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Abstract
Purpose Tandem spinal stenosis (TSS) refers to lumbar and cervical spinal canal stenosis. Staged surgery is often chosen, but 
sometimes, mere decompression of one stenosis is adequate to relieve symptoms. Therefore, we intend to analyze whether 
starting with the cervical or the lumbar region is the most logical option.
Methods We retrospectively reviewed the data of 47 patients with TSS, having first-stage decompression for the most 
symptomatic stenosis, and classified into two groups (Group A: lumbar decompression first, Group B: cervical decompres-
sion first). Postoperative outcomes were analyzed for at least 2 years, and they were cautiously watched for symptoms of the 
non-operated stenosis; if such symptoms were debilitating, second-stage surgery for the non-operated stenosis was done.
Results The demographic characteristics of Group A (n = 11) and Group B (n = 36) were comparable. One patient (9%) in 
Group A and 25 patients (67%) in Group B had resolution of symptoms and good functional recovery. The need for a second-
stage surgery for the non-operated stenosis was significantly high (p = 0.001) among patients in Group A. They suffered 
a significant worsening of both the mJOA score and the Nurick’s grade; whereas, patients in Group B experienced staged 
improvement of both scales.
Conclusion First-stage surgery for the cervical stenosis significantly lowers the need of the second-stage surgery. In contrast, 
if lumbar stenosis was treated first, a dramatic exacerbation of the symptoms related to the cervical stenosis can occur soon. 
Therefore, treatment of cervical stenosis first seems to be more appropriate.

Graphical abstract These slides can be retrieved under Electronic Supplementary Material.

Key points 

1. Tandem spinal stenosis

2. Staged operation

3. Surgical sequence

Chi-An Luo, Arun-Kumar Kaliya-Perumal, Meng-Ling Lu, Lih-Huei Chen, Wen-Jer Chen,
Chi-Chien Niu (2018) Staged surgery for tandem cervical and lumbar spinal stenosis: 
which should be treated first? Eur Spine J;

Group A: Lumbar treated first
Group B: Cervical treated first

Survival: No need of second stage surgery 

Chi-An Luo, Arun-Kumar Kaliya-Perumal, Meng-Ling Lu, Lih-Huei Chen, Wen-Jer Chen,
Chi-Chien Niu (2018) Staged surgery for tandem cervical and lumbar spinal stenosis: 
which should be treated first? Eur Spine J;

 
 
 
Using symptomatic staged strategy to treat patients with tandem spinal 
stenosis, early (3-year) results showed:  
 
1. Cervical stenosis treated first: 67 % free of lumbar operation with 
complete resolution of symptom. 
 
2. Lumbar stenosis treated first: 91 % need cervical operation while a 
dramatic exacerbation of the cervical symptoms occurred in a short interval.  
 
3. The need for a second stage surgery for the non-operated stenosis differs 
significantly (p-value = 0.001, statistical power: 0.99) 
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Introduction

Tandem spinal stenosis (TSS) refers to spinal canal stenosis at 
two different regions of the spine, most commonly involving 
the lumbar and cervical regions. The condition has a complex 
clinical presentation that includes signs and symptoms in the 
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upper and lower extremities, such as progressive gait abnor-
mality, intermittent neurogenic claudication, mixed myelopa-
thy, and polyradiculopathy [1]. Some factors were found to 
independently correlate with the diagnosis of concomitant cer-
vical stenosis in patients with radiological evidence of lumbar 
stenosis. These factors include higher age at presentation, male 
gender, more levels of radiologically evident degenerative 
lumbar stenosis, and type III lumbar spinal canal morphology 
in patients with developmental stenosis [2]. Moreover, iso-
lated single symptomatic cervical or lumbar stenosis is more 
frequently encountered than coexisting symptomatic cervical 
and lumbar stenosis [3, 4].

