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Abstract: Aim: To compare between classic open surgeries and minimally invasive
surgeries in Lumbar Spinal Stenosis. Methods: A comparative descriptive study,
involved 117 patients suffering from lumbar canal stenosis, aged between 40-70 years;
admitted to department of Neurosurgery from March 2011 till august 2016 in King
Fahad Hospital in Saudi Arabia. Study groups are consisted of group A as patients
managed with classical laminectomy, group B as patients managed with Endoscopic
spinal procedures and group C as patients managed with Microscopic decompression
facilitated by the Metrex Tubular System. SPSS was used in data entry and analysis, and
ethical considerations taken into consideration and participants filled the required
inform consents. Results: Age of particaoncet ranged from 45 - 63 Year, Mean +/- 50.
The degenerative canal stenosis with acute disc single level (cauda equina syndrome)
was the most common type of lumbar canal stenosis encountered in group A, the
unilateral foraminal and lateral recess stenosis without disc prolapse was the most
common type of lumbar canal stenosis encountered in group B, while The unilateral
foraminal and lateral recess stenosis without disc prolapse was the most common type
of lumbar canal stenosis encountered in group C. Classic laminectomy and disectomy
used mostly in group A, endoscopic unilateral decompression lamino-foraminotomy
without discectomy used mostly in group B and bilateral microscopic laminectomy
without discectomy followed by unilateral microscopic lamino-foraminotomy without
discectomy used mostly in group C. Mean of operation duration was the highest in
both gender of group A, followed by group B, then group C. Unintended durotomy was
the most common intra operative complications occurred in the whole study especially
in group A. Mean of blood lost was the highest in both gender of group A, followed by
group B, then group C. Postop complications in the patients of study Groups was the
highest in group A (33.3 %) ,followed by group B (8.5 %) and then group C (2 %).
Conclusion: Microscopic decompression facilitated by the Metrex Tubular System is the
most effective techniques of Surgery for Lumbar Spinal Stenosis and the least intra-
operative and post-operative complications.

Key words: Minimally invasive microscopic technique is the golden standard in lumbar
canal stenosis.
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Introduction

Lumbar spinal stenosis (LSS) is a
common and often disabling, well-recognized
spinal disorder that generally occurs in the
sixth or seventh decade of life, although it can
uncommonly occur in younger individuals.
Degenerative LSS including intervertebral
disc bulge, ligamentum flavum
hypertrophy/calcification, facet joint
hypertrophy, cause neural compression in the
vertebral canal, lateral recess, or intervertebral
foramen, resulting in pain, impaired function,
and decreased quality life [6,39].

Lumbar spinal stenosis or “loss of epidural
reserve “could affect the central lumbar spinal
canalt lateral recess + the neuro-foramen or
any combination of these, causing nervous
impingement and vascular  structures
compression [36,75]. Lumbar canal stenosis is
the disease of elderly patients which interfere
with the quality of the life of those patients
which cannot tolerate the pain and it is
impaired their function.

Recently there were increasing in the
diagnosis of LSS due the revolution in the
radiological machines and increasing our
experience in this disease as it is become the
most common spinal surgery nowadays.
Surgical treatment of LSS is recommended
after failure of conservative medical therapy;
however, the optimal procedure is still
debated [45,73,74].

The treatment choice in LSS should
consider the following:

A medical treatment should precede the
surgical one.

There is no recommendation referring to
the timing of surgery, except motor deficit,
cauda equina syndrome with bladder/bowel
dysfunction.

It is important to inform the patient about
the difference between lumbar pain and the
diagnosis of radicular syndrome and that
surgery is not effective in lumbar pain.

The number of nerve roots requiring
decompression is often smaller than what
appears in radiological studies. Therefore,
surgical procedures should not be based on
X-ray studies alone.

Our surgical strategy according to the
therapeutic  objectives, constraints and
physiological analysis of imbalances was
clearly precised in the informed consent,
corresponding with patients expectations:
never  preventive, minimally invasive
decompressive technique for the lumbar canal
and the roots, to minimize tissue damage,
avoiding destabilization, minimizing time of
surgery, postoperative morbidity, length of
hospital stay and avoiding complications to
achieve a good quality of life using a
minimally invasive techniques for “maximum
effect with minimum trauma”, thinking to an

unique surgical procedure.

Material and Methods

A descriptive study involved 100 patients
suffering from lumbar canal stenosis, aged
between 40-75 years; admitted to Department
of Neurosurgery from March 2011 till august
2016. SPSS was used in data entry and
analysis, and ethical considerations taken into
consideration and participants filled the
required inform consents.
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Study groups

Group A: Classical laminectomy.

Group B: Endoscopic spinal procedures

Group C: Microscopic decompression
facilitated by the tubular lumbar system.

All patients of this study were enrolled
and surveyed 3, 6 12 and 24 months post
operatory, for symptomatic lumbar spine
stenosis at one/several levels or lumbar
stenosis with aggravating factors. As a
precondition for inclusion in the study,
(unsuccessful) conservative treatment was
first tried to all patients with radiculalgia, for
at least 3 months, in an effort to reduce pain,
augmenting walking distance, maintaining a
better posterior pelvic tilt, improving muscles
strength, endurance and flexibility.

Inclusion criteria included:

Co-existing multiple or single level disc
prolapse with a multistage lumbar spinal
stenosis  without scoliosis, degenerative
listhesis and posterior arthrosis at one or
several levels, scoliosis with a small and a big
radius of curvature and facet joint cyst.

