI, 0.08 to 0.28). The pooled area under the ROC curve was 0.56

(95% CI, 0.51 to 0.61). The pooled correlation between Delta CVP and

change in stroke index/cardiac index was 0.11 (95% CI, 0.015 to 0.21).

Baseline CVP was 8.7+/-2.32 mm Hg [mean+/-SD] in the responders as

compared to 9.7+/-2.2 mm Hg in non responders (not significant).This

systematic review demonstrated a very poor relationship between CVP

and blood volume as well as the inability of CVP/Delta CVP to predict

the hemodynamic response to a fluid challenge. The authors concluded

that CVP should not be used to make clinical decisions regarding fluid

management.

Frederic Michard,, Jean Louis Teboul MD et al(Critical care

review 2002)33 did a literature review and analysis of 12 studies of fluid

responsiveness in ICU patients.  334 pts, 406 fluid challenges were

included of which  55% patients were in sepsis, 84% on mechanical

ventilation.  RAP (CVP) was measured. No baseline difference in

responders vs. non-responders in 3/5 studies.
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METHODS

STUDY DESIGN

This study was a prospective observational study conducted in

Government Stanley Medical College and Hospital, Chennai.

STUDY SETTING AND POPULATION:

The Institutional Ethical committee approval was obtained before

commencement of the study. Written informed consent was obtained from

all the patients. Twenty five adult patients of ASA Physical status 1& 2 of

either sex undergoing elective abdominal surgical procedures under

general anaesthesia were enrolled in the study.

The study was conducted at the Surgical gastroenterology theatre

complex, Stanley Medical College and Hospital, Chennai. The study was

conducted from May 2011 to August 2011.All major abdominal surgeries

within this period who fit into the inclusion criteria were included in the

study.
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PATIENT SELECTION

Inclusion criteria:

Elective major abdominal surgery (intestine resection, gastric resection,

Whipple procedure, frey procedure)  .

Both genders

Age 18-60 YRS

ASA PS I/II

Exclusion criteria:

Patients under 18 years.

Patient > 60 yrs

ASA PS III/IV

Patients with severe aortic regurgitation,

Patients with renal impairment

Permanent cardiac arrhythmias,

Intra-aortic balloon pump

Patients undergoing emergency surgery

were excluded from the study.
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Study Materials:

The materials need for the study included

Intravenous Cannula

Drugs for general anesthesia

Inj. Fentanyl

Inj. Propofol

Inj. Atracurium

Appropriate size endotracheal tubes and laryngoscopes

Standard Monitors – pulse oximeter, ECG, NIBP,ETCO2

All emergency drugs

Anesthesia Ventilator

Arterial  Catheter 20 G

Central venous catheter 7 Fr

 Vigileo Flotrac monitor with transducer.

Study Methods:

After obtaining ethical committee clearance Twenty five patients of

similar age group, weight and equal sex distribution were included in the

study. Informed written consent was  obtained. Detailed history of past

medical/surgical were obtained.
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Anesthetic technique:

Standard monitors: electrocardiogram, pulse oximetry, Non

invasive blood pressure, Temperature probe were connected to the

patient. Baseline demographic parameters, blood pressure, and heart and

respiratory rates were recorded. Peripheral venous access obtained with

18G venflon. Epidural catheter was inserted between the Thoracic

D10/11 vertebral interspaces and after performing a test for correct

epidural placement, a dose of morphine 4mg in 10 ml saline solution49

was administered.

The left wrist was immobilized with dorsiflexion with a tape across

the thumb.20 Gauge needle over catheter was used to cannulate left radial

artery. The artery was palpated 2-3 cm along its course, the 20G needle

was inserted at an angle of 30 degrees and advanced toward the pulsation

in rapid short 1 mm increments. When the artery was entered, catheter

unit advanced several millimetres to transfix the artery, needle completely

removed, catheter is backed until good flow returns, then advanced

directly into the artery. Arterial blood flow from the catheter was

confirmed and the transducer tubing was attached. Once arterial

waveform was observed sterile dressing applied over it. Blood pressure

was recorded after connecting to transducer zeroed at mid-axillary level.
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Optimal pressure signal damping was assessed using flush test

before the first measurements. Vigileo/FloTrac device 24(Edwards

Lifesciences, Irvine, CA, USA) with software version 1.10 was used for

measuring Stroke volume variation(SVV) and other hemodynamic

variables like CI, Stroke volume index SVI.

The FloTrac™ transducer was fitted in the regular pole mounted

holder with stopcock above transducer.

Then the Vigileo™ monitor was switched on. The patient’s height,

Weight, gender were entered. The transducer was levelled and zeroed.

Automated calculation of SVV was displayed in real-time by the Vigileo

monitor (software version 1.10). SVV was assessed using a proprietary

algorithm discussed elsewhere. The system showed a continuous

monitoring of arterial pressure, CO, SV, and SVV by pulse contour

analysis from the arterial pressure wave. This system required no

calibration.

Anesthesia was then induced using propofol 2 mg/kg in

combination with fentanyl 2 ug/kg .Tracheal intubation done with

neuromuscular relaxation atracurium 0.5mg/kg and confirmed with end

tidal CO2.  Anesthesia was maintained with volatile anesthetics

(sevoflurane) in   N 2O and O 2 mixture .



48

A 7 Fr central venous catheter35 was inserted via right internal

jugular vein .The neck was turned to the opposite side & 15-20 degree

trendelenberg position was given. A rolled up towel was placed between

the scapulae to extend the head & accentuate the landmarks. The neck

was prepared with povidone iodine .The triangle formed by the two heads

of sternocleidomastoid & clavicle was identified. The carotid artery at the

medial end of this triangle was palpated. Near the apex of this triangle,

skin puncture was made at 30degree directed towards the ipsilateral

nipple.

With constant aspiration, the needle was slowly advanced till blood

was aspirated. The internal jugular vein was cannulated by modified

Seldinger’s technique. The distal port was connected to a transducer and

central venous pressure was recorded. The hub of the cannula was

anchored with two sutures.  Central venous pressure (CVP) was

continuously measured by using a transducer calibrated to the mid

axillary level. Sufficient analgesia was provided using a continuous

infusion of   Inj fentanyl 0.5 mcg/kg/hr.

               All patients were mechanically ventilated with tidal volume

10ml/kg and positive end-expiratory pressure (PEEP) 3, respiratory rate

12 to maintain normocapnia.
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Protocol:

                  After induction all patients were maintained on Ringer lactate

based on 4-2-1 formula35. Half an hour after induction a first volume

loading step was performed with 100 mL of colloid solution (6%

hydroxyethylstarch) for 2 min in the peripheral IV line. Hemodynamic

variables were recorded prior to the administration of the volume loading

step. The hemodynamic variables were recorded again 1 min after the end

of the infusion. The volume loading step (VLS) were termed

Responsive  VLS when there was an increase in stroke volume SV

by at least 5%

Nonresponsive VLS when there was no change or the increase in

stroke volume SV was less than 5%.

Volume loading steps were conducted every 30 minutes after the

first VLS. Each patient underwent multiple volume loading steps every

thirty minutes until three responsive and three non responsive volume

loading steps were obtained. Six volume loading steps three responsive

and three non responsive were obtained from each patient and were

analysed. In each patient, When a volume loading step was responsive

another VLSs were performed until a nonresponsive VLS was reached.
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Hemodynamic monitoring:

Mean blood pressure, Systolic blood pressure(SBP), Diastolic

blood pressure Heart rate(HR),Stroke volume(SV), and Stroke volume

variation(SVV)  were continuously measured  before the volume loading

step and one minute after the completion of volume loading step.
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STATISTICAL ANALYSIS

Twenty  five  patients  of  either  sex  belonging  to  ASA  PS  1  &  2,

undergoing elective abdominal procedures under general anaesthesia

were studied. Each patient underwent six volume loading steps. A total of

150 volume loading steps were performed.

All hemodynamic variables were analyzed as continuous variables

and expressed as the mean ± SD.

To determine whether hemodynamic variables changed in relation

to volume loading, differences between values before and after

each VLS were compared between responsive and nonresponsive

VLSs by using a Paired sample t-test.

The correlation between changes in SV and changes in

hemodynamic variables was assessed by using Pearson’s

correlation test.

Receptor operation characteristic curves29 were drawn for each

hemodynamic variables and the area under the curve was obtained.

All data analysed using SPSS 16.0 version (SPSS Inc., Chicago, IL)
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OBSERVATION AND RESULTS

GENDER: Table 1

Gender N Percentage

Male 12 48

Female 13 52

Total 25 100

Table-2 Age

Mean Sd t-value p-value

Male 39.67 12.06 0.21 0.84

Not
Significant

Female 35.15 10.78

Total 37.3 11.47

12 Male patient and 13 female patients with a mean age of 37.3 +/- 11.47
years participated in this study.

AGE DISTRIBUTION: Table 3

Age

(in Years )

Male Female Total

N % N % N %

20 – 30 3 25.00 5 38.46 8 32.00

30 – 40 4 33.33 5 38.46 9 36.00

40 – 50 3 25.00 2 15.38 5 20.00

50 – 60 2 16.67 1 7.69 3 12.00

Total 12 100.00 13 100 25 100.00



53

Chi squre =2.99                    df=3                     p=0.39

These twenty five patients were evenly distributed between the various

age groups between 20-60 years.