Identification of symptomatic TSS is paramount in the 
management of these patients [5]. Even though one of the 
tandem stenoses can be an incidental radiological finding 
without causing symptoms, its potential to become sympto-
matic cannot be ruled out [6]. Timely surgical intervention 
can effectively relieve symptomatic TSS [1]. Staged surgery 
is often preferred over single-stage surgery due to its lower 
risk among elderly patients [7]. As to prioritizing the man-
agement of cervical versus lumbar stenosis, Aydogen et al. 
[8] and Dagi et al. [1] advocate treating the most sympto-
matic stenosis first; however, this is usually based on the 
surgeon’s discretion.

Surgical management of the most symptomatic steno-
sis and conservative management of the other stenosis are 
viable options, and this avoids the risk of a second-stage 
surgery. Although the severity of stenosis in one region may 
mask the symptoms of the other stenosis [1, 3, 9], surgical 
decompression of the most significant stenosis can some-
times alleviate the majority of the symptoms [10, 11]. There 
are reports where treatment of the cervical stenosis resulted 
in an improvement of lumbar symptoms, with dramatic 
decrease or complete resolution of leg pain and sensory 
deficits [5, 7, 10–12].

Considering that no consensus currently exists, prob-
ably due to the difficulties in identifying the most sympto-
matic stenosis and the potential for the disease to progress 
postoperatively, there is need for further research as to the 
best management of TSS. Which stenosis to treat first, and 
whether treatment of one stenosis is adequate to relieve 
symptoms, is still debatable.

Thus, the purpose of this retrospective study was to evalu-
ate if decompression of the cervical or lumbar stenosis alone 
is adequate to relieve symptoms of TSS and to analyze the 
progression of symptoms of the non-operated stenosis.

Methods

We hypothesized that surgery for either cervical or lum-
bar stenosis is adequate to relieve the symptoms of TSS. 
After Institutional Review Board approval, the records of 

patients with TSS who underwent spinal decompression 
surgery from January 1, 2010 to December 31, 2015 were 
retrospectively reviewed. Those patients with incomplete 
records, diagnosis of developmental spinal stenosis, spinal 
cord dysfunction due to a spinal tumor, infection, fracture, 
or multiple sclerosis were excluded.

Diagnosis of TSS required compatible clinical and radio-
logical evaluations. Clinical evaluation included complete 
neurological examination, functional assessment using the 
modified Japanese Orthopaedic Association (mJOA) score, 
a 17-point scoring system to assess physical ability [13], and 
Nurick’s myelopathy grading, which is based on ambulatory 
status [14]. Radiological evaluation consisted of whole spine 
magnetic resonance imaging (MRI) to identify pathologies 
at multiple levels.

We adopted the stenosis grading systems proposed 
by Kang et  al. [15] and Lee et  al. [16] using cervical 
T2-weighted sagittal images and lumbar T2-weighted axial 
images, respectively. Both grading systems have moderate 
to excellent reliability and have been widely used for clini-
cal studies [3, 17]. MRI of the brain and other investiga-
tions (cerebrospinal fluid analysis, autoantibody levels, and 
electrophysiological studies) were performed whenever 
necessary.

Identification of the most symptomatic stenosis consider-
ing the potential for the disease to progress postoperatively 
was challenging. In general, lumbar surgery was performed 
first (Group A) if there were significant neurological signs 
in the lower limbs compared to the upper limbs, and cervical 
surgery was performed first (Group B) if there were upper 
motor neuron signs or predominant neurological signs in the 
upper extremities.

All surgeries were performed by the same orthopedic 
spine surgery team. Surgical procedures for cervical steno-
sis were anterior cervical discectomy and fusion (ACDF), or 
posterior laminoplasty using Hirabayashi’s method. Surgical 
procedures for lumbar stenosis were laminectomy with or 
without posterior stabilization and fusion.

