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Raised intracranial pressure (ICP) is a life-threatening condition which can happen by 

different neurological or non-neurological pathology. There are various neurological 

causes which can contribute to raised ICP which are intracranial space occupying 

lesions, diseases of cerebrospinal fluid (CSF) circulation, and various other 

intracranial pathology. The diagnosis of elevated intracranial pressure (ICP) is both 

challenging and critical, because prompt recognition and treatment are essential to 

prevent possible brain damage or death. Its development may be acute or chronic. 

There are well established methods for the measurement, continuous monitoring, and 

treatment of raised ICP. 

 

Invasive ICP measurement by placement of an intraventricular cannula is considered 

to be the gold standard method. For safe insertion of the probe, optimal blood 

coagulation, sterile conditions, and neurosurgeon are required.1 In case of a trauma 

scenario, these are not always readily available. There it’s come the role of non-

invasive modality. Non-invasive techniques for raised ICP monitoring are simple 

bedside method which can be useful for early detection of raised ICP, especially in the 

prehospital and emergency care setting. 

 

Ultrasonography is a procedure of determining the real-time conditions & this is a   

bedside tool widely used in the emergency units. The equipment is widely available 

in various emergency care units, and its cost effective also. Ultrasonography 

determination of the Optic nerve sheath diameter (ONSD) has been developed and 

suggested as a non-invasive indicator of intracranial hypertension.  

The optic nerve sheath (ONS) is a continuation of the intracranial meninges, and the 
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perineural subarachnoid space surrounding the optic nerve. The ONS compartment 

represents a cul-de-sac space, a septate, trabeculated region filled with cerebrospinal 

fluid (CSF).2-5 The duramater extends along the optic nerve and the subarachnoid 

space beneath it. The relationship between the raised ICP and the optic nerve sheath 

diameter (ONSD) has been described by many authors with varying degree of 

accuracy in several clinical situations: traumatic brain injury, hydrocephalus and 

intracranial haemorrhage. Various studies have concluded abnormal ONSD is usually 

present when ICP raises above 20 mmHg.6 

 

Transcranial colour Doppler (TCCD) described Aaslid et al. in 1982,1. TCCD is a 

non-invasive, bed side, real time monitoring and diagnostic tool. The use of TCCD 

has expanded immensely over the past three decades has emerged as cost-effective 

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

cerebral autoregulation and embolization.7 

 

To perform TCCD, a 2 MHz transducer is used in the ultrasound system. This has an 

advantage of providing cerebrovascular imaging with structural flow map of cerebral 

blood vessels. The few regions of the skull bone are relatively thinner which allows 

penetration of ultrasound wave beams to visualize the underlying cerebral blood 

vessels. There are four commonly employed acoustic windows for detection of 

cerebral blood vessels. These are the trans-temporal, trans-orbital, sub occipital, and 

submandibular windows. Through the trans temporal window, the cerebral blood flow 

velocities of various intracranial vessels like middle cerebral artery, anterior cerebral 

artery, posterior cerebral artery and posterior communicating artery can be obtained. 

The transducer probe kept over the temporal area just above the zygomatic arch and 
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in the front of the tragus of the ear & between the depth of 45 to 60 mm signifies the 

ipsilateral MCA. The Doppler spectrum of wave pattern provides important 

information about the flow characteristics in the cerebral arterial segment.8 

The most commonly used hemodynamic index used for determination of raised ICP 

is the Gosling pulsatility index9 (PI). When there is raised ICP, there is consequent 

raised resistance, the delta (peak systolic velocity-peak diastolic velocity) of flow in 

intracranial vessels is high and hence high PI. The correlation between the raised ICP 

and PI was first looked upon by the Lund group.13 They computed an equation to 

predict raised ICP based on the correlation between PI and ICP: ICP = 10.927 PI – 

1.284. After this initial enthusiasm of TCD guided ICP measurements, many authors 

tried replicating the same but they had mixed results. While Bellner et al. 13 and 

Behrens et al.14 had a good correlation between PI and ICP, Voulgaris et al.7 Homburg 

et al.8 and Moreno et al.15 did not able to establish any correlation between the two 

variables. The possible reason for this failed establishment could be due to the fact 

that PI is influenced by several commonly present variants in an intubated patient.  

 

We decided to study the correlation & compare the accuracy of ultrasound-based 

TCCD & ONSD for ICP measurement in patients with raised intracranial pressure 

undergoing ventriculoperitoneal shunt with direct invasive ICP to find out the 

reliability of these variables as predictors of raised intracranial pressure & a definite 

alternative non-invasive modality for ICP monitoring. 
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The intracranial compartment: 

The arrangement of the intracranial contents is complex. The three principal contents, 

brain tissue volume, CSF volume, and CBV are separated from one another by bony, 

dural, and arachnoid barriers. Some of these barriers are so extensive that they cause 

areas of the intracranial space to behave as though isolated from the remainder of the 

intracranial space. This effect is termed compartmentalization. The two cerebral 

hemispheres are separated from one another by a semirigid barrier, the falx cerebri, 

which allows only limited lateral displacement. The connection between hemispheres 

exists through opening in the base of the falx at the level of the corpus callosum. The 

anterior and middle cranial fossae are separated from the posterior cranial fossa by a 

semirigid barrier, the tentorium cerebeli, which allows only limited craniocaudal 

displacement. Beneath the tentorium, the infratentorial space may behave like a single, 

isolated compartment. A limited connection between the infratentorial and the 

supratentorial spaces exists via the tentorial notch, and between the infratentorial 

space and the spinal subarachnoid space via the foramen magnum. 

  

Localized pathologic conditions may cause obstruction of CSF flow and blockage of 

CSF egress from one portion of the ventricular system but not from another. Localized 

pathologic lesions may not only raise pressure within the affected compartment by a 

direct volume effect but may alter the viscoelastic properties of the injured brain as 

well. In addition, separate compartments within the intracranial space may be 

dissimilar with respect to capacitance. As a result, these compartments may respond 

at different rates to changes in volume and/or pressure. Raised ICP frequently results 

in pressure gradients between compartments and a shift of brain structures. Many of 
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the clinical counterparts of raised ICP are the consequence of such shifts rather than 

the absolute level of ICP. 

The raised intracranial pressure: 

Normally, CSF is produced and continuously circulates in cavities called ventricles 

before being absorbed into the bloodstream. Obstructive hydrocephalus occurs when 

the passage of CSF is blocked. When this occurs, the fluid builds up inside the 

ventricle and causes pressure on adjacent brain tissue. If obstructions in the CSF 

pathways drive the development of hydrocephalus, there should be a corresponding 

change in the transmantle pressure gradients. Transmantle pressure gradient is the 

difference between the intraventricular pressure and the pressure in the subarachnoid 

spaces. This gradient has been hypothesized to be the driving force of ventricular 

dilatation.  

 

Fig 1. 

Monitoring of intracranial pressure: 

The advent of monitoring of ICP began in 1960 and is credited to Lundberg, who 

described the method of directly monitoring the fluid pressure in the ventricle.16 In the 
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initial era the measurement was by direct invasive mode & on gradual period of time 

the non-invasive modes of ICP measurements started.  Invasive methods to monitor 

ICP include devices such as an intraventricular catheter, extra-ventricular drain, 

intraparenchymal probes and subarachnoid bolts.17-18 The intraventricular catheter 

connected to an external pressure transducer of ICP is considered as gold standard for 

ICP measurement.19  

 

Fig 2. 

 

Even though invasive method is the gold standard but few complications are 

associated with it. Ventriculostomy-related infections, are the most common 

complication associated with invasive monitoring; the rate of VAIs was estimated in 

one meta-analysis to be 0%–22%, with an average rate of 8.8%22. Haemorrhage 

associated with invasive monitoring placement can potentially cause devastating and 

irreversible injury, with reported incidence rates of 0.7%–41.0%.23 Misplacement of 
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invasive monitoring device with a freehand technique is a common concern, with 

reported rates ranging from 8% to 45% depending on intracranial pathology and 

operator technique, experience, and skill.24  

 

The idea of a non‑invasive method of measuring ICP is captivating, as complications 

seen in relation to the invasive methods of ICP measurement such as haemorrhage and 

infection are then avoidable. The non‑invasive methods of monitoring ICP which have 

evolved over time include modalities such as, transcranial Doppler (TCD), optic nerve 

sheath diameter (ONSD) measurements, tympanic membrane displacement, 

measurements of the dielectric property of the cranium, magnetic resonance imaging 

(MRI) and magnetic resonance angiography, computerised tomography scans, 

quantitative pupillometry and ophthalmodynamometer.  

 

TRANSCRANIAL COLOUR DOPPLER 

Transcranial colour Doppler (TCD) is a relatively inexpensive, non-invasive, bed side, 

real time monitoring of blood flow characteristics and cerebrovascular hemodynamic 

within the basal arteries of the brain. The physiologic data obtained from these 

measurements are complementary to structural data obtained from various modes of 

currently available vascular imaging. TCD is the most convenient way to monitor 

vascular changes in response to interventions during acute cerebrovascular events. The 

use of TCCD has expanded immensely over the past three decades has emerged as 

cost-effective tool for evaluating cerebral hemodynamic, detecting stenosis collateral 

flow pattern, cerebral autoregulation and embolization.20 
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TCD ultrasonography is based on the principle of the Doppler effect. According to 

this principle, ultrasound waves emitted from the Doppler probe are transmitted 

through the skull and reflected by moving red blood cells within the intracerebral 

vessels. The difference in the frequency between the emitted and reflected waves, 

referred to as the “Doppler shift frequency,” is directly proportional to the speed of 

the moving red blood cells (blood flow velocity). Because blood flow within the vessel 

is laminar, the Doppler signal obtained represents a mixture of different Doppler 

frequency shifts forming a spectral display of the distribution of the velocities of 

individual red blood cells on the TCD monitor. 

 

Spectral analysis can then be used to obtain measures of blood flow velocity, as well 

as a few other characteristics of flow within the insonated blood vessel. The specific 

parameters obtained from this spectral analysis include peak systolic velocity (PSV), 

end diastolic velocity (EDV), mean flow velocity (MFV), pulsatility index (PI).  