The conservative treatment methods that
were used based on observation and clinical
judgments included: activity restrictions like
avoiding hyperextension and side bending,
lumbo-sacral orthoses for a limited number
of hours per day, to avoid atrophy of
paraspinal muscles, Physical therapy as active
exercises in the form of stretching to increase
stabilization,

lumbo-pelvic muscular

distraction, manipulation and neural
mobilization, encouraging lumbar flexion and
flattening of the lumbar lordotic curve, also
exercises performed during lumbar flexion,

such as bicycling, In aditiuon to massage,

acupuncture, biofeedback, hot or cold packs
and ultrasounds, analgesics such as anti-
inflammatory = medications,  vasodilators,
anxiolytic and antidepressive medication, and
epidural injections with corticoid products
made blindly or under fluoroscopic control
that used when pain relievers were ineffective
and conservative treatment has failed to give
adequate results in 3 months, surgical

alternative was applied in all patients.

Characteristics of the study groups
Demographic characteristics of group A -
classic open laminectomy
Group A included 21 patients who
underwent classic open laminectomy under
several procedure variations.

Age distribution of laminectomy patients

The age distribution per gender within
group A was balanced between sexes, with a
smooth distribution between the extreme
ages. The extreme ages, -both minimal (45 in
both sexes) and maximal ages (66 vs. 68) in
both sexes were well matched as were the age
distributions in both sexes, despite the
different number of patients per gender in
this group, with slightly older (68 vs. 66) male
patient.

The patients in group B had ages between
45 and 63 years, with an average age of a
49.2381years for females and 49.80769 for
males. The median value for the group was 48
for the female patients and 49 for the male
patients, just a bit lower than the average age
for the group, with a standard deviation of
4.369265years for the female patients and
3.370688 for the male patients, suggesting a
well-balanced study group with a distribution
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only approximating a normal distribution as
shown in Table 1. The extreme ages, -both
minimal and maximal ages in both sexes were
well matched as were the age distributions in
both sexes, despite a slightly older (63 vs. 58)
female patient and the different number of
patients per gender in this group. The overall
mean age in Group B was 49.55319, with a
standard deviation of 3.815349 for the entire
group B, and a general median of 49.

The patients in group C had ages between
45 and 62 and 58 years respectively in females
and in males, with an average age of
49.284years for females and 49.5 for males.
The median value for group C was 47 for the

just a bit lower than the average age for the
group, with a standard deviation of 5.161395
for the female patients and 3.451528 for the
male patients, suggesting a well-balanced
study group with a distribution only
approximating a normal distribution as
shown in table 1.

The overall mean age in Group C was
49.77083, with a standard deviation of
4.357628for the entire group C, and a general
median of 49. The age distribution by gender
—the so called “age pyramid” of the sample —
the study group-, is very well-shaped for such
a small sample size, with a minimal skew due
to the difference of 1 case in the age group 45-

female patients and 48.5 for the male patients, 50 years.
Table 1
Age distribution of study Groups

Parameter Group A Group B Group C
Minimal age of the whole group 45 45 45
Maximal age of the whole group 63 63 62
Mean - average age of patient of the whole group 52.76 49.23 49.77
Standard deviation of the mean for the whole group 7.09 4.36 4.35
Female minimal age 45 45 47
Female maximal age 66 63 62
Mean - average age of female patient 53.62 49.23 49.84
Standard deviation of the mean 7.90 4.36 5.16
Median age of the female 51.5 48 49
Males minimal age 45 45 45
Males maximal age 68 58 58
Mean - average age of male patient 52.23 49.80 49.5
Standard deviation of the mean in the males 6.83 3.37 3.45
Median age of the males 51 49 48.5

Type of pathologies
The type of pathology exhibited by the
patients included in each of the study groups

it was surgically distinct for the 3 study
groups as shown in Table 2. In this regard,
group A exhibited 8 types of pathologies.
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The degenerative canal stenosis with acute
disc single level was the most common type of
lumbar canal stenosis encountered in group
A, with 5 cases more than the central lumbar
canal stenosis, which came in second with 4
cases. The least number of cases were
encountered for the degenerative canal
stenosis with facet cyst single level and the
unstable canal stenosis with degenerative
scoliosis from L2-L5 (large curve) which
presented only 1 case each.

The patients from group B exhibited 4
types of pathology, as summarized in Table 2.

The unilateral foraminal and lateral recess
stenosis without disc prolapse was the most
common type of lumbar canal stenosis
encountered in group B, with 7 cases more
than the bilateral foraminal and lateral recess
stenosis without disc prolapse, which came in

second with 13 cases. The least number of
cases were encountered for the bilateral
foraminal and lateral recess stenosis with disc
prolapse which presented only 4 cases.

From this we can conclude that the most
common type of lumbar canal stenosis
encountered in our study is the peripheral
one. The patients from group C exhibited 3
types of pathology. The unilateral foraminal
and lateral recess stenosis without disc
prolapse was the most common type of
lumbar canal stenosis encountered in group
C, with 7 cases more than the bilateral
foraminal and lateral recess stenosis
withoutdisc prolapse, which came in second
with 13 cases. The least number of cases were
encountered for the bilateral foraminal and
lateral recess stenosis withdisc prolapse which

presented only 4 cases.

