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Table1. Symptoms and signs upon admission
	Symptoms and signs
	Midbrain(12)
	Pons(25)
	Medulla oblongata(13)

	Cranial nerve deficits
	6
	18
	10

	Hemiparesthesia 
	2
	14
	10

	Hemiparesis
	1
	7
	5

	Ataxia
	0
	9
	6

	Respiratory dysfunction
	0
	0
	4

	Vertigo
	0
	5
	3

	Headache & Vomiting
	6
	2
	4


Table2. Approaches to brainstem cavernous malformations
	Location of interest(n)
	Approach
	Advantages

	Anterolateral and lateral midbrain (5)
	Subtemporal
	Lateral exposure

	Posterior midbrain (7)
	Suboccipital
	Lateral exposure

	Anterolateral and lateral pons (8)
	Retrosigmoid
	More exposure

	Anterolateral and lateral medulla oblongata (5)
	Far lateral
	Lateral exposure

	Posterior pons or medulla oblongata (25)
	Suboccipital
	Low risk of ataxia


Table 3. The mRS of brainstem cavernous malformations during the follow-up
	Time
	mRS

	
	Midbrain
	Pons
	Medulla oblongata

	Preoperative
	2.36±1.14
	1.28±0.12
	2.58±1.16

	12 months
	2.08±1.12
	0.84±0.10
	2.24±1.13

	24 months
	1.75±1.09
	0.45±0.07
	1.97±1.08


Figure 1. The CM involving pons. A 17-year-old man presented with hemiparesthesia and ataxia after two episodes of hemorrhage. (A B) Pre-operative MRI, the first hemorrhage. (C D) MRI after the first operation, the second hemorrhage. (E F) MRI after the second operation. (G H) A Gross-total resection was conducted by suboccipital approach. 





Figure 2. The CM involving medulla oblongata. A 38-year-old woman presented with hemiparesthesia and Respiratory dysfunction after the episodes of hemorrhage. (A B C) Pre-operative MRI. (D E F) MRI after the operation. (G H) A Gross-total resection was conducted by far lateral approach. 








