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6  Diencephalon and Autonomic Nervous System

The diencephalon lies between the brainstem and
the  telencephalon .  It  has  four  com ponents:  the
thalam us, epithalam us, subthalam us, and  hypo-
thalam us.

The thalamus is found on both sides of the th ird
ventricle  and  consists  of  num erous  nuclei  w ith
differen t  funct ions. It  is the relay stat ion  for m ost
of the  afferen t  pathways that  ascend  to  the  cere-
bral cortex. Som e types of im pulses (e.g., nocicep-
tive  im pulses)  m ay  already  be  perceived,  in te-
grated, and  given  an  affective  coloring, in  an  im -
precise way, in  the thalam us, but  actual conscious
experiences  do  not  seem  to  be  generated  until
sensory  im pulses  reach  the  cerebral  cortex.
Moreover, the thalam us has extensive connections
w ith the basal ganglia, brainstem , cerebellum , and
m otor cort ical areas of the cerebrum  and is thus a
m ajor com ponent of the m otor regulatory system .

The m ost im portan t nucleus of the subthalamus
is  the  subthalam ic  nucleus,  w hich  is  closely
functionally related to the basal ganglia.

The  epithalamus  is  m ain ly  com posed  of  the
epiphysis  (pineal  gland/pineal  body)  and  the
habenular nuclei; it plays a role in the regulat ion of
circadian  rhythm s.

The  m ost  basal port ion  of the  diencephalon  is
the  hypothalamus, w hich  coordinates vital bodily

functions  such  as  respirat ion , circulat ion, water
balance, tem perature, and  nutrit ional in take  and
is  thus  the  h ierarch ically  upperm ost  regulatory
organ of the autonom ic nervous system . It also in-
fluences  the  act ivity  of the  endocrine  glands  by
way of the hypothalam ic–pituitary axis.

The  autonomic nervous  system  is  responsible
for the nerve supply of the in ternal organs, blood
vessels, sweat  glands, and  salivary  and  lacrim al
glands. It  is  called  “autonom ic” because  it  func-
t ions largely independent ly of consciousness; it is
alternat ively  (less  com m only) called  the  vegeta-
t ive nervous system . Its efferent arm in the periph-
ery  is  com posed  of  two  anatom ically  and
functionally  dist inct  parts, the  sym pathetic  and
parasym pathetic  nervous  system s.  The  afferen t
arm  is not  divided in  th is way.

Because of the m ult iplicity of functions that the
diencephalon  perform s, diencephalic  lesions  can
have very diverse effects, depending on  their  site
and exten t . Thalam ic lesions produce hem iparesis
and  hem isensory  deficits,  m ovem ent  disorders,
disturbances  of  consciousness,  and  pain  syn-
drom es,  w hile  hypothalam ic  lesions  im pair
various  vital functions  singly  or  in  com bination,
and cause endocrine dysfunction .

Location and Components  of the
Diencephalon

Location.  The  posit ion  of the  diencephalon  is  just
oral to that  of the m idbrain; the diencephalon  does
not  continue  along the  brainstem  axis, but  rather
takes a rostral bend, so that it com es to lie nearly in
the longitudinal axis of the cerebrum  (Fig. 6.1). It  is
located  in  the  m iddle  of  the  brain , ventrally  and
caudally to the frontal lobe, and encloses the lower
port ion  of  the  th ird  ventricle  from  both  sides
(Fig. 6.2).

The  thalam us  form s  the  upper port ion  of  the
th ird  ventricular  wall, the  hypothalam us  its  lower
portion . Dorsally, the  diencephalon  is  enclosed  by
the corpus callosum , the lateral ventricles, and  the

cerebral  hem ispheres  (Fig. 6.2).  The  roof  of  the
th ird  ventricle is form ed by the th in  tela choroidea
and the at tached choroid plexus. The  rostral extent
of the diencephalon  is delim ited by the lam ina ter-
m inalis and anterior com m issure, its  caudal extent
by  the  posterior  com m issure, habenular  com m is-
sure, and pineal body (epiphysis). The interventric-
ular  foram en  of Monro, w hich  connects the  lateral
ventricle  w ith  the  th ird  ventricle,  is  found  on
either  side  anterior  to  the  rostral  port ion  of  the
thalam us, just  below  the  genu  of the  fornix. The
basal port ion  of the diencephalon  is its only exter-
nally visible  part:  it  can  be  seen  on  the  undersur-
face  of  the  brain  between  the  opt ic  ch iasm ,  the
opt ic t ract , and  the  cerebral peduncles. The visible
diencephalic structures in  th is area are the m am il-
lary bodies and  the  tuber  cinereum , together  w ith
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Fig. 6.2  Coronal section through the  diencephalon

Location and Components of the Diencephalon  ·



6  172

its  infundibulum  (pitu itary  stalk),  w hich  leads
dow nward  to the  pituitary gland  (cf. Fig. 4.8, p . 83.

The  two  halves  of  the  thalam us  facing  each
other  across  the  th ird  ventricle  are  connected  in
70–80 % of  cases  by  the  in terthalam ic  adhesion
(m assa  interm edia)  (Fig. 6.1), w hich  is  not  a  fiber
pathway  but  rather  a  secondary  adhesion  of  the
gray m atter  com ing from  either side. Laterally, the
diencephalon  is  delim ited  by the  in ternal capsule.

The globus pallidus is em bryologically a  part  of
the diencephalon, though it  is separated from  it  by
the in ternal capsule (Fig. 8.4, p . 216) and is thus lo-
cated in the basal ganglia. It w ill be discussed along
w ith  the  rest  of  the  basal  ganglia  in  Chapter  8
(p . 214). Likew ise, a  discussion  of the  hypophysis
(pitu itary  gland),  w hich  is  linked  to  the  hy-
pothalam us by the  infundibulum , w ill be  deferred
to  the  sect ion  on  the  peripheral  autonom ic
nervous system  (p. 188).

Subdivisions.  The  diencephalon  has  the  follow ing
com ponents (Fig. 6.1):
¼  The  epithalamus,  w hich  consists  of  the

habenula  and  habenular  nuclei, the  habenular
com m issure, the epiphysis, and the epithalam ic
(posterior) com m issure.

¼  The  thalamus, a  large  com plex of neurons  that
accounts  for  four-fifths  of  the  volum e  of  the
diencephalon .

¼  The  hypothalamus, w hich  is  dem arcated  from
the  thalam us  by  the  hypothalam ic  sulcus, and
contains various functionally dist inct  groups of
neurons.  It  is  the  h ierarch ically  upperm ost
center  (“head  ganglion”)  of  the  autonom ic
nervous system ; on each side, the colum n of the
forn ix  descends  through  the  lateral wall of the
hypothalam us  to  term inate  in  the  m am illary
body (see  Fig. 6.8).

¼  The  subthalamus, w hich  m ain ly consists  of the
subthalam ic nucleus (corpus luysii, Fig. 6.2) and
is  located  beneath  the  thalam us  and  dor-
solateral to  the  m am illary body.

Thalamus

Nuclei
Flanking  the  th ird  ventricle, on  either  side  of the
brain , there  is  a  large, ovoid  com plex  of neurons
m easuring about  3 ×1.5 cm  in  diam eter. This com -

plex, the thalam us, is not  a uniform  cluster of cells
but  rather  a  conglom erate  of  num erous,  dist inct
nuclei, each  w ith  its  ow n  function  and  its  ow n  af-
ferent  and  efferen t  connections. Each  half  of  the
thalam us  (left  and  righ t)  is  divided  in to  three
m ajor  regions  by sheet like  layers  of w hite  m atter
taking  the  form  of  a  Y (the  in ternal  m edullary
lam inae,  Fig. 6.3).  The  anterior  nuclei  sit  in  the
angle of the Y, the ventrolateral nuclei laterally, and
the medial nuclei m edially. The ventrolateral nuclei
are  further  subdivided  in to  ventral and lateral nu-
clear groups. The ventral nuclei include the  ventral
anterior  nucleus  (VA),  the  ventral  lateral  nucleus
(VL), the  ventral  posterolateral  nucleus  (VPL), and
the  ventral  posterom edial  nucleus  (VPM).  The
lateral nuclei consist  of a  lateral dorsal nucleus and
a  lateral  posterior  nucleus.  Further  caudally,  one
finds  the  pulvinar,  w ith  the  medial  and  lateral
geniculate  bodies  at tached  to  its  underside. There
are a few  sm all groups of neurons w ithin  the in ter-
nal m edullary lam inae (the  interlaminar nuclei), as
well as  one  larger, cen trally  located  cell com plex,
the  centromedian  nucleus  (or  centre  m édian).
Laterally, the  external m edullary lam ina  separates
the thalam us from  the in ternal capsule; the  reticu-
lar nucleus  of the  thalamus  is  a  th in  layer  of cells
closely  applied  to  the  external  m edullary  lam ina
(Fig. 6.2).

The  three  m ajor  nuclear  groups  (anterior, ven-
trolateral, and m edial) have been  cytologically and
funct ionally subdivided in to about 120 sm aller nu-
clei,  the  m ost  im portant  of  w hich  are  show n  in
Fig. 6.3. There  is  st ill  no  uniform  standard  for  the
subdivision  and  nom enclature  of the  thalam ic nu-
clei;  the  nom enclature  followed  in  Fig. 6.3  is  that
found  in  Nom ina Anatom ica.

Position of the  Thalamic Nuclei in
Ascending  and Descending  Pathways
In  the  preceding  chapters, the  pathways  that  as-
cend  from  the spinal cord, brainstem , and  cerebel-
lum  to  the  cerebral  cortex  have  been  t raced  up-
ward  as  far  as  the  thalam us. The  thalam us  is  the
last  m ajor  relay stat ion  for  all ascending im pulses
(except  olfactory  im pulses)  before  they  continue,
via thalam ocort ical fibers, to the cortex. Figure  6.4
show s  the  term ination  of  various  afferen t  path-
ways  in  dist inct  thalam ic nuclei, w hich  then  pro-
ject  to  corresponding  cort ical  areas  (for  further
details, see  p. 173).

·  6  Diencephalon and Autonomic Nervous System
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Fig. 6.3  Thalamic nuclei.
The four major nuclear
groups are  shown: the
anterior group  (green),
the  ventrolateral group
(various shades of blue),
the  medial group  (red),
and the  dorsal group,
consisting of the  pulvinar
(violet) and the  geniculate
bodies (shades of blue).

Like the spinal cord and brainstem  (e.g., the m e-
dial  lem niscus),  the  thalam ic  nuclei  and  the
thalam ocort ical  project ions  m ain tain  a  strict
point-to-point  somatotopic organization.

Specific and nonspecific projections. Thalam ic nu-
clei that  receive input  from  circum scribed areas of
the  body  periphery  and  t ransm it  im pulses  to  the
corresponding  circum scribed  cort ical  areas  (pri-
m ary projective  fields) are  called  specific thalamic
nuclei (or  prim ary  thalam ic nuclei). Thalam ic nu-
clei  projecting  to  the  unim odal  and  m ult im odal
cort ical  associat ion  areas  (secondary  and  tert iary
thalam ic  nuclei)  are  also  counted  am ong  the
specific  nuclei.  The  dist inguish ing  feature  of  the
specific nuclei is thus a direct projection to the cere-
bral cortex.

In  contrast ,  nonspecific  thalamic  nuclei receive
their  afferent  input  from  m ult ip le, dist inct  sense
organs, usually after  an  in tervening synapse in  the
reticular  form ation  and/or  one  of  the  prim ary
thalam ic nuclei. They project  only indirectly to the
cerebral cortex  (e.g., by way of the  basal ganglia),
including the  associat ion  fields.

Specific Thalamic Nuclei and Their  Connections

Nuclei with Connections to Primary Cortical
Areas

Ventral  posterolateral  nucleus  (VPL)  and  ventral
posteromedial  nucleus  (VPM).  All  som atosensory
fibers  ascending  in  the  m edial  lem niscus,
spinothalam ic  t ract , t rigem inothalam ic  tract , etc.,
term inate  in  a  relay stat ion  in  the  ventroposterior
nuclear com plex of the  thalam us. The ventral pos-
terolateral nucleus  is  the  relay  station  for the  m e-
dial lem niscus, w hile the ventral posterom edial nu-
cleus  is  the  relay  station  for  trigem inal  afferents.
These  nuclei,  in  turn ,  project  fibers  to  circum -
scribed  areas  of the  som atosensory  cortex  (areas
3a, 3b, 1, and  2, Fig. 6.4).

Furtherm ore, gustatory  fibers  from  the  nucleus
of the tractus solitarius term inate in  the m edial t ip
of  the  ventral  posterom edial  nucleus,  w hich,  in
turn , projects  to  the  postcentral  region  overlying
the  insula  (Fig. 6.4).

Medial  and  lateral  geniculate  bodies.  The  m edial
and  lateral  geniculate  bodies, too, are  am ong  the
specific nuclei of the thalam us. The optic tract  ter-
m inates in the lateral geniculate body, w hich relays
visual im pulses ret inotopically, by way of the  opt ic
radiat ion, to  the  visual  cortex  (area  17).  Auditory
im pulses are  carried  in  the lateral lem niscus to the

Thalamus  ·
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Fig. 6.4  Afferent  and  efferent  connections  of  the  ven-
tral nuclear group

m edial geniculate  body and  relayed  tonotopically,
by  way  of the  auditory  radiat ion, to  the  auditory
cortex (transverse tem poral gyri of Heschl, area 41)
in  the  tem poral lobe  (Fig. 6.5).

