Utility of intraoperative visual evoked potential on the peri-operative visual

function in patients undergoing endoscopic resection of sellar and suprasellar

tumours.

Dissertation submitted for the partial fulfilment for the
Requirement of The degree
of
DM Neuroanaesthesia
Dr. Aishvarya Shree

DM Neuroanaesthesia Resident

Sree Chitra Tirunal Institute For Medical Sciences And Technology,
Thiruvananthapuram, Kerala, India.

July 2021



DECLARATION

I hereby declare that this thesis titled “Utility of Intraoperative visual evoked potential on
the peri-operative visual function in patients undergoing endoscopic resection of sellar
and suprasellar tumours” has been prepared by me under the capable supervision and
guidance of Dr Manikandan.S, Professor & Head, Division of Neuroaneasthesia and
Neurocritical Care, Department of Anaesthesiology, Sree Chitra Tirunal Institute for Medical

Sciences & Technology, Thiruvananthapuram.

Date: 9 ( 6% oY Dr. Aishvarya Shree, MD,
Place: Thiruvananthapuram. DM (Neuroanaesthesia) Resident,
Division of Neuroanesthesia and Neurocritical Care,

Department of Anaesthesiology,

SCTIMST, Thiruvananthapuram



CERTIFICATE

This is to certify that this thesis titled " Utility of Intraoperative visual evoked potential on
the peri-operative visual function in patients undergoing endoscopic resection of sellar
and suprasellar tumours" is a bonafide work of Dr. Aishvarya Shree, DM Neuroanesthesia
Resident, and has been done under my direct guidance and supervision at Sree Chitra Tirunal
Institute for Medical Sciences & Technology (SCTIMST), Thiruvananthapuram. She has

shown keen interest in preparing this project.

o o
Date: 99.0%- 20 2) Dr. Manikandan. S, MD, PDCC (Neuroanaesthesia),
Place: Thiruvananthapuram. Guide, Professor & Head,

Division of Neuroanesthesia and Neurocritical Care,
Department of Anaesthesiology,

SCTIMST, Thiruvananthapuram.

i



CERTIFICATE

This is to certify that this thesis titled "' Utility of Intraoperative visual evoked potential on
the peri-operative visual function in patients undergoing endoscopic resection of sellar
and suprasellar tumours" is a bonafidle work of Dr. Aishvarya Shree, DM
Neuroanaesthesia Resident, under the capable supervision and guidance of Dr. Manikandan.
S, Professor, Department of Anaesthesiology, Sree Chitra Tirunal Institute for Medical
Sciences & Technology (SCTIMST), Thiruvananthapuram. She has shown keen interest in

preparing this project.

ﬂﬁmm :%0%7

Date: ?/f/q//gﬂ(/ Dr. Thomas Koshy, MD,/PDCC,

Place: Thiruvananthapuram. Professor (Senior Grade) & Head

’

Department of Anaesthesiology,

SCTIMST, Thiruvananthapuram.

il



CERTIFICATE

This is to certify that this thesis titled " Utility of Intraoperative visual evoked potential on

the peri-operative visual function in patients undergoing endoscopic resection of sellar
and suprasellar tumours" is a bonafide work of Dr. Aishvarya Shree, DM
Neuroanaesthesia Resident, and has been done under my direct guidance and supervision at
Sree Chitra Tirunal Institute for Medical Sciences & Technology (SCTIMST),

Thiruvananthapuram. She has shown keen interest in preparing this project.

Date: 09 /og /02 02 ) Dr. Ajayprasad Hrishi, MD, DM.

Place: Thiruvananthapuram. Co-Guide, Associate Professor,
Division of Neuroanesthesia and Neurocritical care,
Department of Anaesthesiology,

SCTIMST, Thiruvananthapuram.

Y



ACKNOWLEDGEMENT

I thank almighty for giving me the strength and courage to endure through this. Throughout the
this period I have received immense support from a great deal of people without which my
dissertation would not have reached the present stage. I would like to thank my esteemed
institution, Sree Chitra Tirunal Institute for Medical Sciences and Technology (SCTIMST) for

giving me such a great opportunity to pursue with my thesis.

I express my sincerest gratitude to my guide, Dr. Manikandan S, Professor and Head of Division
of Neuroanesthesia and Neurocritical care, Department of Anaesthesiology, SCTIMST for
patiently going through several versions of my text, investing his valuable time and helping me

out with his expert guidance.

I’'m extremely grateful to Dr. Ajay Prasad Hrishi, Associate Professor, Neuroanesthesia division,
Department of Anaesthesiology, SCTIMST, my co-guide who was always there to clear my

doubts and help me with the writing.

A special word of gratitude is due to Dr. Smita V, Dr. Unnikrishnan P, Dr. Ranganatha Praveen
CS, Dr. Soumya M, Faculty of the Division of Neuroanesthesia & Neurocritical Care, and Dr.
Prakash Nair, Associate professor, Department of Neurosurgery for their valuable advice and

generous help.

I’m indebted to all those patients who consented to take part in this study. I would like to
acknowledge the help of all my fellow colleagues and a special thanks Dr Sapna and Dr

Revikrishnan for their support.



Last but not the least, I’'m indebted to my family who stood by me in all my decisions and helped
me sail through. I’'m extremely grateful to my late grandfather who took keen interest in all my

academic endeavours and helped me achieve this.

vi



ACA:

AEEGS:

ANOVA:

ASA:

BMI:

CABG:

CSF:

ECG:

EEG:

ERG:

ETCO2:

fERG:

fVEP:

HR:

HVF:

ABBREVIATIONS

Anterior Cerebral Artery.

American Electroencephalographic Society.

Analysis of variance.

American Society of Anaesthesiology.

Body Mass Index

Coronary Artery Bypass Grafting

Cerebrospinal Fluid

Electrocardiogram.

Electroencephalogram

Electroretinogram.

End tidal carbon dioxide.

Flash Electroretinogram.

Flash Visual Evoked Potential.

Heart Rate.

Humphrey visual fields

vii



ICA:

LED:

MAP:

MCA:

mfVEP:

NIBP:

NSICU:

ON:

PaCO2:

PaO;:

PCA:

PICC:

SBP:

Sp0O2:

SSPS:

SD:

Internal Carotid Aretry.

Light Emitting Diode.

Mean Arterial Pressure.

Middle cerebral artery

Multi Focal Visual Evoked Potential.

Non-invasive blood pressure.

Neuro surgical intensive care unit.

Optic Nerve.

Partial pressure of arterial carbon dioxide.

Partial Pressure of oxygen.

Posterior cerebral artery.

Peripherally inserted central line.

Systolic blood pressure.

Peripheral oxygen saturation.

Statistical package for the social sciences.

Standard Deviation.

viii



TIVA:

VA:

VEP:

WHO:

NFPA:

Total Intravenous Anaesthesia.

Visual Acuity.

Visual Evoked Potential.

World Health Organization.

Non-Functioning Pituitary Adenoma.

X



CONTENTS

SL No | Title Page No.
1 Abstract 1
2 Introduction 4
3 Review of Literature 7
4 Hypothesis 26
5 Aims and Objectives 28
6 Materials, Methods and Statistical Analysis 30
7 Results and Observations 42
8 Discussion 76
9 Limitations 86
10 Summary 88
11 Conclusions 91
12 Bibliography 93
13 Appendices 102

a. TAC Approval Letter. 103
b. IEC Approval Letter. 104
c. Patient Information sheet-English. 106
d. Patient Information sheet-Malayalam. 109
e. Consent Form -English. 112
f. Consent Form- Malayalam. 114
g. Proforma. 116
h. Master Chart. 118
i. Plagiarism Report. 131




List of Tables

Table No Title Page
No.
1 Demographic details. 44
2.1 Tumour Characteristics_of the patients. 45
2.2 Sellar suprasellar extension. 46
23 Size of the tumour. 46
3.1 Presenting complaints of the patients. 47
3.2 Preoperative visual acuity. 48
33 Preoperative perimetry. 49
4.1 Peri-operative changes in HR. 50
4.2 Peri-operative changes in MAP. 51
43 Peri-operative changes in N75 latency. 53
4.4 Peri-operative changes in P100 latency. 56
4.5 Peri-operative changes in N75-P100 amplitude. 59
4.6 Correlation between pre-op perimetry and N75 latency. 61
4.7 Correlation between pre-op perimetry and P100 latency. 63
4.8 Correlation between pre-op perimetry and N75-P100 amplitude. 65
5.1 Post-op perimetry. 67
5.2 Correlation between pre-op & post-op perimetry. 68
53 Post-op visual acuity. 69
54 Correlation between pre-op visual acuity and pre-op perimetry. 69
5.5 Correlation between post-op visual acuity and post-op perimetry. 70
5.6 Correlation between post-op perimetry data and N75 latency during 71
resection.
5.7 Correlation between post-op perimetry and P100 latency. 73
5.8 Frequency of post op complications. 74

Xi




List of Figures

Fig Title Page
No No.
la Anatomy of the pituitary gland-coronal section. 11
1b MRI - coronal T1 post-contrast image of our patient showing a giant pituitary 11
adenoma.
02 Lesions at various levels in the visual pathway and the type of visual field 14
defect.
03 Flash VEP waveform. 17
04 Pattern onset/offset VEP waveform. 18
Sa Pattern reversal VEP waveform. 19
5b Checker board pattern. 19
06 Pre-operative perimetry of one of the patient showing bitemporal field defects. 33
Ta Post-operative perimetry left. 34
7b Post-operative perimetry right 34
08 Placement of O1, O2 and OZ electrodes in our patient. 35
9a Goggles placement. 36
9b Goggles firmly secured. 36
10 Baseline VEP recording in our patient. 37
11 Post-induction VEP recording. 38
12 VEP recordings during resection. 39
13 VEP recordings before extubation. 39
14 Mean HR changes at different time points. 51
15 Mean MAP changes at different time points. 52
16 N75 latency changes at different time points. 55
17 P100 latency changes at different time points. 58
18 N75-P100 amplitude changes at different time points. 60

Xil




1. ABSTRACT



Abstract

Background: Visual pathway monitoring and preserving its function is important in pituitary
tumours. The anatomical proximity of the optic chiasm to these tumours is the reason for frequent
presentation with visual symptoms in the form of decline in visual acuity, visual field defects and
involvement of ocular movements. Our primary aim of the study was to evaluate the changes in
the intraoperative flash VEPs and its utility on peri-operative visual function.

Materials and Methods: Our study included a total of 25 patients aged 18-60 years belonging to
ASA grade I and II with a GCS of 15 posted for elective endoscopic trans nasal trans sphenoidal
excision of sellar and supra sellar lesions based on preoperative MRI/CT. pre-operative visual
acuity and perimetry were recorded as per our hospital protocol. Flash visual evoked potential
were recorded during awake state, post induction, during tumour resection and at the end of
surgery.

Results: We were able to obtain stable VEP recordings throughout the intraoperative period. We
found significant prolongation of VEP recordings from baseline values to post-induction. The
increase was 12.3% for N75 and 10.3% for P100 latencies. The amplitude change between N75-
P100 was 46.6% decrease. The change in latencies and amplitude were over and above the baseline
values during the resection times. The increase was 33.3% for N75, 7.8% for P100 latency and
15.1% decrease for N75-P100 amplitude. At the end of resection and just before extubation, when
the anaesthetic agents were stopped, the N75 and P100 latencies and N75-P100 amplitudes
returned to pre-resection levels but never touched the awake baseline. Analysis of the post-
operative perimetry with the VEP recordings at the end of surgery showed that the increase in
latency was more in the patients with no defects as compared with patients who had an improved

perimetry. The results were not statistically significant.



Conclusion: Patients in our study had greater improvement in the postoperative vision due to
better intraoperative preservation of VEPs and the return of the values to pre resection values at
the end of surgery signifies that the optic nerve was intact. Our study shows greater knowledge
on the pattern of the intraoperative VEPs changes on integrity of visual pathway and preservation

of visual function postoperatively.



2. INTRODUCTION



Introduction

Tumours of the sellar and suprasellar region contribute to 10% of the intracranial
neoplasms. (1) Tumours in this region consist of pituitary adenomas, meningiomas,
craniopharyngiomas, epidermoid cysts, germinomas, chordomas etc. Surgery forms the main stay
in the management of these tumours. Advances in endoscopic techniques has transformed the
surgical management of these tumours from transcranial to trans nasal approach. With the advent
of the angled endoscope, visualization and resection of para-sellar and suprasellar tumours became
possible. (1)

Visual pathway monitoring and preserving its function in important in pituitary tumours.
Along with hormonal impairment, because of the anatomical proximity of the optic chiasm
tumours of these regions frequently present with visual symptoms in the form of decline in visual
acuity, visual field defects and involvement of ocular movements. As compared to the transcranial
approach where the optic fibres come into the operative view early, they are seen much later in
trans-nasal trans-sphenoidal approach risking the visual pathway. Surgical resection of suprasellar
meningiomas has been shown to worsen visual function in 14-28% of patients and surgical
resection of craniopharyngiomas worsen visual function in 3—11.5% of patients. (2) Manipulation
of the optic nerve and interference with the microvasculature during microsurgical dissection is
thought to be responsible for the visual loss in the perioperative period. In patients with preserved
visual function, postoperative visual impairment becomes a greater concern. Thus, one of the
important goals is to preserve the visual function and avoid any further deterioration in the intra-

operative period. (2)



Visual evoked Potentials (VEP) is an important modality to monitor the visual pathway.
VEPs have been successfully used for diagnostics of demyelinating diseases like multiple
sclerosis. (3) However, the role of VEPs in the intra operative period have yielded conflicting
reports in the literature owing to their technical difficulties and effects of anaesthetic methods. (3)
In the early 1970s, VEPs using flash stimulus showed promising results. Even though this
recording became possible, large scale studies to assess the correlation between the intraoperative
VEPs with the post-operative outcome are lacking. Hence, there is no consensus currently on the
use of intraoperative VEP recordings for visual function monitoring. The effects of preoperative
visual functions, intraoperative changes in relation to surgical manipulation and correlation of
these changes in VEP with respect to postoperative visual function needs to be studied for its
widespread application. There has been constant research in this area with improvements in
stimulus delivery, recording parameters and anaesthetic technique.
We had planned the current study to address some of the shortcomings of the use of
VEP intraoperatively with which we aimed at obtaining reliable and consistent VEP waveforms in
patients undergoing trans nasal trans sphenoidal resection of sellar and supra sellar tumours and to

correlate them with the post-operative visual outcome.



