

[image: image1]
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Introduction: Spinal epidural abscess (SEA) incidence is rising. However, most series do not differentiate between SEAs associated with pyogenic infectious spondylodiscitis (PS) and SEAs limited to the epidural space.

Methods: We retrospectively reviewed the records and radiological images of all patients admitted to our institutions with a diagnosis of SEA not associated with PS between January 2013 and December 2018.

Results: We found three males and four females; five of the seven were intravenous drug users. All patients presented with pain: in six, it was associated with acute motor and sensory deficits, while one had only pain and paresthesias. Staphylococcus aureus was cultured from abscesses and/or from multiple blood cultures in four patients. Abscesses were localized to the cervical spine in one patient, thoracic in three, lumbar in one, and in two, the SEAs involved multiple segments. All patients but one underwent urgent open surgery. This patient had a multisegmental abscess and was successfully treated by percutaneous aspiration when pain became intractable. After abscess evacuation, the neurological deficits improved in all patients except one. The patients that were treated without spine instrumentation did not develop delayed kyphosis or instability at follow-up.

Conclusion: Patients with SEAs not associated with PS are likely to present with pain and motor deficits, appear to benefit from urgent abscess evacuation, and seem to be less dependent on spine instrumentation to avoid delayed spinal deformities compared to SEA associated with PS. Finally, the lack of initial involvement of bone and intervertebral disks may suggest that at least some of the SEAs without PS originate from infection of epidural lymphatic vessels that are not present inside those structures.
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INTRODUCTION

Spinal epidural abscess (SEA) is an infection of the spine that results in the accumulation of purulent fluid in the epidural space. Initial signs and symptoms are non-specific, and this often leads to a delay in the diagnosis (1). Symptoms usually begin with spinal pain and evolve with a variable temporal lag to root pain and weakness followed by paralysis (2). Overall, the incidence of SEAs in developed countries is estimated to be between 0.2 and 2 cases for every 10,000 hospital admissions (3), and recent studies indicate that the incidence of SEAs is rising possibly due to an increase in active intravenous drug users (IVDUs) (4). While the majority of the authors agree that early surgical treatment with spinal cord decompression and drainage of SEA is indicated (5, 6), the number of patients intentionally treated conservatively is increasing and it is reaching values as high 57% of all patients affected by SEA (7). Despite emergency SEA evacuation and spinal cord decompression being considered as the treatment of choice (8), multiple studies based on retrospective case series failed to demonstrate that evacuation of SEAs within 24 h from the neuroradiological diagnosis is better than delayed surgery (4, 9). These results suggest that it is still unclear what distinguishes patients who will benefit from early surgical intervention from those who are better managed conservatively (10, 11). Moreover, despite the growing interest in the identification of reliable predictive factors allowing optimal therapeutic decisions for SEA, most studies still lump together different classes of SEAs. This may represent a confounding factor since primary SEAs seem to require fewer surgeries and shorter courses of antibiotics than secondary ones (12). Primary or spontaneous SEAs arise in patients without previous history of trauma, surgery, or percutaneous treatments that violated the integrity of the spinal epidural space (12, 13); otherwise, they are considered secondary. Among primary SEA, a further distinction can be made between SEAs that are associated with pyogenic infectious spondylodiscitis (PS) and SEAs that, at least at the time of the diagnosis, are not associated with neuroradiological signs of infection of the vertebrae and/or the corresponding disks (14). Approximately 37% of patients affected by PS will develop an epidural abscess (15), and this rate is not affected by aging (16). Primary SEAs not associated with PS account for 13.79–35.4% of all SEAs (14, 17) and are usually considered as due to the hematogenous spread of circulating bacteria or fungi into the epidural space (12). Not unexpectedly, they are often found in an IVDU, and Staphylococcus aureus, a common skin contaminant, is the predominant pathogen isolated from primary SEA not associated with PS (14). Staphylococcus aureus is also the most common causative agent in all other class of SEA. However, agents other than S. aureus have been more often isolated in primary SEA compared to secondary SEA (12). Staphylococcus aureus isolated from SEA in IVDUs are more often multidrug resistant compared to other populations of patients (4). Moreover, recent anatomical work in experimental animals (18, 19) has confirmed with modern techniques the presence of lymphatic vessels in the epidural space associated with spinal roots and the dura as previously shown by indirect methods also in humans (20). The presence of lymphatic vessels along the roots suggests that at least some SEA without PS may result from the infection of the lymphatic more than the epidural venous plexus. Distinguishing between primary SEAs that are not associated with PS from those secondary to PS may thus be important for clinical reasons such as selecting a surgical strategy with or without spinal instrumentation, and the length of antibiotic treatment that in the case of PS is currently protracted for 6–8 weeks (21). Moreover, that distinction will promote further investigations on the possible involvement in primary SEAs of the still poorly known lymphatic vessel in the epidural space. In selected cases of SEA without PS, the absence of bone structural alterations may be an important indication for percutaneous aspiration of the abscess content in order to decompress the spinal cord and obtain materials for microbiological studies (22). Percutaneous approaches have already been described as an alternative to open surgery in selected patients (22–24). In order to increase our knowledge of primary SEA without PS, we reviewed our series in the last 5 years. We found that the majority of patients in our series had a history of intravenous drug use and that a more conservative approach with decompression of the spinal cord without spinal instrumentation through open or percutaneous approaches halted the neurological decay with marked improvement of the neurological deficits in 80% of the patients, and this was obtained without delayed kyphosis or instability of the affected segments.



