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Objective. To assess the effect of neodymium laser radiation on the recurrence rate and continued growth of primary extramedullary tu-

mors on the basis of clinical data obtained in the long-term follow-up period in operated patients with extramedullary tumors.

Material and Methods. The long-term results of surgical treatment of two groups of patients (n = 412) with primary extramedullary tu-

mors operated on from 1998 to 2014 were studied and systematized. Patients of comparison group (n = 277; 67.2 %) underwent removal 

of tumors using standard microsurgical techniques, and the neoplasms in patients of the study group (n = 135; 32.8 %) were removed 

with additionally used neodymium (Nd:YAG) laser.

Results. The use of the developed laser technologies for the resection of extramedullary intracanal primary tumors made it possible to re-

liably reduce the relative number of recurrence and continued growth from 11.1 % to 1.2% compared with patients treated with standard 

surgery methods. The proportion of recurrences was 3.5 %, all of them were detected only in the group with the classical technique of tu-

mor resection (p <0.01).

Conclusion. The use of a neodymium laser as an additional technology to the classical microsurgical resection of extramedullary tumors 

is effective for the prevention of their recurrence and continued growth.
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From 5 to 15 % of all spinal cord tumors 
in adults and up to 15 % of the total 
number of tumors of the central ner-
vous system account for primary spinal 
cord neoplasms [1–3]. Their frequency 
is approximately 5 cases per 1 million 
for women and 3 cases per 1 million for 
men, or 1.3 cases per 100 thousand pop-
ulation per year [2–4]. Extramedullary 
tumors (EMT) arise in 70–80 % of cases 
of all primary spinal cord tumors. They 
represent 53–68 % of the total number 
of spinal cord tumors [2, 5, 6]. The most 
common histological variants of EMT are 
meningiomas (24.4 %), ependymomas 
(23.7 %) and neuromas (21.2 %) [7–9].

Notwithstanding the total resection 
of these tumors, the overall frequen-
cy of their recurrences is quite high 
and amounts to 5 % for neuromas and 
meningiomas, as well as 15 % for epen-
dymomas. Furthermore, spinal menin-
giomas may recur. According to various 
authors [3, 8], the frequency ranges from 
4 to 31 %. If there is a subtotal resection 
of the ependymomas, the frequency of 

continued growth varies about 43 % [2, 
10].

In order to find ways to solve these 
challenges, along with improving surgi-
cal approaches [11], for 20 years we have 
been using high-intensity ND laser radia-
tion with a wavelength of 1.064 microns 
in the surgical treatment of EMT. The 
clinical studies performed by V.V. Stupak 
et al. [12] have shown the advantages of 
laser technologies used in tumor resec-
tion: less injury rate of surgical approach 
and spinal cord, improvement of the life 
quality of the patients. Together with 
this, the number of radical surgeries was 
increasing. These findings were found 
in the early postoperative period (up to 
5 years from the surgery date). Only a 
small part of the research is dedicated 
to the long-term results of surgical treat-
ment (more than 5 years since the tumor 
resection). Additionally, the clinical find-
ings achieved during the observation of a 
small group of patients did not provide 
statistically valid conclusions concerning 
the effectiveness of advanced laser tech-

nologies. The clinical surgical findings 
of this type of tumors in the long-term 
period can be a link in the general evi-
dence chain of the effectiveness of the 
developed laser technologies we apply.

The objective is to assess the effect of 
neodymium laser radiation on the recur-
rence rate and continued growth of pri-
mary extramedullary tumors on the basis 
of clinical data obtained in the long-term 
follow-up period in operated patients 
with extramedullary tumors.

Material and Methods

Study design: an unblinded observation-
al uncontrolled non-randomized multi-
center retrospective study.

The investigation is concerned with 
the medical documentation of patients 
operated on for primary EMT in the peri-
od from July 1998 to January 2014.