The formula that describes the relationship between flow velocity (reflector speed) 

and  Doppler shift frequency is 

 

The propagation speed of a wave is a constant that can be obtained for various 

mediums (speed in soft tissue is 1541 m/s). Theta (θ) is the angle of insonation or the 

angle of the emitted wave relative to the direction of vessel (blood flow). If the angle 

is zero, or the emitted wave is parallel to the direction of flow, the cosine of zero is 1, 

and we have achieved the most accurate measure of flow velocity. The larger the 

angle, the larger is the cosine of the angle; hence, the greater is the error in our velocity 
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measure. Therefore, it is important to minimize this angle to less than 30 degrees to 

keep the error below 15%. In addition, the velocity of blood flow through a vessel is 

proportional to the fourth power of the vessel radius. However, the basic assumption 

for TCD measurements is that the diameter of the insonated vessel does not change 

during the course of a study and it remains constant in response to various physiologic 

variables such as blood pressure or changes in subjects, which may easily occur as a 

result of treatment.24-26 

The normal spectral waveform shows a sharp systolic upstroke and stepwise 

deceleration with positive end diastolic flow. Peak systolic velocity is the first peak 

on the on a TCD waveform from each cardiac cycle. The insonation characteristics of 

MCA is that the transducer is directed superiorly and anteriorly to get the signal at the 

depth of 30 to 65mm with flow towards the probe. 

 

Figure 3 Figure 4 

 

TCD indices  

The various indices are Mean flow velocity, Gosling’s pulsatility index, The Pourcelot 

resistivity index.  
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Mean flow velocity (MFV) is the central parameter of TCCD and the mean flow 

velocity is calculated as EDV plus one-third of the difference between PSV and EDV. 

The normal MFV of MCA is about 55+12 cm/sec. 

 

Gosling’s pulsatility index (PI) provides information on downstream cerebral 

vascular resistance and is equal to (PSV-EDV)/MFV.  

 

PI is independent of angle of insinuation; hence it is not expressed in units. A 

significant correlation exists between PI and ICP. An increased ICP will reduce the 

compliance of cerebrovascular system and augments the velocity variation, increasing 

the denominator of PI. PI is extremely sensitive to ICP changes and hence can be used 

as a surrogate marker of ICP. 

Normal values of PI lie within the range of 0.5 to 1.19. PI positively correlates with 

ICP; a PI change of 2.4% is reflected by a 1 mmHg change in ICP. Pulsatility derived 

ICP can be used as a surrogate marker of ICP. The use of TCD as a predictor of ICP 

was first described by Klinghoffer et al. Middle cerebral artery (MCA) flow velocities 

and PI may help to assess the progression of the injury, correlate well with ICP and 

guide the treatment protocols27.  

 

TCD is defined as highly sensitive with a medium specificity procedure to determine 

raised ICP. The sensitivity decreases and specificity increased with values over 20 

mmHg. PI measurements provide a good estimate of ICP. Formula to calculate ICP 

from PI is 10.93×PI-1.28.28 
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The Pourcelot resistivity index (RI) is equal to (PSV-EDV)/PSV with values 0.8 

indicating increased downstream resistance. Derangements of RI reflect similar 

disease patterns as observed with an abnormal PI. 

 

Transcranial ultrasound can also be used to measure septum pellucidum undulations 

(SPU). In this test, the capability of the septum pellucidum to undulate relative to the 

ventricular wall during short (20-degree) rotatory movements of the head was related 

to ICP. If the ICP is elevated the septum pellucidum will be taught and undulate with 

amplitudes similar to that of the surrounding brain parenchyma and ventricles. In all 

patients with intracranial pressure below 17 cm H20, rotatory head movements 

induced septum pellucidum undulation. In physiological conditions, the relaxed 

septum pellucidum undulates at higher amplitudes than the surrounding structures. 

This was reported to reflect ICP > 20 mmH2O as confirmed by spinal tap.29 

 

However, TCD benefits come with some limitations. Major limitations of TCD is the 

fact that it is highly operator dependent, with the handheld technique requiring detailed 

three-dimensional knowledge of cerebrovascular anatomy and its variations. 

 

The use of TCD is also hampered by the 10 to 15% rate of inadequate acoustic 

windows due to increased thickness and porosity of the bone around the acoustic 

windows and attenuation of the ultrasound energy transmission. TCD measurements 

are also limited to the large basal arteries and can only provide an index of global 

rather than local cerebral blood flow velocity.30 
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Hasseler et al32 described changes in cerebral blood flow (CBF) velocity with 

increasing intracranial pressure (ICP). Diastolic velocity is affected first and with 

progressive rise in ICP diastolic velocity decreases and pulsatility index increases.  

Hill et al33 suggested that among ventriculomegaly and raised ICP, ventriculomegaly 

is a more important factor in the genesis of a raised pulsatility index.  

 

Wozniak et al34 reported experimental evidence showing an adverse effect of 

ventriculomegaly on CBF, apparently by displacement, deformation, stretching, and 

decrease in the calibre of cerebral arteries and also demonstrated dilatation of cerebral 

blood vessels after ventricular drainage. Weir et al35 showed a progressive decrease in 

CBF with increase in ventricle size. 

 

In the observational study of Bellner et al, 81 patients with various diagnoses including 

aneurysmal subarachnoid haemorrhage, head injury and encephalitis had an 

intraventricular catheter for ICP monitoring.28 Multiple TCD measurements were 

performed parallel to the ICP recordings. Independent of the intracranial pathology, a 

significant correlation between PI and ICP and between flow velocity and ICP was 

found. PI ≥ 1.26 could reliably predict CSF-P ≥ 20 cm H20 (sensitivity, specificity, 

positive predictive value, negative predictive value, and overall accuracy were 81.1%, 

96.3%, 93.8%, 88.1%, and 90.1% respectively).31 

Schoser et al. applied TCD for the estimation of ICP in 30 control volunteers and 25 

patients with elevated ICP and found a linear relationship, with strong correlation 

between mean ICP and PSV36. Venous blood flow velocities (BFVs) in the basal vein 

of Rosenthal showed, within a certain range, a linear relationship between mean ICP 
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and maximal venous BFV (r = 0.645; p < 0.002). Moreover, a linear relationship was 

found for maximal venous BFVs in the SS and mean ICP (r = 0.928; p < 0.0003). 

 

Rainov et al.37 Investigate a possible relationship between blood flow velocity in the 

middle cerebral artery (MCA) PI, RI, PSV by TCD and ICP changes in 29 

hydrocephalus patients and in 20 healthy controls. ICP was measured in the patient 

group before ventricular shunting and was correlated with TCD data. The mean CBFV 

in hydrocephalic patients prior to ventriculoperitoneal shunting was significantly 

lower than in the control group. The systolic and end-diastolic CBFV values in 

patients were significantly decreased in comparison to normal persons, suggesting an 

increased cerebrovascular resistance in distal vessels. Also, in comparison to those of 

normal persons, the values of PI and RI in patients with elevated ICP prior to shunting 

were significantly increased. That had shown a statistically significant positive 

correlation of pre-shunting ICP and mean pre-shunting values of RI (r=0.50, P less 

than 0.001) in hydrocephalic patients but without any significant correlation between 

PI & ICP and between CBFV & ICP. Post shunting, there was immediately ICP 

returned back to normal & the values of PI, RI decreases significantly and CBFV was 

increased. 

 

OPTIC NERVE SHEATH DIAMETER:  

The optic nerve sheath is an extension of the dura mater enclosing the optic nerve up 

to the back of the eye was established as early as 1780 by Zinn and Weisberg in their 

‘Descriptio anatomica oculi humani’.40 However, it was only at the far end of the 

previous century when it became established that changes in the ONSD reflect 
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alterations in the ICP. This startling discovery was attributed to be a consequence of 

subarachnoid fluid inside the optic nerve sheath being in direct continuation with the 

subarachnoid fluid of the intracranial compartment. The optic nerve, as the part of 

central nervous system, is covered by a leptomeningeal sheath, which is expandable 

in the anterior segment, behind the globe. When ICP rises, cerebrospinal fluid (CSF) 

is pushed towards the tiny rim of subarachnoid space between the sheath and the nerve, 

causing an expansion of the dural covering. These changes are more marked in the 

anterior part of the nerve sheath behind the globe. As with any physiological change, 

the ONSD changes dynamically with changes in ICP.41   The widening is most marked 

at 3 mm from the globe, beyond 3 mm the presence of arachnoid trabeculations 

prevent widening of ONS. Consequently, the accumulation of CSF within the 

perineural space due to increased ICP can result in distension of the ONS and the optic 

nerve protrusion or flattening of the posterior globe.5  

 

Ultrasound examination of the ONSD was performed using a 7.5-10.5MHz linear 

ultrasound probe using the lowest possible acoustic power that could measure the 

ONSD. The probe was oriented perpendicularly in the vertical plane and at around 30 

degrees in the horizontal plane on the closed eyelids of both eyes of individuals in 

supine position with head elevated to 30 degrees. Ultrasound gel was applied on the 

surface of each eyelid and the measurements were made in the axial and sagittal planes 

of the widest diameter visible 3 mm behind the retina in both eyes. 

 

Hayreh et all demonstrated the presence of a constant communication between the 

subarachnoid space of the optic nerve sheath and the intracranial cavity while studying 
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rhesus monkeys in 1968.42 He also showed the utility of ultrasound in documenting 

the phenomenon of alterations in the diameter of the optic nerve sheath with 

consequent changes in intracranial CSF pressure.  

 

Two decades later, Hansen and Helmke conducted a prospective interventional study 

by placing spinal needle at two levels in patients presenting for regular scheduled 

lumbar puncture to remove CSF.43 By removing and infusing liquid into the 

subarachnoid space, measuring CSF pressure changes and performing ultrasound 

examinations of the optic nerve sheath, they were able to demonstrate a direct 

relationship between increasing ICP and dilation of the optic nerve sheath. The effect 

seemed to plateau at an ONSD of just over 7 mm. This phenomenon was reversed 

when ICP was lowered by removing excess CSF. They also went on to specify the 

exact depth at which to measure the ONSD for it to be the most accurate reflection of 

changes in the ICP and established that the ONSD experienced wider changes at a 

depth of 3 mm front the globe as compared to any other part of the optic nerve as 

anatomically the anterior nerve is most distensible.43 

 

Figure 5 
All previous studies on ONSD measurement as a diagnostic tool for elevated ICP have 

been cross-sectional in design.17,18 In these studies, an increased ONSD was associated 
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with an increased ICP at the same time. Whether this was a result of immediate ICP 

changes or due to papilledema has not been studied so far. The underlying mechanism 

of papilledema is assumed to be similar to ONSD distention, but oedema takes hours 

or even days to develop in patients with high ICP.17 This was demonstrated in the 

retrospective study by Rajajee et al. in which a delayed reversal of ONSD after ICP 

fluctuations was shown.44 Changes in ICP are accurately reflected by changes in 

ONSD on the same day or several days after trauma. 

