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(1) Evidence that the auditory system of the brain has higher blood‐flow and metabolism
than any other area of the brain [1, 2]. See figures 1 and 2 below.
Note: The deoxyglucose method has been extensively used in animal research on brain
activity responses to drugs and other factors. The inferior colliculus has consistently
been found to have the highest rate of glucose utilization in every study.
(2) Evidence that the auditory system is susceptible to damage by circulatory arrest [3‐13].
See figures 3, 4, and 5 below.
Note: Asphyxia at birth was produced in monkeys by preventing the first breath and
cutting off circulation to the placenta (by clamping the umbilical cord). Ischemic
bilaterally symmetric damage to brainstem nuclei resulted.
Note: Current accepted practice in obstetrics is to clamp the umbilical cord immediately
after birth, whether or not the first breath has occurred [14].
(3) Evidence that the auditory system is susceptible to impairment by toxic substances [15‐
36].
Note: Toxic substances cause bilaterally symmetric hemorrhagic (petechial) lesions of
brainstem nuclei (Wernicke’s encephalopathy). The lesions are petechial, resulting from
increased blood flow in response to the insult, with bursting of capillaries. Toxic
substances impair aerobic metabolism.
(4) Evidence that the auditory system is susceptible to impairment by loss of aerobic
enzyme function when the co‐enzyme thiamine (vitamin B1) is lacking [37‐49]. See
figures 6, 7, and 8 below.
Note: Beriberi was once believed to be caused by a bacterial infection: “The cause of
beriberi appears to be a bacillus which gains entrance to the alimentary canal in
contaminated food and drink.” [50, p289]
(5) Evidence that the auditory system is part of the subcortical pattern of damage found in
children affected by kernicterus [51, 52]. See figure 9 below.
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Note: Ranck and Windle (1959) in their paper on asphyxiation of newborn monkeys
commented: “The human neuropathologic entity most closely resembling the effects of
asphyxia neonatorum in the monkey is kernicterus. There are similarities in the
distribution and type of nerve cell changes in both conditions. Major differences
between the findings in the monkey and those in human infants with kernicterus are
absence in the former of the usual history of erythroblastosis fetalis, lack of clinical
jaundice, lack of pigment in the lesions, . . .” [4, p153]
(6) Evidence that bilirubin staining of the basal ganglia and other subcortical areas is
secondary to impairment of the blood‐brain barrier [53‐57].
Note: Bilirubin is not toxic. Bilirubin staining of subcortical nuclei results from
impairment of the blood‐brain barrier by anoxic‐ischemic injury or by a substance that
disrupts aerobic metabolism.
(7) Evidence that synthetic vitamin K and sulffisoxazole antibiotic are toxic to the blood‐
brain barrier [58‐67]
Note: Natural vitamin K is fat soluble. Synthetic versions are water soluble, thus could
be given by injection. Robertson pointed out that vitamin K became the second
standard treatment for all newborn infants: “The prophylactic use of vitamin K in
newborns began in the early 1940s and was the second routine pharmacological
treatment of newborn infants; the first being the use of silver nitrate to prevent
ophthalmia neonatorum.” [63, p53]
Comment: Discovery of the toxicity of synthetic vitamin K occurred at the same time
that autoradiography revealed high blood‐flow and metabolism in the inferior colliculi
and other subcortical structures affected in kernicterus. Why have these elegant studies
of brain activity been so neglected? Vitamin K continues to be part of accepted practice
even though its routine administration to all newborns continues to be controversial,
and rightfully so [62, 63].
(8) Evidence that damage of subcortical sites in the perinatal period leads to disruption of
normal maturation of the cerebral cortex [68]. Sites of injury found in monkeys
subjected to asphyxia at birth are listed in table 1 below. Sites of secondary growth
failure are listed in table 2.
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Note: Faro and Windle examined the brains of monkeys kept alive for many months or
years after being subjected to asphyxia at birth. They noted “structural changes
sequential to the initial asphyxial lesions . . . It was difficult to separate the primary
effects of asphyxia from these later atrophic changes in some regions . . .” [68, p41].
“Some of these regions, such as the frontal and parietal cortex, will be recognized as
locations normally receiving the terminations of tracts destroyed by the primary lesions.
. . . Extensive primary damage by asphyxia at birth led to a reduction in amount of white
matter, as in the corpus callosum . . . All the animals had severe brain damage, but
some were worse off than others.” [68, p43]