Table 2
Type of pathologies
Group A n.  Group B n. Group C n. ‘
Central lumbar canal 4 Unilateral foraminal and lateral 20 Unilateral foraminal 30
stenosis recess stenosis without disc and  lateral  recess
prolapse stenosis without disc
prolapse
Mixed(lateral and 2 Unilateral foraminal and lateral = 10 Unilateral foraminal | 6
central)LSS recess stenosis with posterolateral and  lateral  recess
disc prolapse stenosis with
posterolateral disc
prolapse

Degenerative LSS with 1

facet cyst single level recess stenosis
prolapse

Degenerative LSS with 5

acute disc prolapse single

level

Unstable LSS with two 3

levels disc prolapse

Bilateral foraminal and lateral 13
without disc

Bilateral foraminal and 13
lateral recess stenosis
without disc prolapse

Bilateral foraminal and lateral @4
recess stenosis with disc prolapse
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Unstable LSS with one 2
level disc prolapse
Unstable LSS  with 3

degenerative  scoliosis

small curve from L2 to

L5

Unstable LSS with 1
degenerative scoliosis big
curve from L2 to L5

Type of procedure used in the study

For the surgical management of the
patients in the study group A several types of
the classical open surgical procedures were
used. In this regard, the patients in the study
group A had undergone the most numerous
variations of surgical procedures, as 9 types of
procedures were used in this group for only
21 patients in total, as shown in Table 3.

The most common procedure used in
group A is the classic laminectomy and
disectomy with 5 patients. It was followed by
fusion and correction of deformity after
bilateral facectomy and decompression from
L2-L5 with 4 cases treated this way.

Three types were the least common
procedures each used for 1 patient; these being:

i - decompression and facectomy and
fusion

ii - Weiner technique

iii - hinge osteotomy

For the surgical management of the
patients in the study group B several types of
the minimally invasive surgical procedures
with endoscopic approach were used. In this
regard, the patients in the study group B had
undergone less numerous variations of
surgical procedures than group A, as only 4
types of procedures were used in this group

for a total of 47 patients in this group, as
shown in Table 3.

The most common procedure used in group
B is the endoscopic unilateral decompression
without discectomy which was performed on 20
of the patients in group B.

It was followed by bilateral endoscopic
decompression without discectomy. with 13
cases treated this way, almost the same as the
endoscopic unilateral decompression with
discectomy which was performed on 10
patients. The least common procedure was
the bilateral endoscopic
foraminectomy with discectomy used for 4

lamino-

patients.

For the surgical management of the
patients in the study group C several types of
microscopic decompresion surgical
procedures were used. In this regard, the
patients in the study group C had undergone
less numerous variations of surgical
procedures than groups A, as 5 types of
procedures were used for a total of 49 patients
in this group, as shown in Table 3. The most
common procedure used in group C (on 13
bilateral

laminectomy without discectomy followed by

patients) is the microscopic

microscopic lamino-foraminotomy without
discectomy which was performed on 11 of the
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patients out of 49 in group C, almost the same
as the unilateral microscopic laminectomy.
with 10 cases treated this way. The least

common procedure was the unilateral

microscopic  lamino-foraminotomy  with

discectomy used for 1 patient.

Table 3
Types of procedure used in the study groups
Group A n. Group B n. Group C ‘
Bilateral decompression 4 Bilateral endoscopic 4 Unilateral microscopic

laminectomy, facetectomy

lamioforaminectomy  with

lamino-foraminotomy

from 12 to L5 and discectomy and discectomy one level

correction of degenerative

scoliosis by fusion

Laminectomy and medial 2 Bilateral endoscopic 13 Unilateral microscopic

facetectomy,  discectomy, lamioforaminectomy lamino-foraminotomy

cage with TLIF fusion without discectomy two levels

Laminectomy and medial 3 Endoscopic unilateral 10 Bilateral ~ microscopic

facetectomy, discectomy decompression with lamino-foraminotomy

with PLI fusion discectomy without discectomy

Classic laminectomy and 5 Endoscopic unilateral 20 Unilateral microscopic

discectomy decompression without laminectomy with
discectomy discectomy two levels

Decompression 1 Unilateral microscopic

laminectomy, facetectomy lamino-foraminotomy

and fusion one level

Laminectomy and 2 Unilateral microscopic

artherectmy laminectomy

Weiner technique 1

Hinge osteotomy

Classic laminectomy and 2

bilateral foraminectomy

Duration of surgical interventions

For the patients included in the study
group A, a total number of 2540 hours of
intervention time was spent, split 1370/2140
respectively between females and males. The
times for the males had a larger variance and
standard deviation than for females as shown
in Table 4.

In study group, the total time required for
the surgical procedures was higher in male
patients than in the female patients
(2140/1370), also the maximal absolute values
(300 min in males vs. 240 min in females) and
the average times of surgical procedures
(166.92307+64.50253424min in males vs.
171.25 +56.10895min in females) but not the
minimal absolute times which had higher
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values in female patients than in male
patients(90 min in males vs. 95 min in
females), as shown in Table 4. The median
time required for a surgical intervention in
group A was also lower in male patients than
in female patients (145 min in males vs.
180min in females).

For the patients included in the study
group B a total number of 2434 hours of
intervention time was spent, split 1034/1400
respectively between female patients and male
patients

In study group, the total time required for
the surgical procedures was higher in male
patients than in the female patients, also the
maximal absolute values (75 min in males vs.
70 min in females) and the average times
which had higher values in male patients than
in female patients (53.84615 + 11.51588min

in males vs. 52.85714 *+ 9.561829min in
females), as shown in Table 4. The median
time required for a surgical intervention in
group B was equal in both sexes (55min).

For the patients included in the study
group C a total number of 2090 hours of
intervention time was spent, split 1040/1050
respectively between female patients and male
patients. In study group C, the total time
required for the surgical procedures was
higher in females than in males, also the
maximal absolute values (90 min in males vs.
60 min in females) but not the average times
which had higher values in male patients than
in female patients (43.75 + 8.628819 min in
males vs. 42.8 + 12.75408 min in females), as
shown in Table 4. The median time in group
C was also higher in males than in females (45
min in males vs. 40 min in females).