Ventral  oral  nuclei  and  ventral  anterior nucleus.
The ventral oral posterior nucleus (V.o.p., a port ion
of the  ventral lateral nucleus) receives  input  from
the  dentate nucleus and  red  nucleus by way of the
dentatothalam ic tract  (Fig. 6.4) and  projects to  the
m otor cortex  (area  4), w hile  the  ventral oral an te-
rior  nucleus  (V.o.a.)  and  the  ventral  anterior  nu-
cleus (VA), both  of w hich  also belong to the ventral
nuclear  group, receive  input  from  the  globus  pal-
lidus and  project  to the  prem otor cortex  (areas 6aα
and  6a ) (Fig. 6.4).

Nuclei Projecting to Association Areas of the
Cerebral Cortex

The  an terior  nucleus, the  m edial nucleus, and  the
pulvinar  are  secondary  and  tert iary  thalam ic  nu-
clei (Figs. 6.5, 6.6), i.e., specific thalam ic nuclei pro-

ject ing  to  the  unim odal  and  m ult im odal  cort ical
associat ion  fields (pp. 247). These nuclei m ostly re-
ceive  their  input  not  directly  from  the  periphery
but  rather  after  a  synaptic relay, w hich  is  usually
located  in  one  of the  prim ary thalam ic nuclei de-
scribed  above.

The  anterior nucleus  (Fig. 6.6)  is  reciprocally  con-
nected  to  the  m am illary  body and  fornix  through
the  m am illothalam ic  tract  (of  Vicq  d’Azyr);  it
possesses  bidirect ional,  point-to-poin t  connec-
t ions w ith  the cingulate gyrus (area 24) and is thus
an  in tegral part  of the lim bic system , w hose struc-
ture  and  function  are  described  in  Chapter  7.

The  medial  nucleus  of  the  thalam us  has  bidir-
ect ional, poin t-to-point  connect ions w ith  the  asso-
ciation areas of the frontal lobe and the prem otor re-
gion . It  receives afferent  input  from  other thalam ic
nuclei (ventral and  in tralam inar  nuclei), and  from
the  hypothalam us,  m idbrain  nuclei,  and  globus
pallidus (Fig. 6.5).

Destruction  of the  m edial  nucleus  by  a  tum or  or
other process causes a frontal brain syndrome w ith
a change of personality (loss of self-representat ion ,
as described by Hassler), just as has been described
after  frontal  leukotomy—a  psychosurgical  pro-
cedure, now  rarely, if ever, perform ed, in  w hich  a
lesion  is  m ade  in  the  deep  w hite  m atter  of  the
frontal lobe. The  visceral im pulses  that  reach  th is
nucleus  by  way of the  hypothalam us  exert  an  in-
fluence  on  the  affect ive  state  of  the  individual,
leading  to  a  sense  of  well-being  or  uneasiness,
good  or  bad  m ood, etc.

The  pulvinar possesses  reciprocal,  poin t-to-poin t
connections  w ith  the  associat ion  areas  of  the
parietal  and  occipital  lobes  (Fig. 6.5). These  asso-
ciat ion  areas are surrounded by the prim ary som a-
tosensory,  visual,  and  auditory  cort ices  and  thus
probably play a  m ajor  role  in  the  binding of these
differen t  types  of  incom ing  sensory  inform ation.
The  pulvinar  receives  neural  input  from  other
thalam ic nuclei, especially the in tralam inar nuclei.

Lateral  nuclei.  The  lateral  dorsal  nucleus  and  the
lateral posterior  nucleus do not  receive  any neural
input  from  outside  the  thalam us  and  are  con-
nected only to other thalam ic nuclei. They are thus
know n  as in tegrat ive  nuclei.

·  6  Diencephalon and Autonomic Nervous System
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Nonspecific Thalamic Nuclei and Their
Connections

Intralaminar nuclei. The intralam inar nuclei are the
m ost  im portant  com ponent  of  the  nonspecific
thalam ic  projection  system .  These  nuclei  are  lo-
cated  w ith in  the  in ternal  m edullary  lam ina, and
the  largest  am ong  them  is  the  centromedian  nu-
cleus. These  cell  com plexes  receive  their  afferen t
input th rough ascending fibers from  the brainstem
reticular form ation  and  the  em boliform  nucleus  of
the cerebellum , as well as from the internal pallidal
segm ent  and  other  thalam ic  nuclei.  They  project
not  to the cerebral cortex but  rather to the  caudate
nucleus,  putam en ,  and  globus  pallidus  (Fig. 6.6).
They  probably  also  send  efferen t  im pulses  dif-
fusely to all nuclei of the  thalam us, w hich  then , in
turn , project  to w idespread  secondary areas of the
cerebral  cortex.  The  centrom edian  nucleus  is  an
im portant  com ponent  of  the  in tralam inar  cell
com plex, w hich const itu tes the thalam ic port ion of
the  ascending ret icular  act ivating system  (ARAS or
arousal  system ).  Another  port ion  of  th is  arousal
system  probably involves the subthalam us and hy-
pothalam us.

Functions of the  Thalamus
The  functions of the  thalam us are  h ighly com plex
because  of the  large  num ber  of nuclei it  contains
and  their  very  diverse  afferent  and  efferen t  con-
nections.
¼  First  of all, the  thalam us is the  largest  subcort i-

cal  collecting  point  for  all  exteroceptive  and
proprioceptive  sensory im pulses.

¼  Furtherm ore, it  is a  relay station for all im pulses
arising in  cutaneous and visceral sensory recep-
tors, for  visual  and  auditory  im pulses, and  for
im pulses  from  the  hypothalam us, cerebellum ,
and  brainstem  ret icular  form ation, all of w hich
are  processed  in  the  thalam us  before  being
transm itted  onward  to  other  structures.  The
thalam us  sends  a  sm all efferent  com ponent  to
the  st riatum , but  m ost  of its output  goes to  the
cerebral  cortex.  All  sensory  im pulses  (other
than  olfactory im pulses) m ust  pass through  the
thalam us  before  they  can  be  consciously  per-
ceived.  Thus,  the  thalam us  was  t radit ionally
called  “the  gateway  to  consciousness,” though
the  conscious  percept ion  of sm ell im plies  that
th is conception  is flawed  and  perhaps m islead-
ing.

¼  The  thalam us,  however, is  not  m erely  a  relay
stat ion , but  an  im portant  center for integration
and coordination, in  w hich  afferen t  im pulses of
different  m odalit ies, from  different  regions  of
the  body, are  in tegrated  and  given  an  affective
colorat ion.  A  neural  substrate  of  certain
elem entary  phenom ena  such  as  pain ,  dis-
pleasure, and  well-being  is  already  present  in
the  thalam us before  being t ransm it ted  upward
to  the  cortex.

¼  Through  its  reciprocal  connections  (feedback
loops)  w ith  the  m otor  cortex,  som e  of  w hich
pass through  the  basal ganglia  and  cerebellum ,
the  thalam us  modulates  motor function.

¼  Som e  thalam ic  nuclei  are  also  components  of
the  ascending  reticular  activating  system
(ARAS), a  specific arousal system  originat ing in
nuclei that  are  diffusely located  throughout  the
brainstem  ret icular  form ation .  Activat ing  im -
pulses  from  the  ARAS are  relayed  by  certain
thalam ic  nuclei  (ventral  anterior  nucleus,  in-
tralam inar  nuclei  [part icularly  the  centrom e-
dian  nucleus],  ret icular  nuclei)  to  the  en tire
neocortex. An  in tact  ARAS is  essential  for  nor-
m al consciousness.

Syndromes of Thalamic Lesions
The clin ical m anifestat ions of thalam ic lesions de-
pend  on  their  precise  location  and  extent  because
the  functions of the  individual thalam ic nuclei are
so h ighly varied.

Lesions of the  ventral anterior and intralaminar nu-
clei. The ventral an terior (VA), in tralam inar, and re-
ticular  nuclei  are  nonspecific  “act ivating” nuclei.
They project  diffusely to the  frontal lobes (ventral
anterior  nucleus, cf. Fig. 6.4, p . 174) and  the  en tire
neocortex (in tralam inar  nuclei), and  they serve  to
m odulate  cort ical  responses. These  pathways  are
com ponents  of the  ascending  ret icular  act ivat ing
system  (ARAS). Lesions in  th is area, part icularly bi-
lateral lesions, cause  disturbances of consciousness
and  attention , and, if they extend  to  the  m idbrain
tegm entum ,  vertical  gaze  palsy.  Less  com m only,
param edian  lesions can  cause agitat ion , dysphoria,
or  acute  confusion . Isolated  lesions  of the  ventral
an terior  nuclei w ith  im paired  frontal cort ical act i-
vat ion have been reported to cause disturbances of
voluntary behavior; righ t-sided lesions in  th is area
have  also  been  reported  to  cause  m ore  com plex
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Case Presentation 1:  Thalamic Pain  Syndrome after Hemorrhage in  the Basal Ganglia

This  51-year-old  male  schoolteacher  was  attending  a
friend’s funeral when  he  suddenly fell and  complained  of
nausea and a  pulsatile  headache. He  had  been standing  in
the  hot  sun  during  the  eulogy,  and  the  other  funeral at-
tendees  at  first  thought  he  had  simply fainted.  When  he
was still unable  to  get  up  unaided  and  continued  to  com-
plain  of headache  ten  minutes later, they called  an  ambu-
lance. The emergency physician on the scene found an arte-
rial blood pressure  of 220/120 mmHg and weakness of the
left hand and the entire left  lower limb, and the patient was
transported  to  the  hospital. Examination  on  admission  re-
vealed  central-type  left  hemiparesis  with  increased  deep
tendon reflexes, as well as hypesthesia and hypalgesia near
the  midline,  pallanesthesia,  and  a  mild  deficit  of posit ion
sense  on  the  left  side  of the  body. A CT scan  revealed  an
acute  hemorrhage  in the  right  basal ganglia.

Over  the  next  six months,  the  patient’s  hemiparesis  and
hemisensory deficit  largely resolved, and he was able to re-
sume playing tennis. In the  same period of time, however,
he began to experience repeated bouts of paroxysmal pain
and dysesthesia  in  the  previously hypesthetic areas on the
left  side  of  the  body.  These  abnormal  sensations  were
partly electric in character. An MRI scan of the  head at  this
time  revealed  only a  small remnant  of the  initial hemor-
rhage, with  formation  of a  cyst  in  the  right  thalamus. The
pain  improved  considerably  on  treatment  with  car-
bamazepine  and  amitriptyline  but  returned  promptly  as
soon as the patient  tried to stop taking these medications.
They could finally be discontinued with a slow taper after a
further three  years.

disturbances of m ood, e.g., m anic state  and  logor-
rhea,  or,  alternat ively,  delirium  w ith  confabula-
t ions  and  inappropriate  behavior. Bilateral m edial
lesions  can  cause  transien t  am nesia  w ith  or
w ithout  anosognosia.

Lesions  of  the  ventral nuclei.  As  described  above,
the  ventral  posterior nuclei are  relay  stat ions  for
specific sensory im pulses, w hich  are  then  sent  on-
ward  to  the  corresponding prim ary cort ical areas.
Lesions of these  nuclei produce specific deficits of
one  or  m ore  sensory m odalit ies, as follow s.
¼  Lesions  of  the  ventral  posterolateral  nucleus

produce  contralateral im pairm ent  of  touch  and
proprioception,  as  well  as  paresthesias  of  the
lim bs, w hich m ay feel as if they were swollen or
abnorm ally heavy.

¼  Lesions  affecting  the  basal portion  of  the  ven-
tral  posterolateral  and/or  posteromedial  nu-
cleus can  produce severe pain  syndrom es in  ad-
dit ion  to  the  sensory  deficits  just  described
(“thalam ic  pain ,”  som etim es  in  anesthetic
areas—“anesthesia  dolorosa”;  cf. Case  Presenta-
t ion  1).

¼  Lesions  of  the  ventral  lateral  nucleus  have
m ainly  m otor m anifestat ions, as  th is  nucleus is
m ainly connected to the prim ary and secondary
m otor  areas  of the  cerebral  cortex, and  to  the
cerebellum  and  basal ganglia.

¼  Acute  lesions  of the  ventral lateral nucleus and
the  neighboring  subthalam ic  region  can  pro-
duce severe central “weakness,” in  w hich  direct
peripheral test ing reveals no im pairm ent of raw
m uscle  strength  (e.g.,  against  resistance)

(“thalam ic astasia”). The patient  falls to the side
opposite the lesion and m ay be unable to sit un-
aided.  Such  m anifestat ions  appear  either  in
isolat ion  or  in  conjunct ion  w ith  transien t
thalam ic  neglect ,  in  w hich  both  sensory  and
m otor  function  is  neglected  on  the  side  op-
posite  the  lesion. Thalam ic  neglect , due  to  in-
volvem ent  of thalam ocort ical fibers  project ing
to the  parietal lobe, is usually short-last ing and
alm ost  always resolves com pletely.

¼  Lesions  affecting  the  dentato-rubro-thalam ic
project ions  of the  ventral  lateral  nucleus  (VL.)
produce  contralateral  hem iataxia  w ith  act ion
trem or,  dysm etria,  dysdiadochokinesia,  and
pathological  rebound. Such  findings  m ay  give
the erroneous im pression  of a cerebellar  lesion .