References
Blood flow and glucose uptake in the brain
1. Landau WM, Freygang WH, Rowland LP, Sokoloff L, Kety SS. The local circulation of the
living brain; values in the unanesthetized and anesthetized cat. Trans Am Neurol Assoc.
1955‐1956;(80th Meeting):125‐9.
2. Sokoloff L, Reivich M, Kennedy C, Des Rosiers MH, Patlak CS, Pettigrew KD, Sakurada O,
Shinohara M. The [14C]deoxyglucose method for the measurement of local cerebral
glucose utilization: theory, procedure, and normal values in the conscious and
anesthetized albino rat. J Neurochem. 1977 May;28(5):897‐916.
Neuropathology resulting from circulatory arrest or suffocation/asphyxia
3. Neubuerger KT. Lesions of the human brain following circulatory arrest. J Neuropathol
Exp Neurol. 1954 Jan;13(1):144‐60.
4. Ranck JB, Windle WF. Brain damage in the monkey, Macaca mulatta, by asphyxia
neonatorum. Exp Neurol. 1959 Jun;1(2):130‐54.
5. Gilles FH. Selective symmetrical neuronal necrosis of certain brain stem tegmental
nuclei in temporary cardiac standstill [Abstract of presentation at the American
Association of Neuropathologists: 38th Annual Meeting. Atlantic City. New Jersey]. J
Neuropathol Exp Neurol 1963 Apr; 22(2):318.
6. Gilles FH. Hypotensive brain stem necrosis. Selective symmetrical necrosis of tegmental
neuronal aggregates following cardiac arrest. Arch Pathol. 1969 Jul;88(1):32‐41.
7. Myers RE. Two patterns of perinatal brain damage and their conditions of occurrence.
Am J Obstet Gynecol. 1972 Jan 15;112(2):246‐76.
8. Griffiths AD, Laurence KM. The effect of hypoxia and hypoglycaemia on the brain of the
newborn human infant. Dev Med Child Neurol. 1974 Jun;16(3):308‐319.

25 January 2010

3

Simon/Discussion points submitted to members of the IACC
9. Schneider H, Ballowitz L, Schachinger H, Hanefield F, Droeszus J‐U. Anoxic
encephalopathy with predominant involvement of basal ganglia, brain stem and spinal
cord in the perinatal period. Report on seven newborns. Acta Neuropathol. 1975 Oct
1;32(4):287‐98.
10. Leech RW, Alvord EC Jr, Anoxic‐ischemic encephalopathy in the human neonatal period,
the significance of brain stem involvement. Arch Neurol. 1977 Feb;34(2):109‐13.
11. Janzer RC, Friede RL. Hypotensive brain stem necrosis or cardiac arrest encephalopathy?
Acta Neuropathol (Berl). 1980;50(1):53‐6.
12. Roland EH, Hill A, Norman MG, Flodmark O, MacNab AJ. Selective brainstem injury in an
asphyxiated newborn. Ann Neurol. 1988 Jan;23(1):89‐92.
13. Natsume J, Watanabe K, Kuno K, Hayakawa F, Hashizume Y (1995) Clinical,
neurophysiologic, and neuropathological features of an infant with brain damage of
total asphyxia type (Myers). Pediatr Neurol. 1995 Jul;13(1):61‐4.
Clamping the umbilical cord immediately after birth is accepted practice in obstetrics
14. ACOG Committee on Obstetric Practice. ACOG Committee Opinion No. 348, November
2006: Umbilical cord blood gas and acid‐base analysis. Obstet Gynecol. 2006
Nov;108(5):1319‐22.
Neuropathology caused by toxic substances
15. Wernicke C. Die acute, haemorrhagische Poliencephalitis superior. Lehrbuch der
Gehirnkrankheiten für Ärzte und Studirende, Band II. Kassel: Theodor Fischer, 1881. pp
229‐242.
16. Thomson AD, Cook CC, Guerrini I, Sheedy D, Harper C, Marshall EJ. Wernicke's
encephalopathy revisited. Translation of the case history section of the original
manuscript by Carl Wernicke 'Lehrbuch der Gehirnkrankheiten fur Aerzte and
Studirende' (1881) with a commentary. Alcohol Alcohol. 2008 Mar‐Apr;43(2):174‐9.
17. Gamper. Zur Frage der Polioencephalitis haemorrhagica der chronischen Alkoholiker.
Anatomische Befunde beim alkoholischen Korsakow und ihre Beziehungen zum
klinischen Bild. Deutsche Zeitschrift für Nervenheilkunde 1928; 102:122‐129.
18. Neubürger K. Über Hirnveränderungen nach Alkoholmissbrauch. Zeitschrift für die
gesamte Neurologie und Psychiatrie 1931; 135:159‐209.
19. Kant F. Die Pseudoencephalitis Wernicke der Alkoholiker. (polio‐encephalitis
haemorrhagica superior acuta). Archiv für Psychiatrie und Nervenkrankheiten 1933;
98:702‐768.
20. Bini L, Bollea G. Fatal poisoning by lead‐benzine (a clinico‐pathologic study). J
Neuropathol Exp Neurol 1947; 6(3):271‐278.