During the postoperative period, patients were monitored 
closely with attention to symptoms pertaining to the non-
operated stenosis, as well as complications to the operative 
site such as symptomatic hematoma, wound-related prob-
lems, and residual or recurrent stenosis. Patients were regu-
larly followed-up on a yearly basis for at least 2 years, and 
their functional outcomes were analyzed using mJOA score 
and Nurick’s grading. A second surgery was performed only 
when conservative management failed to mitigate symptoms 
of the non-operated stenosis.

Statistical analyses were performed using IBM SPSS ver-
sion 20.0 (IBM Corp., Armonk, NY, USA). Comparisons of 
continuous variables were done using Student’s t-test and 
Mann–Whitney U test, as appropriate, and the Chi-Square 
test and Fisher’s exact test, as appropriate for categorical 
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variables. Standard Kaplan–Meier survival curves were used 
to examine the time to a second-stage surgery as a prede-
fined study end point. The log-rank test was used to compare 
Kaplan–Meier curves in stratified survival analysis. Multi-
variate logistic regression was employed for each potential 
risk factor (binary coded) for risk of a second-stage sur-
gery. Odds ratios (ORs) and 95% confidence intervals (CIs) 
were estimated and tested using the Wald χ2 test. Param-
eters with sufficient discriminatory power (p < 0.10) were 
then examined for mutual correlation, and interaction terms 
were coded for significantly correlated pairs of variables. 
The final set of potential prognostic factors and interaction 
terms (all binary code) was subjected to a backward stepwise 
selection algorithm in the multivariate logistic regression. A 
p value of < 0.05 was considered statistically significant in 
all univariate and multivariate analyses.

Results

Eighty-four patients had surgery for symptomatic TSS dur-
ing the study period. After excluding patients who did not 
satisfy the inclusion criteria, a total of 47 patients were 
included in the analysis. Based on the surgical priority, 
they were divided into Group A (lumbar first; n = 11) and 
Group B (cervical first; n = 36). Group A was followed-up 
for an average of 36.7 months, and Group B for an average 
of 35.0 months. The preoperative mJOA score of Group A 
(12.5) and Group B (11.2) were comparable (p = 0.06). How-
ever, the preoperative Nurick’s grade of Group B (3.2) was 
significantly higher than that of Group A (2.3) (p = 0.003). 
Eight (72.2%) patients in Group A and 31 (86.1%) patients 
in Group B had grade 3 cervical stenosis, and five patients 
(45.5%) in Group A and 12 patients (33.3%) in Group B 
had grade 3 lumbar stenosis. There were no significant dif-
ferences in demographic characteristics between the two 
groups except for Nurick’s grade (Table 1). 

After the primary surgery, one patient (9%) in Group A 
and 25 patients (69%) in Group B had complete resolution of 
symptoms during their follow-up. All of these patients had 
significant improvement at 1-year postoperative follow-up, 
as compared to preoperatively. There were no intraoperative 
complications such as incidental durotomy or implant mal-
position, and no postoperative complications such as wound-
related problems, or the occurrence of new neurologic defi-
cits including cauda equina syndrome or compression due 
to epidural hematoma.

Symptom progression related to the non-operated region 
is summarized in Table 2. Eight patients (73%) in Group 
A developed new symptoms due to cervical stenosis after 
an interval of 4.8 ± 6.25 months (Fig. 1). Of these patients, 
three developed cervical radiculopathy, five myelopathy, 
and one both cervical radiculopathy and myelopathy. In 

Table 1  Demographic data

The groups were statistically similar, except for Nurick’s grade
mJOA modified Japanese Orthopaedic Association, MRI magnetic 
resonance imaging
*Statistically significant

Group A (n = 11) Group B (n = 36) p value

Age 60.0 ± 12.68 years 58.7 ± 8.47 years 0.70
Male sex 7 (64%) 30 (83%) 0.16
Follow-up duration 36.7 months 35.0 months 0.79
mJOA score 12.5 11.2 0.06
Nurick’s grade 2.3 3.2 0.003*
MRI stenosis grade 

