
    in SSEP recordings are sensitive for detection 
ofcerebral ischemia and helpful in determining 
the need for shunting during the surgical 
procedure. 

ii)   Cerebral aneurysm surgery: Changes mayindicate 
occlusion of parent vessel branches, which 
potentially could be reversed by repositioning of 
aneurysm clips. SSEP monitoring can signal 
changes prior to irreversible cerebral ischemia. 
[25]

iii)   Aortic cross-clamping: Changes in SSEP indicate 
a high risk of neurological injury, especially if the 
changes are immediate.

3) Localization of sensorimotor cortex: 

Localization of the motor cortex is important to 
minimize the risk of contralateral motor deficits 
resulting from surgical procedures in its surrounding 
area. When recording SSEP, the primary sensory 
cortex and motor cortex generate potentials that are 
mirror images of each other. This "phase reversal" 
across the central sulcus is a highly reproducible 
characteristic that can aid in the localization of 
primary motor cortex. Unfortunately, motor pathways 
may be injured while sparing sensory pathways by 
SSEP .The lack of direct anterior cord monitoring with 
SEP is difficult and cases of isolated anterior cord 
injury with preserved SEP spinal cord monitoring 
have occurred. 

(ii) Brainstem Auditory Evoked Potentials (BAEP)
     BAEPs are short-latency potentials reflecting the 

depolarization of several structures within the 
auditory pathways, because they are traversed 
by electrical volley triggered by the peripheral 
stimulation of the cochlear nerve. These evoked 
responses are far-field potentials, being 
recorded by electrodes placed on the scalp, with 
the exception of wave I, which is a near-field 
potential. 

By assessing the amplitudes and latencies of these 
evoked responses, one can thus analyze the 
functional integrity of the corresponding anatomic 
structures. By recording the electrical transmission 
within the lower parts of the auditory pathways, from 
the cochlea to the upper pons, BAEPs are a good tool 
in assessing the integrity not only of the eighth nerve, 
but also of the brainstem structures involved in 
hearing, thus indirectly of the brainstem itself (as the 
name suggests).

Figure: Schematic representation of the auditory 
pathways. Notice the neurophysiologic-
neuroanatomical correlation between BAEPs and 
different levels within the auditory pathway.

Anatomical localization of BAEP Waves

Technique:-

Recordings are obtained by stimulating with auditory 
clicks in the ear.  Click intensity of 100 dB pe SPL or 
60-70 dB HL is commonly utilized. Standard EEG 
cortical montage is used with recordings obtained 
from scalp electrodes. Best responses are obtained 
from electrodes near the ears (A1, A2) referenced to 
the vertex (Cz)[26]. 

Parameters and interpretation:-

Positive deflections are termed wave -I to wave-VII. 
Waves I, III, and V are the waves most consistently 
seen in healthy subjects (obligate waves). Wave V is 
the most reliably seen wave, particularly in patients 
with hearing impairment or undergoing surgery. 
Measurements of absolute latencies and amplitudes 
of waves I and V and I-V interpeak latency should be 
made on baseline recordings. It is essential that 
these baseline BAEPs be recorded using the same 
parameters for stimulation and recording that are to 
be used for intraoperative monitoring. Complete 
measurements of the all the various waves and their 
interpeak latencies are time consuming during 
intraoperative monitoring. However, continuous 
monitoring of the absolute latency and amplitude of 
wave V should be carried out. Significant changes in 
the wave V latency should be reported to the 
surgeon. Interpretation of intraoperative BAEPs is 
performed by comparing each sequential average to 
the baseline obtained at the start of the surgery. 
Each patient serves as his or her control. 

Warning Criteria:- 

Typical criteria of BAEP change used for alerting the 
surgeon are a 1 ms latency prolongation or a 50% 
drop in amplitude of the wave V. This criterion is 
somewhat arbitrary. [26]

Clinical utility:-

1) CN-VIII: - Changes in latency, interlatencies 
difference and amplitude of BEAPwavesI, III and V 
can be monitored during CPA tumors surgery (e.g. 
acoustic neuroma ,meningioma), microvascular 
decompression (MVD) of seventh nerve for 
hemifacial spasm, fifth nerve for trigeminal neuralgia 
and Ninth nerve for glossopharyngeal neuralgia.

2) Brainstem: - Changes in latency, interlatencies 
difference and amplitude of BEAP waves I, III and V 
can be monitored during CPA tumors, Skull base 
surgery, Suboccipital decompression (e.g. 
fractures/dislocation C-1vertebra, chiari 
malformation) and Vascular surgeries of posterior 
circulation.

Limitations:-

1)The stimulus use for BAEP is click which is broad 
band sound (500-4000 Hz) delivering a wide range 

of audio frequencies so BAEP cannot exclude specific 
frequency hearing deficit or mild hearing 
deficit(<500hz).
2) BAEP can change dramatically in neonates and 
infants before the age of two year. There is variation 
in latency and amplitudes values as age progress 
before of 2 year.
3) Physiologic changes include decreased body 
temperature, cold water irrigation and decreased 
blood pressure can cause latency prolongation and 
amplitude decrement of the BAEP.
4) Technical problem can occur due to problems with 
the recording or stimulating electrodes, kinking of 
tubing delivering acoustic stimuli, equipment 
malfunction, or operator error.

(iii) Motor Evoked Potentials:-

Somatosensory evoked potential (SSEP) monitoring 
was used in the past to reduce the risk of motor 
system injury. [27]However, significant motor deficits 
have been seen in patients undergoing spinal surgery 
despite normal SSEPs.[27][28] This was inevitable 
because the two systems have distinct anatomy and 
vascular supply so that smaller lesions can damage 
only one or the other. Thus, the rationale for MEP 
monitoring is to directly test the motor system during 
surgery. In conjunction with SEPs, the anterior and 
posterior portions of the spinal cord can be 
monitored together. MEPs are sensitive to 
anesthetics and, especially, neuromuscular 
blockade.

Technique:-

MEPs are elicited by either electrical or magnetic 
stimulation of the motor cortex or the spinal cord. 
Recordings are obtained either as neurogenic 
potential in the distal spinal cord or peripheral nerve, 
or as myogenic potentials from the innervated 
muscle. Transcranial electrical stimulation involves 
stimulation of electrodes on the scalp, or if the brain 
is exposed by a craniotomy, stimulation of electrodes 
placed directly on the brain surface.[29] 

Transcranial electrical motor evoked potentials 
(TceMEP) have been used more frequently in spinal 
surgery. Motor evoked potentials (MEPs) are 
obtained by electrically stimulating the brain and 
recording the response over the spinal cord (Direct = 
D and Indirect = I waves), peripheral nerves (nerve 
action potentials), or muscles (compound muscle 
action potentials,   CMAP).Usually, recordings are 
made from small hand and foot muscles. Spinal 

recordings (for D and I waves) are seldom used owing 
to the invasive methods required for recording. When 
recording MEPs from muscles, a train of high voltage 
(200 to 1000 V) stimuli is applied to the scalp to 
peripherally produce a CMAP. Large series have 
demonstrated the safe use of MEPs, and they are a 
useful adjunct to SEP monitoring. Using both 
modalities (MEP and SSEP), both the anterior and 
posterior aspects of the spinal cord can be 
monitored. Inhalational anesthetics suppress the 
anterior horn cells, and consequently their use 
makes obtaining MEPs more difficult. Intravenous 
anesthetics (propofol and opiods TIVA) are preferred 
when MEP monitoring is to be used.

Figure: Intraoperative MEP monitors showing stable 
responses in the upper and lower extremities during 
a biopsy of a cervical lesion.

Parameters and interpretation:-

For robust MEP signals, complete loss of MEP signal 
or abrupt significant decrease in amplitude of 80% or 
more in the absence of an explanation other than 
surgical injury. Gradual changes in MEP signals more 
commonly reflect systemic factors or an “anesthetic 
fade” phenomenon, so gradual changes might be 
given less weight unless the onset of the change can 
be related to a surgical event that may result in 
gradual dysfunction [30].

Warning Criteria:-

Warning criteria for D-waves:-

1. Intramedullary spinal cord tumor surgery: - >50% 
amplitude reduction 
2. Brain surgery with DCS cervical D-waves: - 
>30–40% amplitude reduction. [31]

Warning criteria for muscle MEPs:-

1. Spinal cord: - Disappearance is always a major 
criterion
i)  For IMSCT surgery: - marked amplitude 
 reduction, acute threshold elevation or 
 morphology simplification could be additional 
 minor criteria.
ii)  For orthopedic spine surgery: - marked 
 amplitude reduction or acute threshold elevation 
 could be additional moderate criteria 
iii)  For descending aortic surgery: - marked 
 amplitude reduction could be an additional 
 moderate criterion
2. Brain and brainstem: - Major criteria include 
disappearance or consistent >50% amplitude 
reduction when warranted by sufficient response 
stability. Acute threshold elevation might be relevant  
3. Facial nerve: - Major criteria include 
disappearance or consistent >50% amplitude 
reduction when warranted by sufficient response 
stability.  [31]

Clinical utility:-

Indications for MEP monitoring include any surgery 
risking motor system injury. The most common 
indications arise during neurosurgical, orthopedic 
and vascular interventions. Neurosurgical indications 
include tumor or epileptic focus resections near the 
motor cortex or corticospinal tract, intracranial 
aneurysm clipping, posterior fossa surgery, 
craniocervical junction and spinal operations, spinal 
cord procedures and tethered cord or cauda equina 
surgeries. Orthopedic indications include spinal 
deformity or fracture surgery, vertebral tumor 
resections, and anterior cervical discectomy 
.Vascular indications include descending aortic 
procedures, spinal arteriovenous malformation 
interventions and carotid endarterectomy.

Safety and complications:-

Intraoperative MEP monitoring is sufficiently safe for 
clinical use in expert hands using appropriate 
precautions, but could involuntarily cause harm. Safety 
issues include hazardous output (excitotoxic, 
electrochemical or thermal injury of the brain or scalp), 
bite injuries, seizures, invasive electrode complications, 
movement-induced injury, arrhythmia, and relative 
contraindications include epilepsy; cortical lesions; 
skull defects; intracranial vascular clips, shunts, or 
electrodes; and pacemakers or other implanted 
bioelectric devices. 

(B)Electromyography (EMG):-

(i)Free-running and Triggered EMG (f-EMG AND 
CMAPs):-

EMG is the recording of electrical activity of muscle. 
Changes in EMG recordings are indirect indicators of 
function of the innervating nerve. Intraoperative uses 
have stressed localization and assurance of the 
integrity of peripheral nerves, including cranial 
nerves. Free-run EMG (f-EMG) consists of recording 
spontaneous muscle activity, thus allowing its 
real-time assessment. In IONM we use this 
technique as a monitoring tool for detecting 
surgically driven mechanical irritation of the 
peripheral nervous system and of the cranial nerves, 
hopefully before irreversible damage to these 
structures had occurred. Triggered EMG consists of 
applying an electrical stimulus, directly on the 
peripheral motor nerves or roots, for eliciting CMAPs 
to be recorded in the corresponding muscle 
channels. Thus, it can be used as a mapping tool for 
detecting the location of peripheral or cranial nerves 
that may be difficult to distinguish from tumor, 
fibrous, and fatty tissues. Triggered EMG can also be 
used in checking the functions of injured (or that are 
at risk for injury) nerves, roots, or trunks by assessing 
the electrical transmission through such structures 
and comparing it with a healthy (or presurgical) 
baseline.