Thalamic Vascular Syndromes
The  thalam us is  supplied  by four  arteries  (p. 277).
In terruption  of the arterial blood supply in  each  of
these  distributions  causes  a  characterist ic  syn-
drom e, as described  in  Chapter  11  on  p. 299.

Epithalamus

The  epithalam us consists  of the  habenula w ith  its
habenular nuclei,  the  habenular commissure ,  the
stria  medullaris, and  the  epiphysis. The  habenula
and  the  habenular  nuclei constitute  an  im portan t
relay  stat ion  of the  olfactory  system . Afferent  ol-
factory fibers t ravel by way of the  stria  m edullaris
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thalam i to the  habenular  nuclei, w hich  em it  effer-
ent  project ions  to  the  autonom ic  (salivatory)  nu-
clei  of  the  brainstem , thus  playing  an  im portant
role  in  nutrit ional in take.

The  epiphysis  (pineal  gland)  contains  specialized
cells, called  pinealocytes. Calcium  and m agnesium
salts  are  deposited  in  the  epiphysis  from  approxi-
m ately age 15 years onward, m aking th is structure
visible  in  plain  radiographs of the skull (an  im por-
tant  m idline m arker before the era of CT and MRI).
Epiphyseal tum ors  in  ch ildhood  som etim es  cause
precocious  puberty;  it  is  thus  presum ed  that  th is
organ  inhibits sexual m aturat ion  in  som e way, and
that  the  destruction  of  epiphyseal  t issue  can  re-
m ove  th is  inhibit ion .  In  lower  vertebrates,  the
epiphysis  is  a  light-sensitive  organ  that  regulates
circadian  rhythm s. In  prim ates, light  cannot  pene-
trate  the  skull, but  the  epiphysis st ill indirectly re-
ceives visual input  relat ing to  the  light–dark cycle.
Afferent  im pulses travel from  the  ret ina  to the  su-
prachiasmatic  nucleus  of the  hypothalam us, from
w hich , in  turn , further  im pulses  are  conducted  to
the  intermediolateral  nucleus  and,  via  postgan-
glionic fibers of the  cervical sym pathetic chain , to
the  epiphysis.

Subthalamus

Location  and  components.  The  subthalam us  is
found  im m ediately  caudal  to  the  thalam us  at  an
early  stage  of  em bryological  developm ent  and
then  m oves laterally as the brain  develops. It  com -
prises  the  subthalamic nucleus, part  of the  globus
pallidus  (cf. p . 217), and  various  fiber contingents
that  pass through  it  on  their  way to  the  thalam us,
including the m edial lem niscus, the spinothalam ic
tract , and  the  trigem inothalam ic tract . All of these
tracts  term inate  in  the  ventroposterior  region  of
the thalam us (Fig. 6.4, p . 174). The substan tia n igra
and red nucleus border the subthalam us anteriorly
and posteriorly. Fibers of the dentatothalam ic tract
travel in the prerubral field H1 of Forel to term inate
in  the  ventro-oral  posterior  nucleus  of  the
thalam us (a part  of the ventral lateral nucleus, VL);
fibers from  the globus pallidus travel in  the lentic-
ular fasciculus (Forel’s fasciculus H2) to the ventro-
oral an terior  nucleus  (another  part  of VL) and  the
ventral  anterior  nucleus  (VA).  These  tracts  are

Zona incerta

Centromedian nucleus
of the thalamus

Thalamic
fasciculus

Putamen

Lenticular
fasciculus

Subthalamic
fasciculus

Globus pallidus
Basal nucleus

of Meynert

Ansa lenticularis
Innominate
substance

Subthalamic
nucleus

Fig. 6.7  Fiber  connections  in  the  subthalamus.  MD =
medial dorsal nucleus of the  thalamus; VL = ventral lateral
nucleus; IC = internal capsule.

joined  m ore  rostrally by the  ansa  lent icularis. The
subthalam us also contains the  zona incerta, a  ros-
tral cont inuation  of the  m idbrain  ret icular  form a-
tion . The  m ajor  connections  of the  putam en, pal-
lidum , subthalam us, and  thalam us are  depicted  in
Fig. 6.7.

Function.  The  subthalam ic nucleus (corpus Luysii)
is, functionally speaking, a com ponent  of the basal
ganglia  and  has  reciprocal  connect ions  w ith  the
globus pallidus (p. 217). Lesions of the subthalam ic
nucleus  produce  contralateral  hem iballism
(p. 223 f.).

Hypothalamus

Location and Components
The  hypothalam us  (Fig. 6.8)  is  com posed  of  gray
matter in the  walls  of the  third ventricle  from  the
hypothalam ic sulcus dow nward  and  in  the  floor of
the  third ventricle , as well as the  infundibulum and
the  mamillary bodies. The posterior  pituitary lobe,
or  neurohypophysis, is  also  considered  part  of the
hypothalam us; th is structure is, in  a sense, the en-
larged  caudal end  of the  infundibulum . The  an te-
rior  pitu itary  lobe,  on  the  other  hand,  is  not
derived  from  the  neuroectoderm  at  all, but  rather
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from  Rathke’s pouch , an  outcropping of the rostral
end  of  the  prim it ive  alim entary  tract .  The  two
pituitary lobes, though  adjacent  to  each  other, are
not  funct ionally  connected. Rem nants  of Rathke’s
pouch  in  the  sellar  region  can  grow  into  tum ors,
e.g., craniopharyngiom a.

The  colum ns  of  the  fornix,  as  they  descend
through the hypothalam us to the m am illary bodies
on  either  side,  divide  the  hypothalam us  of  each
side  in to  a  medial and  a  lateral segment  (Fig. 6.8).
The  lateral  segm ent  contains  various  groups  of
fibers, including the m edial forebrain bundle, w hich
runs from  basal olfactory areas to  the  m idbrain . It
also contains the lateral tuberal nuclei (see p. 180).

The  m edial segm ent, in  contrast , contains  a  num -
ber  of m ore  or  less  clearly  dist inguishable  nuclei
(Fig. 6.8a–c),  w hich  are  divided  in to  an  anterior
(rostral),  a  middle  (tuberal),  and  a  posterior
(mamillary) nuclear group.

Hypothalamic Nuclei
Anterior nuclear group. The im portan t m em bers of
th is  group  are  the  preoptic, supraoptic, and  para-
ventricular  nuclei  (Fig. 6.8).  The  lat ter  two  nuclei
project ,  by  way  of  the  supraopt ico-hypophyseal
tract , to  the  neurohypophysis  (see  Figs. 6.10  and
6.11).

Fig. 6.8  Hypothalamic
nuclei.  a Lateral view.
b and  c Coronal sections in
two different  planes.
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Middle  nuclear group.  The  im portant  m em bers  of
th is group  are  the  infundibular nucleus, the  tuberal
nuclei,  the  dorsom edial  nucleus,  the  ventrom edial
nucleus,  and  the  lateral  nucleus  (or  tuberom am il-
lary  nucleus) (Fig. 6.8).

Posterior nuclear group.  This  group  includes  the
m am illary  nuclei (the  supram am illary nucleus, the
m am illary  nucleus,  the  in tercalate  nucleus,  and
others)  and  the  posterior  nucleus  (Fig. 6.8).  This
area has been  term ed  a  dynam ogenic zone (Hess),
from  w hich  the  autonom ic nervous system  can  be
im m ediately called  in to act ion, if necessary.

Afferent  and Efferent  Projections  of
the  Hypothalamus
The neural connect ions of the hypothalam us (Figs.
6.9  and  6.10)  are  m ult ifarious  and  com plex.  In
order  to  carry out  its  function  as the  coordinating
center  of  all  autonom ic  processes  in  the  body
(p. 190), the  hypothalam us m ust  com m unicate  via
afferent  and  efferent  pathways  w ith  very  m any
different  areas of the  nervous system . Inform ation
from  the  outside  world  reaches  it  th rough  visual,
olfactory,  and  probably  also  auditory  pathways.
The  presence  of cort ical afferents  im plies  that  the

hypothalam us  can  also  be  influenced  by  h igher
centers.  The  m ajor  connections  of  the  hy-
pothalam us are  to  the  cingulate  gyrus  and  frontal
lobe,  the  h ippocam pal  form ation ,  the  thalam us,
the  basal  ganglia,  the  brainstem ,  and  the  spinal
cord.

Som e  of  the  m ore  im portant  afferent  connec-
t ions  (Fig. 6.9)  w ill  be  described  in  the  follow ing
sect ion .

Afferent  Pathways

The  medial forebrain bundle  originates in  the basal
olfactory areas and  the  septal nuclei and  runs as a
chain  of  neurons  through  the  hypothalam us
(lateral area) un til it  arrives in  the m idbrain  ret icu-
lar  form ation  Along the  way, it  gives  off collateral
fibers to the preoptic nucleus, the dorsom edial nu-
cleus, and  the  ventrom edial  nucleus. The  m edial
forebrain  bundle  constitutes  a  reciprocal  connec-
tion  between  olfactory and  preoptic nuclear  areas
and  the  m idbrain .  It  has  olfacto-visceral  and  ol-
facto-som atic functions.

The  striae  terminales  originate  in  the  amygdala  in
the  tem poral  lobe,  then  form  an  arch  over  the
thalam us, term inating in  the  preopt ic area  and  to
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the  anterior  hypothalam ic  nuclei.  These  fiber
bundles are thought to transm it  olfactory inform a-
tion , as well as im pulses relat ing to m ood and drive.

The  fornix t ransm its cort icom am illary fibers origi-
nating  in  the  h ippocam pus  and  subiculum  and
traveling to the m am illary body, w ith  collaterals to
the  preoptic  nucleus, the  anterior  nucleus  of  the
thalam us, and the habenular nucleus. The fornix is
an  im portan t  pathway  in  the  lim bic  system
(p. 203). As it  passes over  the  dorsal surface  of the
pulvinar,  som e  of  its  fibers  cross  the  m idline  to
join  the  contralateral  forn ix  (com m issure  of  the
forn ices, psalterium ).

At  the  level of the  psalterium , the  two  forn ices
lie  under  the  splen ium  of  the  corpus  callosum ,
w here  they  are  usually  not  directly  visible  in  an
uncut  brain  specim en. Lesions  in  the  area  of the
psalterium  often  affect  both  fornices,  because
these tw o th in  st ructures are  close together at  th is
poin t . The  serious  functional deficits  produced  by
bilateral  lim bic  lesions  are  discussed  below  on
p. 208 ff.

Ascending  visceral  impulses  from  the  peripheral
autonom ic nervous  system , and  from  the  nucleus
of  the  tractus  solitarius  (taste),  reach  the  hy-

pothalam us along various pathways: th rough relay
nuclei  in  the  brainstem  ret icular  form ation, from
tegm ental and  in terpeduncular nuclei, through  re-
ciprocal  connections  in  the  m edial  forebrain
bundle, th rough  the  dorsal longitudinal fasciculus,
and  through  the  peduncle  of the  m am illary  body
(Figs.  6.9  and  6.10).  Som atosensory  inform ation
from  the  erogenous  zones  (genitalia  and  n ipples)
also  reaches the  hypothalam us by these  pathways
and  induces autonom ic react ions.

Finally,  further  afferent  input  com es  to  the  hy-
pothalam us  from  the  m edial  nucleus  of  the
thalam us,  the  orbitofrontal  neocortex,  and  the
globus pallidus.

Efferent  Pathways

Efferent  fibers  to  the  brainstem.  The  m ost  im por-
tan t efferent projections from the hypothalam us to
the brainstem are the dorsal longitudinal fasciculus
(of Schütz), w hich  contains fibers traveling in  both
direct ions, and  the  medial forebrain  bundle  (Figs.
6.9  and  6.10). Hypothalam ic im pulses  traveling in
these pathways pass through m ult iple synaptic re-
lays, m ainly  in  the  ret icular  form ation , until  they
term inate  in  parasym pathetic nuclei of the  brain-
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stem , including  the  oculom otor  nucleus  (m iosis),
the  superior  and  inferior  salivatory  nuclei  (lacri-
m ation , salivation), and  the  dorsal nucleus  of the
vagus  nerve. Other  im pulses  t ravel  to  autonom ic
centers  in  the  brainstem  that  coordinate  circula-
tory, respiratory, and  alim entary function  (etc.), as
well  as  to  m otor  cranial  nerve  nuclei  that  play  a
role  in  eat ing and  drinking:  the  m otor  nucleus  of
the  trigem inal nerve  (m ast icat ion), the  nucleus of
the  facial  nerve  (facial  expression),  the  nucleus
am biguus (swallow ing), and the nucleus of the hy-
poglossal  nerve  (licking).  Yet  other  im pulses
derived from  the hypothalam us, relayed to the spi-
nal  cord  through  ret iculospinal  fibers,  affect  the
activity  of  spinal  neurons  that  part icipate  in
tem perature  regulat ion  (shivering).

The  mamillotegmental  fasciculus  (Fig. 6.10)  runs
from  the m am illary body to the m idbrain  tegm en-
tum , and  then  onward  to the  ret icular  form ation .