Criteria for including medical records 
in the study:
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1) the presence of primary EMT, cas-
es of their recurrence and continued 
growth;

2)the presence of pathomorphologi-
cal evidence of EMT;

3) performance of a surgery in accor-
dance with the standard protocol.

Exclusion criteria:
1) multiple metastatic lesions of 

organs and tissues;
2) mortality in the early postopera-

tive period;
3) mortality as a result of severe 

somatic pathology in patients.
We studied the long-term results 

of surgical treatment of 412 patients 
with primary EMT. All patients were 
divided into two groups before the 
study. The comparison group (n = 277; 
67.2 %) comprised patients in whom 
tumor resection was performed using 
standard microsurgical techniques. The 
study group (n = 135; 32.8 %) included 
patients who additionally underwent ND 
laser resection. 

The diagnosis of the resection degree 
of the tumor and confirmation of the 
presence of recurrence or continued 
growth of the tumor was performed 
using MRI examination of the spine and 
spinal cord (Excelart Vantage “Toshiba” 
MR scanners, Japan) with intravenous 
administration of a contrast agent. The 
magnetic field intensity was 1.5 T, the 
section thickness was 4 mm in T1, T2, 
FLAIR, DWI mode (in three projections). 
If clinical signs were found accompa-
nied by structural changes in the spine, 
patients additionally underwent CT of 
the spine on an Aquilion 64 Toshiba CT 
scanner, the section thickness was 1 mm.

V.V.  Stupak and V.V.  Moiseev 
described the microsurgical technique 
and methods of using a ND laser for the 
resection of extramedullary tumors [12].

In order to systematize the obtained 
clinical results of treatment and com-
pare them between groups, the degree of 
tumor resection, the number of cases of 
their recurrence and continued growth 
in the long-term postoperative period 
were studied. Additionally, they were 
compared with the performed surgery 
type.

The conducted studies correspond 
to ethical standards developed on the 
basis of the Helsinki Declaration of the 
World Medical Association “Ethical prin-
ciples of conducting academic studies 
with human participation” (as amended 
in 2000), and “Clinical Practice Rules in 
the Russian Federation”, approved by the 
Order of the Ministry of Health of the 
Russian Federation as of April 1, 2016 
No. 200н. The study was approved by 
the Biomedical Ethics Committee of the 
medical institution. All data has been 
depersonalized. 

Statistical techniques. The empirical 
distributions of continuous data were 
tested for consistency with the nor-
mal distribution law according to the 
Shapiro – Wilk test, homoscedasticity 
between groups was investigated by the 
Fisher criterion (F-test). There were no 
normally distributed and homoscedastic 
indicators among the compared indica-
tors simultaneously. Therefore, nonpara-
metric comparison criteria were applied. 

The descriptive features are given in 
the form of median [first quartile; third 
quartile] for continuous data; quantity 
(percentage) for binary and categorical 
data.

The unpaired two-samples Wilcoxon 
test was used for hypotheses concerning 
the equality of continuous characteris-
tics of sample distributions in the groups 
being compared. To assess the difference 
in continuous indicators between the 
groups, the bias of distributions was cal-
culated with the construction of a 95 % 
confidence interval (CI). To evaluate the 
difference in categorical and binary data, 
risk differences (RD) were calculated 
with the construction of 95 % CI; for 
binary data, the odds ratio (OR) and the 
hazard ratio (HR) were estimated with 
the construction of 95 % CI.

The Propensity Score Matching (PSM) 
was used to guarantee comparability of 
the preoperative characteristics of both 
groups. Considering that sex-specific 
meningiomas and neuromas prevailed 
in our sampling (n = 376, 91.2 %), we left 
the sex parameter as valid for the differ-
ence in the PSM. To further control the 
PSM effect, the comparison tables and 

graphs display the findings before and 
after PSM.

A comparison of the risks of recur-
rence and continued growth of extra-
medullary tumors in the groups for five 
years was performed using a log-rank 
test. Hazard ratio was evaluated by the 
Cox proportional-hazards model. The 
comparison findings are illustrated in 
the figures of the Kaplan – Meyer curves.

