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Title: Efficacy of Novel Human Placental Extracellular Matrix Allografts in Spinal Surgery to Reduce Surgical Site Infections: A Retrospective Cohort Study

ABSTRACT
Background: Post-operative surgical site infections (SSIs) may cause poor outcomes after spinal surgery. Intraoperative use of placental allograft may reduce SSI risk. 
Objective: To determine whether human placental allograft reduces SSI risk following spinal surgery.
Methods: A retrospective cohort study in 438 patients who underwent spinal surgery with or without intraoperative placental allografts (BioECM®, Skye Biologics) between January 2017 and March 2018 at JFK Medical Center (Atlantis, Florida). Flowable and sheet allografts were used at the surgeon’s discretion in various spinal procedures, which were primarily fusions and laminectomies. Sociodemographic, behavioral, medical history, and surgical and follow-up data, including SSI, were abstracted from medical records. Bivariate differences between allograft and non-allograft patients were assessed by Chi-square and t-tests for categorical and continuous variables, respectively. Unadjusted logistic regression models estimated odds ratios and 95% confidence intervals (95%CI) for SSI. 
[bookmark: _Hlk7533964]Results: In total, 393 patients (213 males, 180 females) had complete data; 206 (52%) patients received an allograft and 187 (48%) did not. Seven allograft patients developed an SSI compared to 22 non-allograft patients (3.4% vs. 11.8%, p=.0015). Allograft patients were more often non-white, undergoing posterior laminectomy, and had prior spinal surgery, comorbidities, and steroid or NSAID use than non-allograft patients (p-values<.05), but shorter hospital stays (2.7 vs 3.5 days, p<.0001). Non-allograft patients had 3.8-fold (95%CI: 1.6, 9.1) higher odds of an SSI within 1 month than allograft patients.
Conclusions:  Adjunctive use of BioECM placental allografts reduces frequency of SSIs by 71%, and duration of hospitalization is significantly shorter after spinal surgery, compared to surgery alone.

Running Title: Placental Allograft to Reduce SSI in Spine Surgery
Keywords: amniotic membrane, extracellular matrix, placental allograft spine surgery, surgical site infection
INTRODUCTION
Surgical site infections (SSIs) directly related to spinal surgery range from less than one percent to 18.8% according to published studies.1-3 Caused by common bacteria, e.g., Staphylococcus aureus, SSI risk varies by existing co-morbidities, the complexity of procedures, and adherence to prophylactic protocols.1-3 SSIs can lead to poor outcomes including rehospitalization and increased or persistent pain.1-3 Factors other than SSIs lead to poor outcomes following spinal surgery including scar tissue formation, seroma occurrence, and failed fusion or instrumentation.3 The average economic burden of an SSI is estimated to double cost of care from additional hospitalization.4 Surgical complications close to the spine/spinal cord can have more severe consequences than other surgical sites. Identifying a method to minimize risk of SSIs and resulting complications in spinal surgery is critical.
Human placental tissue has been used for decades to promote tissue repair in surgical and non-surgical applications.5 Placental tissue contains beneficial biological factors and its extracellular matrix (ECM) is structurally suitable to modulate inflammation, reduce infection risk, and support proper tissue repair with reduced scar tissue.6-8 While there are several commercially available placental grafts, differences in processing and preservation result in a range of quality and efficacy.9 One line of placental grafts (BioECM®, Skye Biologics Holdings, LLC, El Segundo, CA) preserved with an innovative proprietary process has been independently validated to retain high levels of growth factors and structural proteins that assist the body’s ability to repair tissue.10 Published studies with these grafts have shown success in orthopedic and wound applications.11,12 Clinical use of other placental allografts have treated burns, chronic wounds, and ulcers,5,13-17 and support gynecological, ophthalmic, urological, orthopedic, and neurological surgeries.18-24 Placental allografts may benefit spinal surgery where improvements can be critical, but few studies have been published.23-28
The purpose of this study was to determine whether less SSIs were observed among patients who received BioECM placental allografts with current standard of care spinal surgery as compared to patients who received surgery alone. Furthermore, the study aimed to determine if hospital stay duration and incidence of 30-day hospital readmission were affected and provide additional data on placental allografts in common surgical spine procedures.


METHODS
A retrospective cohort study was conducted with patients undergoing spinal surgery between January 1, 2017 and March 1, 2018 at JFK Medical Center (Atlantis, FL). Ethical approval was obtained from the Western Institutional Review Board with a waiver for consent. The project was funded by Skye Biologics Holdings, LLC. Participants (n=438) were retrospectively identified from all procedures performed within the study period. Data was abstracted from electronic medical records and reviewed for erroneous data; clarification was sought from surgeons where possible. An independent biostatistician not affiliated with the research institution or sponsor conducted statistical analysis; sponsor provided additional statistical support to verify findings. 

