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ABSTRACT

AIM: To compare the perioperative outcomes between single-day combined or separate-day staged surgeries for cervical spinal
stenosis.

MATERIAL and METHODS: A retrospective cohort analysis was conducted on consecutive patients admitted at a single institution
between July 2015 and April 2019, who underwent either single-day combined or separate-day staged surgeries during the same
hospitalization period. Demographics, comorbidities, hospital length of stay, and perioperative complications were compared
between the patient groups.

RESULTS: Eighty patients (combined surgery: n=68, staged surgery: n=12) were included. Dysphagia was the most commonly
reported postoperative complication in 44/80 patients (55%). There were no significant differences in the baseline demographics
between the two groups. The staged surgery group had significantly longer total time in the operating room (7.2 vs. 8.5 hours,
p=0.002), longer duration of general anesthesia (6.7 vs. 7.6 hours, p=0.006), and higher incidence of postoperative delirium (12.1%
vs. 50% p=0.005) than the combined surgery group. The mean hospital length of stay was similar in the two groups (combined
surgery: 7.5 days vs. staged surgery: 15.1 days, p=0.09).

CONCLUSION: Staged anterior and posterior cervical decompressions, stabilizations, and fusions are associated with longer total
time in the operating room, longer duration of general anesthesia, and higher incidence of postoperative delirium than combined
surgeries.

KEYWORDS: Cervical spine, Combined spine surgery, Staged spine surgery, Postoperative complications

ABBREVIATIONS: LoS: Length of stay, ACDF: Anterior cervical discectomy and fusion, PSF: Posterior cervical stabilization and
fusion, BMI: Body mass index, OR: Operating room, EBL: Estimated blood loss, SSI: Surgical site infection

B INTRODUCTION . .
forms are cervical and lumbar spinal stenoses, whereas the
pinal stenosis is the abnormal narrowing of the spinal much less common form is thoracic spinal stenosis (22).
Scanal or neural foramen that leads to pressure on the  The etiology of cervical spinal stenosis is usually chronic
spinal cord and nerve roots (1,25). The most common degeneration, which is more commonly seen in the elderly
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population; however, it may also be congenital or traumatic
(23). In North America, the incidence of cervical spondylotic
myelopathy-related hospitalizations has been estimated at
4.04/100,000 person-years, and the surgical rates seem to
be increasing (27). The median hospitalization for affected
patients costs over $14,000 (18,24), with treatment often
including surgical intervention (20,23).

Anterior or posterior cervical decompression, stabilization, and
fusion can be successfully performed in most patients with
cervical spinal stenosis. A certain patient population has spinal
compression both anteriorly and posteriorly, and a subset of
these patients requires circumferential decompression owing
to complex pathology (16,19,35). This can be performed with
either a staged approach, in which the first surgery addresses
the anterior region and the second surgery addresses the
posterior region, or a combined approach, in which both
anterior and posterior procedures are performed on the same
day under a single anesthesia. The patients’ general condition
has been reported to be an indication for staging this
procedure (4,21). Although several studies have demonstrated
lower postoperative complication rates and better outcomes
with the combined approach than with the staged approach
in thoracolumbar spine surgeries (6,28,32,37), these findings
have not been validated in cervical spine surgeries. As such,
whether to perform these surgeries in a single-day combined
or separate-day staged fashion remains controversial (11,33).

Although cervical spine surgeries have been an active topic of
research for years, there is a paucity of literature regarding the
comparison of the perioperative outcomes between combined
and staged surgical approaches. It is anticipated that reaching
consensus in this area will likely lead to higher quality care and
a reduction in healthcare costs. Thus, the aim of this study
was to investigate and compare the immediate perioperative
outcomes between the two surgical approaches.

B MATERIAL and METHODS
Study Design

This study was approved by our Institutional Review Board
(NCR191289), and a total waiver of consent was obtained.
A retrospective analysis was conducted to evaluate patients
undergoing anterior decompression and fusion surgery,
characterized by anterior cervical discectomy and fusion
(ACDF) and/or cervical corpectomy, as well as cervical
posterior spinal fusion (PSF) and decompression crossing
the cervico-thoracic junction, from July 2015 to April 2019.
All surgeries were performed during the same hospitalization
period for each patient. The decision to perform the surgeries
in a combined or staged fashion was at the discretion of the
primary surgeon, who performed all the surgeries. The patients
in the combined surgery group underwent surgical repair via
the anterior approach first, followed by the posterior approach
under a single anesthesia. The patients in the staged surgery
group underwent surgical repair via the anterior approach first,
followed by the posterior approach on a separate day. The
number of days between the staged surgeries was decided
upon by the primary surgeon, depending on the patients’
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conditions. To best compare only the two surgical approaches
and their perioperative outcomes, we excluded patients with
polytrauma. The study variables were age, sex, body mass
index (BMI), number of anterior and posterior levels fused,
comorbidities, emergent surgery due to trauma, total time in
the operating room (OR), duration of anesthesia, postoperative
complications, and total hospital length of stay (LoS).

