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We are not aware of any reports regarding conservative treatment for leukemia-related chronic subdural hematoma (CSDH). We report our experience with 3 men who were admitted with subdural masses and abnormal leukocyte counts. In two patients, leukemia and CSDH were confirmed on the basis of medical records, mild head trauma, and neuroimaging features. Both patients experienced reduced CSDH and neurological symptoms after receiving atorvastatin (20 mg/day) plus low-dose dexamethasone. However, this combined conservative treatment was ineffective in the third patient, who was diagnosed as having leukemia and showed an increased hematoma volume after two weeks of therapy. Magnetic resonance imaging findings suggested dural metastasis, which prompted a switch from statin-based conservative treatment to chemotherapy. Complete remission of the leukemia and resolution of the subdural mass were observed after chemotherapy, which supported a diagnosis of leukemia encephalopathy. The 5-month follow-ups did not reveal CSDH relapse in all 3 cases. Thus, atorvastatin-based conservative treatment may be effective for leukemia-related CSDH but not for leukemia encephalopathy.
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Introduction

Chronic subdural hematoma (CSDH) is a common neurological disease that generally develops after a head trauma (1–3). The formation of CSDH is thought to be related to the injury of the bridging vessels that connect the brain to the dural venous sinuses. This allows blood to collect in the subdural space, which induces chronic inflammation, the continuous release of angiogenesis-related cytokines, and the formation of highly permeable capillaries. Blood constantly seeps into the subdural space from these immature vessels, which causes the chronic hematoma (4–6). Cases of CSDH generally involve elderly patients and can co-occur with various neoplasms, including leukemia (7–9). However, there are few reports regarding leukemia-related CSDH, its potential etiology, and conservative treatment.

In this context, if leukemia is effectively treated and the CSDH persists, the underlying mechanisms and treatment strategies would be similar to those in cases of trauma-related CSDH. However, it is also possible that the subdural mass might be directly caused by leukemia encephalopathy, which would suggest that its pathological characteristics and treatment strategies would differ from those of trauma-related CSDH. Burr-hole drainage is the primary treatment for CSDH, although it is associated with unsatisfactory rates of relapse and mortality (10, 11). Furthermore, the current chemotherapeutic protocols for leukemia are still associated with a poor prognosis and abnormal blood parameters, which may motivate patients to select non-surgical conservative therapy if they have CSDH and leukemia (12). Unfortunately, there is no clearly effective conservative treatment for CSDH in patients with leukemia. We confirmed that statin-based conservative treatment is effective for conventional CSDH on the basis of findings from our previous clinical trials (13, 14). In this report, we describe the effectiveness of a statin-based conservative treatment for CSDH in patients with leukemia.

Clinical studies have indicated that atorvastatin, which is a 3-hydroxy-3-methylglutaryl-coenzyme A reductase inhibitor, can effectively treat CSDH by promoting vessel maturation and inhibiting intracapsular inflammation (15–17). Furthermore, preliminary findings from a randomized proof-of-concept clinical trial have indicated that atorvastatin plus low-dose dexamethasone treatment was effective in reducing hematoma and neurological symptoms in patients with CSDH (14). Thus, to save time and achieve better outcomes, it would be reasonable to use atorvastatin plus low-dose dexamethasone to treat leukemia-related CSDH, as this strategy was more effective than atorvastatin monotherapy. We report our experience with 2 patients who had leukemia and trauma-related CSDH and a third patient with leukemia encephalopathy that was diagnosed during hospitalization, who experienced different results from a combination of atorvastatin plus low-dose dexamethasone.



Case Presentation

Informed consent for the publication of this report was obtained from the patients. All patients received a standard dose of atorvastatin (20 mg/day orally) plus low-dose dexamethasone (2.25 mg/day for the first 2 weeks, 1.5 mg/day during the third week, and then 0.75 mg/day during the fourth week).


Case 1

A 28-year-old man with acute myeloid leukemia (AML) experienced head trauma during a minor collision while receiving chemotherapy with cytarabine plus decitabine (Figure 1A). One month later, the patient developed headache and confusion, and bilateral CSDH was detected during head computed tomography (CT) (Figure 2A). Treatment was immediately started using atorvastatin (20 mg/day), the patient’s symptoms were significantly relieved after 4 weeks, and magnetic resonance imaging (MRI) revealed slight absorption of the left-side hematoma (Figure 2B). Low-dose dexamethasone was added to the conservative treatment at 4 weeks, and CT at the 8-week follow-up revealed substantial absorption of the CSDH (Figure 2C). The dexamethasone treatment was subsequently stopped, but atorvastatin treatment was continued until week 12, at which point CT revealed that the hematoma had nearly disappeared (Figure 2D). The patient did not experience any adverse drug reactions during the conservative treatment, and no hematoma recurrence has been observed during the 6-month follow-up.




