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Objective: When treating patients with cervical spondylotic myelopathy (CSM), we often 
note amelioration in concomitant hypertension after surgery. To assess the effects of surgery 
and the mechanisms thereof, blood pressure (BP) and parasympathetic nervous activity 
were monitored prospectively in CSM patients undergoing surgery.
Methods: Sixty-eight consecutive CSM patients who underwent surgery with myoarchitec-
tonic spinolaminoplasty were enrolled. BP and electrocardiography were recorded preoper-
atively and at 1, 3, and 6 months postoperatively. Forty-six patients completed the scheduled 
follow-ups and were analyzed. Preoperatively, 17 had a mean BP higher than 100 mmHg 
(the HT group) and 12 had hypertension despite taking medication (the HT-refractory group). 
To evaluate alterations in parasympathetic function, the coefficient of variation of the RR 
interval (CVRR) was evaluated.
Results: A significant BP reduction was observed in the HT group 6 months after surgery, 
but not in the normotensive group (n = 29). The effect was more remarkable in the HT-re-
fractory group. A transient BP increase at 1 and 3 months after surgery was observed in all 
groups. Comparisons were made between groups classified by age (over 65 years or younger 
than 60 years) and the presence or absence of an intramedullary hyperintense T2 signal on 
magnetic resonance imaging, but no significant differences were detected. Measurements 
of CVRR did not significantly differ between the groups over the course of follow-up.
Conclusion: Hypertension coexisting with CSM can be ameliorated after surgical treatment. 
The effect is likely to be mediated by moderation of sympathetic activity, rather than para-
sympathetic activation. We believe that a combination of adequate decompression of the 
spinal cord and relief from musculoskeletal stresses effectuate this moderation. 

Keywords: Cervical spondylosis, Refractory hypertension, Myoarchitectonic spinolamino-
plasty, RR interval variance, Parasympathetic tone 

INTRODUCTION

Cervical spondylotic myelopathy (CSM) is a common dis-
ease among elderlies.1,2,3 Its prevalence, as assessed by magnetic 
resonance imaging (MRI) screenings, is reported to be as high 
as 24% in the population over 65 years old.3 It causes progres-
sive sensorimotor deficits and deterioration in the quality and 
independence of daily life. In addition to the typical motor dis-
turbances and sensory symptoms of myelopathy, we occasion-

ally encounter complaints and symptoms presumably attribut-
able to autonomic nerve actions, such as hypertension, ortho-
static hypotension, and dizziness. Postoperatively, patients often 
report ameliorations in such symptoms along with resolutions 
of the sensorimotor symptoms. Improvements in preoperative 
hypertension which had been resistant to medical treatments 
are repeatedly noted. Hyperactivity of sympathetic nervous sys-
tem is known to cause intractable hypertension,4 and it would 
be conceivable that impingement on the spinal cord may cause 
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alterations in the autonomic nervous activities. We conducted 
the present prospective study to assess alterations of blood pres-
sure (BP) and autonomic nerve activity in patients undergoing 
surgery for CSM.

MATERIALS AND METHODS

1. Patient Groups
Sixty-eight consecutive patients with CSM who underwent 

myoarchitectonic spinolaminoplasty (MSLP) of C3, 4, 5, and 6 
were included in the study. MSLP is a technical variant of lami-
noplasty which preserves entire musculoskeletal attachments of 
the posterior neck (Figs. 1, 2).5 Its biomechanical efficacy in pres-
ervation of alignment, adequate restriction of range of motion, 
and prevention of postoperative neck pain has been demonstrat-
ed.5 The 68 patients had significant spinal cord impingements 
on the preoperative MRI studies corresponding to their segmen-
tal or long-tract myelopathy symptoms. We did not include pa-
tients with CSM who underwent other procedures, such as an-
terior fusion, conventional laminoplasty or posterior fixations, 

or MSLP procedures on the levels different from C3 to C6. Pa-
tients with histories of cardiac arrhythmias, ischemic disease, 
and known atherosclerotic disease were excluded. Patients with 
factors known to influence the autonomic nervous function, 
such as diabetes or medications with adrenergic or cholinergic 
blockers, were excluded as well. 

