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Staff Meetin~ Report

Oxidative Enzymes in Proliferative Lesions
of the Large Bowel:

A Morphologic Histochemical Study Of

Lee W. Wattenberg, M.D.t

The present investigation was undertaken as an effort to demon
strate a histochemical reaction pattern in cells of carcinoma of the
large intestine which would be distinctive from those occurring in
either normal mucosa or benign proliferative lesions of this anatomic
structure. Such a distinctive reaction pattern would have consider
able usefulness in the study of the pathogenesis of this commonly
occurring neoplasm, and might also have diagnostic and therapeutic
implications.

Five oxidative enzymes were chosen for the study: diphospho
pyridine nucleotide (DPN) diaphorase, l triphosphopyridine nucleo
tide (TPN) diaphorase,l succinic dehydrogenase,2 a-glycerophosphate
dehydrogenase,3 and monoamine oxidase.4 DPN diaphorase and TPN
diaphorase catalyze the oxidation of DPNH and TPNH respectively.5
Succinic dehydrogenase is a component of the citric acid cycle and
thus is one of a group of enzymes which together catalyze the oxi
dation of pyruvate. a-Glycerophosphate dehydrogenase catalyzes the
reversible oxidation of L-a-glycerophosphate and is important in neu
tral fat and phospholipid metabolism.6 Monoamine oxidase is be
lieved to be primarily a detoxifying enzyme.7 These five enzymes have
been studied in normal mucosa, adenomatous polyps, and carcinoma
of the large bowel in man. As will be described, a distinctive reaction
pattern, consisting of high DPN diaphorase and TPN diaphorase activ
ities, and low succinic dehydrogenase, a-glycerophosphate dehydro
genase, and monoamine oxidase activities, has been observed in car
cinomas. This pattern differs from those found in cells of the normal
mucosa and in benign proliferative lesions of the large intestine. 8

°This report was given at the Staff Meeting of the University of Minnesota Hospitals on
October 31, 1958.

tThis investigation was aided by a grant from the American Cancer Society and was
performed during the author's tenure as a Lederle Medical Faculty Awardee.

:j:Assistant Professor, Department of Pathology
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THE MEDICAL BULLETIN

MATERIALS AND METHODS

Tissues employed
The present study is based primarily on findings obtained in sur

gically resected specimens. These include 35 specimens of large in
testine resected for infiltrating carcinomas which were distributed as
follows: rectum, 17; descending colon, 10; transverse colon, 4; as
cending colon, 2; and cecum, 2. Included also are 7 specimens re
sected for mucosal polyps and 2 specimens for diverticulitis. Twenty
eight adenomatous polyps of the large bowel mucosa were studied; of
these, 18 were incidental lesions in specimens resected for infiltrating
carcinomas, and 10 were from specimens resected solely for the
polyps. In addition to the resected specimens, a number of biopsy
specimens were studied. These include tissues from rectal biopsies
performed during proctoscopic examination of five patients with car
cinoma of the rectum and from eight biopsies of mucosa of transverse
colostomy sites.

Techniques
Frozen sections cut in a cryostat were used in all procedures. A

description of the method of tissue processing and the histochemical
reaction conditions has been presented elsewhere.8 Two tetrazolium
salts-neotetrazolium and Nitro-BT-were employed. It was observed
that the greatest visual contrast between nonmalignant and malignant
cells occurs where neotetrazolium is the tetrazolium salt used in the
procedures for demonstrating the diaphorases. In contrast, in the
procedures for demonstrating succinic dehydrogenase, a-glycerophos
phate dehydrogenase, and monoamine oxidase, Nitro-BT was the pre
ferred tetrazolium salt.8

RESULTS

Histochemical reaction pattern of the normal mucosa of the large
bowel

The deSCription that follows applies to the normal mucosa obtained
from surgically resected specimens. No difference was noted between
the reactions of mucosa from patients with carcinoma of the large
intestine and the mucosa from patients who underwent resection be
cause of benign polyps or diverticulitis.

(a) DPN diaphorase and TPN diaphorase. In general, the DPN
diaphorase procedure results in a red staining (Fig. 1), and the TPN
diaphorase procedure a light red staining of the normal mucosa. With
the DPN diaphorase procedure, the cells of the surface epithelium or
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the base of the crypts or both may stain relatively intensely, being
a moderately dark red with some blue diformazan evident. With the
TPN diaphorase procedure the cells of the surface epithelium may also
stain relatively intensely, but the cells at the base of the crypts do not
stain darker than do other cells of the crypts. These findings are sum
marized in Table 1. In some specimens, uniform staining of surface
and of all crypt cells occurs with both diaphorases, the color being
more intense for DPN diaphorase than for TPN diaphorase.

