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Abstract

Background: A symptomatic postoperative pseudocyst (PP) is a cystic lesion that is formed in the operation area of
the intervertebral disc, leading to worse symptoms. Some minority patients who developed PP experienced rapidly
aggravating symptoms and could not be treated by any kind of conservative treatment. However, no clinical studies
have evaluated the clinical characteristics and surgical strategies of symptomatic PP requiring a revision surgery after
full-endoscopic lumbar discectomy (FELD). This study aimed to demonstrate the clinical characteristics and surgical
strategies of symptomatic PP requiring a revision surgery after FELD.

Methods: We retrospectively analyzed the data of patients who received FELD revision surgeries due to sympto-
matic PP formation between January 2016 and December 2021. Common characteristics, time intervals of symptom
recurrence and revision surgery, strategies for conservative treatment and revision surgery, operative time, imaging
characteristics, numeric rating scale (NRS) score, Oswestry disability index (ODI) and overall outcome rating based on
modified MacNab criteria were analyzed.

Results: Fourteen patients (males =10, females =4), with a mean age of 24.4years, were enrolled. The mean time
intervals of symptom recurrence and revision surgery were 43.5 and 18.9 days respectively. While the patients were
conservatively managed with analgesics and physical therapy, pain persisted or progressively worsened. In compari-
son to the initial herniated disc, the PP was larger in 11 cases, and up- or down-migrated in four cases. The PP location
included the lateral recess (n=12), foraminal (n=1), and centrolateral (n=1) zones. One of the two cases treated

by percutaneous aspiration (PA) was eventually treated by FELD as pain was not relieved. Follow-ups revealed an
improved mean NRS score from 7.1 to 1.4, mean ODI from 68.6 to 7.9% and promising overall surgical outcomes.

Conclusions: The progressively severe pain experienced due to PP might be a result of its enlargement or
migration to the lateral recess and foraminal zones. As complete removal of capsule is the goal, we recommend
FELD instead of PA.
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Introduction

Endoscopic lumbar discectomy has become one of the
main surgical methods for lumbar disc herniation (LDH)
[1-3]. The formation of postoperative pseudocyst (PP) at
the decompression area is a rare postoperative compli-
cation after full-endoscopic lumbar discectomy (FELD)
surgeries. Most patients who developed PP were asymp-
tomatic or suffered from mild symptoms which could
be relieved by conservative treatment [4, 5]. However, a
minority experienced rapidly aggravating symptoms and
could not be treated by any kind of conservative treat-
ment [4, 6-9]. Herein, we reported a series of revision
surgeries for patients with symptomatic PP and unsuc-
cessful conservative treatment in 7 main minimally inva-
sive spine centers of China between 2016 and 2021. The
study aimed to investigate the clinical characteristics,
mechanism of formation, and surgical strategies for this
unintended postoperative complication.

Materials and methods

This retrospective study was approved by the ethics com-
mittee of Peking University Third Hospital, Beijing, Peo-
ple’s Republic of China (S2019312). The study included
patients who underwent FELD between January 2016
and December 2021 in 7 main minimally invasive spine
centers of China. A transforaminal approach via the
Thomas Hoogland endoscopic spine system (THESSYS)
technique [10] or an interlaminar approach [11] was
employed by 8 surgeons for these surgeries.

The inclusion criteria are: (1) Patients received FELD
surgeries due to lumbar disc herniation after unsuc-
cessful conservation treatment for at least 6 weeks; (2)
Patients achieved complete remission and returned to
normal work; (3) Symptoms reoccurred and magnetic
resonance imaging (MRI) revealed typical manifestations:
a cystic lesion at the discectomy site, with low intensity
on a T1-weighted image (T1WI) and high intensity on a
T2-weighted image (T2WI) [7]; (4) All kinds of noninva-
sive treatment including analgesics, physical therapy, and
bed rest were unsuccessful; and (5) Patients eventually
received revision surgeries.

The exclusion criteria are: (1) MRI confirmed that the
relapse of symptoms was due to disc fragment (recur-
rence or incomplete decompression); (2) Patients refused
the revision surgery.