25 January 2010

4

Simon/Discussion points submitted to members of the IACC
21. Franken L Étude anatomique d'un cas d'intoxication par le bromure de méthyle.
[Anatomical study of a case of methylbromide poisoning. Acta Neurol Psychiatr Belg.
1959 Mar;59(3):375‐83.
22. Rosenblum WI, Feigin I. The hemorrhagic component of Wernicke's encephalopathy.
Arch Neurol. 1965 Dec;13(6):627‐32.
23. Brody IA, Wilkins RH. Wernicke's encephalopathy. Arch Neurol. 1968 Aug;19(2):228‐32.
24. Goulon M, Nouailhat R, Escourolle R, Zarranz‐Imirizaldu JJ, Grosbuis S, Levy‐Alcover MA
(1975). Intoxication par le bromure de methyl: Trois observations, dont une mortelle.
Etude neuro‐pathologique d'un cas de stupeur avec myoclonies, suivi pendent cinq ans.
[Methyl bromide poisoning. 3 cases, 1 fatal. Neruopathological study of one case of
coma with myoclonus followed for 5 years]. Revue Neurologique (Paris) 131:445‐468.
25. Troncoso JC, Johnston MV, Hess KM, Griffin JW, Price DL Model of Wernicke's
encephalopathy. Arch Neurol. 1981 Jun;38(6):350‐4.
26. Vingan RD, Dow‐Edwards ML, Riley EP. Cerebral metabolic alterations in rats following
prenatal alcohol exposure: a deoxyglucose study. Alcohol Clin Exp Res. 1986 Jan‐
Feb;10(1):22‐6.
27. Torvik A. Topographic distribution and severity of brain lesions in Wernicke's
encephalopathy. Clin Neuropathol. 1987 Jan‐Feb;6(1):25‐9.
28. Bertoni JM, Sprenkle PM. Lead acutely reduces glucose utilization in the rat brain
especially in higher auditory centers. Neurotoxicology. 1988 Summer;9(2):235‐42.
29. Victor M, Adams RD, Collins GH. The Wernicke‐Korsakoff syndrome and related
neurologic disorders due to alcoholism and malnutrition, 2nd ed, Contemporary
Neurology Series v30. Philadelphia, PA : F.A. Davis, 1989.
30. Oyanagi K, Ohama E, Ikuta F. The auditory system in methyl mercurial intoxication: a
neuropathological investigation on 14 autopsy cases in Niigata, Japan. Acta
Neuropathol. 1989;77(6):561‐8.
31. Cavanagh JB. Methyl bromide intoxication and acute energy deprivation syndromes.
Neuropathol Appl Neurobiol. 1992 Dec;18(6):575‐8.
32. Squier MV, Thompson J, Rajgopalan B. Case report: neuropathology of methyl bromide
intoxication. Neuropathol Appl Neurobiol. 1992 Dec;18(6):579‐84.
33. Grünwald F, Schröck H, Biersack HJ, Kuschinsky W. Changes in local cerebral glucose
utilization in the awake rat during acute and chronic administration of ethanol. J Nucl
Med. 1993 May;34(5):793‐8.
34. Cavanagh JB, Nolan CC. The neurotoxicity of alpha‐chlorohydrin in rats and mice: II.
Lesion topography and factors in selective vulnerability in acute energy deprivation
syndromes. Neuropathol Appl Neurobiol. 1993 Dec;19(6):471‐9.
35. Husain K, Whitworth C, Hazelrigg S, Rybak L. Carboplatin‐induced oxidative injury in rat
inferior colliculus. Int J Toxicol. 2003 Sep‐Oct;22(5):335‐42.

