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Enhanced recovery after spine surgery

see Enhanced recovery after cervical spine surgery.

The concept of Enhanced Recovery After Surgery (ERAS) entails recovery facilitation of patients who
undergo surgery through the implementation of a multidisciplinary and multimodal perioperative care
approach. By its application, ERAS improves the overall functional outcome after surgery while
maintaining high standards of care 1).

Despite significant data suggesting improved patient outcomes with the adoption of these pathways,
development and implementation has been limited in the neurosurgical population.

Still, ERAS remains relatively new to spine surgery.

Staartjes et al., reported their 5-year experience, focusing on ERAS application to a broad population
of patients with degenerative spine conditions undergoing elective surgical procedures, including
anterior lumbar interbody fusion (ALIF).

A multimodal ERAS protocol was applied between November 2013 and October 2018. The authors
analyze hospital stay, perioperative outcomes, readmissions, and adverse events obtained from a
prospective institutional registry. Elective tubular microdiscectomy and mini-open decompression as
well as minimally invasive (MI) anterior or posterior fusion cases were included. Their institutional
ERAS protocol contains 22 pre-, intra-, and postoperative elements, including preoperative patient
counseling, MI techniques, early mobilization and oral intake, minimal postoperative restrictions, and
regular audits.

A total of 2592 consecutive patients were included, with 199 (8%) undergoing fusion. The mean
hospital stay was 1.1 ± 1.2 days, with 20 (0.8%) 30-day and 36 (1.4%) 60-day readmissions. Ninety-
four percent of patients were discharged after a maximum 1-night hospital stay. Over the 5-year
period, a clear trend toward a higher proportion of patients discharged home after a 1-night stay was
observed (p < 0.001), with a concomitant decrease in adverse events in the overall cohort (p =
0.025) and without increase in readmissions. For fusion procedures, the rate of 1-night hospital stays
increased from 26% to 85% (p < 0.001). Similarly, the average length of hospital stay decreased
steadily from 2.4 ± 1.2 days to 1.5 ± 0.3 days (p < 0.001), with a notable concomitant decrease in
variance, resulting in an estimated reduction in nursing costs of 46.8%.
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Application of an ERAS protocol over 5 years to a diverse population of patients undergoing surgical
procedures, including ALIF, for treatment of degenerative spine conditions was safe and effective,
without increase in readmissions. The data from this large case series stress the importance of the
multidisciplinary, iterative improvement process to overcome the learning curve associated with ERAS
implementation, and the importance of a dedicated perioperative care team. Prospective trials are
needed to evaluate spinal ERAS on a higher level of evidence 2).

Unclassified

1: Soffin EM, Wetmore DS, Barber LA, Vaishnav AS, Beckman JD, Albert TJ, Gang CH, Qureshi SA. An
enhanced recovery after surgery pathway: association with rapid discharge and minimal
complications after anterior cervical spine surgery. Neurosurg Focus. 2019 Apr 1;46(4):E9. doi:
10.3171/2019.1.FOCUS18643. PubMed PMID: 30933926.

2: Soffin EM, Wetmore DS, Beckman JD, Sheha ED, Vaishnav AS, Albert TJ, Gang CH, Qureshi SA.
Opioid-free anesthesia within an enhanced recovery after surgery pathway for minimally invasive
lumbar spine surgery: a retrospective matched cohort study. Neurosurg Focus. 2019 Apr 1;46(4):E8.
doi: 10.3171/2019.1.FOCUS18645. PubMed PMID: 30933925.

3: Staartjes VE, de Wispelaere MP, Schröder ML. Improving recovery after elective degenerative spine
surgery: 5-year experience with an enhanced recovery after surgery (ERAS) protocol. Neurosurg
Focus. 2019 Apr 1;46(4):E7. doi: 10.3171/2019.1.FOCUS18646. PubMed PMID: 30933924.

4: Debono B, Corniola MV, Pietton R, Sabatier P, Hamel O, Tessitore E. Benefits of Enhanced Recovery
After Surgery for fusion in degenerative spine surgery: impact on outcome, length of stay, and patient
satisfaction. Neurosurg Focus. 2019 Apr 1;46(4):E6. doi: 10.3171/2019.1.FOCUS18669. PubMed PMID:
30933923.

5: Carr DA, Saigal R, Zhang F, Bransford RJ, Bellabarba C, Dagal A. Enhanced perioperative care and
decreased cost and length of stay after elective major spinal surgery. Neurosurg Focus. 2019 Apr
1;46(4):E5. doi: 10.3171/2019.1.FOCUS18630. PubMed PMID: 30933922.

6: Brusko GD, Kolcun JPG, Heger JA, Levi AD, Manzano GR, Madhavan K, Urakov T, Epstein RH, Wang
MY. Reductions in length of stay, narcotics use, and pain following implementation of an enhanced
recovery after surgery program for 1- to 3-level lumbar fusion surgery. Neurosurg Focus. 2019 Apr
1;46(4):E4. doi: 10.3171/2019.1.FOCUS18692. PubMed PMID: 30933921.

7: Elsarrag M, Soldozy S, Patel P, Norat P, Sokolowski JD, Park MS, Tvrdik P, Kalani MYS. Enhanced
recovery after spine surgery: a systematic review. Neurosurg Focus. 2019 Apr 1;46(4):E3. doi:
10.3171/2019.1.FOCUS18700. PubMed PMID: 30933920.

8: Martini ML, Nistal DA, Deutsch BC, Caridi JM. Characterizing the risk and outcome profiles of lumbar
fusion procedures in patients with opioid use disorders: a step toward improving enhanced recovery
protocols for a unique patient population. Neurosurg Focus. 2019 Apr 1;46(4):E12. doi:
10.3171/2019.1.FOCUS18652. PubMed PMID: 30933913.

9: Chakravarthy VB, Yokoi H, Coughlin DJ, Manlapaz MR, Krishnaney AA. Development and
implementation of a comprehensive spine surgery enhanced recovery after surgery protocol: the



2025/06/30 02:22 3/12 Enhanced recovery after spine surgery

Neurosurgery Wiki - https://neurosurgerywiki.com/wiki/

Cleveland Clinic experience. Neurosurg Focus. 2019 Apr 1;46(4):E11. doi:
10.3171/2019.1.FOCUS18696. PubMed PMID: 30933912.

