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ABSTRACT

Background

Assessment of Stroke volume variation (SVV) usinmimally invasive devices in mechanically ventilte
patients has been in use for several years to dli@keadministration. This study was designed $sess the utility of
SVV derived from arterial pulse contour analysiing FloTrac/Vigileo system to predict fluid statngatients scheduled

for brain surgery.
Method

We studied 60 adult patients undergoing brain syrg&fter a 5min period of stable hemodynamic paztars
post-intubation, each patient received successdleme loading steps(VLS), of 200ml lactated Rirgaolution (LR),
until the increase in SV(stroke volume) was <10%ooB pressure(BP), Heart rate(HR), SV and SVV weeasured
before and after each VLS. We measured the optimelbad augmentation required for each patientheyrtumber of

VLS after which SV increase was<10%.
Results

There was a statistically significant differencebimse line BP and SVV but not in HR between respersnd
nonresponsive patients to first VLS. Except for HiR,the measured hemodynamic variables beforé ¥itsS showed
significant correlation with change in SV after st VLS. Receiver operating characteristic (RCEDplysis showed a
larger area under the curve(AUC) of 0.758 for SWaMmpared to other measured variables. The mediarbeumwf
VLS administered were 2 per patient equating toemmt+SD of 368+176 ml of crystalloid as the optipedoperative

infusion volume.
Conclusions

SVV obtained with 3rd generation Vigileo deviceaibetter predictor of preload responsiveness whbempared
to BP and HR.

KEYWORDS: Stroke Volume Variation, Volume Loading Steps, Neurgery, Vigileo Device
INTRODUCTION

Surgical outcome in patients scheduled for coroactif intracranial pathology relies on maintenaotadequate
cerebral perfusion during the intra-operative peridany factors like preoperative fasting, genarsesthetics, diuretics,

diabetes insipidus and intra-operative blood lassmromise the hemodynamic stability in the abouesetiof patients
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Fluid optimisation is a double edged sword withasrchypo-perfusion, ischemia and increased use sdprassors if

uncorrected and prolonged Intensive care unitataycompromised patient outcome if over corrected

Static indices like Central venous pressure(CVP)mBnary capillary wedge pressure(PCWP) and left
ventricular end diastolic area which were tradigibynused to guide fluid management were showretpdor predictors of
fluid responsivened$® On the other hand, dynamic indices which monite change in stroke volume (SV) during
mechanical ventilation have consistently been destnated to be better predictors of fluid responsees®’® Stroke
volume variation (SVV) derived from pulse contomalysis is a dynamic monitoring modality and isshable predictor

of fluid responsivene$g® '8

SV and SVV are automatically and continuously digpt by the Vigileo device without need for extérna
calibration. Various studies have analysed the r@oguof older generations of this device to ass®¢¥ in different

subsets of patiert$ However, utility of Vigileo device in neurosurgemgs not been fully evaluated.

The aim of our study was to evaluate the efficabt$pdV measured by Vigileo device as an essentidéinof
preload responsiveness and thus the reliabilityigileo device in assessing fluid status of theigrdt We also aimed to

determine the number of volume loading steps (Mie§)ired to achieve fluid optimisation.

METHODS
Study Population

After obtaining an ethics committee approval andttem informed consent, 60 patients aged 20 -700frs
ASA physical status 1 or 2, undergoing craniotomy&n intracranial tumour removal or clipping of ameurysm over a
period of 8 months from October 2012 to May 2013enenrolled in this prospective study. Exclusioitecia were

documented coronary or peripheral arterial disgag@onary disease and cardiac arrhythmias.
Anaesthetic Technique

All patients received oral alprazolam 0.25 mg thghh before surgery. Following placement of staddar
monitors, intravenous and radial arterial (20 Gyems were established and the patients were stamteh infusion of
Ringer's lactate at the rate of 10 ml/hr using @msion pump. Following glycopyrrolate 0.05mg/Kgaasthesia was
induced with 0.04 mg/Kg midazolam, 2ug/Kg fentaagtl 2mg/Kg propofol. Endotracheal intubation waslitated with
0.1 mg/kg of Vecuronium bromide and mechanical Netitn was set with a tidal volume of 8ml/Kg anespiratory
frequency was adjusted to achieve an end tidaj @@32-35 mm Hg. Sevoflurane in a mixture of oxy@3%) and

nitrous oxide (76%) was used for anaesthetic maamee.
Hemodynamic Monitoring

Flotrac sensor kit was used to connect radial iatteiccess to the Vigileo device and to the invadiNood
pressure monitor. The Vigileo device uses a nolggrdhm based on the relationship of arterial pytsessure with stroke
volume. SV = Kxpulsatility where K is a constantagtifying arterial compliance and vascular resistaand is derived
from patient characteristics (gender, age, heightweight) according to the method described bygeavouter$and also
from pressure waveform characteristics (eg., skewmmd kurtosis of individual wavé&sy*'**? This calibration constant

