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Abstract
Background. Wound complications were associated with worse satisfaction and additional costs in
patients underwent posterior lumbar fusion(PLF) surgery ,the relationship between enhanced recovery
after surgery(ERAS)pathway and wound complications remains poorly characterized.

Methods. In this retrospective single-center study, we compared 530 patients receiving ERAS pathway
care with previous 530 patients in non-ERAS group. The primary aim of our study was to identify the
relationship between ERAS program and the incidence of postoperative wound related complications and
other complications following PLF surgery, other outcomes included the length of stay(LOS), 90-day
hospital and rehabilitation center readmission.

Results. Average patient age was 65yr. There were more patients with old cerebral infarction in ERAS
group (p<0.01), other demographics and comorbidities were similar between both groups. Patients in
ERAS group had a lower incidence of postoperative wound-related complications compared with non-
ERAS group(12.4 vs 17.8%, p=0.02).The non-ERAS group had a signi�cantly higher rate of wound
dehiscence or poor wound healing(6% vs 3%, p=0.02). ERAS group had a lower incidence of server
postoperative hypoalbuminemia(serum albumin less than 30g/L)(15.8% vs 9.0% p<0.01).Additionally,
ERAS patients had a shorter postoperative LOS (8.0±1.5 vs 9.5±1.7 p<0.01), lower rate of readmission
within 90 days (1.9% vs 6.4%, p<0.01) and discharge to rehabilitation center (4.2% vs 1.0%, p<0.01).

Conclusion. ERAS pathway may help to decrease the rates of postoperative wound complications and
server hypoalbuminemia following PLF surgery, additionally, we demonstrated that ERAS pathway was
also associated with shorter LOS and lower rate of readmissions within 90-day.

Background
With rapid population aging in many countries, the incidence of lumbar diseases is gradually increasing.
Posterior lumbar fusion(PLF) surgery is a common procedure for treatment of degenerative lumbar spinal
disease[1]. Postoperative wound complications are associated with delayed recovery and reoperation
after surgery[2, 3].Wound complications included super�cial or deep surgical site infection(SSI), wound
dehiscence, poor wound healing and persist wound drainage[4–6]. Previous literature reported that the
rate of SSI following spinal surgery was 0.7%-12.0%, Numerous factors had been reported as risk factors
for postoperative wound infection[7–9]. However, few studies have been conducted to investigate the
in�uential factor of other wound healing complications after PLF surgery. Given the higher rate of wound
complications, efforts are needed to reduce the incidence of wound complications and enhance recovery.

Enhanced recovery after surgery (ERAS) program is a multidisciplinary perioperative management
approach designed to reduce the surgical stress response and accelerate recovery after surgery[10]. ERAS
protocol has been implemented in other surgical settings for many years. Some studies also identi�ed
that the application of the ERAS program was associated with a reduction of the length of stay (LOS) and
postoperative complications in patients undergoing spinal fusion surgery[11, 12]. However, the
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relationship between ERAS and wound healing remains poorly characterized, some studies reported that
ERAS did not result in reduction of SSI, which is not consistent with others, additionally, underlying
mechanisms for such relationship are still unknown[13, 14].

The primary aim of our study was to identify the relationship between ERAS program and the incidence
of postoperative wound related complications and other complications following PLF surgery. The
secondary aim was to evaluate the impact of ERAS pathway on other outcomes, including LOS and 90-
day hospital or rehabilitation center readmission.

Materials And Methods
Study Design 

This was a single-center retrospective analysis study, and data of all patients were obtained from the
electronic medical record system. We included consecutive patients who underwent PLF surgery with or
without spinal decompression between January 2017 and July 2021. Patient data included preoperative,
intraoperative, and postoperative variables. Approval was obtained from the ethics committee of our
hospital (permit data 2018.4.3; no. 2018086).