Table 4

Duration of surgical interventions among study groups

Parameter GroupA GroupB Group C

Maximal time duration in the Female / Minute 95 40 30
group minimal time

Minimal time duration in the Female group time 240 70 90
Mean duration in the Female group 171 52.8 42.8
Standard deviation of the mean in the Female group | 565 9.5 12.7
Median duration in the Female group 180 55 40
minimal time duration in the in the Male group 90 40 30
maximal time duration in the in the Male group 300 75 60
Mean duration in the Male the group 166 53.8 43.7
Standard deviation of the mean in the Male group 64.5 11.5 8.6
Median duration in the Male the group 145 55 45
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Intraoperative complications

In the study group A one type of intra-
operative complications occurred,
represented by unintended durotomy in 3
cases out of 21, which makes for 14.3% of the
total number of surgical interventions
performed in this study group as shown in
Table 5.

The patients in group B exhibited only one
case of nerve root injury, making for a
percentage of complications of 2.1% in a total
number of 47cases in group B, as shown in
Table 5. From the above table we can
conclude that patients who had undergone
minimally invasive surgeries like endoscopic
and microscopic procedures had the least
intraoperative complications. Of the 3 intra
operative complications occurred in the
whole study, the patients in group C exhibited
only one case of failure to access target,
making for a percentage of complications of
2% in a total number of 49cases in group C, as

shown in Table 5.

Table 5

Intra operative complications of study Groups

Complication type Group Group Group

A B C
Unintended durotomy 3 0 0
Failure to access target 0 0 1
Nerve root injury 0 1 0
Percentage of | 143% | 2.1% 2%
complications

Intra-operative blood loss

For the patients included in the study
group A a total amount of 3150 mL of blood
was lost during surgical procedures, split

1215/1935mL respectively between female
patients and male patients.

In study group A, the total amount blood
lost during surgical procedures was higher in
male patients than in the female patients,
both in the maximal absolute individual
values (240 mL in males vs. 200 mL in
females) and in the average amounts which
had higher values in male patients than in
female patients (148.85 + 32.414mL in males
vs. 141.88 + 31.275 mL in females), as shown
in Table 4. The median amount of blood lost
during surgical procedures was lower though
in male patients than in the female patients in
group A (140mL vs. 152.5mL)

The very large value of the standard
deviation in the male group was due to the
one outlier case which lost 240mL of blood
during the surgical procedure, apparently
making the distribution in this segment of
group A non-normal distribution. Besides the
statistical argument, such a large amount of
blood lost in this type of surgical procedure is
totally uncharacteristic for such procedure;
therefore exclusion of that case from the
sample also makes a clinical sense. The
unusually high amount of blood lost during
the surgical procedure was correlated with a
longer procedure and also with the longer
time spent in hospital by that patient.

Eliminating the outlier from the sample
and excluding the outlier value of 240mL
brings the maximal amount of blood loss in
the male group to 185mlL, a value still higher
than the corrected one in the female group
(180mL), the mean in the male group to
141mL, the Standard deviation to 18.106, and
the median in males to 140mL, brings the
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statistics closer to the ones for the female
segment of group A, as shown in Table 6.
Deviation in Group A to 31.225, and the
median in Group A to 140mL, as shown in
Table 4. This makes this group relatively well
balanced also with regard to the amount of
blood loss
confirming the validity of the sample group.

during surgical procedures,
Eliminating the outliers from the sample and
excluding the outlier values of 200mL and
240mL brings the overall maximal amount of
blood loss in Group A to 185mL, the overall
mean amountof blood loss in Group A to
145.588mlL, the Standard.

For the patients included in the study
group B a total amount of 2400 mL of blood
was lost during surgical procedures, split
1075/11325

patients and male patients

respectively between female

In study group B, the total amount blood lost
during surgical procedures was higher in
malepatients than in the female patients, also
the maximal absolute values (80 mL in males
vs. 75 mL in females) but not in the average
amounts which had higher values in female
patients than inmale patients (51.19048+
16.9488mL in females vs. 50.96154+
17.49395mL in males), as shown in Table 6.
The median amount of blood lost during
surgical procedures was higher in males than
in females in group B (52.5 vs. 50) as shown
in Table 6.

Table 6
Intra-operative blood loss in surgical
interventions of study Groups

Parameter Group Grou Grou

A pB pC

Minimal amount of blood loss in 120 30 15

the Male group / ml

Maximal amount of blood loss in | 240 80 60
the Male group

Mean amount of blood loss in 148.85 @ 50.96 | 32.70
the Male group

Standard deviation of the mean | 32.41 | 17.49 @ 9.77
in the Male group

Median amount of blood loss in 140 52.5 30
the Male group

Minimal amount of blood loss in 120 30 15
the Female group

Maximal amount of blood lossin 200 75 120
the Female group

Mean amount of blood loss in| 151.88 | 51.19 @ 30.8
the Female group

Standard deviation of the mean 31.27  16.94 | 20.34

in the Female group

Median amount of blood loss in | 152.5 50 25
the Female group

Post-operative complications

The patients in Group A exhibited
relatively many post-operative complications,
of 5 types comprising with a total of 7 cases,
this making for a percentage of complications
of 33.3% in a total number of 2lcases in
group A, as shown in Table 7.

The patients in Group B exhibited few
post-operative complications, comprising 3
types (2 cases of persistent radiculopathy, and
one case each of wound infection and discitis,
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representing 8.5% of complications in a total
number of 47cases in group B, as shown in
Table 7.