Statistical Analysis

The study variables were compared between the combined
and staged surgical approaches. For categorical variables,
the chi-square and Fisher’s exact tests for adequate and low
cell counts (=25% of expected cell counts of <5) were used.
For parametric continuous variables, an independent samples
t-test was used for comparison. All statistical analyses were
performed using SAS version 9.4 (SAS Institute Inc., Cary,
NC). Statistical significance was set at p<0.05. Trends were
reported when the p-value was between 0.05 and 0.1.

B RESULTS
Patient Demographics

A total of 89 patients were identified, of whom nine were
excluded owing to polytrauma. Eighty patients met the
inclusion criteria: 24 (30%) were women, and 56 (70%) were
men. The combined surgery group included 68 patients, while
the staged surgery group included 12 patients. The mean
patient age at the time of surgery was 61.4 (range: 33-88)
years in the combined surgery group and 63.7 (range: 30-
85) years in the staged surgery group (p=0.64) (Table I). The
mean BMI was 27.4 (range: 19.2-37.1) kg/m? in the combined
surgery group and 26.1 (range: 21.2-38.7) kg/m? in the staged
surgery group (p=0.64). The mean number of anterior levels
fused was 2.6 (range: 1-3) in the combined surgery group
and 2.4 (range: 1-3) in the staged surgery group (p=0.49). The
mean number of posterior levels fused was 6.1 (range: 2-7) in
the combined surgery group and 5.8 (range: 2-7) in the staged
surgery group (p=0.71). The mean number of days between
surgeries was 2.2 (range: 1-5) days in the staged surgery
group. No significant difference was observed with respect
to comorbidities (diabetes, hypertension, and cardiovascular
disease) and smoking status between the two groups (Table
I). The incidence of emergent trauma was similar in the two
groups (combined surgery: 25% vs. staged surgery: 16.7%,
p=0.38). The most common indication for surgical intervention
was degenerative disease, which was seen in 38.8% of the
patients. More details on the indications in each group are
provided in Table Il. All patients underwent comprehensive
radiographic and clinical evaluations both before (Figure 1)
and after surgery (Figure 2).

Operative Outcomes

The mean total time in the OR (recorded from the time the
patients entered the OR to the time they exited the OR)
was significantly longer in the staged surgery group than in
the combined surgery group (8.5 vs. 7.2 hours, p=0.002).
The mean total duration of anesthesia (recorded from when
anesthesia induction started to the time when anesthesia
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Table I: Patient Characteristics: Combined Versus Staged Surgery Groups

Characteristic variable C%r‘r;t;g)e d s(:g(;? o}
. 61.4 63.7
Mean age at time of surgery (years) (range 33-88 years) (range 30-85 years) 0.64
Sex
Male 48 (70.6) 8 (66.7) 0.68
Female 20 (29.4) 4 (33.3) ’
27.4 26.1
Mean BMI (range 19.2-37.1) (range 21.2-38.7) 0.64
Mean number of anterior levels fused (rangf 1-3) (ran5é4 1-3) 0.49
. 6.1 5.8
Mean number of posterior levels fused (range 2-7) (range 2-7) 0.71
Diabetes 14 (20.6) 3 (25) 0.84
Hypertension 31 (45.6) 8 (66.7) 0.17
Cardiovascular Disease 26 (38.2) 5(41.7) 0.89
Smoker 24 (35.3) 3 (25) 0.27
Emergency surgery 17 (25) 2 (16.7) 0.38
Notation in parentheses indicate the percentage for sex, diabetes, hypertension, cardiovascular disease, and emergency surgery.
BMI: Body mass index.
Table lI: Indications for Surgery in the Two Groups
Diagnostic indication Combined (n=68) Staged (n=12) Total (n=80)
Degenerative disease 27 (39.7) 4 (33.3) 31 (38.8)
Pseudoarthrosis 4 (5.9) 1(8.3) 5(6.3)
Deformity 10 (14.7) 3 (25.0) 13 (16.3)
Infection 2(2.9) 0(0) 2 (2.5)
Malignancy 8(11.8) 2(16.7) 10 (12.5)
Trauma 17 (25.0) 2(16.7) 19 (23.8)

Notation in parentheses indicate the percentage for degenerative disease, pseudoarthrosis, deformity, infection, malignancy, and trauma.

