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Abstract: Objective: To investigate the effect of hanging height of saline bag in flushing percutaneous transforaminal 
endoscopic lumbar discectomy on spinal cord hypertension syndrome. Methods: Altogether 100 patients with lum-
bar disc herniation were selected as research participants and divided into group A, group B, group C, and group D 
by random number grouping method. The grouping standard was the hanging height of saline bag during operation 
of 60 cm, 70 cm, 80 cm and 90 cm respectively. Intraoperative somatosensory evoked potential (SEP) + electromy-
ography (EMG) + transcranial electrical stimulation motor evoked potential (TCe MEP), postoperative incidence of 
spinal cord hypertension, Oswestry disability index (ODI) score and Mac Nab efficacy 3 months after surgery were 
observed. Results: The results of monitoring SEP+MEP+EMG in the four groups of patients revealed that the posi-
tive rate of SEP+MEP+EMG in group C and group D was significantly higher than that in group A and group B (P<0.05 
or P<0.001). The incidence of postoperative spinal cord hypertension in the four groups of patients showed that 
the incidence of spinal cord hypertension in group C and group D was significantly higher than that in group A and 
group B (P<0.05 or P<0.001). ODI score 3 months after surgery in group B was lower than that in group A, group C, 
and group D, and the score in group A was lower than that in group D (P<0.05). The curative effect of Mac Nab 3 
months after operation showed that the excellent and good rate in group B was higher than that in group A, group 
C, and group D (P<0.05 or P<0.01). Conclusion: The occurrence of spinal cord hypertension during PELD through 
intervertebral approach under continuous epidural anesthesia is related to the hanging height of saline bag. The 
hanging height of saline bag is related to the possibility of spinal cord-like hypertension. It is ideal when the hanging 
height of saline bag is about 70 cm.
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Introduction

Lumbar disc herniation (LDH) is caused by rup-
ture of the annulus fibrosus in the lumbar disc, 
and the nucleus pulposus in the annulus fibro-
sus protrudes from the back or inside the spi-
nal canal, thus causing compression on the 
local spinal nerve roots and causing the lumbar 
pain. The location is mostly from lumbus 5 to 
sacrum 1 [1, 2]. For LDH patients, medication 
and rest conservative treatment are usually 
selected, and most symptoms can be relieved 
[3]. But there are still some patients whose 
clinical symptoms cannot be relieved, so they 
need surgical intervention treatment [4]. With 
the development of technology, surgical treat-
ment programs for LDH also tend to be mini-

mally invasive, and intervertebral foramen 
endoscopy plays an important role in the treat-
ment of LDH patients. Percutaneous transfo-
raminal endoscopic lumbar discectomy is rec-
ommended for the treatment of LDH due to its 
small trauma and good curative effect [5], in 
which percutaneous endoscopic lumbar dis-
cectomy (PELD) is one of the choices. As it can 
resect part of ligamentum flavum and effective-
ly remove nucleus pulposus, its curative effect 
is better. Compared with percutaneous lumbar 
intervertebral foramen, PELD is easy to punc-
ture and reduce the difficulty and risk of opera-
tion [6], but we found in clinical application that 
PELD operation is prone to spinal cord hyper-
tension and the incidence rate is about 7-10%, 
which is higher than other operative methods. 
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Spinal cord hypertension [7] refers to discom-
fort such as head and neck pain, neck stiff-
ness, nausea, vomiting, and even dysphoria, 
elevated blood pressure, and increased heart 
rate during lumbar intervertebral foramen 
endoscopic surgery. In clinical practice, most of 
them were found in PELD through transpedicu-
lar approach, and the specific cause is still 
unclear. This situation brings great pain to the 
patients and also becomes a difficult problem 
in the diagnosis and treatment processes of 
spine surgeons. Joh et al. proposed that cervi-
cal pain is highly correlated with the increase of 
cervical epidural pressure and flushing velocity, 
and is likely to be accompanied by the up-regu-
lation of intracranial pressure [8]. Studies by 
Yan and others have shown that cervical pain is 
related to high cervical epidural pressure [9]. 
However, the authors found in clinic that the 
hanging height of saline bag during PELD via 
the intervertebral approach was related to the 
high probability of occurrence of spinal cord 
hypertension. Based on this, the influence of 
the intraoperative hanging height of saline bag 
on spinal cord hypertension syndrome was 
studied. The participants were grouped accord-
ing to the hanging height of saline bag under 
the condition that other indicators were consis-
tent. In addition, somatosensory evoked poten-
tial (SEP) + electromyography (EMG) + transcra-
nial electrical stimulation motor evoked po- 
tential (TCe MEP), and multi-mode neurophysi-
ological monitoring (ONM) were used to deter-
mine whether the hanging height of saline bag 
was related to postoperative spinal cord hyper-
tension in patients with intraoperative spinal 
cord nerve changes. At present, there is no cor-
responding research report at home and 
abroad, and Oswestry dysfunction index (ODI) 
and Mac Nab efficacy evaluation were moni-
tored. ODI reflected the influence of waist and 
leg pain on patients’ daily activities, and the 
reliability was as high as 0.95 after repeated 
tests [10]. Mac Nab curative effect is an impor-
tant indicator for evaluating lumbar spine func-
tion [11]. This study monitored the above two 
indicators and observed the postoperative 
recovery. The report is as follows.

