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Sung Hyun Noh, MD2P, Eveline Ndraha, MD, PhD¢, Dong Ah Shin, MD, PhDP¢, Pyung Goo Cho, MD, PhD?,
Keung Nyun Kim, MD, PhD®¢, Sang Hyun Kim, MD, PhDa*

Abstract

Magnetic resonance imaging (MRI) has been extensively used in the management of patients with a herniated lumbar Q
Nevertheless, immediate postoperative MRI has not become a standard procedure, with limited research suggesting that the
findings are often similar to preoperative MRI in both symptomatic and asymptomatic patients. This study aimed to determine
the benefits of immediate postoperative MRI in patients with or without postoperative symptoms and its correlation with these
symptoms. A total of 172 patients who underwent lumbar spine microdiscectomy at our institution between 2014 and 2021 were
included. Patients who had previous spinal surgery and lumbar fusion were excluded. Patient data were collected from medical
records. MRI was performed 3 days after surgery and assessed by 2 neurosurgeons to minimize bias. Immediate postoperative
MRI results showed dural sac compression or foraminal stenosis in 29 patients (16.86%), of which 10 had postoperative pain and
19 were pain free. Among the 143 patients (83.14%) without these findings on MR imaging, 38 had postoperative pain. Immediate
postoperative MRI did not correlate with postoperative pain (P = .421/.357). Intraoperative bleeding and the Charlson comorbidity
index (CCI) showed significant correlations with postoperative pain (P =.018 and .002, respectively). In a multivariate analysis,
intraoperative blood loss and CCl independently correlated with postoperative pain (P = .001 and .001, respectively). Based on
our findings, intraoperative blood loss and CCl appear to be the factors that may predict the persistence of postoperative pain,
despite normal findings on MRI.

Abbreviations: CCl = Charlson comorbidity index, LDH = lumbar disc herniation, MRl = magnetic resonance imaging, VAS =

visual analog scale.
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1. Introduction

Lumbar disc herniation (LDH) is a common disorder among
adults, with a reported lifetime occurrence as high as 40%.
Compelling evidence has shown that the incidence of LDH
increases with age, particularly in males.'-3! The highest prev-
alence is seen among people aged 30-50 years with a male to
female ratio of 2:1.1*! The majority of lumbar herniation cases
occur at the L4-L5 and L5-S1 intervertebral disc levels.!

Magnetic resonance imaging (MRI) has been extensively
used for the diagnosis and evaluation of patients with herni-
ated lumbar discs; it is the modality of choice for the assess-
ment of discectomies. Determining the amount of time elapsed
after surgery is particularly important, since findings in the
immediate postoperative period need to be evaluated with
caution.[®!
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Currently, immediate postoperative MRI is not considered
to be the standard evaluation approach in many spine centers
based on research stating that immediate postoperative MRI
results are often similar to those of preoperative MRI in symp-
tomatic and asymptomatic patients.!®! Boos et al reported that
MRI cannot provide a causal explanation for postoperative
pain, as a majority of asymptomatic patients (63%) had find-
ings comparable with those in symptomatic patients.”! There
is no debate on whether to perform MRI in patients with new
neurological symptoms, postoperatively. Mattew et al pre-
sented their findings from a group of patients who underwent
immediate postoperative MRI of the lumbar spine for failure of
symptom resolution or new compressive symptoms. This study
showed that early MRI is of significant clinical value when
managing the complicated postoperative lumbar spine. Early
MRI has also been shown to correlate with surgical findings
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and strongly predict appropriate management and outcomes in
these patients.!!

This study aimed to determine the benefits of immediate post-
operative MRI in patients with or without postoperative symp-
toms, its contribution to surgical outcomes, and its correlation
with postoperative symptoms and their management.