Fig. 1. Carcinoma of the large bowel. Mucosa above,
carcinoma in submucosa below. DPN diaphorase. x 40.

(b) Succinic dehydrogenase, a-glycerophosphate dehydrogenase,
and monoamine oxidase. All three procedures result in a moderately
dark blue staining of the normal mucosa. The staining patterns ob
tained for succinic dehydrogenase and a-glycerophosphate dehydro
genase are virtually identical. With both, the most intense staining is
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THE MEDICAL BULLETIN

generally found in the cells at the base of the crypts, which stain a
deep blue. The surface epithelium is a slightly lighter blue, and the
cells of the crypts (other than those of the base) stain slightly lighter
still. The succinic dehydrogenase procedure results in a somewhat
darker staining of all cell types than does the a-glycerophosphate de
hydrogenase procedure. With the monoamine oxidase procedure, the
surface epithelium stains at about the same intensity as for succinic
dehydrogenase, and all the cells of the crypts, including those at the
base, stain uniformly and lighter than the surface epithelium (Table
1) .

Some variation in intensity of staining for all five enzymes occurs
in different specimens; the basis for this variation is not known at
present.
Histochemical reaction pattern of cells of carcinomas of the large
bowel.

The malignant tumors included in this study were composed
predominantly of well differentiated carcinoma cells. In most of them,
however, poorly differentiated tumor cells were found in the ihvading
margin of the tumor and sometimes in other locations. A few carci
nomas in the present series contained large areas of poorly differenti
ated cells, but none was composed entirely of this type. Poorly dif
ferentiated carcinoma may exist in a variety of morphologic forms,
such as isolated clumps of cells, fingerlike cords of cells, solid pegs
of cells, or highly atypical glands. All of these forms have similar
reaction patterns.

(a) DPN diaphorase and TPN diaphorase. With both diaphorase
procedures, intense staining of both poorly differentiated and well
differentiated carcinoma cells is seen. With the DPN diaphorase pro
cedure, the amount of blue diformazan deposited is often great
enough to make these cells appear a dark blue (Fig. 1). The TPN
diaphorase procedure generally results in a slightly lighter staining of
carcinoma cells than does the DPN diaphorase procedure (Table 1).
The deep staining with both these procedures does not occur in all
tumor cells but is a selective phenomenon determined by at least
three factors: One is the location of the cells within the tumor. The
highest frequency of intense staining is found in cells in areas that
appear to favor cellular proliferation, such as the invading margins
of tumors, the periphery of tumor cell aggregates, and isolated cell
groups. In contrast, cells in locations that are susceptible to degener
ation, such as the inner portions of tumor masses, areas adjacent to
the lumen of ulcerating lesions, or areas of marked inflammatory re-
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TABLE 1
TYPICAL HISTOCHEMICAL REACTION PATTERNS OF FIVE OXIDATIVE ENZYMES

IN NORMAL AND PATHOLOGIC MUCOSAL CELLS OF THE LARGE BOWEL

Cell Type Formazan Deposition
a-Glycero-

DPN TPN Succinic Phosphate Mono-
Diapho- Diapho- Dehydro- Dehydro- amine

rase! rase! genase2 genase2 Oxidase'

Normal mucosa-surface
cells 4+ .'3+ 5+ 4+ 5+

Normal mucosa---<:ells at
base of crypts 4+ 2+ 6+ 5+ 3+

Normal mucosa---<:ells of
crypts (other than at base) 3+ 2+ 4+ 3+ 3+

Polyp-mucoid cells 3+ 2+ 4+ 3+ :3+

Polyp-superficial cells of
atypical glands 3+ 2+ 3+ 2+ 2+

Polyp-deeper cells of
atypical glands 6+ 2+ 8+ 7+ 5+

Carcinoma-well differen-
tiated 8+ 6+ 7+ 6+ 5+

Carcinoma-poorly or well
differentiated' 8+ 6+ 1+ 1+ 1+

'Neotetrazolium in reaction mixture: 8+ (maximum formazan deposition), very deep
blue; 7+ to 6+. progressively lighter blue; 5+. purple (predominantly blue); 4+
purple (predominantly red); 3+. red; 2+. light red; 1+. pink

