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Abstract

Purpose To investigate the effects of cervical decompression operation on cardiac autonomic regulation and its relationship
to recovery of somatic neurological function in cervical spondylotic myelopathy (CSM) patients.

Methods One hundred and thirty-two consecutive patients were enrolled in this study, in which 73 patients received decom-
pression operation and the remaining 59 were treated non-operatively. The follow-up period was 6 months. Baseline and
follow-up evaluation included Japanese Orthopaedic Association (JOA) score, office-based blood pressure (BP) measurement,
heart rate (HR), and 24-h heart rate variability (HRV) assessment. Relationship between achieved JOA score (final JOA
score—baseline score) and changes of BP, HR, and HRV parameters in both operative and non-operative groups was analyzed.
Results In operative group, patients’ JOA score and markers of parasympathetic activity in HRV assessment were signifi-
cantly higher than baseline level 6 months later. Blood pressure, especially systolic blood pressure (SBP), was significantly
downregulated in both hypertension and non-hypertension patients. Mean heart rate was also significantly decreased. Further-
more, achieved JOA score was significantly negatively correlated with changes of SBP, minimal HR, mean HR, maximum
HR, but significantly positively correlated with changes of HRV parameters reflecting parasympathetic activity. However,
changes of JOA score, BP, HR, and HRV parameters in non-operative group were not significant.

Conclusions Cervical decompression operation could improve both somatic neurological function and cardiac autonomic
regulation in CSM patients, and achieved JOA score was significantly positively correlated with improvement in HRV and
cardiac parasympathetic activity.
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Introduction

Cervical spondylotic myelopathy (CSM) defined as age-
related degeneration of tissues of cervical spinal column
and results in compression of spinal cord, which impairs
both somatic and autonomic nervous system [1]. Somatic
nervous dysfunction such as motor and sensory deficits and
the recovery process after decompression surgery were mas-
sive documented [2], while reports on recovery of autonomic
nervous dysfunction in CSM patients were still limited.

Cardiac autonomic nervous system was involved in
regulation of heart rate and blood pressure. Recent stud-
ies revealed that cervical decompression surgery improved
both systolic (SBP) and diastolic blood pressure (DBP) in
patients concomitant hypertension [3], which indicated that
compression of cervical spinal cord could be associated with
hypertension, and decompression surgery could improve this
type of hypertension. While not every CSM patient’s blood
pressure was higher than normal, how is the change of blood
pressure in CSM patients without hypertension? Further-
more, how is the relationship between recovery of somatic
neurological deficits and cardiac autonomic regulation after
decompression operation? To answer these questions, we
designed this prospective cohort study by investigating the
changes of neurological function score, blood pressure, heart
rate, and heart rate variability in CSM patients under differ-
ent treatment method.

Heart rate variability (HRV) measurement is one of the
best noninvasive techniques in evaluation of the cardiac
autonomic function by quantifying beat-to-beat changes of
heart rate [4]. While HRV parameters could be affected by
various factors [5—7], including age, gender, some meta-
bolic indexes, body mass index, drugs, and some disease
such as diabetes, coronary artery disease, which indicated
that patients involved in HRV analysis should be strictly
controlled. In this study, these factors were considered in
eligibility evaluation, detailed data and history information
of each patient was recorded and difference between groups
was compared separately.

HRV could be measured in both time and frequency
domain [8]. HRV could be determined by software from 24-h
dynamic electrocardiogram recording. The time domain of
HRYV was measured as beat-to-beat intervals or as variables
derived from differences in adjacent normal-to-normal (NN)
intervals. Frequency domain of HRV was measured with
power spectral analysis (PAS). PSA provided information
about heart rate distribution as function of frequency. Fre-
quency domain analysis could be classified as short-term and
long-term recordings, 24-h long-term recording was used in

this study. Analysis of changes of parameters in both time
and frequency domain could discriminate between the sym-
pathetic and parasympathetic contributions of HRV. Accord-
ing to previous study [9], SDNN was used for general assess-
ment of HRV, HF value along with RMSSD and pNN50
were considered as markers of parasympathetic activity, and
LF reflected sympathetic (and parasympathetic) activity.