Materials and methods

General data

A prospective study was conducted on 100 
patients with lumbar disc herniation admitted 

to Orthopaedic Hospital of Guizhou Province 
from December 2016 to December 2018, in- 
cluding 62 males and 38 females, aged 34-72 
years, with an average age of 52.0±7.8 years. 
The patients were divided into group A, group B, 
group C, and group D by random number group-
ing method. The grouping standard was the 
hanging height of saline bag during surgery at 
60 cm, 70 cm, 80 cm and 90 cm respectively 
[9]. The study had been approved by the hospi-
tal ethics committee and all the patients have 
signed the informed consent form.

Inclusion and exclusion criteria

Inclusion criteria: According to the diagnostic 
criteria for lumbar disc herniation [12], all 
patients underwent PELD operation; patients 
with waist pain accompanied by numbness of 
lower limbs and radiation pain in legs; patients 
had taken conservative drug therapy for 3 
months and had poor results; patients had 
complete clinical data and could cooperate 
with the follow-up.

Exclusion criteria: Patients had other lesions in 
spinal canal or spine; patients had calcification 
of lesion site; patients had changes in the oper-
ation or changes of the type of operations; 
patients suffered from serious heart, liver, kid-
ney and other diseases; patients had difficulty 
or inconvenience in follow-up.

Methods

All patients underwent PELD surgery, and intra-
operative hanging height of saline bag was 
adjusted to 60 cm, 70 cm, 80 cm and 90 cm 
respectively according to different groups, with 
25 patients in each group. During the opera-
tion, somatosensory evoked potential (SEP) + 
electromyography (EMG) + transcranial electri-
cal stimulation somatic motor evoked potential 
(TCe MEP) and multimodal neuroelectrophysiol-
ogy were used to monitor the changes of spinal 
cord nerve in patients. SEP+MEP+EMG multi-
modal neuroelectrophysiology was used to 
monitor the changes of amplitude and latency 
in each patient, of which SEP and MEP were 
monitored simultaneously in upper and lower 
limbs (SEP stimulation sites): median nerve of 
upper limb, posterior tibial nerve of lower limb; 
recording sites: median nerve (C3, C4), poste-
rior tibial nerve (Cz), and reference electrode 
was placed in forehead Fpz; MEP stimulation 
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site: 2 cm in front of C3 and C4; recording site: 
upper limb was contralateral abductor pollicis 
brevis and lower limb was contralateral tarsal 
adductor. EMG was mainly monitored in quadri-
ceps femoris and tibialis anterior muscle. At the 
same time, 10/20 international electrode 
placement system was used, EMG was used to 
continuously record muscle resting electrical 
activity. The monitoring baseline of SEP and 
MEP was recorded, the changes of amplitude 
and latency were measured during operation, 
and EMG was used to continuously record mus-
cle resting electrical activity. Attention was paid 
to the application of spontaneous electromyog-
raphy to continuously monitor the peak value, 
waveform and number of motor units of EMG. 
At the same time, the changes of electrophysi-
ological amplitude and latency were measured 
respectively. The intervertebral foramen endo-
scopic was inserted into the intervertebral lum-
bar canal and connected with flushing fluid for 
continuous flushing. The herniated disc nucle-
us pulposus was removed and the nerve root 
was released. If continuous EMG spontaneous 
potentials occurred during the monitoring pro-
cess, the amplitude and latency of SEP or MEP 
signals did not meet the warning standard, and 
the patient had no discomfort symptoms, the 
operation was continued.

