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Neuropathic and inflammatory pain have classically been considered separate types of pain. 
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proposal will provide greater understanding of TN mechanisms and guide new pain 
management paradigms by being the first study of TN patients to 1) evaluate CSF cytokines, 2) 
characterize miRNA profiles and exosomes, and 3) correlate QST findings with cytokines and 
miRNA profiles. 
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1. SPECIFIC AIMS 
Trigeminal neuralgia (TN) is a chronic, debilitating disorder of the trigeminal nerve characterized by 

recurrent episodes of intense facial pain. TN is often refractory to medications, and patients who fail 
conservative therapies may consider more invasive options. In many TN patients, pain results from irritation of 
the trigeminal nerve by a nearby blood vessel, which can be moved in a neurosurgery known as microvascular 
decompression (MVD).1 Although the precise mechanism of analgesia is unclear, decreased neurovascular 
contact may reduce inflammation surrounding the trigeminal nerve. However, MVD requires a craniotomy, 
which carries a risk of serious complications, and pain relief is not always complete or permanent.2 A deeper 
understanding of TN mechanisms would aid in the prediction of patients most likely to benefit from MVD, and is 
critical to the exploration of novel treatments for TN and similar types of neuropathic, or nerve-related, pain. 

Neuropathic pain has traditionally been considered distinct 
from inflammatory or immune-mediated pain, but animal models 
of TN have shown that alterations in inflammatory cytokines 
modulate TN pain behaviors.3–5 Furthermore, emerging research 
is exploring the role of microRNAs (miRNAs), which control gene 
expression in myriad biological processes. Although cytokines 
and miRNAs are present in nearly all bodily fluids, miRNAs in 
exosomes (extracellular vesicles integral to intercellular 
communication) appear to have a particularly important role in 
inflammation and pain signaling pathways.6 Despite these 
observations, few human studies have examined cytokines in 
TN, and no studies have examined miRNAs or exosomes in TN 
patients, representing an important knowledge gap in the 
mechanisms of TN pain. Limitations in pain assessment techniques further widen this gap. TN is a clinical 
diagnosis, with various authorities using different criteria, which can be subjective and inconsistent.2 By 
contrast, quantitative sensory testing (QST) is a noninvasive technique measuring sensory nerve dysfunction 
can provide objective pain assessment and prediction of pain outcomes.7 Although studies in other pain states 
have explored some associations between cytokines, miRNAs, and QST,8–11 none have investigated TN.  

We hypothesize that TN is an inflammatory state, and that increased inflammation is associated with 
sensory dysfunction and a greater likelihood of MVD success (Figure 1). We propose several unique 
approaches to characterize TN pain in patients undergoing MVD: 1) measuring cytokines and miRNAs in 
blood, cerebrospinal fluid (CSF), and derived exosomes, and 2) performing a standardized QST protocol.  
AIM 1: To determine whether cytokine and miRNA levels in TN patients are associated with a 
proinflammatory state, and if so, to determine whether the levels of these markers correlate with pain 
symptoms and MVD success. Immunoassays and miRNA profiles of blood and CSF samples obtained 
intraoperatively from TN patients undergoing MVD will be compared to those from controls.  

Hypothesis: Patients with TN will have greater proinflammatory activity and/or less anti-inflammatory 
activity than those without TN. Patients with more proinflammatory and/or less anti-inflammatory cytokine 
and miRNA profiles will be more likely to experience pain relief after MVD. 

AIM 2: To determine whether degree of sensory dysfunction as measured by QST in TN patients 
correlates with MVD success.  

Hypothesis: TN patients will exhibit preoperative sensory dysfunction, which will be decreased after MVD 
surgery, and greater preoperative dysfunction will predict a greater degree of pain relief after MVD. 

AIM 3: To define the relationship between cytokine levels and sensory dysfunction on QST. 
Hypothesis: Increased levels of proinflammatory cytokines and/or decreased levels of anti-inflammatory 
cytokines will be associated with a greater degree of sensory dysfunction as measured by QST.  
Completion of these studies will provide a better understanding of TN mechanisms and guide new 

paradigms for pain management, such as using QST for prognosis or immunotherapy for pain treatment. In 
addition, we will explore QST as a noninvasive surrogate characterizing the local inflammatory milieu of the 
trigeminal nerve. Finally, this proposal will provide Dr. Doshi with the opportunity to gain valuable, mentored 
experience in clinical research and will help her to cultivate a career as a successful, independent investigator. 

Figure 1. Conceptual framework of proposal. 
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2. BACKGROUND AND SIGNIFICANCE 
Neuropathic pain arises from dysfunction of the somatosensory nervous system, with symptoms distinct 

from nociceptive pain caused by damage to body tissues. Neuropathic pain tends to be more severe and is 
associated with decreased functional ability and quality of life, as well as poorer physical and psychological 
health. Its prevalence is estimated at 7-8% of the general population, but the wide array of multidisciplinary 
treatments available are only modestly effective.12 Further research on the complex mechanisms of 
neuropathic pain are therefore critical to the management of this global health problem. 

TN is a prototypical neuropathic pain condition affecting the trigeminal nerve that causes episodes of 
excruciating facial pain. As with other types of neuropathic pain, roughly half of all TN patients fail to achieve 
adequate pain relief with medications.13 MVD is a neurosurgery that provides long-term TN pain relief by 
moving blood vessels compressing the trigeminal nerve. However, analgesia is not guaranteed, nor is it always 
permanent, and up to 4% of patients develop serious complications, such as CSF leaks, cerebral infarcts, or 
intracranial bleeds.1,2 These limitations highlight the need to pursue two key avenues of research: 1) better 
prediction of which patients would benefit from MVD and 2) identification of novel therapeutic targets. 
SCIENTIFIC PREMISE: The underlying principle supporting this proposal is that neuropathic pain is a pro-
inflammatory pain state, revising the classical view of neuropathic and inflammatory pain as separate entities. 
The removal of irritant structures away from the trigeminal nerve during MVD likely reduces inflammation, and 
by exploring cytokines, miRNA, QST, and TN treatment outcomes, we seek to build on previous evidence that 
neuropathic pain has an inflammatory component that causes sensory dysfunction. We hypothesize that TN 
patients undergoing MVD will have cytokine and miRNA profiles consistent with a proinflammatory state. We 
further hypothesize that QST can be used as a noninvasive measure of nerve irritation and inflammation in TN. 
We therefore anticipate that patients with cytokine and miRNA profiles reflecting greater inflammation and pain 
dysregulation will have greater sensory dysfunction on QST, and that those patients will be more likely to 
benefit from MVD than patients with more normal profiles. Below, we outline the support for our premise: 
1. Increasing evidence suggests that immune and inflammatory mediators play an important role in 

the development of TN pain and neuropathic pain in general. Increased proinflammatory and 
decreased anti-inflammatory mediator levels have been associated with increased pain in some 
neuropathic conditions, with different profiles in different tissues.14 There is little published literature on the 
role of cytokines in TN; however, animal models have identified potential inflammatory mediators that may 
contribute to the development of TN pain.3–5 To date, only one human study has evaluated a limited set of 
cytokines in five patients with TN.15 Our proposal offers exciting new prospects to explore the relationship 
between the immune system and TN pain, and suggest future targets for immune-based pain treatments. 

2. MicroRNAs, particularly those found in exosomes, are potential biomarkers for understanding 
molecular mechanisms of pain. miRNAs regulate gene expression in a wide variety of physiological 
processes, including inflammation and pain modulation.6 Recent pain research, particularly from the 
laboratory of Dr. Seena Ajit (a project mentor), has explored miRNAs in exosomes.16 Exosomes are 
extracellular vesicles responsible for intercellular communication, representing a pathway of neuropathic 
pain regulation that has previously not been widely studied. Moreover, miRNAs are highly stable and 
measurable by quantitative PCR, allowing for precision signal amplification from small samples and making 
them attractive biomarkers. Animal studies have shown correlations between miRNA expression profiles, 
cytokines, and neuropathic pain levels.17 Ours would be the first study of miRNA profiles in TN and the first 
human study to assess miRNAs as markers of inflammation in the context of neuropathic pain. 

3. QST is a comprehensive, noninvasive technique to assess sensory dysfunction. QST exposes 
subjects to a set of objective stimuli of controlled intensity (e.g., pressure, vibration, heat, touch) to elicit 
subjective responses (e.g., detection of sensation or pain) that can aid in the diagnosis, assessment, and 
monitoring of sensory deficits in neuropathic pain.7 Our proposal will investigate the utility in TN of the 
standardized QST protocol from the German Research Network on Neuropathic Pain (DFNS), which also 
maintains a database of QST profiles in pain patients and healthy controls.18 Although the DFNS protocol 
and equipment are publicly available, it requires some training and practice. Consequently, only two 
published TN studies have used this method.19,20 In addition, few pain studies have investigated the 
association between QST and cytokines,10-12 and none specifically in TN. Assessing QST and cytokines in 



 
 

TN would clarify relationships between inflammation, sensory dysfunction, and neuropathic pain.  
INNOVATION: Our study has several innovative aspects. First, it reframes TN as an inflammatory pain state, 
updating the classical view that neuropathic pain and inflammatory pain are separate. Second, MVD surgery 
offers a unique opportunity to investigate TN as a proinflammatory condition. During MVD, the CSF is simply 
suctioned away and discarded to improve visualization, but studying its composition could yield significant 
insights regarding the in vivo environment of the trigeminal nerve. To our knowledge, only one small published 
study has published on cytokines in CSF surrounding the trigeminal nerve during MVD,15 and no study has 
measured cytokine or miRNA levels in the blood, CSF, or exosomes of TN patients. Third, the utility of QST in 
TN has not been fully explored. Although some recent studies have performed QST in TN patients,19,20 none 
have attempted to correlate with cytokines or miRNAs. Because TN is a prototypical example of neuropathic 
pain, research on TN mechanisms can be applied to other neuropathic pain conditions. Cytokine and miRNA 
profiles may point to promising immunological treatment targets, and correlation with QST data will help 
expand the utility of QST in the diagnosis and treatment of neuropathic pain. Findings from this research would 
thus promote mechanism-based drug development, as well as personalized pain management strategies.  
3. PRELIMINARY STUDIES 

 To provide an appropriate foundation for this proposal, we have performed several preliminary studies.  
These studies demonstrate 1) the knowledge gap in identifying patients most likely to benefit from MVD, 2) 
variable efficacy of MVD, 3) potential cytokines that may be altered in TN, 4) potential QST abnormalities in 
TN, and 5) our ability to recruit participants and conduct the proposed studies, which would be a continuation 
of these previously IRB-approved protocols. 
3.1. Retrospective review of MVD outcomes. We 
reviewed a database of TN patients who underwent 
MVD at our institution between 2007 and 2016. Of 
446 patients followed up at 1 month after surgery, 
397 (89.0%) reported complete pain resolution. Of 
337 patients followed beyond 1 month, only 256 
(75.9%) reported ongoing pain relief, and 64 
(19.0%) underwent additional invasive treatments 
after unsuccessful MVD. There were no significant 
demographic differences between responders and non-responders (Table 1). Our findings underscore two 
important concepts: 1) a substantial proportion of TN patients fail to experience long-term benefit from MVD 
and 2) routinely assessed patient characteristics have no clear association with treatment outcomes. 
3.2. Pilot study of CSF collection and cytokine analysis. We conducted a pilot study of 10 MVD patients. 
Blood and CSF samples were obtained during MVD and batch assayed using a multiplex assay kit (EMD 
Millipore) that measured 13 candidate cytokines, and were analyzed with nine age- and gender-matched 
controls donated to a repository at our institution’s lumbar puncture (LP) clinic. Controls had no history of 

chronic pain or inflammatory or autoimmune conditions. One 
proinflammatory cytokine, TNF-α, was significantly elevated 
in the CSF of TN patients compared to that of controls, but 
not significantly different in TN plasma versus control 
plasma (Figure 2). These findings suggest that some 
changes in inflammatory profile may be observed locally in 
CSF but not systemically in plasma, underscoring the value 
of examining both CSF and plasma. We did not find any 
significant decreases in anti-inflammatory cytokines, 
although there was a non-significant decrease in plasma IL-
10 for TN samples compared to controls. Notably, CSF 
levels of eight cytokines were below the lower limit of 
detection in most samples from both groups, but were 
detected in plasma. For these cytokines, more sensitive 
traditional single-cytokine enzyme-linked immunosorbent 

Table 1. Preoperative characteristics of MVD responders vs. 
non-responders at 1 month follow-up. SD = standard deviation. 
 Responders 

(N = 397) 
Non-Responders 

(N = 49) 
p 

Age, yrs (mean ± SD) 53.3 ± 14.0 51.7 ± 12.9 0.43 
Female gender (%) 64.7 77.6 0.07 
Right-sided TN (%) 44.3 49.0 0.54 
Duration of symptoms, 

mos (mean ± SD) 
59.4 ± 71.1 57.0 ± 60.4 0.82 

Prior intervention (%) 28.2 26.5 0.81 
Use of opioids (%) 16.1 26.5 0.13 

Figure 2. TNF-α concentrations in plasma and CSF of 
TN patients versus controls. *p < 0.05 

Table 2. QST measurements of affected and unaffected sides in TN 
patients. Means ± standard deviations presented. 
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assay (ELISA) may show significant differences. There may also be a role for alternative biomarkers, such as 
miRNAs, that may be more readily detected in CSF. These results suggest important differences in cytokine 
levels between TN and non-TN patients, and in different tissues. 
3.3. Pilot study of QST measurements. In another pilot study, we performed QST in five TN patients. We 
found no significant differences in temperature, pressure, or pain sensitivity between the TN side and the 
unaffected side. However, temporal summation was significantly elevated on the affected side (Table 2). 
Temporal summation is a phenomenon of 
increased pain following repeated stimuli, 
reflecting central pain sensitization, a state of 
high central nervous system activity associated 
with the development of chronic pain. The effect 
of temporal summation on TN prognosis and 
MVD outcome are unknown. Together with 
studies 3.1 and 3.2, these data raise compelling 
questions about the basis of TN pain, the utility of 
QST and cytokine levels in TN assessment, and 
correlation with MVD outcomes. 
4. EXPERIMENTAL DESIGN AND METHODS 
4.1 Overview. To evaluate the hypothesized relationships between cytokine levels, miRNA profiles, QST 
profiles, and MVD outcomes, we propose a prospective, observational study of TN patients scheduled to 
undergo MVD, with a 3-month follow-up.  
4.2. Study setting, population, and controls. 
As an extension of a previously IRB-approved 
protocol (Appendix), we will enroll up to 50 
eligible patients from the Johns Hopkins 
Trigeminal Neuralgia Center who are scheduled 
to undergo MVD (Table 3). Our center performs 
100-150 MVD surgeries annually, and most 
patients are expected to be eligible for the study; 
thus, we expect to complete this study within 2 years.  
 For cytokine analyses, patient samples will be run concurrently with age- and gender-matched controls 
from an ongoing research repository of blood and CSF samples provided by the Johns Hopkins Department of 
Neurology LP clinic. These samples have been obtained from individuals who have undergone venipuncture 
and LP as part of routine medical care. De-identified control samples will be chosen from patients without any 
known chronic pain, inflammatory, or autoimmune condition. For miRNA and exosome analyses, control 
plasma and CSF will be selected from the NIH NeuroBioBank from age- and gender-matched samples. For 
QST data, controls will be obtained from DFNS reference values of healthy volunteers. 
4.3. Power and sample size calculation. Published data are insufficient to predict the number and extent of 
cytokines that will differ between TN patients and controls, and data are inconsistent on anticipated degree of 
changes to QST in TN.19,20 To simplify our logistic regression model of MVD outcomes, we will calculate a 
composite “inflammation score” for each individual based on cytokine levels, and similarly, all QST measures 
will be combined to establish a single-score “pain sensitivity index” (PSI), a technique described in previous 
studies.11,21 For a model assuming an MVD success rate of 75% (section 3.1 and other studies1), a sample 
size of 38 patients will be 80% powered to detect a 15% increase in MVD success at a significance level of 
0.05. We will recruit 50 subjects to allow for missing data and dropouts.  
4.4. Study protocol (Figure 3). All participants will receive usual medical care, including MVD. 
4.4.1. Preoperative. After enrollment, patients will complete symptom profiles and validated questionnaires of 
pain severity, quality of life, and functional ability, including the Brief Pain Inventory, Short Form-36, and EQ-
5D-5L, then undergo the DFNS QST protocol for facial pain on the affected and unaffected sides (Appendix).7 
4.4.2. Intraoperative. During the surgical procedure and immediately after opening of the dura, up to 20 mL of 
CSF will be aspirated directly from around the trigeminal nerve, and up to 30 mL of blood will be drawn from an 

Table 3. QST measurements of affected and unaffected sides in 
TN patients. Means ± standard deviations presented. 

 Affected 
Side 

Unaffected 
Side 

p 

Heat detection (oC) 33.5 ± 3.1 34.9 ± 2.7 0.21 
Heat pain detection (oC) 41.7 ± 5.2 42.2 ± 3.5 0.77 
Cold detection (oC) 25.8 ± 7.4 27.2 ± 3.7 0.51 
Cold pain detection (oC) 22.1 ± 9.4 20.4 ± 10.6 0.64 
Pressure pain (kPa) 75.3 ± 31.1 92.6 ± 31.9 0.14 
Temporal summation, change 

in pain score (-10-10) 
2.7 ± 0.5 1.1 ± 0.3 0.0065 

Table 4. Study eligibility criteria 
Inclusion Criteria Exclusion Criteria 
Diagnosis of TN scheduled 

to undergo MVD 
Age ≥ 18 years 
Failure to achieve 

adequate pain relief 
from medications 

Ability to provide informed 
consent 

Prior MVD or craniotomy 
History of stroke or other brain injury 
Bilateral TN 
Autoimmune disorder 
Use of daily systemic anti-inflammatory 

medications or steroids 
Inability to communicate in English or 

understand QST instructions 



 
 

intraoperative 
intravenous catheter. 
Specimens will be 
placed on ice, 
centrifuged at 4oC 
within 30 minutes of 

collection, and stored in 500-uL aliquots at -80oC until batch assayed. For exosome analysis, peripheral blood 
mononuclear cell (PBMC) isolation will be performed per the published protocol from our collaborators.22 
4.4.3. Postoperative. Based on forthcoming results of a multiplex assay of human neuroinflammatory markers 
in approximately 20 MVD patients and matched controls (section 3.2 and Appendix), we will select up to 5 
cytokines for more sensitive quantification by ELISA. Plasma and CSF samples from participants in the 
proposed study will undergo ELISA quantification in duplicate. Sample aliquots will also be de-identified and 
shipped on dry ice to Dr. Ajit’s lab for exosome purification and miRNA analysis per previous protocol.22  

Patients will be seen in their regular postoperative visits (about 2-4 weeks and 3 months) to determine the 
primary outcome of MVD success, graded as follows: >90% pain relief with no pain medications (grade I), 
>50% pain relief with most medications weaned (grade II), 10-50% pain relief with minimal decrease in pain 
medications (grade III), or no pain relief/worsening pain with no change or increase in pain medications (grade 
IV). Consistent with prior neurosurgical studies, those with grade I, II, or III outcomes will be classified as MVD 
“responders,” and those with grade IV outcomes will be classified as “non-responders”. 