MATERIALS AND METHODS

The study period was January 2013 through January 2018. Minimal length of follow-up was 1 year. All patients admitted at two tertiary-care hospitals of the densely populated Lombardia Region in Italy (Fondazione I.R.C.C.S. Policlinico San Matteo, Pavia and Ospedale Papa Giovanni XXIII, Bergamo) with a diagnosis of SEA without PS were reviewed. A revision of all available neuroradiological investigations was performed to ensure the absence of PS in the initial investigations (either CT and/or MRI) obtained before surgical treatment. Neurological examination findings are summarized according to the American Spinal Injury Association/International Spinal Cord Society (ASIA/ISCOS) impairment scale with grades A–E assigned based on review of the initial presentation documentation. Timing and approach of surgical intervention were determined on a case-by-case basis by the attending neurosurgeon in collaboration with an infectious disease specialist.



RESULTS


Demographic and General Clinical Results

A total of seven patients (three males and four females; four were treated in Pavia, and two in Bergamo) affected by primary SEA not associated with PS came to our attention in the 5 years of our study. Age in years ranged from 29.1 to 70.3 years (median age: 41.9 years); all patients except two were IVDUs and three had HIV infection. Demographics and information on their clinical status are presented in Table 1. All cases were evaluated by the attending neurosurgeon on an emergency basis due to severe pain or impending neurological deficits. All cases except one were treated surgically by open evacuation of the SEA within the first 12 h from the initial neuroradiological identification of SEA. The only case (case no. 3) that was treated by percutaneous aspiration 11 days after the initial diagnosis of an extensive posterior abscess was initially asymptomatic except for mild lumbosacral pain. Inability to stand and walk significantly increased thrombotic risk in these patients. In order to prevent thrombotic complications, we treated all patients with intermittent pneumatic compression devices during surgery and perioperatively, and we always started low molecular weight heparin as soon as possible after surgery (25). The neurological status of all patients, except for patient 5 affected by an anterior cervical SEA, improved at the first follow-up visit at 1 month, and their neurological status remained stable or further improved at the last follow-up visit available (minimum 1 year after surgery). All patients that were treated without spine instrumentation did not develop delayed kyphosis or instability of the affected segments at follow-up. Patient no. 2 (see Figures 1a,b) 6 months after surgery for SEA at the lumbar level had MRI evidence of PS without new neurological deficits (see Figures 1c,d) but only lumbar pain. He refused further surgery and was treated conservatively restarting the antibiotic therapy with complete resolution of the infection (see Figures 1e,f). We illustrate the detailed clinical history of two representative patients of our series.


Table 1. Patients characteristics.
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FIGURE 1. Sagittal MRI images of patient no. 2. (a) Sagittal MRI T2 weighted image obtained the day of surgery. There is a lack of obvious involvement of the bone despite a large SEA that circumferentially compresses the dural sac from L2 to S1. (b) Sagittal MRI T1 weighted with contrast. Same as in (a). (c) Sagittal MRI T2 weighted image obtained 6 months after L5 laminectomy and SEA evacuation. Alterations compatible with PS involving the vertebral bodies of L4 and L5 (arrow) and the intervening disk (asterisk) are now visible. (d) Sagittal MRI T1 weighted with contrast. Same as in (c). (e) Sagittal MRI T2 weighted image with contrast obtained 19 months after L5 laminectomy and SEA evacuation. Alterations related to PS have much regressed, without significant vertebral deformity. (f) Sagittal MRI T1 weighted with contrast. Same as in (e).




