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Introduction

The healthcare burden of lumbar fusion procedures has 
increased significantly over the past decade [1]. Currently, 
reported rates of revision after primary lumbar fusion range 
from 4.7 to 22% [2–4]. There is an urgent need to better 
understand the implications of revision lumbar fusion on 
patient outcomes. Several studies have evaluated outcomes 
after revision lumbar fusion, with a significant agreement 
that revision surgery portends poorer outcomes compared 
to primary fusion [5–8]. Defining clinically meaningful 
postoperative benchmarks and outcome measures may help 
manage patient expectations and set treatment targets.

Patient-reported outcome measures (PROMs) are 
increasingly emphasized to objectively assess postop-
erative outcomes and assign value to spinal care [9]. The 
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Abstract
Introduction  Revision lumbar fusion is most commonly due to nonunion, adjacent segment disease (ASD), or recurrent 
stenosis, but it is unclear if diagnosis affects patient outcomes. The primary aim of this study was to assess whether patients 
achieved the patient acceptable symptom state (PASS) or minimal clinically important difference (MCID) after revision 
lumbar fusion and assess whether this was influenced by the indication for revision.
Methods  We retrospectively identified all 1–3 level revision lumbar fusions at a single institution. Oswestry Disability 
Index (ODI) was collected at preoperative, three-month postoperative, and one-year postoperative time points. The MCID 
was calculated using a distribution-based method at each postoperative time point. PASS was set at the threshold of ≤ 22.
Results  We identified 197 patients: 56% with ASD, 28% with recurrent stenosis, and 15% with pseudarthrosis. The MCID 
for ODI was 10.05 and 10.23 at three months and one year, respectively. In total, 61% of patients with ASD, 52% of patients 
with nonunion, and 65% of patients with recurrent stenosis achieved our cohort-specific MCID at one year postoperatively 
with ASD (p = 0.78). At one year postoperatively, 33.8% of ASD patients, 47.8% of nonunion patients, and 37% of patients 
with recurrent stenosis achieved PASS without any difference between indication (p = 0.47).
Conclusions  The majority of patients undergoing revision spine fusion experience significant postoperative improvements 
regardless of the indication for revision. However, a large proportion of these patients do not achieve the patient acceptable 
symptom state. While revision spine surgery may offer substantial benefits, these results underscore the need to manage 
patient expectations.
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patient acceptable symptom state (PASS) is derived from 
PROMs to assess the threshold at which patients are sat-
isfied with postoperative outcomes and is the metric most 
closely aligned with patient satisfaction [10–12]. The PASS 
value has the potential to significantly improve patient care 
compared to using the minimal clinically important differ-
ence (MCID). While the MCID sets a floor for improvement 
after surgery, the PASS aligns with postoperative satisfac-
tion. Collectively, these values provide a meaningful clini-
cal context to the statistical significance of postoperative 
changes to PROMs offering greater clinical relevance.

To our knowledge, no studies have evaluated the num-
ber of patients reaching a patient acceptable symptom state 
after undergoing revision lumbar fusion. We believe this can 
help guide policy and shape patient expectations regarding 
the etiology of their symptoms. Therefore, the primary aim 
of this study was to assess whether patients achieved PASS 
after revision lumbar fusion and assess whether this was 
influenced by the indication for revision.

Methods

Study Design and setting

This was a retrospective study of prospectively collected 
data from a single academic center that was approved by our 
institutional review board. All adult patients who underwent 
revision 1–3 level lumbar spinal fusion between 2014 and 
2021 were eligible for inclusion. Lumbar fusion patients 
were identified using a structured query language (SQL) 
search of current procedural terminal codes (CPT) 22533, 
22558, 22612, 22630, and 22633. Subsequently, manual 
chart review was performed to collect patient demographics, 
comorbidities, levels fused, surgical approach, and confirm 
that surgery was a revision. Relevant demographic charac-
teristics including age, sex, body mass index (BMI), medi-
cal comorbidities, preoperative diagnoses, smoking status, 
surgical characteristics, prior surgeries, American Society 
of Anesthesiologists (ASA) class, and Charlson Comorbid-
ity Index (CCI) were recorded.

