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Abstract 

Background  Enhanced recovery after surgery (ERAS) has been widely used in several surgical fields. This meta-anal-
ysis compared the clinical outcomes of the ERAS protocol and standard care (SC) in patients who underwent lumbar 
interbody fusion surgery.

Materials and methods  The PubMed, Web of Science, Cochrane Library, and Embase databases were systematically 
searched to identify studies reporting the effects of the ERAS protocol on clinical outcomes in patients who under-
went lumbar interbody fusion surgery.

Results  Overall, 15 studies involving 17 865 patients were included in the final analysis. With the ERAS protocol, 
the length of hospitalization (SMD: − 0.47, 95% CI − 0.56 to –0.38), postoperative complications (OR = 0.62; 95% 
CI 0.50 to 0.77), operation time (SMD = − 0.26; 95% CI − 0.44 to –0.09), postoperative pain (SMD = − 0.35; 95% CI 
− 0.64 to –0.07) and duration of ambulation (SMD = − 0.80; 95% CI − 1.02 to − 0.58) were significantly reduced. The 
rates of readmission (OR = 0.63; 95% CI 0.38 to 1.04), estimated blood loss (SMD = − 0.31; 95% CI − 0.69 to 0.06) 
and hospitalization costs (SMD: − 0.56, 95% CI − 1.27 to 0.14) did not significantly differ between the ERAS and SC 
groups.

Conclusions  The present meta-analysis indicated that the ERAS protocol could be safely and feasibly implemented 
in the perioperative management of patients receiving lumbar interbody fusion surgery. The protocol significantly 
reduced the length of hospitalization, incidence of postoperative complications, operation time, duration of 1st 
ambulation and duration of postoperative pain. However, no differences were observed in estimated blood loss, read-
mission rates or hospitalization costs.
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Introduction
Lumbar degenerative diseases (LDDs) are the most 
common diseases encountered in spinal surgery; these 
conditions affect the quality of life of patients and cause 
a very serious economic burden on society [1]. Sur-
gery is the main clinical treatment for patients with 
severe LDDs, among which spinal fusion is one of the 
most important methods [2, 3]. However, due to the 
long operation time of lumbar fusion, the high degree 
of trauma to patients and the long duration of postop-
erative bed rest, the postoperative recovery of patients 
is largely delayed; moreover, the physical and psycho-
logical burdens of patients are increased [4]. Due to 
the decline in physical reserve capacity and increased 
comorbidities in patients, the risks of perioperative 
complications and prolonged hospitalization need to be 
actively managed in clinical practice [5]. Therefore, it is 
urgent to explore a more optimized perioperative plan 
to promote postoperative rehabilitation.

Enhanced recovery after surgery (ERAS) is an evi-
dence-based, multidisciplinary perioperative approach 
adopted to decrease postoperative adverse events by 
mitigating the stress response in patients following sur-
gical intervention [6–9]. The proposition of ERAS has 
opened up a new way of thinking to solve the problem 
of rapid recovery of patients after various operations 
and to reduce the cost of treatment [10]. In fact, early 
clinical studies of ERAS have been carried out in Euro-
pean and American countries. Briefly, ERAS was first 
used in colorectal surgery and later in other surgical 
fields, such as urology, breast surgery and gynecology 
[10]. More importantly, the efficacy of ERAS in patients 
undergoing spinal surgery has also been demonstrated 
during the past decade. Several studies have shown that 
patients who undergo lumbar fusion surgery (short-
segment or multilevel) can benefit from the implemen-
tation of the ERAS protocol [11–16]. Several studies 
have yielded inconsistent outcomes after assessing the 
effectiveness of this multimodal care protocol for lum-
bar fusion surgery for different reasons (such as hospi-
talization costs, postoperative pain and complications, 
and readmission rates) [16, 17]. Therefore, the safety 
and usefulness of the ERAS protocol for lumbar inter-
body fusion surgery are unclear.

Thus, this meta-analysis was conducted to evaluate 
the differences in length of stay, hospitalization costs, 
postoperative complications and pain, self-care ability 
and degree of recovery between patients treated with 
the ERAS protocol and those treated with the standard 
care (SC) plan among patients who underwent lumbar 
interbody fusion surgery and to provide a foundation 
for evidence-based clinical decision-making.

Materials and methods
We conducted and reported this study following the 
Meta-analysis of Observational Studies in Epidemiol-
ogy (MOOSE) guidelines [18] and PRISMA (Preferred 
Reporting Items for Systematic Reviews and Meta-
Analyses) Guidelines with the registration number [19].

