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INTRODUCTION

The number of anterior cervical discectomy and fusion (ACDF) 
conducted to treat degenerative cervical disc disease has in-
creased; consequently, there is a rising interest in the quality of 
management after ACDF.1-4 Complications related to ACDF 
affect the quality of management and occurrence of unplanned 
readmission.5 Furthermore, unplanned readmission after 
ACDF eventually increases healthcare costs and decreases the 
quality of management.6 In hospitals, a fixed amount is allo-
cated for medical expenses related to surgical care; therefore, 
unplanned readmission after ACDF that increases healthcare 
costs is considered a financial burden.6 For instance, a study 
has shown that the median costs of 30- and 90-day readmis-
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sion episodes were $6727 and $8507, respectively.7 Several 
studies have been conducted to determine the risk factors re-
lated to unplanned readmission after ACDF. Goyal, et al.7 stud-
ied the risk factors of 30- and 90-day readmissions after ACDF 
and determined that age, sex, primary diagnosis, length of stay 
at index admission, Elixhauser comorbidity index, and payer 
type are significant risk factors of readmission. Sheha, et al.8 
found that the incidence of readmission within 90 days after 
discharge following ACDF was 5.3%, and the associated risk 
factors were age >60 years, sex, insurance status, disposition 
at discharge, and length of hospital stay. The purpose of this 
study was to determine the risk factors of unplanned readmis-
sion after ACDF for degenerative cervical disc disease through 
a meta-analysis to improve the quality of management of spine 
surgery and prevent the rising healthcare cost related to un-
planned readmissions.

MATERIALS AND METHODS

Data source and search strategy
This study was conducted according to the Preferred Report-
ing Items for Systematic Reviews and Meta-analysis (PRISMA) 
guidelines.9 We searched PubMed, EMBASE, Web of Science, 
and Cochrane Library databases for eligible studies to identify 
the risk factors of unplanned readmission after ACDF pub-
lished by December 2021. Studies in which comparisons were 
made between the characteristics of patients who were read-
mitted and those who were not after cervical spine surgery 
were identified by using the search terms, “readmission” and 
“anterior cervical discectomy and fusion.” Only articles pub-
lished in English were considered. The selected studies were 
independently screened by three authors (YJL, SHN, SHK) 
based on the inclusion and exclusion criteria. Data regarding 
the risk factors were then collected. Furthermore, we reviewed 
the reference lists of these studies to identify other relevant lit-
erature. 

Inclusion and exclusion criteria
The adequacy of the studies was decided based on the PRIS-
MA guidelines.9 Unplanned readmission was defined as hos-
pitalization for complications related to surgery within 90 days 
after surgery. The inclusion criteria were as follows: 1) the pa-
tients underwent ACDF for degenerative cervical disc disease, 
2) the study demonstrated the total patient population and 
that of patients who underwent unplanned readmission after 
ACDF, and 3) the studies compared the risk factors or causes 
of unplanned readmission. The exclusion criteria were as fol-
lows: 1) the patients underwent spine surgery other than that 
related to the degenerative cervical disc disease, 2) details re-
lated to the population were not reported, 3) the available data 
were not presented, and 4) duplication of reports and review 
articles.

Data extraction
Data such as patient populations, their demographic and clini-
cal profiles, and causes of readmission were extracted and re-
viewed from the included studies by three authors (YJL, SHN, 
SHK). The common factors among the studies that were con-
sidered as differences between patients who were readmitted 
and those who were not were identified and analyzed, based 
on which the risk factors of unplanned readmission after ACDF 
were investigated. 

Quality assessment
We used the Newcastle-Ottawa Quality Assessment Scale (NO-
QAS) to evaluate the quality of studies that were included,10 
which were assessed based on three major categories: selec-
tion, comparability, and exposure. Studies that acquired at 
least six stars were included to guarantee the reliability of the 
present analysis. 

Statistical analysis
We utilized the Review Manager software, version 5.3 (Co-
chrane Collaboration, Oxford, UK) for this meta-analysis.

Meta Essentials (ERASMUS Research Institute, Rotterdam, 
Netherlands) were used to make funnel plots. The factors were 
compared and measured using the weighted mean differenc-
es (WMDs) and corresponding 95% confidence intervals (CIs) 
for continuous data. Their effects were evaluated using 95% CI 
and odds ratios (ORs). Heterogeneity of the studies was as-
sessed using the I2 index and chi-squared test. If there was 
high heterogeneity between the studies, a random-effects mod-
el (p<0.1 or I2 >50%) was applied; otherwise, a fixed-effects 
model was applied. To test for publication bias, the Egger test 
was performed. P-values<0.05 were considered statistically 
significant. 

