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Case report: Cerebrospinal fluid neutrophilic pleocytosis upon intrathecal triamcinolone injection
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Case report: Cerebrospinal fluid neutrophilic pleocytosis upon intrathecal triamcinolone injection
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Intrathecal corticosteroids, initially employed in the 1950s, faced declining use due to complications like arachnoiditis and aseptic meningitis. Triamcinolone, which is nowadays used as intrathecally applied glucocorticoid formulation, has been shown to beneficially influence spasticity without demonstrable influence on disease activity or progression. We here present the case of a patient with recurrent episodes of aseptic cerebrospinal fluid (CSF) neutrophilic pleocytosis over a year following intrathecal triamcinolone treatment. CSF analyses revealed a post-injection CSF cytokine profile resembling cytokine release reaction rather than drug hypersensitivity. This case thus highlights a potential side effect of intrathecal triamcinolone injection with yet unclear clinical relevance, underscores the need for further assessment of clinical benefits of intrathecal triamcinolone, and emphasizes potential short and long-term side effects associated with extended intrathecal triamcinolone use.
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Introduction

Intrathecal administration of extended-release corticosteroids dates back to the 1950s and has been used as therapy for a number of neurologic conditions, including postherpetic neuralgia, pain management, and treatment of multiple sclerosis (MS) related spasticity (1–3). Originally, methylprednisolone acetate was used as a formulation, which, in addition to general known complications caused by lumbar puncture, was considered to be the cause of side effects such as arachnoiditis, aseptic meningitis, or generalized pachymeningitis (4). As a result, these risks combined with uncertain efficacy have led to a marked decline in the popularity of intrathecal steroid application (5–7), even after the introduction of novel steroid formulations such as triamcinolone (8). Moreover, therapeutic strategies, such as physiotherapy, application of botulinum toxin, oral or intrathecal baclofen, tizanidine, as well as cannabinoids have emerged as efficacious strategies with limited and controllable side effects (9, 10).

In this context, we here present another potential side effect of intrathecal steroid administration, namely repeated episodes of aseptic neutrophilic pleocytosis with up to 5,200 leukocytes/μl in the cerebrospinal fluid over a one-year period of triamcinolone treatment, alongside elevated cytokine release in the CSF. While the short and long-term sequelae of these alterations remain unclear, these observations underscore the need for further investigation of long-term intrathecal steroid application, and further strengthen the relevance of alternative treatment approaches for spasticity in neurological disorders.



Case

A 76-year-old female patient with AQP-4 negative Neuromyelitis Optica Spectrum Disorder (NMOSD) first exhibited a spinal syndrome with predominantly right-sided tetraparesis in 2016. Immunomodulatory therapy with Rituximab was administered from June 2018 to December 2018. However, due to a lack of clinical improvement, the therapy was discontinued. To treat the persistent painful spastic symptoms, the patient underwent intrathecal triamcinolone therapy every 6 months starting in June 2019, with a cumulative dose of 80 mg over 2 days. Both the patient and treating physicians confirmed improvement in spasticity and mobility upon triamcinolone therapy.