Figure 1 | Periodic acid-Schiff staining of bone marrow aspirate from the 3 patients at the time of admission. (A) Patient 1 had acute myeloid leukemia, (B) Patient 2 had chronic myeloid leukemia, and (C) Patient 3 had acute myeloid leukemia. (D) Patient 3 experienced complete remission after the chemotherapy.






Figure 2 | Neuroimaging findings for Patient 1. (A) Chronic subdural hematoma (red arrows) was detected in the bilateral frontotemporal lobes after head trauma. (B) After 4 weeks of atorvastatin treatment, the left-side hematoma was slightly absorbed. (C, D) Absorption of the hematoma after 8 weeks and 12 weeks of conservative treatment using atorvastatin plus low-dose dexamethasone.





Case 2

A 72-year-old man had a 2-year history of chronic myeloid leukemia (CML) but had not been receiving chemotherapy for approximately 1 year (Figure 1B). The patient developed CSDH after experiencing head trauma, which resulted in dizziness, headache, and left-limb weakness (Figure 3A). After 2 weeks of conservative treatment using atorvastatin plus dexamethasone, the hematoma was substantially absorbed, and the patient’s symptoms were significantly relieved (Figure 3B). However, the patient’s symptoms worsened during the 4th week of treatment, at which point head MRI revealed new bleeding in the subdural space (Figure 3C). Conservative treatment was continued, although dexamethasone was stopped at the 6th week and atorvastatin was stopped after approximately 20 weeks. At 10 weeks, CT revealed that the hematoma had been significantly absorbed (Figure 3D), and the hematoma gradually disappeared during the 5-month follow-up, with complete relief of the patient’s symptoms (Figure 3E). This patient also did not experience any adverse drug reactions or hematoma recurrence.




Figure 3 | Neuroimaging findings for Patient 2. (A) A 72-year-old man with chronic myeloid leukemia was diagnosed as having right frontotemporal chronic subdural hematoma (red arrow). (B) The hematoma was significantly absorbed after 2 weeks of conservative treatment. (C) New bleeding in the subdural space was detected via magnetic resonance imaging at the 4-week follow-up. (D) Obvious absorption was observed after 10 weeks and (E) near disappearance was observed after 20 weeks of conservative treatment.





Case 3

A 68-year-old man with a 1-month history of headache and dizziness was diagnosed as having CSDH (Figure 4A). After admission, the patient received conservative treatment using atorvastatin plus low-dose dexamethasone. After 2 weeks of inpatient therapy, head MRI revealed that the subdural mass had grown, with significant enhancement of the dura mater (Figure 4B). A substantial leukocyte abnormality was detected during the treatment period, and a diagnosis of AML was made on the basis of bone marrow aspirate examination (Figure 1C). Conservative treatment using atorvastatin plus dexamethasone was switched to periodic chemotherapy using cytarabine plus decitabine for over 4 months. Surprisingly, the subdural hematoma was significantly absorbed after completion of chemotherapy (Figures 4C, D) and the patient’s symptoms disappeared with complete remission of the AML (Figure 1D). This course suggested that the patient had CSDH that was related to leukemia encephalopathy. The 5-month follow-up MRI findings (Figure 4E) revealed no subdural hematoma and the patient did not experience any severe side effects during the treatment period.




Figure 4 | Neuroimaging findings for Patient 3. (A) Computed tomography revealed bilateral chronic subdural hematoma (red arrows). (B) After 2 weeks of atorvastatin treatment plus low-dose dexamethasone, magnetic resonance imaging revealed an increase in the hematoma, with significant enhancement of the dura mater (green arrows) post-injection of contrast agent. (C, D) After chemotherapy, subdural mass was significantly absorbed in 8-14 weeks. (E) A 5 months follow-up MRI exhibited no hematoma in the subdural space.