The patients in Group C exhibited even
fewer post-operative complications than the
other 2 study groups, comprising 1 type (1
this
making for a percentage of complications of

cases of persistent radiculopathy),
2% in a total number of 47cases in group C, as
shown in Table 7

For the patients included in the study
group C a total amount of 1555 mL of blood
was lost during surgical procedures, split
770/785 respectively between female patients
and male patients In study group C, the total
amount blood lost during surgical procedures
was higher in female patients than in the male
patients, also the maximal absolute values
(120 mL in females vs. 60 mL in males) but
not in the average amounts which had higher
values in male patients than in female patients
(32.70833mL + 9.777877mL in males vs.
30.8mL + 20.34494in females), as shown in
Table 7. The median amount of blood lost
during surgical procedures was higher in
male patients than in the female patients in
group C (30mL vs. 25mL) The very large
value of the standard deviation in the female
group was due to the one outlier case which
lost 120mL of blood during the surgical

procedure,  apparently = making  the
distribution in this segment of group C a
non-normal  distribution.  Besides  the

statistical argument, such a large amount of
blood lost in this type of surgical procedure is
totally uncharacteristic for such procedure;
therefore, exclusion of that case from the
sample also makes a clinical sense.

The unusually high amount of blood lost
during the surgical procedure was correlated
with a longer procedure as the patient was
converted to open classic laminectomy
because she was marked obese and we fail to
access our target and also with the longer
time spent in hospital by that patient.

Eliminating the outlier from the sample
and excluding the outlier value of 120mL
brings the maximal amount of blood loss in
the female group to 50mL, a value lower than
the one in the male group (60mL), the mean
in the female group to 27.08333mlL, the
Standard deviation to 8.459194, while the
median remains 25mL, bringing the statistics
very close to the ones for the male segment of
group C as shown in Table 7.

This makes this group very well balanced
also with regard to the amount of blood loss
during surgical procedures, confirming the

validity of the sample group.

Table 7 - Postop complications in the patients

of study Groups

Type of complication Group  Group Group

A B C
CSF leak 3 0 0
Persistent weakness 1 0 0
Persistent bladder 1 0 0
dvsfunction
Wound infection 1 1
Persistent LBP 1 0 0
Persistent 0
radiculopathy
Discitis 0 1 0
Total no. of cases 21 47 49
Percentage of | 33.3% 8.5% 2%
complications
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Hospital time spent by patients

For the patients included in the study
group A, the total amount of 158 days was
spent in hospital associated with the surgical
procedures, split 73/85 between female
patients and male patients.

In study group A, although the total time
spent in hospital associated with the surgical
procedures was longer in male patients than
in the female patients, the maximal absolute
individual values was not (14 in males vs. 21
days in females) but not in the average
amounts which had higher values in female
patients than in male patients (9.125 +
6.356942212 days in females vs. 6.538461538
+ 2.78733399 days in males), as shown in
Table 8. Though, the median hospital time
spent by Laminectomy patients was equal in
male patients and in the female patients in
group A (5 days)

The very large value of the standard
deviation compared to the value of the mean
in the female group was due to the one outlier
case which spent 21 days in hospital care but
also 2 other patients that spent 14 days each
in hospital care, apparently making the
distribution in this segment of group A a
Besides  the
statistical argument, such a long period of

non-normal  distribution.
time being totally uncharacteristic for such
procedure, therefore exclusion of that case
from the sample also makes a clinical sense.
Eliminating the outlier from the sample and
excluding the outlier value of 21 days brings
the overall time spent by the females in
hospital care to 52 days, the mean to
7.428571429, the Standard deviation to
4.503966506, while the median remains 5,

bringing the statistics closer to the ones for
the male segment of group A.

For the patients included in the study
group B a total amount of 67days was spent in
hospital associated with the surgical
split 27/40 between female

patients and male patients

procedures,

In study group B, the total time spent in

hospital associated with the surgical
procedures was longer in male patients than
in the female patients, also the maximal
absolute values (14 in males vs. 5 days in
females) and also the average hospital times
which had higher values in female patients
than in male patients (1.538462+ 2.549208
days in males vs. 1.285714+ 0.956183 days in
females), as shown in Table 8. Though, the
by MIP

Endoscopy patients was equal in male

median Hospital time spent
patients and in the female patients in group B
(1 day). The standard deviation much greater
than the mean in the male group was due to
the one outlier case which spent 14 days in
hospital care, apparently making the
distribution in this segment of group B a non-
normal distribution. Besides the statistical
argument, such a long period of time being
totally uncharacteristic for such procedure,
therefore exclusion of that case from the
sample also makes a clinical sense.

Eliminating the outlier from the sample
and excluding the outlier value of 14 days
brings the overall time spent in hospital care
to 26 days, the mean to 1.04, the standard
deviation to 0.2, while the median remains 1,
bringing the statistics very close to the ones
for the female segment of group B, as shown
in Table 8.
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For the patients included in the study
group C a total amount of 52 days was spent
in hospital associated with the surgical
split 28/24 between female
patients and male patients

procedures,

In study group C, although the total time
spent in hospital associated with the surgical
procedures was longer in male patients than
in the female patients, also the maximal
absolute values (14 in males vs. 5 days in
females) but not in the average amounts
which had higher values in female patients
than in male patients (1.538462+ 2.549208
days in males vs. 1.285714+ 0.956183 days in
females), as shown in Table 8.