Fig 11: AGE DISTRIBUTION

Table-4:

Mean Sd

BSA 1.57 0.06

Height in cm 158.96 3.93
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Table 5 :Type of Surgery:

SURGERY NUMBER

Frey procedure 12

Whipple procedure 7

Hepato jejunostomy 6

Table-6: Hemodynamic Variables before Fluid Loading

Variables Responsive Non Responsive t-value P-value

Mean Sd Mean Sd

HR 89.67 15.21 84.29 13.85 2.26 0.03

Systolic 103.59 7.17 109.99 6.26 5.82 0.001*
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Diastolic 61.16 5.90 64.55 5.10 3.76 0.001*

MAP 75.28 5.40 79.67 4.41 5.45 0.001*

CI 5.10 0.62 5.36 0.58 2.71 0.01*

SV 57.89 8.58 64.57 7.67 5.03 0.001*

*p value significant.

Before fluid loading SBP, MAP, DBP were significantly lower in

responsive patients. Heart rate showed no significant difference in

responsive and non responsive patients.

Fig 12: SVV VS CVP before fluid loading
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Table 7: SVV & CVP before fluid loading:

Responsive Non Responsive

Mean SD Mean SD T value P value

CVP 8.41 0.887 8.59 0.96 1.158 0.249

SVV 13.53 2.49 9.67 1.34 11.85 0.001*

*P value significant

BEFORE FLUID LOADING CVP vs SVV

 In responders SVV were significantly higher.

Fig 13: Hemodynamic variables after fluid loading.
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Table-8: Hemodynamic Variables after Fluid Loading

Variables Responsive Non Responsive t-value P-value

Mean Sd Mean Sd

HR 84.89 13.30 81.83 12.84 1.44 0.153

Systolic 110.25 6.26 112.40 5.92 2.16     0.03

Diastolic 64.95 4.80 66.03 4.63 1.40 0.163

MAP 80.20 4.41 81.71 4.06 2.18     0.03

CI 5.37 0.56 5.38 0.56 0.13     0.90

SV 64.12 8.06 66.61 7.66 1.94     0.05

No statistical difference was observed after fluid loading with respect to

HR, MAP, systolic and diastolic blood pressure .

Fig 14: SVV Vs CVP after fluid loading
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Table 9: SVV Vs CVP after fluid loading

Responsive Non Responsive

Mean SD Mean SD T value P value

CVP 8.59 0.93 8.77 0.86 1.27 0.205

SVV 9.73 1.39 8.19 1.04 7.73   0.001*

*P value significant

Hemodynamic variables after  fluid loading ,In Non responders  SVV

were significantly lower .

No statistical difference was observed after fluid loading with respect to

CVP.

Fig 15:   Hemodynamic Variables Before and After fluid Loading
(Responders )
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Table-10 Hemodynamic Variables Before and After fluid Loading
(Responders )

Variables Before After t-value

(Paired )

P-value

Mean Sd Mean Sd

HR 89.67 15.21 84.89 13.30 11.66 0.09

Systolic 103.59 7.17 110.25 6.26 13.44 0.001*

Diastolic 61.16 5.90 64.95 4.80 12.29 0.001*

MAP 75.28 5.40 80.20 4.41 14.52 0.001*

CI 5.10 0.62 5.37 0.56 9.59 0.001*

SV 57.89 8.58 64.12 8.06 19.02 0.001*

*P value significant

Fig 16: RESPONSIVE PATIENTS BEFORE AND AFTER FLUID
LOADING SVV Vs CVP

Table 11: RESPONSIVE PATIENTS BEFORE AND AFTER
FLUID LOADING SVV Vs CVP:
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  Before fluid
loading

After fluid loading

Mean SD Mean SD T value P value

CVP 8.41 0.88 8.59 .93 1.22 0.23

SVV 13.53 2.49 9.73 1.39 19.00   0.001*

*P value significant.

In responders the Change in SVV, Systolic, diastolic blood

pressure, MAP, were statistically significant. Change in CVP, HR were

not  statistically significant.

Table-12:  The correlation between Hemodynamic variables
to Change in SV :

Variables Pearson’s
Correlations ( r )

P-Value Significant

Change in CVP 0.066 P = 0.422 NS

Change in SVV -0.584 P < 0.001 Significant

Significant correlation was found between the change in SV and

the changes in SVV. No significant correlation was found between the

changes in SV and the values of the CVP .

To assess the ability of different hemodynamic variables to

discriminate between positive (>5% increase in SV) and negative (<5%

increase in SV) response to fluid challenge, receiver operating

characteristic (ROC) curves were generated for HR, SBP,MAP,DBP,
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CVP, and SVV, varying the discriminating threshold of each variable.

The area under the ROC curve for each variable was calculated and

compared. Values for each area can be between 0 and 1. A value of 0.5

indicates that the screening measure is no better than chance, whereas a

value of 1 implies perfect performance.

In our study, the area under the ROC curve represented the

probability that a random pair of responsive and nonresponsive VLSs

would be correctly ranked the hemodynamic variable

Fig 17: ROC curve for SVV Vs CVP:

SVV AUC 0.925 95%CI 0.884-0.967   p=0.0001*
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CVP AUC 0.424 95%CI 0.292-0.471    p=0.107

Area under the curve was more (SVV AUC=0.925) and

statistically significant for stroke volume variation. Area under the curve

for CVP was < 0.5 (CVP AUC=0.424).

Fig 18: ROC Curve for SVV, MAP, Systolic, diastolic
blood pressure, HR.
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Systolic blood pressure AUC 0 .891     95% CI 0.838-0.944  p=0.0001*

Diastolic blood pressure AUC 0.811     95%CI 0.741-0.881  p=0.0001*

MAP                             AUC 0.883      95%CI 0.827-0.939  p=0.0001*

HR                                AUC  0.606      95% CI 0.515-0.696    p=0.025

Based on the area of curve fluid responsiveness the order of sensitivity

for fluid responsiveness was found to be  SVV> SBP >MAP > DBP >

HR >CVP in our study.
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RESULTS/DISCUSSIONS

Our study which had Twenty five patients which included 12 male

patients, 13 female patients showed that the stroke volume variation as a

reliable predictor of fluid responsiveness in comparison with the central

venous pressure in elective major abdominal procedures.

 Twenty five patients 12 male and 13 female aged 37.3+/- 11.47

yrs participated in this study. Twelve patients of ASA PS I, thirteen

patients of ASA PS II with mean height of 158.96 +/- 3.93 cms mean

weight in kilograms of 55.36+/-3.41 kg with body surface area of 1.57 +/-

0.06in Sq.meters participated in this study. The patients were distributed

evenly through various age groups.

In patients undergoing major abdominal surgery37, preoperative

fasting, Hyperosmolar enema, induction of general anesthesia, epidural

analgesia and intraoperative bleeding decrease intravascular volume,

blood pressure, as a result leads to compromise perfusion of organs.

Assessment of circulating blood volume10 is necessary for

perioperative fluid management. Hence patients who underwent elective

abdominal procedures who fulfilled our inclusion criteria during our

study period were included. So a total of twenty five patients participated

in the study of which seven patients underwent whipple’s procedure, Six
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patients underwent Hepatojejunostomy/CBD exploration, twelve patients

underwent frey’s procedure.

Patients of less than 18 years and more than sixty years were not

included in the study to avoid the influence of extremes of age. Patients

who had dysrhythmia were also excluded because if filling of the

ventricles is changing on a beat-to-beat interval because of a significant

dysrhythmia, there is significant variation in stroke volume simply

related to the variability in filling time caused by the irregular rhythm

that will not reflect volume responsiveness.  Simply, there can be

tremendous stroke volume and pulse pressure variability with a

significant dysrythmia that is related to the rhythm problem itself and

not volume status.   In these instances,  stroke volume variation or  pulse

pressure variation tells us nothing about volume responsiveness or the

patient’s position on the Frank-Starling curve. This is also the reason

why stroke volume variation is not effective in case of spontaneous

ventilation due to non uniformity of each breath.

All these patients were mechanically ventilated performed in a

volume-controlled mode.   Fonseca et al14 who compared different modes

of ventilation in graded hypovolemia concluded in his study that under

normovolaemia and moderate haemorrhage, dynamic parameters were

not influenced by either ventilatory modalities. However, in the second



66

stage of haemorrhage (30%), volume-controlled ventilation presented

higher values of systolic pressure variation and pulse pressure variation

when compared with those submitted to pressure-controlled ventilation.

Hence volume controlled mode was chosen.

In addition to intravascular volume status, SVV is affected by the

depth of airway pressure, respiratory rate. De backer et al12 concluded

that respiratory variations in stroke volume and its derivates are affected

by respiratory rate. The study suggests that right and left indices of

ventricular preload variation are dissociated at higher respiratory rates. At

high respiratory rates, the ability to predict the response to fluids of

stroke volume variations and its derivate may be limited.

SVV depends on a positive-pressure breath and therefore could be

influenced by large tidal volumes11, reduced chest wall compliance, and

air trapping may cause exaggerated SVV values.  Reuter et al.44

investigated the influence of the depth of tidal volume (Vt) on SVV both

during the state of fluid responsiveness and after fluid loading in

mechanically ventilated patients  and concluded that during volume

responsiveness  SVV  at  Vt  of  5  ml/kg(7+/-0.7%)  and  SVV  at  Vt  of  15

ml/kg (21+/-2.5%) differed significantly from that at Vt of 10 ml/kg

(15+/-2.1%). SVV was correlated significantly with the magnitude of

tidal volume . As Szold et al demonstrated that increased tidal volumes
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lead to progressively larger decreases in left ventricle stroke volume

LVSV and increase in SVV.