The patient tolerated the intrathecal triamcinolone injections well, with no clinical side effects or cerebrospinal fluid (CSF) abnormalities. However, the day after the fifth injection on 21 April 2022, CSF cell counts increased to 1,600/μl, consisting of 90% granulocytes. Subsequent lumbar punctures performed after the first administration on the following day and also at the beginning of the new cycle after 6 months continued to show consistently elevated cell counts (Figure 1). Spinal magnetic resonance imaging (MRI) on 15 July 2022, showed pre-existing myelon lesions at levels C4/5 to C6, but no signs of adhesions or arachnoiditis as a potential cause of the CSF findings. Also, clinical signs of meningitis were absent. Based on the beneficial clinical effects and the assumption of reactive pleocytosis due to steroid injection, intrathecal triamcinolone therapy was continued. However, after the 17th intrathecal administration of triamcinolone, a lumbar puncture on 19 July 2023, revealed a turbid CSF with excessively increased leukocytes (5,200/μL, 98% granulocytes), elevated albumin quotient (11.12) without intrathecal immunoglobulin synthesis (IgG/Q 6.8 [oligoclonal bands type IV]; IgA/Q 4.94, IgM/Q 3.63), a lactate concentration of 4.38 mmoL/L and a glucose concentration of 77 mg/dL. CSF granulocytes exhibited a hypersegmented nuclear pattern in cytology (Figure 2), indicative of an activation response. Despite the absence of elevated systemic infection parameters, the substantial increase in CSF leucocytes raised concern about a potential bacterial infection, and empiric treatment with ceftriaxone was initiated. Yet, negative infectious workup (broad-range 16S rRNA PCR analysis of CSF, CSF cultivation for bacteria and fungi, microscopic examination (Gram staining) and inhibition testing) led to assume triamcinolone-induced aseptic neutrophilic pleocytosis. To clarify the underlying pathomechanisms, comparative analyses of the cerebrospinal fluid (CSF) cytokine profile in this patient (#1), as well as three additional patients (#2, #3, #4) suffering from secondary progressive multiple sclerosis (MS), who had received an equivalent dose of intrathecal triamcinolone treatment for spasticity treatment, were performed. CSF samples were collected from patients #3 and #4 both before and 24 h after the administration of triamcinolone. Additionally, CSF samples were collected from patient #1 after a 2-month follow-up and from patient #2 after a 3-month follow-up. No changes in the CSF cell counts were observed in control patients. In-depth cytokine investigation detected a distinct pattern between index (#1) and control patients (##2, 3, 4). Specifically, we noted an increase in the levels of tumor necrosis factor-alpha (TNF-α), interleukin-6 (IL-6), interleukin-8 (IL-8), and interleukin-10 (IL-10) in the CSF of patient #1 after intrathecal triamcinolone administration, while no relevant changes were observed in the control patients. Conversely, no alterations were detected in the levels of interferon-γ (INF-γ) or eotaxin-3 (Figure 3).
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FIGURE 1
 Longitudinal progression of cerebrospinal fluid (CSF) Qalbumin and cell count in index patient: Longitudinal progression of CSF Qalbumin (left y axis) and cell count (right y axis, cells/μl) in index patient.
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FIGURE 2
 May-Grünwald-Giemsa stained cerebrospinal fluid (CSF) cell image: Visible are hypersegmented neutrophil granulocytes ([image: inline1]), as well as occasional mononuclear cells ([image: inline1]).
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FIGURE 3
 Cytokine profile in the cerebrospinal fluid (CSF) before intrathecal triamcinolone administration, 1 day after administration, and during follow-up. The heat map displays the concentrations of the cytokines eotaxin-3, interferon-γ (INF-γ), tumor necrosis factor-alpha (TNF-α), interleukin-6 (IL-6), interleukin-8 (IL-8), and interleukin-10 (IL-10) in the cerebrospinal fluid (CSF) of patients #1, #2, #3, #4 at two or three different time points: before (1) and 1 day after intrathecal triamcinolone administration (2), as well as after 2 months for patient #1 (3) and 3 months for patient #2 (3).


In view of this inflammatory CSF syndrome, we discussed to pause further intrathecal administration of triamcinolone in order to assess the clinical course following the CSF pathology described above. Indeed, the patient did not exhibit additional clinical symptoms during the inpatient stay, especially no meningism or headache, and was discharged in unaltered general condition. After 8 weeks, we performed a follow-up diagnostic lumbar puncture, which showed normalization of all parameters pathological in the previous analyses (Figures 2, 3). Yet, in the light of the unclarity of the underlying causes for these CSF alterations as well as potential long-term side-effects, we discussed additional options for the treatment of the patient’s spasticity and finally decided together with the patient to discontinue intrathecal triamcinolone therapy.