Inclusion and Exclusion Criteria
All participants with complete data and aged 18 to 89 years old were included, and presented with at least one of the following conditions: primary or secondary diagnosis of disk herniation, anterior-cervical pseudarthrosis, nerve root lesion, radiculopathy, spinal stenosis, spondylosis, myelopathy, neck pain, scoliosis, spondylolisthesis, lumbar instability, neuralgia, neuritis, lower back pain, sacroiliitis, joint pain or dysfunction, or lower extremity pain. Participants that were pregnant, had a severe mental disorder or reduced cognitive function, or were active inmates were excluded from the study.

Product
The human placental tissue allografts (BioECM®, Skye Biologics Holdings, LLC, El Segundo, CA) used in this study come in a flowable form (ActiveMatrix® or CryoMatrix®) and a sheet form (ActiveBarrier®). They are regulated by the FDA as minimally manipulated human cell, tissue, or cellular or tissue-based products (HCT/Ps) under Section 361 of the Public Health Service Act and regulations in 21 CFR Part 1271 for homologous use. The allografts are derived from placental tissue from screened donors after healthy, live C-section births and processed by HydraTek® (Skye Biologics Holdings, LLC, El Segundo, CA), a proprietary processing method, to control moisture level and preserve tissue. Tissue is minimally manipulated through this process and are used homologously.


Procedures
The primary exposure of interest was whether participants received the BioECM allograft intraoperatively or not. Surgeries were performed by four board-certified neurosurgeons at the study site that specialize in included procedures. All procedures with placental allografts were performed by the two neurosurgeons experienced with the grafts. Participants received either the allograft or current standard medical care based on the neurosurgeon performing the procedure. Use of the allograft with the surgical care was typically based on clinical decision making by the surgeon in assessing risk of SSI, however, the neurosurgeons using allografts opted to use them on all their patients based on prior clinical success. At the surgeon’s discretion, during spinal surgery, flowable BioECM graft was mixed with morselized spinous process autograft material and/or injected at the incision site. BioECM sheets were placed over the dural areas and/or placed over the fascia prior to closure as an adhesion barrier. In addition, the sheets were used to pack space surrounding instrumentation. Either both graft forms or only one form was used based on surgeon discretion. In both treatment (allograft) and non-treatment groups, best practices regarding infection control including chlorohexidine shower, incision site prep, and prophylactic use of antibiotics were followed by all neurosurgeons as part of standard medical care. Participants had 1-, 3-, and 6-month follow-up visits as part of standard of care.

Outcome of Interest
The primary outcome of interest was whether patients developed an SSI within one month following surgery. Secondary outcomes included SSIs that persisted or developed 3- or 6-months post-operatively, duration of post-operative hospitalization, and 30-day hospital readmission. SSI was a clinical diagnosis documented by the provider and included superficial skin and deep incision infections.

Covariates
Sociodemographic and behavioral characteristics, medical history, medication use, and surgical variables abstracted from medical records were assessed as covariates of interest. 



Statistical Analyses
Descriptive statistics included stratification of categorical, independent variables based on allograft use. Both frequency and percentage in each stratum were tabulated and Chi-square tests estimated independent associations. Continuous, independent variables were similarly stratified by allograft usage, and mean and standard deviation were calculated and Student T-Tests estimated independent associations. Additional bivariate analyses using Chi-square tests estimated independent associations between categorical covariates of interest with the primary outcome (SSI) stratified by allograft group, and Student T-Tests for continuous covariates. All statistical tests used a p-value cut-off of .05 for statistical significance.
Due to sparse data, some covariates were excluded: peripheral vascular disease (PVD), deep vein thrombosis, pulmonary embolism, and intravenous drug use. For over-stratified variables, sparse categories were consolidated into ‘other’ as described herein. Race and ethnicity were categorized as non-Hispanic white, non-Hispanic black, and other. Spinal procedures were classified as laminectomy, fusion, laminectomy and fusion, and other (laminectomy with generator change, generator changes, pain pumps (with/without catheter), kyphoplasty, and stimulator removal). Non-hypertensive cardiovascular diseases (CVDs) were assessed separately from hypertension and categorized as hyperlipidemia, other CVDs (coronary heart disease, myocardial infarction, prior heart surgery, heart failure, abnormal heart rhythm, heart muscle disease, stroke, or atrial fibrillation), or none. History of autoimmune and immunocompromised conditions were combined (HIV/AIDS, rheumatoid and psoriatic arthritis, Sjogren’s syndrome, and cancer). Body mass index (BMI) was categorized as underweight (<18.5 kg/m2)-normal (18.5-24.9 kg/m2), overweight (25-29.9 kg/m2), obese (30-39.9 kg/m2), and morbidly obese (40+ kg/m2). One underweight patient was grouped with normal weight. Patients with incomplete data were removed from analysis.
Unadjusted logistic regression models assessed variables of interest with 1-month SSI. Multivariable logistic regression models were tested stepwise to assess allografts as the primary independent variable and adjust for confounding covariates with the outcome. Multicollinearity was assessed between covariates. No variables were included in the multivariable model as a priori confounders of interest, and no variables met the criteria for inclusion in the model. All statistical analyses were conducted using STATA 14.2 (College Park, TX).