2. Material and Methods
2.1. Patients

This is a retrospective study of patients who underwent sur-
gery at our institute between January 2014 and December 2021
(Fig. 1). We reviewed patient data from medical and surgi-
cal records, along with postoperative follow-up records from
the out-patient department. This study was approved by the
Institutional Review Board of our hospital. The inclusion cri-
teria included the following: patients who underwent lumbar
spine microdiscectomy for LDH; MRI evaluation 3 days after
surgery; and a follow-up period >24 months. The exclusion cri-
teria were as follows: patients who had previous spinal surgery;

Jan. 2014 ~ Dec. 2021
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Figure 1. Schematic diagram showing the findings on immediate, postoper-
ative MRI and number of patients with postoperative pain symptoms in the
MRI positive and negative groups. MRI = magnetic resonance imaging.
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patients who underwent lumbar spine fusion due to lumbar her-
niated discs; a follow-up period of <24 months; complications
such as dura tear during surgery; and the presence of a disease
at a level other than the surgical site.

2.2. Radiological evaluation

Immediate postoperative MRI was performed on the third post-
operative day after lumbar spine microdiscectomy. The MRI
examination included sagittal T1 and T2 and axial T1 and T2
studies. The findings were noted by a neuroradiologist and con-
firmed by 2 neurosurgery spine consultants (SHN, SHK) to min-
imize bias. We divided the patients based on their MRI findings
into 2 groups. A patient group was labeled MRI positive if the
postoperative MRI showed compression of the dural sac >50%
or foraminal stenosis >50%, compared with the opposite side
and adjacent levels (Fig. 2). The other group was referred to as
MRI negative (Fig. 3).

2.3. Clinical outcome assessment

Clinical data were retrieved from patients’ medical records,
including indications and type of surgery, postoperative clinical
condition (symptoms and signs which correlated with lumbar
microdiscectomy surgery), indications for the postoperative
MRI, and the MRI report. We also assessed patient pain inten-
sity during follow-up, that is, 24 months after surgery. The
visual analog scale (VAS) score was checked preoperatively, on
postoperative day 3, and at the latest follow-up. Patients were
categorized as symptom positive if they had back and radiating
leg pain, postoperatively (VAS score >3) or symptom negative, if
there was no or mild pain (pain score 0-3). Comorbidities were
assessed using the modified Charlson Comorbidity Index (CCI)
presented by Quan et al.['”

2.4. Operative technique

All patients were operated on, under general anesthesia, in the
prone position. A dorsal midline incision was made after the
surgical site was confirmed by radiography. The subcutaneous
fat layer and fascia were excised and the muscles were detached

Figure 2. MRI positive case. Immediate, postoperative MRI in a patient who underwent partial hemilaminectomy and discectomy for a herniated lumbar disc
showed that a disc left in the 4 to 5 lumbar spine on the MRI caused symptoms. MRI = magnetic resonance imaging.
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Figure 3. MRI negative case. A patient with a herniated lumbar disc underwent partial hemilaminectomy and discectomy. Upon immediate, postoperative MRI,
there were no abnormal findings to explain his symptoms. MRI = magnetic resonance imaging.

from the lamina. A high-speed electric drill was used to per-
form a partial hemilaminectomy. When the dura was visible,
the ruptured particles were removed by pulling the root with a
root retractor. After confirming that the root was not pressed,
saline irrigation was performed, followed by wound closure. All
patients were able to sit and walk on the first postoperative day.
Clinical and radiologic outcomes were noted by an independent
observer for 3 days, postoperatively.

2.5. Statistical analysis

Our results are presented as mean = standard deviation or
counts, as indicated. We used the Chi-square test to test our
hypothesis that postoperative MRI findings correlate with
postoperative pain. We used the independent ¢ test and the
Chi-square test to test each variable to determine which one
of the variables correlated with postoperative pain. Finally, we
used the multiple regression test to determine which variables
affected the postoperative pain independently. A P value < .05
was considered statistically significant. All statistical analyses
were performed using IBM SPSS® Statistics version 23.0 (SPSS,
Inc., Chicago, IL) and SAS version 9.2 (SAS, Cary, NC).