is recalibrated every minute in newer versionshe Vigileo device. Pulsatility depends on the ssadddeviation of

| Index Copernicus Value: 3.0 - Articles can be sernb editor@impactjournals.us |




“Utility of Stroke Volume Variation as a Predictor of Fluid Responsiveness Using 187
Third Generation Vigileo Device in Patients Undergig Brain Surgery”

arterial pressure wave over a 20-s intéhfal'2 The algorithm of third generation Vigileo devialows for broader
patient monitoring through expanded patient alponitdatabase. This database informs the algorithmedognize and

adjust for hyperdynamic and vasodilated patientgams.

Vigileo version 3.06 used in this study is alsouatid for certain arrhythmias. SVV is calculatezhirpercentage
changes in SV during mechanical ventilation ancbistinuously displayed by the Vigileo device. Beabeat variation of
SV in the preceding 20sec is used to calculate 88VSVV (%) = (SWax-SVmin)/SVmean Systolic blood pressure (SBP),
diastolic blood pressure (DBP), mean arterial pnes§MAP), HR, SV and SVV were continuously meadure

Experimental Protocol

Baseline BP, HR, SV and SVV were documented 5miar dhtubation to eliminate the bias of intubation
response. A VLS of 200ml of lactated Ringer’s solut(LR) was performed over 3 min and hemodynanaigables were
recorded 1min after each step. Patients were dau@ehes responsive and nonresponsive if increaS¥ iwas>10% or
<10% respectively after the first VLS. All the ressive patients received successive VLS till a responsive VLS was
observed followed by a confirmatory VLS to calcel#te optimum preload value. However the final comdtory VLS is
not included in the calculation of optimum prelo®#cement of cranial pins and surgical incisiomeadeferred until the

completion of the experimental protocol.
Statistical Analysis

All hemodynamic variables were analysed as contisueariables and expressed as mean =SD. The data wa
analysed using MED CAL C statistical package verdi@.7.5. Unpaired student's t test was used tlyssmaemodynamic
variables in responders and non responders. KarsBer's correlation was used to assess the redhtppbetween change
in SV after the first VLS and pre VLS value of edobmodynamic variable. Receiver operating chariastienROC)
curves were generated for SBP, DBP, MAP, SVV and tdRanalyse the ability of each hemodynamic vaeaibl
predicting responsiveness or non responsivengse tiirst VLS. The method of De Long et al was usedompare ROC
curves®. We calculated and compared the AUC for each blmiarhe area under ROC ranges between 0 and lewher
1 implies a perfect performance, 0 implies no datren and 0.5 implies that the screening meassingoi better than a
chancé. Bootstrap percentile method was used to calc@&#% confidence interval(Cl) for the area underR@C curve.

We determined the optimal cut-off point which maides sensitivity and specificity for SVV to predidiuid
responsiveness and calculated the positive andimegaedictive values for SVV. Multiple regressianalysis was also
done to estimate the better predictor among thesaned variables. The median number of VLS admirastewhich were
the number of VLS needed for fluid optimisation vedso analysed.

RESULTS

The demographic characteristics of the 60 patientslled in the study is given in Table 1. No pattiead cardiac
rhythm disturbances during the study period. Sepagients who were administered vasopressors araldditional fluids
other than VLS, due to drop in MAP below 60mmHg idgrthe study period were excluded from the study.
Out of 53 patients included in the study, thereeng@mpatients with intracerebral aneurysm and 4% waérebral tumour.
Patients responsive and non responsive to first Mdiffered significantly in Pre VLS value of SBP(Rilwe<0.05),
DBP(P value<0.05), MAP(P value<0.05) and SVV(P eal.00001) but not the HR. SVV was significantlgher in
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responders(17+6) than non responders(10+5). Thalk® for SVV was statistically highly significanthen compared to
other variables (Table 2). Significant correlatiotas found between the change in SV after first VA&l the pre
VLS values of SBP (P value<0.0164), DBP(P valueg®d), MAP(P value<0.0058)and SVV(P value<0.0012).
No Significant correlation was found between chainggV and HR (Table 3).

The area (xSE) under the ROC curve was 0.582+ 0@B9% CI:0.439-0.716) for SBP, 0.610+ 0.0794
(95% CI:0.466-0.741) for DBP, 0.592+0.0789 (95%0C149-0.752) for MAP, 0.527+0.0829(95 % CI:0.3866%) for
HR and 0.758+ 0.0660 (95 % CI:0.621 to 0.865) fatVSOnly the area under the curve for SVV was statally
significant when compared to other variables with @alue <0.0001(Table 4, Figure 1). The optimumaghold value for
SVV given by ROC analysis was 13%.