25 January 2010

5

Simon/Discussion points submitted to members of the IACC
36. Morgan DL, Little PB, Herr DW, Moser VC, Collins B, Herbert R, Johnson GA, Maronpot
RR, Harry GJ, Sills RC. Neurotoxicity of carbonyl sulfide in F344 rats following inhalation
exposure for up to 12 weeks. Toxicol Appl Pharmacol. 2004 Oct 15;200(2):131‐45.
Neuropathology caused by thiamine (vitamin B1) deficiency
37. Neubürger K. Wernickesche Krankheit bei chronischer Gastritis. Ein Beitrag zu den
Beziehungen zwischen Magen und Gehirn. Zeitschrift für die gesamte Neurologie und
Psychiatrie 1937; 160:208‐225.
38. Evans CA, Carlson WE, Green EG. The pathology of Chastek paralysis in foxes. A
counterpart of Wernicke's hemorrhagic polioencephalitis of man. Am J Pathol 1942;
18:79‐90.
39. DeWardener HE, Lennox B. Cerebral beriberi (Wernicke’s encephalopathy): Review of 52
cases in a Singapore prisoner‐of‐war hospital. Lancet 1947 Jan 4; 249(6436):11‐17.
40. Rinehart JF, Friedman M, Greenberg LD. Effect of experimental thiamine deficiency on
the nervous system of the rhesus monkey. Arch Pathol (Chic). 1949 Aug;48(2):129‐39.
41. Jubb KV Saunders LZ, Coates HV. Thiamine deficiency encephalopathy in cats. J Comp
Pathol. 1956 Jul;66(3):217‐27.
42. Dreyfus PM, Victor M. Effects of thiamine deficiency on the central nervous system. Am
J Clin Nutr. 1961 Jul‐Aug;9:414‐25.
43. Hakim AM and Pappius HM (1981) The effect of thiamine deficiency on local cerebral
glucose utilization. Annals of Neurology 9:334‐339.
44. Witt ED, Goldman‐Rakic PS. Intermittent thiamine deficiency in the rhesus monkey. I.
Progression of neurological signs and neuroanatomical lesions. Ann Neurol. 1983
Apr;13(4):396‐401.
45. Irle E, Markowitsch HJ. Widespread neuroanatomical damage and learning deficits
following chronic alcohol consumption or vitamin B1 (thiamine) deficiency in rats. Behav
Brain Res. 1983 Sep;9(3):277‐94.
46. Witt ED. Neuroanatomical consequences of thiamine deficiency: a comparative analysis.
Alcohol Alcohol. 1985;20(2):201‐21.
47. Hakim AM. Effect of thiamine deficiency and its reversal on cerebral blood flow in the
rat. Observations on the phenomena of hyperperfusion, "no reflow," and delayed
hypoperfusion. J Cereb Blood Flow Metab. 1986 Feb;6(1):79‐85.
48. Vortmeyer AO, Hagel C, Laas R. Haemorrhagic thiamine deficient encephalopathy
following prolonged parenteral nutrition. J Neurol Neurosurg Psychiatry. 1992
Sep;55(9):826‐9.
49. Chen Q, Okada S, Okeda R. Causality of parenchymal and vascular changes in rats with
experimental thiamine deficiency encephalopathy. Pathol Int. 1997 Nov;47(11):748‐56.

