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ABSTRACT 

Background: Various positions used in neurosurgical procedures can compromise the cerebral 

oxygenation and cerebral blood flow velocity. This can cause perturbations in intracranial milieu 

in addition to the effects of anesthetic drugs. No previous study has evaluated effects of positioning 

on cerebral oxygenation as well as cerebral blood flow velocity concomitantly. We aimed to use 

near-infrared spectroscopy (NIRS) and Transcranial Doppler (TCD) Mean flow velocity (MFV) 

to study the effects of positioning (supine, prone, and lateral) on cerebral oxygenation and cerebral 

blood flow velocity in patients undergoing neurosurgical procedures.  

Materials and Methods: After IEC approval, consented ASA I and II patients with GCS of 15 

undergoing elective neurosurgery were included. NIRS & TCD MFV of MCA & ACA were 

recorded on both sides at three different time intervals (before induction of anesthesia (T0), 10 

minutes after induction of anesthesia (T1), and 10 minutes after final positioning (T2)). A total of 

sixty patients were included in the three groups, that is, supine, lateral, and prone (20 each).  

Results: All 3 groups were comparable in terms of baseline characteristics (demographics, 

systemic hemodynamics, NIRS and TCD MFV values). The NIRS values bilaterally were 

decreased insignificantly with maximum fall seen in lateral (3.89%) and prone (3.68%) positions 

and least with supine (1.14%). Post induction all 3 groups demonstrated a uniform reduction in 

MFVs in MCA & ACA. However, post final positioning MCA & ACA flow velocities showed a 

significantly greater decrease in prone group (41.6%), compared to supine (32%) and lateral 

(30.7%) groups. The decrease in TCD flow was very significant despite minimal decrease in Mean 

arterial pressure (MAP) or Heart rate (HR) (<10 % decrease in HR & MAP was seen). 
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Conclusion: Prone position causes significant changes in cerebral blood flow velocities compared 

to supine or lateral position under anesthesia. The TCD flow velocity changes were comparable in 

supine and lateral groups. 

Thus, TCD can be a useful and feasible adjunct to NIRS for measuring positioning related changes 

in CBF during neurosurgical procedures, especially those done in prone position. 
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Introduction 

 
Successful conduct of neurosurgical procedures necessitates appropriate patient situating for better 

careful access. Appropriate surgical position is picked dependent on the area of the lesion, the 

careful surgical strategies and approach to the lesion of interest. Even however six essential body 

positions and their alterations are generally used to work with neurosurgical techniques three most 

regularly utilized situations in neurosurgery are, recumbent, horizontal, and prone. (1) The supine 

position is best utilized for better surgical access to anterior approach to spine and frontal lobe 

pathologies. (1) The lateral position being used commonly for lesions of temporal lobe, parieto-

occipital cortex and posterior fossa surgeries especially involving cerebello-pontine angle tumors. 

The prone position is best utilized for posterior approach to the spine and posterior fossa surgeries 

(1).  

The essential objective of perioperative neurosurgical positioning is to give better working 

conditions during the surgical procedure, providing adequate surgical exposure and maintaining 

cerebral hemodynamics and to keep up with typical body arrangement without causing injury. 

Numerous physical and physiological changes can happen to the patient due to surgical 

positioning. The position incited changes during neurosurgery can complexly affect the systemic 

and cerebral hemodynamics. (2) 

CBF is monitored noninvasively using Transcranial doppler whereas cerebral oxygenation 

is measured using near infrared spectroscopy (NIRS) and brain tissue oxygen content (PbtO2). 

Cerebral oximetry is arising as a screen of cerebral perfusion with boundless application in many 

kinds of surgical procedure. 

In neurosurgical patients these changes may be even more apparent since many of the 

patients frequently have increased ICP (intracranial pressure), which further reduces CPP. Venous 
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obstruction can be a major cause with significant consequences in lateral and prone positions, 

further exaggerated by acute flexion/rotation of arterial and venous channels like the jugular 

obstruction with head rotation. All these can have impact on CBF and ICP which can have bearing 

on cerebral oxygenation. (3) 

Murphy et al. in their study found that the incidence of cerebral oxygen desaturation was 

higher in the patients undergoing shoulder surgery in beach chair position when compared to 

lateral decubitus position. (4) Similarly, Moerman et al. in their study in patients undergoing 

elective shoulder surgery under general anesthesia in the beach chair position found a relative 

decrease in cerebral oxygenation of more than 20% occurring in 80% of patients when the beach 

chair position was adopted. (5) They concluded a high prevalence of significant cerebral oxygen 

desaturation during shoulder surgery in the upright position in their study These studies have 

demonstrated the need for close monitoring for cerebral desaturation. NIRS might constitute a 

valuable technique to detect cerebral hypoperfusion in high-risk group of patients.  

Just as NIRS monitors cerebral oxygenation, cerebral blood flow monitoring could be 

added to NIRS monitoring because NIRS is a regional cerebral oxygenation monitor, and it will 

be complemented by a global monitoring such as flow velocity (as a surrogate to cerebral blood 

flow) by Transcranial Doppler (TCD). Combining both modalities together can provide more 

information and useful to detect alterations during neurosurgery compared one individually. 

Previously done studies have demonstrated changes in TCD flow velocities of MCA (Middle 

Cerebral Artery) with positioning. (6) However, there is a paucity of data on the alterations in on 

cerebral oxygenation & blood flow velocities in neurosurgical population due to positioning under 

anesthesia. Since such alterations in CBF and oxygenation if occurs can impact the perioperative 
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management, it is required to evaluate the effects of commonly used neurosurgical positions 

namely supine, prone and lateral positions advocated in neurosurgery. 
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Review Of Literature 

One of the essential objectives of neuroanaesthesia in the perioperative period is to give ideal 

position during neurosurgical procedures which would keep up with CBF, cerebral oxygenation and work 

with satisfactory venous drainage while forestalling any increment in ICP. A significant worry during 

positioning for the neuroanesthesiologist is aligning of the axes of neck and head with the body. 

Unintentional blockage of the cerebral venous drainage by influencing course through the internal jugular 

vein because of its crimping with neck rotation or flexion is a successive issue experienced. Subsequently, 

in clinical practice to forestall brain bulge, it’s wise to prevent an ascent in ICP. Likewise, hindrance to 

cerebral venous drainage can cause cerebral infarct, airway and neck edema. 

 

Likewise, in mechanically ventilated patients factors such as high airway pressures can increase 

ICP by elevating central venous pressure and by blocking cerebral venous return to the right chamber and 

diminishing mean arterial blood pressure, both bringing about diminished cerebral perfusion pressure. (7) 

Keeping sufficient cerebral perfusion, limiting elevation in ICP and forestalling position related 

complications is of principal significance to the neuro anesthesiologist during intraoperative period. 

 

Neurosurgical positioning complexly affects the systemic and cerebral circulations which might 

possibly diminish cerebral blood flow and oxygenation. (1)  

 

Systemic changes of Positioning 

 

A) Supine position  

It is the most ordinarily utilized position for neurosurgical procedures involving the anterior and middle 

cranial fossa. When compared to the horizontal supine position, lawn-chair (contoured) modification of the 

horizontal position is most commonly preferred in neurosurgery, with 15-degree angulation and flexion at 

the trunk-thigh-knee, and provides more physiological positioning of the lumbar spine, hips and knees. 

When compared to an upright position, supine position causes increase in venous return (VR) , stroke 

volume (SV) and hence cardiac output (CO). The heart rate (HR) and systemic vascular resistance (SVR) 

typically decreases. Systolic blood pressure (SBP) often remains unchanged, though mean arterial pressure 

(MAP) may occasionally decrease or may remain unchanged. Jugular venous flow may increase or remain 

unchanged. Jugular venous resistance remains unchanged or may decrease. Cerebral Perfusion pressure is 

usually maintained or may decrease slightly. Total lung capacity (TLC) and functional residual capacity 
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(FRC) reduces in supine position. Also intrapulmonary shunting and ventilation-perfusion (V/Q) mismatch 

increases in supine position. [1] 

B) Prone position  

The prone position is regularly utilized for dealing with the lesions in the posterior cranial fossa, 

suboccipital region, and also posterior approach to spine. (8) The advantages of this position are that it is a 

decent situation for posterior approaches, and there is a lower occurrence of venous air embolism contrasted 

to the sitting position. (9, 10) 

When compared to the supine position in awake state, prone position causes an increase in intraabdominal 

pressure, decrease in venous return and stroke volume causing compensatory increase in heart rate. Also, 

SVR & Pulmonary vascular resistance (PVR) increases. SBP and MAP may remain unchanged or increase. 

With the patient anesthetized, there is a decrease in VR, SV and CO. The heart rate, SVR, PVR increase. 

SBP an MAP both decrease (or may remain unchanged). Ventilation-Perfusion mismatch and atelectasis 

decreases in prone position and leads to an improvement in oxygenation. (1) 

C) Lateral position 

The lateral position is utilized for patients requiring craniotomy of temporal lobe, skull base, and posterior 

cranial fossa tech. The advantages of this position are that it gives the best surgical pathway to temporal 

lobe pathologies. (1)  The dangers incorporate damage to brachial plexus, stretch injuries, pressure 

paralyses, and mismatch in ventilation-perfusion. 

When compared to the supine position and under anesthesia, lateral position causes a decrease in VR, SV, 

and consequently CO. An increase in HR, SVR and MAP is noted. This position is associated with a 

decrease in both SBP and MAP. The respiratory effects of this position include a decrease in FRC and TLC 

and a higher increase in intrapulmonary shunting. Atelectasis of the dependent lung occurs further 

increasing the V/Q mismatch. The park-bench modification causes decreased perfusion of the dependent 

arm. (1) 

 

Monitoring of Cerebral oxygenation and Cerebral Blood Flow 

 

Regional cerebral tissue oxygen saturation monitoring using NIRS is emerging as a surrogate 

monitor of cerebral perfusion and cerebral oxygenation with widespread application in many types of 
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surgery including neurosurgery. Cerebral Blood flow is monitored non-invasively using transcranial 

doppler (TCD). 

 

A) Near-infrared spectroscopy (NIRS) 

NIR light can be used to measure rSO2 (regional cerebral tissue oxygen saturation). (4) Near-infrared 

spectroscopy (NIRS) is a novel technique which uses the principles of optical spectrophotometry which 

makes use of the fact that the skull, is relatively transparent in the NIR range. It is non-invasive optical 

technology which is upcoming as a monitor of cerebral perfusion. This is based on the differential 

absorption of near-infrared light by oxygenated and deoxygenated hemoglobin. 

 

Due to the poor signal-to-noise ratio because of the low intensity of transmitted light, most commercially 

available devices use reflectance-mode NIRS in which receiving optodes are placed ipsilateral to the 

transmitter. This arrangement exploits the fact that photons traverse an elliptical path when transmitted 

through a sphere in which the mean depth of penetration is proportional to the transmitter and receiver 

optode separation distance, figure 1. 

 

 
 

Figure 1: shows the NIRS electrodes position on the forehead. 

NIRS is based on the Beer-Lambert law. Beer’s law states that the intensity of transmitted light decreases 

exponentially as the concentration of a substance the light passes through increases, as shown in figure 2. 
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Lambert’s law states that the intensity of transmitted light decreases exponentially as the distance travelled 

by the light through a substance increases, as shown in figure 3. 

 

Fig 2: showing Beer’s law (intensity of transmitted light decreases exponentially as the concentration of 

the solute increases) 

 

Fig 3: showing Lambert’s law (intensity of transmitted light decreases exponentially as the distance 

travelled by the light increases) 

 

Measurement of tissue oxygen saturation and tissue hemoglobin content is determined by the 

difference in intensity between the transmitted and received light delivered at specific wavelengths as stated 

by the Beer–Lambert law above. 
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In the 700–1300 nm range, NIR light penetrates several centimeters in the biological tissue. (11) 

Hemoglobin, bilirubin, and cytochrome are the primary light-absorbing molecules in tissue in the NIR 

range. The absorption spectra of deoxyhemoglobin (Hb) ranges from 650 to 1000 nm, oxyhemoglobin 

(HbO2) shows a broad peak between 700 and 1150, and cytochrome oxidase aa3 (Caa3) has a broad peak 

at 820–840 nm. (12) The commercial devices utilize wavelengths of NIR light between 700 and 850 nm 

where the absorption spectra of Hb and HbO2 are maximally separated and there is minimal overlap with 

H2O. 

Correlation between NIRS and Cerebral Oxygenation:  

Meeri et. al. did a study to assesses CBF by diffuse correlation spectroscopy (DCS) and oxy and 

deoxy- hemoglobin measurement by NIRS. DCS/NIRS based estimations of cerebral blood flow and 

cerebral oxygenation from frontal lobes were contrasted with simultaneous xenon-enhanced computed 

tomography (XeCT) during variations in carbon dioxide and blood pressure. (13) 7 patients were 

incorporated for the investigation. Relative CBF measured by DCS (rCBFDCS), and changes in oxy-

hemoglobin (DHbO2), deoxy-hemoglobin (DHb), and absolute hemoglobin concentration (DTHC), 

estimated by NIRS, were persistently checked all through XeCT during both the scans, baseline and repeat 

scan after the intervention. rCBF DCS and rCBF XeCT showed good correlation among the patients. 

Moderate correlation was found between rCBFDCS and DHbO2/DTHC. Both NIRS and DCS 

independently were able to differentiate the effects of xenon inhalation on CBF. The authors inferred that 

DCS estimations of CBF and NIRS estimations of tissue blood oxygenation could give a noninvasive, 

consistent monitoring for CBF in neurocritical care patients. 

Pollard et. al. did a study to validate NIRS for brain oxygenation monitoring. (14) 22 conscious, 

healthy volunteers were studied, by breathing hypoxic gas mixtures. Using 12 subjects (referred as training 

group), they developed an algorithm based on the mathematic relationship which converts detected light 

from the field surveyed by the probe to cerebral hemoglobin oxygen saturation (CSfO2). The authors 

correlated the oximeter results with the estimated combined brain hemoglobin oxygen saturation 

CScombo2, where CScombO2=SaO2X 0.25+SjO2X0.75 and SjO2 = jugular venous saturation). The 

algorithm was then validated’ in the 10 volunteers. A close association was found between CSfO2, and 

CScombO2. The conclusion of the study was that continuous monitoring with cerebral oximetry can 

accurately recognize decreasing cerebral hemoglobin oxygen saturation produced by systemic hypoxemia. 

Marc et.al. did a study by using frequency domain near-infrared spectroscopy to determine the ratio of 

arterial and venous blood monitored by cerebral oximetry during three clinical situations: normoxia, 
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hypoxia, and hypocapnia. (15) They studied 20 anesthetized children aged < 8 years with congenital heart 

disease of varying arterial oxygen saturation (SaO2) during cardiac catheterization. Cerebral oxygen 

saturation (ScO2), SaO2, and jugular bulb oxygen saturation (SjO2) were measured by frequency domain 

NIRS and blood oximetry at normocapnia room air, normocapnia 100% inspired O2, and hypocapnia room 

air. The study found arterial contribution of 16 ± 21% and venous contribution of 84 ± 21%, to cerebral 

oximetry. Though the contribution was similar among the three conditions of recording, significant 

variation was observed among the subjects (range, ~ 40:60 to ~ 0:100, arterial: venous). The authors 

concluded that because of biologic variation in cerebral arterial/venous ratios, use of a fixed ratio is not 

recommended. Though previous studies have demonstrated a predominant contribution from venous system 

(70%-80%). (16) 

 

Regional cerebral oxygen saturation (ScO2) of the cerebrum is dictated by contrasting the particular 

absorbance patterns of oxygenated and deoxygenated hemoglobin to approach infrared light. (17) As CBF 

diminishes, tissue oxygen extraction will increase in order to keep up with cerebral metabolic demands with 

an inevitable reduction in hemoglobin saturation. Within the sight of a stable metabolic rate, ScO2 is 

accordingly an indirect index of CBF and gives an idea of organ ischemia. (18) Checking ScO2 permits 

clinically quiet episodes of cerebral ischemia to be distinguished, and the innovation has been utilized 

widely, going from neonatal to adult surgeries. Nonetheless, many elements might impact oxygen transport 

and ScO2 including hematocrit, affinity of hemoglobin-O2 binding (P50), inspiratory oxygenation and 

ventilation. Also of note is the fact that CBF can itself be influenced by position of the head, the posture 

adopted and, any anatomical variation. (19, 20) 

 

Neurological monitoring of cerebral oxygenation with cerebral oximetry might refine the management 

strategies of hypoxia and hypotension in the intraoperative period.  (21) Intraoperative ScO2 estimation 

gives a helpful endpoint to clinical intercession, for example, the utilization of vasopressor treatment to 

increase cerebral perfusion pressure (CPP). In any case, without direct estimation of cerebral perfusion, the 

discernment that blood pressure control alone is adequate to keep up with cerebral perfusion in all patients 

is restricted. The clinical supposition that CBF increases simultaneously with increase in blood pressure 

can't be made. 
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In another study, Iwasaki et al. studied the changes in HbO2 and HbTot which occur after induction with 

different concentrations of sevoflurane (5%, or 8%) and combination of 67% N2O and propofol. (22) The 

hemodynamic parameters of the patients were continuously recorded from baseline till 3 minutes after 

airway was secured. 

The authors found critical increase in HbO2 and HbTot after 8% sevoflurane contrasted with 5% 

sevoflurane and propofol. The inference was that f NIRS is exceptionally delicate methodology to pick up 

changes caused by different concentrations of even the same anesthetic. 

Advantages and Limitations of NIRS: 

NIRS has numerous advantages such as being non‐invasive, ability to simultaneously sample multiple 

regions of interest with high temporal resolution, and being user‐friendly. Though NIRS has multiple 

advantages, it is not without limitations. NIRS values can be confounded by a number of factors, such as 

by contamination from extracerebral blood from scalp or subdural hematoma, presence of non-heme tissue 

chromophores etc. The spatial resolution provided by NIRS is restricted. It can sense the outer 1-4 mm of 

the cortical surface only. (23) Also, the area between light emitter and detector only contributes to the NIRS 

value. (24) 

 

Transcranial Doppler 

TCD is a non-invasive, bed side, real time monitoring and diagnostic tool of measuring blood flow 

velocity (FV) and other derived parameters in various intracranial arteries. A phased array probe 

with frequency of 1–2 MHz is used to insonate the intracranial arteries (Figure 6). The use of TCD 

has expanded drastically over the last three decades and has emerged as cost-effective tool for 

evaluating cerebral hemodynamics, detecting stenosis, collateral flow pattern, cerebral 

autoregulation and embolization. (25) 

TCD works on the principle of Doppler shift. TCD probe emits sound waves which are generated 

by a piezoelectrical crystal located in the probe of the TCD. These waves are directed towards 

basal arteries through TCD ‘acoustic windows’ by positioning the probe appropriately. The red 

blood cells (RBCs) in the blood stream reflect the sound waves which are captured back by the 

TCD probe. (26, 27) 
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A positive deflection of the waveform indicates that the direction of blood flow in the vessel is 

towards the probe whereas, a negative deflection of the waveform suggests that the flow is away 

from the probe. As RBCs are moving particles, they change the frequency of reflected sound 

waves. The difference between the frequency of emitted and reflected waves measures FV of RBC 

and hence, the velocity of blood. It should be noted that TCD measures blood FV and not the 

cerebral blood flow (CBF). However, in a given condition, FV can be used as a surrogate marker 

for vessel diameter or CBF. TCD also measures vessel pulsatility and derives pulsatility index (PI) 

and resistance index (RI). 

Recently transcranial color Doppler has also become available which makes insonation of various 

arteries easy. In some monitors, M-mode (motion mode) imaging is available which helps during 

the examination of the cerebral vessels. 

Few areas of the skull bone are relatively thinner and allow penetration of ultrasound waves. This 

can be used to visualize the underlying cerebral blood vessels. The four commonly utilized 

acoustic windows are temporal, orbital, sub occipital, and submandibular windows. In many 

individuals (10–20%) it is not possible to get an adequate window. (28, 29, 30) 

 

  

The most commonly used window for insonating the intracranial arteries is the trans-temporal 

window, since most of the important vessels are accessible through this window. This window is 

used for insonating internal carotid (ICA), middle cerebral (MCA), anterior cerebral (ACA) and 

posterior cerebral arteries (PCA). Trans-temporal acoustic window is an area which is delineated 

by a line drawn from tragus to the lateral canthus of the eye. The TCD probe is coated with an 

ultrasound gel and kept 2 cm above this line. The intracranial space is explored using the Power 

Motion (PM) mode. The movements during TCD examination have to be extremely fine, with the 

probe held as a pen between index finger and thumb and the base of palm resting on the patient’s 

head. When the transducer is paced appropriately, the screen is filled with color signals between 

30 to 80 mm depth. A red colour signal at the depth of 45 to 60 mm signifies the ipsilateral MCA 

(Figure 7). The Doppler spectral pattern provides important information about the flow 

characteristics in the arterial segment. (31) 
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Figure 4 shows the TCD power motion mode (M-mode) in the upper half with the MCA tracing in 

the lower part of the figure along with the measured velocities shown in red color. 

Once a band of frequency shifts is seen at any depth, the appropriate sample gate is selected by 

moving the gate selection line to the appropriate depth, and the doppler waveform is then 

visualized. Ideally, the doppler waveform should be a mix of colors with blue color (smaller 

number of RBCs) being near the spectral envelop and yellows/red color occupying the main body 

of the wave. A readjustment of probe position is needed if all colors are blue, indicating that the 

artery is not being insonated properly.  

The artery which is most easily insonated from this window is the MCA, which can be insonated 

anywhere along its course from a depth of 35 up to 60 mm. It is seen as a broad red band in the 

PM mode window. When the MCA is traced deeper, a bidirectional flow can be detected at 

approximately 55 – 65 mm which appears as contiguous bands of red and blue color, with red 

being directed upwards (Figure 9). This location indicates the bifurcation of ICA into MCA & 

ACA. The ACA can be seen as the blue color band, from 60–70 mm. To insonate the ACA, the 

probe should be tilted slightly anteriorly.  

The FV of the arteries measured using TCD is given by the formula:  

FV (measured) = FV (actual) × cosine (angle of insonation) 

Equation derived from Dopplers Principle: CBFV 
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¤ v = [(c × fd)/(2 × fo × cos theta)]  

¤ c=speed of the US Wave  emitted from probe,  

¤ fo =emitted Wave pulse frequency 

¤ fr =received Wave pulse frequency,  

¤ fd=Doppler shift 

¤ q= angle of formed by reflected wave relatively to the initial US emission beam. 

As can be seen from the formula above, measured FV will be less than actual FV. This raises two 

problems; firstly, it leads to inaccurate readings and secondly it brings inter-observer variation and 

makes the repetition of test erroneous. With the use of the temporal window, the first problem is 

easily minimized because MCA can only be insonated within a narrow-angle. The second problem 

can be avoided by fixing the probe when serial testing is required.  

Using TCD, the variables that can be adjusted are the depth of insonation, power and filter ratio. 

The observed parameters are systolic FV, diastolic FV, mean FV (MFV), Pulsatility index (PI), 

and Resistivity index (RI).  

The normal spectral waveform shows a sharp systolic upstroke and stepwise deceleration with 

positive end diastolic flow. Peak systolic velocity (PSV) is the first peak on the on a TCD 

waveform from each cardiac cycle. The end diastolic velocity (EDV) lies between 20 to 50% of 

the peak systolic velocity indicating the low resistance pattern of intracranial arteries. Mean flow 

velocity (cm/sec) is derived from PSV and EDV. MCA has the highest MFV. The mean flow 

velocity waveform shows least variation and is the commonly used parameter in TCD studies, 

given by the formula: 

MFV = EDV+1/3(PSV-EDV)  

In our study we mainly used Mean flow velocity (MFV) parameter, since mean flow velocity 

waveform shows least variation in TCD 

Correlation between CBF and TCD flow Velocity 

Bishop et. al. did a study to validate the technique of blood flow velocity measurement by TCD, and 

comparing it with intravenous Xenon based measurement of CBF. (32) They did the study in 17 
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symptomatic patients with cerebrovascular disease, and measured the blood flow velocity of middle 

cerebral artery (MCA) and intravenous Xenon based measurement of CBF. The measurements were taken 

at rest and during hypercapnia. They found that the variations in MCA flow velocity dependably associated 

with changes in CBF, however the total flow velocity can't be utilized as a marker of CBF. Though at rest, 

the authors found a poor correlation between the absolute measurement of MCA velocity and hemispheric 

CBF. 