Common characteristics such as age, gender, level, sur-
gical approach and operative time were recorded. The
first surgeries and the endoscopic revision surgeries of

the 14 patients performed under local anesthesia (10 mL
of 2% lidocaine, 10 mL of 1% ropivacaine, and 20 mL of
0.9% saline solution). Time interval of symptom recur-
rence, conservative treatment strategy before revision
surgery, time interval of revision surgery, surgical strat-
egy of revision surgery, and imaging characteristics were
also analyzed. Time interval of symptom recurrence is
defined as the duration between the first surgery and
recurrence of symptoms. Time interval of revision sur-
gery is defined as the duration between the recurrences
of symptoms and the revision surgery. At the last fol-
low-up, the degree of change of the PP was classified as
total or near total. Near total regression was defined as
a volume decrease of at least 90% on the last MRI. Total
regression was defined as completely remove on the last
MRI. The clinical outcomes were evaluated using the
numeric rating scale (NRS) for pain intensity, Oswestry
disability index (ODI) and modified MacNab criteria for
the overall outcome, which is classified into excellent,
good, fair, or poor.

Results

More than 4000 FELD surgeries were performed across
the seven minimally invasive spine centers of China
annually. Fourteen patients were enrolled in the study
based on the predetermined inclusion and exclusion cri-
teria, five of whom were treated in our center while the
remaining nine were treated in the other six centers.

The demographics, clinical features and surgical out-
comes of the patients are shown in Table 1. Of the 14
patients, ten were males and four were females. They
have a mean age of 24.4 years (range: 15-59years). There
were three cases of L3—4 level, six cases of L4-5 level,
and five cases of L5-S1 level. Thirteen of them were
treated by a transforaminal approach and one of them
was treated by an interlaminar approach in their previ-
ous surgery. The mean operative time of the first surgery
was 59.9min. The time interval of symptom recurrence
ranged from 14 to 90days, with an average of 43.5days.
All the patients were conservatively managed with anal-
gesics, physical therapy, and bed rest. Pain persisted in
four cases, and was progressively increased in ten cases
during the conservative treatment. The mean NRS before
the revision surgery was 7.1. The mean ODI before the
revision surgery was 68.6%. The time interval of revi-
sion surgery ranged from 5 to 90days, with an average of
18.9days. Eleven cases received conservative treatment
for less than 1 month, due to rapidly progressive severe
radicular pain.
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From their MRI images, 11 patients had PP that was
larger than their initial herniated lumbar disc. Four
cases had up- or down-migration of the PP in relation
to the initial herniated lumbar disc. Eight cases had
their PP migrated from the centrolateral zone of their
herniated lumbar disc to the lateral recess zone. The PP
of case 11 migrated to the foraminal zone of the spinal
canal (Fig. 1).

Thirteen patients received an endoscopic revision
surgery, 12 of whom were treated using a transforam-
inal approach and one of whom was treated using an
interlaminar approach. The mean operative time of
the endoscopic revision surgery was 40.8 min. Endo-
scopic revision surgery was initially planned for case
12 as well, but was halted after 2 ml of yellow fluid was
drained and the symptoms of the lower limbs were
relieved following the puncture of the intervertebral
foramen during the surgical process. On the contrary,
the symptoms of case 13 were not relieved after per-
cutaneous C arm-guided aspiration and hence, endo-
scopic revision surgery was finally performed. The cases
were followed up for an average of 14.8 months. The
NRS score improved from 7.5 (Q1: 6, Q3: 8) to 1.5 (Q1:
1, Q3: 2) after the revision surgery. The ODI improved
from 69%(63,74.5%) to 9%(3.5,12%). At the last follow-
up, 8 cases showed total regression and 6 cases showed
near total regression. There were no nerve injury, dural
tear and other complications after surgical treatment.
The final outcome, based on the modified MacNab

Page 4 of 9

criteria, was found to be excellent in four patients and
good in ten patients post revision surgery.

Typical case scenario 1 (Case 9): A 31-year-old male
patient was presented with a right-sided disc hernia-
tion at L4-5 level. MRI was performed to confirm com-
plete decompression 3 days after FELD. Radicular pain
recurred (NRS score =6) 21 days post FELD, and the con-
servative treatment that was given was ineffective for a
week. MRI revealed a cystic lesion at the discectomy site.
Revision surgery was eventually performed (Fig. 2).

Typical case scenario 2 (Case 2): A 27-year-old female
patient was presented with a left-sided disc herniation at
L4-5 level. We performed two revision surgeries, 14 days
apart. In the first revision surgery, we found severe adhe-
sion and only used radio-frequency electrocautery to
puncture and take out part of the capsule. As the patient
felt a complete relief of pain following the removal,
the surgery was concluded. However, the patient suf-
fered from a similar pain again after 10days. MRI dem-
onstrated a PP formation at the same site. As such, the
second revision surgery was done with a fully exposed
operative field and the capsule was completely removed.
A follow-up 2 months later showed that the pain that was
experienced had improved (Fig. 3).