Search strategy
The Pubmed, Web of Science, Cochrane Library, and 
Embase databases were systematically searched from 
inception to 01 October 2023 to identify all studies 
reporting the effects of the ERAS protocol on the over-
all clinical outcomes of lumbar interbody fusion sur-
gery. The following search keywords or medical subject 
heading terms were used for all possible combinations: 
‘ERAS’, ‘ERABS’, ‘enhanced recovery after surgery’, 
‘enhanced recovery after lumbar interbody fusion sur-
gery’, ‘fast track’, ‘fusion, spinal’, ‘fusions, spinal’, ‘spinal 
fusions’, ‘spondylodesis’, ‘spondylosyndeses’, ‘spondy-
losyndesis’ and ‘spondylosyndesis’. Furthermore, the 
reference lists of the selected articles were manually 
examined to identify other relevant articles. Only stud-
ies presented in the English language were included in 
the study.

Inclusion and exclusion criteria
Two authors independently determined the eligibility 
of the articles, and any disagreements were resolved 
through group discussion. The inclusion criteria were 
as follows: published randomized controlled trials 
(RCTs) and retrospective cohort studies; ERAS pro-
tocols, including at least eight items from the recom-
mended guidelines; studies comparing the influence 
of the ERAS protocol with that of SC on surgical out-
comes in patients after lumbar interbody fusion sur-
gery; and studies whose full texts were available. The 
latest and most comprehensive data were included if 
the same institution replicated the studies. The exclu-
sion criteria were abstracts, reviews, case reports, and 
conference reports; studies without a control group; 
and studies without a clear description of ERAS proto-
col elements.

Data extraction and quality assessment
The full-text screening of the eligible studies was inde-
pendently conducted by two authors, followed by data 
extraction based on the predefined criteria. Disagree-
ments were resolved through a plenum consensus. The 
extracted data included detailed information on the 
study characteristics (region, study design, sample size 
in each arm, and follow-up time), patient baseline fea-
tures (age, sex, BMI, comorbidity and type of surgery), 
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ERAS protocol elements, and clinical outcome indictors 
(such as hospital length of stay, overall complications, 
major complications, 30-day readmission, hospitaliza-
tion costs, postoperative pain, perioperative bleeding 
and duration of operation). The Clavien‒Dindo classifi-
cation was used to assess the severity of complications, 
with major complications being grade ≥ 3 [20].

The risk of bias of the included case‒control and cohort 
studies was assessed independently by two authors using 
the Newcastle–Ottawa scale [21]. The scale awards 4 
points for participant selection, 3 points for exposure or 
outcome, and 2 points for comparability, for a maximum 
total of 9 points. The quality of the studies was classified 
as high (7–9 points), medium (4–6 points), or low (0–3 
points). The Newcastle–Ottawa Scale evaluates the risk 
of bias by examining the quality of a cohort study across 
three dimensions: selection, comparability, and outcome. 
Selection: This criterion evaluates the representative-
ness of the study subjects, the methods used for select-
ing these subjects, and the accuracy of the measurement 
techniques employed to assess exposure factors. Compa-
rability: This aspect examines whether there are similari-
ties between the study group and the control group, as 
well as whether potential confounding factors have been 
appropriately accounted for. Outcome: the adequacy 
of participant assessments, the accuracy of assessment 
methods, and the follow-up on outcomes. When hetero-
geneity is occurred, low-scoring studies will be excluded 
initially.

Statistical analysis
Pooled estimates for continuous and categorical variables 
are presented as the mean difference (MD) and odds 
ratio (OR), respectively, with 95% confidence intervals 
(CIs). We extracted the effect size reflecting the greatest 
degree of adjustment for potentially confounding fac-
tors when multiple effect sizes with different degrees of 
covariate adjustment were reported in a study. Moreover, 
heterogeneity between trials was assessed by the X2 test 
and was expressed using the I2 index. Significant het-
erogeneity was indicated when P was less than 0.1 or I2 
was greater than 50%. In the case of significant heteroge-
neity, pooled data were analyzed with a random effects 
model. Otherwise, the fixed-effects model was adopted. 
The horizontal line represents the confidence interval of 
the study results. The position of the square indicates the 
effect size, while its size reflects the weight, represent-
ing each study’s contribution to the meta-analysis. The 
diamond shapes symbolize the overall result from merg-
ing individual studies. Solid vertical lines are employed 
to assess whether there is a statistically significant dif-
ference in outcomes; when horizontal lines and pooled 
diamond shapes from individual studies intersect with 