Leung et al., conducted a study to compare measurements of blood flow velocity (BFV) and BFV changes 

in the middle cerebral arteries (MCA) acquired from phase contrast magnetic resonance angiography 

(PCMRA) and transcranial Doppler ultrasound (TCD) during controlled manipulation of end-tidal partial 

pressure of carbon dioxide (PETCO2). (33) The study was conducted in 9 healthy volunteers. TCD and 

PCMRA velocity data were taken from the M1 segment of the MCA were acquired during precise targeting 

of PETCO2 induced by a computer-controlled gas delivery system. Doppler spectra and phase contrast data 

were processed into time-averaged peak-velocity (TAPV) values for comparison. Changes in velocity 

between baseline and hypercapnia were analyzed in terms of velocity-based cerebrovascular reactivity 

(CVR). The authors found good correlation between the pairs of velocity measurements acquired from the 

both TCD and PCMRA. The authors concluded that under the conditions of precise PETCO2 control, 

PCMRA appears to be more consistent than TCD, though TCD was qualitatively comparable to PCMRA 

measures of velocity in the MCA. 

Brauer et al., conducted a study to investigate the correlation between changes in TCD-mean flow velocity 

(Vm) and changes in CBF in patients with various intracranial pathology undergoing cerebrovascular 

reactivity tests. (34) The study included 32 patients who were randomized into two groups for different 

reactivity tests. Patients in group 1 included 18 patients (awake or sedated) received a 1-g dose of 

acetazolamide intravenously, whereas group 2 included 14 patients wherein mechanical ventilation was 

adjusted to produce a 20% decrease in arterial CO2 tension compared with baseline CO2 value. Regional 

CBF was measured using xenon-enhanced computed tomography (Xe-CT) at the levels of the basal ganglia 

and the lateral ventricles. Bilateral MCA flow velocity was measured with pulsed TCD. Hemodynamic 

parameters (Mean arterial blood pressure, heart rate) and end-tidal CO2 were continuously recorded during 

the entire procedure. After baseline measurements and either alteration of CO2 or application of 

acetazolamide, the cerebrovascular reactivity was assessed at 20 min by a second measurement of CBF, 

TCD, and all other physiologic variables. A close correlation was seen between changes in CBF and Vm 

(r=0.82) though in subgroups formed of patients when classified according to the diagnosis, data dispersion 

suggested a weaker correlation. The authors concluded that the correlation between Vm and CBF may vary 

with intracranial pathology.  
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Another study by Sokoloff et al., evaluated whether blood flow velocity measurement with transcranial 

Doppler (TCD) could predict cerebral hypoxic episodes in moderate-to-severe TBI measured with a 

PbtO2 probe. (35) The study recruited 17 patients. Measurements were done bilaterally on the middle 

cerebral artery (MCA) early after the insertion of PbtO2 monitoring, daily for 5 days and during dynamic 

challenge tests. Physiological parameters were simultaneously collected  (PaO2, PaCO2, hemoglobin [Hb] 

level, intracranial pressure, and cerebral perfusion pressure [CPP]). 85 TCD studies were conducted in 17 

patients.Twenty-nine (34%) TCD measures were performed during an episode of cerebral hypoxia (PbtO2 ≤ 

20 mmHg). For early episodes of cerebral hypoxia (occurring ≤ 24 h from trauma), all Vmean < 40 cm/s 

were associated with an ipsilateral PbtO2 ≤ 20 mmHg (positive predictive value 100%). However, when 

considering all readings over the 5 days study period, however, no correlation was found between PbtO2 and 

MCA's mean blood flow velocity (Vmean). Vmean is also positively correlated with PaCO2, whereas PbtO2 

is also correlated with PaO2, CPP, and Hb level. The authors concluded that early TCD measurements 

compatible with low CBF (Vmean< 40 cm/s) can detect brain tissue hypoxia early after TBI (≤ 24 h) and 

could potentially be used as a screening tool before invasive monitoring insertion which could help to 

minimize secondary injury. 

Kirkham et.al. did a study to evaluate the ability of cerebral blood flow velocity to monitor changes in MCA 

blood flow. (36) The study was conducted in 38 healthy volunteers. They evaluated the variation of TCD 

flow velocity with the changes in CBF produced by altering the arterial carbon dioxide tension (studied 

with arterial PaCO2 (partial pressure of Carbon-dioxide and end-tidal PCO2). The study found that the 

relationship between MCA doppler mean frequency, and either arterial or end-expiratory pCO2, was linear 

over the range of PaCO2 values of 20-60 mm Hg. 

Advantages and Limitations of TCD: 

TCD has numerous advantages. It is non- invasive, repeatability and does not involve exposure to ionizing 

radiations. Its portability is an added advantage in critical care and operation theatres. Also, it gives a real-

time information regarding the flow velocities compared to other modalities of measurement of cerebral 

blood flow, which give value only at a fixed time point. TCD is not without limitations. (37) Major 

limitation of TCD being that it is highly operator dependent. In 10 to 15% of patients TCD acoustic 

windows are inadequate. TCD provides information only regarding global cerebral blood flow velocity 

rather than local blood flow velocity. (38). 
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Effects of Postural changes on CBF and Cerebral oxygenation 

In the study by Arjen Mol et. Al, cerebral oxygenated hemoglobin (O2Hb), deoxygenated 

hemoglobin (HHb) and tissue saturation index (TSI) were measured bilaterally on the forehead of 15 

healthy young adults using NIRS. Sitting to standing, and slow and rapid supine to standing movements 

were assessed in their study. (39) Both oxygenated and deoxygenated hemoglobin dropped in the early 

phase after standing up, indicating a lower concentration of total hemoglobin, therewith reflecting a 

decrease of cerebral perfusion. Their study found that both the oxygenated and deoxygenated hemoglobin 

dropped in the early phase after standing up, indicating a lower concentration of total hemoglobin, therewith 

reflecting a decrease of cerebral perfusion.  

Similar findings were also reported by van Lieshout et al and Thomas et al. (40, 41) in their study 

who demonstrated early perfusion drop after standing up assessed by transcranial Doppler. This perfusion 

drop indicates that cerebral autoregulation may not immediately compensate for blood pressure drops 

resulting from gravitational pooling after standing up, even in healthy adults. This perfusion drop in the 

brain having a constant oxygen demand can lead to the cerebral hemoglobin saturation decrease. The study 

concluded that in healthy individuals, NIRS-based cerebral oxygenation parameters are sensitive in 

detecting postural change and discriminate between standing up from supine and sitting position with 

minimum O2Hb response as the most sensitive and reliable parameter. 

Jakob et.al, in their investigation found that during positive pressure breathing, the prone position 

with head turned sideways lead to reduction in mean flow velocity of MCA by nearly 10% even when MAP 

is elevated. (42) Prone position with turned head influences both CBF and venous drainage of brain showing 

that ideal cerebral perfusion requires centering of the head. In healthy awake individuals, the prone position 

with positive pressure breathing reduced MCA MFV especially when the head was rotated to the side. 

These results may have implications for the anesthetized and ventilated patient. 

In the study by Gulsah & Sevgi, they studied the effects of head & neck positions on the cerebral 

blood flow velocity by transcranial Doppler ultrasound in patients who underwent cranial surgery. (43) The 

MCA mean flow velocity of the patients was measured in supine position with 0° and 30° head elevations, 

right and left lateral positions, right and left lateral positions with head flexion and extension. The 

measurements were taken before surgery and postoperatively within 72 hours after surgery. The study found 

that the MCA mean flow velocity was increased in head elevations from 0° to 30°, in right and lateral 

positions with 30° head elevations, but the velocity was decreased in head flexion and extension positions 

in preoperative as well as the postoperative periods.  
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Ledwith et. Al, studied the effects of body position on cerebral oxygenation. (44) They studied the 

effects of 12 different body positions on neurodynamic and hemodynamic outcomes in 33 patients. The 

patient population include patients affected by traumatic brain injury, subarachnoid hemorrhage, or 

craniotomy for tumor. Cerebral oxygenation changes were evaluated with brain tissue oxygen (PbtO2) 

monitoring. Simultaneously ICP was also calculated. The study evaluated 12 different positions, which 

were as follows: supine, supine with knee bent, left lateral position, and right lateral position, and in each 

of these positions, the head of bed was then elevated to 150, 300, or 450. Changes from baseline to the 15-

minute postposition assessment mean change scores showed a downward trend for PbtO2 for all positions 

with statistically significant decreases observed for supine head of bed (HOB) elevated 300 and 450 (p < .01) 

and right and left lateral positioning HOB 300 (p <.05). ICP decreased with supine HOB 450 (p < .01) and 

knee elevation, HOB 30o and 45o (p < .05), and increased (p <.05) with right and left lateral HOB 15o. 

Hemodynamic parameters were comparable in the various positions. The lateral position was found to have 

the most adverse effect on intracranial physiology.  

Effects of anesthetic drugs on CBF and cerebral oxygenation 

Anesthetic agents can affect the cerebral blood flow and oxygenation through direct and indirect actions. 

Since we have planned to conduct the current study under anesthesia intraoperatively with Propofol as an 

induction agent and Sevoflurane for maintenance, it is important to know the effects of the agents used on 

cerebral hemodynamics. 

Effects of Propofol on Cerebral Circulation: 

Propofol produces dose-related reduction in global CBF by 50 to 60%. (45, 46) This variation in regional 

cerebral blood flow (rCBF) reduction has been confirmed with Positron Emission Tomography (PET) 

studies which demonstrated large preferential decrease in the medial thalamus, cuneus and precuneus, and 

posterior cingulate, orbitofrontal, and right angular gyri. (47) The CBF decrease with propofol is mainly 

due to its metabolic depressant effect. Propofol depresses CMR (Cerebral Metabolic Rate) and does this 

differently according to region. (48) The metabolism in the cerebral cortex decreases (by 58%) more than 

the sub- cortical brain areas (by 48%). In patients with intracranial tumors, Intracranial Pressure (ICP) was 

shown to be lower and Cerebral Perfusion Pressure (CPP) higher in patients anesthetized with propofol 

when compared with those anesthetized with volatile anesthetics (isoflurane or sevoflurane). (49) MAP 

usually decreases with administration of propofol, which necessitates strict maintenance of MAP/ CPP, 

even more important in patients with elevated ICP. 
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Effects of Sevoflurane on Cerebral Circulation: 

The study by Kaisti et.al. using PET showed either a decrease or no change in global CBF occurred with 

sevoflurane. (45, 50) MAP decreased significantly with sevoflurane in the study by Kaisti et.al, whereas 

MAP was found to be unchanged in the study by Schlunzen et.al. Thus, as long as MAP is maintained, 

global CBF remains unchanged with use of sevoflurane, though heterogeneity of the rCBF response was 

seen; with a increase in rCBF seen in the anterior cingulate and a reduction in the cerebellum. 

During propofol-induced isoelectric EEG, sevoflurane at both 0.5 and 1.5 MAC produced a smaller increase 

in Vmca (MCA mean flow velocity) than isoflurane, suggesting lesser vasodilating potential of sevoflurane 

than isoflurane. (51) Sevoflurane at 1 MAC was reported to decrease rCMRg (regional metabolic rate for 

glucose) in multiple regions of the brain, with the maximum decrease seen in the lingual gyrus (by 71%), 

followed by occipital lobe (by 68%), and thalamus (by 68%). (52) Sevoflurane, with or without N2O, 

produces no or small increases in ICP seen in animal studies as well as in humans. These effects reinforce 

the fact that sevoflurane does not affect the CBV (Cerebral Blood Volume) though it causes reduction in 

CBF. (53) 

Effect of anesthesia induction has been previously demonstrated in NIRS based studies. Lovell et al. used 

functional NIRS (fNIRS) in their study and documented small changes in cerebral oxygenation after 

induction of anesthesia with intravenous anesthetics such as propofol, thiopentone and etomidate. (54) They 

studied the hemodynamic changes of the patients from preinduction untill three minutes after giving 

intravenous (IV) anesthetic induction drugs. The changes observed in oxygenation were substantiated as 

differences in the relative oxygenated hemoglobin (HbO2) and total hemoglobin concentration (HbTot). 

The authors concluded that IV induction agents such as thiopentone and propofol cause an increase in both 

HbO2 and HbTot compared to the baseline period. This investigation uncovered that fNIRS has the ability 

to gauge drug dependent changes in cerebral oxygenation seen with anesthetic induction. 

 

Similar study with NIRS was done by Fleck et al. (55) This study was conducted in pediatric population 

with congenital heart disease. They measured the changes in cerebral oxygenation (by NIRS) and blood 

supply (by cardiac output using electrical velocimetry) in children with congenital heart disease after 

Propofol infusion. Propofol sedation caused a significant drop in mean arterial pressure (MAP) whereas 

cerebral tissue oxygenation index, showed an increased. The authors postulated that the increase in cerebral 

oxygenation with propofol sedation despite a decrease in cardiac index and MAP may be due to decreased 

oxygen consumption of the sedated brain in the presence of an intact cerebral auto-regulation. 
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Hypothesis 

 

 

We hypothesize that patient positions adopted for performing various neurosurgical procedures 

from awake supine state to either lateral or prone positions causes significant changes in cerebral 

oxygenation and cerebral blood flow velocities compared to neurosurgical procedures performed 

in supine posture under anesthesia. 
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Aims And Objectives 

 

Primary Aim:  

1. To assess the effects of change in position from supine to lateral and supine to prone positions 
on cerebral oxygenation and cerebral blood flow velocity compared to patients operated in supine 
during elective neurosurgery.  

Secondary Aim:  

1. To assess the significance of position induced changes in cerebral oxygenation and cerebral 
blood flow velocity during patient positioning in neurosurgery.  

2. To compare the changes in cerebral oxygenation and cerebral blood flow velocity from awake 
state to anesthesia and final positioning during elective neurosurgery.  

3. To assess the correlation between cerebral and systemic hemodynamic changes following final 
patient positioning in neurosurgery. 
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Materials And Methods 
We planned a prospective observational study to assess the changes in cerebral 

oxygenation and cerebral blood flow with respect to different surgical positions in patients who 

underwent elective craniotomy for primary brain tumors in the Neuro-Surgical Operation Theatre 

(NSOT) of Sree Chitra Tirunal Institute of Medical Sciences and Technology (SCTIMST), 

Trivandrum, which is a specialized tertiary referral center.  

Institute Ethics Committee Approval: Institutional Ethics Committee approved our study. 

(SCT/IEC/1401/JULY-2019, dated 12.08.2019 Annexure- 2) 

The study was conducted between August 2019 to May 2021. 

Study Design: Prospective observational study.  

Patient enrolment: The patients for the study were randomly selected from elective neurosurgical 

operation theatre list and were recruited after fulfilling the inclusion and exclusion criteria.  

Inclusion criteria:  

Consenting adult patients with age more than 18 years undergoing elective neurosurgical 

procedures  

• ASA (American society of Anesthesiology) physical status I and II patients.  

• Age 18‐60 years.  

• GCS of 15.  

Exclusion criteria  

• Patient refusal.  

• Age less than 18 years and more than 60 years.  

• GCS <15  

• Emergency surgeries 
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• Longstanding diabetes mellitus, hypertension, vascular diseases, COPD (chronic 

obstructive pulmonary disease).  

• Known case of cardiac illness (coronary heart disease, valvular heart disease, congenital 

heart disease, congestive heart failure).  

• Patients with previous history of stroke, transient ischemic attacks, carotid disease, 

severely increased ICP.  

• Obesity.  

• ASA physical status III, IV, V patients.  

• Patients with sub-arachnoid hemorrhage, vasospasm. 

• Pregnant & nursing mothers.  

• Poor TCD window 

Informed written consent was obtained from those who were willing for the study participation. 

The total number of patients recruited were 60 based on the sample size. 

Grouping of the patients (20 subjects in each group) was done according to the final surgical 

positioning as follows;  

Group S: Patients who were operated in supine position.  

Group P: Patients who were operated in prone position.  

Group L: Patients who were operated in lateral position. 

Patients were kept nil per oral of 6 hours for solids, 4 hours for liquids and 2 hours for clear 

fluids. No sedative/opioid premedication were given. Patients were administered their preoperative 

medications like antiepileptic drugs, steroids and anti-aspiration prophylaxis in the form of tablet 

pantoprazole 1mg/kg as per our institute protocol. 

After completing the  WHO (World Health Organization) Safety check list the patients were 

wheeled into the operation theater. Patients were positioned in supine position with small head 

support. Preinduction monitoring lines consisting of five lead electrocardiogram (ECG), pulse 

oximetry, non-invasive blood pressure (NIBP) were attached. A wide bore intravenous line was 
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secured under local anesthesia and intravenous fluid in the form of lactated Ringer’s solution was 

started at 2 ml/kg. Before induction of anesthesia, baseline hemodynamic parameters including 

pulse rate, blood pressure, and oxygen saturation were noted. For recording the NIRS values, the 

forehead was cleaned and dried thoroughly. Then baseline NIRS reading was taken in supine 

position from the NIRS electrodes placed at the frontal area bilaterally.  

 

Figure 5: showing NIRS machine (MASIMO ROOT with O3 Regional Oximetry). 

The machine used in our study was MASIMO ROOT (with O3 Regional Oximetry) as shown 

in Figure 5. This was followed by recording baseline flow velocities of MCA & ACA bilaterally 

in supine position with TCD. The TCD machine used in our study was DOLPHIN IQ VIASONIX 

as shown in figure 6. 
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Figure 6: The Transcranial Doppler machine and the probe used in our study. 

Technique for MCA & ACA visualization by TCD 

All the patients placed comfortable in supine with head positioned with support and in 

neutral position. The 2 Mhz TCD probe was placed in front of tragus above the imaginary line 

drawn from outer cantus of the eye to the tragus on the right side. The depth was preset to 40-60 

mm with gain setting of 8 and power of 50%. The middle cerebral artery (MCA) flow was 

identified in the M-mode window showing the red color. The doppler flow was obtained from the 

dedicated window for the same and the values were recorded. Then the probe is tilted anteriorly to 

obtain to the blue color in the M-mode representing anterior cerebral artery flow at a depth of 

approximately 60-80 mm. The doppler wave was obtained for recording the velocities. The peak 

flow, mean flow velocity and the pulsatality index (PI) were recorded. The similar technique was 

used for the left side. 



 

 33 

After recording of the baseline (T0) parameters, general anesthesia was induced after 

preoxygenation for 3-5 minutes with Inj. Fentanyl, 2 mcg/kg, Inj. Propofol, 2mg/kg in titrated 

doses. After checking the adequacy of mask ventilation, Inj.Vecuronium (0.1 mg/kg) was 

administered and patients were intubated with appropriate size endotracheal tube via direct 

laryngoscopy/ video laryngoscopy/ fiberoptic bronchoscopy as deemed appropriate. Anesthesia 

was maintained using a combination of Oxygen (50% FiO2: Air) and Sevoflurane at an end tidal 

concentration equivalent to 1 MAC. Patients were ventilated in volume-controlled mode with a 

tidal volume of 8 ml/kg. Respiratory rate was adjusted to maintain an ETCO2 value between 32-

35 mmHg. Radial artery was cannulated for invasive arterial BP monitoring whereas central 

venous line was inserted via internal jugular vein or Peripherally inserted central line (PICC). 

Nasopharyngeal temperature probe was attached and the patient’s temperature was maintained 

throughout the procedure between 350-36 0 C.  

Mean arterial blood pressure (MAP) was maintained within 10% of baseline throughout the 

procedure with use of intravenous fluids + vasopressors. Once the patient’s vitals were stable for 

10 minutes after induction of anesthesia, hemodynamic variables, bilateral regional cerebral 

oxygen saturation were recorded. and cerebral blood flow velocity of MCA & ACA were recorded 

in supine position similar to the technique described earlier and recorded as T1 time point.  

Adequate padding was applied to pressure points and all the patients were applied mechanical 

compression device for both the legs. With appropriate safety checks and precautions, all patients 

were placed in the final neurosurgical position (supine, lateral or prone) by the team of 

neurosurgeons and anesthesiologists and the head was clamped in three-pin Mayfield head frame. 

To blunt hemodynamic response to skull pinning, adequate depth of anesthesia was ensured and 

additional dose of Inj. Fentanyl 2mcg/kg iv was administered.  

Once the patient was placed in the final surgical position, and after 10 min of hemodynamic 

stability, the hemodynamic, respiratory variables, NIRS and TCD measurements were repeated 

again as described above. This time point was recorded as T2.  

 In the Supine group the patients were positioned with a reverse Trendelenberg of 10 to 15 degrees 

from horizontal to provide optimal cerebral venous drainage as well as slight flexion at hip and 
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knee by placing a pillow for thigh support and with leg elevation in order to improve venous return 

to the heart. (1) (Fig. 7) It was ensured that there is no excessive head and neck rotation or tilt that 

will compromise the vessels and airway. 

 

Figure 7: showing supine position with 30o head elevation 

     

T0     T1     T2 

Figure 8: showing NIRS values recorded at T0, T1 and T2 time points in supine position. 
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T0    T1    T2 

Figure 9: showing TCD indices recorded at T0, T1 and T2 time points in supine position. 

In prone group the patients were kept over two customized bolsters placed under the upper 

chest and pelvis with adequate padding and support for all pressure points. The head position was 

kept neutral. Positioning of the head was done with 100 elevation with respect to torso. (56) (Fig. 

10) 

 

Figure 10: showing prone position. 
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T0     T1     T2 

Figure 11: showing NIRS values recorded at T0, T1 and T2 time points in prone position. 

      
T0    T1    T2 

Figure 12: showing TCD indices recorded at T0, T1 and T2 time points in prone position. 
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All the patients in the lateral group underwent surgery in the park-bench modification of lateral 

position which gives the surgeon a better surgical access to the structures in posterior fossa, in 

contrast to the lateral position. At our institute we use park-bench position for surgeries requiring 

lateral position. Head is flexed at the neck and then turned to look toward the floor of operation 

theatre (1200 from vertical & laterally flexed 200).  

At all times most extreme consideration ought to be required to forestall complications in the post-

operative period by avoiding excessive neck extension, flexion or rotation. (57) (fig.13) 

 

Figure 13: showing park-bench position. 
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Figure 14: showing NIRS values recorded at T0, T1 and T2 time points in lateral position. 

 

     

T0    T1    T2 

Figure 15: showing TCD indices recorded at T0, T1 and T2 time points in lateral position. 
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If there was any significant drop in hemodynamic variables or NIRS values (10 % change from 

baseline), the cause will be identified and appropriate steps will be taken to correct the same. 

 

Data Collection  

Baseline Heart rate, systolic and diastolic blood pressure, oxygen saturation (SpO2), peak airway 

pressure (PIP), End tidal carbon dioxide (ETCO2) and Minimum alveolar concentration (MAC) 

of the inhalational agent were recorded at baseline (T0), after induction of anesthesia (T1) and 10 

minutes after final positioning (T2) 

NIRS, TCD velocity of MCA & ACA bilaterally in supine position before and after anesthesia 

induction and after the final surgical positioning were noted down. 

Data entry was done manually by the Principal Investigator into the study proforma. 

 

STATISTICAL ANALYSIS 

Sample Size Calculation  

Assuming a maximum variation of within 10% from the recorded baseline value of change in 

NIRS and TCD flow velocity from supine to the final position, to be equivalent, with alpha as 5% 

and beta as 80%, the calculated average sample size for this study was 17 in each of the Group S, 

Group P and Group L.  Considering the dropouts due to poor TCD window, a total of sixty patients 

were recruited with 20 patients in each group. 