Discussion
Very few studies report on the formation of symptomatic
PP at the same surgical level. Hence, we did a PubMed

search for “lumbar cystic lesion”, “lumbar discal cyst’,

the discectomy site (b, )

Fig. 1 Case illustration of a symptomatic postoperative pseudocyst requiring full-endoscopic lumbar discectomy (Case 11). Axial MRI examination
of a 29-year-old male patient on a T2-weighted image (T2WI) showing a right-sided disc herniation at L3-4 level (a). MRl revealing a cystic lesion at
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during a follow-up 2 months after the revision surgery (g, h)

I——

Fig. 2 Case illustration of a symptomatic postoperative pseudocyst requiring full-endoscopic lumbar discectomy (Case 9). Sagittal and axial MRI
of a 31-year-old male patient on a T2-weighted image (T2WI) showing a right-sided disc herniation at L4-5 level (a, b). MRl revealing a complete
decompression 3 days after FELD (c, d). MRl demonstrating a cystic lesion at the discectomy site (e, f). MRI confirming that the cyst was removed

“postdiscectomy pseudocyst’; “postoperative annular
pseudocyst” or “postoperative pseudocyst” to review
the different studies on symptomatic PP and their surgi-
cal outcomes on March 2022 (Table 2). From the search
results, it was revealed that pseudocyst formation has
been reported after open discectomy, microdiscectomy,
and microendoscopic discectomy [6, 9, 14—16]. Kang and
Park reported an approximately 1% prevalence of PP for-
mation after endoscopic lumbar surgery [4]. However, a
reporting bias may be present as all the patients in their
study were young, male soldiers. In China, postoperative
MRI was not performed for every patient. As such, the

patients with mildly symptomatic or asymptomatic PP
may not be documented. Therefore, the prevalence of PP
is suspected to be higher than what we have observed in
our study.

Clinical characteristics

The characteristics of PP seemed to be similar to those
of discal cysts as reported [17]. In all the reviewed stud-
ies, PP was found to be more common in young male
patients at L4-5 level. The same could be observed for
this study in general. The highest prevalence of herniated

Fig. 3 Case illustration of a symptomatic postoperative pseudocyst (PP) requiring full-endoscopic lumbar discectomy (Case 2). Axial MRI of a
27-year-old female patient on a T2-weighted image (T2WI) showing a left-sided disc herniation at L4-5 level (a). Radicular pain recurred (NRS
score =8) 27 days post FELD, and the conservative treatment that was given was ineffective for 5 days. MRI revealing a cystic lesion at the
discectomy site (b). MRl demonstrating PP re-formation at the same site 10days after the first revision surgery (c). MRI confirming that the PP was
removed during a follow-up 1 day after the second revision surgery (d)
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Table 2 Studies of symptomatic postoperative pseudocyst (PP) with their respective outcomes
Study No.of Age Gender Level Primary Time of Management Follow-up Clinical
pts procedure symptom duration Outcomes
recurrence
LiJetal(2021)[12] 1 30 M L4-5 PELD 37days ozone ablation  1year Pain improved
XuWetal(2021)[13] 1 27 M L5-S1 PEID 40days open cyst 6months Symptoms
resection were signifi-
cantly relieved
Manabe et al. (2019) 1 21 M L4-5  PELD 6 weeks PELD after 5days Pain improved
[8] failure of injec-
tion
Shiboi et al. (2017) [7] 2 27 ™™ 214-5 2 PELD 20days TMED 29 months Pain improved
14 1F 30days 1PELD 2 months
Prasad and Menon 1 30 M L4-5 MD 25days Surgery (L5 17 months Excellent
(2017) [9] laminectomy
and right-sided
medial facetec-
tomy)
Jhaetal (2016) [14] 2 16 ™ L4-5 2MED 1 week for 2 Conservative 6 months No residual
18 1F L5-S1 both symptoms
Yuetal. (2016) [15] 1 27 M L4-5 Opendiscec-  About C-arm guided ~ 3months Pain improved
tomy 2 weeks aspiration/
injection
Chungetal.(2012)[6] 12 2934+119 1F 313-4 9MD Average 5MD 17-300days 10 Excellent
(20-57) 1TM 714-5 3 PELD 23.3days 1 Aspiration 2 Good
2L5-S1 (9-38days) 6 Conservative
Kang and Park 15 226458 15M 6L4-5 15PELD Average 1 PHL 248+ 16.5months  The results
(2011) [4] (18-55) 9L5-S1 53.7days 4 PELD between
(11-118days) 10 Conserva- conservative
tive treatment and
surgical treat-
ment were of
no significant
differences.
Young et al. (2009) 2 60 2M 1L4-5 2MD 1 month 1 Conservative  4years Able to
[16] 30 1L5-S1 8months 1 CT-guided 17 months participate in
aspiration/ occupation or
injection daily activities