3. Results
3.1. Patient demographics

A total of 172 patients underwent primary lumbar spine micro-
discectomy procedures at our institution. The demographic
data are presented in Table 1. The study included 87 women
(51%) and 85 men (49%), with ages ranging from 16 to 80
years old (mean age = 52.82 + 16.93 years old). The mean post-
operative follow-up duration was 25.7 = 10.5 months (range
28-58 months). Herniation at the L4-5 level amounted to 51%
(88/172) of the cases followed by the L5-S1 level (59 patients,
34%).

3.2. Comparative data between MRI positive and negative
groups (Table 2)

Data on age, sex, intraoperative blood loss, operative time, dura-
tion of hospitalization, back-VAS, leg-VAS, ODI, and CCI of
the 2 groups are shown in Table 2. Intraoperative bleeding and
CCI were significantly different between the patients with pos-
itive and negative MRI scans. All clinical parameters improved

at follow-up (P <.0001). Between the MRI positive and neg-
ative groups, there were no significant differences in clinical
outcomes. In the MRI positive group, 2 out of 10 symptomatic
patients underwent reoperation, and the remaining 8 underwent
conservative treatment, as did 19 asymptomatic patients in this
group. In the MRI negative group, 38 patients with symptoms
were treated conservatively in the pain clinic and showed grad-
ual improvement in their symptoms; 105 asymptomatic patients
in this group received conservative treatment.

3.3. MRl positive and symptom positive cases

Only 2 patients from the MRI positive group with positive
clinical symptoms required revision surgery. The first patient
had left leg pain (radicular pain). MRI performed 3 days post-
operatively revealed hypointensity on T1 and T2-weighted
images in the L4-5 level, suggesting a residual disc herniation
with left foraminal stenosis at L4-5. This patient underwent
revision surgery for removal of the residual herniated disc
and root decompression. The second patient’s postoperative
MRI showed a mixed density on T1 and T2 with left L5-S1

Patient demographics.

Category Number
Sex
Male 85 (49%)
Female 87 (51%)
Mean age, yr 52.82 +16.93
BMI, kg/m? 24.93 +3.76
Smoking
Yes 30
No 142
DM
Yes 22
No 150
Operation level
L1/2 5 (3%)
L2/3 8 (5%)
L3/4 12 (7%)
L4/5 88 (51%)
L5/S1 59 (34%)

BMI = body mass index, DM = diabetes mellitus.
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Comparative data between MRI (+) and (=) group.

MRI (+) MRI (-)
(n=29) (n=143) Pvalue
Symptom (+) Symptom (-) Symptom (+) Symptom (-)
(n=10) (n=19) (n=38) (n =105)

Age 53.40 + 9.31 51.31 +15.56 47.97 +18.97 49.84 +17.16 485
Sex

Male 5 13 18 49

Female 5 6 20 56 574
Intraoperative blood loss (mL) 120.29 + 99.54 87.57 £ 71.16 86.84 + 40.28 73.44 £ 50.12 .018*
Operation time (min) 95.43 + 34.64 82.84 + 31.21 98.47 +23.37 73.90 + 18.62 .052
Duration of hospitalization (d) 5.20 + 3,64 553 +4.74 6.26 + 7.91 5.28 +5.62 673
Back VAS