Though, the median hospital time spent
by Microscopic decompression patients was
equal in male patients and in the female
patients in group C (1 day). The very large
value of the standard deviation compared to
the value of the mean in the male group was
due to the one outlier case which spent 3 days
in hospital care, apparently making the
distribution in this segment of group C a
Besides  the
statistical argument, such a long period of

non-normal  distribution.
time being totally uncharacteristic for such
procedure, therefore exclusion of that case
from the sample also makes a clinical sense.
Eliminating the outlier from the sample and
excluding the outlier value of 3 days brings
the overall time spent in hospital care to 25
days, the mean to 1.04167, the Standard
deviation t00.204124, while the median
remains 1, bringing the statistics very close to
the ones for the female segment of group C as
shown in Table 8.

Table 8 - In-Hospital time of study Groups

Parameter Group Group Group
A B C

Minimal hospital 4 1 1

time in the in the

male group

Maximal hospital 14 5 1

time in the in the

male group

Mean time of hospital =~ 6.53 1.28 0

time in the male

group

Standard deviation of | 2.78 0.95 2.54

the mean in the male

group

Median  time  of 5 1 1

hospital time in the

male group

Minimal hospital 4 1 1

time in the Female
group
Maximal hospital 21 14 3

time in the Female

group
Mean time of hospital | 9.12 1.53 1.12
time in the Female

group

Standard deviation of 6.35 2.54 0.43
the mean in the

Female group

Median  time  of 5 1 1

hospital time in the
Female group

Discussions

Lumbar spinal stenosis is a spinal
disorder, congenital or acquired, focal or
diffuse
ligamentous narrowing (congenital) or shrink

(multilevel), defining a osteo-
(secondary - acquired) of the lumbar spinal
canal, a conflict between the lumbar spinal

canal with vertebral body osteophytes,
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hypertrophy of the ligamentum flavum,
zygapophyseal joint, lumbar disc hernia or a
combination of these and the content
represented by the cauda quina roots, lumbar
spinal roots and ganglia, generating a
complex set of symptoms of which the
hallmark is neurogenic claudication, physical
findings and abnormalities
[1,2,6,20,27].

Lumbar stenosis (LSS) could appear also

radiological

with aggravating factors - presented in
chapter 5, which should have special
considerations and treatment

[2,6,9,20,21,27,31,36,42-44,46,47]:
= co-existing multiple disk prolapses or
single level disk prolapsed with a
multistage lumbar spinal stenosis, without
scoliosis
= combined LSS with degenerative listhesis
and posterior arthrosis at one or several
levels
= combined LSS with scoliosis:
- with a small radius of curvature
- scoliosis and a big radius of curvature
installed in adolescence
- a big radius of curvature, with rapid
evolution 5-100 in one year generating
both radiculalgia and instability
® scoliosis with rotation and rapid evolution
to 30-500 affecting several levels
» combined stenosis and facet joint cyst
» LSS with severe polineuropaty, with or
without uni/bilateral paresis
The pathophysiology of spinal stenosis
causing neurologic symptoms is likely from a
combination of anatomic compression of
nerve roots as well as impaired blood flow
primarily to the nerve roots [1,2,5,6,10-13].

To solve such condition, the surgical
treatment is not only a solution for resistant
symptoms in patients with LSS, but really
makes sense: in cases of consistent clinical
and radiological findings after adequate
conservative therapeutic measures have failed
for a time at least three months span of
control, to patients with realistic expectations;
certified although by few evidence-based
insights into the treatment options [I1-
3,6,7,10-14,20,21]

There are several points to consider into
the preoperative planning:

medical status & physiologic age of the
patient, clinical and morphologic aspects, co-
morbidities, if LSS is symptomatic.

It’s also art of surgery - adequacy for
enlarged lumbar spinal canal - it’s a balance
between doing too much and not doing
enough: suppressing the conflict between the
lumbar spinal canal with disco-ligamentary
structures and the content represented by the
dural sac and radicular nerves, decompressing
the neural foramina, eliminating pressure on
the spinal nerve roots, without generating
spinal instability, never prophylactic. It means
also a functional surgery - never operate
pictures with the aim to alleviate symptoms;
surgical treatment should be applied to each
patient,
between

with a perfect correspondence

neuro-radiologic and  clinical
findings, to normalize daily life activities,
improving functional capacity, achieving a
good quality of life

the timing for surgery has not been clearly
decided. Data comparing the outcomes of

patients who underwent surgery earlier versus
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later in the disease suggest no difference in
outcome

is there deformity/instability too ?, the
suggested decompression technique alone
may lead to segmental instability ? A fusion
technique should be performed to all cases ? -
see loss of mobility of the operated segment,
possible adjacent segment decompensation or
unless instability is present pre-op; for older
patients ability to fuse may be compromised,
also fixation may not be adequate

It's mandatory to inform patient that LSS
surgery has no action on: focal or diffuse low
back pain and/or stiffness, “degenerative”
illness, no patient will be completely free of
complaints, no patient will have a new lumbar
spine after the operation

it's a difficult surgery — most aged patients,
fragile, with chronic illness; thinking to an
unique surgical procedure, but there are still
20% unsatisfactory results

the proposed surgical procedure should
achieve a good quality of life using a
effect  with
minimum trauma”™ continue with current

technique for “maximum
best practice - surgical expertise - relating
especially  to
experience for patient selection & for surgical

modern techniques and
skills, inform patients of surgical choices and
availability of resources and facilities in
institution, using local or regional anesthesia
combined with conscious sedation - informed
consent, with the aim to minimize tissue
disruption, decompress the lumbar channel
and the roots, avoid reintervention, never
preventive, avoid to destabilize, no
stabilization, no instrumentation, minimal

blood loss, minimize time of surgery and

length of hospital stay, minimize post
operative morbidity, avoiding complications,
with earlier return to activities and work;
easier operative approach in obese patients.

