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Purpose: To identify the incidence rates and risk factors for early readmission and reoperation after percutaneous transforaminal
endoscopic decompression (PTED) for degenerative lumbar spinal stenosis (DLSS).

Patients and Methods: A total of 1011 DLSS patients who underwent PTED were retrospectively evaluated. Of them, 58 were
readmitted, and 31 underwent reoperation. The patients were matched with 174 control patients to perform case-control analyses. The
clinical and preoperative imaging data of each patient were recorded. Univariate analyses were performed using independent sample
t-tests and Fisher’s exact tests. Furthermore, the risk factors for early readmission and reoperation were analyzed using multivariate
logistic regression analyses.

Results: The incidence rates of readmission and reoperation within 90 days after PTED were 5.7% and 3.1%, respectively. Age (odds
ratio [OR]=1.054, p=0.001), BMI (OR=1.104, p=0.041), a history of lumbar surgery (OR=3.260, p=0.014), and the number of levels
with radiological lumbar foraminal stenosis (LFS, OR=2.533, p<0.001) were independent risk factors for early readmission. The
number of levels with radiological LFS (OR=5.049, p<0.001), the grade of surgical-level facet joint degeneration (OR=2.010,
p=0.023), and a history of lumbar surgery (OR=10.091, p<0.001) were independent risk factors for early reoperation.

Conclusion: This study confirmed that aging, a higher BMI, a history of lumbar surgery, and more levels with radiological LFS were
associated with a higher risk of early readmission. More levels with radiological LFS, a higher grade of surgical-level facet joint
degeneration, and a history of lumbar surgery were predictors of early reoperation. These results are helpful in patient counseling and
perioperative evaluation of PTED.
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Introduction
Degenerative lumbar spinal stenosis (DLSS) is a medical condition characterized by a diminished space available for
neural and vascular elements in the lumbar spine secondary to degenerative changes.' It is one of the main causes of low
back and leg pain in geriatric patients. Approximately 10-20% of DLSS patients need surgical decompression after failed
conservative treatment.”” In recent years, with the development of minimally invasive concepts, percutaneous transfor-
aminal endoscopic decompression (PTED) has been considered as a surgical option for DLSS.** Previous studies have
demonstrated that PTED is an effective technique for treating DLSS.®’ Compared with traditional posterior lumbar
interbody fusion, it has the advantages of less trauma and faster rehabilitation.

Owing to the irreversibility of the disease and the complexity of the operation, reoperation and readmission are very
common after spine surgery,® increasing the physical and economic burden on patients. Early reoperation and readmission
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are particularly unacceptable.'®'! Thus, they have become important measures of quality of care.'*'* Many studies have
investigated early reoperation and readmission rates after elective lumbar surgery. Identifying their incidence rates and risk
factors is important in predicting patient prognosis and optimizing perioperative management.'%'*

However, many previous studies aimed to reduce the financial penalty associated with readmission rates. Therefore,
there are still some limitations. First, most previous studies did not stratify the different types of lumbar surgery. There
are many differences in anesthesia, approach, surgical area, and trauma between different types of lumbar surgery. Thus,
the incidence rates and risk factors for readmission and reoperation can be quite different among these techniques.'®"!
Second, previous studies investigated demographic data and comorbidity conditions as potential risk factors; however,
few of them reported radiological risk factors. Most early readmissions and reoperations are attributed to spine-related
indications.'*'> Thus, preoperative evaluation of imaging parameters is valuable for predicting early adverse outcomes.'®

In this study, we retrospectively reviewed the medical records and imaging data of patients with DLSS who
underwent PTED at our institution. A case-control study was designed to investigate the incidence rates, reasons and

risk factors for early readmission and reoperation after PTED.

Materials and Methods

Patient Selection

This study retrospectively evaluated 1011 consecutive patients with lateral recess or foraminal stenosis who underwent
unilateral and single-level PTED at our institution between January 2016 and December 2021. The inclusion criteria were
as follows: (1) age >40 years; (2) unilateral lateral recess or foraminal stenosis diagnosed on the basis of clinical
symptoms and physical examination and imaging findings; and (3) symptoms with no relief after at least 3 months of
conservative treatment. The exclusion criteria were as follows: (1) symptoms caused only by disc herniation; (2)
instability or higher than grade I spondylolisthesis at the responsible level; (3) insufficient clinical or imaging data;
and (4) concomitant conditions affecting the lumbar spine, including fractures, infections, and tumors. After reviewing
the medical and follow-up data, we identified a group of patients with an unplanned readmission or reoperation within 90
days postoperatively. Thus, 58 and 31 patients were finally enrolled in the readmission and reoperation groups,
respectively. To identify the risk factors for readmission and reoperation, we matched the patients with 174 control
patients in a 1:3 ratio according to the date of operation (Figure 1). This study was performed in accordance with the
Declaration of Helsinki and was approved by our institutional ethics committee.