Free-running EMG activity for nerve root monitoring. 
A. EMG monitoring should be quiescent under 
normal conditions. B. Blunt mechanical nerve root 
irritation activates the motor nerve fibers, is 
transmitted down the nerve and across the 
neuromuscular junction, and evokes recordable 
motor unit potentials in the monitored muscle

Technique:-

Multiple EMG needles typically are placed into the 
muscles to be examined. Practically any muscle can 
be monitored, including face, tongue, and sphincter 
musculature. EMG is recorded continually with a low 
noise amplifier. Recordings are displayed visually and 
usually also sent to a speaker to provide auditory 
feedback. Changes in muscle electrical activity then 
can be seen and heard. When a peripheral nerve is 
to be localized intraoperatively, a sterile stimulating 
probe is used during the operation.
Interpretation:-
Free-running and Triggered EMG activity is 
monitored. Additionally, direct electrical stimulation 
of the nerve can help localize the neural structure. 
Note that Free-running EMG activity does not assure 
the integrity of the peripheral nerve. If Triggered EMG 
activity can be elicited consistently, integrity of the 
distal nerve and muscle can be assured.

Clinical Uses:-

Facial nerve/other cranial nerve monitoring:-
Cranial nerve monitoring is useful for surgical 
procedures in which the facial nerve is at risk, 
including posterior fossa surgery (eg, acoustic 
neuroma), vestibular neurectomy, surgery in the 
temporal bone, and parotid gland surgery.[32] 
Trigeminal, glossopharyngeal, vagus, spinal 
accessory, and hypoglossal nerve functions can be 
monitored similarly by EMG. Electrical stimulation in 
the operative field can evaluate the integrity of 
peripheral nerves. Spontaneous EMG activity 
suggests manipulation in the vicinity of the cranial 
nerve. 

Selective dorsal rhizotomy:-
Selective dorsal rhizotomy (SDR) is a procedure that 
is used to reduce debilitating spasticity in conditions 
such as cerebral palsy by selectively transecting 
spinal rootlets. Overactive excitatory influence on 
motor nerves is believed to be reduced by removing 
facilitory afferent input from muscle spindles. The 
procedure consists of stimulating spinal rootlets and 
monitoring EMG and motor function. Those rootlets 
that are associated with an abnormal motor 
response are sectioned selectively. 

Tethered spinal cord release:-
Patients who undergo a tethered cord release 
procedure require dissection of scar tissue and 
possibly section of the filum terminale. 

Distinguishing functional neural elements from 
nonfunctioning tissue is important. Stimulation of the 
roots of normally functioning nerves in the cauda 
equina elicits EMG activity. Monitoring lower 
extremity musculature, as well as anal and urethral 
sphincters, is important if the sacral roots are 
involved.

Pedicle screw placement:-
Use of pedicle screws as a fixation device in posterior 
spinal instrumentation in the lumbar region has 
become increasingly common. Various techniques to 
assure correct placement of the screws are 
advocated currently. EMG monitoring makes use of 
the fact that improperly placed screws that broach 
the cortical confines of the bony pedicle or vertebral 
body cause low impedance between the screw and 
the exiting nerve root underneath the pedicle. 
Properly placed screws that remain entirely within the 
bone have high impedance. If the screw is stimulated 
with constant current greater than 10 mA for pedicle 
screw without EMG activation, the screw is unlikely to 
have perforated the vertebral cortex. However, a 
response to stimulation at less than <7mA for 
pedicle screw suggests a bony defect that provides a 
low impedance pathway to the nerve root. [33]

Threshold Values Indicating the Likelihood of Pedicle 
Screw Malpositioning

Stimulus-triggered EMG for detecting pedicular 
wall breach. A monopolar stimulator is inserted 
into a pedicle hole or touched against a pedicle 
screw. A. Holes or screws that have perforated the 
bony pedicle wall will lie directly against adjacent 
nerve roots and stimulation activates the adjacent 
nerve root, evoking a CMAP response. B. Holes or 
screws that are correctly positioned within the 
pedicle wall are separated from the adjacent nerve 
roots by a cortical bony layer, with high impedance 
to the passage of electrical current and no evoked 
CMAP responses.

Sphincter Function Monitoring:-
Anal or urinary sphincter dysfunction is a 
devastating complication of cauda equina surgery. 
By monitoring sphincter function, the risk of this 
complication can be reduced. The anal and 
external urethral sphincters and Detrusor muscle 
can be monitored. Anal sphincter monitoring is the 
easiest and is performed most commonly. 
Monopolar subdermal needle electrodes (similar 
to those used to perform EMG monitoring) are 
inserted percutaneously in the anal sphincter 
muscle after the patient has been anesthetized. 
These electrodes can record free-running EMG 
activity, including neurotonic discharges and 
triggered EMGs.The external urethral sphincter 
surrounds the proximal part of the urethra and is 
not accessible percutaneously. Consequently 
needle electrodes cannot be inserted into this 
sphincter. To monitor the external urethral 
sphincter, a specially made ring electrode is 
attached to a Foley catheter 1 to 2 cm distal to the 
bulb. This ring electrode serves as a bipolar 
surface electrode that records stimulated and 
free-running EMGs. The detrusor muscle can be 
monitored. Changes in bladder pressure are used 
as surrogate markers for muscle integrity. Prior to 
surgery, a cystometrogram is performed to 
determine the capacity of the bladder. At the time 
of surgery, a Foley catheter is inserted and 
attached to a three-way flow adapter, which is 
attached to a manometer. The bladder is filled with 
fluid to capacity. Contraction of the detrusor 
muscle causes an increase in bladder pressure, 
which is measured by the manometer. Additionally, 
during surgery, sustained high frequency 
stimulation in the operative field is needed to 
induce detrusor muscle contraction. When the 
contraction occurs, it is delayed for several 
seconds. This results in a delay in providing 
feedback to the surgeon.  [34][35]
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INTRODUCTION 

Neuromyelitis optica (NMO) also known as Devic’s 
disease is an acute demyelinating disorder comprising 
of optic neuritis and transverse myelitis.1 NMO 
predominantly affects middle aged adults, while case 
reports from the pediatric population have been 
increasing in past few years. A recent case series of 
pediatric NMO revealed strong female predominance2. 
NMO has specific diagnostic criteria and unique 
pathologic features when compared with multiple 
sclerosis (MS) 3. Pediatric NMO has comparatively 
poor visual and motor outcomes.1Traditionally, the 
term NMO was applied to those patients who 
experienced a monophasic event consisting of bilateral 
simultaneous optic neuritis and acute myelitis.4

CASE REPORT

A 10 years old boy presented in the ER with the 
complaints of fever and back pain for past 10 days and 
inability to walk for 6-7 days. He had developed urinary 
retention and constipation for the past 5 days along 
with abdominal distension. For the past two days he 
had been complaining of blurring of vision in the left 
eye. There was no history of any recent viral illness, 
vaccination or trauma. He had been to a hospital 

where he was catheterized and started on broad 
spectrum antibiotics for the past 4 days but there was 
no improvement they came to this hospital.
 His birth and development was normal and he was a 
student of class III. There was no history of any 
allergies or surgery. Immunization was up to date. 
Family history included two sisters and three brothers 
who were well and healthy. There was no family history 
for any neurological disease or unexplained visual loss.
On examination the patient was fully alert, interactive 
and oriented. His anthropometric measures were on 
the 50th centile. He was afebrile, with stable vitals. 
There was no rash or lymphadenopathy. He was well 
hydrated and well nourished. His chest was clear with 
normal vesicular breathing while abdomen was full with 
slit like umbilicus and urinary bladder was palpable at 
the level of umbilicus, there was no shifting dullness or 
visceromegaly and gut sounds were audible. His GCS 
was 15/15 and higher mental functions were intact. 
Cranial nerves were intact. Tone was normal in all four 
limbs; power was 4/5 in both upper limbs and 1/5 in 
lower limbs. Deep tendon reflexes in upper limbs were 
+2 and in lower limbs +3. Planters were up going. 
Superficial reflexes were absent. On sensory 
examination pain, temperature, vibration and 
proprioception were intact. There were no signs of 
meningeal irritation. He was unable to sit and 

complained of pain on movement. His left eye had only 
light perception and showed rapid afferent papillary 
defect while the right eye was normal
The provisional diagnosis was Transverse myelitis 
vsNeuromyelitisoptica (NMO). Complete blood count 
and basic metabolic workup was normal. Inflammatory 
markers (C- reactive proteins and Erythrocyte 
sedimentation rate) were within normal limits. CSF 
revealed TLC 4, protein 54mg/dl, glucose 66mg/dl. 
Oligoclonal bands were negative. There was raised 
CPK. Visual evoked potential (VEP) showed 
prolongation of P100 latency along with amplitude 
loss, in left eye.MRI revealed multiple abnormal T2 
hyper intense signals showing post contrast 
enhancement almost along the entire spinal cord. 
These were predominately identified in the cervical 
region of the spinal cord along with swelling of the cord 
in this region. Overall appearance was suggestive of 
transverse myelitis. Bilateral globes and optic nerve 
appeared unremarkable. The grey matter and white 
matter appeared normalA diagnosis of Devic's disease 
was made and the patient was treated initially with 
intravenous methyl prednisolone (30 mg/kg/day for five 
days) followed by gradually tapered oral steroids. 
Condition of child remained static; therefore 
Plasmapharesis was done for 5 days. Azathioprine 2 
mg/kg/day was added and limb physiotherapy started. 
Clinical outcome was favorable with significant 
reversible of power and function of limbs. 

Discussion

By definition NMO is a monophasic or relapsing 
disorder of the optic nerves and the spinal cord, 
without evidence of white matter dysfunction of the 
brain, brainstem or cerebellum, with the exception of 
hypothalamic and lower brainstem dysfunction. Optic 
nerve and spinal cord dysfunction might be partial and 
it can be unilateral or even subclinical, with an 
abnormal visual evoked potential but no clinical signs. 
Partial forms of NMO are also called high-risk NMO, in 
which isolated transverse myelitis or optic neuritis 
occurs. The optico-spinal form of MS is quite similar to 
NMO. Hence, it appears to be a spectrum of NMO, with 
various degrees of involvement but course of NMO is 
more acute, sometimes fulminant. In contrastwith the 
optic neuritis of MS, NMO optic neuritis can be severe, 
fulminant and devastating with very poor 
prognosis.5Brain lesions have been observed in 
children; in one series 68% of NMO-IgG seropositive 
children and among them 45% had brain symptoms 
which corresponding to the MRI abnormalities6. In 
contrast to MS, attacks in NMO commonly spare the 
brain in the early stages. Hence, normal brain MRI is a 

common finding at the onset of NMO, so on follow-up 
scans must be performed periodically for development 
of later lesions in the course of the disease.4   Lesions 
in the Spinal cord are large, and extends over three or 
more vertebral segments in about 85-90% of patients 
and are mostly located in the cervical and upper 
thoracic region. The Current revised diagnostic criteria 
of NMO tells the presence of acute optic neuritis and 
myelitis with at least two of the three supportive 
criteria, which consist of spinal cord MRI lesion 
extending over three consecutive vertebral segments, 
brain MRI lesion, which does not meet the diagnostic 
criteria for multiple sclerosis, and NMO-IgG 
seropositive status.Our patient had no systemic 
disorder or non-organ-specific autoimmune disorder or 
autoantibody. At the time of the left eye's involvement, 
our patient fulfilled the diagnostic criteria.7 CSF 
examination of our patient showed no pleocytosis. 
Oligoclonal bands of IgG in the CSF are frequently seen 
in MS and these are detected in 15-30% of patients 
with NMO.8 Oligoclonal bands were negative in our 
patient's CSF examination.A number of modalities 
have been tried but there is no proven treatment 
protocol as yet either in the acute attacks or in the long 
term remissions in NMO. Hence Intravenous 
corticosteroid therapy is the commonly preferred initial 
treatment for acute attacks.7 A total of 50% of the 
patients, those  who are unresponsive to corticosteroid 
treatment may benefit from plasmapheresis.7 The 
efficacy of immunomodulatory therapies 
(Beta-interferon) have not been proven yet. However, 
immunosuppressive therapy (oral azathioprine, 
associated with or without oral steroids; intravenous 
immunoglobulin; Rituximab) is an accepted method to 
provide clinical remission of corticosteroid resistant 
NMO.9Our patient received both steroid pulse therapy 
and Plasmapharesis and was sent home on oral 
steroids and azathioprine. He became fully mobile with 
no neurological deficit in the lower limbs though his 
vision was lost in the left eye 

Conclusion

NMO is a rare but severe devastating disease affecting 
vision and nervous system resulting in blindness and 
paraplegia in children. Hence an early intervention with 
the appropriate treatment modality in patients 
suspected with NMO decides on the favorable 
outcome from an acute episode
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ABSTRACT

Salmonella is a leading cause of food-borne infections worldwide. There are more than 2500 different serovars of 
salmonella enterica found to date, causing primarily gastroenteritis. However, the infection may occur elsewhere and 
produce characteristic clinical syndromes. Meningitis is a rare complication that occurs in less than 1% of clinical 
salmonellosis.