The mamillothalamic tract (of Vicq d’Azyr) recipro-
cally connects the hypothalam us w ith  the an terior

Fig. 6.11  Posterior lobe
of the  pituitary gland
(neurohypophysis). Neu-
rosecretory fibers reach the
posterior lobe  directly by
way of the  supraoptico-
hypophyseal tract.

nucleus of the thalam us, w hich, in  turn , is recipro-
cally connected  w ith  the  cingulate  gyrus (Fig. 6.6).
The  anterior  thalam ic  nucleus  and  the  cingulate
gyrus are im portant  com ponents of the lim bic sys-
tem . The m ain function  of the lim bic system  is said
to  be  the  regulat ion  of affective  behavior  so  as  to
prom ote  the  survival of the  individual and  of the
species (MacLean  1958;  cf. p . 202).

The  supraoptico-hypophyseal  tract  has  already
been m entioned as an efferent pathway to the neu-
rohypophysis. Neurons in  the supraopt ic and para-
ventricular  nuclei produce the  horm ones oxytocin
and vasopressin  (an tidiuret ic horm one), w hich  are
transported  along  the  axons  of  the  supraoptico-
hypophyseal t ract  to the neurohypophysis, and  are
then  released  there, from  the  axon  term inals, in to
the bloodstream  (Figs. 6.10  and  6.11). The neurons
in  these  nuclei  are  thus  com parable  to  the  hor-
m one-producing cells  of other  organs, and  are  re-
ferred  to  as  neurosecretory  cells.  Oxytocin  and
vasopressin  m ain ly exert  their  effects on  cells out-
side  the  nervous  system :  oxytocin  induces  con-
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traction of the sm ooth m uscle of the uterus and the
m am m ary gland, w hile  vasopressin  induces water
reuptake  through  the  renal tubular  epithelial cells
(see  also  p. 184).

Functional Connection of the Hypothalamus
to the Adenohypophysis

There  is  no  direct  neural connection  between  the
hypothalam ic  nuclei  and  the  adenohypophysis.
Nonetheless, it  has  long been  recognized  that  the

hypothalam us exerts a m ajor influence on  the ade-
nohypophyseal endocrine cells. Fiber bundles from
the  tuberal  nuclei  carry  releasing  factors  and  re-
lease-inhibiting factors to the  m edian  em inence by
intra-axonal  transport;  the  m edian  em inence,  in
turn , is connected to the adenohypophysis through
a portal vascular network. The hypothalam us regu-
lates adenohypophyseal horm one secret ion  by th is
m echanism  (Fig. 6.12;  cf. p . 185).

Fig. 6.12  Anterior lobe  of
the  pituitary gland (ade-
nohypophysis). Releasing
hormones and release-in-
hibiting hormones are  pro-
duced by the  hypothala-
mus and travel over neu-
rosecretory fibers to  the
first  capillary network in
the  area of the  median
eminence  (neurohemal re-
gion), where  they enter the
bloodstream. They are
transported in the  blood-
stream  to  the  adeno-
hypophysis, reaching it  by
a second capillary network
immediately adjacent  to
the  hormone-producing
glandular cells (hypophy-
seal portal system). Thus,
hormone  secretion by the
anterior lobe  of the  pitui-
tary gland is regulated by
way of the  bloodstream.

Hypothalamus  ·



6  184

Functions  of the  Hypothalamus
The hypothalam us is the hierarchically upperm ost
regulatory  organ  (“head  ganglion”)  of  the  auton-
om ic nervous system . It  plays the  leading role  in  a
w ide  variety  of regulatory  circuits  for  vital bodily
functions  such  as  tem perature,  heart  rate,  blood
pressure, respirat ion, and  food  and  water  in take.
These  regulatory functions  are  carried  out  largely
independently  of  any  conscious  thought  on  the
part  of the  individual, i.e., autonom ically. The  hy-
pothalam us  also  regulates  im portan t  horm one
system s  through  the  hypothalam ic–pitu itary  axis
and  coordinates  the  in teraction  of the  endocrine
and  autonom ic  nervous  system s. The  elem entary
functions  controlled  by the  hypothalam us  w ill be
described, briefly and  individually, in  th is section .

Temperature Regulation

The  anterior  preoptic  hypothalam us  contains
specific  receptors  for  the  m ain tenance  of  a  con-
stant  in ternal tem perature (tem perature hom eosta-
sis).  Physiological  responses  to  tem perature
changes  (vasoconstrict ion  and  shivering  at  low
tem perature,  vasodilat ion  and  sweat ing  at  h igh
tem perature) are regulated by circuits in  the  poste-
rior hypothalam us.

Disturbances  of temperature  regulation.  Dysfunc-
tion  of  the  an terior  preoptic  region  of  the  hy-
pothalam us  (caused,  for  exam ple,  by  traum atic
brain  in jury  or  hem orrhage)  can  lead  to  central
hyperthermia. Dysfunction  of the  posterior  region
can  lead  to  hypothermia  or  poikilothermia  (rapid
fluctuat ions  of  body  tem perature  by  m ore  than
2°C);  the  possible  causat ive  lesions  here  include
hypothalam ic  tum ors  (craniopharyngiom a,  glio-
m a),  Wernicke’s  encephalopathy,  and  hydro-
cephalus.

Regulation of Heart  Rate and Blood Pressure

The  hypothalam us  influences  the  autonom ic
nervous system  directly through  descending path-
ways that w ill be discussed below in the section on
the  peripheral autonom ic nervous system  (p. 170).

The  sym pathetic nervous system  is regulated  by
the ventrom edial and posterior port ions of the hy-
pothalam us (p. 190). St im ulat ion  of these areas in-
duces  a  rise  in  heart  rate  and  blood  pressure, di-
latat ion  of the pupils, vasoconstrict ion in  the capil-

lary beds, vasodilat ion  in  the skeletal m usculature,
and  expressions of fear  or  rage.

The parasym pathetic nervous system (p. 192), on
the other hand, is regulated by the paraventricular
and  an terior  or  lateral  port ions  of  the  hypo-
thalam us. Stim ulat ion  of these  areas induces a  fall
in heart rate and blood pressure and constrict ion of
the  pupils.  St im ulation  of  posterior  parasym pa-
thet ic  areas  increases  blood  flow  to  the  bladder
and  dim inishes blood  flow  to  skeletal m uscle.

Regulation of Water Balance

The  hypothalam ic osm oreceptors are  located  in  the
supraoptic  and  paraventricular  nuclei.  They  are
st im ulated  either  by  in tracellu lar  dehydrat ion,
w ith  an  elevated  in tracellu lar  sodium  concentra-
tion , or  by extracellular  dehydration, w ith  an  ele-
vated  concentrat ion  of  angiotensin  II  in  the  hy-
pothalam ic  capillary  blood;  st im ulat ion  leads  to
the  secretion  of  ADH (ant idiuret ic  horm one, vaso-
pressin).  Conversely,  an  increase  of  in travascular
volum e  st im ulates  peripheral  volum e  receptors,
ult im ately leading to  the  inh ibit ion  of ADH secre-
tion .

Disturbances  of  water balance.  If 90 % or  m ore  of
the  neurons of the  supraoptic and  paraventricular
nuclei  are  destroyed  or  rendered  dysfunctional
(e.g., by a  granulom atous  process, vascular  lesion,
traum a,  or  in fection),  then  ADH  is  no  longer
secreted and  diabetes insipidus results, m anifested
clin ically by excessive th irst , polyuria, and polydip-
sia. The diagnosis is established by the dem onstra-
tion  of hypo-osm olar polyuria, i.e., the  excret ion  of
at  least  3 liters of urine per day, w ith  an osm olality
between  50  and  150 m osm /l. ADH substitut ion  is
the treatm ent of choice. If the urine osm olality fails
to  rise  by m ore  than  50 % after  the  adm inistrat ion
of 5 IU of ADH, then  the  patient  is  suffering from
renal  diabetes  insipidus  (inadequate  response  of
the  kidney to  circulat ing ADH), in  w hich  subst itu-
tion  therapy is  of no help.

Many  types  of hypothalam ic  lesion  im pair  the
thirst  response,  and  can  thus  cause  severe  hy-
ponatrem ia.

The  syndrome  of  inappropriate  ADH  secretion
(SIADH  or  Schwartz–Bartter  syndrome),  usually
caused by abnorm al ectopic secret ion  of ADH (e.g.,
by  bronchial  carcinom a  or  other  m alignant
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tum ors),  is  m anifested  by  hypervolem ia,  hy-
ponatrem ia (� 130 m m ol/l), low  serum  osm olarity
(� 275 m osm /kg), and  h ighly  concentrated  urine.
The  clin ical  m anifestat ions  include  w eight  gain ,
weakness, nausea, and  disturbances  of conscious-
ness, as well as epilept ic seizures. SIADH is treated
by  elim inating  the  underlying  cause, though  it  is
often  useful  to  treat  the  hypervolem ia  and  hy-
ponatrem ia  sym ptom atically  as  well, by  flu id  re-
st rict ion  and  correct ion  of the  sodium  balance.

Regulation of Nutrit ional Intake

Lesions  of  the  ventrom edial  hypothalam ic  nuclei
m ay  cause  severe  obesity  through  hyperphagia
and poverty of m ovem ent. More lateral lesions can
cause  anorexia  and  abnorm al weight  loss.

Neurosecretion and Regulation of the
Endocrine System

As  m entioned  above,  the  hypophysis  (p itu itary
gland) has two com ponents, the an terior  lobe (ad-
enohypophysis)  and  the  posterior  lobe  (neurohy-
pophysis).  The  hypothalam us  controls  each  part
differen tly.

Hormone  secretion  by  the  posterior  lobe.
Secretory  neurons  in  the  supraopt ic  and  para-
ventricular  nuclei  produce  oxytocin  and  ADH,
w hich  are transported in tra-axonally to the neuro-
hypophysis  and  released  there  in to  the  blood-
stream  (neurosecret ion).  The  functions  of  ADH
have  been  described  above.  Oxytocin  is  secreted
during the last  few  weeks of pregnancy; it  induces
the  contract ion  of u terine  sm ooth  m uscle  as  well
as  the  secret ion  of  m ilk  from  the  m am m ary
glands. Som atosensory  st im ulation  (touching  the
nipple)  produces  afferen t  im pulses  that  act ivate
the  neurosecretory  neurons  of the  hypothalam us
(by way of the  thalam us  and  the  cerebral cortex).
The  in t im ate  connection  betw een  th is  regulatory
circuit  and  em otion  is  illustrated  by  the  fact  that
m ilk  production  decreases  significantly  w hen  the
m other  suffers  from  fear  or  st ress.

Hormone  secretion  by  the  anterior  lobe.  The
parvocellular  secretory  neurons  found  in  peri-
ventricular  areas  of the  hypothalam us  com m uni-
cate  w ith  the adenohypophysis not  by axonal con-
nections  (as  in  the  case  of the  neurohypophysis)
but  rather  th rough  a  portal  vascular  system  (see

p. 183).  These  parvocellu lar  neurons  secrete  the
“hypophysiotropic”  horm ones  gonadotropin-re-
leasing  horm one  (GnRH),  thyrotropin-releasing
horm one  (TRH), cort icotropin-releasing  horm one
(CRH),  grow th-horm one-releasing  horm one
(GHRH),  and  factors  regulat ing  the  secret ion  of
m elanocyte-st im ulating  horm one  (MSH), nam ely
MIF and  MRF. All of these  horm ones, in  turn , con-
trol the release of the corresponding pitu itary hor-
m ones from the adenohypophysis, once they arrive
there  by  way  of  the  portal  vascular  network  (cf.
Figs. 6.12  and  6.13). In  the  adenohypophysis, acid-
ophil cells  (α  cells)  secrete  grow th  horm one  (GH,
also called som atotropic horm one or STH) and pro-
lact in  (PRL,  also  called  lu teotropic  horm one  or
LTH).  Basophil  cells  (  cells)  secrete  thyrotropin
(thyroid-st im ulating horm one, TSH), cort icotropin
(also  called  adrenocort icotropic  horm one  or
ACTH),  m elanocyte-st im ulat ing  horm one  (MSH),
lutein izing horm one  (LH), and  follicle-st im ulating
horm one (FSH). Chromophobe cells (γ cells) are not
know n  to secrete any horm ones, but  som e authors
state  that  they play a  role  in  ACTH synthesis.

The  horm ones  produced  by  the  pitu itary
secretory  cells  enter  the  bloodstream  and  induce
the  respect ive  peripheral  endocrine  organs  to
secrete  horm ones. These  peripheral horm ones cir-
culate  in  the  blood,  and  their  concentrat ions,  in
turn , in fluence  the  secret ion  of the  corresponding
hypothalam ic  and  pituitary  horm ones, in  a  nega-
t ive  feedback loop.

Hormonal Disturbances: Disturbances of the
Hypothalamic–Pituitary Axis

The  endocrine  funct ion  of the  hypophysis  can  be
im paired by horm one-secret ing tum ors (e.g., p itu i-
tary adenom a) or by destruct ion  of p itu itary t issue
by non-horm one-secret ing tum ors.

Panhypopituitarism.  The  m ost  severe  clin ical syn-
drom e  consists  of  loss  of  all  functions  of  the  hy-
pophysis  and  is  clin ically  m anifested  by  lack  of
drive,  decline  of  physical  perform ance,  loss  of
weight ,  loss  of  libido, bradycardia, lessened  skin
pigm entat ion , loss  of axillary and  pubic hair, and,
som etim es,  diabetes  insipidus  (if  the  neurohy-
pophysis  is  involved).  This  syndrom e  m ay  be
caused by large, horm onally inact ive tum ors of the
hypophysis, infundibulum , or  hypothalam us  (e.g.,
adenom a,  m etastasis,  gliom a,  or  cran iopharyn-
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giom a). The  treatm ent  of choice  is  surgical resec-
tion  and  horm one  substitu t ion .  Hypopituitarism
m ay also  arise  in  the  afterm ath  of traum a, or  as  a
com plication  of neurosurgical procedures. Sudden
loss of pituitary function  w ith  subsequent  adrenal
failure  (addisonian  crisis)  is  a  life-threatening
event.

