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Summary 
A microcomputer-based automated spinal cord monitoring system was developed 

and 56 spinal operations have been carried out with it since 1986. The system 

comprises an electrodiagnostic system (Dantec 2000M), an PM tape recorder, a 

channel selector, an electrical relay, a Modem and a microcomputer which controls 

all of the elements. The program allowed for automated recording and analysis of 

evoked potentials during spinal surgery and alarm signals were generated accord

ing to the criteria of amplitude decrease and latency delay. It was demonstrated 

that automated spinal cord monitoring in the operating room was performed easily, 

reliably and safely allowing the surgeon to react quickly to possible compromise of 

the spinal cord. The design and usefulness of the system is described in this 

report. 
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Recent studies have reported that intra-operative monitoring of spinal cord 
integrity using spinal cord evoked potentials as well as somato-sensory evoked 
potentials is useful in preventing neurological complications (Engler, 1978; 
Tamaki, 1981; Ryan, 1983; Jones, 1983). In the past, a specialist had to repeat 
meticulous operations of electrodiagnostic instruments and analyse recorded 
data many times to monitor evoked potentials during surgery. Thus, for intra
operative monitoring to be used widely and easily, an automated system is 
necessary (Nash, 1977; Harada, 1983). In this study, the development of a fully 
automated spinal cord monitoring system was attempted. This microcomputer
based system made it possible to automatically carry out serial operations of 
electrostimulation, averaging of evoked potentials, storing the most recent data 
onto a floppy disk and/or FM tape, and the generation of alarm signals based 
on comparison of the amplitudes and latencies of the most recent potentials 



AUT 0 MAT E D S PIN ALe 0 R D M 0 NIT 0 R I N G 205 

Figure 1 The system consists of an electro diagnostic system (Dantec Neuromatic 2000 M), an 

FM tape recorder, a channel selector, an electronic relay, a Modem and a microcomputer (NEe 

LV21). 

with those of a control. It was also necessary to control the power lines of an 
electrocautery and lines to the patient for stimulation and recording by com
puter in order to maintain reliability of the system and the patient's safety in 
the operating room. This system allows the surgeon to send a start signal by 
simply tripping a foot switch. He can then quickly see the interpreted data. 
Preliminary results have been reported (Imai, 1986, 1987). 

Materials and methods 

The system consists of an electrodiagnostic system (Dantec Neuromatic 2000 
M), an FM tape recorder, a channel selector, an electronic relay, a Modem*, 
and a microcomputer (NEC LV 2 1) which controls all the elements (Fig. 1). 
The channel selector was equipped to perform automatic connection and shut
ting off between the patient's electrodes, the electrostimulator, and the am
plifiers. The electrocautery is automatically shut down by a relay switch while 
the monitoring procedure is carried out. 

Programs were written in C and assembly language. Amplitudes and peak 
latencies of evoked potential were automatically measured and compared with 
those of a control potential (Fig. 2). Further processing of acquired data such 

* Modem: a device that converts data to a form that can be transmitted, as by telephone, to data
processing equipment, where a similar device reconverts it. 
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Figure 2 An example display on the microcomputer screen during automated monitoring. Peaks 
of the latest potential (solid line) are detected, and values, such as percentage of amplitude and 
delay of latency, are also shown, compared with the control potential (dotted line) (negatively 

upward). 

Microcomputer 

Foot Switch ....Jt!l.' ____________ _ 

Electro-cautery 

Channel Selector __ ... 1J3W_3 ___________ _ 

Electrodiagn. Sys. __ ....IJiI.4 ___________ tVl.' L-

FM Tape Recorder ___ 0_5 ___________ _ 

Figure 3 Timing chart of the automated spinal cord monitoring. 

as time course, addition, subtraction, smoothing and statistical analysis were 
also available. 

The intra-operative automatic monitoring was carried out in the following 
order (Fig. 3): 

1. The surgeon steps on the foot switch to send a start signal to the com
puter. The computer is also able to generate starting signals automatically 
at a preset interval. 

2. The power of electrocautery is cut off by a relay switch. 
3. The channel selector chooses between stimulating and recording elec

trodes, and connects them to the stimulator and amplifier of the elec
trodiagnostic system. 

4. The evoked potential is averaged and smoothed to eliminate signal noise. 
S. The FM tape recorder is driven to record raw signals, surgeon's voice, 

ECGs and arterial pressure for later analysis. 
6. Electrode lines to the patient are switched off and power to the elec

trocautery is restored. 
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Figure 4 Criteria of alarm signals. Solid line: latest potential, dotted line: control. 

7. The averaged potential is acquired by microcomputer. 
8. Amplitudes and latencies of detected peaks are measured and compared 

with control. 
9. Alarm signals are generated to the surgeon according to the criteria 

chosen. 
10. Data is stored on the floppy disc. 
11. A hardcopy of the potential is made. Data of amplitude and latency are 

also described. 

Alarm signals are given by means of a flashing screen display and a buzzer 
from the microcomputer. Three signal patterns were prepared to inform the 
surgeon of the grade of alteration in the evoked potentials according to the 
following criteria (Fig. 4): 

1. Safe range (amplitude over 80% , latency delay within 0·1 ms); blue flash
ing screen-buzzer sounded twice slowly. 

2. Caution range (amplitude 50-80%, latency delay 0·1-0·3 ms); yellow flash
ing screen-buzzer 10 times at moderate speed. 

