Easy adaptable implantation method for flexible deep brain stimulating electrodes to rat brains 
Protocol Text: 
NOTE: We strongly recommend the exercising of this procedure with dead animals prior to in vivo application. A sensible feeling of the instruments and each handling step is necessary to have reproducible results. 
I. Preparation  procedure
The preparation of the rat including disinfection, anesthesia and positioning in the stereotactic frame was performed according to the standardized stereotactic procedures. 
As an insertion needle we clamped a 140µm Tungsten to the head of the stereotactic insertion arm. The length of the tungsten below the clamp head should be approx 2cm to have enough space for manipulations. 
1. Skin incision and preparation of subcutaneous tissue for skull exposure
A median incision of approx 1,5 cm length starting in the neck up to the ears (approx. up to bregma) was made with an 2 ¾´´ scalpel. The subcutaneous tissue was prepared blunt with two Q-tips (walnut-sized) by vigorous but slow rubbing from the center to the periphery of the wound. This stretches the cutaneous und subcutaneous tissues and opens the operation area above the skull. It has to be performed until the necessary operation area size is rid of all tissues above the skull bone. 
NOTE: A good prepared skull is indicated by a typical squeaking sound when rubbing on the bone. Test it while exercising with dead animals.
2. Stretching of the operation area
As we show later on, we need a flat operation area for successful implantation; consequently we cannot sufficiently open it with clamps or other surgical instruments. For stretching and fixation of the operation area surgical suture loops (5/0 Premilene-DS16) were drawn through the skin on the rostral end of the wound and in the middle of both wound sides, parallel to the interaural bars. 
NOTE: We strongly recommend folding of the skin on the rostral end for fixation by a double penetration which is less injurious to the wound. If necessary such a loop can be used as well to fix the caudal end of the wound. 
Then the loop ends can be fixed at the frame with a non-residue tape (Leukofix) under careful pulling of the wound boundaries to the periphery so that the anatomical orientation points are visible, in our case lambda and the interaural point. With that step the opening and determination of the operation area is finished.
3. Adjustment of the stereotactic frame and targeting
Prior adjusting the stereotactic frame we wash the wound area with Ringer solution and clean again the skull with Q-tips. Then the stereotactic frame was positioned so that the insertion needle is referenced to the anatomical reference points of choice. 
NOTE: It is helpful to view from the top of the insertion arm in prolongation of the tungsten for precise addressing.
By a standardized calculation depending on the target area, the target coordinates are now determined according to the medial:lateral and anterior:posterior axes. The insertion head is now moved to the target point and the tungsten is lowered carefully until it touches the skull. Then the height of the skull is noticed and the target depth is calculated. 
NOTE: Lifting the tungsten for movements or cleaning above the wound protects it against bending.
Then clean the wound with Ringer solution and lower again the tungsten to the target point short above the skull. 
4. Trepanning the skull
For trepanning the skull we first marked the target point on the skull by careful circular scraping of the bone with a 20G needle directly under the tungsten. The implantation arm of the stereotactic frame was then screwed up maximal and flipped out of the operation area. The white bone splinters show the implantation side and the produced cavity is a perfect starting point for drilling – otherwise the skull is to slippery  for precise drilling. 
NOTE: This marking step and the following drilling step have to be exercised – otherwise a penetration with enormous brain tissue disruption can easily occur. We recommend fixing the marking and drilling hand by laying it on a stable ground. 
Then put the driller with a small boring bit (here 0,9mm in diameter) in the marked cavity and start carefully drilling in intervals (depending upon the power of your driller). In between have a look for the depth of the hole. 
NOTE: For  inexperienced surgeons it might be helpful to push a blocker above the drilling tip ( spherical diamond tip of the driller). This can be easily done by slipping on an approx. 2mm height ring cut from a medical hose. The view is a bit reduced but it is easy to feel the cavity and the risk of rush through the skull and injure the brain is enormously minimal.
NOTE: When a bigger hole is needed, then open the small one with a series of drilling bits with increasing diameter, otherwise a loss  of the stereotactic accuracy / centering of the hole may occur .
You feel the complete penetration by a sudden loss of resistance. Finally and very important is the washing of the trepanation side with Ringer-Solution to wash out the bone splitters. 