these vertical lines, it signifies no statistically significant 
difference between interventions. Sensitivity analyses 
were conducted to evaluate the stability of the results by 
removing each study in a single turn and determining 
the pooled effect size. Further subgroup analyses were 
performed to determine potential sources of significant 
heterogeneity, if necessary. Stata version 16.0 was used 
to conduct the meta-analysis. The asymmetry was visual-
ized using funnel plots, and Egger’s test was performed to 
assess publication bias.

Results
Literature search and characteristics of the studies
In total, 223 relevant citations were identified using the 
initial search strategy. Of those, 65 articles were excluded 
for duplication, and 128 were removed after screening 
the titles and abstracts. After a detailed full-text review 
and assessment, 15 articles were discarded because they 
did not meet the inclusion criteria. Of the 15 articles 
removed, 4 were reviews, 5 had no control group, and 6 
lacked related data. Finally, 15 full-text articles involv-
ing 3,312 patients were included, of whom 1,543 (46.5%) 
were in the ERAS group and 1,769 (53.5%) were in the 
SC group. The results of the literature review and study 
selection are detailed in Fig. 1.

Table 1 lists the characteristics of the included studies. 
Fifteen studies involving 3,312 patients were included in 
the final analysis [5, 17, 22–34]. All the trials compar-
ing the efficacy of the ERAS protocol with that of SC in 
patients who underwent lumbar interbody fusion surgery 
were well designed. Of the 15 studies, 5 studies involved 
elderly patients (aged greater than 50 years) [5, 24, 25, 28, 
30], 6 studies involved minimally invasive surgery [22, 
26–28, 32, 34], and 5 studies involved open surgery [5, 
23–25, 30]. Ten studies examined transforaminal lumber 
interbody fusion [22–24, 26–29, 32–34], and the remain-
ing studies involved other surgical procedures (such as 
posterior lumbar fusion) [5, 17, 25, 30, 31]. All the stud-
ies were retrospective cohort studies. The sample size 
ranged from 48 to 1060, with the study period ranging 
between 2017 and 2023. The ERAS and SC groups exhib-
ited no significant differences in sex, age or BMI.

Meta‑analysis results
Length of hospitalization
Ten studies [5, 17, 22–26, 29, 30, 33] involving 2010 
patients reported the length of hospitalization. According 
to the fixed-effects model, the length of hospitalization 
was significantly shorter in the ERAS group (standard-
ized mean difference (SMD): − 0.47, 95% CI − 0.56 to 
− 0.38; Fig. 2). It can be concluded that the length of hos-
pitalization was significantly reduced in the ERAS group 
compared to the SC group, which is clinically meaningful. 
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The sensitivity analysis showed that the removal of any 
individual study had little effect on the pooled SMD, sug-
gesting that the result was stable (Fig. 3). The sensitivity 
analysis figures (Fig. 3) demonstrate that the exclusion of 
any specific studies did not result in a statistically signifi-
cant change in the overall outcome, which indicates the 
robustness of the results.

Postoperative complications
Eleven studies [5, 17, 22, 24, 25, 27, 29–31, 33, 34] involv-
ing 2,784 patients reported the incidence of postopera-
tive complications. A pooled analysis with a fixed-effects 
model indicated that postoperative complications were 
significantly different between the ERAS and SC groups 
(OR 0.62; 95% CI 0.50 to 0.77; Fig. 4). The sensitivity anal-
ysis showed that the removal of any individual study had 
little effect on the pooled OR, suggesting that the results 
were stable (Fig. 5). The sensitivity analysis figures (Fig. 5) 
demonstrate that the exclusion of any specific studies did 
not result in a statistically significant change in the over-
all outcome, which indicates the robustness of the results. 

Readmission
Nine studies[22–27, 30, 31, 33] involving 2,798 patients 
reported the rate of readmission. This rate in the ERAS 
group was significantly lower than that in the SC group 
(OR 0.47; 95% CI 0.32–0.71; Fig. 6.) According to sensitiv-
ity analyses, the removal of the trail by Wang et al. [31] 

had an effect on the pooled OR (Fig. 7). For readmission, 
the recalculated results revealed no significant change 
in outcome between the ERAS group and the SC group 
(OR 0.63; 95% CI 0.38 to 1.04; Fig. 8). Thus, this indicated 
that heterogeneity might have mainly come from this 
study [31].