Discussion

The development of CSDH is related to chronic inflammation in the subdural space that induces the formation of highly permeable capillaries, which leads to continuous blood leakage and accumulation in the subdural space (4–6). Among the cases we reported, the CSDH in Patients 1 and 2 might be related to incidental cerebral trauma during leukemia treatment, which could have been accompanied by the inflammation-related formation of immature blood vessels, leading to CSDH. In Patient 3, dural metastasis may have been responsible for the subdural mass, as dural invasion of leukemia can occasionally cause malignant subdural hematoma (8). Our laboratory findings revealed low platelet counts in all 3 patients (Supplement Table 1), which is concordant with the relationship between abnormal coagulation function and the development of CSDH (18–20). In Patients 1 and 2, atorvastatin plus low-dose dexamethasone treatment promoted absorption of the CSDH and alleviated the patients’ neurological symptoms with no adverse events occurred and no recurrence during follow-up. Thus, this combination may be a safe and effective treatment for patients with leukemia and conventional CSDH.

Atorvastatin treatment for CSDH is based on the concept that statin treatment is effective for subdural masses (13). The anti-inflammatory effects of statin may play an important role in promoting the absorption of CSDH. For example, our previous studies revealed that atorvastatin treatment of rats with subdural hematoma led to decreased expression of IL-6, IL-8, and TNF-α, which contribute to the development of CSDH, and increased the number of anti-inflammatory regulatory T-cells (15–17). While atorvastatin alone initially improved Patient 1’s neurological symptoms, there was no clear CSDH absorption, which was subsequently observed after the addition of dexamethasone. This result agrees with the finding from a phase II randomized proof-of-concept trial, which indicated that atorvastatin plus low-dose dexamethasone was more effective than atorvastatin monotherapy for accelerating CSDH absorption. That study indicated that atorvastatin enhanced the levels of circulating endothelial progenitor cells, which are essential for the formation and maturation of blood vessels, and promoted the maturation of subdural leakage capillaries, whereas dexamethasone strengthened these effects (14). In vitro research showed that subdural hematoma could destroy endothelial cell junction by reducing the expression of transcription factor KLF2, while statin could promote the expression of KLF2 to improve endothelial connection. And the effect of statins on promoting the expression of KLF2 was enhanced when combined with low-dose dexamethasone (21).

Patient 3 had an interesting course, as the subdural hematoma was not effectively absorbed during the early stage of treatment using atorvastatin plus dexamethasone. Furthermore, a new subdural hemorrhage during this period led to an increase in the CSDH. However, the patient was immediately switched to chemotherapy after the diagnosis of AML, which resulted in resolution of the leukemia after 6 weeks and rapid absorption of the subdural mass at the same time based on the MRI findings. Thus, the patient likely had leukemia encephalopathy rather than conventional trauma-related CSDH. Furthermore, enhancement of the dura mater was observed, which confirmed that there was metastasis of the leukemia cells. Although there was no history of trauma in the 3rd patient, dural invasion by leukemic cells may have been the source of subdural masses (8). A recent rat-based study has indicated that the dural lymphatic vessels are an important channel for subdural hematoma drainage to the extracranial space (22). Whereas tumor metastasis can lead to dysfunction of lymphatic drainage (23), leukemia cells invading the patient’s dura mater may occlude the meningeal lymphatic drainage pathway, which can reduce the absorption of CSDH. Effective chemotherapy may restore this drainage pathway, with relief from leukemia. Therefore, Patient 3 may not have initially responded to atorvastatin treatment because meningeal metastasis may have caused dural lymphatic drainage dysfunction, which suggests that atorvastatin-based conservative treatment alone may not be effective for patients with subdural masses related to leukemia encephalopathy. Remission of leukemia by chemotherapy allows hematomas associated with leukemia encephalopathy to be absorbed.

After treatment, subdural hematoma of 3 patients were significantly absorbed, and no recurrence was found in the follow-up. Patients 1 and 2 were satisfied with our statins based treatment, and patient 3 highly appreciated our correct diagnosis and chemotherapy regimen.



Conclusion

We encountered 3 men with myeloid leukemia and CSDH, who experienced different responses to conservative treatment using atorvastatin plus low-dose dexamethasone. Two of the patients had conventional trauma-related CSDH, and the conservative treatment promoted subdural hematoma absorption and improved their neurological symptoms with no adverse effects. However, the subdural hematoma in the patient who was diagnosed as having leukemia encephalopathy did not respond to statin-based treatment. After chemotherapy, leukemia resolved and the subdural mass disappeared completely. Thus, atorvastatin plus low-dose dexamethasone may be an effective conservative treatment for conventional trauma-related CSDH in leukemia patients but not for subdural masses caused by leukemia encephalopathy.



Data Availability Statement

The original contributions presented in the study are included in the article/Supplementary Material. Further inquiries can be directed to the corresponding authors.