Statistical Methods  

Statistical analyses were done using a statistical software package SPSS, version 20.0 

Categorical and quantitative variables were expressed as frequency (percentage) and mean ± SD 

respectively. One way ANOVA test was used to compare quantitative parameters among 

categories. Repeated measure ANOVA test was used to compare quantitative parameters among 
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different time interval for each of the categories. Chi-square test was used to find association 

between categorical variables. Karl Pearson correlation was used to find out the relationship 

between quantitative variables. For all statistical interpretations, p<0.05 was considered the 

threshold for statistical significance. Statistical analyses was performed by using a statistical 

software package SPSS, version 20.0. 
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Results & Observations 

The study was successfully completed in all the sixty patients without any dropouts. The results 

of our study are as follows: 

1) Demographic Data  

Table 1 shows the comparison of the demographic variables between the three groups.  

Variable Group S Group P Group L p-value 
Total Number =20 Total Number =20 Total Number =20  

Age (years) 

Mean±SD 41.9±9.5 40.5±12.3 44.2±11.6 0.584 

BMI (kg/m2) 

Mean±SD 25.7±5.9 24±3.5 

 
23±2.7 

 
0.150 

Gender 

(Male:Female) 

Number (%) 

 
9:11 

(45:55) 

 
7:13 

(35:65) 

 
5:15 

(25:75) 0.415 

ASA Physical 
status 

(I:II:III:1V) 

Number (%) 

 
(16:4) 

(80:20:0:0) 

 
(16:4) 

(80:20:0:0) 

 
(18:2) 

(90:10:0)) 

 
0.619 

Comorbidity 

No (%) 

Yes (%) 

 
16 (80) 
4 (20) 

 
16 (80) 
4 (20) 

 
18 (90) 
2 (10) 

 
0.619 

Group S= Supine, Group P= Prone, Group L= Lateral, P<0.05 is Significant. Analysis by χ2 test. 

The demographic details of 60 patients enrolled in the study are shown in Table 1. The mean age 

was 41.9±9.5 years in Group S, 40.5±12.3 years in Group P and 44.2±11.6 years in Group L. There 

was no statistical difference between the groups. 
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The weight of the patients between the groups was comparable with a mean weight of 61.1±15.7 

kg in Group S, 63.2±8.2 kg in Group P and 62.9±8.2 Kg in Group L. The Group S had mean BMI 

of 25.7±5.9, Group P had 24±3.5, and Group L had 23±2.7. There was no statistical difference 

between the groups. 

There were 11 females out of 20 (55 %) in Group S and 13 females (65%) in Group P, and 15 

females (75 %) in Group L indicating that most patients were females in all 3 groups. There was 

no statistical difference between the groups. 

Group S, had 16 patients (80%) in ASA I, 4 patients (20%) in ASA II. Group P had 16 patients 

(80%) in ASA I, 4 patients (20%) in ASA II. Group L had 18 patients (90%) in ASA I, 2 patients 

(10%) in ASA II, indicating most patients belonging to ASA I in all three groups. None of the 

patients were in ASA III or IV. There was no statistical difference between the groups. 

In Group S, 4 patients (20%) had comorbidity (one each having Diabetes Mellitus, Systemic 

hypertension, hypothyroidism, bronchial asthma). In Group P also 4 patients (20%) had 

comorbidity (one each having Diabetes Mellitus, Systemic hypertension, hypothyroidism, 

bronchial asthma). In Group L, 2 patients (10%) had comorbidity (one each having Diabetes 

Mellitus, Systemic hypertension). 

2) Tumor characteristics of patients in three study groups  

Table 2 shows the tumor characteristics of enrolled 20 patients in supine position (Group S).  

Diagnosis Number (N=20) Percentage (%) 
Meningioma 7 35 
Glioma 6 30 
Cavernoma 3 15 
Focal cortical dysplasia 1 5 
Colloid Cyst 1 5 
Trigeminal Neuralgia 1 5 
Metastasis 1 5 

In the supine position, 7 patients were operated for meningioma (35%), 6 for glioma (30%), these 

two accounting for the majority in this group. 3 patients underwent cavernoma resection (15%). 
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The other tumors were focal cortical dysplasia (5%) Colloid Cyst (5%), Trigeminal Neuralgia 

(5%). 

Table 3 shows the tumor characteristics of enrolled 20 patients in prone position (Group P).  

 
Diagnosis Number (N=20) Percentage (%) 

Meningioma 4 20 
Schwannoma 4 20 
Prolapsed Intervertebral disc (PIVD)  3 15 
Arnold-Chiari malformation 3 15 
Vertebral Body Lesion 2 10 
Cerebellar Hemangioblastoma 2 10 
Cavernoma 1 5 
Pineal region tumor 1 5 

 

In the prone position, 4 patients each were operated for meningioma (20%) and Schwannoma 

(20%), these two accounting for the majority in this group. 3 patients were operated for prolapsed 

intervertebral disc (15%), 3 patients underwent foramen magnum decompression for Arnold-

Chiari malformation (15%). 2 patients each underwent vertebral body lesion (10%) and cerebellar 

hemangioblastoma (10%) excision. The other tumors included cavernoma (5%) and pineal region 

tumors (5%). 

Table 4 shows the tumor characteristics of enrolled 20 patients in Lateral/Park-Bench position 
(Group L).  

Diagnosis Number (N=20) Percentage (%) 
Cerebellar-pontine angle Schwannoma 16 80 
Cerebellar-pontine angle Meningioma 2 10 
Cerebellar-pontine angle Epidermoid 1 5 
Thalamic Glioma 1 5 

Most common tumor in Group L was Cerebellar-pontine angle schwannoma with 16 patients 

(80%), Cerebellopontine angle meningioma 2 patients (10%), 1 patient each of epidermoid (5%) 

and glioma (5%). 
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3) Changes in Supine group ( Group S) 

1) Hemodynamic parameters (Heart rate, Mean arterial pressure) in supine group is shown in table 
5.  

Table 5 shows the changes in Heart Rate & MAP at different time intervals in Supine group 
 

 
 

T0 T1 T2 (T0 -T1) (T1-T2) (T0-T2) 

   % 
Change 

p- 
value 

% 
Change 

p- 
value 

% 
Change 

p- 
value 

Heart rate 
(beats/min) 
(Mean±SD) 

 

71.3 ± 8.91 76 ± 9.71 75.6 ± 7.85 

6.59 <0.01 -0.53 1.000 6.03 0.002 
MAP 

(mmHg) 
(Mean±SD) 

 

94.85 ± 
8.39 

 

88.3 ± 
7.57 

 

89.65 ± 
7.96 
 -6.91 <0.01 1.53 0.666 -5.48 0.001 

Repeated measure ANOVA. P<0.05 is Significant. 

In Group S, the mean baseline heart rate was 71.3±8.91 per minute which increased to 76±9.71 

per minute after induction of anesthesia and decreased slightly to 75.6±7.85 per minute after the 

final positioning. The change in heart rate from T0 to T1 was statistically significant but overall 

changes were less than 10 %. The percentage change from baseline (T0 to T2) was~ 6%, though 

it was statistically significant. 

The MAP at baseline was 94.85 ± 8.39 mm Hg, which decreased to 88.3 ± 7.57 mm Hg and settled 

at 89.65 ± 7.96 mm Hg after the final positioning. The change in MAP from T0 to T1 (~7%) was 

statistically significant but overall changes were less than 10 %. The percentage change from 

baseline (T0 to T2) was~ 5.5%, though it was statistically significant. 
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2) Ventilatory parameters (Tidal volume, Peak airway pressure, Respiratory rate, EtCO2) 
in Supine group is shown in table 6 

Table 6 shows the Ventilatory parameters at different time intervals in Supine group 

         

*Paired t-test, NS-Not significant. P<0.05 is Significant. 

The baseline tidal volume in the supine group was 459.8 ± 58.9 ml, and was maintained the same 

till T2. The baseline airway pressure was 19.5 ± 1.8 cm H2O after induction which became 21.2 

± 2.2 mmHg after final positioning in Group S. Though this change in airway pressure was 

statistically significant, the percentage change was 9 ± 4.8 %. The baseline respiratory rate at T1 

was 12.2 ± 0.9 per minute which again was maintained same at time point T2. The baseline EtCO2 

was 34.4 ± 0.8 mmHg after induction which was remained same to 34.4 ± 0.8 mmHg after final 

positioning in Group S. 

 

 

 

 

 

 

 T1 T2 p-value* 
Tidal Volume (ml) 

(Mean±SD) 

459.8 ± 58.9 
 

459.8 ± 58.9 
 

 
NS 

Airway Pressure (cmH2O) 
(Mean±SD) 19.5 ± 1.8 21.2 ± 2.2 p<0.01 

Respiratory Rate (per minute) 
(Mean±SD) 12.2 ± 0.9 12.2 ± 0.9  

NS 
EtCO2 (mmHg) 

(Mean±SD) 

34.4 ± 0.8 
 

34.4 ± 0.8 
 

 
NS 
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3) Cerebral Oxygenation data with NIRS. 

Cerebral oxygenation data with NIRS is shown in table 7. 

Table 7 shows the changes in NIRS (L) & NIRS (R) at different time intervals in Supine group 
 
 

T0 T1 T2 (T0 -T1) (T1-T2) (T0-T2) 

   

% 
Change 

p- 
value 

% 
Change 

p- 
value 

% 
Change 

p- 
value 

NIRS (L) 
(Mean±SD) 

67.6 ± 
7.43 

 

68.2 ± 
5.53 

 
68.35 ± 5.83 

 
0.89 

 
1.000 

 
0.22 

 
1.000 

 
1.11 

 
1.000 

 
NIRS (R) 
(Mean±SD) 69.9 ± 5.7 

 

70.05 ± 
4.88 

 
70.7 ± 5.55 

 
0.21 

 
1.000 

 
0.92 

 
1.000 

 
1.14 

 
1.000 

 

Repeated measure ANOVA. P<0.05 is Significant. 

The baseline NIRS on the left side was 67.6 ± 7.43 in group S before induction of anesthesia which 

minimally increased to 68.2 ± 5.53 after induction and 68.35 ± 5.83 after the final positioning. The 

baseline NIRS on the right side was 69.9 ± 5.7 in group S before induction of anesthesia which 

minimally increased to 70.05 ± 4.88 after induction and 70.7 ± 5.55 after the final positioning. All 

the NIRS (L and R) changes in supine group were statistically insignificant. 

4) Cerebral Blood Flow Data with TCD. 

Cerebral Blood Flow Data (Mean flow velocity of MCA & ACA) with TCD is shown in table 8 
& 9. 

Table 8 showing the changes in MCA MFV (L) & ACA MFV (L) at different time intervals in 
Supine group 

 
 

T0 T1 T2 (T0 -T1) (T1-T2) (T0-T2) 

   

% 
Change 

p- 
value 

% 
Change 

p- 
value 

% 
Change 

p- 
value 

MCA (L) 
MFV 

(cm/sec) 
(Mean±SD) 

45.35 ± 
16.31 

 

35.82 ± 
11.81 

 

30.83 ± 
10.95 

 
-21.01 

 
0.016 

 
-13.94 

 
0.135 

 
-32.03 

 
0.006 

 
ACA (L) 

MFV 
(cm/sec) 

(Mean±SD) 

35.25 ± 
9.82 

 

31.64 ± 
17.48 

 

28.17 ± 
8.75 

 
-10.24 

 
1.000 

 
-10.98 

 
1.000 

 
-20.10 

 
0.067 

 

Repeated measure ANOVA. P<0.05 is Significant. 
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The baseline MCA MFV on left side was 45.35 ± 16.31 cm/sec, which decreased significantly to 

35.82 ± 11.81 cm/sec. The decrease was to the tune of 21 %. And it was statistically significant as 

well (p -value 0.016). After final positioning the MCA MFV further decreased to 30.83 ± 10.95 

cm/sec. This decrease was ~14 % from T1 but was not statistically significant. When considering 

the change from baseline to T2, it was nearly 32% decrease, and statistically significant as well (p 

-value 0.006). 

The baseline ACA MFV on left side was 35.25 ± 9.82 cm/sec, which decreased significantly to 

31.64 ± 17.48 cm/sec. The decrease seen was around 10.24 %, and it was not statistically 

significant. After final positioning the ACA MFV further decreased to 28.17 ± 8.75 cm/sec. This 

decrease was ~11 % from T1 and was also not statistically significant. When comparing from 

baseline, the change to T2 was nearly 20% decrease. 

Table 9 showing the changes in MCA MFV (R) & ACA MFV (R) at different time intervals in 
Supine group 

 
 

T0 T1 T2 (T0 -T1) (T1-T2) (T0-T2) 

   

% 
Change 

p- 
value 

% 
Change 

p- 
value 

% 
Change 

p- 
value 

MCA (R) 
MFV 

(cm/sec) 
(Mean±SD) 

42.6 ± 
10.98 

 

37.2 ± 
14.21 

 

30.19 ± 
11.47 

 
-12.67 

 
0.365 

 
-18.84 

 
0.061 

 
-29.12 

 
0.001 

 
ACA (R) 

MFV 
(cm/sec) 

(Mean±SD) 

36.05 ± 
10.62 

 

31.91 ± 
13.62 

 

28.12 ± 
12.48 

 
-18.70 

 
0.025 

 
-8.17 

 
1.000 

 
-25.34 

 
0.018 

 

Repeated measure ANOVA. P<0.05 is Significant. 

The baseline MCA MFV on the right side was 42.6 ± 10.98 cm/sec, which decreased to 37.2 ± 

14.21 cm/sec. The decrease was to the tune of 12.67 %, but it was not statistically significant. After 

final positioning the MCA MFV further decreased to 30.19 ± 11.47 cm/sec. This decrease was 

18.84 % from T1 but was not statistically significant. When considering the change from baseline 

(T0) to T2, it was nearly 29% decrease, which was statistically significant (p-0.001).  
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The baseline ACA MFV on right side was 36.05 ± 10.62 cm/sec, which decreased significantly to 

31.91 ± 13.62 cm/sec. The decrease seen was around 18.7 %, and it was statistically significant 

(p-value 0.025). After final positioning the ACA MFV further decreased to 28.12 ± 12.48 cm/sec. 

This decrease was nearly 8.17 % from T1 and was not statistically significant. When comparing 

from baseline, the change to T2 was nearly 25% decrease, which was statistically significant (p-

0.018).  

4) Changes in Prone Group ( Group P) 

1) Hemodynamic parameters (Heart rate, Mean arterial pressure) in prone group is shown in table 
10.  

Table 10 shows the changes in Heart Rate & MAP at different time intervals in Prone group 
 

 
 

T0 T1 T2 (T0 -T1) (T1-T2) (T0-T2) 

   % 
Change 

p- 
value 

% 
Change 

p- 
value 

% 
Change 

p- 
value 

Heart rate 
(beats,min) 
(Mean±SD) 

 
73.8 ± 9.85 

 

79.1 ± 
10.36 

 
77.6 ± 8.79 

 
7.18 

 
p<0.01 

 
-1.90 

 
0.502 

 
5.15 

 
0.005 

 
MAP 

(mmHg) 
(Mean±SD) 

 

92.05 ± 
5.16 

 
86.8 ± 5.55 

 

86.85 ± 
4.17 
 

-5.70 
 

p<0.01 
 

0.06 
 

1.000 
 

-5.65 
 

p<0.01 
 

Repeated measure ANOVA. P<0.05 is Significant. 

In Group P, the mean baseline heart rate was 73.8 ± 9.85 per minute which increased to 79.1 ± 

10.36 per minute after induction of anesthesia and decreased slightly to 77.6 ± 8.79 per minute 

after the final positioning. The change in heart rate from T0 to T1 was statistically significant 

(p<0.01) though the changes were less than 10 %. Percentage changes from T1 to T2 (1.9 % 

change) was not statistically significant. The percentage change from T0 to T2 was ~5 % and 

statistically significant (p-0.005). 

The MAP at baseline was 92.05 ± 5.16 mm Hg, which decreased to 86.8 ± 5.55 mm Hg and settled 

at 86.85 ± 4.17 mm Hg after the final positioning. The change in MAP from T0 to T1 (5.7%) was 
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statistically significant (p<0.01) and T1 to T2 (0.06 %) was not statistically significant. The 

percentage change from T0 to T2 was 5.65 % and statistically significant (p<0.01). 

2) Ventilatory parameters (Tidal volume, Peak airway pressure, Respiratory rate, EtCO2) 
in prone group is shown in table 11. 

 Table 11 shows the Ventilatory parameters at different time intervals in Prone group 

 

   

 

 

 

 

 

*Paired t-test, NS-Not significant. 

The baseline tidal volume in the prone group was 438.5 ± 42.8 ml, and was maintained the same 

till time point T2. The baseline airway pressure was 19.3 ± 1.5 cm H2O after induction which 

became 21.2 ± 2.2 mmHg after final positioning in Group P. Though this change in airway pressure 

was statistically significant, the percentage change was 13 ± 7.3 %. The baseline respiratory rate 

at T1 was 12 per minute which again was maintained same at time point T2. The baseline EtCO2 

was 34.4 ± 0.7 mmHg after induction which remained same to 34.4 ± 0.7 mmHg after final 

positioning in Group P. 

 

 

 

 

 T1 T2 p-value* 

Tidal Volume (ml) 

(Mean±SD) 
438.5 ± 42.8 

 
438.5 ± 42.8 

 

 
NS 

 Airway Pressure (cmH2O) 
(Mean±SD) 19.3 ± 1.5 21.2 ± 2.2 p<0.01 

Respiratory Rate (per minute) 
(Mean±SD) 12 ± 0 

 
12 ± 0 

 

 
NS 

 
ETCO2 (mmHg)  

(Mean±SD) 
34.4 ± 0.7 

 
34.4 ± 0.7 

 

 
NS 
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3) Cerebral Oxygenation data with NIRS. 

Cerebral Oxygenation data with NIRS is shown in table 12. 

Table 12 shows the changes in NIRS (L) & NIRS (R) at different time intervals in Prone group 
 

 
 

T0 T1 T2 (T0 -T1) (T1-T2) (T0-T2) 

   
% 

Change 
p- 

value 
% 

Change 
p- 

value 
% 

Change 
p- 

value 
NIRS (L) 

(Mean±SD) 
67.8 ± 
6.58 

 

66.85 ± 
5.21 

 
64.65 ± 6.03 

 -1.40 1.000 -3.29 0.190 -4.65 0.076 
NIRS (R) 

(Mean±SD) 
67.9 ± 
5.69 

 

65.5 ± 
5.86 

 
65.4 ± 5.61 

 -3.53 0.162 -0.15 1.000 -3.68 0.291 

Repeated measure ANOVA. P<0.05 is Significant. 

The baseline NIRS on the left side was 67.8 ± 6.58 in group S before induction of anesthesia which 

minimally decreased to 66.85 ± 5.21 after induction and further dropped to 64.65 ± 6.03 after the 

final positioning. The baseline NIRS on the right side was 67.9 ± 5.69 in group S before induction 

of anesthesia which minimally increased to 65.5 ± 5.86 after induction and 65.4 ± 5.61 after the 

final positioning. All the NIRS (L and R) changes in prone group were statistically insignificant. 

4) Cerebral Blood Flow Data with TCD. 

Cerebral Blood Flow Data (Mean flow velocity of MCA & ACA) with TCD is shown in table 13 
& 14. 

Table 13 showing the changes in MCA MFV (L) & ACA MFV (L) at different time intervals in 
prone group 

 
 

T0 T1 T2 (T0 -T1) (T1-T2) (T0-T2) 

   

% 
Change 

p- 
value 

% 
Change 

p- 
value 

% 
Change 

p- 
value 

MCA (L) 
MFV 

(cm/sec) 
(Mean±SD) 

40.87 ± 
12.04 

 

32.54 ± 
11.37 

 

25.71 ± 
9.93 

 
-20.38 

 
0.009 

 
-20.98 

 
0.046 

 
-37.09 

 
p<0.01 

 
ACA (L) 

MFV 
(cm/sec) 

(Mean±SD) 

36.05 ± 
10.62 

 

31.91 ± 
13.62 

 

28.12 ± 
12.48 

 
-11.48 

 
0.804 

 
-11.89 

 
0.986 

 
-22.01 

 
0.025 

 

Repeated measure ANOVA. P<0.05 is Significant. 
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The baseline MCA MFV on left side was 40.87 ± 12.04 cm/sec, which decreased significantly to 

32.54 ± 11.37 cm/sec. The decrease was to the tune of 20.3 % and it was statistically significant 

as well (p -value 0.009). After final positioning the MCA MFV further decreased to 25.71 ± 9.93 

cm/sec. This decrease was ~21 % from T1 and was statistically significant (p-value 0.046). When 

considering the change from baseline to T2, it was nearly 37.09 % decrease which was statistically 

significant (p<0.01). 

The baseline ACA MFV on left side was 36.05 ± 10.62 cm/sec, which decreased significantly to 

31.91 ± 13.62 cm/sec. The decrease seen was around 11.48 %, and it was not statistically 

significant. After final positioning the ACA MFV further decreased to 28.12 ± 12.48 cm/sec. This 

decrease was 11.8 % from T1 and was also statistically insignificant. When comparing from 

baseline, the change to T2 was nearly 22% decrease which was statistically significant (p-0.025). 

Table 14 showing the changes in MCA MFV (R) & ACA MFV (R) at different time intervals in 
prone group 

 
 

T0 T1 T2 (T0 -T1) (T1-T2) (T0-T2) 

   

% 
Change 

p- 
value 

% 
Change 

p- 
value 

% 
Change 

p- 
value 

MCA (R) 
MFV 

(cm/sec) 
(Mean±SD) 

40.87 ± 
11.31 

 

35.27 ± 
8.89 

 
24.9 ± 8.37 

 
-13.70 

 
0.052 

 
-29.41 

 
0.001 

 
-39.08 

 
p<0.01 

 
ACA (R) 

MFV 
(cm/sec) 

(Mean±SD) 

40.09 ± 
15.11 

 

29.99 ± 
10.42 

 

24.13 ± 
7.12 

 
-25.19 

 
0.015 

 
-19.54 

 
0.083 

 
-39.81 

 
<0.001 

 

Repeated measure ANOVA. P<0.05 is Significant. 

The baseline MCA MFV on the right side was 40.87 ± 11.31 cm/sec, which decreased to 35.27 ± 

8.89 cm/sec. The decrease was around 13.7 %, but it was not statistically significant. After final 

positioning the MCA (R) MFV further decreased to 24.9 ± 8.37 cm/sec. This decrease was 29.41 

% from T1 and was statistically significant (p-value 0.001). When considering the change from 

baseline to T2, it was nearly 39% decrease, and statistically significant (p-value <0.01). 

The baseline ACA MFV on right side was 40.09 ± 15.11 cm/sec, which decreased significantly to 

29.99 ± 10.42 cm/sec. The decrease seen was around 25 %, and it was statistically significant (p-



 

 53 

value 0.015). After final positioning the ACA MFV further decreased to 24.13 ± 7.12 cm/sec. This 

decrease was nearly 19.5 % from T1. When comparing from baseline, the change to T2 was nearly 

39% decrease and statistically significant (p<0.001). 

5) Changes in Lateral/Park Bench Group ( Group L) 

1) Hemodynamic parameters (Heart rate, Mean arterial pressure) in Lateral/Park bench 
group is shown in table 15.  

Table 15 shows the changes in Heart Rate & MAP at different time intervals in Group L 
 

 
 

T0 T1 T2 (T0 -T1) (T1-T2) (T0-T2) 

   % 
Change 

p- 
value 

% 
Change 

p- 
value 

% 
Change 

p- 
value 

Heart rate 
(beats/min) 
(Mean±SD) 

 

71.95 ± 
8.77 

 

77.35 ± 
9.04 

 
76.6 ± 7.89 

 
7.51 

 
p<0.01 

 
-0.97 

 
1.000 

 
6.46 

 
p<0.01 

 
MAP 

(mmHg) 
(Mean±SD) 

 

90.7 ± 
9.89 

 

86.55 ± 
8.95 

 

88.35 ± 
8.07 
 

-4.58 
 

0.004 
 

2.08 
 

0.358 
 

-2.59 
 

0.508 
 

Repeated measure ANOVA. P<0.05 is Significant. 