Indication for revision surgery was obtained by manual 
review of operative notes and preoperative clinic visits 
and included adjacent segment disease (ASD), non-union, 
and recurrent stenosis. Recurrent stenosis was defined as 
symptom recurrence at a previously operated level. Revi-
sion surgeries for ASD or recurrent stenosis are performed 
for a diagnosis of lumbar stenosis or radiculopathy at the 
level that causes either radicular pain/sensory changes or 
motor weakness. Patients with pseudarthrosis underwent 
surgery for persistent postoperative axial or radicular pain. 
In the event that a patient underwent surgery for multiple 

indications, the patient was categorized according to the pri-
mary surgical indication as determined by the surgeon in the 
preoperative clinic visit and/or operative report. Whether a 
patient demonstrated axial or radicular pain preoperatively 
was recorded. Motor examinations were screened for evi-
dence of preoperative weakness, defined as ≤ 3/5 on the 
motor examination consistent with prior literature [13, 14]. 
Patients were excluded if they did not undergo a revision 
spine fusion, underwent fusion of more than three lumbar 
fusion levels, or underwent revision surgery for a diagnosis 
of trauma, infection, or malignancy.

Primary endpoints

Primary outcomes consisted of preoperative, three-month 
postoperative, and one-year postoperative PROMs. PROMs 
included were Oswestry Disability Index (ODI), collected 
from our institution’s prospectively collected PROM data-
base (OBERD). The ODI is a ten-item scale in which each 
item is rated from 0 to 5. Based on these responses, ODI can 
be calculated by adding total responses and multiplying by 
two [15].

We evaluated the MCID for ODI using two separate 
methods. The distribution-based MCID for ODI was cal-
culated by calculating half of the standard deviation (SD) 
of the mean ΔODI [16, 17]. This was calculated separately 
for the three-month and one-year timepoints. Utilizing our 
cohort-specific distribution-based method, the MCID was 
determined to be 10.05 and 10.23 at three months and one 
year, respectively. Additionally, we compared our study’s 
population statistical change to the acceptable MCID in the 
literature which was set at ≥ 6.8 in line with previous work 
[18]. This study by Parker et al. defined the MCID for revi-
sion spine fusion in the setting of pseudarthrosis using the 
Health Transition Index (HTI) of the 36-Item Short Form 
Survey (SF-36). Therefore, if the ΔODI was greater than 
half of the SD of the overall cohort mean ΔODI, the patient 
was deemed to have achieved MCID.

In order to assess if our revision cohort achieved PASS, 
patients with a three-month or one-year ODI score ≤ 22 
were considered to meet the PASS at that given time point 
in line with a validated measure for primary and revision 
spinal surgery [19]. This value is considered independent 
of any preoperative disability and is not evaluated by the 
degree of postoperative improvement. This value of PASS 
was determined using the symptom-specific wellbeing item 
of the Core Outcome Measures Index (COMI) to determine 
whether satisfaction was achieved and then generating a 
receiver operating characteristic curve to identify which 
ODI value was associated with the greatest area under the 
curve. If the post-treatment score was below the acceptable 
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threshold, the patient is deemed to have achieved a satisfac-
tory level of improvement that meets the PASS threshold.

Statistical analysis

Standard descriptive statistics were reported. Bivariable 
comparisons were conducted using t-tests or Mann-Whit-
ney U tests for continuous parametric and non-parametric 
data, respectively. Chi squared testing was performed for 
categorical data or Fisher’s exact tests in the case of cell 
counts less than 5. A delta ODI score calculated by subtract-
ing the postoperative minus the preoperative values at three-
month and one-year timepoints postoperatively. Patients 

were compared based on revision diagnosis for analysis of 
PROM outcome achievement. Patients were then grouped 
by whether or not PASS was attained postoperatively to 
assess factors associated with PASS failure. All statistical 
analysis was conducted using R Studio Version 4.0.2.

Results

We identified 197 patients: 56% (N = 111) with ASD, 28% 
(N = 56) with recurrent stenosis, and 15% (N = 30) with 
pseudarthrosis. Patients were predominately White (78%, 
N = 155) and non-smokers (60%, N = 120) with a mean age 
of 60.8 years and BMI of 30.9 (Table  1). Patients under-
went an average of 2.13 levels fused and 1.87 levels decom-
pressed. In total, 18% (N = 34) required a subsequent (third) 
revision. Of the patients assessed 37% (N = 74) underwent 
revision by the same surgeon as the index procedure and 
76% (N = 151) within the same hospital system. Patients 
presented with a baseline preoperative ODI of 51.1 ± 16.9 
and improved to an average 34.0 ± 19.0 at three months and 
32.4 ± 19.3 at one year postoperatively.