(cervical–lumbar)
0.64

 3–3 3 10
 3–2 2 10
 3–1 3 11
 2–3 1 2
 2–2 1 2
 2–1 0 1
 1–3 1 0

Cervical grade 3 
stenosis

8 (72.7%) 31 (86.1%) 0.16

Lumbar grade 3 
stenosis

5 (45.5%) 12 (33.3%) 0.77

Table 2  Progression of symptoms due to the non-operated stenosis

TSS tandem spinal stenosis
a Newly developed symptoms in Group A: cervical radiculopathy 
(n = 3), myelopathy (n = 6); newly developed symptoms in Group 
B: lower back pain (n = 6), leg pain or numbness (n = 6), neurogenic 
claudication (n = 7)

Group A 
(n = 11)

Group B 
(n = 36)

p value

Single symptomatic TSS 9 18
 No new symptoms 1 10
 Newly developed  symptomsa 8 8
 Duration to new symptoms 

(month)
4.8 ± 6.25 18.8 ± 16.82 0.55

 Requiring second-stage surgery 8 2
 Interval between surgeries 

(month)
8.0 ± 5.61 11.2 ± 1.77 0.47

Coexisting symptomatic TSS 2 18
 Improvement of symptoms 0 9
 No improvement, but exacerba-

tion requiring second-stage 
surgery

2 9

 Interval between surgeries 
(month)

1.1 ± 0.49 5.7 ± 2.40 0.002

Total number of second-stage sur-
geries for non-operated stenosis 
(percentage)

10 (91%) 11 (31%) < 0.001

Interval between surgeries 
(month)

6.6 ± 5.77 7.9 ± 6.42 0.64
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addition, two patients (18%) had exacerbations of their pre-
vious upper extremity symptoms, making the second-stage 
surgery absolutely necessary after a short interval of only 
1.1 ± 0.49 months (range 0.7–1.4 months). The symptoms 
of these patients resolved completely.

Eight patients (22%) in Group B developed new 
symptoms due to the lumbar stenosis after an interval of 
18.8 ± 16.82 months. Six patients developed lower back pain, 
six leg pain or numbness, and seven neurogenic claudication. 
However, only two patients required a second-stage surgery 
for relief. The remaining patients were treated conserva-
tively with resolution of their symptoms (Fig. 2). Of the 18 
patients in Group B with co-existing lower back symptoms 
and/or lower limb radiculopathy, nine had improvement and 
achieved a stable condition, while the other nine required 
lumbar surgery after an interval of 5.7 ± 2.40 months.

Ten patients (91%) in Group A and 11 patients (31%) in 
Group B required a second-stage surgery for the initially 
non-operated stenosis (p = 0.001, statistical power: 0.99). 
Before the second-stage surgery, Group A patients had 
significant worsening of mJOA score and Nurick’s grade, 
whereas Group B patients experienced improvement of 
mJOA score and Nurick’s grade. However, statistically sig-
nificant group differences before the second-stage surgery 
were only noted with regard to mJOA score (Fig. 3). There 
were no differences between the groups in mJOA score and 
Nurick’s grade after the second-stage surgery. The average 
intervals between surgeries were 6.6 months and 7.9 months 
for Group A and Group B, respectively.

Kaplan–Meier survival curve analysis indicated a signifi-
cant difference in survival between the groups (p < 0.001). 
The requirement for a second-stage surgery in Group B was 
significantly less than the requirement in Group A (Fig. 4). 
Based on univariate analysis, factors such as allotment of 
patients to undergo lumbar surgery first (p < 0.001) and 
severity of lumbar stenosis in Group B (p = 0.02) were to 
found to be risk factors for a second-stage surgery (Table 3). 
However, multivariate analysis proved that allotting patients 
to Group A was found to be an independent risk factor for 
a second-stage surgery by multivariate analysis (p = 0.009, 
OR 30.05, 95% CI 2.323–388.629) (Table 4).