10: Wang MY, Tessitore E, Berrington N, Dailey A. Introduction. Enhanced recovery after surgery
(ERAS) in spine. Neurosurg Focus. 2019 Apr 1;46(4):E1. doi: 10.3171/2019.1.FOCUS1957. PubMed
PMID: 30933910.

11: Burgess LC, Arundel J, Wainwright TW. The Effect of Preoperative Education on Psychological,
Clinical and Economic Outcomes in Elective Spinal Surgery: A Systematic Review. Healthcare (Basel).
2019 Mar 21;7(1). pii: E48. doi: 10.3390/healthcare7010048. Review. PubMed PMID: 30901875.

12: Kent ML, Hurley RW, Oderda GM, Gordon DB, Sun E, Mythen M, Miller TE, Shaw AD, Gan TJ,
Thacker JKM, McEvoy MD; POQI-4 Working Group. American Society for Enhanced Recovery and
Perioperative Quality Initiative-4 Joint Consensus Statement on Persistent Postoperative Opioid Use:
Definition, Incidence, Risk Factors, and Healthcare System Initiatives. Anesth Analg. 2019 Mar 14. doi:
10.1213/ANE.0000000000003941. [Epub ahead of print] PubMed PMID: 30897590.

13: Nagoshi N, Tsuji O, Okada E, Fujita N, Yagi M, Tsuji T, Nakamura M, Matsumoto M, Watanabe K.
Clinical indicators of surgical outcomes after cervical single open-door laminoplasty assessed by the
Japanese Orthopaedic Association Cervical Myelopathy Evaluation Questionnaire. Spinal Cord. 2019
Feb 21. doi: 10.1038/s41393-019-0258-4. [Epub ahead of print] PubMed PMID: 30792540.

14: Hui S, Tao L, Mahmood F, Xu D, Ren Z, Chen X, Sheng L, Zhuang Q, Li S, Huang Y. Tranexamic
Acid in Reducing Gross Hemorrhage and Transfusions of Spine Surgeries (TARGETS): study protocol
for a prospective, randomized, double-blind, non-inferiority trial. Trials. 2019 Feb 12;20(1):125. doi:
10.1186/s13063-019-3231-9. PubMed PMID: 30755256; PubMed Central PMCID: PMC6373130.

15: Li H, Zhang X, Qi X, Zhu X, Cheng L. Icariin Inhibits Endoplasmic Reticulum Stress-induced
Neuronal Apoptosis after Spinal Cord Injury through Modulating the PI3K/AKT Signaling Pathway. Int J
Biol Sci. 2019 Jan 1;15(2):277-286. doi: 10.7150/ijbs.30348. eCollection 2019. PubMed PMID:
30745820; PubMed Central PMCID: PMC6367543.

16: Ali ZS, Flanders TM, Ozturk AK, Malhotra NR, Leszinsky L, McShane BJ, Gardiner D, Rupich K, Chen
HI, Schuster J, Marcotte PJ, Kallan MJ, Grady MS, Fleisher LA, Welch WC. Enhanced recovery after
elective spinal and peripheral nerve surgery: pilot study from a single institution. J Neurosurg Spine.
2019 Jan 25:1-9. doi: 10.3171/2018.9.SPINE18681. [Epub ahead of print] PubMed PMID: 30684933.

17: Dagal A, Bellabarba C, Bransford R, Zhang F, Chesnut RM, O'Keefe GE, Wright DR, Dellit TH,
Painter I, Souter MJ. Enhanced Perioperative Care for Major Spine Surgery. Spine (Phila Pa 1976). 2018
Dec 19. doi: 10.1097/BRS.0000000000002968. [Epub ahead of print] PubMed PMID: 30601359.

18: Adogwa O, Lilly DT, Khalid S, Desai SA, Vuong VD, Davison MA, Ouyang B, Bagley CA, Cheng J.
Extended Length of Stay After Lumbar Spine Surgery: Sick Patients, Postoperative Complications, or
Practice Style Differences Among Hospitals and Physicians? World Neurosurg. 2019 Mar;123:e734-
e739. doi: 10.1016/j.wneu.2018.12.016. Epub 2018 Dec 19. PubMed PMID: 30579024.

19: Li H, Zhang X, Zhu X, Qi X, Lin K, Cheng L. The Effects of Icariin on Enhancing Motor Recovery
Through Attenuating Pro-inflammatory Factors and Oxidative Stress via Mitochondrial Apoptotic
Pathway in the Mice Model of Spinal Cord Injury. Front Physiol. 2018 Nov 16;9:1617. doi:
10.3389/fphys.2018.01617. eCollection 2018. PubMed PMID: 30505282; PubMed Central PMCID:
PMC6250845.

20: Li J, Li H, Xv ZK, Wang J, Yu QF, Chen G, Li FC, Ren Y, Chen QX. Enhanced recovery care versus



Last
update:
2024/06/07
02:54

enhanced_recovery_after_spine_surgery https://neurosurgerywiki.com/wiki/doku.php?id=enhanced_recovery_after_spine_surgery

https://neurosurgerywiki.com/wiki/ Printed on 2025/06/30 02:22

traditional care following laminoplasty: A retrospective case-cohort study. Medicine (Baltimore). 2018
Nov;97(48):e13195. doi: 10.1097/MD.0000000000013195. PubMed PMID: 30508899; PubMed Central
PMCID: PMC6283133.

21: Soffin EM, Vaishnav AS, Wetmore D, Barber L, Hill P, Gang CH, Beckman JD, Albert TJ, Qureshi SA.
Design and Implementation of an Enhanced Recovery After Surgery (ERAS) Program for Minimally
Invasive Lumbar Decompression Spine Surgery: Initial Experience. Spine (Phila Pa 1976). 2018 Oct 15.
doi: 10.1097/BRS.0000000000002905. [Epub ahead of print] PubMed PMID: 30325887.

22: Rosen DR, Wolfe RC, Damle A, Atallah C, Chapman WC Jr, Vetter JM, Mutch MG, Hunt SR, Glasgow
SC, Wise PE, Smith RK, Silviera ML. Thoracic Epidural Analgesia: Does It Enhance Recovery? Dis Colon
Rectum. 2018 Dec;61(12):1403-1409. doi: 10.1097/DCR.0000000000001226. PubMed PMID:
30308525; PubMed Central PMCID: PMC6219916.