[ 1087 patients in total ]

76 patients excluded:

49 patients had incomplete
medical or follow-up data

27 patients with recent vertebral
fracture, intervertebral infection,

or tumor
Y

[ 1011 patients enrolled ]

Y

Y
953 patients without 58 patients in readmission group
short-term complications 31 patients in reoperation group

[ 174 patients matched ]

Figure | Flow chart of patient inclusion and exclusion. The exclusion criteria | and 2 are not shown in this figure, since patients with only lumbar disc herniation were
excluded previously according to preoperative images, while patients with severe instability were excluded from the indications for lumbar endoscopy.
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Surgical Technique
The PTEDs were performed by a senior surgeon with an experience of more than 100 lumbar endoscopic procedures. In
the patients with multilevel radiographic stenoses, local blocking was performed to identify the level of responsibility.
PTED was performed as follows: The patients were placed in the prone position, and the entire procedure was
performed under local anesthesia. The entry point was set at 10—14 cm lateral to the midline at the index intervertebral
level. A puncture needle was inserted into the superior articular process (SAP). The surgical approach was progressively
expanded to 8 mm using a hollow -tapered cannula. A trepan was then used to remove the capsule and ventral side of the
SAP to perform foraminoplasty. Decompression was performed using continuous irrigation under direct vision. The
osteophytes, thickened ligament flavum, perineural fat, degenerated annulus fibrosus, and nucleus pulposus were
removed. The traversing nerve root and dural sac were exposed with adequate mobility and good pulse to ensure
complete decompression.

Data Collection

The clinical and radiological parameters of all the enrolled patients were collected. The preoperative clinical parameters
included age, gender, body mass index (BMI), duration of symptoms, hypertension, diabetes mellitus, heart disease,
cerebrovascular disease, chronic respiratory disease, chronic renal disease, current smoking, and alcohol consumption.
The surgical level, duration of operation, and intraoperative blood loss (IBL) were recorded as the intraoperative
parameters. The preoperative radiological parameters included lumbar lordosis and scoliosis, disc wedge,'” disc height
index,'"® Modic changes,'® Wildermuth grading of lumbar foraminal stenosis (LFS),>° Pfirrmann grading of disc
degeneration,?' and Weishaupt grading of facet joint osteoarthritis.”> The above-mentioned degenerative grading systems
were used at the surgical level. The number of levels with severe disc degeneration (higher than Pfirrmann grade 3) and
radiological LFS (higher than Wildermuth grade 0) were also recorded.

The radiological measurements were performed as follows: All measurements were performed using the DICOM
(version 3.1) viewer software (Neusoft PACS/RIS) by two experienced clinicians in a blinded fashion. For the
quantitative measurements, the mean results were calculated. For the qualitative assessments, the results were recorded
when the results obtained by the two clinicians were consistent. The remaining atypical cases were reassessed together by
these clinicians.

The reasons, treatment, and days to readmission or reoperation were also collected for the patients who experienced
readmissions and reoperations.

Statistical Analysis

For statistical analyses, data were analyzed using a statistical software (SPSS version 23.0 for Windows, IBM).
Continuous variables were presented as means + standard deviations. A univariate analysis was performed using
independent sample #-tests for continuous variables and Fisher’s exact tests for categorical variables. The parameters
with p-values of <0.10 in the univariate analysis were considered as potential risk factors and were included in the
multivariate logistic regression analysis. The variance inflation factor (VIF) was used to determine collinearity. The
Hosmer-Lemeshow (HL) goodness-of-fit and C-statistic tests were used to evaluate the fitness of the data and predictive
power of the logistic regression model. Statistical significance was set at p<0.05.

Results

We retrospectively reviewed the medical records of 1011 patients. Among the patients, 58 were readmitted, and 31
underwent reoperation within 90 days postoperatively. The early readmission and reoperation rates were 5.7% and 3.1%,
respectively. The mean times of readmission and reoperation were 35.7 and 33.7 days, respectively. Table 1 provides the
indications for readmission and reoperation. Among the readmissions, 63.8% (37/58) were attributed to significant back
or leg pain. The specific reasons included nerve root injury or edema, recurrent disc herniation, incomplete decompres-
sion, and adjacent segment stenosis. Non-spine-related admissions accounted for 25.9% (15/58) of all readmissions. The
readmission times are summarized in Table 2. Most readmissions (31/58, 53.4%) occurred within 30 days
postoperatively.