Operation time
Thirteen studies [5, 17, 22–27, 30–34] with 3192 patients 
reported the incidence of operation time. The operation 
time did significantly differ between the ERAS and SC 
groups (SMD = − 0.26; 95% CI − 0.44 to − 0.09; Fig.  9.) 
The sensitivity analysis showed that the removal of any 
individual study had little effect on the pooled SMD, sug-
gesting that the result was stable (Fig. 10). The sensitivity 
analysis figures (Fig.  10) demonstrate that the exclusion 
of any specific studies did not result in a statistically sig-
nificant change in the overall outcome, which indicates 
the robustness of the results.

Estimated blood loss
Ten studies [5, 17, 22–25, 30–33] with 2766 patients 
reported the incidence of estimated blood loss. Accord-
ing to the random effects model, the estimated blood loss 
volume did not significantly differ between the ERAS and 
SC groups (standardized mean difference (SMD) = 0.31; 
95% CI − 0.69 to 0.06; Fig.  11). The sensitivity analysis 
showed that the removal of any individual study had little 

Fig. 1  Selection of studies for inclusion
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effect on the pooled SMD, suggesting that the result was 
stable (Fig. 12).

Postoperative pain
Six studies [5, 22–24, 30, 33] involving 1,384 patients 
reported postoperative pain. According to the ran-
dom effects model, postoperative pain was significantly 
relieved in the ERAS group (standardized mean differ-
ence (SMD) = 0.35; 95% CI 0.64 to − 0.07; Fig. 13). Signifi-
cant heterogeneity was observed in postoperative pain 
(Fig.  13, I2 = 85.7%). The sources of this heterogeneity 
may be attributed to variations in various surgical modal-
ities, pain locations, and the ERAS protocol adherence.

Hospitalization costs
Only three studies [17, 27, 34] involving 293 patients 
reported hospitalization costs. According to the random 
effects model, the hospitalization costs were not signifi-
cantly lower in the ERAS group (SMD: − 0.56, 95% CI 
− 1.27 to 0.14; Fig.  14). Significant heterogeneity was 

observed in hospitalization costs (Fig.  14, I2 = 79.8%). 
Disparities in health insurance coverage and costs across 
different regions were significant contributors to the 
heterogeneity observed in hospitalization costs, as we 
included studies from various locations (e.g., the United 
States, China, Europe, etc.).

1st ambulation
Three studies [23–25] with 350 patients reported the 
incidence of 1st ambulation. The 1st ambulation dif-
fered significantly between the ERAS and SC groups 
(SMD = − 0.80; 95% CI − 1.02 to − 0.58; Fig. 15).

Subgroup analyses
To enhance the reliability of the results and further 
address the occurrence of heterogeneity, this study per-
formed subgroup analyses focusing on elderly patients, 
open surgery, minimally invasive surgery, and various 
surgical types (such as posterior thoracolumbar inter-
body fusion and transforaminal lumbar interbody fusion). 

Table 1  Characteristics of the included studies

ERAS, enhanced recovery after surgery; SC, standard care; M, male; F, female; NA, not available; NOS, Newcastle–Ottawa Scale

References Year Region Type of surgery Intervention Sample size Age
(Years)

Sex
(M/F)

ERAS elements NOS
score

Sun [17] 2022 China Lumbar fusion and internal fixation ERAS
SC

86
80

56.91 ± 11.69
58.86 ± 10.88

27/59
35/45

11 8

Li [5] 2021 China Lumbar fusion and internal fixation ERAS
SC

60
67

73.6 ± 3.2
74.3 ± 4.2

22/38
27/40

15 7

Lu [22] 2023 China Oblique lumbar interbody fusion ERAS
SC

62
41

57.27 ± 7.95
60.29 ± 7.58

28/34
14/27

17 8

Porche [23] 2022 America Transforaminal ERAS
SC

57
57

66.1 ± 11.7
63.4 ± 13.3

27/30
29/28

10 7

Cui [24] 2022 China Transforaminal ERAS
SC

64
64

79.94 ± 3.23
79.32 ± 3.21

17/47
16/48

14 8

Yuan [25] 2023 China Posterior lumbar fusion ERAS
SC

54
54

70.1 ± 7.7
69.6 ± 8.5

12/42
12/42

12 8

Kerolus [26] 2021 America Transforaminal ERAS
SC

87
212

62.44 ± 11.66
60.17 ± 13.21

36/51
96/116

15 8

Feng [27] 2019 China Transforaminal ERAS
SC

44
30

61 ± 10
59 ± 9

16/28
9/21

11 8

Yang [28] 2020 China Transforaminal ERAS
SC

51
21

70.1 ± 3.9
72.4 ± 5.4

23/28
8/13

16 8

Kalinin [29] 2021 Russia Transforaminal ERAS
SC

24
24

58(44–69)
55(41–68)