23: Ning GZ, Song WY, Xu H, Zhu RS, Wu QL, Wu Y, Zhu SB, Li JQ, Wang M, Qu ZG, Feng SQ. Bone
marrow mesenchymal stem cells stimulated with low-intensity pulsed ultrasound: Better choice of
transplantation treatment for spinal cord injury: Treatment for SCI by LIPUS-BMSCs transplantation.
CNS Neurosci Ther. 2019 Apr;25(4):496-508. doi: 10.1111/cns.13071. Epub 2018 Oct 8. PubMed PMID:
30294904.

24: Deiss T, Chen LL, Sarin A, Naidu RK. Patient-reported outcomes 6 months after enhanced recovery
after colorectal surgery. Perioper Med (Lond). 2018 Aug 23;7:19. doi: 10.1186/s13741-018-0099-2.
eCollection 2018. PubMed PMID: 30159140; PubMed Central PMCID: PMC6106896.

25: Grasu RM, Cata JP, Dang AQ, Tatsui CE, Rhines LD, Hagan KB, Bhavsar S, Raty SR, Arunkumar R,
Potylchansky Y, Lipski I, Arnold BA, McHugh TM, Bird JE, Rodriguez-Restrepo A, Hernandez M, Popat
KU. Implementation of an Enhanced Recovery After Spine Surgery program at a large cancer center: a
preliminary analysis. J Neurosurg Spine. 2018 Nov 1;29(5):588-598. doi:
10.3171/2018.4.SPINE171317. PubMed PMID: 30117797.

26: Sudhakaran R, Makkar JK, Jain D, Wig J, Chabra R. Comparison of bispectral index and end-tidal
anaesthetic concentration monitoring on recovery profile of desflurane in patients undergoing lumbar
spine surgery. Indian J Anaesth. 2018 Jul;62(7):516-523. doi: 10.4103/ija.IJA_172_18. PubMed PMID:
30078854; PubMed Central PMCID: PMC6053885.

27: Ozawa H, Aizawa T, Tateda S, Hashimoto K, Kanno H, Ishizuka M. Spinal Cord Swelling After
Surgery in Cervical Spondylotic Myelopathy: Relationship With Intramedullary Gd-DTPA Enhancement
on MRI. Clin Spine Surg. 2018 Aug;31(7):E363-E367. doi: 10.1097/BSD.0000000000000664. PubMed
PMID: 29863595.

28: Adogwa O, Desai SA, Vuong VD, Lilly DT, Ouyang B, Davison M, Khalid S, Bagley CA, Cheng J.
Extended Length of Stay in Elderly Patients After Lumbar Decompression and Fusion Surgery May Not
Be Attributable to Baseline Illness Severity or Postoperative Complications. World Neurosurg. 2018
Aug;116:e996-e1001. doi: 10.1016/j.wneu.2018.05.148. Epub 2018 Jun 1. PubMed PMID: 29860014.

29: Adogwa O, Lilly DT, Vuong VD, Desai SA, Ouyang B, Khalid S, Khanna R, Bagley CA, Cheng J.
Extended Length of Stay in Elderly Patients after Anterior Cervical Discectomy and Fusion Is Not
Attributable to Baseline Illness Severity or Postoperative Complications. World Neurosurg. 2018
Jul;115:e552-e557. doi: 10.1016/j.wneu.2018.04.094. Epub 2018 Apr 22. PubMed PMID: 29689404.

30: Zhou C, Zhang G, Panchal RR, Ren X, Xiang H, Xuexiao M, Chen X, Tongtong G, Hong W, Dixson



2025/06/30 02:22 5/12 Enhanced recovery after spine surgery

Neurosurgery Wiki - https://neurosurgerywiki.com/wiki/

AD. Unique Complications of Percutaneous Endoscopic Lumbar Discectomy and Percutaneous
Endoscopic Interlaminar Discectomy. Pain Physician. 2018 Mar;21(2):E105-E112. PubMed PMID:
29565953.

31: Chidambaran V, Subramanyam R, Ding L, Sadhasivam S, Geisler K, Stubbeman B, Sturm P, Jain V,
Eckman MH. Cost-effectiveness of intravenous acetaminophen and ketorolac in adolescents
undergoing idiopathic scoliosis surgery. Paediatr Anaesth. 2018 Mar;28(3):237-248. doi:
10.1111/pan.13329. Epub 2018 Jan 29. PubMed PMID: 29377376; PubMed Central PMCID:
PMC6004284.

32: Dunn IF, Bi WL, Mukundan S, Delman BN, Parish J, Atkins T, Asher AL, Olson JJ. Congress of
Neurological Surgeons Systematic Review and Evidence-Based Guidelines on the Role of Imaging in
the Diagnosis and Management of Patients With Vestibular Schwannomas. Neurosurgery. 2018 Feb
1;82(2):E32-E34. doi: 10.1093/neuros/nyx510. PubMed PMID: 29309686.

33: Yuan B, Pan S, Zhang WW. Effects of gangliosides on expressions of caspase-3 and NGF in rats
with acute spinal cord injury. Eur Rev Med Pharmacol Sci. 2017 Dec;21(24):5843-5849. doi:
10.26355/eurrev_201712_14033. PubMed PMID: 29272022.

34: Ali ZS, Ma TS, Ozturk AK, Malhotra NR, Schuster JM, Marcotte PJ, Grady MS, Welch WC. Pre-
optimization of spinal surgery patients: Development of a neurosurgical enhanced recovery after
surgery (ERAS) protocol. Clin Neurol Neurosurg. 2018 Jan;164:142-153. doi:
10.1016/j.clineuro.2017.12.003. Epub 2017 Dec 8. Review. PubMed PMID: 29232645.

35: Shionoya Y, Sunada K, Shigeno K, Nakada A, Honda M, Nakamura T. Can nerve regeneration on an
artificial nerve conduit be enhanced by ethanol-induced cervical sympathetic ganglion block? PLoS
One. 2017 Dec 8;12(12):e0189297. doi: 10.1371/journal.pone.0189297. eCollection 2017. PubMed
PMID: 29220373; PubMed Central PMCID: PMC5722367.

36: Goganau I, Sandner B, Weidner N, Fouad K, Blesch A. Depolarization and electrical stimulation
enhance in vitro and in vivo sensory axon growth after spinal cord injury. Exp Neurol. 2018
Feb;300:247-258. doi: 10.1016/j.expneurol.2017.11.011. Epub 2017 Nov 26. PubMed PMID:
29183676; PubMed Central PMCID: PMC5752127.