Hormone-secreting  pituitary  tumors.  A neoplasm
arising  from  one  of the  cell  types  of the  an terior
pitu itary lobe causes sym ptom s through  an  excess
of  the  corresponding  hormone(s). If the  tum or  is
large  enough, the  suprasellar mass effect  w ill pro-
duce  a  characterist ic  visual  field  defect  (usually
bitem poral  hem ianopsia, because  of com pression
of the  optic chiasm ;  cf. p . 187).

Prolactinoma.  Most  pituitary  adenom as  (60–70 %)
secrete  prolactin . In  fem ale  patients, the  result ing
excess  of  circulat ing  prolactin  (hyperprolactine-
m ia) causes secondary amenorrhea through the in-
h ibit ion  of gonadotropin-releasing horm one secre-
t ion (w hen the serum prolactin concentrat ion rises
above  40–100 ng/m l), as  well as  galactorrhea  and,
less com m only, h irsut ism . In  m ale patients, hyper-
prolactinem ia  causes  impotence ,  gynecomastia,

and  galactorrhea.  Surgical  resection  (e.g.,  by  the
transsphenoidal  route)  is  the  t reatm ent  of choice
for  prolact inom as  w ith  m ass  effect;  for  sm aller
tum ors  w ith  less  severe  m anifestat ions,  phar-
m acological  t reatm ent  w ith  a  dopam ine  agonist
such  as brom ocriptine can  be t ried. Dopam ine ago-
n ists  inhibit  prolactin  secret ion.

Growth-hormone-secreting  adenoma.  Clin ically, an
excess  of circulat ing grow th  horm one  (� 5 ng/m l)
causes  acromegaly:  increased  grow th  of acral por-
t ions of the  skeleton  (hands, feet , head  circum fer-
ence), osteoporosis, hyperh idrosis, glucose in toler-
ance, hypertension , hypertrophic cardiomyopathy,
goiter,  com pressive  neuropath ies  such  as  carpal
tunnel syndrom e, other  types  of neuropathy, pro-
xim al myopathy, sleep disturbances (hypersom nia,
sleep  apnea  syndrom e), and  neuropsychiatric dis-
turbances  (depression,  psychosis).  The  standard
diagnostic  test  is  an  oral  glucose  tolerance  test ,
w ith  a characterist ic overshoot  in  the reflex rise of
grow th  horm one concentrat ion . Surgical resection
is the  treatm ent  of choice.

ACTH-secreting adenoma causes  Cushing  syndrome
w ith  truncal obesity, m oon  facies, glucose  in toler-
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Case Presentation 2:  Pituitary Tumor/Prolactinoma

This  40-year-old  male  office  worker  complained  to  his
family physician of “peculiar” bodily changes that  had been
troubling him for some time. He had gained 50 kg in weight
over the previous 2−3 years, and he now needed shoes two
sizes larger than before. His hands also seemed to have be-
come “rough.” He had recently had an automobile accident
caused  by his failure  to  see  another car approaching  from
the side, and a couple of days previously he had almost  run
over a pedestrian for the  same reason. He could no longer
trust  himself to  drive  a  car,  both  because  of these  occur-
rences and because he was always tired and could not  con-
centrate. He had increasing difficulty on the job. He denied
suffering from  headache, loss of libido, or impotence.
The  physician  found  his  weight  to  be  132 kg  (previously
82 kg), with an unchanged height  of 193 cm. His hands and
feet were disproportionately large (acromegaly), finger per-
imetry revealed severe  bitemporal hemianopsia, and there
was mild gynecomastia, though no galactorrhea could be in-
duced. Laboratory testing revealed normal values of all thy-
roid parameters (T3, T4, basal TSH, and TRH test) as well as of
ACTH and  cortisol.  The  testosterone  level,  however,  was
very low (50 ng/ml) and the  prolactin level extremely high
(590 µg/dl). TRH administration caused the prolactin level to
climb still further to 2020 µg/dl.

These findings suggested a prolactin-secreting adenoma of
the pituitary gland with partial hypopituitarism affecting the
anterior lobe hormones, particularly the gonadotropic axis.
A plain radiograph of the head revealed massive expansion
of the  sella  turcica  with  partial destruction  of the  dorsum
sellae  and  the  sellar  floor.  An  MRI scan  revealed  a  tumor
measuring 5 × 5 × 4 cm (Fig. 6.14), too large to be removed
through  a  transsphenoidal  approach.  A frontotemporal
craniotomy was performed. Intraoperatively a firm, grayish-
yellow tumor with some reddish areas was found; it was ad-
herent to the floor of the middle cranial fossa, made contact
with the terminal portion of the internal carotid artery, and
compressed the optic chiasm. The histopathological finding
was of a diffusely growing epithelial tumor, without lobular
structure,  in  which  the  tumor cells  occasionally showed  a
papillary  organization.  Immmunohistochemical  study  re-
vealed an increased expression of prolactin in ca. 30−40 %of
the  tumor cells,  while  a  few of them  stained  positive  for
ACTH, LH, or GH. Excessive  GH secretion  had  presumably
caused  the  patient’s  clinically  evident  acromegaly.  Post-
operatively,  he  had  transient  diabetes  insipidus  requiring
treatment  with  desmopressin  acetate.  Anterior  pituitary
lobe insufficiency persisted in his subsequent course and he
was treated with hydrocortisone and thyroxine substitution.

Fig. 6.14  A large  pituitary tumor (prolacti-
noma) in  a 40-year-old  man, seen in coronal
(a, b) and sagittal (c) T1-weighted MR im-
ages. Images b and  c were  obtained after in-
travenous administration of contrast  material.
The  large  intrasellar and suprasellar tumor
places the  optic chiasm  under tension from
below, stretching it  (a). There  is marked con-
trast  enhancement  (b, c). The  sella turcica is
markedly expanded (c).
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ance,  hypertension,  edem a,  am enorrhea,  im -
potence,  a  tendency  to  throm boem bolism ,  poly-
uria, steroid  myopathy, and  neuropsychiatric  dis-
turbances.  The  diagnosis  is  m ade  endocrinologi-
cally by the  dem onstrat ion  of an  elevated  am ount
of cort isol  in  a  24-hour  urine  collect ion . Surgical
resection  is  the  t reatm ent  of choice.

Peripheral Autonomic Nervous
System

Fundamentals
The autonom ic nervous system , working in concert
w ith  the  endocrine  system  (see  p . 185 ff.)  and
various  nuclei  in  the  brainstem ,  regulates  vital
functions  that  are  necessary  for  the  m aintenance
of the in ternal environm ent  (hom eostasis), includ-
ing  respirat ion ,  circulat ion ,  m etabolism ,  body
tem perature,  water  balance,  digest ion ,  secret ion ,
and  reproductive  function.  The  designation  “au-
tonom ic” is  derived  from  the  fact  that  these  func-
tions  are  controlled  by  unconscious  (involuntary)
m echanism s, as discussed  above.

As already m entioned, the  hypothalam us is  the
m ain  regulatory  center  for  the  en tire  peripheral
autonom ic  system .  It  exercises  its  control  over
m any  bodily  functions  part ly  through  nerve  im -
pulses and  part ly through  horm onal pathways, by
m eans  of the  hypothalam ic–pituitary  system  (see
above and standard works on  endocrinology, phys-
iology, and  anatomy).

The efferent  arm  of the  autonom ic nervous sys-
tem  is  com posed  of two  com plem entary system s,
the  sympathetic nervous system  and  the  parasym-
pathetic nervous system , w hose  effects are  gener-
ally an tagonist ic to  each  other. The  efferent  fibers
of  both  system s  m ain ly  innervate  the  sm ooth
m uscle  of  the  viscera,  blood  vessels,  and  glands
and  are  thus  com m only  called  visceral  efferent
(viscerom otor) fibers, to dist inguish  them  from  the
sensory  visceral  afferent  fibers.  The  lat ter,  un like
the visceral efferen t fibers, are not divided into two
system s.

General scheme  of the  sympathetic  and parasym-
pathetic  nervous  systems.  The  final  efferen t
pathway  of  both  the  sym pathetic  and  the  para-
sym pathetic  nervous  system s  consists  of  two
neurons  in  series  (Fig. 6.15). The  cell  body  of the

first  (preganglionic)  neuron  lies  w ith in  the  cen-
tral  nervous  system ,  w hile  that  of  the  second
(postganglionic)  neuron  is  found  in  a  peripheral
ganglion.

The  first  neurons  of  the  sym pathet ic  nervous
system  lie  in  the  thoracic and  lum bar segm ents of
the  spinal  cord  (in term ediolateral  cell  colum n,
T1–L2);  for  th is  reason, the  sym pathetic  nervous
system  is som etim es called the  thoracolumbar sys-
tem . Som e  of the  first  neurons  of the  parasym pa-
thetic  nervous  system  are  found  in  the  nuclei  of
cran ial nerves III, VII, IX, and  X (see  below ), w hile
the rem ainder are found in  the lateral horns of the
sacral segm ents of the spinal cord (pelvic parasym -
pathetic system , S2–S4). Thus, the parasym pathetic
nervous  system  is  som etim es  called  the
craniosacral system.

The second neurons of the sym pathetic nervous
system  are arranged in  prevertebral and paraverte-
bral  chains  of  ganglia  (the  sym pathetic  chains),
w hile  those  of the  parasym pathetic  nervous  sys-
tem  generally lie  in  the walls of the innervated  or-
gans (intram ural ganglia). The first neurons of both
system s use  acetylcholine  as  their  neurotransm it-
ter.  The  second  neurons  of  the  parasym pathetic
nervous system also use acetylcholine as their neu-
rotransm itter  (a  further  alternative  nam e  for  the
parasym pathetic nervous system  is, therefore, the
cholinergic  system).  The  neurotransm itter  of  the
postganglionic  sym pathet ic  neurons,  however,  is
norepinephrine  (adrenergic  system).  The  sweat
glands  are  an  exception  to  th is  ru le:  the  second
sym pathetic neuron  innervating them  is  choliner-
gic, like  a  second  neuron  in  the  parasym pathetic
nervous system .

Hypothalamic control of the sympathetic and para-
sympathetic  nervous  systems.  St im ulat ion  of the
rostral hypothalam us  induces  increased  parasym-
pathetic  (trophotropic)  activity,  including  reduc-
t ion  of  the  cardiac  m inute  volum e,  hypotonia,
slow ing of the  heartbeat , reduct ion  of the  respira-
tory volum e, lowering of the  basal m etabolic rate,
vasodilatat ion, sweating, salivation , contract ion  of
the  bladder, reduced  secret ion  of epinephrine, in-
creased  peristalsis,  and  pupillary  constrict ion.
Stim ulat ion  of  the  caudal  hypothalam us,  on  the
other  hand,  induces  increased  sympathetic  (er-
gotropic)  activity, including  a  rise  in  blood  pres-
sure, accelerat ion of the heartbeat , increased blood
supply to  the  skeletal m uscle  and  lungs, vasocon-
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Fig. 6.15  The  sympa-
thetic and parasympa-
thetic nervous system
(schematic diagram). Yel-
low: sympathetic. Green:
parasympathetic.

st rict ion  in  blood  depots such  as the  capillary bed
of  the  digest ive  tract ,  decreased  blood  supply  to
the  abdom inal  viscera,  increased  respiratory
volum e, a rise in  the blood glucose level, inh ibit ion
of  peristalsis,  urinary  retent ion,  increased  secre-

t ion  of epinephrine, w idening of the  palpebral fis-
sure, and pupillary dilatat ion. A m ass react ion thus
occurs in  the ent ire body, directed toward  physical
exert ion  and  therefore  enabling  the  w hole  or-
ganism  to  deal opt im ally w ith  situations of at tack
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and st ress. While the sym pathetic, ergotropic reac-
t ion  is directed  toward  physical exert ion , the para-
sym pathetic,  t rophotropic  react ion  is  directed
toward  rest  and  recovery.  Despite  these  general
principles, however, the  dist inct ion  between  para-
sym pathetic and sym pathet ic activity is not always
clear-cut .

Neural  connections  of  the  hypothalamus  to  the
peripheral  autonomic  nervous  system.  The  hy-
pothalam us  exerts  its  regulat ing  and  controlling
functions  over  the  sym pathetic  and  parasym pa-
thet ic  nervous  system s  by  m eans  of  descending
pathways  including  the  m edial  forebrain  bundle
(Fig. 6.9), the  m am illotegm ental tract , and  the  dor-
sal longitudinal fasciculus  (of Schütz)  (Fig. 6.10).

These  three  fiber  pathways  connect  the  hy-
pothalam us  to  the  descending  m idbrain  reticular
system , w hich , in  turn , carries the central im pulses
to the various com ponents of the parasym pathet ic
and  sym pathetic nervous system s.