5. Penetration of the meninges
With a look in the hole the meninges shimmered opaque. They now were penetrated by soft plucking with a 23G cannula. Therefore the tip of the cannula was carefully inserted to the hole following the bone boundary roughly in a 45° angle to the skull. By twisting the needle und pulling them out it was noticeable that an elastic resistance  breaks down. When penetrating the pia mater it starts bleeding as well. This was normal and makes several washing steps necessary. The repetition of this step along the hole´s boundary was necessary until no more bleeding was visible and no more elastic resistance exists. After final washing the opaque meninges were not visible anymore. 
6. Insertion of the agarose block in the operation area
As a matrix for insertion and folding of the device we used a 2 mm height block made upon 2% (w/v) low melt agarose diluted in phosphate buffered saline (PBS). The autoclaved solution was molded in a petridish with 0,2ml/cm2 area to reach a height of 2 mm. After cooling sufficient pieces were cut directly at the operation desk and transferred to the operation area with a spatula. For this step one edge of the block was pushed under the anterior wound fold with close contact to the anterior wound shanks starting there. The posterior part of the gel block extends over the wound boundaries thus increasing the surface for application of the device and indirectly constitute a slope to the anterior edge. This facilitated the subsequent insertion. When the agarose block was inserted the space between it and the skull was fill with Ringer solution by peripheral injection with a cannula between the block and the skin. Eventual air bubbles were released by smooth lifting of the block at the posterior side. Finally some Ringer solution was deposited on the agarose block to half a slippery underground for device positioning. 
II. Insertion
7. Positioning of the implant and insertion start
Now the device was put out of the sterile solution with a forceps grabbing the device´s head. No other part of it was touched  to avoid  foldings or disruptions. Then the device was  laid on the block as precise as possible above the insertion site. A gentle correction of this position was performed after the insertion arm was flipped again above the hole and the tungsten was screwed down a few millimeters above the block. After ensuring of an optimally centered device shank position in the distal third of the device shank under the tungsten this was screwed down and pushed the device´s shank in the agarose. Now the visual control of a stable flip around the device was possible and some Ringer solution was deposited in the end of the device so that it  floats on the liquid for an easier movement. 
NOTE: Sometimes the tungsten is pushed to the anterior by the agarose matrix elasticity or less liquid under the device. Then it is helpful to push down the agarose blocks posterior tip carefully to counteract the forces at the other end and reposition the tungsten. 
NOTE: During this procedure the device flipped tungsten seems optical to fail the hole. This is partially due to the diffraction index of the agarose. It is a matter of exercise to decide if the positioning is right or not in that case. 
NOTE: In case of bleedings during the insertion the procedure should be stopped immediately so as no blood should enter the deeper regions of the brain by penetration of the device. Mostly the pia was not disrupted completely. 
Now the device was inserted into the brain by  continuous screwing down until approx. 2 mm of the device´s shank remains outside of the agarose block. Then a cut of the anterior part of the agarose gel directly in front of the tungsten was made with a scalpel parallel to the interaural line from one side to the other of the gel block.
8. Removal of the agarose block and insertion finishing
The posterior gel block was now removed by pushing it backwards away from the tungsten. During this the device head was flipped to the tungsten and was fixed there by absolutely gentle pushing in this direction. The anterior triangle of the gel was flipped to the side out of the wound area. 
NOTE: It is easier to handle the gel pieces with a sharp scalpel tip (#23) as they are too slippery for the forceps and easily pinned up by the blade. 
When the agarose block is out of the operation field the insertion was finished until the target depth was reached. 
III. Finishing
9. Mounting of the implant
To mount the implant we soaked the remaining Ringer solution and dried the skull with Q-tips. Then a small spot of medical glue was deposited minimal 5 mm posterior of the hole. The device´s head was now carefully flipped down into the glue using a sharp scalpel. 
IMPORTANT NOTE: Use no forceps or other stuff for flipping the device at that point but everytime a scalpel. In case of contact with the glue, the forceps are fixed rapidly and the whole implantation is mostly lost by displacement/disruption of the device while freeing the forceps. The scalpel easily cuts itself free by gentle twisting. 
Now a covering drop of glue is deposited on the first one. After its polymerization and testing the device´s fixation with the scalpel, the tungsten was removed from the brain by continuous pulling up.  
Finally we cleaned the operation field by washing with Ringer-Buffer. All non-polymerized glue polymerized with this step. Then the boundaries of the glued area are controlled with a forceps. If there was fixed connective tissue into the glue the connection was quickly destroyed by grabbing this glue end with the forceps and pushing it away. 
All procedures in vivo were approved by the corresponding local ethical committee.
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