37: Nagendran T, Larsen RS, Bigler RL, Frost SB, Philpot BD, Nudo RJ, Taylor AM. Distal axotomy
enhances retrograde presynaptic excitability onto injured pyramidal neurons via trans-synaptic
signaling. Nat Commun. 2017 Sep 20;8(1):625. doi: 10.1038/s41467-017-00652-y. PubMed PMID:
28931811; PubMed Central PMCID: PMC5607003.

38: Lamperti M, Tufegdzic B, Avitsian R. Management of complex spine surgery. Curr Opin
Anaesthesiol. 2017 Oct;30(5):551-556. doi: 10.1097/ACO.0000000000000494. Review. PubMed PMID:
28731875.

39: Zhang CH, Yan BS, Xu BS, Ma XL, Yang Q, Liu Y, Song GM, Hu RM, Li P. [Study on feasibility of
enhanced recovery after surgery combined with mobile microendoscopic discectomy-transforaminal
lumbar interbody fusion in the treatment of lumbar spondylolisthesis]. Zhonghua Yi Xue Za Zhi. 2017
Jun 20;97(23):1790-1795. doi: 10.3760/cma.j.issn.0376-2491.2017.23.007. Chinese. PubMed PMID:
28648000.

40: Hu MH, Yang KC, Chen YJ, Sun YH, Lin FH, Yang SH. Optimization of puncture injury to rat caudal
disc for mimicking early degeneration of intervertebral disc. J Orthop Res. 2018 Jan;36(1):202-211.
doi: 10.1002/jor.23628. Epub 2017 Jul 9. PubMed PMID: 28594131.



Last
update:
2024/06/07
02:54

enhanced_recovery_after_spine_surgery https://neurosurgerywiki.com/wiki/doku.php?id=enhanced_recovery_after_spine_surgery

https://neurosurgerywiki.com/wiki/ Printed on 2025/06/30 02:22

41: Liu P, Zhang Z, Wang Q, Guo R, Mei W. Lithium Chloride Facilitates Autophagy Following Spinal
Cord Injury via ERK-dependent Pathway. Neurotox Res. 2017 Nov;32(4):535-543. doi:
10.1007/s12640-017-9758-1. Epub 2017 Jun 8. PubMed PMID: 28593525.

42: Jurt J, Slieker J, Frauche P, Addor V, Solà J, Demartines N, Hübner M. Enhanced Recovery After
Surgery: Can We Rely on the Key Factors or Do We Need the Bel Ensemble? World J Surg. 2017
Oct;41(10):2464-2470. doi: 10.1007/s00268-017-4054-z. PubMed PMID: 28492998.

43: Peng C, Li C, Qu J, Wu D. Gabapentin can decrease acute pain and morphine consumption in
spinal surgery patients: A meta-analysis of randomized controlled trials. Medicine (Baltimore). 2017
Apr;96(15):e6463. doi: 10.1097/MD.0000000000006463. PubMed PMID: 28403075; PubMed Central
PMCID: PMC5403072.

44: Eto K, Kondo I, Kosuge M, Ohkuma M, Haruki K, Neki K, Sugano H, Hashizume R, Yanaga K.
Enhanced Recovery After Surgery Programs for Laparoscopic Colorectal Resection May Not Need
Thoracic Epidural Analgesia. Anticancer Res. 2017 Mar;37(3):1359-1364. PubMed PMID: 28314303.

45: Liu H, Lv P, Zhu Y, Wu H, Zhang K, Xu F, Zheng L, Zhao J. Salidroside promotes peripheral nerve
regeneration based on tissue engineering strategy using Schwann cells and PLGA: in vitro and in vivo.
Sci Rep. 2017 Jan 5;7:39869. doi: 10.1038/srep39869. PubMed PMID: 28054637; PubMed Central
PMCID: PMC5213129.

46: Soliman M, Taunk NK, Simons RE, Osborne JR, Kim MM, Szerlip NJ, Spratt DE. Anatomic and
functional imaging in the diagnosis of spine metastases and response assessment after spine
radiosurgery. Neurosurg Focus. 2017 Jan;42(1):E5. doi: 10.3171/2016.9.FOCUS16350. Review.
PubMed PMID: 28041315.

47: Development of an Enhanced Recovery After Surgery (ERAS) approach for lumbar spinal fusion. J
Neurosurg Spine. 2017 Apr;26(4):411-418. doi: 10.3171/2016.9.SPINE16375. Epub 2016 Dec 23.
PubMed PMID: 28009223.

48: Ulndreaj A, Tzekou A, Mothe AJ, Siddiqui AM, Dragas R, Tator CH, Torlakovic EE, Fehlings MG.
Characterization of the Antibody Response after Cervical Spinal Cord Injury. J Neurotrauma. 2017 Mar
15;34(6):1209-1226. doi: 10.1089/neu.2016.4498. Epub 2016 Dec 21. PubMed PMID: 27775474;
PubMed Central PMCID: PMC5359645.

49: Zhao Y, Zuo Y, Jiang J, Yan H, Wang X, Huo H, Xiao Y. Neural stem cell transplantation combined
with erythropoietin for the treatment of spinal cord injury in rats. Exp Ther Med. 2016
Oct;12(4):2688-2694. Epub 2016 Sep 6. PubMed PMID: 27698773; PubMed Central PMCID:
PMC5038521.

50: Kim TH, Ha Y, Shin JJ, Cho YE, Lee JH, Cho WH. Signal intensity ratio on magnetic resonance
imaging as a prognostic factor in patients with cervical compressive myelopathy. Medicine
(Baltimore). 2016 Sep;95(39):e4649. doi: 10.1097/MD.0000000000004649. PubMed PMID: 27684796;
PubMed Central PMCID: PMC5265889.

51: Wu JH, Li M, Liang Y, Lu T, Duan CY. Migration of Adipose-derived Mesenchymal Stem Cells Stably
Expressing Chondroitinase ABC In vitro. Chin Med J (Engl). 2016 Jul 5;129(13):1592-9. doi:
10.4103/0366-6999.184464. PubMed PMID: 27364797; PubMed Central PMCID: PMC4931267.