Illustrative Cases

Case no. 3. A 70.3-year-old man with a history of hypertension, acute pancreatitis, and chronic kidney failure associated with complete resection of the bladder with bilateral ureterostomy for extensive local cancer. One month after surgery, he presented fever and low back pain that radiated bilaterally to the lower limbs. At the neurological evaluation, hypoesthesia on the outer face of proximal left leg and bilateral lower limbs hyporeflexia were found. A thoracolumbar contrast enhanced MRI of the spine showed an extensive epidural collection with compression of the spinal cord and the cauda equina extended from Th7 to S2 without signs of PS (see Figures 2a–c). An 18F-deoxyglucose PET scan confirmed lack of bone involvement with accumulation of the tracer limited to the epidural space (see Figure 3). Repeated blood and urine cultures resulted positive for Staphylococcus warneri and S. aureus, respectively. Due to the poor general conditions and the relatively mild neurological symptoms, combination therapy with piperacillin-tazobactam, trimethoprim-sulfametoxazole, ciprofloxacin, and cefazolin was begun and continued for 60 days. One week after starting the antibiotics, the pain exacerbated and became continuous despite the fact that the patient was continuously resting in bed. Pain resolved after percutaneous drainage of the abscess. Cultures were performed and the aspirated pus resulted negative.


[image: Figure 2]
FIGURE 2. Sagittal and axial MRI images of patient no. 3. (a) The extensive posterior SEA extending from Th7 to L5 is delimited by an enhancing pseudo-capsule. The asterisks indicate the cranial and caudal limits of the lesion compressing anteriorly both the spinal cord and the cauda equina. (b) Axial MRI image T1 weighted with contrast. The arrows indicate the enhancing capsule of the SEA; psoas and paravertebral muscles appear normal. (c) Axial MRI image T2 weighted. The arrow indicates the purulent content of the SEA; no edema is visible in psoas and paravertebral muscles.
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FIGURE 3. 18FDG-PET and CT scan of patient no. 3. (a) 18FDG-PET axial section taken at the level of L4. The arrow points to the accumulation of the tracer corresponding to the SEA. (b) 18FDG-PET axial section fused to the corresponding CT scan image. The arrow point to the accumulation of the tracer corresponding to the SEA contained in the lumbar canal. There is minimal or no accumulation of the tracer into the vertebra or the paraspinal muscles. (c) Axial CT scan image used for the fusion shown in (b). The arrow points to the accumulation of the tracer.


Case no. 4. A 41.9-year-old active IVDU and HIV positive woman was admitted to our hospital after 3 days of progressively worsening low back and abdominal pain associated with paresthesias and tactile hypoesthesia of the lower limbs and inability to stand. On initial examination, she was mildly febrile, vital signs were stable, physical examination of the chest was normal, abdomen was distended, palpation revealed a diffuse tenderness, the bladder was distended, and catheterization demonstrated acute urinary retention (approximately 1 L of urine). Neurological examination showed mild nuchal rigidity, complete paralysis of the lower left limb, and paresis of the right lower limb (MRC scale 2); patellar reflex was bilaterally brisk associated on the left side with a few beats of unsustained clonus, the Achilles reflex was bilaterally normal, a positive Babinski sign was elicitable on both sides, and a sensory level of T10 was present.

Laboratory findings revealed leukocytosis (15,000 WBC/mm3) with neutrophilia and an elevation of C-reactive protein concentration (16.45 mg/dl). Blood and urine cultures were obtained. Abdominal X-ray showed signs of coprostasis. HIV infection had been diagnosed 7 years before and blood sample taken on admission revealed the following: CD4 cells 255/mm3, HIV-RNA undetectable, and CD4/CD8 ratio 0.9. The patient was transferred to the Infectious Disease ward for further treatment. A lumbar puncture was performed and revealed the following: clear cerebrospinal fluid (CSF), mild pleocytosis (150 cell/mm3), glycorrhachia was 28 mg/dL with a glycemia of 92 mg/dl, and protein concentration was normal. Due to rapid neurological deterioration, an urgent contrast enhanced whole spine CT scan was obtained (see Figures 4a–d). The exam showed an epidural mass 6 cm long and 1 cm thick in the posterior half of the spinal canal extending between Th4 and Th7 with obvious compression of the spinal cord. An immediate surgical decompression of the neural elements and drainage of the abscess were performed. Afterward, an empirical antibiotic and antiviral therapy with oxacillin (2 g q.6h), imipenem (1gr q.8h), acyclovir (0.8 gr q6h), and steroids were started. Gram stains performed on the abscess drainage liquid revealed Gram-positive cocci, and a methicillin-sensitive S. aureus was later isolated both from the abscess and from multiple blood cultures. When the cultures and antibiogram results became available, imipenem and acyclovir were stopped and the therapy was de-escalated to oxacillin alone. After spinal cord decompression, the patient showed immediate signs of neurological improvement, with resolution of the paralysis and improvement in the severe hypoesthesia. A follow-up MRI, obtained 3 days after surgery, demonstrated a mild spinal postcompressive damage and no evidence of PS (see Figures 4e,f). She was transferred to a rehabilitation center where she continued the antibiotic therapy for 6 weeks. Her motor and sensory deficits progressively improved: at a follow-up visit 6 months later, she was able to walk autonomously with normal sphincter control.