Together, this case highlights a potential side effect of yet unclear short and long-term significance in the treatment of spasticity using intrathecal steroids. Future studies will need to address these and other long-term effects of intrathecal steroids on the one hand, while on the other hand additional established treatment strategies for spasticity gain increasing importance in the light of their limited side effects and long-term tolerability.



Discussion

We here report a case of an asymptomatic neutrophilic pleocytosis after administration of triamcinolone characterized by an inflammatory CSF syndrome, which has not been described to this extent before. The diagnosis was made based on the abrupt increase in leukocyte count with increased albumin quotient and turbid CSF after the 17th intrathecal triamcinolone injection, after infectious meningitis was ruled out. The patient remained asymptomatic throughout the follow-up period.

Besides postlumbar puncture complications such as headache, hygromas, infections and tentorial herniation, lumbar punctures and intrathecal drug administration have been described to induce mild changes in various parameters of routine CSF diagnostics (11). First, CSF pleocytosis has been described as a reaction to the puncture per se, alongside instances of non-specific cell presence with a maximum count of up to 45 leukocytes/μL (12), most likely due to mechanical irritation. Second and more importantly, pleocytosis following intrathecal administration of medication has been described as a non-specific irritation to the chemical agent applied, with increases in cell numbers up to 453/μL (13). This phenomenon has been termed induced chemical meningitis, a non-specific reaction to the active substance used, the pathophysiological mechanism of which remains unclear. Direct meningeal irritation or a hypersensitivity reaction have being discussed in this context (6, 7, 14, 15). Indeed, previous reports have described cases of chemical meningitis with severe clinical manifestations, including fever and headache following intrathecal methylprednisolone acetate injection (4, 7, 14). These complications appeared to be associated with the molecular composition of methylprednisolone acetate, and might thus be less prominent under triamcinolone application. In these lines, animal research showed no evidence of neurotoxicity upon intrathecal administration of triamcinolone diacetate (16). Yet, the clinical and long-term implications of these CSF findings upon intrathecal triamcinolone application remain unclear to date. Indeed, even though no additional side effects of intrathecal triamcolone administration were described in larger studies (17–20), these observations must limit excessive use of triamcinolone to treat spasticity as long as long-term effects of these treatments remain unclear.

The pathophysiology underlying the abrupt and substantial increase in cell count and protein levels after the 17th intrathecal administration remains unclear. Alongside potential causative mechanical irritation caused by the lumbar punction and application of the medication, drug hypersensitivity reaction mediated by IgE antibodies needs to be taken into account as possible cause of these alterations (21). To provide clarification, an additional analysis of CSF cytokine profile was carried out. In this patient’s case, chemical meningitis was marked by a specific cytokine profile, with increased levels of IL-6, IL-8, and TNF-α, while INF-γ and eotaxin-3 levels remained unchanged. This suggested a different mechanism than a typical drug hypersensitivity reaction. Indeed, this reaction is most likely not be mediated by a classical allergic reaction, but might instead be exclusively triggered by proinflammatory cytokines, such as interleukin-6 (IL-6) and tumor necrosis factor-alpha (TNF-α), which might be directly induced by the administered intrathecal triamcinolone. These cytokines can act as chemotactic stimuli, attracting neutrophilic granulocytes into the cerebrospinal fluid (CSF) (22). This phenomenon can be compared to a cytokine release reaction (CRR) observed in cases where drugs such as rituximab or chemotherapeutic agents are administered systemically (21). However, it has not yet been described after intrathecal administration. In the context of meningitis, a notable distinction exists between infectious forms, such as viral or bacterial meningitis, and non-infectious cases. This difference is exemplified by the presence or absence of elevated IFN-γ levels. In infectious meningitis, there is typically an elevation of IFN-γ in response to the presence of pathogens (23). In contrast, in non-infectious cases, no notable increase in IFN-γ levels is observed, highlighting fundamental distinction between infectious-triggered meningitis and non-infectious causes.