52: Sandhu MS, Ross HH, Lee KZ, Ormerod BK, Reier PJ, Fuller DD. Intraspinal transplantation of



2025/06/30 02:22 7/12 Enhanced recovery after spine surgery

Neurosurgery Wiki - https://neurosurgerywiki.com/wiki/

subventricular zone-derived neural progenitor cells improves phrenic motor output after high cervical
spinal cord injury. Exp Neurol. 2017 Jan;287(Pt 2):205-215. doi: 10.1016/j.expneurol.2016.06.007.
Epub 2016 Jun 11. PubMed PMID: 27302679; PubMed Central PMCID: PMC6154390.

53: Madhavan K, Chieng LO, Foong H, Wang MY. Surgical outcomes of elderly patients with cervical
spondylotic myelopathy: a meta-analysis of studies reporting on 2868 patients. Neurosurg Focus.
2016 Jun;40(6):E13. doi: 10.3171/2016.3.FOCUS1657. PubMed PMID: 27246483.

54: Yang H, Yuan C, Wu C, Qian J, Shi Q, Li X, Zhu X, Zou J. The role of TGF-β1/Smad2/3 pathway in
platelet-rich plasma in retarding intervertebral disc degeneration. J Cell Mol Med. 2016
Aug;20(8):1542-9. doi: 10.1111/jcmm.12847. Epub 2016 Apr 6. PubMed PMID: 27061332; PubMed
Central PMCID: PMC4956937.

55: Wainwright TW, Immins T, Middleton RG. Enhanced recovery after surgery (ERAS) and its
applicability for major spine surgery. Best Pract Res Clin Anaesthesiol. 2016 Mar;30(1):91-102. doi:
10.1016/j.bpa.2015.11.001. Epub 2015 Nov 23. Review. PubMed PMID: 27036606.

56: Garin C, Boutrand S. Natural hydroxyapatite as a bone graft extender for posterolateral spine
arthrodesis. Int Orthop. 2016 Sep;40(9):1875-82. doi: 10.1007/s00264-016-3140-4. Epub 2016 Mar
10. PubMed PMID: 26961192.

57: Deng L, Ruan Y, Chen C, Frye CC, Xiong W, Jin X, Jones K, Sengelaub D, Xu XM. Characterization of
dendritic morphology and neurotransmitter phenotype of thoracic descending propriospinal neurons
after complete spinal cord transection and GDNF treatment. Exp Neurol. 2016 Mar;277:103-114. doi:
10.1016/j.expneurol.2015.12.018. Epub 2015 Dec 28. PubMed PMID: 26730519; PubMed Central
PMCID: PMC4761305.

58: Duan H, Ge W, Zhang A, Xi Y, Chen Z, Luo D, Cheng Y, Fan KS, Horvath S, Sofroniew MV, Cheng L,
Yang Z, Sun YE, Li X. Transcriptome analyses reveal molecular mechanisms underlying functional
recovery after spinal cord injury. Proc Natl Acad Sci U S A. 2015 Oct 27;112(43):13360-5. doi:
10.1073/pnas.1510176112. Epub 2015 Oct 12. PubMed PMID: 26460053; PubMed Central PMCID:
PMC4629389.

59: Xu N, Wei F, Liu X, Jiang L, Cai H, Li Z, Yu M, Wu F, Liu Z. Reconstruction of the Upper Cervical
Spine Using a Personalized 3D-Printed Vertebral Body in an Adolescent With Ewing Sarcoma. Spine
(Phila Pa 1976). 2016 Jan;41(1):E50-4. doi: 10.1097/BRS.0000000000001179. PubMed PMID:
26335676.

60: van Rappard JR, Tolenaar JL, Smits AB, Go PM. Spinal epidural abscess and meningitis following
short-term epidural catheterisation for postoperative analgaesia. BMJ Case Rep. 2015 Aug 20;2015.
pii: bcr2015210867. doi: 10.1136/bcr-2015-210867. PubMed PMID: 26294360; PubMed Central PMCID:
PMC4550940.

61: Wang Y, Gao Z, Zhang Y, Feng SQ, Liu Y, Shields LBE, Zhao YZ, Zhu Q, Gozal D, Shields CB, Cai J.
Attenuated Reactive Gliosis and Enhanced Functional Recovery Following Spinal Cord Injury in Null
Mutant Mice of Platelet-Activating Factor Receptor. Mol Neurobiol. 2016 Jul;53(5):3448-3461. doi:
10.1007/s12035-015-9263-6. Epub 2015 Jun 18. PubMed PMID: 26084439.

62: Grover HJ, Thornton R, Lutchman LN, Blake JC. Using Transcranial Magnetic Stimulation to
Evaluate the Motor Pathways After an Intraoperative Spinal Cord Injury and to Predict the Recovery of
Intraoperative Transcranial Electrical Motor Evoked Potentials: A Case Report. J Clin Neurophysiol.
2016 Jun;33(3):e8-e11. doi: 10.1097/WNP.0000000000000200. PubMed PMID: 26061481.



Last
update:
2024/06/07
02:54

enhanced_recovery_after_spine_surgery https://neurosurgerywiki.com/wiki/doku.php?id=enhanced_recovery_after_spine_surgery

https://neurosurgerywiki.com/wiki/ Printed on 2025/06/30 02:22

63: Feng X, Yuan W. Dexamethasone enhanced functional recovery after sciatic nerve crush injury in
rats. Biomed Res Int. 2015;2015:627923. doi: 10.1155/2015/627923. Epub 2015 Mar 9. PubMed PMID:
25839037; PubMed Central PMCID: PMC4369935.

64: Gautam A, Kaul SC, Thakur MK. Alcoholic Extract of Ashwagandha Leaves Protects Against
Amnesia by Regulation of Arc Function. Mol Neurobiol. 2016 Apr;53(3):1760-1769. doi:
10.1007/s12035-015-9117-2. Epub 2015 Mar 7. PubMed PMID: 25744565.

65: Wang Y, Li J, Kong P, Zhao S, Yang H, Chen C, Yan J. Enhanced expression of neurotrophic factors
in the injured spinal cord through vaccination with myelin basic protein-derived peptide pulsed
dendritic cells. Spine (Phila Pa 1976). 2015 Jan 15;40(2):95-101. doi:
10.1097/BRS.0000000000000694. PubMed PMID: 25569526.

66: Walker CL, Wang X, Bullis C, Liu NK, Lu Q, Fry C, Deng L, Xu XM. Biphasic bisperoxovanadium
administration and Schwann cell transplantation for repair after cervical contusive spinal cord injury.
Exp Neurol. 2015 Feb;264:163-72. doi: 10.1016/j.expneurol.2014.12.002. Epub 2014 Dec 12. PubMed
PMID: 25510318; PubMed Central PMCID: PMC4324167.