RESULTS
	In total, 393 patients had complete data with a mean age of 61.4 years (+12.5). Most surgeries were a posterior approach (56.5%), and of the cervical (43.5%) and lumbar (50.1%) regions (Table 1). Most surgeries were fusion alone (42.0%) or laminectomy and fusion (39.4%). Approximately equal numbers of males (54.2%) and females (45.8%) were included (Table 1). Most patients were white, non-Hispanic (82.7%) followed by black, non-Hispanic (8.4%). Most participants (82.2% (323/393)) were current non-smokers, but of those, 37.2% (120/323) had a history of smoking.
This cohort had a high comorbidity burden (Table 1). Many patients had prior spine surgery (54.7%). Most patients (79.6%) had a BMI within overweight, obese, or morbidly obese categories. Half (51.4%) had a history of hypertension and 47.1% had non-hypertensive CVD, primarily hyperlipidemia (36.1%). However, most participants (98.5% (387/393)) did not have PVD. One in five patients presented with diabetes mellitus. Approximately one-tenth (10.7%) of patients were using immunosuppressants, more than one-quarter (28.5%) using steroids, and over one-third (36.1) using NSAIDS, pre-operatively.

Differences Between Allograft and Non-Allograft Patients
Approximately half (52.4% (206/393)) of participants received BioECM allografts with surgery and varied significantly from the non-allograft group for multiple variables in bivariate analyses (Table 1). Patients receiving allografts were 2.5 years younger, on average (p<.0001). Posterior procedures including laminectomy, and patients with prior spinal surgery were statistically significantly more likely to receive allografts (p<.0001, p<.0001, and p=.01, respectively). Black, non-Hispanic patients and other minority groups more often received allografts compared to white, non-Hispanic patients (66.2% (45/68) vs. 49.5% (161/325), p=.01). Current smokers were slightly more likely to receive allografts, albeit, past smokers were less likely (p=.02). Patients on steroid drugs and/or NSAIDs were much more likely to have allografts: 40% vs. 16% and 46 vs. 25%, respectively (p<.0001). Allograft patients more often had CKD or non-hypertensive CVD than non-allograft patients, but frequencies of high BMI and hypertension were similar in both groups. Diabetes, history of immunocompromised/autoimmune conditions, and taking immunosuppressants were each borderline associated with receiving allografts but did not reach statistical significance (p=.086, p=.076, and p=.103, respectively).
Surgical Site Infections
Seven (3.4%) patients that received allografts developed an SSI at 1 month post-operatively compared to 22 patients (11.8%) who solely received standard medical care; an estimated 71% reduction in SSIs in the BioECM group. Most SSIs were deep; only two were superficial and both were in the allograft group. Bivariate analysis showed statistically significantly less SSIs in the allograft than non-allograft group (p=.002, Table 2). No participants were observed to have SSIs at 3- or 6-month follow-up in either group.
Assessing covariates with SSI at 1-month showed the average age among those with SSIs was slightly higher than those without an SSI (65.4 (+12.3) vs. 61.1 (+12.5), p<.0001). When stratified by treatment, this association remained in the non-allograft group (68.2 (+11.5) vs. 62.0 (+11.0), p<.0001), while those with SSIs and allografts were younger (56.6 (+11.4) vs. 60.3 (+13.6), p<.0001). In the non-allograft group, those with SSIs were more likely to have had a posterior procedure (18.1% (15/83) vs. 6.7% (7/104), p=.017). The unadjusted logistic regression model showed having received allografts was associated with 0.26-fold lower odds (95%CI: 0.11, 0.63; p=.003) of SSI compared to those without allografts.

