
MEDICAL GRAND ROUNDS 

Parkland Memorial Hospital 

November 7, 1963 

GLYCOGEN STORAGE DISEASES 

case I· HEPATO-RENAL TYPE (VON GIERKE ' S DISEAS E) ( ) 

Th e patient is a 4 year old  girl who was noted shortly after term delivery to have 
a large abdomen with thin spindly extremities. She seemed to grow slowly as compared to her 
normal older brother. At age 6 months, she developed bronchopneumonia, followed by persistent 
diarrhea and vomiting _which continued for a period of at . least 2 to 3 weeks. At age 9 months , 
she was placed on a te'latively low fat diet and her general condition improved. When the 
patient was 22 months old she was admitted to the  for study and 
was at that time noted to have marked hepatomegaly without splenomegaly. Abnormal blood chem­
istries included a fasting blood sugar of 45.2 mg .%; and SGOT of 94; a glucose tolerance test 
showed persistent elevation after 2 hours; and epinephrine response test demonstrated no sig­
nificant response of blood sugar to a test dose of epinephrine. (Figure I). 

A needle biopsy of the I iver showed enlargement of alI eel I types with PAS positive 
material present in a number of the eel Is. On the basis of these findings the pathologic diag­
nosis of von Gierke's disease was made. 

A glucose-6-phosphatase assay of the I iver biopsy material was carried out by Dr. Henry 
Kirkman and a glucose-6-phosphatase activity of less than 25 ~gm of phosphorus per 100 mg of 
liver per hour was detected. Normal range is 250-450 ~gm/100 mg/hr. She was treated with 
frequent feedings of a high protein diet. 

The patient was seen at  in  1963 at age 3-1/2 years because 
of fever of unknown origin. Physical examination was completely negative except for a liver 
enlarged 7 em below the right costal margin. The child was comsidered to be of normal height 
and weight for her age . Heart was not enlarged; spleen and kidneys were not palpable. Muscle 
strength was normal. A glucose tolerance test at that time showed a fasting level of 58 mg.% 
and a persistent elevation (Figure 2). The patient became afebrile without specific therapy 
and discharged when on /63 she was asymptomatic. 
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ce~se ' ·2 : CARD IAC TYPE (.POMPE 1 S DISEASE )  

The pat ient was a  ma le infant adm itted to  at the age 

1o days. Shortly after a term de l ivery the infant was noted to have respiratory distress and 
X'raY revealed card iomegaly and patchy i nfiltrate in t he left upper lung field which was diag-
00sed as bronchopneumonia. Jaundice appeared on the second day , bi I I irubin rising to 14.5 mg.%. 
fhe patient was treated with pe ni c i I I i n and streptomycin and discharged on the 5th day of I ife. 
Five days later he was referred to  because of persistent cardiomegaly. Exam­
ination revealed pers istence of icterus ; mass ive card iomegaly and tachycardia of 170-180; EKG 
showed:;PR-:: i nterva I' of 0. 08 second; no murmurs were heard. On admission the I i ver was pa I pated 
2 em below the right costal marg in; however, th i s decreased somewhat in size during the first 
two days of hosp italization. His resp iratory difficulty persisted and on -62 a grade 2 
harsh systolic murmur was heard over the per icard ium . Despite digitalization, the respiratory 
difficulty continued. The I iver continued to enlarge and following progressive respiratory 
distress the patient expired on -62. At autopsy the heart was found to be markedly hyper­
trophy, we ighing 30 grams (approxi ma t ely twice the normal weight for this size infant). No 
signif icant valvular les ions were detected. Areas ·. of vacu lated eel Is were seen in the myocardium. 

The patient has one norma l sibl i ng and both parents are wei I. There is , ;· hbwever, a 
history of two pat ernal cousi ns dy ing before the age of 6 months with hepatomegaly. 

case 3: LIMIT DEXTR INOS IS (FORBES ' DISEASE) ( ) 

The patient is at present a 25 year old  g i rl who was first seen at  
 in 1942 at the age of 3- 1/2 years. She was noted at that time to have had 

asymptomatic swel I ing of the abdomen from the age of I year and on admission marked hepatomegaly 
was observed. AI I glucose tolerance tests showed persi stent elevation of blood glucose for 
a four hour period. Laboratory findings on th is admission showed a glucose of 42 mg.% an · 
elevation of total I ip ids of 2.22 grams %. The serum cholesterol was also increased to a 
val~e of 420 mg.%. The patient was fol lowed i n the outpat ient clinic and persistence of the 
hepatomegaly was noted but she was completely asymptomatic. 

