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Presenter Notes
Presentation Notes
Hi everyone, my name is Olivia Sutton, I’m a pain fellow at Brigham and Women’s Hospital in Boston, and I’m here to present a challenging intrathecal pump placement in a patient with a highly instrumented spine. 


=
Past Medical History:

- 7/2013: Patient, a 20y/o M, underwent motorcycle accident, found
unresponsive after colliding 70mph with a bus stop

- Radiologic findings after the accident: right subdural hematoma, C5/6
superior endplate fractures, fracture dislocation of T12 and L1 with
associated hematoma, etc.

- 7/22/13: Posterior rod and pedicle screw fusion performed of T9-L3

- 10/25/2016: Initial attempt for baclofen pump implantation in Rhode
Island -
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So this case begins way back in July of 2013, when our patient, a 20 year-old male, was found unresponsive after colliding at 70mph with a bus stop on his motorcycle. He had multiple injuries including spinal fractures resulting in paraplegia and resultant spasticity. In the acute period, he received a T9-L3 posterior rod and pedicle screw fusion, and was put on oral baclofen for his spasticity.

Fast forward three years, to October 2016: Our patient presented for intrathecal baclofen pump implantation in Rhode Island. There were multiple attempts at accessing the CSF space at and just above the top of the patient’s fusion construct, but they were not able to aspirate CSF and aborted the procedure. At this time, options presented to the patient included drilling out the fusion to place the catheter vs. second opinion. 



=
Inmitial Baclofen Pump Implant - 2017

- 10/31/2017: Pt presented to BWH for
intrathecal catheter placement by the
pain service with support from
orthopedic surgery

- L4 hemilaminotomy performed

- Intrathecal space was then easily accessed Zoomed in . ..
using 15F epidural needle at L4-5 beneath
left hemilaminotomy using intermittent
fluoroscopic guidance.

- Catheter left at L4 due to resistance

- Device otherwise placed as normal
- Pump set to run bupivacaine + baclofen
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One year later, on Halloween 2017, our patient presented to Brigham for intrathecal catheter placement by pain in conjunction with orthopedic surgery, which required hemilaminotomy to thread the catheter, and if you squint, you may be able to see that the catheter tip was left at L4 due to resistance met during threading.CSF flow was present and the rest of the procedure went normally. 




=
Return to Care, 2023
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So overall, things were going well and our patient was only presenting for pump refills until May of 2023. Our patient was undergoing a massage when he reportedly felt a pop in his back. In the ensuing days to weeks, he reported increasing spasticity, though he subjectively did not undergo any symptoms of withdrawal. He was admitted and a nuclear dye study was performed, shown on the right, which demonstrated no movement of tracer beyond the pump. So, given these results, he was started on oral baclofen and scheduled for pump revision. 


7/28/2023 - Rewvision of TTP

[terative attempt to minimize intervention

- Side port aspiration negative, no kink appreciated,
catheter sheared at front pocket with no CSF flow

- Pump segment replaced and tunneled to flank

- Back incision with dissection down to fascial anchor,
catheter ligated above fascia with no spontaneous flow of
CSF. Anchor removed and distal end tied off, left
subfascially

A burr was used to expose ligamentum flavum, then
ligamentum was removed with Kerrison rongeurs
Neurosurgery then extended the L4
hemilaminectomy even more superiorly and
medially to the top of the ligamentum of L4-5,
revealing the underlying dura and thecal sac.

Tuohy needle inserted, no CSF flow appreciated

Standard Footplate

Thin Footplate

Ultra-Thin Footplate
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In July, the patient was brought to the OR. We decided to proceed with an iterative attempt to minimize intervention, and preserve as much functioning pump and catheter as possible. He was positioned initially supine and the capsule was opened. Side port aspiration was negative, and the catheter was then sheared with no CSF flow appreciated, nor was there a kink found in the catheter. The pump segment was then replaced, tunneled to the flank, and the patient was flipped prone. Neurosurgery made a back incision and dissected down to the fascial anchor and ligated the catheter above the fascia, but no spontaneous flow of CSF was noted, even with valsalva and attempts at gentle aspiration. 

