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Introduction

Introduction
This technical manual (hereinafter referred to as “manual”) is the combined document
describing operation and servicing of Neuro-IOM system for intraoperative
neurophysiological monitoring (hereinafter referred to as “system”).
This manual is the document which certifies the system specifications guaranteed by
the manufacturer.
Do not start working with the system before you have read this document!
You can send your responses and recommendations to Neurosoft Company by
the following address:
P.O. Box 10, Ivanovo, 153000, Russia
or by e-mail:
help@neurosoft.com.
You can find additional information on Neurosoft products in the Internet:
www.neurosoft.com
or ask questions by phones:
+7 (4932) 59-21-12; +7 (4932) 24-04-37 (Service department),
+7 (4932) 24-04-34; +7 (4932) 95-99-99.
You can also contact SAS Neuromed Company, Authorized European Representative of Neurosoft Company (Mr. Pierre Scholl) by the following address:
Chemin du tomple
84330 Le Barroux, France
Phone: +33 490-650-470, +622-748-384
Fax: +33 490-650-470
E-mail: bscholl@orange.fr
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Abbreviations
AEP — auditory evoked potentials
ECoG — electrocorticography
EEG — electroencephalography
EMG — electromyography
EP — evoked potentials
IOM — intraopeartive monitoring
MEP — motor evoked potentials
PC — personal computer
SSEP — somatosensory evoked potentials
TOF-stimulation (train-of-four) — the technique is used to assess the depth of
neuromuscular blockade
VEP — visual evoked potentials

Important Safety Instructions
Intended Use
Neuro-IOM system is a medical device that is intended for intraoperative
neurophysiologic monitoring. The device provides information to assess a patient’s
neurophysiological status.
The system allows to monitor the functional integrity and/or mapping of central and
peripheral nervous system including motor and sensory pathways to avoid or
minimize the potential risk of neurological deficit during surgery. The system can be
used in any age group patients.
The system is used in the operating rooms, intensive care units and other areas
where neuromonitoring is needed.
The system ensures the following IOM modalities: free-run EMG, direct nerve
stimulation including pedicle screw test, SSEP, MEP, EEG, AEP, VEP, EСoG, direct
cortical stimulation. Also the train-of-four (TOF) stimulation and anesthesia depth
monitoring are performed.
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Optionally the system can be used as an EMG/EP system. It is intended for use by
a healthcare provider to perform nerve conduction and EMG studies as an aid in
the evaluation of patients with diseases of muscle and nerves. The machnine can also
use electrical stimulus, sound stimulus or visual stimulus to study evoked potentials.
The system allows performing the following tests:
 Visual (LED), pattern, auditory, electrical stimulation;
 single pulse and train stimulation (rectangular electrical pulses of specified current
and voltage);
 repetitive stimulation;
 surface EMG acquisition;
 nerve conduction study;
 needle EMG acquisition;
 EP recording: auditory, somatosensory, visual, cognitive;
The system is intended for use only by qualified operators who have received training
on these devices.

Contraindications
There are no absolute contraindications to perform IONM and
EMG/EP.
Common relative TCeMEP contraindications include epilepsy, cortex
lesion, skull defects, high intracranial pressure, intracranial vascular
clips, electrodes, shunts and other implanted devices (cardiac
pacemakers, pumps and bioelectrical devices).
If there are any relative contraindications, the benefit of the test
should be weighed against possible adverse effects. This judgemenent is best left to a skilled clinician familiar with the characteristics of
the device. The written informed consent of the patient should be
obtained.
Unexplained intraoperative seizure and/or arrhythmia can be
indications to abort transcranial or direct current stimulation.
If TCeMEP monitoring is done in patients with epilepsy, it is
recommended to perform EEG monitoring simultaneously.
The use of muscle relaxants may result in partial or complete
suppression of spontaneous and stimulation EMG. That is why
their use must be restricted. Be attentive that the results obtained
with these techniques are false when the muscle relaxants are
effective. Wait till it wears off.
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For EMG monitoring if muscle relaxant is used for a long period of
time, it is strongly recommended to perform the train-of-four (TOF)
test to assess the degree of neuromuscular blockade. If the function
to be monitored is lost completely for a long time, IONM monitoring is
not recommended.

Warnings and Precautions
Neuro-IOM system does not allow excluding the neurological deficit as
a result of accidental traumas or neural structure cut.
To perform safe and reliable monitoring, select adequate anesthetic
protocol and choose the appropriate electrodes and probes. Make
sure the application techniques are performed properly.
The system must be used by the qualified medical personnel trained
to operate on it and knowledgeable of intraoperative neurophysiological monitoring application.
During the work on the system it is required to observe the working
regulations concerning the safety rules while operating on electrical
installations.
High voltages (up to 1000 V) are presented within the system.
To provide safety measures and exclude the hazard of medical
staff’s or patient’s electric shock, the medical staff is
PROHIBITED to:
 use the system which was mounted and installed incorrectly, without following this manual instructions;
 eliminate faults connected with opening of the components
included in the delivery set;
 work with the system when the electronic unit box,
computer or other devices used together with the system
are open;
 cover fan outlets of the system. Since it is important to
allow unrestricted air flow, the instrument must be placed
on a hard surface;
 operate in an explosive environment (high oxygen
concentration) or in the presence of flammable anesthetics;
 plug in any products, which are not included to delivery set
of the system, to the electrode connectors;
 connect patient electrodes to protective ground or other
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conducting surfaces;
 place stimulating and recording electrode near or in close
contact with patient’s heart and implanted devices.
IT IS REQUIRED TO:
 check the system for the absence of case cracks and
other defects, inspect cables, contacts before and after
each use;
 separate as far distant as possible from other medical
equipment and avoid multiple crossing of IOM cables with
cables of other equipment. Make sure, that there are no
recording electrode cables near the stimulating electrodes
(within 5 cm) as far as it can cause the noises during
the stimulation;
 perform direct current stimulation of nervous structures
using the low current stimulator pod;
 use transcranial electrical stimulator only for TCeMEP
monitoring;
 patient’s eye lids should be closed before placing LED
goggle intended to perform the monitoring of visual EP;
 avoid long-term stimulation of a patient using high sound
pressure level and high-intensity light at ABR and VEP
monitoring as it can result in permanent changes in visual
acuity and hearing loss;
 when the electrical stimulator is used, take the following
precautions:


it is prohibited to place the stimulating electrodes to
ensure the trans-thoracic passing of stimulation current;



ensure the reliable electrode – skin contact by wetting
the felt pads to exclude the risk of skin damage (i.e.
burns) induced by stimulating electrodes;



when the system operates in EMG/EP mode, control
the electric current density because of skin damage
risk;



The maximum current density in the pulse depends on
the stimulation frequency, pulse duration, electrode
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area and is calculated using the equation:

J

f * Tp *

I
I
A , hence

2* А
f * Тр

,

where f – stimulation frequency, Tp – pulse duration, I –
the electric current, A – electrode area.
In some cases (for example, nerve is damaged) the higher
current values can be required.


The area of electrodes supplied with the system is
stated in the technical manual for these electrodes. For
example, for the stimulating bar electrode with replaceable steel and felt stimulation pads (adult) SBE-2
the area of felt pad is 0.5 cm2, the stimulation frequency
– 4 Hz, pulse duration – 0.1 µs. Using the equation we
calculate the following I 

2 * 0.5
 50mA.
4 * 0.0001

Thus, it is required to stimulate carefully using the abovementioned parameters when the current exceeds 50 mA.
 after each IOM procedure the multiple use system
components should be cleaned and disinfected according
to your local regulations.
 adhere to the unit cleaning instructions. Always switch off
the power supply, disconnect all components and unplug
the device mains cable from mains outlet socket before
device cleaning.
When the system is used together with electrosurgical
equipment (to avoid burns at the sites of electrode placement and possible damage of the system), it is REQUIRED
to:
 make sure that all used mains outlet sockets are
grounded and comply with the safety standard of
the medical establishment;
 check the fixation of reference and ground electrodes
(with sufficient contact area) of electrosurgical equipment;
 avoid the location of IOM system in close vicinity from
electrosurgical equipment.
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 IT IS PROHIBITED TO:
 switch on and use the high-frequency electrosurgical
equipment simultaneously with low current stimulating
probe;
 leave stimulating probes in operative area;
 place stimulating or recording electrodes under the
reference electrode of electrocoagulator or in the direct
vicinity from it.

Possible Side Effects
Neuromonitoring is a safe procedure with an extaordinary rare occurrence of intra and
postoperative side effects and complications:
1. Slight or moderate pain in muscles contracted at stimulation and paresthesia
symptoms in innervative area of stimulated nerves may last not more than 24
hours after the surgery.
2. When delivering maximal and submaximal stimulation and using wide interhemispheric electrode placement of TCeMEP stimulating electrodes (for example, C3-C4) that may cause jaw movements, use bite blocks to minimize
the risk of tongue-biting injuries, mandibular fracture and injury of tunica mucosa of mouth caused by endotracheal tube. It is recommended to place
the bite blocks bilaterally between the molars on each side. Routinely check
bite blocks for displacement during the surgery.
3. The insertion of needle electrodes (including in EMG/EP mode) may cause
the small bleeding, bruise or focal inflammatory response. It has extremely rare
clinical significance.
4. Patient movement may occur during transcranial stimualtion and high-intensity
stimulation leading to inadvertent injury. Take adequate steps to avoid
stimulation when patient movement could cause injury.
5. When stimulation parameters are adjusted incorrectly, it may result in injury or
burn of nerve and other structures within the operation area and occurrence of
postoperative neurological deficit.
6. Transcranial electrical stimulation of submaximal and maximal intensity and inadequate electrode placement may cause light burns at the sites of electrode
placement on sculp. However the majority of burns during IOM are caused by
electrosurgery equipment;
7. The direct cortical stimulation and TCeMEP may induce partial and generalized
seizures. However there are no cases of new-onset postoperative epilepsy
caused by IOM in clinical literature;
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8. The local allergic reactions to adhesive and working surfaces of disposable recording and stimulating electrodes may occur;
9. The visual and hearing impairments at long-term high-intensity stimulation of
the related sense organs during VEP and ABR monitoring;
10. Risk of nonfatal arrhythmia occurring at transthoracic stimulation may be an indication to abort the electrical stimulation or TCeMEP considering risk-benefit
ratio for a patient.
11. Skin redness or any unusual signs may be observed during the stimulation. If it
occured, stop the stimulation, remove the electrodes from the skin surface and
wash carefully the places of electrode settings with disinfectant solution.
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1.

Description
1.1. Specifications
Table 1. Main Specifications
Parameters

Values

Inputs for Acquisition Pods
Number of channels
 64/B variant
 32/B and 32/S variants
 16/S variants
Voltage range
Ratio error of voltage measurement
Common-mode rejection ratio at 50 Hz frequency
Noise level (with input shorted)
Bandwidth

64
32
16
10 µV ‒ 150 mV
±10%
> 90 dB
< 0.6 µV in
5 – 3000 Hz
0.2 – 4000 Hz @ -3(±0.5) dB

Input impedance (common-mode)

> 1 GΩ

Input capacitance (common-mode)

< 30 pF

Input impedance (differential mode)

> 500 MΩ

DC offset rejection (±800 ± 20 mV)

yes

Patient leakage current
Bandpass flatness in the range:
 0.2 to 4 kHz relative to input signal
Selectable filters @ -3(±0.5) dB

< 0.1 µA
–30 to +5%
yes

High pass filter

0.2, 0.5, 1, 2, 5, 10, 20, 50, 100,
200, 500, 1000, 2000 Hz

Low pass filter

10, 15, 20, 30, 35, 50, 75, 100,
150, 200, 300, 500 Hz;
1, 1.5, 2, 3, 4 kHz

Display gain

Ratio error of display gain
Sweep speed

0.05, 0.075, 0.1, 0.15, 0.2, 0.25,
0.4, 0.5, 0.75, 1, 1.5, 2, 2.5, 4, 5,
7.5, 10, 15, 20, 25, 40, 50, 75,
100, 150, 200, 250, 400, 500,
750 µV/div;
1, 1.5, 2, 2.5, 4, 5, 7.5, 10, 15,
20 mV/div
±5%
0.1, 0.15, 0.2, 0.25, 0.4, 0.5,
0.75, 1, 1.5, 2, 2.5, 4, 5, 7.5, 10,
15, 20, 25, 40, 50, 75, 100, 150,
200, 250, 400, 500, 750 ms/div.;
1, 1.5, 2, 2.5, 4, 5, 7.5, 10, 15,
20 s/div.