Sympathetic Nervous  System
The  sym pathetic  nervous  system  innervates  the
sm ooth  m usculature of the blood  vessels, abdom i-
nal  viscera,  bladder,  rectum ,  hair  follicles,  and
pupils,  as  well  as  the  cardiac  m uscle,  the  sweat
glands, and  the  lacrim al, salivatory, and  digest ive
glands. The sm ooth  m usculature  of the  abdom inal
viscera, bladder, rectum , and digest ive glands is in -
hibited,  w hile  that  of  all  other  target  organs  is
st im ulated  to  contract .

The caliber of the body’s arteries is m ain ly regu-
lated  by  the  sym pathetic  nervous  system .  In-
creased sym pathet ic act ivity leads to vasoconstric-
tion , and decreased sym pathetic act ivity to vasodi-
latat ion.

Anatomy.  The  origin  of  the  preganglionic  fibers
from  thoracic segm ents  T1  through  T12  and  from
the first two lum bar segm ents is show n in Fig. 6.15.
Som e of the preganglionic fibers term inate on  sec-
ond  neurons  in  the  righ t  and  left  sym pathetic
chains (only the left  sym pathetic chain  is depicted
in  the  figure).  The  rem ainder  pass  through  the
sym pathetic  chain  w ithout  a  synapse  and  term i-
nate on a second neuron in a prevertebral ganglion.
In  either  case, the  postganglionic fiber  of the  sec-
ond  neuron  transm its  the  sym pathet ic  im pulses
onward  to  the  target  organ .

Sympathetic chain.  As show n  in  Fig. 6.16, the  pre-
ganglionic  fibers  em erge  from  neurons  in  the
lateral  horn  of the  spinal  cord  (in term ediolateral
cell colum n) and then join the axons of the som atic
m otor  neurons  to  exit  from  the  spinal cord  in  the
anterior  root . At  the  level  of the  spinal  ganglion ,
the  autonom ic  fibers  separate  from  the  som atic
fibers once  again  and  en ter  the  sym pathetic chain
by way of the  w hite ram us com m unicans, w hich  is
w hite because its fibers are myelinated. Som e pre-
ganglionic fibers  already term inate  on  the  second
neuron  in  the  pathway  at  the  sam e  segm ental
level, but  others  t ravel  one  or  m ore  levels  up  or
dow n  the  sym pathet ic chain  before  m aking a  syn-
apse  onto  their  second  neuron.  Yet  other  fibers
traverse  the  sym pathetic  chain  w ithout  m aking a
synapse and then  term inate on  a second neuron  in
a  prevertebral ganglion . In  all cases, the  unmyeli-
nated  postganglionic fibers  leave  the  sym pathet ic
chain  in  the  gray  ram us  com m unicans, w hich  re-
joins the spinal nerve at  the sam e segm ental level,
so  that  its  fibers  t ravel  to  the  corresponding  cu-
taneous  derm atom e.  In  the  skin ,  the  autonom ic
fibers  innervate  the  cutaneous  vessels,  the
piloerector  m uscles, and  the  sweat  glands.

Sympathetic innervation of the  head and neck.  As
m entioned  above,  som e  postganglionic  fibers
reach  their  targets  in  the  periphery by way of the
segm ental spinal nerves, but others do so by travel-
ing along the blood vessels and their branches, par-
t icularly in  the  head  and  neck. The  cervical spinal
cord  contains  no  sym pathet ic  nuclei;  thus,  the
sym pathetic  innervation  of the  head  and  neck  is
derived  from  the  in term ediolateral cell colum n  of
the  upper  four  or  five  thoracic segm ents. Postgan-
glionic  fibers  from  these  segm ents  ascend  in  the
sym pathetic chain , and  term inate  in  three  ganglia
at  its rostral end: the  superior cervical ganglion , the
m iddle  cervical  ganglion ,  and  the  cervicothoracic
(stellate) ganglion . These ganglia are the sites of the
synaptic  relay  onto  the  second  neurons,  w hich
em it the postganglionic fibers. Som e of these fibers
travel  w ith  the  spinal  nerves  to  the  cervical  cu-
taneous  derm atom es. Other, unmyelinated  fibers
from  the superior cervical ganglion  form  the  exter-
nal carotid plexus, w hich  accom panies the external
carotid  artery and its branches to the head  and the
face,  innervat ing  the  sweat  glands,  the  sm ooth
m uscle  of the  hair  follicles, and  the  blood  vessels.
Yet  other  fibers  accom pany  the  in ternal  carotid
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Fig. 6.16  The  sympa-
thetic trunk and the  pre-
ganglionic and postgan-
glionic sympathetic fibers
(schematic diagram)

artery  as  the  internal carotid  plexus, w hich  inner-
vates  the  eye  (dilator  pupillae  m uscle,  orbitalis
m uscle, and  tarsal m uscle) as  well as  the  lacrim al
and  salivary  glands  (Figs. 4.27  and  4.28  [pp. 103,
104] and  6.15).

Sympathetic innervation of heart  and lungs.  Post-
ganglionic fibers from  the  cervical and  upper  four
or five thoracic ganglia run  in  the  cardiac nerves to
the  cardiac plexus, w hich  innervates the heart . Pul-
m onary  nerves  innervate  the  bronchi  and  lungs
(Fig. 6.15).

Sympathetic innervation of the abdominal and pel-
vic  organs.  Preganglionic  fibers  arise  in  thoracic
segm ents T5 through  T12 and  travel, by way of the
greater  and  lesser  splanchnic  nerves,  to  the  un-
paired  prevertebral  ganglia  (the  celiac,  superior
m esenteric, and  inferior m esenteric ganglia), w hich
are located along the aorta at  the levels of origin  of
the  correspondingly  nam ed  aort ic  branches.
With in  these  ganglia, the  splanchnic  fibers  m ake
synapses  onto  the  second  sym pathetic  neurons,
w hich, in  turn , em it  the  postganglionic  fibers  for
the abdom inal and pelvic viscera. In  contrast  to the
parasym pathet ic  fibers, the  sym pathet ic postgan-
glionic fibers are  very long and  form  various plex-
uses before reaching their target  organs (Fig. 6.15).

Adrenal medulla.  The  adrenal m edulla  occupies  a
special  posit ion  in  the  sym pathetic  nervous  sys-

tem . It  is  analogous  to  a  sym pathetic ganglion , in
that  it  is  direct ly  innervated  by  preganglionic
fibers. These  fibers  form  synapses  onto  m odified
second  neurons  w ith in  the  adrenal  m edulla,
w hich,  rather  than  possessing  an  axon,  secrete
epinephrine  and  norepinephrine  in to  the  blood-
stream  (Fig. 6.15). Sym pathetic  act ivation  induces
the  adrenal  m edulla  to  secrete  epinephrine  and
norepinephrine, w hich  then  exert  sym pathet ic ef-
fects  in  the  periphery. This  is  part icularly  im por-
tan t  under  condit ions  of stress.

Clinical Symptoms of Sympathetic Lesions

Horner  syndrome.  As  m entioned  in  Chapter  4
(p. 102 ff.), lesions  affecting  the  ciliospinal  cen ter,
the  cervical  sym pathetic  chain  (cervicothoracic
ganglion),  or  the  autonom ic  plexuses  along  the
blood vessels of the head and neck cause ipsilateral
Horner syndrom e. This consists of the clin ical t riad
of a  constricted  pupil/miosis  (due  to  loss  of con-
tract ion  of the  dilator  pupillae  m uscle), a  hanging
eyelid/ptosis  (due  to loss of contract ion  of the  tar-
sal m uscle), and  an  inwardly sunken  globe/enoph-
thalmos  (due  to loss of contract ion  of the  orbitalis
m uscle). There is also loss of sweat ing (anhidrosis)
and  vasodilatation (due to loss of the vasoconstric-
t ive  effect  of the  sym pathetic nerves) on  the  ipsi-
lateral half of the face, w hich therefore appears dry
and  reddened.
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Causes  of  Horner  syndrome.  In terruption  of  the
sym pathetic pathway to  the  head  and  neck at  any
poin t  can  cause  Horner  syndrom e. One  com m on
cause  is  a  bronchial carcinom a  at  the  apex  of the
lung  (Pancoast  tumor)  im pinging  on  the  cervical
sym pathetic chain . Such  tum ors m ay present  w ith
Horner  syndrom e  before  becom ing  otherw ise
sym ptom atic.

Dissection  of  the  internal  carotid  artery  is
another  im portant  cause  of  Horner  syndrom e.
When  the in t im a of the artery is torn , blood enters
the  vessel wall and  the  lum en  is  narrowed  or  oc-
cluded;  rupture  of  the  artery  w ith  pseudo-
aneurysm  form ation  is rare. Carotid  dissection  has
m any possible  et iologies;  dissection  m ay be  trau-
m atic  or  due  to  an  intrinsic  abnorm ality  of  the
tissue  of the  vessel  wall, e.g., fibrom uscular  dys-
plasia, w hich predisposes to the developm ent of an
int im al tear. In m ost cases, however, the et iology of
carotid  dissect ion  cannot  be  determ ined.

The pathogenesis of sym pathet ic dysfunct ion  in
carotid  dissection  is  not  yet  fu lly  understood. Ac-
cording to  one  current  hypothesis, com pression  of
the  sym pathet ic nerve  branches  by an  in tram ural
hem atom a  leads  to  nerve  in jury  and  dysfunct ion.
According  to  another  hypothesis, ischem ia  of the
sym pathetic nerve  branches is  the  m ajor  cause  of
their dysfunct ion , as these nerve branches are sup-
plied  by sm all perforat ing branches of the  in ternal
carotid  artery, w hich  can  be  displaced  or occluded
by the  dissect ion. Neither  hypothesis is fully sat is-
factory.

Horner syndrom e also arises as a result of brain-
stem  lesions  affecting  the  central  sym pathetic
pathway, as in  Wallenberg syndrom e (p . 147 ff.)

Vasomotor  phenomena  in  sympathetic  dysfunc-
tion. The vasodilatat ion  that  follow s a sym pathetic
lesion  can  be  exploited  therapeutically:  sym pa-
thectom y  is  som etim es  perform ed  to  increase  re-
gional blood  flow, e.g., in  Raynaud  disease.

The vasodilatat ion due to a sym pathet ic lesion is
also  evident  after  in terruption  of  the  splanchnic
nerves,  w hich  leads  to  a  large  increase  of  in-
travascular  volum e  in  the  blood  vessels  of  the
bowel, i.e.,  to  pooling  of blood  in  the  splanchnic
area, w ith  the  risk of in ternal hem orrhage.

Parasympathetic Nervous  System
In  contrast  to the sym pathet ic nervous system , the
parasym pathetic  nervous  system  does  not  evoke
any  system ic  responses, but  instead  produces  its
effects  in  individual,  circum scribed  areas,  as  re-
flected  in  the  fact  that  its  second  (postganglionic)
neurons  lie  near  their  target  organs. Furtherm ore,
acetylcholine,  w hich  is  released  as  a  neuro-
transm itter  at  the  parasym pathetic  nerve  term i-
nals,  is  rapidly  broken  dow n  by  cholinesterases,
and  its  effect  is  thus relat ively short-lived.

The preganglionic fibers of the parasym pathet ic
nervous system  are  long (unlike  the  short  pregan-
glionic fibers of the  sym pathetic nervous system ).
They  em erge  from  nuclei  in  the  brainstem  and
sacral spinal cord  (S2, S3, S4) (Fig. 6.15).

Cranial Port ion of the Parasympathetic
Nervous System

Parasympathetic innervation of the  head.  The  cell
bodies  of the  preganglionic neurons  lie  in  various
brainstem  nuclei,  and  their  axons  are  found  in
cranial nerves III, VII, IX, and  X. (The  anatomy and
course of these nerves was described in Chapter 4.)
The preganglionic fibers t ravel to a num ber of gan-
glia  that  lie  very  close  to  their  respect ive  end  or-
gans  (the  ciliary ,  pterygopalatine,  subm andibular,
and otic ganglia). These ganglia are relay stat ions in
w hich  the preganglionic fibers form  synapses onto
the  second  (postganglionic)  neurons.  The  para-
sym pathetic postganglionic fibers  in  the  head  are
short , as  they have  only  a  short  distance  to  travel
before they reach their end organs. Like the sym pa-
thet ic postganglionic fibers, they innervate sm ooth
m uscle,  sweat  glands,  and  lacrim al  and  salivary
glands (Fig. 6.15). The sm ooth  m uscle  of the  blood
vessel walls  receives no parasym pathetic innerva-
t ion .

Parasympathetic  innervation  of  the  thoracic  and
abdominal organs. The parasym pathetic port ion of
the  vagus nerve  (Fig. 4.49, p . 129) originates  in  the
dorsal nucleus of  the  vagus nerve  and  carries  pre-
ganglionic  fibers  for  the  innervation  of the  heart ,
lungs, and  abdom inal  viscera  dow n  to  the  distal
th ird of the transverse colon (Fig. 6.15). The second
(postganglionic)  neurons  are  found  in  autonom ic
plexuses located im m ediately adjacent to their end
organs, or  else  w ithin  the  bowel  wall  (myenteric
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Fig. 6.17  Innervation of
the  bladder

plexus  of  Auerbach,  subm ucosal  plexus  of
Meissner).