[image: Figure 4]
FIGURE 4. Sagittal and axial CT and MRI images illustrating patient no. 4. (a,b) Sagittal CT images obtained immediately before surgery showing the lack of bone alterations suggestive for PS and the posterior SEA extending from Th4 to Th7 (black arrow). (c) Sagittal MRI image T1 weighted with contrast obtained 3 days after surgery (enlarged Th5 laminectomy). The asterisk indicates the site of the laminectomy. (d) Sagittal MRI image T2 weighted obtained 3 days after surgery. The alterations of the spinal cord due to compression by the abscess are visible as irregular signal hyperintensities inside the cord (white arrow). The asterisk indicates the site of the laminectomy. (e) Axial contrast enhanced CT scan obtained immediately before surgery, showing the spinal cord (asterisk) compressed anteriorly by the abscess at Th5. (f) Axial MRI image T2 gradient echo obtained 3 days after surgery (enlarged Th5 laminectomy); compression of the spinal cord (asterisk) is relieved.





DISCUSSION

Despite advances in medical and surgical management of SEAs, they are still associated with substantial morbidity and mortality with 8% stable paraparesis and 7% of death even in recent series (26). Surgical decompression with or without the use of intraoperative ultrasound (27) is considered important in SEA management, but a recent meta-analysis showed that the number of patients primary treated by medical therapy has increased to ~40% and the same authors did not find any statistically significant difference between surgical and non-surgical management of SEAs in terms of patient outcome (5). Others concluded that surgery with adjuvant antibiotic therapy is more likely to result in neurological recovery in patients with neurologically symptomatic SEAs (28). These contradictory results indicate that further research and a more detailed classification of the various types of SEA are needed to clarify the outcome predictors and the indications of surgical vs. non-surgical therapy for SEA (28). An important predictor of the outcome of SEA is whether or not they are associated with PS. Primary SEAs not associated with PS are rare compared to other pyogenic infections of the vertebrae and the spinal cord (1, 29) and represent ~20% of all SEAs. Unfortunately, most meta-analyses and the largest published case series do not distinguish between primary SEA associated and not associated with PS, and little is known of their natural history. In our series, we confirmed by CT, MRI, and PET scan that primary SEA may sometimes develop before infection of the adjacent vertebrae and disks. At least at the thoracolumbar level, the presence of posterior paraspinal muscle edema is more sensitive and specific for SEA associated with PS compared to bone marrow edema, psoas edema, and intervertebral disk signal abnormality in isolation (30). Paraspinal muscle edema was not present in patients in our series even in those affected by thoracolumbar SEA. This is another indication that SEA may sometimes occur without initial involvement of the adjacent bone and ligaments. The route of infection for primary SEAs not associated with PS is usually considered hematogenous (3). SEAs are frequently associated with moderate to marked dilatation of the spinal epidural venous plexus (31). However, despite the lack of valves in the radicular veins separating the epidural venous plexus from the intradural venous compartments and the physiological presence of reflux flow through the spinal radicular veins under conditions that increase the venous pressure in the epidural plexus (32), none of our patients had any evidence of spreading of the infection from the epidural to the intradural compartment, and in general, intradural spinal abscesses are very rare (33). Interestingly, while the epidural venous plexus is also extensively connected with the veins in the vertebral bone, epidural lymphatics follow the nerve roots and do not enter the vertebrae or the disk space that are devoid of lymphatics (34–36). This supports the idea that at least some of SEAs without PS originate within the lymphatic vessels associated with the nerve roots (20) bypassing the bone and epidural venous plexus that may become involved only secondarily by contiguity. Spreading of infection by contiguity was exemplified by our patient number 4 who, following poor compliance to antibiotic therapy, developed PS in one of the involved segments a few months after surgical evacuation of the abscess. Primary SEAs have been associated with a wider range of pathogens than secondary SEAs, and they are also often associated with a wider range of concurrent diseases (12). We analyzed our case series of SEAs not associated with pyogenic infections of the vertebrae and intervertebral disks excluding SEAs secondary to surgical or percutaneous treatments that violated the epidural space. In our series of primary SEAs without concomitant PS, 71.42% of the patients had a history of active intravenous drug use, and three of these (60%) were also people living with HIV (PLHIV). Intravenous drug use is already considered a risk factor for primary SEA (4); moreover, intravenous drug use in PLHIV is associated with altered monocyte function and a dysregulated innate cytokine response potentially leading to an increased risk of infection (37, 38). Our series suggests that the association between primary SEA not associated with PS and IVDU may be even stronger than for all primary SEAs considered together. One of the non-IVDU patients in our series had multisegmental SEA that extended from Th7 to S2; he was not severely immunocompromised, but he had bilateral uretrostomies and chronic renal failure associated with recurrent urinary infections due to multiple Staphylococcus species. Interestingly, patients with recurrent S. aureus bacteriuria and bacteremia have a higher rate of spinal infections than patients with only S. aureus bacteremia (39). The association of recurrent S. aureus urinary infections with spinal infection may result from retrograde dissemination through the pelvic venous and lymphatic vessels that are connected to the intraspinal plexus. The same patient affected by a multisegmental SEA had only moderate pain localized to the spine and mild sensory deficits without motor impairment and was treated by antibiotics and percutaneous aspiration of the SEA with good results. Non-operative management of SEA has been successfully adopted in patients with a stable neurological condition (24, 40) or with SEA affecting multiple segments of the column (41). Percutaneous aspiration of the abscess for decompression of the spinal cord and culture is safe and effective in selected patients (23, 24). Moreover, panspinal infections are often associated with poor general conditions increasing the risk of open surgery and may be treated medically (42). All our patients, except the patient with the cervical SEA that remained paraplegic, had a significant improvement in their neurological conditions after abscess evacuation. Our results are in line with previous data and suggest that even patients with severe neurological deficits due to primary SEA without PS, when appropriately treated, have better chances of recovery after completing an inpatient rehabilitation program compared to patients affected by traumatic spinal cord injury (43) or secondary SEAs (12) or SEAs associated with PS (17).