Several additional limitations need to be taken into account when analyzing these observations: While the index patient suffered from seronegative NMOSD, the control patients without CSF alterations upon triamcinolone applications were diagnosed with secondary progressive multiple sclerosis. Thus, the pathophysiological differences of the underlying diseases per se may impact cytokine profiles and reactions elicited by the procedure. In these lines, the predominant IL-6 and neutrophil elevation in the CSF raises the question of disease reactivation in NMOSD, where IL-6 and neutrophils have been associated to relapse activity predominantly (24). Even though MRI scans detected no novel or contrast enhancing lesions, and clinical symptoms suggestive of acute disease activity remained absent, the potential side effect of disease activation is of concern, given the potential severity and therapeutic refractoriness of relapses in NMOSD. Finally, there are currently no clear guidelines on how to proceed in the event of chemical meningitis following intrathecal injections, as the underlying mechanisms remain unclear (25). Finally, potential late complications such as arachnoiditis are not assessed in the case presented here.

In this light, further research to clarify this phenomenon and its long-term implications is clearly warranted. Finally, additional anti-spasticity therapies have proven efficient and are thus first-line recommendations for the treatment of spasticity (9, 10). These therapies include physiotherapy, locally applied botulinum toxin, oral medications such as baclofen, tizanidine, or cannabinoids. Moreover, intrathecal continuous baclofen application has proven efficient, while severe side effects such as baclofen withdrawl syndrome must be taken into account. Together, these treatments need to be considered first-line options and can be escalated from non-invasive to increasing invasiveness, tailoring treatments to the needs of individual patients.

Together, this case describes an inflammatory CSF syndrome induced by intrathecal triamcinolone therapy most likely due to cytokine release syndrome resembling mechanisms. While it highlights a side-effect of intrathecal triamcinolone, the long-term relevance of which is yet unclear, it also emphasizes the need for caution in long-term application regimens of intrathecal steroids. It is imperative that this issue be discussed specifically in patients receiving intrathecal administration over an extended period of time, and that a strong focus on alternative treatment regimens be put, as long as the sequelae of these alterations are yet unknown. Future research should systematically examine the effects of leucocytes and the long-term consequences of the CSF inflammatory syndrome on patients to provide clinical guidelines for the management of chemical meningitis.



Data availability statement

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.



Ethics statement

The studies involving humans were approved by Ethik-Kommission der Friedrich-Alexander-Universität Erlangen-Nürnberg. The studies were conducted in accordance with the local legislation and institutional requirements. The participants provided their written informed consent to participate in this study. Written informed consent was obtained from the individual(s) for the publication of any potentially identifiable images or data included in this article.



Author contributions

TT: Writing – review & editing, Writing – original draft, Investigation, Conceptualization. JS: Writing – review & editing, Writing – original draft. VT: Writing – review & editing, Writing – original draft. MU: Writing – review & editing, Writing – original draft. SS: Writing – review & editing, Writing – original draft. DH: Writing – review & editing, Writing – original draft. VR: Conceptualization, Writing – review & editing, Writing – original draft.



Funding

The author(s) declare that no financial support was received for the research, authorship, and/or publication of this article.



Acknowledgments

The authors thank the patients for participating in this study.



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.



Publisher’s note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



References

 1. Goebert, HW Jr, Jallo, SJ, Gardner, WJ, Wasmuth, CE, and Bitte, EM. Sciatica: treatment with epidural injections of procaine and hydrocortisone. Cleve Clin Q. (1960) 27:191–7. doi: 10.3949/ccjm.27.4.191 

 2. Kotani, N, Kushikata, T, Hashimoto, H, Kimura, F, Muraoka, M, Yodono, M , et al. Intrathecal methylprednisolone for intractable postherpetic neuralgia. N Engl J Med. (2000) 343:1514–9. doi: 10.1056/nejm200011233432102 

 3. Mazzarello, P, Poloni, M, Piccolo, G, Cosi, V, and Pinelli, P. Intrathecal methylprednisolone acetate in multiple sclerosis treatment. Clinical evaluation. Acta Neurol Belg. (1983) 83:190–6.