3.REVIEW OF LITERATURE



Review Of Literature

Tumors of the pituitary gland and sellar region constitute 10 to 15% of intracranial
neoplasms.(4) Incidence of pituitary tumors increases with age with 9% of the tumors occurring
in population under 20 years of age and 30% of the tumors occurring in the age group between 50
and 60 .(5, 6) In 2017, the World Health Organization (WHO) classified tumors of the pituitary
gland into the following types: pituitary adenoma, pituitary carcinoma, pituitary blastoma, tumors
of the posterior pituitary, Neuronal and para-neuronal tumors, craniopharyngioma, mesenchymal
tumors, germ cell tumors, secondary tumors and haematological tumors.(7) Pituitary tumors are
classified as functioning and non-functioning based on hormone secretion. Non-functioning
pituitary adenomas (NFPAs) are benign neoplasms that originate from the adenohypophyseal cells
and are not associated with clinical evidence of hormonal hypersecretion.(8) The functioning
pituitary adenomas causes increased secretion of one or multiple hormones of the anterior pituitary
depending on the cell type that causes the tumour. Pituitary adenoma can be classified as
microadenoma, macroadenoma, and giant tumors based on size. Microadenoma is a tumour less
than 10 mm, while macroadenoma describes a tumour larger than 10mm. Giant pituitary tumors
are bigger than 40 mm.(9) Surgery forms the mainstay in the management of all these pituitary

adenomas.



Surgical Approaches to Pituitary Tumors And Their Relevance

The first reported case of transsphenoidal excision of the pituitary is by Schloffer
in 1907.(10) However, only during the 1960s did the trans sphenoidal approach gained popularity.
In the past the major indications for transcranial approach were if the tumour has dominant
extrasellar component and a small sellar component, large eccentric extensions into the middle,
anterior and posterior cranial fossa, coexisting ICA or ACA aneurysm and relative indication like
poorly pneumatized sphenoid sinus. (11) The advances in endoscopic assisted trans sphenoidal

approaches has lessened the need for transcranial approach in large tumours.

Trans nasal technique involves microscope and endoscope both of which are safe and
effective. In microscope assisted technique the stereoscopic view is maintained with easier control
of massive bleeding from cavernous sinus and major vessels, the retraction of the sometimes
oedematous nasal mucosa is less traumatic and the learning curve is not as steep as in endoscopic
assisted technique.(12) The endoscopic approach is minimally invasive with wider panoramic
visualization, improved mobility of instruments and the ability to look around the corners with
angled lens. Lack of bimanual dissection which was a concern for the surgeon in the initial times
was overcome by bi-nostril approach now a days. The ability to identify key landmarks plays a
vital role in endoscopic approaches for best outcomes. These anatomical landmarks can be
obscured in reoperations. In these situations an endoscopic assisted approach in which a standard
microscope is used assisted by the an endoscope through a nasal speculum can be beneficial. (12)

Thus becoming familiar with the pros and cons of each of these techniques is important.

Dallapiazza, et. al, showed microscopic and endoscopic techniques provided similar

outcomes in the treatment of non-functioning adenomas with Knosp grades 0-2. (13) Several



meta- analysis and retrospective series show the superiority of the endoscopic approach for
invasive and giant adenomas in contrast to the above study. Messerer, et. al, also noted that the
endoscope was more efficient than microscope with respect to the quality of resection and the
endocrinological outcome for large tumors and those with advanced Knosp grade. (13) Thus, with
the advent of neuro-endoscopy combined with electrophysiological monitoring, neuro navigation,
ultrasound doppler and high-speed drill the surgical quality and prognosis of the patients with
pituitary adenoma greatly improved.
Visual Impairments In Sellar And Suprasellar Tumours

The pituitary gland is located in the cavity of Sella which is limited above by the optic
nerve, optic chiasm and the circle of Willis, laterally by the cavernous sinus and internal carotid
artery, inferiorly by the sphenoid sinus and posteriorly by the prepontine cistern with pons and
basilar artery. (Fig 1a) Depending on their location, the enlarged pituitary mass can compress the
optic nerve, chiasm, or tract. (Fig 1b) Thus patients with sellar and suprasellar lesions frequently
present with neuro-ophthalmic features due to mass effect.(15) The incidence of decrease in visual
acuity in these patients is 32% and visual field defects is 86%.(15) A comprehensive visual
examination including visual acuity, field of vision, colour vision, ocular reflexes, and fundus
examination is warranted. The slow growing nature of the tumour keeps the patients unaware of
their field defects. Typical changes in field defects is the bitemporal hemianopsia and
quadrantanopia leading to binocular vision difficulties.(16) The 37, 4" | 6 and the maxillary and
ophthalmic branch of the 5 cranial in the cavernous sinus can get involved leading to pain around

the eye, diplopia, ophthalmoplegia, and altered ocular reflexes.(17)
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Fig 1a: shows the anatomy of the pituitary gland-coronal section and its relationship with optic

pathway

Fig 1b: shows the MRI - coronal T1 post-contrast image of our patient showing a giant

pituitary adenoma
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Pituitary adenomas causing visual impairment are treated surgically to improve or halt
further progression of vision loss as longer duration of the symptoms is associated with worse
visual outcomes after surgery.(18) In these patients the improvement in visual field is rapid
following surgery with most of the recovery occurring during the first three months of post-
operative period.(19) Most of the studies showed acceptable visual outcome post-surgery but they
are limited by the heterogenous groups of tumours and the evaluation of visual field and visual
acuity at the time of presentation that was lacking. Fahlbusch, and Schott, et. al, showed that young
age and short duration of symptoms were good prognostic factors for visual outcome. (20)
Zevgaridis, et. al, showed age, symptom duration, preoperative visual function, and arachnoid
membrane intactness as prognostic factors. (21) Margalit, et. al, highlighted the importance of
optic nerve encasement, size of the tumour and preoperative visual function in prognostication.
(22)

However surgical manipulation is the most important factor that determines the
postoperative visual function thereby monitoring of visual apparatus is an important priority. In
studies that analysed the visual outcomes following tuberculum sellae and diaphragm sellae
meningiomas, the postoperative deterioration of vision reflected the possibility of direct vascular
insult to the optic apparatus during surgery rather than transient neural oedema. This is because
the inferior surface of the optic nerve and optic chiasm receives its blood supply from superior
hypophyseal arteries which is a branch of supra-clinoid segment of the internal carotid artery which

is at risk during resection. (23)
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The Effect Of Lesions At Different Levels In The Optic Tract

A variety of pathologies can cause particular type of visual field defect indicating the site
of the neurological damage. (Fig 2). A lesion in the optic nerve can cause complete visual field
loss in the ipsilateral eye called as monocular visual loss. Lesion in the middle portion of the optic
chiasm most commonly caused by pituitary tumours affects the fibres crossing from the nasal
retina of each eye, leaving the uncrossed fibres from the temporal retina intact. This results in loss
of vision in the temporal visual field of each eye and is known as bitemporal hemianopia.
Homonymous hemianopia is caused by a lesion in the optic radiation on the contralateral side of
the anopia. Homonymous hemianopia with macular sparing is caused by a posterior cerebral artery
(PCA) stroke. The macula is spared because of its dual blood supply from both the middle cerebral
artery (MCA) and the posterior cerebral artery. Any lesion in the temporal lobe causes superior
quadrantanopia. A lesion in the parietal lobe causes inferior quadrantanopia. Lesions of macula

causes defects in the central vision leading to central scotoma.

13
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Fig 2: shows the description of Lesions at various levels in the visual pathway and the

type of visual field defect

Perioperative Evaluation Of Vision

Patients with pituitary tumors undergo preoperative evaluation of the visual apparatus to
identify and quantify the defects. Pre-operative evaluation of vision involves testing visual
acuity(VA) using Snellen's chart, Colour vision using Ishihara Colour Charts, Fundus examination
using ophthalmoscope, Visual field evaluation by a Humphrey field analyser, Octopus perimeter

or a Goldmann perimeter.
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Perimetry

Perimetry is the systematic measurement of visual field function using different types and
intensities of stimuli. It is of two types: the static type which has a stationery target to map the
sensitivity of the visual field and the kinetic type which has a moving target to map the boundaries
of the visual filed. Since, visual field defect is a common mode of presentation in these tumours,
evaluation of visual field abnormality becomes important. Furthermore, it is important to detect
subtle visual field defects, particularly those that arise in the peripheral visual field, which is
typically the area of visual field first compromised by pituitary compression. Thus, kinetic field
perimetry is favoured over static perimetry in neuro-ophthalmological evaluation of sellar and

supra sellar tumours.(24)

Visual Evoked Potentials (VEP)

-One of the main goals of surgeries involving the visual pathways is the
preservation and thereby preventing any inadvertent damage. Efforts to evaluate intraoperative
monitoring of visual pathways started in the 1970s. the first report on monitoring of visual pathway
was published by Wright et al in 1973.(25) Flashes of light were utilized in their study to stimulate
the retina during orbital surgery. Several researchers evaluated the usefulness of visual evoked
potentials in different clinical scenario. They tried to obtain a consistent intraoperative VEP
recordings, correlation of VEP with visual acuity and visual field, characteristic changes in
intraoperative VEP that indicate injury and its association with post-operative visual outcome.
Some studies have shown favourable outcome but most studies have dismissed their use stating
technical issues in delivery of stimuli and recording, their high sensitivity to anaesthetic agents

and their poor correlation with the post-operative outcomes. The incidences of visual

15



complications in the intraoperative period is related to the optic nerve (ON) or chiasmal
manipulation or devascularization and the effect of these harmful manoeuvres may go unnoticed
without real time monitoring. The sensitivity of perioperative VEP monitoring was 66% with a
specificity of 94%. (35) All these concerns has encourages several researchers to further refine
their techniques for intraoperative monitoring of visual pathways.

Methods Of Stimulation

There are two kinds of visual stimuli to generate VEPs. (11)
1) Unpatterned Flashing Lights- consists of brief flashes of light without any perceptible pattern

2) Patterned Stimuli- This can be presented in three ways

a) Flash VEP- It is generated by flashing luminance using a screen or a stroboscopic light.
The resultant VEP waveform consists of a series of positive and negative waves. (Fig
3) The flash VEP is a triphasic response. The first wave that can be seen is at 30ms
called as N1.The actual triphasic response is considered from a small positive deflection
at 40 to 50ms( P1), a second negative deflection at 70 to 89ms (N75/N,) followed by a
positive deflection at 100ms(P100/P2) that are generated by the lateral geniculate,
striatum, and areas 17, 18, and 19 of the visual cortex respectively. (27) From there on
peaks are consequently labelled in a numerical order as negative and positive (N3 and
P3) and this nomenclature differentiates flash VEP from the pattern reversal type. Flash
stimuli do not require patient fixation and cooperation and can be delivered through
closed eyelids This type of stimuli is used in un co-operative patients and in patients
who have opacities in the media. This is the method of stimuli that is used in the

perioperative period.(28)

16
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Fig 3: shows the Flash VEP waveform

b) Pattern onset/offset VEP- It has patterns in the form of small and large checks. The
resultant VEP waveform has three prominent peaks: a positive C1 wave at about 75ms,
a negative C2 wave at about 125ms, and lastly a positive C3 wave at around 150 ms.
(Fig 4) Thereafter, the negative and positive peaks are measured consequently as
C 4, Cs and Cs. This type of pattern is best to identify malingering and in patients with

nystagmus.
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Fig 4: Shows the Pattern onset/offset VEP waveform

c) Pattern reversal VEP- A good stimulus for exciting the visual pathways is a pattern
reversal stimulus It is generated by checkerboard pattern with alternation of these
checks from black/white to white/black without change in the overall luminance of the
screen at a specific reversal rate.(Fig 5b) This kind of pattern reversing checkerboard
pattern needs patient cooperation. The resultant waveforms consists of N70, P100, and
N155 peaks.(Fig 5a) P100 wave is the most robust peak with minimal interindividual

variability and negligible variation with high repeatability.
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Fig 5a: shows the Pattern reversal VEP waveform Fig 5b: shows the Checkerboard pattern

Once the stimulus is given, the neural information passes through the optic chiasm, via the
optic tracts to the lateral geniculate body in the thalamus, which then projects into the visual cortex.
Since the optic pathway cross at the chiasm monocular or binocular flash stimuli will produce
activation of bilateral visual pathways behind the chiasm unless a hemifield visual stimulation is
done as in awake subjects. To ensure consistent retinal stimulation, a flash electroretinogram(F-
ERGQG) can be used. Feinsod, et. al, used combined electroretinogram (ERG) with averaged VEPs
in the pre and post-operative period in two patients with tuberculum sella meningioma. (29) They
showed improvement in the AVEP in the post-operative period that was associated with an

improved visual outcome.
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Stimulation Devices

Effective activation of the visual pathway relies on adequate stimulation. In the 1970s,
flash stimuli was provided by fibreoptic haptic lens and scleral contact lens connected to photo
stimulators. (30) The invasive nature of the contact lens posed a potential risk of corneal abrasion
and ulceration. Furthermore, the American Electroencephalographic Society (AEEGS) Guidelines
recommend that hard lens stimulators cannot be kept in the eyes more than 45 min.(31) The above
limitations led to the development of LED mounted in eye patched or goggles. Goggles are bulky
device which require a headband to fix. This will interfere in transcranial surgeries. (32) Flash
stimuli can be given via white stroboscopic light or red LEDs. A stimulus rate of 1-2.5Hz is used
for transient response and 8-30Hz for steady state response. A study conducted in 2004 compared

the stimulus rate and concluded that there was no significant difference between the two rates. (3)