Materials and methods
Study design

The ethics committee of our university approved this pro-
spective observational cohort study. After confirmation of
eligibility, consecutive patients with CSM, who received
cervical decompression operation or non-operative treat-
ment between June 2014 and September 2017, were included
in this study, and the follow-up term for each patient was
6 months. All patients received diagnosis of CSM secondary
to disk herniation, facet degeneration, and calcification or
hypertrophy of ligamentum flavum and posterior longitu-
dinal ligament. Before assessment, all patients should stop
medication like antihypertensive drugs, drinking alcohol,
and coffee for at least 24 h. Baseline evaluation included his-
tory taking, physical examination, body mass index (BMI),
blood examination of plasma glucose, total cholesterol and
triglyceride, office-based blood pressure measurement, scor-
ing system for cervical myelopathy by the Japanese Ortho-
pedic Association (JOA) [10], and 24-h heart rate variabil-
ity recording based on dynamic electrocardiogram. Patients
with hypertension were required not to change their medica-
tion during this study.

Study population

The inclusion criteria were as follows: CSM patients with
different degrees of myelopathy symptom; age between 40
and 70 years; spinal cord compression on radiological image;
willing to participate in this study; and signed informed con-
sent and 0-10 visual pain scores <3 points. Patients with a
history of any of the following were excluded: secondary
hypertension; prior cervical spine surgery; pain scores >3
points; tumor; trauma; obesity with body mass index (BMI)
>28; concomitant diabetes; coronary heart disease; cardiac
dysrhythmia needing medication; and chronic pulmonary,
kidney and liver disease.

Altogether 156 patients were initially enrolled (Fig. 1), in
which 81 received cervical decompression surgery and 75
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Fig. 1 Flowchart illustrating
patients recruitment and group
information
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were treated with non-operative method. During the follow-
up, 5 patients were excluded from the operative group due
to other cervical surgery (3) and trauma (2), and 12 patients
were excluded from the non-operative group due to trans-
mit to operative intervention. Another 7 patients (operation
3; non-operation 4) were lost to follow-up. As a result, a
total of 132 patients (operation 73; non-operation 59) with
detailed data were included in the final analysis.

Treatment

Treatment selection was decided by senior author’s care-
ful assessment of the patients and also with the agreement
of the patients. Patients with mild CSM who refused sur-
gical intervention could be treated non-operatively under
strict supervision, if the neurological dysfunction deterio-
rated progressively, operative intervention would be recom-
mended. Non-operative treatment included gradual reha-
bilitation training, physical therapy, intermittent cervical
immobilization using soft collar, and medication such as
nonsteroidal anti-inflammatory drugs (NSAIDs). Cervical
decompression surgery could be done with the following
techniques: anterior cervical discectomy and fusion; anterior
cervical corpectomy and fusion; posterior one-side open-
door decompression.

Data collection

All data were collected and analyzed by trained staff using
a blind method, which means these staff had no grouping
and treatment information of each patient. After baseline
evaluation, patients were treated operatively or non-oper-
atively, and the follow-up assessment, including office-
based blood pressure measurement, JOA score evaluation
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and 24-h heart rate variability analysis, was performed
6 months after treatment.

Office-based blood pressure of each patient was meas-
ured in the morning between 8 and 10 am, and each
measurement would be repeated twice using electronic
blood pressure monitor (HEM-1000, Omron, Japan) after
patients remained at rest in seated position for at least
10 min in quiet room with the room temperature of 24 °C;
the mean of these two values was recorded. If the differ-
ence between these two measurements was bigger than
10 mmHg, one more measurement would be required.

Dynamic electrocardiogram was attached to each
patient, and continuous heart rate data were recorded for
24 h, and patients were required to stay in similar environ-
ment under similar conditions with the baseline record-
ing. Heart rate variability of each patient was analyzed
using dynamic electrocardiogram analyzer (MarS, GE,
USA). Both time domain and frequency domain were
used in this study. Parameters used in time domain analy-
sis in this study included: standard deviation of all NN
intervals (SDNN); standard deviation of the averages of
NN intervals in all 5-min segments of the entire record-
ing (SDANN); the square root of the mean of the sum of
the squares of differences between adjacent NN intervals
(RMSSD); and NN50 count divided by the number of all
NN intervals (pNN50). The frequency domain parameters
included: variance of all NN intervals (total power); power
in the ultra-low frequency range (<0.003 Hz, ULF); power
in the very low frequency range (0.003-0.04 Hz, VLF);
power in the low frequency (0.04-0.15 Hz, LF); and power
in high frequency (0.15-0.4 Hz, HF).