Ratio error of sweep speed

±1%

Sound notification at EMG signal acquisition

yes
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Table 1. Continued
Parameters

Values

Impedance measurement of all inputs including patient ground within
the measurement range
 from 500 Ω to 10 kΩ – ± 0.5 kΩ
 from 10 kΩ to 300 kΩ – ± 15 %

yes

1-32 inputs and 33-64 inputs are montageable to any channel within
the channel group

yes

Built-in calibration for all acquisition channels

yes

Built-in calibration wave

sinusoidal,
rectangular

Peak-to-peak amplitude of built-in calibration

(1±0.5) mV

Signal frequency of built-in calibrator:
 sinusoidal waveform
 rectangular waveform

(10±0.1) Hz
(1±0.01) Hz

Notch filter

> 40 dB
Inputs for EMG/EP Electrodes

Number of channels:
 64/B variant
 other variants
Sampling rate

> 100 kHz

Voltage range

10 µV ‒ 150 mV

Common-mode rejection ration at 50 Hz frequency

> 110 dB

Noise level (with input shorted)

< 0.7 µV in the band of
20 Hz – 10 kHz

Bandpass

from 0.05 to 10 000 Hz
@ -3 (± 0.5) dB

Patient leakage current
Bandpass flatness in the range
from 0.2 to 10 kHz (as to input signal)

< 0.1 µA
–30 to +5%

Input impedance (common-mode)

>= 2 GΩ (±10%)

Input capacitance (common-mode)

< 30 pF

Input impedance (differential mode)

> 200 MΩ

DC offset rejection

±(800 ± 20) mV

High pass filter

0.2, 0.5, 1, 2, 5, 10, 20; 50; 100;
200; 500; 1000; 2000; 5000 Hz

Low pass filter

10, 15, 20, 30, 35, 50, 75, 100,
150, 200, 300, 500 Hz;
1, 1.5, 2, 3, 4, 5, 10 kHz

Notch filter
Display gain
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4
2

> 40 dB
0.05, 0.075, 0.1, 0.15, 0.2, 0.25,
0.4, 0.5, 0.75, 1, 1.5, 2, 2.5, 4, 5,
7.5, 10, 15, 20, 25, 40, 50, 75,
100, 150, 200, 250, 400, 500,
750 µV/div;
1, 2, 3, 4, 5, 8, 10, 15, 20 mV/div

Description
Table 1. Continued
Parameters

Values

Ratio error of display gain
Sweep speed

within ±5%
0.1, 0.15, 0.2, 0.4, 0.5, 0.75, 1,
1.5, 2, 2.5, 4, 5, 7.5, 10, 15, 20,
25, 40, 50, 75, 100, 150, 200,
250, 400, 500,
750 ms/div; 1, 2, 3, 4, 5, 8, 10,
15, 20 s/div

Relative error of sweep speed

within ±1%

Sound notification at EMG signal acquisition

yes

Impedance measurement of all inputs including patient ground within
the measurement range
 from 500 Ω to 10 kΩ – ± 0.5 kΩ
 from 10 kΩ to 300 kΩ – ± 15 %

yes

Parameters of Electrical StimulatorBuilt-in Electronic Unit
Number of channels:
64/B and 32/B variants
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Stimulus type

voltage or current

Pulse amplitude at current stimulation

0 − 200 mA,
0.1 mA step

Maximum voltage at current stimulation

425 V ± 25 V
at 1 kΩ

Pulse amplitude at voltage stimulation

0 – 400 V,
1 V step

Maximum current at voltage stimulation

210 mA ± 10 mA
at 1 kΩ

Relative deviation of pulse amplitude
Stimulus waveform

±5%
rectangular
(monophasic, biphasic)

Stimulus polarity

normal, inverse

Pulse duration

50 − 5000 µs,
10 µs step

Admissible relative deviation of pulse duration in the range

not more than 10%

Stimulation modes
Stimulation frequency

single pulse, train



Relative error of stimulation frequency

0.01 - 1 Hz with 0.05 Hz
step
1 – 100 Hz with 1 Hz
step
± 5%

Number of pulses in train

2 – 200

Interpulse interval in train

2 to 10 ms (± 5%)
with 0.08 ms step
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Table 1. Continued
Parameters
Admissible absolute deviation of intertrain interval at repetitive
stimulation

Values
± 0.01 ms

Low Current Stimulator Built-in Electronic Unit (for 64/B and 32/B Variants)
Number of channels

1

Stimulus type

current or voltage

Pulse amplitude at current stimulation

0 − 20 mA,
0.01 mA step

Maximum output voltage at current stimulation

30 V ± 3 V
at 10 kΩ

Pulse amplitude at voltage stimulation

0 – 30 V,
0.1 V step

Output current limit at voltage stimulation
Relative deviation of pulse amplitude
Stimulus waveform

22.5 ± 2.5 mA
at 1 kΩ
±5%
rectangular
(monophasic, biphasic)

Stimulus polarity

normal, inverse

Pulse duration

50 − 500 µs,
50 µs step

Absolute deviation of pulse duration
Stimulation mode

± 5 µs
single pulse, train

Stimulation frequency

0.01 to 100 Hz (± 5 %)
with 0.05 Hz step

Number of pulses in train

1 – 200

Interpulse interval in train

2 to 10 ms (± 5 %)
with 0.08 ms step

Output impedance

< 170 Ω
Electrical Stimulator Built-in Amplifier Unit

Number of channels
1
 for 64/B variant ;
2
 for other variants .
Current pulse waveform

rectangular,
< 10 µs rise time

Pulse polarity

normal, inverse

Pulse amplitude at current stimulation
Relative error of pulse amplitude

1
2

8
4

0 – 200 mA,
0.1 mA step
±10%

8 pairs of outputs are montageable if two electronic switches of electrical stimulators are available.
4 pairs of outputs are montageable if electronic switch of electrical stimulator is available.
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Table 1. Continued
Parameters
Pulse duration

Values
50 to 5000 µs with 1 µs step

Admissible absolute deviation of pulse duration
User-selected stimulation mode

±10%
single pulse, repetitive, train

Stimulation frequency

0.01 to 100 Hz (±5%)
with 0.05 Hz step

User-selectable number of pulses in train

1 to 255

Low Current Stimulator Built-in Amplifier Unit
Number of channels
 for 64/B and 32/B variants;
 for other variants.

2
1

Current pulse waveform

rectangular,
< 10 µs rise time

Pulse polarity

normal, inverse

Pulse amplitude at current stimulation

0 – 20 mA, 0.01 mA step

Relative error of pulse amplitude
Pulse duration

±10%
50 to 500 µs with 1 µs step

Admissible absolute deviation of pulse duration
User-selected stimulation mode
Stimulation frequency

±5 µs
single pulse, repetitive, train
0.01 to 100 Hz (±5%)
with 0.05 Hz step

Selection of pulses in train from 1 to 255 at stimulation by trains

yes

Transcranial Electrical Stimulator Built-in Electronic Unit
Number of channels:
 64/B and 32/B variants
Number of channels/switched outputs when using electronic switch
Pulse amplitude
Absolute deviation of pulse amplitude
Pulse waveform
Pulse polarity
Stimulation mode
Pulse duration

1
1/4
0 – 1000 V, 5 V step
±5 V
rectangular
(monophasic, biphasic)
normal, inverse
single pulse, train, double train,
train + pulse
40, 50, 60, 70, 80, 100, 150,
200 µs

Absolute deviation of pulse duration

±5 µs

Number of pulses in train

1–9

Interpulse interval in train

1.0 – 10.0 ms,
0.01 ms step

Absolute deviation of intertrain interval
Intertrain interval

±0.01 ms
1.0 – 10.0 s,
0.01 s step
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Table 1. Continued
Parameters

Values

Intertrain interval
 “double train” mode
Interval between train and pulse
 “train + pulse” mode

0.01 – 0.99 s
with 0.01 s step

Output impedance

(70 ± 5) Ω
Auditory Stimulator

Number of channels
 64/B variant;
 other variants.

4
2

Pulse frequency

0.01 – 100 Hz

Relative deviation of pulse frequency

±0.1%

Click duration

100 – 5000 µs (±20 µs)

Tone frequency

100 – 5000 Hz

Tone pulse duration

0.1 – 90 ms
Visual Stimulator

Number of channels:
 64/B variant;
 other variants

4
2

Stimulus duration

2 – 1500 ms

Relative deviation of stimulus duration

±10%

Stimulus frequency

0.01 – 100 Hz

Relative deviation of stimulus frequency

±10%

Maximum luminance of LED goggles per one side

from 1500 to 10000 cd/m2

Pattern Stimulator
Number of channels

1

Pulse type

checkerboard

Maximum resolution

320х240 squar.

Frequency of reversal pattern images

0.1 – 10 Hz (±10 ms)

Fixation point

yes
Electrosurgery Detector

Number of channels
 64/B variant;
 other variants.

4
2

Minimal detected current within 150 kHz - 2.5 MHz frequency range

100 mA

Trig in/out Channel
Number of channels
Input signal
Input impedance

TTL (high – Uin. > 2.4 V; low –
Uin. < 0.8 V)
> 47 kΩ

Output signal

TTL (high – Uout. > 4.5 V; low –
Uout. < 0.5 V)

Pulse duration

(1 ± 0.1) ms

Output impedance
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< 1 kΩ

Description
Table 1. Continued
Parameters

Values

General Parameters and Specifications
Interface
Supply voltage
Power consumption
 64/B variant
 32/B variant
 32/S variant
 16/S variant
Dimensions:
 Neuro-IOM electronic unit (with adjustable handle)
 32-channel amplifier
 16-channel amplifier
 electrical stimulator pod (for 1-4 channels)
 electrical stimulator pod (for 5-8 channels)
 low current stimulator pod
 Neuro-TES electronic switch
 Neuro-TES electronic switch
 acquisition pod (A), (B), (C), (D)
 electronic switch of electrical stimulator
 patient simulator
 visual stimulator PhS-4 (R or L enclosure)
 visual stimulator (LED goggles)
 insert earphones (unit)
 footswitch
 dedicated keyboard DK-01
 clamp for dedicated keyboard
 auditory stimulator (TDH-39 headphones)
 patient button
 isolation transformer TM-630M

USB
220±22 V AC (50/60 Hz)
< 130 W
< 65 W
< 65 W
< 50 W
(500410150) ± 15 mm
(260255110) ± 10 mm
(260255110) ± 10 mm
(1153012) ± 5 mm
(1153012) ± 5 mm
(1153012) ± 5 mm
(1784020) ± 5 mm
(1508026) ± 5 mm
(2053012) ± 5 mm
(1508026) ± 3 mm
(1257826) ± 3 mm
(573320) ± 3 mm
(1604345) ± 5 mm
(503710) ± 2 mm
(35516347) ± 5 mm
(18511747) ± 5 mm
(17016297) ± 5 mm
(19016676) ± 5 mm
(1144726) ± 3 mm
(278180154) ± 10 mm

Weight:
 Neuro-IOM electronic unit
 32-channel amplifier
 16-channel amplifier
 electrical stimulator pod (for 1-4 channels)
 electrical stimulator pod (for 5-8 channels)
 low current stimulator pod
 Neuro-TES electronic switch
 Neuro-TES electronic switch
 acquisition pod
 Neuro-IOM electronic switch
 patient simulator
 visual stimulator PhS-4 (R or L enclosure)
 visual stimulator (LED goggles)
 insert earphones (unit)
 footswitch
 dedicated keyboard DK-01
 clamp for dedicated keyboard
 auditory stimulator (TDH-39 headphones)
 patient button
isolation transformer TM-630M

(8.5±0.5) kg
(3.0 ± 0.3) kg
(2.6 ± 0.2) kg
(0.3 ± 0.03) kg
(0.3 ± 0.03) kg
(0.26 ± 0.03) kg
(0.65 ± 0.06) kg
(0.6 ± 0.06) kg
(0.4 ± 0.04) kg
(0.52 ± 0.05) kg
(0.12 ± 0.01) kg
(0.2 ± 0.02) kg
(0.1 ± 0.02) kg
(0.2 ± 0.02) kg
(1.35 ± 0.2) kg
(0.32 ± 0.03) kg
(0.34 ± 0.03) kg
(0.44 ± 0.05) kg
(0.16 ± 0.02) kg
(10.0 ± 1.0) kg

Total weight

(37.0 ± 0.4) kg

Safety

CF type

Safety and Electromagnetic Compatibility

Electromagnetic compatibility (EMC) is ensured in compliance with the requirements
of IEC 60601-1-2-2001 standard.
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The digital system is intended for operation in electromagnetic environment, which
special features are specified in Annex 1.
The mobile radio-frequency equipment can impact the system.
The use of accessories not listed in Table 3 and Table 4 of this technical manual can
cause the increase of electromagnetic emissions or decrease of the electromagnetic
immunity.
As for safety, the digital system complies with the requirements of IEC 60601-1-12011, IEC 60601-1-2010 and GOST R 50267.0.4-99 standards. The electronic unit is
supplied by AC mains 220 V, 50 Hz, it has double isolation and CF type work parts
according to GOST IEC 60601-1-1-2011 and GOST R IEC 60601-1-2010.