67: Visser J, Verra WC, Kuijlen JM, Horsting PP, Journée HL. Recovery of TES-MEPs during surgical
decompression of the spine: a case series of eight patients. J Clin Neurophysiol. 2014
Dec;31(6):568-74. doi: 10.1097/WNP.0000000000000099. PubMed PMID: 25462144.

68: Böcker W, El Khassawna T, Bauer N, Brodsky K, Weisweiler D, Govindarajan P, Schlewitz G,
Kampschulte M, Dürselen L, Thormann U, Szalay G, Schnettler R, Langheinrich AC, Heiss C. Short-term
glucocorticoid treatment causes spinal osteoporosis in ovariectomized rats. Eur Spine J. 2014
Nov;23(11):2437-48. doi: 10.1007/s00586-014-3463-z. Epub 2014 Jul 31. PubMed PMID: 25077942.

69: Deng WP, Yang CC, Yang LY, Chen CW, Chen WH, Yang CB, Chen YH, Lai WF, Renshaw PF.
Extracellular matrix-regulated neural differentiation of human multipotent marrow progenitor cells
enhances functional recovery after spinal cord injury. Spine J. 2014 Oct 1;14(10):2488-99. doi:
10.1016/j.spinee.2014.04.024. Epub 2014 Apr 30. PubMed PMID: 24792783; PubMed Central PMCID:
PMC4692164.

70: Shiban E, Janssen I, Wostrack M, Krieg SM, Horanin M, Stoffel M, Meyer B, Ringel F.
Spondylodiscitis by drug-multiresistant bacteria: a single-center experience of 25 cases. Spine J. 2014
Dec 1;14(12):2826-34. doi: 10.1016/j.spinee.2014.03.048. Epub 2014 Apr 4. PubMed PMID: 24704675.

71: el Barzouhi A, Vleggeert-Lankamp CL, Lycklama à Nijeholt GJ, Van der Kallen BF, van den Hout
WB, Koes BW, Peul WC; Leiden–The Hague Spine Intervention Prognostic Study Group. Reliability of
gadolinium-enhanced magnetic resonance imaging findings and their correlation with clinical outcome
in patients with sciatica. Spine J. 2014 Nov 1;14(11):2598-607. doi: 10.1016/j.spinee.2014.02.028.
Epub 2014 Feb 21. PubMed PMID: 24561397.

72: Aw D, Sahota O. Orthogeriatrics moving forward. Age Ageing. 2014 May;43(3):301-5. doi:
10.1093/ageing/afu011. Epub 2014 Feb 20. Review. PubMed PMID: 24556016.

73: Lee KZ, Huang YJ, Tsai IL. Respiratory motor outputs following unilateral midcervical spinal cord
injury in the adult rat. J Appl Physiol (1985). 2014 Feb 15;116(4):395-405. doi:
10.1152/japplphysiol.01001.2013. Epub 2013 Nov 27. PubMed PMID: 24285148.

74: Wilson JR, Davis AM, Kulkarni AV, Kiss A, Frankowski RF, Grossman RG, Fehlings MG. Defining age-



2025/06/30 02:22 9/12 Enhanced recovery after spine surgery

Neurosurgery Wiki - https://neurosurgerywiki.com/wiki/

related differences in outcome after traumatic spinal cord injury: analysis of a combined, multicenter
dataset. Spine J. 2014 Jul 1;14(7):1192-8. doi: 10.1016/j.spinee.2013.08.005. Epub 2013 Nov 7.
PubMed PMID: 24210580.

75: Tan Y, Uchida K, Nakajima H, Guerrero AR, Watanabe S, Hirai T, Takeura N, Liu SY, Johnson WE,
Baba H. Blockade of interleukin 6 signaling improves the survival rate of transplanted bone marrow
stromal cells and increases locomotor function in mice with spinal cord injury. J Neuropathol Exp
Neurol. 2013 Oct;72(10):980-93. doi: 10.1097/NEN.0b013e3182a79de9. PubMed PMID: 24042200.

76: Choi YS, Chung YS, Sim KB. Subacute course of common iliac arterial laceration in lumbar disc
surgery. J Korean Med Sci. 2013 Jan;28(1):167-9. doi: 10.3346/jkms.2013.28.1.167. Epub 2013 Jan 8.
PubMed PMID: 23341730; PubMed Central PMCID: PMC3546099.

77: Hu JZ, Huang JH, Xiao ZM, Li JH, Li XM, Lu HB. Tetramethylpyrazine accelerates the function
recovery of traumatic spinal cord in rat model by attenuating inflammation. J Neurol Sci. 2013 Jan
15;324(1-2):94-9. doi: 10.1016/j.jns.2012.10.009. Epub 2012 Nov 7. PubMed PMID: 23140983.

78: Benz K, Stippich C, Fischer L, Möhl K, Weber K, Lang J, Steffen F, Beintner B, Gaissmaier C,
Mollenhauer JA. Intervertebral disc cell- and hydrogel-supported and spontaneous intervertebral disc
repair in nucleotomized sheep. Eur Spine J. 2012 Sep;21(9):1758-68. Epub 2012 Jul 29. PubMed PMID:
22842955; PubMed Central PMCID: PMC3459128.

79: Khaing ZZ, Geissler SA, Jiang S, Milman BD, Aguilar SV, Schmidt CE, Schallert T. Assessing
forelimb function after unilateral cervical spinal cord injury: novel forelimb tasks predict lesion
severity and recovery. J Neurotrauma. 2012 Feb 10;29(3):488-98. doi: 10.1089/neu.2011.2106. Epub
2012 Jan 16. PubMed PMID: 22022897.

80: Katonis P, Souvatzis X, Tsavalas N, Alpantaki K. Reversal of tetraplegia in a patient with
haematogenous cervical epidural abscess. Acta Orthop Belg. 2011 Aug;77(4):543-7. PubMed PMID:
21954768.

81: Wongyingsinn M, Baldini G, Charlebois P, Liberman S, Stein B, Carli F. Intravenous lidocaine versus
thoracic epidural analgesia: a randomized controlled trial in patients undergoing laparoscopic
colorectal surgery using an enhanced recovery program. Reg Anesth Pain Med. 2011 May-
Jun;36(3):241-8. doi: 10.1097/AAP.0b013e31820d4362. PubMed PMID: 21519309.