Sacral Portion of the Parasympathetic
Nervous System

Parasympathetic  innervation  of  the  pelvic  organs
and genitalia. The sacral port ion of the parasym pa-
thetic nervous system  carries  im pulses  in  the  pel-
vic splanchnic nerves and  the  superior and  inferior
hypogastric  (pelvic)  plexuses  to  ganglia  in  the
m uscular wall of the colon  (from  the distal th ird of
the transverse colon  onward), rectum , bladder, and
genitalia  (Fig. 6.15).  In  the  pelvic  area,  the  para-
sym pathetic nervous system  is responsible  for  the
em ptying of the  rectum  and  bladder. It  also brings
about penile erect ion , w hile sym pathet ic fibers are
responsible  for  ejaculat ion , w hich  occurs  th rough
contractions of the  ductus deferens and  the  sem i-
nal vesicles.

Autonomic Innervation and
Functional Disturbances
of Individual Organs
The sym pathet ic and parasym pathetic innervation
of  individual  organs  is  sum m arized  in  Table  6.1.
The  innervation  of the  pelvic  organs  w ill  be  dis-
cussed  in  greater  detail  in  the  follow ing  sect ions,
because  the  function  of these  organs is com m only
im paired in disturbances of the autonom ic nervous
system . Bladder dysfunction  is the m ost  im portant
problem  of th is  type.

Innervation of the Bladder

Parasympathetic  innervation.  The  m otor  innerva-
t ion  of the  urinary  bladder  is  m ost ly  parasym pa-
thet ic. The  pelvic splanchnic nerves, derived  from
segm ents S2, S3, and S4, t ravel to parasym pathetic
ganglia  in  the  bladder  wall  and  to  the  sm ooth
m uscle of the in ternal urethral sphincter (Figs. 6.15
and  6.17).  Parasym pathetic  st im ulation  induces
contract ion  of the  sm ooth  detrusor  m uscle  of the
bladder wall and sim ultaneous relaxation of the in-
ternal urethral sphincter. Micturit ion  results.

Sympathetic  innervation.  The  sym pathetic  fibers
innervat ing the  bladder  are  derived  from  neurons
in  the  in term ediolateral cell  colum n  of the  lower
thoracic  and  upper  lum bar  spinal cord  (segm ents
T12, L1, and  L2).  These  fibers  travel  through  the
caudal port ion of the sym pathetic chain and the in-
ferior  splanchnic nerves to the  inferior  m esenteric
ganglion .  Postganglionic  sym pathetic  fibers  then
travel, by way of the inferior hypogastric plexus, to
the  bladder  wall  (tun ica  m uscularis)  and  to  the
sm ooth  m uscle  of the  in ternal  urethral  sphincter
(Fig. 6.15  and  6.17).

Sensory  innervation.  Afferen t  fibers  originate  in
nociceptors and proprioceptors of the bladder wall,
w hich respond to stretch. As the bladder fills, there
is a reflexive increase in m uscle tone in the bladder
wall and  in ternal sphincter, w hich  is  m ediated  by
the  sacral  segm ents  (S2–S4)  and  the  pelvic
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Table  6.1  The  Sympathetic and Parasympathetic Nervous  System

Sympathetic  Parasympathetic

Organ  Pregan-
glionic
neuron

Postganglionic
neuron

Activity  Pregan-
glionic
neuron

Postganglionic
neuron

Activity

Eye  T1–T2  Superior cervical
ganglion

Mydriasis  Edinger–
Westphal
nucleus
(accessory
oculomotor
nucleus)

Ciliary ganglion  Miosis, contrac-
tion of the  cili-
ary muscle  (ac-
commodation)

Lacrimal,  sub-
lingual,  and
submandibular
glands

T1–T2  Superior cervical
ganglion

Vasoconstric-
tion
Secretion
(viscous)

Superior
salivatory
nucleus

Pterygopalatine
ganglion

Lacrimation,
salivation
(watery),
vasodilation

Parotid gland  T1–T2  Superior cervical
ganglion

Vaso-
constriction
Secretion

Inferior
salivatory
nucleus

Otic ganglion  Salivation

Heart  T1–T4
(T5)

Superior, middle, and
inferior cervical gan-
glia and upper
thoracic ganglia

Acceleration
Dilation of
coronary
arteries

Dorsal nu-
cleus of
the  vagus
nerve

Cardiac plexus  Bradycardia,
constriction of
coronary arter-
ies

Small intestine
and ascending
colon

T6–T10  Celiac ganglion, su-
perior mesenteric
ganglion

Inhibit ion of
peristalsis and
secretion

Dorsal
nucleus of
the  vagus
nerve

Myenteric
plexus (of Auer-
bach), submu-
cosal plexus (of
Meissner)

Peristalsis,
secretion,
vasodilation

Pancreas  T6–T10  Celiac ganglion  —  Dorsal nu-
cleus of
the  vagus
nerve

Periarterial
plexus

Secretion

Descending
colon and
rectum

L1–L2  Inferior mesenteric
ganglion, hypogastric
ganglion

Inhibit ion of
peristalsis and
secretion

S2–S4  Myenteric
plexus (of Auer-
bach), submu-
cosal plexus (of
Meissner)

Secretion, peri-
stalsis, evacua-
tion

Kidney
Bladder

L1–L2  Celiac ganglion,
renal and hypogastric
plexuses

Activation of
internal
sphincter
muscle, vaso-
constriction

S2–S4  Hypogastric
plexus (vesical
plexus)

Relaxation of
the  internal
sphincter
muscle, con-
traction of the
detrusor muscle,
vasodilation

Adrenal gland  T11–L1  Adrenal cells  Secretion
(norepine-
phrine, epine-
phrine)

—  —  —

Male  genitalia  L1–L2
(pelvic
splanch-
nic
nerves)

Superior and inferior
hypogastric plexuses
(pelvic plexus)

Ejaculation
Vasoconstric-
tion

S2–S4  Hypogastric
plexus
(pelvic plexus)

Erection,
vasodilation,
secretion
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Table  6.1  The  Sympathetic and Parasympathetic Nervous  System  (continued)

Sympathetic  Parasympathetic

Skin of head
and neck

T2–T4  Superior and middle
cervical ganglia

Vasoconstric-
tion
Sweating
Piloerection

—  —  —

Arms  T3–T6  Inferior cervical gan-
glion and upper
thoracic ganglia

—  —  —

Legs  T10–L2  Lower lumbar and
upper sacral ganglia

—  —  —

splanchnic nerves. Increasing tension  on  the  blad-
der wall is consciously perceived, as som e of the af-
ferent im pulses travel centrally, by way of the post-
erior colum ns, to the so-called pontine m icturit ion
center, w hich  lies  in  the  ret icular  form ation  near
the  locus  ceruleus.  From  the  m icturit ion  center,
im pulses  travel  onward  to  the  paracentral  lobule
on  the m edial surface of the cerebral hem ispheres,
and  to  other  brain  areas.

Regulation of Bladder Function: Continence
and Micturition

The  bladder  perform s its two m ajor  functions, the
continent  storage  of urine  and  periodic, complete
emptying , as  follows.

Urinary continence  is achieved  by  activation  of the
internal  and  external  urethral  sphincters,  and,  in
wom en, m ainly by act ivation  of the  m uscles of the
pelvic floor. Sym pathetic efferen t  fibers  from  T11–
L2 act ivate  alpha-receptors of the  in ternal sphinc-
ter  and  are  also  thought  to  inhibit  the  detrusor
m uscle  by a  m echanism  that  has not  yet  been  de-
term ined.  The  external  urethral  sphincter  is  a
st riated  m uscle  that , like  the  m uscles of the pelvic
floor,  receives  its  som atic  innervat ion  through
efferent  fibers  of the  pudendal  nerve  (S2–S4, see
p. 193).

As  the  bladder  is  filled  and  the  tension  on  the
bladder  wall increases, involuntary reflex contrac-
tion  of the detrusor m uscle is effectively countered
by activat ion of the external sphincter by the sacral
som atic m otor  neurons. At  the  sam e  t im e, lum bar
sym pathetic  act ivation  induces  closure  of the  in-
ternal sphincter  as well as relaxat ion  of the  detru-
sor  m uscle.

Micturition. The m ost  im portant  st im ulus for  m ic-
turit ion  is  stretching of the bladder w all, w hich  ex-
cites visceral sensory afferent  neurons, induces the
urge  to  void, and, w ith  the  cooperation  of h igher
nervous centers, leads to contraction of the detrusor
m uscle. This  hollow  m uscle  receives  its  parasym -
pathet ic innervation  from  the sacral spinal cord by
way  of  the  pelvic  nerve.  Bladder  em ptying  is
further  prom oted  by  som atic,  voluntarily  con-
trolled  abdom inal pressing and  by sim ultaneous re-
laxation of the internal and external urethral sphinc-
ters.

At  a  supraspinal level, m icturit ion  is  controlled
by  the  pontine  m icturition  center,  w hich  projects
descending efferent fibers in the m edial and lateral
ret iculospinal  t racts  to  coordinate  the  sim ul-
taneous  relaxation  of  the  in ternal  and  external
sphincters and  contract ion  of the detrusor m uscle.
The neurotransm itter glutam ate m ay play a role in
this pathway. The pont ine m icturit ion  center is an-
atom ically poorly characterized. It  can be inhibited
through  afferent  fibers  from  higher  centers,  in -
cluding  the  frontal  cortex, cingulate  gyrus, para-
central lobule, and  basal ganglia.

Bladder Dysfunction

As discussed  in  the  last  sect ion , the  regulat ion  of
continence  and  m icturit ion  requires  the  perfect
functional  cooperat ion  of  num erous  anatom ical
structures,  som e  of  w hich  are  very  distant  from
others. Lesions  at  m any different  sites  in  the  cen-
tral  or  peripheral  nervous  system  can  have  far-
ranging deleterious effects  on  bladder  function .

Bladder  dysfunction  m ay  be  due  to  structural/
anatom ical lesions of the bladder or  urethra (blad-
der  dysfunction  of  urological  origin:  vesical
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tum ors, in fravesical  obstruction  by  urethral stric-
ture or prostat ic hypertrophy), or it m ay be due to a
lesion of the neural st ructures innervating the blad-
der  (neurogenic  bladder  dysfunction).  The  re-
sponsible  neural  lesion  m ay  lie  in  the  peripheral
nerve  pathways, the  autonom ic plexuses, the  spi-
nal cord, or  h igher  centers.

Im pairm ent  of supraspinal control m echanism s
frequent ly  causes  bladder  dysfunction  in  patients
w ith  m ult iple  sclerosis, for  exam ple. Disturbances
of the in teraction  between the pontine m icturit ion
center  and  other, h igher  centers  that  m odulate  it
play an  im portant  role  in  the  types  of neurogenic
bladder  dysfunction  seen  in  neurodegenerat ive
diseases, including Parkinson  disease.

Neurogenic Bladder Dysfunction

Typical m anifestat ions of neurogenic bladder  dys-
function  include  urinary frequency and urgency , in-
continence, difficult  and incom plete bladder em pty-
ing, and  recurrent  urinary  tract  infections.

The first step toward the successful t reatm ent of
neurogenic bladder dysfunction is a correct clin ical
diagnosis. Various aspects of urinary function m ust
be taken in to account, including the answers to the
follow ing quest ions:  When  and  how  frequent ly is
the  bladder  em ptied?  Is  it  em ptied  com pletely?  Is
the urge to void norm al, dim inished, or abnorm ally
severe (urinary urgency)? Has a urinary tract infec-
tion  been  ruled  out?  Is  the  patient  continent?

Detrusor instability and detrusor hyperreflexia are
characterized  by prem ature  detrusor  contract ions
during the vesical filling phase. The term  “instabil-
ity”  refers  to  a  lack  of  the  norm al  inh ibit ion  of
detrusor contract ion;  the term  “hyperreflexia” im -
plies  that  a  neurological  disease  is  causing  the
bladder  em ptying  disorder. Thus, clin ical  en tit ies
such  as uninhibited  neurogenic bladder, autom atic
bladder,  and  m otor  instability  of  the  bladder  all
belong w ith in  the  et iological category of detrusor
hyperreflexia. In such cases, the lesion lies above the
sacral spinal cord  and  im pairs  the  function  of su-
prasacral  inh ibitory  project ions  to  the  detrusor
m uscle. The  m ajor  sym ptom  of isolated  detrusor
hyperreflexia  is  imperative  urinary  urgency  w ith
urge  incontinence  and  low  residual  volume .  The
m ore  com m on  causes are  m ult iple  sclerosis, cere-
brovascular  diseases,  norm al  pressure  hydro-
cephalus,  Parkinson  disease,  spinal  cord  t raum a,

and  t raum a or  tum or affect ing the  frontal lobes of
the  brain .

Detrusor–sphincter dyssynergia is defined as invol-
untary detrusor  contraction  w ithout  relaxation  of
the  external urethral sphincter. The  lesion  lies  be-
tw een  the  sacral  spinal  cord  and  the  pontine  m ic-
turition  center. The  m ajor  sym ptom  is  imperative
urinary urgency w ith incomplete  emptying  of the
bladder.  Detrusor–sphincter  dyssynergia  causes
com plicat ions  (in  part icular,  ascending  urinary
tract  infections)  m ore  frequently  in  m en  than  in
w om en, because wom en have a lower bladder out-
let  resistance than  m en. The m ore com m on causes
are  m ult iple  sclerosis, cervical myelopathy, spinal
tum ors, vascular  m alform ations, and  traum a. This
entity  should  be  dist inguished  from  the  rare
functional  obstruction  of  the  bladder  neck ,  a  dis-
order  of unknow n  etiology that  is  associated  w ith
increased  residual  volum e  and  can  im pair  renal
function .