1.2. Delivery Set
Neuro-IOM system has a modular design and consists of electronic unit and 32-channel
(or 16-channel) amplifier unit (Fig. 1).

Fig. 1. Neuro-IOM system.

Neuro-IOM system for intraoperative neurophysiological monitoring can be delivered in
one of four variants. The distinctive features of each variant are shown in Table 2.
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Table 2.

Distinctive features

64/B variant

32/B variant

32/S variant

16/S variant

Amplifier channels

64

32

32

16

EMG/EP channels

4

2

2

2

10 (8+8*=16)

9 (8+4**=12)

1 (4**)

1 (4**)

Low current stimulator
channels

3

2

1

1

Transcranial electrical
stimulator channels

1 (4***)

1 (4***)

―

―

Auditory stimulator channels

4

2

2

2

Visual stimulator channels

4

2

2

2

ES detector channels

4

2

2

2

Pattern stimulator channels

1

1

1

1

Electrical stimulator channels

* can be switched to 8 pairs of outputs if two electrical switches are available.
** can be switched to 4 pairs of outputs if electrical switch is available.
*** if Neuro-TES electronic switch is available.
The delivery set of digital system includes the electronic unit(s), different pods,
switches and software, which can be delivered to a customer both jointly and separately, and also components and bought articles. The delivery set variants are listed in
the Table 3 and Table 4 where:
1 – Neuro-IOM system for intraoperative neurophysiological monitoring (64/B variant);
2 – Neuro-IOM system for intraoperative neurophysiological monitoring (32/B variant);
3 – Neuro-IOM system for intraoperative neurophysiological monitoring (32/S variant);
4 – Neuro-IOM system for intraoperative neurophysiological monitoring (16/S variant).
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Table 3. Base Delivery Set

Name

Order code or
specifications

1

2

3

4

NS064201.012-021

1

1

‒

‒

Neuro-IOM 32-channel amplifier

NS064201.010-00.02

1

‒

1

‒

Neuro-IOM 16-channel amplifier

NS064201.010-01.02

‒

‒

‒

1

USB cable (A→B)

NS007103.005-01

2

1

1

1

Mains supply cable

CEE 7/7 – IEC C13, 220 V,
10 А, l = 1.8 m
(3G×0.75 sq. mm)

2

1

1

1

Electrical stimulator pod (for 1-4 channels)

NS061201.007-12

1

1

‒

‒

Electrical stimulator pod (for 5-8 channels)

NS061201.007-22

1

1

‒

‒

Low current stimulator pod

NS061201.009-02.50

1

1

1

1

Neuro-TES electronic switch

NS070201.006-020
NS070201.007-02.50

1

1

‒

‒

Neuro-IOM electronic switch

NS072201.003-02

‒

‒

1

1

Neuro-IOM acquisition pod (A)

NS064201.009-02

2

1

1

1

Neuro-IOM acquisition pod (B)

NS064201.009-12

2

1

1

1

Neuro-IOM acquisition pod (C)

NS064201.009-22

2

1

1

‒

NS064201.009-32

2

1

1

‒

NS990106.055

1

1

1

1

NS990106.054

1

1

1

1

NS990106.053

1

1

1

1

NS990106.052

1

1

1

1

Disposable subdermal single needle electrode
“S50716” 1)

NS990106.044-003

10

6

6

6

Disposable subdermal single needle electrode
“S50716” 1)

NS990106.044-005

Neuro-IOM 32-channel electronic unit

Neuro-IOM acquisition pod (D)
Disposable pedicle screw probe “D3603”
Disposable monopolar probe “D3602”
Disposable bipolar probe “D3601”

1)

1)

1)
1)

Disposable concentric probe “D3600”

22

Quant-ty, pcs.

9

17

9

9

packs

packs

packs

10 10

pack
s

Reusable subdermal corkscrew needle
electrode “S50715” 1)

NS990106.041

10

10

Ground electrode with cable (adult) (700 mm)
“GE-3” 1)

NS990998.015

1

1

1

1

Ground electrode with cable (adult) (400 mm)
“GE-2” 1)

NS990998.006

1

1

1

1

Description
Table 3. Continued

Name

Order code or
specifications

Quant-ty, pcs.
1

Disposable surface electrode (30 pcs.) 1)

PG 10C (FIAB, Italy)

Cable for disposable electrode: “button” clip
– touch-proof (2 m)
 white
 green
 red
 black
 yellow
 blue

Insert earphones “ER3-10”

1)

Video cable

Medical tape

4

1
1
1
1
packpack pack pack
2
2
2
1
1
2

2
2
2
1
1
2

2
2
2
1
1
2

2
2
2
1
1
2

NS064302.001

1

1

1

1

NS074354.001-50

2

2

2

2

E-A-RTONE™
(3M Company, USA)

1

1

1

‒

SWA3525/10 (2RCA-2RCA, 1
10 m), Philips

1

1

1

Video capture card
1)

3

NS990103.037-01.20
NS990103.037-02.20
NS990103.037-03.20
NS990103.037-04.20
NS990103.037-05.20
NS990103.037-06.20

Visual stimulator (LED goggles) “PhS-4”
ES detector clip “DK-1-50”

2

USB

1

1

1

1

Item 1527-2, Transpore,
(3M Company, 3M
Health Care, USA)

4

4

4

4

NS036999.001

1

‒

‒

‒

without optional modules

1

1

1

1

Computer Equipment 2):
Isolation transformer “TМ-630М”2)
Software:
Neuro-IOM.NET software

Operational Documentation:
Neuro-IOM technical manual

TM064.01.001.000

1

1

1

1

“Electrodes for EMG and EP study” technical
manual

TM990.01.002.000

1

1

1

1

Neuro-IOM.NET user manual

UM064.01.002.000

1

1

1

1

“Exams manager” annex to user manual

AM999.01.005.000

1

1

1

1

1

1

1

1

Package:
Transportation bag

‒

Note:
1)

The accessories and consumables of analogous types can be used if their application is
permitted in the country.
2)
All computer equipment must comply with the requirements of IEC 60950 and
CISPR 22 for B class.
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Table 4. Optional Equipment and Software

Name

Quant., pcs.
1

2

3

4

Patient simulator

NS064201.011-02

1

1

1

1

Neuro-IOM electronic switch

NS072201.003-02

1

1

‒

‒

Cable for stimulating electrodes with touchproof connector

NS070103.002-045

1

1

1

1

Cable to attach transcranial electrical
stimulator switch to patient simulator

NS064103.010

1

1

1

1

Cable to attach acquisition pod to patient
simulator

NS064103.011

1

1

1

1

Cable to attach electrical stimulator pod to
patient simulator

NS064103.012

1

1

1

1

NS990103.038-03.05

1

1

1

1

NS015103.013-01

1

1

1

1

Disposable bipolar probe, precision
“D3604” 1)

NS990106.056

1

1

1

1

Disposable monopolar probe, tapered
“D3605” 1)

NS990106.057

1

1

1

1

Disposable subdermal curved needle
electrode “S45638” 1)

NS990106.045

20

10

10

10

Disposable subdermal hooked needle
electrode “S50719” 1)

NS990106.047

20

10

10

10

2 х 8-contact (2 strips) disposable LTM/IOM
subdural grid electrode

FG16A-SS10X-000 (ADTECH
(SHENZHEN) TECHNOLOGY
CO., LTD, China)

1

1

1

1

16-contact lightweight CABRIO connector/cable

L-SRL-16BDIN (ADTECH
(SHENZHEN) TECHNOLOGY
CO., LTD, China)

1

1

1

1

4-contact disposable IOM subdural strip
electrode

IS04R-SS10X-000(ADTECH
(SHENZHEN) TECHNOLOGY
CO., LTD, China)

1

1

1

1

4-contact lightweight CABRIO connector/cable

L-SRL-4DIN (ADTECH
(SHENZHEN) TECHNOLOGY
CO., LTD, China)

1

1

1

1

8-contact disposable IOM subdural strip
electrode

IS08R-SS10X-000 (ADTECH
(SHENZHEN) TECHNOLOGY
CO., LTD, China)

1

1

1

1

8-contact lightweight CABRIO connector/cable

L-SRL-8DIN (ADTECH
(SHENZHEN) TECHNOLOGY
CO., LTD, China)

1

1

1

1

20-contact, disposable single-tail LTM/IOM
subdural grid electrode

IG20C-SP10X-0TB (ADTECH
(SHENZHEN) TECHNOLOGY
CO., LTD, China)

1

1

1

1

20-contact lightweight CABRIO connector/cable

L-SRL-20DIN (ADTECH
(SHENZHEN) TECHNOLOGY
CO., LTD, China)

1

1

1

1

4-contact, disposable 3D style LTM/IOM
subdural strip electrode

MS04R-IP10X-0JH (ADTECH
(SHENZHEN) TECHNOLOGY
CO., LTD, Китай)

1

1

1

1

Touch-proof — touch-proof cable
Video cable
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Order code or
specifications

Description

Table 4. Continued

Name

Order code or
specifications

Quant., pcs.
1

2

3

4

8-contact, disposable 3D style LTM/IOM
subdural strip electrode

MS08R-IP10X-0JH (ADTECH
(SHENZHEN) TECHNOLOGY
CO., LTD, Китай)

1

1

1

1

3-contact disposable epidural spinal
electrode for D-wave with cable

CEDL-3PDINX-100 (ADTECH
(SHENZHEN) TECHNOLOGY
CO., LTD, Китай)

1

1

1

1

NS059988.007

1

1

1

1

NSFT 025999.003 DS
see Table 5

1

1

1

1

NSFT 064998 DS
see Table 6

1

1

1

1

T-5 trolley
Neuro-EP equipment for Neuro-IOM
Neuro-EMG equipment for Neuro-IOM

Computer and Electronic Equipment 2):
System unit 3)

the minimum requirements to
PC are listed in user manual

1

1

1

1

Notebook PC

the minimum requirements to
PC are listed in user manual

1

1

1

1

NS036999.001

1

1

1

1

Monitor

LCD 17”and more,
VESA mount, built-in power
supply unit

1

1

1

1

Printer

laser or jet

1

1

1

1

Neuro-MEP.NET software

with Neuro-MEP.NET/EMG
module

1

1

1

1

Neuro-MEP.NET software

with Neuro-MEP.NET/HW
module

1

1

1

1

Neuro-MEP.NET software

with Neuro-MEP.NET/EP
module

1

1

1

1

TM-630 M isolation transformer 4)

Software:

Note:
1)

2)
3)

4)

The accessories and consumables of analogous types can be applied if their use is permitted in
the country.
All computer equipment must comply with the requirements of IEC 60950 and CISPR 22 for B class.
The equipment can be supplied with other computer. However its specifications should comply
with the ones (not lower) stated in user manual.
Other isolation transformer can be supplied but it should comply with the requirements of
IEC 601-1-88.
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Table 5. Neuro-EP Equipment

Name

Order code or
specifications

Quant., pcs.