Preoperation 8.2 +0.45 8.3+0.15 8.1+027 8.2 +047 316

Postoperation 3.1+0.26" 2.7+0.16" 3.9 +0.02* 28+0.12" 421

Last follow-up 1.9 +0.96* 1.7 +0.18* 1.2 +0.25" 1.7 £0.45* 401
Leg VAS

Preoperation 79+0.23 8.1+0.23 8.1+0.72 8.4 +0.71 217

Postoperation 3.7+0.19* 2.7+0.19" 3.6 + 0.55" 2.6 +0.35" .357

Last follow-up 1.5+ 0.56™ 1.2 +0.56™ 1.4 +0.92* 1.3+0.95" 124
0Dl

Preoperation 35.7+214 36.7 +1.89 34.7 +2.55 36.7 +3.45 .348

Postoperation 232 +1.77* 211 +1.97* 24.5+1.76* 23.6 +2.56™ 248

Last follow-up 11.5 +1.46* 12.5 +1.36* 12.6 +1.31* 12.7 +1.25* 478
CCl

0 4 12 12 63

1-2 6 7 26 42 .002¢

CCl = Charlson comorbidity index, VAS = visual analogue scale.
*P < .05 comparing between MRI (+) and MRI ().
**P < .05 compared with the preoperative value.

foraminal stenosis, suggesting a hematoma after surgery. The
patient had left leg numbness and tingling. Revision surgery
was performed to remove the hematoma. In the other 8 patients
with positive symptoms, the pain gradually decreased with con-
servative treatment.

3.4. Multivariate analysis of the significant factors on
postoperative pain (Table 3)

Significant factors that may potentially influence postoperative
pain were analyzed using a logistic regression test; the outcomes
are shown in Table 3. As influencing factors of postoperative
pain, intraoperative blood loss and CCI were found to be statis-
tically significant (P =.001 and .001, respectively).

4. Discussion

The benefit of routine, early, postoperative MRI after discec-
tomy is still debated because literature shows that images of

Multivariate analysis of the significant factors on postoperative
pain.

Factor Odds ratio 95% Cl Pvalue
Sex 0.978 0.658-1.453 911
Age 1.191 0.814-1.742 .3672
Intraoperative blood loss 1.906 1.446-2.525 .001*
Operation time 1.365 0.702-2.654 .3594
Duration of hospitalization 1.023 0.673-1.554 9164
ccl 1.352 1.124-1.72 .001*

CCl = Charlson comorbidity index.
*Statistically significant.

the lumbosacral spine in the immediate postoperative period
(the first 6-8 postsurgical weeks) must be interpreted with
caution. Normal postoperative changes occur within the
bones, as well as the soft tissues, and vary depending on the
type and extent of surgery and the time since the operation!''l;
these can appear quite similar to the preoperative disc herni-
ation.!"”l We performed this study to determine the benefits
of routine, immediate, postoperative MRI, which was per-
formed in patients with or without postoperative symptoms,
and its correlation with postoperative symptoms and their
management.

Our study showed that early postoperative MRI findings did
not correlate with immediate postoperative pain (P = .421/.357).
This finding is similar to some previous studies which state that
immediate postoperative MRI is often similar to pre-opera-
tive MRI in symptomatic and asymptomatic patients. Mattew
Crocker et al suggests that early MRI has great clinical value
when managing the complicated postoperative lumbar spine,
typically correlates with surgical findings, and strongly pre-
dicts appropriate management and favorable outcomes.!®! In
the immediate postoperative period, images show increased
soft-tissue within the anterior epidural space accompanied by
an indistinct annular margin due to tissue disruption, edema,
and hemorrhage that are quite similar to and may mimic the
preoperative disc herniation.!"? The imaging must be inter-
preted in conjunction with the patient’s clinical state. The study
by Matthew Crocker et al suggested that postoperative MRI,
which is reserved for patients with ongoing, worsening, or
new symptoms attributable to neural compression, was valu-
able in deciding whether to re-operate or manage the patient
conservatively.!¥!

Our results demonstrate that patients with normal postop-
erative MRI findings can suffer from significant postoperative
pain, which may become persistent, in several cases. Most
cases of failed surgery were related to clinical versus techni-
cal issues. The surgery is a technical success, as the underlying
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pathophysiology has been corrected, but the patient continues
to have pain despite such correction. The individual variabil-
ity in pain has long been recognized, and pain is a multidi-
mensional phenomenon that is largely subjective in nature.
Although many studies report the benefits of spinal surgery,
many patients who have undergone it report unsatisfactory
results.!3 In literature, the failure rates of spinal surgery vary
among different studies ranging from 10% to 40%.1% This
is often caused by surgical complications such as disc space
infection, dural tear, or pseudomeningocoele which are not
seen on the immediate postoperative MRI.