In total, 61% of patients with ASD, 52% of patients 
with nonunion, and 65% of patients with recurrent steno-
sis achieved our cohort-specific MCID at one year postop-
eratively (p = 0.78). When compared to the prior value of 
MCID from the literature, 71% of ASD, 74% of non-union, 
and 78% of recurrent stenosis patients achieved MCID also 
without significant difference between groups (p = 0.65). 
Moreover, we observed no significant difference between 
surgical indication groups at the earlier three-month time-
point using either the cohort-specific MCID or the prior 
MCID reported in the literature (Table 2).

At three months, 24.5% of ASD patients, 25% of non-
union patients, and 31.7% of patients with recurrent stenosis 
achieved PASS. At one year, achievement of PASS rose to 
33.8% of ASD patients, 47.8% of nonunion patients, and 
37% of patients with recurrent stenosis. At both three-month 
and one-year timepoints, there was no difference between 
indication groups in likelihood of achieving PASS (p = 0.67 

Table 1  Patient demographics and surgical characteristics
Variable N = 197
Age (y) 60.8 (12.1)
Sex
  Male 83 (42%)
  Female 114 (54%)
BMI 30.9 (6.6)
Race
  White 155 (78%)
  Black 17 (9%)
  Other 25 (12%)
Smoking Status
  Never Smoker 120 (60%)
  Former Smoker 48 (24%)
  Current Smoker 29 (14%)
ASA Class 2.5 (0.58)
CCI 0.67 (0.92)
Indication for Revision Surgery
  Adjacent Segment Disease 111 (56%)
  Non-Union 30 (15%)
  Recurrent Stenosis 56 (28%)
Location of Pain Symptoms
  Back Pain Only 7 (4.70%)
  Leg Pain Only 29 (19.5%)
  Back & Leg Pain 110 (73.8%)
Motor Weakness 39 (26.2%)
Abbreviations: ASA = American Society of Anesthesiologists; 
BMI = body mass index; CCI = Charlson Comorbidity Index

Table 2  Rates of PROM value achievement based on revision indication
Revision Diagnosis Cohort-Specific 

MCID Achievement 
at Three Months*

Cohort-Specific 
MCID Achieve-
ment at One Year*

Prior MCID 
Achievement at 
Three Months*

Prior MCID 
Achievement at 
One Year*

PASS Achieve-
ment at Three 
Months*

PASS 
Achieve-
ment at 
One Year*

ASD 51% 61% 56% 71% 24.50% 33.8%
Nonunion 69% 52% 69% 74% 25% 47.8%
Recurrent Stenosis 46% 65% 59% 78% 31.70% 37%
p-value 0.31 0.78 0.65 0.69 0.67 0.47
Abbreviations: MCID = minimal clinically important difference; PASS = patient acceptable symptom state
*Cohort-Specific was a change from baseline in ODI ≥ 10.05 and ≥ 10.23 at 3 months and 1 year postoperatively. Prior MCID was a change from 
baseline in ODI ≥ 6.8. PASS was met the final ODI was score ≤ 22
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Reoperation is most commonly due to complications asso-
ciated with nonunion, ASD, or recurrent stenosis [23]. In 
the current analysis, we found that most patients undergo-
ing revision spine fusion experience clinically noticeable 
improvements in their symptoms by one-year postopera-
tively regardless of indication. Despite the key finding that 
the majority of patients in our cohort achieved MCID at 
one year irrespective of indication, less than half of patients 
reached a patient acceptable symptom state.

A recent retrospective analysis of patients undergoing 
revision lumbar fusion found that revision fusion reduces 
disability in patients with ASD, pseudoarthrosis, and recur-
rent stenosis at two-year follow-up [6], which supports our 
study’s observation that the majority of patients achieve 
MCID at one year. In a separate cohort of patients, Suh et 
al. previously described poorer PROMs and higher reopera-
tion rates among ASD patients compared to other revision 
indications [8]. However, these findings remain equivocal, 
as Lambrechts et al. recently found poorer outcomes across 
revision lumbar fusions broadly compared to primary lum-
bar fusion, but that revision lumbar fusion outcomes were 
similar across diagnostic indications [5]. Differences in 
patient diagnosis may also lead to differences in how ODI 
measures disease states. It is possible that ODI better cap-
tures low back pain disability rather than lower extrem-
ity symptoms common in patients undergoing surgery for 
ASD or recurrent stenosis. Rather, patients who underwent 
surgery for pseudarthrosis are typically indicated for unre-
lenting lower back pain and may experience improvement 
primarily captured by such a tool as the ODI. Ultimately, 
despite these differences in our cohort, 71–78% of our 
demonstrated clinical improvement in their self-reported 
disability suggesting good efficacy of these procedures in 
appropriately indicated patients.