ERAS Protocol

We designed an evidence-based ERAS protocol and implemented the protocol for our perioperative
management in our institution from January 2019. The ERAS team consisted of anesthesiologists, spine
surgeons, nutritionists and nurses, with  geriatricians and physicians providing valuable suggestions. Our
protocol consisted of preoperative, intraoperative, and postoperative interventions based on current
reliable evidences (Table 1). Compliance was also evaluated according to the number of achieved
individual elements items of ERAS program by two dedicated stuffs who did not know every patient and
not participate in data analysis. The discharge criteria for both groups were as follows: (1) the patient’s
preoperative symptoms had been relieved completely or mostly, or treatment met the patient's
expectations; (2) patients were able to walk without any support, (3) patients had no surgery-related
complications or the postoperative complications had been controlled, and (4) no further treatment was
required.
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Table 1
Perioperative management pathway of non-ERAS group and ERAS group

  Non-ERAS ERAS Compliance

Preadmission No
intervention

1. Education on smoking and excessive drinking
cessation; available counseling services at any time;
appropriate optimization of chronic disease in
outpatient and inpatient settings; nutritional
assessment and support

98.3%

Preoperative Not
standardized

2. Informing patients and relatives about risk and
discomfort related to procedure in greater detail;
ensuring that patients learn and understand ERAS
pathway

99.0%

  Route
preparation

3. Avoiding mechanical bowel preparation and use
of gastric tube

99.4%

  No
intervention

4. Drinking oral carbohydrate beverage 2h before
surgery; no prolonged fasting

97.7%

  No
intervention

5. Oral administration of 150mg of Pregabalin 97.1%

Intraoperative No
intervention

6. In�ltration of local anaesthesia with a mixture of
10ml 2% lidocaine and 10ml 1% ropivacaine into
the musculature prior to incision and after skin
closure

99.4%

  Antibiotic
prophylaxis
within 1 h of
incision

7. Antibiotic prophylaxis within 1 h of incision 100%

  Not
standardized

8. Intravenous infusion of tranexamic acid 98.1%

  Not
standardized

9. Maintenance of normothermia; maintaining �uid
balance

100%

Postoperative Intake of
�uid on
POD1

10. Early intake of �uid on the day of surgery(after
recovery from anesthesia)

81.1%

  Not
standardized

11. Ealy function rehabilitation on the day of
surgery and ambulate on POD1

70.7%

  Not
standardized

12. Postperative prophylaxis against thrombosis
and postoperative nausea and vomiting

94.5%

  Not
standardized

13. Removal of urinary catheters on the day of
surgery and removal of drain tube on POD 2

72.6%

  No
intervention

14. Multimodal analgesia and opioid-sparing
analgesia

100%

POD1:postoperative day 1;POD2:postoperative day 2
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  Non-ERAS ERAS Compliance

  No
intervention

15. Intake of oral nutrition powder for every meal 98.1%

  Route
postoperative
antimicrobial
prophylaxis

16. Route postoperative antimicrobial prophylaxis 100%

POD1:postoperative day 1;POD2:postoperative day 2

Data Collection

All patients who underwent PLF surgery with or without decompression for lumbar disc herniation,
lumbar spinal canal stenosis and spondylolisthesis between January 2017 and July 2021 were reviewed
and included in our study. The exclusion criteria were patients with(1) revision surgery;(2) combined
cervical and lumbar fusion surgery; (3) non-contiguous segmental surgery; (4)drug treatment for cancer;
(5) lack of postoperative information; and (6)congenital spinal deformity. The �rst consecutive patients
(ERAS group) underwent elective lumbar fusion surgery from January 2019 to July 2021. Those patients
were then compared with the previous case-matched consecutive patients (non-ERAS group) who had
undergone surgery from January 2017 to December 2018 prior to the implementation of ERAS program.
All patients’ demographic data including age, sex, body mass index (BMI), comorbidities, and
preoperative laboratory values were obtained before surgery. Intraoperative variables included the number
of fused segments, estimated blood loss and surgical time. Postoperative variables included
postoperative complications within 90 days after surgery, LOS, rate of 90-day readmission, rate of
albumin transfusion, total amount of albumin infusion. In present study, patients with postoperative
serum albumin below 35g/L was de�ned as hypoalbuminemia and postoperative serum albumin below
30g/L was de�ned as severe hypoalbuminemia. SSI was assessed according to the Centers for Disease
Control (CDC) and Prevention criteria which was based on symptoms, histopathologic exam, imaging test
and bacterial cultures of the drainage[15]. Figures 1a–h provided one example of postoperative SSI
following PLF surgery. Wound dehiscence which was also known as poor wound healing was diagnosed
when super�cial, partial or complete separation of surgical wound were recorded in wound nursing
records, and persist wound drainage refers to wound drainage for more than 3 days which created a
moist dressing with negative bacterial culture [4, 6].