The statistical hypotheses were test-
ed at a significance level of p = 0.05. It 
means that the difference was consid-
ered statistically significant at p < 0.05.

The calculations were done in RStu-
dio (version 1.1.463) in the statistical 
programming language R.

The primary endpoint of this study 
was the recurrence or continued tumor 
growth rate from the moment of surgery 
and histological diagnosis, estimated at 5 
years or more. 

Results

Table 1 represents the clinical and demo-
graphic features of the studied patients.

A total of 412 individuals underwent 
surgery. Out of them 313 (76 %) were 
diagnosed with extramedullary intra-
canal tumors in various parts of the 
spine. The other 99 (24 %) individuals 
had tumors of difficult localization: in 57 
(13,8 %) cases, the tumors were of hour-
glass type; 26 (45,6 %) of these tumors 
were operated with the use of laser 
technology; 42 (10,2 %) individuals had 
tumors at the craniovertebral level; in 8 
(19,1 %) cases the tumors were resec-
tioned by ND laser. The ratio between 
the total number of men (n = 148) and 
women (n = 264) was 1.0: 1.8 with an 
average age of 52.5 ± 2.3 years. The 
maximum and minimum follow-up peri-
ods after the surgery reached 16 years 
(192 months) and 5 years (60 months), 
respectively, and their average value was 
8.0 ± 5.5 years (96.0 ± 65.4 months). 

The primary surgery was performed 
in 380 (92.2 %) out of 412 patients; and 
32 (7.8 %) underwent reoperation due 
to the development of recurrence and 
continued growth of previously removed 
primary EMT in other city hospitals 
(Table 1). The same table presents the 
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histological characteristics and localiza-
tion of tumors along the spinal axis. The 
malignancy grade of tumors was the fol-
lowing: I (354 tumors) or II (58 tumors) 
according to the histopathological clas-
sification adopted by WHO in 2007 [13]. 
The average extent of tumors along the 
vertebral bodies was 1.78 ± 0.9; the mini-
mum value was 1; the maximum was 7 
vertebrae.

A total of 372 (90.3%) patients out of 
412 underwent total tumor resection; 
subtotal resection was performed in 40 
(9.7 %) patients. In the ND laser group, 
total resection was carried out in 127 
(94.1 %) cases out of 135, subtotal – in 
8 (5.9 %). The use of standard microsur-
gical techniques enabled the complete 
resection of 245 (88.4 %) tumors out of 
277 and subtotal - 32 (11.5%; p = 0.078). 

Subtotal resection was applied to 11 
(11.1 %) out of 99 EMT of difficult local-
ization; the remaining 88 (88.9%) were 
totally resected. In 26 (45.6 %) patients 
with hourglass type tumors operated 
using laser technologies, 23 (88.5 %) total 
resections were done, 3 (11.5 %) – sub-
total (p = 0.510). Using the microsurgi-
cal techniques, 25 (80.6 %) total resec-
tions were done, 6 (19.4 %) – subtotal. 
40 (95.2 %) of 42 tumors at the cranio-
vertebral level were resected totally, 2 
(4.8 %) – in a subtotal manner; in 8 cases, 
when a laser was used, they were com-
pletely resected (p = 0.650).

The recurrence and continued 
growth, confirmed by clinical and MRI-
tomographic data, were diagnosed in 51 
(12.4 %) people, 24 (5.8 %) had a recur-
rence, 27 (6.6 %) – continued growth. 
Therefore, the recurrence of tumors 
amounted to 47.1 %, and the contin-
ued growth – 52.9 % of their total num-
ber. In the late postoperative period, 24 
(6.4 %) cases of tumor recurrence were 
revealed out of 372 totally resected 
tumors; among the subtotal resection of 
40 tumors, continued growth was con-
firmed in 27 (67.5 %) cases. 