 

Conventionally, ventricular pressure represents a more global, representative 

measurement of pressure throughout the intracranial space, since any pressure 

generated by a focal mass such as a tumour or haemorrhage will be transmitted to the 

lateral ventricle until equilibrium is reached. On the contrary, because ICP is 

frequently compartmentalized in cases of focal injury-induced parenchymal pressure, 

parenchymal ICP measurement is used as a local measurement of a regional 

phenomenon41-45. ONSD, which is theoretically connected to the subarachnoid space 

and known as a reflection of global ICP is supposed to have a more significant 

correlation with ventricular pressure rather than focal parenchymal pressure. 

 

Even though ONSD offered as a rapid predictor for changes in ICP as a good 

diagnostic tool for not only tailoring the management of patients but also in 

prognostication in both the emergency department as well as in the critical care setup 

still it is associated with few limitations. 

Ultrasound is subject to artefacts and measuring the ONSD in off‑axis may result in 

an erroneous value. Other concerns related to the heating of the probe causing damage 
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to the internal structures of the eye although no such event has been reported so far. 

This, however, makes it prudent to limit the duration of procedure to as low as 

possible. It is also very important to place the probe as lightly as possible on the eyelids 

so as to prevent any injury due to excessive pressure and avoid the procedure. Use of 

CT and MRI for ONSD is limited by the fact that these two measurements require 

transfer of the patient to the radiology suite, which might not be welcome in a critical 

care setup 

Nevertheless, differences in ethnicity and type of ICP monitor used are obstacles to 

interpretation and usage of the correlation in an East Asian population. Regarding 

ethnic differences46, most previous results were obtained from Western population, 

not East Asians. Therefore, these results may not accurately reflect the relationship 

between IICP and ONSD in an East Asian population. Although recent studies were 

conducted on Korean and Chinese populations, they did not show a correlation 

between ONSD and directly measured ICP. 

The ONSD can be measured by various modalities like CT, MRI and USG.  

 

OPTIC NERVE SHEATH DIAMETER BY COMPUTER 

TOMOGRAPHY 

The diagnostic accuracy, reproducibility of ONSD measurement by CT scan and its 

correlation with ICP have been demonstrated in many studies in patients with normal 

as well as raised ICP.47-48 A recent study on 300 patients revealed the normal ONSD 

to be 4.94 ± 1.51 mm on the right side and 5.17 ± 1.34 mm on the left side, at 3 mm 

depth from the eye globe.49 
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Sekhon et al. found ONSD to correlate well with invasive ICP in severe TBI cohort 

with a low interobserver variability.50 Using 6 mm cut‑off, the area under curve was 

0.83 (95% confidence interval [CI]: 0.73–0.94), with positive predictive value of 67% 

and negative predictive value of 92%. They concluded that ONSD measurement by 

CT was a much stronger predictor of ICP (r=0.56) compared to other CT features 

(r=0.21).48 The same group consequently found that risk of in‑hospital mortality 

doubled with each 1 mm increase in ONSD (odds ratio: 2.0, 95% CI: 1.2–3.2, P = 

0.007).50 

 

Optic nerve sheath diameter by magnetic resonance imaging 

The ONSD dimensions measured by MRI have been reliable in predicting ICP as 

reported by recent studies. Geeraerts et al. found that ONSD measured by 

conventional brain T2‑weighted MRI correlates with invasive ICP.51 They have 

demonstrated that an enlarged ONSD was a robust predictor of raised ICP with an area 

under Receiver Operating Statistic (ROC) curve equal to 0.94. An ONSD <5.30 mm 

was unlikely to be associated with raised ICP, whereas an ONSD above 5.82 mm was 

associated with a 90% probability of raised ICP.51 

 

Ultrasonography of the optic nerve sheath 

Optic nerve sheath ultrasound is a simple, safe, inexpensive, bedside diagnostic test 

and has the potential to replace invasive ICP monitoring in cases of raised intracranial 

hypertension. Ophthalmic ultrasound typically uses a frequency between 5 and 10.5 

MHz to evaluate the eye and orbit.52 Helmke and Hansen used ultrasound in cadavers 
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to prove that in the area just behind the eyeball, elevated pressure can increase the 

sheath diameter by >50%.53 

This is consistent with Qayyum et al., Cammarata et al., & Amini et al., which 

concluded ocular ultrasound may be considered as good alternative for invasive 

methods to identify increased ICP.54-56 In another study, the same authors used 

intrathecal infusion tests to prove that the ONSD varies with alteration of lumbar CSF 

pressure.53  

 

A similar study was done by Tamburrelli et al., who showed that the optic nerve sheath 

begins to expand when the diastolic ICP is increased to >13–14 mmHg.57 Beyond that 

point, a linear correlation is seen between the enlargement of the optic nerve sheath 

and simultaneous increases in ICP. These changes in the optic nerve sheath occur 

before changes in the nerve are visible on fundoscopic examination. Using 4.5 mm as 

the cut‑off for normal, Tamburrelli et al. found a sensitivity of ONSD to identify an 

ICP >15 mmHg of 88% and a specificity of 90%.57 Previous studies have 

demonstrated that ONSD can be used as a non‑invasive indicator of raised ICP.58 

Tayal et al. conducted a prospective, double‑blind study in 55 patients and found that 

an ONSD of 5.0 mm or more correlated with CT findings suggestive of raised ICP.59 

Cranial CT findings of shift, oedema or effacement suggestive of elevated ICP were 

used to evaluate ONSD accuracy. In the recent clinical studies, ONSD has been 

correlated with clinical symptoms and CT abnormalities, both surrogate indicators of 

elevated ICP.60 In a recent study correlating ONSD with CT features of raised ICP, 

Aduayi et al. demonstrated a good reliability of optic nerve sheath ultrasound in 

predicting raised ICP.61  
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A systematic review and meta‑analysis has confirmed that ocular ultrasound exhibits 

good diagnostic test accuracy for detecting raised ICP compared to CT, specifically 

high sensitivity, for ruling out raised ICP in a low‑risk group and high specificity for 

ruling out raised ICP in a high‑risk group.62 ONSD measured by ultrasound has also 

been correlated with ONSD by MRI.  

 

Bäuerle et al. established the reproducibility and accuracy of ONSD measurement 

using MRI and USG (r = 0.72, P = 0.002, mean difference <5%).63 They carried out 

two scans each for the sonographic and MRI measurements of ONSD and established 

that sonographic ONSD quantification 3 mm behind the papilla can be performed with 

good reproducibility, measurement accuracy and observer agreement. They have 

emphasised that this technique can be used as a non‑invasive bedside tool for 

longitudinal ONSD measurements.63  

 

Shirodkar et al. have correlated sonographic ONSD with the ONSD measured by MRI 

to confer to the same conclusion that they correlate well.64 

 

There have been few studies which directly correlated ONSD measurements on 

ultrasound with ICP measured invasively. The cut‑off value for normal ONSD, 

measured 3 mm posterior to the globe, ranges from 5.2 to 5.9 mm. Ultrasound of the 

optic nerve sheath has also been compared to the findings of increased ICP on CT, 

such as changes in ventricle size, basilar cistern size, sulci size, degree of transfalcine 

herniation and grey/white matter differentiation. An ONSD value of 5.0 mm as cut‑off, 

measured by CT scan, indicated ICP >20 mmHg as shown by a study conducted by 
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Qayyum et al. who also showed that the ultrasound‑guided ONSD is a sensitive and 

specific test for predicting elevated ICP.65 

Kimberly et al. suggested an ONSD cut‑off of 5.0 mm for predicting an ICP >20 

mmHg.66 In a recent study conducted by Amini et al., an ONSD of 5.5 mm predicted 

an ICP >20 mmHg with a sensitivity of 100% and specificity of 100%.67 

 

Similarly, Sahoo and Deepak Agrawal have reported a cut‑off of 6.3 mm for predicting 

an ICP >20 mmHg in patients of neurocritical care by using Codman intraparenchymal 

probes (n = 20).68  

There are a few studies where the authors have directly correlated ONSD 

measurements by ultrasound with ICP measured invasively. Invasive pressure has 

been measured from an external ventricular drain already placed inside the ventricles 

for routine monitoring, intraparenchymal probes, subarachnoid bolts and 

intraparenchymal catheters. The cut‑off value for ONSD, measured 3 mm posterior to 

the globe, correlating with elevated ICP (ICP >20 mmHg) ranges from 4.8 to 6.0 mm  

Dubourg et al. did a systematic review and meta‑analysis and concluded that USG of 

ONSD shows a good level of diagnostic accuracy for detecting intracranial 

hypertension.69 

 

Romagnuolo et al. showed that the ONSD does not change with patient position.70 

Interobserver variation is quite low, and the measurements are highly reproducible, 

even for novice operators taught in a single training session.71 
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CT SCORES 

CT being the primary modality of choice in many centres, for the diagnosis of brain 

pathology, normal brain ventricular size measurements is an important parameter for 

the diagnosis of conditions like hydrocephalus, age related atrophic changes, and also 

the brain pathologies producing ventriculomegaly. 

Several measurements have been used to grade ventricular enlargement, such as 

Ventricular Size Index (VSI) or Evans index (EI) is one of the ventriculographic 

indices used. It is a ratio which compares the maximum width of the frontal horns of 

the lateral ventricle to the maximum transverse diameter of the inner table of the skull. 

It also serves as an indirect marker of ventricular volume.72 The normal range is 18 to 

31 ± 8%with a mean value of 32.4% and a Standard Deviation of 4.1%, with minimum 

value of 18%, and maximum value of 40%. 

Total Anterior horn width (TAHW) 

Maximum intracranial diameter (MICD) 

Evans index (EI) derived by calculation for each patient as:    TAHW/MICD 

 

ULTRASOUND SAFETY 

Ultrasound is considered a routine procedure with almost no complications. However, 

while it remains unclear whether there are any long-term effects of the diagnostic 

ultrasound in use today, scientists do know from laboratory studies that ultrasound at 

high intensities could create immediate effects at the time of exposure, such as heating, 

referred to as ultrasound’s thermal effect. Ultrasound also creates non-thermal effects, 

also known as mechanical effects. These non-thermal effects include audible sounds, 

the movement of cells in liquid, electrical changes in cell membranes, shrinking and 
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expansion of bubbles in liquid, and pressure changes. Diagnostic ultrasound systems 

now come with displays that warn the system operator when there may be a risk to the 

patient from the heat or mechanical effects caused by ultrasound. The system displays 

numbers that provide crude measures of the risk.  