Neuro-EP Equipment:
Patient button

NS028201.006-020
NS028201.007-020

1

Visual stimulator (LED goggles)

NS005302.001

1

Auditory stimulator ( TDH-39 headphones)

NS032305.009

1

3m

1

NS990998.024

1 set

Stimulating bar electrode with replaceable
steel and felt stimulation pads (adult)
“SBE-2” 1)

NS990998.009

1

Y-adapter

NS006103.019

2

“TEN20”, 114 g (USA)

1

Everi, 160 г (Italy)

1

Item1527-2, Transpore
(3M Company, 3M Health
Care, США)

1

“Electrodes for EMG and EP studies”
technical manual

TM990.01.002.000

1

Neuro-MEP.NET (version 3) user manual

UM006.03.004.000

1

SVGA extension cable
Cup EP electrode with cable “EEP” (set of 8
pcs.) including: 1)
- NS990106.027-01.10 white, 1 m
- NS990106.027-02.10 green, 1 m
- NS990106.027-03.10 red, 1 m
- NS990106.027-04.10 black, 1 m
- NS990106.027-05.10 yellow, 1 m
- NS990106.027-06.10 blue, 1 m
- NS990106.027-09.10 brown, 1 m
- NS990106.027-10.10 purple, 1 m
- “Electrodes for EMG and EP studies”
technical manual

Electrode adhesive paste 1)
Electrode abrasive paste for skin
preparation 1)
Medical tape 1)

Note:
1)

The accessories and consumables of analogous types can be applied if their use is permitted in
the country.
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Table 6. Neuro-EMG Equipment

Name

Order code or
specifications

Quant., pcs.

Neuro-EMG Equipment:
Dedicated keyboard “DK-01”
Headphones for EMG playback

DS035.01.001.000

1

SVEN SPS-604 (Oy Sven
Scandinavia Ltd., Finland)

1

Reusable concentric needle electrodes
Goldline “D1216” 1):
- 20 mm
- 30 mm
- 40 mm
- 50 mm
- 60 mm

NS990106.039-001
NS990106.039-003
NS990106.039-004
NS990106.039-005
NS990106.039-006

Disposable concentric needle electrode
“В50600” 1):
- 25 mm
- 25 mm
- 37 mm
- 50 mm
- 75 mm

NS990106.038-001
NS990106.038-002
NS990106.038-003
NS990106.038-004
NS990106.038-005

25

NS028353.004

1

NS990998.023

1 set

NS990106.049

5 pcs.

NS056998.001

1

F 3001, FIAB (Italy)

100 pcs.

NS990103.027-03.02
NS990103.027-04.02

1
1

Reusable cable for concentric needle
electrode “D60451”

NS990103.044

2

Bar electrode (adult) BE-2 1)

NS990998.029

1

NS990998.028

1

NS990998.001

2

Footswitch
Cup EP electrode with cable including:
“EEP” (5 pcs.):

1)

-

NS990106.027-01.10 white, 1 m
NS990106.027-02.10 green, 1 m
NS990106.027-03.10 red, 1 m
NS990106.027-04.10 black, 1 m
NS990106.027-05.10 yellow, 1 m
“Electrodes for EMG and EP studies”
technical manual
“C1234”
Adjustable electro stimulating probe
“AESP-1” 1)
Disposable surface electrode 1)
Cable for disposable electrode connection
with Alligator clip
 red
 black

Bar electrode (pediatric) BE-1
Surface electrode “SE-1” 1)

1)

2
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Table 6. Continued

Name

Order code or
specifications

Quant., pcs.

Ground electrode with cable (pediatric)
(250 mm) “GE-1” 1)

NS990998.007

1

Ground electrode with cable (adult)
(400 mm) “GE-2” 1)

NS990998.006

1

Stimulating bar electrode with replaceable
steel and felt stimulation pads (adult)
SBE-2 1)

NS990998.009

Ring electrode (wide) RE-2 1)

NS990998.004

1

1m

1

Marker pen

red, water-based,
with 5 mm diameter

1

Electrode adhesive paste 1)

TEN20, 114 g (USA)

1

Everi, 160 g (Italy)

1

Measuring reel

Abrasive paste 1)

Item 1527-2, Transpore
(3M Company, 3M Health
Care, USA)

Medical tape 1)

1

1

Operational Documentation:
Neuro-MEP.NET (version 3) user manual

UM006.03.004.000

1

Note:
1)

The accessories and consumables of analogous types can be applied if their use is permitted in
the country.
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1.3. Structure and Operation
The block diagram of Neuro-IOM amplifier unit is shown in Fig. 2.

Fig. 2. The block diagram of 32-channel amplifier unit.

29

Neuro-IOM (Technical Manual)

The block diagram of Neuro-IOM electronic unit is shown in Fig. 3.

Fig. 3. The block diagram of Neuro-IOM.

Neuro-IOM electronic unit consists of the following blocks: 32-channel amplifier, multichannel electrical stimulator and transcranial electrical stimulator.
32-channel amplifier receives signals from the electrodes, amplifies them, quantizes
with the use of the analog-digital converter (ADC) and then transfers to the control PC
via USB. Besides digital system receives the commands from the control PC via USB.
32-channel IOM system includes several stimulators: electrical stimulator, low current
stimulator, visual stimulator, auditory stimulator and pattern stimulator.
30
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According to specified parameters these stimulators generate the pulses of specified
waveform, amplitude, polarity and repetition rate. The obtained pulses penetrate
through sense organs (visual, auditory, pattern stimulators) or skin (electrical
stimulator and low current stimulator) and impact the nervous system.
ES detectors are used to detect when the electrosurgical equipment (coagulator) is
working, avoid the false alarms and exclude the ES equipment impact to obtained results.
The USB hub is galvanically isolated from PC. It transmits the data and commands to
the control PC, 32-channel amplifier, transcranial electrical stimulator and multichannel electrical stimulator. It ensures the connection of external devices via USB
and power supply of transcranial electrical stimulator and multi-channel electrical
stimulator.
The multi-channel electrical stimulator consists of two types of stimulators: electrical
stimulator and low current stimulator. They receive the data with stimulation
parameters from PC and generate the rectangular pulses of specified intensity,
duration, polarity, repetition rate and quantity at a certain stimulator output. The stimuli
penetrate through the skin and impact the peripheral nervous system.
The transcranial electrical stimulator receives the data with stimulation parameters
from PC, generates the rectangular pulses of specified intensity, duration, polarity,
repetition rate and quantity. The stimuli penetrate through the sculp and impact
the brain.
The power supply unit powers the components of 32-channel Neuro-IOM amplifier
and USB hub. The system is powered from mains socket outlet with protective
earthing.
The synchronization of the system with Neurosoft equipment plugged into USB-A port
(on the front panel) is done via USB. The synchronization with equipment of other
manufacturers is done via trig-in/out sockets on the front panel of the system.
The digital system operates under control of PC (IBM PC type) with mouse, keyboard,
installed licensed Windows operating system (not less than XP SP3 version) and corresponding Neurosoft software.
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To check the operability of Neuro-IOM system the patient simulator is used. It is not
included to base delivery set and is supplied upon customer’s request (Table 2). You
can make it yourself using the block diagram shown in Fig. 4 or purchase in Neurosoft
Company.
The patient simulator allows to test the following operation modes:
‒

accuracy of impedance measurement;

‒

operability of stimulators (whether the stimulation occurs and the current
measurement accuracy);

‒

operability of averager.

The operability of the system is ensured also by the following components (together
with fastening elements)
‒

the connectors to ensure the patient simulator attachment to IOM system;

‒

the loading block that consists of a set of resistors emulating the electrodes
connected to a patient and resistance/impedance of patient;

‒

measurement block that is intended to measure the obtained stimulating
pulses;

‒

stimulus damping block consisting of load resistor and ballast resistor
intended to decrease stimulus amplitude delivered from stimulators.

‒

ground connection block intended to attach the ground output to execute
the required functions of the block.

All blocks and the components are interconnected with printed-circuit board.
The active electronic components inside the block are not provided. The device does
not require the power source to ensure the operation.
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Fig. 4. The block diagram of patient simulator.

1.4. Controls and Indicators
The front and rear panels of Neuro-IOM 32-channel electronic unit are shown in Fig. 5
and Fig. 6.

Fig. 5. The front panel of Neuro-IOM 32-channel electronic unit.

1.
Mains power switch with indicator. It lights green when power is supplied to
the system;
;

2.

USB−A connector to attach external devices

3.

USB−B connector to attach devices to computer;

4.

Trigger input/output (trig-in

/trig-out

).
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Fig. 6. The rear panel of Neuro-IOM 32-channel electronic unit.

1.

The connector to plug in the mains cable.

2.
The connector to plug in the negative (cathode) stimulating electrode of
transcranial electrical stimulator (TES);
3.

The connector to plug in the Neuro-TES electronic switch;

4.
The connector to plug in the positive (anode) stimulating electrode of transcranial
electrical stimulator (TES);
5.

The conector to plug in the low current stimulator pod;

6.

The connector to plug in the electrical stimulator pod (1-4 channels);

7.

The connector to plug in the electrical stimulator pod (5-8 channels);

8.

The connector to plug in the reversal pattern monitor;

9.

The connector to plug in the low current stimulator pod;

10.

The connector to plug in the visual stimulator;

11.

The connector to plug in the acquisition pod A;

12.

The connector to plug in the acquisition pod B;

13.

The connector to plug in the acquisition pod C;

14.

The connector to plug in the acquisition pod D;

15.

The connectors to plug in the auditory stimulator;

16.

The connector to plug in Neuro-IOM electronic switch*.

*If you use Neuro-IOM system as a digital EMG/EP system, you can plug in stimulating bar
electrode with replaceable steel and felt stimulation pads SBE-2, adjustable electo stimulating
probe AESP-1 or other stimulating electrodes** to this connector.
** the stimulating electrodes with the same parameters allowed for use in your country.
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17.

Connectors to plug in the ES detector clip;

18.

Connectors to plug in EMG/EP electrodes*:
1+ — touch-proof connector to attach the positive electrode of the first
channel.
1- — touch-proof connector to attach the negative electrode of the first
channel.
2+ — touch-proof connector to attach the positive electrode of the second
channel.
2- — touch-proof connector to attach the negative electrode of the second
channel.
— connector to attach the ground electrode.

* If you use Neuro-IOM as a digital EMG/EP system, you can plug in the following electrodes
into these connectors:

‒

cup EP electrode with cable “EEP”;

‒

disposable surface electrode;

‒

disposable concentric needle electrode “В50600”;

‒

bar electrode (pediatric) BE-1 and bar electrode (adult) “BE-2”;

‒

surface electrode “SE-1”’;

‒

ground electrode (pediatric) (250 mm) with cable “GE-1” and ground
electrode (adult) (400 mm) “GE-2”;

‒

ring electrode (wide) with cable “RE-2”;

‒

and others**.

** the stimulating electrodes with the same parameters allowed for use in your country.
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The front panel of Neuro-IOM 32-channel amplifier is shown in Fig. 7.

Fig. 7. The front panel of Neuro-IOM 32-channel amplifier.

1.

Connectors to plug in the ES detector clip;

2.

The connector to plug in Neuro-IOM electronic switch*.

3.

The conectors to plug in the auditory stimulator;

4.

The connector to plug in the reversal pattern monitor;

5.

The connector to plug in the low current stimulator pod;

6.

The connector to plug in the visual stimulator;

7.

The connector to plug in the acquisition pod D;

8.

The connector to plug in the acquisition pod C;

9.

The connector to plug in the acquisition pod B;

10. The connector to plug in the acquisition pod A;
11. Connectors to plug in EMG/EP electrodes.

* If you use Neuro-IOM system as a digital EMG system, you can plug in stimulating bar
electrode with replaceable steel and felt stimulation pads SBE-2 or adjustable electo
stimulating probe AESP-1 or other stimulating electrodes** to this connector.
** the stimulating electrodes with the same parameters allowed for use in your country.
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The front panel of 16-channel Neuro-IOM amplifier is shown in Fig. 8.

Fig. 8. The front panel of Neuro-IOM 16-channel amplifier.