Among 277 patients in the compari-
son group, the recurrences and contin-
ued growth of tumors were noted in 
44 cases (15.9 %). Meanwhile, in cases 
of total tumor resection, there were 21 
(7.6 %) recurrences, while in subtotal cas-

es, 23 (8.3 %) patients had a continued 
growth of tumors. In the ND laser group, 
including 135 people, 3 (3 %) recurrenc-
es and 4 (5 %) cases of continued growth 
were found in 7 (5.2 %) patients during 
the observed period (Table 2).

The tumors of difficult localization 
most often recurred and displayed a clin-
ical picture of continued growth. Their 
resection was associated with numer-
ous technical difficulties. The recurrenc-
es and cases of continued growth were 
diagnosed in 12 (12.1 %) of 99 patients 
operated with such tumors, which 
accounted for 31.8 % of all 55 cases of 
such outcomes that developed in our 
series. Out of 42 people with tumors at 
the level of craniovertebral junction, 5 
(11.9%) similar cases were identified: in 
1 (12.5 %) out of 8 patients where laser 
surgery was used, and in 4 (11.7 %) out 
of 34 people in the group operated by 
standard methods (p = 0.670). Among 
57 hourglass type tumors, a clinical 
tomography picture of recurrence and 
continued growth was observed in 7 cas-
es, which corresponds to 12.2 %. In the 
group consisting of 21 people operated 
using laser technologies, there were 2 
(9.5 %), without laser use – 5 (13.8 %) out 
of 36 (p = 0.440).

The number of recurrences and con-
tinued growth among 313 cases of extra-
medullary intracanal tumors was 12.4 % 
(n = 39), and the use of laser technolo-
gies, compared with standard methods, 
resulted in 4 (1.2 %) and 35 (11.1 %) cas-
es of recurrence, respectively (p < 0.01). 
The recurrences among these patients 
amounted to 3.5 % (n = 11). All of them 
manifested only in the group with the 
classical resection technique.

As can be seen from Table 2, a 
direct comparison of the risks of recur-
rence and continued growth of tumors 
between the groups gives statistically sig-
nificant differences in the late postopera-
tive period both on the initial data and 
on the data adjusted by PSM. This indi-
cates that the reason for the difference 
in risks is the surgical technique, and not 
the heterogeneity of preoperative indica-
tors in the groups.

An additional confirmation of the 
obtained results is the constructed 

Kaplan – Meyer curves of these indica-
tors, depending on the timing of occur-
rence after the surgeries (Fig. 1–4). 

The given Kaplan – Meyer curves, 
based on the results of the number of 
recurrences and continued growth after 
PSM in the long-term postoperative peri-
od, indicate that statistically significant 
differences between the two groups qui-
et persist, which confirms the positive 
effect of the applied laser technologies. 
Furthermore, these differences grow 
with the follow-up period. This is espe-
cially pronounced when using a laser 
during the resection of tumors with con-
tinued growth.

Discussion

In this paper, we tried to identify the 
effectiveness of the original laser tech-
nologies used in microsurgical resection 
of primary EMT by conducting a retro-
spective uncontrolled non-randomized 
monocenter cohort study of the clinical 
results of surgical treatment received in 
the long-term postoperative period. The 
data analysis of 412 patients obtained 
in the long-term postoperative period 
convincingly proves the advantages 
of developed laser technologies for 
microsurgical resection of primary 
EMT in comparison with traditional 
neurosurgical methods.