Normal range of BP was defined in the Guideline by Japanese 
Society of Hypertension as the systolic and diastolic pressure 
being less than 130 mmHg and 85 mmHg. The combination 
gives a mean BP (MBP) of 100 mmHg, and the mean value was 
adopted in the present study as the criterion for hypertension. 
Patients with MBP greater than 100 mmHg were classified into 
HT group. Among those, patients with preoperative MBP great-
er than 100 mmHg despite prescription of antihypertensives, 
were classified further into HT-refractory group. Patients with 
MBP less than 100 mmHg were classified into NT group. Pati
ents treated with antihypertensives were classified as medicated 
group, and those without the treatment as nonmedicated group. 
Among the patients with MBP less than 100 mmHg (NT group), 
those treated preoperatively with medications were classified 

C4/5, Preop. C4/5, Postop. C5/6, Preop. C5/6, Postop.

Fig. 1. Treatment of cervical spondylotic myelopathy with myoarchitectonic spinolaminoplasty. A 63-year-old woman presented 
with disturbances in hand motor control and spastic gait. Postoperative (Postop.) studies were done 1 year after surgery. Note 
improvement in lordotic alignment along with decompression of the cord. Preop., preoperative.
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into NT-medicated group, and those not taking medications 
into NT-nonmedicated group. Patients were also divided into 
groups according to the age (> 65 years, elderly group vs. < 60 
years, middle-aged group). Patients were also grouped accord-
ing to presence or absence of hyperintense signal in the spinal 
cord on MRI T2 weighted image (T2WI) in the cord (T2-posi-
tive group, T2-negative group). The courses of the BP and coef-
ficient variance of RR intervals (CVRR) prior to and after sur-
gery were compared between the groups (Table 1).

In an independent group of patients undergoing surgery for 
lumbar stenosis during the same period, BP measurements and 
electrocardiogram (ECG) recordings were carried out (control-
LS group: n= 18; age, 64.4+7.2 years) and compared with the 
group of patients undergoing the cervical spine surgery.

2. Measurement of BP and CVRR on ECG
All patients had BP measurement and ECG monitoring be-

fore operation, and postoperatively on the 7th day, 1, 3, and 6 
months after surgery. BP was measured using a sphygmoma-
nometer with an automatic pneumatic inflation (Kohrin Seiki, 
Tokyo, Japan). Patients who missed the scheduled follow-up 
were excluded from the study. The BP was measured after sev-
eral minutes of rest in an examination room, and repeated a 
few to several times, and recorded when the reading became 
stable. MBP was calculated as the value of diastolic pressure 
plus one third of the pulse pressure (systolic – diastolic pres-
sure). CVRR was obtained from the recordings of ECG. CVRR 
is an index based on beat-to-beat variation, and is utilized as an 
indicator for parasympathetic activity.6 This index is defined as 

C3 C4 C5 C6

Fig. 2. Osteo-conduction and integration of the hydroxyapatite implants with the lamina, spinous process and muscles, 1 year 
after myoarchitectonic spinolaminoplasty. The same patient as shown in Fig. 1. All of the musculoskeletal attachments are saved. 
See text for the technical details.

Table 1. Demographic data; patients with cervical spondylotic myelopathy (CSM) and subgroups

Variable All CSM HT NT Medicated Nonmedi-
cated

Elderly  
(≥ 65 yr)

Middle-aged  
(≤ 60 yr) T2-positive T2-negative

No. of patients 46 17 29 16 30 13 23 19 27

Sex, male:female 35:11 12:5 23:6 12:4 23:7 9:4 17:6 16:3 19:8

Age (yr) 59.5 ± 10.1 61.8 ± 9.4 58.2 ± 10.4 62.9 ± 9.4 57.7 ± 10.1 70.0 ± 4.9 52.1 ± 8.2 62.7 ± 9.3 57.2 ± 10.2

HT, group with hypertension; NT, group with normal blood pressure; Medicated, group treated with antihypertensive drugs; T2-positive, 
group with hyper-intense signal on T2WI MRI; T2-negative, group without abnormal intensity on T2WI MRI; T2W1 MRI, T2 weighted im-
age magnetic resonance imaging.
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the ratio of the standard deviation (SD) of the RR intervals to 
their average value (M), thus CVRR (%)= (SD/M)× 100. ECG 
was recorded under a well-rested condition. We evaluated post-
operative alterations of systolic BP (SBP), diastolic BP (DBP), 
MBP, and CVRR in ratios relative to the preoperative readings 
(rSBP, rDBP, rMBP, rCVRR).