There was one wound-related complication which 
occurred after the second-stage lumbar surgery for a patient 
in Group B. Two patients in Group A and one patient in 
Group B developed recurrent stenosis after the second-stage 

Fig. 1  Group A patient. A 55-year-old female had lower back pain, 
bilateral sciatica, neurogenic claudication, and no signs in the upper 
extremities (mJOA score = 14, Nurick’s grade = 2). Imaging showed 
cervical stenosis at levels C4–C7, grade 3 at C5–6 (a, b), and lum-
bar grade 2 stenosis at L4–L5 associated with degenerative spon-
dylolisthesis (c, d). She underwent lumbar surgery first (e, f). New 
upper motor neuron signs including knee hyperreflexia and unsteady 
gait occurred 2 months after the primary surgery. A second surgery 
for the cervical stenosis was performed (mJOA score = 12, Nurick’s 
grade = 3). The interval between surgeries was 7.5 months. At 2 years 
she had improvement in her mJOA score and Nurick’s grade (mJOA 
score = 14, Nurick grade = 2) (g, h)

▸
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surgery, which required an additional surgical intervention. 
Two patients in Group A and three patients in Group B 
developed adjacent segment degeneration during mid-term 
follow- up.

Discussion

Although the surgical management and outcomes of TSS 
have been reported in the literature [1, 3, 5–8, 10–12, 18, 
19], to the best of our knowledge this study is the first to 
report the early (3-year) results of a “first stage alone” strat-
egy in a moderate number of patients with short-term fol-
low-up after TSS surgery.

Sixty-nine percent of the patients who had TSS with more 
symptomatic cervical stenosis compared to lumbar stenosis 
and received cervical decompression first, benefited from 
surgery. These results were solely on management of their 
cervical stenosis; they did not need a second-stage surgery 
for the lumbar stenosis even after an average follow-up of 
35.0 months. The mJOA score and Nurick’s grade improved 
over the first postoperative year and remained constant dur-
ing the second follow-up year, despite the fact that 20% of 
the patients had radiological grade 3 lumbar canal stenosis.

The feasibility of withholding the second-stage surgery 
has been reported in the literature. Tsutsuminoto et al. [18] 
recommended against routine lumbar decompression for 
latent lumbar canal stenosis when treating TSS. Hsieh et al. 
[10] found that 50% of patients did not need further lumbar 
decompression surgery when cervical stenosis was treated 
first. Therefore, in select TSS patients with more sympto-
matic cervical stenosis, surgical management of the cervical 
pathology first can possibly result in resolution of lumbar 
stenosis symptoms over time [9].

In contrast, if the lumbar stenosis is treated first, a dra-
matic exacerbation of cervical stenosis-related symptoms 
can occur in a short interval, especially in patients with 
preexisting signs of cervical stenosis. In our study, 73% 
of patients in Group A developed new symptoms, includ-
ing cervical radiculopathy or myelopathy, after an inter-
val of 4.8 ± 6.25  months, while only 22% in Group B 
developed new symptoms of lower back pain, leg pain, 
or neurogenic claudication after a much longer interval of 
18.8 ± 16.82 months. However, allotting patient into Group 
A (significant symptoms in the lower extremities and mild 
signs in the cervical region) turned out to be an independent 
risk factor (OR for Group A = 30.05) for needing a second-
stage surgery.