In Group L, the mean baseline heart rate was 71.95 ± 8.77 per minute which increased to 77.35 ± 

9.04 per minute after induction of anesthesia and decreased slightly to 76.6 ± 7.89 per minute after 

the final positioning. The percentage change in heart rate from T0 to T1 was statistically significant 

(p-value <0.01) though T1 to T2 was statistically insignificant. When comparing from baseline, 

the change from T1 to T2 was nearly 6.46 % decrease and statistically significant (p<0.01). 

The MAP at baseline was 90.7 ± 9.89 mm Hg, which decreased to 86.55 ± 8.95 mm Hg and settled 

at 88.35 ± 8.07 mm Hg after the final positioning. The change in MAP from T0 to T1 (-4.5%) was 

found to be statistically significant (p-0.004) but T1 to T2 (2.08 %) was not statistically significant. 

When comparing from baseline, the change from T1 to T2 was nearly 2.59 % decrease and was 

not statistically significant. 
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2) Ventilatory parameters (Tidal volume, Peak airway pressure, Respiratory rate, EtCO2) 
in Lateral/Park bench are shown in table 16. 

Table 16 shows the Ventilatory parameters at different time intervals in Group L 

*Paired t-test, NS-Not significant. P<0.05 is Significant. 

The baseline tidal volume in the prone group was 438.5 ± 42.8 ml, and was maintained the same 

till time point T2. The baseline airway pressure was 19.4 ± 1.7 cm H2O after induction which 

became 21.4 ± 2.2 mmHg after final positioning in Group L. This change in airway pressure was 

statistically significant (p<0.01), and the percentage change was 10 ± 4%. The baseline respiratory 

rate at T1 was 12 per minute which was maintained same at time point T2. The baseline EtCO2 

was 34.1 ± 0.8 mmHg after induction which remained same to 34.1 ± 0.8 mmHg after final 

positioning in Group L. 

2) Cerebral Oxygenation data with NIRS. 

Cerebral Oxygenation data with NIRS is shown in table 17. 

Table 17 shows the changes in NIRS (L) & NIRS (R) at different time intervals in Group L 
 

 
 

T0 T1 T2 (T0 -T1) (T1-T2) (T0-T2) 

   

% 
Change 

p- 
value 

% 
Change 

p- 
value 

% 
Change 

p- 
value 

NIRS (L) 
(Mean±SD) 

66.3 ± 
6.41 

66.15 ± 
5.63 66.3 ± 6.25 -0.23 1.000 0.23 1.000 0.00 1.000 

NIRS (R) 
(Mean±SD) 

66.8 ± 
4.62 

65.2 ± 
5.85 64.2 ± 6.09 -2.40 0.658 -1.53 1.000 -3.89 0.341 

Repeated measure ANOVA. P<0.05 is Significant. 

 T1 T2 p-value* 

Tidal Volume (ml) 

(Mean±SD) 
433.8 ± 43.8 

 
433.8 ± 43.8 

 

 
NS 

 Airway Pressure (cmH20) 
(Mean±SD) 19.4 ± 1.7 21.4 ± 2.2 p<0.01 

Respiratory Rate (per minute) 
(Mean±SD) 12 ± 0 12 ± 0 

 
NS 

ETCO2 (mmHg) 

(Mean±SD) 
34.1 ± 0.8 

 
34.1 ± 0.8 

 

 
NS 
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The baseline NIRS on the left side was 66.3 ± 6.41 in group S before induction of anesthesia which 

was nearly same to 66.15 ± 5.63 after induction and remained nearly same to 66.3 ± 6.25 after the 

final positioning. The baseline NIRS on the right side was 66.8 ± 4.62 in group S before induction 

of anesthesia which minimally decreased to 65.2 ± 5.85 after induction and 64.2 ± 6.09 after the 

final positioning. The changes in NIRS were statistically insignificant. 

3) Cerebral Blood Flow Data with TCD. 

Cerebral Blood Flow Data (Mean flow velocity of MCA & ACA) with TCD is shown in table 18 
& 19. 

Table 18 showing the changes in MCA MFV (L) & ACA MFV (L) at different time intervals in 
Group L 

 
 

T0 T1 T2 (T0 -T1) (T1-T2) (T0-T2) 

   

% 
Change 

p- 
value 

% 
Change 

p- 
value 

% 
Change 

p- 
value 

MCA (L) 
MFV 

((cm/sec)) 
(Mean±SD) 

44.23 ± 
12.99 

 

36.24 ± 
11.46 

 

31.09 ± 
12.6 

 
-18.06 

 
0.067 

 
-14.21 

 
0.279 

 
-29.71 

 
0.002 

 
ACA (L) 

MFV 
((cm/sec)) 
(Mean±SD) 

34.72 ± 
9.37 

 

32.16 ± 
10.48 

 

27.17 ± 
9.09 

 
-7.37 

 
0.889 

 
-15.52 

 
0.131 

 
-21.75 

 
0.012 

 

Repeated measure ANOVA. P<0.05 is Significant. 

The baseline MCA MFV on left side was 44.23 ± 12.99 cm/sec, which decreased significantly to 

36.24 ± 11.46 cm/sec. The decrease was in the range of 18.06 %, but it was statistically 

insignificant. After final positioning the MCA MFV further decreased to 31.09 ± 12.6 cm/sec. This 

decrease was 14.2 % from T1 and was again statistically not significant. When considering the 

change from baseline T0 to T2, it was nearly 29.71 % decrease, which was statistically significant 

(p-0.012). 

The baseline ACA MFV on left side was 34.72 ± 9.37 cm/sec, which decreased to 32.16 ± 10.48 

cm/sec. The decrease seen was around 7.37 %, and it was not statistically significant. After final 

positioning the ACA MFV further decreased to 27.17 ± 9.09 cm/sec. This decrease was 15.52 % 

from T1 and was also statistically insignificant. When comparing from baseline T0 to T2, the 

change was 21.7% decrease which was statistically significant (p-0.012). 
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Table 19 showing the changes in MCA MFV (R) & ACA MFV (R) at different time intervals in 
Group L 

 
 

T0 T1 T2 (T0 -T1) (T1-T2) (T0-T2) 

   

% 
Change 

p- 
value 

% 
Change 

p- 
value 

% 
Change 

p- 
value 

MCA (R) 
MFV 

((cm/sec)) 
(Mean±SD) 

38.61 ± 
10.24 

 

35.69 ± 
11.86 

 
27.3 ± 8.12 

 
-7.55 

 
0.991 

 
-23.52 

 
0.005 

 
-29.30 

 
0.001 

 
ACA (R) 

MFV 
((cm/sec)) 
(Mean±SD) 

37.4 ± 
10.19 

 

32.47 ± 
12.21 

 

28.19 ± 
14.62 

 
-13.18 

 
0.299 

 
-13.18 

 
0.528 

 
-24.63 

 
0.038 

 

Repeated measure ANOVA. P<0.05 is Significant. 

The baseline MCA MFV on right side was 38.61 ± 10.24 cm/sec, which decreased to 35.69 ± 

11.86 cm/sec. The decrease was around 7.5 %, and it was not statistically significant. After final 

positioning the MCA MFV further decreased to 27.3 ± 8.12 cm/sec. This decrease was nearly 23.5 

% from T1 and was statistically significant (p-0.005). When considering the change from baseline 

T0 to T2, it was nearly 29.3 % decrease, and was statistically significant (p-0.001)  

The baseline ACA MFV on right side was 37.4 ± 10.19 cm/sec, which decreased to 32.47 ± 12.21 

cm/sec. The decrease seen was around 13.18 %, and it was not statistically significant. After final 

positioning, the ACA MFV further decreased to 28.19 ± 14.62 cm/sec. This decrease was 13.18 % 

from T1 and was also not statistically significant. When compared to baseline T0, the change to 

T2 was nearly 246% decrease, which was statistically significant (0.038). 

3) Correlation of the percentage changes from T0 (baseline) to T1 (after induction)  in 
NIRS with percentage changes in Heart rate & MAP 

Table 20 showing the correlation of the percentage changes from T0 (baseline) to T1 (after 
induction) in NIRS (L) with percentage changes in heart rate & MAP  

 Supine Prone Lateral 
r p r p r p 

Heart Rate -0.089 0.710 0.109 0.648 0.31 0.184 
MAP -0.3 0.199 0.069 0.772 -0.095 0.690 

The correlation data of NIRS (L) with heart rate and MAP for all 3 groups shows there is no 

correlation between NIRS (L) with heart rate and MAP from T0 to T1.  
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Table 21 showing the correlation of the percentage changes from T0 (baseline) to T1 (after 
induction) in NIRS (R) with percentage changes in heart rate & MAP  

 Supine Prone Lateral 
r p r p r p 

Heart Rate 0.023 0.922 0.335 0.149 0.06 0.802 
MAP -0.395 0.085 0.381 0.098 -0.053 0.824 

The correlation data of NIRS (L) with heart rate and MAP for all 3 groups shows there is no 

correlation between NIRS (L) with heart rate and MAP from T0 to T1.  

Thus, at T0 to T1, NIRS values on both sides were not found to have any correlation with heart 

rate and MAP. 

4) Correlation of the percentage changes from T1 (after induction) to T2 (after positioning) 
in NIRS with percentage changes in Heart rate & MAP 

Table 22 showing the correlation of the percentage changes from T1 (after induction) to T2 (after 
positioning) in NIRS (L) with percentage changes in heart rate & MAP 

 Supine Prone Lateral 
r p r p r p 

Heart Rate -0.12 0.613 0.039 0.870 -0.013 0.957 
MAP 0.531* 0.016 0.22 0.352 0.273 0.245 

The correlation data of NIRS (L) with heart rate and MAP from T1 to T2 shows that the correlation 

coefficient of MAP (in Group S) is 0.531 with a significant p-value, which implies moderately 

positive correlation. The same can be appreciate from the scatter plot of NIRS (L) with MAP in 

Figure 6. Except this none of the groups demonstrated any significant correlation from T1 to T2 

with heart rate and MAP. 
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Figure 16: Scatter diagram for correlation of the percentage changes from T1 (after induction) to 
T2 (after positioning) in NIRS (L) with percentage changes in Heart rate & MAP 

 

Table 23 showing the correlation of the percentage changes from T1 (after induction) to T2 (after 
positioning) in NIRS (R) with percentage changes in Heart rate & MAP 

 Supine Prone Lateral 
r p r p r p 

Heart Rate 0.055 0.818 0.274 0.243 -0.048 0.841 
MAP 0.366 0.113 0.178 0.453 0.021 0.931 

The correlation data of NIRS (R) with heart rate and MAP from T1 to T2 for all 3 groups shows 

no correlation of NIRS (R) with heart rate and MAP from T1 to T2.  

Thus, at T1 to T2 time point, NIRS (R) values were not found to have any correlation with heart 

rate and MAP, though a moderately positive correlation was seen in NIRS (L) with MAP. No 

correlation was seen with heart rate though. 
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5) Correlation of the percentage changes from T0 (baseline) to T1 (after induction)  in 
MCA  and ACA with percentage changes in Heart rate & MAP 

Table 24 showing the correlation of the percentage changes from T0 (baseline) to T1 (after 
induction) in MCA and ACA with percentage changes in Heart rate. 

 

 Supine Prone Lateral 
r P r p r p 

MCA(L) Mean flow velocity -0.209 0.376 0.027 0.909 0.385 0.094 
MCA(R) Mean flow velocity -0.009 0.970 0.087 0.714 0.294 0.209 
ACA (L) Mean flow velocity -0.011 0.963 0.338 0.145 -0.019 0.935 
ACA(R) Mean flow velocity 0.042 0.860 -0.265 0.259 0.247 0.293 

The correlation data of MCA and ACA mean flow velocity with heart rate and MAP for all 3 

groups shows there is no correlation of MCA and ACA mean flow velocity with heart rate from 

T0 to T1. Thus, at T0 to T1, MCA and ACA MFV on both sides were not found to have any 

correlation with heart rate. 

Table 25 showing the correlation of the percentage changes from T0 (baseline) to T1 (after 
induction) in MCA and ACA with percentage changes in MAP. 

 Supine Prone Lateral 
r p r p r p 

MCA(L) Mean flow velocity 0.268 0.253 0.11 0.643 0.221 0.350 
MCA(R) Mean flow velocity 0.207 0.380 -0.13 0.584 0.079 0.741 
ACA (L) Mean flow velocity -0.067 0.780 0.526* 0.017 -0.038 0.873 
ACA(R) Mean flow velocity -0.043 0.857 -0.213 0.368 -0.191 0.420 

The correlation data of MCA and ACA MFV with MAP for all 3 groups is shown above. There is 

a moderately positive correlation of ACA (L) mean flow velocity with MAP (in Group P) from T0 

to T1 (r=0.526) (p-0.017). None of the other groups demonstrated any correlation with MAP from 

T0 to T1. 
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Figure 17: Scatter diagram for correlation of the percentage changes from T0 (baseline) to T1 
(after induction) in ACA (L) MFV with percentage changes in MAP. 

5) Correlation of the percentage changes from T1 (after induction) to T2 (after positioning) 
in MCA  and ACA with percentage changes in Heart rate & MAP 

Table 26 showing the correlation of the percentage changes from T1 (after induction) to T2 (after 
positioning) in MCA and ACA with percentage changes in Heart rate. 

 

 Supine Prone Lateral 
r p r p r p 

MCA(L) Mean flow velocity -0.116 0.627 0.142 0.550 0.019 0.936 
MCA(R) Mean flow velocity 0.08 0.737 -0.153 0.521 0.029 0.903 
ACA (L) Mean flow velocity 0.093 0.695 -0.043 0.857 0.054 0.822 
ACA(R) Mean flow velocity 0.009 0.969 -0.087 0.714 0.011 0.963 

From T1 to T2, there is no correlation of MCA and ACA mean flow velocity with heart rate. Thus, 

from T1 to T2, the changes occurring in MFV of MCA and ACA were independent of the changes 

in HR. 
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Table 27 showing the correlation of the percentage changes from T1 (after induction) to T2 (after 
positioning) in MCA and ACA with percentage changes in MAP. 

 Supine Prone Lateral 
r p r p r p 

MCA(L) Mean flow velocity -0.287 0.219 0.245 0.298 -0.017 0.945 
MCA(R) Mean flow velocity 0.015 0.951 0.065 0.786 0.178 0.452 
ACA (L) Mean flow velocity -0.292 0.211 0.173 0.466 -0.104 0.663 
ACA(R) Mean flow velocity 0.47* 0.036 -0.074 0.756 -0.094 0.695 

The correlation data of MCA and ACA MFV with MAP for all 3 groups is shown above. There is 

a weakly positive correlation of ACA (R) mean flow velocity with MAP (in Group S) from T1 to 

T2 (r=0.47, p-0.036). None of the other groups demonstrated any correlation with MAP from T1 

to T2. 

 

 

Figure 18: Scatter diagram for correlation of the percentage changes from T1 (after induction) to 
T2 (post positioning) in ACA (R) MFV with percentage changes in MAP. 
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4) COMPARISON OF PARAMETERS BETWEEN THE 3 GROUPS 

A. Comparison of Heart Rate between the 3 Groups 

Table 28 shows the changes in Heart Rate between the three study groups at different time 
intervals. 

HEART RATE 

(beats/min)  

Group S (N=20) Group P (N=20) Group L (N=20) p-value 
Mean±SD Mean±SD Mean±SD 

T0 71.3 ± 8.91 73.8±9.85 71.95±8.77 0.673 
T1 

(% change from 
T0) 

76 ± 9.71 
(6.59 ± 3.9) 

79.1±10.36 
(7.18 ± 2.4) 

77.35±9.04 
(7.51 ± 2.6) 

 
0.602 

T2 

(% change from 
T1) 

75.6±7.85 
(-0.53 ± 5.8) 

77.6±8.79 
(-1.93 ± 5.3) 

76.6±7.89 
(-0.98 ± 4.6) 

 
0.743 

Group S= Supine, Group P=Prone, Group L= Lateral, P<0.05 is Significant. Test- Repeated 
measure ANOVA. 

In Group S, the mean baseline heart rate was 71.3 ± 8.91 per minute which increased to 76 ± 9.71 

per minute after induction and to 75.6±7.85 per minute after the final surgical positioning. In Group 

P, the mean baseline heart rate was found to be 73.8±9.85/minute which increased to 79.1±10.36 

per minute after anesthesia and to 77.6± 8.79/minute after prone positioning. In Group L, the mean 

baseline heart rate was found to be 72±8.8/minute which increased to 77.6±8.8/minute after 

anesthesia and to 76.6±7.9/minute after final positioning. The changes in heart rate were not 

statistically significant between the time periods recorded and were comparable between the three 

groups.  
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B. Comparison of Mean Arterial Pressure between the 3 Groups 

Table 29 shows the changes in Mean arterial Pressure (MAP) between the three study groups at 
different time intervals 

Mean arterial 
pressure  

(mmHg)  

Group S (N=20) Group P (N=20) Group L (N=20) p-value 
Mean±SD Mean±SD Mean±SD 

T0 94.85 ± 8.39 92.05 ± 5.16 90.7 ± 9.89 0.087 
T1 

(% change from 
T0) 

88.3 ± 7.57  
(-6.91 ± 1.6) 

86.8 ± 5.55  
(-5.7 ± 3.5) 86.55 ± 8.95  

(-4.58 ± 5.8) 

0.728 

T2 

(% change from 
T1) 

89.65 ± 7.96  
(1.51 ± 5.5) 

86.85 ± 4.17  
(0.06 ± 4.3) 88.35 ± 8.07  

(2.04 ± 6.2) 

0.451 

Group S= Supine, Group P= Prone, Group L= Lateral, P<0.05 is Significant. Test- Repeated 
measure ANOVA. 

The MAP in group S before induction was 94.85 ± 8.39 mmHg before induction which became 

88.3 ± 7.57 mmHg after anesthesia and 89.65 ± 7.96 mmHg after final positioning. The maximum 

percentage change was only -6.9±1.6 %. The group P had a baseline MAP of 92.05 ± 5.16 mmHg 

which had become 86.8 ± 5.55 mmHg after induction, but the percentage change being -5.7±3.5 

%. The baseline MAP in Group L was 90.7 ± 9.89 mmHg which decreased to 86.55 ± 8.95 mmHg 

after induction and finally settled to a MAP of 88.35±8.07 mmHg, the maximum percentage 

change being -4.58±5.8 %, which was within the maximum allowable change of 10% from the 

baseline values. The MAP characteristics at T0, T1 and T2 time points were comparable between 

the groups and statistically not significant.  
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Fig 19. Comparison of MAP in three groups at different time intervals  
 
 

C. Comparison of EtCO2 and Peak Airway Pressure between the 3 Groups 

Table 30 shows the Capnography (EtCO2) between the three study groups at different time 
intervals. 

ETCO2 

(mmHg)  

Group S (N=20) Group P (N=20) Group L (N=20) p-value 
Mean±SD Mean±SD Mean±SD 

T1 34.4 ± 0.8 34.4 ± 0.7 34.1 ± 0.8 0.332 
T2 34.4 ± 0.8 34.4 ± 0.7 34.1 ± 0.8 0.332 

P<0.05 is Significant. Test- Repeated measure ANOVA. Group S= Supine, Group P= Prone, 
Group L= Lateral. 

The baseline EtCO2 was 34.4 ± 0.8 mmHg after induction which was maintained to 34.4 ± 0.8 

mmHg after final positioning in Group S. The EtCO2 in group P was 34.4 ± 0.7 mmHg which was 

maintained even after prone positioning. Similarly, in Group L, the baseline EtCO2 was 34.1 ± 0.8 

mmHg which had not changed at T2 time point. The EtCO2 values between the three groups were 

found to be statistically insignificant. 
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Table 31 shows the Peak airway pressure between the three study groups at different time 
intervals. 

Peak Airway 
Pressure  

(cm H2O)  

Group S (N=20) Group P (N=20) Group L (N=20) p-value# 
Mean±SD Mean±SD Mean±SD 

T1 19.5 ± 1.8 19.3 ± 1.5 19.4 ± 1.7 0.924 
T2 21.2 ± 2.2 21.8 ± 2.1 21.4 ± 2.2 0.712 

Group S= Supine, Group P= Prone, Group L= Lateral, P<0.05 is Significant. # ANOVA Test 

The baseline airway pressure was 19.5 ± 1.8 cmH2O after induction which increased to 21.2 ± 2.2 

mmHg after the final surgical position in Group S. In group P, it was 19.3 ± 1.5 cmH2O which 

increased to 21.8 ± 2.1 cmH2O after prone positioning. In Group L, it was 19.4 ± 1.7 cmH2O 

which had also increased to 21.4 ± 2.2 cmH2O at time point T2. The airway pressure between the 

three groups was statistically insignificant.  

D. Comparison of NIRS between the 3 Groups 

Table 32 shows the comparison of NIRS (L) between the three groups at different time intervals. 

NIRS (L) Group S (N=20) Group P (N=20) Group L (N=20) p-value* 
Mean±SD Mean±SD Mean±SD 

T0 67.6 ± 7.4 67.8 ± 6.6 66.3 ± 6.4 0.753 
T1 

(% change from T0) 
68.2 ± 5.5 

(0.89 ± 5.7) 
66.9 ± 5.2 
(-1.4 ± 9.4) 

66.2 ± 5.6 
(0.23 ± 8) 0.487 

T2 

(% change from T1) 
68.4 ± 5.8 

(0.22 ± 6.6) 
64.7 ± 6 

(-3.4 ± 7.2) 
66.3 ± 6.3 

(0.23 ± 6.6) 0.161 

P<0.05 is Significant. Test- Repeated measure ANOVA. Group S= Supine, Group P=Prone, 
Group L= Lateral, 

The baseline NIRS on the left side was 67.6 ± 7.4 in group S before induction of anesthesia which 

minimally increased to 68.2 ± 5.5 after induction and 68.4 ± 5.8 after the final positioning. The 

baseline NIRS on the left side was 67.8 ± 6.6 in group P which decreased to 66.9 ± 5.2 after 

anesthesia and further decreased to 64.7 ± 6 after the final prone positioning. In Group L, the 



 

 66 

baseline NIRS was 66.3 ± 6.4 which had decreased to 66.2 ± 5.6 and had remained almost same 

to 66.3 ± 6.3. The maximum percentage change noted in the NIRS was a decrease of 3.4 % in 

Group P (within maximum allowable change of 10%). The NIRS (Left) was comparable between 

the three groups. 

 

 

Fig 20: Comparison of NIRS (L) in three groups at different time intervals. 

 

Table 33 shows the comparison of NIRS (R) between the three groups at different time intervals. 

 
NIRS (R) Group S (N=20) Group P (N=20) Group L (N=20) p-value# 

Mean±SD Mean±SD Mean±SD 

T0 69.9 ± 5.7 67.9 ± 5.7 66.8 ± 4.6 0.189 
T1 

(% change from T0) 
70.1 ± 4.9 

(0.21 ± 6.5) 
65.5 ± 5.9 

(-3.53 ± 7.9) 
65.2 ± 5.9 
(-2.4 ± 8.2) 0.012 

T2 

(% change from T1) 
70.7 ± 5.5 
(0.92 ± 9) 

65.4 ± 5.6 
(0.15 ± 7.7) 

64.2 ± 6.1 
(-1.56 ± 8.6) 0.002 

P<0.05 is Significant. Test- Repeated measure ANOVA. Group S= Supine, Group P=Prone, 
Group L= Lateral, 
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The baseline NIRS on the right side was 69.9 ± 5.7 in group S before induction of anesthesia which 

minimally increased to 70.1 ± 4.9 after induction and 70.7 ± 5.5 after the final positioning. The 

baseline NIRS on the right side was 67.9 ± 5.7 in group P which decreased to 65.5 ± 5.9 after 

anesthesia and remained nearly stable to 65.4 ± 5.6 after assuming the final prone position. In 

Group L the baseline NIRS value was 66.8 ± 4.6 which had decreased to 65.2 ± 5.9 and had 

dropped further to 64.2 ± 6.1. Though The NIRS (R) was statistically significant among groups at 

T1 and T2 time intervals, the maximum percentage change noted in the NIRS was a decrease of 

3.53 % in Group P. 