The surgical resection of primary EMT 
is preferred in almost all cases when 
choosing a treatment method. It is well 
recognized that the success of such treat-
ment of this group of tumors and the di-
sease prognosis correlate with the resec-
tion degree, thus, surgeons are always 
focused on the total tumor resection. In 
the paper by Turel et al. [14], published 
in 2015, the treatment results of 167 
patients with intradural EMT were ana-
lyzed. It was shown that total resection 
of tumors was achieved in 93 % of cases. 
The same data are published in literature 
sources based on the study of clinical 
results of surgical treatment of several 
large series of patients with extramed-
ullary meningiomas, where their total 
resection is reported in 82–99 % of cases 
[12, 15–18].
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In our series of 412 patients with 
primary extramedullary tumors, a total 
resection was achieved in 90.3 %, and 
subtotal – in 9.7 % of cases The highest 
percentage of total resection – 90.7 % 
(n = 284) was received in the group of 
patients with intracanal EMT. Among 
them, the use of ND laser allowed to 
completely resect tumors in 127 (94.1 %) 
out of 135 patients; the subtotal resec-
tion was done in 8 (5.9%). The use of 
standard microsurgical techniques has 
given 245 (88.4 %) patients the oppor-
tunity to undergo total and 32 (11.6 %) – 
subtotal resection of tumors (p = 0.15). 
The original laser technologies developed 
by us are more effective in increasing 
the volume of resection and in removing 
of difficult localization EMT. Therefore, 
with hourglass-type tumors, these tech-
nologies provided their total resection in 
88.5 % of cases, and with craniovertebral 
junction tumors – in 100.0 % of cases 
(p = 0.65).

The number of recurrences in the 
postoperative period, which worsen 
the functional state of the individuals, 
the course and prognosis of disease, is 
an essential criterion for the effective-
ness of the surgical treatment. In accor-
dance with the predominantly benign 
nature of EMT, including spinal menin-
giomas, their recurrences are relatively 
rare. According to some data, this num-
ber varies from 1.3 to 10.0 % [19, 20]. The 
other sources indicate that the number 
of recurrences after tumor matrix resec-

tion, compared with coagulation of the 
meningioma growth zone, is higher and 
reaches 8.0 % and 5.6 % [21], and 31.3 % 
and 26.1 % [19], respectively. The authors 
of the third group do not find a direct 
relationship between the way the menin-
gioma matrix is treated and the number 
of occurred recurrences [18]. Baumgart-
ner and Sorenson [21] report 13.0 % of 
cases of recurrent spinal cord meningio-
mas that developed within 10 years after 
the surgeries.

While studying the role of the ND 
laser in EMT surgery, it was found that 
among our entire series, recurrences 
and continued growth, confirmed by 
clinical data and MRI, were diagnosed 
in the long-term postoperative period 
in 13.3 % of the patients. Meanwhile, in 
6.1 % of cases there was a recurrence, in 
7.2 % – continued growth. The largest 
part of their total number (54.5 %) was 
continued growth, and recurrences were 
manifested in 45.5 % of cases. The spinal 
tumors of difficult localization, the sub-
total resection was performed in 13.0 %, 
most often gave a clinic of recurrence 
and continued growth.

Out of 372 totally resected tumors, 
6.7 % of recurrences were revealed in 
the late postoperative period. The sub-
total resection of 40 tumors confirmed 
continued growth in 30 cases, which 
accounted for 75.0% of all subtotal resec-
tions of tumors and 7.3 % of the total 
number of surgeries. The laser-operated 
patients were diagnosed with 4 (3 %) 

recurrences in the long-term postopera-
tive period, which is significantly lower 
than in the group where standard micro-
surgical technique was used – 12 (8 %) 
cases (p = 0.08).

Out of 313 resected intracanal EMT, 
the relative number of recurrences and 
continued growth was 13.7 % (n = 43). 
It should be noted that the use of laser 
technologies, compared with standard 
surgical techniques, where they occurred 
in 11.1 % of cases, allowed statistically 
significantly reduce these indicators to 
1.2 % (p < 0.010). The recurrences among 
these patients were 3.5 % (n = 11). All of 
them manifested only in the group with 
classical resection technique (p = 0.050).