14/10
18/11

18 6

Lu [30] 2022 China Polysegemental lumbar
Fusion

ERAS
SC

46
54

79.06 ± 3.31
79.18 ± 2.67

16/30
15/39

14 7

Wang [31] 2022 China Posterior lumbar fusion ERAS
SC

530
530

65 ± 1
64.2 ± 0.9

227/303
207/323

16 6

Chang [32] 2020 Taiwan Transforaminal ERAS
SC

24
24

64.3 ± 11.59
60.1 ± 12.23

14/10
11/13

NA 6

Garg [33] 2021 India Transforaminal ERAS
SC

316
496

26.4 ± 3.5
25.6 ± 3.1

174/142
264/232

20 8

Wang [34] 2017 America Transforaminal ERAS
SC

38
15

65 ± 11
59 ± 12

21/17
5/10

NA 7
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Fig. 2  Forest plot of length of hospitalization

Fig. 3  Sensitivity analysis of the length of hospitalization
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Fig. 4  Forest plot of postoperative complications

Fig. 5  Sensitivity analysis of postoperative complications
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Fig. 6  Forest plot of readmission

Fig. 7  Sensitivity analysis of readmission
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The ERAS protocol significantly decreased the length 
of hospitalization across all subgroups, and this reduc-
tion was statistically significant. The postoperative com-
plication rates of minimally invasive surgery (OR 0.38; 
95% CI 0.12–1.26) and transforaminal lumbar interbody 
fusion surgery (OR 0.75; 95% CI 0.53–1.06) did not signif-
icantly differ between the two groups. The ERAS proto-
col did not exhibit a statistically significant advantage in 
readmission across all subgroups, with the exception of 
patients undergoing posterior thoracolumbar fusion sur-
gery (OR 0.30; 95% CI 0.16–1.54). Meanwhile, The ERAS 
protocol did not exhibit a statistically significant advan-
tage in operation time across all subgroups, with the 
exception of patients undergoing transforaminal lumbar 
interbody fusion surgery (SMD = − 0.56; 95% CI − 0.90 
to − 0.22). For patients undergoing open surgery, the 
implementation of the Enhanced Recovery After Sur-
gery (ERAS) protocol resulted in a significant reduction 
in blood loss, demonstrating a statistically significant 
(SMD = − 0.18; 95% CI − 0.35 to − 0.02). To facilitate the 
application of the ERAS protocol across diverse popu-
lations and surgical modalities, we conducted compre-
hensive subgroup analyses. The findings from this study 
indicate that the ERAS protocol demonstrates a positive 

impact on various subgroups and outcomes; however, 
whether these differences are statistically significant war-
rants further investigation. The results of our subgroup 
analysis provide valuable insights for selecting appropri-
ate ERAS strategies in clinical practice (Table 2).

Publication bias
Funnel plots were used to determine potential publica-
tion bias. No significant publication bias was observed 
through visual inspection of the funnel plots for length of 
hospitalization, postoperative complications or readmis-
sion (Fig. 16). Egger’s test was performed to assess pub-
lication bias, and the Egger’s test yielded values of 0.069, 
0.162, and 0.085 for length of hospitalization, postopera-
tive complications and readmission, respectively (Fig. 17). 
The funnel plot and Egger’s test indicated that the studies 
included in the meta-analysis were devoid of undetected 
cases, biases associated with small sample sizes, and the 
publication of negative results.

Discussion
As a concept that optimizes and integrates perioperative 
treatment and care, the ERAS protocol is widely used 
in a variety of surgical specialties worldwide [15]. Since 

Fig. 8  Forest plot of readmission (recalculated)
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Kehlet first proposed the ERAS protocol for patients who 
underwent major surgery, this protocol has been trans-
lated into many surgical fields. Moreover, corresponding 
evidence-based guidelines for perioperative care have 
been established to manage patients undergoing sur-
gery [35, 36]. Although ERAS has been commonly used 
in other musculoskeletal procedures, such as total joint 
replacement, its use in spine surgery has been slow to 
develop, and research on this concept has been limited 
[37]. This is the first meta-analysis comparing the ERAS 
program with the SC program in patients who under-
went lumbar interbody fusion surgery, and the findings 
will provide clinical theoretical support for the applica-
tion of the ERAS protocol in spine surgery.