CT computed tomography, MD microdiscectomy, MED microendoscopic discectomy, PELD percutaneous endoscopic lumbar discectomy, PEID percutaneous
endoscopic interlaminar discectomy, PHL partial hemilaminectomy and discectomy, pts patients

lumbar disc was among people aged 30 to 50years, with
a male to female ratio of 2:1 [18]. In the people younger
than 35years, the male to female ratio was significantly
higher than that of other age groups, and men were more
likely to suffer from lumbar disc herniation. In this study,
we found that the male to female ratio of PP is 2.5:1,
which was similar to the prevalence rate of lumbar disc
herniation. More male patients may have more PP cases.
The diagnosis and differential diagnosis of symptomatic
PP mainly depend on clinical manifestations and imag-
ing scans. The 14 cases that ended up with revision sur-
geries had similar disease progression: (1) Most of them
were young male patients with a definite diagnosis of
lumbar disc herniation, and the clinical manifestations
were related to compression of nerve root(s) by the her-
niated disc. All patients received FELD surgeries; (2) The
symptoms that the patients experienced were alleviated

after the first surgery; (3) Radicular pain of lower extrem-
ity, similar to that experienced before surgery, reoccurred
after 40.5 (Q1: 30, Q3: 60) days without obvious induce-
ment; (4) Severe pain median NRS score=7.5 (Q1: 6,
Q3: 8) persisted, or the pain was progressively affect-
ing normal life. The degree of pain that the some of the
patients felt during the recurrence was higher than that
before surgery, and the conservative treatment that they
received was ineffective; (5) MRI imaging revealed the
formation of a cystic lesion at the discectomy site, with
low intensity on a TIWI and high intensity on a T2WI,
that was compressing the dural sac and nerve root. PP
exhibited the following characteristics, in relation to that
of the initial herniated lumbar disc: larger, up- or down-
migrated, located in lateral recess or foraminal zone; (6)
The patients received revision surgeries within a very
short period of time median=9.5 (Q1: 6, Q3: 22) days; (7)
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Most of the surgical outcomes were satisfactory. In con-
trast to lumbar discal cyst with spontaneous regression
[5, 19], 13 out of 14 of the PP cases in our study exhibited
at least one of the following three characteristics: larger,
up- or down-migrated, located in lateral recess or forami-
nal zone; which might lead to severe compression of the
dural sac and nerve root. As the pain progressed rapidly
due to the severe compression and the patients did not
respond to conservative treatment, revision surgery was
eventually performed.

The common clinical manifestation of PP is postop-
erative recurrent radicular pain, which is similar to that
of the recurrence of disc herniation [20]. As such, MRI
is required for a differential diagnosis. While a disc her-
niation is presented with a low intensity on both T1W1I
and T2WI, a PP is typically presented with a high sig-
nal, clear boundary and cystic change on a T2WIL
However, it may not always hold true [21]. Hence,
intraoperative identification is also important. Gener-
ally, PP has a dark-red capsule without disc fragments
or hematoma. While the MRI scan of case 14 revealed
a well-defined cystic lesion at L4-5 level, the cystic
lesion was presented with a medium signal on a T2WIL.
This is different from those of the other patients. In the
endoscopic view of case 14, the surgeon found the new
prolapsed disc tissue inside the cyst wall, thereby sug-
gesting that the PP might consist of not only cystic tis-
sue but also disc components. Shiboi et al. [7] reported
a case of recurrent LDH that mimicked a symptomatic
PP. Hence, such cases should be considered carefully to
rule out LDH recurrence. This might also be the rea-
son why this case was treated with a revision surgery
despite the absence of the three aforementioned char-
acteristics of PP.