Hospital Stay and Readmissions
The overall average for post-operative hospital stay was 3.1 (+3.9) days. Patients with SSIs had a significantly longer post-operative hospital stay than non-SSI patients by ~6 days (8.4 (+8.1) vs. 2.7 (+3.0), p<.0001). A post-operative hospital stay of 3 or more days was strongly associated with SSI (p=.0001). Participants with allografts had a shorter average hospital stay by 0.8 days compared to non-allograft patients (p<.0001, Table 2). 
Nineteen 30-day hospital readmissions were recorded, but there was no difference between treatment groups (Table 2).  Most readmissions were not related to SSI.

DISCUSSION
Although few studies have been published on the use of placenta-derived allografts within neurosurgical procedures, our findings are consistent with published studies on infection risk in other applications. In a comprehensive review of studies assessing placental grafts for burn treatment, grafts reduced bacteria growth and infection.5 Placental membranes that were air-dried and irradiated similarly inhibited bacterial growth in burn ulcer patients.14 In an independent manufacturer-sponsored assessment, BioECM allografts suppressed both methicillin resistant Staphylococcus aureas (MRSA) and Staphylococcus saprophyticus in laboratory tests.10 The paper highlighted the importance of preventing MRSA infections within surgical settings due to its strong association with delayed wound closure.10 Reducing SSIs may have further implications for the success of surgery and other outcomes within this population. 
The mechanisms of action for BioECM allografts used in this study are attributed to a variety of growth factors and proteins validated to be preserved in high concentrations.10 Some examples include TGF-β isoforms, IL-4, and IL-10 which modulate inflammation, with TGF-βs additionally promoting re-epithelization through fibroblast proliferation, and angiogenesis.10,29-32 These grafts have an existing ECM providing physical scaffolding at the surgical site and structural proteins for the body to begin replacing and repairing tissue, and can additionally support nerve regeneration.10,33 Type III collagen is one protein found in abundance in placental compared to adult tissue, contributing to flexibility and tensility of repaired tissue resulting in reduced scar formation, an important feature reducing further complications during recovery.33 The features of these allografts are equipped to prevent SSIs and support the overall repair and recovery process.
This study suggests recovery is improved after spinal surgery with BioECM placental allografts. Significantly fewer SSIs, a 71% decrease, were observed in the allograft group and a shortened post-operative hospital stay by ~1 day. Typically, patients are discharged following surgeries if they can ambulate with minimal assistance, produce and void a bowel movement spontaneously, tolerate oral foods and liquids, and are sufficiently stable. Some factors that may impact these criteria include existing comorbidities, age, invasiveness of the surgical procedure, infection, and degree of inflammation and wound closure.3,34,35 The allograft group had more pre-existing risks for poor recovery than the other group including: more posterior laminectomies which are generally longer and complicated, prior spinal surgery which often indicates pre-existing scar tissue, and comorbidities (CVD and/or CKD) and steroid or NSAID use which can delay tissue repair. Despite these disadvantages, patients with BioECM allografts still exhibited significantly fewer SSIs than non-allograft patients. This suggests even for high-risk patients, allograft use may mitigate risk factors while providing additional protection. Data suggested no differences in 30-day hospital readmissions by treatment, but most reasons for readmissions were unrelated to SSIs. Extended hospital stays by ~6 days among those with SSIs compared to those without suggest infections were treated at the point of care. The associations observed for SSIs and initial hospital stay provide informative measures costs for SSIs.
The study results suggest economic benefits from using BioECM allografts in spine surgery by reducing costs associated with care for SSIs and extended hospitalization. A recent large retrospective cohort study assessing hospitalization costs associated with SSI <180 days after posterior spinal fusion surgeries suggested an average cost increase of $16,900 per patient for any SSI, and $40,987 per patient for deep SSI, compared to patients without SSIs.36 With these figures, the estimated savings avoiding SSIs in the BioECM group was $662,979. When extrapolated across total procedures performed annually, preventing SSIs after spinal surgery could amount to a significant reduction in national expenditures if placental allografts were widely adopted as the new standard of care.
While few published studies describe placental allografts in spinal applications, they show promising evidence. Shaw et al. performed a literature review identifying evidence supporting placental allograft use during spine surgery, emphasizing benefits for inflammation, wound healing, and reducing epidural scarring.23 Two animal models provided pre-clinical evidence for scar prevention. In a laminectomy rat model, amniotic grafts led to decreased scarring and inflammatory cells and fibroblasts in histology compared to controls.27 Similar efficacy was demonstrated in dogs.28 A five-patient series of revision lumbar surgery using amnion/chorion allografts showed four of five patients had reduced scarring.25 Anderson et al. reported a prospective, randomized controlled trial of 80 participants undergoing microdiscectomy with or without cryopreserved amniotic allografts.26 After two-year follow-up, patients with allografts had significantly improved validated clinical outcomes, and no re-herniations compared to three re-herniations among controls: two required repeat operations.26 Existing literature on neurosurgical placental allografts is promising.