The pathophysiology of symptom aggravation is multi-
factorial and complicated. First, hyperextension positioning 
or accidental hyperextension during anesthesia for lumbar 
spinal surgery has been reported to cause devastating neu-
rological deficits in patients with cervical stenosis [19–21]. 
Second, due to the natural course of the stenosis, 5–8% of 
patients with symptomatic lumbar stenosis and asympto-
matic cervical stenosis will develop myelopathy per year 
[19, 22, 23]. In contrast, 3–5% of patients with asympto-
matic lumbar stenosis and cervical myelopathy will develop 

Fig. 2  Group B patient. A 74-year-old male had neck pain, a 
clumsy hand, and spastic gait, and no lower back or leg pain (mJOA 
score = 13, Nurick’s grade = 4). Imaging showed grade 3cervical ste-
nosis at C3–C7 (a, b), and grade 3 lumbar stenosis at L3–L5 associ-
ated with degenerative scoliosis (c, d). He underwent cervical surgery 
first (e, f), with subsequent symptom relief and stable gait (mJOA 
score = 15, Nurick’s grade = 2). Despite new lower back pain and 
numbness in both legs at 2  years after the primary surgery (mJOA 
score = 16, Nurick’s grade = 2), he had no second stage-surgery over 
2.5 years of follow-up
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lower limb symptoms per year [18]. Third, symptoms usu-
ally thought to be due to lower back problems such as leg 
pain associated with weakness and sensory deficits may be 
due to myelopathy [5, 7, 11, 12].

Based on MRI evaluation, grade 3 cervical stenosis (with 
T2 hyperintensity) was the predominant (72.7%) finding 
among Group A patients. Although grade 3 cervical ste-
nosis represents worsening disease and the potential for 

poor outcomes [24], Bednarik et al. [23] found no relation 
between grade and the development of clinically sympto-
matic cervical myelopathy. Ghobrial et al. [19] concluded 
that there is insufficient evidence in the literature to justify 
preemptive cervical decompression for risk reduction in 
patients with spinal cord injury. However, a definite answer 
is unavailable for why asymptomatic cervical stenosis later 
becomes symptomatic after the lumbar surgery in patients 
with TSS. This is likely because there are only a few reports 
in the literature that have examined a “first stage alone” strat-
egy that treated lumbar stenosis first in patients with TSS. 
If lumbar surgery is done first, it is very important to be 
vigilant of deterioration due to the cervical stenosis. In our 
opinion, adopting a cervical stenosis-first strategy is more 
appropriate [1, 8].

Our study had several limitations including its retrospec-
tive nature and non-randomized model. However, due to the 
high complexity and variability in the severity of stenosis 
and neurological status of patients with TSS, our treatment 
strategy was reasonable based on the available literature [1, 
8, 10]. Moreover, we did not consider T1 signal change in 
combination with T2 hyperintensity, which could have been 
of use to predict a poor prognosis [25]. Although the number 
of patients requiring second-stage surgery among Group B 
was significantly lower than that in Group A, there are two 
main limitations associated with the finding. (1) The number 
of patients in Group A was small. (2) The follow-up period 
was relatively short, as it is possible that symptoms due to 
lumbar stenosis may occur many years after a diagnosis of 
lumbar stenosis. However, we believe that our finding of 
rapid exacerbation of symptoms related to cervical steno-
sis among Group A patients is highly reliable because it 
occurred within a relatively short time after lumbar surgery.

Fig. 3  Functional scores of patients requiring a second-stage opera-
tion. Significant worsening of mJOA score (a) and Nurick’s grade (b) 
after the primary surgery and before the second-stage surgery was 

noted in Group A. Improvement of both was noted after the second-
stage surgery in Group A. On the other hand, data showed staged 
improvement after surgeries in Group B

Fig. 4  Kaplan–Meier survival curves. The need for a second-
stage surgery for the non-operated stenosis was significantly higher 
(p = 0.001) among patients in Group A
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Conclusion

Based on our results, when managing patients with TSS, 
surgical correction of the cervical stenosis first signifi-
cantly lowers the need for a second-stage surgery for the 
non-operated lumbar stenosis. In contrast, if surgery for 
lumbar stenosis is performed first, a dramatic exacerbation 
of symptoms related to the cervical stenosis can occur 
within a short period, demanding an immediate second-
stage surgery.
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