Recording Parameters

The scalp electrodes used for recording can be a surface electrode or a subdural needle
electrode. Ota et al. in his study favoured subdural electrodes because they reflect cortical activity
since they have greater spatial resolution and amplitude when compared to potentials acquired
from surface EEG electrodes placed on the scalp.(33) The electrode placement follows
international 10-20 system. An analysis period of 250-500ms is needed for F-VEPs. A total of 50-
200 responses are averaged for a single response. (31) Digital smoothing and filtering can be done
to reduce artefact. The filter settings should remain constant throughout the monitoring period.
Houlden et al. recommended using 15-20 Hz as a low pass filter setting for F-VEP responses. (34)

There is lack of clear guidelines for warning criteria to be used in the perioperative period to

20



preserve the visual pathway. Kodama, et.al, and Sasaki, et. al, have used a F-VEP amplitude
decrease >50 % from baseline control levels as a limit for the cessation of the surgical procedure

until recovery of the F-VEP occurred. (35,28)

Correlation Of VEP With Perimetry

Amany, et. al, compared the responses of flash FVEP and pattern VEP in amblyopic eyes
with the eyes of healthy children to find out whether the flash VEP can help in the diagnosis of
amblyopia. (36) Flash VEP P100 latency showed no significant difference between the two studied
groups. Pattern VEP P100 latency in amblyopic group was significantly longer than that of control
group. They concluded by stating that pattern VEP were able to diagnose amblyopia, but fVEP
changes were not reliable. The use of mfVEP offers the advantage to register localized
disturbances of the optic nerve and ganglion cells. Several studies tried to determine the
relationship between multifocal visual evoked potentials (mfVEP) and Humphrey visual fields
(HVFs). They concluded by stating that a linear relationship exists between the amplitude of the
mfVEP response and linear HVF loss in cases of primary open angle glaucoma.(37) In the initial
stages of visual dysfunction in pituitary adenomas, electrophysiological tests can be abnormal
even before any clinical evidence of the visual impairment is seen in the ophthalmological
examination and perimetry or optical coherence tomography.(38)

Factors Affecting Flash VEP:

F-VEPs are very sensitive to the effects of anaesthetics and physiologic factors

because they represent polysynaptic cortical activity.
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1)

2)

3)

4)

5)

Pre-operative visual function- In patients with blindness or severe visual field defects
where the optic nerve cannot be stimulated sufficiently by flash stimulation, VEP
waveforms have low reproducibility and difficulty in recording.

Temperature- Hypothermia affects synaptic transmission of impulses. For every 1°C
decrease in temperature, the peripheral conduction is reduced by 5% and central
conduction by 15%. (39) In general anaesthesia where hypothermia is prone to occur,
polysynaptic pathway like the optic pathway is affected by hypothermia. Hypothermia
causes decrease in amplitude and increase in latency of VEP and waveforms
completely disappear at 25-27°C.(5) Russ, et. al, the effect of hypothermia on VEP on
43 patients who underwent coronary artery bypass grafting (CABG). (40) The N75 and
P100 latencies increased with decreasing temperatures and each of the hypothermic
trace were significantly different from the control trace. During rewarming an
immediate return of latencies were demonstrated in their study. The amplitude was not

analysed because of the interindividual variation.

Partial pressure of carbon dioxide- Although there are no studies till date evaluating the
effects of partial pressure of carbon dioxide on VEP, acceleration of the conduction
velocity is seen in somatosensory evoked potential. (41) Hence any major fluctuations
in partial pressure of COz is avoided.

Hypoxia- A PaO2 of 20 mmHg resulted in a transient increase followed by a decrease
in feline VEP amplitude.

Hypotension- A decrease in mean arterial pressure (MAP) to levels below the

autoregulatory threshold decreased the amplitude without changing latency of the
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sensory evoked potentials. These changes can become irreversible in case of
permanent tissue injury.

6) Haemodilution- A haematocrit below 15% increases the latency and reduces the
amplitude of the VEP. The changes in VEPs recovered by returning the haematocrit to
22% .(42)

7) Effects Of Anaesthesia On fVEP

Volatile anaesthetics prolong VEP latency and decrease F-VEP amplitudes in a dose-
dependent fashion. However the evidence is conflicting with the use of low dose sevoflurane with
few studies reporting decrease in amplitude while the others reporting no such change.(33) Nitrous

oxide (N20) alone considerably reduces VEP amplitude. Its use in addition to volatile anaesthetics

can make VEP responses unrecordable. Administration of bolus doses of opioids have been shown
to significantly reduce the amplitude.(43) Chi, et. al, studied the effects of incremental doses of
fentanyl for patients undergoing coronary artery bypass graft procedures and found that fentanyl
administration did not affect the latency but decreased the amplitude. They suggested that the
decreases may be due to changes to retinal luminance related to pupillary-induced constriction
associated with fentanyl bolus administration. (44) Therefore bolus administration of fentanyl
should be taken into account while monitoring VEP. Wiedemayer, et.al, studied the effects of total
intravenous anaesthesia (TIVA) on VEP and its reproducibility in the perioperative period. (3) The
study included procedures involving the spine with 32 participants. All the patients had no visual
symptoms. VEPs were recorded in the awake and anaesthetized state. A total of 1436
intraoperative traces were analysed. In the awake patients, VEPs showed high interindividual
variability of the P100 latency and the P100-N145 amplitude. They found that compared to the

awake state the mean latency of the P100 peak was slightly longer in the anesthetized state. The
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amplitude of the P100-N145 peak was also showing significant decrease. A total of 1436
intraoperative traces were analysed. In 55% of the traces, the investigators were unable to identify
the main VEP peaks P100-N145 and to confirm a reproducible VEP. With TIVA, the P100 latency
was prolonged by approximately 8% and a loss of the P100-N145 amplitude of approximately
60% occurred compared to the recordings in the awake patients. They concluded by saying that
both anaesthetic and technical factors were responsible for the poor reproducibility of the VEPs
warranting further research. While neuromuscular blocking drugs do not affect F-VEP responses.
Their use may contribute to an improved signal- to-noise ratio by eliminating electromyographic
artefact. The use of opioid and ketamine or propofol-based anaesthetic techniques (TIVA), along
with low-dose volatile anaesthetics without nitrous oxide, seems to facilitate intraoperative

recording of VEPs.

Effects of surgery on Intraoperative fVEP

Cedzich, et. al, in their study explaining the limiting factors for intraoperative fVEP
monitoring found a high variability of the recordings. They excluded the use of ultrasonic aspirator
or bipolar coagulation as the cause as monitoring was stopped momentarily during their usage.
The higher incidence of flat tracings in their study were attributed to trepanation. In patients with
optic chiasmal compression the variability was greater and the incidence of potential losses were
also higher during the stage of tumour dissection. (65) Feinsod, et. al, in their study in of VEP in
2 patients with tuberculum sella meningioma showed the reduction of VEP recordings during optic
nerve dissection. (29) Kodama, et. al, in their study stating the limitations of VEP monitoring in

the intraoperative period showed that in one of their patients VEP loss was attributed to ischaemia
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injury to the optic pathway caused by transient occlusion of the superior hypophyseal artery which

supplies these parts of the visual apparatus. (35)
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4. HYPOTHESIS
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Hypothesis

We hypothesize that Flash visual evoked potential monitoring is useful in the intraoperative

monitoring of visual function during trans nasal transsphenoidal resection of sellar suprasellar

lesions and thereby improves the postoperative visual outcome.
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5. AIMS AND OBIJECTIVES
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Aims And Objectives
Aim
Our primary aim of the study will be to evaluate the hypothesis that the changes in the
intraoperative flash VEPs correlate with the post-operative visual outcome as measured by static
automated perimetry.
Objectives

Our secondary objectives of the study are,

1. To find the correlation between the preoperative static automated perimetry with the
baseline flash VEPs.

2. To detect the degree and pattern of changes in intraoperative VEP monitoring due to
anaesthesia and surgical resection during trans nasal transsphenoidal resection of sellar
suprasellar lesions.

3. To find the correlation between the postoperative static automated perimetry with the
intraoperative flash VEPs changes.

4. To find the correlation between the preoperative static automated perimetry with the
postoperative visual function in patients undergoing trans nasal transsphenoidal

resection of sellar suprasellar lesions.
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6. MATERIALS AND

METHODS
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Materials And Methods

This is a prospective observational study that was designed to test the hypothesis that Flash
visual evoked potential monitoring is useful in the intraoperative monitoring of visual function
during trans nasal transsphenoidal resection of sellar suprasellar lesions and thereby improves

postoperative visual outcome.

Setting: In the neurosurgical operation theatre (NSOT) at Sree Chitra Tirunal Institute of
Medical Sciences and Technology (SCTIMST), Trivandrum, which is a specialized tertiary

referral centre.

Institutional Ethics Committee Approval: This study was approved by our Technical
Advisory Committee (SCT-/S/2019/931) (Annexure No 1) and Institutional Ethics Committee
(SCT/IEC/1400/JULY-2019) ). (Annexure No 2) We obtained permission from the clinical trials

registry of India(CTRI) with reference number CTRI1/2020/08/027095.

Study Period: The data for the study was collected from August 12,2019 to February 28,

2021.

Study Design: Prospective observational case study. Total number of patients recruited in

the study were twenty-five.

Patient enrolment: The patients for the study were randomly selected from the elective
neurosurgical operation theatre list who were scheduled to undergo trans nasal transsphenoidal

excision of seller and suprasellar lesions and were recruited after fulfilling the following inclusion
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and the exclusion criteria. Patients were enrolled into the study after obtaining informed written
consent.
Inclusion criteria
e Patients posted for elective endoscopic trans nasal trans sphenoidal excision of sellar and
supra sellar lesions based on preoperative MRI/CT.
e Age 18-60 years.
e ASA grade I and II.

e GCS 5.

Exclusion criteria
e Patient refusal for study.
e Age less than 18 years and more than 60 years.
e ASA grade Il and IV.
e Emergency surgeries.
e (GCS<14.
e Proptosis.
e H/o eye injury.
e H/o anaphylaxis.
e Pregnant and lactating mothers.
e Presence of significant comorbidities like coronary artery disease, chronic obstructive

pulmonary disease, systemic hypertension, chronic renal disease, etc.
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Study protocol

Preoperative clinical visual field testing by finger confrontation method and static
automated perimetry was performed for all recruited patients as per our hospital protocol. Fig
6 shows the pre-operative perimetry of one of our patients showing bitemporal defect and Fig
7a and 7b shows the same patient’s post-operative perimetry. The data on preoperative visual
function based on the clinical presentation, clinical examination, static perimetry and fundus
examination, radiological data of the tumour regarding location, size and extent based on

preoperative Magnetic resonance imaging and CT scan of the brain were collected in the

proforma.
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Fig 6: shows the Pre-operative perimetry of one of our patient showing bitemporal field

defects.
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Fig 7a: Shows the Post-operative perimetry- left. Fig 7b: post-operative perimetry right

The recruited patients were kept nil per oral for 8 hours for solids and 2 hours for clear
fluids on the day of surgery. Premedication consisted of Tab Pantoprazole and Inj
Glycopyrrolate 0.2 mg IM 45 minutes prior to shifting to Operation theatre (OT). No sedative
premedication were administered. After shifting to operation theatre, World Health
Organization (WHO) Safety check list assessment was done. Monitoring lines were attached
to the patient which included 5 lead electrocardiogram(ECG), non-invasive blood pressure
cuff, pulse oximetry probe (Philips IntelliVue MX700) and bispectral index(BIS)(BIS
ASPECT). Baseline heart rate (HR), non-invasive blood pressure (NIBP), oxygen saturation
(SpO2) were recorded. Intravenous access was obtained using a wide bore 18G cannula

inserted in a peripheral vein under local anaesthesia.
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Technique for fVEP recording

VEP monitoring was initiated in awake state for recording of baseline values. We used
standard subdural needle electrodes(Natus- disposable subdermal needle electrodes, Indonesia) on
the scalp for recording. We followed the 10-20 international system for electrode placement and
the electrodes were placed in the following order. A midline occipital electrode which is 5cm
above inion (OZ), Scm from OZ on the right and left occipital areas is O1 and O2 respectively and
FZ is placed in midline frontal region as a reference electrode and ground electrode were placed.
(Fig 8) Three montages i.e., OZ-FZ, O1-FZ and O2-FZ were used for recording. VEP stimulation
is done using soft goggles with a head band (Natus Xltek Protektor 32 IOM machine).(Fig 9a)
The google is secured over to the closed eyelid with tapes. This will ensure snug fit of the
goggles.(Fig 9b) After checking the impedance, binocular flash stimulation was given by red LED
lights at a rate of 2Hz. Averaging was done with 500 samples. Digital smoothing and filter settings
were employed to reduce artefact and it remained constant throughout the monitoring period.

Electrode impedance was kept below 5 kOhm:s.

Fig 8: shows the placement of 01,02 and OZ electrodes in our patient.
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Fig 9a: shows the goggles placement. Fig 9b: shows the goggles firmly secured

Baseline recording of the VEP waves in all the three montages were obtained and the N75 and
P100 peaks were identified based on the latency.(Fig 10) Latency was noted from the end of
stimulus to the peak of the wave and the amplitude was defined as the difference in amplitude
between the apex of the largest positive and negative peaks at 75 and 100milliseconds. The
appropriate cursors were used to measure the amplitude and latency. Rightward shift of the peak

was defined as an increase in latency and an increase above 20% was considered significant. (45

and 46).
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Fig 10: shows the Baseline VEP recording in our patient.