However, Feissel et al 15 found that analysis of respiratory changes

in aortic blood velocity , Left ventricular stroke volume is an accurate

method for predicting the hemodynamic effects of volume expansion in

septic shock patients receiving mechanical ventilation using tidal volumes

of  8-10ml/kg.

Renner et al 42 studied the effects of different levels of PEEP on

SVV, pulse pressure variation. At PEEP 5 cmH2O, SVV, PPV

significantly correlated with volume induced percentage change in SV,

whereas  at  PEEP  10  cmH(2)O,  this  correlation  was  abolished  for  PPV

and to a lesser extent for SVV. Thus, tidal volume of 10ml/kg was

decided with a PEEP of 3 cm H2O, and respiratory rate of 12. These

parameters remained stable during the procedure. During the study

period, no significant changes in peak or plateau inspiratory pressure

were identified.

Various studies evaluating 1,3,18 dynamic indices in their studies

have used different fluid and volume with regard to the fluid challenge.

Berkenstadt et al3  had used 100ml of colloid over 2 minutes with a

response of an increase in stroke volume by 5%. Hofer et al in his study



68

had used 500 ml of crystalloid solution with an arbitrary incresse in

cardiac output by more than 15 % for responders. The crystalloid–colloid

controversy includes the role of colloid osmotic pressure  in plasma in

retaining fluids intravascularly and in the speed  and extent to which

colloids  restore plasma volume and blood flow as opposed to

crystalloids, which dilute plasma proteins, lower Colloid oncotic pressure

and rapidly leak into the interstitium . When using crystalloids, two to

four times more fluid may be required to restore and maintain

intravascular fluid volume compared with colloids. Hence it was chosen

to use colloid for the fluid challenge . 100 ml of colloid over 2 minutes

was chosen as the volume for fluid loading with an increase in stroke

volume by 5 % as the criteria for patients who are fluid responsive.

Vigileo flotrac monitor24 (Edwards Lifesciences, Irvine, CA, USA)

with software version 1.10 was used for measuring Stroke volume

variation(SVV) and other hemodynamic variables like Cardiac output,

Stroke volume index SV. The Vigileo monitor offers uncalibrated CO

measurement by arterial waveform analysis. Sanders46 et al conducted a

validation study in cardiac patients compared CO measurements derived

from  radial  artery  waveform  analysis  with  those  derived  from  the

ascending aorta. CO measurements from the radial artery versus the
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ascending aorta showed a significant correlation before and after

cardiopulmonary bypass (CPB).

Hofer19 et  al   compare  the  2  proprietary  APCO  algorithms  as

Flotrac vigileo /PICCO alternatives to pulmonary artery catheter

thermodilution in orthotopic liver transplantation (OLT). Kubitz et al

21compared left ventricular SVV derived by pulse contour analysis to an

experimental gold standard method (aortic flow probe) in anesthetized

pigs; also investigated whether left ventricular SVV was  affected by

induced changes in cardiac afterload . The authors concluded that left

ventricular SVV was not affected by changes in cardiac afterload . There

was good agreement between pulse contour derived SVV and a gold

standard comparator, whereas SV was found to be overestimated by

pulse contour analysis.

Biais et al4 SVV  derived  from  a  peripheral  artery  by  the

Vigileo/FloTrac system and SVV derived close to the heart by aortic

Doppler measurements showed a  similar performance in terms of

identifying fluid responsiveness in patients undergoing Liver

transplantation.
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Each patient underwent six volume loading step. A total of 150

volume loading steps (VLS) were performed. In 75 VLS, an increase in

stroke volume SV of more than 5% occurred and they were termed as

responsive while in 75 VLS stroke volume increased by less than 5% and

were termed as non responsive. In all 75 responsive VLS

unresponsiveness was reached after the second loading. The data from the

second loading were not included in the analysis.

Responders and non responders differed significantly in their pre

VLS values .In responders before fluid loading, SVV were significantly

higher and CVP were significantly lower as in conjunction with the study

by biasis4 et al. SVV in responders was 13.53 +/- 2.49 % before fluid

loading. According to our study When SVV was elevated (>13% ),

patients were on the preload dependent part of the frank starling

curve and they responded to volume loading. In non responders prior

to fluid loading SVV was 9.67 +/- 1.34 which was significantly lower.

When SVV was less than 10% the patients were on the independent part

of the frank starling curve hence they did not respond to the volume

loading with an increase in stroke volume.

In comparing Responsive VLSs, it was found that significant SVV

changes were seen  before and after fluid loading. SVV changed from
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13.5% to 9.73 %. However the change of central venous pressure was not

significant.These findings were corroborative with the study conducted

by Berkenstadt et al3.

Statistically significant correlations were found between the change

in SV and the values of SVV(r=-0.584) before fluid loading. No

correlation was found between the changes in SV and the values of the

CVP(r=-0.066). Berkenstadt et al also had come to a similar observation

in  his  study.Hofer  et  al  found  no  significant  correlations  of   CVP  with

SV in a study comparing SVV to pulmonary artery catheterization by

thermodilution  in mechanically ventilated patients . The study concluded

that CVP performed poorly as a measure of preload responsiveness

The  failure  of  CVP38 in predicting fluid responsiveness is in

accordance with increasing evidence that static preload indicators are not

suited for functional haemodynamic monitoring. In contrast, a growing

number of clinical studies have clearly demonstrated the ability of

dynamic preload indicators (including SVV) 7,18,48to accurately predict the

response of an individual patient to a volume challenge.

The overall performance of preload variables in predicting the

responsiveness of the SV to VLS was evaluated by constructing ROC

curves. Receptor operation characteristics curve generated in our
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study showed the area under the curve for SVV (0.891), CVP (0.643),

MAP (0.783), SBP (0.791), DBP (0.781). The area for SVV was

statistically  more  than  those  for  CVP,  HR,  and  SBP  as  concluded  by

Berkenstadt et al.3 whose ROC area under the curve for svv was 0.89.

Hofer et  al  in his  study obtained a ROC of 0.82 for  SVV. Based on the

area of curve the order of sensitivity for predicting fluid

responsiveness as determined by a hemodynamic variable was found to

be SVV> SBP >MAP > DBP > HR >CVP in  our  study  with  CVP

having an area of less than 0.5

The optimal threshold values given by ROC analysis in our study

was 10.5 % for SVV with a sensitivity of 92% and a specificity of 64%.

Cannessoon et al7 concluded that a threshold SVV value of 10% allowed

discrimination of responders to VE with a sensitivity of 82% and a

specificity of 88%. Hofer and colleagues18 reported  that  an  SVV

threshold value of 12% is able to predict an SVI increase 25% with a

sensitivity of 74% and a specificity of 71% achieving an area under the

ROC curve of 0.808 in patients undergoing off-pump cardiac surgery.

Berkenstadt3 and colleagues calculated a threshold value for SVV above

9.5% to induce a 5% increase in SVI  after administering a stepwise

fluid bolus of hydroxyethyl starch 130/0.4 6% (100 ml) in patients

undergoing brain surgery. Recently, Hofer and colleagues reported an
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SVV threshold value of 9.6% (sensitivity 91%, specificity 83%, area

under the ROC curve 0.824) for prediction of fluid responsiveness (SVI

increase >25 %) in patients before elective cardiac surgery using the

FloTrac™/Vigileo™ system.

               The uncertainty that characterizes current decision-making

about fluid administration is because of the lack of physiological

variables that will successfully predict the response to fluid loading.

Clinical examination, arterial blood pressure, heart rate, and even central

venous and pulmonary artery occlusion pressure, have repeatedly been

shown to be poor predictors of fluid responsiveness, and to be unable to

differentiate between patients who respond to intravascular volume

loading (responders) and patients who do not (non responders). Even

more accurate measures of preload, such as the global end-diastolic

volume, the left ventricular (LV) end-diastolic area, and the right

ventricular end-diastolic volume, are mediocre predictors of fluid

responsiveness, since the relationship of any static “preload” variable to

the  response  of  the  CO to  fluid  loading  depends  on  the  elusive  slope  of

the LV function curve.

A dynamic approach to assess fluid responsiveness is offered by

measuring the effect of the decrease in venous return on the cardiac

output during a mechanical positive-pressure breath. During the last 20

yr, an increasing number of publications have described the usefulness of
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variables such as the systolic pressure variation (SPV), stroke volume

variation (SVV), and a variety of other variables, which reflect the

hemodynamic changes that occur during mechanical ventilation. For

many of these variables, this “respiratory variation” has been shown to be

a better predictor of fluid responsiveness than commonly measured static

preload variables. However, the penetration of functional hemodynamic

variables into mainstream clinical practice has been exceedingly slow.

Currently the change in CVP following a fluid challenge is used to guide

fluid management decisions. Since CVP plays such a central role in the

fluid management strategy of hospitalized patients and it has been shown

to be a poor predictor for fluid responsiveness dynamic indices like stroke

volume variation SVV should be incorporated for effective intraoperative

fluid management.

