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A B S T R A C T

Traumatic brain injury (TBI) represents a significant cause of death and disability in industrialized

countries. Of particular importance to patients the chronic effect that TBI has on cognitive function.

Therapeutic strategies have been difficult to evaluate because of the complexity of injuries and variety of

patient presentations within a TBI population. However, pharmacotherapies targeting dopamine (DA)

have consistently shown benefits in attention, behavioral outcome, executive function, and memory. Still

it remains unclear what aspect of TBI pathology is targeted by DA therapies and what time-course of

treatment is most beneficial for patient outcomes. Fortunately, ongoing research in animal models has

begun to elucidate the pathophysiology of DA alterations after TBI. The purpose of this review is to

discuss clinical and experimental research examining DAergic therapies after TBI, which will in turn

elucidate the importance of DA for cognitive function/dysfunction after TBI as well as highlight the areas

that require further study.

� 2009 Elsevier Ltd. All rights reserved.
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1. Introduction

1.1. Traumatic brain injury

Traumatic brain injury (TBI) is the leading cause of death and
disability in individuals less than 45 years of age in industrialized
countries (Bruns and Hauser, 2003). Each year an estimated 1.4
million Americans experience a TBI and 80,000 to 90,000 suffer
long-term substantial loss of function (Rutland-Brown et al., 2006).
Clinical studies have shown that 10–15% of individuals with mild
TBI have persistent cognitive and behavioral complaints. Out-
comes from moderate TBI are much less favorable with some
estimates suggesting that 50% of these individuals endure long-
term injury-related disabilities (Kraus et al., 2005). This places an
enormous economic burden on the U.S. healthcare system with an
estimated cost of $9–10 billion in acute care and rehabilitation
annually. This cost is in addition to lost earnings, social services,
and the cost to family members who must care for TBI survivors.
TBI also represents a global healthcare crisis with an estimated 2%
of the world’s population suffering from chronic symptoms of
brain trauma, equating to more than 120 million individuals (NIH,
1998; Ragnarsson, 2002). For these reasons it has been a long
sought goal of TBI researchers to understand the mechanisms of
chronic disability after TBI to help develop treatment strategies
that may assist patients with cognitive recovery.

However, researching chronic disability following TBI has posed
a unique challenge to both clinical and experimental researchers.
TBI is a highly variable and extremely complex phenomenon.
Following the acute primary injury, which often consists of a focal
contusion and more diffuse structural damage, there are a series of
subsequent secondary responses, which include, but are not
limited to, excitotoxicity, ischemia, oxidative stress, and ongoing
structural and chemical alterations (Kochanek, 1993; DeKosky
et al., 1998; Park et al., 2008). Traditionally, research in recovery of
function after TBI has focused on preventing or manipulating early
events in order to prevent chronic dysfunction. Drugs inhibiting
apoptosis, blocking glutamate-induced excitotoxicity, or attenu-
ating oxidative stress were designed to reduce cell loss with the
premise that neuronal sparing would enhance recovery (Faden
et al., 1989; Jennings et al., 2008). Unfortunately, the neuropro-
tective effects observed in the TBI laboratories have not translated
successfully to the clinic (Gualtieri, 1988; Tolias and Bullock,

2004). In contrast, therapeutics used during the rehabilitative
phase have shown more promise in addressing long-term
disability, although they do not necessarily demonstrate the same
level of neuroprotection as drugs designed to inhibit apoptosis or
block excitotoxicity (Gualtieri, 1988; Rees et al., 2007).

The failure of translating experimental preventative strategies
to clinical efficacy has raised the question about what events in TBI
are crucial for long-term outcome. The development of clinically
relevant small animal models has greatly assisted the under-
standing of both acute and chronic TBI-induced alterations in brain
chemistry. The two most widely used models of TBI are fluid
percussion (FP; Dixon et al., 1987) and controlled cortical impact
(CCI; Lighthall, 1988; Lighthall et al., 1989; Dixon et al., 1991; Kline
et al., 2001; Kline and Dixon, 2001). Both models produce clinically
relevant brain pathology as well as behavioral and cognitive
dysfunction in rats and mice (Dixon et al., 1987, 1991; Hamm et al.,
1992, 1996a,b; Fox et al., 1998, 1999; Kline et al., 2002, 2007a,b;
Wagner et al., 2002, 2004; Cheng et al., 2007, 2008; Hoffman et al.,
2008a,b). Animal studies (Bramlett and Dietrich, 2002; Lifshitz
et al., 2007) and human positron emission tomography (PET)
imaging (Langfitt et al., 1986; Fontaine et al., 1999; Donnemiller
et al., 2000) have shown that in addition to overt damage (e.g.,
cortical lesions and hippocampal cell loss), there exist areas of
chronic dysfunction previously unappreciated, particularly in the
striatum and thalamus, which are regions known to have
important roles in cognitive, motor, and emotional processing
(Vertes, 2006).

The aims of this review are to: (1) highlight the role of
dopamine (DA) in cognition and its functional anatomy relevant to
TBI; (2) outline clinical research that has demonstrated potential
efficacy of DAergic medications in the treatment of TBI; (3) provide
an overview of observed changes in DA signaling and anatomy in
experimental models, and outline the importance that these
alterations have on cognitive and behavioral deficits; and (4) assess
future areas of DA systems research in TBI. This review is not meant
to be an exhaustive discussion of DA and cognition, but rather is
intended to highlight the role(s) DA plays in persistent cognitive
dysfunction after TBI, which may provide insight into potential
mechanisms and therapeutic targets for chronic cognitive dys-
function. For recent reviews on DA cellular function and DAergic
mediated cognition, see Verheij and Cools (2008) and El-Ghundi
et al. (2007), respectively.
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