After baseline recording of the parameters, the goggles were removed. After preoxygenation
for 3-5 minutes anaesthesia was induced with fentanyl (2ug/kg) and propofol (titrated to loss of
consciousness). After adequacy of mask ventilation was ensured, vecuronium (0.1 mg/kg) was
given. After 3 minutes, patients were intubated orally with appropriate size flexometallic
endotracheal tube via direct laryngoscopy/ video laryngoscopy/ fibreoptic bronchoscopy based on
patient’s physiological or pathological considerations. After intubation and confirming the tube
position, all the patients were ventilated in volume control mode with tidal volume of 8 ml/kg with
air: Oxygen mixture (50:50). The respiratory rate was adjusted to maintain an end tidal carbon-di-
oxide levels(etcoz) of 32-35 mmHg. Invasive arterial line in the radial artery using a 20G cannula
and central venous line via Peripherally inserted central catheter (PICC)were inserted. Anaesthesia
was maintained during the procedure with TIVA consisting of Inj propofol and Inj fentanyl based

infusion(propofol at an effect site concentration of 2 to 2.5 pg and fentanyl at 1 pg/kg infusion).
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BIS value was maintained between 50-60, ETCO2 of 32-35mm Hg, airway pressure was
maintained below 15-22 cm H2O. Heart rate(HR) and Systolic blood pressure (SBP) were

maintained within 20% of baseline throughout the procedure with vasopressors.

Following ten minutes of stable anaesthesia and haemodynamics, the VEP goggles were

reapplied and VEP recording was done which was represented as ‘anaesthesia’. (Fig 11)
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Fig 11: shows the Post-induction VEP recording

The next recording was obtained just before the Dural opening, every Smins till the tumour

resection is done and the final recording before reversal and extubating the patient. (Fig 12 ,13)
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Fig 12: shows the VEP recordings during resection — the green coloured waveforms indicate

baseline and the white and blue waveforms indicate VEP during resection.
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Fig 13: shows the VEP recordings before extubation
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All the recordings were stored automatically in the IONM system. Patients were extubated and
monitored in the neurosurgical intensive care unit. For postoperative visual function, Static

automated perimetry and clinical field testing were performed after one month.

Data collected include patient demographics, clinical presentation, tumour characteristics,
visual function based on visual field testing by confrontation method and static perimetry.
Intraoperative VEP recordings of N75 and P100 (latency and amplitude). All these data were

entered manually into the study proforma.
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Statistical Analysis

A) Sample size calculation

The sample size was arrived with nMaster software Version 2.0 by applying
the formula,
n=(Z 18+ 7Z1=zn)?/(*/ 1%
where,
r is correlation coefficient, Z i« is the desired confidence level, 1-8 is the power of the study.
With a Correlation coefficient of -0.601, a Power of 95% and an Alpha error of 5%, the
calculated sample size was found to be twenty-five (n=25) subjects. Hence, we recruited 25
patients. This was based on a study conducted by Nidan et al., in which they assessed the visual
pathways in patients presenting with pituitary adenomas using multifocal visual evoked potential,
static automated perimetry and optical coherence tomography findings. (61)
B) Statistical Analysis of Data
The collected data were analysed with IBM SPSS Statistics for Windows, Version
23.0.(Armonk, NY: IBM Corp).To describe about the data descriptive statistics frequency
analysis, percentage analysis were used for categorical variables and the mean + S.D( standard
deviation) were used for continuous variables. For the multivariate analysis for repeated
measures the Repeated measures of analysis of variance (ANOVA) was used with Bonferroni
correction to control the type I error on multiple comparison. In both the above statistical tools

the probability value p<0.05 was considered significant.
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7. RESULTS &

OBSERVATIONS
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Results And Observations

Based on the calculated sample size, 25 patients fulfilling the study criteria scheduled to
undergo elective trans nasal trans sphenoidal resection of sellar and suprasellar tumours at our
institute were recruited. Preoperative data collection and intraoperative VEP recordings were
successfully done in all the recruited patients. However in 8 patients the post-operative perimetry
details could not be obtained due to the ongoing pandemic situation. In Seventeen patients the

postoperative data were obtained.

The following are the results of the study.
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1) Demographic Details

Table 1: shows the demographic details of the 25 patients like age, weight, Body mass index

(BMI), gender and ASA physical status.

S1.No Variable Mean + SD Range Minimum Maximum
Age (years) 60.0
1 38+13.16 42.0 18.0
Mean+SD
Weight (Kg)
2 60£9.56 36 44.0 80.0
Mean+SD
2
BMI (kg/m™)
3 23.8£2.6 8.5 18.8 27.3
Mean+SD
Gender
11:14
4 (Male: Female) - - -
(44:56)
Number (%)
ASA Physical status
16:9
5 (I:1D) - - -
(64:36)
Number (%)
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The mean age was 38 years among our patients with a minimum age being 18years and
maximum age of 60 years. Among our patients,14 (56%) were female while 11 (44%) male
indicating most of them were female. The mean BMI was 23.8 kg/m? with a minimum of 18.8
kg/m? and maximum of 27.3kg/m?. Majority (64%) of our patients belonged to ASA grade I and

the rest (36%) to ASA grade II.

2)Tumour Characteristics

A) Preoperative Diagnosis (Based on MRI report)

Table 2.1: shows the Tumour Characteristics of the Patients

Pre-Operative Diagnosis Number(%)
Pituitary macroadenoma 20 (80)
Pituitary microadenoma 3(12)

craniopharyngioma 1(4)
Sellar and suprasellar meningioma 1(4)

Most common tumour was pituitary macroadenoma with 20 (80%) patients and then
pituitary microadenoma with 3 (12%), craniopharyngioma and sellar and suprasellar meningioma
with 1 patient (4%) each. Among the 20 patients with pituitary macroadenoma, 2 patients had
prolactinoma. Among the 3 patients with pituitary microadenoma, one had acromegaly, one had

thyroid stimulating hormone secreting tumour and one had Cushing’s disease.
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B) sellar/suprasellar extension

Table 2.2: shows the extent of tumor location based on the MRI report.

Tumour Extension Number(%)
Sellar tumor 12(48)
Sellar with suprasellar extension 13(52)

Almost 13 (52%) of our patients had tumour extending into the suprasellar region and 12

(48%) of our patients had tumour confined to the sella only.

C) Size of the tumour

Table 2.3 shows the size of the tumour based on the MRI report.

Tumour Size Number(%)
<l cm 3(12)
1-4 cm 20(80)
>4 cm 2(8)

Majority of our patients i.e. 20(80%) had pituitary macroadenoma (size >1 cm) while

3(12%) had microadenoma and two of them had giant pituitary tumours.
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3) Clinical Data

A) Pre-Operative Complaints

Table 3.1 shows the details of the presenting complaints of the patients.

Presenting complaints Number (%)
Headache 3(12)
Headache and unilateral visual
3(12)
disturbance
Headache and bilateral visual
13 (52)
disturbance
Headache, visual disturbance and
6 (24)

endocrine symptoms

The most common complaint was headache ache with bilateral visual disturbance which was
seenin 13 (52%) of our patients. While 3 (12%) of the patients had headache as the only symptom
and 12 (3%) had headache with unilateral visual disturbance. Remaining 6 (24%) of our patients
had endocrine symptoms like oligomenorrhoea, decrease in libido, lactorrhea, change in facial

contour and increase in thickness of hands and fingers.
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B) Pre-Operative Visual Acuity (VA)

Table 3.2: shows the Pre-operative visual acuity

VISUAL ACUITY Number (%)

6/6 18 (72)
6/9 2(8)
6/18 0
6/24 0
6/36 2(8)
5/60 1(4)

Finger counting at 1 feet 2(8)

We grouped the pre and operative visual acuity according to the WHO International
Classification of diseases grading system as mild-6/12 to 6/18, moderate- 6/18 to 6/60, severe-6/60
to 3/60 and blindness as VA worse than 3/60. Majority of our patients (n=20) belonged to the
normal VA category, two patients had moderate impairment and three had blindness. The visual
acuity was normal (6/6) in 18 (72%) of our patients, two of our patients had 6/9, two had 6/36, two

of them were able to count fingers at 1foot and one of our patient had an acuity of 5/60.
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C) Pre-Operative Visual Field Defects

Table 3.3 show the results of the pre-operative perimetry of the patient group

Pre-op perimetry Number (%)
Normal 7 (28)
Bitemporal hemianopia 5(20)
Bilateral superior quadrantanopia 3(12)

Left temporal hemianopia and right early junctional scotoma 1(4)

Right temporal hemianopia and left visual loss 1(4)
Unilateral hemianopia 5(20)
Unilateral superior quadrantanopia 1(4)
Peripheral field of vision constriction 2(8)

Of the total 25 patients, 18 patients had specific visual field defects (72%). Perimetric
findings of Bitemporal hemianopia were diagnosed in 5(20%) patients and unilateral hemianopia
in 5 (20%) patients. 3(12%) of our patients had bilateral superior quadrantanopia and one had
unilateral superior quadrantanopia. Remaining 7 (28%) of our patients had normal preoperative

perimetry. The most common presentations in patients with normal perimetry were headache and

endocrine abnormalities.

D) Fundus

Fundus examination was found to be normal in 23 (92%) of patients and papilloedema was noted

in two patients (8%)
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4. Perioperative Changes

Hemodynamic Parameters

A) Changes In Heart Rate (HR)

Table 4.1: shows the changes in the mean heart rate in the intraoperative period (bpm= beats per

minute)

Meant SD

Time points % change from baseline P-value
(bpm)

Baseline 78.6 £9.1
Post-induction 69.2+£9.8 -11.9% 0.0005
During resection 67.0+ 8.4 -14.7% 0.0005

Before extubation 77.3+7.8 -1.6% 1.000

The mean baseline HR was 78.619.1per minute which decreased to 69.24+9.8per minute after
induction of anaesthesia ,decreased further to 67.080£8.4per minute during tumour resection and
a slight decrease compared with the baseline at the end of the surgery. (Fig 14)The changes in
heart rate were statistically significant from baseline to post induction and during resection but

the overall changes were less than 15 %. The change was not significant from baseline to the end

of surgery.
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Fig 14: shows the Mean HR changes at different time points

B) Changes In Mean Arterial Pressure ( MAP)

Table 4.2: shows the changes in the mean arterial pressure in the intraoperative period

Mean+SD
Time points % Change from baseline P-value
(In mm of hg)
Baseline 94.08 £ 7.6
Post-induction 89.00 £ 6.0 -5.4 0.0005
During resection 87.12+5.71 -7.4 0.0005
Before extubation 93.32+6.44 -0.8 1.000

The mean baseline MAP was 94.080+7.6mm of hg which decreased to 89.000+6.0mm of hg after

induction of anaesthesia. It decreased further to 87.120+5.71mm of hg during tumour resection
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and a slight decrease with a mean of 93.320+6.44mm of hg compared with the baseline at the end
of the surgery. (Fig 15) The changes in MAP were statistically significant from baseline to post
induction and during resection but the overall changes were less than 10 %. The change was not

significant from baseline to the end of surgery.
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Fig 15: shows the Mean MAP changes at different time points

Peri-Operative Visual Evoked Potential (VEP):

The intraoperative VEP could be obtained successfully in all the patients. We measured the latency
of the N75 and P100 waveforms and amplitude of N75-P100 before induction of anaesthesia

(baseline), post induction, during tumour resection and before extubation.
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C) Analysis Of N75 Latency

Table 4.3: shows the changes in mean N75 latency in the patient group

Post- During Before
Montage Baseline
induction resection extubation
MEAN+SD
88.5£14.2 | 99.6£18.6 109.8+£16.8 98.9£16.7
(in ms)
O1-FZ | 9% Change from
+12% +24.1% +11.7%
baseline
P-value 0.0005 0.0005 0.011
MEAN+SD
87.3£13.9 | 98.1£17.7 136+15.2 98.9£17.3
(in ms)
O2-FZ | 9% Change from
+12.4% +55.9% +13.4%
baseline
P-value 0.0005 0.0005 0.003
MEAN+SD
87.3£13.9 | 98.1£17.7 136+15.2 98.9£17.3
(in ms)
OZ-FZ % Change from
+12.4% +55.9% +13.4%
baseline
P-value A 0.0005 0.003

Repeated measures of ANOVA was used for the analysis.
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We compared the latency of the left side VEP montage ( O1-FZ ) of the N75 waveform.
The baseline N75 was 88.5£14.2ms, post induction it increased to 99.6+18.6ms, during resection
times it went up to a maximum of 109.8+16.8 and at the end of surgery it became 98.9+16.7.There
was a 12.6% increase in latency from baseline to post induction which was significant and the
maximum increase was during the resection times which was 24.1%. There was a 11.7% increase

in latency from baseline towards the end of the surgery.

We compared the latency of the OZ-FZ VEP montage of the N75 waveform. The baseline
N75 was 87.3£13.9ms, post induction it increased to 98.1+£17.7ms, during resection times it went
up to a maximum of 136.0+£15.2ms and at the end of surgery it became 98.9+17.3ms.There was a
12.4% increase in latency from baseline to post induction which was significant and the maximum
increase was during the resection times which was 55.9% and al3.4% increase in latency from

baseline towards the end of the surgery.

We compared the latency of the right sided VEP montage of the N75 waveform. The
baseline N75 was 87.1£12.9ms, post induction it increased to 98.3+17.2ms, during resection times
it went up to a maximum of 108.7£15.8ms and at the end of surgery it became 98.8+17.3ms.(Fig
16) There was 12.9% increase in latency from baseline to post induction which was significant
and the maximum increase was during the resection times which was 24.9% and an increase of

13.5% in latency from baseline towards the end of the surgery
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Fig 16: shows the N75 latency changes at different time points
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D) Analysis Of The P100 Latency

Table 4.4: shows the changes in mean P100 latency

Montage Baseline | Post-induction | During resection | Before extubation
MEAN+SD
118.9+£19.7 131.4£15.6 140.5+17.3 126.5£18.8
(in ms)
1-FZ
© %Change
+10.5% +18.2% +6.4%
from baseline
P-value 0.0005 0.0005 0.288
MEAN+SD
117.3£17.9 130.6+£14.3 139.7+£17.2 125.2+18.5
0Z- (in ms)
FZ %Change
+11.4% +19.1% +6.7%
from baseline
P-VALUE 0.0005 0.0005 0.190
MEAN+SD
117.9+18.3 130.4+15.4 138.2+£19.0 125.7£19.2
(in ms)
2-FZ
© %Change
+10.6% +17.2% +6.6%
from baseline
P-value 0.0005 0.0005 0.190

Repeated measures of ANOVA was used for the analysis
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The latency of the P100 waveform on the left side was analysed. We found that the baseline
was 118.9£19.7ms, post induction there was 10.5% increase with a mean of 131.4+15.6ms, during
resection there was 18.2% increase with a mean of 140.54+17.3ms and during the end of the surgery

there was minimal change of 6.4% from baseline with the mean of 126.5+18.8ms.

