Supplementary Figure 1: The necessary parameters for inserting the ventricular catheters based on the novel method and customized H-type guiding frame. (A) After the selection of VPT plane, the angle ( formed between the trajectory plane (white arrow) and the reference plane (passes the bilateral external auditory canals and the paropia, white triangle) is obtained. (B) The parameters of trajectory on the VPT plane. Red dashed line indicates the connection line of bilateral external auditory canals, white dovetail arrow indicates the pre-determined position of ventricular catheter, white pentagon indicates the pre-determined position of assistant locating catheter, and the red circle indicates the pre-determined position of the tip of the assistant locating catheter. (C) The customized H-type guiding frame. (D) The components of the customized H-type guiding frame. Degree marks are labeled on the side of the vertical plank (black arrow), the surface of the protractor (black pentagon), and the side of the horizontal plank (black triangle). The frame contains two locating buttons and can load bilateral ventricular catheters simultaneously. When the ventricular puncture is performed for only one side, one button can be used for loading a ventricular catheter and the other can be used for loading the assistant locating catheter if needed. (E) In the actual surgery, the customized H-type guiding frame can be adjusted for the parameters of theoretical VPT on the VPT plane to secure the reality VPT via the guiding groove. All the parameters are the same as measured in (B). The locating button can be rotated with the help of the protractor and the guiding groove can be rotated to form ( and ( degree of angles. l4, l5, and ( are all parameters needed for the assistant locating the catheter. Two persons are needed to use the H-type guiding frame: the assistant to fix the guiding frame, and the head surgeon to insert the ventricular catheter. It is possible that the head surgeon cannot tell if location shift happened to the guiding frame fixed by the assistant; therefore, a target (line or point, red circle) could be preoperatively drawn on the surface of the body, and when the locating catheter penetrates just enough to reach the pre-determined target, the ventricular catheter can be then inserted to better ensure the safety and accuracy of ventricular puncture. VPT: Ventricular puncture trajectory.
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