 
 

 

Fig 21: Comparison of NIRS (R) in three groups at different time intervals. 
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D. Comparison of Mean Flow Velocity between the 3 Groups 

Table 34 shows the comparison of (L) MCA Mean flow velocity (MFV) between the three groups 
at different time intervals. 

 
MCA MFV (L) 

(cm/sec) 

Group S (N=20) Group P (N=20) Group L (N=20) p-value# 
Mean±SD Mean±SD Mean±SD 

T0 45.4 ± 16.3 40.9 ± 12 44.2 ± 13 0.572 
T1 

(% change from T0) 
35.8 ± 11.8 

(-21.01 ±25.3) 
32.5 ± 11.4 

(-20.38 ± 22.6) 
36.2 ± 11.5 

(-18.06 ± 28.9) 0.543 
T2 

(% change from T1) 
30.8 ± 10.9 

(-16.20 ± 30) 
25.7 ± 9.9 

(-26.55 ± 34.9) 
31.1 ± 12.6 

(-16.56 ± 40.3) 0.240 

P<0.05 is Significant. Test- Repeated measure ANOVA. Group S= Supine, Group P=Prone, 
Group L= Lateral, 

The MCA MFV (L) was comparable between the three groups and was not statistically 

significant. In group S, the baseline MCA MFV (L) was 45.4 ±16.3 cm/sec which reduced to 

35.8±11.8 cm/sec after induction and further reduced to 30.8±10.9 cm/sec after final positioning. 

In group P, the baseline MCA MFV (L) was 40.9 ±12 cm/sec which reduced to 32.8±11.4 cm/sec 

after induction and further reduced to 25.7± 9.9 cm/sec after final positioning. In group L, the 

baseline MCA MFV (L) was 44.2 ±13 cm/sec which reduced to 36.2±11.5 cm/sec after induction 

and further reduced to 31.1±12.6 cm/sec after final positioning. 
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Fig 22: Comparison of MCA(L) Mean flow velocity in three groups at different time intervals 

Table 35 shows the comparison of (R) MCA Mean flow velocity (MFV) between the three groups 
at different time intervals. 

MCA MFV (R) 

(cm/sec) 

Group S (N=20) Group P (N=20) Group L (N=20) p-value# 
Mean±SD Mean±SD Mean±SD 

T0 42.6 ± 11 40.9 ± 11.3 38.6 ± 10.2 0.511 
T1 

(% change from T0) 
37.2 ± 14.2 

(-12.67 ± 39.3) 
35.3 ± 8.9 

(-13.7 ± 25.2) 
35.7 ± 11.9 
(-7.5 ± 38.6) 0.864 

T2 

(% change from T1) 
30.2 ± 11.5 

(-23.21 ±29.9) 
24.9 ± 8.4 

(-41.65 ± 21.7) 
27.3 ± 8.1 

(-30.76 ± 22.5) 0.215 

P<0.05 is Significant. Test- Repeated measure ANOVA. Group S= Supine, Group P=Prone, 
Group L= Lateral, 

In group S, the baseline MCA MFV (R) was 42.6 ± 11 cm/sec which reduced to 37.2 ± 14.2 cm/sec 

after induction and further reduced to 30.2±11.5 cm/sec after final positioning. In group P, the 

baseline MCA MFV (R) was 40.9 ± 11.3 cm/sec which reduced to 35.3 ± 8.9 cm/sec after induction 

and further reduced to 24.9 ± 8.4 cm/sec after final positioning. In group L, the baseline MCA 

MFV (R) was 38.6 ± 10.2 cm/sec which dropped to 35.7 ± 11.9 cm/sec after induction and further 
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reduced to 27.3 ± 8.1 cm/sec after final positioning. The MCA MFV (R) was comparable between 

the three groups and was not statistically significant. 

 

 
 
Fig 23: Comparison of MCA(R) Mean flow velocity in three groups at different time intervals. 

Table 36 shows the comparison of (L) ACA Mean flow velocity (MFV) between the three groups 
at different time intervals. 

ACA MFV (L) 

(cm/sec) 

Group S (N=20) Group P (N=20) Group L (N=20) p-value# 
Mean±SD Mean±SD Mean±SD 

T0 35.3 ± 9.8 36.1 ± 10.6 34.7 ± 9.4 0.913 
T1 

(% change from T0) 
31.6 ± 17.5 

(-10.24 ± 45.4) 
31.9 ± 13.6 

(-11.48 ± 45.4) 
32.2 ± 10.5 

(-7.37 ± 25.2) 0.993 
T2 

(% change from T1) 
28.2 ± 8.7 

(12.34 ± 42.6) 
28.1 ± 12.5 

(-13.5 ± 51.3) 
27.2 ± 9.1 

(-18.37 ± 28.8) 0.941 

P<0.05 is Significant. Test- Repeated measure ANOVA. Group S= Supine, Group P=Prone, 
Group L= Lateral, 

In group S, the baseline ACA MFV (L) was 35.3 ± 9.8 cm/sec which reduced to 31.6 ± 17.5 cm/sec 

after induction and further reduced to 28.2 ± 8.7 cm/sec after final positioning. In group P, the 

baseline ACA MFV (L) was 36.1 ± 10.6 cm/sec which reduced to 31.9 ± 13.6 cm/sec after 

induction and further reduced to 28.1 ± 12.5 cm/sec after final positioning. In group L, the baseline 
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ACA MFV (L) was 34.7 ± 9.4 cm/sec which dropped to 32.2 ± 10.5 cm/sec after induction and 

further reduced to 27.2 ± 9.1 cm/sec after final positioning. The ACA MFV (R) was comparable 

between the three groups and was not statistically significant. 

 
 

 

 
Fig 24: Comparison of ACA (L) Mean flow velocity in three groups at different time intervals. 

Table 37 shows the comparison of (R) ACA Mean flow velocity (MFV) between the three 
groups at different time intervals. 

ACA MFV (R) 

(cm/sec) 

Group S (N=20) Group P (N=20) Group L (N=20) p-value# 
Mean±SD Mean±SD Mean±SD 

T0 36.6 ± 12.5 40.1 ± 15.1 37.4 ± 10.2 0.660 
T1 

(% change from T0) 
29.7 ± 11.4 

(-18.70 ±33.3) 
30 ± 10.4 

(-25.19 ± 28.9) 
32.5 ± 12.2 

(-13.18 ± 33.9) 0.703 
T2 

(% change from T1) 
27.3 ± 14.4 

(-8.90 ± 43.2) 
24.1 ± 7.1 

(-24.29 ± 28.3) 
28.2 ± 14.6 

(-15.2 ± 31.4) 0.564 

P<0.05 is Significant. Test- Repeated measure ANOVA. Group S= Supine, Group P=Prone, 
Group L= Lateral, 
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In group S, the baseline ACA MFV (R) was 36.6 ± 12.5 cm/sec which reduced to 29.7 ± 11.4 

cm/sec after induction and further reduced to 27.3 ± 14.4 cm/sec after final positioning. In group 

P, the baseline ACA MFV (R) was 40.1 ± 15.1 cm/sec which reduced to 30 ± 10.4 

cm/sec after induction and further reduced to 24.1 ± 7.1 cm/sec after final positioning. In group L, 

the baseline ACA MFV (R) was 37.4 ± 10.2 cm/sec which dropped to 32.5 ± 12.2 cm/sec after 

induction and further reduced to 28.2 ± 14.6 cm/sec after final positioning. The ACA MFV (R) 

was comparable between the three groups and was not statistically significant. 

 

 

 
 
Fig 25. Comparison of ACA (R) Mean flow velocity in three groups at different time intervals 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

0.0

5.0

10.0

15.0

20.0

25.0

30.0

35.0

40.0

45.0

T0 T1 T2

M
ea

n 
Va

lu
e

Supine Prone Lateral



 

 73 

 
 
 
 
 
 
 
 
 

 
 

 
 

7.DISCUSSION 
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Discussion 

Neurosurgical procedures necessitates intraoperative positioning of patients as per the location of 

the pathology and the surgical approach. The essential objective of perioperative neurosurgical 

positioning is to give better working conditions during the surgical procedure, providing adequate 

surgical exposure and maintaining cerebral hemodynamics and to keep up with typical body 

arrangement without causing injury. Numerous physical and physiological changes can happen to 

the patient due to surgical positioning. (1) In supine position venous return may be affected by 

head-up or head-down tilt. Head-down positioning may cause increase in venous return to the heart 

but at the expense of causing venous congestion in upper part of the body. Thus, to avoid this 

venous congestion neurosurgery patients are frequently given head-up tilt. Prone position also has 

been associated with perturbations in systemic hemodynamics. Prone position causes increase in 

intraabdominal pressure which leads to reduction in venous return to heart and increases in 

systemic and pulmonary vascular resistance. (58) Lateral position alters the ventilation-perfusion 

relationship in the lungs. The non-dependent lungs are better ventilated than the dependent 

portions of the lungs which are better perfused. This potentiates ventilation-perfusion mismatch in 

lateral position. In lateral position, marked flexion of the legs can lead to reduction in venous 

return. There is paucity of data for the changes in cerebral blood flow velocity and cerebral 

oxygenation during various surgical positioning assumed for neurosurgery under anesthesia. 

Literature search showed the available data on patient positioning is focused on the healthy 

volunteers and awake state. 

Our study is aimed to understand the effects of patient positioning during elective neurosurgery on 

cerebral hemodynamics using TCD and NIRS. We initially hypothesized that positions adopted 
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for various neurosurgical procedures from supine to either lateral or prone positions causes 

significant changes in cerebral oxygenation and cerebral blood flow velocities compared to 

neurosurgical procedures performed in supine posture under anesthesia, as evaluated using NIRS 

and TCD. 

Based on our study results, we found significant changes in the cerebral blood flow velocities and 

cerebral oxygenation in all the 3 neurosurgical positions (supine, prone and lateral), though the 

changes were of higher magnitude in prone and lateral group when compared to supine position. 

Induction of anesthesia can affect the mean CBF. In a study of forty patients who underwent 

faciomaxillary or spinal surgery, induction of anesthesia with either propofol or sevoflurane caused 

decrease in mean flow of MCA velocity. Moreover, higher doses of sevoflurane (2-4%) impaired 

the autoregulation and caused increase in mean flow velocity. (59) We also noted similar decrease 

in the MFV following induction of anesthesia and the concentration of Sevoflurane was less than 

1.8. 

 In another study of patients with supratentorial tumors, the investigators noted a fall in 

MAP of 17% for sevoflurane and 23% for propofol group from baseline after tracheal intubation 

and the mean MCA FV decreased to 21% in sevoflurane and 26% in Propofol group. (60) In our 

study we noted the MAP to decrease by 4-6%  from baseline to T1 in all the groups, but greater 

fall in the mean FV of MCA of 32-36% from T0 to T1 than reported in their study. 

One of the primary goals in neurosurgery is maintenance of CPP. The mean arterial pressure is an 

important factor in assessment of CPP due to the relationship CPP=MAP-ICP. However the 

relationship between the blood pressure and cerebral blood flow is not linear. In a study, Holzer et 
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al studied the effects of Systemic blood flow velocity (SBFv) on Cerebral blood flow velocity 

(CBFv). (61) This was done by calculating the cerebral/systemic blood flow velocity-index (CsvI). 

A CsvI value of 100 indicating a 1 : 1 relationship between CBFv and SBFv. The study showed 

that propofol anaesthesia produced a significantly greater reduction in CsvI than did sevoflurane 

anaesthesia [propofol: 60 (19); sevoflurane: 83 (16), p = 0.009, t-test]. The authors concluded that 

a direct reduction in CBFv occurred independent of SBFv during propofol anaesthesia implying 

lower cerebral metabolic demand with propofol. 

 

B) Changes Observed in Supine Position:  

Supine position is viewed as physiological among all the positions utilized in neurosurgery, 

in light of the fact that the effect of position is least on the cerebral blood flow, cerebral venous 

drainage and ICP. (62) Usually, neurosurgeons place the patients in supine position with mild HOB 

elevated to 15-300 along with the head fixed in Mayfield clamps with the aim to prevent increase 

in the ICP, facilitate CSF and cerebral venous drainage, to provide optimal relaxation of brain, 

minimize blood loss and to provide a clear surgical field. CBF is considered to be minimally 

affected if the above position is employed whereas higher degrees of HOB elevation have shown 

to reduce the CBF due to higher gradient between the heart and brain for forward flow and venous 

return due to collapse of the jugular veins by gravity. (63) In contrast, we found alterations in TCD 

and NIRS values under anesthesia and final position compared to awake state. 

In our study in the supine group,  the NIRS values increased marginally on the both sides from 

baseline from awake state to anesthesia, but negligible change in final position. The maximum 
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percentage change was seen from T1 to T2 time point in both left (1.11%) & right (1.14 %) side 

NIRS. Similar increase in NIRS was also seen in study by Iwasaki et al. (22) The authors found 

significant increase in oxyhemoglobin concentration with sevoflurane. Lovell et al., reported a 

similar increase in both oxygenated hemoglobin and total hemoglobin concentration with propofol. 

(64) 

Effect of positioning on cerebral oxygenation has been studied by Kurihara et al. (65) The 

authors studied the effects of postural changes on cerebral oxygenation by spatially resolved 

spectroscopy (SRS)-NIRS. Cerebral oxyhemoglobin (O2Hb), deoxyhemoglobin (HHb), and the 

TOI were recorded bilaterally from forehead in 5 healthy male volunteers during 90° head-up tilt 

(HUT) and 6° head-down tilt (HDT). 3 series of data were recorded on separate days.  The authors 

found that during HUT, O2Hb value was found to decrease. TOI was also found to be significantly 

reduced in HUT when compared with the supine position. In contrast to this, no significant change 

was noted in TOI with HDT. Though this study was done in awake patients, nonetheless it gives 

insight into effect of position on cerebral oxygenation. 

Arjen Mol et al. performed a study on 15 healthy young adults using NIRS and evaluated 

cerebral oxygenated hemoglobin (O2Hb), deoxygenated hemoglobin (HHb) and tissue saturation 

index (TSI). (39) These parameters were measured bilaterally on the forehead using NIRS. Sitting 

to standing, and slow and rapid supine to standing movements were assessed in their study. Both 

oxygenated and deoxygenated hemoglobin dropped in the early phase after standing up, indicating 

a lower concentration of total hemoglobin, therewith reflecting a decrease of cerebral perfusion. 

Their study found that both the oxygenated and deoxygenated hemoglobin dropped in the early 

phase after standing up, indicating a lower concentration of total hemoglobin, therewith reflecting 
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a decrease of cerebral perfusion.	The minimum O2Hb response in their study was found to be most 

sensitive to postural changes and showed significant differences (p < 0.001) between standing up 

from sitting and supine position.  

Our study did not show any significant changes in NIRS on either side in supine position. 

The maximum percentage change seen in NIRS was 1.1 % on left side, and 1.14 % on right side. 

Both these maximum changes were seen after positioning (T2) and both were not statistically 

significant. 

Ludovico, et al., studied 16 healthy volunteers to evaluate if transient systemic blood pressure 

changes are reflected in brain NIRS values. (66) Authors performed two independent 

manipulations while recording data from the visual cortex. Cortical hemodynamic responses were 

induced by visual stimulation using reversing checkerboards of varying duration. Simultaneously, 

transient blood pressure changes were generated by rapid arm raising which was independent of 

visual stimulation. The authors concluded that transient systemic blood pressure changes were 

indeed reflected in brain NIRS values, and that the blood pressure effects should always be taken 

into account whenever reporting NIRS.  

In our study, the NIRS (L) values showed no correlation with HR (r=0.089, p-0.71) or 

MAP (r=0.3, p-0.199) at T0 to T1 time points. The NIRS (R) values showed no correlation with 

HR (r=0.023, p-0.922) or MAP (r=0.395, p-0.085) at T0 to T1 time points. From time point T1 to 

T2, the NIRS (L) values showed no correlation with HR (r=0.12, p-0.613), though a moderately 

positive correlation with MAP was seen (r=0.531, p-0.016). The NIRS (R) values showed no 

correlation with HR (r=0.055, p-0.818) or MAP (r=0.366, p-0.113). 
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We believe that the difference in response seen in our study could be due to the study conducted 

in anesthesia state (where brain activity is suppressed with consequently higher systemic 

oxygenation) where modest changes in MAP did not affect the NIRS values. 

In another study, Ledwith et. al studied the effects of body position on cerebral oxygenation. (44) 

This study used brain tissue oxygen (PbtO2) for monitoring cerebral oxygenation. They studied 

the effects of 12 different body positions on neurodynamic and hemodynamic outcomes in 33 

patients. The patient population included patients affected by traumatic brain injury (TBI), 

subarachnoid hemorrhage (SAH), or craniotomy for tumor excision. Cerebral oxygenation 

changes were evaluated and simultaneously ICP was also calculated. The study evaluated 12 

different positions, which were as follows: supine, supine with knee bent, left lateral position, and 

right lateral position, and in each of these positions, the head of bed was then elevated to 150, 300, 

or 450. Changes from baseline to the 15-minute postposition assessment mean change scores were 

calculated which showed a downward trend for PbtO2 for all positions with statistically significant 

decreases observed for supine head of bed (HOB) elevated 300 and 450 (p < .01) and right and left 

lateral positioning HOB 300 (p <.05). ICP decreased with supine HOB 450 (p < .01) and knee 

elevation, HOB 30o and 45o (p < .05), and increased (p <.05) with right and left lateral HOB 15o. 

Hemodynamic parameters were comparable in the various positions. The lateral position was 

found to have the most adverse effect on intracranial physiology. This study though utilized PbtO2 

(and not NIRS) for measuring cerebral oxygenation, nonetheless gives important insight into the 

effect of positioning on cerebral oxygenation. Also of note is the fact that the patient population in 

this study included in addition to tumor, TBI & SAH, whereas our study included elective patients 

for tumor excision.  
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  We noted significant changes in MFV of MCA and ACA. There was significant decrease 

noted in MFV post anesthetic induction (T1) which was highest in MCA (L), ~21% decrease. This 

decline could possibly be due to effect of anesthetic drugs, though the changes in hemodynamic 

parameters were less than 10% (decrease in MAP 6.91 %, and increase in HR by 6.6%) in the same 

period. This suggests that the changes in MFV occurred independent of the changes in 

hemodynamics, which was also confirmed by the correlation studies. From T0 to T1 no correlation 

of MFV of either MCA/ACA was seen with HR or MAP. After final positioning further fall in 

MFV was noted, maximum decrease noted in MCA (R) MFV (~19%). This additional decline in 

MFV could be due to added effect of head elevation after the final positioning in addition to the 

effect of anesthetic drugs. From T1 to T2 time point, a weak correlation was seen between ACA 

(R) MFV (r=0.47, p-0.036) and MAP, though percentage change seen in ACA (R) MFV was 

8.17%.  

Gulsah & Sevgi, have studied the effects of head & neck positions on the cerebral blood flow 

velocity by transcranial Doppler ultrasound in awake patients who underwent cranial surgery 

before surgery and postoperatively within 72 hours after surgery. (43) The MCA mean flow 

velocity was measured in supine position with 0° and 30° head elevations, as well as in right and 

left lateral positions, right and left lateral positions with head flexion and extension. The study 

found that the MCA mean flow velocity was increased in supine position with head elevations 

from 0° to 30°. In. contrast to their study, we noted a decrease in mean flow velocity bilaterally. 

This difference could be due to the fact that our study being done under anesthesia and with proper 

surgical position assumed. Similar changes were noted in right and lateral positions with 30° head 

elevations. 
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C) Changes Observed in Prone Position:  

In the prone group, we found that the baseline NIRS on the left side was 67.8 ± 6.58 before 

induction of anesthesia which minimally decreased to 66.85 ± 5.55 after induction and further 

decreased to 64.65 ± 6.03 after the final positioning. The changes from T0 to T1 and to T2 were 

not statistically significant. The baseline NIRS on the right side was found to be 67.9 ± 5.69 before 

induction of anesthesia which minimally decreased to 65.5 ± 5.86 after induction and remained 

nearly the same at 65.4 ± 5.61 after the final positioning. The changes were also found to be 

statistically insignificant. The maximum percentage change was seen from T0 to T2 time point in 

both left (4.65%) & right (3.68 %) side NIRS.  

The NIRS (L) values showed no correlation with HR (r=0.109, p-0.648) or MAP (r=0.069, p-

0.772) at T0 to T1 time points. The NIRS (R) values as well showed no correlation with HR 

(r=0.0335, p-0.149) or MAP (r=0.381, p-0.098) at T0 to T1 time points. 

From time point T1 to T2, the NIRS (L) values showed no correlation with HR (r=0.039, p-0.870) 

or MAP (r=0.22, p-0.352) and the NIRS (R) values also showed no correlation with HR (r=0.274, 

p-0.243) or MAP (r=0.178, p-0.453). 

We noted significant changes in MFV of MCA and ACA. There was significant decrease noted in 

MFV post anesthetic induction (T1) which was highest in ACA (R), ~25% decrease. This decline 

could possibly be due to effect of anesthetic drugs, though the changes in hemodynamic parameters 

during the same period were less than 10% (decrease in MAP 5.7 %, and increase in HR by 7.18%) 

in the same period. This suggests that the changes in MFV occurred independent of the changes in 

hemodynamics, which was also confirmed by the correlation studies. From T0 to T1 no correlation 
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of MFV of either MCA/ACA was seen with HR. However, ACA (L) MFV showed a moderately 

positive correlation with MAP (r=0.526, p-0.017).  

After final positioning further fall in MFV was noted, maximum decrease noted in MCA (R) MFV 

(~29.5%). This additional decline in MFV could be due to added effect of head elevation after the 

final positioning in addition to the effect of anesthetic drugs. From T1 to T2 time point, no 

correlation was seen between MFV of either MCA or ACA.  Airway pressure and EtCO2 were 

kept constant when turning from supine to prone position.  The changes were recorded 10 minutes 

after the final positioning.  

Our results were similar to the study by Jakob et al., though their study was done in awake healthy 

individuals (22 individuals). (42) The authors measured MAP, stroke volume (SV), and CO and 

MCA MFV, jugular vein diameters bilaterally in 3 positions with and without supplementation of 

10 cmH2O CPAP: (1) supine, (2) prone with the head centered, (3) prone with the head rotated 

nearly∼80 degrees to the right. Their study found that during positive pressure breathing, the prone 

position with head rotated sideways lead to reduction in mean flow velocity of MCA by nearly 

10% even when MAP is elevated. Even in our study MAP changed by maximum -5.70 % (From 

T0 to T1) and by 0.06% (from T1 to T2), but the changes observed in MFV were to the tune of 39 

% from baseline. Prone positioning with rotated head likely leads affects both CBF and venous 

drainage (as seen by reduction in bilateral internal jugular vein diameters) implying that head 

should be well centered for optimal brain perfusion. These results may have implications for the 

anesthetized and ventilated patient. In all our cases head was well centered. 

Thus, this study is probably the first one to evaluate the changes observed in cerebral oxygenation 

and flow velocity in prone position under anesthesia. 
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D) Changes Observed in Lateral/Park-Bench Position:  

The lateral position is utilized as the surgical approach of choice for patients requiring skull base, 

posterior fossa and temporal lobe procedures. 