3. Surgical Treatment
All patients underwent MSLP5 at C3–6 levels (Figs. 1, 2). MSLP 

is a method variant of cervical laminoplasty and was devised by 
the authors. The method characteristically preserves the nuchal 
muscles and reconstitutes all of the musculoskeletal couplings 
to the posterior elements of the vertebrae. The details of the 
technique, neurological outcome and biomechanical results are 
reported elsewhere.5 Briefly, description of the method is as fol-
lows. Patients are positioned prone and linear incision is made 
in the midline, and myofascia of the three muscle layers are dis-
cretely cut in the midline using scalpels, and trapezius (the first 
layer), semispinalis capitis and splenius capitis (the second lay-
er) are retracted laterally. The spinous processes are split in the 
midline with muscles remaining attached on both sides (the 
third layer), and are cut separated at the junction to the lamina. 
The attachment of semispinalis cervicis to the spinous process 
are kept intact and the halves of the processes are retracted lat-
erally. The laminae are drilled in the midline with a 3-mm dia-
mond bur (midline gutters) and split completely. Hinge gutters 
are drilled medial to the junction of the lamina to the facets, 
and the lamina flaps are elevated with multifidus muscles at-
tached to their caudal edge. The muscle attachments to the pos-
terior surface of the facets, including those of semispinalis capi-
tis, semispinalis cervicis and multifidus are all left intact. After 
the elevation, the lamina flaps are bridged with trapezoid-shaped 
implants made of porous hydroxyapatite (HA).7 HA is the main 
constituent of naturally occurring bone, and fuses directly with 
bone and induces osteoconduction on its surface. The bony plates 
of the split spinous process with attached muscle (semispinalis 
cervicis) are reapproximated onto the implant. The construct is 
fused and integrated in 6 to 9 months (Fig. 2). The 3 layers of 
the myofascia, which constitute the nuchal ligament, are reap-
proximated and closed tightly in discrete layers. Structural and 
kinetic elements including muscular attachments to the spinous 
process, lamina and the posterior surface of the facets are all 
preserved in the method.

4. Data Analysis
The data are expressed as mean± standard error of the mean. 

For statistical comparisons of r-BP and r-CVRR values within 
each subgroup, 1-way analysis of variance was used. For com-
parison of the courses of alterations between groups, two-way 
factorial analysis was performed first, and when significant 
group effect was detected, individual sets of data were further 
compared using 1-way analysis of variance with critical values 
of modified t-statistics obtained by the Tukey method. In all 
comparisons, p-value less than 0.05 were considered as statisti-
cally significant. The numbers of patients in each group of data 
are indicated by n. 

5. Ethical Approval
All procedures performed in the study were in accordance 

with the ethical standards of the institutional and/or national 
research committee and with the 1964 Helsinki declaration and 
its later amendments. Informed consent was obtained from all 
individual participants included in the study.

RESULTS

All patients underwent the surgical procedure (Figs. 1, 2) 
without significant neurological complications. Forty-six pa-
tients completed the scheduled protocol of follow-up and were 
enrolled in the analysis (Table 1). Seventeen of them had pre-
operative MBP higher than 100 mmHg (HT group; age, 61.8±  
9.4 years). Among the 17 patients, 11 of them had high BP de-
spite medication (HT-refractory group; age, 63.9 ± 9.2 years). 
Twenty-nine patients had preoperative value of MBP less than 
100 mmHg (NT group; age, 58.2± 10.4 years). Among them, 5 
patients were on antihypertensive medication (NT-medicated 
group; age, 62.9± 9.4 years). Overall, 16 patients were on medi-
cation (medicated group). 