RESULTS

Included studies 
A total of 66 studies from the PubMed (57) and EMBASE (9) 
databases were assessed for inclusion in this study. After ex-
cluding duplicate studies, 63 remained, of which 43 were ex-
cluded after reviewing the abstracts and titles as they were not 
focused on unplanned readmissions after ACDF and the as-
sociated risk factors. Ten studies were eliminated due to insuf-
ficient data related to ACDF. Finally, 10 studies were selected 
for our meta-analysis. Fig. 1 shows the process by which we 
selected the studies. The characteristics of the included stud-
ies are presented in Table 1. 

Quality assessment of studies
Based on the NOQAS, five studies scored seven points, and the 
others scored eight. Thus, the quality of each study was suffi-
ciently high (Table 2).
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Incidence of readmission after cervical spine surgery
As reported in the studies included in this meta-analysis, 17755 
patients were readmitted after ACDF. The incidence of un-
planned readmission after ACDF was 6.2%.

Risk factors of unplanned readmission after cervical 
spine surgery
Among the demographic risk factors, advanced age (WMD, 
3.93; 95% CI, 2.30–5.56; p<0.001), male sex (OR, 1.23; 95% CI, 
1.10–1.36; p<0.001), and private insurance (OR, 0.34; 95% CI, 
0.17–0.69; p<0.001) were significantly associated with unplanned 
readmission after ACDF (Figs. 2-4). Among patient characteris-
tics, hypertension (HTN) (OR, 2.14; 95% CI, 1.41–3.25; p<0.001), 
diabetes mellitus (DM) (OR, 1.59; 95% CI, 1.20–2.11; p=0.001), 
coronary artery disease (CAD) (OR, 2.87; 95% CI, 2.13–3.86; 
p<0.001), American Society of Anesthesiologists (ASA) physi-
cal status grade >2 (OR, 2.13; 95% CI, 1.68–2.72; p<0.001), and 

anxiety and depression (OR, 1.39; 95% CI, 1.29–1.51; p<0.001) 
were significantly associated with unplanned readmission 
(Figs. 5-9). However, current smoking (OR, 1.07; 95% CI, 0.94–
1.23; p=0.300) were not significantly associated with un-
planned readmission after ACDF (Table 3). Among the periop-
erative risk factors, pulmonary complications (OR, 22.52; 95% 
CI, 7.21–70.41; p<0.001) were significantly associated with un-
planned readmission after ACDF (Fig. 10). 

Publication bias
All the funnel plots were symmetric, and there was no signifi-
cant publication bias among the studies. The Egger test results 
for each risk factor were as follows: age (p=0.505), male sex 
(p=0.864), private insurance (p=0.568), HTN (p=0.724), DM 
(p=0.762), CAD (p=0.642), ASA grade >2 (p=0.287), anxiety and 
depression (p=0.561), and pulmonary complications (p=0.378). 
Thus, there was no evidence of publication bias in the dataset.

DISCUSSION

With the increasing incidence of degenerative cervical spine 
disease, the significance of ACDF, which was introduced by  

Table 1. Characteristics of Studies Included in the Meta-Analysis

Study Year Country Study period Total
Unplanned 

readmission 
Unplanned 

readmission rate
Mean age 

(yr)
Study type Center

Bhashyam, et al.28 2017 USA 2013–2014 5590   145 2.6 52±12 Retrospective Multicenter
Zaki, et al.32 2019 USA 2013–2014 389     30 7.70 52.0±10.9 Retrospective Unicenter
Sheha, et al.8 2019 USA 2005–2012 41813 2223 5.32 50.7±11.8 Retrospective Multicenter
Goyal, et al.7 2020 USA 2012–2015 113418 6677 6 55.1 Retrospective Multicenter
Dial, et al.20 2020 USA 2013. 07–2017. 03 1896   144 7.60 ND Retrospective Unicenter
Elsamadicy, et al.21 2020 USA 2013–2015 13093   856 6.5 ND Retrospective Multicenter
Schafer, et al.17 2020 USA 2014. 02–2018. 07 3762   202 5.40 56.3±10.7 Retrospective Multicenter
Taylor, et al.22 2021 USA 2014. 01–2014. 09 50126 4152 8.3 55 (18–90) Retrospective Multicenter
Kamalapathy, et al.29 2021 USA 2011–2017 18339   959 6 ND Retrospective Multicenter
Shah, et al.30 2021 USA 2016–2018 36794 2367 6.43 ND Retrospective Multicenter
ND, not described.  