Our results revealed that the ERAS protocol, com-
pared with the SC, significantly decreased the length of 
hospitalization. The same conclusion was reached in all 
subgroup analyses. Similarly, a previous study reported 
that the length of hospitalization in the ERAS cohort 
was significantly shorter than that in the control cohort 
[10]. ERAS interventions are carried out throughout the 
perioperative period to ensure postoperative functional 

recovery and early discharge, which might benefit from 
a well-planned preoperative examination, early post-
operative diet and early postoperative functional exer-
cise. In addition, compared with those in the SC group, 
patients in the ERAS group had a shorter duration to the 
1st ambulation. Early ambulation is an important com-
ponent of ERAS that can reduce the incidence of deep 
vein thrombosis, promote exhaust, shorten the length of 
hospitalization, and reduce mortality [38, 39]. Shortening 
fasting and early postoperative feeding can improve the 
metabolic status of patients, enhance resistance, and help 
patients recover their appetite and shorten the length of 
hospitalization [11]. The results of this study also sup-
ported the abovementioned findings.

In this study, there was a significant difference in the 
total incidence of complications between the ERAS and 
SC groups, suggesting that the ERAS care protocol may 
reduce the incidence of postoperative complications after 
lumbar interbody fusion. Early recovery of physiological 
function helps reduce the duration in bed, and the inci-
dence of postoperative complications associated with 
the ERAS strategy substantially facilitates early recovery 

Fig. 9  Forest plot of operation time
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Fig. 10  Sensitivity analysis of the operation time

Fig. 11  Forest plot of estimated blood loss
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of physiological functions and reduces the incidence 
of postoperative complications after major spine sur-
gery [15, 40–43]. According to the ERAS concept, early 

ambulation is an important process that can reduce the 
incidence of deep vein thrombosis, promote exhaust, 
shorten the length of hospitalization, and reduce 

Fig. 12  Sensitivity analysis of estimated blood loss

Fig. 13  Forest plot of postoperative pain
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Fig. 14  Forest plot of hospitalization costs

Fig. 15  Forest plot of 1st ambulation
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Table 2  The results of the subgroup analyses

NA, not available

Outcomes Elderly patients Open operation Minimally invasive 
surgery

Posterior 
thoracolumbar fusion

Transforaminal 
lumbar interbody 
fusion

Length of hospitaliza-
tion (SMD; 95% CI)

− 0.53 (− 0.72 to − 0.35) − 0.55 (− 0.71 to − 0.38) NA − 0.58 (− 0.74 to − 0.42) − 0.42 (− 0.53 to − 0.31)

Postoperative complica-
tions (OR; 95% CI)

0.58 (0.36 to 0.93) 0.58 (0.36 to 0.93) 0.38 (0.12 to 1.26) 0.55 (0.41 to 0.73) 0.75 (0.53 to 1.06)

Readmission (OR; 95% 
CI)

0.50 (0.22 to 1.14) 0.52 (0.24 to 1.10) 0.54 (0.20 to 1.41) 0.30 (0.16 to 0.54) 0.75 (0.42 to 1.31)

Operation time (SMD; 
95% CI)

0.02 (− 0.22 to 0.26) − 0.12 (− 0.46 to 0.22) NA − 0.06 (− 0.22 to 0.10) − 0.56 (− 0.90 to − 0.22)

Estimated blood loss 
(SMD; 95% CI)

− 0.22 (− 0.46 to 0.02) − 0.18 (− 0.35 to − 0.02) NA − 0.32 (− 0.89 to 0.26) − 0.25 (− 0.55 to 0.06)

Postoperative pain 
(SMD; 95% CI)

− 0.51 (− 1.06 to 0.04) − 0.35 (− 0.84 to 0.13) NA − 0.56 (− 1.02 to − 0.11) − 0.16 (− 0.59 to 0.27)

Hospitalization costs 
(SMD; 95% CI)

NA NA − 0.77 (− 2.23 to 0.69) NA − 0.77 (− 2.23 to 0.69)