LIMITATIONS

Limitations of the present study include its retrospective character and the small number of patients considered. These limitations are partially outweighed by the multicentric nature of the study and its specific focus on patients with primary SEAs without concomitant vertebral and/or ligamentous involvement. This group of patients notoriously represents only a small minority of all SEAs (3, 14), and in the large majority of the studies, these patients were not recognized as separate despite their peculiar characteristics.



CONCLUSION

Differentiation between primary SEA without association to PS and SEA originating from PS is necessary to improve our knowledge of the early stages of the infection that leads to such a different tissue involvement, and it is important both for prognostic and therapeutic decisions.



DATA AVAILABILITY STATEMENT

All datasets generated for this study are included in the article/Supplementary Material.



ETHICS STATEMENT

All procedures performed in studies involving human participants were in accordance with the ethical standards of the institutional and/or national research committee and with the 1964 Helsinki declaration and its later amendments or comparable ethical standards. For this type of study, formal consent is not required.



AUTHOR CONTRIBUTIONS

LM and EB designed the study. All authors collected, assembled and analyzed the data. Project planning was performed by LM, EB, and CB. LM wrote the manuscript. All authors read, edited and approved the manuscript.



FUNDING

This work was partially supported by a grant Ricerca Corrente (codice ric. 08016019) of the Fondazione I.R.C.C.S. Policlinico S. Matteo to LM.



ACKNOWLEDGMENTS

We thank Sam Goblirsch, MD for critically reading our manuscript.