The latency of the P100 waveform of the OZ-FZ was analysed. We found that the baseline
was 117.3£17.9ms, post induction there was 11.4% increase with a mean of 130.6+14.3ms, during
resection there was 19.1% increase with a mean of 139.7£17.2ms and during the end of the surgery

there was minimal change of 6.7% from baseline with the mean of 125.2+18.5ms.

The latency of the P100 waveform of the right side was analysed. We found that the
baseline was 117.3£17.9ms, post induction there was 11.4% increase with a mean of
130.6£14.3ms, during resection there was a 19.1% increase with a mean of 139.7£17.2ms and

during the end of the surgery there was minimal change of 6.7% from baseline with the mean of

125.2+18.5ms. (Fig 17)
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Fig 17: shows the P100 latency changes at different time points
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E) Analysis Of N75-P100 Amplitude

Table 4.5: shows the changes in N75-P100 mean amplitude.

POST- DURING BEFORE
MONTAGE BASELINE
INDUCTION RESECTION EXTUBATION
MEAN+SD
8.944+3 .4 4.756x1.41 3.540+1.69 5.324+1.42
(in pv)
Ol1-FzZ % Change
-46.8% -60.4% -40.5%
from baseline
P-value 0.0005 0.0005 0.0005
MEAN+SD
8.95613.6 4.820+1.3 3.448+1.6 5.444+1.6
(in pv)
OZ-FZ %Change
-46.2% -61.5% -39.2%
from baseline
P-value 0.0005 0.0005 0.0005
MEAN+SD
8.888+3.6 4.736+1.34 3.444+1.76 5.324+1.42
(in pv)
02-FZ %Change
-46.7% -61.3% -39.0%
from baseline
P-value 0.0005 0.0005 0.0005

Repeated measures of ANOVA was used for the analysis

59




Analysis of the amplitude of the N75-P100 on the right side showed a baseline of
8.888+3.6m pv which decreased significantly to 4.736+1.34 pv (46.7%). The decrease was very
significant during the resection times with a mean of 3.444+1.76 pv(61.3%) and at the end of the

surgery it decreased to 5.420+1.59 pv(39%).

The baseline amplitude on the left was 8.944+3.4uv. post induction there was 46.8%
decrease with a mean of 4.756+1.41 uv. The decrease was maximum during the resection times
with 60.4% and a mean of 3.540£1.69 pv. at the end of the surgery the decrease was 40.5% from

baseline with a mean of 5.324+1.42pv.

The baseline amplitude of the OZ-FZ montage was analysed. It showed a baseline mean of
8.95643.6uv. Post induction there was a 46.2% decrease with a mean of 4.820+1.3uv. The
decrease was maximum during the resection times with 61.5% and a mean of 3.448+1.6puv. At

the end of the surgery the decrease was 39.2% from baseline with a mean of 5.444+1.6uv.(Fig 18)

Amplitude
10.0
8.0
c 6.0
(5]
[}
2 4.0
2.0
0.0 \ \ \
Baseline Post-induction During Resection Before
Extubation
—o—02-FZ O1-Fz OZ-Fz

Fig 18: shows the N75-P100 amplitude changes at different time points
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Pre-Operative Perimetry With Changes In VEP

We did an analysis between the pre-operative perimetry and the changes in the latency of N75

and P100 using Kruskal Wallis test.

F) N75 Latency And Preoperative Visual Defects

Table 4.6: shows the effects of pre-op visual defects on N75 latency.

MONTAGE | Type of defect Post- During Before
Baseline
Induction Resection Extubation
Ol-FZ Normal Mean=SD
87.9+13.1 101+16.3 108.6+12.4 95.4+14.4
(In ms)
Bilateral | Mean+SD
92.7+14 | 105.3+18.5 | 117.7+16.7 108.3+13.1
(In ms)
unilateral | Mean+SD
83.8+15.4 | 91.3+19.8 101.1+17.4 90.2+18.4
(In ms)
P-Value 0.386 0.346 0.094 0.077
MONTAGE Post- During Before
Baseline
Induction Resection Extubation
0OZ-FZ Normal Mean=SD
89.1+15.7 | 101.5£17.4 107.619.4 94.9+14.1
(In ms)
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Bilateral | Mean+SD
91.4+13.8 | 103.6£17.7 | 116.3+15.9 108.6+14.6
(In ms)
unilateral | Mean+SD
80.5+11.4 | 88.3+15.8 99.8+16.2 90.5+18.5
(In ms)
P-Value 0.224 0.165 0.081 0.065
MONTAGE Post- During Before
Baseline
Induction Resection Extubation
0O2-FZ Normal Mean=SD
87.8+13.3 | 101.4+17.5 | 108.9+12.6 97.6+£19.4
(In ms)
Bilateral | Mean+SD
91.2+13.7 | 103.3+17 116.2+15 106.9+13.7
(In ms)
unilateral | Mean+SD
81.2+10.8 | 89.4+15.8 99.2+15.8 89.8+16.5
(In ms)
P-Value 0.293 0.237 0.060 0.102

We analysed the correlation between pre-operative field defects based on perioperative

perimetry and the latency of N75 changes. We found that the increase in latency was higher in

patients with bilateral visual field defect as compared with the patients with normal and unilateral

defect; however, the changes were not statistically significant.
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G) P100 latency and pre-op visual filed defects

Table 4.7: shows the effects of pre-op visual defects on P100 latency.

Post- During Before
MONTAGE Type of defect Baseline
Induction Resection Extubation
Mean+SD
Normal 109.6+17.5 | 128.9t14 132.6+15.3 115.4420.9
(In ms)
Mean+SD
Bilateral 127.8421.3 | 137.7£16.6 | 149.4+14.3 138.4+12
Ol1-FZ
(In ms)
Mean+SD
115.9+16.7 | 125.6+x14.4 | 136.5+19.1 121.2+17.1
unilateral
(In ms)
P-Value 0.168 0.252 0.095 0.032
Post- During Before
MONTAGE Baseline
Induction Resection Extubation
Mean+SD
Normal 109.7+£17.3 | 129+13.9 131.9+14.8 115.3+£20.7
(In ms)
Mean+SD
OZ-FZ Bilateral 125.8+19.1 | 137.8+14.1 | 149.3+13.8 137.5+11.5
(In ms)
Mean+SD
unilateral 113.3+13.8 | 123.1+11.5 | 134.6+18.9 118.3+16.1
(In ms)
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P-Value 0.141 0.080 0.054 0.024
Post- During Before
MONTAGE Baseline
Induction Resection Extubation
Mean=SD
Normal 109.4+17.7 | 127.5+15.5 | 131.1+14.6 11622
(In ms)
Mean=SD
Bilateral 127.8418.8 | 138.2+15.3 | 145.4V19.9 | 137.1£12.2
02-FZ
(In ms)
Mean=SD
113+13.9 | 123.2+12.6 | 135.3+204 120+18.6
unilateral
(In ms)
P-Value 0.085 0.124 0.235 0.043

We analysed the changes in latency of the P100 waveform with the pre-operative perimetry
defects. We observed that at all time points compared to the patients with normal perimetry , the
increase in latency was higher in patients with unilateral defects and greatest change was seen in
patients with bilateral defects.. Although at the end of the surgery, the increase in latency of the
P100 were significant in the OZ-FZ and O1-FZ montages in patients with bilateral field defects

compared to patients without defect and unilateral defect.
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H) N75-P100 Amplitude And Pre-Operative Perimetry

Table 4.8: shows the effects of pre-op visual defects on N75-P100 amplitude.

Post- During Before
MONTAGE Type of defect Baseline
Induction Resection Extubation
Mean=SD
Normal 9.8+1.7 5.440.6 3.5+1 4.6+0.7
(In pv)
Mean=SD
Bilateral 8.814.5 5+0.7 2.9+1.3 44+1.3
O1-FzZ (In MV)
Mean=SD
8.3+3.2 5.7+2.4 44423 5.3+1.9
unilateral | (In uv)
P-Value 0.160 0.584 0.345 0.851
Post- During Before
MONTAGE Baseline
Induction Resection Extubation
Mean=SD
Normal 9.6+2.2 5.5+0.5 3.5+1.1 5.0+0.6
(In pv)
_I_
07Z-F7 Mean=SD
Bilateral 8.9+4.9 4.840.6 2.7+1.1 4.3+1.0
(In pv)
unilateral | MDD | g 4i3 1 | 61427 4342.1 5.342.1
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(In pv)
P-Value 0.316 0.134 0.095 0.254
Post- During Before
MONTAGE Baseline
Induction Resection Extubation
Mean=SD
Normal 9.6+1.9 5.440.5 3.6x1.2 5.0+0.6
(In pv)
Mean=SD
Bilateral 8.9+4.8 4.840.6 2.7+1.1 4.3+1.0
02-FZ (In MV)
Mean=SD
8.2+3.3 6.2+2.6 4.342.5 5.1+£2.0
unilateral | (In pv)
P-Value 0.208 0.241 0.109 0.302

Baseline amplitude and decrease in amplitude following anaesthesia induction were similar in
patients pre-operative visual field defects compared to normal. The drop in amplitude was higher
in the patients with bilateral defects as compared with patients with a normal perimetry and

unilateral defects during resection phase. The changes were not significant statistically.
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5)Post-Operative Data

A) POST OPERATIVE PERIMETRY

Table 5.1 shows the visual field assessment using perimetry in postoperative period.

Visual Field Numbers(%)
No change compared to pre-op 8(32)
Improved compared to pre-op 9(36)
Not done 8(32)

We lost follow up of Post-operative perimetry for 8 of our patients due to the ongoing
pandemic. Out of 17 patients, 8 (32%) of our patients had no new change in the perimetry. The
rest of the 9 (36%) patients had improved perimetry in the post-operative period. None had

deterioration in vision at 3 months follow up perimetry data.
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B) Correlation Between Pre-Operative And Post-Operative Perimetry

Table 5.2 shows the correlation between the pre-operative and post-operative perimetry.

Preoperative Post-op perimetry
findings Unchanged Improved Missing data Total
(n=25) (excluded)
Pre-op Normal (7) 6 0 1 7
perimetry Unilateral 1 5 4 10
defect (10)
Bilateral 1 4 3 8
defect (8)
Total 8 9 8 25

We divided the pre-operative field defects into three groups, namely patients with normal
perimetry, patients with unilateral and patients with bilateral defects. In the post-operative period
we segregated them into patients in whom the defect was unchanged/ normal and in whom there
were improvements in perimetry. A chi-square test was done comparing pre and postoperative

perimetry findings which revealed a p-value of 0.005 suggesting significant improvement in the

post-operative visual function.

68




C) Post Op Visual Acuity

Table 5.3: shows the Post-op visual acuity in all the patients

VISUAL ACUITY Number (%)
6/6 20 (30)

6/12 NC))

6/18 NC))

6/24 NG

Finger counting at 6 feet 1(4)

Finger counting at 1 feet 1(4)

Among the 25 patients, 5 of our patients showed improvement in the visual acuity in the

post-operative period. In two of the patients the vision improved to 6/6 bilaterally.

D) Pre- Operative Perimetry And Pre-Operative Visual Acuity

Table 5.4: shows the correlation between pre-op visual acuity and pre-op perimetry in all the

patients
Pre-op VA-Severity
Normal Moderate Blind TOTAL
Pre-op VF Normal 7 0 0 7
unilateral 6 0 2 8
bilateral 7 2 1 10
20 2 3 25
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We used Pearson Chi square test to find the correlation between the pre-operative VA and field defect.
The p value was 0.240 which suggested that there was no correlation between the two.

E) Post-Operative Perimetry And Post-Operative Visual Acuity

Table 5.5: shows the correlation between post-op-op visual acuity and post-op perimetry in all

the patients
Post-Op VF
Improved No Change | Missing Data TOTAL
(Excluded)

Post-Op VA Normal 6 7 7 20
Mild 1 0 0 1

Moderate 1 0 1 2

Blind 0 1 1 2

Total 8 8 9 25

A Pearson Chi square test between the post-operative visual acuity and post-operative perimetry

revealed a P-value of 0.661 suggesting no correlation.

F) Analysis Of Post-Operative Perimetry And N75 Latency
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We analysed the post-operative perimetry changes (Improved (8 patients) Vs no change(9

patients) with the latency of the N75 and P100 waveforms during resection and at the end of the

surgery.

Table 5.6: Correlation between post-op perimetry data and N75 latency during resection

MONTAGE | Type of defect During Resection Before Extubation
Ol-FzZ Improved MeantSD
from
(In ms) 111.8+11.6 100.8+15.4
preoperative
status (8)
No change Meant+SD
from the pre- 109.9+14.6 96.8+17.3
(In ms)
operative
P-Value
status (9) 0.776 0.633
MONTAGE | Type of defect During Resection Before Extubation
OZ-FZ Improved MeantSD
from
(In ms) 110.4£11.1 101.0+£15.4
preoperative
status(8)
No change Meant+SD
from the pre- 108.5£11.9 95.8£16.5
(In ms)
operative
P-Value
status (9) 0.749 0.521
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MONTAGE Type of defect During Resection Before Extubation
O2-FZ Improved MeantSD
from
(In ms) 110.2+11.6 100.5+14
preoperative
status
No change Mean+SD
from the pre- 109.3+13.6 97.5+19.9
(In ms)
operative
P-Value
status 0.888 0.733
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G)ANALYSIS OF POST-OPERATIVE PERIMETRY AND P100 LATENCY

Table 5.7: Correlation between post-op perimetry and P100 latency

MONTAGE | Type of defect During Resection Before Extubation
Ol1-FzZ Improved MeantSD
from
(In ms) 144.0£14.8 125.9+16.7
preoperative
status
No change Meant+SD
from the pre- 135.8+£13.2 119.3£21.6
(In ms)
operative
P-Value
status 0.260 0.503
MONTAGE | Type of defect During Resection Before Extubation
OZ-FzZ Improved MeantSD
from
(In ms) 143.3£16.1 124.4£17.2
preoperative
status
No change Meant+SD
from the pre- 135.0£12.7 118.6£20.8
(In ms)
operative
P-Value
Statng 0.274 0.558
MONTAGE | Type of defect During Resection Before Extubation
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02-FZ Improved MeantSD
from
(In ms) 138.9422.2 125.3+18.8

preoperative

status

No change Meant+SD

133.9+12.2 119.3£21.9
from the pre-
(In ms)
operative
P-Value
strhis 0.581 0.561

Analysis of the post-operative perimetry data with the N75 and P100 latency during
resection and at the end of the surgery shows that the latency did not affect the postoperative

perimetry findings.