 

The Thermal Index (TI) is an estimate of risk from heat, and the Mechanical Index 

(MI) is an estimate of risk from the non-thermal effects of ultrasound. Manufacturers 

began incorporating these displays into ultrasound systems in order to meet the US 

government’s 1991 new regulations allowing them to increase ultrasound system 

outputs. When the MI is above 0.5 or the TI is above 1.0 the risks of ultrasound should 

be weighed against the benefits 73-74. Each measurement will be performed according 

to the current safety guidelines for ultrasound.  

 

In particular, to avoid any risk of a retinal lesion, during the ONSD Ultrasound 

measurement, the acoustic power will be set at the lowest level possible and the 

examination of the eye will not last longer than 60 seconds. 
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The aim & objectives of our study are: 

1. Correlation of the optic nerve sheath diameter (ONSD) with the intracranial 

pressure measured directly by intraventricular cannula. 

2. Correlation of middle cerebral artery (MCA) peak systolic velocity (PSV) & 

pulsatility index (PI) with the direct measurement of intracranial pressure 

measured by intraventricular cannula. 

3. Correlation of Evan’s ratio calculated by CT with directly measured intracranial 

pressure. 
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The study was conducted in the neurosurgical operation theatres (NOT) of Sree Chitra 

Tirunal Institute of Medical Sciences and Technology, Trivandrum, which is a 

specialized tertiary referral center. Patients with diagnosis of hydrocephalus and 

fulfilling our inclusion criteria were recruited for the study. The approval of Technical 

advisory committee and Institutional Ethics Committee (Sree Chitra Tirunal Institute 

for Medical Sciences and Technology, Trivandrum) was obtained prior. Patients who 

fulfilled our inclusion criteria, with signed informed consent (in English and 

Malayalam), 35 adult patients were included in our observational study. Data was 

collected for the period starting from March 2017 to June 2018. 

 

Rational for the sample size: 

Assuming the correlation of the study variables as strong correlation, the significance 

level (alpha) 0.05, power (1- beta) of study as 90% the sample size was calculated to 

be 35. We have included patients from neurosurgery department undergoing 

ventriculo-peritoneal shunt. 

 

Sampling method: 

Patients posted for elective or emergency VP shunt procedures were included in our 

study after they satisfy our inclusion criteria, until the sample size was reached. 

The following were the inclusion criteria of patients 

1. Consenting adult patients with age 18 - 60 years  

2. Patients with American Society of Anaesthesiologist (ASA) grade 1 and 2 

undergoing elective or emergency ventriculo-peritoneal shunt surgery were 

included in the study. 
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Exclusion criteria: 

The following patients were excluded from the study: 

1. Patients refusing to participate in the study 

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

3. Patients with ocular trauma or a known history of ocular pathology (as glaucoma 

or cataract) 

4. Autonomic instability 

5. Long standing DM 

6. H/o vascular diseases, stroke 

7. Pregnant & nursing mothers 

8. Patient with poor temporal window 

STUDY DESIGN: Prospective, observational clinical trial 

STUDY PROCEDURE: 

Patients who were posted for elective or emergency ventriculo-peritoneal shunt 

procedure, all of them were screened by the PI for determination of inclusion and 

exclusion criteria. Patients who met our predefined inclusion criteria were explained 

about the study and study protocol. Patients who were willing to participate in the 

study, from all those patients a written informed consent was obtained which 

explained the study protocols & if any complications associated. Both Malayalam & 

English consent form were duly signed by the patient bystanders. 

 

Patients were kept fasting according to nil per oral guidelines and anti-aspiration 

prophylaxis as premedication was given as per the orders of concerned neuro-

anaesthesia team. 
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The study was done in SCTIMST neurosurgery operation theatre. After shifting the 

patients to the operating table, as per protocols, all the standard ASA monitors, which 

included ECG, pulse oximetry and a non-invasive blood pressure cuff (PHILLIPS 

Intellivue MX700) were attached to the patients. Intravenous access was obtained. I.V 

fluid started with ringer lactate of 100ml/hr. The induction of anaesthesia was done 

with I.V administration of sleep dose of propofol 1.5 mg/kg, Fentanyl 2microgm/kg 

and non- depolarizing muscle relaxant vecuronium at a dose 1.2 mg/kg. Airway was 

secured by endotracheal intubation with appropriate endotracheal tube, five-point 

auscultation was done to check the ET tube position & adhesive tape was applied. 

Intraoperative anaesthesia maintenance was done with mixture of air, oxygen, and 

inhalational agent at MAC level of 0.8-1, targeted ETCO2 of 35-40mm Hg, with a 

stable airway pressure, Systolic blood pressure (SBP) maintained within 20% of 

baseline throughout the procedure & if in case needed vasopressors were used for 

maintenance of haemodynamic parameters. Once the stable level of anaesthesia as 

denoted by MAC 0.8-1 & with stable ventilation & hemodynamic was obtained for 

10min, then non-invasive monitoring of ICP was obtained by measuring optic nerve 

sheath diameter & the colour Doppler indices. 

 

Optic nerve sheath diameter: 

The GE Vivid TCD machine, 10MHz probe was used to calculate ONSD. A thick 

layer of non-irritant gel was applied over the closed upper eyelid. The eyes were 

checked for proper closure to prevent any corneal or conjunctival injury. Its is 

advisable to place the probe only on the temporal aspect of the eyelid where gel has 

been applied. This is done to prevent any iatrogenic injury cause by pressure being 
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exerted on the eye. To prevent any possible injury related to ultrasonography, the 

power of ultrasound was reduced to 75%. The probe was positioned in such a way 

which will provide the appropriate angle for displaying the entry of the optic nerve 

into the globe. 3 readings of ONSD were measured at 3 mm behind the globe in every 

15sec & average of all reading was considered. 

TCD measurements: 

A 3-Mhz transducer is used in the GE vivid I ultrasound system to perform TCD. A 

trans-temporal window is chosen to insonate middle cerebral artery (MCA). An 

imaginary line drawn from tragus to the lateral canthus of the eye, 2 cm above this 

line or just immediately above the zygomatic arch, the area of the skull is defined as 

temporal window. The TCD probe placed over it & directed anteriorly and superiorly 

to insonate MCA. In both side temporal window, at approximate depth of 45 to 60 

mm, respective side MCA was insonated.  

A trace of 15seconds interval were recorded & MCA peak systolic velocity & end 

diastolic velocity calculated in it. Total 3readings were recorded & averaged in both 

side. Mean flow velocities was calculated by using the existing formula of MFV = 

EDV+1/3(PSV-EDV) & pulsatility index of Middle Cerebral artery (MCA) were 

derived from (PSV-EDV)/MFV. 

Surgery were allowed to proceed; same level of anaesthesia was maintained & with 

stable ventilation & hemodynamic till the brain cannula insertion to the ventricle & 

immediately it was connected to pressure transducer to measure the ICP. An average 

of three readings of ICP taken at every 15seconds interval were recorded. 

Within 24hrs prior to planned surgical procedures (time of CT scan depends on 

whether elective or emergency shunt procedure) CT scan was done & Evan’s ratio 
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was measured by the formula of total anterior horn width/ maximum biparietal 

diameter. 

 

Patients recruited in the study were assessed for: 

1. Vital parameters like Heart rate, non-invasive blood pressure, peripheral pulse 

oximetry (SpO2),  

2. Ventilatory parameters like peak inspiratory pressure (PIP), End tidal carbon 

dioxide concentration (ETCO2) and Minimum alveolar concentration (MAC) of the 

inhalational agent 

3. Optic nerve sheath diameter from both eyes 

4. TCD parameters like PSV, EDV, MFV, pulsatility index (PI) of the middle cerebral 

artery (MCA) on both sides. 

5. Invasive intracranial pressure – through insertion of brain cannula connecting it to 

external pressure transducer. 

6. CPP was derived from measured MAP & ICP 

7. Evans ratio calculated for each patient as:    Total anterior horn width/ maximum 

biparietal diameter
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Statistical software, namely SPSS 17.0(Chicago, SPSS Inc.) were used for analysis of 

data, Microsoft word and Excel were used to generate the graphs, tables. 

 

Assuming the correlation of the study variables as strong correlation, the significance 

level (alpha) 0.05, power (1- beta) of study as 90% the sample size was calculated to 

be 35. Hence, we included 35 patients from neurosurgery department undergoing 

ventriculo-peritoneal shunt procedures. 

 

All the data were expressed as mean ± standard deviation (SD) for quantitative data 

and number (%) for categorical data type.  

 

Statistical analysis was done with chi square test or Fischer exact test for descriptive 

and nominal data. For correlation, Pearson’s Correlation coefficient was used. The 

level of significance was accepted as p<0.05. The relation between MCA PSV, mean 

flow velocity & PI with the ONSD & invasive ICP was analysed by correlation 

coefficient and drawing the ROC curve. The area under the ROC curve (AUC) is a 

measure of how well a parameter can distinguish between two diagnostic groups. The 

area of > 0.9 was accepted to have excellent significance. A multivariable linear 

regression model was obtained from the relationship among ICP different studied 

parameters. 

 

On the basis of previous reports, we hypothesized that ICP is linearly associated with 

ONSD, mean flow velocity of MCA, PSV, PI & Evan’s ratio and verified this 

hypothesis in 35 patients.  
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Initially, multiple measurement points (3 measurements) were averaged for each 

patient; therefore, every patient was represented by one single value for all variables 

assessed. Then, the correlations between ICP and the variables of interest ONSD, PI, 

PSV, CPP, Evan’s ratio were verified using the Pearson correlation coefficient (with 

the level of significance set at ≥ 0.05). 

 

The area under the curve (AUC) of the receiver operating characteristic (ROC) curve 

was calculated to determine the degree of ability of the non-invasive methods to detect 

raised ICP conditions. Moreover, we also performed an analysis to determine the best 

ONSD, PI, PSV, CPP & Evan’s ratio cut off values for prediction of ICP more than 

20 mm Hg. In ROC analysis, these are the values presenting the sensitivity and 

specificity for prediction of a given threshold. The predicting ability is considered 

reasonable when the AUC of a given test is higher than 0.7 and strong when the AUC 

range exceeds 0.8. 
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Fifty-five patients with diagnosis of hydrocephalus were screened for inclusion into 

the study between March 2017 and June 2018. Forty-three were eligible, consenting 

participants were finally taken for the study purpose. Eight participants had poor 

acoustic window, so the remaining 35 were included in the per-protocol analysis. The 

recruitment and analysis are detailed in the consort diagram below 

Consort Diagram 

 

Figure 6 

The observations like vital parameters, Transcranial colour Doppler, optic nerve 

sheath diameter recorded immediately after induction & invasive ICP was recorded 

when the ventricular cannula inserted by connecting it to a pressure transducer. Pre-

procedure within 24hrs CT scan was done, Evan’s ratio was calculated. 