Limitations
These analyses are limited. Retrospective studies pose risk of selection bias. However, all procedures within the study period were assessed and included if data was complete which limited bias. Furthermore, medical records were prospectively recorded decreasing risk of recall bias. Since different surgeons performing surgeries with grafts versus surgeries without grafts, we cannot definitively conclude SSI reduction was attributed solely to grafts. However, all procedures were performed at one facility with standardized protocols, and data does not suggest the surgeon influenced SSI risk. Furthermore, patient groups were stratified by the neurosurgeons’ use of grafts and, despite statistical differences, patient characteristics did not determine clinical decision-making to use allografts. Therefore, multivariable logistic regression models were not appropriate, and model fitting confirmed no confounding due to this natural stratification. The proportion of SSIs in the non-allograft group was high at 11.8% but fell within published estimates.1-3 The study sample had many existing comorbidities overall which were risk factors for SSI. Results may not be generalizable to all patient populations since patients came from one geographic region and underwent surgery at a single facility. While no significant differences from other patient populations are expected, we encourage randomized studies to prospectively assess diverse groups.

CONCLUSION
The purpose of this retrospective chart review was to determine whether BioECM placental allografts used intraoperatively during spinal surgeries was associated with fewer SSIs. Secondarily, to assess if allograft use affected the duration of hospital stay or readmissions. Despite having a baseline higher risk for SSI, patients who received BioECM allografts with spinal surgery had a near 4-fold reduction in odds of SSI at 1-month post-operatively and shorter average hospital stay than patients who did not receive the allografts. These findings suggest BioECM allografts may improve the quality and timing of recovery after spinal surgery, which may have a significant economic impact on high costs of post-operative care. To our knowledge, this is the largest study performed assessing the adjunctive use of placental allografts in spinal surgery. Future research is needed as a prospective, randomized controlled trial to validate these benefits.