Outcome measures

IONM was used to set up an early warning stan-
dard. SEP early warning standard: if the ampli-
tude decreased by more than 50% and/or the 
incubation period extended by more than 10%, 
which indicates positive; MEP early warning 
standard: if the amplitude dropped more than 
80%, it indicates positive; EMG early warning 
standard: the electric activity waveform with 
high frequency burst was positive. If one of the 
above items was positive, it indicates positive 
[13].

Incidence rate of spinal cord hypertension syn-
drome: head and neck pain, neck stiffness, 
nausea, vomiting and other discomfort, even 
dysphoria, elevated blood pressure, increased 
heart rate and other manifestations during lum-
bar intervertebral foramen mirror surgery could 
be judged as spinal cord hypertension syn-
drome [7].

Oswestry dysfunction index (ODI) score 3 
months after surgery: ODI consisted of 10 

questions, with the highest score of 5 points for 
each question. The low score was related to 
better postoperative recovery [14].

Mac Nab efficacy evaluation standard was 
used to evaluate the efficacy of 3 months after 
operation, which could be divided into excellent 
and moderate difference [11], and the calcula-
tion formula was: excellent rate = (excellent + 
good)/total cases × 100%.

Statistical methods

SPSS 22.0 was used for data analysis and pro-
cessing. Continuous variable data conforming 
to normal distribution were expressed by mean 
± standard deviation (

_
x  ± sd). One-way ANOVA 

was used to detect whether there were signifi-
cant differences in multiple groups, which was 
expressed as F. Bonferroni method was further 
used to carry out post hoc pair-wise compari-
son. The data that did not conform to the nor-
mal distribution and variance homogeneity 
were expressed by rank sum test, while the 
counting data were expressed by % and ana-
lyzed by Pearson chi-square test, which was 
expressed by χ2. The difference was statistical-
ly significant with P<0.05.

Results

Comparison of general data and baseline data 
of four groups of patients

All patients were followed up for 3 months after 
the surgery. There was no statistical difference 
in age, sex, intraoperative blood loss, operation 
time and length of stay among the four groups 
(P>0.05). See Table 1.

Comparison of intraoperative SEP+MEP+EMG 
monitoring in four groups of patients

The comparison of the monitoring results of 
SEP+MEP+EMG in the four groups of patients 
showed that the positive rate of SEP+MEP+EMG 
monitoring in group C and group D was higher 
than that in group A and group B (P<0.05 or 
P<0.001). See Table 2 and Figure 1.

Comparison of incidence of postoperative 
spinal cord hypertension in four groups of 
patients

Comparing the incidence of postoperative spi-
nal cord hypertension in the four groups of 
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patients, it was found that the incidence of spi-
nal cord hypertension in group C and group D 
was higher than that in group A and group B 
(P<0.05 or P<0.001). See Table 3.

Comparison of ODI score of four groups of 
patients 3 months after operation

The comparison of ODI scores in 3 months 
after operation showed that group B had lower 
ODI scores than group A, group C, and group D, 
and the score of group A was lower than that of 
group D (all P<0.05). See Table 4.

Comparison of curative effect evaluation of 
Mac Nab in four groups of patients

The comparison of curative effect evaluation of 
Mac Nab 3 months after operation showed that 
the excellent and good rate in group B was high-

er than that in group A, group C, and group D 
(P<0.05 or P<0.01). See Table 5.

Discussion

Common complications of intervertebral fora-
men endoscopy are nerve injury and dysfunc-
tion caused by nerve injury [15, 16]. Choi et al. 
reported epilepsy after neck pain in patients 
undergoing PELD, which was considered to be 
caused by increased intracranial pressure [17]. 
Bai et al. showed that it was appropriate to 
have a height of about 1 m between the flush-
ing saline and the intervertebral foramen endo-
scopic inlet during the intervertebral foramen 
endoscopic operation, otherwise it was easy to 
cause spinal cord hypertension syndrome [18]. 
However, in clinical work, the author found that 
the low placement of intraoperative flushing 
fluid will lead to unclear vision in the operation 
area, while the placement height of flushing 
fluid for patients with spinal cord hypertension 
syndrome is mostly higher than 1 m, of which 
intervertebral approach is more common. This 
study is based on the correlation between the 
height of flushing fluid and the occurrence of 
spinal cord hypertension syndrome. Neuroel- 
ectrophysiological monitoring is often used in 
clinical diagnosis of intraoperative nerve injury 
monitoring [19]. Previous studies have shown 
that SEP+MEP+EMG monitoring is safe and 
effective in protecting spinal cord nerve func-
tion, and can provide reliable objective basis 
for accurately judging prognosis [20-23]. In this 
study, it was found that with the increase of 
flushing saline level, the alarm rate of neuro-
physiological detection increased significantly. 
Further research found that with the increase 
of hanging height of saline bag, the incidence 
rate of patients with spinal cord hypertension 
syndrome increased significantly, indicating 