Ethics Statement

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

JY analyzed dates and wrote article. YL, XL, MN, WJ, YF, HW, and TX collected patients information. WQ, CG, JH, and SA offered writing advices. YR and QZ helped to design figures. JZ and RJ revised papers and provided financial support. All authors contributed to the article and approved the submitted version.



Funding

This study was supported by the National Natural Science Foundation of China (No.81671221), the Clinical Study of Tianjin Medical University (No. 2017kylc007) and the Science and Technology Project of Tianjin (No.19YFZCSY00650).



Supplementary Material

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fonc.2021.628927/full#supplementary-material



References

1. Markwalder, TM. Chronic Subdural Hematomas: A Review. J Neurosurg (1981) 54(5):637–45. doi: 10.3171/jns.1981.54.5.0637

2. Lee, KS, Doh, JW, Bae, HG, and Yun, IG. Relations Among Traumatic Subdural Lesions. J Korean Med Sci (1996) 11(1):55–63. doi: 10.3346/jkms.1996.11.1.55

3. Lee, KS. Natural History of Chronic Subdural Haematoma. Brain Inj (2004) 18(4):351–8. doi: 10.1080/02699050310001645801

4. Edlmann, E, Giorgi-Coll, S, Whitfield, PC, Carpenter, KLH, and Hutchinson, PJ. Pathophysiology of Chronic Subdural Haematoma: Inflammation, Angiogenesis and Implications for Pharmacotherapy. J Neuroinflamm (2017) 14(1):108. doi: 10.1186/s12974-017-0881-y

5. Frati, A, Salvati, M, Mainiero, F, Ippoliti, F, Rocchi, G, Raco, A, et al. Inflammation Markers and Risk Factors for Recurrence in 35 Patients With a Posttraumatic Chronic Subdural Hematoma: A Prospective Study. J Neurosurg (2004) 100(1):24–32. doi: 10.3171/jns.2004.100.1.0024

6. Stanisic, M, Aasen, AO, Pripp, AH, Lindegaard, KF, Ramm-Pettersen, J, Lyngstadaas, SP, et al. Local and Systemic Pro-Inflammatory and Anti-Inflammatory Cytokine Patterns in Patients With Chronic Subdural Hematoma: A Prospective Study. Inflamm Res (2012) 61(8):845–52. doi: 10.1007/s00011-012-0476-0

7. Reichman, J, Singer, S, Navi, B, Reiner, A, Panageas, K, Gutin, PH, et al. Subdural Hematoma in Patients With Cancer. Neurosurgery (2012) 71(1):74–9. doi: 10.1227/NEU.0b013e3182517938

8. Comănescu, A, Roşca, E, Bota, M, and Ninulescu, G. Chronic Subdural Hematoma in a Patient With Acute Myeloid Leukemia and Dural Metastatic Infiltration. Rom J Morphol Embryol (2008) 49(2):259–62. 

9. Pitner, SE, and Johnson, WW. Chronic Subdural Hematoma in Childhood Acute Leukemia. Cancer (1973) 32(1):185–90. doi: 10.1002/1097-0142(197307)32:1<185::AID-CNCR2820320128>3.0.CO;2-O

10. Nakaguchi, H, Tanishima, T, and Yoshimasu, N. Factors in the Natural History of Chronic Subdural Hematomas That Influence Their Postoperative Recurrence. J Neurosurg (2001) 95(2):256–62. doi: 10.3171/jns.2001.95.2.0256

11. Nakaguchi, H, Tanishima, T, and Yoshimasu, N. Relationship Between Drainage Catheter Location and Postoperative Recurrence of Chronic Subdural Hematoma After Burr-Hole Irrigation and Closed-System Drainage. J Neurosurg (2000) 93(5):791–5. doi: 10.3171/jns.2000.93.5.0791

12. Kinjo, T, Mukawa, J, Nakata, M, and Kinjo, N. Chronic Subdural Hematoma Secondary to Coagulopathy. No Shinkei Geka (1991) 19(10):991–7. doi: 10.11477/mf.1436900344

13. Jiang, R, Zhao, S, Wang, R, Feng, H, Zhang, J, Li, X, et al. Safety and Efficacy of Atorvastatin for Chronic Subdural Hematoma in Chinese Patients: A Randomized Clinicaltrial. JAMA Neurol (2018) 75(11):1338–46. doi: 10.1001/jamaneurol.2018.2030