Thus, if a patient had a SVV value of more than 18%she was very likely to be responsive to a egsnt
volume load by increasing the SV by more than 10 & sensitivity of 58.1% and specificity of 86.4Rith a positive
predictive value of 85.7 and a negative predictigkie of 59.4. Only the AUC for SVV was statistligadignificant when
compared to other variables with a P value <0.080dltiple logistic regression analysis was donechhshowed SVV to
be the most reliable variable among other meashesdodynamic variables. Only SVV before volume logdivas
statistically significant predictor of SV> 10% afftuid loading (P value 0.0026) (Table 5).

Patients responsive to first VLS received succes¥iiS till a non responsive VLS was reached todate the
optimum preload volume. All patients received alaf 98 VLS. 76 VLS were followed by a SV increasE0% and
22 VLS were followed by a SV increase < 10%. Thealiae number of VLS administered were 2 per patieptating to a

mean £SD requirement of 368176 ml of crystallogt patient as the optimal preoperative infusioruxt.
DISCUSSIONS

Our study demonstrates the ability of SVV using iMig device to predict fluid responsiveness in grat

scheduled for elective brain surgery. SVV by Vigildevice is a better predictor of fluid response@nthan BP and HR.

There is lack of clarity regarding the hemodynamparameter that best predicts volume status of ergat
Dynamic tests of volume responsiveness which relyheart-lung interaction in mechanically ventilatedtients are
superior to static variable&* Mechanical ventilation induced cyclic changes/émacaval, pulmonary and aortic blood
flows were first reported by Morgan et%alThe basic idea of giving a volume load relieston fact that if a volume load
does not increase the SV of the patient, it semeebenefit to the patient. Instead it could be HatmAdministration of
preload increases the SV till the left ventriclaalees the flat part of Frank Starling curve. NdHer increase in SV occurs
thereafter due to maximum overlap between actingimymyofibrils"®. SVV greater than 12% to 13% has been reported to
be highly predictive of volume responsiveness vaithemarkable consisterfcyArrhythmias and spontaneous breathing
activity and variation in tidal volume of a mechaalibreath will lead to misinterpretations of tlespiratory variations in

stroke volume. A linear relationship was found besw tidal volume and SVV by Reuter and his collesgu

The Vigileo device continuously displays SV, caddiautput(CO), cardiac index(Cl), SVV and can derive
Systemic vascular resistance and central venousdgiebin saturatioff. It is minimally invasive and does not require an
external system for calibration in contrast to LiDGystem (LiDCO Limited, UK), requiring lithium dition; the PiCCO

system (Pulsion Medical System, Munich, Germargguiring trans-pulmonary thermo-dilution; and FireppModelflow
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system (Finapres Medical Systems, The Netherlamdg)iring calibration with another means of CO meamernif.
Vigileo algorithm and software are continuously ragirevised since 2005. We used the 3rd generatevicel

(version 3.06) for our study.

In a study by De Waal and coworkErs patients undergoing coronary artery bypass iggfSVV failed to
predict fluid responsiveness where in the softwesed was adapted to changes in vascular complatrid® min intervals,
which was reduced to 1 min in subsequent generakiwices. A study by Christoph K Hofe and coworkesmpared
SVV using the FloTrac/Vigileo(version 1.07) and #€CCOplus (6.01)systems and concluded that thejbied similar
performance in predicting fluid responsiverfess a study conducted in postoperative cardiagisal patients R B P de

Wilde and coworkers concluded SVV by Flotrac anBCO did not show similar resufs

A study by Maxime Cannesson and coworkers showetdSWV is a good predictor of fluid responsivenasd is
a surrogate to continuous monitoring of respirateayiation in arterial pulse presstrdatthieu Biais and coworkers
conducted a study in patients undergoing liver dpdamtation and concluded that SVV-FloTrac and SYfpler
measurements showed similar performance in terméluaf responsiveneds D. Lahner and coworkers compared
SVV derived with FloTrac version 1.07 with TEE iatgnts undergoing major abdominal surgeries amdladed that
SVV obtained with Vigileo device is not a reliatgeedictor of fluid responsivenés®one of the above studies were done

with the 3rd generation Vigileo device.
STUDY LIMITATIONS

Our study was restricted to patients with ASA pbgbstatus 1&2 and therefore extrapolation of thresailts to
other subset of patients needs further evaluatéa.did not use a standard monitoring device likeoeardiography to
compare our findings. Other preload indices likeRCahd PAOP were not analysed. Predictive value\®f ®r fluid
responsiveness in the intra operative period wasdaetermined as the present study was focussetlimhdptimisation

before the surgical incision. VLS was not tailotedhe patient's weight which might have influendteel results.
CONCLUSIONS