Changes in somatic neurological function were evaluated
with the achieved JOA score, which was calculated as final
JOA score—baseline score.
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Statistical analysis

Data of frequency domain were presented as mean =+ stand-
ard error, and all the other data were presented as
mean + standard deviation. Paired t test was used to deter-
mine significant changes between two groups; nonparamet-
ric Wilcoxon signed-rank test was used when required con-
dition was not satisfied. Spearman correlation coefficients
were used to analyze the relationships between changes in
JOA scores (final JOA score—baseline score) and changes in
blood pressure (final value-baseline value), heart rate (final
value-baseline value), heart rate variability time domain
(final value—baseline value), and frequency domain (final
value/baseline value). All statistical analyses were per-
formed using SPSS 16.0 (SPSS Inc, USA), and p < 0.05 was
considered significant.

Results

Baseline of age, gender, BMI, blood glucose, total choles-
terol, and triglyceride were comparable between non-oper-
ative group and operative group (Table 1). The number of
patients with concomitant hypertension was 24 (40.68%)

Table 1 Demographic data and changes of JOA score of all the patients

in non-operative group and 31 (42.47%) in operative
group, and the baseline blood pressure and antihyperten-
sive medication plan between groups were also compara-
ble. The JOA score in operative group was significantly
lower than non-operative group. After 6 months, achieved
JOA score of operative group was significantly higher than
that of non-operative group. In operative group, achieved
JOA score of patients without hypertension was little
greater than that of patient with hypertension, but not
significant.

In operative group (Fig. 2), both systolic pres-
sure (SBP) and diastolic blood pressure (DBP) were
significantly downregulated 6 months after decom-
pression surgery in hypertension patients from
146.50+9.03 to 132.39 +8.86 mmHg and 85.65+7.13
to 79.61 +4.72 mmHg, respectively. In non-hypertension
patients, SBP was also significantly downregulated after
surgery from 125.80+7.05 to 118.90 +9.47 mmHg, but
change of DBP was not significant. Furthermore, SBP of
hypertension patients decreased by 14.10+9.97 mmHg,
which was significantly (p =0.01) higher than that of non-
hypertension patients (6.88 +10.97 mmHg). Changes of
systolic pressure (SBP) and diastolic blood pressure (DBP)
were not significant in patients treated non-operatively.

Non-operative treatment

Operative treatment

Non-hypertension Hypertension Non-hypertension Hypertension
Mean (SD) Mean (SD) Mean (SD) Mean (SD)
Subjects (n) 35 24 42 31
Age (years) 56.23 (7.60) 55.13 (7.71) 55.76 (8.66) 57.39 (8.76)
Male (n) 20 15 23 20
BMI (Kg/m?) 23.29 (2.14) 23.24 (2.19) 23.34 (2.39) 23.37 (2.49)
Blood glucose (mmol/L) 5.08 (0.71) 5.07 (0.71) 4.97 (0.67) 5.04 (0.79)
Total cholesterol (mmol/L) 4.17 (1.15) 4.21 (0.80) 4.25 (0.80) 4.22 (0.83)
Triglyceride (mmol/L) 1.22 (0.41) 1.25(0.41) 1.22 (0.37) 1.19 (0.38)
Systolic blood pressure (mmHg) 127.27 (7.44) 146.79 (10.72) 125.80 (7.05) 146.50 (9.03)
Diastolic blood pressure (mmHg) 73.89 (6.13) 84.21 (8.76) 75.52 (6.77) 85.65 (7.13)
Number of different antihypertensive drugs (1) - 1.42 (0.50) - 1.32 (0.48)
Antihypertensive drugs
ARB (n) - 7 - 8
ACEI (n) - 8 - 10
Diuretic (n) - 8 - 9
CCB (n) - 8 - 10
BB (n) - 3 - 4
Baseline JOA score, points 15.60 (0.50) 15.54 (0.51) 11.71 (1.47)n 1148 (1.41)n
JOA score 6 months after treatment 15.80 (0.58) 15.67 (0.70) 14.00 (1.58) b 13.52(1.24) b
Achieved JOA score, points 0.20 (0.46) 0.13 (0.51) 2.29 (0.86) n 2.03 (0.84) n

n: p<0.001 compared with non-operative group; b: p<0.001 compared with baseline data

BMI Body mass index, ARB angiotensin receptor blocker, ACEI angiotensin-converting enzyme inhibitor, CCB calcium receptor blocker, BB

beta-receptor blocker
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Fig.2 Changes of blood pressure after operative (OT) or non-operative (NO) treatment for CSM patients. a For systolic blood pressure (SBP)
and b for diastolic blood pressure (DBP). NH Non-hypertension, HT hypertension

In operative group, mean heart rate (HR) (68.75 +6.99)
was significantly (p =0.029) lower than that of baseline
(72.07 £9.31) 6 months later (Fig. 3), while changes of
minimal and maximum heart rate were not significant. In
heart rate variability (HRV) analysis, SDNN (p =0.008),
RMSSD (p=0.009), PNN50 (p <0.001), and HF (p=0.002)
were significantly higher than those baseline levels 6 months
after operative treatment. Changes of heart rate and heart
rate variability in non-operative group were not significant.