1st ambulation (SMD; 
95% CI)

− 0.81 (− 1.22 to − 0.39) − 0.80 (− 1.02 to − 0.58) NA NA − 0.70 (− 0.96 to − 0.44)

Fig. 16  Funnel plot for publication bias in the included studies
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mortality [38, 39]. For example, traditional fasting for 8 h 
before surgery and eating for 1  h  day after surgery may 
lead to insulin resistance and metabolic stress, and meta-
bolic stress may also increase the incidence of postopera-
tive complications [44, 45]. Several factors contributed to 
the decrease in complications in previous studies. Early 
removal of the bladder catheter and standard antimicro-
bial prophylaxis reduce the risk of complications such as 
urinary tract infection and wound infection [46–48]. In 
the subgroup analysis, the pooled data revealed that the 
ERAS group did not have a significantly lower compli-
cation incidence than the SC group in terms of the inci-
dence of minimally invasive surgery (OR 0.38, 95% CI 0.12 
to 1.26). However, our data showed that the incidence 
rate of complications in the ERAS group after surgery 
was lower than that in the SC group; thus, we speculated 
that this might be related to the small sample size of this 
study. There was no statistically significant in postopera-
tive complications among patients undergoing minimally 

invasive and transforaminal lumbar interbody fusion 
surgery when employing ERAS protocol. Both the ERAS 
protocol and minimally invasive surgical techniques are 
designed to minimize trauma, expedite recovery, and 
improve patient outcomes. According to the ERAS con-
cept, early ambulation and a reduction in fasting duration 
are crucial processes that can help minimize postopera-
tive complications. In the context of perioperative man-
agement, patients undergoing minimally invasive surgery 
also benefit from early ambulation and prompt initiation 
of feeding. Similarly, the majority of patients undergoing 
transforaminal lumbar interbody fusion in the studies we 
included chose minimally invasive surgical techniques.

Pain is the fifth most important vital sign after body 
temperature, pulse, respiration and blood pressure and 
is the main cause of medical treatment for most patients 
after spinal surgery. According to the study of Vilmars-
son et  al., painful stimulation causes sympathetic nerve 
reflexes and blood vessel and muscle contraction after 

Fig. 17  Egger’s test for publication bias in the included studies
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surgery, which leads to insufficient blood supply to the 
surgical incision, eventually delaying wound healing 
and increasing the chance of infection [49]. Hence, pain 
relief is especially important in preventing infection in 
patients undergoing lumbar surgery. Effective analge-
sia is a critical component of the ERAS protocol. The 
ERAS guidelines support the use of multimodal, opioid-
sparing analgesia approaches, including local anesthet-
ics, to improve postoperative recovery [50–52]. The data 
in our study indicated that the visual analog scale (VAS) 
score in the ERAS group was significantly lower than 
that in the SC group. These findings indicate that the 
current ERAS protocol was helpful for reducing pain in 
the ERAS group. A previous meta-analysis compared 
the efficacy of ERAS for treating adolescent idiopathic 
scoliosis. The study concluded that, compared to the 
traditional care pathway, the ERAS protocol can signifi-
cantly relieve postoperative pain and patient-controlled 
analgesia (PCA) discontinuation 0.53  days earlier ([0.4 
to 0.6], P < 0.001) [53]. This finding is consistent with our 
research findings. However, there were still shortcomings 
in the open operation group (SMD = − 0.35, 95% CI 0.84 
to 0.13) and elderly patients (SMD = − 0.51, 95% CI − 1.06 
to 0.04); although the ERAS regimen can alleviate post-
operative pain, there was no significant difference com-
pared to the SC group. This result suggested that it may 
be necessary to explore more suitable analgesic strategies 
for different populations.

The ERAS protocol significantly reduced the postop-
erative readmission rate of patients compared to that of 
patients in the SC group (OR 0.47; 95% CI 0.32 to 0.71). 
After excluding the heterogeneity generated by Wang 
et  al.’s study [34], we detected no statistically significant 
difference in readmission rates between the two groups 
(OR 0.63; 95% CI 0.38 to 1.04). However, in the subse-
quent subgroup analysis, we found a significant differ-
ence in readmission rates between the two groups only 
during posterior thoracolumbar fusion surgery (OR 0.30, 
95% CI 0.16 to 0.54). A previous study reported that 
postoperative pain is an important reason for readmis-
sion after spinal surgery [54]. In our study, we also found 
significant differences in postoperative pain between the 
two groups after posterior thoracolumbar fusion surgery 
(SMD = − 0.56 95% CI − 1.02 to − 0.11).