Table 1. Comparison of general data and baseline data of four groups of patients (
_
x  ± sd, n)

Items Group A (n=25) Group B (n=25) Group C (n=25) Group D (n=25) χ2/F P
Gender 0.170 0.982
    Male 16 15 15 16
    Female 9 10 10 9
Age (year) 52.3±7.6 50.7±9.5 52.9±7.5 51.6±8.2 0.330 0.804
Intraoperative blood loss (mL) 57.23±15.34 56.89±16.93 60.23±20.12 58.37±18.23 0.180 0.910
Operation time (min) 70.45±25.33 72.93±26.90 71.23±26.89 70.18±24.76 0.057 0.982
Length of stay (d) 6.59±2.43 6.98±2.65 7.13±2.74 6.99±2.53 0.201 0.896
Note: Group A: the hanging height of saline bag at 60 cm; group B: the hanging height of saline bag at 70 cm; group C: the 
hanging height of saline bag at 80 cm; group D: the hanging height of saline bag at 90 cm.

Table 2. Comparison of intraoperative 
SEP+MEP+EMG monitoring in four groups of 
patients (n, %)

Group
SEP+MEP+EMG monitoring

Positive (n, %) Negative (n, %)
Group A (n=25) 0 (0.00%) 25 (100.00%)
Group B (n=25) 0 (0.00%) 25 (100.00%)
Group C (n=25) 5 (20.00%)*,# 20 (80.00%)
Group D (n=25) 10 (40.00%)***,### 15 (60.00%)
χ2 21.569
P <0.001
Note: Compared with group A, *P<0.05, ***P<0.001; 
compared with group B, #P<0.05, ###P<0.001. Group A: 
the hanging height of saline bag at 60 cm; group B: the 
hanging height of saline bag at 70 cm; group C: hanging 
height of saline bag at 80 cm; group D: hanging height 
of saline bag at 90 cm. SEP+MEP+EMG: somatosensory 
evoked potential (SEP) + electromyography (EMG) + 
transcranial electrical stimulation motor evoked potential 
(TCe MEP).
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that there is a certain correlation between 
hanging height of saline bag and the occur-
rence of spinal cord hypertension syndrome. A 
domestic study found that cerebrospinal fluid 
flow in the spinal canal was mainly concentrat-
ed in the front and rear directions, but less in 
the side [24]. During the operation, when a 
large amount of hanging height of saline bag 
was used for wash, the epidural pressure of the 
lumbar spine would increase, and after the 
pressure increased, the cerebrospinal fluid 
would flow to the side of the neck and head. As 
the channel is perpendicular to the lumbar 
back during the intervertebral surgery app- 
roach, the flushing saline is not easy to flow out 
of the surgery channel due to gravity factors, 
and therefore it will remain outside the dura. 
Yan et al. showed that when PELD was per-
formed through the intervertebral approach, 
when patients had cervical pain, the epidural 

pressure in the cervical spinal canal elevated 
sharply [9]. The author believed that intraoper-
ative flushing fluid accumulated in the epidural 
space in the cervical spinal canal, along with 
the thoracic and lumbar vertebrae. Moreover, 
the patient applied prone position during the 
operation and the cervical vertebra position 
was relatively low due to physiological curva-
ture. Therefore, the high placement of the flush-
ing fluid was related to the large water pres-
sure, and the epidural pressure in the cervical 
spinal canal was more likely to increase sharp-
ly, which may lead to spinal venous reflux 
obstruction, transient ischemia and hypoxia of 
the spinal cord, and cause corresponding 
symptoms. In addition, during the operation, 
the dural sac may be ruptured and not found in 
time, resulting in flushing fluid entering the 
dural sac through the breach, causing the pres-
sure in the dural sac to increase and inducing 
symptoms. In this study, it is shown that the 
height of flushing liquid is about 70 cm.