At 3 months, patients will undergo postoperative QST identical to the preoperative session. Participants 
unable to follow up at 3 months will be contacted via phone, mail, or e-mail to determine MVD outcome. 
4.5. Data analyses. For each analysis, we will compare demographics of the TN and applicable control group 
using t-tests for continuous variables and χ2 tests for categorical variables, at α = 0.05 unless otherwise noted. 
4.5.1. Cytokine analysis. Differences among controls, MVD responders, and MVD non-responders will be 
evaluated for each cytokine in CSF or plasma by ANOVA, with Tukey’s adjustment for p-values. For each 
cytokine, TN patients will be classified into quartiles based on measured concentration, and the risk of MVD 
failure will be compared among quartiles by a logistic regression analysis. The lowest quartile for 
proinflammatory cytokines (or highest quartile for anti-inflammatory cytokines) will be used as the reference 
group to calculate adjusted and unadjusted odds ratios for MVD success. A composite “inflammation score” 
will be calculated for each individual as the sum of the number of proinflammatory cytokines in the highest 
quartile and anti-inflammatory cytokines in the lowest quartile, with higher scores indicating greater 
inflammation. This quartile approach is commonly used in cytokine research in other disease states (e.g., 
cancer, chronic kidney disease, diabetes). We will develop a logistic regression model of MVD outcome as a 
function of inflammation, using the area under the receiver operating characteristic (ROC) curve and the 
Hosmer-Lemeshow goodness-of-fit test to assess model discrimination and calibration, respectively. 
4.5.2. miRNA expression. We will compare miRNA expression profiles in CSF and plasma between patients 
and controls, and between MVD responders and non-responders, using a two-tailed t-test for each miRNA 
detected. Significance will be determined by applying the Benjamini–Hochberg false discovery rate correction. 
4.5.3. QST analysis. All QST measurements will be compared to DFNS reference data.7 “Absolute” sensory 
abnormalities will be defined as measurements outside the 95% confidence interval (CI) of the reference. If 
measurements for both affected and unaffected sides fall within the 95% CI, “relative” sensory abnormalities 
will be defined as measurements that significantly differ between the two sides per a two-tailed t-test. Absolute 
and relative abnormalities will be combined to calculate a PSI, with higher values representing greater pain 
sensitivity.11,21 Differences in individual QST measures and PSI will be compared between MVD responders 
and non-responders by separate ANOVAs. A multivariate logistic regression model of MVD outcome as a 
function of PSI will be developed and validated (as in section 4.5.1). For each cytokine measured, Pearson 
bivariate correlation coefficients will be used to evaluate the association between cytokine levels and PSI.  
4.6. Limitations and alternative approaches. 
4.6.1. Control populations. There are three different control populations for each aspect of the proposal 
(cytokines, miRNA/exosomes, and QST), which may limit our ability to compare among the different predictors 
and decrease generalizability. We have attempted to balance scientific rigor in identifying appropriate controls 

Figure 3. Participant Timeline. 
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to make meaningful comparisons, while maintaining feasibility by using readily available resources. For QST, 
using the DFNS reference values from healthy volunteers is more time- and cost-effective than recruiting our 
own volunteers, with a larger sample size. For the cytokine and miRNA analyses, CSF collection from healthy 
volunteers would be an extreme investment of time, labor, and funds, given that it is invasive, requires 
specialized training, and involves greater than minimal risk. CSF could be obtained from patients undergoing 
craniotomy or LP for other procedures, but the indications for such procedures are often associated with 
confounding inflammation or chronic pain. Healthy donor samples from the NIH NeuroBioBank or similar 
repositories are publicly available, include CSF from intracranial sources, and offer samples from both sexes, 
of various ages and races, providing a source of suitable matched controls. While we would ideally also use 
these samples for cytokine analysis, cytokine assays require larger volumes than those typically provided 
through such repositories. Consequently, we have partnered with our Department of Neurology LP clinic (see 
section 4.2). Although LP samples are not intracranial, they would be of similar composition to intracranial CSF 
and would be of sufficient volume for cytokine analysis. Two biosample sources (public repository and LP 
clinic) provides us with an alternative source of control samples if we are unable to use our planned source, 
recognizing that using the backup source may reduce the overall number of controls and decrease statistical 
power. If, as we expect, our study yields promising results about cytokines, miRNA, and/or QST in TN, it would 
provide compelling preliminary data for future, larger grant applications, which could include protocols for 
collection of additional biosamples and QST data from healthy volunteers. 
4.6.2. Factors affecting cytokine levels in collected samples.  Cytokine levels are known to vary within 
individuals, depending on time of day collected, fasting status, physical activity, and stress. Since we are using 
banked control samples, we are unable to control for these aspects when comparing MVD patients and 
controls. However, to compare MVD responders versus non-responders, the perioperative setting provides 
consistency in fasting status, activity, and stress, and we will perform subgroup analyses based on time of 
collection (morning, afternoon, evening) to determine whether it has a significant effect on cytokines and/or 
outcome. A preoperative blood draw and cytokine analysis could evaluate within-subject differences in cytokine 
levels over time, but this would substantially increase costs and is more suitable for future, follow-up studies. 
4.6.3. Timing of QST and MVD follow-up. Previous longitudinal studies of MVD and our own preliminary 
findings indicate that MVD efficacy diminishes over time. There may be patients with pain relief at 3 months 
who develop pain recurrence afterward. However, pain recurrence can occur as soon as days after the 
surgery, to as long as many (>10) years after MVD.  Balancing data capture and feasibility, we have chosen a 
follow-up period of 3 months, with a plan to follow up with all study participants at the conclusion of the study.  
A 3-month follow-up is well beyond the acute postoperative phase (~30 days) and allows time for incisional 
wound healing, yet would fall within a suitable time frame for feasible study completion in 2 years. Future 
studies could follow patients for longer periods. 
3.6. Expected outcomes. We anticipate that 1) TN patients will have higher levels of pro-inflammatory 
mediators and lower levels of anti-inflammatory mediators in blood and cerebrospinal fluid (CSF) compared to 
reference ranges and control subjects, 2) these differences will be more prominent in the CSF compared to 
blood, and 3) individuals demonstrating a greater degree of inflammation surrounding their trigeminal nerve 
based on their inflammatory profile will be more likely to achieve complete pain relief with MVD. Such findings 
would lend evidence to an understanding of TN as an inflammatory pain condition, suggesting novel treatment 
approaches. We also anticipate that miRNA profiles will be significantly different between TN patients and 
healthy controls, suggesting both new potential mechanisms in the development of chronic pain, as well as 
other targets for pain pharmacotherapy. Finally, we expect that patients with more abnormal QST profiles will 
be more likely to have pain relief following MVD. Such findings would support that QST detects sensory 
dysfunction in TN, and that MVD ameliorates this dysfunction to provide pain relief. Through correlation with 
cytokine profiles, QST may also be found to be a noninvasive method to assess degree of nerve irritation (and 
by extension, inflammation) and degree of pain. QST could therefore represent an individualized, objective 
alternative to direct sampling of CSF to assess the inflammatory milieu of the trigeminal nerve. Similarly, 
specific pain phenotypes identified with QST could be correlated with certain miRNA profiles, connecting the 
epigenetics of pain with its clinical features, with broad implications for pain diagnosis and treatment. 
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RESEARCH PARTICIPANT INFORMED CONSENT AND PRIVACY 
AUTHORIZATION FORM 

 
Protocol Title:  Cytokines, Quantitative Sensory Testing, and Radiologic Findings 

in Patients with Trigeminal Neuralgia 
 
Application No.: IRB00103861 
 
Sponsor: Johns Hopkins Neurosurgery Pain Research Institute 
 
Principal Investigator: Michael Lim, M.D 
 
 
 
 
 
  
1. What you should know about this study: 

• You are being asked to join a research study. This consent form explains the research study and your 
part in it. Please read it carefully and take as much time as you need. Ask your study doctor or the 
study team to explain any words or information that you do not understand. 

• You are a volunteer.  If you join the study, you can change your mind later.  There will be no penalty 
or loss of benefits if you decide to quit the study.   

• During the study, we will tell you if we learn any new information that might affect whether you 
wish to continue to participate. 

• If we think your participation in this study may affect your clinical care, information about your 
study participation will be included in your medical record, which is used throughout Johns Hopkins.   
Doctors outside of Johns Hopkins may not have access to this information.  You can ask the research 
team to send this information to any of your doctors. 

• When Johns Hopkins is used in this consent form, it includes The Johns Hopkins University, The 
Johns Hopkins Hospital, Johns Hopkins Bayview Medical Center, Howard County General Hospital, 
Johns Hopkins Community Physicians, Suburban Hospital, Sibley Memorial Hospital and All 
Children’s Hospital.  

• Biospecimens may be collected in this study.  Biospecimens may include any of the following: 
blood, tissue, saliva, urine, bone marrow, cells, etc.  Most biospecimens contain DNA, which is the 
genetic code for each person. 
 

 

If you are using Epic for this study, fax a copy 
of the signed consent form to 410-367-7382. 

 
 
 

 
 

Patient I.D. plate 
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2. Why is this research being done? 
This research is being done to determine which factors contribute to successful pain relief after 
undergoing treatment for trigeminal neuralgia. 
  
The goal of this research is to help physicians identify which treatments are most likely to offer pain 
relief to trigeminal neuralgia patients with specific characteristics.  These characteristics include 
previous treatments for trigeminal neuralgia, findings on pre-procedural magnetic resonance imaging 
(MRI), duration and degree of pain, and levels of certain chemicals in the blood and cerebrospinal fluid 
called cytokines.  We also hope to use the information learned from this study to identify other therapies 
that may be used to treat trigeminal neuralgia in the future. 
 
You are being asked to take part in this study because you are planning to undergo clinically indicated 
glycerol rhizotomy, radiofrequency-thermocoagulation glycerol rhizotomy, or microvascular 
decompression for trigeminal neuralgia.   

  
How many people will be in this study? 
About 250 people will take part in this study. 

 
3. What will happen if you join this study? 

You are already scheduled to have a clinically indicated procedure for your trigeminal neuralgia.   
Your pre-procedure evaluation, procedure itself and any follow-up will not be affected by your 
participation in this study. 
 
If you agree to be in this study, we will ask you to do the following things: 
• Complete a series of questionnaires about your trigeminal neuralgia pain and how it affects your life 

before you undergo your planned procedure. 
• We will review your pre-procedural radiologic images (MRI). 
• We will also collect basic medical information regarding your disease and treatments from your 

medical records.  We will collect your demographic information (for example, age, sex, race) and 
review your medical records for other medical history and basic treatment information.  This 
information will be entered into a database, but you will not be identified by name in that database.  
Your information will be kept private and will not be given out without your permission. 

• We will also ask you to answer questions about your pain relief and symptoms after your procedure.  
If you are unable to provide this information at your follow-up appointment, we will contact you via 
phone, mail, or e-mail to obtain the missing information. 

• Participation in this study will not affect your medical care. 
 

 
FOR MICROVASCULAR DECOMPRESSION PARTICIPANTS ONLY: 
 
If you are undergoing microvascular decompression, you will also have the option of participating in an 
additional portion of the study.   
 
We will ask you to do the following additional things: 
 
Quantitative Sensory testing: 
• Quantitative sensory testing is a non-invasive way to measure your sensitivity to different types of 

stimulus, including light touch, pressure, vibration, heat, and cold.   
• You will undergo this testing once before your surgery and once 3 months after your surgery. 
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Will you participate in the quantitative sensory testing portion of the research study? 
 
YES �    ________________________      

Signature of Participant      
 
NO  �    __________________     

Signature of Participant  
 
Specimen collection and storage: 
• During your surgery, we will collect your blood (about 6 teaspoons) and cerebrospinal fluid (about 6 

teaspoons).  These samples will be frozen and stored for analysis. 
• Because these tests performed on you, your blood and cerebrospinal fluid are done for research 

purposes, they are not expected to influence your care or the treatment options available to you.  The 
results of these studies will generally not be available to you or to your treating physicians.  
Therefore, participation in this study will not affect your medical care. 

• You may choose to participate in the questionnaire-only portion of the research study described. 
    

Will you participate in the blood and cerebrospinal fluid collection portion of the research study? 
 
YES �    ________________________  
  Signature of Participant 
    

NO  �    __________________ 
  Signature of Participant 
  

Request to collect and store biospecimens for future research   
As part of this research study, we would like to ask you to let us store your biospecimens and health 
information for future research.  This research could include other diseases. 
 
The study doctor can provide you with additional information if you have questions. Also, further 
information about our use of your biospecimens can be found in this consent document under the 
heading What happens to Data and Biospecimens that are collected in the study?. 

 
Will you allow us to store the biospecimens we collect for this study for use in future research? 
YES �    ________________________      

Signature of Participant      
 
NO  �    __________________     

Signature of Participant      
 

How long will you be in the study? 
You will be in this study for about 6 months, which includes the time from enrollment in this study to 
three months following your planned procedure. 
 

4. What are the risks or discomforts of the study? 
While on this study, you are at risk for the possible side effects listed below.  You should discuss these 
with your study doctor.  Everything possible will be done to prevent or reduce any discomfort or risk 
from this study.  You may experience all, some, or none of the side effects listed below.  You will be 
asked to contact your doctor for any problems or questions that arise at any time while you are in the 
study, so that action can be taken to prevent or decrease serious problems. 
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Risks from completing questionnaires 
You will spend additional time answering specific questions about your disease.  You may get tired or 
bored when we are asking you questions or you are completing questionnaires. You do not have to 
answer any question you do not want to answer. 
 
If you are undergoing microvascular decompression and you agree to take part in the additional 
optional study procedures, you may experience the additional risks listed below: 
 
Risks from undergoing quantitative sensory testing 
Quantitative sensory testing may temporarily trigger or worsen your pain as we measure your sensitivity 
to certain sensations.  You may ask to pause or stop quantitative sensory testing at any time during the 
procedure. 
 
Risks from collection and storage of blood and cerebrospinal fluid samples 
The samples will be obtained while you are asleep for your microvascular decompression surgery.  
Therefore, there is no anticipated discomfort associated with sample collection. 
 
Confidentiality: There is the risk that information about you may become known to people outside this 
study. 
 

5. Are there benefits to being in the study? 
There is no direct benefit to you from being in this study.  Information that we learn from this study may 
help other people who have trigeminal neuralgia or other chronic pain conditions in the future.   

 
6. What are your options if you do not want to be in the study? 

You do not have to join this study.  If you do not join, your care at Johns Hopkins will not be affected. 
 
7. Will it cost you anything to be in this study?   

No. 
 
8. Will you be paid if you join this study? 

If you are not undergoing microvascular decompression and/or do not choose to participate in the 
quantitative sensory testing of this study, you will not be paid for this study. 
 
If you are undergoing microvascular decompression and will participate in the quantitative sensory 
testing portion of this study, you will be paid $50 for each of the two testing sessions ($100 total).  In 
addition, you will receive parking validation for the day of your testing visits ($8 value per visit).  
 
You may be required to provide your social security number to be paid for taking part in this study. 
Federal tax law requires that you report your research payments when you file your taxes. If your total 
payments from Johns Hopkins exceed $600 per year, Johns Hopkins will report these payments to the 
Internal Revenue Service and you will receive a 1099-MISC form from us. 
 

9. Can you leave the study early? 
• You can agree to be in the study now and change your mind later. 
• If you wish to stop, please tell us right away. 
• Leaving this study early will not stop you from getting regular medical care.  
 
If you leave the study early, Johns Hopkins may use or give out your health information that it has 



 

 

Date: October 27, 2016 
Principal Investigator: Michael Lim, M.D. 
Application No.: IRB00103861 

 

Page 5 of 8 
Combined Informed Consent/Authorization June 2015 Version 15 

already collected if the information is needed for this study or any follow-up activities.  
 

10. Why might we take you out of the study early?  
You may be taken out of the study if: 

• Staying in the study would be harmful. 
• You do not undergo the planned procedure. 
• You fail to follow instructions. 
• The study is cancelled. 
• There may be other reasons to take you out of the study that we do not know at this time.  
 

If you are taken out of the study early, Johns Hopkins may use or give out your health information that it 
has already collected if the information is needed for this study or any follow-up activities. 
 

11. How will your privacy be protected?  
We have rules to protect information about you.  Federal and state laws and the federal medical Privacy 
Rule also protect your privacy.  By signing this form you provide your permission, called your 
“authorization,” for the use and disclosure of information protected by the Privacy Rule. 
 
The research team working on the study will collect information about you.  This includes things learned 
from the procedures described in this consent form.  They may also collect other information including 
your name, address, date of birth, and information from your medical records (which may include 
information about HIV status, drug, alcohol or STD treatment, genetic test results, or mental health 
treatment). 
 
The research team will know your identity and that you are in the research study.  Other people at Johns 
Hopkins, particularly your doctors, may also see or give out your information. We make this information 
available to your doctors for your safety.    
 
People outside of Johns Hopkins may need to see or receive your information for this study.  Examples 
include government agencies (such as the Food and Drug Administration), safety monitors, other sites in 
the study and companies that sponsor the study.  
 
If you are in a cancer study that receives federal funding, the National Cancer Institute (NCI) now 
requires that we report identifiable information (such as, zip code) about your participation.  You may 
contact the NCI if you have questions about how this information is used.  

 
We cannot do this study without your authorization to use and give out your information.  You do not 
have to give us this authorization.  If you do not, then you may not join this study. 
 
We will use and disclose your information only as described in this form and in our Notice of Privacy 
Practices; however, people outside Johns Hopkins who receive your information may not be covered by 
this promise or by the federal Privacy Rule.  We try to make sure that everyone who needs to see your 
information keeps it confidential – but we cannot guarantee that your information will not be re-
disclosed. 
 
The use and disclosure of your information has no time limit. You may revoke (cancel) your permission 
to use and disclose your information at any time by notifying the Principal Investigator of this study by 
phone or in writing.  If you contact the Principal Investigator by phone, you must follow-up with a 
written request that includes the study number and your contact information.  The Principal 
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Investigator’s name, address, phone and fax information are on page one of this consent form.  
 
If you do cancel your authorization to use and disclose your information, your part in this study will end 
and no further information about you will be collected. Your revocation (cancellation) would not affect 
information already collected in the study, or information we disclosed before you wrote to the Principal 
Investigator to cancel your authorization. 
 

12. Will the study require any of your other health care providers to share your health 
information with the researchers of this study? 
As a part of this study, the researchers may ask to see your health care records from your other health 
care providers.   
 

13. What treatment costs will be paid if you are injured in this study?  
Johns Hopkins does not have a program to pay you if you are hurt or have other bad results from being 
in the study.  However, medical care at Johns Hopkins is open to you as it is to all sick or injured people.   

 
The costs for any treatment or hospital care you receive as the result of a study-related injury that are not 
covered by a health insurer will be billed to you. 

 
By signing this form, you will not give up any rights you have to seek compensation for injury.  
 

14. What other things should you know about this research study? 
a. What is the Institutional Review Board (IRB) and how does it protect you?  

The Johns Hopkins Medicine IRB is made up of: 
• Doctors 
• Nurses 
• Ethicists 
• Non-scientists 
• and people from the local community.  

 
The IRB reviews human research studies. It protects the rights and welfare of the people taking part 
in those studies.  You may contact the IRB if you have questions about your rights as a participant or 
if you think you have not been treated fairly.  The IRB office number is 410-955-3008. You may 
also call this number for other questions, concerns or complaints about the research. 
 
When the Johns Hopkins School of Medicine Institutional Review Board (IRB) reviews a study at 
another site, that site (institution) is solely responsible for the safe conduct of the study and for 
following the protocol approved by the Johns Hopkins IRB.   

 
b. What do you do if you have questions about the study?    

Call the principal investigator, Dr. Michael Lim at (410) 614-1627. If you wish, you may contact the 
principal investigator by letter or by fax.  The address and fax number are on page one of this 
consent form. If you cannot reach the principal investigator or wish to talk to someone else, call the 
IRB office at 410-955-3008.   
 

c. What should you do if you are injured or ill as a result of being in this study?  
If you think you are injured or ill because of this study, call Dr. Michael Lim at (410) 614-1627 
during regular office hours.  
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d. What happens to Data and Biospecimens that are collected in the study?  
Johns Hopkins and our research partners work to understand and cure diseases. The biospecimens 
and/or data you provide are important to this effort. 

 
If you join this study, you should understand that you will not own your biospecimens or data, and 
should researchers use them to create a new product or idea, you will not benefit financially.  
 
With appropriate protections for privacy, Johns Hopkins may share your biospecimens and 
information with our research sponsors and partners.    
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15. What does your signature on this consent form mean?  

Your signature on this form means that: You understand the information given to you in this form, you 
accept the provisions in the form and you agree to join the study. You will not give up any legal rights 
by signing this consent form.  
 

 
WE WILL GIVE YOU A COPY OF THIS SIGNED AND DATED CONSENT FORM 

 
 
 
________________________________________________________________________________________________________________________ 
Signature of Participant                                                                           (Print Name)                                                  Date/Time  
 
 
 
________________________________________________________________________________________________________________________ 
Signature of Person Obtaining Consent                                                  (Print Name)                                                Date/Time 
 
 
NOTE: A COPY OF THE SIGNED, DATED CONSENT FORM MUST BE KEPT BY THE PRINCIPAL INVESTIGATOR; A COPY MUST BE GIVEN 
TO THE PARTICIPANT; IF YOU ARE USING EPIC FOR THIS STUDY A COPY MUST BE FAXED TO 410-367-7382; IF YOU ARE NOT USING EPIC 
A COPY MUST BE PLACED IN THE PARTICIPANT’S MEDICAL RECORD (UNLESS NO MEDICAL RECORD EXISTS OR WILL BE CREATED).  
 
ONLY CONSENT FORMS THAT INCLUDE THE JOHNS HOPKINS MEDICINE LOGO CAN BE USED TO OBTAIN THE CONSENT OF RESEARCH 
PARTICIPANTS. 
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FOR RESEARCH STAFF USE: 
IRB No.: IRB00103861 
PI: Michael Lim, MD 
Study ID: ____________ 
Pre / Post (2-4 wks) / Post (3 mos) 

 

Date: ____ /____ /_________ 

 

Please update or correct the information below: 

Last Name: _________________________ First Name: _________________________ MI: __ 

Date of Birth: ____ /____ /_________  Gender:  Male / Female / Other 

Address: ____________________________________________________________ 

____________________________________________________________ 

Phone:  (_______) _______ - ____________ Email: ______________________________ 

Height: __________ in.  Weight:  __________ lbs. 