Furthermore, the operation time in the ERAS group 
was significantly shorter than that in the SC group 
(standardized mean difference (SMD) = 0.26; 95% 
CI − 0.44 to − 0.09). However, as differences in surgical 
experience among surgeons cannot be ruled out, fur-
ther validation is needed for this conclusion. Similarly, 
the estimated blood loss did significantly differ between 
the ERAS and SC groups during open surgery (stand-
ardized mean difference (SMD) = 0.18 95% CI − 0.35 to 

− 0.02). This may be related to the thorough preopera-
tive evaluation and preparation conducted in the ERAS 
group [15]. However, this study indicated that esti-
mated blood loss did not demonstrate statistical signifi-
cance. In the ERAS group, the lower compliance with 
the use of hemostatic agents contributed to the lack of 
statistical significance in estimated blood loss. Mean-
while, patients in the non-ERAS group also received 
hemostatic agents during the perioperative period.

Hospitalization costs have always been a concern for 
patients. This study revealed that the hospitalization 
cost of patients in the ERAS group was lower than that 
of patients in the SC group. However, the hospitali-
zation costs were not significantly lower in the ERAS 
group (SMD: − 0.56, 95% CI − 1.27 to 0.14). Similarly, 
a previous study indicated that the hospitalization cost 
of patients in the ERAS group was slightly lower than 
that of patients in the SC group; however, the differ-
ence was not significant (3.746 ± 0.712 vs. 3.547 ± 0.746, 
P = 0.081) [17]. Generally, a reduction in the length 
of hospital stay causes a significant decrease in over-
all hospitalization costs, although the costs of surgical 
and anesthesia services associated with ERAS increase 
accordingly [55–57]. Stone et  al. 56 reported that a 
length of stay reduction of 0.7  days led to net institu-
tional savings of nearly $400,000 annually [58]. Dis-
parities in health insurance coverage and economic 
development across different regions resulted in hos-
pitalization costs also lacking statistical significance. 
However, there were still shortcomings. Due to the lim-
ited number of studies reporting hospitalization costs, 
we were unable to conduct further subgroup analyses 
based on different countries.

High compliance with the protocol is vital to achieving 
ERAS. A committed ERAS team is a prerequisite for high 
pathway compliance. In a previous study, the ERAS group 
showed high compliance with patient education, antimi-
crobial prophylaxis, normothermia maintenance, post-
operative early nutrition and mobilization, preoperative 
carbohydrate loading, preemptive analgesia, and postop-
erative multimodal analgesia. However, compliance with 
3 intraoperative components was relatively low, including 
tranexamic acid use, local analgesia, and goal-directed 
fluid therapy [27]. Consequently, variations in adherence 
to the ERAS protocol represent a source of heterogene-
ity within this study. Protocol compliance is determined 
by care provider’s awareness and preference as well as 
multidisciplinary communication and collaboration. The 
compliance with the ERAS protocol was associated with 
postoperative outcomes; meanwhile, due to the lack of a 
standardized perioperative management pathway, it was 
impossible to evaluate the compliance with the ERAS 
program for patients in the non-ERAS group; efforts are 
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needed to maximize compliance with specific enhanced 
recovery pathway standards.

Nonetheless, our meta-analysis has several limitations. 
First, 15 studies in this review of the literature were ret-
rospective in nature and hence prone to selection bias. 
Second, 11 studies compared complication rates between 
the ERAS and SC groups; however, the definition of this 
outcome measure varied between the studies. This prob-
lem was also observed when comparing readmissions 
between the two intervention groups, as the thresholds 
for reintervention may vary between centers and prac-
tices. Finally, the number of ERAS protocol elements and 
compliance rates varied among the included studies. This 
could have affected the ERAS efficacy evaluation.

Conclusions
Our study indicated that the ERAS protocol is feasi-
ble and safe for patients undergoing lumbar interbody 
fusion surgery. The protocol significantly reduced the 
length of hospitalization, incidence of postoperative 
complications, operation time, duration of 1st ambu-
lation and duration of postoperative pain without 
increasing the estimated blood loss, readmission rate 
or hospitalization costs. These data can have crucial 
clinical implications for elevating the quality of evi-
dence, thereby supporting protocol implementation in 
patients undergoing lumbar interbody fusion surgery.
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