In lateral/Park-bench position, we found that the baseline NIRS on the left side was 66.3 ± 6.41 

before induction of anesthesia which minimally increased to 66.15 ± 5.63 after induction and was 

nearly the same after the final positioning at 66.3 ± 6.25. The changes from T0 to T1 and to T2 

were not statistically significant. The baseline NIRS on the right side was found to be 66.8 ± 4.62 

before induction of anesthesia which minimally decreased to 65.2 ± 5.85 after induction and 

marginally decreased to 64.2 ± 6.09 after the final positioning. The changes were also found to be 

statistically insignificant. The maximum percentage change was seen from T0 to T2 time point in 

right (-3.89 %) NIRS.  

The NIRS (L) values showed no correlation with HR (r=0.31, p-0.184) or MAP (r=0.095, p-0.690) 

at T0 to T1 time points. The NIRS (R) values as well showed no correlation with HR (r=0.06, p-

0.802) or MAP (r=0.053, p-0.824) at T0 to T1 time points. From time point T1 to T2, the NIRS 

(L) values showed no correlation with HR (r=0.013, p-0.957) or MAP (r=0.273, p-0.245) and the 

NIRS (R) values also showed no correlation with HR (r=0.248, p-0.841) or MAP (r=0.021, p-

0.931). Thus, no correlation was found between NIRS at any time points during the study. 

We noted significant changes in MFV of MCA and ACA. There was significant decrease 

noted in MFV post anesthetic induction (T1) which was highest in MCA (L), ~18% decrease. This 

decline could possibly be due to effect of anesthetic drugs, though the changes in hemodynamic 

parameters were less than 10% (decrease in MAP 4.58 %, and increase in HR by 7.5%) in the same 
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period. This suggests that the changes in MFV occurred independent of the changes in 

hemodynamics, which was also confirmed by the correlation studies. From T0 to T1 no correlation 

of MFV of either MCA/ACA was seen with HR or MAP. After final positioning further fall in 

MFV was noted, maximum decrease noted in MCA (R) MFV (~23.5%). This additional decline 

in MFV is possibly due to added effect of head elevation after the final positioning in addition to 

the effect of anesthetic drugs. From T1 to T2 time point also no correlation was seen between the 

MFV of either ACA or MCA.  

As noted above in the study by Gulsah and Sevgi, wherein they studied cerebral blood flow 

velocity TCD in patients who underwent cranial surgery. (43) The MCA mean flow velocity of 

the patients was measured in supine position with 0° and 30° head elevations, as well as in right 

and left lateral positions, right and left lateral positions with head flexion and extension. The 

measurements were taken before surgery and postoperatively within 72 hours after surgery. The 

authors found that MCA MFV increased in the both right and left lateral positions with 30° head 

elevation, and it was found to reduce when flexion and extension positions were applied, though 

the changes in the MFV were not statistically significant. The same findings were seen in the 

postoperative period as well. This is in contrast to our study where we found a uniform reduction 

in MFV after induction and further reduction with the final lateral position. This difference could 

be explained by our study being done under anesthesia, whereas the authors conducted the study 

on awake patient preoperatively and 72 hours after surgery. So intraoperative effects of anesthesia 

and position as utilized for the surgery in head clamp per se were not done in the author’s study. 

Only one study has been done previously which simultaneously evaluated cerebral oxygenation 

and CBF with TCD, though done in awake patients. (67) This study was conducted in 35 subjects 
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(with 15 having history of orthostatic syncopes, 20 healthy controls). Tilt table was used for 

simulating orthostatic stress. The parameters recorded were NIRS, CBF velocity by TCD and 

hemodynamic data (Blood Pressure (BP), Heart Rate (HR)). In healthy subjects: the HR increased, 

the MAP remained unchanged, and the CBFV decreased. The NIRS demonstrated an increase in 

deoxyhemoglobin (HHb) and a decrease in oxyhemoglobin (O2Hb) as well as regional oxygen 

saturation. Patients had a significant and prominent decrease in arterial blood pressure (p < 0.001), 

CBFV (p < 0.001} and regional oxygen saturation (p = 0.04). This is in contrast to our study results 

wherein we found that changes in NIRS oxygenation were more or less insignificant, however, 

severe decrease in MFV was found in both ACA and MCA, even with less than 10 % change in 

MAP and HR.  

In our study, a simultaneous assessment of CBF velocity and cerebral oxygenation during 

anesthesia and mechanical ventilation was carried out for the first time in neurosurgical patients. 

NIRS and TCD both non-invasive modalities are simple to use, easily repeatable, and can also be 

used for continuous real time monitoring. Another advantage of combining both the modalities is 

that both are complementary tools and monitor different anatomical levels. TCD gives information 

on CBF velocity of intracranial arteries, whereas NIRS provides information regarding cerebral 

oxygenation. (68, 69)  

Although NIRS is considered as a sensitive monitor for detecting alterations in cerebral 

oxygenation and indirectly cerebral hemodynamics caused by positional changes, the results of 

our study indicate that this cannot be generalized especially in surgeries away from the frontal 

lobe. This is due to the fact that measurements of NIRS from forehead reflects only local 

oxygenation changes in a small volume of the frontal lobe only, which may not necessarily be 
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representative of the entire brain. This is where the role of TCD comes into play. TCD gives 

valuable information regarding the flow velocity in major intracranial blood vessels, which are 

representative of a more global change. 
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8. LIMITATIONS 
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Limitations of the Study 

Our study  has few following limitations; 

1. Being operator dependent, TCD technique is prone for technical errors and inter observer 

variability. So, to avoid this limitation, a well-trained Neuroanesthesiologist for TCD, had 

determined all parameters. The TCD examinations were done by the PI and Co-PI in all 

cases. 

2. Use of TCD is difficult in 10 -15% of patients due to poor acoustic window. We have 

excluded those who had poor TCD window in the preoperative examination. 

3. We have not evaluated the autoregulation status of the patients. However, the changes in 

CBF in our study were higher than the changes in MAP. Moreover, we have not evaluated 

the clinical outcome measures. 

4. We have not measured the actual CBF, but only the CBF velocity as a surrogate of CBF. 

As no methods are available for intraoperative use. Hence, we consider TCD is the best 

method considering its non-invasiveness and reproducibility. 

5. NIRS measures only frontal oxygenation changes, so provides information regarding 

regional cerebral oxygenation changes only. 

6. The NIRS & TCD data was recorded 10 minutes after the final position. Though this time 

has been established to be sufficient for hemodynamic equilibrium to occur, it would have 

been more useful to repeat the measurement at a later stage as well. This was not practical 

in our study as the neurosurgical procedures for craniotomy and excision warrants the 

sterile draping of the head and neck area leading to its inaccessibility at a later stage.  
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7. We have not studied the effect of sitting position on NIRS & TCD flow as the number of 

cases done in sitting posture in our center is of limited number.  

 

However, in spite of these limitations, we found a significant reduction in cerebral blood flow 

velocity even with less than 10% change in heart rate and MAP, more so in the prone position than 

lateral and supine positions.   
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9. SUMMARY 
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SUMMARY 

Various positions used in neurosurgical procedures can compromise the cerebral oxygenation and 

cerebral blood flow velocity. This can cause perturbations in intracranial physiology.  

One of the essential objectives of neuroanaesthesia in the perioperative period is to give ideal 

position during neurosurgical procedures which would keep up with cerebral blood flow, cerebral 

oxygenation and provide with satisfactory cerebral venous drainage while forestalling any 

increment in ICP. This study was conducted to evaluate the effects of different positions used in 

neurosurgical patients and its effects on cerebral oxygenation and cerebral blood flow velocity 

under anesthesia and mechanical ventilation using NIRS and TCD. This prospective observational 

study included 20 patients in each of the three groups (total 60) with GCS 15, aged 18-60 years 

belonging to ASA I, II who underwent elective neurosurgery. 

We found that changing the position of the patients from baseline to the final surgical position 

results in significant variations in cerebral blood flow velocity in all three positions routinely 

utilized in neurosurgery: supine, prone and lateral groups. These significant drops in MFVs were 

over and above the changes caused under anesthesia. Cerebral oxygenation did not change 

significantly whereas MCA/ACA MFV decreased significantly with maximum fall seen in prone 

position (41.6%), and almost equal changes in lateral (30.7%) supine (32%) positions. The 

decrease in MFV was not associated with concomitant decrease in HR or MAP.  

We found that mean flow velocity as assessed by TCD is a useful and feasible technique to 

diagnose and quantify the position related variations in neurosurgical patients, which can pick up 

changes even when regional cerebral oxygenation by NIRS may fail to do so. 
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10. CONCLUSION 
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CONCLUSION 

 

We undertook the present study to evaluate the hypothesis that patient positions adopted for 

various neurosurgical procedures from supine to either lateral or prone positions causes significant 

changes in cerebral oxygenation and cerebral blood flow velocities compared to neurosurgical 

procedures performed in supine posture under anesthesia, as evaluated using NIRS and TCD. We 

found that NIRS oxygenation values did not change much from the baseline in all three positions, 

however, significant decrease in mean flow velocity of MCA & ACA was seen in all three 

positions (Prone>Lateral=Supine). 

Our study is probably the first one in neurosurgical patients to evaluate the effects of position on 

cerebral oxygenation & flow velocities under anesthesia using NIRS & TCD. Based on our study 

we found that TCD flow velocities showed a severe decrease despite the MAP maintained within 

the normal limits, thus making neurosurgical patients vulnerable to ischemia when only CPP 

thresholds and accordingly MAP is used for improving cerebral blood flow intraoperatively. 

Hence, we believe TCD monitoring may be used when the CBF needs to be maintained.  Future 

studies are warranted using multimodal neuromonitoring to assess the well-being of neurosurgical 

patients intraoperatively. 

 

 

 
 
 
 
 
 



 

 94 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

11. BIBLIOGRAPHY 
 
 
 
 
 



 

 95 

 

BIBLIOGRAPHY 

 
 
1. Rozet I, Vavilala MS. Risks and benefits of patient positioning during neurosurgical care. 
Anesthesiol Clin 2007;25:631-53. 
 
2. Soeding P. Effects of Positioning on Cerebral Oxygenation. Current Anesthesiology Reports. 
2013;3:184-196. 
 
3. Coonan TJ, Hope CE. Cardio-respiratory effects of change of body position. Can Anaesth Soc 
J. 1983;30:424-38. 
 
4. Murphy GS, Szokol JW, Marymont JH, et al. Cerebral oxygen desaturation events assessed by 
near-infrared spectroscopy during shoulder arthroscopy in the beach chair and lateral decubitus 
positions. Anesth Analg. 2010;111:496–505. 
 
5. Moerman A, De Hert S, Jacobs T, De Wilde L, Wouters P. Cerebral oxygen desaturation during 
beach chair position. European Journal of Anaesthesiology. 2012;29:82–7. 
 
6. Immink RV, Secher NH, Roos CM, Pott F, Madsen PL, Van Lieshout JJ. The postural reduction 
in middle cerebral artery blood velocity is not explained by PaCO2. Eur J Appl Physiol. 
2006;96:609-14. 
 
7. Georgiadis D, Schwarz S, Baumgartner RW, Veltkamp R, Schwab S. Influence of positive end-
expiratory pressure on intracranial pressure and cerebral perfusion pressure in patients with acute 
stroke. Stroke. 2001;32:2088-92. 

8. Goodkin R, Mesiwala A. General principles of operative positioning. In: Winn HR, editor. 
Youmans neurological surgery. 5th edition. Sounders, Elsevier Inc.; 2004.p.595–621.  

9. Chui J, Craen RA. An update on the prone position: Continuing Professional Development. Can 
J Anaesth. 2016;63:737-67. 

10. Sudheer PS, Logan SW, Ateleanu B, Hall JE. Haemodynamic effects of the prone position: a 
comparison of propofol total intravenous and inhalation anaesthesia. Anaesthesia. 2006;61:138-
41.  

11. McCormick PW, Stewart M, Goetting MG, Dujovny M, Lewis G, Ausman JI. Noninvasive 
cerebral optical spectroscopy for monitoring cerebral oxygen delivery and hemodynamics. Crit 
Care Med. 1991;19:89 – 97. 
 
12. Jobsis FF. Noninvasive, infrared monitoring of cerebral and myocardial oxygen sufficiency 
and circulatory parameters. Science. 1977;198:1264–7. 



 

 96 

 
13. Kim MN, Durduran T, Frangos S, Edlow BL, Buckley EM, Moss HE, et al. Noninvasive 
measurement of cerebral blood flow and blood oxygenation using near-infrared and diffuse 
correlation spectroscopies in critically brain-injured adults. Neurocrit Care. 2010;12:173-80.  
 
14. Pollard V, Prough D, DeMelo AE,  Deyo DJ, Uchida T, Stoddart HF. Validation in volunteers 
of a near-infrared spectroscope for monitoring brain oxygenation in vivo. Anesth Analg. 
1996;82:269–77. 

15. H. Marc Watzman, C. Dean Kurth, Lisa M. Montenegro, Jonathan Rome, James M. Steven, 
Susan C. Nicolson. Arterial and Venous Contributions to Near-infrared Cerebral 
Oximetry. Anesthesiology 2000;93:947–53. 

16. Kurth CD, Steven JM, Benaron D, Chance B. Near-infrared monitoring of the cerebral 
circulation. J Clin Monit. 1993;9:163-70. 
 
17. Fox E, Jobsis-Vander Vliet FF, Mitnick MH. Monitoring cerebral oxygen sufficiency in 
anesthesia and surgery. Adv Exp Med Biol. 1985;191:849–54. 
 
18. Murkin JM, Arango M. Near-infrared spectroscopy as an index of brain and tissue 
oxygenation. Br J Anaesth. 2009;103:i3–13. 
 
19. Fuchs G, Schwarz G, Kulier A, Litscher G. The influence of positioning on spectroscopic 
measurements of brain oxygenation. J Neurosurg Anesthesiol. 2000;12:75–80. 
 
20. Picton P, Chambers J, Shanks A, Dorje P. The influence of inspired oxygen fraction and end-
tidal carbon dioxide on post- cross-clamp cerebral oxygenation during carotid endarterectomy 
under general anesthesia. Anesth Analg. 2010;110:581–7. 
 
21. Grocott HP. Avoid hypotension and hypoxia: an old anesthetic adage with renewed relevance 
from cerebral oximetry monitoring. Can J Anaesth. 2011;58:697–702. 
 
22. Iwasaki K, Nomoto Y, Ishiwata M, Yokota T, Ogawa R. Vital capacity induction with 8% 
sevoflurane and N2O causes cerebral hyperemia. J Anesth. 2003;17:3-7. 

23. Firbank M, Okada E. Delpy DT. A theoretical study of the signal contribution of regions of 
the adult head to near-infrared spectroscopy studies of visual evoked responses. Neuro- image. 
l998:8:69-78. 

24. Van de Zee P, Arridge SR, Cope M. The effect of optode positioning on optical pathlength in 
near infrared spectroscopy of brain. Adv Exp Med Biol. 1990;227:79-84.  

25. Bathala L, Mehndiratta MM, Sharma VK. Transcranial doppler: Technique and common 
findings (Part 1). Ann Indian Acad Neurol. 2013;16:174–9. 
 



 

 97 

26. Aaslid R, Markwalder TM, Nornes H. Noninvasive transcranial Doppler ultrasound recording 
of flow velocity in basal cerebral arteries. J Neurosurg. 1982;57:769‐74.  
 
27. DeWitt LD, Wechsler LR. Transcranial Doppler. Stroke. 1988;19:915‐21. 

28. Moppett IK, Mahajan RP. Transcranial Doppler ultrasonography in anaesthesia and intensive 
care. Br J Anaesth. 2004;93:710‐24.  

29.Tsivgoulis G, Alexandrov AV, Sloan MA. Advances in transcranial Doppler ultrasonography. 
Curr Neurol Neurosci Rep. 2009;9:46‐54. 

30. Marinoni M, Ginanneschi A, Forleo P, Amaducci L. Technical limits in transcranial Doppler 
recording: Inadequate acoustic windows. Ultrasound Med Biol. 1997;23:1275‐7. 

31. Alexandrov AV, Demchuk AM, Burgin WS. Insonation method and diagnostic flow signatures 
for transcranial power motion (M-mode) Doppler. J Neuroimaging Off J Am Soc Neuroimaging. 
2002;12:236–44. 
 
32. Bishop CC, Powell S, Rutt D, Browse NL. Transcranial Doppler measurement of middle 
cerebral artery blood flow velocity: a validation study. Stroke. 1986;17:913-5. 
 
33. Leung J, Behpour A, Sokol N, Mohanta A, Kassner A. Assessment of intracranial blood flow 
velocities using a computer controlled vasoactive stimulus: a comparison between phase contrast 
magnetic resonance angiography and transcranial Doppler ultrasonography. J Magn Reson 
Imaging. 2013;38:733-8. 
 
34. Brauer P, Kochs E, Werner C, Bloom M, Policare R, Pentheny S, et al. Correlation of 
transcranial Doppler sonography mean flow velocity with cerebral blood flow in patients with 
intracranial pathology. J Neurosurg Anesthesiol. 1998;10:80-5. 
 
35. Sokoloff C, Williamson D, Serri K, Albert M, Odier C, Charbonney E, et al. Clinical 
Usefulness of Transcranial Doppler as a Screening Tool for Early Cerebral Hypoxic Episodes in 
Patients with Moderate and Severe Traumatic Brain Injury. Neurocrit Care. 2020;32:486-91. 
 
36. Kirkham FJ, Padayachee TS, Parsons S, Seargeant LS, House FR, Gosling RG. Transcranial 
measurement of blood velocities in the basal cerebral arteries using pulsed Doppler ultrasound: 
velocity as an index of flow. Ultrasound Med Biol. 1986;12:15-21.  
 
37. Purkayastha S, Sorond F. Transcranial Doppler ultrasound: technique and application. Semin 
Neurol. 2012;32:411-20. 
 
38. Naqvi J, Yap KH, Ahmad G, Ghosh J. Transcranial Doppler ultrasound: A review of the 
physical principles and major applications in critical care. Int J Vasc Med. 2013;2013:629378. 
 



 

 98 

39. Mol A, Woltering JHH, Colier WNJM, Maier AB, Meskers CGM, Van Wezel RJA. Sensitivity 
and reliability of cerebral oxygenation responses to postural changes measured with near-infrared 
spectroscopy. Eur J Appl Physiol. 2019;119:1117-25. 
 
40. Van Lieshout JJ, Pott F, Madsen PL, van Goudoever J, Secher NH. Muscle tensing during 
standing: effects on cerebral tissue oxygenation and cerebral artery blood velocity. Stroke. 
2001;32:1546-51. 
 
41. Thomas KN, Cotter JD, Galvin SD, Williams MJ, Willie CK, Ainslie PN. Initial orthostatic 
hypotension is unrelated to orthostatic tolerance in healthy young subjects. J Appl Physiol. 
2009;107:506-17. 

42. Højlund J, Sandmand M, Sonne M, Mantoni T, Jørgensen HL, Belhage B, van Lieshout JJ, 
Pott FC. Effect of head rotation on cerebral blood velocity in the prone position. Anesthesiol Res 
Pract. 2012;2012:647258.  

43. Kose G, Hatipoglu S. Effect of head and body positioning on cerebral blood flow velocity in 
patients who underwent cranial surgery. J Clin Nurs. 2012;21:1859-67.  
 
44. Ledwith MB, Bloom S, Maloney-Wilensky E, Coyle B, Polomano RC, Le Roux PD. Effect of 
body position on cerebral oxygenation and physiologic parameters in patients with acute 
neurological conditions. J Neurosci Nurs. 2010;42:280-7. 
 
45. Kaisti KK, Metsahonkala L, Teras M, Oikonen V, Aalto S, Jääskeläinen S, et al. Effects of 
surgical levels of propofol and sevoflurane anesthesia on cerebral blood flow in healthy subjects 
studied with positron emission tomography. Anesthesiology. 2002;96:1358–70. 

 
46. Schlunzen L, Juul N, Hansen KV, Cold GE. Regional cerebral blood flow and glucose 
metabolism during propofol anaesthesia in healthy subjects studied with positron emission 
tomography. Acta Anaesthesiol Scand. 2012;56:248–55. 

47. Fiset P, Paus T, Daloze T, Plourde G, Meuret P, Bonhomme V, et al. Brain mechanisms of 
propofol-induced loss of consciousness in humans: A positron emission tomographic study. J 
Neurosci. 1999;19:5506–13.  

48. Alkire MT, Haier RJ, Barker SJ, Shah NK, Wu JC, Kao YJ. Cerebral metabolism during 
propofol anesthesia in humans studied with positron emission tomography. Anesthesiology. 
1995;82:393–403.  
 
49. Petersen KD, Landsfeldt U, Cold GE, Petersen CB, Mau S, Hauerberg J, et al. Intracranial 
pressure and cerebral hemodynamic in patients with cerebral tumors: A randomized prospective 
study of patients subjected to craniotomy in propofol-fentanyl, isoflurane-fentanyl, or sevoflurane-
fentanyl anesthesia. Anesthesiology. 2003;98:329–36. 



 

 99 

50. Schlunzen L, Vafaee MS, Cold GE, Rasmussen M, Nielsen JF, Gjedde A. Effects of 
subanaesthetic and anaesthetic doses of sevoflurane on regional cerebral blood flow in healthy 
volunteers. A positron emission tomographic study. Acta Anaesthesiol Scand. 2004;48:1268–76.  

51. Matta BF, Heath KJ, Tipping K, Summors AC. Direct cerebral vasodilatory effects of 
sevoflurane and isoflurane. Anesthesiology. 1999;91:677–80. 

52. Schlunzen L, Juul N, Hansen KV, Cold GE. Regional cerebral glucose metabolism during 
sevoflurane anaesthesia in healthy subjects studied with positron emission tomography. Acta 
Anaesthesiol Scand. 2010;54:603–9.  

53. Kaisti KK, Langsjo JW, Aalto S, Oikonen V, Sipilä H, Teräs M, et al. Effects of sevoflurane, 
propofol, and adjunct nitrous oxide on regional cerebral blood flow, oxygen consumption, and 
blood volume in humans. Anesthesiology. 2003;99:603–13. 

54. Lovell AT, Owen-Reece H, Elwell CE, Smith M, Goldstone JC. Continuous measurement of 
cerebral oxygenation by near infrared spectroscopy during induction of anesthesia. Anesth Analg.  
1999;88:554-8. 
 
55. Fleck T, Schubert S, Ewert P, Stiller B, Nagdyman N, Berger F. Propofol effect on cerebral 
oxygenation in children with congenital heart disease. Pediatric cardiology. 2015;36:543-9. 

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

57. Ellis SC, Bryan-Brown CW, Hyderally H. Massive swelling of the head and neck. 
Anesthesiology. 1975;42:102–3.  

58. Toyota S, Amaki Y. Hemodynamic evaluation of the prone position by transesophageal 
echocardiography. J Clin Anesth. 1998;10:32–5. 
 
59. Conti A, Iacopino DG, Fodale V, Micalizzi S, Penna O, Santamaria LB. Cerebral 
haemodynamic changes during propofol-remifentanil or sevoflurane anaesthesia: transcranial 
Doppler study under bispectral index monitoring. Br J Anaesth. 2006;97:333-9. 
 
60. Banevičius G, Rugytė D, Macas A, Tamašauskas A, Stankevičius E. The effects of sevoflurane 
and propofol on cerebral hemodynamics during intracranial tumors surgery under monitoring the 
depth of anesthesia. Medicina (Kaunas). 2010;46:743-52. 
 
61. Holzer A, Winter W, Greher M, Reddy M, Stark J, Donner A, et al. A comparison of propofol 
and sevoflurane anaesthesia: effects on aortic blood flow velocity and middle cerebral artery blood 
flow velocity. Anaesthesia. 2003;58:217-22. 
 
62. Ng I, Lim J, Wong HB. Effects of head posture on cerebral hemodynamics: its influences on 
intracranial pressure, cerebral perfusion pressure, and cerebral oxygenation. Neurosurgery. 
2004;54:593-7. 



 

 100 

  
63. Werner C, Kochs E, Reimer R, Rau M, Schulte am Esch J. The effect of postural changes on 
cerebral hemodynamics during general anesthesia. Anaesthesist. 1990;39:429-33.  
 