Statistical Analysis

All statistical analyses were performed using the SPSS software (version 22.0; SPSS, USA). Continuous
variables are presented as mean ± standard deviation, categorical variables are presented as frequencies
with percentages. Continuous variables were analyzed using a 2-tailed student’s t test, and categorical
variables were analyzed using the Fisher’s exact or chi-square tests. A p-value of 0.05 was considered
signi�cant.
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Results
We reviewed 1190 individuals who underwent PLF surgery between January 2017 and July 2021 from
our electronic medical records. Among them, a total of 1060 patients met our inclusion criteria, and 130
patients were excluded because of lack of postoperative data, history of combined cervical and lumbar
fusion surgery.The study �owchart was provided in Figure 2. A total of 530 ERAS patients were compared
with previous 530 patients without receiving ERAS care. No signi�cant differences in age, sex and BMI
were identi�ed between both groups, so further matching was not attempted. In present study, Mean age
was 64.2 years in the non-ERAS cohort compared with 65.0 years in the ERAS cohort, p=0.27.There were
more patients with old cerebral infarction in ERAS group (p<0.01), other demographics and comorbidities
were similar between both groups. No signi�cant differences were observed in the number of fused
segments and surgical time. The serum preoperative albumin level of the ERAS group was similar with
that of the non-ERAS group (39.6g/L vs 39.9g/L, p=0.31). Patients in the ERAS group had less
intraoperative blood loss than those in the non-ERAS group, but it was statistically insigni�cant. (344.1ml
vs 314.3ml p=0.10) (Table 2).
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Table 2
Baseline Characteristics of Patients in the Two Groups

Variable Non-ERAS(n=530) ERAS(n=530) P Value

Gender     P=0.21

Female 323(61%) 303(57%)  

Male 207(39%) 227(43%)  

Age(yr) 64.2±0.9 65.0±1.0 P=0.27

Weight(kg) 68.3±0.9 69.5±1.0 P=0.09

BMI(kg/m2) 25.7±0.3 26.0±0.3 P=0.21

Co-Morbidities      

Cardiovascular disease 288(54%) 280(53%) P=0.62

Diabetes disease 109(21%) 134(25) P=0.07

Mental disease 7(1%) 10(2%) P=0.46

Digestive disease 18(4%) 21(4%) P=0.63

Old cerebral infarction 7(1%) 24(5%) P<0.01*

Pulmonary disease 15(2%) 10(2%) P=0.31

Preoperative albumin 39.9±0.3 39.6±0.3 P=0.31

Procedure-related      

Fusion level     P=0.91

1~3 482(90%) 483(90%)  

4~5 48(10%) 47(10%)  

Operative time(min) 209.1±30.2 203.0±28.0 P=0.16

EBL(ml) 344.1±28.3 314.3±21.1 P=0.10

The rate of albumin infusion, n (%) 152(29%) 39(7%) P<0.01*

BMI:body mass index; EBL:estimated blood loss.