REFERENCES
REFERENCES
1. Chahoud J, Kanafani Z, Kanj S. Surgical site infections following spine surgery: Eliminating the controversies in the diagnosis. Front Med (Lausanne). 2014;1:7.
2. Nota SPFT, Braun Y, Ring D, Schwab JH. 2014. Incidence of surgical site infection after spine surgery: What is the impact of the definition of infection? Clin Orthop Relat Res. 2014;473(5):1612-1619.
3. Schuster JM, Rechtine G, Norvell DC, Dettori JR. 2010. The influence of perioperative risk factors and therapeutic interventions on infection rates after spine surgery: A systematic review. Spine. 2010;35(9S):S125-S137.
4. Healy MA, Mullard AJ, Campbell DA, Jr., Dimick JB. Hospital and Payer Costs Associated With Surgical Complications. JAMA Surg. 2016;151(9):823-830.
5. Kesting MR, Wolff KD, Hohlweg-Majert B, Steinstraesser L. The role of allogenic amniotic membrane in burn treatment. J Burn Care Res. 2008;29(6):907-916.
6. Xue M, Jackson CJ. Extracellular Matrix Reorganization During Wound Healing and Its Impact on Abnormal Scarring. Adv Wound Care (New Rochelle). 2015;4(3):119-136.
7. Zare-Bidaki M, Sadrinia S, Erfani S, Afkar E, Ghanbarzade N. Antimicrobial Properties of Amniotic and Chorionic Membranes: A Comparative Study of Two Human Fetal Sacs. J Reprod Infertil. 2017;18(2):218-224.
8. Mohammadi AA, Eskandari S, Johari HG, Rajabnejad A. Using amniotic membrane as a novel method to reduce post-burn hypertrophic scar formation: A Prospective Follow-up Study. J Cutan Aesthet Surg. 2017;10(1):13-17.
9. Russo A, Bonci P, Bonci P. The effects of different preservation processes on the total protein and growth factor content in a new biological product developed from human amniotic membrane. Cell Tissue Bank. 2012;13(2):353-361.
10. Irvin J, Danchik C, Rall J, Babcock A, Pine M, Barnaby D, Pathakamuri J, Kuebler D. Bioactivity and composition of a preserved connective tissue matrix derived from human placental tissue. J Biomed Mater Res Part B. 2018:00B:000–000.
11. Lullove E. A Flowable Placental Tissue Matrix Allograft in Lower Extremity Injuries: A Pilot Study. Cureus. 2015;7(6):e275.
12. Lullove EJ. Use of a Dehydrated Amniotic Membrane Allograft in the Treatment of Lower Extremity Wounds: A Retrospective Cohort Study. Wounds. 2017;29(11):346-351.
13. Branski LK, Herndon DN, Celis MM, Norbury WB, Msters OE, Jeschke MG. Amnion in the treatment of pediatric partial-thickness facial burns. Burns. 2008;34(3):393-399.
14. Singh R, Chacharkar MP. Dried gamma-irradiated amniotic membrane as dressing in burn wound care. J Tissue Viability 2011;20: 49–54.
15. Lo V, Lara-Corrales I, Stuparich A, Pope E. Amniotic membrane grafting in patients with epidermolysis bullosa with chronic wounds. J Am Acad Dermagol. 2010;62(6):1038-1044.
16. Alsina-Gilbert M, Pedregosa-Fauste S. Amniotic membrane transplantation in the treatment of chronic lower limb ulcers. Actas Dermosifiliogr. 2012;103(7):608-613.
17. Mermet I, Pottier N, Sainthillier JM, Malugani C, Cairey-Remonnay S, Maddens S, Riethmuller D, Tiberghien P, Humbert P, Aubin F. Use of amniotic membrane transplantation in treatment of venous leg ulcers. Wound Repair Regen. 2007;15(4):459-464.
18. Fotopoulou C, Sehouli J, Gerhmann N, Schoenborn I, Lichtenegger W. Functional and anatomic results of amnion vaginoplasty in young women with Mayer-Rokitansky-Küster-Hauser syndrome. Fertil Steril. 2010;94(1):317-323.
19. Dua HS, Gomes JA, King AJ, Maharajan VS. The amniotic membrane in ophthalmology. Surv Ophthalmol. 2004;49(1):51-77.
20. Amer MI, Abd-El-Maeboud KH, Abdelfatah I, Salama FA, Abdallah AS. Human amnion as a temporary biologic barrier after hysteroscopic lysis of severe intrauterine adhesions pilot study. J Minim Invasive Gynecol. 2010;17(5):605-611.
21. Koziak A, Salagierski M, Marcheluk A, Szczesniewski R, Sosnowski M. Early experience in reconstruction of long ureteral strictures with allogenic amniotic membrane. Int J Urol. 2007;14(7):607-610.
22. McIntyre JA, Jones IA, Danilkovich A, Vangsness CT, Jr. The Placenta: Applications in Orthopaedic Sports Medicine. Am J Sports Med. 2018;46(1):234-247.
23. Shaw KA, Parada SA, Gloystein DM, Devine JG. The science and clinical applications of placental tissues in spine surgery. Global Spine Journal. 2018;8(6):629-637.
24. Mligiliche N, Endo K, Okamoto K, Fujimoto E, Ide C. Extracellular matrix of human amnion manufactured into tubes as conduits for peripheral nerve regeneration. J Biomed Mater Res. 2002;63(5):591-600.
25. Subach BR, Copay AG. The use of a dehydrated amnion/chorion membrane allograft in patients who subsequently undergo reexploration after posterior lumbar instrumentation. Adv Orthop. 2015;2015:501202.
26. Anderson DG, Popov V, Raines AL, O’Connell J. Cryopreserved amniotic membrane improves clinical outcomes following microdiscectomy. Clin Spine Surg. 2017;30:413-418.
27. Choi HJ, Kim KB, Kwon YM. Effect of amniotic membrane to reduce postlaminectomy epidural adhesion on a rat model. J Korean Neurosurg Soc. 2011;Jun;49(6):323-238 Epub 2011 Jun 30.
28. Tao H, Fan H. Implantation of amniotic membrane to reduce postlaminectomy epidural adhesions. Eur Spine J. 2009;Aug;18(8):1202-1212.
29. Paludan SR. Interleukin-4 and interferon-gamma: the quintessence of a mutual antagonistic relationship. Scand J Immunol. 1998;48(5):459-468.
30. Wurtz O, Bajenoff M, Guerder S. IL-4-mediated inhibition of IFN-gamma production by CD4+ T cells proceeds by several developmentally regulated mechanisms. Int Immunol. 2004;16(3):501-508.
31. Liechty KW, Kim HB, Adzick NS, Crombleholme TM. Fetal wound repair results in scar formation in interleukin-10-deficient mice in a syngeneic murine model of scarless fetal wound repair. J Pediatr Surg. 2000;35(6):866-872; discussion 872-863.
32. Li J, Chen J, Kirsner R. Pathophysiology of acute wound healing. Clin Dermatol. 2007;25(1):9-18.
33. Xue M, Jackson CJ. Extracellular matrix reorganization during wound healing and its impact on abnormal scarring. Adv Wound Care (New Rochelle). 2015;4(3):119-136.
34. Aldebeyan S, Aoude A, Fortin M, et al. Predictors of Discharge Destination After Lumbar Spine Fusion Surgery. Spine (Phila Pa 1976). 2016;41(19):1535-1541.
35. Fei Q, Li J, Lin J, et al. Risk Factors for Surgical Site Infection After Spinal Surgery: A Meta-Analysis. World Neurosurg. 2016;95:507-515.
36. Rosenthal NA, Heinrich KH, Chung J, Yu H. Cost and Hospital Resource Utilization of Staphylococcus aureus Infection Post Elective Posterior Instrumented Spinal Fusion Surgeries in U.S. Hospital:  A Retrospective Cohort Study. Spine (Phila Pa 1976). 2019;44(9):637-646.