64. Lovell AT, Owen-Reece H, Elwell CE, Smith M, Goldstone JC. Continuous measurement of 
cerebral oxygenation by near infrared spectroscopy during induction of anesthesia. Anesth Analg. 
1999;88:554-8. 
 
65. Kurihara K, Kikukawa A, Kobayashi A. Cerebral oxygenation monitor during head-up and -
down tilt using near-infrared spatially resolved spectroscopy. Clin Physiol Funct Imaging. 
2003;23:177-81. 
 
66. Minati L, Kress IU, Visani E, Medford N, Critchley HD. Intra- and extra-cranial effects of 
transient blood pressure changes on brain near-infrared spectroscopy (NIRS) measurements. J 
Neurosci Methods. 2011;197:283-8. 
 
67. Krakow K, Ries S, Daffertshofer M, Hennerici M. Simultaneous assessment of brain tissue 
oxygenation and cerebral perfusion during orthostatic stress. Eur Neurol. 2000;43:39-46. 

68. Dancrtshofer M, Hennerici M. Cerebrovascular regulation and vasoneuronal coupling. J Clin 
Ultrasound. 1995:23:125-38. 

69. Lindgaard KP, Lundar T, Wiherg J. Variations in middle cerebral artery blood flow 
investigated with noninvasive transcranial blood velocity measurements. Stroke 1987;18:1025-30. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 101 

 
 
 
 
 
 
 
 
 
 
 
 
 

12. APPENDICES 
 

1. TAC FORM 
2. IEC FORM 
3. PATIENT INFORMATION SHEET ENGLISH 
4. PATIENT INFORMATION SHEET MALAYALAM 
5. CONSENT FORM ENGLISH 
6. CONSENT FORM MALAYALAM 
7. PROFORMA 
8. MASTER CHART 
9. PLAGIARISM REPORT 

 

 
 
 
 
 
 
 
 
 
 
 



 

 102 

 
TAC FORM 

 
 



 

 103 

 
IEC FORM 

 



 

 104 

 
 
 



 

 105 

PATIENT INFORMATION SHEET ENGLISH 
 
 
Title of the study: 
 
An Evaluation Of Postural Variation on Cerebral Oxygenation and Cerebral Blood Flow Velocity Due To 
Various Neurosurgical Positions (Supine, Prone & Lateral) in Elective Neurosurgery – An Observational 
Study 
 
Name of the Investigators:  
1.Principal Investigator: Dr. Ashutosh Kumar, MD, PDCC, DM (Neuroanesthesia), Senior Resident, 
Division of Neuro-anaesthesiology, Department of Anaesthesiology, SCTIMST  
2.Co-principal Investigator and Guide: Dr. Manikandan S, MD, PDCC, Professor, Incharge of Division 
of Neuro-anaesthesiology, Department of Anaesthesiology, SCTIMST  
3.Co-principal Investigator and Co-Guide: Dr. Ranganatha Praveen C S, DM (Neuroanesthesia) 
Assistant professor, Division of Neuro-Anaesthesiology, Department of Anaesthesiology, SCTIMST. 
4.Co-principal Investigator : Dr.Easwer H.V. MCh (Neurosurgery), Professor, Department of 
Neurosurgery, SCTIMST 
 
You are being requested to participate in the above titled study which is undertaken to know the changes in 
cerebral oxygenation using NIRS (Near Infrared Spectroscopy) during various positions (supine, prone & 
lateral) in patients undergoing elective neurosurgery in our institute. We have planned to include about 60 
patients (20 in each group) undergoing neurosurgical procedure from this hospital to the study. 
 
1. What is NIRS? 
 Near-infrared spectroscopy (NIRS) a non-invasive technology has emerged as a monitor of brain 
oxygen tension. It is recorded by placing electrodes on both sides of forehead. In the presence of a stable 
metabolic rate, regional cerebral oxygen saturation, as monitored with NIRS, is therefore an indirect 
measure of blood flow to brain and provides an ‘‘index’’ of organ ischemia. 
 
2. What is TCD? 
 
Transcranial doppler (TCD) is a non-invasive technology which is emerging as a monitor of brain blood 
flow. It is recorded by placing an ultrasound probe just above the ears on either side. TCD gives information 
regarding the blood flow velocity which can be used as a surrogate to measure the cerebral blood flow.  
 
2. If you take part what will you have to do? 
On the day of surgery, you will be taken inside the Operation Theatre. Monitors to check your heart beat, 
blood pressure and oxygen saturation level will be attached. A small venous cannula needle will be inserted 
under local anesthesia in the hand for fluid and drug administration. Protocol of induction of anesthesia will 
be according to standard protocol followed in the hospital.  
Before induction NIRS & TCD baseline reading will be taken in supine position. Then general anesthesia 
will be administered for surgery. Ten minutes after securing the airway again the NIRS and TCD values 
will be recorded. You will be placed in the final surgical position as decided by the neurosurgical team. 
After your final position is achieved, NIRS and TCD values will be recorded again. The study will be 
completed after 10 minutes, however monitoring with NIRS will be continued throughout the operation as 
routinely done in neurosurgical patients in our institute. 
 
3. Does NIRS/TCD have any side effects? 
As a non-invasive procedure, it doesn’t carry any risk to patient.  



 

 106 

 
4. Can you withdraw from this study after it starts? 
Your participation in this study is entirely voluntary and you are also free to decide to withdraw permission 
to participate in this study. If you do so, this will not affect your usual treatment at this hospital in any way. 
In addition, if you experience any side effects, the study will be stopped and you will be given treatment 
for the side effects. 
 
5. What will happen if you develop any study related injury? 
We do not expect any injury to happen to you since the anaesthesia technique and monitoring tools would 
be same even if you were not part of the study. But if you do develop any side effects or problems due to 
the study, the side effects will be treated at no cost to you. We are unable to provide any monetary 
compensation, however. 
 
6. Will you have to pay for the cost of using the devices? 
NIRS/TCD monitoring is routinely used as a part of anesthesia monitoring in major neurosurgical patients 
in our institute. No additional charges will be incurred in participating in the study. 
 
7. Will your personal details be kept confidential? 
The results of this study will be used for thesis submission as a part of academic research and will be 
submitted to a medical journal for publication, but you will not be identified by name in any publication or 
presentation of results. However, your medical notes may be reviewed by people associated with the study, 
without your additional permission, should you decide to participate in this study. 
 
If you have any further questions, please ask Dr. Ashutosh Kumar (Principal investigator) mobile number: 
9188769371. Email: ashukumar.158@gmail.com. 
For technical advisory committee contact, please ask Dr. Mala Ramanathan, telephone number: 0471-
2524234. Email: iec.mem.sec@sctimst.ac.in 
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PATIENT INFORMATION SHEET MALAYALAM 
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CONSENT FORM ENGLISH 

 

Participant’s name: Date of Birth / Age (in years):  

I_________________________, son/daughter of ___________________________ Declare that 
(Please tick boxes) 
• I have read the above information provided to me regarding the study: An Evaluation Of 
Changes In Cerebral Oxygenation Using Near Infrared Spectroscopy and Cerebral Blood Flow 
Velocity Using Transcranial Doppler During Various Positions (Supine, Prone & Lateral) In 
Patients Undergoing Elective Neurosurgery – An Observational Study. [ ]  

• I have clarified any doubts that I had. [ ]  
• I also understand that my participation in this study is entirely voluntary and that I am free 

to withdraw permission to continue to participate at any time without affecting my usual 
treatment or my legal rights [ ]  

• I understand that the study staff and institutional ethics committee members will not need my 
permission to look at my health records even if I withdraw from the trial. I agree to this access [] 
• I understand that my identity will not be revealed in any information released to third parties or 
published [ ]  

• I voluntarily agree to take part in this study [ ]  
• I have been provided with the contact numbers of the principle investigator, in case I want 

to know more about the study and participants rights [ ].  

• I received a copy of this signed consent form [ ]  

Name: Signature: Date:  

Name of witness: Relation to participant:  

Signature:  

Person Obtaining Consent 
I attest that the requirements for informed consent for the medical research project described in 
this form have been satisfied. I have discussed the research project with the participant and 
explained to him or her in nontechnical terms all of the information contained in this informed 
consent form, including any risks and adverse reactions that may reasonably be expected to 
occur. I further certify that I encouraged the participant to ask questions and that all questions 
asked were answered.  
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CONSENT FORM MALAYALAM 
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PROFORMA 
 
Preop data 

GROUP I II III 
Age (Years)    
Sex    
Weight (Kg)    
Height (cm)    
BSA (Kg/m2)    
Diagnosis    
Surgery    
ASA Grading    

Hemodynamic data: 
 HR SBP DBP MAP 
 T0 T1 T2 T0 T1 T2 T0 T1 T2 T0 T1 T2 
Group S             
Group P             
Group L             

 
Ventilatory data 

NIRS DATA 
 NIRS (L) NIRS (R) 

 
 T0 T1 T2 T0 T1 T2 
Group S       
Group P       
Group L       

 
TCD data 
 MCA (L) MFV ACA (L) 

MFV 
MCA (R) MFV ACA (L) MFV 

 T0 T1 T2 T0 T1 T2 T0 T1 T2 T0 T1 T2 
Group S             
Group P             
Group L             

 
 
 
 

 PIP ETCO2 TV RR 
 T1 T2 T1 T2 T1 T2 T1 T2 
Group S         
Group P         
Group L         
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MASTER CHART 
 
GROUP SUPINE 
 

 
 

 

SL.No GROUP NO. GROUP Age(Years) Sex(M/F) Weight (Kg) Height BMI

1 1 SUPINE 45 M 78 176 25.2
2 1 SUPINE 39 F 55 160 21.5
3 1 SUPINE 30 F 56 162 21.3
4 1 SUPINE 35 F 47 158 18.8
5 1 SUPINE 36 F 55 160 21.5
6 1 SUPINE 47 F 61 154 25.7
7 1 SUPINE 37 M 80 175 26.1
8 1 SUPINE 28 M 80 180 24.7
9 1 SUPINE 50 F 48 147 22.2

10 1 SUPINE 52 F 58 175 18.9
11 1 SUPINE 40 M 80 178 25.2
12 1 SUPINE 55 F 47 158 18.8
13 1 SUPINE 50 M 84 164 31.2
14 1 SUPINE 51 M 79 170 27.3
15 1 SUPINE 48 M 75 164 27.9
16 1 SUPINE 37 F 80 161.5 30.4
17 1 SUPINE 27 M 115 170 42
18 1 SUPINE 28 M 70 162 26.7
19 1 SUPINE 45 F 55 160 21.5
20 1 SUPINE 58 F 82 150 36.4

Diagnosis Surgery Co morbidity ASA Grading

LEFT SPHENOID WING MENINGIOMA LEFT PTERIONAL Craniotomy & excision I

Right frontal lobe glioma Right PTERIONAL Craniotomy & excision DM 2

Left temporal glioma LEFT PTERIONAL Craniotomy & excision I

RIGHT FCD Right frontal Craniotomy & Excision I

right parietal cavernoma Right parieto occipital craniotomy & excision I

Left temporo insular mets Left temporal craniotomy & excision Hypothyroidism 2

Left callosal Glioma Left  FTP craniotomy & decompression 1

Right basifrontal cavernoma Right pterional craniotomy & excision 1

Left gangliocapsular GBM LEFT PTERIONAL Craniotomy & excision 1

Right frontal gbm RighT PTERIONAL Craniotomy & excision 1

Right parafalcine Meningioma Craniotomy & excision 1

Right sphenoid wing Meningioma Right pterional craniotomy & excision I

Right trigeminal Neuralgia Right mcirovascular decompression 1

Right frontal convexity meningioma Right pterional craniotomy & excision 1

Left cpa lesion MCF approach Craniotomy & decompression 1

Tubercullum sella meningioma Right pterional craniotomy & excision 1

hypothalamic Glioma Right pterional craniotomy & subtotal decompressionBronchial Asthama 2

Colloid cyst Right pterional craniotomy & excision 1

Right frontal cavernous malformation Right FP craniotomy & decompression 1

Right Sphenoid wing meningioma Right FT Craniotomy & Excision Htn 2
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T0 T1 T2 T0 T1 T2 T0 T1 T2 T0 T1 T2
74 82 85 124 118 120 70 66 68 88 83 85
65 74 78 114 108 106 72 69 73 86 82 84
71 75 80 106 101 110 66 60 62 79 74 78
77 82 79 130 120 128 80 72 75 97 88 93
73 80 82 136 122 130 90 81 81 105 95 97
70 74 75 130 122 120 86 80 79 100 94 93
66 69 72 114 105 108 76 72 73 89 83 85
72 77 76 115 109 111 68 62 65 84 78 80
85 90 92 136 125 130 77 71 75 97 89 93
58 62 61 122 118 128 67 62 72 85 81 91
57 60 61 131 118 128 80 74 77 97 89 94
80 84 79 131 124 128 80 74 77 97 91 94
79 83 80 138 130 132 80 74 77 99 93 95
65 70 71 135 128 130 88 81 83 104 97 99
66 62 69 136 129 132 88 84 85 104 99 101
74 79 75 114 106 109 70 63 62 85 77 78
80 84 79 112 103 110 82 78 63 92 87 79
59 66 64 126 113 109 85 80 62 99 91 78
90 97 82 150 140 137 90 82 80 110 101 99
65 70 72 127 119 124 87 82 84 100 94 97

DBP MAPSBPHeart Rate

T1 T2 T1 T2 T1 T2 T1 T2
18 19 35 35 480 480 12 12
20 21 33 33 400 400 12 12
21 21 34 34 410 410 12 12
19 20 33 33 410 410 12 12
19 19 34 34 400 400 12 12
22 24 35 35 450 450 12 12
21 24 35 35 500 500 12 12
18 19 35 35 500 500 12 12
17 19 33 33 380 380 12 12
20 22 34 34 420 420 12 12
20 23 35 35 500 500 12 12
19 21 33 33 370 370 12 12
22 25 35 35 525 525 12 12
20 22 35 35 490 490 12 12
18 19 35 35 480 480 12 12
17 19 35 35 500 500 12 12
23 25 35 35 600 600 16 16
18 21 35 35 480 480 12 12
17 18 34 34 400 400 12 12
20 23 35 35 500 500 12 12

PEAK Airway Pressure Tidal Volume Respiratory RateETCO2
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T0 T1 T2 T0 T1 T2
63 65 62 66 69 63
69 70 63 70 72 68
67 65 68 73 69 68
69 70 70 70 71 70
54 60 65 64 70 68
82 77 78 77 74 72
75 75 79 73 70 78
82 75 76 72 70 78
60 62 61 62 65 63
68 65 71 70 62 75
69 66 67 72 68 62
56 59 69 62 60 70
75 79 77 80 82 79
65 67 65 69 69 77
61 65 63 64 68 72
64 71 69 66 75 68
62 65 59 63 67 62
71 72 66 68 71 70
69 71 73 76 77 75
71 65 66 81 72 76

NIRS (R)NIRS (L)
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T0 T1 T2 T0 T1 T2 T0 T1 T2
66.4 41.8 44.3 48.5 28.5 29.6 0.64 0.87 1.15
94.4 82.5 75.4 58.3 54.1 57.2 1.01 0.88 0.62
57 56.3 34.6 35.4 37 22.9 1.25 1.09 0.86
70.2 47.7 48.6 50.6 37.1 29.6 0.72 0.6 1.03
79.4 85 70 53.4 58.1 43 0.74 0.75 1.07
80.8 66.6 53 56.5 45.2 31.7 0.85 0.86 1.13
91.4 44 39.2 64.1 23.8 21.8 0.74 1.18 1.2
42.3 58.1 66.4 23.6 29.9 32.5 1.33 1.31 1.41
129 96 41.2 81 54.2 22.9 0.94 1.18 1.34
70.1 66.7 68.7 45.5 46.6 49.4 0.92 0.8 0.95
73.7 73.6 81.6 43.2 40.2 43.1 1.21 1.22 1.31
94.6 63.6 50.5 63.4 42.6 26.2 0.81 0.84 1.53
42.4 30.7 41.2 23.1 17.4 22.9 1.25 1.17 1.34
46 41 63.7 31.1 32 36.9 0.84 0.55 1.1
47.9 56.5 47.2 31.1 39.6 31.2 0.86 0.76 0.75
83.4 44.1 46.7 59.7 27.2 30.2 0.67 0.99 0.91
58.4 42.1 30.5 33.2 22.7 14.1 1.02 1.22 1.77
41.9 39 59.7 25.8 18.9 31.2 1 1.41 1.26
78.9 55.3 44.2 54.5 34.1 26.8 0.81 1.07 1.06
36.4 44.7 22.5 25 27.2 13.3 0.84 1.15 1.17

Pulsatility IndexMean flow velocity
MCA (L)

Peak flow velocity

T0 T1 T2 T0 T1 T2 T0 T1 T2
69.7 54.6 27.5 48.7 37.8 19.32 0.74 0.76 0.75
84.1 71.1 53 55 55 67.7 0.94 0.64 0.84
88 54 50.6 69.4 43.3 33.4 0.51 0.64 0.82

73.7 44.9 46.1 41.4 20.7 28 1.4 1.62 1.06
61.1 41.3 63.5 33.9 31.1 41 1.16 0.71 0.9
56.2 42.6 49.6 42.3 25.7 32.1 0.62 1.16 0.92
69.9 66.1 44 49.4 41.5 26.2 0.75 0.91 0.99
38 77.5 44.2 22.7 48.1 24.5 1.25 0.91 1.17

63.8 70 64.6 37 38.8 34.7 1.17 1.26 1.34
78.8 115 66.8 51.8 81.3 48.8 0.99 0.74 0.78
84.1 47.2 41.8 54.9 26 23.6 0.9 1.24 1.22
59.1 57.5 47.4 42.1 40.3 33.1 0.69 0.77 0.74
53.6 54.6 46.6 29.7 37.8 26.2 1.22 0.76 1.22
57.3 56.2 38.9 39.1 36.1 24.23 0.78 0.84 0.91
45.3 47.1 33 30.1 31.4 23.2 0.84 0.83 0.76
48.3 40.2 40.2 34.6 24.2 25.8 0.68 1.03 0.91
57.9 37.1 58.3 35.2 19.5 24.7 0.92 1.28 1.91
49.8 64.9 30.6 38.2 34.8 17.2 0.58 1.22 1.1
78.5 74 41.7 53.6 47.4 25.1 0.79 0.96 1.09
65 42.4 35.4 42.8 23.2 25 0.9 1.21 0.77

MCA (R)
Pulsatility IndexMean flow velocityPeak flow velocity
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T0 T1 T2 T0 T1 T2 T0 T1 T2
62.4 38.2 33.8 46.2 89.7 18.4 0.62 0.22 1.2
38.4 50.3 51.4 27 29.3 42.9 0.82 1.06 0.74
44.5 31.9 28.2 54.8 24.8 24.9 0.72 0.61 0.26
54 39.1 32.3 39.4 21.5 21.5 0.68 1.23 0.91

50.2 62.9 59.7 35.1 44.7 44.5 0.62 0.71 0.64
48.8 41.2 25 33.2 29.1 15.8 0.89 0.86 1.04
74.8 35.3 46 41.7 20.8 28.9 1.17 1.03 0.98
53.1 29.5 40.2 38.7 19.9 35.5 0.64 0.75 0.25
57.5 46.6 39.4 30.7 26.2 21.4 1.36 1.22 1.31
62.8 42.9 62.3 48.1 25.5 34.4 0.65 1.1 0.98
34.5 65.1 50.2 19.8 38.4 35.1 1.13 1.11 0.62
74.8 80.8 45 41.7 56.5 28.2 1.17 0.85 1.02
48.2 36.4 36.1 33.1 19.7 22.6 0.77 1.24 0.98
57 45.3 41.7 35.3 26.1 29.2 0.96 1.1 0.78

32.9 35.5 49.2 22.9 28.5 35.8 0.74 0.67 0.74
54.1 50.3 47.5 38.5 47 30.4 0.82 0.76 0.88
24.1 19.4 32.1 14.1 10.5 13.6 1.04 1.34 2.04
62.7 39.1 68.8 43.2 18.9 36.3 0.77 1.47 1.24
51.7 52 40.3 31.8 33.2 25.7 1.01 0.99 1.02
49.8 36.8 30.4 29.7 22.5 18.2 1.08 1.07 1.12

ACA (L)
Pulsatility IndexMean flow velocityPeak flow velocity

T0 T1 T2 T0 T1 T2 T0 T1 T2
39 34 34.8 32.4 23.8 20.4 0.33 0.78 1.06

71.9 70.7 51.1 52 51.5 73.8 0.67 0.66 0.43
60.1 52.2 48 42.4 34 31.5 0.73 0.88 0.9
51.5 23.4 40.3 39.8 13 24.5 0.61 1.62 1.01
47.4 43.4 39.9 30.2 27.8 29.4 1.07 0.92 0.65
57.1 32.6 31.8 42.2 21.1 18.8 0.71 0.98 1.11
45.4 29.5 31.2 33.5 16.9 22.2 0.28 1.12 0.73
34.6 78.6 40.3 21.8 42.2 21.5 0.98 1.17 1.2
60.4 48.4 35.7 39.6 28.3 21.4 0.95 1.21 1.09
49.5 37.5 69.1 36.1 27.4 52.7 0.7 0.67 0.82
34.2 49.2 37.5 22.9 27.4 22 0.85 1.19 1.14
84.3 75 65.6 74.7 58.2 46.7 0.24 0.64 0.71
66.3 61.8 33.8 47.5 32.7 17.3 0.73 1.3 1.34
65 47.7 35.1 44.8 34.7 23.2 0.75 0.69 0.82

51.6 48.9 27.3 34.8 33.9 18.2 0.87 0.75 0.755
37.1 39.4 29.2 27.3 25.1 19.1 0.67 0.93 0.87
47.1 39.9 39.7 23.4 23.4 23.1 1.48 1.01 1.16
46.4 56.5 32.4 34.7 35.7 16.4 0.73 0.9 1.34
39.7 38 31.1 24.5 23.2 21.6 0.97 1.04 0.8
40.3 23 26.9 26.6 14.2 22.1 0.93 1.15 0.7

ACA(R)
Pulsatility IndexMean flow velocityPeak flow velocity
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GROUP PRONE 
 

 

SL.No GROUP NO. GROUP Age(Years) Sex(M/F) Weight (Kg) Height BMI

21 1 PRONE 25 M 80 176 25.8
22 2 PRONE 48 F 70 162 26.7
23 2 PRONE 46 F 65 160 25.4
24 2 PRONE 41 F 70 162 26.7
25 2 PRONE 59 F 55 160 21.5
26 2 PRONE 60 F 48 147 22.2
27 2 PRONE 25 M 80 170 27.7
28 2 PRONE 32 M 72 165 26.5
29 2 PRONE 22 M 55 175 18
30 2 PRONE 47 F 80 175 26.1
31 2 PRONE 47 F 55 160 21.5
32 2 PRONE 20 M 58 175 18.9
33 2 PRONE 48 F 60 169 21
34 2 PRONE 30 M 80 170 27.7
35 2 PRONE 40 F 76 157 30.8
36 2 PRONE 60 F 80 175 26.1
37 2 PRONE 46 F 48 147 22.2
38 2 PRONE 36 F 50 162 19
39 2 PRONE 44 F 58 152 25.1
40 2 PRONE 34 M 55 160 21.5
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Diagnosis Surgery Co morbidity ASA Grading

C2 EXTRADURAL SCHWANNOMA Excision & OC fusion I
L3-L4 PIVD DECOMPRESSIVE LAMINECTOMY I

PONTINE CAVERNOMA MLSO craniotomy and excision I
LEFT CP ANGLE SCHWANNOMA LEF RSSO craniotomy and excision I

LEFT PARIETO OCCIPITAL MENINGIOMA Craniotomy and excision DM 2
LEFT PETRO TENTORIAL MENINGIOMA LEFT RSSO craniotomy and excision Hypothyroidism 2