Postoperative Complications
In present study, patients in ERAS group had a lower incidence of postoperative wound-related
complications compared with non-ERAS group(12.4 vs 17.8%, p=0.02).The non-ERAS group had a
signi�cantly higher rate of wound dehiscence or poor wound healing(6% vs 3%, p=0.02), however, no
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difference was observed in postoperative SSI and persist wound drainage between both groups. Despite
similar incidence of postoperative hypoalbuminemia (serum albumin less than 35g/L) ( 50.4% vs 45.7%,
p=0.12), ERAS group had a lower incidence of server postoperative hypoalbuminemia(serum albumin
less than 30g/L)(15.8% vs 9.0% p<0.01). With regards to albumin infusion rate, the albumin infusion rate
(7.4% vs 28.6%, p<0.01) in the ERAS group were lower compared with non-ERAS group. (Table 3).
Although less patients had postoperative cardiovascular complications, pneumonia and deep venous
thrombosis, no signi�cant difference was observed in rates of these complications(Table 3).

Table 3
The outcomes of patients in the two groups

  Non-ERAS (n=540) ERAS (n=540) P Value

Wound complications, n(%)

SSI,n(%)

Wound dehiscence,p n(%)

Persist wound drainage,n(%)

94(17.8%)

21(4.0%)

33(6.0%)

40(7.5%)

66(12.4%)

16(3.0%)

17(3.0%)

33(6.2%)

P=0.02*

P=0.40

P=0.02*

P=0.39

Other complications      

Cardiovascular disease 5(1%) 5(1%) P=1.00

Acute cerebral infarction 3(0.6%) 3(0.6%) P=1.00

Pneumonia 9(1.7%) 6(1.0%) P=0.44

Haematoma 6(1.0%) 4(0.8%) P=0.53

DVT 7(1.2%) 5(1.0%) P=0.56

Urinary tract infection 11(2.0%) 4(0.8%) P=0.07

Hypoalbuminemia

Server hypoalbuminemia

267(50.4%)

84(15.8%)

242(45.7%)

48(9.0%)

P=0.12

P<0.01*

Albumin infusion 152(28.6%) 39(7.4%) P<0.01*

Preoperative LOS(d) 5.7±0.8 5.5±0.7 P=0.32

Postoperative LOS(d) 9.5±1.7 8.0±1.5 P<0.01*

Rate of readmission 34(6.4%) 10(1.9%) P<0.01*

Discharge to rehabilitation centre,n(%) 22(4.2%) 5(1.0%) P<0.01*

SSI: surgical site infection; DVT:deep venous thrombosis; LOS: the length of stay
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The Los And 90-day Readmission
The preoperative LOS was similar between two groups, the average postoperative LOS in ERAS group was
8.0 d, compared with 9.5d in non-ERAS group, p<0.01. Compared with the control group, the ERAS group
had a lower rate of readmission within 90 days (1.9% vs 6.4%, p<0.01). Additionally, ERAS group had a
lower rate of discharge to rehabilitation center (4.2% vs 1.0%, p<0.01).

Disscusion
Wound complications had been reported as the risk factors for prolonged LOS and more hospitalization
cost[2, 9, 16]. In addition to avoiding implant device-associated infections, perioperative management
and nutritional support were also important to minimize wound complications. In present study, we
identi�ed that our ERAS pathway was associated with a lower incidence of wound complications
including SSI, wound dehiscence and persist wound drainage. Additionally, we found that patients
receiving the ERAS care had a lower rate of sever postoperative hypoalbuminemia without increasing the
albumin transfusion. Patients in ERAS group had shorter LOS and a lower rate of readmission, this result
was consistent with previous studies.

Despite great advances in antibiotics and surgical instruments over the past few decades, wound healing
following PLF surgery still remains a challenging clinical problem. Many studies were conducted to
discuss the risk factors and treatment for postoperative SSI[7, 13], however, few literature reporting other
wound problem including wound drainage and wound dehiscence which might also contribute to a
reduction of satisfaction were found. In present study, the rates of wound dehiscence and persist wound
drainage were 4.5% and 6.7%, which was higher than the rate of postoperative SSI. Persist wound
drainage and wound dehiscence might be early symptom of infection and they could create a humid
environment for the growth of bacteria. Equal attention should be pay to patients with non-infection
wound complications.