Table 2. Quality Assessment of Included Studies in the Meta-Analysis 
according to NOQAS

Study Selection Comparability Outcome Total score 
Bhashyam, et al.28 4 1 2 7
Zaki, et al.32 4 1 2 8
Sheha, et al.8 4 1 3 8
Goyal, et al.7 4 1 3 7
Dial, et al.20 4 1 3 7
Elsamadicy, et al.21 4 1 3 8
Schafer, et al.17 4 0 3 7
Taylor, et al.22 4 1 2 7
Kamalapathy, et al.29 4 1 3 8
Shah, et al.30 4 1 3 8
NOQAS, Newcastle-Ottawa Quality Assessment Scale.
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Fig. 1. Flow chart of study selection process.
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Cloward in 1958 to treat this condition, has also increased.11,12 
Complications related to ACDF affect the quality of manage-
ment and increase the associated healthcare costs.13,14 More-
over, complications that lead to unplanned readmissions can 
further elevate medical expenses.5,6,15 Several articles regard-

ing unplanned readmission after ACDF have been published, 
particularly since ACDF is related to specific perioperative com-
plications owing to the relative complexity of its anatomy.16 
Therefore, the purpose of this meta-analysis was to evaluate 
the risk factors related to unplanned readmission after ACDF.

Fig. 6. Forest plot showing the relationship between DM and occurrence of readmission. CI, confidence interval; DM, diabetes mellitus.

Fig. 5. Forest plot showing the relationship between HTN and occurrence of readmission. CI, confidence interval; HTN, hypertension.

Fig. 4. Forest plot showing the relationship between owning private insurance and occurrence of readmission. CI, confidence interval.

Fig. 3. Forest plot showing the relationship between male sex and occurrence of readmission. CI, confidence interval.

Fig. 2. Forest plot showing the relationship between age and occurrence of readmission. CI, confidence interval.
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Previous studies have shown that older age and male sex are 
statistically significant risk factors related to unplanned read-
mission after ACDF, which concur with the findings of our me-
ta-analysis.7,17 We also found that patients who were older in age 
were more likely to be readmitted. Smoking history is known to 
be associated with postoperative complications, such as sur-

gical site infection, which can affect the incidence of readmis-
sion secondarily.18,19 Patients are also recommended to stop 
smoking as it can have adverse effects on wound healing and 
surgical site infections. In our study, current smoking was not 
significantly associated with the incidence of unplanned re-
admission after ACDF (OR, 1.07; 95% CI, 0.94–1.23; p=0.3).

Fig. 7. Forest plot showing the relationship between CAD and occurrence of readmission. CI, confidence interval; CAD, coronary artery disease.

Fig. 8. Forest plot showing the relationship between ASA class higher than 2 and occurrence of readmission. CI, confidence interval; ASA, American 
Society of Anesthesiologists.

Fig. 9. Forest plot showing the relationship between anxiety and depression and occurrence of readmission. CI, confidence interval.

Table 3. Summary of Risk Factors of Unplanned Readmission after Anterior Cervical Discectomy and Fusion

Risk factors Number of studies
Test of differences Test of heterogeneity

Model
WMD/OR (95% CI) p value I2 (%) p value

Age 2 3.93* (2.30 to 5.56) <0.001 77 0.040 R
Male 5 1.23† (1.10 to 1.36) <0.001 72 0.007 R
Private insurance 6 0.34† (0.17 to 0.69) <0.001 99 <0.001 R
Current smoker 3 1.07† (0.94 to1.23) 0.300 13 0.320 F
HTN 2 2.14† (1.41 to 3.25) <0.001 77 0.040 R
DM 3 1.59† (1.20 to 2.11) 0.001 60 0.080 R
CAD 3 2.87† (2.13 to 3.86) <0.001   0 0.590 F
ASA class>2 2 2.13† (1.68 to 2.72) <0.001   0 0.950 F
DVT 2 7.51† (0.23 to 242.24) 0.260 81 0.020 R
Anxiety/depression 4 1.39† (1.29 to 1.51) <0.001   0 0.420 F
Pulmonary complication 3 22.52† (7.21 to 70.41) <0.001 89 <0.001 R
WMD, weighted mean difference; OR, odds ratio; CI, confidence interval; HTN, hypertension; DM, diabetes mellitus; CAD, coronary artery disease; DVT, deep 
vein thrombosis; ASA, American Society of Anesthesiologists.
*Values are WMD; †Values are OR.
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In terms of socioeconomic factors, we found that the patients 
who owned private insurance were less likely to be readmitted 
after ACDF. Many studies have shown that the payer status of 
patients is significantly associated with readmission.7,8,17,20-22 
Furthermore, insurance status is associated with adverse 
medical events. While Dial, et al.20 reported that possessing 
Medicare insurance and no insurance are associated with ex-
tended length of hospital stay, Tanenbaum, et al.23 found that 
having Medicaid insurance is related to increased adverse 
events after ACDF. Therefore, the association between insur-
ance status and incidence of unplanned readmission after 
ACDF may be related to the complications after ACDF that 
lead to readmission (OR, 0.34; 95% CI, 0.17–0.69; p<0.001). 