The  limitations  of  the  study  was  although  the  ability  of  SVV  to

accurately predict fluid responsiveness was demonstrated, that other

preload variables such as SPV, PAOP, or LV end diastolic area, were not

measured simultaneously with the SVV. Other limitations of the  study

are that the study protocol was performed by the anesthesiologist treating

the patient without any blinding, the fact that multiple measurements

were performed in the same patients, and the need for an arbitrary

definition of responsiveness.
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SUMMARY

The Vigileo™/FloTrac™ system (Edwards Lifesciences, Irvine,

CA)  is  based  on  the  analysis  of  the  systemic  arterial  pressure  wave

without external calibration to continuously monitor cardiac output (CO)

and SVV .It has been shown that SVV-FloTrac is a good indicator of

fluid responsiveness by various studies conducted in cardiac patients18,41

,abdominal procedures4,48 and in critically ill patients on mechanical

ventilator15.  The aim of this study was to assess whether SVV can serve

as a predictor of fluid responsiveness in patients undergoing elective

abdominal surgery and to compare its predictive value to the CVP and to

commonly measured hemodynamic variables like heart rate, MAP,

Systolic, diastolic blood pressure.

Twenty five patients of ASA PS 1/II who underwent elective

abdominal surgeries were included in the study. A total of 150 volume

loading steps (VLS) were performed of which 75 was volume responsive

and 75 was nonresponsive.  Comparison of the various hemodynamic

variables before and after fluid loading were statistically analysed.
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Our observations were

There was correlation between the change in SV and the values of

SVV. No correlation was found between the changes in SV and the

values of the CVP.

The change in SVV was pronounced in responders in comparison

to non responders. But the change in CVP were not statistically

significant in responders and non responders.

Hemodynamic variable Before fluid loading, SVV (>13%)were

significantly higher and CVP were significantly lower in

Responders than in Non Responders.

The area under the curve for SVV was Statistically more than those

for CVP.

MAP,DBP,SBP were also found to be predictors with less area

under the curve in ROC curves when compared to SVV.

The optimal threshold values given by ROC for SVV was 10.5%.

Thus if a patient had a SVV value of more than 10.5% he was very

likely to be responsive to a subsequent volume load by increasing

his stroke volume by 5% with a sensitivity of 92 % and specificity

of 64%.
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CONCLUSIONS

This prospective study demonstrates that Stroke volume variation

is a reliable predictor of fluid responsiveness in the setting of major

abdominal surgery when compared to the central venous pressure, though

central venous pressure is used for current intraoperative fluid

management.
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PROFORMA

NAME:                                                                DATE:

AGE/SEX:                                                            IP NO:

HEIGHT:                      WEIGHT:                                 BSA:

DIAGNOSIS:                                                         START OF SURGERY:

SURGERY:                                                             END OF SURGERY:

ASA:                                                                      COMORBID CONDITIONS:

INFORMED CONSENT:

MONITORS: PRE OP

ECG:                                        SPO2:                  HR:                         BP:

PREMED:

INJ GLYCOPYRROLATE:                                         INJ MIDAZOLAM:

INJ FENTANYL:

EPIDURAL LEVEL:

ARTERIAL LINE:

INTERNAL JUGULAR VEIN CANNULATION:

INDUCTION:

INJ PROPOFOL:                                                    INJ ATRACURIUM:

INTUBATION:

INTRA OP:

HR:

BP:

SPO2:
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 VLS      HR     SBP       MAP DBP         CO SVV CVP      SV ^SV
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URINE OUTPUT:

BLOOD LOSS:

EXTUBATED/POSTOP VENTILATION:

REMARKS:
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S.NO VLS HR SYSTOLIC BP DIASTOLIC BP MAP CVP CHANGE IN
PRE POST PRE POST PRE POST PRE POST PRE POST CVP%

1 1 119 116 104 115 60 58 75 77 9 9 0.00%
1 2 104 96 106 112 59 62 75 79 8 8 0.00%
1 3 112 108 98 106 57 63 71 77 8 9 0.00%
1 4 116 108 115 120 58 65 77 83 9 9 0.00%
1 5 96 94 112 114 62 64 79 81 8 8 0.00%
1 6 108 103 106 109 63 64 77 79 8 9 12.50%
2 7 77 73 93 106 50 61 64 76 6 6 0.00%
2 8 67 65 104 108 53 58 70 75 7 7 0.00%
2 9 69 67 108 110 58 60 75 77 6 7 16.67%
2 10 73 67 106 108 50 53 69 71 6 6 0.00%
2 11 67 66 112 115 60 64 77 81 8 8 0.00%
2 12 65 64 115 117 64 67 81 84 8 8 0.00%
3 13 77 78 121 127 60 61 80 83 8 8 0.00%
3 14 98 91 98 105 66 68 77 80 8 8 0.00%
3 15 81 80 110 113 65 65 80 81 8 8 0.00%
3 16 91 88 105 107 68 69 80 82 8 8 0.00%
3 17 78 72 127 128 61 68 83 88 8 9 12.50%
3 18 86 81 104 110 63 65 77 80 8 8 0.00%
4 19 95 91 91 124 46 62 61 83 8 8 0.00%
4 20 74 71 109 112 63 65 78 81 8 8 0.00%
4 21 77 76 107 114 58 62 74 79 7 7 0.00%
4 22 82 81 114 117 60 61 78 80 7 8 14.29%
4 23 85 84 108 110 56 58 73 75 8 8 0.00%
4 24 112 91 99 108 54 61 69 77 7 7 0.00%
5 25 78 74 100 109 52 63 68 78 7 8 14.29%
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S.NO VLS HR SYSTOLIC BP DIASTOLIC BP MAP CVP CHANGE IN
PRE POST PRE POST PRE POST PRE POST PRE POST CVP%

5 26 91 90 124 122 62 63 83 83 7 8 14.29%
5 27 89 85 96 108 54 56 68 73 8 8 0.00%
5 28 88 80 96 101 54 64 68 76 8 9 12.50%
5 29 91 87 108 114 61 60 77 78 8 8 0.00%
5 30 80 79 101 105 64 68 76 80 9 9 0.00%
6 31 83 73 104 121 64 70 77 87 9 10 11.11%
6 32 75 73 118 119 67 68 84 85 10 10 0.00%
6 33 62 62 105 110 63 69 77 83 10 10 0.00%
6 34 73 70 121 124 70 72 87 89 10 10 0.00%
6 35 62 66 110 108 69 69 83 82 10 10 0.00%
6 36 54 54 108 109 62 63 77 78 11 11 0.00%
7 37 89 84 101 107 63 68 76 81 9 9 0.00%
7 38 70 67 124 125 72 72 89 90 10 10 0.00%
7 39 67 65 114 117 67 68 83 84 10 10 0.00%
7 40 93 88 105 112 70 75 82 92 9 9 0.00%
7 41 65 63 117 118 68 68 84 85 10 10 0.00%
7 42 79 75 117 118 66 67 83 84 10 10 0.00%
8 43 95 93 95 105 68 70 77 85 8 9 12.50%
8 44 88 73 112 121 75 70 87 92 9 10 11.11%
8 45 62 61 105 107 63 64 77 83 10 10 0.00%
8 46 84 82 107 109 68 69 81 82 9 9 0.00%
8 47 61 67 107 106 64 61 78 81 10 10 0.00%
8 48 61 63 99 100 59 60 72 78 10 10 0.00%
9 49 85 84 101 109 70 72 80 84 8 8 0.00%
9 50 92 88 94 102 65 68 75 79 8 8 0.00%
9 51 86 85 108 109 69 71 82 84 9 9 0.00%
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S.NO VLS HR SYSTOLIC BP DIASTOLIC BP MAP CVP CHANGE IN
PRE POST PRE POST PRE POST PRE POST PRE POST CVP%

9 52 78 76 101 102 70 69 80 80 9 9 0.00%
9 53 88 86 102 108 68 69 79 82 8 8 0.00%
9 54 76 75 102 106 69 72 80 83 9 9 0.00%

10 55 115 107 92 97 54 59 67 72 7 7 0.00%
10 56 114 110 96 99 57 60 70 73 7 7 0.00%
10 57 107 102 93 99 54 58 67 72 8 8 0.00%
10 58 107 102 97 100 59 61 72 74 7 7 0.00%
10 59 110 108 99 101 60 64 73 76 7 8 14.29%
10 60 102 100 99 109 58 62 72 78 8 9 12.50%
11 61 91 83 116 122 61 63 79 83 8 8 0.00%
11 62 85 82 116 118 64 65 81 83 8 8 0.00%
11 63 83 81 122 124 63 64 83 84 8 8 0.00%
11 64 101 92 98 107 61 65 73 79 9 9 0.00%
11 65 86 84 112 114 61 64 78 81 9 9 0.00%
11 66 79 82 108 114 61 60 77 78 9 9 0.00%
12 67 96 93 98 103 56 62 70 76 8 8 0.00%
12 68 97 92 100 110 53 58 69 75 8 8 0.00%
12 69 97 95 105 107 59 61 74 76 8 8 0.00%
12 70 108 100 101 110 57 62 72 78 8 8 0.00%
12 71 92 90 110 112 58 59 75 77 9 9 0.00%
12 72 96 94 114 116 67 70 83 85 8 8 0.00%
13 73 104 97 97 105 54 59 68 74 8 8 0.00%
13 74 99 96 109 114 64 67 79 83 9 9 0.00%
13 75 100 98 110 113 62 63 78 80 7 7 0.00%
13 76 99 92 100 109 58 63 72 78 7 8 14.29%
13 77 93 91 103 106 62 65 76 79 7 7 0.00%
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S.NO VLS HR SYSTOLIC BP DIASTOLIC BP MAP CVP CHANGE IN
PRE POST PRE POST PRE POST PRE POST PRE POST CVP%