 4. Nelson, DA, and Landau, WM. Intraspinal steroids: history, efficacy, accidentality, and controversy with review of United States Food and Drug Administration reports. J Neurol Neurosurg Psychiatry. (2001) 70:433–43. doi: 10.1136/jnnp.70.4.433 

 5. Boines, GJ. Predictable remissions in multiple sclerosis. Del Med J. (1963) 35:200–2.

 6. Dougherty, JH Jr, and Fraser, RA. Complications following intraspinal injections of steroids. Report of two cases. J Neurosurg. (1978) 48:1023–5. doi: 10.3171/jns.1978.48.6.1023

 7. Gutknecht, DR. Chemical meningitis following epidural injections of corticosteroids. Am J Med. (1987) 82:570. doi: 10.1016/0002-9343(87)90468-2 

 8. Abu-Mugheisib, M, Benecke, R, and Zettl, UK. Repeated intrathecal triamcinolone Acetonide Administration in Progressive Multiple Sclerosis: a review. Mult Scler Int. (2011) 2011:1–8. doi: 10.1155/2011/219049 

 9. Flachenecker, P, Henze, T, and Berthele, A. S2k-Leitlinie: Diagnose und Therapie der Multiplen Sklerose, Neuromyelitis-optica-Spektrum-Erkrankungen und MOG-IgG-assoziierten Erkrankungen. DGNeurologie. (2021) 4:364–83. doi: 10.1007/s42451-021-00369-9

 10. Otero-Romero, S, Sastre-Garriga, J, Comi, G, Hartung, HP, Soelberg Sørensen, P, Thompson, AJ , et al. Pharmacological management of spasticity in multiple sclerosis: systematic review and consensus paper. Mult Scler. (2016) 22:1386–96. doi: 10.1177/1352458516643600 

 11. Roos, KL. Lumbar puncture. Semin Neurol. (2003) 23:105–14. doi: 10.1055/s-2003-40758

 12. Atiee, G, Sramek, J, Palasota, J, Andrews, S, Murphy, M, and Cutler, NR. Pleocytosis in cerebrospinal fluid following multiple lumbar punctures in healthy volunteers. J Neurol Sci. (2016) 360:131–2. doi: 10.1016/j.jns.2015.11.039 

 13. Baunbæk Egelund, G, Ertner, G, Langholz Kristensen, K, Vestergaard Jensen, A, Benfield, TL, and Brandt, CT. Cerebrospinal fluid pleocytosis in infectious and noninfectious central nervous system disease: a retrospective cohort study. Medicine. (2017) 96:e6686. doi: 10.1097/md.0000000000006686 

 14. Chauvet, E, Moineuse, C, Navaux, F, Constantin, A, Cantagrel, A, Mazières, B , et al. Pseudo-septic meningeal reaction after intradural glucocorticoid therapy for sciatica. Joint Bone Spine. (2002) 69:95–6. doi: 10.1016/s1297-319x(01)00352-9 

 15. Jolles, S, Sewell, WA, and Leighton, C. Drug-induced aseptic meningitis: diagnosis and management. Drug Saf. (2000) 22:215–26. doi: 10.2165/00002018-200022030-00005

 16. Abram, SE, Marsala, M, and Yaksh, TL. Analgesic and neurotoxic effects of intrathecal corticosteroids in rats. Anesthesiology. (1994) 81:1198–205. doi: 10.1097/00000542-199411000-00013 

 17. Hoffmann, V, Kuhn, W, Schimrigk, S, Islamova, S, Hellwig, K, Lukas, C , et al. Repeat intrathecal triamcinolone acetonide application is beneficial in progressive MS patients. Eur J Neurol. (2006) 13:72–6. doi: 10.1111/j.1468-1331.2006.01145.x 

 18. Hoffmann, V, Schimrigk, S, Islamova, S, Hellwig, K, Lukas, C, Brune, N , et al. Efficacy and safety of repeated intrathecal triamcinolone acetonide application in progressive multiple sclerosis patients. J Neurol Sci. (2003) 211:81–4. doi: 10.1016/s0022-510x(03)00060-1 