As a multidisciplinary and multifaceted perioperative care pathway, ERAS protocol consists of
preoperative, intraoperative and postoperative interventions which may help to reduce the effect of those
risk factors on adverse events[12, 17]. To the best of our knowledge, this is the �rst study to evaluate the
impact of ERAS pathway on wound complications in Asian patients. Although no signi�cant difference
was observed in SSI and wound drainage, we found that the implement of ERAS was bene�cial in
reducing the incidence of wound complications in patients underwent PLF surgery, especially wound
dehiscence.

Several possible reasons may explain our �nding. First, previous studies had proved that perioperative
malnutrition and hypoalbuminemia were independent risk factors for postoperative SSI and nutrition is a
key player at each of the wound healing steps (haemostasis, in�ammatory, proliferative and remodelling
phase)[5, 18], in present study, the patients in ERAS group had a lower incidence of server postoperative
hypoalbuminemia which may result from the nutrition support and early rehabilitation of digestive



Page 10/15

function[19]. Xu et al.[10] conducted a prospective randomized controlled trial and also found that
perioperative multimodal nutritional management effectively reduced albumin infusion and incidence of
wound drainage.Second, preoperative education on smoking and optimization of chronic disease may
contribute to the reduction of wound complications. Pirkle et al[16]. retrospectively reviewed an PearlDiver
national insurance claims database of 12519 patients undergoing lumbar fusion surgery and found that
diabetes was an independent factor for wound infection after single and multi-level fusion surgery. In a
systematic review and meta-analysis of 107 studies, preoperative smoking was found to be associated
with an increased risk of the wound complications[20]. More efforts were needed to identify the effect of
preoperative interventions on postoperative complications by conducting prospective randomized
controlled studies. At last, prolonged drain duration also was proved to be associated with higher
incidence of wound infection in patients with lumbar spinal fusion surgery[7]. In present study, patients in
EARS group were recommended to remove drain on postoperative day 1and postoperative day 2.

With regard to other complications, a high rate of postoperative hypoalbuminemia was observed in our
study population, with nearly one in every two patients had postoperative hypoalbuminemia or server
hypoalbuminemia, a lower rate of server hypoalbuminemia was observed in ERAS group compared with
non-ERAS group. Avoiding mechanical bowel preparation and early postoperative enteral nutrition relieve
irritation of the gastrointestinal tract and facilitate the recovery of gastrointestinal motility[21, 22], These
measures may help to improve nutrition and less patients developed server hypoalbuminemia(serum
albumin <30g/L) in ERAS group. However, the incidence of hypoalbuminemia(serum albumin
<35g/L)was similar between groups, more effective perioperative nutritional support protocol was needed
to improve nutritional status. Additionally, a trend toward the lower rate of urinary tract infection in ERAS
group was observed(p=0.07), although there was no statistical signi�cance, the potential association
may be detected in a long-term studies with larger sample sizes. Moreover, the implement of ERAS
pathway did not increase the risk of cardiovascular complications, acute cerebral infarction and local
haematoma, which were consistent with previous studies on ERAS pathway[23, 24].

In present study, although the preoperative LOS was similar between two groups, the postoperative LOS
decreased from 9.5 days in the non-ERAS group to 8.0 days in the ERAS group. We did not evaluate the
effect of ERAS on postoperative LOS for short-segment and long-segment fusion surgery separately, but
previous studies had reported that patients in the ERAS group had signi�cantly shorter LOS compared
with non-ERAS group after short lumbar fusion and long segment deformity surgery[17, 25]. A lower rate
of 90-day readmission was also observed in ERAS group, this result was consistent with previous
retrospective study of 124 patients conducted by Adeyemo et al[12].Postoperative multidisciplinary care
and multimodal pain control may contribute the lower incidence of readmission for postoperative
complications and transferring to rehabilitation center.