When subdivided due to age, 13 patients were older than 65 
(elderly group, 65–80 years; mean, 70.0± 4.9 years) and 23 were 
younger than 60 (middle-aged group, 52.1± 8.2 years). 

Nineteen patients had hyperintense signal on preoperative 
MRI T2WI in the spinal cord (T2-positive group; age, 62.7± 9.3 
years). Twenty-seven patients did not have the abnormality on 
the T2 WI (T2-negative group; age, 57.2± 10.2 years).

When the course of rMBP, rSBP, rDBP, and rCVRR were com-
pared between the group of all the patients with CSM (n= 46) 
and the control-LS group (n= 18), no significant difference in 
the course was detected (Figs. 3, 4). Significant alterations of the 
parameters were not observed along the course in both groups. 

When comparisons were made between NT and HT groups, 
significant difference was detected in the course of BP (Fig. 5A, 
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Fig. 3. Alteration of blood pressure and coefficient variance of 
RR (CVRR) interval in the patients with cervical spondylotic 
myelopathy (n= 46). The postoperative readings of blood pres-
sure and CVRR are expressed in ratio to the preoperative val-
ues. No significance was detected in the alterations along the 
courses of each set of the data. rMBP, ratio of mean blood pres-
sure relative to the preoperative value; rSBP, ratio of systolic 
blood pressure; rDBP, ratio of diastolic blood pressure; rCVRR, 
ratio of the coefficient variance of RR interval; M, month.

	 Preoperation	 1 Week	 1M	 3M	 6M

1.20
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Fig. 4. Alteration of blood pressure and coefficient variance of 
RR (CVRR) interval in the control group (n = 18). No signifi-
cant changes were detected in the course of each data. rMBP, 
ratio of mean blood pressure relative to the preoperative val-
ue; rSBP, ratio of systolic blood pressure; rDBP, ratio of dia-
stolic blood pressure; rCVRR, ratio of the coefficient variance 
of RR interval; M, month.

	 Preoperation	 1 Week	 1M	 3M	 6M

1.20
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Fig. 5. Alteration of blood pressure (BP) in NT group (n = 29) (A) and HT group (n = 17) (B). In the NT group (A), a transient 
mild increase in the BP parameters were observed in 1 and 3 months after surgery. In the HT group (B), significant decreases in 
the 3 BP parameters were observed at 1 week and 6 months after the surgery. Diastolic pressure alone decreased as compared to 
the preoperative value at 3 months. NT, group with normal BP; HT, group with hypertension; rMBP, ratio of mean BP relative to 
the preoperative value; rSBP, ratio of systolic BP; rDBP, ratio of diastolic BP; rCVRR, ratio of the coefficient variance of RR inter
val; M, month. *p < 0.05, statistical significance. **p < 0.01, statistical significance.
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B

B) (p< 0.05). When analysis is made along the course in the HT 
group, rMBP, rSBP, and rDBP decreased significantly at 1 week 
and 6 months after surgery (p< 0.01). At 3 months, a decrease 
in r-dBP was observed (p< 0.05). 

In comparison between nonmedicated group (Fig. 6A) and 

medicated group (Fig. 6B) a significant difference in the course 
of BP was evident (p< 0.05). 

In the nonmedicated group, transient increase in rMBP, rSBP, 
and rDBP was observed in 1 and 3 months after surgery (p<0.01). 
In the medicated group, decrease in the parameters was observed 
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Fig. 6. Alteration of blood pressure (BP) in nonmedicated group (n = 30) (A) and medicated group (n = 16) (B). In the nonmedi-
cated group, transient increases in the 3 BP parameters were observed in 1 and 3 months after surgery, whereas in the medicated 
group, decrease was observed in 1 week and 6 months. rMBP, ratio of mean BP relative to the preoperative value; rSBP, ratio of 
systolic BP; rDBP, ratio of diastolic BP; M, month. *p < 0.05, statistical significance. **p < 0.01, statistical significance.
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Fig. 7. Alteration of blood pressure (BP) in cervical spondylotic myelopathy (CSM) patients excluding those with hypertension 
refractory to medical treatment (n = 35) (A) and those in the HT-refractory group (n = 11) (B). In the CSM patients excluding 
the HT-refractory group, transient increases in the BP parameters were observed in 1 and 3 months after surgery, whereas in the 
HT-refractory group, a significant decrease was observed in 1 week and 6 months. rMBP, ratio of mean BP relative to the preop-
erative value; rSBP, ratio of systolic BP; rDBP, ratio of diastolic BP; M, month. **p < 0.01, statistical significance.
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in 1 week (p< 0.01) and 6 months after surgery (p< 0.01). 
In the group of CSM patients except for those with hyperten-