13 78 92 90 109 111 63 66 78 81 7 7 0.00%
14 79 88 85 110 116 59 64 76 81 8 8 0.00%
14 80 91 86 102 106 62 66 75 79 8 8 0.00%
14 81 82 81 114 117 60 61 78 80 8 8 0.00%
14 82 88 86 109 112 58 61 75 78 9 9 0.00%
14 83 86 83 106 108 66 67 79 81 8 9 12.50%
14 84 92 88 107 109 65 67 79 81 9 9 0.00%
15 85 69 66 112 116 64 68 80 84 9 9 0.00%
15 86 62 61 117 120 69 70 85 87 10 10 0.00%
15 87 71 65 105 115 68 70 80 85 10 10 0.00%
15 88 66 64 116 118 68 69 84 85 9 9 0.00%
15 89 65 64 115 119 70 69 85 86 8 9 12.50%
15 90 65 62 109 117 66 69 80 85 9 9 0.00%
16 91 71 69 112 115 54 58 73 77 9 9 0.00%
16 92 68 67 116 117 68 69 84 85 10 10 0.00%
16 93 68 64 116 121 69 71 85 88 9 10 11.11%
16 94 69 67 115 120 58 62 77 81 9 9 0.00%
16 95 73 71 114 118 59 61 77 80 9 9 0.00%
16 96 67 66 113 115 69 70 84 85 8 8 0.00%
17 97 104 100 99 107 63 66 75 80 8 8 0.00%
17 98 110 98 94 102 64 68 74 79 8 8 0.00%
17 99 85 81 112 116 62 64 79 81 8 8 0.00%
17 100 98 95 102 108 68 69 79 82 8 9 12.50%
17 101 84 82 105 109 68 69 80 82 8 8 0.00%
17 102 101 95 101 107 67 69 78 82 8 9 12.50%
18 103 88 85 109 112 59 62 76 79 8 8 0.00%
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S.NO VLS HR SYSTOLIC BP DIASTOLIC BP MAP CVP CHANGE IN
PRE POST PRE POST PRE POST PRE POST PRE POST CVP%

18 104 89 84 97 105 66 68 76 80 8 8 0.00%
18 105 95 92 107 109 69 70 82 83 8 8 0.00%
18 106 91 86 100 106 60 64 73 78 8 8 0.00%
18 107 100 98 107 110 66 69 80 83 8 8 0.00%
18 108 86 84 106 108 64 65 78 79 9 10 11.11%
19 109 69 68 111 116 65 68 80 84 10 10 0.00%
19 110 66 65 115 118 63 67 80 84 10 10 0.00%
19 111 71 70 118 121 61 62 80 82 9 9 0.00%
19 112 69 67 108 113 67 69 81 84 9 9 0.00%
19 113 65 65 118 120 67 68 84 85 10 10 0.00%
19 114 64 63 121 123 71 70 88 88 9 10 11.11%
20 115 109 102 101 109 64 68 76 82 9 9 0.00%
20 116 99 94 104 110 65 70 78 83 9 9 0.00%
20 117 100 98 107 110 62 63 77 79 9 9 0.00%
20 118 93 91 114 118 70 73 85 88 9 9 0.00%
20 119 82 80 111 112 72 73 85 86 8 9 12.50%
20 120 91 90 118 119 73 74 88 89 8 8 0.00%
21 121 67 66 112 118 69 72 83 87 8 8 0.00%
21 122 94 92 110 112 70 71 83 85 9 9 0.00%
21 123 75 74 110 111 80 82 90 92 9 9 0.00%
21 124 102 94 109 108 68 69 82 82 9 9 0.00%
21 125 119 104 92 105 54 60 67 75 8 9 12.50%
21 126 109 100 98 107 58 62 71 77 9 9 0.00%
22 127 79 75 108 110 78 80 88 90 9 9 0.00%
22 128 84 79 105 109 69 71 81 84 9 9 0.00%
22 129 104 98 105 108 60 62 75 77 8 9 12.50%
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S.NO VLS HR SYSTOLIC BP DIASTOLIC BP MAP CVP CHANGE IN
PRE POST PRE POST PRE POST PRE POST PRE POST CVP%

22 130 79 72 109 110 71 71 84 84 8 8 0.00%
22 131 91 82 106 111 69 72 81 85 9 9 0.00%
22 132 66 65 118 119 72 73 87 88 8 8 0.00%
23 133 102 94 94 102 58 63 70 76 9 9 0.00%
23 134 101 96 106 108 61 62 76 77 9 9 0.00%
23 135 95 91 104 108 64 67 77 81 9 9 0.00%
23 136 90 88 109 111 57 59 74 76 9 9 0.00%
23 137 104 95 99 108 60 63 73 78 9 9 0.00%
23 138 95 92 108 111 63 65 78 80 9 9 0.00%
24 139 91 87 101 106 58 60 72 75 9 9 0.00%
24 140 104 99 99 108 62 68 74 81 9 10 11.11%
24 141 91 89 108 110 67 68 81 82 9 9 0.00%
24 142 87 84 106 108 60 61 75 77 9 9 0.00%
24 143 89 86 105 107 59 60 74 76 9 10 11.11%
24 144 96 90 106 109 53 57 71 74 10 10 0.00%
25 145 109 101 96 106 58 61 71 76 9 9 0.00%
25 146 92 88 105 108 58 63 74 78 9 9 0.00%
25 147 94 91 102 106 63 64 76 78 9 9 0.00%
25 148 88 86 108 109 63 65 78 80 9 9 0.00%
25 149 94 89 101 105 54 59 70 74 8 9 12.50%
25 150 99 96 108 109 68 69 81 82 9 9 0.00%
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S.NO VLS SVV CHANGE IN CO SV %
CHANGE

RESPONDERS/ NON
RESPONDERSPRE POST SVV % PRE POST PRE POST

1 1 21 13 -38.10% 4.76 5.80 40 50 25.00% RES
1 2 15 11 -26.67% 5.41 5.57 52 58 11.54% RES
1 3 17 11 -35.29% 6.16 6.26 55 58 5.45% RES
1 4 13 11 -15.38% 5.80 5.62 50 52 4.00% NS
1 5 11 9 -18.18% 5.57 5.64 58 60 3.45% NS
1 6 11 10 -  9.09% 6.26 6.18 58 60 3.45% NS
2 7 15 9 -40.00% 4.47 4.96 58 68 17.24% RES
2 8 14 11 -21.43% 4.09 4.55 61 70 14.75% RES
2 9 11 8 -27.27% 4.83 4.89 70 73 4.29% NS
2 10 9 8 -11.11% 4.96 4.76 68 71 4.41% NS
2 11 13 8 -38.46% 4.22 4.49 63 68 7.94% RES
2 12 8 7 -12.50% 4.42 4.48 68 70 2.94% NS
3 13 9 6 -33.33% 5.85 6.32 76 81 6.58% RES
3 14 11 8 -27.27% 5.49 5.73 56 63 12.50% RES
3 15 9 7 -22.22% 5.18 5.36 64 67 4.69% NS
3 16 8 7 -12.50% 5.73 5.72 63 65 3.17% NS
3 17 6 6 0.00% 6.32 5.98 81 83 2.47% NS
3 18 13 9 -30.77% 4.90 5.18 57 64 12.28% RES
4 19 11 9 -18.18% 5.13 6.28 54 69 27.78% RES
4 20 11 9 -18.18% 5.03 5.04 68 71 4.41% NS
4 21 11 9 -18.18% 5.47 5.78 71 76 7.04% RES
4 22 9 7 -22.22% 5.82 5.91 71 73 2.82% NS
4 23 9 8 -11.11% 5.36 5.46 63 65 3.17% NS
4 24 15 8 -46.67% 5.26 6.01 47 66 40.43% RES
5 25 21 11 -47.62% 4.21 5.03 54 68 25.93% RES
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S.NO VLS SVV CHANGE IN CO SV %
CHANGE

RESPONDERS/ NON
RESPONDERSPRE POST SVV % PRE POST PRE POST

5 26 9 8 -11.11% 6.28 6.48 69 72 4.35% NS
5 27 15 9 -40.00% 4.90 5.36 55 63 14.55% RES
5 28 14 9 -35.71% 4.58 5.28 52 66 26.92% RES
5 29 8 7 -12.50% 6.01 5.92 66 68 3.03% NS
5 30 9 7 -22.22% 5.28 5.45 66 69 4.55% NS
6 31 18 13 -27.78% 3.98 4.09 48 56 16.67% RES
6 32 9 8 -11.11% 5.40 5.33 72 73 1.39% NS
6 33 12 11 -8.33% 3.53 4.09 57 66 15.79% RES
6 34 13 11 -15.38% 4.09 4.27 56 61 8.93% RES
6 35 11 9 -18.18% 4.09 4.42 66 67 1.52% NS
6 36 11 10 -9.09% 3.73 3.89 69 72 4.35% NS
7 37 11 9 -18.18% 4.81 4.96 54 59 9.26% RES
7 38 11 9 -18.18% 4.27 4.29 61 64 4.92% NS
7 39 10 8 -20.00% 4.02 4.23 60 65 8.33% RES
7 40 11 9 -18.18% 4.19 4.58 45 52 15.56% RES
7 41 8 8 0.00% 4.23 4.28 65 68 4.62% NS
7 42 10 9 -10.00% 5.37 5.40 68 72 5.88% RES
8 43 13 11 -15.38% 3.71 4.19 39 45 15.38% RES
8 44 9 7 -22.22% 4.58 3.94 52 54 3.85% NS
8 45 12 11 -8.33% 3.53 3.97 57 65 14.04% RES
8 46 9 8 -11.11% 4.96 5.00 59 61 3.39% NS
8 47 11 10 -9.09% 3.97 4.56 65 68 4.62% NS
8 48 9 9 0.00% 4.27 4.54 70 72 2.86% NS
9 49 9 9 0.00% 5.44 5.46 64 65 1.56% NS
9 50 13 10 -23.08% 5.34 5.63 58 64 10.34% RES
9 51 10 9 -10.00% 5.85 5.87 68 69 1.47% NS
9 52 9 8 -11.11% 4.99 5.17 64 68 6.25% RES
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S.NO VLS SVV CHANGE IN CO SV %
CHANGE