25 January 2010

6

Simon/Discussion points submitted to members of the IACC
Erroneous idea that beriberi was caused by bacterial infection
50. Wright H. The Cause, Course, Prevention, and Treatment of Beriberi Public Health Pap
Rep. 1905; 31(Pt 1): 289–299. Online at:
http://www.pubmedcentral.nih.gov/picrender.fcgi?tool=pmcentrez&artid=22225
25&blobtype=pdf

The auditory system is affected in kernicterus
51. Dublin WB. Neurologic lesions of erythroblastosis fetalis in relation to nuclear deafness.
Am J Clin Pathol. 1951 Oct;21(10):935‐9.
52. Shapiro SM, Nakamura H. Bilirubin and the auditory system. J Perinatol. 2001 Dec;21
Suppl 1:S52‐5; discussion S59‐62.
Bilirubin entry into the brain occurs only with damage to the blood‐brain barrier
53. Zimmerman HM, Yannet H. Kernicterus: jaundice of the nuclear masses of the brain. Am
J Dis Child (American Journal of Diseases of Children) 1933 Apr; 45:740‐759.
54. Lucey JF, Hibbard E, Behrman RE, Esquival FO, Windle WF. Kernicterus in asphyxiated
newborn monkeys. Exp Neurol 1964 Jan; 9(1):43‐58.
55. Lou HC, Tweed WA, Johnson G, Jones M, Lassen NA. Breakdown of blood/brain barrier
in kernicterus. Lancet. 1977 May 14;1(8020):1062‐3.
56. Lou HC, Lassen NA, Tweed WA, Johnson G, Jones M, Palahniuk RJ. Pressure passive
cerebral blood flow and breakdown of the blood‐brain barrier in experimental fetal
asphyxia. Acta Paediatr Scand. 1979 Jan;68(1):57‐63.
57. Levine RL, Fredericks WR, Rapoport SI. Entry of bilirubin into the brain due to opening of
the blood‐brain barrier. Pediatrics. 1982 Mar;69(3):255‐9.
Vitamin K injection for every newborn
58. Allison AC. Danger of vitamin K to newborn. Lancet 1955 Mar 26;265(6865):669.
59. Laurance B. Danger of vitamin K analogues to newborn. Lancet 1955 Apr 16;
265(6868):819.
60. Bound JP, Telfer TP. Effect of vitamin‐K dosage on plasma‐bilirubin levels in premature
infants. Lancet. 1956 May 19;270(6925):720‐2.
61. Meyer TC, Angus J. The effect of large doses of synkavit in the newborn. Arch Dis Child.
1956 Jun;31(157):212‐5.
62. American Academy of Pediatrics, Committee on Nutrition. Vitamin K compounds and
the water soluble analogues. Pediatrics 1961 Sep;28;501‐507.
63. American Academy of Pediatrics, Committee on Fetus and Newborn. Controversies
Concerning Vitamin K and the Newborn. Pediatrics 2003 Jul; 112(1):191‐192.

25 January 2010

7

Simon/Discussion points submitted to members of the IACC
Antibiotics and other errors in neonatology
64. Silverman WA, Andersen DH, Blanc WA, Crozier DN, A difference in mortality rate and
incidence of kernicterus among premature infants allotted to two prophylactic
antibacterial regimens. Pediatrics. 1956 Oct;18(4):614‐25.
65. Robertson AF. Reflections on errors in neonatology: I. The "Hands‐Off" years, 1920 to
1950. J Perinatol. 2003 Jan;23(1):48‐55.
66. Robertson AF. Reflections on errors in neonatology: II. The "Heroic" years, 1950 to 1970.
J Perinatol. 2003 Mar;23(2):154‐61.
67. Robertson AF. Reflections on errors in neonatology III. The "experienced" years, 1970 to
2000. J Perinatol. 2003 Apr‐May;23(3):240‐9.
Maturation of the cerebral cortex is impaired following perinatal brainstem injury
68. Faro MD, Windle WF. Transneuronal degeneration in brains of monkeys asphyxiated at
birth. Exp Neurol. 1969 May;24(1):38‐53.

