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A B S T R A C T

From the earliest published reports, Henry Gustav Molaison—who until his death in 2008 was known simply by
his initials H.M.—was characterized as having a profound anterograde amnesia subsequent to mid temporal lobe
resection, and that this amnestic condition was uncomplicated by other cognitive or behavioral impairments.
Post-mortem neuropathological examination has detected—in addition to the expected temporal lobe lesion-
s—previously unreported frontal lobe and white matter pathology, inviting questions concerning the behavioral
and cognitive consequences that might result from such lesions. The purpose of this article is to recount pub-
lished descriptions of a range of anomalous behaviors by H.M. that can not be explained by the memory im-
pairments typically associated with anterograde amnesia, to counter previous claims that these behaviors are
attributable to amygdalar damage, and to advance the interpretation that these behaviors are instead consistent
with well-documented effects of frontal lobe pathology. Transcripts of interviews with H.M. which feature
disjointed, often contradictory, and arguably confabulatory responses are presented in support of this argument.

1. Introduction

The profound amnesia that resulted from the bilateral resection of
much of the mid-temporal lobes of Henry Gustav Molaison (H.M.) in
1953 initiated the modern era of memory research. Concepts central to
memory psychology, such as the distinctions between short term, long
term, semantic, episodic, declarative and non-declarative forms of
memory are grounded in dozens of his neuropsychological evaluations
(see Squire, 2009 for an overview). Since his death in 2008, numerous
newspaper articles, magazine features, blog entries, television and radio
reports, books —and, notably, the live web-cast of the dissection of
H.M.’s brain—have launched his story into the domain of popular
conversation.

From the earliest reports (e.g., Milner, Corkin, & Teuber, 1968;
Scoville & Milner, 1957) H.M.'s amnestic condition has been char-
acterized as “pure”; that is, his cognitive impairments secondary to
surgery were held to be limited to a long term memory deficit. Scoville
and Milner (1957) described H.M.'s post-surgical condition as:…”a
complete loss of memory for events subsequent to bilateral medial
temporal lobe resection… with a partial retrograde amnesia for the
three years leading up to his operation; but early memories are see-
mingly normal and there is no impairment of personality or general
intelligence (p.17).” As recently as 2014, Corkin and her colleagues
reaffirmed that “H.M.'s bilateral medial temporal lobe resection was
circumscribed and the resulting amnesia was pure” (Augustinack et al.,

2014). This interpretation of H.M.'s condition has been reinforced by
similar descriptions in numerous journal articles and codified in stan-
dard introductory psychology texts.

At the same time, however, many of those publications offered de-
scriptions of H.M.'s behavior that are clearly not a matter of simple or
uncomplicated memory impairment. These include disorganized cog-
nition, as evidenced by irrelevant, confabulatory, or disjointed re-
sponses to questions, disruptions of affect and motivation, and a
striking insensitivity to autonomic signals related to hunger, thirst, and
even pain induced by electric shock and heat source. Detailed examples
and interpretations of these behaviors are reviewed in the following
sections.

2. Motivation, emotion, autonomic and nocioceptive responses

H.M.'s clearly abnormal motivational and affective condition have
been reported in numerous accounts. Corkin (1984) described him as
complacent and lacking in basic initiative to a truly remarkable degree.
For example, If asked to sit in a particular place, he would stay there
indefinitely without complaint and without attempt to move some-
where else. His nursing home attendants reported that H.M. ate well at
meals, but they also recount that he never spontaneously asked for food
or drink, and never complained about, or volunteered information
about, his well-being or physical condition. If attendants suspected that
he was in some discomfort, it was necessary to question him with a list
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of possible ailments until they hit upon the right one; he would not or
could not simply state what the problem was, for example, that he had a
headache or a stomachache. H.M.'s mother was quoted in the article:
“The trouble with H. is that he doesn't complain – ever. There could be
something quite seriously wrong with him, but you would never know”
(p.251).

Additionally, H.M. “appears to have no interest in sexual relation-
ships, as indicated by the absence of conversation on sexual topics and
by his failure to seek sexual satisfaction” (p.251). H.M. admitted to his
lack of sexual desire in an interview with psychiatrist George Murray
(Corkin, 2013, p. 112). By way of explanation, Corkin mentioned that
hyposexuality has previously been associated with temporal lobe le-
sions, and prolonged use of anticonvulsant medication has been im-
plicated in reduction of testosterone and sexual dysfunction.

In 1962, an attempt to demonstrate a classically conditioned aver-
sive response using electric shock as the unconditioned stimulus had to
be aborted when H.M. failed to produce the expected galvanic skin
response subsequent to shock. Even at intensity levels that the control
subjects experienced as painful, H.M. did not complain of any dis-
comfort (Milner et al., 1968). Corkin (1984) noted that cerebellar le-
sions in animals permanently abolish classical conditioning using
aversive unconditioned stimuli, citing Solomon, Vander Schaaf,
Thompson, & Weisz (1983), and reported that marked cerebellar
atrophy had been documented in H.M., presumably due to his long-
term treatment with the anti-convulsant Dilantin. Initially detected by
CT scan, cerebellar atrophy was subsequently confirmed by MRI ima-
ging, and conclusively documented by post-mortem examination (e.g.,
Augustinak et al., 2014).

H.M. was subsequently shown to display eye blink conditioning in
both delay and trace conditions, although his response was judged to be
inferior to that of the normal controls. This result was viewed by Corkin
(2013) as evidence that eyeblink conditioning may not be hippocam-
pally dependent; in a later publication, Corkin and her colleagues
speculate that H.M.'s residual eye blink conditioning may have been
mediated by cerebellar nuclei that remained functional despite the
documented atrophy (Augustinack et al., 2014).