KEYWORDS:Gastroenteritis, Cerebritis, Meningitis, Salmonellaparatyphi b.

INTRODUCTION

Here we present a case of Salmonella meningitis in a 
32-year man. He was admitted via emergency 
department with headache in the occipital region. 
There was associated fever, nausea, vomiting and neck 
stiffness. Along with other baseline investigations, 
lumbar puncture was done and was sent for routine 
investigation, microscopy, culture and sensitivity. 
Salmonella paratyphi-B was isolated from CSF. 
Salmonella rarely involves meninges and brain tissues 
and this report highlights the risk of 
meningitis/cerebritis as a presentation of salmonellosis.

CASE PRESENTATION

32 years old male, known Diabetic and bed bound 
secondary to Chronic inflammatory demyelinating 
polyneuropathy since 2013, received 5 session of 
plasmapheresis and 5 session of immunoglobulin IG, 
taking steroids and immunosuppressant, admitted 
through ER on 24-8-2015 with presenting complains of 
high grade fever with chills associated with severe 
sharp headache which radiate towards neck, along with 
2-3 episodes of vomitings. On Examination young male 
,conscious, awake ,following single step command 
vitals of  Blood Pressure 115/83,pulse 
125,Temperature 101 degree Fahrenheit, Clinically 
CHEST ABDOMEN AND CVS finding were unremarkable 
CNS =GCS E4M5V4,signs of meningeal irritation 
positive including neck stiffness and kernick’s ,lower 
limbs power 2/5 in both legs reflexes diminished. 

During hospital course base line test including CBC, 
UCE, LFT,PT,INR are with in normal limits, URINE D/R 
shows numerous pus cells BLOOD CULTURE and URINE 
CULTURE were sent and MRI brain with Contrast done
 

MRI brain shows increase signals in bilateral posterior 
horn of lateral ventricles and fluid levels, restriction in 
ADC along with Meningeal Enhancement and 
Hydrocephalus .Findings are due to Meningitis On 
Lumber puncture opening pressure of CSF was 
7mm.Empirically injection Imipenem 1gm TDS and 
InjVancomycin 1gm BD started.CSF D/R shows Sugar 
09, Proteins 475, RBC 160, WBC 670 Monos 20%, 
polys 80%.gs ,Wet mount negative .Urine C/S ,Blood 
C/S and CSF C/S all shows salmonella paratyphi 

sensitive to ceftriaxone then antibiotic switched from 
Meropenem to Ceftriaxone and then it was treated on 
line of Salmonella Meningitis ,patient responded  well 
,his repeat CSF D/R shows decrease in Protein count 
from 475 to 43, WBC count reduces from 670 to 15 
with Repeat Cultures including Blood, Urine and CSF 
become Negative.He remained Afebrile during hospital 
stay, signs of meningeal irritation resolvedand was 
finally discharged home after 13 days in a better 
condition.

DISCUSSION

Salmonella enterica are motile, non-lactose 
fermenting, non-spore forming, gram-negative, 
rod-shaped bacterium. Salmonella enterica has the 
ability to ferment glucose resulting in the production of 
acid and gas. Within the subspecies, S.enterica, there 
are three serotypes; Paratyphi A, B, and C. These 
serotypes are human pathogens that cause 
paratyphoid fever. Paratyphi A and B are responsible for 
more cases of disease than infection from Paratyphi C. 
Salmonella Paratyphi, causes 3% of invasive 
Salmonella infections and is correlated to poor 
sanitation and lack of clean drinking water, 
contaminated from feces from an infected individual or 
an asymptomatic carrier of the disease. Salmonella 
enterica serovarsParatyphi is transmitted primarily 
through humans, although there are rare cases of 
transmission from domestic animals. Milk, raw 
vegetables, salads, shellfish, and ice can also transmit 
the pathogen if not properly washed or prepared. Also, 
there are rare reports of the disease being transmitted 
sexually [1]Salmonellosis is classified into four 
manifestations: enteric infections, sepsis, non-enteric 
focal infections (including meningitis) and a chronic 
carrier state. Salmonella meningitis presents as acute 
onset of fever, headache and one of the following signs: 
neck stiffness, altered consciousness or other 
meningeal signs.in our case patient present with 1 
week history of high grade fever, occipitalheadache, 
neck pain which was actually neck stiffness and 
irritability.The first case of Salmonella meningitis in the 
literature was reported in 1907 by Ghon [2][3].In a 
study of 7,779 infections identified at the New York 
Salmonella Centre, meningitis accounted for only 
0.8%] hence salmonella meningitis is rare 
manifestation of salmonella infection it is common in 
childhood and if in adults, is most commonly seen in 
patients with intercurrent illness or immunosuppressive 
states[8], as in our case patient is known case of CIDP 
(chronic inflammatory demyelinating polyneuropathy) 

secondary to GBS since 3 years and having history of 2 
to 3 episodes of exacerbation for which he took 
multiple sessions of IVIG and plasmapheresis and 
taking Steroids andCellCept (mycophenolatemofetil) 
which is an immunosuppressant, a medicine that 
lowers your body's immunity other host risk factors for 
nontyphoidal Salmonella bacteremia include extremes 
of age and chronic or immunosuppressing conditions, 
including malignancy, rheumatological disease, TNF 
blockade (e.g., agents such as etanercept or 
infliximab), transplantation, HIV infection, and 
congenital immune defects. Other predisposing 
comorbidities include liver disease, 
hemoglobinopathies (especially sickle cell disease), 
schistosomiasis, and chronic granulomatous disease. 
Alteration of the GI tract also predisposes to 
progression from enteric to systemic salmonellosis 
(e.g., by suppression of gastric acid, malnutrition, 
recent antibiotic use, or rotavirus infection).The 
incubation period of nontyphoidal salmonellosis is 
6–72 hours, but illness usually occurs within 12–36 
hours after exposure. Illness is commonly manifested 
by acute diarrhea, abdominal pain, fever, and 
sometimes vomiting. The illness usually lasts 4–7 days, 
and most people recover without treatment. 
Approximately 5% of people develop bacteremia or 
focal infection (such as meningitis or osteomyelitis). 
Salmonellosis outcomes differ by serotype. Infections 
with some serotypes, including Dublin and 
Choleraesuis, are more likely to result in invasive 
infections. Rates of invasive infections and death are 
generally higher among infants, older adults, and 
people with immunosuppressive conditions (including 
HIV), hemoglobinopathies, and malignant neoplasms. 
Diagnosis is based on isolation of Salmonella 
organisms. About 90% of isolates are obtained from 
routine stool culture, but isolates are also obtained 
from blood, urine, and material from sites of infection. 
Isolates of salmonellae are needed for serotyping and 
antimicrobial susceptibility testing
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    in SSEP recordings are sensitive for detection 
ofcerebral ischemia and helpful in determining 
the need for shunting during the surgical 
procedure. 

ii)   Cerebral aneurysm surgery: Changes mayindicate 
occlusion of parent vessel branches, which 
potentially could be reversed by repositioning of 
aneurysm clips. SSEP monitoring can signal 
changes prior to irreversible cerebral ischemia. 
[25]

iii)   Aortic cross-clamping: Changes in SSEP indicate 
a high risk of neurological injury, especially if the 
changes are immediate.

3) Localization of sensorimotor cortex: 

Localization of the motor cortex is important to 
minimize the risk of contralateral motor deficits 
resulting from surgical procedures in its surrounding 
area. When recording SSEP, the primary sensory 
cortex and motor cortex generate potentials that are 
mirror images of each other. This "phase reversal" 
across the central sulcus is a highly reproducible 
characteristic that can aid in the localization of 
primary motor cortex. Unfortunately, motor pathways 
may be injured while sparing sensory pathways by 
SSEP .The lack of direct anterior cord monitoring with 
SEP is difficult and cases of isolated anterior cord 
injury with preserved SEP spinal cord monitoring 
have occurred. 

(ii) Brainstem Auditory Evoked Potentials (BAEP)
     BAEPs are short-latency potentials reflecting the 

depolarization of several structures within the 
auditory pathways, because they are traversed 
by electrical volley triggered by the peripheral 
stimulation of the cochlear nerve. These evoked 
responses are far-field potentials, being 
recorded by electrodes placed on the scalp, with 
the exception of wave I, which is a near-field 
potential. 

By assessing the amplitudes and latencies of these 
evoked responses, one can thus analyze the 
functional integrity of the corresponding anatomic 
structures. By recording the electrical transmission 
within the lower parts of the auditory pathways, from 
the cochlea to the upper pons, BAEPs are a good tool 
in assessing the integrity not only of the eighth nerve, 
but also of the brainstem structures involved in 
hearing, thus indirectly of the brainstem itself (as the 
name suggests).

Figure: Schematic representation of the auditory 
pathways. Notice the neurophysiologic-
neuroanatomical correlation between BAEPs and 
different levels within the auditory pathway.

Anatomical localization of BAEP Waves

Technique:-

Recordings are obtained by stimulating with auditory 
clicks in the ear.  Click intensity of 100 dB pe SPL or 
60-70 dB HL is commonly utilized. Standard EEG 
cortical montage is used with recordings obtained 
from scalp electrodes. Best responses are obtained 
from electrodes near the ears (A1, A2) referenced to 
the vertex (Cz)[26]. 

Parameters and interpretation:-

Positive deflections are termed wave -I to wave-VII. 
Waves I, III, and V are the waves most consistently 
seen in healthy subjects (obligate waves). Wave V is 
the most reliably seen wave, particularly in patients 
with hearing impairment or undergoing surgery. 
Measurements of absolute latencies and amplitudes 
of waves I and V and I-V interpeak latency should be 
made on baseline recordings. It is essential that 
these baseline BAEPs be recorded using the same 
parameters for stimulation and recording that are to 
be used for intraoperative monitoring. Complete 
measurements of the all the various waves and their 
interpeak latencies are time consuming during 
intraoperative monitoring. However, continuous 
monitoring of the absolute latency and amplitude of 
wave V should be carried out. Significant changes in 
the wave V latency should be reported to the 
surgeon. Interpretation of intraoperative BAEPs is 
performed by comparing each sequential average to 
the baseline obtained at the start of the surgery. 
Each patient serves as his or her control. 

Warning Criteria:- 

Typical criteria of BAEP change used for alerting the 
surgeon are a 1 ms latency prolongation or a 50% 
drop in amplitude of the wave V. This criterion is 
somewhat arbitrary. [26]

Clinical utility:-

1) CN-VIII: - Changes in latency, interlatencies 
difference and amplitude of BEAPwavesI, III and V 
can be monitored during CPA tumors surgery (e.g. 
acoustic neuroma ,meningioma), microvascular 
decompression (MVD) of seventh nerve for 
hemifacial spasm, fifth nerve for trigeminal neuralgia 
and Ninth nerve for glossopharyngeal neuralgia.