 

Table 1 shows the age distributions of the patients. The inclusion age range was from 

18-60 yrs. The maximum number of patients belong to the 18-30years & 50-60years 

having 28% of study population each. The minimum number of patients belong to the 



  Results and Observations 

 

39 

 

30-39years of age having 20% of the total patients.  

In our study group the patients has mean age of 37.114 years ± SD 14.069 years. Total 

number of patients were 35 in number. The trial included ASA grade I and grade II 

patients. 

Table 1. Age distribution in the study group 

Age in years Frequency  Percentages 

18-29 10 28% 

30-39 7 20% 

40-49 8 24% 

50-60 10 28% 

Total  35 100 

 

 

Figure 7: Age distribution of patients 

There is no statistical significant difference in selection of patients age groups 

(p<0.86) 
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Table 2- shows the Gender distribution of the patients in our study population 

Sex Frequency Percent  

Male 18 51% 

Female 17 49% 

Total  35 100 

 

In the group of 35 patients 18 were men and 17 were female patients 

 

  

Figure 8: Gender distribution 

 

The patients had a mean (±SD) arterial partial pressure of carbon dioxide (PCO2) of 

38 ± 2.21 (range 35.5-42) mm Hg, a heart rate of 79 ± 17 (range 47–90), and a mean 

arterial blood pressure (MAP) of 99.65 ± 3.47 mm Hg (range 80–110) & mean Evan’s 

ratio 0.37 ± 0.09 (range 0.35-0.48) at the time of investigation. 
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Table 3: The observed parameters with standard deviation. 

Parameter Definition Mean ± SD 

ICP (mmHg) Intracranial pressure 23.03 ± 3.34 

NIBP (mmHg) Mean arterial blood pressure 99.65 ± 3.47 

PaCO2 (mm Hg) Partial pressure of CO2 38 ± 2.21 

ONSD (mm) Optic nerve sheath diameter 6.68 ± 0.27 

PSV (cm/s) MCA peak systolic flow velocity  80.57 ± 10. 27 

EDV (cm/s) MCA end diastolic flow velocity 32.25 ± 5.48 

MFV (cm/s) MCA mean flow velocity 49.03 ± 2.63 

PI MCA pulsatility index 1.29 ± 0.30 

Evan’s ratio maximal frontal horn ventricular 

width/ transverse inner diameter 

of the skull 

0.47 ± 0.09 

 

Table 4 shows the ONSD   measured in both eyes, & there mean ONSD calculated 

along with the respective ICP measured by intraventricular catheter. The maximum 

ONSD was 7.2 & minimum ONSD was 5.8 with mean ONSD 6.65(± 0.265). The 

mean ONSD right was 6.525 & mean ONSD left 6.845. The maximum ICP obtained 

was 29 & minimum ICP = 16 mm Hg. The mean ICP 23.03 mm (±SD 3.37) 

 

 

 

 



  Results and Observations 

 

42 

 

 

Table 4: ONSD FOR BOTH EYES & MEAN ONSD     

SN RIGHT 

ONSD 

LEFT 

ONSD 

MEAN 

ONSD 

ICP 

1 6.5 6.7 6.6 22 

2 6.6 6.8 6.7 23 

3 6.7 6.9 6.85 24 

4 6.8 6.6 6.7 22 

5 6.9 7.1 7 27 

6 6.3 6.3 6.3 19 

7 6.9 7.0 6.95 25 

8 6.3 6.9 6.6 22 

9 6.9 7.15 7.025 28 

10 6.1 5.8 6.15 16 

11 6.1 6.3 6.2 18 

12 6.7 6.9 6.8 25 

13 7 6.8 6.9 24 

14 6.9 7.1 7.015 26 

15 6.2 6.6 6.4 17 

16 7.2 6.9 7.15 28 

17 7.2 7.2 7.2 29 

18 6.7 6.8 6.75 21 

19 6.7 6.9 6.85 24 

20 6.7 6.9 6.8 25 

21 6.9 6.6 6.85 24 

22 6.4 6.7 6.65 19 

23 6.6 7 6.8 24 

24 6.9 6.8 6.85 23 

25 6.8 6.6 6.65 21 

26 7 6.6 6.8 24 

27 6 6.4 6.25 19 

28 6.7 6.9 6.8 25 

29 7.1 7.3 7.2 29 

30 6.6 6.8 6.7 22 

31 6.9 7.2 7.05 25 

32 7.1 7.1 7.15 27 

33 6.8 7 6.8 25 

34 6.9 6.5 6.7 24 

35 7.1 7.1 7.1 27 
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Figure 9 describes the correlation of two variables, ICP & ONSD. This shows a 

positive linear correlation among two parameters. The Pearson correlation coefficient 

calculated for this, 0.7985 which shows a strong correlation present with raised ICP 

& increased ONSD. 

 

  

FIG.9: correlation of ONSD & ICP 

 

Table 5 shows the simple regression analysis of ICP as a dependent variable & ONSD 

as independent variable. The significance of the slope of the regression line is 

determined from the t-statistic. The coefficient of determination (r-squared) 0.84, 

intercept for the regression is -11.02, SD =0.69, p <0.00001. This defines ICP= -11.02 

+ 5.052 × ONSD 

Table 5: Regression analysis for ICP & ONSD 

R square Intercept  X variable SD P value 

0.84 -11.02 5.052 0.69 p <0.00001 
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Fig 10: regression analysis for ICP & PI 

Table 6 shows the transcranial colour doppler values measured for bilateral MCA peak 

systolic velocity (PSV), end diastolic velocity (EDV), mean flow velocity (MFV) & 

the Gosling’s pulsatility index (PI) for the sample size. The minimum PSV 62cm/sec 

& maximum PSV obtained 105cm/sec & the mean PSV 80.57(±15.37) cm/sec. The 

minimum EDV 23cm/sec & maximum EDV 40cm/sec, mean EDV 32.25(±5.07) 

cm/sec. The minimum MFV 46cm/sec & maximum 56cm/sec, mean MFV 49(±2.54) 

& mean PI 1.7 calculated for both side. 

 

Table 7 shows the Gosling pulsatility index for both right & left side & their average. 

The PI was calculated by (PSV-EDV)/MFV.  Also, the table shows the MAP & CPP. 

We have calculated the CPP based upon the ICP we obtained from each patient. The 

CPP was calculated by CPP= MAP-ICP. 

 The maximum PI of our study is 1.635 & minimum 0.62. Mean PI 1.12, SD 0.23. The 

maximum MAP measured by NIBP is 107mm Hg & minimum is 92mm Hg, mean 

MAP 100.66mm Hg & SD 3.46. The maximum & minimum CPP are 84 & 72 

respectively. The mean CPP & SD are 77.63mm Hg & 3.64 respectively. 
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Table 6: MCA PSV, EDV, MV & PI 

RIGHT 

PSV 

RIGHT 

EDV 

RIGHT 

MV 

75 36 49 

80 38 52 

84 29 47.333 

68 37 47.333 

90 27 48 

69 37 47.667 

96 26 49.333 

72 35 47.333 

100 23 48.667 

64 38 46.667 

68 35 46 

73 34 47 

88 32 50.667 

96 26 49.333 

66 36 46 

95 24 47.667 

102 23 49.333 

76 35 48.667 

82 34 50 

75 33 47 

89 27 47.667 

70 37 48 

82 35 50.667 

85 40 55 

71 35 47 

82 30 47.333 

69 37 47.667 

77 35 49 

102 24 50 

82 33 49.333 

85 30 48.333 

105 23 50.333 

78 32 47.333 

81 35 50.333 

104 23 50 
 

LEFT 

PSV 

LEFT 

EDV 

LEFT 

MV 

72 31 44.667 

75 36 49 

90 28 48.667 

89 36 53.667 

102 23 49.333 

73 35 47.667 

90 28 48.667 

91 28 49 

99 23 48.333 

69 37 47.667 

70 37 48 

88 31 50 

94 27 49.333 

90 30 50 

70 37 48 

100 22 48 

95 23 47 

78 33 48 

83 30 47.667 

80 34 49.333 

88 30 49.333 

74 36 48.667 

90 28 48.667 

88 32 50.667 

79 34 49 

90 29 49.333 

74 35 48 

82 33 49.333 

105 23 50.333 

90 28 48.667 

81 38 52.333 

96 25 48.667 

80 33 48.667 

77 35 49 

95 27 49.667 
 

MEAN 

PSV 
ICP 

73.5 22 

77.5 23 

87 24 

78.5 20 

96 27 

71 19 

93 25 

81.5 23 

99.5 28 

66.5 16 

69 18 

80.5 21 

91 24 

93 26 

68 17 

97.5 28 

98.5 29 

77 21 

82.5 24 

77.5 22 

88.5 24 

72 19 

86 22 

86.5 23 

75 21 

86 24 

71.5 19 

79.5 22 

103.5 29 

86 22 

83 25 

100.5 27 

79 22 

79 24 

99.5 27 
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Table 7: PI & Mean PI, MAP, CPP, ICP 

RIGHT 

PI 
LEFT PI PI ICP MAP CPP 

0.796 0.918 0.857 22 98 76 

0.808 0.796 0.802 23 100 77 

1.162 1.274 1.218 24 97 73 

0.655 0.988 0.821 20 95 75 

1.313 1.601 1.457 27 99 72 

0.671 0.797 0.734 19 102 83 

1.419 1.274 1.346 25 101 76 

0.782 1.286 1.034 22 105 83 

1.582 1.572 1.577 28 100 72 

0.557 0.671 0.614 16 92 76 

0.717 0.688 0.702 18 99 81 

0.830 1.140 0.985 21 102 81 

1.105 1.358 1.232 24 107 83 

1.419 1.200 1.309 26 101 75 

0.652 0.688 0.670 17 96 79 

1.490 1.625 1.557 28 100 72 

1.601 1.532 1.567 29 104 75 

0.842 0.938 0.890 21 99 78 

0.960 1.112 1.036 24 103 79 

0.894 0.932 0.913 22 105 83 

1.301 1.176 1.238 24 102 78 

0.688 0.781 0.734 19 100 81 

0.928 1.274 1.101 22 101 79 

0.818 1.105 0.962 23 107 84 

0.766 0.918 0.842 21 99 78 

1.099 1.236 1.168 24 96 72 

0.671 0.813 0.742 19 99 80 

0.857 0.993 0.925 22 101 79 

1.560 1.629 1.595 29 104 75 

0.993 1.274 1.134 22 103 81 

1.138 0.822 0.980 25 106 81 

1.629 1.459 1.544 27 104 77 

0.972 0.966 0.969 22 99 77 

0.914 0.857 0.886 24 96 72 

1.620 1.369 1.495 27 101 74 
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Figure 11 describes the correlation of two variables ICP & PI. This image has shown 

a positive linear correlation among these two tested parameters. The Pearson 

correlation coefficient calculated for this, 0.8653 which shows a strong correlation 

present with raised ICP & PI. 