C1-C2 lesion Excision & o-C fusion 1
Left petroclival plasmacytoma Craniotomy & excision 1

pineal region tumor Modified poppens approach 1
Chiari with syrinynx Foramen magnum decompression 1

S2 Schwannoma Laminectomy & excision 1
C2 vertebral body lesion Excision of lesion 1

Left Cerebellar Convexity meningioma Left rsso craniotomy and excision 1
L5-S1 PIVD Laminectomy + Discectomy 1

chiari1 Foramen magnum decompression HTN 2
L3-L5 IVDP Decompressive laminectomy, Discectomy & fusion 1

Right petroclival meningioma Craniotomy & excision Bronchial Asthama 2
chiari1 Foramen magnum decompression 1

Cerebellar Hemangioblastoma MLSO Craniotomy & excision 1
Cerebellar Hemangioblastoma MLSO Craniotomy & excision 1

T0 T1 T2 T0 T1 T2 T0 T1 T2 T0 T1 T2
75 83 80 128 118 115 72 66 62 91 83 80
65 74 78 114 108 106 72 69 73 86 82 84
74 80 82 110 101 110 70 65 62 84 77 78
79 83 80 133 127 120 79 72 69 97 90 86
73 80 82 142 134 132 86 81 72 104 99 92
69 74 76 114 109 107 74 69 72 87 82 84
66 69 72 130 122 119 75 70 71 93 87 87
73 77 80 117 110 112 70 63 65 86 79 81
85 90 92 126 121 124 78 70 71 94 87 89
58 62 61 120 115 119 85 79 81 97 91 94
57 60 61 112 105 110 80 76 77 91 86 88
80 84 79 131 123 121 76 72 74 94 89 90
79 83 80 140 132 134 76 70 71 97 91 92
65 70 71 125 132 134 66 70 71 86 91 92
88 95 84 125 128 118 76 75 68 92 93 85
75 80 76 136 129 125 78 72 70 97 91 88
81 85 79 122 111 119 74 68 70 90 82 87
86 91 93 125 120 123 78 70 71 94 87 88
59 65 62 122 113 119 68 62 70 86 79 86
89 97 84 115 108 119 85 81 70 95 90 86

Heart Rate SBP DBP MAP
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T1 T2 T1 T2 T1 T2 T1 T2
19 23 35 35 500 500 12 12
19 21 34 34 450 450 12 12
21 21 34 34 420 420 12 12
19 20 35 35 450 450 12 12
19 19 34 34 400 400 12 12
22 24 33 33 380 380 12 12
21 25 35 35 500 500 12 12
18 20 35 35 460 460 12 12
18 19 34 34 400 400 12 12
20 24 35 35 500 500 12 12
19 22 34 34 430 430 12 12
19 23 34 34 400 400 12 12
21 25 35 35 420 420 12 12
18 20 35 35 490 490 12 12
18 22 35 35 470 470 12 12
17 19 35 35 500 500 12 12
22 25 33 33 380 380 12 12
18 19 33 33 400 400 12 12
17 21 35 35 420 420 12 12
20 23 34 34 400 400 12 12

ETCO2 Tidal Volume Respiratory RatePEAK Airway Pressure

T0 T1 T2 T0 T1 T2
76 70 60 72 67 54
69 62 65 67 66 65
58 70 58 56 62 69
54 58 54 62 61 59
65 71 62 64 56 60
79 72 75 73 68 71
71 69 72 76 70 68
70 67 58 72 69 65
74 65 67 67 60 62
62 68 72 64 61 68
65 68 70 63 63 66
80 78 75 78 75 80
69 66 65 73 62 63
66 68 62 63 70 67
62 62 59 67 66 63
64 61 62 69 67 70
68 61 60 68 59 62
73 63 65 66 59 61
66 76 70 76 80 72
65 62 62 62 69 63

NIRS (L) NIRS (R)
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T0 T1 T2 T0 T1 T2 T0 T1 T2
52.1 61.1 26.3 36.8 30 16.4 0.82 1.69 0.85
56.9 40.7 71.7 49.4 28.4 50.3 0.75 0.79 0.81
94 91.8 63.2 68.4 70.5 42.4 0.76 0.64 0.84
48.1 47.2 22.1 33.3 30.5 15.9 0.8 0.86 0.69
45.4 47.4 41 28 37.1 15.6 1.04 0.6 2.34
56.3 29.9 44.9 27.5 18.8 28.6 1.89 0.92 1.18
52.1 61.1 54 36.8 30 29.3 0.82 1.69 1.24
74.5 53.8 40.7 55.4 43.6 28.4 0.86 0.48 0.79
70.8 49.9 25.7 54.3 28.6 14.4 0.54 1.05 1.13
58.9 44.7 33.3 37.9 25.8 19.3 0.91 1.26 1.12
78.5 51.5 44.8 51.9 32.9 26.2 0.9 1.06 1.21
58 65.5 33.9 37.3 40.6 25.1 1.43 0.93 0.77
82.6 42.1 39.7 60.6 24.6 28 0.68 1.11 0.75
52.9 52.7 34.3 40.1 36.7 22.7 0.59 0.72 0.81
53 48.6 34.2 33.8 33.2 23.2 0.89 0.77 0.81
61.8 38 28.3 40.9 26 19.4 0.9 0.82 0.78
34.6 29.1 26.3 21.8 19.9 16.4 0.91 0.83 0.85
68.2 63.4 59.7 37.4 41.8 44.5 1.23 0.87 0.64
59.7 58.2 42.1 35.1 31.6 24.6 1.15 1.35 1.11
58.3 52.7 42.7 30.6 20.1 23.5 1.34 2.1 1.04

MCA (L)
Peak flow velocity Mean flow velocity Pulsatility Index

T0 T1 T2 T0 T1 T2 T0 T1 T2
53.8 56.9 33.5 36.1 29.6 21.5 0.96 1.27 0.81
52.3 53.8 40.7 39.2 40.7 25.9 0.66 0.61 0.94
64.5 68.5 46.9 44.3 51.1 29.8 0.78 0.68 0.94
52.5 46.8 39.1 34.7 30.4 26.4 0.84 0.85 0.78
46.2 37.6 59.1 27.7 22.2 14.9 1.11 1.13 3.92
53.1 61.6 26.8 36.3 39.1 18.3 0.83 1.11 0.79
53.8 56.9 33.5 36.1 29.6 21.5 0.96 1.27 0.81
81.2 40.4 41.5 56.6 26.7 28.3 0.78 0.91 0.75
58.5 55.5 35.7 28 26.3 19.4 1.53 1.49 1.22
54.6 43.8 41.6 34.8 30.5 23.5 1.01 0.73 1.16
76.6 54.8 46.2 52.3 37.6 27.7 0.87 0.85 1.11
77.7 80.2 26.3 47.9 48.7 13.8 1.03 0.99 1.2
70.1 85.4 83.5 49.4 42.9 49.3 0.72 1.41 1.32
99.3 82.3 46.5 70 51.5 29.3 0.73 0.86 1.03
57.9 44.8 35.8 40.1 29.4 23.5 0.82 0.93 0.79
40.8 59.6 21.7 22.5 39.6 13.8 1.24 0.81 0.85
67 61.2 50.2 46 37.9 38 0.7 0.91 0.57

69.7 54.6 44.3 48.7 37.8 29.6 0.74 0.76 1.15
58 56.9 40.6 38.1 32.1 23.6 0.91 1.21 1.39

49.1 50.3 45.4 28.5 21.6 19.8 1.04 1.74 1.63

MCA (R)
Peak flow velocity Mean flow velocity Pulsatility Index
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GROUP LATERAL 
 
 

T0 T1 T2 T0 T1 T2 T0 T1 T2
61.1 49.9 33.8 30 27.6 18.4 1.69 1.16 1.2
52.3 77.6 69.4 37.8 62.1 28.5 0.75 0.68 1.35
48.1 64.7 60.2 35.2 47.6 38.9 0.79 0.76 0.98
35.5 42.5 33.1 20.7 25.2 24.5 1.05 1 0.62
54 45.6 40 39.4 25.2 20.7 0.68 1.36 1.34

50.3 32.1 24.2 37.2 23 16.6 0.72 0.74 0.75
31 35.2 49.9 43 20.6 27.6 0.76 1.03 1.16

57.7 46.9 37.5 41.7 32.2 24.7 0.69 0.77 0.84
25.7 26.4 33 16 13.9 16.6 0.9 1.23 1.53
51.5 29.3 45.4 37.9 19.2 23 0.65 0.86 1.39
56.5 43.2 65.9 39.6 26.6 39.5 0.88 1.06 1.21
72.7 59.2 54 46.5 32.6 33.5 0.9 1.15 0.85
85.5 42.8 86.3 59.6 25.1 68.5 0.75 1.14 0.49
40.6 73 44.4 27.2 63.1 28.9 0.86 0.63 0.81
76.7 62.2 23.3 53 44.4 16.8 0.8 0.77 0.66
55.1 53.3 28 34.5 33.5 19.4 0.88 0.94 0.76
43.3 35.4 33.8 26.5 24 18.4 0.97 0.85 1.2
50.2 62.9 59.7 35.1 44.7 44.5 0.62 0.71 0.64
50.7 42.9 35.4 39 24.7 24 0.85 1.18 0.85
34.9 41.8 32.3 21.1 22.9 29.3 1.01 1.15 0.2

ACA (L)
Peak flow velocity Mean flow velocity Pulsatility Index

T0 T1 T2 T0 T1 T2 T0 T1 T2
54 48.4 32.8 29.3 30.6 18.6 1.24 0.93 1.06

52.9 37.7 36.8 35.4 22.6 20.3 0.9 1.27 1.35
63.4 44.8 44.5 41.8 32.4 28.4 0.87 0.71 0.91
51.4 39.7 32.1 34.4 29 21.7 0.83 0.67 0.84
42.5 38.2 34.7 26.6 20.3 20.4 0.98 1.32 1.03
50.6 38.4 23.8 35.3 24.8 16.9 0.77 0.89 0.72
52.9 48.4 32.8 35.4 30.6 18.6 0.9 0.93 1.06
78.6 45.2 39.9 60.6 30.6 27.5 0.59 0.93 0.74
53.4 33.3 42.4 35.2 16.4 23.5 0.79 1.39 1.26
56.2 40 33.6 40.6 29.7 19.7 0.68 0.6 1.07
50.3 39.6 38.6 28 26.7 22 1.26 0.83 1.32
44.3 62.9 36.4 29.9 37.6 22.2 0.82 0.98 0.97
96.7 69.5 70.1 69.5 33.7 49.4 0.73 1.54 0.72
96.5 84.1 37.9 74.6 62 25.1 0.54 0.65 0.96
88 38.1 31.1 64.6 23.1 24.7 0.65 0.97 0.49

40.3 52.6 25.2 23.9 27 16.6 1.06 1.29 0.82
49.5 56.8 44.3 32.5 50.1 29.9 0.87 0.3 0.82
47.4 43.4 39.9 30.2 27.8 29.4 1.07 0.92 0.65
63.7 38.9 40.3 45.6 24.1 24.2 0.87 1.05 1.05
46.5 42.8 42.7 28.4 20.7 23.5 0.97 1.49 1.04

ACA(R)
Peak flow velocity Mean flow velocity Pulsatility Index
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SL.No GROUP NO. GROUP Age(Years) Sex(M/F) Weight (Kg) Height BMI

41 3 LATERAL 38 M 80 176.5 25.7
42 3 LATERAL 28 F 48 147 22.2
43 3 LATERAL 44 F 47 158 18.8
44 3 LATERAL 38 M 60 169 21
45 3 LATERAL 48 F 55 160 21.5
46 3 LATERAL 59 M 70 162 26.7
47 3 LATERAL 45 F 48 147 22.2
48 3 LATERAL 48 M 80 170 27.7
49 3 LATERAL 44 F 80 175 26.1
50 3 LATERAL 19 F 55 160 21.5
51 3 LATERAL 53 F 65 160 25.4
52 3 LATERAL 55 F 48 147 22.2
53 3 LATERAL 48 F 57 160 22.2
54 3 LATERAL 60 F 60 160 23.4
55 3 LATERAL 47 F 61 154 25.7
56 3 LATERAL 37 M 80 175 26.1
57 3 LATERAL 58 F 60 163 22.5
58 3 LATERAL 55 F 60 169 21
59 3 LATERAL 35 F 45 150 20
60 3 LATERAL 24 F 40 151 18.5

Diagnosis Surgery Co morbidity ASA Grading

Left CP Angle Schwanomma Left rsso craniotomy and excision I

Right Thalamic glioma Left rsso craniotomy and excision I

Right CP Angle Schwanomma Right rsso craniotomy and excision DM 2

Left CP Angle Schwanomma Left rsso craniotomy and excision I

Left CP Angle Meningioma Left rsso craniotomy and excision I

Right CP Angle Schwanomma Right rsso craniotomy and excision 1

Right CP Angle Schwanomma Right rsso craniotomy and excision 1

Right CP Angle Schwanomma Right rsso craniotomy and excision 1

Right CPA lesion Right rsso craniotomy and excision 1

B/L Vestibular Schwannoma Left rsso craniotomy and excision 1

Left CP Angle Schwanomma Left rsso craniotomy and excision HTN 2

Left CP Angle Schwanomma Left rsso craniotomy and excision 1

Right tentorial meningioma Right rsso craniotomy and excision 1

Lower cranial nerve Schwanomma Left rsso craniotomy and excision 1

Left CPA Schwanomma Left rsso craniotomy and excision 1

Right CPA lesion Right rsso craniotomy and excision 1

Left CP Angle Schwanomma Left rsso craniotomy and excision 1

Left CP Angle Schwanomma Left rsso craniotomy and excision 1

Left CP Angle Epidermoid Left rsso craniotomy and excision 1

Left CPA Schwanomma Left rsso craniotomy and excision 1
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T0 T1 T2 T0 T1 T2 T0 T1 T2 T0 T1 T2
75 83 80 130 118 115 70 66 62 90 83 80
65 74 78 114 108 106 72 69 73 86 82 84
74 80 82 116 110 108 66 60 62 83 77 77
79 83 80 136 128 120 78 72 69 97 91 86
73 80 82 140 129 132 84 79 72 103 96 92
69 74 76 135 129 128 82 79 72 100 96 91
66 69 72 130 119 115 70 65 63 90 83 80
73 77 80 146 134 140 92 87 90 110 103 107
85 90 92 119 112 118 77 75 76 91 87 90
58 62 61 112 102 118 67 60 76 82 74 90
57 60 61 108 118 118 60 66 76 76 84 90
80 84 79 141 138 135 92 90 88 108 106 104
79 83 80 136 122 130 90 81 81 105 94 97
65 70 71 124 112 118 58 75 76 80 87 90
66 73 76 117 112 109 72 69 73 87 83 85
72 80 81 116 110 108 66 60 62 83 77 77
88 95 84 124 104 109 58 61 69 80 75 82
75 80 76 124 114 116 70 65 69 88 81 85
81 85 79 124 114 116 70 65 69 88 81 85
59 65 62 120 121 125 71 76 80 87 91 95

Heart Rate SBP DBP MAP

T1 T2 T1 T2 T1 T2 T1 T2
18 19 35 35 480 480 12 12
20 21 33 33 400 400 12 12
19 21 35 35 390 380 12 12
19 20 34 34 425 425 12 12
19 22 33 33 400 400 12 12
22 24 35 35 450 450 12 12
21 24 34 34 410 410 12 12
18 19 35 35 500 500 12 12
18 19 35 35 500 500 12 12
20 22 33 33 420 420 12 12
20 23 34 34 450 450 12 12
19 21 34 34 375 375 12 12
22 25 34 34 475 475 12 12
20 22 35 35 450 450 12 12
17 18 33 33 450 450 12 12
20 23 35 35 500 500 12 12
18 19 34 34 430 430 12 12
17 19 34 34 440 440 12 12
23 25 33 33 380 380 12 12
18 21 33 33 350 350 12 12

ETCO2 Tidal Volume Respiratory RatePEAK Airway Pressure
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T0 T1 T2 T0 T1 T2
69 70 60 67 67 54
54 68 68 64 69 69
76 70 60 72 67 54
65 62 66 68 64 69
55 58 54 62 61 59
64 61 61 62 60 59
67 70 66 69 65 61
73 72 71 74 80 77
71 70 76 61 64 69
72 71 73 69 72 68
61 60 64 65 56 58
64 62 65 58 62 69
68 66 67 63 58 60
60 57 62 63 62 65
67 61 65 69 63 66
79 75 77 72 68 70
66 62 60 73 61 62
70 73 72 73 62 66
65 73 76 68 76 70
60 62 63 64 67 59

NIRS (L) NIRS (R)

T0 T1 T2 T0 T1 T2 T0 T1 T2
68.2 63.4 24.2 37.4 41 17.5 1.23 0.87 0.71
79.4 85 70 53.4 58.1 43 0.74 0.75 1.07
52.1 61.1 26.3 36.8 30 16.4 0.82 1.69 0.85
68.2 63.4 59.7 37.4 41.8 44.5 1.23 0.87 0.64
62.7 48.1 47.2 45.7 33.3 30.5 0.66 0.8 0.86
95.1 61.6 59 65 42.3 40.5 0.84 0.78 0.81
65.9 73.4 23.8 44.8 48.6 15.1 0.89 0.92 1.02
55.2 23.1 41.7 44.4 16.1 33.1 0.67 0.75 1.23
53.3 41.1 27.4 36.1 23.6 17.5 0.83 1.17 0.99
63.7 91 49.5 41.9 53.6 32 0.85 1.02 0.86
65.9 60.9 41.5 41 40.7 28.2 1.24 0.9 0.88
78.2 45.2 42.4 69.9 30.7 26.8 0.37 0.81 1.25
86.4 50.8 41.5 56.9 30.6 28.2 0.91 1.15 0.88
45.7 41.7 34.4 24.9 33.1 19.4 1.42 1.23 1.22
68.2 61.1 53.3 37.4 30 36.1 1.23 1.69 0.83
42.3 58.1 66.4 23.6 29.9 48.5 1.33 1.31 0.64
55.4 49.6 38.1 37.8 25.1 23.7 0.85 1.73 1.03
48.1 44.6 36.9 29.3 26.3 19.8 1.13 1.22 1.37
84 45.2 54.9 59.7 32.5 37.8 0.66 0.77 0.78
98.7 89 86.1 61.2 57.5 63.2 0.94 0.84 0.69

MCA (L)
Peak flow velocity Mean flow velocity Pulsatility Index
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T0 T1 T2 T0 T1 T2 T0 T1 T2
63.5 61.1 33.5 41 33.9 21.5 0.9 1.16 0.81
61.1 41.3 63.5 33.9 31.1 41 1.16 0.71 0.9
53.8 56.9 33.5 36.1 29.6 21.5 0.96 1.27 0.81
69.7 54.6 44.3 48.7 37.8 29.6 0.74 0.76 1.15
52.5 46.8 39.1 34.7 30.4 26.4 0.84 0.85 0.78
64.1 50.4 37.9 43.3 43.5 25.8 0.89 0.64 0.82
70.4 95.1 47.8 48.9 67.5 33.4 0.87 0.72 0.79
57.6 32.9 36.1 42.1 22.6 24.8 0.67 0.74 0.78
53.2 47.2 34.4 37 24 19.4 0.75 1.39 1.22
80.1 48.3 35.2 57 31 21.2 0.75 0.99 1.23
89.4 75.9 49.4 56.4 50.9 31.5 1.02 0.78 0.93
37.6 48.5 32.4 24.5 35.6 22.2 0.91 0.68 0.82
52.9 45.9 38.3 33.1 27 23.4 1.01 1.16 1.1
44.6 29 32.4 27.3 18.2 22.2 1.17 1.02 0.82
57 56.3 44 35.4 37 23.8 1.25 1.09 1.18
38 77.5 44.2 22.7 48.1 24.5 1.25 0.91 1.17

56.1 50 39.3 33.7 29.1 24.8 1.15 1.13 0.96
43.7 47.9 40.5 27.2 27.2 21.7 1.14 1.24 1.34
80.2 55.1 55.6 54.5 36.5 34.3 0.79 0.85 0.96
50.9 72.7 81.3 34.6 52.8 52.9 0.87 0.84 0.85

MCA (R)
Peak flow velocity Mean flow velocity Pulsatility Index

T0 T1 T2 T0 T1 T2 T0 T1 T2
42.5 34 33.8 49.9 21.2 18.4 0.51 0.91 1.2
50.2 62.9 59.7 35.1 44.7 44.5 0.62 0.71 0.64
61.1 49.9 33.8 30 27.6 18.4 1.69 1.16 1.2
50.2 62.9 59.7 35.1 44.7 44.5 0.62 0.71 0.64
42.5 35.5 32.8 25.2 20.7 24.9 1 1.05 0.6
75.2 48.4 40.7 51.8 34.1 29.7 0.86 0.7 0.66
56.7 53.2 30.4 36.8 39 20.5 0.96 0.77 0.9
24.6 23.6 29.7 18.5 16.7 21.7 0.61 0.73 0.66
40.4 46.5 36.4 25.5 27.8 20.6 1.13 1.03 1.07
54.7 55 40.8 32.8 32.8 27 1.05 1.05 0.84
52.7 40.3 38.1 35.2 26.8 25.6 0.83 0.84 0.88
37 35.6 31.1 22.2 24.2 21.2 1.16 0.79 0.85

45.8 53.2 40.4 32.2 39 25.5 0.95 0.77 1.13
35.7 35.2 33.8 22.1 21.2 18.4 1.03 1.23 1.2
53.2 44.5 31.9 39 54.8 24.8 0.77 0.72 0.61
53.1 40.4 40.2 38.7 25.5 35.5 0.64 1.13 0.25
49.9 56 28.4 42.3 42.5 18.9 0.65 0.66 0.82
52.4 52.7 39.5 30.8 30.2 22.6 1.19 1.22 1.2
61.2 37.3 49.6 43.1 23.6 34.8 0.67 0.92 0.73
63.8 57.6 66.3 48 46 45.8 0.56 0.83 0.76

ACA (L)
Peak flow velocity Mean flow velocity Pulsatility Index
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T0 T1 T2 T0 T1 T2 T0 T1 T2
42.3 39.5 34.8 23.7 23.7 20.4 1.22 1.05 1.06
47.4 43.4 39.9 30.2 27.8 29.4 1.07 0.92 0.65
54 48.4 32.8 29.3 30.6 18.6 1.24 0.93 1.06

47.4 43.4 39.9 30.2 27.8 29.4 1.07 0.92 0.65
51.4 39.7 32.1 34.4 29 21.7 0.83 0.67 0.84
61.5 50.4 49 41.6 43.5 82.5 0.83 0.64 0.34
66.6 59.3 63.2 47.1 74.7 44.8 0.75 0.48 0.8
49.2 30.1 30.2 33.9 22 21.3 0.74 0.64 0.75
56.9 40.2 34 38.9 25.5 19.5 0.8 0.95 1.07
71.5 58.9 48.5 47.2 35.4 28.4 0.84 1 1.21
75.8 47 53.4 49.3 34.6 35.9 0.87 0.66 0.87
65.7 49.9 40.2 43.6 41.9 25.5 0.88 0.65 0.95
46.7 33.7 36.1 26.9 21.3 21.9 1.16 1.06 1.05
43.9 33.3 34 29.6 20.2 19.5 0.96 1.08 1.07
48.8 41.2 37 33.2 29.1 22.2 0.89 0.86 1.16
34.6 78.6 40.3 21.8 42.2 21.5 0.98 1.17 1.2
71.3 30.3 33.7 49 21.4 23.5 0.87 0.77 0.79
50 53.5 26.3 45.7 34.7 14.2 0.71 0.97 1.25
78 52.5 44 60.6 35.4 34.1 0.57 0.82 0.58

44.1 37.8 40.9 31.7 28.5 29.4 0.76 0.75 0.76

ACA(R)
Peak flow velocity Mean flow velocity Pulsatility Index
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