RESPONDERS/ NON
RESPONDERSPRE POST SVV % PRE POST PRE POST

9 53 11 10 -9.09% 5.63 5.85 64 68 6.25% RES
9 54 8 7 -12.50% 5.17 5.18 68 69 1.47% NS
10 55 15 11 -26.67% 4.72 5.24 41 49 19.51% RES
10 56 14 10 -28.57% 5.02 5.28 44 48 9.09% RES
10 57 12 9 -25.00% 5.24 5.51 49 54 10.20% RES
10 58 11 9 -18.18% 5.24 5.20 49 51 4.08% NS
10 59 10 8 -20.00% 5.28 5.40 48 50 4.17% NS
10 60 9 8 -11.11% 5.51 5.60 54 56 3.70% NS
11 61 13 10 -23.08% 5.73 5.64 63 68 7.94% RES
11 62 9 8 -11.11% 5.44 5.41 64 66 3.13% NS
11 63 10 9 -10.00% 5.64 5.75 68 71 4.41% NS
11 64 15 11 -26.67% 5.86 5.98 58 65 12.07% RES
11 65 9 8 -11.11% 6.28 6.22 73 74 1.37% NS
11 66 9 7 -22.22% 5.37 5.90 68 72 5.88% RES
12 67 10 8 -20.00% 6.14 6.32 64 68 6.25% RES
12 68 16 11 -31.25% 5.43 5.70 56 62 10.71% RES
12 69 11 9 -18.18% 6.21 6.27 64 66 3.13% NS
12 70 15 10 -33.33% 6.26 6.10 58 61 5.17% RES
12 71 11 9 -18.18% 5.70 5.76 62 64 3.23% NS
12 72 10 9 -10.00% 6.53 6.67 68 71 4.41% NS
13 73 18 11 -38.89% 5.93 6.21 57 64 12.28% RES
13 74 14 10 -28.57% 6.24 6.53 63 68 7.94% RES
13 75 10 9 -10.00% 6.10 6.17 61 63 3.28% NS
13 76 13 10 -23.08% 5.45 5.52 55 60 9.09% RES
13 77 8 7 -12.50% 6.32 6.46 68 71 4.41% NS
13 78 10 8 -20.00% 5.52 5.58 60 62 3.33% NS
14 79 12 9 -25.00% 5.19 5.44 59 64 8.47% RES
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S.NO VLS SVV CHANGE IN CO SV %
CHANGE

RESPONDERS/ NON
RESPONDERSPRE POST SVV % PRE POST PRE POST

14 80 13 9 -30.77% 5.46 5.50 60 64 6.67% RES
14 81 10 9 -10.00% 5.82 5.91 71 73 2.82% NS
14 82 11 9 -18.18% 6.07 6.28 69 73 5.80% RES
14 83 9 7 -22.22% 5.50 5.56 64 67 4.69% NS
14 84 11 9 -18.18% 5.98 5.90 65 67 3.08% NS
15 85 14 9 -35.71% 4.97 5.15 72 78 8.33% RES
15 86 11 8 -27.27% 4.71 4.76 76 78 2.63% NS
15 87 12 8 -33.33% 5.18 5.14 73 79 8.22% RES
15 88 9 8 -11.11% 5.15 5.06 78 79 1.28% NS
15 89 8 7 -12.50% 5.14 5.12 79 80 1.27% NS
15 90 15 11 -26.67% 4.62 4.71 71 76 7.04% RES
16 91 13 10 -23.08% 5.04 5.24 71 76 7.04% RES
16 92 10 9 -10.00% 5.17 5.23 76 78 2.63% NS
16 93 13 9 -30.77% 5.10 5.06 75 79 5.33% RES
16 94 10 8 -20.00% 5.24 5.23 76 78 2.63% NS
16 95 15 11 -26.67% 5.26 5.54 72 78 8.33% RES
16 96 9 8 -11.11% 5.16 5.21 77 79 2.60% NS
17 97 17 11 -35.29% 5.41 5.60 52 56 7.69% RES
17 98 16 10 -37.50% 5.61 5.49 51 56 9.80% RES
17 99 9 7 -22.22% 5.02 4.94 59 61 3.39% NS
17 100 10 7 -30.00% 5.49 5.51 56 58 3.57% NS
17 101 11 9 -18.18% 4.87 4.92 58 60 3.45% NS
17 102 15 11 -26.67% 5.35 5.61 53 59 11.32% RES
18 103 13 9 -30.77% 4.66 5.02 53 59 11.32% RES
18 104 14 11 -21.43% 4.81 4.87 54 58 7.41% RES
18 105 11 9 -18.18% 5.61 5.52 59 60 1.69% NS
18 106 18 11 -38.89% 5.01 5.25 55 61 10.91% RES
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S.NO VLS SVV CHANGE IN CO SV %
CHANGE

RESPONDERS/ NON
RESPONDERSPRE POST SVV % PRE POST PRE POST

18 107 11 9 -18.18% 5.60 5.68 56 58 3.57% NS
18 108 11 8 -27.27% 5.25 5.38 61 64 4.92% NS
19 109 15 10 -33.33% 4.90 5.17 71 76 7.04% RES
19 110 17 13 -23.53% 4.62 5.07 70 78 11.43% RES
19 111 11 9 -18.18% 5.61 5.67 79 81 2.53% NS
19 112 13 9 -30.77% 4.83 5.16 70 77 10.00% RES
19 113 13 10 -23.08% 5.07 5.20 78 80 2.56% NS
19 114 9 7 -22.22% 5.06 5.10 79 81 2.53% NS
20 115 15 11 -26.67% 5.89 6.12 54 60 11.11% RES
20 116 13 9 -30.77% 5.74 5.83 58 62 6.90% RES
20 117 9 8 -11.11% 5.30 5.39 53 55 3.77% NS
20 118 12 9 -25.00% 5.49 6.01 59 66 11.86% RES
20 119 9 7 -22.22% 5.00 5.04 61 63 3.28% NS
20 120 9 7 -22.22% 6.01 6.12 66 68 3.03% NS
21 121 12 8 -33.33% 4.56 4.75 68 72 5.88% RES
21 122 9 8 -11.11% 5.83 5.98 62 65 4.84% NS
21 123 11 9 -18.18% 5.10 5.18 68 70 2.94% NS
21 124 11 10 -9.09% 6.12 5.83 60 62 3.33% NS
21 125 18 11 -38.89% 5.00 5.62 42 54 28.57% RES
21 126 13 9 -30.77% 5.23 5.30 48 53 10.42% RES
22 127 15 11 -26.67% 4.90 5.10 62 68 9.68% RES
22 128 11 8 -27.27% 5.38 5.37 64 68 6.25% RES
22 129 11 8 -27.27% 5.62 5.49 54 56 3.70% NS
22 130 8 7 -12.50% 5.37 5.11 68 71 4.41% NS
22 131 13 9 -30.77% 5.10 5.00 56 61 8.93% RES
22 132 8 7 -12.50% 4.75 4.75 72 73 1.39% NS
23 133 13 8 -38.46% 5.20 5.45 51 58 13.73% RES
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S.NO VLS SVV CHANGE IN CO SV %
CHANGE

RESPONDERS/ NON
RESPONDERSPRE POST SVV % PRE POST PRE POST

23 134 11 9 -18.18% 5.45 5.38 54 56 3.70% NS
23 135 13 11 -15.38% 5.13 5.28 54 58 7.41% RES
23 136 9 8 -11.11% 5.40 5.37 60 61 1.67% NS
23 137 14 11 -21.43% 5.72 5.70 55 60 9.09% RES
23 138 11 9 -18.18% 5.70 5.61 60 61 1.67% NS
24 139 13 9 -30.77% 5.01 5.22 55 60 9.09% RES
24 140 13 11 -15.38% 5.82 6.04 56 61 8.93% RES
24 141 11 10 -9.09% 5.28 5.34 58 60 3.45% NS
24 142 9 8 -11.11% 5.22 5.12 60 61 1.67% NS
24 143 8 7 -12.50% 5.34 5.33 60 62 3.33% NS
24 144 12 9 -25.00% 5.38 5.40 56 60 7.14% RES
25 145 15 11 -26.67% 5.12 5.45 47 54 14.89% RES
25 146 11 8 -27.27% 5.06 5.19 55 59 7.27% RES
25 147 8 7 -12.50% 5.45 5.46 58 60 3.45% NS
25 148 8 7 -12.50% 5.19 5.25 59 61 3.39% NS
25 149 11 8 -27.27% 5.08 5.34 54 60 11.11% RES
25 150 11 9 -18.18% 6.04 6.05 61 63 3.28% NS