 

  
Figure 11 correlation of ICP & PI 

 

Table 8 shows the simple regression analysis of ICP as a dependent variable & PI as 

independent variable. The significance of the slope of the regression line is determined 

from the t-statistic. The coefficient of determination (r-squared) 0.88, intercept for the 

regression is -1.4146, SD 2.87, p <0.0001. This defines ICP= 11.25 + 10.64 × PI. 

Figure 10 shows the graphical representation of the regression analysis shown the 

predicted ICP after adjusted R value. 
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Table 8: REGRESSION ANALYSIS OF ICP & PI 

R square Intercept  X variable SD P value 

0.88 11.25 10.64 2.87 p <0.0001 

 

 

 

y= ICP & predicted Y is ICP calculated after adjusting intercept 

Figure 12: Regression analysis of ICP & PI 

 

Figure 13 describes the linear positive correlation of two variables ICP & PSV. The 

Pearson correlation coefficient calculated for this, 0.91 which shows a very strong 

correlation present with raised ICP & PSV. Hence, we can interpret from our data, 

PSV is highly associated with ICP changes. 
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Figure 13 correlation of PSV & ICP 

Figure 14 shows the regression analysis of PSV & ICP. The coefficient of 

determination (r-squared) 0.90, intercept for the regression is -3.16, p <0.0001. This 

defines ICP= -3.16 + 0.306× PSV. This shows the graphical representation of the 

regression analysis shown the predicted ICP after adjusted R value. 

 

Fig 

14 

The 

figure 14 regression analysis for PSV & ICP 
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Figure 15 describes the correlation of two variables ICP & CPP. We can see from the 

figure that more the increase in ICP there was decrease in CPP. The Pearson 

correlation coefficient calculated for this, -0.51 which shows moderately negative 

correlation present between the raised ICP & CPP. 

 

Figure 15 correlation of ICP & CPP 

 

Figure 16 describes the linear positive correlation of two variables ICP & Evan’s 

score. The Pearson correlation coefficient calculated for this, 0.94 which shows a very 

strong correlation present with raised ICP & Evan’s score of CT measurement. 

 

Figure 16 correlation of ICP & Evan score 
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Table 9 describes the regression analysis of ICP with its relation to PI & ONSD. The 

R square is 90% which represent the variability in ICP can be explained by change in 

PI & ONSD. The x variable for ICP & PI was found to be 10.64 which again reduced 

to 8.1 which implies associated effect of ONSD. SD =2.5 & p<0.00001 which shows 

statistically very strong association of these variables. The regression concluded  

ICP= -13.98 + 8.1×PI + 4.146×ONSD 

The regression analysis of ICP with its relation to ONSD & PSV shows R square 95%. 

The x variable for PSV & ONSD was found to be 0.199 & 4.56. The intercept is -

24.65 & p<0.00001 which derived the ICP= -24.65 + 4.56 × ONSD + 0.199× PSV 

 

Table 9: Regression study for ICP, ONSD & PI 

R square Intercept  X variable SD P value 

0.9 -13.98 8.1 & 4.146 2.66 p<0.00001 

 

Table 10: Regression study for ICP, ONSD & PSV 

R square Intercept  X variable SD P value 

0.95 -13.26  2.66 & 0.24 2.66 p<0.00001 

 

Summarizing all our regression analysis has confounded the relationship of ICP along 

with ONSD & PI in the following way 

1. ICP= -11.02 + 5.052 × ONSD 

2. ICP= 11.25 +10.64 × PI 

3. ICP= -3.16 + 0.306× PSV 

4. ICP= - 13.98+ 8.1× PI + 4.146× ONSD 
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5. ICP= -24.65 + 4.56 × ONSD + 0.199× PSV 

 

Table 11: Correlations between ICP and non-invasive estimators across all 

measurement points for patients (N = 35). 

Estimator R for patients (= 35) N 

ONSD 0.84 

PI 0.88 

PSV  0.90 

ICP= ONSD+PI 0.90 

ICP= ONSD + PSV 0.95 

 

Accuracy of the ICP methods 

The correlation coefficient between the ONSD method and ICP averaged per patient 

(35)N was 0.79; the PI method showed a correlation with ICP of 0.86. The correlation 

coefficient for PSV along with 0.91. 

 

Results of ROC analysis are showed in table 12 and figure 17. ONSD had the AUC 

among all methods for discriminating cases with intracranial hypertension (ICP ≥20 

mm Hg) from cases without it (AUC = 0.91, 95% CI 0.88±0.95). The sensitivity for 

detecting raised ICP by ONSD was found to be 90% with specificity of 88%. The PI 

based method of ICP measurement (AUC = 0.81, 95% CI 0.74±0.87). The sensitivity 

for detecting raised ICP by PI was 79% & specificity of 75%. The method based on 

the PSV showed AUC values for ICP measurements (0.93, 95% CI 0.90± 0.97). The 

sensitivity for PSV based raised ICP monitoring was 95% & specificity was 94%. 

Hence PSV & ICP correlation was found to be best. 
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Figure 17: Receiver operating characteristic analysis for different ICP predictor 

A= AUC for ONSD based ICP monitoring, B= AUC for PI based ICP monitoring & 

C= AUC for PSV based monitoring of ICP 

 

Table 12: Results of receiver operating characteristic analysis for ICP 

Estimator AUC (95% CI) 

ONSD 0.91 (0.88±0.95) 

PI 0.81 (0.74±0.87) 

PSV 0.93 (0.90±0.97) 

 



Results and Observations 

 

Observations: 

VITAL PARAMETERS: HR, MAP, SpO2 has no changes. 

ONSD: This has positive linear correlation with raised ICP with correlation constant 

0.79, R square value 0.84 & regression analysis has shown ICP= 5.052 × ONSD – 

11.02 

TCD PARAMETERS: PI has positive linear correlation with raised ICP having a 

Pearson’s correlation coefficient 0.86, R square for regression study shown 0.88, 

relationship of PI & ICP obtained by regression study was ICP= 11.25 +10.64 × PI. 

PSV again has a very strong positive correlation with raised ICP having Pearson’s 

correlation coefficient 0.91, the regression analysis done for PSV & ICP has shown R 

square 0.90 & ICP= ICP= -3.16 + 0.306× PSV 

OTHER PARAMETERS: CPP has moderately negative correlation with raised ICP, 

having Pearson’s correlation coefficient -0.51. 

CT measured Evan’s score has strong positive linear correlation with raised ICP 

having Pearson’s correlation coefficient 0.94. 
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Our study was a prospective observational study to find the interconnection of the 

optic nerve sheath diameter of both the eyes with the systolic flow velocity, diastolic 

flow velocity, mean flow velocity & Gosling pulsatility index for bilateral middle 

cerebral artery & evaluate the CSF opening pressure by invasive placement of 

Ventriculo-peritoneal shunt. We have also calculated ventricular size index to 

establish a definite correlation of all above parameters. So, the primary outcome of 

our study was to find an alternative non-invasive modality of ICP monitoring by 

calculating these interdependent variables as predictor of raised ICP. 

 

In our study total number of patients were 35 out of which 18 were male and 17 were 

females. Patients of age group of 18-60 were included in the study. We used the 

10MHz GE Vivid I ultrasound probe to check optic nerve sheath diameter in both eyes 

immediately post induction of anaesthesia, GE Vivid I, 3MHz transcranial colour 

doppler probe over transtemporal window to find middle cerebral artery mean flow 

velocity & pulsatility index. We measured the CSF opening pressure by connecting 

the ventricular cannula to a pressure transducer immediately after inserting the brain 

cannula to ventricle. Also, we have calculated Evan’s score from CT scan of the 

patients done prior to 24hrs of the scheduled procedure. 

 

EARLIER LITERATURE ON THE ISSUE 

Klinghoffer et al has described first time that TCD is a predictor of ICP. Various 

intracranial vessels especially middle cerebral artery (MCA) flow velocities and PI 

may help to assess the progression of the injury, & the parameters calculated from 

TCD of MCA found to correlate well with ICP and guide the treatment protocols25. 
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But they have not concluded any specific cut off of TCD parameters with the invasive 

ICP.  

Hassler et al28 described changes in cerebral blood flow (CBF) velocity with 

increasing intracranial pressure (ICP). When there is a progressive increase in ICP, 

cerebral blood vessels, diastolic velocity is affected first and after compensation 

exhausted diastolic velocity decreases and pulsatility index starts to increase.  

 

The similar kind of findings also observed in our study. Our data had shown with 

progressive increments of ICP, the PSV also increasing & simultaneously decrease in 

EDV, there by an increase in PI. The maximum ICP we obtained was 29mm Hg which 

correlate with maximum PSV of 99cm/sec & minimum EDV of 23cm/sec. Also, the 

maximum PI calculated in our study was 1.7 which correlates to maximum ICP of 

29mm Hg. The minimum ICP we obtained was 16mm Hg which again correlating to 

lower PI of 0.7. Hence, we observed a linear positive correlation between ICP & PI, 

ICP & PSV. 

 

We have calculated ventricular dilatation by Evan’s score which shows maximum 

value of 0.56 with maximum ICP of 29mmHg & minimum CPP of 73mm Hg. Even 

though we haven’t measured direct CBF but reduction in CPP indirectly shows 

decrease cerebral perfusion. So, our study is somehow correlating to Weir et al35 who 

showed a progressive decrease in CBF with increase in ventricle size. 