Table 1: Descriptive Characteristics for a Retrospective Cohort of 393 Patients Who Underwent Spinal Surgery With vs. Without Intraoperative Use of a Human Placental Tissue Allograft

	
	No Allograft
(n=187)
	Allograft
(n=206)
	Total
(N=393)
	p1

	Sociodemographic and Behavioral Characteristics
	
	
	

	
	
	
	

	Mean Age (SD2) at Surgery in years
	62.7 (+11.2)
	60.2 (+13.5)
	61.4 (+12.5)
	<.0001

	
	
	
	
	

	
	n (col%)
	n (col%)
	n (col%)
	

	Gender
	
	
	
	

	          Male
	103 (55.1%)
	110 (53.4%)
	213 (54.2%)
	NS3

	          Female
	84 (44.9%)
	96 (46.6%)
	180 (45.8%)
	

	Race and Ethnicity
	
	
	
	

	          White, Non-Hispanic
	164 (87.7%)
	161 (78.2%)
	325 (82.7%)
	.044

	          Black, Non-Hispanic
	11 (5.9%)
	22 (10.7%)
	33 (8.4%)
	

	          Other
	12 (6.4%)
	23 (11.2%)
	35 (8.9%)
	

	Smoking Status
	
	
	
	

	          Never Smoker
	89 (47.6)
	114 (55.3)
	203 (51.7)
	.016

	          Past Smoker
	70 (37.4)
	50 (24.3)
	120 (30.5)
	

	          Current Smoker
	28 (15.0)
	42 (20.4)
	70 (17.8)
	

	Current Alcohol Use
	
	
	
	

	          No Alcohol Use
	117 (62.6%)
	134 (65.1%)
	251 (63.9%)
	-4

	          Mild Drinker
	41 (21.9%)
	55 (26.7%)
	96 (24.4%)
	

	          Moderate Drinker
	26 (13.9%)
	11 (5.3%)
	37 (9.4%)
	

	          Heavy Drinker
	3 (1.6%)
	6 (2.9%)
	9 (2.3%)
	

	Spinal Procedure Characteristics
	
	
	

	Spine Level
	
	
	
	

	          Cervical
	104 (55.6%)
	67 (32.5%)
	171 (43.5%)
	-

	          Thoracic
	1 (0.5%)
	19 (9.2%)
	20 (5.1%)
	

	          Lumbar
	82 (43.9%)
	115 (55.8%)
	197 (50.1%)
	

	          Sacroiliac
	0 (0.0%)
	5 (2.4%)
	5 (1.3%)
	

	Procedure
	
	
	
	

	          Laminectomy and Fusion
	74 (39.6%)
	81 (39.3%)
	155 (39.4%)
	<.0001

	          Laminectomy only
	7 (3.7%)
	43 (20.9%)
	50 (12.7%)
	

	          Fusion only
	104 (55.6%)
	61 (29.6%)
	165 (42.0%)
	

	          Other
	2 (1.1%)
	21 (10.2%)
	23 (5.9%)
	

	Position
	
	
	
	

	          Anterior
	104 (55.6%)
	67 (32.5%)
	171 (43.5%)
	<.0001

	          Posterior
	83 (44.4%)
	139 (67.5%)
	222 (56.5%)
	

	Prior Spinal Surgery
	
	
	
	.01

	          None
	115 (61.5%)
	100 (48.5%)
	215 (54.7%)
	

	          Prior Surgery
	72 (38.5%)
	106 (51.5%)
	178 (45.3%)
	

	Prior Spinal Hardware
	
	
	
	

	          None
	150 (80.2%)
	151 (73.3%)
	301 (76.6%)
	NS

	          Prior Hardware
	37 (19.8%)
	55 (26.7%)
	92 (23.4%)
	