Key:

ASA - American Society of Anaesthesiologist HR - Heart Rate
VLS - Volume loading step SBP  - Systolic Blood Pressure
CVP - Central Venous Pressure DBP - Diastolic Blood Pressure
SVV  - Stroke Volume Variation MAP  - Mean Arterial Pressure
CO - Cardiac Output SV  - Stroke Volume
RES - Responders NS - Non Responder
PRE - Before volume loading POST - After Volume Loading
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S.NO NAME AG
E SEX IP NO ASA DIAGNOSIS PROCEDURE HEIGHT WEIGHT BSA

1 MALAR 45 F 14017 2 CHOLEDOCHAL CYST EXCISION/HJ 155 53 1.52
2 PONNAN 59 M 14998 2 CHOLEDOCHAL CYST EXCISION/HJ 155 54 1.53
3 PRABHA 22 F 14992 1 CCP FREY PROCEDURE 156 50 1.47

4 RAJAM 57 F 19296 2 DUODENAL GROWTH
WHIPPLE'S
PROCEDURE 163 51 1.51

5 PANDI 30 F 22295 2 CCP FREY PROCEDURE 154 53 1.51
6 THANIGAVEL 35 F 26396 2 CCP FREY PROCEDURE 154 52 1.5
7 PREETHI 20 F 11620 1 CCP FREY PROCEDURE 162 58 1.62

8 ARUL SELVI 35 F 27526 1 BILIARY STRICTURE
HEPATOJEJUNOSTO
MY 160 56 1.58

9 IYAPPAN 25 M 23789 1 CCP FREY PROCEDURE 164 60 1.66

10 MANOHARAN 40 M 15745 2 UNCINATE GROWTH
WHIPPLE'S
PROCEDURE 163 53 1.55

11 SAVITHRI 39 F 16008 2 PERIAMPULLARY CARCINOMA
WHIPPLE'S
PROCEDURE 154 52 1.5

12 SEETHA RAMAN 44 M 15140 1 CCP FREY PROCEDURE 158 56 1.57
13 ASHWINI 27 F 17213 1 CCP FREY PROCEDURE 155 56 1.56
14 NATESAN 40 M 22345 1 CCP FREY PROCEDURE 164 62 1.69

15 JEYANTHI 32 F 23316 1
POST CHOLECYSTECTOMY
LEAK

HEPATOJEJUNOSTO
MY 157 54 1.54

16 VANAJA 49 F 19174 2 PERIAMPULLARY CARCINOMA
WHIPPLE'S
PROCEDURE 158 57 1.59

17 MATHIVALAGAN 40 M 21587 1 CCP FREY PROCEDURE 163 60 1.65

18 NAGARAJ 54 M 22543 2 PERIAMPULLARY CARCINOMA
WHIPPLE
PROCEDURE 166 54 1.57

19 BALASUBRAMANIYAN 47 M 27211 2 PERIAMPULLARY CARCINOMA
WHIPPLE'S
PROCEDURE 164 55 1.58

20 VEERAMMAL 40 F 14569 1
POST CHOLECYSTECTOMY
STRICTURE

HEPATOJEJUNOSTO
MY 157 51 1.49

21 BANUPRIYA 26 F 24933 1 CCP FREY PROCEDURE 154 53 1.51
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S.NO NAME AG
E SEX IP NO ASA DIAGNOSIS PROCEDURE HEIGHT WEIGHT BSA

22 VIJAYAN 32 M 27212 2 PERIAMPULLARY CARCINOMA TRIPLE BYPASS 162 58 1.62
23 MUNUSAMY 50 M 24310 2 CCP FREY PROCEDURE 163 60 1.65

24 VIJAYAKUMARI 25 M 21189 2 CHOLEDOCHAL CYST
HEPATOJEJUNOSTO
MY 158 57 1.59

25 SARAVANAN 19 M 29617 1 CCP FREY PROCEDURE 165 61 1.68
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úSôVô° RLYp Rôs

vúTôWd Yôpëm úY¬úV`u (Stroke Volume Variation) AßûY

£¡fûN«u úTôÕ ùNÛjRlTÓm §WYj§u A[ûY Øuáh¥úV A±®dÏm

LôW¦ GuTûR Tt±V BnÜ,

úSôVô°LÞdLô] RLYp :

BWônf£«u úSôdLØm. BRôVeLÞm :

EeLs  E\®]ûW  DÓTÓjR  §hPªPlThÓs[  CkR  UÚjÕY  BnYô]Õ

AßûY £¡fûN«uúTôÕ ùNXÕ;RlTÓm §WYj§u A[ûY Øuáh¥úV

A±®dÏm LôW¦VôL vúPôWd Yôpëm úY¬úV`u (SVV)Õ GuTûR Tt±V

BnÜ,

ùTôÕYôL CjRûLV AßûY £¡fûN«uúTôÕ. úSôVô°«u ÑYôNd

ÏZô«p (Trachea) £ß ¥ël (Endotracheal Tuse) êXm UVdL UÚkÕ

ùLôÓdLlTÓmMM, CuPo]p ËÏXôo ùY«u Guàm CWjRdÏZôVô]Õ (Internal

Jugular Vein) êû[«p CÚkÕ CÚRVj§tÏ ùNnYRôÏm, úW¥Vp BoP¬ (Radial

Artery) GuTÕ ûL«u U¦dLh¥p CÚdÏm CWjRdÏZôn, CRu CWi¥Ûm JÚ

ùUp- V L§hPo (Catheter) ùNÛjRlThÓ CVk§WjÕPu ùTôÚjRlTÓm,

CVk§Wj§-ÚkÕ vúPôWd Yôpëm úY¬úV`u (SVV) Utßm ùNuhWp Å]v

©W`o (Central Venous Pressure) (CVP) LQd¡PlTÓm, SVV G]lTÓYÕ

WjRj§u A[Ü Ïû\YûR ØR- p GÓjÕdLôhÓYRôL §Lr¡\Õ,

BnÜØû\ :

CkR Bn®p EeLs E\®]ÚdÏ AßûY £¡fûNdÏ ùNpÛm Øu

çdL  UÚkÕ  ùLôÓjÕ  Aû\dÏ  GÓjÕf  ùNpXlTÓYôoLs,  ©u]o  AßûY

Aû±Vp ØÕ¡p JÚ £±V F£«u êXm G©¥ëWp L§hPo (Epidural Catheter)

ùNÛjRlTÓm,  CÕ  AßûY  £¡fûN  Ø¥kR  ©\Ï  Y-  ¿dÏm  UÚkûR  ùNÛjR

TVuTÓYRôÏm, Utßm Internal Jugular Vein, Radial Artery B¡VYt±p L§hPo

ùNÛjRlThÓ CVk§WjÕPu ùTôÚjRlTÓm, CûRd ùLôiÓ AßûY £¡fûN

ùNnVlTÓTY¬u CÚRVj Õ¥l×. WjRj§u A[Ü. CVP, SVV B¡VYtû\ AßûY

£¡fûN«u úTôÕ ùRôPokÕ LiLô¦dLlTÓm, £¡fûNdÏ ©u UVdLj§- ÚkÕ

ùY°úV ùLôiÓ YWlThÓ Endotracheal Tube GÓdLlTÓm,
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EiPôL á¥V CPeLs :

Aû]jÕ UVdL Øû\LÞPu CÚlTÕ úTôXúY CkR Øû\«Ûm £X

G§oTôWô CPoLs SûPùT\Xôm, CkR çdL UÚkÕLs TVuTÓj§]ôp CWjR

AÝjRm  Ïû\YRtLô]  Yônl×s[Õ  Utßm  CÚRV  Õ¥l×  Ïû\VÜm  Yônl×

Es[Õ,

Bn®p EeLs E¬ûULs :

EeLs UÚjÕYl T§úYÓLs ªLÜm AkRWeLUôL ûYjÕd ùLôs[lTÓm,

CkR Bn®u Ø¥ÜLs A±®Vp Tj§¬dûLL°p ©WÑ¬dLlTPXôm, B]ôp.