Race:     American Indian/Alaska Native          Asian          Black or African-American          Native 

Hawaiian/Pacific Islander      Other     Unknown/Decline to Answer      White/Caucasian 

Ethnicity: Hispanic/Latino     Not Hispanic/Latino     

Highest level of education:   Less than high school       High school/GED       Some college       Associate’s        

Bachelor’s        Graduate/professional degree  

Do you consume any of the following? 

☐ Alcohol  ☐ Tobacco  ☐ Other Drugs: ____________________________ 

☐ Caffeine   If yes, number of caffeinated beverages (8 oz. coffee/tea, 12 oz. soda) per day: ____  

☐ None    

 

Date of Surgery: ____ /____ /_________ 

Reason for Surgery: _______________________________________ 

Location of Surgery: _______________________________________ 
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FOR RESEARCH STAFF USE: 
IRB No.: IRB00103861 
PI: Michael Lim, MD 
Study ID: ____________ 
Pre / Post (2-4 wks) / Post (3 mos) 

What symptoms of trigeminal neuralgia did/do you have? 
Please check all that apply in each category (characteristics, timing, location, and side). 

Characteristics of pain 
☐ Shooting  ☐ Jabbing  ☐ Burning   ☐ Aching  
☐ Tingling  ☐ Electric Shock ☐ Other: ____________________________ 

Timing of pain 
☐ Constant  ☐ Intermittent  
Duration of pain during an episode: ____________________________ 
Frequency of pain episodes: ____________________________ 

Location of pain 
☐ Scalp  ☐ Forehead  ☐ Eyes  ☐ Upper Eyelid  ☐ Lower Eyelid 
☐ Cheek  ☐ Nose  ☐ Ears  ☐ Upper Lip  ☐ Lower Lip 
☐ Gums  ☐ Chin   ☐ Jaw     

Side of pain 
☐ Left Side  ☐ Right Side  ☐ Both 
 
Have you taken any medications for management of trigeminal neuralgia?    Yes  /  No 
If yes, please list the medications:  

Medication Dose Frequency 
   
   
   
   
   

 
In the last 24 hours, how much relief have pain treatments or medications provided?  
☐ 0% (none) ☐10%  ☐20%  ☐30%  ☐40%  ☐50% 
☐60%  ☐70%  ☐80%  ☐90%  ☐100% (complete relief) 
 
Have you received any procedures or surgeries for management of trigeminal neuralgia?    Yes  /  No 
If yes, please list the type of procedure and dates:  

Procedure Date(s) 
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FOR RESEARCH STAFF USE: 
IRB No.: IRB00103861 
PI: Michael Lim, MD 
Study ID: ____________ 
Pre / Post (2-4 wks) / Post (3 mos) 

Throughout our lives, most of us have had pain from time to time (i.e. minor headaches, sprains, 
toothaches). Have you had pain other than those everyday kinds of pain today? 
☐ Yes   ☐ No 
 
On the diagram, please shade in the areas where you feel pain, then draw an X on where it hurts 
most. 
 

 
 
Please rate your pain by marking the box beside the number that best describes your pain at its worst  
in the last 24 hours.  
☐0 (no pain) ☐1 ☐2 ☐3 ☐4 ☐5 ☐6 ☐7 ☐8 ☐9 ☐10 
 
Please rate your pain by marking the box beside the number that best describes your pain at its least 
in the last 24 hours.  
☐0 (no pain) ☐1 ☐2 ☐3 ☐4 ☐5 ☐6 ☐7 ☐8 ☐9 ☐10 
 
Please rate your pain by marking the box beside the number that best describes your pain on the 
average.  
☐0 (no pain) ☐1 ☐2 ☐3 ☐4 ☐5 ☐6 ☐7 ☐8 ☐9 ☐10 
 
Please rate your pain by marking the box beside the number that tells how much pain you have right  
now. 
☐0 (no pain) ☐1 ☐2 ☐3 ☐4 ☐5 ☐6 ☐7 ☐8 ☐9 ☐10 
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FOR RESEARCH STAFF USE: 
IRB No.: IRB00103861 
PI: Michael Lim, MD 
Study ID: ____________ 
Pre / Post (2-4 wks) / Post (3 mos) 

Mark the box beside the number that describes how much, during the past 24 hours, pain has 
interfered with your: 
 

General activity: 
☐0 (none) ☐1 ☐2 ☐3 ☐4 ☐5 ☐6 ☐7 ☐8 ☐9 ☐10 
 
Mood: 
☐0 (none) ☐1 ☐2 ☐3 ☐4 ☐5 ☐6 ☐7 ☐8 ☐9 ☐10 
 
Walking ability: 
☐0 (none) ☐1 ☐2 ☐3 ☐4 ☐5 ☐6 ☐7 ☐8 ☐9 ☐10 
 
Normal work (includes both work outside the home and housework): 
☐0 (none) ☐1 ☐2 ☐3 ☐4 ☐5 ☐6 ☐7 ☐8 ☐9 ☐10 
 
Relations with other people:  
☐0 (none) ☐1 ☐2 ☐3 ☐4 ☐5 ☐6 ☐7 ☐8 ☐9 ☐10 
 
Sleep: 
☐0 (none) ☐1 ☐2 ☐3 ☐4 ☐5 ☐6 ☐7 ☐8 ☐9 ☐10 
 
Enjoyment of life: 
☐0 (none) ☐1 ☐2 ☐3 ☐4 ☐5 ☐6 ☐7 ☐8 ☐9 ☐10 

 
Please draw an X at the place on the scale that describes what pain you are experiencing today. 

 
 
Please draw an X at the place on the scale that describes what pain you have experienced on average 
this past week.  

 
The following 5 questions are about how you would describe your health today.  
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FOR RESEARCH STAFF USE: 
IRB No.: IRB00103861 
PI: Michael Lim, MD 
Study ID: ____________ 
Pre / Post (2-4 wks) / Post (3 mos) 

1. Have you had any problems walking around? 
☐ 1 – No problems 
☐ 2 – Slight problems 
☐ 3 – Moderate problems 
☐ 4 – Severe problems 
☐ 5 – Unable to walk around 

 
2. Have you had any problems washing or dressing yourself? 

☐ 1 – No problems 
☐ 2 – Slight problems 
☐ 3 – Moderate problems 
☐ 4 – Severe problems 
☐ 5 – Unable to wash or dress myself 

 
3. Have you had any problems performing usual activities (work, study, housework, etc)? 

☐ 1 – No problems 
☐ 2 – Slight problems 
☐ 3 – Moderate problems 
☐ 4 – Severe problems 
☐ 5 – Unable to do usual activities 
 

4. Have you had any pain or discomfort? 
☐ 1 – No pain 
☐ 2 – Slight pain 
☐ 3 – Moderate pain 
☐ 4 – Severe pain 
☐ 5 – Extreme pain 

 
5. Have you had any anxiety or depression? 

☐ 1 – No anxiety or depression 
☐ 2 – Slight anxiety or depression 
☐ 3 – Moderate anxiety or depression 
☐ 4 – Severe anxiety or depression 
☐ 5 – Extreme anxiety or depression 
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FOR RESEARCH STAFF USE: 
IRB No.: IRB00103861 
PI: Michael Lim, MD 
Study ID: ____________ 
Pre / Post (2-4 wks) / Post (3 mos) 

We would like to know how good or bad your health is today.  
 

The scale to the left is numbered from 0 to 100. 
 
“100” means the best health you can imagine. 
“0” means the worst health you can imagine.  
 
 
Please draw an X to indicate on the scale how your health is today.  
 
Please write the number you marked on the scale in this space: _______ 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

Best Health 

Worst Health 
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FOR RESEARCH STAFF USE: 
IRB No.: IRB00103861 
PI: Michael Lim, MD 
Study ID: ____________ 
Pre / Post (2-4 wks) / Post (3 mos) 

The following 2 questions pertain to how you perceive your overall personal health.  

1. In general, would you rate your health as:  
☐ 1 – Excellent 
☐ 2 – Very good 
☐ 3 – Good 
☐ 4 – Fair 
☐ 5 – Poor 

 
2. Compared to 1 year ago, how would you rate your health now? 

☐ 1 – Much better now than 1 year ago 
☐ 2 – somewhat better now than 1 year ago 
☐ 3 – About the same 
☐ 4 – Somewhat worse now than 1 year ago 
☐ 5 – Much worse now than 1 year ago 

 
The following questions are about activities you might do during a typical day.  

Does your health now limit you in any of these activities? If so, how much? 

 Yes, limited 
a lot 
(1) 

Yes, limited 
a little 

(2) 

No, not 
limited at all 

(3) 
Vigorous activities (running, heavy lifting, playing 
strenuous sports) ☐ ☐ ☐ 

Moderate activities (pushing vacuum, bowling, golf) ☐ ☐ ☐ 

Lifting or carrying groceries ☐ ☐ ☐ 

Climbing multiple flights of stairs ☐ ☐ ☐ 

Climbing one flight of stairs ☐ ☐ ☐ 

Bending, kneeling, stooping ☐ ☐ ☐ 

Walking more than one mile ☐ ☐ ☐ 

Walking several blocks ☐ ☐ ☐ 

Walking one block ☐ ☐ ☐ 

Bathing, dressing yourself ☐ ☐ ☐ 

 
During the past 4 weeks, have you had any of the following problems with your work or other regular 
daily activities as a result of your physical health? 

 Yes No 
Cut down the amount of time you spent on work or other activities? ☐ ☐ 
Accomplished less than you would like? ☐ ☐ 
Were limited in the type of work or other activities? ☐ ☐ 

Had difficulty performing and completing work or other activities? ☐ ☐ 
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FOR RESEARCH STAFF USE: 
IRB No.: IRB00103861 
PI: Michael Lim, MD 
Study ID: ____________ 
Pre / Post (2-4 wks) / Post (3 mos) 

During the past 4 weeks, have you had any of the following problems with your work or other regular 
daily activities as a result of any emotional problems (such as feeling anxious or depressed)? 

 Yes No 
Cut down the amount of time you spent on work or other activities? ☐ ☐ 
Accomplished less than you would like? ☐ ☐ 
Didn’t do work or other activities as carefully as usual?  ☐ ☐ 

 
During the past 4 weeks, to what extent has your physical health or emotional problems interfered 
with your normal social activities with family, friends, neighbors or groups? 
☐ 1 – Not at all 
☐ 2 – Slightly 
☐ 3 – Moderately  
☐ 4 – Quite a bit 
☐ 5 – Extremely  
 
How much bodily pain have you had during the past 4 weeks? 
☐ 1 – None 
☐ 2 – Very mild 
☐ 3 – Mild 
☐ 4 – Moderate 
☐ 5 – Severe 
☐ 6 – Very severe 
 
During the past 4 weeks, how much did pain interfere with your normal work (including both work 
outside the home and housework)? 
☐ 1 – Not at all 
☐ 2 – A little bit 
☐ 3 – Moderately  
☐ 4 – Quite a bit 
☐ 5 – Extremely 
 
During the past 4 weeks, how much of the time has your physical health or emotional problems 
interfered with your social activities (visiting family, friends, etc)? 
☐ 1 – All of the time 
☐ 2 – Most of the time 
☐ 3 – Some of the time 
☐ 4 – A little bit of the time 
☐ 5 – None of the time 
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FOR RESEARCH STAFF USE: 
IRB No.: IRB00103861 
PI: Michael Lim, MD 
Study ID: ____________ 
Pre / Post (2-4 wks) / Post (3 mos) 

 
These questions are about how you feel and how things have been with you during the past 4 weeks.  
For each question, please give the one answer that comes closest to the way you have been feeling.  
 
How much of the time during the past 4 weeks… 

 All of the 
time 
(1) 

Most of 
the time 

(2) 

A good bit 
of the time 

(3) 

Some of 
the time 

(4) 

A little of 
the time 

(5) 

None of 
the time 

(6) 
Did you feel full of pep? ☐ ☐ ☐ ☐ ☐ ☐ 
Have you been very nervous? ☐ ☐ ☐ ☐ ☐ ☐ 

Have you felt so down that 
nothing could cheer you up? 

☐ ☐ ☐ ☐ ☐ ☐ 

Have you felt calm and 
peaceful? 

☐ ☐ ☐ ☐ ☐ ☐ 

Did you have a lot of energy? ☐ ☐ ☐ ☐ ☐ ☐ 

Have you felt downhearted 
and blue? 

☐ ☐ ☐ ☐ ☐ ☐ 

Did you feel worn out? ☐ ☐ ☐ ☐ ☐ ☐ 

Have you been a happy 
person? 

☐ ☐ ☐ ☐ ☐ ☐ 

Did you feel tired? ☐ ☐ ☐ ☐ ☐ ☐ 

 
How true or false is each of the following statements for you? 

 Definitely 
true 
(1) 

Mostly 
true 
(2) 

Don’t 
know 

(3) 

Mostly 
false 
(4) 

Definitely 
false 
(5) 

I seem to get sick a little easier than 
other people. 

☐ ☐ ☐ ☐ ☐ 

I am as healthy as anybody I know. ☐ ☐ ☐ ☐ ☐ 

I expect my health to get worse. ☐ ☐ ☐ ☐ ☐ 

My health is excellent. ☐ ☐ ☐ ☐ ☐ 

 
You may use the envelope provided to mail this back to: 

Michael Lim, MD 

You may also scan and e-mail your responses to  

Thank you very much for taking the time to complete this survey. We appreciate your 
participation in this study! 



 

 

 

Srinivasa N. Raja, M.D.,  
Professor, Anesthesiology & CCM 

 Director of Pain Research 
Professor, Neurology  

 

  
MRTG Mentorship Plan for Dr. Tina Doshi 

 
It is with great pleasure that I propose this mentorship plan for Dr. Tina Doshi for application to the 

FAER Mentored Research Training Grant (MRTG).  I have been mentoring for nearly 30 years and was 
elected to the FAER Research Mentor Academy in 2010.  I have previously mentored several successful NIH 
K32 grant recipients, as well as a number of basic and clinical pain researchers who have gone on to establish 
successful careers as independent investigators.  I firmly believe that Dr. Doshi has a bright career ahead of 
her as an independent researcher and I enthusiastically support the proposal she has outlined in her 
application.  She is a very articulate, intellectual person with an amazing work effort.  She will gladly and 
willingly take on any task and always performs these tasks at a high level.  Her successful attainment of this 
grant will help provide her with additional training in conducting prospective clinical research studies and “big 
data” sciences, which will allow her to develop her own research program focusing on pharmaco-metabolomics 
and pharmaco-genomics application to identify mechanisms underlying medication side effects and response. 

Mentorship Team: Dr. Doshi and I have been meeting regularly as part of the mentoring and training plan 
from her NIH T32 program.  I recently transitioned from my position as Chief of the Division of Pain Medicine to 
become the Director of Pain Research in order to devote more time to research and to the mentorship of junior 
faculty.  My current non-clinical effort is 80 percent, providing me with ample time to work with Dr. Doshi on her 
project and career development.  In addition, while I will serve as Dr. Doshi’s primary mentor, Dr. Doshi has 
assembled an excellent, collaborative mentorship team that is eager to support her efforts.   

Dr. Seena Ajit, a highly-respected molecular biologist at Drexel University and leading authority on the 
epigenetic regulation of chronic pain, has happily volunteered to serve on Dr. Doshi’s mentorship team.  Dr. 
Doshi already has some experience with acquisition and analysis of cytokine data from biological specimens of 
chronic pain patients, and she has recently developed an interest in microRNA (miRNA) and exosome 
purification and analyses.  These techniques have generated significant interest within the pain research 
community, and they have the potential to yield important new insights about the molecular mechanisms of 
pain, as well as the development of precision pain medicine therapies.  Dr. Doshi has already initiated a cross-
institutional collaboration with Dr. Ajit, including obtaining approval for a Materials Transfer Agreement, which 
reflects her insight and energy into pursuing collaboration and training opportunities that will advance her 
overall career goals. In addition to frequent e-mail communication and biweekly phone conversations with Dr. 
Ajit, Dr. Doshi also plans to visit Dr. Ajit’s lab.  Dr. Ajit will familiarize Dr. Doshi with the techniques of 
quantitative PCR, exosome purification, and miRNA profiling, which will allow Dr. Doshi to identify specific 
advantages and disadvantages of various analytical techniques to develop her own future research studies. 

Dr. Michael Lim, Director of Brain Tumor Immunotherapy at Johns Hopkins, will continue to serve as a 
collaborator and mentor to Dr. Doshi.  Dr. Lim is an internationally recognized neurosurgeon who sees 
hundreds of facial pain patients annually and performs approximately 200 microvascular decompression 
surgeries for trigeminal patients each year.  Dr. Doshi has already spent the past two years working with Dr. 
Lim on a number of studies of trigeminal neuralgia patients and their post-procedural outcomes, several of 
which have been presented at national meetings and published.  Dr. Lim has extensive experience in the 
design and execution of clinical trials supported through both public and private funding mechanisms.  The 
MRTG will allow Dr. Doshi to expand on her collaboration with Dr. Lim to gain more experience, gather more 
data, and generate the publications necessary to achieve extramural funding in the future. 



Formal Didactic Program: Dr. Doshi and I have discussed didactic opportunities that will be beneficial to her 
future career.  She has already established a solid foundation in the design and conduct of clinical research by 
obtaining a Master’s in Clinical Investigation through the Johns Hopkins Bloomberg School of Public Health, 
and I encourage her to expand on this training.  She is planning to pursue a Post Master’s Graduate Certificate 
in Sequence Analysis and Genomics through the Johns Hopkins Krieger School of Arts & Sciences, which will 
provide her with formal instruction on the analysis of sequence data and genomics, including the bioinformatics 
skills necessary to design appropriate experiments and analyze data.  In addition, the Johns Hopkins 
University Data Science Lab offers a well-established and highly-regarded series of online courses on data 
science through Coursera.  Dr. Doshi plans to enroll in the certificate programs for Executive Data Science and 
Data Science Specialization to gain familiarity with data science techniques and how to manage data science 
projects effectively as a future independent investigator.  Lastly, she will participate in ongoing training in the 
responsible conduct of research through the Johns Hopkins University School of Medicine Responsible 
Conduct of Research Program, which includes Human Subjects Research recertification, a Research Integrity 
Colloquia, and participation in department/division meetings discussing the responsible conduct of research. 

Career Development Plans: Dr. Doshi has done an excellent job outlining her training plan within the career 
development section of the grant, and I assure the MRTG selection committee that our institution has ample 
resources to support her training.  One of the excellent resources available here is the Institute for Clinical and 
Translational Research (ICTR), which offers many resources, classes, and educational opportunities for our 
scholars.  These opportunities include a statistical core for consultation (which will complement the mentorship 
provided), grant writing workshops (e.g., K grant writing course, R01 bootcamp), direct grant feedback through 
the research development core, courses on good clinical practices for conducting clinical trials, and instruction 
on work/life balance, as well as team science and mentor skill development.  

During weekly or bi-weekly meetings, I will assist Dr. Doshi in identifying helpful opportunities that will 
allow her to balance her training and research time.  Our department chair, division chief, and I will work 
together to ensure that her clinical and teaching responsibilities will not exceed 25% of her time.  In addition to 
discussing the time management skills necessary to the success of every clinician-investigator, we will also 
discuss clinical trial design, navigating research infrastructure at academic medical centers (including IRB and 
research administration issues), and institutional resources available for her research (such as core labs, 
statistical consulting, and research support staff).  We will also review progress on her research project, 
discuss the results, analysis, and data interpretation, and review presentations, and drafts of grants and 
manuscripts.  We have set a goal of at least two conference presentations and three publications per year 
during her MRTG period, which will provide Dr. Doshi with additional experience in communicating results. 

Dr. Doshi’s proposal is attractive in many ways.  In particular, the field of epigenetics and microRNAs is 
a “hot” area of research in the pain field.  Dr. Doshi has already established a relationship with Dr. Ajit, a well-
respected investigator who is well-published in this area.  If promising candidates are identified, there is a high 
degree of probability of a potential R21 or R01 grant.  The overall research plan has considered NIH rigor and 
transparency priorities quite well.  Her project is founded on a logical scientific premise that is supported by a 
large body of emerging pain research: that neuropathic pain is modulated by the immune system and 
epigenetic factors, and that this relationship can influence pain phenotypes, perception, and response to 
treatment.  Biological variables are appropriately considered as potential factors in pain phenotype, biomarker 
levels, and response to treatment, and are addressed in the statistical analysis plan.  The experimental design 
uses standardized techniques for biomarker analysis and quantitative sensory testing; therefore, it does not 
require authentication of unique resources and is easily reproducible with standard materials and equipment.  