Figure 1. SEP+MEP+EMG monitoring status of patients during operation. A-C: The patient who has reached the 
alarm by monitoring abnormality; D: The patient who was monitored but has not reached the alarm; E: The patient 
who was monitored without abnormality. SEP: somatosensory evoked potential; EMG: electromyography; TCe MEP: 
transcranial electrical stimulation motor evoked potential.

Table 4. Comparison of ODI score of four 
groups of patients 3 months after operation  
(
_
x  ± sd)

Group Comparison of ODI score
Group A (n=25) 10.34±3.12@

Group B (n=25) 8.55±2.94*,##,@@@

Group C (n=25) 11.35±3.45
Group D (n=25) 12.55±3.57
F 6.660
P <0.001
Note: Compared with group A, *P<0.05; compared with 
group C, ##P<0.01; compared with group D, @P<0.05, @@@

P<0.001. Group A: the hanging height of saline bag at 
60 cm; group B: the hanging height of saline bag at 70 
cm; group C: the hanging height of saline bag at 80 cm; 
group D: the hanging height of saline bag at 90 cm. ODI: 
Oswestry disability index.

Table 3. Comparison of incidence of post-
operative spinal cord hypertension in four 
groups of patients (n, %)

Group
Incidence of postoperative spinal 

cord hypertension
Positive (n, %) Negative (n, %)

Group A (n=25) 0 (0.00%) 25 (100.00%)
Group B (n=25) 0 (0.00%) 25 (100.00%)
Group C (n=25) 4 (16.00%)*,# 21 (84.00%)
Group D (n=25) 8 (32.00%)***,### 17 (68.00%)
χ2 16.667
P 0.001
Note: Compared with group A, *P<0.05, ***P<0.001; 
compared with group B, #P<0.05, ###P<0.001. Group 
A: the hanging height of saline bag at 60 cm; group B: 
the hanging height of saline bag at 70 cm; group C: the 
hanging height of saline bag at 80 cm; group D: the 
hanging height of saline bag at 90 cm.
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Further post-operative efficacy evaluation of 
the participants found that the ODI score and 
Mac Nab efficacy of the patients were better 
than those of the other three groups when the 
hanging height of saline bag was about 70 cm. 
Although there was no spinal cord hypertension 
syndrome compared with hanging height of 
saline bag at 60 cm, low placement of saline 
bag during the operation would lead to unclear 
vision in the operation area, thus affecting the 
operation effect and the postoperative recov-
ery of the patients. For the group with hanging 
height of saline bag at 80 cm and 90 cm, the 
incidence of postoperative spinal cord hyper-
tension syndrome increased, thus affecting the 
postoperative recovery of patients. Therefore, 
this study revealed that it was appropriate to 
set the hanging height of saline bag at about 70 
cm.

We still needed to avoid or alleviate the occur-
rence of spinal cord hypertension in patients 
undergoing PELD via the intervertebral app- 
roach while strictly carrying out the operation 
[18, 25]. For this, we summed up the following 
points: (1) When symptoms of spinal cord 
hypertension were mild, the operating bed 
could be adjusted, with head high and feet low. 
In addition, the suspension height of flushing 
fluid could be reduced, and oxygen inhalation, 
warmth preservation, psychological comfort 
and other measures could be given. If the 
symptoms were still not relieved, the operation 
was immediately stopped, the flushing fluid was 
turned off, and the operate was applied after 
the symptoms were basically relieved; (2) When 
the working channel was about to enter the spi-
nal canal, the operation should be completed 
as soon as possible to avoid prolonged perfu-
sion and operation time and dural sac injury.

The sample size of this study is small, so it is 
necessary to further expand the sample size 

for research. The observation time is short, so 
it is necessary to further increase the observa-
tion time to study the postoperative recovery of 
the two groups of patients.

To sum up, the occurrence of spinal cord hyper-
tension when PELD was performed through the 
intervertebral approach under continuous epi-
dural anesthesia was related to the placement 
height of intraoperative flushing fluid. The high 
placement of flushing fluid was related to the 
high occurrence of spinal cord-like hyperten-
sion. The hanging height of saline bag at about 
70 cm is appropriate.
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