In operative group (Table 2), a significant negative
correlation was found between achieved JOA score and

changes in SBP (p =0.002), minimal HR (p =0.005),
mean HR (p=0.001), maximum HR (p =0.001), and
ULF in frequency domain of HRV (p =0.013). A sig-
nificant positive correlation was found between achieved
JOA score and changes in SDNN (p <0.001), SDANN
(p<0.001), RMSSD (p=0.006), PNN50 (p=0.001),
and HF (p =0.005). In non-operative group, correlation
between achieved JOA score and changes in parameters of
blood pressure, heart rate, and heart rate variability was
not significant.

BN Baseline level 00000 Cl NN Baseline level
.
[ 6 months after treatment [0 6 months after treatment

500000

400000

200000

Frequency domain
w
S
3
S
S
S

100000

SDANN

i . i TN

PNN50 Totalpower ULF  VLF HF

BN Baseline level mm Baseline level
[0 6 months after treatment =31 6 months after treatment

RMSSD

120000 C2

100000
80000
60000

40000

Frequency domain

20000

N Baseline level
140 Al - Bl
180
120 160
140
= 100 =
€ s 120
£ 80 g
123 =}
NO £ < 100
g o
< 60 E 80
40 60
40
20 20
0 0
Minimal HR ~ MeanHR  Maximum HR SDNN
NN Baseline level
140 A2 200 B2
180 .
120
160
100 140
) £ 20
OT £ . ge
b = 100
2 60 g 80
E g
40 60,
40
20 20
0 SDNN

Minimal HR Mean HR Maximum HR

SDANN

Lﬁ ) T8 ij &k

RMSSD  pNN50 Total power ULF VLF HF

Fig.3 Changes of heart rate (a) and HRV parameters (time domain: b; frequency domain: ¢) after operative (OT) or non-operative (NO) treat-

ment for CSM patients
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Table2 Correlations between achieved JOA score and changes of
blood pressure, heart rate and heart rate variability in non-operative
and operative group

Non-operative ~ Operative treatment

treatment
Blood pressure
Systolic blood pressure 0.025 —0.364*
Diastolic blood pressure 0.044 -0.139
Heart rate
Minimal heart rate 0.125 —0.367*
Mean heart rate 0.163 —0.305%*
Maximum heart rate 0.159 —0.392%*
Heart rate variability
SDNN —0.087 0.623%*
SDANN —0.030 0.391%%*
RMSSD -0.220 0.337*
PNN50 0.012 0.395%%*
Total power 0.092 —0.080
ULF 0.172 —0.275%
VLF 0.029 —0.111
LF -0.017 0.095
HF 0.048 0.362*

Spearman’s rho

* Correlation is significant and p <0.05; ** Correlation is significant
and p<0.001

Discussion

In the present study, we demonstrated that decompression
operation not only improved the somatic neurological func-
tion in CSM patients, but also improved the cardiac auto-
nomic regulation by enhancing parasympathetic activity,
which was characterized as downregulated blood pressure
in both hypertension patients and non-hypertension patients,
decreased mean heart rate, and upregulated heart rate vari-
ability, while changes of JOA score and cardiac autonomic
regulation in patients treated non-operatively were not
significant.

Autonomic dysfunction was well reported in tetraplegia
patients with spinal cord injury [11], and clinically signifi-
cant autonomic disorder in patients with CSM was mainly
reported in form of bladder dysfunction [12], while studies
reporting changes of cardiac autonomic regulation in CSM
were very few. Cardiac autonomic regulation was dependent
on the balance between sympathetic and parasympathetic
nervous system. In patients with severe or complete cervi-
cal spinal cord injury, supraspinal control of sympathetic
outflow was damaged, but the parasympathetic outflow was
preserved, which resulted in cardiac dysrhythmias and dis-
order of blood pressure regulation [13]. In CSM patients,
due to injury to spinal cord being less severe, both tonic
inhibitory effect from intraspinal noradrenaline fibers

and reflex sympathetic control of arterial pressure would
become abnormal, but not fully disrupted, and tended to
show higher levels of blood pressure and heart rate. Sri-
hari et al. [14] reported cardiac autonomic dysfunction in
patients with cervical compressive myelopathy was limited,
which indicated that degree of cardiac autonomic dysfunc-
tion correlated with the severity of somatic neurological
deficit. In the present study, we found that HRV of patients
was significantly upregulated with the higher level of SDNN
after decompression operation, and predominant levels of
RMSSD, PNN50, and HF, which reflected higher level of
parasympathetic activity compared with baseline situation.
Furthermore, improvement in somatic neurological function
was significantly positive correlated with changes of mark-
ers of parasympathetic activity, while changes of marker of
sympathetic activity were not significant, which indicated
that regulation of sympathetic activity could be complicated
in CSM patients after decompression operation.