82: Sharp KG, Flanagan LA, Yee KM, Steward O. A re-assessment of a combinatorial treatment
involving Schwann cell transplants and elevation of cyclic AMP on recovery of motor function following
thoracic spinal cord injury in rats. Exp Neurol. 2012 Feb;233(2):625-44. doi:
10.1016/j.expneurol.2010.12.020. Epub 2010 Dec 30. PubMed PMID: 21195070.

83: Kim SB, Jang JS, Lee SH. Surgical treatment of benign fibrous histiocytoma as a form of intraspinal
extradural tumor at lumbar spine. Asian Spine J. 2010 Dec;4(2):132-5. doi: 10.4184/asj.2010.4.2.132.
Epub 2010 Nov 24. PubMed PMID: 21165318; PubMed Central PMCID: PMC2996626.

84: Kajana S, Goshgarian HG. Systemic administration of rolipram increases medullary and spinal
cAMP and activates a latent respiratory motor pathway after high cervical spinal cord injury. J Spinal
Cord Med. 2009;32(2):175-82. PubMed PMID: 19569465; PubMed Central PMCID: PMC2678289.

85: Sakai Y, Matsuyama Y, Katayama Y, Imagama S, Ito Z, Wakao N, Kanemura T, Yoshida G, Sato K,
Ando T, Nakamura H, Kato F, Yukawa Y, Ito K, Ishiguro N. Spinal myxopapillary ependymoma:
neurological deterioration in patients treated with surgery. Spine (Phila Pa 1976). 2009 Jul
1;34(15):1619-24. doi: 10.1097/BRS.0b013e3181a983d8. PubMed PMID: 19564773.



Last
update:
2024/06/07
02:54

enhanced_recovery_after_spine_surgery https://neurosurgerywiki.com/wiki/doku.php?id=enhanced_recovery_after_spine_surgery

https://neurosurgerywiki.com/wiki/ Printed on 2025/06/30 02:22

86: Feng SQ, Kong XH, Liu Y, Ban DX, Ning GZ, Chen JT, Guo SF, Wang P. Regeneration of spinal cord
with cell and gene therapy. Orthop Surg. 2009 May;1(2):153-63. doi:
10.1111/j.1757-7861.2009.00018.x. PubMed PMID: 22009833.

87: Bo W, Longyi C, Jian T, Guangfu H, Hailong F, Weidong L, Haibin T. A pyogenic discitis at c3-c4
with associated ventral epidural abscess involving c1-c4 after intradiscal oxygen-ozone
chemonucleolysis: a case report. Spine (Phila Pa 1976). 2009 Apr 15;34(8):E298-304. doi:
10.1097/BRS.0b013e318195a87e. PubMed PMID: 19365239.

88: Sasaki H, Ishikawa M, Tanaka N, Nakanishi K, Kamei N, Asahara T, Ochi M. Administration of
human peripheral blood-derived CD133+ cells accelerates functional recovery in a rat spinal cord
injury model. Spine (Phila Pa 1976). 2009 Feb 1;34(3):249-54. doi: 10.1097/BRS.0b013e3181913cde.
PubMed PMID: 19148043.

89: O'Loughlin PF, Cunningham ME, Bukata SV, Tomin E, Poynton AR, Doty SB, Sama AA, Lane JM.
Parathyroid hormone (1-34) augments spinal fusion, fusion mass volume, and fusion mass quality in a
rabbit spinal fusion model. Spine (Phila Pa 1976). 2009 Jan 15;34(2):121-30. doi:
10.1097/BRS.0b013e318191e687. PubMed PMID: 19112335.

90: Seki T, Fehlings MG. Mechanistic insights into posttraumatic syringomyelia based on a novel in
vivo animal model. Laboratory investigation. J Neurosurg Spine. 2008 Apr;8(4):365-75. doi:
10.3171/SPI/2008/8/4/365. PubMed PMID: 18377322.

91: Akhaddar A, Albouzidi A, Elmostarchid B, Gazzaz M, Boucetta M. Sudden onset of paraplegia
caused by hemorrhagic spinal epidural angiolipoma. A case report. Eur Spine J. 2008 Sep;17 Suppl
2:S296-8. doi: 10.1007/s00586-008-0591-3. Epub 2008 Jan 29. PubMed PMID: 18228054; PubMed
Central PMCID: PMC2525899.

92: Ben-Galim P, Ben-Galim T, Rand N, Haim A, Hipp J, Dekel S, Floman Y. Hip-spine syndrome: the
effect of total hip replacement surgery on low back pain in severe osteoarthritis of the hip. Spine
(Phila Pa 1976). 2007 Sep 1;32(19):2099-102. PubMed PMID: 17762811.

93: Ditor DS, John SM, Roy J, Marx JC, Kittmer C, Weaver LC. Effects of polyethylene glycol and
magnesium sulfate administration on clinically relevant neurological outcomes after spinal cord injury
in the rat. J Neurosci Res. 2007 May 15;85(7):1458-67. PubMed PMID: 17410603.

94: Dasari VR, Spomar DG, Gondi CS, Sloffer CA, Saving KL, Gujrati M, Rao JS, Dinh DH. Axonal
remyelination by cord blood stem cells after spinal cord injury. J Neurotrauma. 2007
Feb;24(2):391-410. PubMed PMID: 17376002; PubMed Central PMCID: PMC1859845.

95: Shah RV, Smith HK, Chung J, Hegazi A, Racz GB. Cervical spinal cord neoplasm in a patient with an
implanted cervical spinal cord stimulator: the controversial role of magnetic resonance imaging. Pain
Physician. 2004 Apr;7(2):273-8. PubMed PMID: 16868604.

96: Meyers SP, Khademian ZP, Biegel JA, Chuang SH, Korones DN, Zimmerman RA. Primary
intracranial atypical teratoid/rhabdoid tumors of infancy and childhood: MRI features and patient
outcomes. AJNR Am J Neuroradiol. 2006 May;27(5):962-71. PubMed PMID: 16687525.

97: Deumens R, Koopmans GC, Honig WM, Hamers FP, Maquet V, Jérôme R, Steinbusch HW, Joosten
EA. Olfactory ensheathing cells, olfactory nerve fibroblasts and biomatrices to promote long-distance
axon regrowth and functional recovery in the dorsally hemisected adult rat spinal cord. Exp Neurol.