2) Brainstem: - Changes in latency, interlatencies 
difference and amplitude of BEAP waves I, III and V 
can be monitored during CPA tumors, Skull base 
surgery, Suboccipital decompression (e.g. 
fractures/dislocation C-1vertebra, chiari 
malformation) and Vascular surgeries of posterior 
circulation.

Limitations:-

1)The stimulus use for BAEP is click which is broad 
band sound (500-4000 Hz) delivering a wide range 

of audio frequencies so BAEP cannot exclude specific 
frequency hearing deficit or mild hearing 
deficit(<500hz).
2) BAEP can change dramatically in neonates and 
infants before the age of two year. There is variation 
in latency and amplitudes values as age progress 
before of 2 year.
3) Physiologic changes include decreased body 
temperature, cold water irrigation and decreased 
blood pressure can cause latency prolongation and 
amplitude decrement of the BAEP.
4) Technical problem can occur due to problems with 
the recording or stimulating electrodes, kinking of 
tubing delivering acoustic stimuli, equipment 
malfunction, or operator error.

(iii) Motor Evoked Potentials:-

Somatosensory evoked potential (SSEP) monitoring 
was used in the past to reduce the risk of motor 
system injury. [27]However, significant motor deficits 
have been seen in patients undergoing spinal surgery 
despite normal SSEPs.[27][28] This was inevitable 
because the two systems have distinct anatomy and 
vascular supply so that smaller lesions can damage 
only one or the other. Thus, the rationale for MEP 
monitoring is to directly test the motor system during 
surgery. In conjunction with SEPs, the anterior and 
posterior portions of the spinal cord can be 
monitored together. MEPs are sensitive to 
anesthetics and, especially, neuromuscular 
blockade.

Technique:-

MEPs are elicited by either electrical or magnetic 
stimulation of the motor cortex or the spinal cord. 
Recordings are obtained either as neurogenic 
potential in the distal spinal cord or peripheral nerve, 
or as myogenic potentials from the innervated 
muscle. Transcranial electrical stimulation involves 
stimulation of electrodes on the scalp, or if the brain 
is exposed by a craniotomy, stimulation of electrodes 
placed directly on the brain surface.[29] 

Transcranial electrical motor evoked potentials 
(TceMEP) have been used more frequently in spinal 
surgery. Motor evoked potentials (MEPs) are 
obtained by electrically stimulating the brain and 
recording the response over the spinal cord (Direct = 
D and Indirect = I waves), peripheral nerves (nerve 
action potentials), or muscles (compound muscle 
action potentials,   CMAP).Usually, recordings are 
made from small hand and foot muscles. Spinal 

recordings (for D and I waves) are seldom used owing 
to the invasive methods required for recording. When 
recording MEPs from muscles, a train of high voltage 
(200 to 1000 V) stimuli is applied to the scalp to 
peripherally produce a CMAP. Large series have 
demonstrated the safe use of MEPs, and they are a 
useful adjunct to SEP monitoring. Using both 
modalities (MEP and SSEP), both the anterior and 
posterior aspects of the spinal cord can be 
monitored. Inhalational anesthetics suppress the 
anterior horn cells, and consequently their use 
makes obtaining MEPs more difficult. Intravenous 
anesthetics (propofol and opiods TIVA) are preferred 
when MEP monitoring is to be used.

Figure: Intraoperative MEP monitors showing stable 
responses in the upper and lower extremities during 
a biopsy of a cervical lesion.

Parameters and interpretation:-

For robust MEP signals, complete loss of MEP signal 
or abrupt significant decrease in amplitude of 80% or 
more in the absence of an explanation other than 
surgical injury. Gradual changes in MEP signals more 
commonly reflect systemic factors or an “anesthetic 
fade” phenomenon, so gradual changes might be 
given less weight unless the onset of the change can 
be related to a surgical event that may result in 
gradual dysfunction [30].

Warning Criteria:-

Warning criteria for D-waves:-

1. Intramedullary spinal cord tumor surgery: - >50% 
amplitude reduction 
2. Brain surgery with DCS cervical D-waves: - 
>30–40% amplitude reduction. [31]

Warning criteria for muscle MEPs:-

1. Spinal cord: - Disappearance is always a major 
criterion
i)  For IMSCT surgery: - marked amplitude 
 reduction, acute threshold elevation or 
 morphology simplification could be additional 
 minor criteria.
ii)  For orthopedic spine surgery: - marked 
 amplitude reduction or acute threshold elevation 
 could be additional moderate criteria 
iii)  For descending aortic surgery: - marked 
 amplitude reduction could be an additional 
 moderate criterion
2. Brain and brainstem: - Major criteria include 
disappearance or consistent >50% amplitude 
reduction when warranted by sufficient response 
stability. Acute threshold elevation might be relevant  
3. Facial nerve: - Major criteria include 
disappearance or consistent >50% amplitude 
reduction when warranted by sufficient response 
stability.  [31]

Clinical utility:-

Indications for MEP monitoring include any surgery 
risking motor system injury. The most common 
indications arise during neurosurgical, orthopedic 
and vascular interventions. Neurosurgical indications 
include tumor or epileptic focus resections near the 
motor cortex or corticospinal tract, intracranial 
aneurysm clipping, posterior fossa surgery, 
craniocervical junction and spinal operations, spinal 
cord procedures and tethered cord or cauda equina 
surgeries. Orthopedic indications include spinal 
deformity or fracture surgery, vertebral tumor 
resections, and anterior cervical discectomy 
.Vascular indications include descending aortic 
procedures, spinal arteriovenous malformation 
interventions and carotid endarterectomy.

Safety and complications:-

Intraoperative MEP monitoring is sufficiently safe for 
clinical use in expert hands using appropriate 
precautions, but could involuntarily cause harm. Safety 
issues include hazardous output (excitotoxic, 
electrochemical or thermal injury of the brain or scalp), 
bite injuries, seizures, invasive electrode complications, 
movement-induced injury, arrhythmia, and relative 
contraindications include epilepsy; cortical lesions; 
skull defects; intracranial vascular clips, shunts, or 
electrodes; and pacemakers or other implanted 
bioelectric devices. 

(B)Electromyography (EMG):-

(i)Free-running and Triggered EMG (f-EMG AND 
CMAPs):-

EMG is the recording of electrical activity of muscle. 
Changes in EMG recordings are indirect indicators of 
function of the innervating nerve. Intraoperative uses 
have stressed localization and assurance of the 
integrity of peripheral nerves, including cranial 
nerves. Free-run EMG (f-EMG) consists of recording 
spontaneous muscle activity, thus allowing its 
real-time assessment. In IONM we use this 
technique as a monitoring tool for detecting 
surgically driven mechanical irritation of the 
peripheral nervous system and of the cranial nerves, 
hopefully before irreversible damage to these 
structures had occurred. Triggered EMG consists of 
applying an electrical stimulus, directly on the 
peripheral motor nerves or roots, for eliciting CMAPs 
to be recorded in the corresponding muscle 
channels. Thus, it can be used as a mapping tool for 
detecting the location of peripheral or cranial nerves 
that may be difficult to distinguish from tumor, 
fibrous, and fatty tissues. Triggered EMG can also be 
used in checking the functions of injured (or that are 
at risk for injury) nerves, roots, or trunks by assessing 
the electrical transmission through such structures 
and comparing it with a healthy (or presurgical) 
baseline.

Free-running EMG activity for nerve root monitoring. 
A. EMG monitoring should be quiescent under 
normal conditions. B. Blunt mechanical nerve root 
irritation activates the motor nerve fibers, is 
transmitted down the nerve and across the 
neuromuscular junction, and evokes recordable 
motor unit potentials in the monitored muscle

Technique:-

Multiple EMG needles typically are placed into the 
muscles to be examined. Practically any muscle can 
be monitored, including face, tongue, and sphincter 
musculature. EMG is recorded continually with a low 
noise amplifier. Recordings are displayed visually and 
usually also sent to a speaker to provide auditory 
feedback. Changes in muscle electrical activity then 
can be seen and heard. When a peripheral nerve is 
to be localized intraoperatively, a sterile stimulating 
probe is used during the operation.
Interpretation:-
Free-running and Triggered EMG activity is 
monitored. Additionally, direct electrical stimulation 
of the nerve can help localize the neural structure. 
Note that Free-running EMG activity does not assure 
the integrity of the peripheral nerve. If Triggered EMG 
activity can be elicited consistently, integrity of the 
distal nerve and muscle can be assured.

Clinical Uses:-

Facial nerve/other cranial nerve monitoring:-
Cranial nerve monitoring is useful for surgical 
procedures in which the facial nerve is at risk, 
including posterior fossa surgery (eg, acoustic 
neuroma), vestibular neurectomy, surgery in the 
temporal bone, and parotid gland surgery.[32] 
Trigeminal, glossopharyngeal, vagus, spinal 
accessory, and hypoglossal nerve functions can be 
monitored similarly by EMG. Electrical stimulation in 
the operative field can evaluate the integrity of 
peripheral nerves. Spontaneous EMG activity 
suggests manipulation in the vicinity of the cranial 
nerve. 

Selective dorsal rhizotomy:-
Selective dorsal rhizotomy (SDR) is a procedure that 
is used to reduce debilitating spasticity in conditions 
such as cerebral palsy by selectively transecting 
spinal rootlets. Overactive excitatory influence on 
motor nerves is believed to be reduced by removing 
facilitory afferent input from muscle spindles. The 
procedure consists of stimulating spinal rootlets and 
monitoring EMG and motor function. Those rootlets 
that are associated with an abnormal motor 
response are sectioned selectively. 

Tethered spinal cord release:-
Patients who undergo a tethered cord release 
procedure require dissection of scar tissue and 
possibly section of the filum terminale. 

Distinguishing functional neural elements from 
nonfunctioning tissue is important. Stimulation of the 
roots of normally functioning nerves in the cauda 
equina elicits EMG activity. Monitoring lower 
extremity musculature, as well as anal and urethral 
sphincters, is important if the sacral roots are 
involved.

Pedicle screw placement:-
Use of pedicle screws as a fixation device in posterior 
spinal instrumentation in the lumbar region has 
become increasingly common. Various techniques to 
assure correct placement of the screws are 
advocated currently. EMG monitoring makes use of 
the fact that improperly placed screws that broach 
the cortical confines of the bony pedicle or vertebral 
body cause low impedance between the screw and 
the exiting nerve root underneath the pedicle. 
Properly placed screws that remain entirely within the 
bone have high impedance. If the screw is stimulated 
with constant current greater than 10 mA for pedicle 
screw without EMG activation, the screw is unlikely to 
have perforated the vertebral cortex. However, a 
response to stimulation at less than <7mA for 
pedicle screw suggests a bony defect that provides a 
low impedance pathway to the nerve root. [33]

Threshold Values Indicating the Likelihood of Pedicle 
Screw Malpositioning

Stimulus-triggered EMG for detecting pedicular 
wall breach. A monopolar stimulator is inserted 
into a pedicle hole or touched against a pedicle 
screw. A. Holes or screws that have perforated the 
bony pedicle wall will lie directly against adjacent 
nerve roots and stimulation activates the adjacent 
nerve root, evoking a CMAP response. B. Holes or 
screws that are correctly positioned within the 
pedicle wall are separated from the adjacent nerve 
roots by a cortical bony layer, with high impedance 
to the passage of electrical current and no evoked 
CMAP responses.