Risk Management and Healthcare Policy 2022:15 hetps: 2235

Dove:


https://www.dovepress.com
https://www.dovepress.com

Wang et al Dove

Table | Indications for Reoperation and Readmission

Indication n (Reoperation/
Readmission)
Back and/or leg pain 22/37
Nerve root injury/edema 0/10
Recurrent disc herniation 5/10
Incomplete decompression 9/9
Adjacent segment stenosis 8/8
Epidural hematoma 4/4
Inflammation 2/2
Non-spine-related indications (gastrointestinal, 3/15
cardiac, urinary, and cerebrovascular)

Table 2 Early Reoperation/Readmission Rates Stratified by
the Time of Occurrence

Day n % of 90-Day* | Aggregate Rate (%)**
0-30 18/31 58.1/53.4 1.8/3.1
31-60 | 5/13 16.1/22.4 2.3/4.4
6190 | 8/14 25.8/24.1 3.1/5.7

Notes: *The proportion of reoperations/readmissions in this period in the
overall 90-day reoperations/readmissions. **The ratio of cumulative reopera-
tions/readmissions to the total number of patients enrolled.

The clinical and imaging data of the patients in the readmission and control groups are shown in Table 3. The mean
age (68.5 vs 61.4 years, p<0.001) and BMI (26.2 vs 25.1 kg/m?, p=0.032) were higher in the readmission group than in
the control group. More patients in the readmission group had cerebrovascular disease (36.2% vs 19.0%, p=0.011),
chronic respiratory disease (17.2% vs 7.5%, p=0.002), and a history of lumbar surgery (22.4% vs 7.5%, p=0.003) than
those in the control group. There were no differences in gender (p=1.000), duration of symptoms (p=0.153), smoking
status (p=0.732), drinking status (p=0.251), other comorbidities (p>0.05), surgical level (p=0.529), duration of operation
(p=0.807), and IBL (p=0.239) between the two groups. The readmission group had a higher grade of surgical-level facet
joint degeneration (1.6 vs 1.3, p=0.045) and a larger number of levels with radiological LFS (1.7 vs 1.2, p<0.001) than
the control group. No significant differences were found in the other imaging parameters between the two groups
(p>0.05).

Age, BMI, history of lumbar surgery, cerebrovascular disease, chronic respiratory disease, the grade of surgical-level
facet joint degeneration, and the number of levels with radiological LFS were included in further multivariate logistic
regression analyses (Table 4). There was no collinearity among the variables (VIFs<10). The multivariate logistic
regression analysis demonstrated that age (odds ratio [OR]=1.054, 95% confidence interval [CI]=1.021-1.088,
p=0.001), BMI (OR=1.104, 95% CI=1.004-1.214, p=0.041), history of lumbar surgery (OR=3.260, 95% CI=1.270-
8.365, p=0.014), and the number of levels with radiological LFS (OR=2.533, 95% CI=1.552-4.134, p<0.001) were
independent risk factors for early readmission (HL test, p=0.577; C-statistic=0.763). The number of levels with
radiological LFS (OR=5.049, 95% CI=2.754-9.255, p<0.001), the grade of surgical-level facet joint degeneration
(OR=2.010, 95% CI=1.100-3.674, p=0.023), and a history of lumbar surgery (OR=10.091, 95% CI=3.162-32.207,
p<0.001) were independent risk factors for early reoperation (HL test, p=0.207; C-statistic =0.853).
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Table 3 Comparison of the Clinical and Imaging Parameters Between the Readmission and Control
Groups

Readmission Group | Control Group p
(n=58) (n=174)

Age (years) 685+ 11.8 614+ 102 <0.001*
Gender (male/female) 31727 99/85 1.000
Body mass index 262 + 32 25.1 + 3.6 0.032*
Duration of symptoms (months) 553 767 744 £ 912 0.153
History of lumbar surgery (yes/no) 13/45 13/161 0.003*
Comorbidities

Hypertension (yes/no) 32/26 78/96 0.176

Diabetes mellitus(yes/no) 21/37 58/116 0.750

Cerebralvascular disease (yes/no) 21/37 33/141 0.011*

Heart disease (yes/no) 16/42 41/133 0.598

Chronic respiratory disease (yes/no) 10/48 13/161 0.002*

Chronic renal disease (yes/no) 8/50 13/161 0.185
Current smoker 14/44 48/126 0.732
Alcohol drinking 10/48 19/155 0.251
Surgical level, n 0.529