2025/06/30 02:22 11/12 Enhanced recovery after spine surgery

Neurosurgery Wiki - https://neurosurgerywiki.com/wiki/

2006 Jul;200(1):89-103. Epub 2006 Mar 9. PubMed PMID: 16527274.

98: Ohta S, Iwashita Y, Takada H, Kuno S, Nakamura T. Neuroprotection and enhanced recovery with
edaravone after acute spinal cord injury in rats. Spine (Phila Pa 1976). 2005 May 15;30(10):1154-8.
PubMed PMID: 15897829.

99: Chen LH, Niu CC, Fu TS, Lai PL, Wong CB, Chen WJ. Posterior decompression and stabilization for
metastatic spine diseases. Chang Gung Med J. 2004 Dec;27(12):903-10. PubMed PMID: 15754780.

100: Aizawa T, Sato T, Tanaka Y, Kokubun S. Signal intensity changes on MRI during the healing
process of spinal Langerhans cell granulomatosis: report of two cases. J Spinal Disord Tech. 2005
Feb;18(1):98-101. PubMed PMID: 15687860.

101: Bae H, Nantwi KD, Goshgarian HG. Recovery of respiratory function following C2 hemi and
carotid body denervation in adult rats: influence of peripheral adenosine receptors. Exp Neurol. 2005
Jan;191(1):94-103. PubMed PMID: 15589516.

102: Omae T, Takahashi M, Sasajima T, Sugawara T, Kinouchi H, Higashiyama N, Mizoi K.
[Supratentorial primitive neuroectodermal tumor: report of a surgical case]. No Shinkei Geka. 2004
Jun;32(6):619-25. Japanese. PubMed PMID: 15352632.

103: Ozawa H, Matsumoto T, Ohashi T, Sato M, Kokubun S. Mechanical properties and function of the
spinal pia mater. J Neurosurg Spine. 2004 Jul;1(1):122-7. PubMed PMID: 15291032.

104: Sugimori K, Kawaguchi Y, Morita M, Kitajima I, Kimura T. High-sensitivity analysis of serum C-
reactive protein in young patients with lumbar disc herniation. J Bone Joint Surg Br. 2003
Nov;85(8):1151-4. PubMed PMID: 14653598.

105: Tomes DJ, Agrawal SK. Role of Na(+)-Ca(2+) exchanger after traumatic or hypoxic/ischemic
injury to spinal cord white matter. Spine J. 2002 Jan-Feb;2(1):35-40. PubMed PMID: 14588286.

106: Hamasaki T, Noda M, Kamei N, Yamamoto S, Ochi M, Yasunaga Y. Intradural extramedullary
mass formation in spinal cord sarcoidosis: case report and literature review. Spine (Phila Pa 1976).
2003 Oct 15;28(20):E420-3. Review. PubMed PMID: 14560097.

107: Nour SG, Aschoff AJ, Mitchell IC, Emancipator SN, Duerk JL, Lewin JS. MR imaging-guided radio-
frequency thermal ablation of the lumbar vertebrae in porcine models. Radiology. 2002
Aug;224(2):452-62. PubMed PMID: 12147842.

108: Teng YD, Lavik EB, Qu X, Park KI, Ourednik J, Zurakowski D, Langer R, Snyder EY. Functional
recovery following traumatic spinal cord injury mediated by a unique polymer scaffold seeded with
neural stem cells. Proc Natl Acad Sci U S A. 2002 Mar 5;99(5):3024-9. Epub 2002 Feb 26. PubMed
PMID: 11867737; PubMed Central PMCID: PMC122466.

109: Boerger TO, Limb D, Dickson RA. Does 'canal clearance' affect neurological outcome after
thoracolumbar burst fractures? J Bone Joint Surg Br. 2000 Jul;82(5):629-35. Review. PubMed PMID:
10963155.

110: Rabchevsky AG, Fugaccia I, Turner AF, Blades DA, Mattson MP, Scheff SW. Basic fibroblast
growth factor (bFGF) enhances functional recovery following severe spinal cord injury to the rat. Exp
Neurol. 2000 Aug;164(2):280-91. PubMed PMID: 10915567.

111: Rompe JD, Hopf CG, Eysel P. Outcome after palliative posterior surgery for metastatic disease of



Last
update:
2024/06/07
02:54

enhanced_recovery_after_spine_surgery https://neurosurgerywiki.com/wiki/doku.php?id=enhanced_recovery_after_spine_surgery

https://neurosurgerywiki.com/wiki/ Printed on 2025/06/30 02:22

the spine–evaluation of 106 consecutive patients after decompression and stabilisation with the
Cotrel-Dubousset instrumentation. Arch Orthop Trauma Surg. 1999;119(7-8):394-400. PubMed PMID:
10613227.

112: Martins JW, de Figueiredo Neto N. [Endoscopic surgery for thoracic spine. Critical review]. Arq
Neuropsiquiatr. 1999 Jun;57(2B):520-7. Review. Portuguese. PubMed PMID: 10450364.

113: Saul TG, Carol M, Ducker TB. Immediate mini-myelography in acute cervical cord injuries. Am
Surg. 1982 Sep;48(9):463-8. PubMed PMID: 7125380.

1)

Corniola MV, Debono B, Joswig H, Lemée JM, Tessitore E. Enhanced recovery after spine surgery:
review of the literature. Neurosurg Focus. 2019 Apr 1;46(4):E2. doi: 10.3171/2019.1.FOCUS18657.
PubMed PMID: 31018257.
2)

Staartjes VE, de Wispelaere MP, Schröder ML. Improving recovery after elective degenerative spine
surgery: 5-year experience with an enhanced recovery after surgery (ERAS) protocol. Neurosurg
Focus. 2019 Apr 1;46(4):E7. doi: 10.3171/2019.1.FOCUS18646. PubMed PMID: 30933924.

From:
https://neurosurgerywiki.com/wiki/ - Neurosurgery Wiki

Permanent link:
https://neurosurgerywiki.com/wiki/doku.php?id=enhanced_recovery_after_spine_surgery

Last update: 2024/06/07 02:54

https://neurosurgerywiki.com/wiki/
https://neurosurgerywiki.com/wiki/doku.php?id=enhanced_recovery_after_spine_surgery

	Enhanced recovery after spine surgery
	Unclassified