However, this study had several limitations. First, it was a single-center study so that patients included in
our study were only from our institution, and the variables data were only acquired from our electronic
medical records, we couldn’t avoid the loss of part information, for example, the total costs and patient
satisfaction. Also, the primary outcome of our study was the incidence of wound complications within
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90-day, despite our efforts to identify wound problems, some minor wound complications may still be
overlooked. Moreover, the compliance with ERAS protocol was associated with postoperative outcomes,
but due to the lack of standardized perioperative management pathway, it was di�cult to evaluate the
compliance with ERAS program of patients in non-ERAS group, and efforts are needed to maximize
compliance with speci�c enhanced recovery pathway standards.

Conclusion
In this prospective cohort study, we found that ERAS pathway may help to decrease the rates of
postoperative wound complications and server hypoalbuminemia following PLF surgery, but our ERAS
pathway did not seem to reduce rate of other complications, more effective interventions were needed to
improve postoperative nutrition. Additionally, we demonstrated that ERAS pathway was also associated
with shorter LOS and lower rate of readmissions within 90-day.

Abbreviations
PLF,posterior lumbar fusion; ERAS, enhanced recovery after surgery; SSI, surgical site infection;LOS, the
length of stay; BMI,body mass index;POD1,postoperative day 1;POD2,postoperative day
2;POD3,postoperative day 3; DVT: deep venous thrombosis; EBL:estimated blood loss.

Declarations
Ethics approval and consent to participate

The study protocol was approved by the ethical committee for human subjects of the Xuanwu Hospital of
Capital Medical University(permit data 2018.4.3; no. 2018086)

Consent for publication

We obtained permission from the participants to publish their data.

Availability of data and materials

The datasets analyzed during the current study are available from the corresponding author on
reasonable request.

Competing interests

The authors declare no �nancial and non-�nancial competing interests.

Funding

No funding was received.



Page 12/15

Authors' contributions

Shuaikang Wang, Peng Wang and Shibao Lu designed the experiments. Shuaikang Wang and Peng
Wang performed the experiments. Xiangyu Li and Wenzhi Sun reviewed and analyzed the data.
Shuaikang Wang wrote the paper. Shibao Lu revised the manuscript. All authors reviewed the manuscript.

Acknowledgements

Not applicable.

References
1. O'Lynnger TM, Zuckerman SL, Morone PJ, Dewan MC, Vasquez-Castellanos RA, Cheng JS. Trends for

Spine Surgery for the Elderly: Implications for Access to Healthcare in North America. Neurosurgery.
2015;77:136–41. https://doi.org/10.1227/neu.0000000000000945.

2. Lee NJ, Shin JI, Kothari P, Kim JS, Leven DM, Steinberger J, Guzman JZ, Skovrlj B, Caridi JM, Cho SK.
Incidence, Impact, and Risk Factors for 30-Day Wound Complications Following Elective Adult Spinal
Deformity Surgery. Global Spine Journal. 2017;7(5):417–24.
.https://doi.org/10.1177/2192568217699378.

3. Kelly AM, Batke JNN, Dea N, Hartig DPP, Fisher CG, Street JT. Prospective analysis of adverse events
in surgical treatment of degenerative spondylolisthesis. Spine J. 2014;14(12):2905–10.
.https://doi.org/10.1016/j.spinee.2014.04.016.

4. Xu B, Xu WX, Lao YJ, Ding WG, Lu D, Sheng HF. Multimodal Nutritional Management in Primary
Lumbar Spine Surgery A Randomized Controlled Trial. Spine. 2019;44(14):967–74.
.https://doi.org/10.1097/brs.0000000000002992.