Milner et al. (1968) attributed H.M.'s insensitivity to pain to the
partial bilateral resection of his amygdala, a collateral consequence of
his mid-temporal lobe surgery. Hebben, Corkin, Eichenbaum, and
Shedlack (1985) explored H.M.'s anomalous pain perception using a
heat gun device termed a “dolorimeter”. During these procedures, H.M.
reported no pain at any level of exposure to the heat source, even at the
highest intensity. The control subjects, on the other hand, were unable
to endure the highest heat level for the 3 s required by the protocol
(Dittrich, 2016; Hebben et al., 1985). In addition to this marked in-
sensitivity to pain, Augustinack et al. (2014) cite H.M.'s amygdalar
resection as a general explanation for his apparent disconnection from
the basic autonomic promptings associated with hunger, thirst and sex
drive. Moreover, the authors assert here that H.M. “was not fearful of
anything” (p. 1283).

2.1. Discussion

It is well documented that the amygdala plays a role in the pro-
duction and perception of fear (Davis, 1992; Fanselow & Gale, 2003;
LeDoux, 1996). The claim, as in Augustinack et al. (2014), that H.M.
does not experience fear appears to be unsupported by the published
research. Despite dozens of studies over nearly five decades, no pro-
grammatic research seems to have specifically explored the nature of
H.M.'s fear responses. Augustinack et al. (2014) cite Hebben et al.
(1985) and also Corkin (2013), but no systematic inquiry into the
parameters of fear response in H.M. appear in these sources. Moreover,
the fact that H.M. did not produce galvanic skin response in an aversive
conditioning protocol does not mean that he could not have the phe-
nomenal experience of fear in the more general sense, as in fear of di-
rect physical threat or harm through assaultive attack or accident.

The well-known case of S.M., whose complete, focal, bilateral
amygdalar calcification is due to the rare Urbach-Wiethe disease, is an
informative comparison case to H.M., and offers insights into the affects
of amygdalar pathology. Studies with S.M. have documented a pro-
nounced and isolated impairment with respect to the recognition and
experience of fear (Adolphs, Tranel, Damasio, & Damasio, 1994;
Feinstein, Adolph, Damasio, & Tranel, 2011; Tranel, Gullickson, Koch,
& Adolphs, 2006). A central finding is that S.M. Is impaired in re-
cognizing fearful facial expressions, but not other emotions conveyed
by facial expression. Additionally, S.M. does not experience fear while
viewing scenes typically regarded as frightening in such movies as Si-
lence of the Lambs, or The Shining, or even under actual experiences of
physical danger that have occurred in her life, such as the threat of
assault with a weapon (Adolphs et al., 1994; Feinstein et al., 2011;
Tranel et al., 2006). No parallel documentation of a similar lack of
perception or experience of fear appears in the extensive H.M. litera-
ture.

With respect to the experience of emotions, incidents of grief, ap-
prehension, and anxiety on the part of H.M. have been reported. H.M.
was described as feeling grief at the passing of his father and distress
upon the hospitalization of his mother (Corkin, 2013; Dittrich, 2016).
Moreover, H.M.'s emotionality extended to episodes of anger and even
violence. H.M. was described as intractably angry when shortly after
the death of his father, he discovered that his prized gun collection was
missing. His mood stabilized after the gun collection – which had been
surreptitiously claimed by his uncle – was returned to his home (Milner
et al., 1968). Corkin (1984) recounts that in response to his mother's
“nagging” H.M. would on occasion kick her in the shins or hit her with
his glasses. In another such episode of anger or frustration related to his
mother, H.M. hit his fist into a door so violently that he broke his hand.
On one occasion, in the setting of his sheltered workshop in Hartford,
Connecticut, H.M. reportedly threatened to kill himself, said “that he
was going to hell, and would take his mother with him”. When atten-
dants at the center attempted to calm him down, he kicked and shoved
them away, and took to smashing his head against a wall until a doctor
arrived and injected him with a sedative (Dittrich, 2016).

No such outbursts of anger or aggression appear in the descriptions
of the behavior of S.M., the patient with complete bilateral amygdalar
lesioning. She is consistently described as being emotionally even-
keeled, possessed largely of positive emotions, and lacking negative
ones. A study in which S.M. was interviewed separately by two clinical
psychologists who were blind to her amygdalar dysfunction reported no
evidence of emotional dysregulation. They noted that she spoke dis-
passionately when relating highly emotional and traumatic life ex-
periences, did not seem to have a normal sense of distrust or danger,
and assessed her to be unusually resilient, even “heroic” in the face of
exceptional adversity in her life (Tranel et al., 2006).

The claim that H.M.'s striking insensitivity to pain can be explained
by his amygdalar resection is also called into question by comparison to
S.M. None of the published studies of S.M. report aberrations in the
experience of pain, or lack of physical pain. Moreover, these studies
make no mention of any of disturbances of basic autonomic promptings
associated with hunger, thirst and sex drive as have been reported in
H.M. Finally, a recent study by Feinstein et al. (2016) casts doubt on the
significance of the amygdala in the perception of pain; this study re-
ports a preserved experience of pain in an individual with bilateral
medial temporal lobe lesions, similar to those suffered by H.M., which
included the amygdala, insula, and anterior cingulate. Taken together,
the behavioral evidence detailed here seems to suggest significant re-
sidual function, especially with regard to emotional experience and
expression, of H.M.'s partially resected amygdala.

3. Cognitive disorganization

In addition to the anomalous autonomic/motivational and nocio-
ceptive responses described above, there is the matter of H.M.'s often
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