In the observational study of Bellner et al, 81 patients with various diagnoses including 

aneurysmal subarachnoid haemorrhage, head injury and encephalitis had an 

intraventricular catheter for ICP monitoring.28 They performed multiple TCD 
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measurements in parallel to the ICP recordings. They have established a significant 

correlation between PI and ICP and between flow velocity and ICP which is 

independent of the intracranial pathology. They concluded that the value of PI ≥ 1.26 

could reliably predict CSF-P ≥ 20 cm H20 (sensitivity, specificity, positive predictive 

value, negative predictive value, and overall accuracy were 81.1%, 96.3%, 93.8%, 

88.1%, and 90.1% respectively).31 

 

In relation to study done by Bellner et al, our study has included different population 

of patients like intracranial space occupying lesions, meningitis mostly conditions 

related to chronic intracranial pathology. But our observation is quite similar to above 

mentioned study, PI≥ 1.3 correspond to ICP ≥22mm Hg with sensitivity of 79% & 

specificity of 76%. 

 

Rainov et al.35 The mean CBFV in 29 hydrocephalic patients prior to 

ventriculoperitoneal shunting was significantly lower than in the control group of 20 

patients. Compared to normal persons, systolic and end-diastolic CBFV values in 

patients were significantly decreased, suggesting an increased distal cerebrovascular 

resistance. PI and RI values in patients with elevated ICP prior to shunting were 

significantly increased in comparison to those of normal persons. There was a 

statistically significant positive correlation of pre-shunting ICP and mean pre-shunting 

values of RI (r=0.50, P<0.01) in hydrocephalic patients, but no significant correlation 

between PI and ICP, and between CBFV and ICP. Immediately after shunting, ICP 

returned to normal, and PI and RI values decreased significantly, while the mean 

CBFV increased.  
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Our study is completely contrast to the study done by Rainov et al. where they 

mentioned no significant correlation of ICP with PI or CBF but we have observed a 

strong correlation among these parameters. Pearson’s coefficient of correlation was 

0.86 for ICP-PI & 0.91 for ICP & PSV, both were statistically significant (p < 0.001) 

and without any influential outliers. We also observed a moderately strong negative 

correlation among CPP & ICP with coefficient constant -0.51. So, it reflects more the 

ICP will raise, more the CPP will fall. 

 

In the observational study of Bellner et al, 81 patients with various diagnoses including 

aneurysmal subarachnoid haemorrhage, head injury and encephalitis had an 

intraventricular catheter for ICP monitoring, & the regression analysis had 

established: ICP =10.927 PI – 1.284  

 

But in our study the regression analysis had shown ICP= 11.25 ± 10.64×PI. The most 

probable cause of variation in our study is due to difference in patients’ population. 

All previous studies have considered acute condition of brain injury like traumatic 

brain injury, SAH whereas our sample size contain patients with both supratentorial 

& infratentorial tumour, TB meningitis, tuberous sclerosis basically chronic 

intracranial pathology. The change of intracranial volume due to growth over a chronic 

period of time might have shifted the autoregulation curve to right & compensation 

might have occurred to maintain the autoregulation. As described by Monroe ± Kellie 

doctrine, cerebral compliance strongly depends on the compressibility of the low-

pressure venous compartment, and stasis in the pial veins occurs early as a 

compensatory mechanism in case of increased ICP. But, the parameters we obtained 
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has shown the relationship of TCD guided parameters & ICP are observed till a 

subnormal value of MCA MFV at a value of minimum 45cm/sec & PI value of less 

than 2. As we know when ICP increased to a very higher level, there will be 

corresponding decrease in CBF because of the physiological phenomenon of increase 

in cerebrovascular resistance through the artery. Hence to maintain a high flow 

velocity, the peripheral vascular resistance has to stay at a relatively low level. 

Therefore, a high level of MFV is usually not found in patients with raised ICP because 

of a concomitant increase in small vessel resistance. From various studies, severe 

intracranial hypertension is associated with PI values more than 3, and PI values in 

the range of 6 to 8 were found in cases of angiographically evaluated cerebral 

circulatory arrest75. As the PI is calculated from the difference between systolic (PSV) 

and diastolic (EDV) flow velocities divided by MFV, the change in elasticity of the 

normal vascular system can dampens the cerebral blood flow and thereby the flow 

velocity fluctuations because of changes in the blood pressure. 

 

In our study we found a better correlation of PSV to ICP than PI. The probable cause 

behind it as our cases were chronic patients, so brain volume got compensated, PI even 

though increased but its minimal so it’s association to ICP is not strongly correlated 

however still due to high ICP only PSV still in higher side, so, it’s able to give a better 

correlation with ICP. We also studied regression analysis for mean PSV from both 

side MCA with ICP & we have derived probable ICP= -3.16 + 0.306× PSV which is 

again comparable to the previous study ICP= PSV×0.38-5 mm Hg. 

 

In our study, we observed there is a good positive correlation between ICP & ONSD 
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as well as ICP & PI, ICP & PSV. The Pearson coefficient constant is 0.79 for ICP & 

ONSD 

 

This is consistent with Qayyum et al., Cammarata et al., and Amini et al., which 

concluded that ocular ultrasound may be considered as a good alternative for invasive 

methods to identify increased ICP.54-56  

 

A similar study was done by Tamburrelli et al., who showed that the optic nerve sheath 

begins to expand when the diastolic ICP is increased to >13–14 mmHg.57 Above this 

value, there is a positive linear correlation seen in between the enlargement of the 

optic nerve sheath diameter and simultaneously increase in ICP value. Most 

importantly the changes in the optic nerve sheath diameter happens before changes in 

the nerve other features which are visible on fundoscopic examination. Tamburrelli et 

al. found a sensitivity of ONSD to identify an ICP >15 mmHg of 88% and a specificity 

of 90%.57  

 

Tayal et al. conducted a prospective, double‑blind study in 55 patients and found that 

an ONSD of 5.0 mm or more correlated with CT findings suggestive of raised ICP.59 

In case of raised ICP radiological evaluation like CT can evaluate the midline shift, 

cerebral oedema or sulci, gyri & basal cisterns effacement which may correlate with 

ONSD accuracy. Out of various established studies, ONSD was found to have good 

correlation with clinical symptoms and CT abnormalities, & both of these are the 

surrogate indicators of elevated ICP.60 By correlating these parameters like ONSD 

with CT features of raised ICP, Aduayi et al. demonstrated a good reliability of optic 
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nerve sheath ultrasound in predicting raised ICP.61  

 

Similar to their study we also observed CT findings of raised ICP & ONSD. The 

maximum Evan’s ratio observed in our study was 0.55 which correlated with ONSD 

of 7.2mm & maximum ICP of 29mmHg. 

 

From various other studies the range for normal ONSD was found to be 5.2-5.9mm, 

measured 3 mm posterior to the globe. The CT guided findings of raised ICP has also 

been compared to the findings of USG guided ONSD measurement, such as changes 

in ventricular size, basilar cistern effacement, gyri & sulci size, the degree of trans-

falcine herniation and the differentiation of grey/white matter.  

An ONSD value of 5.0 mm as cut‑off, measured by CT scan, indicated ICP >20 mmHg 

as shown by a study conducted by Qayyum et al. who also showed that the 

ultrasound‑guided ONSD is a sensitive and specific test for predicting elevated ICP.65 

Kimberly et al. suggested an ONSD cut‑off of 5.0 mm for predicting an ICP >20 

mmHg.66 In a recent study conducted by Amini et al., an ONSD of 5.5 mm predicted 

an ICP >20 mmHg with a sensitivity of 100% and specificity of 100%.67 

 

In our study we observed ONSD of 5.8mm which predict an ICP ≥22 mmHg which is 

slightly above the previously studied range, which may be explained by either ethnic 

variability or as our cases are the chronic condition, so time for ONS dilatation is more 

than acute conditions which were studied by previous authors. Our result is 90.8% 

sensitive and 88.4% specific in detecting raised ICP. The maximum ONSD we 

observed in our study is 7.2mm We were able to demonstrate a direct relationship 
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between increasing ICP and dilation of the optic nerve sheath beyond this point. The 

effect seemed to plateau at an ONSD of just over 7.2 mm. The possible explanation 

for it probably as ONS is a leptomeningeal sheath, which is expandable in the anterior 

segment, behind the globe under the effect of raised ICP, cerebrospinal fluid (CSF) is 

pushed towards the tiny rim of subarachnoid space between the sheath and the nerve, 

causing an expansion of the dural covering reaches a static state beyond maximum 

increase in ICP, so further pressure effect of ICP doesn’t occur over dural sheath. 

 

All other studies have found out the correlation of ONSD & ICP but very few authors 

did regression analysis. So, we have decided to a model of ICP measurement from 

ONSD as independent variable to calculate a possible mathematical derivation among 

ICP & ONSD. We have derived probable ICP= – 11.02 + 5.052 × ONSD which is 

almost similar to study done by Robba et all76 ICP=ONSD×5:00 -13.92mm Hg.  

 

There is so far no formula derived for calculation of ICP based upon PI & ONSD, so, 

we have established a model of ICP & combined effects of ONSD & PI as independent 

variables ICP= - 13.98 + 8.1× PI + 4.146× ONSD 

Similarly, we also derived model for ICP with combined effects of ONSD & PSV & 

found probable ICP= -24.65 + 4.56× ONSD + 0.199× PSV 

 

Out of all these multiple assessment, our results show that ICP derived from combined 

PSV & ONSD has the strongest correlation with invasive ICP.  

 

We also did other mode of correlation among ICP with CT parameters. As we know 
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the pathophysiology of raised ICP, causes gradual enlargement of ventricles & 

effacement of sulci, gyri & basal cisterns, so we have calculated the degree of 

ventricular dilatation.  We made ensured that all patients to have a CT scan within 

24hrs of shunt procedure & we calculated Evan’s ratio. We correlated it with ICP & 

found a very strong positive linear correlation with Pearson’s coefficient constant 0.95 

which reflects with minimal change of ICP, Evan’s ratio has a significant increase in 

value. 

 

Why we chose trans cranial Doppler and optic nerve sheath diameter as a definite 

alternative to invasive ICP measurements?  

Transcranial Doppler (TCD) is real time measurement of blood flow characteristics 

and cerebrovascular haemodynamic within the cerebral blood vessels with an added 

advantage of its non-invasive modality & inexpensive. The physiologic data which 

can be observed by TCD guided measurements are complementary to structural data 

obtained from ventricular cannula or other invasive methods of cerebral blood flow 

measurements. In response to acute cerebrovascular events like raised intracranial 

pressure at the bedside, TCD is found to be most convenient way to monitor vascular 

changes. Also because of increased incidence of infection and increased mortality, 

invasive ICP monitoring is not warranted in low risk group. The parameters derived 

from TCD & various other indices calculated from these parameters are used as a 

surrogate marker of raised ICP & estimation of cerebral blood flow over invasive 

methods of measurements. 