3. Danger range requiring immediate action (amplitude below 50%, latency 
delay over 0.3 ms); red flashing screen-buzzer 20 times rapidly. 

Since 1986, 56 spinal surgeries have been performed using this automated spinal 
cord monitoring system. They include 35 patients with incomplete paralysis 
due to cervical and/or thoracic spinal canal stenosis, 12 spinal deformities, 4 
spinal tumours and 5 traumatic spinal injuries. In most of the cases, spinal cord 
potentials evoked by electrostimulation of spinal cord or peripheral nerves were 
used. 

Results 

In all cases, automated spinal cord monitoring was successfully performed. The 
system was used to perform monitoring functions an average of 21·3 times per 
surgery. Interpreted data was available to the surgeon 20 seconds after the 
starting signal from the foot switch. 
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Figure 5 Intra-operative potential (stim.:TI2, record.:T7) change and alarms during 
decompressive surgery for myelopathy due to ossification of the posterior longitudinar ligaments 
at T9, TlO, Til levels (circle A; Amplitude, circle L; Latency). 

None of the cases showed neurological complications after the surgery. In 2 
cases of corrective surgery for scoliosis, a yellow alarm due to a delay in the 
latency was generated. In both cases, after confirming the delay was not ac
companied by a decrease in amplitude, surgery was continued. Despite low 
amplitude of evoked potentials in the cases with incomplete paralysis, monitor
ing was possible. In 3 cases, a false alarm signal was generated by the disloca
tion of a recording electrode. In the following case, the system played a notably 
important role. 

A 58-year-old male patient had a decompression of the thoracic spine from 
incomplete paralysis due to ossification of the posterior longitudinal ligament. 
The spinal cord evoked potential was used for the automated monitoring. A 
yellow alarm was generated when the decompression from T9 to TIO was com
pleted (Fig. 5). At that time, it was found that a spatula was slightly compressing 
the spinal cord. After observing the recovery of the potential, TIl de
compression was completed. No neurological complication was observed after 
surgery. 

A comparison of the 3 signals generated during automatic monitoring is 
shown in Figure 6. Percentages of each of the 3 signals were nearly equal in 
both amplitude and latency. 
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Figure 6 Comparison of 3 signals generated by automatic monitoring. 

Discussion 

It has been reported that iatrogenic neurological complications may be caused 
by corrective surgery for severe spinal deformity, reconstructive surgery for 
injured spine, as well as decompressive surgery for degenerative spinal diseases, 
ossification of the posterior longitudinal ligament and spinal tumours (Ponte, 
1973; MacEwen, 1975). According to the morbidity reports of Scoliosis Re
search Society (SRS) 1987, the incidence of neurological injury during surgery 
was reported to be 1·84% (SRS 1987). In Japan, spinal cord evoked potentials 
have been applied for the monitoring of the integrity since 1972 (Kurokawa, 
1972; Tamaki, 1972). Although a partly automated monitoring system has been 
reported (Boston 1984; Micheli-Tzanakou 1984; Gopalan 1986; Friedman 
1987), the system described in this report has fully automated operations of all 
instruments including an alarm to the surgeon. 

In the development of the system, the emphasis has been placed on patient 
safety. A photo-coupled module used in this system shuts off electrical leakage. 
Also, the lines connecting the electrical equipment and the patient were discon
nected while not in use to prevent microshock. A program capable of recovering 
the latest system operations and data was prepared to protect the system from 
the system down due to power supply voltage drop, electrical noise, or power 
breakdown. Three types of alarm signals were prepared according to the grade 
of change in an amplitude and a latency. The alarm with a flashing display and 
buzzer allowed the surgeon to recognise the interpreted result in a moment. 
Although the criteria for each alarm in relation to spike amplitude is still con
troversial, we chose a 50% decrease from the control as a dangerous limit (red 
alarm) according to Atsuta (1987), Iwahara (1987). However, even in the yellow 
alarm range, it would be advisable for the surgeon to recheck the procedures 
carefully. 

Slight latency delay in the yellow alarm range without amplitude decrease 
was observed in two scoliosis patients. It was believed to be caused by an 
elongation of the distance between the stimulating and the recording electrodes. 
Further attention would have been necessary had the latency delay been ac
companied by an amplitude decrease. 

In Figure 6, the majority of the results were acceptable, however, the cases of 
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amplitude-blue and latency-red signals, and amplitude-red and latency-blue sig
nals were unacceptable. The former signals were probably due to dislocation of 
the recording electrode. In such cases, it was necessary to restart the monitoring 
using a newly obtained evoked potential as a reset control. The later signals 
may be caused by an averaging of contaminated potentials, it was necessary to 
isolate recording conditions from electrical or mechanical noise. 

A still unresolved issue is whether it is sufficient to check the amplitude and 
latency of only the first potential to generate an alarm signal. It may be necessary 
to choose the most important element in the evoked potential according to the 
nature of the potential adopted and the condition of the spinal cord as well as 
the operating method, in this system criteria of each signal is changeable. 

In addition to spinal surgery, this system is applicable to a variety of surgical 
procedures in which neurological complications may be elicited (Stone, 1985; 
Kaplan, 1986; Lee, 1987; Ariyama, 1989). Furthermore, since this system is 
applicable not only to the monitoring of surgery but also to later analysis of the 
data, it will contribute to improving the clinical results of surgical operations. 
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