25 January 2010

8

Simon/Discussion points submitted to members of the IACC

‐‐
Table 1: Brainstem Sites Damaged by Asphyxia at Birth
•
•
•
•
•
•

Inferior colliculi and Superior olives
(acoustic processing & relay)
Trigeminal nerve sensory nuclei
(5th cranial nerve from face & jaw)
Gracile and cuneate nuclei
(lower & upper body sensory)
Vestibular nuclei
(equilibrium & reflexive orientation)
Ventral thalamic nuclei
(sensory processing & relay from brainstem & cerebellum to cortex)
Basal ganglia
(subcortical motor control)

Table 2: Areas of Dysmaturation in Brains of Monkeys Following Long‐term Survival
•

•
•

•

Brainstem:
periaqueductal gray
oculomotor nuclei
Inferior olives
Cerebellum:
vermis
Subcortical sites:
mammillary bodies
hippocampus
amygdala
Cerebral Cortex:
frontal and parietal lobes
corpus callosum
(left/right hemisphere connection)
ventricular enlargement

‐‐

25 January 2010

9

Simon/Discussion points submitted to members of the IACC

‐‐

Figure 1: Blood Flow in the Brain
Autoradiogram of the brain of a cat 60 seconds after injection of a radioactive tracer shows the
greatest perfusion (thus greatest blood flow) in nuclei of the brainstem auditory pathway. This
technique has revealed that the highest blood flow in the brain is to structures in the auditory
pathway in several other mammalian species, including monkeys. From Kety, 1962, with
permission from Columbia University Press. Note: Labels for components of the auditory
pathway, superior olive, nuclei of the lateral lemniscus, and inferior colliculus, were added for
reference.
‐‐
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254 Myers

January 15, 1972
Am. J; Obstet. Gynecol.

Fig. 7. Autoradiograph of coronal brain section of normal newborn monkey. Just prior to
being killed, this animal sustained an intravenous infusion of 14 C-Iabeled antipyrine. Staining
density relates to volume flow of blood per unit of tissue per unit of time. The central nuclei
of the inferior colliculi stand out due to their high-volume blood flow< (Courtesy C. Kennedy
and L. Sokoloff, Laboratory of Cerebral Metabolism, National Institute of Mental Health.)
Figure 2: Figure 7 from Myers (1972), p254
Autoradiograph showing blood flow in the brain of a
newborn monkey. The greatest blood flow is to the inferior
colliculi in the midbrain. High blood flow is also seen in
other subcortical structures and inner sulci of the cerebral
cortex. From Myers (1972) with permission from the
American Medical Association.

‐‐
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Figure 3: Damage of the inferior colliculi: Result of subjecting a newborn monkey to 12 minutes
of total asphyxia. (from Myers 1972)
‐‐
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Figure 4: Brain damage in human infants also involves the inferior colliculi (bottom) following
asphyxia (from Leech & Alvord 1977, with permission from the American Medical Association).
‐‐

25 January 2010

13

Simon/Discussion points submitted to members of the IACC

Figure 5: Pictures from the article by William F. Windle in the October 1969 issue of the
Scientific American.
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Figure 6: Wernicke's encephalopathy, caused by chronic alcohol intoxication or deficiency of
thiamine (vitamin B1) deficiency, is characterized by small flea‐bite size hemorrhages in the
inferior colliculi (here labeled corpus quadrigeminum posterior) from dilated blood vessels that
burst. From Kant (1933, with permission from Springer‐Verlag).
‐‐
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Figure 7: Hemorrhagic damage of the mammillary bodies in Wernicke’s encephalopathy. From
DeWardener and Lennox (1947).
‐‐
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Figure 1 from Evans et al. (1941) shows the bilaterally symmetric hemorrhagic
lesions found in foxes suffering from thiamine deficiency: “The quadrigeminal
plate is frequently involved and in all such cases lesions are present in the
inferior colliculi.” [p85], as can be seen in the bottom slice shown here.
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Figure 8: Hemorrhagic damage of the inferior colliculi in a human patient maintained on
prolonged parenteral feeding lacking vitamin B1 (from Vortmeyer et al. 1992).
‐‐
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Figure 9: Picture from the the paper by Lucey et al. (1964). Note that bilirubin staining is not
uniform throughout the brain. Blood flow and metabolism are not uniform throughout the
brain. Brainstem nuclei of high metabolic rate are most susceptible to damage when a sudden
catastrophic lapse in aerobic metabolism occurs. The inferior colliculi in the midbrain auditory
pathway (lower left) are intensely stained, as are the mammillary bodies and basal ganglia
(upper left).
‐‐
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