1. Connectors to plug in the ES detector clip;
2. The connector to plug in Neuro-IOM electronic switch*.
3. The conectors to plug in the auditory stimulator;
4. The connector to plug in the reversal pattern monitor;
5. The connector to plug in the low current stimulator pod;
6. The connector to plug in the visual stimulator;
7. The connector to plug in the acquisition pod B;
8. The connector to plug in the acquisition pod A;
9. Connectors to plug in EMG/EP electrodes.
*If you use Neuro-IOM system as a digital EMG/EP system, you can plug in stimulating bar
electrode with replaceable steel and felt stimulation pads SBE-2 or adjustable electo
stimulating probe AESP-1 and other stimulating electrodes* to this connector.
** the stimulating electrodes with the same parameters allowed for use in your country.
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The rear panel of 16-channel and 32-channel Neuro-IOM amplifiers is shown in Fig. 9.

Fig. 9. The rear panel of 16-channel and 32-channel Neuro-IOM amplifiers.

1.

Connector to plug in mains power cable.

2.

Mains power switch with indicator. It lights green when power is supplied to
the system;

3.

USB−A connector to attach external devices

4.

Trigger input (trig-in

5.

Trigger output (trig-out

6.

USB−B connector to attach devices to computer.

);
);

The front panel of patient simulator is shown in Fig. 10.

Fig. 10. The front panel of patient simulator.
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1.

Connector to plug in the acquisition pods (A|B|C|D);

2.

Connector to plug in the electrical stimulator pods (1-4|5-8);

3.

Connector to plug in Neuro-TES transcranial electrical stimulator switch;

4.

The connector to plug in the low current stimulator pod;

5.

Contact pad.

The external views of electrical stimulator pods are shown in Fig. 11.

a)

b)

c)

Fig. 11. The external views of electrical stimulator pods.

a) The low current stimulator pod;
The side panel contains one pair of low current stimulator outputs to attach
the electrodes. The color marking shows the stimulus polarity by default. Red color
is positive polarity, black one – negative polarity.

b) The electrical stimulator pod (1-4 channels);
The side panel contains 4 pairs of electrical stimulator outputs (figures 1, 2, 3, 4
correspondingly). The color marking shows the stimulus polarity by default. Red
color is positive polarity, black one – negative polarity.

c) The electrical stimulator pod (5-8 channels);
The side panel contains 4 pairs of electrical stimulator outputs (figures 5, 6, 7, 8
correspondingly). The color marking shows the stimulus polarity by default. Red
color is positive polarity, black one – negative polarity.

The acquisition pods are fixed to the railing of surgery table using the silicone tape
with “button” clip.
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The external view of Neuro-TES electronic switch panels is shown in Fig. 12.

Fig. 12. The external view of electronic switch.

1.

On/Off LED indicator.
The indicator shows the operation mode:
 lights yellow when the stimulator is off and the stimulation is not run;
 lights green if the stimulation is run.

2.

The electronic switch outputs 1…4 to attach the stimulating electrodes.
The outputs are color-coded:
 red — anode (+);
 black — catode (‒).

3.
The connector (red) (pos. 3, Fig. 12) to plug into anode output (+) of transcranial
stimulator of Neuro-IOM unit (pos. 4, Fig. 6).
4.
The connector (black) (pos. 4, Fig. 12) to plug into to cathode output (‒) of
transcranial stimulator of Neuro-IOM unit (pos. 2, Fig. 6).
5.
The control connector (pos. 5, Fig. 12) to plug into control output of transcranial
stimulator of Neuro-IOM unit (pos. 3, Fig. 6).
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The external view of acquision pods is shown in Fig. 13, Fig. 14, Fig. 15 and Fig. 16.

Fig. 13. The external view of acquisition pod (A).

Fig. 14. The external view of acquisition pod (B).
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Fig. 15. The external view of acquisition pod (C).

Fig. 16. The external view of acquisition pod (D).

42

Description

The front panel of Neuro-IOM electronic switch is shown in Fig. 17.

Fig. 17. The front panel of Neuro-IOM electronic switch.

1.

The switch outputs 1…4 to plug in stimulating electrodes.
The outputs are color-coded:


red — anode (+);



black — catode (‒).

1.5. Labeling
The examples of labels of electronic units are shown in Fig. 18.

Fig. 18. The examples of labels.
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Interpretation of Symbols on Electronic Units and Front Panels:
– high voltage.
– grounding.
– attention: consult user and technical manuals.
– work parts of CF type according to IEC 60601-1.
 mark of conformance to 93/42/EEC “Concerning Medical Devices” directive.
 mark of conformance to 2012/19/EC “On waste electrical and electronic

equipment (WEEE)” directive.
 manufacturing date by ISO 15223-1.
 batch code by ISO 15223-1.
 catalogue number by ISO 15223-1.
 serial number by ISO 15223-1.
 manufacturer’s address.
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2.

Assembly and Installation
2.1. Requirements to Personnel Conducting
System Assembly and Installation
The system should be installed by the person who is authorized by the manufacturer
or the technical personnel of the medical institution which is going to use it. It is necessary to know that safety and quality of operation depend on the proper assembly of
the system. Further assembly and installation requirements which define the product
safety will be marked by bold and italic font in the text.

2.2. Room Selection and Placement
Before the system mounting and installation, it is necessary to select a place for it,
taking into consideration power wiring and protective ground in the room, and also to
read the following requirements and recommendations:
Requirements concerning the room selection and the equipment placement:
 The recommended distance from the electronic unit to the short-wave or microwave
therapeutic equipment is not less than 5 meters. It can cause the unstable operation.
 The recommended distance from the electronic unit to the nearest mains is not less
than 3 meters.
 It is recommended to place the electronic unit on the maximum possible distance
from power cables, switchboards, and different powerful electrical devices which
can emit electromagnetic fields of mains frequency.
 The use of mobile radio-frequency communication facilities near the system is
prohibited. It can cause its unstable operation.
 Besides avoid the system placement near hot or cold sources, direct sunlight and
air flows.
 Place Neuro-IOM system (with acquisition and stimulation pods) as far from ES
equipment (coagulator) as possible.
 The patient environment (within 1.5 meters) should contain only
the electronic units being the medical devices with the required safety level.
The fact is that the safety level of the computer equipment is insufficient for
the use in the patient environment. Hence, a patient must not contact with
the metal parts of computer equipment cases and the personnel must not
touch simultaneously these parts and patient body. The computer equipment
used in the system should comply with IEC 60601-1 requirements or be con45
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nected via the isolation transformer (specialized power supply unit – for
notebook PC) complying with above-mentioned requirements.
Requirements to mains:
 The use of electric mains in which the neutral conductor and protective
ground are combined is strongly prohibited.
 Before the system placement, the electrician must check the quality of standard tripolar sockets and the integrity of the protective ground circuit.
 In case the system components are connected to several tripolar sockets,
make sure they are grounded to the same protective ground circuit. Otherwise, there is a danger of several tens of Ampers leveling current leakage
through the system connecting cables that leads to the equipment breakdown.
Requirements when connecting PC to LAN (Local Area Network)
 to avoid the electrical shock, the PC can be connected to LAN according to
10/100/1000-BaseT-Ethernet standard only if the LAN complies with the safety
requirements for medical items and devices (IEC 60601-1-2010) or if the isolation transformer complying with the above-mentioned requirements is used.

2.3. Unpacking and Delivery Set Check
If the box with the system was under conditions of the excessive moisture or low temperature which differs sharply from working conditions, it is necessary to place it in
the room and leave for 24 hours in normal conditions.
Unpack the box and extract the system components. The delivery set should comly
with the packing report list.
The computer equipment packed in separate boxes should be opened according to
operational documentation for these products.
Check visually the system components to make sure that there are no visible damages.

2.4. Assembly and Connection to Computer
If you purchase the system together with the computer, the equipment is delivered
with installed and configured software. If you purchase the system separately, install
the software using the distributive supplied on electronic media (USB flash drive, CD,
etc.).
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The software must be installed before the first connection of digital system
to the computer. Study carefully the corresponding chapter of the user
manual before starting to work.

If the distributive is missing, you can download all required software
modules
and
latest
software
version
from
our
site:
http://neurosoft.com/en/index/downloads. To get an access to the files,
enter login and password that you can inquire in commercial department of
Neurosoft Ltd.
Connect all required equipment (Fig. 19). The digital system can be connected to
the computer when it is on or off.

Fig. 19. Neuro-IOM connection diagram in IONM mode.
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Fig. 20. Neuro-IOM connection diagram in EMG/EP mode.

Fig. 21. Neuro-IOM connection diagram in EMG/EP mode.
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If the window shown in Fig. 22 appears after the system connection, press
button without inserting the installation disk.

Fig. 22. The “Found New Hardware Wizard” window.

If the message such as “Device has not been tested on the Windows XP compatibility”
appears, press the “Anyway continue” button.
As soon as the drivers are installed and the window shown in Fig. 23 appears, press
button.

Fig. 23. The “Completing the Found New Hardware Wizard” window.

Perform the same steps for all software modules included in the delivery set.
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3.

Proper Use
3.1. Setting-Up Procedures
Operating Limitations:
 Ambient temperature is from +10 to +35С.
 Relative humidity is up to 80% at +25С temperature.
 Atmospheric pressure is (760±30) mmHg.
Before power supply switching make sure that the cases of electronic unit and computer have no apparent mechanical failures which can represent a danger.
Power Supply Switch on and Digital System Testing:
1.

Press “Power” button to switch on the PC.

2.

Connect the system to PC using USB cable.

3.

Using the mains cable connect the system to the mains (220 V);

4.

Press “On/off” button to supply power to the system.

5.

Run Neuro-IOM.NET sortware on the PC.

6.

The system is ready to operate.

3.2. Troubleshooting
If you have any problems with the digital system, first of all, check the connection to
PC and to the mains, and if it is connected through USB hub, than the connection of
USB hub to PC and mains supply. The use of passive USB hubs (USB hubs that are
not connected to mains supply) is prohibited.
The list of some possible troubles and the ways of their removal is shown in Table 7.
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Table 7. Troubleshooting

Trouble Symptom

Possible Cause

Way of Removal

The program message:
“Amplifier is not found”.

The system is not connected
to the computer or to the
mains.

Check whether the digital
system is connected to PC.
Check the system connection
to the mains, and the on/off
button switching on (on/off
button should light green). If
there are no connection
errors, disconnect the system
from the computer and
connect again in several
seconds. If it doesn’t work,
restart the computer.

The program message:
“Device open error”.

The system is not connected Check whether the digital
to the computer or the mains. system is connected to PC.
Check the system connection
to the mains, and the on/off
button switching on (on/off
button should light green).
If there are no connection
errors, disconnect the system
from the computer and
connect again in several
seconds. If it doesn’t work,
restart the computer.

The program message: “USB Other program using
device recurrent open”.
the device (for example, the
second copy of
Neuro-IOM.NET software) is
started.

Close other programs using
the system. If you can’t find
this program, restart
the computer.

One of the error messages
about device operation or
USB.

Start signal recording once
again. If error repeats, close
the opened program,
disconnect the system from
PC (USB splitter) and then
reconnect it. If it does not
work, restart the computer.