REFERENCES

 1. Darouiche RO. Spinal epidural abscess. N Engl J Med. (2006) 355:2012–20. doi: 10.1056/NEJMra055111

 2. Baker AS, Ojemann RG, Swartz MN, Richardson EP. Spinal epidural abscess. N Engl J Med. (1975) 293:463–8. doi: 10.1056/NEJM197509042931001

 3. Reihsaus E, Waldbaur H, Seeling W. Spinal epidural abscess: a meta-analysis of 915 patients. Neurosurg Rev. (2000) 23:175–204. doi: 10.1007/pl00011954

 4. DiGiorgio AM, Stein R, Morrow KD, Robichaux JM, Crutcher CL, Tender GC. The increasing frequency of intravenous drug abuse-associated spinal epidural abscesses: a case series. Neurosurg Focus. (2019) 46:E4. doi: 10.3171/2018.10.FOCUS18449

 5. Arko L, Quach E, Nguyen V, Chang D, Sukul V, Kim BS. Medical and surgical management of spinal epidural abscess: a systematic review. Neurosurg Focus. (2014) 37:E4. doi: 10.3171/2014.6.FOCUS14127

 6. Curry WT, Hoh BL, Amin-Hanjani S, Eskandar EN. Spinal epidural abscess: clinical presentation, management, and outcome. Surg Neurol. (2005) 63:364–71. doi: 10.1016/j.surneu.2004.08.081

 7. Stratton A, Faris P, Thomas K. The prognostic accuracy of suggested predictors of failure of medical management in patients with nontuberculous spinal epidural abscess. Glob Spine J. (2018) 8:279–85. doi: 10.1177/2192568217719437

 8. Epstein NE. Timing and prognosis of surgery for spinal epidural abscess: a review. Surg Neurol Int. (2015) 6:S475–86. doi: 10.4103/2152-7806.166887

 9. Ghobrial GM, Beygi S, Viereck MJ, Maulucci CM, Sharan A, Heller J, et al. Timing in the surgical evacuation of spinal epidural abscesses. Neurosurg Focus. (2014) 37:E1. doi: 10.3171/2014.6.FOCUS14120

 10. Lemaignen A, Ghout I, Dinh A, Gras G, Fantin B, Zarrouk V, et al. Characteristics of and risk factors for severe neurological deficit in patients with pyogenic vertebral osteomyelitis: a case-control study. Medicine (Baltimore). (2017) 96:e6387. doi: 10.1097/MD.0000000000006387

 11. Stricsek G, Iorio J, Mosley Y, Prasad S, Heller J, Jallo J, et al. Etiology and surgical management of cervical spinal epidural abscess (SEA): a systematic review. Glob Spine J. (2018) 8:59S–67. doi: 10.1177/2192568218772048

 12. Zimmerer SME, Conen A, Müller AA, Sailer M, Taub E, Flückiger U, et al. Spinal epidural abscess: aetiology, predisponent factors and clinical outcomes in a 4-year prospective study. Eur Spine J. (2011) 20:2228–34. doi: 10.1007/s00586-011-1838-y

 13. Ptaszynski AE, Hooten WM, Huntoon MA. The incidence of spontaneous epidural abscess in Olmsted County from 1990 through 2000: a rare cause of spinal pain. Pain Med Malden Mass. (2007) 8:338–43. doi: 10.1111/j.1526-4637.2006.00173.x

 14. Khan SH, Hussain MS, Griebel RW, Hattingh S. Title comparison of primary and secondary spinal epidural abscesses: a retrospective analysis of 29 cases. Surg Neurol. (2003) 59:28–33. doi: 10.1016/s0090-3019(02)00925-4

 15. Kapeller P, Fazekas F, Krametter D, Koch M, Roob G, Schmidt R, et al. Pyogenic infectious spondylitis: clinical, laboratory and mRI features. Eur Neurol. (1997) 38:94–8. doi: 10.1159/000113167

 16. Courjon J, Lemaignen A, Ghout I, Therby A, Belmatoug N, Dinh A, et al. Pyogenic vertebral osteomyelitis of the elderly: characteristics and outcomes. PloS ONE. (2017) 12:e0188470. doi: 10.1371/journal.pone.0188470

 17. Czigléczki G, Benko Z, Misik F, Banczerowski P. Incidence, morbidity, and surgical outcomes of complex spinal inflammatory syndromes in adults. World Neurosurg. (2017) 107:63–8. doi: 10.1016/j.wneu.2017.07.096

 18. Cai R, Pan C, Ghasemigharagoz A, Todorov MI, Förstera B, Zhao S, et al. Panoptic imaging of transparent mice reveals whole-body neuronal projections and skull–meninges connections. Nat Neurosci. (2019) 22:317–27. doi: 10.1038/s41593-018-0301-3

 19. Jacob L, Boisserand LSB, Geraldo LHM, de Brito Neto J, Mathivet T, Antila S, et al. Anatomy and function of the vertebral column lymphatic network in mice. Nat Commun. (2019) 10:4594. doi: 10.1038/s41467-019-12568-w