5. Bohl DD, Shen MR, Mayo BC, Massel DH, Long WW, Modi KD, Basques BA, Singh K. Malnutrition
Predicts Infectious and Wound Complications Following Posterior Lumbar Spinal Fusion. Spine.
2016;41(21):1693–9. .https://doi.org/10.1097/brs.0000000000001591.

�. Wagenaar F, Lowik CAM, Zahar A, Jutte PC, Gehrke T, Parvizi J. Persistent Wound Drainage After
Total Joint Arthroplasty: A Narrative Review. J Arthroplasty. 2019;34(1):175–82.
.https://doi.org/10.1016/j.arth.2018.08.034.

7. Liu JM, Deng HL, Chen XY, Zhou Y, Yang D, Duan MS, Huang SH, Liu ZL: Risk Factors for Surgical
Site Infection After Posterior Lumbar Spinal Surgery. Spine 2018, 43(10):732-
737.https://doi.org/10.1097/brs.0000000000002419.

�. Ushirozako H, Hasegawa T, Yamato Y, Yoshida G, Yasuda T, Banno T, Arima H, Oe S, Mihara Y,
Yamada T, et al. Does preoperative prognostic nutrition index predict surgical site infection after
spine surgery? Eur Spine J. 2021;30(6):1765–73. .https://doi.org/10.1007/s00586-020-06622-1.

9. Xing D, Ma JX, Ma XL, Song DH, Wang J, Chen Y, Yang Y, Zhu SW, Ma BY, Feng R. A methodological,
systematic review of evidence-based independent risk factors for surgical site infections after spinal
surgery. Eur Spine J. 2013;22(3):605–15. .https://doi.org/10.1007/s00586-012-2514-6.



Page 13/15

10. Kehlet H, Wilmore DW. Multimodal strategies to improve surgical outcome. Am J Surg.
2002;183(6):630–41. .https://doi.org/10.1016/s0002-9610(02)00866-8.

11. Kim HJ, Steinhaus M, Punyala A, Shah SC, Elysee JC, Lafage R, Riviera T, Mendez G, Ojadi A, Tuohy
S, et al. Enhanced recovery pathway in adult patients undergoing thoracolumbar deformity surgery.
Spine J. 2021;21(5):753–64. .https://doi.org/10.1016/j.spinee.2021.01.003.

12. Adeyemo EA, Aoun SG, Barrie U, Nguyen ML, Badejo O, Pernik MN, Christian Z, Dosselman LJ, El
Ahmadieh TY, Hall K, et al. Enhanced Recovery After Surgery Reduces Postoperative Opioid Use and
90-Day Readmission Rates After Open Thoracolumbar Fusion for Adult Degenerative Deformity.
Neurosurgery. 2021;88(2):295–300. https://doi.org/10.1093/neuros/nyaa399.

13. Tan T, Lee H, Huang MS, Rutges J, Marion TE, Mathew J, Fitzgerald M, Gonzalvo A, Hunn MK, Kwon
BK, et al. Prophylactic postoperative measures to minimize surgical site infections in spine surgery:
systematic review and evidence summary. Spine J. 2020;20(3):435–47.
.https://doi.org/10.1016/j.spinee.2019.09.013.

14. Pennington Z, Cottrill E, Lubelski D, Ehresman J, Lehner K, Groves ML, Sponseller P, Sciubba DM.
Clinical utility of enhanced recovery after surgery pathways in pediatric spinal deformity surgery:
systematic review of the literature. Journal of Neurosurgery-Pediatrics. 2021;27(2):225–38.
https://doi.org/10.3171/2020.7.Peds20444.

15. Mangram AJ, Horan TC, Pearson ML, Silver LC, Jarvis WR: Guideline for Prevention of Surgical Site
Infection, 1999. Infection Control and Hospital Epidemiology 1999, 20(4):250-
278.https://doi.org/10.1086/501620.

1�. Pirkle S, Reddy S, Bhattacharjee S, Shi LL, Lee MJ. Chronic Opioid Use Is Associated With Surgical
Site Infection After Lumbar Fusion. Spine. 2020;45(12):837–42.
.https://doi.org/10.1097/brs.0000000000003405.

