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Aman in his mid-forties had just been admitted to the
critical care unit for uncontrolled seizures related to a

previously diagnosed astrocytoma. He was alert and neu-
rologically intact upon admission. The seizures were diffi-
cult to control, and I was asked to evaluate the patient and
make recommendations regarding the phenytoin dose. In
an attempt to assess potential adverse effects from the
phenytoin, I was in the room, performing a cursory neuro-
logical examination. While I was with the patient, there
was a ruckus at the nurses’ station, directly across the hall
from the patient’s room. When I finished evaluating the
patient and went to note my recommendations in the pa-
tient’s chart, the nursing staff told me that a senior physi-
cian had seen me examining the patient. He was very upset
and protested strongly by telling the nurses, “Get him out
of that room immediately; he’s not supposed to be doing
that!” Fortunately, the nurses ignored his demands and fol-
lowed the order of the patient’s physician to have me eval-
uate and recommend phenytoin dosing.

This was one of my first encounters with medical staff
in my newly acquired clinical faculty position in 1983 after
completion of fellowship training in neuropharmacology
and pharmacokinetics. In many ways it represents the op-
portunity and challenges in clinical pharmacy practice, es-
pecially in the area of neurology and neurosurgery. There
are many possible reasons for the response from this
physician, but they can be reduced to ignorance, not know-
ing what was happening or what had been requested, or
fear of change represented in this event. Ultimately, it rep-
resents progress in the care and management of patients in
neurology and neurosurgery.

Clinical pharmacy practice in neurology and neuro-
surgery has an illustrious history, but remains a rather
small area within the discipline. Certainly, the size of neu-
rology and neurosurgery within the larger context of
medicine has greatly influenced the meager size of neurol-
ogy clinical pharmacy practice. To put this in perspective,
beginning in 1985, the American Academy of Neurology
estimated that there were approximately 5000 board certi-
fied neurologists in the US, with less than 500 individuals
completing residencies annually.1 Current estimates place
the number of board certified neurologists between 12 000
and 15 000 nationally, greatly lower than the projected
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needs.2 Similar numbers are seen for neurosurgery. Rea-
sons for the comparatively small numbers in neurology
and neurosurgery are speculative at best, but range from fi-
nancial constraints and complexity of diagnosing and treat-
ing neurological disorders to the limited understanding of
neurological disease processes. Couple these issues with
the relatively small number of pharmacotherapeutic agents
that specifically target neurological diseases and it is easy
to understand how neurological and neurosurgical clinical
pharmacy practice is represented by a comparatively small
group of individuals. Yet, neurological diseases are quite
commonly encountered, providing large opportunities for
progress in the development of clinical pharmacy practice.
Thus, due to small numbers of practitioners and very few
therapeutic agents in this area, clinical pharmacy practice
in neurology and neurosurgery has either been neglected or
feared.

In many ways, the beginnings of clinical pharmacy
practice in neurology and neurosurgery can be traced to the
few, but complex, drugs that were available for treatment
of nervous system diseases. Many of these agents possess
characteristics that make them difficult to use (eg,
Michaelis–Menten pharmacokinetics, autoinduction, ex-
tensive plasma protein binding). Additionally, these drugs
result in numerous adverse effects when poorly managed.
In the 1960s and 1970s, several publications highlighted
these problems and a handful of clinical pharmacists rec-
ognized the opportunities.3-6 Centers for the development
of clinical pharmacy practice in neurology and neuro-
surgery were created at the University of Kentucky, Uni-
versity of Minnesota, State University of New York at
Buffalo, Virginia Commonwealth University, and Univer-
sity of California San Francisco. Pharmacokineticists and
basic science researchers at institutions such as the Univer-
sity of Texas, University of Southern California, Universi-
ty of Washington, and several European centers developed
tools (eg, strategies for determining phenytoin doses) that
proved to be extremely useful in facilitating the develop-
ment of clinical pharmacy practice in neurology and neu-
rosurgery.7,8 Many of the early efforts focused on epilepsy
and antiepileptic drugs, due to their complexity and a
propensity to cause adverse effects and the fact that phar-
macotherapy was the mainstay of treating this disorder. At
these centers, the role of clinical pharmacy practice in neu-
rology became firmly established and embraced by both
neurologists and neurosurgeons. 

From these centers came 2 developments that were vital
for the perpetuation of clinical pharmacy practice: residen-
cy and fellowship training programs were started at the
University of Minnesota and the State University of New
York at Buffalo. The positive results of these programs are
seen in the fact that many clinical pharmacists practicing in
neurology today can trace their heritage to these roots.

Published in leading profession journals, important inno-
vations in clinical practice such as useful dosing schemes
for phenytoin,9,10 improved methods for intravenous ad-
ministration of phenytoin,11 and improved understanding
of pharmacotherapy12 came from these initiatives. 