Device failure.
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3.3. Getting Started
Before exam carrying out, it is necessary to customize the digital system software and
other equipment taking into consideration user manual recommendations.
Exam includes the following stages:
 placement of electrodes and ES detector clip (if it is required);
 acquisition of signals;
 analysis and printing of results (if it is required).
Electrode connection and placement can be done when the system is switched on.
The application of EMG and EP electrodes is described in “Electrodes for EP and
EMG Studies” technical manual and user guidelines supplied with these electrodes.
In the same way you can use the electrodes other than listed in delivery set. However
they should have the same specifications and their use should be allowed in your
country.
If you use needle or corkscrew electrodes, it is recommended to insert the electrodes
in the following way (adhere to standard aseptic techniques):
1. Before electrodes are placed you need to inspect the skin thoroughly to be certain
that there are no small abrasions or openings. Define the insertion site. It shoul be
free from any visual skin injuries.
2. Clean electrode skin sites with an isopropyl alcohol. Make sure the skin is dry before the electrodes are placed.
3. Place the electrodes in the predetermined location, making sure that your lead
wires move away from the joint angles, and that your electrodes are smooth on
the skin with no wrinkles.
4. Secure the electrode with medical tape, if needed.
The cables of recording electrodes should be plugged into acquisition pods and
stimulating electrodes should be plugged into electrical stimulator pods. If you use
the electrodes for transcranial stimulation, plug them into Neuro-TES electronic
switch. If you use a probe for direct nerve stimulation, plug it into the low current
stimulator pod.
5. Before exam start make sure the ground electrode is placed. Use either selfadhesive electrode (electrode placement recommendations are listed above) with
sufficient contact area or ground electrode with cable “GE-3” wrung in saline solution or other current conducting liquid.
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6. On electrode placement completion, check the electrode setting quality using
the impedance measurement.
7. On surgery completion, remove the needle electrode and corkscrew electrodes,
disinfect the insertion site and apply the sterile adhesive bandage on the spot if
needed.
In some cases you can use disposable adhesive electrodes or cup electrodes as
recording or stimulating electrodes. In this case perform the following steps:
1. If the skin is very hairy it may need to be shaved, but this should the surgery
day. An alternative to shaving would be to use scissors to clip the hair as close
to the skin as possible, being careful not to abrade the skin.
2. Clean electrode skin sites with an alcohol wipe.
3. Abrade skin with a mild abrasive solution. Wipe off any excess solution.
4. If you use cup electrodes, apply the electrode paste and secure with tape or
collodium if needed. If you use disposable adhesive electrodes, connect the alligator clips to them.
5. Before exam start make sure the ground electrode is placed. Use either selfadhesive electrode (electrode placement recommendations are listed above)
with sufficient contact area or ground electrode with cable “GE-3” wrung in saline solution or other current conducting liquid.
6. Check the electrode setting quality using the impedance measurement. To do
this, run the impedance measurement mode (see Neuro-IOM user manual).
The detailed information on electrode use is stated in user guide supplied with these
electrodes.
Now you are ready!
The process of signal acquisition and data analysis is described in details in the user
manual.

3.4. Switching off the System
On surgery completion the electrodes should be taken off a patient, the system components should be disconnected from the unit and disinfected (see the section 3.5
“Disinfection”).
The system should be switched off. To do it, exit the digital system software and then
switch it off (press “On/off” button and unplug the mains supply cable), then switch off
the computer and the printer. If the long-term dwell in operation is planned (several
days or more), power supply plug of the isolation transformer should be disconnected
from the mains socket.
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3.5. Disinfection
3.5.1. Cleaning Electronic Units, Switches and Pods
1. Before cleaning the electronic units switch them off. Disconnect switches, pods
and visual stimulator from the main electronic unit. Unplug the electronic unit from
the mains socket. As you clean, visually inspect the unit and its components for
damage or wear. Contact Neurosoft if you notice damage to the exterior of
the component.
2. For routine cleaning of electronic units, switches, pods and visual stimulator use a
cloth gently wrung in phenoles (Bacillotex® etc.) or 70% alcohol, 0,5% chlorohexidine.
3. If hepatitis or any other dangerous virus contamination is suspected use aldehydes (Cidex® etc.) or chlorinates (Diversol BX®).
4. Be careful not to drip disinfectant directly into the input and output plugs and other
openings in the cover.
5. Remove disinfectant with a dry cloth.
Do not use abrasive or solvent silicon-based cleaning agent, scrubbing pads or other
abrasive applicators.
Keep all cleaning fluids away from electrical connectors.
Visually inspect the interface cables and power cords that are used with components,
stimulators, and accessories. If you notice unusual wear or breakage, disconnect the
cable or cord immediately, and contact Neurosoft for replacement.

3.5.2. Cleaning Components
1. Use a soft cloth to clean the parts that come in contact with the patient after each
use (e.g., AESP-1 electro stimulating probe, earphones, and LED goggles).
The cloth may be gently wrung in Phenoles (Bacillotex® etc.) or 70% alcohol,
0,5% chlorohexidine.
2. If hepatitis or any other dangerous virus contamination is suspected use aldehydes (Cidex® etc.) or chlorinates (Diversol BX®).
3. Remove disinfectant with a dry cloth.
4. Properly dispose of the foam tips used with the insert earphones after each use.
The EMG and EP electrodes used with the system are cleaned and disinfected according to recommendations stated in “Electrodes for EMG and EP Study” technical
manual supplied with the system.
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3.5.3. Needle Electrodes and Probes
If the needle electrodes and probes are disposable, properly discard them after each
use.
If the needle electrodes and probes are reusable, keep the following instructions:
1. Visually inspect the leads of electrode or probe for breaks, rust, corrosion, and
debris prior to use.
2. Handle electrodes and probes carefully, and do not pull on the leads.
3. The electrode should be wiped with a soft cloth that has been dipped in a mild detergent solution or acohol. Contact between the cleaning solutions and the connector should be avoided. Immersing the entire unit may reduce the life of the
connector, and should therefore be avoided.
4. Use ETO gas serilization. Additionally, steam sterilization has been achieved by
placing the electrode on a cloth and keeping the temperature at 121°C (250°F)
with minimum cycle time of 10 minutes. Do not exceed 130°C (266°F). Flash
autoclaving, peracetic acid, 6% hydrogen peroxide, ozone or gas plasma sterilization are not recommended for electrodes. Repeated sterilization may reduce the
useful life of the electrode.
5. If necessary, dry electrodes thoroughly to prevent corrosion from hard water deposits.
6. Store electrodes in a clean, dry place.
7. Do not tangle or kink electrode leads.
Never attempt to use an electrode with damaged packaging or if sterility may have
been compromised.

3.6. Actions in Emergency
If electrical insulation any digital system component is disturbed in the result of
the emergency (fire, mechanical failure, flood, medical staff evacuation) and electrical
trauma risk for patient or staff occurs, de-energize the digital system completely.
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4.

Maintenance
4.1. General Requirements
Safety measures when servicing conform to the ones described in “Warnings and
Precautions” section and 3 “Proper Use” chapter.
Qualification requirements of the medical staff are listed in 2.1 “Requirements to Personnel Conducting System Assembly and Installation”.
Servicing of the bought articles supplied with the system is done according to operational documentation or typical rules.
When detecting troubles it is recommended to use the information stated in
3.2 “Troubleshooting” section. If the trouble can’t be eliminated using control tools of
digital system or by restart, it should be switched off and checked by a specialist.
The system should have periodic maintenace. The volume of the servicing is stated in
4.3 “User Maintenance” section.
The delivery set is compared with the device packing report.
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4.2. System Testing With Patient Simulator
1. Connect the patient simulator to Neuro-IOM system. The connection
diagram is shown in Fig. 24.

Fig. 24. The connection diagram of patient simulator to Neuro-IOM unit.



To check the acquisition pod, use the cable to attach acquisition pod to patient simulator (NS064103.011). Plug in touch-proof connectors of patient
simulator cable to A acquisition pod (to channels 1-8). D-sub connector of
patient simulator cable (NS064103.011) should be plugged into A|B|C|D
output (Fig. 10, 1) of patient simulator. Make sure that A acquisition pod is
plugged into A output of Neuro-IOM electronic unit.



To check the electrical stimulator, use the cable to attach electrical
stimulator pod to patient simulator (NS064103.012). Plug in touch-proof
connectors of patient simulator cable to electrical stimulator pod (1-4
channels). D-sub connector of patient simulator cable (NS064103.012)
should be plugged into 1-4|5-8 output (Fig. 10, 2) of patient simulator.
Make sure that electrical stimulator pod is plugged into the related output
of Neuro-IOM electronic unit.

57

Neuro-IOM (Technical Manual)



To check the transcranial stimulator switch, use the cable to attach transcranial stimulator switch to patient simulator (NS064103.010). Plug in
touch-proof connectors of patient simulator cable (NS064103.010) to
Neuro-TES electronic switch. D-sub connector of patient simulator cable
should be plugged into “TES” (Fig. 10, 3) of patient simulator. Make sure
that electronic switch is plugged into the related output of Neuro-IOM
electronic unit.



To check the low current stimulator, use touch-proof — touch-proof cable
(NS990103.038-03.05). Plug in touch-proof connector of patient simulator
cable to “+” output of low current stimulator pod. Other touchproof
connector of patient simulator cable (NS990103.038-03.05) should be
plugged into “Electrical stimulator” output (Fig. 10, 4) of patient simulator.
Make sure that low current stimulator pod is plugged into the related output
of Neuro-IOM electronic unit.



To check the disposable concentric probe “D3600” or disposable bipolar
probe “D3601” or disposable monopolar probe “D3602” or disposable
pedicle screw probe “D3603”, use the attached low current stimulator pod.
Plug in touch-proof connector of the selected probe to “-” output of low
current stimulator pod. Other touchproof connector of patient simulator
cable (NS990103.038-03.05) should be plugged into “Electrical stimulator”
output (Fig. 10, 4) of patient simulator. Make sure that low current
stimulator pod is plugged into the related output of Neuro-IOM electronic
unit.



Plug in the cable of insert earphones to “Audio L” and “Audio R” outputs of
Neuro-IOM unit.



Plug in the cable of PhS-4 visual stimulator to “Visual” output of Neuro-IOM
unit.

2. Check the connection of system components.
Open Windows Control Panel, select All Control Panel Items and choose Device
Manager item. Depending on the delivery set variant Neurosoft USB Devices branch
should contain the following components (Fig. 25 – Fig. 27).

Fig. 25. For 16/S and 32/S delivery set variants.

Fig. 26. For 32/B delivery set variant.
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Fig. 27. For 64/B delivery set variants.

3. Check the firmware version.
Start Neuro-IOM.NET software. Update the firmware version. To do this select
Settings|Update built-in software menu items and follow the instructions. Use only
latest firmware versions. On software update completion select “Neuro-IOM-32 test”
item in the list (Fig. 28, 1).

11

Fig. 28.

If the template is missing in the list, import it from file “Neuro-IOM-32 test.xml”. This
procedure is described in 7.6.7 “Test templates” section of user manual.
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4. Check impedance measurement.
Select Test|Impedance menu command. The “Impedance, kΩ” dialog box should
appear at the screen (Fig. 29).

Fig. 29.

The impedance value of each channel should be about 1 kΩ (±50%). The ground
electrode impedance (“Ground”) should be from 0 to 500 Ω (±50%).
Detach the “ -1” touch-proof connector from A acquisition pod.

Fig. 30.

The corresponding cell should indicate the break (more than 500 kΩ) (Fig. 30). Plug in
the touch-proof connector back. Repeat all steps for all connectors of A acquisition
pod.
Close impedance measurement window.
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5. Check Neuro-IOM multi-channel electrical stimulator.
Select Test|Monitoring menu item. Then choose Test|Stimulation|H 1-4 menu
items.

Fig. 31.

The stimulation should start. The traces should appear in “H1” .. “H4” data windows.
The value showing the number of performed averagins displayed at the top part of
each window should increase (Fig. 31, 4). The stimulus artifact should be observed at
the beginning of analysis epoch (Fig. 31, 1). The measured current should be
displayed green at the bottom of the stimulator windows (Fig. 31, 2).
Change the stimulus amplitude from 1 to 200 mA using arrow buttons (Fig. 31, 3).
The measured current value should meet the specified one (± 20%).
Detach the “ +1” touch-proof connector from the electrical stimulator pod (for 1-4
channels). The “Break” inscription should appear in H1 stimulator window (Fig. 32, 1).
“No stimulus” inscription (Fig. 32, 2) should appear in “H1” data window and averaging
should stop. The averaging in other data windows should continue. Plug in the touchproof connector back.
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Fig. 32.

Detach the “-1” touch-proof connector from the electrical stimulator pod (for 1-4
channels). The “Break” inscription should appear in H1 stimulator window (Fig. 32, 1).
Select Test|Stimulation|Stop stimulation menu items.
Repeat all steps for 2…4 stimulation channels.
6. Check Neuro-TES transcranial stimulator.
Select Test|Stimulation|TES menu command.

Fig. 33.