Sphincter Function Monitoring:-
Anal or urinary sphincter dysfunction is a 
devastating complication of cauda equina surgery. 
By monitoring sphincter function, the risk of this 
complication can be reduced. The anal and 
external urethral sphincters and Detrusor muscle 
can be monitored. Anal sphincter monitoring is the 
easiest and is performed most commonly. 
Monopolar subdermal needle electrodes (similar 
to those used to perform EMG monitoring) are 
inserted percutaneously in the anal sphincter 
muscle after the patient has been anesthetized. 
These electrodes can record free-running EMG 
activity, including neurotonic discharges and 
triggered EMGs.The external urethral sphincter 
surrounds the proximal part of the urethra and is 
not accessible percutaneously. Consequently 
needle electrodes cannot be inserted into this 
sphincter. To monitor the external urethral 
sphincter, a specially made ring electrode is 
attached to a Foley catheter 1 to 2 cm distal to the 
bulb. This ring electrode serves as a bipolar 
surface electrode that records stimulated and 
free-running EMGs. The detrusor muscle can be 
monitored. Changes in bladder pressure are used 
as surrogate markers for muscle integrity. Prior to 
surgery, a cystometrogram is performed to 
determine the capacity of the bladder. At the time 
of surgery, a Foley catheter is inserted and 
attached to a three-way flow adapter, which is 
attached to a manometer. The bladder is filled with 
fluid to capacity. Contraction of the detrusor 
muscle causes an increase in bladder pressure, 
which is measured by the manometer. Additionally, 
during surgery, sustained high frequency 
stimulation in the operative field is needed to 
induce detrusor muscle contraction. When the 
contraction occurs, it is delayed for several 
seconds. This results in a delay in providing 
feedback to the surgeon.  [34][35]
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INTRODUCTION 

Neuromyelitis optica (NMO) also known as Devic’s 
disease is an acute demyelinating disorder comprising 
of optic neuritis and transverse myelitis.1 NMO 
predominantly affects middle aged adults, while case 
reports from the pediatric population have been 
increasing in past few years. A recent case series of 
pediatric NMO revealed strong female predominance2. 
NMO has specific diagnostic criteria and unique 
pathologic features when compared with multiple 
sclerosis (MS) 3. Pediatric NMO has comparatively 
poor visual and motor outcomes.1Traditionally, the 
term NMO was applied to those patients who 
experienced a monophasic event consisting of bilateral 
simultaneous optic neuritis and acute myelitis.4

CASE REPORT

A 10 years old boy presented in the ER with the 
complaints of fever and back pain for past 10 days and 
inability to walk for 6-7 days. He had developed urinary 
retention and constipation for the past 5 days along 
with abdominal distension. For the past two days he 
had been complaining of blurring of vision in the left 
eye. There was no history of any recent viral illness, 
vaccination or trauma. He had been to a hospital 

where he was catheterized and started on broad 
spectrum antibiotics for the past 4 days but there was 
no improvement they came to this hospital.
 His birth and development was normal and he was a 
student of class III. There was no history of any 
allergies or surgery. Immunization was up to date. 
Family history included two sisters and three brothers 
who were well and healthy. There was no family history 
for any neurological disease or unexplained visual loss.
On examination the patient was fully alert, interactive 
and oriented. His anthropometric measures were on 
the 50th centile. He was afebrile, with stable vitals. 
There was no rash or lymphadenopathy. He was well 
hydrated and well nourished. His chest was clear with 
normal vesicular breathing while abdomen was full with 
slit like umbilicus and urinary bladder was palpable at 
the level of umbilicus, there was no shifting dullness or 
visceromegaly and gut sounds were audible. His GCS 
was 15/15 and higher mental functions were intact. 
Cranial nerves were intact. Tone was normal in all four 
limbs; power was 4/5 in both upper limbs and 1/5 in 
lower limbs. Deep tendon reflexes in upper limbs were 
+2 and in lower limbs +3. Planters were up going. 
Superficial reflexes were absent. On sensory 
examination pain, temperature, vibration and 
proprioception were intact. There were no signs of 
meningeal irritation. He was unable to sit and 

complained of pain on movement. His left eye had only 
light perception and showed rapid afferent papillary 
defect while the right eye was normal
The provisional diagnosis was Transverse myelitis 
vsNeuromyelitisoptica (NMO). Complete blood count 
and basic metabolic workup was normal. Inflammatory 
markers (C- reactive proteins and Erythrocyte 
sedimentation rate) were within normal limits. CSF 
revealed TLC 4, protein 54mg/dl, glucose 66mg/dl. 
Oligoclonal bands were negative. There was raised 
CPK. Visual evoked potential (VEP) showed 
prolongation of P100 latency along with amplitude 
loss, in left eye.MRI revealed multiple abnormal T2 
hyper intense signals showing post contrast 
enhancement almost along the entire spinal cord. 
These were predominately identified in the cervical 
region of the spinal cord along with swelling of the cord 
in this region. Overall appearance was suggestive of 
transverse myelitis. Bilateral globes and optic nerve 
appeared unremarkable. The grey matter and white 
matter appeared normalA diagnosis of Devic's disease 
was made and the patient was treated initially with 
intravenous methyl prednisolone (30 mg/kg/day for five 
days) followed by gradually tapered oral steroids. 
Condition of child remained static; therefore 
Plasmapharesis was done for 5 days. Azathioprine 2 
mg/kg/day was added and limb physiotherapy started. 
Clinical outcome was favorable with significant 
reversible of power and function of limbs. 

Discussion

By definition NMO is a monophasic or relapsing 
disorder of the optic nerves and the spinal cord, 
without evidence of white matter dysfunction of the 
brain, brainstem or cerebellum, with the exception of 
hypothalamic and lower brainstem dysfunction. Optic 
nerve and spinal cord dysfunction might be partial and 
it can be unilateral or even subclinical, with an 
abnormal visual evoked potential but no clinical signs. 
Partial forms of NMO are also called high-risk NMO, in 
which isolated transverse myelitis or optic neuritis 
occurs. The optico-spinal form of MS is quite similar to 
NMO. Hence, it appears to be a spectrum of NMO, with 
various degrees of involvement but course of NMO is 
more acute, sometimes fulminant. In contrastwith the 
optic neuritis of MS, NMO optic neuritis can be severe, 
fulminant and devastating with very poor 
prognosis.5Brain lesions have been observed in 
children; in one series 68% of NMO-IgG seropositive 
children and among them 45% had brain symptoms 
which corresponding to the MRI abnormalities6. In 
contrast to MS, attacks in NMO commonly spare the 
brain in the early stages. Hence, normal brain MRI is a 

common finding at the onset of NMO, so on follow-up 
scans must be performed periodically for development 
of later lesions in the course of the disease.4   Lesions 
in the Spinal cord are large, and extends over three or 
more vertebral segments in about 85-90% of patients 
and are mostly located in the cervical and upper 
thoracic region. The Current revised diagnostic criteria 
of NMO tells the presence of acute optic neuritis and 
myelitis with at least two of the three supportive 
criteria, which consist of spinal cord MRI lesion 
extending over three consecutive vertebral segments, 
brain MRI lesion, which does not meet the diagnostic 
criteria for multiple sclerosis, and NMO-IgG 
seropositive status.Our patient had no systemic 
disorder or non-organ-specific autoimmune disorder or 
autoantibody. At the time of the left eye's involvement, 
our patient fulfilled the diagnostic criteria.7 CSF 
examination of our patient showed no pleocytosis. 
Oligoclonal bands of IgG in the CSF are frequently seen 
in MS and these are detected in 15-30% of patients 
with NMO.8 Oligoclonal bands were negative in our 
patient's CSF examination.A number of modalities 
have been tried but there is no proven treatment 
protocol as yet either in the acute attacks or in the long 
term remissions in NMO. Hence Intravenous 
corticosteroid therapy is the commonly preferred initial 
treatment for acute attacks.7 A total of 50% of the 
patients, those  who are unresponsive to corticosteroid 
treatment may benefit from plasmapheresis.7 The 
efficacy of immunomodulatory therapies 
(Beta-interferon) have not been proven yet. However, 
immunosuppressive therapy (oral azathioprine, 
associated with or without oral steroids; intravenous 
immunoglobulin; Rituximab) is an accepted method to 
provide clinical remission of corticosteroid resistant 
NMO.9Our patient received both steroid pulse therapy 
and Plasmapharesis and was sent home on oral 
steroids and azathioprine. He became fully mobile with 
no neurological deficit in the lower limbs though his 
vision was lost in the left eye 

Conclusion

NMO is a rare but severe devastating disease affecting 
vision and nervous system resulting in blindness and 
paraplegia in children. Hence an early intervention with 
the appropriate treatment modality in patients 
suspected with NMO decides on the favorable 
outcome from an acute episode
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Neurotic, stress-related & 
somatoform disorders. Female  124 194 13 331 (77.2%) 

F50-F59 
Behavioural syndromes 
associated with physiological 
disturbances and physical 
factors. 

Male  05 09 0 14 (18.6%) 

Female  24 37 0 61 (81.4%) 

F60- F69 
Disorders of adult personality 
and behaviour. 

Male  06 16 01 23 (53.5%) 

Female  05 15 0 20 (46.5%) 
F70-F79 
Mental retardation.  

Male  59 48 4 111 (65.3%) 
Female  33 26 0 59 (34.7%) 

F80-89 
Disorders of psychological 
Development. 

Male  06 04 01 11 (45.8%)  

Female 01 12 0 13 (54.1%) 
F90-F98 
Behavioural and emotional 
disorders with onset usually 
occurring in childhood and 
adolescence.  

Male  02 01 0 03 (75.0%) 

Female  0 01 0 01 (25.0%) 

F99 
Unspecified mental disorders. 

Male 32 38 08 78 (67.8%) 
Female  19 14 04 37 (32.2%) 

Male 
Total 

908 
(58%) 

2122 
(65%) 

340 
(62%) 

3370 (62.9%) 

Female 
Total 

657 
(42%) 

1148 
(35%
0 

210 
(38%) 

1925 (37.1%) 

 1565 3270    
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INTRODUCTION

Here we present a case of Salmonella meningitis in a 
32-year man. He was admitted via emergency 
department with headache in the occipital region. 
There was associated fever, nausea, vomiting and neck 
stiffness. Along with other baseline investigations, 
lumbar puncture was done and was sent for routine 
investigation, microscopy, culture and sensitivity. 
Salmonella paratyphi-B was isolated from CSF. 
Salmonella rarely involves meninges and brain tissues 
and this report highlights the risk of 
meningitis/cerebritis as a presentation of salmonellosis.

CASE PRESENTATION

32 years old male, known Diabetic and bed bound 
secondary to Chronic inflammatory demyelinating 
polyneuropathy since 2013, received 5 session of 
plasmapheresis and 5 session of immunoglobulin IG, 
taking steroids and immunosuppressant, admitted 
through ER on 24-8-2015 with presenting complains of 
high grade fever with chills associated with severe 
sharp headache which radiate towards neck, along with 
2-3 episodes of vomitings. On Examination young male 
,conscious, awake ,following single step command 
vitals of  Blood Pressure 115/83,pulse 
125,Temperature 101 degree Fahrenheit, Clinically 
CHEST ABDOMEN AND CVS finding were unremarkable 
CNS =GCS E4M5V4,signs of meningeal irritation 
positive including neck stiffness and kernick’s ,lower 
limbs power 2/5 in both legs reflexes diminished. 