The distal end of the prior catheter was tied off and left subfascially before we started preparations for placement of a new catheter. A burr (pictured at the top right) was used to remove the inferior aspect of L4 lamina and superior aspect of L5 until the ligamentum flavum was revealed and then removed with kerrison rongeurs, revealing the underlying dura and thecal sac. The tuohy needle was then introduced and penetrated the dura, but despite rotation and clear dural penetration, there was difficulty obtaining CSF flow.


=)
Revision of TP - Part 2

e Team discussion
o Patient was not consented for laminectomy a level above, and there was concern about
attempting procedure higher for this reason
o Discussion of potential reasons for no CSF flow
o Consideration for attempting to thread catheter despite lack of CSF

e C(Catheter was threaded despite lack of egress of CSF
Good spontaneous flow of CSF was evident from catheter after advancing it several
centimeters

e It was successfully threaded to L1-2, however it could not be threaded higher as it
started to loop

e Anchors were placed

e Flow of CSF reconfirmed prior to closure.
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At this point, we paused and had a discussion with the team. The patient was not consented for laminectomy a level above, and thus everyone wasn’t fully comfortable performing a more invasive procedure again without patient consent. There was a lot of consideration for aborting, but then we discussed reasons for why we wouldn’t be getting CSF flow. At that point, either we weren’t in the CSF, meaning we hadn’t actually penetrated the dura despite neurosurgery’s confidence that we had, or there was just too much scar tissue in the thecal space preventing the presence of flow. On gentle attempts to thread, we found we were indeed able to advance the catheter as if we were intrathecal, thus we agreed on attempting to thread as high as we could to see if flow could be achieved, despite lack of egress of CSF in the Tuohy. Luckily, good spontaneous flow of CSF was evident in the catheter after advancing it several centimeters, and it was successfully threaded to L1-2, however that is where it started to loop. Anchors were placed and flow of CSF reconfirmed prior to closure. 
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Here is the image from the case, you can see I zoomed the image on the right, showing where we left the original catheter at L4-5, and then the new catheter, where we got it to L1-2.


Discussion

Considerations:

1) Why did this pump stop working in the first place?
- Unlikely to be kinked due to multiple cuts in the catheter without egress
- Migration? - imaging shows catheter tip in place

- Obstruction at catheter tip?
- Focal granuloma? - Less likely since Tuohy did not achieve flow
- Intrathecal scar tissue?

1) What factors made this replacement challenging, and how can these challenges be
mitigated?
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There are two questions that arise in this case: first, why did this patient’s pump stop working in the first place? Given the nuclear medicine study and numerous cuts performed in the catheter resulting in lack of CSF flow, we can comfortably say that it is unlikely that there was a leak or kink in the catheter. Most likely, there was an obstruction at the catheter tip, preventing free backflow of CSF and free flow of drug from the pump. Migration is possible, though imaging including CT performed preoperatively demonstrated catheter tip at L4-L5 level within the spinal canal, though it is possible that the tip migrated ever so slightly from a tissue with low impedance to a tissue with high impedance, including migrating into scar tissue, either within or outside of the intrathecal space

This leads into the other potential causes for catheter obstruction at the tip, which are scar tissue due to prior instrumentation, granuloma formation at catheter tip, and focal arachnoiditis with fibroconnective adhesions. Due to concern for potential CSF leak with explant of existing catheter tip, we chose in this scenario to leave the preceding catheter tip in place. However, we can deduce that since no CSF flow was achieved via the catheter until it was threaded higher in the space, it is less likely that a focal granuloma or localized obstruction at the tip of the catheter was the cause for the blockage. More likely, scar tissue occluding CSF flow at the level of entry prevented both flow from the pre-existing pump and CSF flow through the introducer needle. 

Given that, the second question is: what were the factors that made this replacement challenging, and how can they be mitigated before the patient gets to the OR? We knew this was going to be a challenging case. Due to the difficulty placing his initial pump involving 2 attempts by different surgeons, it naturally followed that any revision would be equally if not more challenging. 