In 1951 at the age of 12-1/2 years the patient was admitted for I iver and muscle biopsy. 
The I iver biopsy revealed that both the nuclei and th e cytoplasm of the I iver eel Is were packed 
With a material hav ing the staining propert ies of glycogen. In addition there were focal areas 
of vacul ization representing fat accumu lati on. Examination of the muscle revealed no abnor­
malities under routine staining. 

Chem ical analys is showed the I iver glycogen to be slightly elevated at 8.7%, (Upper 
limit of normal 7.6%) muscle glycogen was 4 . 6% (upper I imit of normal 1.0%). Glucose-6-phosphatase 
levels in the liver were only slightly reduced ( 180 ~g of phosphorus/100 mg of tissue per hr.). 
Analysis of l iver glycogen by Dr. Gerty Cori showed a distinctly abnormal gl~cogen . Phosphorylase 
degradation of glycogen in I iver amounted to only 12% and in muscle 2 . 6% (normal 25-38%). 

The family history i s ·completel y negative. Two sib I ings , both boys, are I iving and well . 
In 1963 the patient at age 25 was leading a normal, active I ife having married and had two 
Sons, ages 2 and 3 years. 
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~cific Types of G·lycogen Storage Disease Can Probably Be Diagnosed from Blood Analyses Alone 

1. von Gierke's Disease 

Platelet glycogen is specifically elevated. Ref. 19 

2. Pompe's Disease 

Leukocyte glycogen is increased. 

3. Limit Dextrinosis (Forbes ' Disease) 

a. Red blood eel I glycogen is greatly increased £nly in 
this type. Ref. 33 

b. Leukocyte debranching enzyme is decreased. 
Wi II iams, H.E , Kendig, E.M. and Fi ·eld, J.B . 
Leukocyte Debranching Enzyme in Glycogen Storage Disease 
J , Cl in. Invest. 42:656, 1963. 

4. ~mylopectinosis (Andersen's Disease) 

Iodine spectra of glycogen is abnormal in red blood eel I. 
Refs. 34, 36. 

5. Hepatic Phosphorylase (Hers' Disease) 
. . . 

Leukocyte phosphorylase is decreased. Refs. 44, 45. 
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First c l ini ca l descr iption of what in ret ros pect was probably musc le phosphorylase defect. 

38. Lelo i r, L. F. , Olavarr ia, J . M. , Go ldemberg , S. H., and Carminatti, H. Biosynthesis 
of Gl ycogen from Ured ine Diphosphate Glucose. Arch . Biochem. Biophys. 81 :508, 1959. 
Descr ipt ion of the UDP6 pathway in muscl e. 

39. Schm i d, R. and Ma hl er, R. Chron ic Progress ive Myopathy with Myoglobinuria. Demonstrat ion 
of a Glycogeno lyti c De f ect in the Mus c le . J . Ci in. Invest. 38 :2044 , 1959. 
Schm i d, R., Robb ins, P. W., Traut, R. R. Glycoge n Synthesis in Muscle Lacking Phosphory­
lase. Proc. Nat . Acad. Sc. 45 ~ 1236, 1959. 
Reports a 52 yea r o ld ma n with pa i n and weakness on sli gh t exerc ise usually followed 
by myoglob inur ia. Musc le phosphory lase was < 1% of norma l . 

40 . Schm i d, R. and Hammaker, L. Hered itary Absence of Mus c le Phosphorylase (McArdle's 
Syndrome ) . N. Eng . J . Med. 264 ~ 223 , 1961. 
Genetic study of fami !y with Mc Ar d le' s d isease. Two of ni ne s ib I i ngs of pat ient in Ref. 39 
had d is ease. Th ree of 13 in second generati on had Mc Ard le's; therefore, probro le 
autosomal recessive tra it . 

41. Pearson, c. M., Rimer , D. G. and Mommaert s, W. F. H.M. A Metabolic Myopathy due to 
Absence of Musc le Phosphorylase. Amer. J . Med. 30 :502, 1961. 
Mommaerts, W. F. H.M., ~l l ingsworth, B., Pearson, C.M., Gul lor y, R. J . and Seraydar ian, K. 
A Functional Disorder of Muscle Assoc iated with the Absence of Phosphorylase. Proc. 
Nat. Acad . Sc. 45~791 , 1959. 
Two -repor ts descr i be same 19 year old pat ient with musc le cramps, oneepisode of probable 
myoglob inuria on moderate exerc ise a nd absent muscle phosphorylase. 