L2/3, L3/4 4 16

L4/5 46 124

L5/S1 8 34
Duration of operation (min) 79.6 + 18.6 789 135 0.807
Intraoperative blood loss (mL) 130+76 11.8+50 0.239
Scoliosis (yes/no) 11/47 24/150 0.397
Lumbar lordosis (°) 372+76 385+ 137 0.337
Disc wedge (°) 78+25 72+£30 0.163
Disc height index 254 53 258 £ 5.2 0.606
Modic changes (yes/no) 17/41 44/130 0.606
Grade of surgical-level disc degeneration 4.0 0.6 39+07 0.140
Number of levels with severe disc degeneration 21 14 20+08 0.406
Grade of surgical-level facet joint degeneration 1.6 £ 1.0 1.3+08 0.045*
Grade of surgical-level foraminal stenosis 1.9 + 0.6 2005 0.309
Number of levels with radiological foraminal stenosis 1.7 £ 0.9 12+0.5 <0.001*

Note: *Statistically significant at p<0.05.
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Table 4 Multivariate Regression Model of the Predictors for Early Readmission and Reoperation

Significance | Odd Ratio | 95% Confidence Interval

Readmission

Age 0.001 1.054 1.021-1.088
Body mass index 0.041 1.104 1.004-1.214
History of lumbar surgery (yes) 0.014 3.260 1.270-8.365
Number of levels with radiological LFS <0.001 2.533 1.552-4.134

Reoperation

Number of levels with radiological LFS <0.001 5.049 2.754-9.255
Grade of surgical-level facet joint degeneration 0.023 2010 1.100-3.674
History of lumbar surgery (yes) <0.001 10.091 3.162-32.207

Abbreviation: LFS, lumbar foraminal stenosis.

Discussion

Although many studies have described early readmission and reoperation after lumbar surgery, to the best of our
knowledge, no previous study has specifically investigated PTED. This study retrospectively analyzed the readmission
and reoperation risks after PTED for the treatment of DLSS. The 90-day readmission and reoperation rates were 5.7%
and 3.1%, respectively. More than half of the readmitted patients experienced significant back or leg pain. Age, BMI,
a history of lumbar surgery, and the number of levels with radiological LFS were independent risk factors for early
readmission. The number of levels with radiological LFS, the grade of surgical-level facet joint degeneration, and
a history of lumbar surgery were associated with a higher risk of early reoperation.

The reported 90-day readmission and reoperation rates after lumbar surgery were 2.5-24.8%'%7'**-* and 2.0-
7.1%,"41525 respectively. Some studies have investigated reoperation and readmission rates after certain surgical
procedures. Kohls' focused on microscopic discectomy and found a 90-day readmission rate of 5.3%. Patients who
underwent spinal fusion seem to be more likely to be readmitted (9.7-24.8%).'"'>%° In this study, the 90-day reoperation
and readmission rates after PTED were 3.1% and 5.7%, respectively, which are similar to those reported by Kohl. Thus,
we cautiously speculate that the reoperation and readmission rates after minimally invasive procedures are lower than
those after traditional spinal fusion. However, notably, previous studies have reported varying rates, although they were
all based on large samples.'®!'""** A horizontal comparison is required in the future to determine whether there is
a difference in the reoperation and readmission rates among different surgical indications and procedures.

Akamnonu'’ investigated readmissions after open decompression with or without fusion and found that the most
common causes of readmission were surgical site infection and other wound complications. Ilyas'* arrived at a similar
conclusion that the most common indications for reoperation were surgical site infection, dural tear, and hematoma. In
this study, we found that the most common reason for readmission and reoperation was persistent or recurrent pain,
which accounted for 52.5% of all readmissions and 73.5% of all reoperations. This result differs from the previous
findings. Unlike traditional open surgeries, PTED has a smaller incision, and the entire procedure is performed with
continuous irrigation. Thus, the postoperative infection rate of PTED is significantly lower than that of open surgery. In
addition, although dural tear is also a common complication of PTED, the injuries are usually not severe and can be
treated conservatively.”’ However, PTED cannot achieve thorough removal of compressive factors, resulting in the
potential risk of incomplete decompression and postoperative recurrence.