Determination of Optic nerve sheath diameter (ONSD) has been established as a non-

invasive indicator of intracranial hypertension. The optic nerve sheath (ONS) is a 
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continuation of the dura matter, and there is a perineural subarachnoid space 

surrounding the optic nerve. The widening of ONSD under the effect of raised ICP is 

mostly marked at 3 mm from the globe, & beyond the distance of 3 mm the presence 

of arachnoid trabeculations helps in prevention of widening of ONS. Due to increased 

ICP, there is accumulation of CSF within the perineural space which causes distension 

of the ONS and there is protrusion of optic nerve or gradual flattening of the posterior 

globe.5 The relationship between ICP and the optic nerve sheath diameter (ONSD) has 

been described by several authors with varying accuracy in several clinical situations: 

traumatic brain injury, hydrocephalus and intracranial haemorrhage. 

 

In summary we found there is strong positive linear correlation of raised ICP with 

ONSD, PSV & PI of MCA. Out of all PSV has the strongest correlation with increased 

ICP. Also, CT parameter like Evan’s ratio also has a very strong correlation to raised 

ICP. As expected to physiological changes of cerebral hemodynamic, CPP has a 

moderately strong negative correlation with raised ICP. We also derived few 

formulations to calculate ICP by from ONSD, PI, PSV. 

Advantages of our study 

As because of a non-invasive technique, our method has several potential clinical 

applications: this can be useful when there are contraindications to invasive 

monitoring or unavailable, or in many borderline situations in which cases the 

insertion of invasive monitoring is questionable but these non-invasive modalities of 

ICP measurement could be useful. These non-invasive methods can also be applied in 

patients at risk of intracranial hypertension which primarily not caused by 

neurosurgical conditions (such as liver transplantation and intraoperative settings at 
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risk of intracranial hypertension or as screening tool in the emergency department in 

patients where there is doubt about the need for invasive ICP monitoring. 

 

There is various established & ongoing study over these above parameters to establish 

alternative pathway for invasive ICP monitoring. but we have calculated correlation 

of many TCD parameters simultaneously to find its effect on ICP. Also, we have 

correlated CT parameters with ICP. Our study concluded that we can definitely use 

ONSD & TCD over bedside to monitor raised ICP without going for any invasive 

procedure.
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                                                      LIMITATIONS 

Like all scientific studies, our study also had some limitations. 

1. Being an operator dependent monitor TCCD is prone for technical errors and as 

well inter observer variability. So, to avoid this limitation the trained Neuro-

anaesthesiologist on USG had determined all parameters 

2. The use of TCD is also hampered by the 10 to 15% rate of inadequate acoustic 

windows due to increased thickness and porosity of the bone around the acoustic 

windows and attenuation of the ultrasound energy transmission. Hence, we have 

excluded those patients with poor window from our study. 

3. TCD measurements are also limited to the large basal arteries and can only provide 

an index of global rather than local cerebral blood flow velocity. 

4. Our study included less number of patients and only those undergoing surgery for 

ventriculo-peritoneal shunt. The results cannot be authentically extrapolated to 

surgeries due to other pathologies like trauma, stroke, congenital anomalies with 

different mechanism of brain injury. 

7. Flow velocity, the velocity pattern, and thereby the PI may be influenced by 

different factors, like hemodynamic, respiratory, and hematologic parameters, and, in 

the case of brain vessels, tissue compliance. For this reason, the absolute value of this 

index is, in general, not considered sufficient to characterize overall intracranial 

hemodynamic conditions. So, we have considered a fixed hemodynamic & respiratory 

parameter. 

8. Ultrasound is subject to artefacts and measuring the ONSD in off‑axis may result 

in an erroneous value.  

9. Other concerns related to the heating of the probe causing damage to the internal 
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structures of the eye although no such event has been reported so far. This, however, 

makes it prudent to limit the duration of procedure to as low as possible. It is also very 

important to place the probe as lightly as possible on the eyelids so as to prevent any 

injury due to excessive pressure. To prevent this complication, we have reduced the 

power of ultrasound to 75%. 

10. Use of CT and MRI for ONSD is limited by the fact that these two measurements 

require transfer of the patient to the radiology suite, which might not be welcome in a 

critical care setup 

 

However, despite some limitation we were able to find the strong positive correlation 

of ICP, ONSD & PI & non-invasive modality of ICP measurement as a definite 

alternative for ICP measurement & monitoring.
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In our prospective observational study, we found that the TCCD & ONSD has 

presented itself as an exciting option for the measurement of intracranial compliance 

and offers the advantages of being a simple, non‑invasive and readily available 

diagnostic modality. 

 

Our study revealed that ICP has strong positive linear correlation with ONSD, PI, PSV 

& Evan’s ratio. There is a moderately strong negative correlation of ICP with CPP. 

The mathematical model we derived from our studied parameters are: 

1. ICP= – 11.02+ 5.052 × ONSD 

2. ICP= 11.25 +10.64 × PI 

3. ICP= -3.16 + 0.306× PSV 

4. ICP= - 13.98+ 8.1× PI + 4.146× ONSD 

5. ICP= -24.65 + 4.56 × ONSD + 0.199× PSV 

 

However, issues persist with its correlation with the gold standard invasive ICP 

measurement, and future research will hopefully establish TCCD, ONSD by USG as 

a useful bedside tool in clinical decision‑making in neuro-anaesthesiology and 

neuro‑critical care setups. 
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PATIENT INFORMATION FORM 
 

 

Title of the study: 
 

Correlation of the Optic nerve sheath diameter & the transcranial colour Doppler 

indices with direct measurement of intracranial pressure. 

 

Name of the Investigators: 

Dr. Nibedita Sahoo, Dr. Smita V., Dr. George C Vilanilam 

You are being requested to participate in this study which compares the Correlation 

of the Optic nerve sheath diameter & the colour Doppler indices with direct 

measurement of intracranial pressure. We have planned to include about 35 people 

from this hospital in this study. 

 

What is TCD? 
 
Transcranial Doppler (TCD) is a type of Doppler ultrasonography that measures the 

velocity of blood flow through the brain's blood vessels by measuring the echoes of 

ultrasound waves moving transcranially (through the cranium). 

 
 

What is ONSD? 

The optic nerve sheath is an anatomical extension of the duramater and the 

subarachnoid space around the optic nerve is continuous with the intracranial 

subarachnoid space. Any pressure rise within the intracranial compartment impacts 

dilatation of optic nerve sheath diameter (ONSD). 

The ultrasonography probe will be kept over the upper eye lids to measure the 

optic nerve sheath diameter (ONSD). 

https://en.wikipedia.org/wiki/Medical_ultrasound#doppler
https://en.wikipedia.org/wiki/Blood_flow
https://en.wikipedia.org/wiki/Brain
https://en.wikipedia.org/wiki/Blood_vessel
https://en.wikipedia.org/wiki/Ultrasound
https://en.wikipedia.org/wiki/Skull
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If you take part what will you have to do? 

  
On the day of surgery, you will be taken inside the Operation Theatre. 

Monitors to check your heart beat, blood pressure and oxygen saturation level will be 

attached. A small venous cannula will be inserted under local anaesthesia in the hand 

for fluid and drug administration. Protocol of induction of anaesthesia will be 

according to standard protocol followed in the hospital. After you will be fully 

sedated, and paralyzed, you will be connected to ventilator. Once the stable level of 

anaesthesia will be achieved, then non-invasive monitoring of ICP will be done by 

optic nerve sheath diameter & transcranial colour Doppler. Surgery will be allowed to 

proceed with the same level of anaesthesia till the brain cannula will be inserted to 

ventricle, ICP will be monitored by connecting brain cannula to a pressure transducer. 

 
 

Does TCD use & ONSD measurement have any side effects? 
 
 

As a non-invasive procedure, it doesn’t carry any risk to patient. Adverse events 

related to TCD is nil. The possible injury due to ultrasound over the eye will be 

prevented by properly closing the eyes, applying a thick layer of gel over the eyelids, 

using minimal pressure over the eye ball & reducing power of ultrasounds to 75%. 

 

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 
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effects. 

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. In addition, 

adverse events related to TCD & ONSD is minimal. 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. 

 
 

Will you have to pay for the cost of using the devices? 

 
 

TCD and ONSD are used as a part of anaesthesia procedures for surgery. So, 

no extra money to be charged for it to the patients. 

 

 

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. Nibedita Sahoo (Principal 

investigator) mobile number: 9446659430. Email: dr.nibedita@sctimst.ac.in. 
 
For technical advisory committee contact, please ask Dr. Maala Ramanathan, 

telephone number: 0471-2524234. Email: iec.mem.sec@sctimst.ac.in 

mailto:dr.nibedita@sctimst.ac.in
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CONSENT FORM 
 

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: A study on the 
Correlation of the ONSD & the transcranial colour Doppler indices with direct measurement 
of intracranial pressure [ ]  

• 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. 

 

Name: 
 

Signature: Date: 
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PROFORMA 
 
 

Correlation of the Optic nerve sheath diameter & the transcranial colour 

Doppler indices with direct measurement of intracranial pressure. 

 
PROFORMA: 

Age: 
 
Sex: 
 
Diagnosis: 
 
Proposed surgery: 
 
Date of surgery: 
 
Check list: 

 

Factors Include Exclude 

Patient consent Yes No 

Nature of procedure Elective  

 Emergency  
   

Age 18-60 < 18, >60 
   

Autonomic instability Yes No 

   
Patients with ocular trauma No Yes 

or a known history of   

ocular pathology.   
   

Long standing DM No  
   

H/o vascular diseases, No Yes 

stroke   

   

Patient with poor temporal No Yes 

window   
   

Pregnancy, Nursing No Yes 

   

 

Baseline Parameters 
 

Hemodynamic & ventilator parameters 

Parameters  HR (bpm) MAP SpO2 Peak 

Inspiratory 

Pressure 

MAC 

Values      
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ONSD   Side of shunt  Opposite side   

1
st

 

reading         

2nd         

3rd         

Average         

        

 TCD PV  EDV MV PI  

Side of 

1
st

 

reading        

shunt 2nd        

Eye 3rd        

 Average        

Opposite 

1
st

 

reading        

side Eye 2nd        

 3rd        

 Average         
 
 
 
 
 
 
 
 
 
 
ICP 

1
st

 reading 

2nd 

3rd  
Average  
 
 
 

 

Name & Signature of Investigator: 
 

Date: 
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