17. Dagal A, Bellabarba C, Bransford R, Zhang FY, Chesnut RM, O'Keefe GE, Wright DR, Dellit TH, Painter I,
Souter MJ. Enhanced Perioperative Care for Major Spine Surgery. Spine. 2019;44(13):959–66.
.https://doi.org/10.1097/brs.0000000000002968.

1�. Palmieri B, Vadala M, Laurino C. Nutrition in wound healing: investigation of the molecular
mechanisms, a narrative review. Journal of Wound Care. 2019;28(10):683–93.
.https://doi.org/10.12968/jowc.2019.28.10.683.

19. Mineccia M, Menonna F, Germani P, Gentile V, Massucco P, Rocca R, Ferrero A. A retrospective study
on e�cacy of the ERAS protocol in patients undergoing surgery for Crohn disease: A propensity
score analysis. Digestive Liver Disease. 2020;52(6):625–9.
.https://doi.org/10.1016/j.dld.2020.01.006.

20. Gronkjaer M, Eliasen M, Skov-Ettrup LS, Tolstrup JS, Christiansen AH, Mikkelsen SS, Becker U,
Flensborg-Madsen T. Preoperative Smoking Status and Postoperative Complications A Systematic
Review and Meta-analysis. Ann Surg. 2014;259(1):52–71.
.https://doi.org/10.1097/SLA.0b013e3182911913.



Page 14/15

21. Kawasaki N, Suzuki Y, Nakayoshi T, Hanyu N, Nakao M, Takeda A, Furukawa Y, Kashiwagi H. Early
postoperative enteral nutrition is useful for recovering gastrointestinal motility and maintaining the
nutritional status. Surg Today. 2009;39(3):225–30. .https://doi.org/10.1007/s00595-008-3861-0.

22. Martos-Benitez FD, Gutierrez-Noyola A, Soto-Garcia A, Gonzalez-Martinez I, Betancourt-Plaza I.
Program of gastrointestinal rehabilitation and early postoperative enteral nutrition: a prospective
study. Updates Surg. 2018;70(1):105–12. .https://doi.org/10.1007/s13304-018-0514-8.

23. Debono B, Corniola MV, Pietton R, Sabatier P, Hamel O, Tessitore E. Bene�ts of Enhanced Recovery
After Surgery for fusion in degenerative spine surgery: impact on outcome, length of stay, and patient
satisfaction. Neurosurg Focus 2019, 46(4).https://doi.org/10.3171/2019.1.Focus18669.

24. D'Astorg H, Fiere V, Dupasquier M, Vieira TD, Szadkowski M. Enhanced recovery after surgery (ERAS)
protocol reduces LOS without additional adverse events in spine surgery. Orthopaedics
Traumatology-Surgery Research. 2020;106(6):1167–73. .https://doi.org/10.1016/j.otsr.2020.01.017.

25. Smith J, Probst S, Calandra C, Davis R, Sugimoto K, Nie LZ, Gan TJ, Bennett-Guerrero E. Enhanced
recovery after surgery (ERAS) program for lumbar spine fusion. Perioperative Med 2019,
8.https://doi.org/10.1186/s13741-019-0114-2.

Figures

Figure 1
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A 57-year-old male patient with postoperative surgical site infection. a,b lumbar MRI showed preoperative
disk herniation and spinal canal stenosis. c,d lumbar postoperative X ray showed satisfactory position of
screw and cage. e,f on the 4th day after surgery, T2WI sagittal plane and cross-sectional plane showed
mixed high and equal signals and g T1WI showed a low signal in the deep incision. h serum C-reactive
protein (CRP) level and erythrocyte sedimentation rate increase sharply from postoperative day 3. The SSI
was con�rmed by her complaint of localized pain,symptoms of fever, imaging test and laboratory.

Figure 2

The study �owchart