Dr. Doshi has an extraordinarily promising career ahead of her, and therefore, it is with great pleasure 
that I, once again, recommend Dr. Doshi for the MRTG.  Working with Dr. Doshi is a true pleasure and her 
previous record of success in obtaining competitive intramural funding awards attests to her skill, motivation, 
and productivity.  I am in full support of her proposed research plan, as well as the mentoring plan above.  I 
look forward to helping her succeed as an early career investigator, and I have no doubt that she will continue 
to flourish as she gathers more data, shares her findings at national meetings, and expands her publication 
record, all of which will allow her to develop as an expert in clinical pain research and precision pain medicine. 



CAREER DEVELOPMENT PLAN 

Current and prior instruction. 

Graduate Training Program in Clinical Investigation (GTPCI). Through my T32 Training Grant, I have 
recently completed a Master of Health Science (MHS) in Clinical Investigation through the GTPCI at the Johns 
Hopkins Bloomberg School of Public Health (JHSPH) with a 4.0 GPA. Although the program has provided me 
with an excellent foundation in the skills necessary to design and conduct clinical investigations in pain 
medicine, I would like to expand my training to become more familiar with relevant laboratory techniques and 
the analytical methods necessary to translate basic science findings into meaningful clinical outcomes. 

Research compliance training. I completed certification in Basic Human Subjects Research (CITI) and 
Health Insurance Portability and Accountability Act (HIPAA) for Research in 2016. In addition, through the 
Johns Hopkins School of Public Health, I completed courses on Responsible Conduct of Research, Academic 
& Research Ethics, and Research Ethics & Integrity in 2016 and 2018. 

Proposed didactic program. 

Johns Hopkins Post Master’s Graduate Certificate in Sequence Analysis and Genomics. A growing body 
of pain research is capitalizing on innovations in sequencing technologies, including my own proposed 
research and collaboration with Dr. Seena Ajit. To complement the basic science techniques that Dr. Ajit will 
teach me, I would like to obtain additional formal training and knowledge in these technologies and analysis of 
sequence data and genomics. The Post Master’s Graduate Certificate in Sequence Analysis and Genomics is 
a five-course program offered through the Johns Hopkins Krieger School of Arts & Sciences is designed for 
scientists with backgrounds in biochemistry, molecular biology, and cell biology, but who need the 
bioinformatics skills to design experiments and analyze data. I have already fulfilled the necessary 
prerequisites for this program through my medical degree. The skills gained through this certificate program 
will allow me to advance my overall career goal of developing precision pain medicine diagnostic tools and 
personalized pain treatment therapies.  

Johns Hopkins University Data Science Lab. Studying molecular markers of chronic pain, such as cytokines 
and microRNA expression profiles, can generate hundreds (if not thousands) of data points for an individual 
pain patient. In addition, comprehensive questionnaires and quantitative sensory testing provide a wealth of 
information about how an individual experiences pain, while also generating an enormous quantity of data. 
Given both the nature and sheer quantity of information necessary to 1) understand such a complicated 
process as chronic pain, and 2) develop accurate pain diagnosis and prediction models from these data, I 
would like to pursue additional coursework in data science. The Johns Hopkins University Data Science Lab 
offers a series of high-quality, massive open online courses in data science through Coursera, and is taught by 
expert Johns Hopkins faculty in Biostatistics, Computer Science, Biology, Biomedical Engineering, Medicine, 
and The Center for Teaching and Learning. I would begin with the Data Science Specialization series to 
develop skills in using data science for clinical research. I would then deepen my understanding by taking the 
Executive Data Science specialization to acquire a broad overview of the data science pipeline and learn how 
to manage data science projects effectively as a future independent investigator, and conclude with applicable 
courses in the Genome Data Science Specialization for specific techniques relevant to genetic/genomic data. 

Responsible conduct of research. I will participate in ongoing training in the responsible conduct of research 
through the Johns Hopkins University School of Medicine Responsible Conduct of Research (RCR) Program. 
Program components include Human Subjects Research training recertification every 3 years from my initial 
certification (2016), attendance at two Research Integrity Colloquia, and attendance at one department/division 
meeting discussing an RCR topic. 

Proposed training in specialized research techniques. 

High-throughput cytokine assays and enzyme-linked immunosorbent assay (ELISA). I will undergo a 
training session at the Cytokine Laboratory in the Johns Hopkins Department of Pathology to learn how to 
perform multiplex biomarker analysis and ELISA for the collected samples. With these skills, I will develop 



understanding of the biochemical data collection process and learn how to run future analyses as necessary. 

Purification and miRNA profiling of exosomes. I will visit the laboratory of Dr. Seena Ajit at Drexel 
University to familiarize myself with the basic science techniques of quantitative PCR, exosome purification, 
and miRNA profiling that we will utilize in the proposed study. Greater understanding of these techniques will 
allow me to identify the specific advantages and disadvantages of various analytical techniques to develop my 
own future research studies. 

Quantitative sensory testing (QST) using the German Research Network on Neuropathic Pain (DFNS) 
protocol. The DFNS is one of the world’s leading associations for the study of neuropathic pain, and is closely 
affiliated with the International Association for the Study of Pain (IASP) and its Neuropathic Pain Special 
Interest Group (NeuPSIG), as well as the American Pain Society (APS). Although QST is a promising way to 
stratify pain patients and potentially predict pain prognosis and treatment response, it is not widely used in the 
United States due to lack of training and use of non-standardized QST protocols. The DFNS has established a 
comprehensive, standardized protocol in QST, along with a growing database of standardized QST data on 
healthy volunteers and clinical pain patients. I have previously received training at the Danish Pain Research 
Center and the University of Kiel in the DFNS QST protocol, but have not yet used it in a clinical study. The 
proposed research will provide me with more experience in the DFNS protocol, which will allow me to better 
understand the capabilities of QST, successfully train others to use these techniques, and develop future 
research studies incorporating this valuable clinical research technique. 

Other career development activities. 

Conference attendance and presentations. While I already have some experience in presenting at national 
conferences, I will continue to develop fluency in communicating and disseminating my research through 
presentations at national conferences relevant to my research (at least two annually), which will include the 
ASA Annual Meeting if the MRTG is funded. During my attendance at these conferences, I will attend 
programs relevant to my field of study to expand my knowledge, obtain the most up-to-date information on 
scientific evidence and techniques, and foster relationships with potential collaborators. 

Lecture series and workshops. During the award period, I will participate in a number of activities designed 
to increase my research productivity and develop important time management and leadership skills that will be 
invaluable as a future independent investigator. The Johns Hopkins Institute for Clinical and Translational 
Research (ICTR) hosts a number of programs designed to provide research training, education, and career 
development for clinical and translational investigators at all stages. The ICTR hosts a monthly lecture series, 
Third Thursdays, which showcases resources and services to aid clinical researchers. Previous lectures have 
included “Resources from the Research Participant and Community Stakeholder Core”, “ClinicalTrials.gov”, 
and “ICTR Research Ethics Consultation Service”. In conjunction with the Johns Hopkins Office of Faculty 
Development (OFD), the ICTR holds an annual grant-writing workshop for “Writing Successful K Applications: 
Beyond the Basics,” which I plan to attend. I will also participate in a Pre-K Investigator Group (Pre-KIG) 
sponsored by the OFD and ICTR, which holds bi-weekly meetings for investigators who are planning to write a 
K application. The groups are peer-facilitated and social support networking opportunities to discuss and share 
information on topics such as developing a cohesive research plan, responding to grant reviewers, writing the 
research progress reports, hiring a Research Assistant, sharing research resources, identifying other funding, 
building a mentoring team, achieving work-life integration, preparing for the R application, IRB issues, getting 
publications out the door, promotions, and others. In addition to the ICTR resources, I will also attend and 
participate in weekly Anesthesiology Grand Rounds and Blaustein Pain Grand Rounds at Johns Hopkins, in 
order to support my continuing education in anesthesiology and pain medicine. 

Publications. I would like to expand my publication record, and my mentor and I have set a goal of three peer-
reviewed publications annually. Through the GTPCI, I have already completed a two-course series on 
Biomedical Writing. I will continue to refine my writing skills through joining or creating my own Writing 
Accountability Group (WAG), a peer-facilitated weekly writing group of 3-7 individuals committed to writing 
regularly. Johns Hopkins has over 50 WAGs, and the OFD assists in their coordination and facilitation, as well 
as providing numerous resources designed to help WAG members succeed in increasing writing productivity. 
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A. Personal Statement 
 I am currently a full-time T32 postdoctoral fellow in Anesthesiology Research and part-time Assistant 
Professor in the Division of Pain Medicine at the Johns Hopkins University Department of Anesthesiology and 
Critical Care Medicine. I have been involved in a number of clinical pain research studies throughout my 
career, with a focus on the prevention and treatment of neuropathic pain. As a medical student, I designed and 
conducted a randomized, placebo-controlled trial of memantine as an adjunct for postoperative pain. I 
continued clinical research during residency, where I worked on the first clinical trial of fenobam for 
hyperalgesia in healthy volunteers. While pursuing my clinical fellowship training, I was involved in a 
prospective, observational study of factors to predict success following procedural interventions for low back 
pain. I have also been deeply involved in the data analysis and manuscript preparation for one of the largest 
ever, prospective, randomized, controlled trials of lumbar facet interventions. 
 I have received a Master of Health Science (MHS) in Clinical Investigation through the Johns Hopkins 
Bloomberg School of Public Health, which has provided me with valuable instruction on the fundamentals of 
clinical investigation, including biostatistics, epidemiology, scientific writing, and the responsible conduct of 
research. While pursuing my MHS, I also received a Pain Research Scholar Award from the Johns Hopkins 
Neurosurgery Pain Research Institute to develop a preliminary study with Dr. Michael Lim evaluating cytokines 
and quantitative sensory testing in trigeminal neuralgia patients. In July 2017, I took over a related project, 
which attempts to correlate radiologic and demographic findings to pain and quality-of-life outcomes from 
invasive procedures in patients with trigeminal neuralgia. My current project, “Novel Biomarkers and Pain 
Phenotypes in Trigeminal Neuralgia”, will expand on these projects to incorporate a larger number of patients, 
explore attractive new biomarkers such as microRNAs, and capitalize on the growing database of patients and 
healthy volunteers who have had quantitative sensory testing performed using the standardized protocol from 
the German Research Network on Neuropathic Pain (DFNS).  I have also recently been awarded a grant to 
begin a pilot study, “MicroRNA Profiles in Knee Osteoarthritis and Analgesic Response,” which will evaluate 
novel biomarkers to predict analgesic response in knee osteoarthritis patients. 

As a pain physician, I recognize that much of the clinical practice of pain medicine currently relies on trial-
and-error among a narrow range of imperfect (and sometimes imperfectly researched) treatment options. I 



 

would like to take advantage of the recent advances in genetic and epigenetic testing, the creation of large 
multicenter pain databases, and evolving data science techniques to develop better tools to diagnose, 
manage, and treat chronic pain. My overall career goal is to become a successful, independent clinician 
scientist in pain research, focusing on precision medicine techniques to develop personalized pain 
management therapies for patients suffering from chronic pain. I hope that my work will create a greater 
understanding of the mechanisms of chronic pain, and lead to the development of novel, effective pain 
treatment strategies with fewer adverse effects. The proposed project would allow me to build on these 
previous experiences to acquire the additional skills necessary to engage in scientifically rigorous, meaningful, 
and significant clinical and translational research. 

1. Hung AL, Lim M, Doshi TL. “Targeting Cytokines for Treatment of Neuropathic Pain.” Scan J Pain. 
2017 Oct;17:287-293. 

2. Doshi TL, Cohen SP. “Cracks in the Against Epidural Steroids: Examining the Evidence for Vertebral 
Fracture Risk.” Pain Med. 2018 Mar 1;19(3):417-418. 

3. Cohen SP, Doshi TL, Constantinescu OC, Zhao Z, Kurihara C, Larkin TM, Griffith SR, Jacobs MB, 
Kroski WJ, Dawson TC, Fowler IM. Effectiveness of Lumbar Facet Joint Blocks and Predictive Value 
before Radiofrequency DenervationThe Facet Treatment Study (FACTS), a Randomized, Controlled 
Clinical Trial. Anesthesiology. 2018 Sep;129(3):517-535. 

4. Wu A, Doshi TL, Hung A, Garzon-Muvdi T, Bender MT, Bettegowda C, Lim M. Immediate and Long-
Term Outcomes of Microvascular Decompression for Mixed Trigeminal Neuralgia. World Neurosurgery. 
2018 Jun 12 (epub ahead of print). 

 
B. Positions and Honors 
Licensure 
2015-   Maryland Board of Physicians (#D0076942) 
 
Board and Subspecialty Certifications  
2016-   Board Certified, American Board of Anesthesiology 
2016-   Pain Medicine Certification, American Board of Anesthesiology 
 
Positions and Employment 
2011-2012  Intern, Anesthesiology, Barnes-Jewish Hospital, Washington University, St. Louis, MO 
2012-2015  Resident, Anesthesiology, Barnes-Jewish Hospital, Washington University, St. Louis, MO 
2014-2015  Chief Resident, Anesthesiology, Barnes-Jewish Hospital, Washington University, St. Louis, MO 
2015-2016  Fellow, Pain Medicine, Johns Hopkins Hospital, Baltimore, MD 
2016-2018 Fellow, T32 Postdoctoral Research Training Program in Anesthesiology, Johns Hopkins 

University, Baltimore, MD 
2016-   Assistant Professor, Johns Hopkins University School of Medicine, Baltimore, MD 
2016-   Attending Physician, Johns Hopkins Hospital, Baltimore, MD 
2016-   Attending Physician, Howard County General Hospital, Columbia, MD 
 
Other Experience and Professional Memberships 
2015-  Member, American Academy of Pain Medicine 
2016-  Pain Medicine, journal peer reviewer 
2017-  Member, International Association for the Study of Pain 
  2018-  Member, Neuropathic Pain Special Interest Group (NeuPSIG) 
  2018-  Member, NeuPSIG Trainee Subcommittee 
2017-  Member, International Anesthesia Research Society 
2017-  Member, American Interventional Headache Society 
2017- Member, Acute Neuropathic Pain Working Group, The ACTTION-APS-AAPM Pain Taxonomy 

(AAAPT) Multidimensional Approach to Classifying Acute Pain Conditions 
2017-  American Society of Regional Anesthesia and Pain Medicine 
  2017-  Member 

2017- Chair and Founding Member, Women in Regional Anesthesia and Pain Medicine Special 
Interest Group 

2018- Newsletter Liaison, Headache Special Interest Group 



 

2018-  Regional Anesthesia and Pain Medicine, journal peer reviewer 
 
Honors  
2003-2007 Echols Scholar, University of Virginia honors program 
2003-2007 University Achievement Award, full-tuition scholarship 
2007  Phi Beta Kappa 
2007  Robert Bryan Undergraduate Teaching Award 
2010  First Place: Medical Student, Duke Department of Anesthesiology Academic Evening 
2013  First Place: Pediatrics: Midwest Anesthesia Residents’ Conference 
2016  Neurosurgery Pain Research Institute Pain Scholar Award 
 
C. Contributions to Science 
 
1. Investigational treatments for neuropathic pain.  My work has focused on clinical research studies for the 

treatment of neuropathic pain in both experimental models and model pain patient populations of 
neuropathic pain. Neuropathic pain is caused by dysfunction of the somatosensory nervous system. It is 
notoriously difficult to treat, with many patients failing standard-of-care medications and suffering from 
significant disability as a result. One class of medications that has shown promise in the treatment of 
neuropathic pain is N-methyl-D-aspartate (NMDA) receptor antagonists. As a medical student, I designed, 
conducted, and performed data analysis for a randomized, double-blind, placebo-controlled trial of 
memantine (an NMDA receptor antagonist) for the prevention of postsurgical pain in patients undergoing 
radical retropubic prostatectomy.a I continued my clinical research into neuropathic pain treatments during 
my anesthesiology residency, working with two internationally renowned pain researchers on the first 
clinical trial of fenobam, another NMDA receptor antagonist, for experimentally-induced neuropathic pain in 
healthy volunteers.b I have also developed an interest in pursuing other novel therapies for neuropathic 
pain. Recent studies indicate that the immune system plays a key role in the development of neuropathic 
pain, and my current work focuses on elucidating the relationship between inflammatory biomarkers and 
the clinical presentation and treatment of neuropathic pain.c We have recently observed alterations in 
cytokine levels in the plasma and cerebrospinal fluid of patients with trigeminal neuralgia, suggesting that 
immune modulation may play a role in the development of chronic neuropathic pain.d 

a. Le TP, Waldron N, Habib AS, Gan TJ. Memantine and Postoperative Pain. ClinicalTrials.gov 
[Internet]. Bethesda, MD: National Library of Medicine (U.S.). (2000, February 29 – ). Identifier 
NCT01032759. Available from: https://clinicaltrials.gov/ct2/show/NCT01032759  

b. Doshi TL, Cavallone LF, Gereau RW. “Efficacy of Fenobam on Heat/Capsaicin-Induced 
Hyperalgesia in Healthy Adult Volunteers.” Washington University Department of Anesthesiology 
Academic Evening, May 29, 2015; St. Louis, MO. 

c. Hung AL, Lim M, Doshi TL. “Targeting Cytokines for Treatment of Neuropathic Pain.” Scan J Pain. 
2017 Oct;17:287-293. 

d. Doshi TL, Hung AL, Wu A, Lim M. “Cytokine Levels in Plasma and Cerebrospinal Fluid of 
Trigeminal Neuralgia Patients: A Preliminary Study.” International Association for the Study of Pain 
17th World Congress on Pain, September 2018; Boston, MA. 
 

2. Treatment of trigeminal neuralgia and other facial pain syndromes. Trigeminal neuralgia (TN) is a 
debilitating chronic pain condition characterized by recurrent episodes of severe, lancinating facial pain. As 
a prototypical example of neuropathic pain, TN is a model disease state to study to explore mechanisms 
and potential treatments for neuropathic pain. Using an ongoing database of TN patients at our institution, 
we have explored various factors associated with successful treatment of TN, and will continue to expand 
on this work.a-c With a deeper understanding of TN and other chronic pain states, I hope to develop better 
ways to diagnose, prognose, and treat craniofacial pain syndromes.  

a. Doshi TL, Wu A, Hung AL, Lim M. “Microvascular decompression can provide pain relief for 
trigeminal neuralgia patients with atypical facial pain, but is less effective than for patients with 
classic trigeminal neuralgia.” American Society of Regional Anesthesia and Pain Medicine 16th 
Annual Pain Medicine Meeting, November 16, 2017; Lake Buena Vista, FL. 

b. Wu A, Doshi TL, Hung A, Garzon-Muvdi T, Bender MT, Bettegowda C, Lim M. Immediate and 
Long-Term Outcomes of Microvascular Decompression for Mixed Trigeminal Neuralgia. World 
Neurosurgery. 2018 Jun 12 (epub ahead of print). 



 

c. Doshi TL, Hung AL, Wu A, Lim M. “Cytokine Levels in Plasma and Cerebrospinal Fluid of 
Trigeminal Neuralgia Patients: A Preliminary Study.” International Association for the Study of Pain 
17th World Congress on Pain, September 12, 2018; Boston, MA. 
 

3. Quantitative sensory testing. Quantitative sensory testing (QST, or psychophysical testing) is a set of 
noninvasive methods of assessing small and large nerve fiber function, as well as central pathway function. 
Calibrated stimuli of varying intensity (e.g., heat, pressure, pinprick) are applied to patients to elicit patient 
responses (e.g., detection, pain), thus providing an objective measurement of subjective experiences. QST 
may therefore offer utility in understanding mechanisms of chronic pain, diagnosis and subtyping of pain 
patients, and predicting pain outcomes in response to injury or treatment. I have extensive practical 
experience in QST and have employed a variety of QST techniques in my research, demonstrating the 
potential value of QST in the assessment and treatment of pain.a-c I have also been involved in research 
efforts aiming to establish the role of QST in pain research and clinical practice, including clinical studies,d 
the AAAPT effort, and an invited review on proof-of-concept pain studies that has recently been submitted. 

a. Le TP, Waldron N, Habib AS, Gan TJ. Memantine and Postoperative Pain. ClinicalTrials.gov 
[Internet]. Bethesda, MD: National Library of Medicine (U.S.). (2000, February 29 – ). Identifier 
NCT01032759. Available from: https://clinicaltrials.gov/ct2/show/NCT01032759  

b. Doshi TL, Cavallone LF, Gereau RW. “Differences Between Sensitizers and Non-Sensitizers in a 
Heat/Capsaicin Model of Cutaneous Hyperalgesia.” Washington University Department of 
Anesthesiology Academic Evening, May 29, 2015; St. Louis, MO. 

c. Doshi TL. “Cytokines, quantitative sensory testing, and radiologic findings in patients with 
trigeminal neuralgia,” Aarhus University Danish Pain Reseach Center, August 9, 2017; Aarhus, 
Denmark. 

d. Maher DP, Zhang Y, Ahmed S, Doshi T, Malarick C, Stabach K, Mao J, Chen L. Chronic opioid 
therapy modifies QST changes following ketamine infusion in chronic pain patients. J Pain. 2017 
Dec;18(12):1468-1475. 