Despite the high number of patients experiencing some 
degree of postoperative improvement, the majority did not 
reach an “acceptable symptom state” as defined in the lit-
erature. Yet, it is important to highlight that the average 
ΔODI improvement across our cohort at three months and 
one year post-revision was 13.36 and 18.66, respectively. 
In comparison, previous reports have documented mean 
ODI improvements of 6.58, and 5.0 at 6 months follow-
ing revision lumbar fusion [24, 25]. Similarly, Djurasovic 
et al. highlighted a modest improvement in ODI by 11.4 
points in comparison to significantly greater improvements 
in patients undergoing primary lumbar fusion [7]. How-
ever, this ultimately leads to concerns in the use of floor 
metrics of ODI improvement to determine whether an inter-
vention is efficacious. An entire cohort could theoretically 
meet an MCID threshold set at 6.8. However, this minimal 
improvement from baseline symptoms would not be consid-
ered a good clinical outcome to a patient or a provider and 

and p = 0.47, respectively) (Table 2). Patient characteristics 
associated with a failure to achieve PASS included increased 
BMI and a higher comorbidity burden. The location of pain 
symptoms whether concurrent axial and radicular pain 
(72.7% vs. 74.5%, p = 0.968), axial pain only (3.19% vs. 
7.27%, p = 0.424), or radicular pain only (19.1% vs. 20.0%, 
p = 1.000) were similar between groups. There were no 
other patient or surgical characteristics associated with a 
failure to achieve PASS in our cohort (Table 3).

Discussion

Revision lumbar fusion represents a technically challeng-
ing procedure with high medical expenditures, increased 
risk of complications, and lower likelihood of improve-
ment as compared to primary spine fusions [5, 6, 20–22]. 

Table 3  Variables associated with achievement of the patient accept-
able symptom state

PASS Not 
Met (N = 94)

PASS Met 
(N = 55)

p-value

Age 59.1 (12.6) 62.9 (10.8) 0.073
Sex 0.328
  Female 49 (52.1%) 34 (61.8%)
  Male 45 (47.9%) 21 (38.2%)
Race 0.367
  White 74 (80.4%) 46 (86.8%)
  Black 8 (8.70%) 5 (9.43%)
  Other 10 (10.9%) 2 (3.77%)
BMI 31.7 (7.02) 29.1 (5.45) 0.022
CCI 0.88 (1.01) 0.33 (0.58) < 0.001
Length of Stay (days) 3.81 (2.01) 3.53 (1.57) 0.588
ASA Class 2.56 (0.54) 2.31 (0.61) 0.018
Operative Duration (min) 274 (119) 280 (118) 0.682
Readmission 4 (4.26%) 3 (5.45%) 0.709
Smoking Status 0.181
Never Smoker 53 (56.4%) 34 (61.8%)
Former Smoker 24 (25.5%) 17 (30.9%)
Current Smoker 17 (18.1%) 4 (7.27%)
Approach 0.742
Posterior 64 (68.1%) 36 (65.5%)
Combined 30 (31.9%) 19 (34.5%)
Location of Pain Symptoms
  Back Pain Only 3 (3.19%) 4 (7.27%) 0.424
  Leg Pain Only 18 (19.1%) 11 (20.0%) 1.000
  Back & Leg Pain 70 (74.5%) 40 (72.7%) 0.968
Motor Weakness 23 (24.5%) 16 (29.1%) 0.670
Number Decompressed 1.79 (0.93) 1.82 (1.09) 0.791
Number Fused 2.06 (1.31) 1.98 (1.22) 0.570
Index Procedure Fusion 72 (76.6%) 43 (78.2%) 0.984
Same Surgeon as Index 35 (37.2%) 20 (36.4%) 1.000
Same Hospital System 73 (77.7%) 42 (76.4%) 1.000
Abbreviations: PASS = patient acceptable symptom state; 
ASA = American Society of Anesthesiologists; BMI = body mass 
index; CCI = Charlson Comorbidity Index
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that PASS may be significantly higher among patients with 
significant comorbidities and with more complex spinal dis-
ease, as is frequently the case at our high-volume tertiary 
care urban academic institution. Especially among patients 
undergoing revision spine surgery, the benefits of surgery 
are significant even if the absolute symptom state is not 
considered acceptable in some patient populations [34, 35]. 
Recently, Shahi et al. suggested postoperative improvement 
is best assessed by PASS in patients with minimal or moder-
ate preoperative disability while MCID is an optimal met-
ric for patients with severe preoperative disability [36]. In 
their population of 212 primary minimally invasive spine 
fusion patients, 19% achieved PASS but not MCID and 10% 
of achieved MCID but not PASS, with primary difference 
being a poorer preoperative ODI in the second group. Fur-
thermore, these findings should be utilized to manage patient 
expectations after failed primary fusion and clinicians must 
counsel patients that appreciable clinical improvement may 
not be experienced until one year postoperatively. Despite 
the strong clinical rationale behind implementing PASS in 
value-based care, future groups must further develop PASS 
in the spinal literature using multi-institutional cohorts with 
a wide range of patient risk factors and surgical characteris-
tics for these values to become universally adopted.

