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Exploratory Contrast Analysis 
Cocaine > Heroin 

Cue-Reactivity: Heroin

• The meta-analysis was conducted using activation
likelihood estimation (GingerALE) 10

• ALE maps were generated using 10000 permutations and
corrected to p<.05 (FWE, cluster-level)

Literature Search and Meta-Analytic 
Approach

Exploratory uncorrected contrast analyses revealed enhanced 
engagement of the midbrain, amygdala, and caudate nucleus in 

cocaine relative to heroin users

Contrast Analysis: Cue Reactivity
Heroin > Cocaine

• Opioid and substance related death has now increased to
the point where it creates a public health threat1.

• Various areas such as the basal ganglia, nucleus accumbens,
and dorsal striatum have been implicated as regions of
interest in past studies of cue-reactivity due to their roles in
addiction related processes such as decision making and
habit formation2-7.

• Previous studies have found behavioral differences between
cocaine and heroin addicted individuals. This includes
greater depiction of inhibition impairments within cocaine
users, and increased reward seeking behaviors seen in
heroin users. 8,9

• Previous work has suggested that which noted that heroin
addicted individuals may demonstrate attentional bias towards
drug cues, which is frequently assessed via visual fixation 11.
Our findings of increased activation in the occipital lobe during
cue reactivity in heroin users may be consistent with attentional
bias.

• We also found increased engagement of the cerebellum in
heroin relative to cocaine users. Increased cerebellar activity in
heroin users during cue-reactivity tasks has been shown to
correlate with self-reported feelings of tenseness and
withdrawal 12.

• The current study further supports previous studies which
highlighted the role of the cerebellum in reinforcement and
learning behaviors. 13

• Future studies may seek to examine the role of attentional bias
in vulnerabilities to addictive tendencies, and seek to explore if
activations of the visual cortex can be seen in at risk groups
prior to engagement in addictive behaviors.

999 Studies Identified via 
Literature Search

929 excluded based on title/
abstract review

47 Studies Excluded Due To:  
• Comorbidities, or history of 

mood disturbances within 
participants 

• PET studies 
• Insufficient reporting of fMRI 

data/findings

23 Included Studies 
(11 Cocaine, 12 Heroin)

Inclusion Criteria: 
• Participants over the age of 

18 
• Participants currently 

abstaining from drug use 
• No history of severe mood 

disturbances or comorbid 
psychiatric or neurological 
illness within participants

70 full text articles assessed 
for eligibility

Cue-Reactivity: Cocaine

Preliminary analyses of cocaine specific data showed drug cues 
elicited engagements in the PCC, mPFC, and VS

Posterior Cingulate Cortex  (x,y,z): -6, -52, 22; 
Medial Prefrontal Cortex (x, y, z)-8, 50, 2 

Caudate Nucleus (x,y,z): 
-6, 8, 10

Amygdala (x, y, z): 18, -2, -16
Right Parahippocampal Gyrus (x, y, z): -18, -2, -14  

Right Middle Occipital Gyrus (x, y, z): 48, -66, -4;
Left Middle Occipital Gyrus (x, y, z)  -50, -60, -8

Preliminary analyses of heroin specific data showed drug 
cues elicited engagement of the amygdala and ventral 

occipital lobes

Right Middle Occipital Gyrus (x,y,z): 49, -58, -4 
Left Middle Occipital Gyrus (x,y,z): -54, -66, -6 

Cerebellum Declive (x, y, z) 
32, -75, -16

Contrast analyses revealed enhanced engagement of the 
occipital lobe and right posterior cerebellum declive in heroin 

relative to cocaine users

Caudate Nucleus (x,y,z): 
5, 11, 6

Amygdala (x,y,z): 15, -8, -8
Midbrain (x, y, z): -4, -16, -8
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