 
D. Additional Information: Research Support and/or Scholastic Performance  
 
Ongoing Research Support 
 
T32 GM075774  Gottschalk (PI)  8/15/16-8/14/18 
Postdoctoral Research Training in Anesthesiology and Critical Care Medicine 
The T32 program at the Johns Hopkins Department of Anesthesiology and Critical Care Medicine is designed 
to recruit, train, and develop the next generation of Physician-Scientists in the specialty of anesthesiology. This 
award provides a critical avenue for the support of trainees in anesthesiology research. 
Role: Awardee 
 
Neurosurgery Pain Research Scholar Award, Johns Hopkins University Lim (PI) 8/15/16-6/30/19 
Cytokines, quantitative sensory testing, and radiologic findings in patients with trigeminal neuralgia 
This mentored research grant funds a project evaluating predictors of outcome following invasive treatments 
for trigeminal neuralgia, including rhizotomy and microvascular decompression.  
Role: Awardee/co-investigator 
 
Stimulating and Advancing Anesthesia Research (StAAR)   Doshi (PI)  7/1/18-6/30/19 
Mentored Research Training Award, Johns Hopkins Department 
of Anesthesiology and Critical Care Medicine 
MicroRNA Profiles in Knee Osteoarthritis and Analgesic Response 
This research grant funds a pilot study to evaluate epigenetic profiles in the prediction of response to opioid 
and non-opioid analgesics in patients with chronic knee osteoarthritis. 
Role: PI 
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A. Personal Statement 

For the past three decades, I have been involved in studies aimed at understanding the transduction and the 
modulation of pain signals at the periphery and the spinal cord in animal models, and developing and testing 
novel treatments for the management of chronic pain in humans.  My laboratory has been studying the 
mechanisms of chronic inflammatory and neuropathic pain, using various animal models and experimental 
approaches.  These approaches include behavioral, neurophysiologic, histochemical, and more recently viral 
vector strategies. Our research has extended from basic research in rodent models to primate neurophysiology 
and randomized clinical trials in patients with chronic pain.   

A major area of research and clinical focus of mine over the last 15 years has been the peripheral and central 
mechanisms that cause neuropathic pain. A significant earlier focus was on the role of the adrenergic receptor 
mechanisms in neuropathic pain in rodent and primate models.  These studies were translated to clinical studies 
examining the role of the sympathetic nervous system in pain states such as Complex Regional Pain Syndrome 
and post-amputation pain.  Our group has also been interested in the role of endogenous opioid receptor 
mechanism and the effects of exogenous opioids in pre-clinical models and patients with neuropathic pain states.  
More recently, we have focused our attention on peripheral opioid and cannabinoid receptor mechanisms in 
neuropathic pain, using animal models, in an attempt to develop novel treatment strategies that are likely to be 
associated with minimal adverse effects.  In our clinical studies, we have successfully used quantitative sensory 
techniques to study patterns of sensory dysfunction in diverse pain conditions, including experimentally-induced 
pain, postherpetic neuralgia, and chronic pain treated with spinal cord stimulation.  

I have been actively involved in the development of evidence-based guidelines for the conduct of chronic 
pain clinical trials, as well as the diagnosis and management of neuropathic pain.  I have also been very active in 
the International Association for the Study of Pain (IASP) for the last several years.  I was the Chair of the 
Scientific Program of the last World Congress on Pain, 2014.  I also serve as a member of the steering committee 
of the Interagency Pain Research Coordinating Committee and I am aware of areas where there are significant 
gaps in our knowledge that limits the ability of clinicians to provide optimal care for patients with chronic pain. 

As Director of Pain Research in the Department of Anesthesiology, I have established a collaborative, 
productive, working group of investigators with broad expertise in basic research as well as in clinical trials 
expertise.  The mentored research proposal to evaluate molecular markers and pain phenotypes in trigeminal 
neuralgia is of considerable interest to me, and could yield valuable insights about the molecular mechanisms of 
neuropathic pain and inform novel treatment strategies for patients with neuropathic pain. The P.I., along with our 
team of co-investigators and consultants, has the necessary skills, expertise, to accomplish the work in the 
proposed project.  The co-authored publications in recent years by the investigative team provide evidence for 
the collaborative spirit of the pain researchers at Johns Hopkins. 
 
 



B. Positions and Honors 
Positions and Employment 
1991 – 1994  Director, Division of Pain Medicine, Dept. of Anesthesiology, Johns Hopkins University 
1990 – 1994  Member, Surgery, Anesthesiology and Trauma Study Section, N.I.H.   
1993 – 1994  Member, Scientific, Program Committee, American Pain Society 
1995 – 1996  Chairman, Professional Development Course, American Pain Society 
1993 –    Reviewer, Anesthesiology, Pain, Anesthesia and Analgesia, Neurology,  
     Neuroscience, Neurophysiology Muscle and Nerve, Eur J. Pain 
1998 – 2006  Editor, Anesthesiology 
2000 – 2009  Associate Editor, Pain 
1997 –    Professor, Department of Anesthesiology/CCM, Johns Hopkins University 
2003 – 2004  Ad-hoc Reviewer, Integrative, Functional and Cognitive Neuroscience study section, NIH 
2004 – 2005  Ad-hoc Reviewer, Somatosensory and Chemosensory Systems study section, NIH 
2006 – present Professor, Department of Neurology 
2008 – present Associate Editor, Pain Medicine 
2008 – present Ad-hoc Reviewer, Neurological Sciences and Disorders K study section, NIH 
2008-  2013  Consultant, Center for Drug Evaluation and Research, FDA 
2009 – 2012  Member, Steering Committee, Initiative on Methods, Measurement, and Pain Assessment in  

Clinical Trials (IMMPACT) 
2012 –2016 Vice-Chair and Chair, Neuropathic Pain Special Interest Group, International Association for 

the Study of Pain 
2012 – 2016  Member, Scientific Program Committee, 14th and 16th World Congress on Pain 
2012 – 2014  Chair, Scientific Program Committee, 15th World Congress on Pain, Buenos Aires 
2010 – 2012  Executive Committee (co-Chair), Analgesic Clinical Trial Innovations, Opportunities, and  

Networks (ACTION) 
2011- 2015  Section Editor, PAIN- (Clinical Sciences) 
2014 Member, NIH Study Section, ZRG1 IFCN-N 50 R, Clinical Evaluation of Adjuncts to Opioid 

Therapies for the Treatment of Chronic Pain 
2015    Adhoc reviewer, Somatosensory and Chemosensory Systems Study section, NIH 
 
Honors 
   2007    Benjamin G. Covino Lecture, Harvard University 
   2008    Wilbert E. Fordyce Clinical Investigator Award, American Pain Society 
   2008    John Bonica Lecture, University of Washington, Seattle 
   2010    John Bonica Award, American Society of Regional Anesthesia and Pain Medicine 
   2010    Donlin Long Pain Service Award, Johns Hopkins University 
   2011    Dean’s Lecture, Johns Hopkins University 
   2014- 2016  Elected as Secretary, International Association for the Study of Pain and Chair, NeuPSIG 
   2015-2016  Steering Committee Member, The Interagency Pain Research Coordinating Committee 
   2016    James Heavner Basic Science Lectureship Award, Texas Pain Society 
   2017    Member, NIH Panel on “Understanding the Neurobiological Mechanisms of Pain" 
 
C. Contribution to Science 

 
1. The role of Sympathetic-Sensory Coupling in Neuropathic Pain.  

Patients who suffer chronic pain, especially pain resulting from a peripheral nerve injury, are challenging to 
treat.  A subset of these patients with neuropathic pain present with features of autonomic dysfunction and their 
pain and hyperalgesia is clinically improved following a sympathetic ganglion block.  These patients were 
carefully evaluated clinically and the interaction of the sympathetic and sensory system defined using 
pharmacologic tools.  A diagnostic tool, the phentolamine test, was developed to determine the role of 
alpha-adrenergic receptors in sympathetically maintained pain states (Raja et al., Anesthesiology 
1991;74:691-8; PMID: 1848966; 315 citations)  We reported the plasticity of cutaneous hyperalgesia during 
sympathetic ganglion blockade in patients with nerve-injury associated neuropathic pain (Treede et al., Brain 
1992;115:607-21, PMID: 1606484; 169 citations).  We further demonstrated the role of adrenergic mechanisms 
in pain in patients with Complex Regional Pain Syndromes (CRPS) and in amputees (Ali et al., Pain 2000; 
88:161-8, PMID: 11050371; 185 citations).  We subsequently studied the link between adrenergic receptors and 



the nociceptive afferents in animal models of neuropathic pain, using in-vitro skin nerve preparations   These 
studies have had a significant impact on our understanding of the coupling between the sympathetic efferent and 
the sensory afferent systems in neuropathic pain and have led to diagnostic and therapeutic strategies to help 
alleviate the chronic pain in a subset of patients with neuropathic pain. 
Raja SN, Treede R-D, Davis KD, Campbell JN. Systemic alpha-adrenergic blockade with phentolamine: A 
diagnostic test for sympathetically maintained pain.  Anesthesiology 1991; 74(4):691-698. 

 Treede R-D, Davis KD, Campbell JN, Raja SN The plasticity of cutaneous hyperalgesia during sympathetic 
ganglion blockade in patients with neuropathic pain.  Brain 1992; 115:607-621. 
Ali Z, Raja SN, Wesselmann U, Fuchs P, Meyer RA, Campbell JN.  Intradermal injection of norepinephrine 
evokes pain in patients with sympathetically maintained pain.  Pain 2000; 88:163-170 

 
2. Opioid Analgesia for Chronic Neuropathic Pain: Bench to Bedside and back to the Bench.  

Patients who suffer chronic pain, especially neuropathic pain, are a clinical challenge as currently available 
drugs are not uniformly effective in all patients.  The role of opioid receptors in endogenous pain modulation and 
the efficacy of exogenous opioids in the control of chronic pain states, particularly neuropathic pain have been 
debated for decades.  In an initial sequence of experiments, using animal models of inflammatory and 
neuropathic pain, neurophysiologic and pharmacological strategies and mutant mice, we demonstrated the role 
of endogenous opioid mechanisms in persistent pain states (Zhao et al. Anesthesiology 2004; 100:905-11 PMID: 
15087626; Guan et al. J Neurosci. 2006; 26:4298-307, PMID: 16624950).  In a series of clinical studies, we 
examined the effects of opioid therapy in chronic neuropathic pain.  This included the first randomized 
comparative trial of opioids and tricyclic antidepressant in postherpetic neuralgia (Raja et al. Neurology 2002; 
59:1015-21, PMID: 12370455; 540 citations).   The increasing use of opioids for chronic pain was associated with 
an increasing societal problem of prescription opioid abuse, particularly in the younger population.  We examined 
these trends carefully wrote critical reviews and editorials highlighting this problem and suggested a practical 
approach to prescribing opioids for chronic pain (Cohen and Raja, Nat Clin Pract Neurol 2006;2:580-81, PMID: 
17057740).  Systemically administered opioids bind to receptors that are widely expressed throughout the 
central nervous system and lead to adverse effects including the risk of abuse.  We postulated that peripheral 
opioid receptors may have analgesic effects in neuropathic pain and are less likely to produce “off-target” 
CNS-mediated adverse effects. Interrupting pain signals in the periphery may also prevent or reverse central 
sensitization. During the last decade, we have demonstrated that a peripheral mu-opioid receptor (MOR) 
agonist, loperamide, attenuates neuropathic pain in rodents.  Moreover, we have examined the potential benefits 
of a gene-based therapy to enhance peripheral mu-opioid analgesia.  We developed viral constructs to 
overexpress MORs in nociceptors resulting in enhanced peripheral MOR-mediated analgesia. We have 
demonstrated that an HSV viral vector with a MOR-cDNA can enhance opioid analgesia in rodent models of 
neuropathic pain (Raja, Reg Anesth Pain Med 2012;37:210-4, PMID: 22189620). We are currently examining the 
mechanisms of peripheral MOR-mediated analgesia in neuropathic pain, particularly studying the role of mu- and 
delta-opioid receptor heterodimerization in peripheral morphine analgesia and tolerance. These studies will help 
develop novel peripheral nervous system targets and gene therapies that can be translated to the treatment of 
chronic pain in humans.  
Raja SN, Haythornthwaite JA, Pappagallo M, Clark MR, Travison TG, Sabeen S, Royall RM, Max MB.  Opioids 
versus antidepressants in postherpetic neuralgia: a randomized placebo-controlled trial.  Neurology 2002; 
59:1015-1021.  
Guan Y, Borzan J, Meyer RA, Raja SN.  Windup in dorsal horn neurons is modulated by endogenous spinal 
mu-opioid mechanisms. J Neurosci. 2006; 26(16):4298-4307. 
Guan Y, Johanek LM, Hartke TV, Shim B, Tao YX, Ringkamp M, Meyer RA, Raja SN Peripherally acting 
mu-opioid receptor agonist attenuates neuropathic pain in rats after L5 spinal nerve injury. Pain 2008, 
138(2)318-29.                                                                                                          
 Raja SN. Modulating pain in the periphery: gene-based therapies to enhance peripheral opioid analgesia: 
Bonica lecture, ASRA 2010. Reg Anesth Pain Med. 2012; 37(2):210-4. 
  
3. Neuromodulation for Pain Treatment: Understanding Mechanisms of Spinal Cord Stimulation.  

Neuromodulation, using electrical stimulation of various sites along the pain pathway, e.g., spinal cord 
stimulation, has emerged as an important tool in the management of patients with chronic pain states that are 
refractory to pharmacologic and other treatments.  Advance in neuromodulation therapies is hindered by the lack 
of understanding of the neurophysiolgical mechanisms that lead to alleviation of pain and hyperalgesia.   Our 
laboratory has focused on behavioral, neurophysiological, and molecular studies aimed at improving the 

http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Guan%20Y%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Johanek%20LM%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Hartke%20TV%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Shim%20B%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Tao%20YX%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Ringkamp%20M%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Meyer%20RA%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Raja%20SN%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus


understanding of the cellular mechanism of peripheral nerve and spinal cord stimulation.  Behavioral and 
neurophysiologic studies in in vivo models of neuropathic pain suggested that pain inhibition by stimulation of 
dorsal column may be the result of suppression of nociceptive transmission in deep dorsal horn neurons (Guan, 
Y., et. al, Anesthesiology,  2010, 113(6):1392-405, PMID: 21068658). We further demonstrated that spinal cord 
stimulation-induced analgesia was dependent on both intensity and frequency of stimulation (Shechter, R., et. al., 
Anesthesiology, 2013, 119(2): 422-432, PMID: 23880991).  Both reports published in Anesthesiology were 
accompanied by editorial views. Further studies revealed that spinal cord stimulation attenuates mechanical 
hypersensitivity at an intensity that activates a small portion of A-fiber afferents in nerve-injured rats. These 
studies provide important considerations that have potential translational relevance and could be tested in 
humans (Yang, F., et al., Neuroscience, 2011, 199:470-80, PMID: 22001681). Recently, we developed 
state-of-the-art techniques, using spinal cord slice recordings in transgenic mice to uncover important spinal 
neurophysiologic and neurochemical mechanisms that underlie inhibition of nociception by neurostimulation 
(Sdrulla, AD., et al., Pain, 2015, 156:1008-17, PMID: 25974163). We show for the first time that a brief train of 
Aβ-fiber stimulation induced a sustained depression of synaptic response to C-fiber inputs in dorsal horn neurons 
in a frequency-dependent fashion. Notably, both inhibitory and excitatory neurons showed a decrease in C-fiber 
eEPSC amplitudes after stimulation. Improved understanding of the mechanisms of SCS from these mechanistic 
studies may potentially help improve the clinical efficacy of neuromodulation therapy in the future.  These studies 
were conducted in collaboration with Dr. Yun Guan. 
Shechter R, Yang F, Xu Q, Cheong YK, He SQ, Sdrulla A, Carteret AF, Wacnik PW, Dong X, Meyer RA, Raja 
SN, Guan Y. Conventional and kilohertz-frequency spinal cord stimulation produces intensity- and frequency- 
dependent inhibition of mechanical hypersensitivity in a rat model of neuropathic pain. Anesthesiology. 2013; 
119(2):422-32. Editorial Comments Clark JD.  Anesthesiology. 2013; 119(2):243-4. 
 
4. Design, Outcome Measures, and Meta-analysis of Clinical Trials and Evidence-based Guidelines for 

Chronic Pain Management 
I have been actively involved over the last decade in initiatives to help develop consensus based reviews and 

recommendations that would help standardize and improve the design, conduct, and interpretation of clinical 
trials for the assessment and treatment of chronic pain.  As part of the Steering Committee of IMMPACT, I was 
involved in a number of consensus panels that resulted in numerous high impact publications (Dworkin RH et al. 
Pain 2009 146:238-44, PMID: 19836888; Dworkin RH et al. Pain 2010 150:12-16, PMID: 20202753; Dworkin RH 
et al. Pain. 2012 Jun;153:1148-58, PMID: 22494920; Gewandter et al. Pain. 2014;155:1683-95, PMID: 
24865794).  In addition, I have made significant contributions to the development of evidence-based treatment 
guidelines for the management of neuropathic pain states (Dworkin RH et al. Mayo Clin Proc. 2010 85(Suppl): 
S3-14, PMID: 20194146; Dworkin RH et al. Pain. 2013;154:2249-61, PMID:23748119; Dworkin RH et al. Pain. 
2013 Nov;154(11):2249-61, PMID: 23748119; Finnerup NB et al. Lancet Neurol. 2015 Feb;14(2):162-73, PMID: 
255575710 ).  These guidelines have had considerable impact in the practice of pain management globally. 
 
Dworkin RH, O’Connor AB, Audette J, Baron R, Gourlay GK, Haanpaa M, Kent JL, Krane EJ, LeBel AA, Levy 
RM, Mackey SC, Mayer J, Miaskowski C, Raja SN, et al.  Recommendations for the pharmacological 
management of neuropathic pain: An overview and literature update. Mayo Clin Proc, 2010; 85(suppl):S3-S14. 
Dworkin RH, O'Connor AB, Kent J, Mackey SC, Raja SN, Stacey BR, Levy RM, Backonja M, Baron R, Harke H, 
Loeser JD, Treede RD, Turk DC, Wells CD. Interventional management of neuropathic pain: NeuPSIG 
recommendations. Pain. 2013: 154(11):2249-61  
  
 
Complete List of Published Work in My Bibliography (NCBI):   
Total number of publications:  194 
Web: http://www.ncbi.nlm.nih.gov/myncbi/collections/bibliography/47495248/ 
 
D. Research Support 
Ongoing Research Support 

 
2R01 NS26363-21 (PI: Srinivasa N Raja)        08/01/11-07/31/16        
NIH/NINDS                                            
Injury-Induced Pain: Chemical Modulation of Nociceptors 

http://www.ncbi.nlm.nih.gov/pubmed/23748119
http://www.ncbi.nlm.nih.gov/pubmed/23748119


We aim to enhance peripheral opioid analgesia and attenuate the tolerance to peripherally acting opioids by 
modulating the interactions of MORs and -opioid receptors (DORs) in the PNS. We will examine functional 
interactions between MORs and DORs following nerve injury and during treatment of neuropathic pain. 

 
1R01 NS070814-01A1 (PI: Yun Guan)                          04/01/11-03/31/16         
NIH/NINDS                                                                     
MrgprC, A New Target for the Treatment of Neuropathic Pain   
We will use complementary animal behavioral, electrophysiological, and molecular biological approaches to 
better assess the therapeutic utility of MrgprC agonist for the treatment of neuropathic pain and to understand 
the cellular and molecular mechanisms underlying the drug action.   
Role: Co-investigator 

 
Completed Research Support 

 RO1 NS026363 Raja (PI)      05/01/00-06/30/05 
NINDS 
Injury-Induced Pain: Chemical Modulation of Nociceptors 
This study aimed at understanding the mechanisms of neuropathic pain has been continued as indicated  
above in the ongoing support section. 
 