During hospital course base line test including CBC, 
UCE, LFT,PT,INR are with in normal limits, URINE D/R 
shows numerous pus cells BLOOD CULTURE and URINE 
CULTURE were sent and MRI brain with Contrast done
 

MRI brain shows increase signals in bilateral posterior 
horn of lateral ventricles and fluid levels, restriction in 
ADC along with Meningeal Enhancement and 
Hydrocephalus .Findings are due to Meningitis On 
Lumber puncture opening pressure of CSF was 
7mm.Empirically injection Imipenem 1gm TDS and 
InjVancomycin 1gm BD started.CSF D/R shows Sugar 
09, Proteins 475, RBC 160, WBC 670 Monos 20%, 
polys 80%.gs ,Wet mount negative .Urine C/S ,Blood 
C/S and CSF C/S all shows salmonella paratyphi 

sensitive to ceftriaxone then antibiotic switched from 
Meropenem to Ceftriaxone and then it was treated on 
line of Salmonella Meningitis ,patient responded  well 
,his repeat CSF D/R shows decrease in Protein count 
from 475 to 43, WBC count reduces from 670 to 15 
with Repeat Cultures including Blood, Urine and CSF 
become Negative.He remained Afebrile during hospital 
stay, signs of meningeal irritation resolvedand was 
finally discharged home after 13 days in a better 
condition.

DISCUSSION

Salmonella enterica are motile, non-lactose 
fermenting, non-spore forming, gram-negative, 
rod-shaped bacterium. Salmonella enterica has the 
ability to ferment glucose resulting in the production of 
acid and gas. Within the subspecies, S.enterica, there 
are three serotypes; Paratyphi A, B, and C. These 
serotypes are human pathogens that cause 
paratyphoid fever. Paratyphi A and B are responsible for 
more cases of disease than infection from Paratyphi C. 
Salmonella Paratyphi, causes 3% of invasive 
Salmonella infections and is correlated to poor 
sanitation and lack of clean drinking water, 
contaminated from feces from an infected individual or 
an asymptomatic carrier of the disease. Salmonella 
enterica serovarsParatyphi is transmitted primarily 
through humans, although there are rare cases of 
transmission from domestic animals. Milk, raw 
vegetables, salads, shellfish, and ice can also transmit 
the pathogen if not properly washed or prepared. Also, 
there are rare reports of the disease being transmitted 
sexually [1]Salmonellosis is classified into four 
manifestations: enteric infections, sepsis, non-enteric 
focal infections (including meningitis) and a chronic 
carrier state. Salmonella meningitis presents as acute 
onset of fever, headache and one of the following signs: 
neck stiffness, altered consciousness or other 
meningeal signs.in our case patient present with 1 
week history of high grade fever, occipitalheadache, 
neck pain which was actually neck stiffness and 
irritability.The first case of Salmonella meningitis in the 
literature was reported in 1907 by Ghon [2][3].In a 
study of 7,779 infections identified at the New York 
Salmonella Centre, meningitis accounted for only 
0.8%] hence salmonella meningitis is rare 
manifestation of salmonella infection it is common in 
childhood and if in adults, is most commonly seen in 
patients with intercurrent illness or immunosuppressive 
states[8], as in our case patient is known case of CIDP 
(chronic inflammatory demyelinating polyneuropathy) 

secondary to GBS since 3 years and having history of 2 
to 3 episodes of exacerbation for which he took 
multiple sessions of IVIG and plasmapheresis and 
taking Steroids andCellCept (mycophenolatemofetil) 
which is an immunosuppressant, a medicine that 
lowers your body's immunity other host risk factors for 
nontyphoidal Salmonella bacteremia include extremes 
of age and chronic or immunosuppressing conditions, 
including malignancy, rheumatological disease, TNF 
blockade (e.g., agents such as etanercept or 
infliximab), transplantation, HIV infection, and 
congenital immune defects. Other predisposing 
comorbidities include liver disease, 
hemoglobinopathies (especially sickle cell disease), 
schistosomiasis, and chronic granulomatous disease. 
Alteration of the GI tract also predisposes to 
progression from enteric to systemic salmonellosis 
(e.g., by suppression of gastric acid, malnutrition, 
recent antibiotic use, or rotavirus infection).The 
incubation period of nontyphoidal salmonellosis is 
6–72 hours, but illness usually occurs within 12–36 
hours after exposure. Illness is commonly manifested 
by acute diarrhea, abdominal pain, fever, and 
sometimes vomiting. The illness usually lasts 4–7 days, 
and most people recover without treatment. 
Approximately 5% of people develop bacteremia or 
focal infection (such as meningitis or osteomyelitis). 
Salmonellosis outcomes differ by serotype. Infections 
with some serotypes, including Dublin and 
Choleraesuis, are more likely to result in invasive 
infections. Rates of invasive infections and death are 
generally higher among infants, older adults, and 
people with immunosuppressive conditions (including 
HIV), hemoglobinopathies, and malignant neoplasms. 
Diagnosis is based on isolation of Salmonella 
organisms. About 90% of isolates are obtained from 
routine stool culture, but isolates are also obtained 
from blood, urine, and material from sites of infection. 
Isolates of salmonellae are needed for serotyping and 
antimicrobial susceptibility testing
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    in SSEP recordings are sensitive for detection 
ofcerebral ischemia and helpful in determining 
the need for shunting during the surgical 
procedure. 

ii)   Cerebral aneurysm surgery: Changes mayindicate 
occlusion of parent vessel branches, which 
potentially could be reversed by repositioning of 
aneurysm clips. SSEP monitoring can signal 
changes prior to irreversible cerebral ischemia. 
[25]

iii)   Aortic cross-clamping: Changes in SSEP indicate 
a high risk of neurological injury, especially if the 
changes are immediate.

3) Localization of sensorimotor cortex: 

Localization of the motor cortex is important to 
minimize the risk of contralateral motor deficits 
resulting from surgical procedures in its surrounding 
area. When recording SSEP, the primary sensory 
cortex and motor cortex generate potentials that are 
mirror images of each other. This "phase reversal" 
across the central sulcus is a highly reproducible 
characteristic that can aid in the localization of 
primary motor cortex. Unfortunately, motor pathways 
may be injured while sparing sensory pathways by 
SSEP .The lack of direct anterior cord monitoring with 
SEP is difficult and cases of isolated anterior cord 
injury with preserved SEP spinal cord monitoring 
have occurred. 

(ii) Brainstem Auditory Evoked Potentials (BAEP)
     BAEPs are short-latency potentials reflecting the 

depolarization of several structures within the 
auditory pathways, because they are traversed 
by electrical volley triggered by the peripheral 
stimulation of the cochlear nerve. These evoked 
responses are far-field potentials, being 
recorded by electrodes placed on the scalp, with 
the exception of wave I, which is a near-field 
potential. 

By assessing the amplitudes and latencies of these 
evoked responses, one can thus analyze the 
functional integrity of the corresponding anatomic 
structures. By recording the electrical transmission 
within the lower parts of the auditory pathways, from 
the cochlea to the upper pons, BAEPs are a good tool 
in assessing the integrity not only of the eighth nerve, 
but also of the brainstem structures involved in 
hearing, thus indirectly of the brainstem itself (as the 
name suggests).

Figure: Schematic representation of the auditory 
pathways. Notice the neurophysiologic-
neuroanatomical correlation between BAEPs and 
different levels within the auditory pathway.

Anatomical localization of BAEP Waves

Technique:-

Recordings are obtained by stimulating with auditory 
clicks in the ear.  Click intensity of 100 dB pe SPL or 
60-70 dB HL is commonly utilized. Standard EEG 
cortical montage is used with recordings obtained 
from scalp electrodes. Best responses are obtained 
from electrodes near the ears (A1, A2) referenced to 
the vertex (Cz)[26]. 

Parameters and interpretation:-

Positive deflections are termed wave -I to wave-VII. 
Waves I, III, and V are the waves most consistently 
seen in healthy subjects (obligate waves). Wave V is 
the most reliably seen wave, particularly in patients 
with hearing impairment or undergoing surgery. 
Measurements of absolute latencies and amplitudes 
of waves I and V and I-V interpeak latency should be 
made on baseline recordings. It is essential that 
these baseline BAEPs be recorded using the same 
parameters for stimulation and recording that are to 
be used for intraoperative monitoring. Complete 
measurements of the all the various waves and their 
interpeak latencies are time consuming during 
intraoperative monitoring. However, continuous 
monitoring of the absolute latency and amplitude of 
wave V should be carried out. Significant changes in 
the wave V latency should be reported to the 
surgeon. Interpretation of intraoperative BAEPs is 
performed by comparing each sequential average to 
the baseline obtained at the start of the surgery. 
Each patient serves as his or her control. 

Warning Criteria:- 

Typical criteria of BAEP change used for alerting the 
surgeon are a 1 ms latency prolongation or a 50% 
drop in amplitude of the wave V. This criterion is 
somewhat arbitrary. [26]

Clinical utility:-

1) CN-VIII: - Changes in latency, interlatencies 
difference and amplitude of BEAPwavesI, III and V 
can be monitored during CPA tumors surgery (e.g. 
acoustic neuroma ,meningioma), microvascular 
decompression (MVD) of seventh nerve for 
hemifacial spasm, fifth nerve for trigeminal neuralgia 
and Ninth nerve for glossopharyngeal neuralgia.

2) Brainstem: - Changes in latency, interlatencies 
difference and amplitude of BEAP waves I, III and V 
can be monitored during CPA tumors, Skull base 
surgery, Suboccipital decompression (e.g. 
fractures/dislocation C-1vertebra, chiari 
malformation) and Vascular surgeries of posterior 
circulation.

Limitations:-

1)The stimulus use for BAEP is click which is broad 
band sound (500-4000 Hz) delivering a wide range 

of audio frequencies so BAEP cannot exclude specific 
frequency hearing deficit or mild hearing 
deficit(<500hz).
2) BAEP can change dramatically in neonates and 
infants before the age of two year. There is variation 
in latency and amplitudes values as age progress 
before of 2 year.
3) Physiologic changes include decreased body 
temperature, cold water irrigation and decreased 
blood pressure can cause latency prolongation and 
amplitude decrement of the BAEP.
4) Technical problem can occur due to problems with 
the recording or stimulating electrodes, kinking of 
tubing delivering acoustic stimuli, equipment 
malfunction, or operator error.

(iii) Motor Evoked Potentials:-

Somatosensory evoked potential (SSEP) monitoring 
was used in the past to reduce the risk of motor 
system injury. [27]However, significant motor deficits 
have been seen in patients undergoing spinal surgery 
despite normal SSEPs.[27][28] This was inevitable 
because the two systems have distinct anatomy and 
vascular supply so that smaller lesions can damage 
only one or the other. Thus, the rationale for MEP 
monitoring is to directly test the motor system during 
surgery. In conjunction with SEPs, the anterior and 
posterior portions of the spinal cord can be 
monitored together. MEPs are sensitive to 
anesthetics and, especially, neuromuscular 
blockade.

Technique:-

MEPs are elicited by either electrical or magnetic 
stimulation of the motor cortex or the spinal cord. 
Recordings are obtained either as neurogenic 
potential in the distal spinal cord or peripheral nerve, 
or as myogenic potentials from the innervated 
muscle. Transcranial electrical stimulation involves 
stimulation of electrodes on the scalp, or if the brain 
is exposed by a craniotomy, stimulation of electrodes 
placed directly on the brain surface.[29] 

Transcranial electrical motor evoked potentials 
(TceMEP) have been used more frequently in spinal 
surgery. Motor evoked potentials (MEPs) are 
obtained by electrically stimulating the brain and 
recording the response over the spinal cord (Direct = 
D and Indirect = I waves), peripheral nerves (nerve 
action potentials), or muscles (compound muscle 
action potentials,   CMAP).Usually, recordings are 
made from small hand and foot muscles. Spinal 

recordings (for D and I waves) are seldom used owing 
to the invasive methods required for recording. When 
recording MEPs from muscles, a train of high voltage 
(200 to 1000 V) stimuli is applied to the scalp to 
peripherally produce a CMAP. Large series have 
demonstrated the safe use of MEPs, and they are a 
useful adjunct to SEP monitoring. Using both 
modalities (MEP and SSEP), both the anterior and 
posterior aspects of the spinal cord can be 
monitored. Inhalational anesthetics suppress the 
anterior horn cells, and consequently their use 
makes obtaining MEPs more difficult. Intravenous 
anesthetics (propofol and opiods TIVA) are preferred 
when MEP monitoring is to be used.

