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1. Hypothesis/ Aims / Purpose of the research 
Title: Dual echo Automated Brain Spine Iterative Scan Technique (ABSIST DE) MR Cisternography in the Evaluation of Spontaneous Intracranial Hypotension  (SIH)

Hypothesis: ABSIST DE MR cisternography will provide equal or greater sensitivity than conventional radionuclide or CT cisternography for the detection of CSF leaks in patients presenting with SIH.

Purpose: Develop and test a rapid automated MRI technique to evaluate patients with SIH and detect location of CSF leak.

 Specific Aims:

1) Develop a rapid automated 3D fat-water separation MR cisternography technique to assess the entire brain and spinal axis for SIH and pinpoint site of leakage.
2) Compare sensitivity and specificity of ABSIST DE MR cisternography with conventional radionuclide and CT cisternography. 

While working toward my Masters degree in Biomedical Engineering, I grew a fondness for medical imaging. The creativity required to invent and fine tune these elegant machines as well as how directly it is used in health care impressed upon me the importance of this field. The clinical aspect of this project will increase my exposure to patients and give me a deeper insight into how health care is delivered, while taking advantage of my engineering background. 

       2.  Potential impact/significance of research 
            


Spontaneous intracranial hypotension (SIH) is caused by non-traumatic leakage of cerebral spinal fluid (CSF) and is a cause of orthostatic headache. “The headache is a direct result of the downward displacement of the brain due to loss of CSF buoyancy, causing traction on pain-sensitive structures, particularly the dura.” 1 While SIH was once thought to be exceedingly rare, recent studies have shown otherwise. In 1994, SIH was estimated at 1 per 50,000; however, this figure more than doubled to 5 per 100,000 by 2004, which suggests that SIH has been and could still possibly be under-diagnosed. 1

One of the most significant hurdles in diagnosing and treating SIH stems from the fact that SIH is a highly variable disease. The typical manifestation of SIH is orthostatic headache, but the severity and timing of the headaches are highly variable.  Patients are first treated with non-surgical methods, including “bed-rest, oral hydration, a generous caffeine intake, and use of abdominal binder.” If the headaches do not resolve themselves, epidural blood patch, and/or percutaneous placement of fibrin sealant are used to seal the holes. Determining the exact location of these openings is difficult because of the “wide variety of dural defects may be observed at the time of surgery, ranging from simple dural holes or rents to complex fragile meningeal diverticula or even complete absence of the dura that normally covers the spinal nerve root.” 1 Because of the large variation in the manifestation and root cause of SIH, imaging becomes an invaluable asset for diagnosis and treatment.


Currently, CSF leakage is detected by radionuclide cisternography (RC), or CT cisternography. RC involves injecting a radioisotope dye via lumbar puncture, and looking for transit of the radioisotype from the CSF to the urinary bladder. “Spatial resolution, invasiveness, and the possible radioisotope extravasation through the needle tract” are shortcomings of RC. 2 Meanwhile, CT cisternography is considered the most reliable method for determining the site of a CSF leak, but introduces a risk of cancer from ionizing radiation. The BEIR VII report estimates this risk of developing cancer from one CT exposure at 1 in 1000 in adults and 1 in 550 in children. 2 Because the entire spine is imaged, radiation exposure and risk of cancer will be even higher. While RC can be performed at sequential time intervals post intrathecal injection to improve sensitivity and specificity without increasing radiation exposure, this is not true for CT, as each scanning session exposes the patient to more potentially harmful radiation.