Detrusor areflexia results from deficient afferen t or
efferent  innervation  of the  detrusor  m uscle. Affer-
ent  and  efferent  disturbances hardly ever  occur  in
isolat ion,  presum ably  because  both  afferent  and
efferent  im pulses  travel  through  the  pelvic  para-
sym pathet ic  nerves  and  the  sacral  spinal  seg-
m ents, so that  any lesion  im pairing one type of im -
pulse  necessarily  im pairs  the  other.  The  clin ical
m anifestat ions  of  detrusor  areflexia  are  reduced
urge  to  void,  inability  to  initiate  micturition,  and
overflow  incontinence  w ith  an  increased  bladder
volum e  (up  to  2000 m l). The lesion  lies w ithin  the
sacral spinal cord or the peripheral nerves that enter
and em erge from  it . Causes include  tum ors involv-
ing  the  conus  m edullaris  and/or  cauda  equina,
lum bar  spinal  stenosis  and  disk  herniat ion , poly-
radiculit is  (including  Guillain–Barré  syndrom e),
diabetic  or  alcoholic  polyneuropathy,  tabes
dorsalis, pelvic surgery and  radiat ion  therapy, my-
elodysplasia, and  tethered  cord  syndrom e.

Detrusor areflexia due to sacral spinal cord  dys-
function  is found in  20–30 % of pat ien ts w ith  m ult i-
ple sclerosis. Most  of these patients have m arkedly
elevated  residual volum es because  the  at tem pt  to
urinate is further thwarted  by lack of relaxat ion  of
the  external urethral sphincter.

Genuine  stress  incontinence  is  said  to  be  present
w hen detrusor function is norm al and stress incon-

·  6  Diencephalon and Autonomic Nervous System

tahir99-VRG & vip.persianss.ir



6197

Case Presentation 3:  Tethered Cord Syndrome

This previously healthy 27-year-old nurse complained to her
family physician of difficulty urinating. She had trouble initi-
ating the flow of urine, needed to strain to urinate, and felt
that  her bladder was still full afterward. At  other t imes, she
passed small amounts of urine involuntarily. Finally, she had
also  had  a  single  episode  of stool incontinence.  She  was
very  worried  and  embarrassed,  was  afraid  to  leave  the
house, and had stopped going to work. She  denied having
pain or any history of trauma.
Neurological examination revealed hypesthesia in the sacral
dermatomes (saddle  hypesthesia),  normal strength  in  the
lower limbs,  and  markedly diminished  sphincter  tone.  An
MRI scan was ordered  to  rule  out  a  mass compressing  the

conus medullaris or cauda equina (Fig. 6.18). This study re-
vealed a developmental anomaly in the  lumbosacral spinal
canal,  in  which  the  conus medullaris lay at  an  abnormally
low level (tethered cord syndrome).
In  this  disorder,  the  conus,  because  it  lies  immediately
under the  dorsal dura  mater and  adheres to  it ,  cannot  as-
cend normally to the L1−2 level over the course of develop-
ment. The resulting neurological deficits may not arise until
later  in  life,  and  their  pathogenesis  remains  incompletely
understood. Because  of her progressive  neurological defi-
cits,  the  patient  presented  here  was  treated  neurosurgi-
cally, with an operative  detachment  of the  conus from  the
dura mater. Her deficits resolved completely thereafter.

a  b  c
Fig. 6.18  Tethered  cord  syndrome.  a  The  sagit tal  T2-
weighted  image  shows  an  enlarged  lumbar  spinal  canal
with the  conus medullaris lying at  an abnormally low posi-
tion (L4) immediately underlying the  dorsal dura mater. In
this case, there were no associated anomalies such as a der-

mal  sinus,  lipoma,  or  meningomyelocele.  b,  c  The  T2-
weighted axial sections through the  spinal canal at  T12 (b)
and  L2 (c) reveal spinal cord  at  both  levels. Even at  the  L2
level,  the  cord  has  a  greater  diameter  than  the  cauda
equina. It  adheres to  the  dorsal dura mater.

t inence  is  due  solely to  deficien t  act ivat ion  of the
external urethral sphincter. Genuine stress inconti-
nence, the m ost com m on type of bladder em ptying
disorder  in  w om en,  occurs  m ainly  after  hyster-
ectomy  and  in  m ult iparous  wom en  w ith  uterine
prolapse. Its incidence rises w ith  age. It  also occurs
as  a  m anifestat ion  of various  neurogenic  bladder
em ptying  disorders,  including  detrusor  hyper-
reflexia  and  detrusor–sphincter  dyssynergia.

Nonneurogenic Bladder Dysfunction

Infravesical  obstruction  usually  occurs  in  m en,
often  as the  result  of benign  prostat ic hyperplasia,
and  is  m anifested  clin ically  w ith  urinary  urgency,
pollakiuria, nocturia, urinary  reten tion, and  over-
flow  incont inence.
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Dysfunction of the external urethral sphincter, pre-
venting  adequate  relaxat ion  of  the  sphincter
m uscle, has  been  found  to  be  a  com m on  cause  of
obstruct ive  bladder  em ptying  disturbances  in
young wom en. It  is  characterized  by myotoniform
discharges in  the EMG. Electromyographic study is
necessary to dist inguish th is disorder from two im -
portant  alternat ive  diagnoses  in  young  wom en
w ith  bladder em ptying disturbances, nam ely, m ul-
t ip le  sclerosis  and  psychogenic  bladder  dysfunc-
t ion .

Enuresis is defined  as bedwett ing, by day or  n ight ,
in  individuals  over  the  age  of 4  years, in  the  ab-
sence of any dem onstrable causative lesion . Enure-
sis  is  thus, by  defin it ion , not  a  neurogenic distur-
bance.  The  im portan t  differential  diagnoses  in-
clude  organic neurological and urological causes of
bedwett ing,  including  epilepsy,  spina  bifida  oc-
culta, and  m alform ations of the  urogenital t ract . A
24-hour  EEG recording is indicated  in  som e  cases.

Innervation of the Rectum

Em ptying of the  rectum  is  analogous  to  em ptying
of the  bladder  in  m any respects (Fig. 6.19).

Filling of the  rectum  act ivates  stretch  receptors
in  the rectal wall, w hich  transm it  im pulses by way
of the  inferior  hypogastric  plexus  to  segm ents  S2
through  S4  of the  sacral spinal cord. Afferen t  im -
pulses  then  ascend  the  spinal cord  to  higher  con-
trol centers, w hich are probably located in the pon-

Fig. 6.19  Innervation of the  rectum

t ine  ret icular  form ation  and  the  cerebral cortex.
Rectal peristalsis is induced by parasym pathetic

activation  from  segm ents  S2  through  S4,  w hich
also  induces  relaxation  of  the  in ternal  sphincter.
The  sym pathet ic nervous system  inhibits peristal-
sis.  The  external  sphincter  consists  of  striated
m uscle  and  is under  voluntary control.

Rectal em ptying is m ainly accom plished  volun-
tarily by abdom inal pressing.

Rectal Emptying Disorders

Fecal  retention.  Transection  of  the  spinal  cord
above the lum bosacral centers for defecation  leads
to fecal retent ion . In terruption  of the  afferent  arm
of  the  reflex  pathway  for  defecation  deprives
higher  centers  of  in form ation  about  the  filling
state  of  the  rectum ,  w hile  in terrupt ion  of  de-
scending  m otor  fibers  im pairs  voluntary  abdom i-
nal pressing. Sphincter  closure  is often  inadequate
because  of spast ic weakness.

Fecal incontinence. Lesions of the sacral spinal cord
(S2–S4)  abolish  the  anal  reflex  and  produce  fecal
incontinence.  If  the  stool  is  watery,  involuntary
loss of stool occurs.

Innervation of the Male Genita lia

Efferent  sym pathetic fibers from  the upper lum bar
spinal cord  travel by way of a  periarterial nervous
plexus (the hypogastric plexus) to the sem inal ves-
icles, prostate, and  ductus deferentes. Stim ulation
of the  plexus causes ejaculat ion  (Fig. 6.20).

Parasym pathetic  fibers  from  segm ents  S2
through  S4  travel  th rough  the  pelvic  splanchnic
nerves  (the  nervi erigentes)  to  the  corpora  caver-
nosa. Parasym pathetically  induced  vasodilatat ion
in  the  corpora cavernosa brings about  penile  erec-
t ion  (Fig. 6.20).  The  urethral  sphincter  and  the
ischiocavernosus  and  bulbospongiosus  m uscles
are  innervated  by the  pudendal nerve.

Genital function  is u lt im ately under  the  control
of hypothalam ic centers, w hich  exert  their  effects
part ly  through  neural  connections  (ret iculospinal
fibers) and  part ly by hum oral m eans (horm ones).

Genita l Dysfunction

Spinal  cord  transection  at  a  thoracic  level  causes
im potence.  Reflex  priapism  m ay  occur,  and  oc-
casional ejaculat ion  is also possible. Paraplegia has
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been reported to be associated w ith test icular atro-
phy.

Lesions  of the  sacral spinal cord  from  S2  to  S4
also cause  im potence. In  these  cases, neither  erec-
t ion  nor  ejaculat ion  is  possible.

Visceral and Referred Pain
Afferent  autonom ic  fibers  part icipate  in  a  large
num ber  of autonom ic regulatory circuits. Most  of
the im pulses traveling in  these fibers do  not  rise to
consciousness.

Visceral  pain.  The  individual  can ,  however,  con-
sciously  perceive  the  filling  state  of  the  hollow
viscera, w hich  is  reported  to  the  central  nervous
system  through  afferent  autonom ic  fibers  arising
from  pressure  or  stretch  receptors  in  the  visceral
wall. Overfilling of a  hollow  viscus is  perceived  as
pain .  Moreover,  irritat ion  of  the  wall  of  a  viscus
can  cause  reflex  spasm  of sm ooth  m uscle, w hich
also  gives  rise  to  pain  (biliary  colic  due  to  gall-
stones, renal colic  due  to  kidney  stones). Visceral
inflam m ation  or  ischem ia  is  also  painful,  e.g.,
angina  pectoris.

Pain  originating in  the in ternal organs is diffuse
and  poorly  localizable.  Furtherm ore,  the  patient
m ay report  feeling pain  not  in  the  organ  itself but
in  a related zone of the body surface (these are the
zones of Head, cf. Fig. 6.21).

Referred  pain.  The  cell  bodies  of the  afferent  au-
tonom ic  fibers, like  those  of the  som atic  afferent
fibers, are  located  in  the spinal ganglia. The auton-
om ic fibers en ter the spinal cord through  the post-
erior root  together w ith  the som atic afferent  fibers
from  the  myotom e  and  derm atom e  of  each
segm ental level. Thus, each  individual segm ent  of
the  posterior  horn  receives  converging  afferent
input, both  from  the  in ternal organs and  from  the
related  myotom e and  derm atom e. Activation  from
either  set  of afferent  fibers (visceral or  som atic) is
transm itted  centrally  by  the  sam e  fibers  of  the
lateral  spinothalam ic  tract  (Fig. 6.22).  It  is  there-
fore  understandable  that  pain  arising in  a  part icu-
lar  viscus  is  som etim es  felt  elsew here, nam ely, in
the  derm atom e  or  myotom e  represented  by  the
sam e  spinal  segm ent. This  phenom enon  is  called
referred  pain . It  m ay be  accom panied  by a  certain
degree  of  hypersensit ivity  to  som atosensory
st im ulation  in  the  derm atom e to w hich  pain  is re-

Fig. 6.20  Innervation of the male genitalia (erection and
ejaculation)
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Fig. 6.21  The  zones  of Head

ferred. The abdom inal wall m ay also becom e rigid.
The  exact  m echanism  by  w hich  referred  pain
arises  has  not  yet  been  conclusively  explained,
though  there  are  a  num ber  of hypotheses.

Pain  of cardiac origin , for  exam ple, is  often  re-
ferred  elsew here. The  upper  thoracic segm ents on
the  left  side  receive  som atic  afferen t  fibers  from
the  left  side  of the  chest  and  the  left  arm , as  well
as  visceral  afferen t  fibers  from  the  heart . Cardiac
disease, part icularly ischem ia, often  produces pain
in  one of these  derm atom es (angina pectoris). The
part icular zones to w hich  pain  is referred from  the
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Fig. 6.22  The  viscerocu-
taneous reflex arc with
myotome, dermatome, and
enterotome.
Viscerosensory and soma-
tosensory impulses con-
verge  at  the  level of the
posterior horn onto  a com-
mon neuron, which trans-
mits further impulses cen-
trally along a single  com-
mon pathway. Thus, affer-
ent  signals from  the  inter-
nal organs can be  “misin-
terpreted” as having arisen
in the  corresponding cu-
taneous or muscular areas
(dermatome or myotome).
This is the  mechanism  of
referred pain.

individual  in ternal  organs  are  very  im portan t  in
physical  diagnosis  and  are  called  the  zones  of
Head  (Fig. 6.21). It  is  also  the  case, however, that
im pulses  arising  from  the  skin  can  be  projected
(referred)  to  the  in ternal  organs. Clearly, the  so-
m atic  afferent  fibers  are  in terconnected  w ith
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visceral  reflex  arcs  w ith in  the  spinal  cord.  This
m ay  explain  how  therapeutic  m easures  at  the
body surface (such  as the applicat ion  of warm th  or
heat , com presses, rubbing, etc.)  often  relieve  pain
arising from  the autonom ically innervated  viscera.
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