14. Wang, D, Gao, C, Xu, X, Chen, T, Tian, Y, Wei, H, et al. Treatment of Chronic Subdural Hematoma With Atorvastatin Combined With Low-Dose Dexamethasone: Phase II Randomized Proof-of-Concept Clinical Trial. J Neurosurg (2020) 1–9. doi: 10.3171/2019.11.JNS192020

15. Wang, D, Li, T, Wei, H, Wang, Y, Yang, G, Tian, Y, et al. Atorvastatin Enhances Angiogenesis to Reduce Subdural Hematoma in a Rat Model. J Neurol Sci (2016) 362:91–9. doi: 10.1016/j.jns.2016.01.017

16. Li, T, Wang, D, Tian, Y, Yu, H, Wang, Y, Quan, W, et al. Effects of Atorvastatin on the Inflammation Regulation and Elimination of Subdural Hematoma in Rats. J Neurol Sci (2014) 341(1–2):88–96. doi: 10.1016/j.jns.2014.04.009

17. Quan, W, Zhang, Z, Li, P, Tian, Q, Huang, J, Qian, Y, et al. Role of Regulatory T Cells in Atorvastatin Induced Absorption of Chronic Subdural Hematoma in Rats. Aging Dis (2019) 10(5):992–1002. doi: 10.14336/AD.2018.0926

18. Lindvall, P, and Koskinen, LO. Anticoagulants and Antiplatelet Agents and the Risk of Development and Recurrence of Chronic Subdural Haematomas. J Clin Neurosci (2009) 16(10):1287–90. doi: 10.1016/j.jocn.2009.01.001

19. Sood, P, Sinson, GP, and Cohen, EP. Subdural Hematomas in Chronic Dialysis Patients: Significant and Increasing. Clin J Am Soc Nephrol (2007) 2(5):956–9. doi: 10.2215/CJN.03781106

20. Graus, F, Saiz, A, Sierra, J, Arbaiza, D, Rovira, M, Carreras, E, et al. Neurologic Complications of Autologous and Allogeneic Bone Marrow Transplantation in Patients With Leukemia: A Comparative Study. Neurology (1996) 46(4):1004–9. doi: 10.1212/WNL.46.4.1004

21. Fan, Y, Wang, D, Rao, C, Li, Y, Rong, H, Wan, Z, et al. Atorvastatin Combined With Low-Dose Dexamethasone Treatment Protects Endothelial Function Impaired by Chronic Subdural Hematoma Via the Transcription Factor Klf-2. Drug Des Devel Ther (2020) 14:3291–9. doi: 10.2147/DDDT.S256050

22. Liu, X, Gao, C, Yuan, J, Xiang, T, Gong, Z, Luo, H, et al. Subdural Haematomas Drain Into the Extracranial Lymphatic System Through the Meningeal Lymphatic Vessels. Acta Neuropathol Commun (2020) 8(1):16. doi: 10.1186/s40478-020-0888-y

23. Deutsch, A, Lubach, D, Nissen, S, and Neukam, D. Ultrastructural Studies on the Invasion of Melanomas in Initial Lymphatics of Human Skin. J Invest Dermatol (1992) 98(1):64–7. doi: 10.1111/1523-1747.ep12495259




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 © 2021 Yuan, Li, Liu, Nie, Jiang, Fan, Xiang, Wang, Quan, Gao, Huang, An, Ru, Zhou, Zhang and Jiang. 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.


OEBPS/Images/fonc-11-628927-g002.jpg





OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Atorvastatin Plus Low-Dose Dexamethasone May Be Effective for Leukemia-Related Chronic Subdural Hematoma but Not for Leukemia Encephalopathy: A Report of Three Cases

      

        		

          Introduction

        



        		

          Case Presentation

        

          		

            Case 1

          



          		

            Case 2

          



          		

            Case 3

          



        



        



        		

          Discussion

        



        		

          Conclusion

        



        		

          Data Availability Statement

        



        		

          Ethics Statement

        



        		

          Author Contributions

        



        		

          Funding

        



        		

          Supplementary Material

        



        		

          References

        



      



      



    



  



OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/fonc-11-628927-g004.jpg





OEBPS/Images/logo.jpg
’ frontiers
in Oncology





OEBPS/Images/fonc.2021.628927_cover.jpg
’ frontiers
in Oncology

Atorvastatin Plus Low-Dose
Dexamethasone May Be Effective
for Leukemia-Related Chronic
Subdural Hematoma but Not
for Leukemia Encephalopathy: A
Report of Three Cases





OEBPS/Images/fonc-11-628927-g003.jpg





OEBPS/Images/fonc-11-628927-g001.jpg