Aging and a higher BMI often indicate a poor general condition. Thus, they are recognized predictors for readmission
after lumbar surgery.>**® However, the relationship between age and reoperations is complex. In this study, aging was
significantly associated with readmission, but was not a risk factor for reoperation. We believe that many geriatric
patients may refuse surgical treatment despite unsatisfactory outcomes after PTED. In a study based on data from the
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Spine Patient Outcomes Research Trial, Abdu®® proposed a similar opinion. In addition, we found differences in
cerebrovascular and respiratory conditions between the patients in the readmission and control groups. These findings
may be attributed to non-operative-related deterioration of the underlying diseases. This is supported by our results that
comorbidities are not risk factors for readmission or reoperation. Previous studies have also concluded that comorbidities
may be associated with non-operative readmission rather than all-cause readmission.'*** To the best of our knowledge,
there is no clear evidence that PTED, which is performed under local anesthesia, has a significant impact on diseases in
other systems. Nonetheless, perioperative management remains important for improving postoperative recovery.*’

In this study, 90.3% of the reoperations (28/31) were attributed to spine-related indications. Thus, we believe that
imaging data, which are important in preoperative evaluation, may be helpful in predicting early readmission and
reoperation. The multivariate analysis showed that the number of levels with radiological LFS was an independent
risk factor for early reoperations. Multilevel degeneration often indicates an increased segmental stress force, a long
disease course, an unclear spinal structure, and a severe adhesion, all of which increase the difficulty and risk of the
operation.*'*? On the other hand, despite one of the stenotic levels being confirmed to be the responsible level in patients
with multilevel stenoses, lesions at other levels may also lead to residual symptoms, which is necessary to be treated
operatively. For patients who refuse or do not tolerate open decompression, a detailed perioperative assessment and
notification of the possibility of further treatment are very important. We also found that a higher grade of surgical-level
facet joint degeneration was associated with an early reoperation. Hypertrophy of the articular process leads not only to
severe bony foraminal or lateral recess stenosis but also to difficulties in establishing a surgical approach.*® Our
experience showed that insufficient foraminoplasty was common in the patients with severe facet joint degeneration,
and residual osteophytes could be the cause of postoperative radicular symptoms. However, there was no significant
association between the other imaging parameters and early readmission or reoperation. Many clinicians believe that disc
degeneration is the initial factor of spinal stenosis.***> Severe disc degeneration and collapse can lead to restenosis.
However, this process usually takes months to years.*® Early reoperation is mainly attributed to surgical complications or
untreated pre-existing degeneration, which may explain why the disc degeneration grade was not associated with early
reoperation in this study.

Notably, no significant difference was found in the intraoperative parameters, including the surgical level, duration of
operation, and IBL, between the readmitted and control patients. The surgical procedure is still considered an important
contributing factor.>” Our experience showed that significant adhesions and severe ossification during intraoperative
exploration may be related to early surgical complications. In patients with a history of lumbar surgery, perineural
adhesions and scars are particularly troublesome, resulting in a higher risk of complications and repeated revision.****
Placing the end of the working cannula at the lateral edge of the articular process, careful dissection of the disc and
ligament flavum, detailed hemostasis, decompression of the nerve root to free pulsation instead of full exposure, and
postoperative functional exercises are recommended to improve postoperative symptoms. Further studies are required to
confirm these theories.

Based on the results, we believe that there are several things worth noting in clinical practice. First, the selection of
surgical indication according to a thorough evaluation is very important. Classical theory holds that geriatric patients
without poor physical conditions and patients with multilevel lumbar stenosis are more suitable for open decompression
or spinal fusion.*>*' Because the lumbar degeneration is more severe in them, and a complete decompression and fusion
is required. Although with the development of minimally invasive techniques, PTED can deal with complex degeneration
and achieve satisfactory outcomes in geriatric patients,* a comparative study is needed in the future to determine the
optimal surgical choice. Second, for high-risk patients, clinicians should inform them of the possibility of surgical
complications and recurrence after the treatment modality is determined. This helps in adjusting their psychological
expectations and improving adherence in lifestyle modification. Third, for patients with severe facet joint osteoarthritis,
a detailed surgical planning and careful intraoperative manipulation are helpful to establish an appropriate range of
foraminoplasty, as is discussed above.

This study had several limitations. First, this was a retrospective study based on a relatively small sample size.
However, some scholars believe that the records of single-center analyses are more detailed and accurate than those of
multicenter or nationwide analyses.'>** Second, socioeconomic factors were not considered in this study because the
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coverage rate of social medical insurance in the area where our institution is located has reached >95%. However,
additional factors, such as commercial insurance, deserve further investigation. Third, the early reoperation and read-
mission rates of different surgical procedures were not compared in this study.

Conclusion

The early readmission and reoperation rates were 5.7% and 3.1%, respectively, after PTED for DLSS. Age, BMI,
a history of lumbar surgery, and the number of levels with radiological LFS were independent risk factors for early
readmission. The number of levels with radiological LFS, the grade of surgical-level facet joint degeneration, and
a history of lumbar surgery were risk factors for early reoperation. A comprehensive evaluation and communication are
required for patients with these characteristics during the perioperative period.
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