There are several limitations aside from those inherent 
to any retrospective study that warrant discussion. First, the 
value for PASS utilized was defined in a heterogenous pop-
ulation of spinal fusion patients to expand the applicability 
and generalizability of the value to all lumbar spine surge 
surgery for degenerative disease. However, it is likely that 
our revision fusion-only population may represent a skewed 
distribution of patients from that original study. At this point 
in time, this represents the best PASS threshold to utilize in 
this study based on a recent systematic review of all PASS 
thresholds in spine surgery [19]. Additionally, no studies 
have determined the PASS for other PROMs within lum-
bar spine surgery. Moreover, the ODI may not appropriately 
capture the benefits of revision laminectomy and fusion for 
patients undergoing surgery for adjacent segment disease or 
recurrent stenosis. In the current study, we also used a distri-
bution-based calculation for MCID, which is well-validated 
but may be less clinically relevant than anchor-based cal-
culations. However, anchor questions can only be assessed 
in prospective formats, which we believe should help guide 
future research.

Conclusion

The majority of patients undergoing revision lumbar fusion 
experience significant improvements from their baseline sta-
tus regardless of diagnostic indication for surgery. However, 

highlights the need for better metrics to use in patient care. 
Despite a relatively low percentage of patients in our study 
failing to achieve PASS, it is evident that our patients expe-
rienced some noticeable improvement from their baseline 
within clinical expectations set by prior literature.

We suspect the reasons of this discrepancy are likely 
multifactorial. Unrealistic expectations about the symp-
tomatic improvement after revision surgery may contrib-
ute to postoperative dissatisfaction. For instance, patients 
with inferior preoperative quality of life PROMs exhibit 
worse outcomes postoperatively, yet these same patients 
frequently have the highest expectations of postoperative 
recovery [26, 27], and these patients are less satisfied fol-
lowing surgery [26, 28]. In a cohort of patients undergoing 
minimally invasive transforaminal lumbar interbody fusion, 
patients with severe back and/or leg pain preoperatively 
demonstrated consistently poorer improvement in ODI 
and other PROMs [28]. Patients undergoing revision spine 
surgery may also define an acceptable symptom state at a 
higher level of disability compared to patients undergoing a 
primary spine fusion. Yet, no sensitivity analyses have been 
performed in PASS-determining literature to compare PASS 
between primary and revision spine fusion patients. With 
only one value of PASS for ODI available, which was vali-
dated in a population mainly undergoing primary elective 
lumbar fusion, it is unlikely that this can be used clinically 
for patients undergoing revision spinal fusion at this time. 
Future spine literature must at minimum begin to define 
these values in different patient populations undergoing var-
ious interventions. Psychological factors, comorbidity bur-
den, and adherence to rehabilitation protocols all contribute 
to failure to achieve symptomatic improvement and must be 
optimized [29]. In our cohort, patients with more comorbid-
ities were less likely to achieve PASS consistent with prior 
literature suggesting poorer outcomes. Preoperative depres-
sion and affective disorders have been particularly linked to 
inferior outcomes after primary and revision spine surgery 
with up to 8-fold poorer improvements in ODI if they were 
in the worst quartile of depression [30, 31]. Nonetheless, in 
two separate cost-effective analyses, Adogwa et al. demon-
strated two year cost per quality associated life year gained 
of approximately $60,000 for spine fusion for either recur-
rent stenosis or ASD with improved return to work [32, 33]. 
Collectively, our results add to the literature by demonstrat-
ing the significant benefit and potential for robust outcomes 
following revision fusion.

Our study’s observed disparity between MCID and PASS 
metrics is consistent with the conclusions drawn from prior 
studies and inconsistencies in the applications of values of 
clinically important change derived from PROMs [34]. Both 
PASS and MCID metrics may be influenced by preoperative 
disability and patient efficacy. For example, it is possible 
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many patients do not reach a patient acceptable symptom 
state despite this improvement. These results underscore the 
need for continued improvement in setting postoperative 
patient expectations and validating interpretation of PROMs 
across various patient populations including revision spine 
procedures.
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