 20. Sakka L, Gabrillargues J, Coll G. Anatomy of the spinal meninges: neurosurgery. (2015) 12:168–88. doi: 10.1227/NEU.0000000000001048

 21. Berbari EF, Kanj SS, Kowalski TJ, Darouiche RO, Widmer AF, Schmitt SK, et al. Infectious Diseases Society of America (IDSA) clinical practice guidelines for the diagnosis and treatment of native vertebral osteomyelitis in adults. Clin Infect Dis. (2015) 61:e26–46. doi: 10.1093/cid/civ482

 22. Boström A, Oertel M, Ryang Y, Rohde V, Bürgel U, Krings T, et al. Treatment strategies and outcome in patients with non-tuberculous spinal epidural abscess–a review of 46 cases. Minim Invasive Neurosurg MIN. (2008) 51:36–42. doi: 10.1055/s-2007-1004547

 23. Choi EJ, Kim SY, Kim HG, Shon HS, Kim TK, Kim KH. Percutaneous endoscopic debridement and drainage with four different approach methods for the treatment of spinal infection. Pain Physician. (2017) 20:E933–40.

 24. Karikari IO, Powers CJ, Reynolds RM, Mehta AI, Isaacs RE. Management of a spontaneous spinal epidural abscess: a single-center 10-year experience. Neurosurgery. (2009) 65:919–23. doi: 10.1227/01.NEU.0000356972.97356.C5

 25. Chibbaro S, Cebula H, Todeschi J, Fricia M, Vigouroux D, Abid H, et al. Evolution of prophylaxis protocols for venous thromboembolism in neurosurgery: results from a prospective comparative study on low-Molecular-Weight heparin, elastic stockings, and intermittent pneumatic compression devices. World Neurosurg. (2018) 109:e510–6. doi: 10.1016/j.wneu.2017.10.012

 26. Vakili M, Crum-Cianflone NF. Spinal epidural abscess: a Series of 101 cases. Am J Med. (2017) 130:1458–63. doi: 10.1016/j.amjmed.2017.07.017

 27. Ganau M, Syrmos N, Martin AR, Jiang F, Fehlings MG. Intraoperative ultrasound in spine surgery: history, current applications, future developments. Quant Imaging Med Surg. (2018) 8:261–7. doi: 10.21037/qims.2018.04.02

 28. Suppiah S, Meng Y, Fehlings MG, Massicotte EM, Yee A, Shamji MF. How best to manage the spinal epidural abscess? a current systematic review. World Neurosurg. (2016) 93:20–8. doi: 10.1016/j.wneu.2016.05.074

 29. Numaguchi Y, Rigamonti D, Rothman MI, Sato S, Mihara F, Sadato N. Spinal epidural abscess: evaluation with gadolinium-enhanced MR imaging. Radiogr Rev Publ Radiol Soc N Am Inc. (1993) 13:545–59. doi: 10.1148/radiographics.13.3.8316663

 30. Shifrin A, Lu Q, Lev MH, Meehan TM, Hu R. Paraspinal edema is the most sensitive feature of lumbar spinal epidural abscess on unenhanced mRI. AJR Am J Roentgenol. (2017) 209:176–81. doi: 10.2214/AJR.16.17108

 31. Morikawa M, Sato S, Numaguchi Y, Mihara F, Rothman MI. Spinal epidural venous plexus: its mR enhancement patterns and their clinical significance. Radiat Med. (1996) 14:221–7.

 32. van der Kuip M, Hoogland PV, Groen RJ. Human radicular veins: regulation of venous reflux in the absence of valves. Anat Rec. (1999) 254:173–80. doi: 10.1002/(SICI)1097-0185(19990201)254:2<173::AID-AR3>3.0.CO;2-B

 33. Sorenson TJ, Lanzino G. Intradural Staphylococcus aureus abscess of the cauda equina in an otherwise healthy patient. Case Rep Surg. (2019) 2019:4860420. doi: 10.1155/2019/4860420

 34. Edwards JR, Williams K, Kindblom LG, Meis-Kindblom JM, Hogendoorn PCW, Hughes D, et al. Lymphatics and bone. Hum Pathol. (2008) 39:49–55. doi: 10.1016/j.humpath.2007.04.022

 35. Kashima TG, Dongre A, Athanasou NA. Lymphatic involvement in vertebral and disc pathology. Spine. (2011) 36:899–904. doi: 10.1097/BRS.0b013e3182050284