sion refractory to medical treatment (Fig. 7A), transient incre
ases in the BP parameters were observed in 1 and 3 months af-
ter surgery (p< 0.01), whereas in the HT-refractory group (Fig 
7B), a significant decrease was observed in 1 week and 6 months 
(p< 0.01).

When comparison was made between the groups divided ac-
cording to age, no differences were detected in the courses of 

parameters of BP and CVRR (Fig. 8). Similarly comparison of 
the groups divided following presence or absence of hyperin-
tense signal on MRI T2WI in the cord revealed no differences 
in the course of the BP parameters (Fig. 9). 

The values of rCVRR showed no significant changes along 
the postoperative alterations of rBP parameters in the NT and 
HT groups. When the course of the parameter was compared 
between the NT, and HT group, no difference was detected be-
tween the 2 groups (Fig. 10).

**
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Fig. 8. Alteration of blood pressure (BP) in middle-age group (age< 60 years, n= 23) (A) and elderly group (age> 65 years, n= 13) 
(B). No significant difference in the course of the parameters were detected. rMBP, ratio of mean BP relative to the preoperative 
value; rSBP, ratio of systolic BP; rDBP, ratio of diastolic BP; M, month.
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Fig. 9. Alteration of blood pressure (BP) in T2-negative group (n=27) (A) and T2-positive group (n=19) (B). No significant dif-
ference in the course of the parameters was detected. rMBP, ratio of mean BP relative to the preoperative value; rSBP, ratio of sys-
tolic BP; rDBP, ratio of diastolic BP; M, month.
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DISCUSSION

When treating CSM surgically, the indication is determined 
on the basis of neurological findings and concordant radiologi-
cal findings. The patients usually present with sensorimotor def-
icits caused by impairment of the segmental function or long 
tract conduction in the spinal cord. Besides the typical myelo-
pathic symptoms which usually improve after surgery, we often 
note postoperative amelioration of adjunctive symptoms such 
as headache, neck pain, orthostatic dizziness, and hypertension. 
The present study demonstrated that hypertension coexisting 
with myelopathy, including that refractory to antihypertensive 
treatment, improves in 6 months after surgery. The effect is 

presumably mediated by multiple mechanisms, such as resolu-
tion of cord compression, alleviation of neurogenic pain, relief 
of musculoskeletal discomfort such as neck or shoulder strain. 
Our method of MSLP effectively lessens postoperative neck 
pain by preserving musculoskeletal attachment.5 Relief of the 
neurogenic and musculoskeletal symptoms would modulate 
tonus of the autonomic nervous systems. Result of the present 
study showed the parasympathetic activities, as assessed by CVRR 
values, were not altered in the course of decrease in BP. When 
the BP parameters were decreased at 6 months in the HT group, 
there was no accompanying increase in rCVRR. The finding 
indicates parasympathetic activities are not underlying the low-
ering of BP, and suggests that the changes are mediated by de-
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Fig. 10. Change of coefficient variance of RR interval (CVRR) 
in the HT group (n =17) and the NT group (n =29). HT, 
group with cervical spondylotic myelopathy (CSM) and hy-
pertension at preoperative measurement; NT, group with CSM 
and normal blood pressure at preoperative measurement; 
rCVRR, ratio of the coefficient variance of RR interval; M, 
month.

	 Preoperation	 1 Week	 1M	 3M	 6M
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crease in the sympathetic tone. 