 19. Kamin, F, Rommer, PS, Abu-Mugheisib, M, Koehler, W, Hoffmann, F, Winkelmann, A , et al. Effects of intrathecal triamincinolone-acetonide treatment in MS patients with therapy-resistant spasticity. Spinal Cord. (2015) 53:109–13. doi: 10.1038/sc.2014.155 

 20. Rommer, PS, Kamin, F, Abu-Mugheisib, M, Koehler, W, Hoffmann, F, Winkelmann, A , et al. Long-term effects of repeated cycles of intrathecal triamcinolone Acetonide on spasticity in MS patients. CNS Neurosci Ther. (2016) 22:74–9. doi: 10.1111/cns.12474 

 21. Lee, EY, and Jakubovic, BD. Interleukin-6 and cytokine release syndrome: a new understanding in drug hypersensitivity reactions. Ann Allergy Asthma Immunol. (2023) 130:178–84. doi: 10.1016/j.anai.2022.10.025

 22. Liu, Y-W, Li, S, and Dai, S-S. Neutrophils in traumatic brain injury (TBI): friend or foe? J Neuroinflammation. (2018) 15:146. doi: 10.1186/s12974-018-1173-x 

 23. Lepennetier, G, Hracsko, Z, Unger, M, Van Griensven, M, Grummel, V, Krumbholz, M , et al. Cytokine and immune cell profiling in the cerebrospinal fluid of patients with neuro-inflammatory diseases. J Neuroinflammation. (2019) 16:219. doi: 10.1186/s12974-019-1601-6 

 24. Fujihara, K, Bennett, JL, de Seze, J, Haramura, M, Kleiter, I, Weinshenker, BG , et al. Interleukin-6 in neuromyelitis optica spectrum disorder pathophysiology. Neurol Neuroimmunol Neuroinflamm. (2020) 7:841. doi: 10.1212/nxi.0000000000000841 

 25. Marinac, JS. Drug-and chemical-induced aseptic meningitis: a review of the literature. Ann Pharmacother. (1992) 26:813–22. doi: 10.1177/106002809202600613 


Copyright
 © 2024 Tsaktanis, Stritzelberger, To, Uhl, Schwab, Heuss and Rothhammer. 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/fneur-15-1372266-i002.jpg





OPS/images/fneur-15-1372266-g003.jpg
Eotaxin-3 (pg/ml)-

INF-y (pg/ml)—

TNF-a (pg/ml)-

IL-6 (pg/ml)—

IL-8 (pg/ml)—

IL-10 (pg/ml)

#2 #3 #4

09|03 01|01 01 )01
06 |05 04 )04 05|05
86 |52 55|56 54 |61
213 2| 2 2|2
591 | 143 136 | 389 39 | 39
50 |50 50 | 5.0 50 |50
T T 1 1 1 1
2 3 1 2 1 2

10

15

1000
500

6000
3000
30





OPS/images/fneur-15-1372266-i001.jpg





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Case report: Cerebrospinal fluid neutrophilic pleocytosis upon intrathecal triamcinolone injection



		Introduction



		Case



		Discussion



		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Acknowledgments



		Conflict of interest



		Publisher’s note



		References



















OPS/images/fneur-15-1372266-g001.jpg
® Qalb

-~ CSF cells/pl

CSF cells/pl
s
S g
8 8 ¢ =
s 8 8 o 3
2 2 8 2 <« s

|

15
0
5
0






OPS/images/fneur-15-1372266-g002.jpg
iication

g






OPS/images/cover.jpg
& frontiers | Frontiers in Neurology

Case report: Cerebrospinal fluid
neutrophilic pleocytosis upon
intrathecal triamcinolone
injection












OPS/images/crossmark.jpg
©

2

i

|






OPS/images/logo.jpg
, frontiers Frontiers in Neurology