The stimulus artifact with the number of pulses equal to specified one should be
observed in “TES” window (Fig. 33, 2). The measured current value should be
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displayed (green colored) at stimulator window (Fig. 33, 3). The stimulus power for
this stimulation type is specified through the voltage parameters (in volts). After the
stimulus delivery the system measures the current passed through the patient
simulator. Compare the measured current value (Fig. 33, 3) with the one that should
comply with the specified voltage (Fig. 33, 4) (as far as the patient simulator
impedance is equal to 1 Ω, then the current value should be 1 A at stimulation voltage
of 1 V). The values should not differ in more than 20%.
Change the stimulus amplitude from 50 V to maximum possible value using arrow
buttons (Fig. 33, 6). The measured current value in mA should not differ from
the voltage value in volts in more than 20%.
Change the number of pulses from 2 to maximum possible value using arrow buttons
(Fig. 33, 5). The number of pulses in stimulus artifact should coincide with
the specified one.
Detach the “+1” touch-proof connector from Neuro-TES electronic switch. The “Break”
inscription should appear in “TES” stimulator window (Fig. 34, 1).

Fig. 34.

Plug in the “+1” touch-proof connector to Neuro-TES electronic switch.
Select Test|Stimulation|Stop stimulation menu items.
Left-click “TES” inscription in stimulation window (Fig. 34, 2).
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In the appeared “Settings” dialog box (Fig. 35) select “Double train” stimulation type.
Close the dialog box.

Fig. 35.

Select Test|Stimulation|TES menu items. Train trace should be observed in “TES”
data window and two train traces should be seen in “Freerun” window (Fig. 36).

Fig. 36.

Select Test|Stimulation|Stop stimulation menu items.
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Left-click “TES” inscription in stimulation window (Fig. 34, 2). In the appeared
“Settings” dialog box (Fig. 35) select “Train + pulse” stimulation type.
Select Test|Stimulation|TES menu items.

Fig. 37.

The trace with train artifact (Fig. 37, 1) and pulse artifact (Fig. 37, 2) in 50 ms should
be observed on the screen.
Select Test|Stimulation|Stop stimulation menu items.
Left-click “TES” inscription in stimulation window. In the appeared “Settings” dialog
box (Fig. 38) select “Switch” checkbox. Choose “Output 2” in “Plus:” and “Minus” dropdown boxes.

Fig. 38.

Repeat the steps of this clause.
Choose outputs 3 and 4 in “Minus:” and “Plus:” drop-down boxes and repeat the tests.
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7. Check low current stimulator.
Select Test|Stimulation|Low menu items.
The “Break” inscription of red color should appear in “Low” stimulator window
(Fig. 39, 1).

1

Fig. 39.

Touch the contact pad on patient simulator with “D3600”/“D3601”/“D3602”/“D3603”
probe. The traces with stimulus artifact at the beginning of an epoch should appear in
“Low” window (Fig. 40, 1). The measured current value should not differ from the
specified one in more than 20% (Fig. 40, 2).

Fig. 40.
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Change the stimulation amplitude from 0.5 to 20 mA using the arrow buttons
(Fig. 40, 3). Check whether the current is measured correctly and break can be detected at any current values.
Select Test|Stimulation|Stop stimulation menu items. Left-click “Low” inscription in
stimulator window. In the appeared dialog box select volts in “Amplitude units:” dropdown box and set 1 V change step in “Change step, V” spin box (Fig. 41).

Fig. 41.

Close “Settings” window.
Select Test|Stimulation|Low menu items.
Change the stimulation amplitude from 1 to 30 V using arrow buttons (Fig. 40, 3).
When you touch the contact pad of patient simulator with the probe, the measured
current value should appear in stimulator window (Fig. 40, 2). If the contact is missing,
“Break” inscription of red color should appear (Fig. 40, 2). Check all voltage values.
8. Check built-in auditory stimulator.
Select Test|Stimulation|Audio menu command. The clicks should be heard in
headphones.
Increase the stimulation frequency using “Frequency, Hz” arrow buttons in auditory
stimulator window (Fig. 42, 1). The frequency of clicks should increase. Decrease
the volume using “Ampllitude, dB” arrow buttons (Fig. 42, 2) and check it using
the headphones.
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Fig. 42.

Select Test|Stimulation|Stop stimulation menu items.
Click “Audio” inscription in auditory stimulator window (Fig. 42, 3).
In the appeared dialog box (Fig. 43) select “Meander” in “Stimulus type:” drop-down
box and close the window.

Fig. 43.
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Select Test|Stimulation|Audio menu items. The tone stimuli should be heard in
headphones. Open “Settings” dialog box (Fig. 43) and change the stimualtion side
using “Stimulation side:” drop-down menu. Close the dialog box and select
Test|Stimulation|Audio. The stimuli should be heard in corresponding headphone
cushion.
Select Test|Stimulation|Stop stimulation menu items.
9. Check visual stimulator.
Select Test|Stimulation|Visual. The LEDs in goggles should start flashing. Increase
the stimulation frequency using “Frequency, Hz” arrow buttons in stimulator window
(Fig. 44, 1). The flashing frequency should change.

Fig. 44.

Select Test|Stimulation|Stop stimulation menu command. Left-click “Visual”
inscription in visual stimulator window (Fig. 44, 2).
In the appeared dialog box (Fig. 45) change stimulation side using “Stimulation side:”
drop-down box and close the window.

Fig. 45.

Select Test|Stimulation|Visual menu items. LEDs on the selected side should flash.
Select Test|Stimulation|Stop stimulation menu command.
Select Test|Monitoring menu command.
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10. Check 9-16, 17-24, 25-32 channels of B, C, D acquisition pods and 5-8
channels of electrical stimulator pod.
Open “ Test” dialog box using Test|Edit test menu items (Fig. 46). Open “Sites” tab
and change 1-8 channels to 9-16 IOM channels.

Fig. 46.

Open “Stimulators” tab (Fig. 47). Press “…” button in “H1” row.

Fig. 47.

In the appeared “Stimulators” dialog box press “OK” button. The “Settings” dialog box
should appear.
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Fig. 48.

Change 1-4 channels to 5 – 8 channels in “Channel” column (Fig. 48). Close
the dialog boxes.
Plug in acquisition pod cable and electrical stimulator pod cable (for 5-8 channels) to
patient simulator. Perform the steps described in clauses 4 and 5.
Check C and D acquisition pods (17-24 and 25-32 IOM channels) as stated in
clause 4.

4.2.1. Check of Built-in Electrical Stimulator
Open “Test” dialog box using Test|Edit test menu command. Open “Stimulators” tab
(Fig. 47). Press “…” button in “H1” stimulator row.

Fig. 49.
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In “Stimulators” dialog box (Fig. 49) select “Built-in electrical stimulator” and press
“OK” button.
On “Stimulators” tab press “…” button in “TES” row. Then select “Built-in electrical
stimulator” again.
Plug in electrical stimulator pod cable to “1-4” output of patient simulator. Plug in positive electrode cable (“+”) of low current stimulator pod to Electrical stimulator output of
patient simulator and plug in stimulation probe cable to “-” output of low current stimulator pod.
Performs the steps stated in clause 5 and 6. The check of double train and
train+pulse is not required.

4.2.2. Check of Low Current Stimulator
Open “Test” dialog box using Test|Edit test menu command. Open “Stimulators” tab
and press “…” button in “Low” stimulator row.
In the appeared dialog box (Fig. 50) select the “Built-in low current stimulator” and
press “OK” button. Perform the tests as described in clause 7 (only for mA).

Fig. 50.

4.3. User Maintenance
The periodic maintenance of the system includes the external examination, check of
connectors and cables, removal of contaminations from units’ surface according to
recommendations stated in section 3.5 “Disinfection”.
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4.4. Periodic Maintenance
The isolation of the switch should be checked once a year or if the isolation damage
of switch cables is suspected using the corresponding equipment (for example,
megaohmmeter). To check the isolation, measure the resistance between outputs of
electronic unit, at that the corresponding outputs at the switch should not be selected.
The megaohmmeter voltage is selected between 1500 V–2500 V, at that the isolation
resistance should be not less than 1 GΩ at 2500 V.
Inspect the power cord for frying or other damage. Do not operate the apparatus with
a damaged cord or plug.

4.5. System Lifetime
The system lifetime is 5 years from the shipment date.
The manufacturer is obliged to ensure technical support of the system during its
lifetime.

5.

Current Repair
5.1. General Requirements
The system repair requires special training of the technical staff and special equipment and service software which you can receive from the manufacturer or
the representative of the company. The repair connected with the electronic unit opening is prohibited.
The current repair includes the repair of component parts, cables and replacement of
electronic units. The repair of connected component parts is prohibited.
When conducting current repair, all electronic units must be switched off and system
must be deenergized.

5.2. Cables and Adapters
Cables are examined externally, and the circuits are checked for short circuit or break.
In case of cable break, it is necessary to replace or cut it if the cable length is sufficient.

73

Neuro-IOM (Technical Manual)

5.3. Computer Interface Cable (USB Cable)
The computer interface cable is examined externally, and the circuit is checked for
short circuit or break. In case of cable failure, it should be replaced or repaired by
shortening the length. When replacing it is necessary to pay attention to cable marking. The marking of cable size should be either 28AWG/2C+24AWG/2C, or
28AWG/2C+22AWG/2C, or 28AWG/2C+20AWG/2C.

5.4. Stimulating Electrode Cable with Touch-proof
Connector
The stimulating electrode cable with touch-proof connector is examined externally and
is checked for short circuit or break according to schematic shown in Fig. 51. If
the cable break is detected, see the instructions on the USB cable repair (see chapter
5.3 “Computer Interface Cable (USB Cable)”). The internal cable damage can be detected only at manufacturer’s plant. It is impossible to repair the cable by yourself.

red
black
Fig. 51. The circuit schematic of stimulating electrode cable with touch-proof connector.

5.5. Electrical Stimulator Pod Cable
The cable of electrical stimulator pod is examined externally and checked according to
circuit schematic (Fig. 52) for the break or short circuit. If the cable break is detected,
see the instructions on the USB cable repair (see chapter 5.3 “Computer Interface
Cable (USB Cable)”).

Fig. 52. The circuit schematic of electrical stimulator pod cable.
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5.6. Low Current Stimulator Pod Cable
The pod cable is examined externally and checked according to circuit schematic
(Fig. 53) for the break or short circuit. If the cable break is detected, see
the instructions on the USB cable repair (see chapter 5.3 “Computer Interface Cable
(USB Cable)).

Fig. 53. The circuit schematic of pod cable.

5.7. Acquisition Pod Cable
The acquisition pod cable is examined externally and checked according to circuit
schematic (Fig. 54) for the break or short circuit. If the cable break is detected, see
the instructions on the USB cable repair (see chapter 5.3 “Computer Interface Cable
(USB Cable)).

Fig. 54. The circuit schematic of acquistion pod cable.
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6.

Packing and Transportation
The package should conform to the one accepted when manufacturing and delivering.
If the manufacturer’s package is damaged, but the long-term system storage and
transportation is expected, follow the recommendations:
 The system with operational documentation should be packed in plastic sachets
and cardboard boxes.
 The cardboard boxes should be covered by the paper tape or pressure sensitive
adhesive.
The systems can be transported by all kinds of covered carries (except non-heated
airplane pods) according to rules of goods transportation acting for each type of
transport.
The system shipment by sea transport should be done according to “Safety Regulations for Sea Transport of General Cargoes”.
The shipment type is by containers and part-load consignment.

7.

Disposal
The system and its accessories should not be disposed of in general waste. The system disposal should be performed according to your local regulations.
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8. Data on Acceptance, Delivery Set and
Package
Neuro-IOM system for intraoperative neurophysiological monitoring (64/B variant)
Neuro-IOM system for intraoperative neurophysiological monitoring (32/B variant)
Neuro-IOM system for intraoperative neurophysiological monitoring (32/S variant)
Neuro-IOM system for intraoperative neurophysiological monitoring (16/S variant)
is collected and packed according to TC 9441-064-13218158-2015.
The electronic units with serial numbers are listed in Table 8.
Table 8. List of Electronic Units

№ n/n

Name

1

Neuro-IOM 32-channel electronic unit

2

Neuro-IOM 32-channel amplifier

3

Neuro-IOM 16-channel amplifier

4

Neuro-TES electronic switch

5

Neuro-IOM electronic switch

6

Patient simulator

Serial number

Package report number ________________
Package report date _________________
The detailed information about the delivery set is described in the package report
which is an integral part of the present document and should be kept along with it.