In terms of safety, MRI has a strong advantage over other imaging modalities because it is non-ionizing. Additionally, many of the drawbacks of MRI can be mitigated with a rapid 3D fat-water separated dual echo automated spine survey iterative technique (ASSIST DE) and by taking advantage of recently available combined head/neck/spine (HNS) array coils, the brain can be imaged as well (ABSIST DE). Conventional MR techniques typically take 1-2 hours to image the entire spine and over two hours if the brain is also included. ASSIST DE can reduce the time of a spine survey to a mere 42 seconds or provide a holistic survey of the entire brain and spinal axis in less than five minutes. Theoretically, the fat-water separation afforded by the aforementioned DE techniques should significantly improve the conspicuity of the Gd-enhanced CSF on derived water-only images improving detection of CSF leaks. This rapid technique translates into cost reduction, dampened motion artifact, and opens the option of rescanning patients if initial results are inconclusive or if CSF flow dynamics wish to be studied. Finally, the automated algorithm offers a technologist-independent standardization for imaging. 3

 ABSIST DE MR cisternography may be a critical tool for patients who do not respond well to conservative treatments by helping assess SIH severity (downward brain displacement) and providing surgeons with the exact location of the leaks preoperatively.

      3.   Previous work done on same or related problems 
a. By other investigators. 
In Turkey, Albayram et al have demonstrated that magnetic resonance (MR) cisternography with gadolinium enhanced contrast was able to detect CSF leaks in 17 out of 19 patients. In 14 of the 17 patients, the precise location of the leak(s) were detected; however, in 3 of the 17, the fistulas were large, resulting in high flow rate and pooling of the contrast agent. In these three cases, the exact location of the leak could not be determined. 2
ASSIST DE has already been shown to be able to detect spinal breast metastasis and extensive multilevel marrow replacement. It provided homogenous fat-water separation in sagital sections in all subjects (n=21) with an average throughput time of roughly 4 minutes per scan. ASSIST DE showed all the lesions detected by conventional MRI and iterative decomposition of water and fat with echo asymmetric and least squares estimation (IDEAL). 3
b. By applicant (if none, so state). 
Aside from coursework, the applicant has not done any previous work regarding this project.

4.
Contemplated method of approach to the problem 

This study will be conducted to develop/refine ABSIST DE for subsequent application to MR cisternography for the patients with known or suspected SIH. I will be working under the supervision of Drs. Kenneth Weiss, Mariano Fernandez and Charles Lee in the Department of Radiology. ABSIST MRI scans will be obtained immediately following the radionuclide or CT cisternography and at 24 post-injection for the purpose of comparing ABSIST blind readings to conventional radionuclide or CT cisternography. The approach includes:

a. Subjects

i. IRB (Evaluation of Experimental Pulse Sequences) 

ii. Test MRI sequencing on two normal volunteers

iii. Gain institutional review board approval for proposed Investigational MR Cisternogrpahy study.


iv. Recruit and obtain informed consent in up to 10 subjects who are scheduled for conventional radionuclide or CT cisternography with known or suspected SIH. 

b.  Procedure

i. Inject gadolinium contrast agent intrathecally using 4 mL of saline mixed with 0.5 ml of gadopentate dimeglumine injected into the subarachnoid space in conjunction with iodinated contrast or radionuclide for conventional cisternography. 

ii. Obtain MRI Scan using ABSIST immediately after CT or radionuclide study and at 24 hours post intrathecal injection.

iii. Interpretations by board certified neuroradiologists and Nuclear Medicine Physicians

iv. Interview & Assess Patient

c. Statistical comparison between success rates of different imaging modalities.

i. CT vs. radionuclide vs. ABSIST

d. Instrumentation

i. 3T HDx MR imaging scanner with an 8-channel spine array coil and manufacture-supplied investigational pulse sequences

ii. Software -- ASSIST/ABSIST DE 

5. Experimental problems 
Describe any experimental problems that must be overcome in order to successfully accomplish the goals of this research project. 
Gadolinium Toxicity

Potential long term toxicity effects of using gadolinium are still unknown and not FDA approved; however, there do not seem to be any short term complications or noticeable behavioral changes with the intrathecal injection of gadolinium.  Although rare, complications from Gd-DTPA “include nausea, headache, anaphylactoid reactions, and seizure.”2 MRI with contrast should not be performed on patients with renal failure.

High CSF Flow Rates

Difficult to locate exact position of fistula if flow is high, resulting pooling of contrast agent. 
High flow rates resulted in the pooling of contrast agents, which obscured the exact location of the CSF leak. In Albayram’s study, pooling occurred in 3/17 patients. 
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	Poster and Abstract fees
	 $500
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