~patic Phosphory lase Type (Hers 9 Disease ) 

42. Hers, H. G. Etudes Enzymatiques sur Fragments Hepatiques ~ App li cat ion a Ia classif ication 
des Glycogeneses. Rev. ~nt. Hepat. 9:35, 1959 . 
Hers, H. G. Rece nt Developments in the -Biochem istry of Glycogen Storage Disease a nd 
of Fructose into lerance. Cbem. Wee kb iacl . 57:437, 196 1. 
Presents 3 pat ients with hepat omega ly; increased l iver glycogen and decreased but not 
absence of I iver phosphorylase . 
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43. Lelo ir, L. F. and Go ldemberg, S. H. Synthes is of Glycogen from Uridine Diphosphate 
Glucose i n Liver J. Bio i . Chern . 235 :9 19, 1960 . 
UDP glucose pat hway in li ver. 

44. \vi II iams, H. and Fie ld, J . B. Low Leukocyte Phosphory lase i n Hepatic Phosphorylase 
Def ic iency Glycogen Storage Disease . J . Cl in. invest . 40 :1 841, 196 1. 
Li ver and l etr k o~yte phosphory lase was depressed in 2 boys with hepatomegaly and 
elevated l iver g lycogen. Norma l mot her showed leu kocyte phos phory lase depression. 

45. Hu lsman, W. c. Oe i , T. L. and va n Creve ld, S. Phosphory lase Activity in Leucocytes 
from Pat ients with Glycogen Storage Disease. l ancet !! :58 1, 1961 
!n four cases of hepat ic form of g lycogen storage (Hers ') d isease leukocyte phos­
phory lase is i /4th norma l . S is ter of one and mother of two pati e nts also had low 
leu kocyte phos phory lase. 

Studies Suggest i ng That Gl ycogen St orage is More Comp lex t han Each Enzyme Defect Causing a 
Single Disease 

46. Calderbank, A. , Kent, P. W. Lorber, J ., Man ners, D. J . and Wright, A. Biochemical 
investi gat ion of a Case of Gl ycoge n Storage Disease (von Gi erke's ) . Biochem . J . 74:223 , 1960. 
In s ame fam i ly one s ib l i ng had von Gierke ' s d isease and another sibling had debranching 
defect . 

47 . Perkoff , G. T., Par ker, V. J ., Hahn, R. F. The Ef fects of Gl ucagon in Three Forms 
of Glycogen Storage Disease . J . Cl in invest . 4 1:1 099, 1962. 
Report a pat ien t with defect i n both gl ucose- 6- phos phatase and debranching enzyme. 
Glucagon thera py was of t emporary be nef it (3 mont hs ) on ly in two patients with 
g l ucose~6- p hos phatase def ic iency or in one with debranch i ng defect, or in the one 
pa tient with comb ined defects. 

48. Eber le in, W R. and I I I ingsworth, B. A. Heterogeneous Gl ycogen Storage Disease in 
Si b l i ngs and Favorab le Response t o Sy nthet ic Andr ogen Adm inistration . Am . J. Med. 
33 :20, 1962. 
i n two s ib I ings ma le had g lucose- 6- phos phatase def ic iency in I iver and debranching 
en zyme defect in red b lood ee l Is. Sister had debranch i ng of muscle I iver and red 
blood ee l' : · Androge n t herapy caused marked cl inica l improvement, especially in male . 

49. Lowe, c.u., Sakal, J . E., Mosov ich, L.L . , Sarc ione, E. J . and Doray, B. H. Studies 
on U ver G i ycogen St or·age Disease Effects of G I ucagon and other Agents on Met abo I i c 
Pattern with Cl ini ca l Stat us. Am . J . Med . 33:4, 1962. 
One pat ient had bot h g lucose- 6- phosphatase and phos phor ylase defect. Results post­
prandia l g lucagon t herapy were "encourag ing" but could not pred ict effect on lactate 
and g lucose on basi s of les ion . 

50 . Editoria l. A Confu si on of Errors. Lancet 2 ~764 , 1962. 
Discuss ion of the apparent except ions to the one gene-one enzyme hypothesis i n glycogen 
storage diseases. 

51 Anderson, C.M., Tow nl ey, M. D. and Freeman, M. intestinal Sucrase and tsomaltase 
Def ic iency in Two Sib l i ngs . Ped. 3 1: 1003, 1963. 
Intestinal debranch i ng enzyme as we i I as s urcrase (separate enzyme splitting sucrose 
to glucose and fructose ) missing in each of two si b li ngs. An example of two dist i nct 
enzyme def ic iencies occurr i ng in same indiv iduals . 