R01 NS26363-16A1 (PI: Srinivasa N Raja)             03/3/06-02/28/11                
NIH/NINDS                                            
Injury-Induced Pain: Chemical Modulation of Nociceptors 
We will examine the role and mechanisms of peripheral mu-opioid receptor mediated analgesia in 
neuropathic pain.  Studies will also determine if enhancing peripheral MOR-mediated analgesia will lead to 
decrease in systemic opioid requirement. 
Role: Co-Investigator 
 
Medtronic (Fourth Addendum) (PI: Guan, Raja)        07/30/12-07/30/13      
Sponsor: Medtronic, Inc.               
The Effects of Low Intensity (10-20% MT) & The Intensity-Response Relationship. 
We will conduct behavioral study to examine the effects of low intensity (10-20% MT) SCS of different 
frequencies on mechanical hypersensitivity in rats after spinal nerve injury. Electrophysiology study will be 
used to examine the intensity-response relationship for tibial nerve stimulation on WDR neuronal responses 
in nerve-injured rats.   

 Role: Co-PI.  
 

BSi - Sponsored Research (PI: Guan, Dong, Raja)       07/03/11-07/05/13        
Brain Science Institute, JHU      
Studying pain by novel in vivo recording and imaging of DRG neurons in transgenic mice.  
To establish in vivo electrophysiologic recording and imaging techniques with which to compare the 
physiologic properties of different subgroups of DRG neurons that are identified by using novel markers in  
MrgA3-tdTomato, MrgD-GFP, Pirt2-eGFP, and Pirt-GCaMP3 mouse lines; Using high-throughput 
approaches and pharmacologic tools (e.g., capsaicin and agonists for MrgC and MrgD), we will examine the 
functions of distinct subgroups of DRG neurons in acute pain and chronic neuropathic pain conditions, and 
we will test drug effects on neuronal activity.  
Role: Co- PI 

 
Medtronic (Third Addendum) (PI: Srinivasa N Raja)          04/27/11-07/30/12     
Sponsor: Medtronic, Inc.             
The Effects of Ultra-High Frequency SCS on Animal Pain and Dorsal Horn Activity in Rats after 
Spinal Nerve Injury.  
We will identify the effective parameters for high frequency SCS in inhibiting neuropathic pain in a 
well-established neuropathic pain model in rat. Further, the proposed study will examine the feature and 
neuronal mechanisms through which UHF-SCS may inhibit neuropathic pain. This proposed work may 
provide an important rationale and biological basis for applying UHF-SCS in the treatment of chronic 
disabling pain.   
Role: Co-PI.  
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University of Florida, Gainesville, FL 

B.S. 
M.S. 

08/2001 
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Psychology 
Clinical Psychology 

University of Florida, Gainesville, FL 
University of California, San Diego, CA 
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Internship 
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Clinical Psychology 
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A. Personal Statement 
I am an Associate Professor of Psychiatry & Behavioral Sciences and Director of the Psychophysical Pain 

Testing Laboratory at Johns Hopkins University School of Medicine. My research is focused on the 
biobehavioral mechanisms underpinning pain sensitivity and pain processing. I have received four NIH R01s 
(R01 DA042751 (MPI), R01 DA040644(MPI), R01 HL133327(MPI), R01 MD009063) and awards from other 
organizations (American Pain Society, Blaustein Pain Foundation) to examine individual differences using 
quantitative sensory testing (QST). As a result of this work, I have managed several large trials and outcome 
studies, all of which focused on QST, similar to those proposed here. My laboratory has successfully utilized 
the QST methods proposed in the current application in a variety of studies. Further, I have worked closely with 
Dr. Doshi for two years and am very comfortable allowing her to use our QST equipment and laboratory space 
she requires for this project. Dr. Doshi and I have recently written an invited manuscript together which has 
been submitted for review. Dr. Doshi and I are also collaborating on one of my NIH-funded projects to evaluate 
miRNA and analgesic outcomes in knee osteoarthritis patients. Thus, I have the experience, expertise and 
enthusiasm to co-mentor Dr. Doshi on this innovative project. 

The proposed study will rigorously investigate QST responses, inflammatory markers and miRNA in 
trigeminal neuralgia patients. This work promises to provide important information to advance our 
understanding of facial pain. The PI, the rest of the investigative team, and I have complementary skills and 
expertise that are an essential combination for this project. I have been involved in the design of the project 
and will be directly involved in mentoring Dr. Doshi, along with her instruction from the DFNS, regarding the 
QST laboratory procedures, implementation, and quality control checks in concert with Dr. Raja, her primary 
mentor. I will meet with Dr. Doshi weekly while she starts her study and as needed during the course of its 
conduct. I will also be heavily involved in the analyses, interpretation and dissemination of this work. This 
project has the potential to be instrumental in the development of novel treatment approaches for trigeminal 
neuralgia and I am thrilled to participate in its conduct and mentoring of this promising physician scientist.  

1. Campbell CM, Bounds SC, Kuwabara H, Edwards RR, Campbell JN, Haythornthwaite JA, Smith MT. 
Individual variation in sleep quality and duration is related to cerebral mu opioid receptor binding 
potential during tonic laboratory pain in healthy subjects. Pain Medicine.2013;14(12):1882-92. PMCID: 
PMC4104524 

2. Campbell CM, Diamond E, Schmidt WK, Kelly M, Allen R, Houghton W, Brady KL, Campbell JN. A 
randomized, double blind, placebo controlled trial of injected capsaicin for pain in Morton’s neuroma. 
Pain. 2016;157(6):1297-304. PMID: 26963851 



3. Campbell CM, Moscou-Jackson G, Carroll CP, Kiley K, Haywood C Jr, Lanzkron S, Hand M, Edwards 
RR, Haythornthwaite JA. An Evaluation of Central Sensitization in Patients with Sickle Cell Disease. J 
Pain. 2016;17(5):617-27. PMCID: PMC4851873 

 
B. Positions and Honors 
Research and Clinical 
2001-2007  Research Assistant, College of Dentistry, University of Florida, Gainesville, FL 
2007-2010  Postdoctoral Fellow, Johns Hopkins University School of Medicine, Baltimore, MD 
2010-2014  Assistant Professor of Psychiatry, Johns Hopkins University School of Medicine, Baltimore, MD 
2014-current Associate Professor of Psychiatry, Johns Hopkins University School of Medicine, Baltimore, MD 
Professional 
2008-current Faculty of 1000 Prime, Contributing Reviewer 
2011-2014 Member, American Pain Society, Education Advisory Committee 
2012-2013 International Association for the Study of Pain, Society Improvement Task Force 
2013-2014 American Pain Society, Nominations Committee 
2013-current Section Editor, Pain and Psychology, BodyinMind.org  
2013-current Communications/Web Content Committee, American Pain Society 
2014  Awards Committee, American Pain Society 
2014-2016 Scientific Program Committee, American Pain Society 
2016-current Board Member (Director at Large), American Pain Society 
2016-current Co-Chair, Membership Committee, American Pain Society 
Honors 
2002-2004 American Pain Society, Young Investigator Award 
2003 American Pain Society, Citation Award, Merit award presented for outstanding research  
2005 First place, University of Florida, College of Dentistry Research Competition  
2005 American Pain Society, Pain Management Scholars Program, Boston, MA 
2006-2009 American Pain Society, Young Investigator Award 
2009 1st Place Postdoctoral Award, Johns Hopkins School of Nursing New Investigator’s Day  
2011 National Institutes of Health STEP Service Award 
2012-2013 Johns Hopkins, School of Medicine, Leadership Program for Women Faculty 
2014  John C. Liebeskind Early Career Scholar, American Pain Society Award 
2016  Director at Large, Board member, American Pain Society 
 
C. Contributions to Science 
1. Quantitative Sensory Testing (QST). Dr. Campbell’s work seeks to link risk factors for persistent pain and 
their neurobiologic processes to pain-related clinical outcomes in order to identify modifiable risk factors that 
may be used to target interventions. One of the most scientifically rigorous methods for examining pain 
pathophysiology, predicting treatment effects and long-term pain outcomes, as well as risk of future 
development of persistent pain is through pain phenotyping using quantitative sensory testing. She was trained 
in QST, starting in 2001, by an internationally renowned expert in the field. Her early work sought to categorize 
and evaluate the dimensions and mechanisms of QSTa and demonstrate individual differences (sex and ethnic 
disparities) in QSTb-c. More recent work has evaluated the role of QST in predicting treatment response. For 
example, recent pilot work suggests that specific pain phenotypes may aid in the selection of chronic pain 
patients for neuromodulation, specifically for spinal cord stimulationd.   

a. Hastie BA, Riley JL, Robinson ME, Glover TL, Campbell CM, Staud R, Fillingim RB. Cluster analysis of 
multiple experimental pain modalities. Pain.2005;116(3):227-37. PMID: 15964682 
b. Paller CJ, Campbell CM, Edwards RR, Dobs AS. Sex-based differences in pain perception and 
treatment. Pain Medicine. 2009;10(2):289-99. PMCID: PMC2745644 
c. Campbell CM, Edwards RR, Fillingim RB. Ethnic differences in responses to multiple experimental 
pain stimuli. Pain.2005;113:20-26. PMCID: PMC1925263 
d. Campbell, C.M., Buenaver, L.F., Raja, S.N., Kiley, K.B., Swedberg, L., Wacnik, P.W., Cohen, S.P., 
Erdek, M.A., Williams, K.A., Christo, P.J. (2015) Dynamic pain phenotypes are associated with spinal cord 
stimulation-induced reduction in pain: A repeated measures observational pilot study. Pain Medicine. 
Pain Med. 2015;16(7):1349-60. PMCID: PMC4504785 

 



2. Capsaicin-Induced Sensitization and Pain. Dr. Campbell has been working with capsaicin, (a transient 
receptor potential vanilloid type 1 (TRPV1) receptor agonist), to induce sensory nerve sensitization and pain in 
laboratory models for approximately ten years. Capsaicin is an ideal QST modality for a number of 
applications, as it produces moderate, long-lasting pain that is easily alleviated by removal of stimulation, 
without producing long-lasting negative consequences. We have applied this topical formulation in a variety of 
studies and found participant’s pain to the stimuli varies by psychosociala and behavioralb variables when a 
distraction task is implemented. In a groundbreaking treatment study, we found that topical application of 
capsaicin to the tibial region in diabetic neuropathy patients predicted clonidine treatment response via 
encoding of functional nociceptorsc. This work opened the doors for QST in treatment response studies and 
substantiates its role in proof of concept drug trials and personalized medicine more broadly. We have also 
evaluated the role of injected capsaicin as an intervention in itself for neuroma pain, as it denervates the 
regiond. Additionally, two of our ongoing studies, for which I have developed the QST/capsaicin parameters 
and methods, as well as trained and oversee staff in completing the protocol, evaluate drug effects via the 
heat/capsaicin sensitization model (R01 DA032922; R01DA040644).   

a. Campbell CM, Witmer K., Simango M., Carteret A., Loggia M., Campbell J, Haythornthwaite JA, 
Edwards RR. Catastrophizing delays the analgesic effect of distraction. Pain.2010;149(2): 202-207. 
PMCID: PMC2860661 
b. Campbell CM, Bounds SC, Simango M, Witmer K, Carteret A, Campbell JN, Haythornthwaite JA, 
Smith MT, Edwards RR. Self-reported sleep duration associated with distraction analgesia, hyperemia, and 
secondary hyperalgesia in the heat-capsaicin nociceptive model. Eur J Pain. 2011;15(6):561-7. PMCID: 
PMC3076523 
c. Campbell CM, Kipnes MS, Stouch BC, Brady KL, Kelly M, Schmidt WK, Petersen KL, Rowbotham MC, 
Campbell JN. Randomized control trial of topical clonidine for treatment of painful diabetic neuropathy. 
Pain. 2012;153(9):1815-23. PMCID: PMC3413770  
d. Campbell CM, Diamond E, Schmidt WK, Kelly M, Allen R, Houghton W, Brady KL, Campbell JN. A 
randomized, double blind, placebo controlled trial of injected capsaicin for pain in Morton’s neuroma. Pain. 
2016;157(6):1297-304. PMID: 26963851 

 
3. Individual Differences in Pain Processing. Much of Dr. Campbell’s work has established individual 
differences, sexa and ethnic disparities in particular, in pain processing. Considerable evidence documents 
ethnic differences in pain, with African Americans having a higher prevalence of a number of chronic pain 
conditions, reporting greater severity and having more disability due to pain, as well as poorer management of 
their condition co mpared to non-Hispanic White patientsb. These disparities are mirrored in the laboratory, with 
African American participants endorsing enhanced sensitivity to a variety of subjective psychophysical tests1c, 
objective (electrical reflex) measuresc and poorer pain inhibitiond, compared to their non-Hispanic White 
counterparts. One hypothesis for these observed differences is dysregulation of endogenous opioid function or 
tone. Dr. Campbell’s K23 and R01 examine individual differences in endogenous opioid function and mu-opioid 
binding potential, respectively, during exposure to painful stimulation. 

a. Fillingim RB, Hastie BA, Ness TJ, Glover TL, Campbell CM, Staud R. Sex-related psychological 
predictors of baseline pain perception and analgesic responses to pentazocine.Biol Psychol. 
2005;69(1):97-112. PMID: 15740828 
b. Campbell CM, Edwards RR. Ethnic differences in pain and pain management. Future Medicine. 2012; 
2(3):219-30. PMCID: PMC3654683 
c. Campbell CM, France CR, Robinson ME, Logan HL, Geffken GR, Fillingim RB. Ethnic differences in 
the nociceptive flexion reflex (NFR). Pain. 2008;134:91-96. PMCID: PMC2683417 
d. Campbell CM, France CR, Robinson ME, Logan HL, Geffken GR, Fillingim RB. Ethnic Differences in 
Diffuse Noxious Inhibitory Controls. J Pain.2008;9(8):759-766. PMCID: PMC2597628 

 
4. Psychosocial Processes Influencing Pain. Dr. Campbell’s work examines the contribution of 
psychosocial/behavioral factors that are common among people suffering from chronic pain (e.g., depression, 
catastrophizing) to poor outcomes, focusing on how these factors confer heightened risk for the development 
and maintenance of persistent pain. In particular, the experience of pain is frequently shaped by 
catastrophizing, a set of cognitive and emotional pain-related processes. Her work in healthy subjects has 
highlighted how pain catastrophizing has a particularly potent influence on pain perception. For example, using 
laboratory manipulations of pain intensity she found that enhanced catastrophizing leads to increases in pain, 
but increased pain does not produce greater catastrophizing in healthy participantsa. She replicated this work 



in fibromyalgia patients where changes in catastrophizing produced later changes in clinical pain and pain 
sensitivityb. In an analysis of situation vs. dispositional catastrophizing, she found that the pain referent is an 
important dimension of assessment and that these vary substantially in their association with clinical and 
laboratory indices of painc. Our team has also examined how catastrophizing may influence secondary 
hyperalgesia, a marker of central sensitizationd.  

a. Campbell CM, Quartana PJ, Buenaver LF, Haythornthwaite JA, Edwards RR. Changes in situation-
specific pain catastrophizing precede changes in pain report during capsaicin pain: A cross-lagged panel 
analysis among healthy, pain-free participants. J Pain. 2010;11(9):876-84. PMID: 20488760 
b. Campbell CM, McCauley L, Bounds SC, Mathur VA, Conn L, Simango M, Edwards RR, Fontaine K. 
Changes in pain catastrophizing predict later changes in fibromyalgia clinical and experimental pain report: 
Cross-lagged panel analyses of dispositional and situational catastrophizing. Arthritis Research and 
Therapy.Arthritis Res Ther.2012;14(5):R231. PMCID: PMC3580543 
c. Campbell CM, Kronfli T, Buenaver LF, Smith MT, Berna C, Haythornthwaite JA, Edwards RR. 
Situational versus dispositional measurement of catastrophizing: associations with pain responses in 
multiple samples. J Pain. 2010; 11(5), 443-453. PMCID: PMC2898132 
d. Pressman A, Peterlin L, Tompkins A, Salas R, Buenaver L, Haythornthwaite JA, Campbell CM. Pain 
Catastrophizing May Moderate the Association between Pain and Secondary Hyperalgesia. Journal of 
Applied Biobehavioral Research; in Press. 

 
5. Sleep and pain. Much of Dr. Campbell’s recent work has focused on the bidirectional relationship between 
sleep and pain. Pain promotes difficulty falling and maintaining sleep and those with chronic pain conditions 
frequently report insomnia; however, sleep disturbance itself is also beginning to be recognized as a potent 
modulator of pain perception. As previously noted, distraction can be a potent pain coping strategy, our group 
has documented that shorter sleep duration is associated with less distraction analgesiaa. Her work on sleep 
disturbance has also demonstrated that sleep is associated with mu-opioid receptor binding potential, using 
[11C]Carfentanil and PET imaging during laboratory painb. These findings suggest that poor sleep quality and 
short sleep duration are associated with endogenous opioid activity in several brain regions during noxious 
stimulation. We have also found that sleep continuity is important for day-to-day variation in pain report among 
sickle cell disease patientsc. Sleep also interacts with catastrophizing to promote central sensitization in knee 
osteoarthritisd. 

a. Campbell CM, Bounds SC, Simango M, Witmer K, Carteret A, Campbell JN, Haythornthwaite JA, 
Smith MT, Edwards RR. Self-reported sleep duration associated with distraction analgesia, hyperemia, and 
secondary hyperalgesia in the heat-capsaicin nociceptive model. Eur J Pain. 2011;15(6):561-7. PMCID: 
PMC3076523 
b. Campbell CM, Bounds SC, Kuwabara H, Edwards RR, Campbell JN, Haythornthwaite JA, Smith MT. 
Individual variation in sleep quality and duration is related to cerebral mu opioid receptor binding potential 
during tonic laboratory pain in healthy subjects. Pain Medicine.2013;14(12):1882-92. PMCID: 
PMC4104524 
c. Moscou-Jackson G, Finan PH, Campbell CM, Smyth JM, Haythornthwaite JA. The effect of sleep 
continuity on pain in adults with sickle cell disease. 2015;16(6):587-93. PMCID: PMC4456237 
d. Campbell CM, Buenaver LF, Finan P, Bounds SC, Redding M, McCauley L, Robinson M, Edwards RR, 
Smith MT. (2015) Sleep, pain catastrophizing and central sensitization in knee osteoarthritis patients with 
and without insomnia. Arthritis Care & Research. 2015;67(10):1387-96. PMCID: PMC4580506 
 

Complete List of Published Work in MyBibliography:   

http://www.ncbi.nlm.nih.gov/sites/myncbi/claudia.campbell.2/bibliography/46104648/public/?sort=date&directio
n=ascending 
 
D. Research Support 
Ongoing Research Support: 
R01 DA042751       Dunn and Campbell (Multi-PI)      05/15/17-04/30/20 
“Opioid and cannabinoid combinations in laboratory and clinical pain”                 
Goal: To systematically evaluate whether cannabinoids enhance the efficacy of opioids in pain patients. 
Role: Multi-PI 
 
 



R01 DA040644       Campbell and Dunn (Multi-PI)      09/1/16-08/31/20 
“Using Cannabinoids to Enhance Opioid Analgesic Effects”                 
Goal: This study will systematically evaluate whether cannabinoids can enhance the analgesic efficacy of 
opioids, which will advance the use of cannabinoids for the treatment of acute and/or chronic pain. 
Role: Multi-PI 
 
R01 HL133327       Campbell and Haythornthwaite (Multi-PI) 08/15/16-06/30/20 
“Sleep and Pain in Sickle Cell Disease” 
Goal: This clinical trial will evaluate whether improving sleep improves pain outcomes and alters brain function 
in sickle cell disease patients.  
Role: Multi-PI 
 
R01 MD009063         Campbell (PI)          07/10/14-04/30/19 
“Ethnic differences in endogenous pain regulation: PET imaging of opioid receptors” 
Goal: This project aims to evaluate ethnic differences in pain-evoked endogenous mu-opioid binding potential 
in healthy participants.  
Role: Principal Investigator 
 
Completed (Last 3 Years) 
R01 DA032922        Smith (PI)           06/01/12-08/31/17  
“Mechanisms of Sleep Disruption Hyperalgesia” 
Goal: This study aims to evaluate the effects of experimental sleep disruption on morphine analgesia and their 
combined effects on spinal sensitization. 
Role: Co-Investigator 
 
R01 HL098110         Haythornthwaite (PI)        09/20/09-07/31/15  
“Clinical Implications of Pain Phenotypes in Sickle Cell Disease” 
Goal: Evaluate the relationship between pain sensitivity, pain-evoked inflammatory/immune responses, 
psychosocial factors, opioid therapy, vaso-occlusive crises and their general clinical course. 
Role: Co-Investigator  
 
K23 NS070933         Campbell (PI)         10/01/10 - 07/31/16 
“Predicting Post-Operative Pain and Analgesic Use: The Role of Endogenous Opioids” 
Goal: This project aims to identify endogenous opioid factors associated with the development and 
maintenance of persistent pain, pain-related disability and analgesic use following total knee arthroplasty. 
Specific risk factors under investigation include sleep disturbance, pain catastrophizing, and pain sensitivity. 
Role: Principal Investigator 
 
R01 AG034982    Edwards RR (Harvard), Haythornthwaite JA (JHU) (Multi-PI) 02/01/10-06/30/16 
“Biobehavioral Risk Factors for Persistent Pain Following Total Knee Arthroplasty (multisite)” 
Goal: This study evaluates and follows a sample of patients undergoing total knee replacement pre-surgically 
with a battery of psychophysical pain testing procedures, multimodal evaluation of sleep, questionnaires 
regarding psychological function, and physiological sampling and uses them to model pain, functioning, and 
analgesic usage outcomes through 12-month follow-up. 
Role: Co-Investigator 
 
American Pain Society       Campbell (PI)         01/01/12 - 01/01/14 
“Determining the role of stress hormones, inflammatory markers and sleep on ethnic disparities in 
pain perception” 
Goal: Evaluate individual differences in pain, sleep, endogenous opioid functioning and inflammation 
Role: Principal Investigator 
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Calicut University, India B.Sc 05/1988 Botany 

Calicut University, India M.Sc 05/1990 Botany 

Calicut University, India M.Phil 09/1992 
Biochemistry & 
Physiology 

Rutgers University, New Brunswick, New Jersey Ph.D 05/1999 Molecular Biology 

A. Personal Statement 

My research focus is on epigenetic regulation, and we are pursuing various aspects of epigenetics including 
DNA methylation, histone modifications, and RNA-mediated gene silencing, all aimed at understanding the 
molecular mechanisms underlying pain. A fundamental question in trying to understand the significance of 
microRNA (miRNA) alterations in pain state is deciphering miRNA-mediated gene regulation and its functional 
implication. We are studying miRNA regulation and its utility as biomarkers in patients with various chronic pain 
conditions.  We have previously identified differentially expressed circulating miRNAs in whole blood from CRPS 
patients relative to controls. Additionally, our studies using blood samples from good and poor-responders to 
ketamine treatment identified differential miRNA signature both before and after therapy.   
 