	Medical History and Medication Use
	
	
	

	Body Mass Index (BMI)
	
	
	
	

	          Underweight-Normal BMI
	37 (19.8%)
	43 (20.9%)
	80 (20.4%)
	NS

	          Overweight BMI
	65 (34.8%)
	69 (33.5%)
	134 (34.1%)
	

	          Obese BMI
	71 (38.0%)
	78 (37.9%)
	149 (37.9%)
	

	          Morbidly Obese BMI
	14 (7.5%)
	16 (7.8%)
	30 (7.6%)
	

	History of Hypertension
	
	
	
	

	          No Hypertension
	85 (45.5%)
	106 (51.5%)
	191 (48.6%)
	NS

	          Hypertension
	102 (54.6%)
	100 (48.5%)
	202 (51.4%)
	

	Non-Hypertensive Cardiovascular Disease
	
	
	

	          None
	95 (50.8%)
	113 (54.9%)
	208 (52.9%)
	.003

	          Hyperlipidemia
	80 (42.8%)
	62 (30.1%)
	142 (36.1%)
	

	          Other
	12 (6.4%)
	31 (15.1%)
	43 (10.9%)
	

	Chronic Obstructive Pulmonary Disease (COPD)
	
	
	

	          No COPD
	171 (91.4%)
	185 (89.8%)
	356 (90.6%)
	NS

	          COPD
	16 (8.6%)
	21 (10.2%)
	37 (9.4%)
	

	Diabetes Mellitus
	
	
	
	

	          No Diabetes
	154 (82.4%)
	155 (75.2%)
	309 (78.6%)
	NS

	          Diabetes
	33 (17.7%)
	51 (24.8%)
	84 (21.4%)
	

	Chronic Kidney Disease (CKD)
	
	
	
	

	          No CKD
	184 (98.4%)
	193 (93.7%)
	377 (95.9%)
	.018

	          CKD
	3 (1.6%)
	13 (6.3%)
	16 (4.1%)
	

	History of Immunocompromised/Autoimmune Condition
	
	

	          None
	179 (95.7%)
	188 (91.3%)
	367 (93.4%)
	NS

	          Immune Condition
	8 (4.3%)
	18 (8.7%)
	26 (6.6%)
	

	Use of Immunosuppressants
	
	
	
	

	          None
	172 (92.0%)
	179 (86.9%)
	351 (89.3%)
	NS

	          Yes
	15 (8.0%)
	27 (13.1%)
	42 (10.7%)
	

	Use of Steroid Drugs
	
	
	
	

	          None
	157 (84.0%)
	124 (60.2%)
	281 (71.5%)
	<.0001

	          Yes
	30 (16.0%)
	82 (39.8%)
	112 (28.5%)
	

	Use of NSAID Drugs
	
	
	
	

	          None
	140 (74.9%)
	111 (53.8%)
	251 (63.9%)
	<.0001

	          Yes
	47 (25.1%)
	95 (46.1%)
	142 (36.1%)
	

	1T-test for continuous variables, Chi-square test for categorical variables; 2SD=standard deviation; 3NS= not statistically significant with a p-value cut-off of .05; 4>20% of cells have a count less than 5 and/or a cell has 0 observations




















Table 2: Primary and Secondary Outcomes After Spinal Surgery With vs. Without Intraoperative Use of a Human Placental Tissue Allograft for a Retrospective Cohort of 393 Patients

	Outcome Variables
	No Allograft
(n=187)
	Allograft
(n=206)
	Total
(N=393)
	p1

	Surgical Site Infection: 1 Month Post-Operative
	
	
	

	None
	165 (88.2%)
	199 (96.6%)
	364 (92.6%)
	.0015

	Any SSI
	22 (11.8%)
	7 (3.4%)
	29 (7.4%)
	

	Superficial Infection
	0 (0%)
	2 (1.0%)
	2 (0.5%)
	

	Deep Incision Infection
	22 (11.8%)
	5 (2.4%)
	27 (6.9%)
	

	Length of Post-operative Hospital Stay
	
	
	

	Mean Days (SD2)
	3.5 (+4.3)
	2.7 (+3.5)
	3.1 (+3.9)
	<.0001

	Hospital Readmission Within 30 Days
	
	
	
	

	Readmitted
	7 (3.7%)
	12 (5.8%)
	19 (4.8%)
	NS3

	Not Readmitted
	180 (96.3%)
	194 (94.2%)
	374 (95.2%)
	

	1T-test for continuous variables, Chi-square test for categorical variables; 2SD=standard deviation; 3NS= not statistically significant with a p-value cut-off of .05