The patient characteristics that were found to be significant-
ly associated with unplanned readmission after ACDF in the 
present meta-analysis were HTN, DM, ASA grade >2, CAD, 
and anxiety and depression (OR, 2.14; 95% CI, 1.41–3.25; p< 
0.001) (OR, 1.59; 95% CI, 1.20–2.11; p=0.001) (OR, 2.13; 95% 
CI, 1.68–2.72; p<0.001) (OR, 2.87; 95% CI, 2.13–3.86; p<0.001) 
(OR, 1.39; 95% CI, 1.29–1.51; p<0.001). Diabetes has been pre-
viously associated with perioperative complications and read-
mission after spine surgery, and there is a significant difference 
in occurrence between the patients who were readmitted and 
those who were not.24,25 This factor also exhibited a statistically 
significant association with unplanned readmission after ACDF 
in this meta-analysis. The ASA classification is commonly used 
to assess the overall comorbidities in patients.26,27 Schafer, et 
al.17 reported that ASA grade >2 is associated with increased 
likelihood of readmission, while Dial, et al.20 demonstrated 
that the ASA score is related to 90-day readmission. Patients 
with ASA grade 4 tend to be readmitted more frequently than 
those with lower ASA grade.26 Furthermore, patients who are 
readmitted after ACDF are more likely to have CAD.20,28 Ka-
malapathy, et al.29 and Shah, et al.30 reported that patients with 
anxiety and depression have a higher risk of readmission after 
ACDF.

Among the perioperative factors, pulmonary complication 
was revealed to be significantly associated with unplanned 
readmission after ACDF. While we considered dyspnea, pul-
monary edema, and pneumonia as pulmonary complications, 
deep vein thrombosis was examined as an independent com-
plication. Pulmonary complications are commonly known to 
cause unplanned readmission after ACDF.20,31 They have been 
reported to result in unplanned readmission in 14% of the to-

tal number of patients.20 Similarly, another study has shown that 
13.1% of the patients who were readmitted after ACDF had 
pulmonary complications.8 Furthermore, pulmonary compli-
cations are the second most common cause of unplanned re-
admission after ACDF, while the most common cause is sys-
temic infection and sepsis.32 For another perioperative factor, 
wound complication was also reported to be a significant risk 
factor of readmission after ACDF; Zaki, et al.32 and Dial, et al.20 
reported that the proportions of patients readmitted after ACDF 
due to wound complications were 5.7% and 5%, respectively. 
Another study showed that 16.7% of the patients who required 
readmission had wound infection, and postoperative superfi-
cial surgical site infection was revealed to be significantly as-
sociated with readmission within 30 days.24 However, in this 
meta-analysis, wound complication as a risk factor of readmis-
sion could not be analyzed due to the lack of data.

 Finally, while postoperative dysphagia is one of the most se-
rious complications associated with ACDF,13,16 this factor was 
not included in the present meta-analysis. In the absence of a 
uniform definition of dysphagia, its reported incidence after 
ACDF in the literature varies between 1% and 79%.33 In our 
study, we did not analyze the incidence of dysphagia after 
ACDF due to the lack of uniform data.

Limitations
This meta-analysis had some limitations. First, retrospective 
studies were analyzed, which might have affected the results. 
Second, some risk factors were not included in the analysis due 
to the lack of data. For example, although esophageal rupture 
is a critical but rare complication associated with ACDF,13,20,31,34,35 
it was not analyzed in this study due to the limited information 
available. Further studies are required to analyze the risk fac-
tors that are considered clinically significant. 

Conclusion
The incidence of unplanned readmission after ACDF was 

6.2%. Advanced age, male sex, ASA grade >2, HTN, DM, CAD, 
anxiety and depression, and pulmonary complications were 
significantly associated with unplanned readmission after 
ACDF. Furthermore, having private insurance was identified 
as a factor that could prevent unplanned readmission after 
ACDF. Understanding the risk factors of readmission would 
help surgeons ensure the quality of management and prevent 
financial burden. 

Fig. 10. Forest plot showing the relationship between pulmonary complication and occurrence of readmission. CI, confidence interval.

Elsamadicy, et al.,21 2020
Sheha, et al.,8 2019 
Zaki, et al.,32 2019
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