The findings are explained by the 
photothermal effect (photocoagula-
tion, ablation) of laser radiation on non-
removed tumor cells. In the presence of 
meningioma, much attention was paid to 
the treatment of its matrix. According to 
Crane et al. [22] and Borovich et al. [23], 
isolated meningiomas are not only the 
most visible areas of tumor growth in the 
center of the cell field of the dura mater. 
However, in 100 % of cases, meningothe-
liomatous cell clusters were found on its 
inner surface. Furthermore, infiltration 
by tumor cells was found at a distance 
of 2 cm from the visible border of the 
tumor node [23, 24]. This can account for 
the high rates of meningioma recurrence 
after total resection of nodular menin-
gioma. The active photocoagulation and 
ablation of the meningioma growth zone  

Table 2

The number of recurrences and continued growth of extramedullary tumors in the long-term 15-year period

Variable 

indicators

Before PSM After PSM

comparison 

group

(n = 277), n; 

risk, %

study group

(n = 135), n;

risk, %

hazard ratio,

[95 % CI]

log-rank 

test,

p-level

comparison 

group

(n = 161), n; 

risk, %

study group

(n = 96), n;

risk, %

hazard ratio,

[95 % CI]

log-rank 

test,

p-level

Recurrences 21; 18 %  

[9 %; 27 %]

3; 3 %  

[0 %; 6 %]

0.15  

[0.04; 0.52]

<0.001* 15; 18 %  

[8 %; 27 %]

3; 5 %  

[0 %; 10 %]

0.25  

[0.07; 0.88]

0.020*

Continued 

growth

23; 32 %  

[16 %; 45 %]

4; 5 %  

[0 %; 9 %]

0.12  

[0.04; 0.36]

<0.001* 18; 32%  

[15 %; 46 %]

4; 8 %  

[0 %; 16 %]

0.21  

[0.07; 0.23]

0.002*

PSM – Propensity Score Matching.

* Statistically significantly different indicators; the risk assessment at the point of 15 years was performed by the Kaplan – Meier estimator; the 

assessment of the ratio of constant risks was calculated using the Cox proportional-hazards model.
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promoted not only apoptosis of menin-
geal cells and their evaporation on the 
surface of the matrix remaining after 
ultrasound removal. These actions result 
in the thermal destruction of the dura 
mater for its entire thickness. We consid-
er that this method of matrix processing, 
in comparison with bipolar coagulation, 
accounts for the lack of recurrence of 
these tumors. The excision of the tumor 
from the spinal cord root was performed 
using laser radiation at the border with 
the tumor in the coagulation mode, 
which also provided an ablastic effect.

Conclusions

The findings of a comprehensive analysis 
of clinical, neuroimaging and statistical 
data obtained during the dynamic obser-
vation of 412 patients with primary EMT, 
collected and systematized before surgery 
and in the late postoperative period, 
conclusively showed the following. The 
application of a laser for the prevention 
of recurrence and continued growth 
of tumors is effective as an additional 
technology to the classical microsurgical 
resection of tumors of a certain 
localization, histological structure and 
size relative to the vertebral bodies. For 
example, the use of laser technologies 
for resection of intracanal primary EMT 
has decreased the relative number of 
recurrences and continued growth to 
1.2 %, compared with 11.1 % of cases in 
patients treated with standard surgical 
methods. The share of recurrences was 
3.5 %. All of them were found only in the 
group with the classical tumor resection 
technique (p < 0.010).

The study had no sponsors. The authors declare that 

they have no conflict of interest.

Fig. 1
Kaplan – Meyer curve: recurrences of extramedullary tumors in the long-term 15-year 
period on data up to PSM

Fig. 2
Kaplan – Meyer curve: recurrences of extramedullary tumors in the long-term 15-year 
period on data after PSM
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Fig. 3
Kaplan – Meyer curve: continued growth of extramedullary tumors in the long-term 
15-year period on data up to PSM

Fig. 4
Kaplan – Meyer curve: continued growth of extramedullary tumors in the long-term 
15-year period on data after PSM
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