Figure: Intraoperative MEP monitors showing stable 
responses in the upper and lower extremities during 
a biopsy of a cervical lesion.

Parameters and interpretation:-

For robust MEP signals, complete loss of MEP signal 
or abrupt significant decrease in amplitude of 80% or 
more in the absence of an explanation other than 
surgical injury. Gradual changes in MEP signals more 
commonly reflect systemic factors or an “anesthetic 
fade” phenomenon, so gradual changes might be 
given less weight unless the onset of the change can 
be related to a surgical event that may result in 
gradual dysfunction [30].

Warning Criteria:-

Warning criteria for D-waves:-

1. Intramedullary spinal cord tumor surgery: - >50% 
amplitude reduction 
2. Brain surgery with DCS cervical D-waves: - 
>30–40% amplitude reduction. [31]

Warning criteria for muscle MEPs:-

1. Spinal cord: - Disappearance is always a major 
criterion
i)  For IMSCT surgery: - marked amplitude 
 reduction, acute threshold elevation or 
 morphology simplification could be additional 
 minor criteria.
ii)  For orthopedic spine surgery: - marked 
 amplitude reduction or acute threshold elevation 
 could be additional moderate criteria 
iii)  For descending aortic surgery: - marked 
 amplitude reduction could be an additional 
 moderate criterion
2. Brain and brainstem: - Major criteria include 
disappearance or consistent >50% amplitude 
reduction when warranted by sufficient response 
stability. Acute threshold elevation might be relevant  
3. Facial nerve: - Major criteria include 
disappearance or consistent >50% amplitude 
reduction when warranted by sufficient response 
stability.  [31]

Clinical utility:-

Indications for MEP monitoring include any surgery 
risking motor system injury. The most common 
indications arise during neurosurgical, orthopedic 
and vascular interventions. Neurosurgical indications 
include tumor or epileptic focus resections near the 
motor cortex or corticospinal tract, intracranial 
aneurysm clipping, posterior fossa surgery, 
craniocervical junction and spinal operations, spinal 
cord procedures and tethered cord or cauda equina 
surgeries. Orthopedic indications include spinal 
deformity or fracture surgery, vertebral tumor 
resections, and anterior cervical discectomy 
.Vascular indications include descending aortic 
procedures, spinal arteriovenous malformation 
interventions and carotid endarterectomy.

Safety and complications:-

Intraoperative MEP monitoring is sufficiently safe for 
clinical use in expert hands using appropriate 
precautions, but could involuntarily cause harm. Safety 
issues include hazardous output (excitotoxic, 
electrochemical or thermal injury of the brain or scalp), 
bite injuries, seizures, invasive electrode complications, 
movement-induced injury, arrhythmia, and relative 
contraindications include epilepsy; cortical lesions; 
skull defects; intracranial vascular clips, shunts, or 
electrodes; and pacemakers or other implanted 
bioelectric devices. 

(B)Electromyography (EMG):-

(i)Free-running and Triggered EMG (f-EMG AND 
CMAPs):-

EMG is the recording of electrical activity of muscle. 
Changes in EMG recordings are indirect indicators of 
function of the innervating nerve. Intraoperative uses 
have stressed localization and assurance of the 
integrity of peripheral nerves, including cranial 
nerves. Free-run EMG (f-EMG) consists of recording 
spontaneous muscle activity, thus allowing its 
real-time assessment. In IONM we use this 
technique as a monitoring tool for detecting 
surgically driven mechanical irritation of the 
peripheral nervous system and of the cranial nerves, 
hopefully before irreversible damage to these 
structures had occurred. Triggered EMG consists of 
applying an electrical stimulus, directly on the 
peripheral motor nerves or roots, for eliciting CMAPs 
to be recorded in the corresponding muscle 
channels. Thus, it can be used as a mapping tool for 
detecting the location of peripheral or cranial nerves 
that may be difficult to distinguish from tumor, 
fibrous, and fatty tissues. Triggered EMG can also be 
used in checking the functions of injured (or that are 
at risk for injury) nerves, roots, or trunks by assessing 
the electrical transmission through such structures 
and comparing it with a healthy (or presurgical) 
baseline.

Free-running EMG activity for nerve root monitoring. 
A. EMG monitoring should be quiescent under 
normal conditions. B. Blunt mechanical nerve root 
irritation activates the motor nerve fibers, is 
transmitted down the nerve and across the 
neuromuscular junction, and evokes recordable 
motor unit potentials in the monitored muscle

Technique:-

Multiple EMG needles typically are placed into the 
muscles to be examined. Practically any muscle can 
be monitored, including face, tongue, and sphincter 
musculature. EMG is recorded continually with a low 
noise amplifier. Recordings are displayed visually and 
usually also sent to a speaker to provide auditory 
feedback. Changes in muscle electrical activity then 
can be seen and heard. When a peripheral nerve is 
to be localized intraoperatively, a sterile stimulating 
probe is used during the operation.
Interpretation:-
Free-running and Triggered EMG activity is 
monitored. Additionally, direct electrical stimulation 
of the nerve can help localize the neural structure. 
Note that Free-running EMG activity does not assure 
the integrity of the peripheral nerve. If Triggered EMG 
activity can be elicited consistently, integrity of the 
distal nerve and muscle can be assured.

Clinical Uses:-

Facial nerve/other cranial nerve monitoring:-
Cranial nerve monitoring is useful for surgical 
procedures in which the facial nerve is at risk, 
including posterior fossa surgery (eg, acoustic 
neuroma), vestibular neurectomy, surgery in the 
temporal bone, and parotid gland surgery.[32] 
Trigeminal, glossopharyngeal, vagus, spinal 
accessory, and hypoglossal nerve functions can be 
monitored similarly by EMG. Electrical stimulation in 
the operative field can evaluate the integrity of 
peripheral nerves. Spontaneous EMG activity 
suggests manipulation in the vicinity of the cranial 
nerve. 

Selective dorsal rhizotomy:-
Selective dorsal rhizotomy (SDR) is a procedure that 
is used to reduce debilitating spasticity in conditions 
such as cerebral palsy by selectively transecting 
spinal rootlets. Overactive excitatory influence on 
motor nerves is believed to be reduced by removing 
facilitory afferent input from muscle spindles. The 
procedure consists of stimulating spinal rootlets and 
monitoring EMG and motor function. Those rootlets 
that are associated with an abnormal motor 
response are sectioned selectively. 

Tethered spinal cord release:-
Patients who undergo a tethered cord release 
procedure require dissection of scar tissue and 
possibly section of the filum terminale. 

Distinguishing functional neural elements from 
nonfunctioning tissue is important. Stimulation of the 
roots of normally functioning nerves in the cauda 
equina elicits EMG activity. Monitoring lower 
extremity musculature, as well as anal and urethral 
sphincters, is important if the sacral roots are 
involved.

Pedicle screw placement:-
Use of pedicle screws as a fixation device in posterior 
spinal instrumentation in the lumbar region has 
become increasingly common. Various techniques to 
assure correct placement of the screws are 
advocated currently. EMG monitoring makes use of 
the fact that improperly placed screws that broach 
the cortical confines of the bony pedicle or vertebral 
body cause low impedance between the screw and 
the exiting nerve root underneath the pedicle. 
Properly placed screws that remain entirely within the 
bone have high impedance. If the screw is stimulated 
with constant current greater than 10 mA for pedicle 
screw without EMG activation, the screw is unlikely to 
have perforated the vertebral cortex. However, a 
response to stimulation at less than <7mA for 
pedicle screw suggests a bony defect that provides a 
low impedance pathway to the nerve root. [33]

Threshold Values Indicating the Likelihood of Pedicle 
Screw Malpositioning

Stimulus-triggered EMG for detecting pedicular 
wall breach. A monopolar stimulator is inserted 
into a pedicle hole or touched against a pedicle 
screw. A. Holes or screws that have perforated the 
bony pedicle wall will lie directly against adjacent 
nerve roots and stimulation activates the adjacent 
nerve root, evoking a CMAP response. B. Holes or 
screws that are correctly positioned within the 
pedicle wall are separated from the adjacent nerve 
roots by a cortical bony layer, with high impedance 
to the passage of electrical current and no evoked 
CMAP responses.

Sphincter Function Monitoring:-
Anal or urinary sphincter dysfunction is a 
devastating complication of cauda equina surgery. 
By monitoring sphincter function, the risk of this 
complication can be reduced. The anal and 
external urethral sphincters and Detrusor muscle 
can be monitored. Anal sphincter monitoring is the 
easiest and is performed most commonly. 
Monopolar subdermal needle electrodes (similar 
to those used to perform EMG monitoring) are 
inserted percutaneously in the anal sphincter 
muscle after the patient has been anesthetized. 
These electrodes can record free-running EMG 
activity, including neurotonic discharges and 
triggered EMGs.The external urethral sphincter 
surrounds the proximal part of the urethra and is 
not accessible percutaneously. Consequently 
needle electrodes cannot be inserted into this 
sphincter. To monitor the external urethral 
sphincter, a specially made ring electrode is 
attached to a Foley catheter 1 to 2 cm distal to the 
bulb. This ring electrode serves as a bipolar 
surface electrode that records stimulated and 
free-running EMGs. The detrusor muscle can be 
monitored. Changes in bladder pressure are used 
as surrogate markers for muscle integrity. Prior to 
surgery, a cystometrogram is performed to 
determine the capacity of the bladder. At the time 
of surgery, a Foley catheter is inserted and 
attached to a three-way flow adapter, which is 
attached to a manometer. The bladder is filled with 
fluid to capacity. Contraction of the detrusor 
muscle causes an increase in bladder pressure, 
which is measured by the manometer. Additionally, 
during surgery, sustained high frequency 
stimulation in the operative field is needed to 
induce detrusor muscle contraction. When the 
contraction occurs, it is delayed for several 
seconds. This results in a delay in providing 
feedback to the surgeon.  [34][35]
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INTRODUCTION 

Neuromyelitis optica (NMO) also known as Devic’s 
disease is an acute demyelinating disorder comprising 
of optic neuritis and transverse myelitis.1 NMO 
predominantly affects middle aged adults, while case 
reports from the pediatric population have been 
increasing in past few years. A recent case series of 
pediatric NMO revealed strong female predominance2. 
NMO has specific diagnostic criteria and unique 
pathologic features when compared with multiple 
sclerosis (MS) 3. Pediatric NMO has comparatively 
poor visual and motor outcomes.1Traditionally, the 
term NMO was applied to those patients who 
experienced a monophasic event consisting of bilateral 
simultaneous optic neuritis and acute myelitis.4