In conclusion, we believe that SVV obtained withd 3reneration Vigileo device is a better predictbifloid
responsiveness when compared to BP and HR in patiefiore brain surgery. However, further stud@sigaring it with

other preload indices in various subsets of pasieme required to confirm its clinical utility.
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APPENDICES
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Figure 1: Receiver Operating Characteristic Curvedor Diastolic Blood Pressure (DBP), Heart Rate (HR)Mean
Arterial Pressure (MAP), Systolic Blood Pressure (BP), Stroke Volume Variation (SVV) before Volume Lading
as Predictors of Increase in Stroke Volume by >10%fter Volume Loading. Only the Area for SVV was
Significantly Different from That for Other Variabl es (p<0.0001)

Table 1: Demographic Data of 53 Patients Includechithe Study

Age(years) | 43.96+13.96
Height(cms) | 155.81+6.88
Weight(kgs) | 59.51+12.53
Data presented as mean + SD

Table 2: Hemodynamic Variables in Responsive and Moesponsive Patients before Volume Loading Step

Responsive® | Non Responsive | Statistical Significance
SBP(mm Hg) 110+19 119+15 P<0.05
DBP(mm Hg) 6819 73111 P<0.05
MAP(mm Hg) 84+12 91+12 P<0.05
HR(beats/min) 85116 82+17 NS
SVV(%) 1746 1045 P<0.00001

Data presented as mean + SD

Volume load was in steps after anaesthesia andééfain surgery. Each step consisted of infusib20®ml
Ringer's lactate solution over 3 min. Responsivafingd as an increase in stroke volume>0f0%. Non responsive,

defined as an increase in stroke volume of < 10& éifst volume loading step.

| Impact Factor(JCC): 1.0174 - This article can be denloaded from www.impactjournals.us




| 192 Mrunalini Parasa, Zareena Shaik, Shaik Mastan Sahel& Nagendra Nath Vemuri |

SBP, systolic blood pressure; DBP, diastolic blpoglssure; MAP, mean arterial pressure; HR, hetat &V,
stroke volume variation; NS, not statistically sfgrantly different between the groupsP.05; unpaired student's t test).

Table 3: Correlation of Hemodynamic Variables befoe VVolume Loading with the Change
in SV after Volume Loading in 53 Patients Scheduleébr Brain Surgery

Pearson's .

Variable | Correlation Sisg:ﬁ'i[;iség:r?cl:e
Coefficient

SBP -0.3282 P<0.0164

DBP -0.4 P<0.0049

MAP -0.3742 P<0.0058

HR 0.18 NS
SwV 0.4339 P<0.0012

Significant correlation was found between chang8\Vhafter first volume loading step(VLS) and pre¥ialues
of SVV(positive correlation) and blood pressure@teg correlation).
SBP, systolic blood pressure; DBP, diastolic blpoglssure; MAP, mean arterial pressure; HR, hetat &V,

stroke volume variation; NS, not statistically sfgrantly different between groups ¥r.05)

Table 4: Area under ROC Curve of Hemodynamic Varialbes of in 53 Patients Scheduled for Brain Surgerydfore
Volume Loading as Predictors of Increase in Strok&olume by >10% after Volume Loading. Only the Areafor
SVV was Significantly Different from That for Other Variables (p<0.0001)

. Statistical
Variable | AUC(£SE) Significance
SBP 0.582+0.079 NS
DBP 0.610+0.0794 NS
MAP 0.592+0.0789 NS
HR 0.527+0.0829 NS
SV 0.758+0.0660 P<0.0001

ROC, Receiver Operating Curves; SE, standard e®&®P, systolic blood pressure; DBP, diastolic blood
pressure; MAP, mean arterial pressure; HR, hetet @VV, stroke volume variation; NS, not statialig significantly

different between groups ¥P0.05). Only the area for SVV was significantly fdient from that for other variables

(p<0.0001).

Table 5: Multiple Regression Analysis of Hemodynanai Variables of in 53 Patients Scheduled for Brain &gery
before Volume Loading as Predictors of Increase iStroke Volume by >10% after Volume Loading. Only SW was
Significantly Different from That for Other Variabl es (p 0.0026)

. . Standard
Variable | Coefficient Error P
SBP -0.073364| 0.072026 0.3084
DBP -0.22100 0.16759 0.1878
MAP 0.24340 0.20503 0.2352
HR -0.016759| 0.026394 0.5255
SwV 0.27499 0.091192 0.002b

Constant 0.8574

SBP, systolic blood pressure; DBP, diastolic bipogssure; MAP, mean arterial pressure; HR, hetat 8VV,

stroke volume variation.. Only SVV before volumading was statistically significant predictor of $Xt0% after fluid

loading (P 0.0026).
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