In this case, lengthy discussion between neurosurgery and interventional pain occurred for how to proceed after failure to achieve CSF flow through Tuohy. If there truly was an occlusion of the spinal cord and CSF flow at this level, consenting for and performing the procedure a level above (with or without laminectomy) is a potential mitigation strategy. If our threading strategy had failed, we would have been forced to abort the procedure and close, which would have resulted in another anesthetic for this patient, and unnecessary use of healthcare resources including additional OR time and care coordination with neurosurgery.



Intrathecal and Extrathecal Scar Tissue

- 2007 Protopapas MG et al: 7he
Complications of Scar Formation
Associated With Intrathecal Pump
Placement

- Pt with morphine-baclofen ITP =
+ C-spine fusion ot_222
- Auto pSy showed catheter Gross pathologic specimen. Note the catheter
. . extending into fibrotic scar on the anterior
encased in epidural scar aspect of the spinal cord

Protopapas MG, Bundock E, Westmoreland S, Nero C, Graham WA, Nesathurai S. The complications of scar formation associhtedratecal
pump placement. Arch Phys Med Rehabil. 2007;88(3):33. doi:10.1016/j.apmr.2006.12.023
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So is this presentation with intrathecal scar tissue something that’s been previously investigated? 2007 Protopapas et al is a case with a patient who had an intrathecal morphine-baclofen pump, followed by C-spine instrumentation/fusion, following which, subjective efficacy of the pump decreased. He ended up dying of pneumonia from an unrelated cause, and on autopsy, it was found that the intrathecal catheter tip had slightly exited the thecal sac in the upper T-spine and became embedded in fibrotic scar within the epidural space. 

As with our case, this patient did not go through a withdrawal, suggesting this was a gradual process rather than an acute migration into an existing scar, so he was essentially ‘weaned’ involuntarily. This patient’s malfunctioning catheter was never diagnosed while he was alive, and it was found only posthumously. 


Intrathecal and Extrathecal Scar Tissue

- 2010 Zhang S et al, Extensive Effect of intrathecal Tubing on Functional
scarring induced by chronic ° recoramy st -
intrathecal tubing augmented cord [ RN
tissue damage and worsened ¥ o0
functional recovery after rat spinal
cord injury.

- Lesioned spinal cord of rats, S
then implanted ITP " i after 26 mm contusion injury
- 6w later, tubing occluded by
scar tissue

Zhang S, Huang F, Gates M, White J, Holmberg EG. Extensive scarring induced by chronic intrathecal tubing augmented coedifissage and worsened
functional recovery after rat spinal cord injury. Journal of Neuroscience Methods. 2010;191(23@D.1doi:https://doi.org/1@16/j.jneumeth.2010.06.022


Presenter Notes
Presentation Notes
Another relevant study, Zhang et al, is a study where they implanted intrathecal pumps into rats immediately after making a spinal cord lesion. They found that six weeks later, the intrathecal tubing caused extensive scarring and inflammation, both occluding the catheter tip as well as compressing and damaging adjacent cord tissue. Function scores for lesioned rats with pumps had serious impairment of functional recovery compared with lesioned rats without pumps. 

Obviously, it’s an animal study, but it is a reminder that intrathecal pumps may have implications for healing and the composition of the spinal space, beyond just the drug delivery. 


Summary

e Both initial and revision intrathecal pumps in patients with prior instrumentation of the spine and
intrathecal space can present unique challenges which can be mitigated through strategic planning
o Consider consenting patient for laminectomy at multiple levels preoperatively
o Consider engaging neurosurgical support
o Ifdural access is suspected despite lack of CSF egress, consider threading the catheter to
achieve flow above sites of potential scar tissue
e Intrathecal pump placement may have implications on the healing and composition of the intrathecal
space

Thank you for your time and attention!
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So, to recap, these cases of intrathecal pump placement in patients with spinal instrumentation and prior pump placement can be challenging, but there are several things we can do to diagnose the underlying cause and mitigate the risks to the patient, maximizing our chances for first-pass success. Thanks to everyone for listening, I’m open for any questions or comments at any point!
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