Clinical pharmacy practice has increased somewhat in
number of practitioners and breadth of subspecialization
by practitioners. Clinical pharmacy for neurology and neu-
rosurgery is practiced in many centers and includes spe-
cialists in epilepsy, movement disorders, cerebrovascular
disease, neuron-rehabilitation, headache, neuro-oncology,
multiple sclerosis, and neurological or neurosurgical criti-
cal care, just to name a few areas. The benefit of pharmacy
practice in this area has been documented and important
contributions to neurological care are attributed to this
group of pharmacists.13 However, despite the increase in
neurology and neurosurgical clinical pharmacy practice,
the number of training programs has diminished. For ex-
ample, a search of the American College of Clinical Phar-
macy’s directory of residencies and fellowships and the
American Society of Health-Systems Pharmacists’ accred-
ited residencies reveals only one training program that lists
neurology as the primary specialty.14,15

The 1990s were declared to be the decade of the brain
by the United States Congress. Increased funding for re-
search into neurological disorders and their treatments is
now beginning to bear fruit. Numerous new drugs have ei-
ther been approved or are nearing approval. For example,
since 1993, 9 new chemical entities for epilepsy have re-
ceived approval by the Food and Drug Administration.
New information on pathophysiology and new diagnostic
approaches enable a more thorough understanding of neu-
rological diseases. Additionally, whole new treatment ap-
proaches beyond pharmacotherapy necessitate a careful
and complete understanding of neurological diseases by
clinical pharmacy practitioners. The challenge for the
pharmacy profession is to determine ways to continue the
progress that has been made, despite the role that igno-
rance and fear may play in relationship to this specialty
area of practice. If pharmacy is to meet the demand of
changes occurring in neurology related to proper pharma-
cotherapy, increased opportunities for education and train-
ing need to be developed. The profession must devise
ways to produce clinical pharmacists who possess the ex-
pertise to build on the solid foundation that has been laid in
the area of neurology clinical pharmacy practice.

Timothy E Welty PharmD FCCP BCPS, Director of Continuing Ed-
ucation, The Annals of Pharmacotherapy; Professor, Department of
Pharmacy Practice, McWhorter School of Pharmacy, Samford Uni-
versity, Birmingham, AL; Adjunct Associate Research Professor, De-
partment of Neurology, College of Medicine, University of Alabama,
Birmingham
Reprints: Dr. Welty, Department of Pharmacy Practice, McWhorter
School of Pharmacy, 800 Lakeshore Dr., Samford University, Birm-
ingham, AL 35229-7027, fax 205/726-2669, tewelty@samford.edu

2236 n The Annals of Pharmacotherapy    n 2006 December, Volume 40 www.theannals.com

TE Welty



References

1. Kurtzke JF, Bennett DR, Berg BO, Beringer GB, Goldstein M, Vates TS
Jr. Neurologists in the United States—past, present, and future. Neurology
1986;36:1576-82.

2. Frequently asked questions. American Academy of Neurology. www.
aan.com/students/medical/faq.cfm (accessed 2006 Aug 24).

3. Albert KS, Sakmar E, Hallmark MR, Weidler DJ, Wagner JG. Bioavail-
ability of diphenylhydantoin. Clin Pharmacol Ther 1974;16:727-35.

4. Richens A. A study of the pharmacokinetics of phenytoin (diphenylhy-
dantoin) in epileptic patients, and the development of a nomogram for
making dose increments. Epilepsia 1975;16:627-46.

5. Hussar DA. Therapeutic incompatibilities: drug interactions. Am J Pharm
Sci Support Public Health 1967;139:215-33.

6. Kutt H, Louis S. Anticonvulsant drugs. II. Clinical pharmacological and
therapeutic aspects. Drugs 1972;4:256-82.

7. Ludden TM. Individualization of phenytoin therapy (letter). J Pharm
Pharmacol 1980;32:152.

8. Mullen PW, Foster RW. Comparative evaluation of six techniques for de-
termining the Michaelis–Menten parameters relating phenytoin dose and
steady-state serum concentrations. J Pharm Pharmacol 1979;31:100-4.

9. Privitera MD. Clinical rules for phenytoin dosing. Ann Pharmacother
1993;27:1169-73.

10. Welty TE, Robinson FC, Mayer PR. A comparison of phenytoin dosing
methods in private practice seizure patients. Epilepsia 1986;27:76-80.

11. Cloyd JC, Gumnit RJ, McLain LW Jr. Status epilepticus. The role of in-
travenous phenytoin. JAMA 1980;244:1479-81.

12. Alldredge BK, Gelb AM, Isaacs SM, et.al. A comparison of lorazepam,
diazepam, and placebo for the treatment of out-of-hospital status epilep-
ticus. N Engl J Med 2001;345:631-7.

13. Ryan M, Gora-Harper ML, Caldwell F. Experience with an adverse drug
reaction reporting program in a neurology specialty clinic. Ann Pharma-
cother 2002;36:231-5. DOI 10.1345/aph.1Z430

14. Directory of Residencies, Fellowships, and Graduate Programs. American
College of Clinical Pharmacy. www.accp.com/resandfel/directorynon.php
(accessed 2006 Aug 31).

15. Online Residency Directory. American Society of Health-System Pharma-
cists. www.ashp.org/directories/residency/ (accessed 2006 August 31).

Neurology and Neurosurgery Clinical Pharmacy Practice: Ignorance, Phobia, or Progress?

The Annals of Pharmacotherapy    n 2006 December, Volume 40    n 2237www.theannals.com