It is now known that miRNAs are transported in bodily fluids and delivered to recipient cells via exosomes. 
Exosomal contents including miRNAs and mRNAs are capable of modulating gene expression in the recipient 
cells. To determine functional consequences of alterations in exosomal biomolecules in inflammation and pain, 
we investigated exosome-mediated information transfer in vitro, in a rodent model of inflammatory pain and in 
exosomes from patients with CRPS. This study resulted in a publication in “Pain”. The role of exosome-mediated 
information transfer in inducing gene expression changes in recipient cells, in the context of inflammation and 
pain (in neuropathic pain) and the potential for exosomes from antigen presenting cells in attenuating 
inflammatory pain are also being studied. 
 
Our lab is already collaborating with the PI of this project on a separate study to evaluate miRNA profiles in 
patients with knee osteoarthritis receiving opioid and non-opioid analgesics.  The current proposal, “Novel 
Biomarkers and Pain Phenotypes in Trigeminal Neuralgia”, explores miRNAs in a different chronic pain condition, 
trigeminal neuralgia.  In addition, the proposed studies will allow us to investigate miRNA profiles in the unique 
environment of cerebrospinal fluid, which very few studies have previously evaluated. 
 
a) McDonald MK, Tian Y, Qureshi RA, Gormley M, Ertel A, Gao R, Aradillas Lopez E, Alexander GM, Sacan A, 

Fortina P, Ajit SK*. Functional significance of macrophage-derived exosomes in inflammation and pain. 
Pain. 2014; Aug;155(8):1527-39.  

b) Douglas SR, Shenoda BB, Qureshi RA, Sacan A, Alexander GM, Perreault M, Barrett JE, Aradillas Lopez E, 
Schwartzman RJ, Ajit SK*. Analgesic response to intravenous ketamine is linked to a circulating microRNA 
signature in female complex regional pain syndrome patients. J of Pain 2015 16(9):814-24. 

c) Manners MT, Ertel A, Tian Y, Ajit SK*. Genome-wide redistribution of MeCP2 in dorsal root ganglia after 
peripheral nerve injury. Epigenetics & Chromatin. 2016;9(1):1-15.  



d) McDonald MK, Ramanathan S, Touati A, Zhou Y, Thanawala RU, Alexander GM, Sacan A, Ajit SK*. 
Regulation of proinflammatory genes by the circulating microRNA hsa-miR-939. Scientific Reports. 
2016;6:30976.  
 

B. Positions  

1990-1992   Research Fellow, Physiology & Biochemistry, Calicut University, India 

1992-1993   Research Fellow, Biochemistry, Amala Cancer Research Center, India 

1995-1999   Teaching Assistant, Recombinant DNA Technology, Rutgers University 

1997-1999   Graduate Assistant, Graduate Program in Plant Biology, Rutgers University 

2000-2001   Research Scientist, Neuroscience Discovery, Wyeth Research 

2001-2003   Research Scientist III, Neuroscience Discovery, Wyeth Research  

2003-2004   Senior Scientist I, Neuroscience Discovery, Wyeth Research 

2004-2009   Senior Scientist II, Neuroscience Discovery, Wyeth Research 

2009 Nov-          Assistant Professor, Pharmacology & Physiology, Drexel University College of Medicine 
 
Other Experience and Professional Memberships 
Reviewer             U.S. Civilian Research and Development Foundation (2011) 

Auckland Medical Research Foundation 2015 
Austrian Science Fund 2016 
French National Research Agency (ANR) 2016 
Israeli Ministry of Science, Technology and Space (2017) 
Medical Research Council (UK) (2011, 2016, 2017) 
NIH ZRG1 CFS-N (80) S (July 2017) 
NIH Somatosensory and Pain Systems (SPS) (October 2017) 
NIH ZRG1 MDCN-G (58) Extracellular Vesicles & Substance Use Disorders (March 2018) 
NIH RFA DA18-015 HIV-associated neuropathic pain and opioid interaction (March 2018) 

Memberships      American Association for the Advancement of Science 
American Pain Society 
American Society for Pharmacology and Experimental Therapeutics  
International Association for the Study of Pain 
International Society for Extracellular Vesicles 
Society for Neuroscience 

Honors 
National Merit Scholarship, Government of India, 1988-1990 
Merit Scholarship, Kerala State Government, 1985-1990 
Rank Holder Calicut University B.Sc (1988) & M.Sc (1990) 
Eligibility for National Lectureship in Universities granted by CSIR-UGC, India, 1990 
Best Research Publication Award from Amala Cancer Research Centre 1992-1993 
Recipient of Rita Allen Foundation-American Pain Society collaborative Scholars in Pain program 2010 
Recipient of a 2011-2012 Professional Enrichment and Growth Grant Drexel University College of Medicine  
Recipient of 2012 Pharmaceutical Research and Manufacturers of America (PhRMA) Foundation Research 
Starter Grant in Pharmacology/Toxicology 
Faculty Mentoring Award, PhD Programs 2016 Drexel University College of Medicine 
Mary DeWitt Pettit Fellowship 2017 
 
C. Contribution to Science 
miRNA modulation in pain: The subjective nature of pain scoring and assessment in humans highlights the 
need for the development of objective measures to assess the activity in nociceptive pathways and to prescribe 
appropriate medication. In addition, the high rate of failure of drugs targeted to treat neuropathic pain warrants 
urgent changes in the manner in which new analgesics are discovered and developed. I initiated the study on 
global miRNAs and mRNA alterations in dorsal root ganglia (DRG) from a neuropathic pain model while leading 
a drug discovery team in the pharmaceutical industry. Leveraging the access to genomic and bioinformatics 
resources, we performed one of the first comprehensive analysis of miRNA alterations in spinal nerve ligation 
model of pain. Our study showed that the most robust miRNA changes was in the ipsilateral L4 and not the 



injured L5 DRG, suggesting that the DRG adjacent to the injured plays a predominant role in pain modulation. 
Published in 2011, this work has more than 60 citations.  
 
I extended the miRNA studies to patients with CRPS after establishing my lab at Drexel. We identified 
differentially expressed miRNAs in whole blood from CRPS patients relative to controls. The observed changes 
were not present in 100% of the patients tested, highlighting the potential utility of these miRNAs as biomarkers 
in grouping patients based on their disease etiology. This was the first study to report the utility of circulating 
miRNAs as biomarkers for a chronic pain syndrome. We then extended the study to determine ketamine therapy-
induced miRNA changes in CRPS patients. In addition to differential miRNA expression in blood before and after 
treatment, 33 miRNAs differed between responders and poor-responders prior to therapy indicating predictive 
biomarker utility. We investigated the mechanistic significance of hsa-miR-548d-5p downregulation in poor-
responders prior to treatment and showed that miR-548d-5p can regulate UDP-glucuronyl transferase (UDP-
GT) but not cytochrome P450 3A4 (CYP3A4), suggesting that UDP-GT activity in responders and poor-
responders may be mediated by difference in the level of circulating miR-548d-5p. Lower levels of miR-548d-5p 
in poor-responders prior to treatment could result in higher UDP-GT activity leading to the production of more 
inactive glucuronide conjugates compared to the active ketamine metabolite such as hydroxynorketamine. Thus 
the levels of hsa-miR-548d-5p could potentially minimize the therapeutic efficacy of ketamine and pain relief. 
 
We are continuing to investigate the mechanistic significance of differentially expressed miRNAs and have 
published two studies on miR-939 and miR-34a. Our studies showed that miR-939 can regulate multiple 
proinflammatory genes and that downregulation of miR-939 in CRPS patients may contribute to an increase in 
expression of proinflammatory target genes (McDonald et al. 2016). Investigations on miR-34a indicate a 
mechanism by which this miRNA can regulate corticotropin-releasing hormone, its receptor and 
proopiomelanocortin and may thereby influence body mass index (Shenoda et al. 2016). 
 
Since the patient population is heterogeneous in terms of genetics and prior treatments,  we extended our studies 
to circulating miRNAs in rodent models of pain. We evaluated and confirmed the feasibility of testing miRNA 
fingerprints after administering therapeutic agents with the clear objective of developing rigorous translational 
approaches to predict utility for novel therapeutics and clinical response.  
I served as the primary investigator in all of these studies. 
  

a) von Schack D, Agostino MJ, Murray BS, Li Y, Reddy PS, Chen J, Choe SE, Strassle BW, Li C, Bates B, 
Zhang L, Hu H, Kotnis S, Bingham B, Liu W, Whiteside GT, Samad TA, Kennedy JD and Ajit SK*. 
Dynamic changes in the microRNA expression profile reveal multiple regulatory mechanisms in the 
spinal nerve ligation model of neuropathic pain. PLos One 2011. 

b) Orlova IA, Alexander GM, Qureshi RA, Sacan A, Graziano A, Barrett JE, Schwartzman RJ, Ajit SK*. 
MicroRNA modulation in complex regional pain syndrome. J Transl Med. 2011;9:195-204. 

c) Quershi RA, Tian Y, McDonald MK, Capassso KE, Douglas SR, Gao R, Orlova IA, Barrett JE, Ajit SK* 
and Sacan A* (* co-corresponding authors) Circulating microRNA signatures in rodent models of pain, 
Mol Neurobiology. 2015 in press 

d) Douglas SR, Shenoda BB, Qureshi RA, Sacan A, Alexander GM, Perreault M, Barrett JE, Aradillas 
Lopez E, Schwartzman RJ, Ajit SK*. Analgesic response to intravenous ketamine is linked to a 
circulating microRNA signature in female complex regional pain syndrome patients. J of Pain 2015 Sep 
16(9):814-24. 
 

Exosome mediated information transfer in pain: It is now known that miRNAs are transported in bodily fluids 
and delivered to recipient cells via exosomes. Exosomal contents including miRNAs and mRNAs are capable of 
modulating gene expression in the recipient cells and hence there is intense interest in understanding exosome 
mediated information transfer. Since CRPS is a disorder where a nerve injury can lead to severe inflammation 
and pain, predominantly at extremities, it is conceivable that exosomal transport can play a critical role in the 
development of chronic pain. We observed that 16 of the 18 dysregulated miRNAs in whole blood of CRPS 
patients are present in the exosomes. In addition to extensive molecular characterization, we observed that a 
single injection of exosomes secreted by RAW 264.7 cells attenuated thermal hyperalgesia in a mouse model of 
inflammatory pain, suggesting an immunoprotective role for macrophage-derived exosomes. Our studies 
suggest that exosomes should be further explored for their therapeutic utility in treating chronic pain. I am the 
primary investigator of this project. 
 

a) McDonald MK, Tian Y, Qureshi RA, Gormley M, Ertel A, Gao R, Aradillas Lopez E, Alexander GM, 
Sacan A, Fortina P, Ajit SK*. Functional significance of macrophage-derived exosomes in inflammation 



and pain. Pain. 2014; Aug;155(8):1527-39.  
b) McDonald MK, Capasso KE, Ajit SK*. Purification and microRNA profiling of exosomes derived from 

blood and culture media. Journal of Visualized Experiments 2013; Jun 14;(76).  
 
Epigenetic regulation in pain: Epigenetics has been predicted to play a key role in pain and analgesia both in 
terms of influencing pro- and antinociceptive gene expression and in modulating pharmacodynamic or 
pharmacokinetic properties of analgesics. We are exploring the utility of inhibitors targeting enzymes responsible 
for epigenetic modifications, such as histone deacetylase (HDAC) in treating and/or understanding the role of 
epigenetic changes in pain. We investigated the effects of JNJ-26481585, a pan–histone deacetylase (HDAC) 
inhibitor on basal mechanical sensitivity. Unlike previous reports for HDAC inhibitors, JNJ-26481585 induced 
mechanical hypersensitivity in mice. Our data indicate that the effect of HDAC inhibitors may be unique to the 
compound studied and highlights the potential to develop chemotherapy-induced peripheral neuropathy with the 
use of a pan-HDAC inhibitor for cancer treatment and this pain may be alleviated by gabapentin. 
Methyl CpG binding protein 2 (MeCP2) can decipher methylation patterns across the genome. Mutations of 
MECP2 gene cause Rett syndrome (RTT) and decreased pain perception is common in children with RTT. Our 
studies investigating the molecular mechanisms underlying MeCP2-mediated pain sensitivity confirmed MeCP2 
upregulation in DRG following nerve injury and repression of MeCP2 by miRNAs. Using rodent models of pain 
and RTT, we showed that MeCP2-mediated regulation of Bdnf in the DRG could contribute to altered pain 
sensitivity. We performed a ChIP-seq study to identify regions of the genome bound by MeCP2 in the DRG and 
the changes induced by nerve injury. While the number of binding sites across the genome remained similar, 
nerve injury induced the redistribution of MeCP2 to transcriptionally relevant regions. Our study showed a 
regulatory role for MeCP2 in that changes in global redistribution can result in direct and indirect modulation of 
gene expression in the DRG.   
 

a) Capasso KE, Manners MT, Quershi RA, Tian Y, Gao R, Hu H, Barrett JE, Sacan A, Ajit SK*. Effect of 
histone deacetylase inhibitor JNJ-26481585 in pain. J Mol Neurosci. 2015; 55(3):570-8. 

b) Ajit SK*. Epigenetics and personalized pain management. Text book chapter in “Personalized 
Epigenetics” Elsevier Press, Editor Trygve Tollefsbol Pages 389–427. 
http://www.sciencedirect.com/science/article/pii/B9780124201354000140 

c) Manners MT, Tian Y, Zhou Z, Ajit SK. MicroRNAs downregulated in neuropathic pain regulate MeCP2 
and BDNF related to pain sensitivity. FEBS Open Bio. 2015; Volume 5, 733–740. 

d) Manners MT, Ertel A, Tian Y, Ajit SK*. Genome-wide redistribution of MeCP2 in dorsal root ganglia after 
peripheral nerve injury. Epigenetics & Chromatin. 2016;9(1):1-15.  
 

Drug discovery and target validation: My career trajectory has been anything but typical. Having to give up 
my dream of pursuing a postdoctoral position due to pregnancy-related illness, I took an industry job after my 
son was born. It was in Wyeth that I learned to assess what makes a gene a good drug target, understand the 
variables associated with different therapeutic areas and realized how difficult the drug discovery process is. As 
the different projects that I was involved in progressed along the pipeline, I experienced firsthand the challenges 
arising from assay development, species differences, pharmacological selectivity, chemistry, high-throughput 
screening, regulatory hurdles and business aspect of drug discovery. Though most of the work I performed 
during this time is confidential, it contributed to the progress of projects along the drug discovery pipeline. My 
initial research at Wyeth focused on Regulators of G-protein signaling. Subsequent research over the six-year 
period at Wyeth was mainly in the exploratory phase of drug discovery with a focus on the identification and 
characterization of novel targets for pain and on the development of novel pain therapeutics. I was also the team 
leader for the Mas-related G-protein-coupled receptor D drug discovery project. 
 
Looking back, I feel the most important experience I garnered from my time in industry is my ability to embrace 
new topics without hesitation. I find that experience extremely useful in navigating projects in my own lab; it helps 
me make quick decisions on feasibility of approaches and projects and explore unfamiliar topics. Having had the 
opportunity to work with experts in different aspects of drug discovery, I am keenly aware of advantages 
collaborative research can offer. Since coming to Drexel, I have established collaboration with faculty in 
Neurology, Biomedical engineering within Drexel and also with faculty at University of Pennsylvania and Thomas 
Jefferson University.  

a) Ajit SK, Young KH. Analysis of chimeric RGS proteins in yeast for the functional evaluation of protein 
domains and their potential use in drug target validation. Cell Signal 2005; 17:  817-825. 

b) Ajit SK*, Ramineni S, Edris W, Hunt RA., Hum WT, Hepler JR, Young KH. RGSZ1 interacts with protein 
kinase C interacting protein PKCI-1 and modulates mu opioid receptor signaling.  Cell Signal 2007; 19: 



723-730. 
c) Ajit SK*, Pausch MH, Kennedy JD, Kaftan EJ. Development of a FLIPR assay for the simultaneous 

identification of MrgD agonists and antagonists from a single screen, J of Biomed and Biotech vol. 2010, 
Article ID 326020, 8 pages, 2010. doi:10.1155/2010/326020 

Complete List of Published Work in MyBibliography:    

https://www.ncbi.nlm.nih.gov/myncbi/browse/collection/47303678/?sort=date&direction=descending 

D. Research Support 

NIH R01-NS102836   08/15/2017-05/31/2022    Role: PI. (30% effort) 
Title: Exosome-mediated signaling in neuropathic pain.  
The goal of this project is to investigate the signaling mechanisms resulting from exosome release under chronic 
neuropathic pain and their role in the maintenance of pain.  
 
Mary DeWitt Pettit Fellowship 7/1/2017-6/30/2018 Role: PI. (10% effort) 
Title: The role of X-linked long non-coding RNA in chronic pain disorders with female predominance.  
The goal of this project is to determine which immune cell type from patients with chronic pain and autoimmune 
disorders is the major contributor to aberrant XIST expression in women. 
 
Commonwealth Universal Research Enhancement (CURE) Grant 1/1/2018–12/31/2018 Role: Co-I (5% effort) 
Title: Investigating the molecular mechanism of lncRNA HOTAIR in breast cancer.   
The objective of this study is to investigate the structure-function relationship in long non-coding RNA HOTAIR 
and characterize domains involved in binding chromatin-remodeling complexes in breast cancer cell lines. 
 
Completed 
Clinical and Translational Research Institute Drexel University July 2016 – August 2017   Role: PI 
Title: Exosome mediated gene regulation in complex regional pain syndrome.  
The goal of this project is to investigate the role of inflammation in inducing cellular and exosomal miR-939 
alterations. Specifically, the factors influencing miR-939 packaging into exosomes and the functional 
consequence of miR-939 transfer to acceptor cells are being assessed. 
 
Clinical and Translational Research Institute Drexel University July 2014 – August 2016 Role: PI 
Title: The role of X-linked long non-coding RNAs in chronic pain with female predominance.  
The goal of this project is to investigate gender specific gene expression changes along with the role of XIST in 
mechanisms leading to the predominance of pain and inflammation in women. 
 
NINDS 1R21NS082991 03/01/2013 – 06/30/2015 Role: PI  
Title: Functional characterization of hsa-miR-939 and its role in pain.  
The goal of this project is to investigate the mechanistic significance of hsa-miR-939 downregulation in blood 
from CRPS patients and its role in mediating inflammation and pain. 
  