H) Post-Operative Complications

Table 5.8: Frequency of post-op complications

COMPLICATIONS FREQUENCY (%)
None 19(76%)
CSF leak 3(12)
3t cranial nerve palsy 2(8)
CSF leak with meningitis 2(80

The most common complication in the post-operative period was cerebrospinal fluid leak

(CSF) in 3(12 %) of the patients. This was followed by transient third cranial nerve palsy in 2 (8%)
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of our patients and one patient had recurrent CSF leak with meningitis. There was no complication

in 19 (76%) of our patients.
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3. DISCUSSION
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Discussion

In this study we tried to evaluate the role of fVEP on the intraoperative changes during
different stages of anaesthesia and surgery in patients undergoing trans nasal trans sphenoidal
endoscopic surgery for lesions of sellar supra sellar region and tried to assess the effects of
preoperative visual function on fVEP. Moreover we tried to assess the impact of fVEP changes on

postoperative visual functions.

Reports show that the usefulness of the intra-operative fVEP recordings is limited by its
poor repeatability and lack of correlation with the post-operative visual outcome. (18) We
hypothesized that Flash visual evoked potential is useful in real time monitoring of intraoperative
visual function and thereby improves postoperative visual outcome. Based on our results, we found
that our hypothesis is true. However, we were able to obtain stable recordings throughout the
procedure both in patients with normal and altered visual functions. The important findings based

on our study results are;

1) We were able to obtain stable VEP recordings throughout the intraoperative period.

2) We found significant prolongation of VEP recordings from baseline values to post-
induction. The increase was 12.3% for N75 and 10.3% for P100 latencies. The
amplitude change between N75-P100 was 46.6% decrease.

3) The change in latencies and amplitude were over and above the baseline values during
the resection times. The increase was 33.3% for N75, 7.8% for P100 latency and 15.1%

decrease for N75-P100 amplitude.
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4) At the end of resection and just before extubation, when the anaesthetic agents were
stopped, the N75 and P100 latencies and N75-P100 amplitudes returned to pre-
resection levels but never touched the awake baseline.

5) Analysis of the post-operative perimetry with the VEP recordings at the end of surgery
showed that the increase in latency was more in the patients with no defects as
compared with patients who had an improved perimetry. The results were not

statistically significant.

Out of the 25 recruited patients, 21 patients had optic chiasmal compression in the MRI.
Three among those patients did not show any signs of decrease in visual acuity and field defect.
11 of our patients had a visual acuity of 6/6 in spite of having a field defect in the preoperative
perimetry. This was similar in our study where the pre-operative visual acuity showed no
correlation to the pre-operative perimetry. The most common defect was a bitemporal hemianopia.
These finding are in accordance with the results of the study by Siddharth Ogra, et. al/, in which
they analysed the visual acuity and perimetry at presentation in patients with pituitary adenoma.
(45) The study showed that bitemporal defects were most common field defects (41%) seen in
chiasmal compression and were associated with increased age and non-functioning tumours. They
highlighted that patients with bitemporal visual field loss secondary to chiasmal compression from

pituitary tumour can present with excellent visual acuity.

Flash VEP stimulus was provided by red light emitting diodes (LED) fitted to a google
with an adjustable head band over the closed eyes. we secured the googles with water proof tapes.
This prevented betadine solution from penetrating inside and displacement of the googles

throughout the procedure. This was similar to Chack, et. al, and Kodama, et. al, who successfully
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obtained VEP recordings with a flash red LED. (46, 35) Our stimulus frequency was 2Hz with an
average of 500 trials. Sasaki, et. al, utilized ERG to ensure continuous stimulation of retina because
their surgeries involved frontal scalp flap reflection which could cause deviation of the light axis
.(28) Yoshinobu, et. al, studied the usefulness of VEP in trans sphenoidal surgery in 33 patients
with sellar and suprasellar tumours. They demonstrated stable and consistent VEP recording
throughout the procedure that was attributed to adequate high-power device with ERG recording
in order to ascertain retinal light stimulation.(26) We did not use ERG stimulation. We utilized an
adjustable band that was tightened to the head size, used gauzes and water proof plasters to fix it
in place. (Fig 9b) Our surgeries involved trans nasal trans sphenoidal route and hence there was
no disruption of the googles and the light axis. With this technique we did not encounter any loss
of VEP in the peri-operative period and none of our patients had visual deterioration in the post-
operative period. Hence, we did not encounter problems during monitoring. A subdural needle

electrode was used to lower the impedance and for better resolution.(47)

Anaesthetic Technique

Several reports have been published in the literature regarding the usefulness of
intraoperative VEPs. Along with the surgical dissection, hypotension, hypothermia and anaesthetic
technique has also been reported as a cause of instability in VEPs. Cedzich, et. al, in their study
recorded flash VEPs in 35 patients with tumours involving the optic pathway. They recorded both
reversible and permanent loss of signals, but they were independent of the surgical manipulations.
In addition to the random changes in the intraoperative period, there was also lack of correlation
with the postoperative outcome. They concluded by saying that the combination of anaesthesia

and surgical manipulation led to the loss of signals. (48) Sebel, et. al, and Domino, et. al, observed
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that the volatile anaesthetics and nitrous oxide prolonged the latencies and decreased the amplitude
of the VEPs. (49,50) Wiedemayer, et. al, reported a 8% prolongation of P100 latency and a loss of
P100-N145 amplitude of up to 60% with total intravenous anaesthesia(TIVA) compared to awake
patients. (3) However Kodama, et. al, could successfully record VEP in 53 patients using TIVA
based anaesthesia. (35) Alberto A. Uribe, et. al, in their study compared VEP monitoring in spine
surgeries under TIVA and balanced anaesthesia. They concluded by stating that TIVA is
associated with higher VEP amplitude and shorter latencies than balanced general anaesthesia.(51)
The typical agents used in their study are propofol, fentanyl, and muscle relaxants like rocuronium.
Thus we used air oxygen mixture with propofol based TIVA with a target controlled infusion

pump(TCI).

During the intraoperative course, there was a significant increase in latency of the N75 and
P100 waves and decrease in amplitude of the N75-P100 waveform from baseline to post-
anaesthesia induction. The N75 latencies showed a higher percentage change (12.5%) compared
to the P100 latencies (10%) in all three montages. Our results were in accordance with study by
Chi, et. al, who found that enflurane causes amplitude reduction of VEPs, but there was significant
prolongation of latency in N75, but P100 was prolonged only if enflurane concentration is more
than 1 MAC. (62) In a recent study of sevoflurane was found to have significant suppression of
the VEP amplitudes even at lower concentrations compared to Propofol. (63 ) We have used TIVA
based technique, and we found similar effects of TIVA on N75 and P 100 waves. We were able to
obtain stable readings throughout the procedure even with longer operating times and the latency

changes but not the amplitude were restored back to the baseline at the end of the surgery.
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The physiological parameters like the partial pressure of CO; and partial pressure of O
were maintained stable throughout the procedure. The mean arterial pressure was maintained
within 10% of baseline while recording the VEP. Analgesia was maintained with fentanyl
infusions and boluses of intravenous labetalol was used to maintain blood pressure. BIS was

maintained between 40 to 60 throughout the intraoperative course.

All our patients had deterioration in VEP waveforms during surgery that restored back to
baseline at the end of surgery. We analysed the latencies of N75 and P100 with the pre-operative
perimetry results. 10 of our patients had bilateral deficits, 8 of them had unilateral deficits and 7
of them presented with a normal perimetry. This was similar to studies by Ogra, et. al, Poon, et.
al, and Klauber, et. al, where bitemporal defect was the most common perimetric finding followed
by unilateral defects in patients with sellar and supra sellar mass .( 45, 52, 53)

We found that in patients with bilateral defects, the increase in latency of the N75 and P100
waves was greater as compared to patients with unilateral defects and normal field. However there
was no significant difference in amplitude of the waves. This finding was consistent in all the three
montages monitored. The magnitude of the multifocal VEP latencies in awake patients have been
correlated with the size of visual field defect in perimetry. (18) To the best of our knowledge
correlation of the baseline VEPs with the perimetry has not been done. Although, flash VEPs are
not capable of reflecting filed defect like the pattern VEPs which uses half filed or quadrant
stimulation, the findings in our study confirm that the increase in latency and decrease in amplitude
can be higher in patients with field defects compared to preoperative normal perimetry. This is
similar to Jayaraman, et. al, study which reported reduction in amplitude and prolongation in

latencies in patients with chiasmal compression.(54)
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The decrease in amplitude from baseline to post-induction was 46%. Kodama, et. al, and
Sasaki, et. al, have used a warning criterion that an amplitude decrease of >50 % and a latency
increase of >10% from baseline control levels needs a cessation of the surgical procedure until
recovery of the fVEP occurred and provided that the other factors like anaesthesia, use of bipolar
cautery could not be used to explain the amplitude changes. (35, 28) Since, the changes were
attributed to anaesthetic parameters we proceeded with the surgery. The increase in latency of N75
and P100 waveforms were 44% and 18% respectively from the baseline compared to the resection
phase. Any significant prolongation in the P100 absolute latency signifies involvement of one of
the optic nerve. When there is a bilateral prolongation of latencies, the lesion could be in both optic
nerves, the optic chiasm, or the visual pathway posterior to the chiasm.(55) Since P100 is the most
consistent and least variable peak, we decided to proceed with the surgery despite significant
changes in N75 latency. The decrease in amplitude of N75-P100 waveform was also maximum
during the resection phase.(60%) Although, the change when compared to the post-induction
recording was only 14%, it was not statistically significant. We also observed that the changes
were higher when the duration of resection was longer and in giant adenomas when the chances of

ischemic injury or retraction over the optic apparatus is high.

At the end of surgery the N75 latency approached post-induction levels in all three
montages while P100 latencies were comparable with baseline. The amplitude has decreased by
39% compared to the baseline at the end of the surgery. These changes are similar to Kamio, et.
al, study that compared the usefulness of intraoperative VEP monitoring in trans sphenoidal
surgeries. (26) They obtained stable recordings in all 28 of the 33 patients. They reported
displacement of stimulator googles in 3 patients and severe pre-operative visual impairment in 2

patients as the cause of failure to obtain VEP signals. Similar to our study, in 4 of their cases they
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experienced transient decrease in amplitude which recovered at the end of the surgery. These
patients did not have any post-operative deficit. While in one patient, permanent loss of amplitude
was recorded and the patient had a new onset bitemporal defect in the post-operative period.
Takaaki, et. al, also showed similar results in their study for extended endoscopic trans nasal
excision of the craniopharyngioma. (56) Intraoperative VEPs were recorded in all 7 of their
patients. 5 of their cases showed stable recordings and in two of their patients they found a
significant reduction in amplitude, which had recovered at the end of the surgery. There was no

deterioration in the post-operative visual function.

We correlated the intraoperative changes in VEP with the post-operative perimetric
findings. The changes in amplitude and latency during resection phase did not impact the
postoperative perimetry. We did not encounter any permanent loss of potential and the potentials
returned back to pre-resection values at the end of surgery. These changes could signify that visual
function is not affected. We believe that certain factors could have impacted our findings like the
number of patients with postoperative visual loss was zero, the changes during resection phase was
< 20% and postoperatively in 8 patients we could not obtain the perimetry values, and the
postoperative testing of perimetry was done at 2months post-surgery. Also, quadrant stimulation
is required to pick up minor improvements which is not possible with fVEPs under anaesthesia.
This finding was similar to 1zabel Costa E Silva, et. al, in which the application of intra-operative
flash VEPs was explored in 15 patients. (57) They introduced a grading system for the changes in
the amplitude and latency. F-VEP (flash VEP) recordings were carried out before, during and after
operation for each patient. They found no significant correlation between F-VEP and visual acuity
and visual field. There was an association between intraoperative F-VEP changes and immediate

postoperative clinical condition, although this was difficult to verify statistically in their study due
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to small number. Chacko, et. al, studied intraoperative VEPs in 36 patients and indicated that
patients undergoing surgery with VEP monitoring had a greater improvement in visual field

defects than those who were operated without such intervention. (46)

We also found a significant improvement in the post-operative visual acuity in our patients
compared to their preoperative status. However , there was no correlation between the post-
operative visual acuity and post-operative perimetry. This was similar to Cohen et al., findings.
Cohen, et. al, studied the recovery of visual function after trans sphenoidal surgery in 100 patients.
(58) Also 70% of the patients were followed up for six months. The preoperative visual acuity was
highly predictive of outcome. Patients with mild impairment of visual acuity had a better outcome
compared to the ones with severe impairment. No such correlation was found for visual field. In
spite of a severely compromised field, all patients had a significant improvement in the
postoperative period. The duration of the preoperative visual complaints correlated with the
postoperative outcome significantly. There was no correlation with a secreting pituitary adenoma
and visual outcome.