Heart rate reflected interaction between parasympathetic
and sympathetic nervous systems. Bradycardia was com-
monly reported in acute stage of cervical spinal injury [15].
In patients with severe spinal cord injury, bradycardia could
be a severe problem which requires vasopressor therapy to
maintain blood pressure [16], which was because of the
increase in heart rate which was blunted due to sympathetic
decentralization [17]. In contrast, patients with less severe
spinal cord injury tended to show higher levels of heart rate,
but there are few reports of heart rate regulation in CSM
patients. Li et al. [18] reported that decompression operation
could significantly decrease heart rate in CSM patients with
hypertension, while this effect was not significant in non-
hypertension patients. Considering that sympathetic activ-
ity could be more correlated with patients’ overall active
condition [19], in this study, postoperative heart rate param-
eters were evaluated under similar conditions with baseline
recording. We found that mean heart rate of patients was
slightly decreased after operative treatment, which was cor-
related with the increased level of cardiac parasympathetic
activity after operation. Furthermore, achieved JOA score
was negatively correlated with changes of heart rate param-
eters, which revealed that enhanced parasympathetic activity
could play a positive role in rehabilitation period.

The concrete mechanism of primary hypertension was
still unknown, and several risk factors of high blood pressure
were reported including stress and some metabolic indexes
[20]. In patients with CSM, damage to spinal cord was not
so severe, and blood pressure regulation in these patients
would still partially depend on sympathetic efferent nerves
[21], while disruption of the descending pathways would
lead to plastic changes within spinal cord [22] and peripheral
neurovascular responsiveness [23] and finally cause blood
pressure disorders. Previous study reported that the preva-
lence of hypertension in CSM patients was higher than that
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of whole population [18], and cervical decompression sur-
gery could significantly reduce concomitant high blood pres-
sure [3], while no study was found to report the changes of
blood pressure in CSM patients without hypertension after
surgery. In this study, we found that decompression opera-
tion decreases both systolic pressure and diastolic blood
pressure in CSM patients with concomitant hypertension,
while in patients without hypertension, systolic blood pres-
sure was also decreased after surgery, but change of diastolic
blood pressure was not significant. Achieved JOA score was
negatively correlated with change of systolic blood pressure,
but positively correlated with changes of parasympathetic
parameters in HRV measurement, which revealed that para-
sympathetic nervous system, not sympathetic nervous sys-
tem, played an important role in blood pressure regulation
in CSM patients during rehabilitation period.

In our present study, baseline JOA score of non-oper-
ative group was higher than that of operative group, and
although we revealed that operative treatment could improve
both somatic neurological function and cardiac autonomic
regulation, it would be improper to conclude that operative
treatment was superior to non-operative treatment in CSM
patient. Another limitation of this study was that we cannot
eliminate the effect of environment on HRV parameters, and
patients were required to stay in similar condition during
HRYV measurement, which was clinically feasible and could
minimize the affection of environment as much as possible.
According to our clinical practice, the JOA score of most
CSM patients after surgery could reach peak in 6 months,
and therefore, we selected the time point of 6 months in
this study, although it was relatively short period. HRV was
reported as a strong and independent predictor of mortality
after acute myocardial infarction [24], and heart rate was
also reported to have significant negative effect on cardio-
and cerebrovascular morbidity and mortality [25]. In this
study, we demonstrated improved HRV and reduced mean
heart rate in CSM patients after operative treatment; how-
ever, whether CSM promotes risk of cardiovascular acci-
dent in coronary heart disease patients still needs further
investigation.

Conclusions

We found that decompression operation could significantly
improve both somatic neurological function and cardiac
autonomic regulation by enhancing parasympathetic activity
in CSM patients. Achieved JOA score was significantly cor-
related with changes of cardiac autonomic parameters, while
changes of sympathetic parameters were not significant.
Although changes of cardiac autonomic regulation described
in this study were subclinical, the results could shed light
on the recognition of recovery of autonomic nervous system
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after operation in CSM patients and would be helpful for
further investigation of cardiovascular risk in CSM patients.
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