Operative bleeding had a statistically significant correlation
with postoperative pain (P = .018). It was previously mentioned
in the literature that persistent pain after spinal surgery could
be also caused by operative bleeding (hematoma).!") Andrew
Bokov et al showed that one of the reasons for pain syndromes
after surgical nerve root decompression is tissue damage (includ-
ing hematoma) during the intervention.!') Although using a
microscope and a good hemostat can minimize tissue damage
during microdiscectomy, a considerable rate of radicular pain
associated with fibrosis in the epidural space has been reported
after open surgery."® A high amount of bleeding will increase
the risk of fibrosis in the epidural space during the healing pro-
cess. This study suggested that the spine surgeon should opt for
less invasive interventions in order to diminish the rate of pain
syndromes associated with tissue damage.!'¢!

Andrew Bokov et al also showed that the persistent pain syn-
drome is related to the naturally determined disease develop-
ment such as facet joint pain, stenosis, and segment instability!'®!
This study reports that the overall prevalence of facet joint pain
was 31%, with a 95% CI of 28% to 33 %; the rate of this source
of pain after lumbar surgery was 16%, with a 95% CI of 9%
to 23%. A higher frequency of facet joint pain was expected in
the group treated with microdiscectomy due to a more signifi-
cant loss of disc height, yet there was no relationship between
the pain source and the type of surgery. This is the result of
altered biomechanics after spinal surgery. The other causes of
persistent pain after surgery includes spondylolisthesis, nerve
damage due to nerve root retraction, direct damage or arach-
noiditis, and myofascial pain caused by altered biomechanics,
muscular atrophy or weakness. Myofascial pain is known to be
caused by multiple factors. The results of different studies have
supported the hypothesis that myofascial pain may contribute
to failed back surgery syndrome.”!

CCI also showed a correlation with postoperative pain
(P =.002). These patients have complex multidisciplinary needs
and in order to be successfully treated, they would need more
than a single specialty modality of care.l'"¥ The development of
postoperative pain to chronic pain is influenced by physical, psy-
chological, and social factors. In the case of spinal surgery, Block
and colleagues suggested that psychological factors have an
even greater impact on outcomes than medical factors. Patients
with a hyporeactive hypothalamic—pituitary—adrenal axis are at
an increased risk for poor outcomes after disc surgery.!'”!

An analysis of all variables that may be affecting postoper-
ative pain in patients with positive and negative MRI results,
using a multivariant regression test, revealed that intraopera-
tive bleeding and CCI independently affect postoperative pain
(P =.001 and .001, respectively). As mention above, there was
a risk of tissue and nerve damage due to nerve root retraction
during the operation, which causes postoperative pain.!'®! It is
known that manipulation or traction during surgery can result
in more intraoperative bleeding and a higher the risk of tissue
and nerve damage.

5. Limitations

The limitations of this study include postoperative MRI
assessments based only on the presence of dural compression
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and foraminal stenosis, not including other parameters such
as the dorsal root ganglion position, disc height, contour,
and signal intensity and variation in patients during the
follow-up period. And comparison should have been made
between symptomatic and asymptomatic patients with sim-
ilar MRI findings. And type of disc, the number of surgeons
involved in surgery, preoperative conditions, and differences
in preoperative MRI findings are not considered. And post-
operative residual discs indicate insufficient preoperative
planning. This is a hindrance to real results. The subjective
nature of patients’ pain complaints is also a limitation of
this study.

6. Conclusion

Routine, immediate, postoperative MRI for all patients, with
or without symptoms, after microdiscectomy did not represent
the actual condition of the patient. Intraoperative bleeding and
CCI correlated with postoperative pain and may be the factors
that affect persistent postoperative pain, even when the MRI
revealed no significant abnormality.
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