Pathology and pathogenesis

In all the reviewed studies, the pathology and pathogen-
esis of PP were still unclear. Young et al. hypothesized
that granulation tissue may form a pseudocapsule around
the herniated disc fragment [16]. If the disc fragment is
removed without disrupting the pseudocapsule, fluid
may accumulate and PP may be formed. The pathologi-
cal results of the cystic wall indicated that its main com-
ponent is fibrous connective tissue (Fig. 4), which might
be the result of an inflammatory response of the connec-
tive tissue due to postoperative annular defects. As most
of the patients in our study are young, the strong ability
of granulation or fibrous tissue formation as well as self-
repair of annular fibrosus might be the cause of sympto-
matic PP formation. Male patients may return to work
and resume daily activities earlier than female patients,
and in the early postoperative period, the increased
pressure on the intervertebral disc may promote the
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Fig. 4 The pathological results of the cystic wall (Case 8):
degenerative fibrocartilage and loose fibroadipose tissue
accompanied by inflammatory cell infiltration, focal hemorrhage,
mucus degeneration and cystic change

formation and enlargement of PP. However, a large
cohort is needed to prove this hypothesis. Additionally,
the inadequate treatment and resection of the annular
fibrosus might have led to the formation of the pseudo-
cyst. Together with that, an insufficient resection of the
facet joint might have limited the opening of the spinal
canal thereby leading to symptomatic PP. It has been
reported that the interlaminar approach, in comparison
to the transforaminal approach, was correlated with PP
formation [4]. However, the transforaminal approach was
performed in 13 out of 14 cases in this study. This implies
that the surgical approach may not be significantly
related to the formation of PP.

Management strategies

In all the reviewed studies, conservative treatment, C
arm/computed tomography (CT)-guided aspiration
and/or injection, microdiscectomy, microendoscopic
discectomy, and PELD had been used to treat the
patients for PP. Clinical and radiological recovery of the
symptomatic lumbar discal cyst could only be obtained
through conservative therapy [5, 19, 22]. In our cases
with severe pain caused by the compression of dural
sac or nerve root by cystic lesions as confirmed by MRI,
however, conservative treatment was ineffective, and
revision surgery was required. It should be noted that,
the patient in Case 12 felt a relief of pain after the punc-
ture of the intervertebral foramen and did not undergo
endoscopic revision surgery, thereby suggesting that
percutaneous aspiration (PA) could be an alternative
treatment with less trauma [6, 15, 16]. However, C arm/
CT-guided aspiration and/or injection cannot remove
the capsule wall, thereby risking the recurrence of PP.



Zhu et al. BMC Musculoskeletal Disorders (2022) 23:835

Page 8 of 9

Fig. 5 The endoscopic view (Case 3): Show severe adhesion surrounding the PP (a). Use bipolar radiofrequency (RF) to separate the PP from the
nerve root carefully (b). PP was removed and annuloplasty was done using radiofrequency coagulation (c)

[8] Furthermore, it will also be difficult to aspirate com-
pletely if the PP is a multicystic cavity. This was evident
in Case 13, where the pain was not improved after PA
and the patient eventually underwent an endoscopic
revision surgery.

Endoscopic lumbar discectomy has been reported for
the treatment of discal cysts [23-25]. In this study, FELD
was performed for the revision surgeries of 13 cases
and the postoperative recoveries were satisfactory. The
mean operative time of revision surgery was less than
that of the first surgery. Because we operated through
the original surgical path in the revision surgery, there
was no need for facetectomy and discectomy again. In
the endoscopic view, we generally found severe adhesion
surrounding the PP (Fig. 5), dural sac, ligamentum fla-
vum, and disc material, as well as well-developed vascu-
latures which causes bleeding when removing PP. Hence,
we should separate the adherent tissues carefully and
remove as much of the capsule of PP as possible dur-
ing the revision surgery to minimize having to perform
another revision surgery. This is evident in Case 2, where
we performed two revision surgeries with a 14days
interval. If it is difficult to completely resect the cyst, the
potential for recurrence may be reduced by annuloplasty
using radiofrequency coagulation [8].

Limitation of the study

This study had some limitations. The exact total number
of patients treated in 7 minimally invasive spine centers
is not available. Therefore, the prevalence of PP requiring
revision surgery is not measured correctly. In addition,
the lack of surgeon standardization is another limitation.
The data is collected from 8 surgeons. A further clinical
study will be needed to figure out the definite pathology
and pathogenesis of PP.

Conclusion

Symptomatic PP was mostly found in young male
patients. Surgeons should distinguish it from a recur-
rent disc herniation. The implicated patients who require
a revision surgery often experience a severe pain that is
rapidly progressive. In addition, the PP in these patients
possesses at least one of the following three MRI char-
acteristics: larger, up- or down-migrated, located in lat-
eral recess or foraminal zone. It is important for surgeons
to remove as much of the capsule as possible during the
revision surgery to prevent the recurrence of PP. As such,
it is recommended to perform revision surgery such as
FELD, instead of PA. The pathology and pathogenesis of
PP remain unclear, but may be related to factors such as
insufficient resection of the annular fibrosus and facet
joint during the first surgery.
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