1. �Cervical Spinal Cord and Functional Anatomy of the 
Sympathetic Nervous System
In patients with cervical spinal cord injury, we observe unsta-

ble BP, persistent hypotension or episodes of uncontrolled hy-
pertension.8 Cardiovascular control is impaired when the cervi-
cal spinal cord is injured, and the symptoms include neurogenic 
shock, autonomic dysreflexia, and orthostatic hypotension.8,9

BP control depends upon tonic activation of sympathetic 
preganglionic neurons by descending input from the supra-spi-
nal structures.10

The cardiac sympathetic reflex is mediated by nucleus of soli-
tary tract in the medulla oblongata, as a chief component of the 
circuitry. The afferent and efferent signal is conducted in the 
cervical spinal cord.11 In fact, medullary compression inflicted 
by elongated vertebral artery has been demonstrated to cause 
hypertension which tends to be refractory to ordinary medical 
treatments, and the condition can be reversed by surgical trans-
position of the offending artery.12,13 It has been demonstrated 
that chemical stimulation of the upper cervical spinal cord evokes 
a potent sympathetic pressure responses, and neurons in the 
cervical spinal cord which connect to the sympathetic pregan-
glionic neurons participate in the cardiovascular control.14 Stim-
ulation of the cervical spinal cord is known to affect the cere-
bral blood flow as well.15 All these previous findings support 
the notion that spinal circuits with a descending pathway in the 

cervical cord are participating in the control of the thoracic sym-
pathetic preganglionic neuron pool. Therefore it would be rea-
sonable to assume that compression and disturbances of the 
spinal cord inflicted by impingements cause derangement in 
the sympathetic outflow and maladjustment of BP, and that the 
disturbances are to be corrected by adequate decompression. 

2. Mechanisms of Alteration of BP Following Surgery
When the whole CSM patients were combined altogether, 

the BP data for the entire group did not show significant de-
crease after surgery. But when divided into subgroups, the CSM 
patients with preoperative hypertension (HT group), showed a 
decrease in BP detected at 1 week and 6 months following sur-
gery. In the subgroup with CSM and medically refractory hy-
pertension (HT-refractory group), decrease in BP was also ob-
served at 7 days and 6 months after surgery. The suppression 
effect was not observed in the group of patients without hyper-
tension. On the contrary they showed increase in BP at 1 and 3 
months after surgery. The discrepancy would be reflecting dys-
function in the cervical spinal sympathetic pathway occurring 
in those with CSM and hypertension, and not in those with 
CSM but without hypertension. Our previous study demon-
strated that in an experimental model of chronic cervical spinal 
cord compression, which reproduces the temporal characteris-
tics of clinical CSM,16 the local spinal cord blood flow is reduced 
in the compressed segments as compared to noncompressed  
segment.17 If similar disturbance in the spinal cord circulation 
takes place in the condition of clinical CSM, a reflex or auto-
regulatory mechanism may be in action to raise BP. The mech-
anism in turn would cause decrease in systemic BP when ade-
quate decompression of the cord and reversal of the circulatory 
disturbance is achieved. Regarding the decrease of BP observed 
on the seventh day postoperatively in the HT group, the change 
may be in part caused by the effect of rest during hospitaliza-
tion and possibly by relief of psychological factors such as anxi-
ety, both of which would be reducing sympathetic tone. Mild 
and transient increases of BP observed at 1 and 3 months after 
surgery in the normotensive patients may reflect increase in 
their physical activities, resumed social function and increase 
in sympathetic tone. 

CONCLUSION

CVRR is an excellent indicator of parasympathetic nervous 
system activities.6 The method is simple and affordable, and 
yields reproducible numbers. In the present study, we did not 
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perform examinations specifically aimed at assessing sympa-
thetic nerve system activity. However, the present finding of re-
lief of hypertension without changes in CVRR suggest that these 
effects are brought about by normalization of increased sympa-
thetic tone. We believe MSLP, which preserves entire structure 
and function of the paraspinal muscles, has advantage in this 
effectuation, if compared to other surgical techniques which vi-
olate the structural integrity to some extent and would leave 
musculoskeletal stresses. 
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