Table llI: Operative Outcomes: Combined Versus Staged Surgery Groups

Outcome Combined Staged
(n=68) (n=12) P
. 7.2 8.5
1 *
Mean total OR time' (hours) (range 4.3-10.5) (range 4.5-14.3) 0.002
T 6.7 7.6 "
Mean total anesthesia time? (hours) (range 3.6-9.8) (range 3.8-13.7) 0.006
350 525
Mean EBL (ml) (range 50-875) (range 100-1100) 0.13

'Time from when the patients entered the room to the time they exited the room
2Time from when anesthesia induction started to the time when anesthesia administration ended
OR: Operating room, EBL: Estimated blood loss, *statistical significance.
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Figure 1: Preoperative T2-weighted sagittal magnetic resonance
images of a 69-year-old woman demonstrating cervical spinal
stenosis.

Figure 2: Postoperative anteroposterior and lateral radiographs
obtained after single-day combined C3-7 ACDF, C2-T2 PSF,
and C3-7 laminectomy. ACDF: Anterior cervical discectomy and
fusion, PSF: Posterior cervical stabilization and fusion.
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administration ended) was significantly longer in the staged
surgery group than in the combined surgery group (7.6 vs.
6.7 hours, p=0.006). The mean estimated blood loss (EBL)
was similar in the two groups (combined surgery: 350 mL vs.
staged surgery: 525 mL, p=0.13) (Table lI).

Postoperative Complications

One or more postoperative complications were recorded in
51/80 patients (63.7%). The most common postoperative
complication in the entire cohort was dysphagia, which was
seen in 44/80 patients (55%), with a similar incidence in the
two groups (Table IV). The mean number of anterior levels
fused was 2.8 (range: 1-3) in the patients with dysphagia and
2.5 (range: 1-3) in those without dysphagia, with no significant
difference observed (p=0.72). The incidence of surgical site
infection (SSI) was similar in the two groups (1.5% vs. 8.3%,
p=0.33). The incidence of pneumonia was also similar (7.4%
vs. 8.3%, p=0.90). There were no significant differences in
the incidence of dysphonia and the rate of percutaneous
endoscopic gastrostomy tube insertion and reintubation
between the groups. However, postoperative delirium was
significantly more common in the staged surgery group than
in the combined surgery group (50% vs. 13.2%, p=0.005).
The mean hospital LoS was 7.5 (range: 2-21) days in the
combined surgery group and 15.1 (range: 4-39) days in the
staged surgery group (p=0.09).

B DISCUSSION

The incidence of cervical spinal stenosis and hospitalization
costs associated with the disease have been increasing
(18,24,27). A subset of patients with cervical spinal stenosis
requires circumferential decompression in either a combined
or a staged fashion (16,19,35); however, a universally accepted
surgical approach is yet to be established. In this study, we
compared and analyzed the perioperative outcomes between
the two surgical approaches.

In this series, the mean age at the time of surgery for the
entire cohort was 62.9 years, with men accounting for 70%
of all patients. These findings align with previous reports in
the literature, illustrating cervical myelopathy as a common
condition in the elderly population (sixth or seventh decade
of life), while predominantly affecting men (17,26). In a case
series of 219 patients, Hukuda and Kojima noted a significantly
smaller spinal canal to anteroposterior diameter of the
vertebral body (canal/body ratio) in men than in women, which
may explain the male sex prevalence of cervical myelopathy
(13).

In our study, we observed significantly longer total time
in the OR and duration of general anesthesia in the staged
surgery group. Such findings not only contribute to increased
healthcare costs but may also compromise the quality of care
owing to increased postoperative complications. Phan et al.
demonstrated in a large case series of over 3,800 patients that
prolonged anesthesia is an independent risk factor for venous
thromboembolism and increased hospital LoS (30). Longer
duration of anesthesia has also been associated with the
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Table IV: Postoperative Complications: Combined Versus Staged Surgery Groups

Outcome Combined Staged b
(n=68) (n=12)

SSI 1(1.5) 1(8.3) 0.33
Pneumonia 5(7.4) 1(8.3) 0.90
Dysphagia 36 (52.9) 8 (66.7) 0.50
Dysphonia 1(16.2) 2(16.7) 0.96
PEG tube 7 (10.3) 1(8.3) 0.79
Reintubation 9(13.2) 2(16.7) 0.67
Postoperative delirium 9(13.2) 6 (50.0) 0.005*

Notation in parentheses indicate the percentage for SSI, pneumonia, dysphagia, dysphonia, PEG tube insertion, reintubation, and postoperative

delirium.