CASE REPORT

A 10 years old boy presented in the ER with the 
complaints of fever and back pain for past 10 days and 
inability to walk for 6-7 days. He had developed urinary 
retention and constipation for the past 5 days along 
with abdominal distension. For the past two days he 
had been complaining of blurring of vision in the left 
eye. There was no history of any recent viral illness, 
vaccination or trauma. He had been to a hospital 

where he was catheterized and started on broad 
spectrum antibiotics for the past 4 days but there was 
no improvement they came to this hospital.
 His birth and development was normal and he was a 
student of class III. There was no history of any 
allergies or surgery. Immunization was up to date. 
Family history included two sisters and three brothers 
who were well and healthy. There was no family history 
for any neurological disease or unexplained visual loss.
On examination the patient was fully alert, interactive 
and oriented. His anthropometric measures were on 
the 50th centile. He was afebrile, with stable vitals. 
There was no rash or lymphadenopathy. He was well 
hydrated and well nourished. His chest was clear with 
normal vesicular breathing while abdomen was full with 
slit like umbilicus and urinary bladder was palpable at 
the level of umbilicus, there was no shifting dullness or 
visceromegaly and gut sounds were audible. His GCS 
was 15/15 and higher mental functions were intact. 
Cranial nerves were intact. Tone was normal in all four 
limbs; power was 4/5 in both upper limbs and 1/5 in 
lower limbs. Deep tendon reflexes in upper limbs were 
+2 and in lower limbs +3. Planters were up going. 
Superficial reflexes were absent. On sensory 
examination pain, temperature, vibration and 
proprioception were intact. There were no signs of 
meningeal irritation. He was unable to sit and 

complained of pain on movement. His left eye had only 
light perception and showed rapid afferent papillary 
defect while the right eye was normal
The provisional diagnosis was Transverse myelitis 
vsNeuromyelitisoptica (NMO). Complete blood count 
and basic metabolic workup was normal. Inflammatory 
markers (C- reactive proteins and Erythrocyte 
sedimentation rate) were within normal limits. CSF 
revealed TLC 4, protein 54mg/dl, glucose 66mg/dl. 
Oligoclonal bands were negative. There was raised 
CPK. Visual evoked potential (VEP) showed 
prolongation of P100 latency along with amplitude 
loss, in left eye.MRI revealed multiple abnormal T2 
hyper intense signals showing post contrast 
enhancement almost along the entire spinal cord. 
These were predominately identified in the cervical 
region of the spinal cord along with swelling of the cord 
in this region. Overall appearance was suggestive of 
transverse myelitis. Bilateral globes and optic nerve 
appeared unremarkable. The grey matter and white 
matter appeared normalA diagnosis of Devic's disease 
was made and the patient was treated initially with 
intravenous methyl prednisolone (30 mg/kg/day for five 
days) followed by gradually tapered oral steroids. 
Condition of child remained static; therefore 
Plasmapharesis was done for 5 days. Azathioprine 2 
mg/kg/day was added and limb physiotherapy started. 
Clinical outcome was favorable with significant 
reversible of power and function of limbs. 

Discussion

By definition NMO is a monophasic or relapsing 
disorder of the optic nerves and the spinal cord, 
without evidence of white matter dysfunction of the 
brain, brainstem or cerebellum, with the exception of 
hypothalamic and lower brainstem dysfunction. Optic 
nerve and spinal cord dysfunction might be partial and 
it can be unilateral or even subclinical, with an 
abnormal visual evoked potential but no clinical signs. 
Partial forms of NMO are also called high-risk NMO, in 
which isolated transverse myelitis or optic neuritis 
occurs. The optico-spinal form of MS is quite similar to 
NMO. Hence, it appears to be a spectrum of NMO, with 
various degrees of involvement but course of NMO is 
more acute, sometimes fulminant. In contrastwith the 
optic neuritis of MS, NMO optic neuritis can be severe, 
fulminant and devastating with very poor 
prognosis.5Brain lesions have been observed in 
children; in one series 68% of NMO-IgG seropositive 
children and among them 45% had brain symptoms 
which corresponding to the MRI abnormalities6. In 
contrast to MS, attacks in NMO commonly spare the 
brain in the early stages. Hence, normal brain MRI is a 

common finding at the onset of NMO, so on follow-up 
scans must be performed periodically for development 
of later lesions in the course of the disease.4   Lesions 
in the Spinal cord are large, and extends over three or 
more vertebral segments in about 85-90% of patients 
and are mostly located in the cervical and upper 
thoracic region. The Current revised diagnostic criteria 
of NMO tells the presence of acute optic neuritis and 
myelitis with at least two of the three supportive 
criteria, which consist of spinal cord MRI lesion 
extending over three consecutive vertebral segments, 
brain MRI lesion, which does not meet the diagnostic 
criteria for multiple sclerosis, and NMO-IgG 
seropositive status.Our patient had no systemic 
disorder or non-organ-specific autoimmune disorder or 
autoantibody. At the time of the left eye's involvement, 
our patient fulfilled the diagnostic criteria.7 CSF 
examination of our patient showed no pleocytosis. 
Oligoclonal bands of IgG in the CSF are frequently seen 
in MS and these are detected in 15-30% of patients 
with NMO.8 Oligoclonal bands were negative in our 
patient's CSF examination.A number of modalities 
have been tried but there is no proven treatment 
protocol as yet either in the acute attacks or in the long 
term remissions in NMO. Hence Intravenous 
corticosteroid therapy is the commonly preferred initial 
treatment for acute attacks.7 A total of 50% of the 
patients, those  who are unresponsive to corticosteroid 
treatment may benefit from plasmapheresis.7 The 
efficacy of immunomodulatory therapies 
(Beta-interferon) have not been proven yet. However, 
immunosuppressive therapy (oral azathioprine, 
associated with or without oral steroids; intravenous 
immunoglobulin; Rituximab) is an accepted method to 
provide clinical remission of corticosteroid resistant 
NMO.9Our patient received both steroid pulse therapy 
and Plasmapharesis and was sent home on oral 
steroids and azathioprine. He became fully mobile with 
no neurological deficit in the lower limbs though his 
vision was lost in the left eye 

Conclusion

NMO is a rare but severe devastating disease affecting 
vision and nervous system resulting in blindness and 
paraplegia in children. Hence an early intervention with 
the appropriate treatment modality in patients 
suspected with NMO decides on the favorable 
outcome from an acute episode
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INTRODUCTION

Here we present a case of Salmonella meningitis in a 
32-year man. He was admitted via emergency 
department with headache in the occipital region. 
There was associated fever, nausea, vomiting and neck 
stiffness. Along with other baseline investigations, 
lumbar puncture was done and was sent for routine 
investigation, microscopy, culture and sensitivity. 
Salmonella paratyphi-B was isolated from CSF. 
Salmonella rarely involves meninges and brain tissues 
and this report highlights the risk of 
meningitis/cerebritis as a presentation of salmonellosis.

CASE PRESENTATION

32 years old male, known Diabetic and bed bound 
secondary to Chronic inflammatory demyelinating 
polyneuropathy since 2013, received 5 session of 
plasmapheresis and 5 session of immunoglobulin IG, 
taking steroids and immunosuppressant, admitted 
through ER on 24-8-2015 with presenting complains of 
high grade fever with chills associated with severe 
sharp headache which radiate towards neck, along with 
2-3 episodes of vomitings. On Examination young male 
,conscious, awake ,following single step command 
vitals of  Blood Pressure 115/83,pulse 
125,Temperature 101 degree Fahrenheit, Clinically 
CHEST ABDOMEN AND CVS finding were unremarkable 
CNS =GCS E4M5V4,signs of meningeal irritation 
positive including neck stiffness and kernick’s ,lower 
limbs power 2/5 in both legs reflexes diminished. 

During hospital course base line test including CBC, 
UCE, LFT,PT,INR are with in normal limits, URINE D/R 
shows numerous pus cells BLOOD CULTURE and URINE 
CULTURE were sent and MRI brain with Contrast done
 

MRI brain shows increase signals in bilateral posterior 
horn of lateral ventricles and fluid levels, restriction in 
ADC along with Meningeal Enhancement and 
Hydrocephalus .Findings are due to Meningitis On 
Lumber puncture opening pressure of CSF was 
7mm.Empirically injection Imipenem 1gm TDS and 
InjVancomycin 1gm BD started.CSF D/R shows Sugar 
09, Proteins 475, RBC 160, WBC 670 Monos 20%, 
polys 80%.gs ,Wet mount negative .Urine C/S ,Blood 
C/S and CSF C/S all shows salmonella paratyphi 

sensitive to ceftriaxone then antibiotic switched from 
Meropenem to Ceftriaxone and then it was treated on 
line of Salmonella Meningitis ,patient responded  well 
,his repeat CSF D/R shows decrease in Protein count 
from 475 to 43, WBC count reduces from 670 to 15 
with Repeat Cultures including Blood, Urine and CSF 
become Negative.He remained Afebrile during hospital 
stay, signs of meningeal irritation resolvedand was 
finally discharged home after 13 days in a better 
condition.

DISCUSSION

Salmonella enterica are motile, non-lactose 
fermenting, non-spore forming, gram-negative, 
rod-shaped bacterium. Salmonella enterica has the 
ability to ferment glucose resulting in the production of 
acid and gas. Within the subspecies, S.enterica, there 
are three serotypes; Paratyphi A, B, and C. These 
serotypes are human pathogens that cause 
paratyphoid fever. Paratyphi A and B are responsible for 
more cases of disease than infection from Paratyphi C. 
Salmonella Paratyphi, causes 3% of invasive 
Salmonella infections and is correlated to poor 
sanitation and lack of clean drinking water, 
contaminated from feces from an infected individual or 
an asymptomatic carrier of the disease. Salmonella 
enterica serovarsParatyphi is transmitted primarily 
through humans, although there are rare cases of 
transmission from domestic animals. Milk, raw 
vegetables, salads, shellfish, and ice can also transmit 
the pathogen if not properly washed or prepared. Also, 
there are rare reports of the disease being transmitted 
sexually [1]Salmonellosis is classified into four 
manifestations: enteric infections, sepsis, non-enteric 
focal infections (including meningitis) and a chronic 
carrier state. Salmonella meningitis presents as acute 
onset of fever, headache and one of the following signs: 
neck stiffness, altered consciousness or other 
meningeal signs.in our case patient present with 1 
week history of high grade fever, occipitalheadache, 
neck pain which was actually neck stiffness and 
irritability.The first case of Salmonella meningitis in the 
literature was reported in 1907 by Ghon [2][3].In a 
study of 7,779 infections identified at the New York 
Salmonella Centre, meningitis accounted for only 
0.8%] hence salmonella meningitis is rare 
manifestation of salmonella infection it is common in 
childhood and if in adults, is most commonly seen in 
patients with intercurrent illness or immunosuppressive 
states[8], as in our case patient is known case of CIDP 
(chronic inflammatory demyelinating polyneuropathy) 

secondary to GBS since 3 years and having history of 2 
to 3 episodes of exacerbation for which he took 
multiple sessions of IVIG and plasmapheresis and 
taking Steroids andCellCept (mycophenolatemofetil) 
which is an immunosuppressant, a medicine that 
lowers your body's immunity other host risk factors for 
nontyphoidal Salmonella bacteremia include extremes 
of age and chronic or immunosuppressing conditions, 
including malignancy, rheumatological disease, TNF 
blockade (e.g., agents such as etanercept or 
infliximab), transplantation, HIV infection, and 
congenital immune defects. Other predisposing 
comorbidities include liver disease, 
hemoglobinopathies (especially sickle cell disease), 
schistosomiasis, and chronic granulomatous disease. 
Alteration of the GI tract also predisposes to 
progression from enteric to systemic salmonellosis 
(e.g., by suppression of gastric acid, malnutrition, 
recent antibiotic use, or rotavirus infection).The 
incubation period of nontyphoidal salmonellosis is 
6–72 hours, but illness usually occurs within 12–36 
hours after exposure. Illness is commonly manifested 
by acute diarrhea, abdominal pain, fever, and 
sometimes vomiting. The illness usually lasts 4–7 days, 
and most people recover without treatment. 
Approximately 5% of people develop bacteremia or 
focal infection (such as meningitis or osteomyelitis). 
Salmonellosis outcomes differ by serotype. Infections 
with some serotypes, including Dublin and 
Choleraesuis, are more likely to result in invasive 
infections. Rates of invasive infections and death are 
generally higher among infants, older adults, and 
people with immunosuppressive conditions (including 
HIV), hemoglobinopathies, and malignant neoplasms. 
Diagnosis is based on isolation of Salmonella 
organisms. About 90% of isolates are obtained from 
routine stool culture, but isolates are also obtained 
from blood, urine, and material from sites of infection. 
Isolates of salmonellae are needed for serotyping and 
antimicrobial susceptibility testing
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