Similar to our study, Fumihiko Nishimura, et. al, studied the efficacy of the VEP in the
intraoperative period on 82 patients. (59) The delivery of optimal flash stimuli to the retina was
confirmed by simultaneously performing a ERG recording with VEP . They found that a minimum
visual acuity of 0.4 is needed for recording the flash VEP. Patients with decreased and restored
VEP amplitude, eight (31%) eyes had improved postoperative visual function and 18 (69%) eyes
had unchanged visual function in the postoperative state. In the group where VEP amplitude
decreased and was maintained at a decline of 50% or less, all the examined eyes had unchanged
visual function in the postoperative state. Even with TIVA they noticed some degree of VEP

changes, but they were able to obtain stable waveforms even with longer operating times. Lighter
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and more durable goggles and a careful goggle setup resulted in a stable delivery of stimuli. They
hypothesized that a transient VEP decrease as an indication of optic nerve injury and its recovery
or stability of the amplitude as an indication of an intact optic nerve. However, the visual outcomes
of the patients whose VEP changes recovered after an initial decrease but showed no
disappearance, were unchanged and not worsened. Postoperative hemianopsia could be detected
as sudden VEP changes, but intraoperative VEP monitoring failed to detect quadrantanopia in
their study. There is no index for the improvement of visual acuity observed postoperatively.
Patients in our study had greater improvement in the postoperative vision due to better
intraoperative preservation of VEPs and the return of the values to pre resection values at the end
of surgery signifies that the optic nerve was intact. Our study shows greater knowledge on the
pattern of the intraoperative VEPs changes on integrity of visual pathway and preservation of

visual function postoperatively.
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Limitations

Our study has a few limitations.

1.

We have noted more prolonged latency in VEP recordings in patients with preoperative
field defects compared to those with normal field. The number of patients with defects
were small to evaluate the effects of intraoperative changes with postoperative visual field.
Future study with adequate sample size specific for those with field defects may be needed.
Moreover we could not get the postoperative data in few patients which would have
affected our overall results of postoperative visual function evaluation.

We have maintained depth of anaesthesia and anaesthetic doses constant. However there
were significant changes compared to baseline following anaesthesia induction. The
change in VEP values were significant even with TIVA. We were not able to completely
alleviate the effects of anaesthetics.

Time during averaging for 500 waves can miss out on the critical surgical steps that can
lead to injury of the visual pathway.

Ours is a flash VEP and hence it cannot be applied to patients with loss of perception to
light where ERG may be useful.

We did not do the fVEP recordings after extubation as the recording done before extubation

reached near baseline after reversal.
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Summary

One of the main goals of surgeries involving the visual pathways is the preservation
and thereby preventing any inadvertent damage. This study was conducted to evaluate the
utility of VEP on the peri-operative visual function during trans nasal transsphenoidal
resection of sellar suprasellar lesions. Our study included a total of 25 patients aged 18-60
years belonging to ASA grade I and II with a GCS of 15 posted for elective endoscopic
trans nasal trans sphenoidal excision of sellar and supra sellar lesions based on preoperative
MRI/CT.

A stable VEP recording were obtained throughout the intraoperative period without
loss of signals using TIVA based anaesthetic technique. We noted significant increase of
12.3% for N75 and 10.3% for P100 latencies from baseline values during a stable post-
anaesthesia induction period. The amplitude between N75-P100 decreased to 46.6%.
However these changes are within the limits of warning criteria of >20% latency
prolongation and 50% amplitude decrease for evoked potentials. The latencies and
amplitude changes during the resection times with an increase of 33.3% for N75, 7.8% for
P100 latency and 15.1% decrease for N75-P100 amplitude compared to baseline. Once the
surgery is over and anaesthetic were cut off, the latencies and amplitude reached the pre-
resection levels but never touched the awake baseline. We did not do a VEP recoding post-
extubation due to technical difficulties of placement of goggles in the immediate post-
operative period.

There was no intraoperative loss of signal. Patients with bilateral defect had more
prolonged latency following anaesthesia and during resection which implies more severe

compression of the optic pathway. We did not find correlation of preoperative visual
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function with intraoperative VEP due to low sample size of patients with por visual
functions. The study group did not show deterioration in visual function post-operative
period. Visual function testing at 3-months postoperatively showed significant

improvement in the visual function.
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Conclusion

The current study using flash Visual evoked potential in patients with seller supra sellar
mass lesions undergoing endoscopic resection showed that TIVA based anaesthetic technique
caused prolonged latencies of N75 and P100 waves, but did not exceed the warning criteria for
changes in VEP. We found that bilateral preoperative visual defects had more VEP changes
compared to normal and unilateral defects at baseline and during surgery. Though we could not
find correlation between preoperative and postoperative visual functions with VEP changes, a

future study is needed to address this issue.
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copy of the final report.

There was no member of the study team who
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PATIENT INFORMATION FORM

TITLE:

. Comparison of preoperative visual field assessment using clinical
te'stmg, statl.c automated perimetry and visual evoked potential on the postoperative
visual function in patients undergoing endoscopic resection of sellar and
suprasellar tumours.

Name of the Investigators:

Dr: Aishvarya Shree N(PI), Dr.Manikandan S(guide and CO-PI), Dr. Ajay Prasad
Hrishi(Co guide and CO-PI), Dr. Prakash Nair(CO-PI)

You are being requested to participate in the above titled study which is being
conducted to evaluate the usefulness of preoperative clinical testing, static
automated perimetry and visual evoked potential monitoring on the visual function
in the postoperative period. We have planned to recruit 28 people with sellar and

suprasellar tumours posted for elective neurosurgical procedure at SCTIMST,

Trivandrum.

What is clinical visual field testing?

It is a non-invasive method employed by clinicians where the
patient is asked to look straight ahead and follow the examiners fingers. The

clinician will evaluate the patient’s field of vision by the patient’s ability to

identify the fingers in different directions.

What is static automated perimetry?
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(28]

It is a non-invasive measurement of visual field which can
detect the field of vision by automated techniques. In this test, pinpoint flashes of
light of varying sizes and brightness are projected within the large bowl. The

patient is asked to look at the center of the bowl and press a button each time the
light is seen.

What is visual evoked potential?

It is a non-invasive method in which a LED light is flashed in
the eyes and the resultant response is recorded using electrodes placed in scalp.
Monitoring intraoperative visual evoked potentials (VEPs) assesses the
functionality of the optic pathway from the eye to the visual area in the brain and

allows visual impairment to be avoided or minimized.

If you take part what will you have to do?
Preoperatively, the visual field will be routinely assessed by clinical method and

static automated perimetry. On the day of surgery, you will be taken inside the
neuro Operation Theatre. Non- invasive monitors to check your heart beat, blood
pressure and oxygen saturation level will be attached. A 18G venous cannula will
be inserted under local anaesthesia in the hand for fluid and drug administration.
Baseline VEP will be recorded as per protocol. VEPs will be measured using the
flash VEP technique in which you will receive light stimuli directly to your eyes through
LED goggles. Anaesthesia will be induced according to standard protocol followed
in the hospital. After that you will be fully sedated and paralyzed and you will be
connected to ventilator. VEP s will be recorded throughout tumour resection and
just before extubation. On the third postoperative day, visual field will be tested by
clinical method and static automated perimetry.

Does VEP, static automated perimetry and clinical field testing have any side

effects?
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All these procedures are non-invasive and they don’t carry

R .~ :
ny risk to your vision. Adverse events from doing these procedure is nil.
Can you withdraw from this study after it starts?

Your participation in this study is entirely voluntary and you are also free to
ecide to withdraw permission to participate in this study. If you do so, this will not
affect your usual treatment at this hospital in any way. In addition, if you experience any

side effects, the study will be stopped and you will be given treatment for the side effects.
Will you have to pay for the cost of using the test?

These are used as a part of anaesthesia procedure for surgery. So no extra money
will be charged for it.

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. Aishvarya shree (Principal investigator)

mobile number: 9965904567. Email: iceshree@sctimst.ac.in.

For technical advisory committee contact, please ask Dr. Mala Ramanathan, telephone

number: 0471-2524234. Email: iec.mem.sec@sctimst.ac.in
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CONSENT FORM

o : Comparison of preoperative visual field assessment using clinical
fES |n‘g, stcatlc automated perimetry and visual evoked potential on the postoperative visual

unction in patients undergoing endoscopic resection of sellar and suprasellar tumours.
Participant’s name: Age (in years):

, son/daughter of

Declare that (Please tick boxes)

. I have read the above information provided to me regarding the study comparison of

preoperative visual field assessment using clinical testing, static automated perimetry and visual evoked

potential on the post operative visual function in patients undergoing endoscopic resection of sellar and
suprasellar tumours. ()

| have clarified any doubts that | had. []
° I also understand that my participation in this study is entirely voluntary and that | am free to
withdraw permission to continue to participate at any time without affecting my usual treatment or my
legal rights [ ]

° | understand that the study staff and institutional ethics committee members will not need my
permission to look at my health records even if | withdraw from the trial. | agree to this access [ ]

° | understand that my identity will not be revealed in any information released to third parties or
published [ ]

| voluntarily agree to take part in this study [ ]

| have been provided with the contact numbers of the principle investigator, in case | want to
know more about the study and participants rights [ ].

° | received a copy of this signed consent form []

Name:

Signature:
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Date:

Name of witness:
Relation to participant:

Signature:

Person Obtaining Consent

| attest that the requirements for informed consent for the medical research project described in this
form have been satisfied. | 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. | further certify that
| encouraged the participant to ask questions and that all questions asked were answered.

Name:

Signature: Date:
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PROFORMA
TITLE:

Comparison of preoperative visual field assessment using clinical testing, static
automated perimetry and visual evoked potential on the postoperative visual function in patients
undergoing endoscopic resection of sellar and suprasellar tumours.

SINO: DATE: AGE: SEX:
DIAGNOSIS:
PREOPERATIVE COMPLAINTS;]
PREOPERATIVE MRI:
ASA GRADE:
DATE OF SURGERY:
BASELINE PARAMETERS:
HEART RATE: MAP: SPO2:
A. FIELD OF VISION (clinical testing by confrontation method):

RIGHT LEFT

Preop postop % preop postop %

Lateral

Medial

Superior

Inferior
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B. STATIC AUTOMATED PERIMETRY:

RIGHT

LEFT

Preop

Postop

%

preop

postop

%

Lateral

Medial

Superior

inferior

C.VISUAL EVOKED POTENTIAL:

Time points

N 75 latency

P100 latency

N75-P100
amplitude

01-FZ | OZ-FZ

02-FZ

01-FZ | OZ-FZ

02-FZ

Baseline

Post-induction

Before dural
opening

During resection

15mins

30 mins

45 mins

60 mins

At the end of
resection

Before extubation

NAME AND SIGNATURE OF THE INVESTIGATOR (with date):
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SINo

© 00N UEWN R

NRNNNNNRERBRRBRRB R B BB
OB WNBRPOOLOWOWMN®UHSWNERO

53
33
45
19
39
48
39
57
22
41
35
30
47
18
60
46
18
24
24
29
40
58
34
57
34

SEX

mnZZmMmZENZT M MMM NN NMEZ N N MZE

'EIGHT (in kglEIGHT(in cv Body mass index

64
55
79
64
65
73
61
60
58
51
64
58
52
44
49
62
58
58
53
50
80
63
68
77
49

155
160
173
158
156
170
151
168

1155,
160
165
156
154
152
156
149
154
155

175
158
170
167
156

26.7
21.5
26.4
25.8
26.7
25.4
26.7
21.5
23.2
21.2
25.2
21.5
21.3
18.8
21.5
25.7
26.1
24.7
22.2
18.9
26.2
25.2
23.7
27.3
20.4

pre-op complaints

headache and Bilateral visual disturbance
headache and unilateral visual disturbance
headache
headache
headache and Bilateral visual disturbance
headache and unilateral visual disturbance
headache and Bilateral visual disturbance
headache and Bilateral visual disturbance
headache and Bilateral visual disturbance
headache and Bilateral visual disturbance and oligomennorhoea
headacheand decreasein libido
headache and Bilateral visual disturbance
headache and Bilateral visual disturbance
headache, nausea and vomiting
headache and Bilateral visual disturbance
headache and unilateral visual disturbance
headache and Bilateral visual disturbance
headache, nausea, vomiting and weakness of right upper and lower limb
eadache, changein facial contour and increase in width of fingers and toe
headache, unilateral visual disturbance and lactorrhoea
headache and Bilateral visual disturbance
headache and Bilateral visual disturbance
headache
headache and Bilateral visual disturbance
headache and Bilateral visual disturbance
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Diagnosis

Pituitary macroadenoma-non functioning
Pituitary macroadenoma-non functioning
Pituitary macroadenoma-non functioning
Pituitary macroadenoma-non functioning
Pituitary macroadenoma-non functioning
Pituitary macroadenoma-non functioning
Pituitary macroadenoma-non functioning
Pituitary macroadenoma-non functioning
Pituitary macroadenoma- non functioning
Pituitary macroadenoma-prolactinoma
Pituitary macroadenoma-non functioning
Pituitary macroadenoma- non functioning
Pituitary macroadenoma-non functioning
craniopharyngioma
Pituitary macroadenoma-non functioning
sellar and suprasellar meningioma
Pituitary macroadenoma-non functioning
Pituitary macroadenoma-non functioning
pituitary microadenoma-GH secreting
pituitary macroadenoma-prolactinoma
Pituitary macroadenoma-non functioning
Pituitary macroadenoma-non functioning
pituitary microadenoma-TSH secreting
Pituitary macroadenoma-non functioning
Pituitary microadenoma-cushings disease



size of thelesion

1.5x2x2.1cm
3.4x2.5x2.6cm
2x2x1.9cm
1.5x2x1.5cm
2.9x2.8x2.5cm
2.9x1.9x1.7cm
3x1.5x1cm
2x1x2cm
4x3.5x2cm
4.3x2.9%x2.9cm
1.7x2.1x2.0cm
2.5x2x1.5cm
1.5x2.1x1.3cm
4x4x2cm
2.3x1.8x1.3cm
3.6x3x2.5cm
1x2.5x2cm
3x2.5x3cm
4.4x1.6x4cm
2.3x1.6x2.5cm
1.5x1x2cm
2x1.5x1.8
1.5x0.8x0.9cm
1.2X2.0X1.3cm
1.0x1.4x0.9cm

procedure

Trans nasal trans sphenoidal excision
Trans nasal trans sphenoidal excision
Trans nasal trans sphenoidal excision
Trans nasal trans sphenoidal excision
Trans nasal trans sphenoidal excision
Trans nasal trans sphenoidal excision
Trans nasal trans sphenoidal excision
Trans nasal trans sphenoidal excision
Trans nasal trans sphenoidal excision
Trans nasal trans sphenoidal excision
Trans nasal trans sphenoidal excision
Trans nasal trans sphenoidal excision
Trans nasal trans sphenoidal excision
Trans nasal trans sphenoidal excision
Trans nasal trans sphenoidal excision
Trans nasal trans sphenoidal excision
Trans nasal trans sphenoidal excision
Trans nasal trans sphenoidal excision
Trans nasal trans sphenoidal excision
Trans nasal trans sphenoidal excision
Trans nasal trans sphenoidal excision
Trans nasal trans sphenoidal excision
Trans nasal trans sphenoidal excision
Trans nasal trans sphenoidal excision
Trans nasal trans sphenoidal excision