9.

Storage Data
The system should be stored in the manufacturer package in an enclosed room at
from +5 up to +40С and 80% maximum relative humidity (measured at 25С temperature). The room air should be free from any dust, acid vapors, alkali vapors, corrosive gases and other injurous admixtures which can cause the corrosion.
The digital system should be put on the shelves not more than in five lines.
If long-term storage of the device is expected, perform its conservation as stated in
section 10 “Conservation”.
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10. Conservation
The system components including accessories and operational documentation should
be packed in separate plastic sachets and then placed in a manufacturer package.

11. Warranty
11.1. The manufacturer guarantees the system quality conformance to TC 9441-06413218158-2015 requirements if the rules of operation, storage, transportation and
mounting prescribed in the operational documentation are observed.
11.2. Warranty period is 24 months from the delivery date to the customer.
The delivery date is the date of waybill or other shipment document for the system.
The warranty period of components exposed to wear (electrodes and cables) is 30 days.
There is no warranty for consumables (gel, paste and disposable electrodes).
The warranty period can be prolonged for the period from reclamation submission up
to repair completion (chapter 12).
11.3. The operation of guarantee commitment is stopped if:
 the rules of operation, storage, transportation and mounting prescribed in
the operational documentation are not observed;
 the warranty period is expired;
 a user brakes the seal without permission of the manufacturer.
11.4. The manufacturer is obliged to repair the equipment in case of breakdown during the warranty period free of charge. The repair is carried out in the service center of
Neurosoft Company (5, Voronin str., Ivanovo, 153032, Russia) according to the regulations stated in section 12 “Reclamation Procedure”.
You can also contact SAS Neuromed Company, Authorized European Representative of Neurosoft Company (Mr. Pierre Scholl) by the following address:
Chemin du tomple
84330 Le Barroux, France
Phone: +33 490-650-470, +622-748-384
Fax: +33 490-650-470
E-mail: bscholl@orange.fr
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12. Reclamation Procedure
12.1 In case of system breakdown or faultiness in the period of warranty and also product
defect detected when primary acceptance, the consumer should send written notification
to Neurosoft Ltd., authorized European representative or nearest distributor. The actual list
of
Neurosoft
Ltd.
distributors
is
represented
on
the web
site:
http://neurosoft.com/en/pages/dealers. This notification should contain the following information:
 the consumer’s name and the address;
 the serial number of the system (see chapter 8 of this manual or the system label);
 the number and the date of the invoice or other document confirming the system purchase.
 the detailed description of failures. If it is possible indicate the reasons and circumstances preceding the fault detection (in addition it is recommended to add the test
report, the exam data, photos and other materials allowing to solve the problem as
soon as possible).
12.2 In case of system return to the service center for the repair or the replacement,
the following rules should be observed:
 It should be decontaminated before sending to service center. Read rules of cleaning
and disinfection in section 3.5 “Disinfection”.
 it should be packed so to exclude the possibility of its damage during
the transportation;
 the notice (see item 12.1) and this manual must be added to the device being returned.
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Annex 1. Electromagnetic Emissions and
Immunity
Guidance and manufacturer’s declaration – electromagnetic emissions
The system is intended for use in the electromagnetic environment specified below. The customer or
the user of the system should assure that it is used in such an environment.
Emissions test
RF emissions

Compliance

Electromagnetic environment — guidance

Group 1

The digital system uses RF energy only for its
internal function. Therefore, its RF emissions are
very low and not likely to cause any interference
in nearby electronic equipment.

Class B

The digital system is suitable for use in all
establishments, including domestic
establishments and those directly connected to
the public low-voltage power supply network that
supplies buildings used for domestic purposes.

GOST R 51318.11

RF emissions
GOST R 51318.11

Harmonic emissions

Complies

GOST R 30804.3.2

Voltage fluctuations' flicker
emissions
GOST R 30804.3.3
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Guidance and manufacturer’s declaration – electromagnetic immunity
The digital system is intended for use in the electromagnetic environment specified below.
The customer or the user of the digital system should assure that it is used in such an
environment.
Immunity test
Electrostatic discharge
(ESD)
IEC 61000-4-2

Electrical fast
transient/burst
IEC 61000-4-4

IEC 60601 test level

Compliance level

±6 kV − contact

±6 kV

±8 kV − air

±8 kV

±2 kV − for power
supply lines

±2 kV

±1 kV − for
input/output lines
Surge
IEC 61000-4-5

Voltage dips, short
interruptions and voltage
variations on power supply
input lines
IEC 61000-4-11

Power frequency
magnetic field (50/60 Hz)
IEC 61000-4-8

Electromagnetic environment guidance
Floors should be wood, concrete
or ceramic tile. If floors are
covered with synthetic material,
the relative humidity should be at
least 30%.

Mains power quality should be
that of a typical commercial or
hospital environment.

Not applicable

±1 kV differential
mode

±1 kV

±2 kV common mode

±2 kV

<5% UT
(>95% dip in UT) for
0.5 cycle

20 ms

40% UT (60% dip in
UT) for 5 cycles

100 ms

70% UT (30% dip in
UT) for 25 cycles

500 ms

<5% UT
(>95% dip in UT) for
5s

5000 ms

3 A/m

3 A/m

Mains power quality should be
that of a typical commercial or
hospital environment.

Mains power quality should be
that of a typical commercial or
hospital environment. If the
user of the system requires
continued operation during
power mains interruptions, it is
recommended that the system
be powered from an
uninterruptible power supply or
a battery.

Power frequency magnetic
fields should be that of a
typical commercial or hospital
environment.

Note: UT – is the a.c. mains voltage prior to application of the test level.
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Guidance and manufacturer’s declaration – electromagnetic immunity
The digital system is intended for use in the electromagnetic environment specified below. The customer or
the user of the digital system should assure that it is used in such an environment.
Immunity test

IEC 60601 test
level

Compliance level

Electromagnetic environment guidance
Portable and mobile RF
communications equipment
should be used no closer to any
part of the System, including
cables, than the recommended
separation distance calculated
from the equation applicable to
the frequency of the transmitter:
Recommended separation
distance:

Conducted RF
IEC 61000-4-6

Radiated RF
IEC 61000-4-3

3 Vrms 150 kHz to
80 MHz outside
ISM bands 1)

3V

3 V/m
80 MHz to 2.5 GHz

3 V/m

d  1.17 P

d  1.17 P
(80 MHz to 800 MHz);

d  2.33 P
(800 MHz to 2.5 GHz).
Where P is the maximum output
power rating of the transmitter in
watts (W) according to the
transmitter manufacture, and d
is the recommended separation
distance in meter (m2).
Field strengths from fixed RF
transmitters, as determined by
an electromagnetic site survey1),
should be less than the
compliance level in each
frequency range2). Interference
may occur in the vicinity of
equipment marked with the
following symbol:

1)

Field strengths from fixed transmitters, such as base stations for radio (cellular/cordless) telephones and
land mobile radios, amateur radio, AM and FM radio broadcast and TV broadcast cannot be predicted
theoretically with accuracy. To assess the electromagnetic environment due to fixed RF transmitters, an
electromagnetic site survey should be considered. If the measured field strength in the location in which the
digital system is used exceeds the applicable RF compliance level above, the digital system should be
observed to verify normal operation. If abnormal performance is observed, additional measures may be
necessary, such as re-orienting or relocating the digital system.
2)
Over the frequency range 150 kHz to 80 MHz, field strengths should be less than 3 V/m.
3)
Ensured by PC compliance with IEC 61000-4-6 requirements.
Notes:
1. At 80 MHz and 800 MHz, the higher frequency range applies.
2. These guidelines may not apply in all situations. Electromagnetic propagation is affected by absorption and
reflection from structures, objects and people.
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Recommended separation distances between portable and mobile RF communications
equipment and digital system
The digital system is intended for use in an electromagnetic environment in which radiated RF disturbances
are controlled. The customer or the user of the digital system can help prevent electromagnetic interference
by maintaining a minimum distance between portable and mobile RF communications equipment
(transmitters) and the digital system as recommended below, according to the maximum output power of
the communications equipment.
Separation distance according to frequency of transmitter, m
Rated maximum output
power of transmitter P,
W

150 kHz up to 80 MHz
outside ISM bands

80 MHz to 800 MHz

800 MHz to 2.5 GHz

d  1.17 P

d  1.17 P

d  2.23 P

0.01

0.117

0.117

0.233

0.1

0.369

0.369

0.738

1

1.167

1.167

2.333

10

3.689

3.689

7.379

100

11.667

11.667

23.333

Notes:
1. At 80 MHz and 800 MHz, the separation distance for the higher frequency range applies.
2. These guidelines may not apply in all situations. Electromagnetic propagation is affected by absorption and
reflection from structures, objects and people.
3. For transmitters rated at a maximum output power not listed above, the recommended separation distance
d in meters (m) can be determined using the equation applicable to the frequency of the transmitter, where

Р is the maximum output power rating of the transmitter in watts (W) according to the transmitter
manufacturer.
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Annex 2. Trigger Input/Output
The trigger sockets located on the front panel of 32-channel Neuro-IOM system (one
trigger input and one trigger output are shown in Fig. 5, 4) and on the rear panels of
16-channel and 32-channel Neuro-IOM amplifiers (two trigger inputs (4) and 1 trigger
output (5) are shown in Fig. 9) allow to plug in the stimulators of other manufacturers
and notify amplifiers of other manufcturers on stimulation events. The electronic circuits of trigger input and trigger output are galvanically isolated from other parts of the
system.
The devices connected to the trigger sockets must comply with the requirements of
IEC 60601-1-2010 or IEC 601-1-88.
The connection cables for the devices produced by other manufacturers are not included into delivery set and are supplied by customer’s request or must be produced
according to the recommendations stated in this Annex.
The trigger socket is BNC connector. The central pin is used as a signal one (to transfer trig in/out signals depending in the connector use) and the outer conductor is used
as a ground one.
The trigger input is used to synchronize the amplifier with external stimulator and trigger output is used to transfer the pulse to the external (other manufacturer) amplifier
synchronously with operation of the built-in stimulators.
If the trigger input is used, then pulse with not less than 100 µs duration must be at
the input. The trigger pulse polarity and trigger socket are software selectable.
When the trigger output is used, with each stimulus, generated by built-in stimulators
(electrical, auditory or visual one), the pulse of the specified polarity and duration appears at the connector which start corresponds to the beginning of the stimulus.
Pulse duration at the trigger output is 1000 µs. Pulse polarity and trigger pulse source
(electrical, auditory or visual stimulator) are specified in software settings.
The trigger pulse level corresponds to the TTL standard level (log. 0 < 0.8 V, log. 1 
2.4 V).
Synchronization with Neuro-IOM.NET Software
The external stimulators connected to the trigger input must be used in the following
order:
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1.

Connect the external stimulator to the trigger input using a cable.

2.

Switch on the external stimulator power supply.
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3.
Run Neuro-IOM program and select the required test template. Open the “Settings” dialog box of the required stimulator. To do this, left-click the stimulator inscription on the stimulator panel.

Fig. 55. “Settings” dialog box.

4.
The example of settings for built-in electrical stimulator is shown in Fig. 55. Select “Start by external control” checkbox. In stimulator setting it is required to specify
the same stimulus parameters as selected on external stimulator.
5.
Start stimulation. The device switches to stand-by mode for the stimulus to be
delivered.
6.

Start stimulation using external stimulator.

In other aspects the signal acquisition does not differ from the one described in
the related chapters of user manual.
The external stimulators connected to the trigger output must be used in the following
order:
1.

Connect the external stimulator to the trigger output using a cable.

2.

Switch on the external stimulator power supply.

3.

Run Neuro-IOM.NET program and select the required test template. Open
the dialog box with the settings of the required stimulator.
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4.

In the stimulator settings it is recommended to set the same stimulus parameters
as on the external stimulator.
Keep in mind that the “Start by external control” checkbox (Fig. 55) must be
unchecked!

5.

Start the stimulation.

In other aspects the signal acquisition does not differ from the one described in
the related chapters of user manual.
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