Commonwealth Universal Research Enhancement (CURE) Program Grants 2013 Role: PI 
Title: Role of MeCP2 in pain and its regulation by microRNAs.   
The goal of this project was to understand the role of methyl CpG binding protein 2 (MeCP2) in both normal and 
aberrant nociception. Specifically, the aims are to determine if decrease in miRNAs that bind and repress 
translation of MeCP2 will cause an increase in MeCP2 levels and thus contribute to pain 
 
PhRMA Foundation Research Starter Grants Pharmacology/Toxicology 2012 Role: PI 
Title: The role of methylation in pain.  
The goal of this project was to investigate DNA methylation in spinal cord and dorsal root ganglion from rodent 
models of pain. 
 
Professional Enrichment and Growth Grant from Drexel University College of Medicine 2011-2012   Role: PI 
Title: Investigation of epigenetic modifications using chromatin immunoprecipitation and next-generation 
sequencing. The goals of this project were to perform next-generation sequencing and ChIP-seq using samples 
from rodent models of pain. 
 
Rita Allen Foundation-American Pain Society collaborative Scholars in Pain program 2010-2013   Role: PI 
Title: MicroRNA regulation and its utility as biomarkers in neuropathic pain.  
The goal of this project was to determine miRNA regulation and its utility as biomarkers in CRPS patients and 
rodent models of pain. 
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 July 30, 2018 

 
 American Society of Anesthesiologists (ASA) 
 Committee on Research and FAER Board of Directors 
 1601 American Lane 
 Schaumburg, IL 60173 

 

Dear Foundation for Anesthesia Education and Research Review Committee, 

 

It is my great pleasure to write this letter in support of Dr. Tina Doshi for the Foundation for Anesthesia 
Education and Research (FAER) Mentored Research Training Award.  As Chief of the Division of Pain 
Medicine and the Director of the Blaustein Pain Treatment Center, I have had the opportunity to mentor 
numerous trainees and junior faculty members, many of whom have continued on to highly successful 
academic careers.  I can state without hesitation that Dr. Doshi is one of the most promising young 
physician-investigators I have encountered at Johns Hopkins.  She is an outstanding candidate for this 
program, and I have no doubt that she will take excellent advantage of the many opportunities that the 
award would offer. 

I have known Dr. Doshi before she even joined our division as a Pain Medicine fellow several years ago.  
During the fellowship application and interview process, she distinguished herself through her 
impressive academic background, strong research experience, and excellent personal references.  Given 
her enthusiasm for an academic career in pain medicine, which she expressed eloquently, she became 
our first-choice applicant for the Pain Medicine fellowship that year.  We were therefore delighted when 
she matched into our program. 

Shortly after she matched, and before she began her fellowship, I approached Dr. Doshi to apply for a 
foundational grant with me.  I knew that she had a strong background in clinical research dating to her 
medical school days at Duke, where she was a student member of the Institutional Review Board and 
involved in research with TJ Gan in evaluating memantine as an adjunctive analgesic for postoperative 
pain. At Washington University, Dr. Doshi continued her research efforts in the laboratory of Dr. Rob 
Gereau, investigating the use of fenobam to prevent pain in an experimental human study.  Dr. Doshi 
enthusiastically agreed to apply for the grant and assembled an excellent proposal.  Although our 
project was ultimately not selected, Dr. Doshi had already demonstrated to me her remarkable diligence 
and organizational skills before she even started working at Hopkins. 



 

Throughout her clinical fellowship year with us, Dr. Doshi was an exemplary doctor.  She was 
consistently dependable, clinically astute, and technically proficient.  Even as a trainee, she took an 
active role in identifying ways to improve our clinic, from developing fellow and resident orientation 
materials, to proposing workflow changes to increase patient safety, to writing dozens of standardized 
note and procedural templates that our clinics still use today.  She was well-liked by colleagues and staff 
for her efficiency and pleasant demeanor, and she developed a reputation for being able to handle 
difficult patients with grace and compassion.  

Dr. Doshi studied widely to establish a solid knowledge base, so it came as no surprise when she took 
her Pain Medicine board examination and placed in the 98th percentile nationally.  Needless to say, we 
enthusiastically recruited her to join our faculty, and we were very pleased when she received both our 
departmental NIH T32 Postdoctoral Research Training Grant and a Postdoctoral Fellow Award from the 
Neurosurgery Pain Research Institute. 

Since joining our faculty as a full time postdoctoral fellow and part-time Associate Professor in August 
2016, Dr. Doshi has been remarkably productive.  She completed her Master’s in Clinical Investigation 
through the Johns Hopkins School of Public Health in May 2018 with a 4.0 GPA.  Through her 
collaboration with Dr. Michael Lim in the Department of Neurosurgery, she has been conducting both 
prospective and retrospective studies on trigeminal neuralgia, which have been presented at prestigious 
national meetings.  As a result, she is establishing a reputation as a facial pain expert, and patients from 
across the country and around the world are requesting consultations with her.  She has also been 
actively involved in the education and mentorship of our trainees, publishing review articles with 
medical students, as well as serving as a faculty advisor for fellow-led quality improvement projects.  Dr. 
Doshi is the principal investigator on a study of women in pain medicine training, and the senior author 
several projects that will be presented by our trainees at upcoming national pain meetings. 

I have also personally worked with Dr. Doshi on a number of my own projects, including a highly 
complex, randomized, controlled trial that was recently featured in Anesthesiology. Dr. Doshi performed 
the primary data analysis and prepared all of the results, tables, and figures in our submitted 
manuscript.  She has also performed a number of peer reviews for Pain Medicine, for which I serve as 
Section Editor, and I have recently recommended her for a position on the Editorial Board.  In both her 
research work and her reviews, I am consistently impressed with her reliability, her keen insight into 
research methods and data interpretation, her excellent writing skills, and her meticulous attention to 
detail.   

In addition to her clinical and research activities, Dr. Doshi has also become heavily involved in one of 
the premier professional organizations in pain medicine, the American Society of Regional Anesthesia 
and Pain Medicine (ASRA), for which I serve on the Board of Directors.  As a testament to her ability to 
recognize problems and tackle possible solutions, she approached me to find out how she could 
promote women in pain medicine, as they are notoriously underrepresented in our profession.  Through 
her tremendous enthusiasm and conscientiousness, Dr. Doshi recruited several prominent members of 
our profession to found the Women in Regional Anesthesia and Pain Medicine Special Interest Group, 
for which she serves as Chair.  Her Special Interest Group application was one of the most well-received, 
readily-approved applications that the ASRA Board had seen, garnering unanimous acceptance on the 
first round of voting.  Since its approval in November 2017, it has quickly grown into one of the most 
popular ASRA Special Interest Groups. 

In summary, we are very proud to have Dr. Doshi as a member of our department, and look forward to 
continuing to develop her career as an incredibly promising physician-scientist.   



 

She meets regularly with me and other departmental leadership, as well as Dr. Allan Gottschalk, the 
Director of our T32 program and a member of the Promotions committee.  We have all been very 
pleased with Dr. Doshi’s progress.  We have no doubt that she will continue to accomplish excellent, 
groundbreaking work for our department, our institution, and our specialty field as she transitions to a 
full-time faculty appointment when her T32 appointment ends on August 14 of this year.  She has 
assembled an impressive, multidisciplinary team of highly accomplished clinician-scientists, all of whom 
have expressed their enthusiasm for Dr. Doshi and her work.   

Her primary mentor, Dr. Srinivasa Raja, is a highly distinguished pain researcher in our division whose 
R01 has been continuously funded for 27 years.  Dr. Claudia Campbell in the Johns Hopkins Department 
of Psychiatry has been awarded multiple NIH grants for her clinical pain research, particularly in the 
areas of quantitative sensory testing and the influence of biological variables on pain perception and 
treatment response.  Dr. Seena Ajit, an associate professor in the Department of Pharmacology at Drexel 
University, is a rising star in the field of basic science pain research, and recently received an NIH R01 
grant for her research in the field of microRNAs in chronic neuropathic pain.  The FAER program would 
provide Dr. Doshi with an excellent opportunity to continue working with this outstanding mentorship 
team, publish more original research, develop her translational research skills, and serve as the principal 
investigator on a project of her own.  

I do hope you will give Dr. Doshi’s nomination your utmost consideration.  I can think of no better 
candidate for this award.  If you have any questions about this letter or Dr. Tina Doshi, please call me at 

 
 

Sincerely, 

 

Steven P. Cohen, MD 
Director 
Blaustein Pain Treatment Center 
Johns Hopkins Hospital 



 

 
          Neurosurgery 
Michael Lim, M.D.                                                  
Professor of Neurosurgery           
Oncology, Otolaryngology                                  
and Radiation Oncology                                          
    
Director of the Brain Tumor  
Immunotherapy Program 
 
Director of the Metastatic  
Brain Tumor Program                    
                                                                            
         August 10, 2018 
 
Dear Review Committee, 
 
I am writing in enthusiastic support of Dr. Tina Doshi’s application for the FAER Mentored Research 
Training Grant.  I believe she is an outstanding candidate, whose career as a physician-scientist would 
benefit greatly from this award. 
 
I have known Dr. Doshi since she was a pain medicine fellow.  She contacted me about potential research 
collaboration after she had attended a presentation I had given on trigeminal neuralgia.  Trigeminal 
neuralgia is a debilitating chronic disease causing terrible facial pain.  Because the standard-of-care 
medications for trigeminal neuralgia are often ineffective or cause serious adverse effects, I offer patients 
at our Trigeminal Neuralgia Center a number of interventional procedures.  During my presentation, I had 
discussed the microvascular decompression surgeries that I perform and noted that during the surgery, I 
suction quite a bit of cerebrospinal fluid from around the trigeminal nerve, which usually gets discarded.  
I thought it would make an interesting opportunity for research, so I put out an open invitation for anyone 
who might be interested in getting together a research project, and Dr. Doshi contacted me shortly 
thereafter. 
 
When we initially met to discuss our ideas, I was highly impressed by Dr. Doshi’s insight, enthusiasm, 
and research acumen—and even more impressed that within the space of a week after our meeting, she 
had crafted a detailed, comprehensive research proposal looking at basic quantitative sensory testing and 
cytokines in patients with trigeminal neuralgia.  Her entire proposal was innovative and very well thought 
out, and it required very little modification from me.  We were both very pleased and excited when Dr. 
Doshi was received the Neurosurgery Pain Research Scholar Award to fund our proposal. 
 
Since then, Dr. Doshi has done an outstanding job on this project.  Her study was the first study supported 
by the Johns Hopkins Neurosurgery Pain Research Institute to be approved by the IRB, and she 
completed the entire IRB application from scratch, developing the consent documents, creating the data 
collection forms, and obtaining all of the necessary regulatory approvals.  She seamlessly combined it 
with another related study that I was working on to create a single, comprehensive IRB application that 
has allowed us to obtain an extraordinary volume of new data.  With her project, she has supervised two 
medical students and a graduate research assistant in my lab, assisting in recruitment and data collection.  
She has also performed preliminary data analyses with some very interesting early results, and both the 
Neurosurgery Pain Research Institute and I have been very impressed by her progress.  In addition to her 
own prospective study, Dr. Doshi took over a related retrospective study, after a neurosurgery resident 
that I had been supervising graduated and left the institution.  Together with our research assistants, Dr. 
Doshi organized our institutional database of trigeminal neuralgia patients.  She then used the data to 
correlate patient clinical characteristics with surgical outcomes, the results of which we have presented at 
national meetings and are preparing for publication. 
 
Despite being an early career investigator herself, Dr. Doshi has also assisted in the mentorship of trainees 
in my lab, providing them with advice and guidance on how to conduct clinical research, basic statistical 



 

analysis, and writing papers.  She was the senior author on a well-written review paper on targeting 
cytokines for the treatment of neuropathic pain, which was written with one of our medical students as the 
first author.  She also co-wrote, assisted with data analysis, and contributed to major revisions of a 
different retrospective review with another one of our students. 
 
Although I have extensive experience in the conduct of clinical trials for brain tumor research as the 
principal investigator of the Johns Hopkins Comprehensive Subependymoma and Ependymoma Research 
Center, I have come to value Dr. Doshi’s input and perspectives on pain research.  When I was recently 
approached by a pharmaceutical company to investigate a new medication for trigeminal neuralgia, I 
knew I had to involve Dr. Doshi as a co-principal investigator.  Her insights and suggestions have been 
invaluable as we design a clinical trial for a potentially groundbreaking new treatment option for our 
patients suffering from trigeminal neuralgia. 
 
In addition to demonstrating great potential as a clinical researcher, Dr. Doshi has been a wonderful 
clinical colleague.  Over the past two years since she has joined the faculty, I have referred numerous 
challenging and complex facial pain patients to her.  She has always been extraordinarily responsive, 
gracious, and eager to help, and many of the patients I have sent to her have been impressed and highly 
appreciative of her clinical expertise and compassionate care. 
 
I am very proud to have Dr. Doshi as a colleague, and I am eager to continue working with her as she 
develops into an independent investigator.  She is an incredibly motivated, talented, and genuinely kind 
person, and one of the most promising physician-scientists I have ever had the pleasure of working with.  
She is on track to have a fantastic career as an academic physician, and is the perfect candidate for the 
FAER award.  She has my very highest recommendation.  Please feel free to contact me with any 
questions. 
        
Sincerely, 
 

 
Michael Lim, M.D. 
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Tina L. Doshi, M.D., M.H.S. 
MRTG-CT 
Novel Biomarkers and Pain Phenotypes in Trigeminal 
Neuralgia 
Johns Hopkins University 

FAER Grant – Fall 2018 

Evaluation Summary 
Principle Investigator (Candidate) 
Primary Reviewer: 

• Strengths:
o The candidate completed anesthesiology residency at Washington University in

St. Louis, and a master’s degree in clinical investigation at Johns Hopkins.
Currently on the T32 research fellowship at Hopkins. Has 4 publications, with 2
original research publications as second author. Excellent letters of
recommendation convey strong support for the applicant.

• Weaknesses:
o None apparent.

Secondary Reviewer: 
• Strengths:

o Junior Faculty with previous T32 support and Master of Health Science 
training.

o Candidate has appropriate clinical pain fellowship training
o Published research in the field of pain biomarkers.

• Weaknesses:
o Like many Junior faculty at this stage, the candidate has several poster 

presentations but a modest publication record. 

Career Goals & Objectives, Career Development Plan, 
Mentoring Plan 
Primary Reviewer: 

• Strengths:
o Mentoring and Career Development Plans are well constructed. The candidate

will benefit from a strong didactic program that includes a post-master’s
graduate certificate in sequence analysis and genomics, as well as a course in
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data science. The primary mentor will meet with Dr. Doshi at least once a week 
to discuss results and ensure adequate progress. The applicant will visit the 
cytokine laboratory at Johns Hopkins and Dr. Ajit’s lab at Drexel to learn the 
basic lab techniques involved in the proposed assays. Plans to attend local and 
national meetings. Ambitious goal of 3 publications per year. 

• Weaknesses:
o A timeline would be helpful.

Secondary Reviewer: 
• Strengths:

o Mentoring plan has a clear overarching vision.
o Candidate and mentoring team have established a working relationship
o Quantitative training and expertise in analysis of sequence analysis data is 

described.
• Weaknesses:

o The candidate describes the development of tools for precision pain medicine 
diagnostic tools as a career goal, but fails to mention whether it is intended to 
do this as a physician-scientist or in industry.

o The candidate fails to describe any future grant submissions that might grow 
out of this MRTG 

Research Plan 
Primary Reviewer: 

• Strengths:
o Trigeminal neuralgia causes debilitating pain. Although microvascular

decompression has a fairly high success rate, it is highly invasive and sometimes
pain relief is incomplete or transient. This study will test the hypothesis that
trigeminal neuralgia is an inflammatory state. Aim 1 will compare cytokine and
miRNA profiles from patients with trigeminal neuralgia compared with controls.
Aim 2 will test the hypothesis that preoperative sensory dysfunction as
measured by quantitative sensory testing (QST) will correlate with the response
to microvascular decompression. Aim 3 will test the hypothesis that a pro-
inflammatory cytokine/miRNA profile correlates with sensory dysfunction on
QST.

o If successful, this study will provide important insights that may change the
approach to caring for patients with trigeminal neuralgia. The study is well
designed with appropriate controls. Pilot data is presented to demonstrate
feasibility. Limitations and alternative approaches are appropriately considered.

• Weaknesses:
o Using banked control CSF from patients that underwent LPs in the neurology

clinic and comparing it to intracranial CSF taken from trigeminal neuralgia
patients may produce misleading results. However, the PI does acknowledge
this limitation and the alternatives are quite limited.

Secondary Reviewer: 
• Strengths:

o Research plan is clincially relevant and well-written. Aims are exceptionally 
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clear. 
o Application of latest methodology. QST is becoming a standard for many 

clinical studies involving pain due to its objectivity.
o Translational research involving neurosurgeons and laboratory testing. 

• Weaknesses:
o Inflammatory cytokines and miRNA analysis has been studied as an exacerbating 

factor to many chronic conditions that involve pain. Although trigeminal 
neuralgia is chronic and debilitating, it is possible that not many new 
mechanistic pathways are discovered that haven't already been examined in 
the context of chronic pain.

o Ambitious research plan that may require more years and funding than a MRTG.
o Proposed research is mainly associative and descriptive (hypothesis-generating) 

as opposed to experimental and/or treatment-based.
o Feasability/Proof of successful long-distance collaboration with Drexel 

University has not been clearly established. 

Mentor(s) 
Primary Reviewer: 

• Strengths:
o The mentoring team is outstanding. The primary mentor, Dr. Raja, is a well-

respected pain researcher and Director of Pain Research at Johns Hopkins. He
has a long track record of NIH funding and mentoring junior faculty. The
secondary mentor, Dr. Claudia Campbell, is an expert in QST and directs the
Psychophysical Pain Testing Laboratory. She is a PI on multiple R01 awards. The
third mentor, Dr. Seena Ajit at Drexel, is an expert in exosomal miRNA and also
funded by NIH. Finally, Dr. Michael Lim is their neurosurgeon collaborator who
provides a strong letter of support.

• Weaknesses:
o None apparent.

Secondary Reviewer: 
• Strengths:

o Excellent mentor team consisting of local and distant collaborators, intra- and 
extra-departmental mentors. All experienced and funded.

o Primary Mentor is Director of Pain Research and has a history of mentoring and 
academic career development.

o Drs. Campbell and Ajit are current collaborators
• Weaknesses:

o The candidate's project is very similar to work currently funded by the NIH as a 
collaboration between Drs. Campbell in Ajit.  It is important to establish a long-
range plan for which parts of the project and which specific skills the candidate 
will develop so she can be a future collaborator and not merely a competitor of 
the mentors.

o Minor critique: Because the 2nd and 3rd mentors are so closely linked, the 
project feels like it was heavily influenced by the current projects of the 
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mentors and the candidate's clinical skills (access to MVD patients) are the main 
contributions. It will be important for the mentoring team with assistance from 
Dr. Lim help the candidate develop an independent research path. 

Environment, Resources and Institutional Commitment to the 
Candidate. 
Primary Reviewer: 

• Strengths:
o The environment for research training at Johns Hopkins is outstanding. In

addition to regular seminars and talks, the Institute for Clinical and Translational
Research provides statistical and grant-writing support. The chair’s letter
enthusiastically supports the applicant and guarantees 75% non-clinical time if
this award is funded.

• Weaknesses:
o None apparent.

Secondary Reviewer: 
• Strengths:

o Support from Clinical Environment is provided in the letters.
o The candidate has already established a relationship with the Department's

Clinical Research Core.

• Weaknesses:
o Minor: Long-distance collaboration involves difficult logistics and special

considerations.
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Tina L. Doshi, M.D., M.H.S. 
MRTG-CT 
Novel Biomarkers and Pain Phenotypes in Trigeminal 
Neuralgia 
Johns Hopkins University 

FAER Grant – Fall 2018 
Summary Comments 

 

This is a well-written application by a strong applicant with an outstanding mentoring team. The Mentoring and Career 
Development Plans are well developed, and the applicant will benefit from the outstanding training environment at Johns 
Hopkins. The letters are very supportive. However, there were some weaknesses noted by the committee: 

1. Although well trained with a Master's degree in Clinical Investigation, the PI's publication track record thus far is
relatively modest.
2. No preliminary data are presented to support the hypothesis that there are changes in exosomal miRNA with TN.
3. The controls are different (e.g. banked CSF taken from healthy control subjects will be used for the cytokine/miRNA
analysis, whereas the QST will use within-subject controls) which may make some results difficult to interpret.
4. No timeline is provided for the Career Development Plan.
5. Considering the physical distance between JHU and Drexel, more details regarding the training plan for Dr. Ajit's lab
would strengthen the application.
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