COMORBIDITY

Diabetes mellitus
nil
systemic hypertension
nil
nil
nil
nil
systemic hypertension

nil

Hypothyroid
nil
nil
nil
nil

diabetes mellitus
nil
nil
nil
diabetes mellitus and hypertension

hypothyroid

nil
diabetes melitus and hypothyroid

hyperthyroid
nil
nil
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ASA GRADE

Fundus Examination

Normal
Normal
Normal
Normal
Normal
Normal
Normal
Normal
Normal
Normal
Normal
Normal
Normal

left side papilloedema

Normal
Normal
Normal
B/L papillodema
Normal
Normal
Normal
Normal
Normal
Normal
Normal



RIGHT
6 by6
6 by6
6by6
6by6
6by 18
6 byb6
6by 6
6by6
6 by9
6by6
6by6
6by6
6by6
6by6
6by24
6by6
6 by 6
6by9
6 by 6
6by6
6by6
6byl8
6by6
6by6
6by6

VISUAL ACQUITY
LEFT
6by6

Finger counting at 1Feet
6byb
6byb

finger counting at 1Feet
5by 60
6by 6
6by6
6by6
6by6
6by6
6byb
6byb
6byb
6by36
6by6
6by 6
6by6
6by 6
6byb
6byb
6by36
6by6
6by6
6by6

PRE-OP PARAMETERS

Perimetry

Bi Temporal Hemoanopia
left pheripheral field constriction
Bi Lateral Superior Quadrantanopia
normal
Right temporal hemianopia and left vision loss
left temporal hemianopia and right early junctional scotoma
normal
normal
right superior quadrantanopia
left temporal hemoanopia
normal
Bi Temporal hemianopia
right temporal hemianopia
left temporal hemianopia
Rt sup temporal and left nasal defect
left temporal hemianopia with left superior nasal quadrant defect
Pheripheral field constriction
BiTemporal Hemoanopia
normal
normal
left superior temporal quadrantanopia
BiTemporal Hemianopia
left temporal hemianopia
B/L pheripheral field constriction
normal
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HEART RATE MEAN ARTERIAL PRESSURE

BASELINE POST-INDUCTION  DURING RESECTION  BEFORE EXTUBATION BASELINE POST-INDUCTION DURING RESECTION BEFORE EXTUBATION
74 67 56 76 95 90 90 97
78 60 54 78 73 75 76 78
86 75 67 84 105 100 100 105
82 76 87 80 85 87 88 83
89 68 76 87 102 92 92 100
71 70 67 70 94 80 78 94
85 78 70 79 91 87 86 90
84 70 65 83 100 90 91 100
75 76 64 79 83 81 81 83
74 65 78 82 85 85 85 85
76 56 56 67 92 90 98 90
89 78 78 61 90 87 90 90
85 76 67 73 99 95 86 98
87 76 61 89 89 85 80 89
75 65 60 90 93 90 81 93
92 83 78 82 91 82 80 90
85 67 65 73 104 99 86 102
84 75 78 70 95 90 89 95
55 65 67 69 105 92 87 100
64 50 68 73 106 101 91 95
68 55 60 74 94 91 85 94
78 65 63 65 97 88 88 98
69 50 55 79 94 89 89 94
71 76 67 80 96 90 91 96
89 89 70 90 94 89 90 94
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BASELINE

34
33
32
31
35
36
32
36
37
31
32
33
34
35
36
33
37
36
37
32
33
30
36
32
34

END TIDAL CO2
DURING RESECTION

POST-INDUCTION

32
33
34
32
35
36
35
34
35
31
32
33
37
34
35
32
33
36
37
31
32
30
34
35
32
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35
34
36
34
32
36
35
34
35
37
32
34
35
36
37
32
33
34
35
35
36
34
32
33
31

BEFORE EXTUBATION

35
34
36
34
32
36
35
34
35
37
32
34
35
36
37
32
33
34
35
35
36
34
32
33
31

SPO2

100
100
98
100
100
100
100
100
100
99
100
98
100
100
99
99
100
99
100
98
100
100
99
100
100



VEP-N75/P100

O1-FZ-N75(L) O1-FZ-P100(L)

86.4
65.4
86.8
108
98.7
109
90.3
87.3
75
95
80
100.3
76
75
80
78.6
120
75
100
68.7
100
95
75
106
81

137
98.3
115
143
145
139
110
107
110
115
99
139.7
130
100
100
95.3
160
139
120
96.7
135
110
100
137
91.7

BASELINE
OZ-FZ-N75 0OZ-FZ-P100
86.4 137
65.4 98.3
86.8 115
108 143
95 144
100 120.4
90.3 110
87.3 107
75 110
95 115
78 101
95 120
75 128
76.7 100
79.4 115
75 90.3
119 155
76 135
111 119
68 96
77 135
95 110
80 100
106 137
81 91.7

123

02-FZ-N75(R)
86.4
65.4
86.8
108
85
95.2
90.3
87.3
75
95
80
101
76
76
82
78
118
74
100
68
77
95
90
106
81

02-FZ-P100°
137
98.3
115
143
141
115.3
110
107
110
115
98
135
130
100
117.3
92.3
157
136
120
96
135
110
100
137
91.7



POSTINDUCTION
O1-FZ-N75(L) O1-FZ-P100(L) OZ-FZ-N75 0Z-FZ-P100 02-FZ-N75® = 02-FZ-P100°

90.6 140 90.6 140 90.6 140
60.3 112.7 60.3 112.7 60.3 112.7
90 125 90 125 90 125
110 150 110 150 110 150
130 148 126 145 123 146
120.3 145 110 130 100 125
113 133 113 133 113 133
98.7 130 98.7 130 98.7 130
80 122 80 122 80 122
105 125 105 125 105 125
95 120 94 121 93 110
100 143.3 101 140 100 136
95 140 96 140 110 145
80 110 80 110 85 110
100.3 131.1 90 130.2 95 140.7
89 104 88 115 88.3 109.3
134 142 130 140 129 145
84 140 85 139 83 135
120 140 125 140 125 140
70 122 70 122 70 122
110 140 85 135 85 136
110 135 110 135 109 136
80 110 90 110 90 110
125 169 125 169 125 169
100 107.3 100 107.3 100 107.3
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O1-FZ-N75(L)
90.6
77.3
95.1

110
129
120.3
100
109
95
106
100
110
100
95
137
121
142
115
135
101
85
112
130
125
105

O1-FZ-P100(L)
147
114.7
120
150
148.3
145
118
140
132
124
130
145
145
120
170
146
164
149
150
130
136
140
175
164.3
110

DURING RESECTION

OZ-FZ-N75
90.6
77.3
95.1

110
125
110
100
109
95
106
101
109
100
95
130
121
143
112
127
101
85
112
130
125
105

02-FZ-P100°®

114.7

125

147

120
150
147
130
118
140
132
124
128
154
145
120
165
146
165
145
147
130
136
140
175
164
110

02-FZ-N75°®
90.6
77.3
95.1
110
122
100
100
109
95
106
101
110
105
95
128
123.3
140
116
136
101
85
112
130
125
105

02-FZ-P100°®

147

114.7
120
150
143
125
118
140
132
124
125
149
156
120

170.1

146.4
160
150
145
130
136
104
175
164
110



BEFORE EXTUBATION
O1-FZ-N75(L) O1-FZ-P100(L) OZ-FZ-N75 02-FZ-P100(R)O2-FZ-N75 (R) 0O2-FZ-P100(R)

88.4 146 88.4 146 88.4 146
62.7 128.7 62.7 128.7 62.7 128.7
90 115 90 115 90 115
110 150 110 150 110 150
119 144 115 140.1 110 140.1
100 130 102 120 95 115
90 109 90 109 90 109
90 110 90 110 90 110
80 108 80 105 80 108
100 106 100 106 100 106
81 100 80 100 78 99
100 135 100 136 99 129
80 110 80 110 87 115
77 102 77 102 77 102
100.1 143 95.4 140 93 139.1
121 143 121 143 123 144.7
119 150 123 155 120 156
120 153 128 145 121 146
121 140 119 139 136 145
86 99 85 99 89 99
102 135 102 125 102 125
105 125 105 125 105 125
120 150 120 150 115 160
120 130 120 130 120 130
90 100 90 100 90 100
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AMPLITUDE

RIGHT
22
4.5
11
11.7
7.4
7.6

12
7.2
15
8.5

4.5
8.5
6.9

6.9
6.8

7.1
9.5

9.1

11

BASELINE
LEFT
21
5.2
9.5
10.6
7
8.2
9.1
12
6.5
15
8.5
5.5
5
7.5

N N O

8.7

10
8.5
9.3
6.5

12

OZ-FZ
22.5
5.2
10
11.7
6.9
8.2

12

15
8.5
5.5
5.5

6.9
8.5
7.5

7.1
9.5
8.3
9.1

12

RIGHT
4.5
4.2
4.1
4.9
4.1
34
4.1
5.9
5.6
9.5
4.4

3
3.2
6
5.5
5
5.4
4.5
5.1
5.5
4.1
4
5
2.4
5
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postinduction
LEFT
5
4
5
4.9
4.1
4.5
4.1
6
5
9.8
4.5
2.9
4
6
6.4
5.3
5.4
4.5
4
4
4.1
3
5
2.4
5

Oz-FZ

4.2
4.1
4.9
4.1

4.1
5.9
5.6
10
4.5
2.9
3.2
5.5
5.5

5.4
4.5
5.1
5.5
4.1

2.4



during resection before extubation

RIGHT LEFT OZ-FZ RIGHT LEFT OZ-Fz

3.5 3.5 3.5 5 5 5

3 4 4.4 4.5 4 4.5
3.9 4.5 3 5.5 6 5.5
2.3 2.6 2.1 4.9 5.6 5.6
2 2.5 2.5 4.3 4.4 4.1
3.9 4.3 4.3 7.5 6.6 7.5
4.8 4.6 4.5 5.5 5.7 5.5
4.5 4 4.5 6 5.9 6

4 4 3.8 5.5 4.5 5.5
10 9.6 9 12 11 12
3 3 2.9 5.5 4.5 5.5
1.8 1.8 1.8 5 4.9 4.9
1.2 1.2 1.2 4 3.4 3.9
3.9 3.9 3.9 5.5 5.1 5.5
1.2 1.2 1.2 4.4 4.5 4.5
33 4.2 4.2 4.5 5 4.5
3.9 3.9 3.9 5.7 6 5.9
1.2 1.2 1.2 3.8 3.8 3.8
5 4.9 4.9 5.1 5.1 5.1
2.3 2.3 2.3 4.8 4.8 4.8
4.3 3.9 3.9 4 4.8 4

3.5 4.1 3.5 5.1 5.1 5.1
4.2 4 4.2 6.2 6.2 6.2
2.4 2.1 2.4 5 5 5

3 3.2 3.1 6.2 6.2 6.2
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Duration of surgery (in hours)

RIGHT

6BY6
6BY6
6BY6
6BY6
6by 18
6BY6
6BY6
6BY6
6BY6
6BY6
6BY6
6BY6
6BY6
6BY6
6BY24
6BY6
6BY6
6BY6
6BY6
6BY6
6BY6
6BY12
6BY6
6BY6
6BY6

POST-OP VISUAL ACUITY

129

LEFT

6BY6
FC @6 FEET
6BY6
6BY6
finger counting at 1Feet
6BY18
6BY6
6BY6
6BY6
6BY6
6BY6
6BY6
6BY6
6BY6
6 BY24
6BY6
6BY6
6BY6
6BY6
6BY6
6BY6
6BY12
6BY6
6BY6
6BY6

post op vf

not done
not done
improved-b/I superior quadrantanopia
NO CHANGE-NORMAL
ANGE-Right temporal hemianopia and left visi
IMPROVED-b/I junctional scotoma
NO CHANGE-normal
NO CHANGE-normal
improved-normal
Improved-normal
NO CHANGE-nodefect
improved- Bl temporal hemianopia
improved -right temporal hemianopia
NO CHANGE-left temporal hemianopia
not done
improved-normal
not done
not done
NO CHANGE-normal
NO CHANGE-normal
not done
improved -bi temporal hemianopia
IMPPROVED-normal
not done
not done



post op complications No of daysin ICU Total No of daysin hospital

post op csfleak 5 20
none 1 13

none 1 8

none 2 9

none 1 14

none 1 11

none 1 8

none 1 14

none 1 14
transient third cranial nerve palsy 1 5
CSF leak 1 24

none 1 9

none 1 12

none 1 14

none 1 12

3rd cranial nerve palsy 1 12
none 1 12
recurrent csfleak, meningitis 15 90
none 1 12

none 1 9

CSF leak 3 20

None 1 12

none 1 9

none 1 9

none 1 9
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