While this debilitating condition has been
treated successfully in the past with open
laminectomies, MISS approaches are rapidly
becoming the “standard” technique used by
spine  surgeons. The development of
minimally invasive surgical techniques is
driven by the quest for better patient
outcomes. There is some evidence for the use
of minimally invasive surgery for
degenerative lumbar spine stenosis (LSS), but
there are currently no studies comparing
outcomes with matched controls [20-24,27-
29,32-34,37,38,40,48,49,5-59,62-65].

The object of this study was to compare
outcomes following minimally invasive spinal
decompression procedures to a standard
“open” laminectomy for LSS.

The first therapeutic approach should
always be the conservative treatment and our
study included only patients that had
undergone conservative treatment, but failed
to show adequate response. This is however
consistent with other recent randomized
controlled studies have shown greater
improvements in patients after surgery than
after conservative treatment [12,14]. A recent
systematic review comparing surgery to
conservative treatment in LSS suggested that
for patients with radicular pain caused by
LSS, in whom a trial of 3-6 months of
conservative treatment had failed, surgery did
not improve walking ability but improved
pain, function than continuing conservative

treatment [10]. Small improvements are
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treated
conservatively and serious complications or

generally reported by patients
deterioration are rare with conservative
treatment [1-12,14].

A study done by Parikh [48] included
among the possible disadvantages of
minimally surgery techniques the increased
operation time due to the steep learning
curve. This disadvantage was minimal in our
study as all the surgical procedures were
performed by the same highly skilled surgeon,
with extensive experience using both
minimally invasive and open techniques, thus
eliminating the potential bias due to the steep
learning curve. Taking into account the
relative sample sizes with a slight larger
sample size for males than females, the
procedure time distribution over gender of
laminectomy patients was well balanced in
both sexes, the surgical time required for the
various versions of laminectomy performed
on the patients in with classic laminectomy
being uniformly split between sexes for every
time interval (30-60 minutes and 60-120
minutes and > 240 minutes) per surgical
intervention, but with a slight bias towards
to MIS

approaches. The median time required for a

shorter times, in comparison
surgical intervention in endoscopy group was
equal in both sexes (55 min) and (30-60
minutes and 60-120 minutes) per surgical
intervention with equal frequency in females
and a slight bias towards lower times in males
MIS microscopy group.

The intra-operative complication rates
may be one of the very few possible
disadvantages of MIS techniques, due to
difficulty manipulating instruments through a

small portal, especially in cases requiring
[25,27,42-44,60,61,65]:
symptomatic CSF leaks, wound infections

contralateral access

and post operative spinal spondylolisthesis. In
my experience unintentional durotomies have
decreased with the use of a protective sleeve
drill bit and preservation of the underlying
ligamentum flavum during bony
decompression. The use of a retractable,
single sided guard on the pneumatic drill bit
protects the dura from inadvertent injury on
one side while allowing visualization of the
drill bit tip from the other slide. The
ligamentum flavum is kept intact until the
bony decompression with the drill and
Kerrison is completed. The senior author
showed a 45

durotomies in obese patients undergoing

recently incidence  of
minimally invasive procedures for lumbar
stenosis comparing to our study [57].

Regarding the intra-operative
complications, we conclude that patients who
had undergone minimally invasive surgeries
have the least intra-operative complication as
follows:

1 patient we failed to access the target in
group C due to patient obesity with a
percentage of complications 2%.

1 patient with nerve root injury in group B
with a total percentage of complication 2.1%.

On the other hand the rate of
complications were higher in group A in the
form of 3 patients had unintended durotomy
with a total percentage of 14.3% regarding the
post-operative complications it was higher in
Group A as follows:

3 patients with persistent CSF leak
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1 patient with persistent limb and bladder
weakness (patient with preoperatory cauda
equina)

1 patient with wound infection.

1 patient with persistent LBP with a total
percentage of complications 33.3%.

In the other hand the post-operative
complications were less in group B as follows:
2 patients with persistent radiculopathy

1 patient with post-operative discitis with
a total percentage of 8.5%.

The least complications were happened in
group C with only 1 patient with persistent
radiculopathy and total percentage of
complications 2% as in a series of studies
done by Armin [40], Khoo LT [59], Jayarao
M [62].

In a study done by Madjetko [44],
Sengupta D.K. [46,47] post-operative, long
term spinal instability is a real concern in
patients undergoing laminectomy for lumbar
canal stenosis, especially if the patients have
pre-operative spondylolisthesis. Review of
literature shows that patients with pre-
operative spondylolisthesis have a higher rate
(40-100%) of post operative progression of
instability on dynamic x-ray at a long term
follow-up [44]. Comparatively, in our study,
among the patients with unstable canal
had been operated by
decompression, instrumentation and fusion,
progression of instability had occurred in 2
patients = 22.2%. In another study [6] it
showed no

stenosis  that

significant  difference in
complication and re-operation rates between
minimal invasive surgery treated and
conventionally treated patients. This could be

accounted by our study’s short duration of

follow-up, as reoperation rates increase in the
long term when bony regrowth occurs in an
inadequate decompression. However, our
study showed no significant difference in
complication and reoperation rates between
ULBD (Unilateral Laminectomy Bilateral
Decompression) treated and conventionally
treated patients.