SSI: Surgical site infection, PEG: Percutaneous endoscopic gastrostomy, *statistical significance.

development of postoperative delirium (31), a complication
that was significantly more common in the staged surgery
group than in the combined surgery group in this study, and
is associated with poorer patient outcomes, particularly in the
elderly population (8,14).

Our study is one of the first studies to compare the
perioperative complications between combined and staged
surgical approaches for managing cervical spinal stenosis.
In this series, one or more complications were seen in
63.7% of the patients, consistent with the report of Hart et
al., in which postoperative complications were seen in 69%
of patients (12). The most common complication reported
in our series was dysphagia, similar to other reports in the
literature (7,9,33,34,36). Although no significant difference
was found between the number of fused anterior cervical
levels and the incidence of dysphagia, multiple-level fusion
has been previously demonstrated as a risk factor for the
development of this complication (2,15). The failure to observe
the aforementioned association may be attributed to the small
sample size, which limited the statistical power of the study.
Postoperative infections are another important complication
of spine surgeries (5,29), as Harel et al. noted a significantly
higher incidence of postoperative infections in their staged
surgery cohort than in their combined surgery cohort (11).
In a large retrospective cohort analysis of over 900,000
adults undergoing cervical fusion, Deng et al. identified
postoperative infections as one of the costliest complications
(5). Consistent with the study by Siemionow et al. (33), our
study reported a similar incidence of SSI and pneumonia in
the two groups. Meanwhile, Harel et al. reported a significantly
higher incidence of postoperative infections in their staged
surgery cohort than in their combined surgery cohort (staged
surgery: 41.4% vs. combined surgery: 9.4%, p<0.001) (11).
Selecting a surgical approach that offers the lowest incidence
of infectious complications will be favorable for delivering
higher quality care and reducing healthcare costs.

Hospital LoS is an important contributor to healthcare costs
(10,18). Although no significant difference in hospital LoS

was found between the two groups, such an association
has previously been established (11,33). In a case series of
135 patients, Harel et al. reported a significantly longer LoS
in their staged surgery cohort than in their combined surgery
cohort (6.8 vs. 9.3 days), although such results were no
longer significant in the multivariate analysis (p=0.69) (11).
In a case series of 35 patients, Siemionow et al. reported a
significantly longer LoS in their staged surgery cohort than in
their combined surgery cohort (10 vs. 18 days, p=0.03) (33).
Although our results on hospital LoS did not reach statistical
significance, there was an objective trend toward an increased
LoS in the staged surgery group (combined surgery: 7.5 days
vs. staged surgery: 15.1 days, p=0.09). Our analysis, along
with previous studies (11,33), highlights increased hospital
LoS and associated costs with the staged surgical approach,
without providing alternative benefits.

Our study was a retrospective chart review, which has innate
limitations. In the single-center evaluation, only 80 patients
were included. A non-random assignment of patients to each
surgical group was performed at the discretion of the primary
surgeon. In addition, there was a disproportionately higher
number of patients in the combined surgery group than in
the staged surgery group (68 vs. 12 patients), thus limiting
the statistical power of the study. Although a significant
relationship was not found between the staged surgical
approach and other parameters of interest (EBL and hospital
LoS), this may be attributed to the small sample size, as this
relationship has been previously demonstrated in the literature
(11, 33). While our patient demographics seem to be similar as
shown in Table |, we did not control for other comorbidities,
which have been shown to be correlated with an increased
risk of complications (3). Lastly, this study focused on the
immediate perioperative outcomes, and otherwise valuable
data regarding long-term outcomes were beyond the scope
of this study.

B CONCLUSION

The perioperative analysis demonstrated that the patients who
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underwent surgery via the staged approach for ACDF followed
by PSF had significantly longer total time in the OR, longer
total duration of general anesthesia, and higher incidence of
postoperative delirium. The current healthcare system aims to
reduce excess costs while providing quality care to patients.
Based on our findings, staged procedures not only yield a
higher incidence of postoperative complications but may also
increase hospitalization costs, as they require a longer time
in the OR. Such findings call for further studies to evaluate
the two approaches, with a specific focus on perioperative
complications. Ultimately, our findings add unique insight into
the growing body of literature aimed at optimizing outcomes
in patients undergoing cervical spine surgery.
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