ùTVûW ùY°«ÓYÕ êXm EeLs E\®]o AûVô[m LôhPlTPUôhPôoLs, CkR

Bn®p EeLs E±Y]¬u TeúLt× Ru²fûNVô]Õ Utßm LôWQeLs GûRÙm

á\ôUúXúV ¿eLs CkR Bn®-ÚkÕ GkR JÚ úSWj§Ûm ®X¡d ùLôs[Xôm,

GlT¥ CÚkRôÛm EeLs E\®]ÚdÏ RÏkR UVdLUÚkÕ ùLôÓjÕ AßûY

£¡fûN ùNnVlTÓm, ©u]o ¾®W £¡fûNl ©¬®p LiLô¦dLlTÓYôo, CkR

Bn®p HúRàm TdL ®û[ÜLs HtThPôp EeLs E\®]ÚdÏ ØÝ £¡fûN

UÚjÕY ÏÝ®]Wôp A°dLlTÓm,

Sôs :

CPm :

úSôVô°«u ûLùVôlTm

 CPÕ ùTÚ®Wp úWûL

  (UÚjÕYWôp T¥jÕ LôhPlThPÕ),
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ÑV Jl×Rp T¥Ym

BWônf£ ¨ûXVm : AWÑ vPôu- UÚjÕYUû]

 ùNuû] – 600 001,

TeÏ ùTßTY¬u ùTVo :

TeÏ ùTßTY¬u Gi :

TeÏ ùTßTYo CRû] (      )  Ï±dLÜm,

úUúX Ï±l©hÓs[ UÚjÕY Bn®u ®YWeLs G]dÏ ®[dLl ThPÕ,

GuàûPV NkúRLeLû[ úLhLÜm. ARtLô] RÏkR ®[dLeLû[ ùT\Üm

YônlT°dLlThPÕ,

Sôu CqYôn®p Ru²fûNVôL Rôu TeúLt¡ú\u, GkR LôWQj§]ôúXô

GkR LhPj§Ûm GkR NhP £dLÛdÏm EhTPôUp Sôu CqYôn®p CÚkÕ ®X¡

ùLôs[Xôm Gußm A±kÕ ùLôiúPu,

CkR BnÜ NmTkRUôLúYô. CûR NôkR úUÛm BnÜ úUtùLôsÞm úTôÕm

CkR Bn®p TeÏ ùTßm UÚjÕ GuàûPV UÚjÕY A±dûLLû[ TôolTRtÏ

Gu AàU§ úRûY«pûX G] A±kÕ ùLôs¡ú\u, Sôu Bn®p CÚkÕ ®X¡d

ùLôiPôÛm CÕ ùTôÚkÕm G] A±¡ú\u,

CkR Bn®u êXm ¡ûPdÏm RLYpLû[Ùm. T¬úNôRû] Ø¥ÜLû[ÙU

Utßm £¡fûN ùRôPoTô] RLYpLû[Ùm UÚjÕYo úUtùLôsÞm Bn®p

TVuTÓj§d ùLôs[Üm AûR ©WÑ¬dLÜm Gu ØÝ U]ÕPu NmU§d¡ú\u,

CkR  Bn®p  TeÏ  ùLôs[  Jl×d  ùLôs¡ú\u,  G]dÏ  ùLôÓdLlThP

A±ÜûWL°u  T¥  SPkÕ  ùLôsYÕPu  CkR  BnûY  úUtùLôsÞm  UÚjÕY

A¦dÏ EiûUÙPu CÚlúTu Gußm Eß§V°d¡ú\u, Gu EPp SXm

Tô§dLlThPôúXô ApXÕ G§oTôWôR YZdLj§tÏ Uô\ô] úSôndÏ±

ùRuThPôúXô  EPú]  AûR  UÚjÕY  A¦dÏ  ùR¬®lúTu  G]  Eß§

A°d¡ú\u,
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CkR  Bn®p  G]dÏ  CWjRm.  £ß¿o.  Gd^úW.  vúLu  EhTP  Aû]jÕ

T¬úNôRû]Lû[Ùm ùNnÕ ùLôs[ Sôu ØÝ U]ÕPu NmU§d¡ú\u,

TeúLtTY¬u ûLùVôlTm :

LhûP®Wp úWûL :

TeúLtTY¬u ùTVo :

Utßm ®XôNm

BnYô[¬u ûLùVôlTm :

BnYô[¬u ùTVo :

CPm :

úR§ :
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ABSTRACT

Stroke volume variation as a predictor for fluid responsiveness in patients

undergoing elective major abdominal surgeries.

Introduction:

Stroke volume variation may be used as a continuous preload variable and in

combination with the continuously measured cardiac output, the most important

characteristics of cardiac function, allowing for optimal fluid management.

In patients undergoing major abdominal surgery, preoperative fasting,

induction of general anesthesia, epidural analgesia and intraoperative bleeding

may decrease intravascular volume, blood pressure, as a result leads to

compromise perfusion of organs. Conventional hemodynamic variables, such as

blood pressure, heart rate (HR), central venous pressure (CVP), and even

pulmonary artery occlusion pressure (PAOP), are insensitive and sometimes

misleading in the assessment of circulating blood volume. Measuring left

ventricular (LV) end-diastolic area by transesophageal echocardiography (TEE),

although considered to be the clinical “gold standard” for the estimation of

preload, is limited to a small number of patients and is not routinely used in

most operating rooms.

As an alternative to these static variables, assessment of stroke

volume variation (SVV) has been used as a dynamic index to guide fluid

therapy in patients receiving mechanical ventilation. The SVV are more

pronounced during hypovolemia and the variation decreases if intravascular

volume is restored, and it has shown to reliably predict changes in cardiac

output.



AIM:

The aim of this study was to assess whether Stroke volume variation(SVV) can

serve as a predictor of fluid responsiveness in patients undergoing elective

major abdominal surgery and to compare its predictive value to the Central

venous pressure (CVP)

Type of study: Observational study.

Inclusion criteria:

 Elective major abdominal surgery (intestine resection, gastric resection,

Whipple procedure, frey procedure)  .

 Both genders

 Age>18 years

 ASA PS I/II

Exclusion criteria:

 Patients under 18 years,

 Patients with severe aortic regurgitation,

 Patients with renal impairment

 Permanent cardiac arrhythmias,

 Patients undergoing emergency surgery were excluded from the study.

Study Materials:

IV cannula,Airway equipments.

Standard monitors.

Anesthesia ventilator.

Arterial line.

Central venous catheters

Vigileo flotrac monitor for SVV.



Study Methods:

Thirty patients of similar age group, weight and equal sex distribution will be

included in the study

Informed written consent will be obtained.

Detailed history of past medical/surgical illness will be obtained.

Routine investigations will be done preoperatively.

Anesthetic technique:

Baseline demographic parameters, blood pressure, and heart and respiratory

rates will be recorded.

Standard monitors: electrocardiogram, pulse oximetry, Invasive blood pressure

monitoring, CVP monitoring, ETCO2 after intubation.

Peripheral venous access will be obtained with 18G venflon.

Epidural catheter will be inserted between the thoracic  level d10/11 vertebral

interspaces and after performing a test for correct extradural placement, a dose

of morphine 4mg in 10 ml saline solution will be administered.

Left Radial artery cannulated and blood pressure will be recorded after

connecting to transducer zeroed at mid-axillary level.

Anesthesia will then be induced using  propofol 2 mg/kg in combination with

fentanyl 2 ug/kg. Tracheal intubation will be facilitated by neuromuscular

relaxation atracurium 0.5mg/kg. Anesthesia will be maintained with volatile

anesthetics (sevoflurane) in N 2O and O 2 mixture .

A central venous catheter will be inserted via internal jugular vein and central

venous pressure recorded. Sufficient analgesia will be provided using 20 ug

boluses of fentanyl.

All patients will be mechanically ventilated with tidal volume 8 ml/kg and

positive end-expiratory pressure (PEEP) 5, respiratory rate 12 to maintain

normocapnia.



Hemodynamic monitoring:

Before induction of anesthesia, an arterial line will be inserted into the radial

artery of the non-dominant forearm and first measurements recorded.

Optimal pressure signal damping will be assessed using flush test before the

first measurements. Vigileo/FloTrac device (Edwards Lifesciences, Irvine, CA,

USA) with software version 1.10 will be used for measuring Stroke volume

variation(SVV) and other hemodynamic variables like CI, Stroke volume index

After anesthesia induction and before the beginning of surgery, an 8F central

venous catheter will be inserted in the right internal jugular vein. Central venous

pressure (CVP) will be continuously measured by using a transducer calibrated

to the mid axillary level.Cardiac index(CI), Systolic blood pressure(SBP),Heart

rate(HR),Stroke volume(SV), and Stroke volume variation(SVV) will be

continuously measured.

Protocol:

After induction all patients will be maintained on Ringer lactate based on 4-2-1

formula. Half an hour after induction a first volume loading step will be

performed with 100 mL of colloid solution (6% hydroxyethylstarch) for 2 min

in the peripheral IV line. Hemodynamic variables will be recorded prior to the

administration of the volume loading step. The hemodynamic variables will be

recorded again 1 min after the end of the infusion. The volume loading step

(VLS) will be termed

 Responsive  VLS when there was an increase in stroke volume SV by at least

5%

 Nonresponsive VLS when there was no change or the increase in stroke

volume SV was less than 5%.



Volume loading steps will be conducted every 30 minutes after the first VLS.

Each patient will undergo multiple volume loading steps every thirty minutes

until three responsive and three non responsive volume loading steps are

obtained. Six volume loading steps three responsive and three non responsive

will be obtained from each patient and will be analysed. In each patient, When a

volume loading step is responsive another VLSs will be performed until a

nonresponsive VLS is reached.

Analysis

All hemodynamic variables were analyzed as continuous variables and

expressed as the mean ± SD.

To determine whether hemodynamic variables changed in relation to volume

loading, differences between values before and after each VLS were compared

between responsive and nonresponsive VLSs by using a two-tailed t-test.

The correlation between changes in SV and changes in hemodynamic variables

was assessed by using Pearson’s correlation.

To assess the ability of different hemodynamic variables to discriminate

between positive (>5% increase in SV) and negative (<5% increase in SV)

response to fluid challenge, receiver operating characteristic (ROC) curves were

generated for HR, SBP, CVP, and SVV, varying the discriminating threshold of

each variable.

The area under the ROC curve for each variable was calculated and compared.

Values for each area can be between 0 and 1. A value of 0.5 indicates that the

screening measure is no better than chance, whereas a value of 1 implies perfect

performance. In our study, the area under the ROC curve represented the

probability that a random pair of responsive and nonresponsive VLSs would be

correctly ranked by the hemodynamic variable measurement.
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