Other studies have shown that the
difficulty manipulating instruments through a
small portal MIS has intrinsic potential
disadvantage of literally leaving “little room
for mistakes”, resulting in more postoperative
complications including more significant
dural sac retraction and a higher possibility of
dural tears [23,24,28,29], higher recurrence
and reoperation rates due to minimal
exposure leading to inadequate
decompression [29,30,32-41]. Despite these
previous findings in the literature, our study
failed to find these short-comes of the MIS
approach. This could be accounted for by our
study’s short duration of follow-up, as
reoperation rates increase in the long term
[34,35] when bony re-growth occurs in an
inadequate decompression; additionally, the
procedures in this study were performed by a
single senior surgeon with extensive
experience using both minimally invasive and
open techniques, thus reducing the impact of
the learning curve for MIS patients.

Our study demonstrates several benefits of
MIS microscopic the post operative course.
As most patients with LSS are elderly and
have numerous preoperative comorbidities,
decreasing postoperative hospital stay, time to
mobilization, post operative pain and

disability can significantly decrease patient
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morbidity. Longer hospital stays and delayed
recovery are associated with more post
operative complications, such as deep vein
thrombosis, urinary tract infections, cardio-
pulmonary problems, pulmonary embolism,
ileus and prolonged narcotic use as well as
with and increased cost of care [6,20,21].
Therefore, in our study, the significantly
shorter average time to mobilization (1.6 vs
33.3 hours) and average duration of post
operative hospital stay (55.1 vs 100.8 hours)
for patients in the MIS group compared with
those in the conventionally treated group
were advantages. Mean post operative
hospital stay is ranging from 42 to 80 hours
[23,24,40] and from 45 to 172 hours
[21,25,26,29] for ULBD

conventionally treated patients, respectively.

treated and

In another study, [23] which conclude the

significantly ~ shorter average time of
mobilization (15.6 vs 33.3 hours) and average
duration of post operative hospital stay 55.1
vs 100.8 hours for patients in the minimally
invasive procedures group compared with
those in the conventionally treated group
more advantageous. By comparison, in our
study the duration of hospital stay was higher
in group A with mean hospital stay 7.5 days
and shorter B with a mean hospital stay 1.4
days and the shortest period was in group C
with 1.06 days.

Opioids have unwanted side effects that
may require additional medications and
unnecessarily prolong hospital stay [20],
therefore decreasing opioid requirements
avoids these complications and allows for less
complicated

recovery, increased patient

comfort and faster return to normal activities

of daily living. In our study, the mean value of
total iv morphine equivalent units consumed
was significantly smaller in MIS - treated
patients (9.3 vs 42.8 morphine equivalent
units). While this could be due to the
significantly longer mean post operative stay
in the conventionally treated group, a
significantly larger proportion of patients in
the MIS group did not use any opioids at all
(52% vs 15%). This is supported by Khoo and
Fessler’s 2002 study [59] in which open-
surgery patients required almost 3 times the
amount of narcotics as patients treated with
micro-endoscopic decompression
laminotomy (73.7 vs 31.8 morphine
equivalent units, respectively) after adjusting
for length of stay. While we cannot definitely
state that patients treated with MIS consume
fewer morphine equivalents units, we can
conclude they are more likely to not use any
opioids, suggesting that MIS is associated
with less post-operative pain and discomfort.

In the literature, the minimally invasive
surgery achieved a significantly greater
improvement in post operative pain than did
the open approach. However, neither
approach was superior in improving function
or quality of life. Furthermore, neither
approach or satisfaction rate, while greater
percentage of patients in the minimally
invasive approaches 85% felt they had a good
outcome than the open group 62%, the
difference was not statistically significant
[49].

Our study showed that there was a
significant improvement in patient status in
the study group that underwent minimally
invasive

surgery, it was significant
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improvement in patient function of both
endoscopic 97.8% and microscopic groups
100% and significant improvement of the
patient self assisting score in the endoscopic
group 14% in the last 3 months to 2.5 over 2
years of annual follow-up and in the
microscopic group from 12% to 2.5% over the
same period.

Conclusion

The initial management of LSS should be

non-surgical, surgical intervention is
considered only in patients with intractable
back or radicular pain that interfere with the
patient life style or in occurrence of
neurological deficit. Pre-operative detailed
assessment of age and other investigations
including MRI, dynamic x-rays, and EMG
should be reviewed carefully to determine
preoperative instability or presence of
associated neurological deficit and also to
define going to

decompress. We established an extrusive

which level are we

relation between the radiological degree of
canal stenosis and the severity of symptoms
and its association of neurological deficit. It
was noticed that the predominance of back
pain over the radicular symptoms has carried
less favorable outcome. Also, operating
patients after full trials of conservative
treatment for at least 3 to 6 months carry a
better outcome and it enhances the result of
surgery with net improvement of 60 to 30%.

Abbreviations

CSS Central Spinal Stenosis
CT Computed Tomography

D Decompression

DF Decompression and Fusion

DOS Duration of Symptoms

DS Degenerative Spondylolisthesis

FS Foraminal Stenosis

LRS Lateral Recess Stenosis

LSS Lumbar Spinal Stenosis

ODI Oswestry disability index

PLIF Postero-Lateral Interbody Fusion

RCT Randomized controlled trial

SD Standard Deviation

SF-36 Medical outcomes study short form survey, 36 items
SPORT Spine Outcomes Research Trial

VAS Visual Analog Scale

GE General Electric

SREFS Self Reported Functional Status

SSWBS Symptoms Specific Well-Being Score
GWBS General Well-Being Score

ANACOVA Data Analysis

FT Fisher Test

ANOVA Analysis Of Data

MIS Minimal Invasive Surgery

CSF Cerebrospinal Fluid

CS Canal Stenosis

ULBD Unilateral Laminectomy Bilateral Decompression
EMG Electromyogram

DVT Deep Venus Thrombosis

MIP Minimal Invasive Procedure

TLIF Transforaminal Lumbar Interbody Fusion
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