 36. Kliskey K, Williams K, Yu J, Jackson D, Urban J, Athanasou N. The presence and absence of lymphatic vessels in the adult human intervertebral disc: relation to disc pathology. Skeletal Radiol. (2009) 38:1169–73. doi: 10.1007/s00256-009-0770-2

 37. Underwood ML, Nguyen T, Uebelhoer LS, Kunkel LE, Korthuis PT, Lancioni CL. Altered monocyte phenotype and dysregulated innate cytokine responses among people living with hIV and opioid-use disorder. AIDS Lond Engl. (2020) 34:177–88. doi: 10.1097/QAD.0000000000002416

 38. Ganau M, Prisco L, Pescador D, Ganau L. Challenging new targets for CNS-HIV infection. Front Neurol. (2012) 3:43. doi: 10.3389/fneur.2012.00043

 39. Kim MJ, Koo HM, Lee WJ, Choi JH, Choi MN, Park SY, et al. Development of epidural and paraspinal abscesses after insufficient evaluation and treatment of acute pyelonephritis caused by staphylococcus aureus. Korean J Fam Med. (2016) 37:299–302. doi: 10.4082/kjfm.2016.37.5.299

 40. Leys D, Lesoin F, Viaud C, Pasquier F, Rousseaux M, Jomin M, et al. Decreased morbidity from acute bacterial spinal epidural abscesses using computed tomography and nonsurgical treatment in selected patients. Ann Neurol. (1985) 17:350–5. doi: 10.1002/ana.410170408

 41. Killen M-C, Hernandez M, Berg A, Bhatia C. Nonoperative management of a multi-Regional epidural abscess with neurological dysfunction. Int J Spine Surg. (2015) 9:47. doi: 10.14444/2047

 42. Kow CY, Chan P, Etherington G, Ton L, Liew S, Cheng AC, et al. Pan-spinal infection: a case series and review of the literature. J Spine Surg Hong Kong. (2016) 2:202–9. doi: 10.21037/jss.2016.08.04

 43. Koo DW, Townson AF, Dvorak MF, Fisher CG. Spinal epidural abscess: a 5-year case-controlled review of neurologic outcomes after rehabilitation. Arch Phys Med Rehabil. (2009) 90:512–6. doi: 10.1016/j.apmr.2008.09.567

Conflict of Interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

Copyright © 2020 Magrassi, Mussa, Montalbetti, Colaneri, di Matteo, Malfitano, Simoncelli, Egitto, Bernucci and Brunetti. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.



OPS/images/fsurg-07-00020-g004.gif





OPS/images/fsurg-07-00020-g002.gif





OPS/images/fsurg-07-00020-g003.gif





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Primary Spinal Epidural Abscesses Not Associated With Pyogenic Infectious Spondylodiscitis: A New Pathogenetic Hypothesis



		Introduction



		Materials and Methods



		Results



		Demographic and General Clinical Results



		Illustrative Cases







		Discussion



		Limitations



		Conclusion



		Data Availability Statement



		Ethics Statement



		Author Contributions



		Funding



		Acknowledgments



		References

















OPS/images/cover.jpg
, frontiers
in Surgery

Primary Spinal Epidural Abscesses
Not Associated With Pyogenic
Infectious Spondylodiscitis: A New
Pathogenetic Hypothesis





OPS/images/fsurg-07-00020-t001.jpg
Pt.  Sex  Age(years)

46.3
31.6
703
419
415
29.1
65.6

N O R 0N
mnmmMTmzzz

Ivbu

Yes
Yes
No

Yes
Yes
Yes
No

Diabetes type Il

Yes
No
Yes
No
No
No
No

Viral inf.

HIV, HBV, HCV
Hev

no

HV

HIV, HOV
HCV

no

Level

post Ths-7
L2-s1

post Th7-S2

post Tha-7

ant C6-Thi

ant Ths-9 post Th-L2
post The-7

AISG

O®W®OOOoOo

Type of surgery

P decompression
P decompression

P percutaneous aspiration

P decompression

A decompression + A instrumentation
P decompression

P decompression

Study population characteristics with primary SEA not associated with PS. AISG, ASIAISNCSCI impairment scale grade; Pt, patient; C, cervical; Th, thoracic; L, lumbar; S, sacral; P
posterior; A, anterior. One patient (no. 6) had SEA extending from thoracic to lumbar spine, and the purulent collection becomes confluent around the dura at Th9.





OPS/images/fsurg-07-00020-g001.gif
19 months










OPS/images/crossmark.jpg
©

2

i

|





OPS/images/logo.jpg
, frontiers
in Surgery