'Nitro-BT in reaction mixture: 8+ (maximum formazan deposition), very deep blue;
7+ to 1+. progressively lighter blue

• This reaction pattern is observed in a higher proportion of poorly differentiated than
of well differentiated carcinoma cells

action. are more likely to show lighter staining. The degree of cellu
lar differentiation is a second factor. A considerably higher proportion
of poorly differentiated carcinoma cells show intense staining for the
two enzymes than do well differentiated cells. Of glandular forms,
those with flat epithelium are particularly likely to have high diapho
rase activities. The third factor, less well defined, appears to be re
lated to a general characteristic of the tumor itself which at present
has not been elucidated. Some tumors are considerably more reactive
than others, so that cells with apparently comparable morphologic
characteristics may vary in staining intensity from tumor to tumor.

(b) Succinic dehydrogenase, a-glycerophosphate dehydrogenase,
and monoamine oxidase. Poorly differentiated carcinoma cells show
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weak staining with the histochemical procedures for demonstrating
succinic dehydrogenase, a-glycerophosphate dehydrogenase, and mono
amine oxidase. In many instances the cells are light blue, and in
some specimens they are colorless. Similarly, many well differentiated
carcinoma cells stain lightly with these three procedures (Table 1).
While the activities of all three enzymes generally show parallel de
creases, that of monoamine oxidase is occasionally diminished to a
comparatively greater extent than are those of the other two enzymes.

In contrast to the well differentiated carcinoma cells which show
light staining, some cells with comparable morphologic characteristics
have staining intensities for all three enzymes that equal or surpass
those of the deepest staining cells of the normal mucosa from the
same patient (Table 1). Transitions between intense staining and
weak staining may be seen in adjacent tumor glands: In those that
stain deeply, the greatest intensity is often present in periluminal
organelles. In regard both to staining intensity for the three enzymes
and to intracellular formazan distribution, these carcinoma cells closely
resemble cells of atypical glands of benign mucosal polyps as des
cribed below.

Comparison of the histochemical reaction patterns observed in biopsy
and resected specimens

In three patients on whom it was possible to compare preoperative
biopsy specimens containing both normal rectal mucosa and carcinoma
with comparable adjacent tissues in the surgically resected specimens,
no essentual difference in reaction pattern was observed with any of
the five histochemical procedures. Tissues from eight biopsy speci
mens of mucosa from transverse colostomy sites showed reaction pat
terns within the range of those obtained in resected specimens. Two
biopsy specimens of carcinoma of the rectum, obtained from patients
who had inoperable lesions, yielded findings within the range of those
observed in specimens of resected tissue.

Histochemical reaction pattern of cells of benign adenomatous polyps
of the large bowel

The 25 benign adenomatous polyps included in this study were
all relatively small lesions (maximum diameter, Hf em.) in which no
suggestion of malignancy could be observed either through gross ex
amination or through conventional staining techniques. In no instance
was cellular anaplasia, loss of nuclear polarity, or invasion of the stalk
present. In those polyps, two morphologic types of glandular epi
thelium can be distinguished, although there are intermediate transi-
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tional forms. The first type, a mucoid epithelium characterized by
large numbers of goblet cells, is virtually identical in appearance with
the normal glandular epithelium of the large bowel. The second type
is referred to as atypical epithelium and the glands as atypical glands.
These atypical glands, most characteristically containing few or no
goblet cells, have cells that are generally columnar with elongated
nuclei in a basal position. Large numbers of mitotic figures are some
times present. While a variable proportion of the total glandular
tissue in any polyp may consist of either of the two morphologic types
of epithelium, in general the atypical epithelium is most prevalent in
the superficial portion, and the mucoid epithelium is most prevalent
in the deeper portion. It is not unusual, however, to find atypical
glands penetrating the entire thickness of a polyp, or nests of similar
cells lying immediately adjacent to the stalk.

Studies of the five oxidative enzymes in the mucoid epithelium of
polyps reveal a pattern essentially the same as that of the mucoid epi
thelium of the normal glands of the large bowel (Table 1). In con
trast, the atypical epithelium shows a different pattern: Where the
glands are straight, it can be readily observed that their superficial
portions often stain either the same as or lighter than the glands of the
normal mucosa with the procedures for demonstrating succinic de
hydrogenase, a-glycerophosphate dehydrogenase, and monoamine oxi
dase; and the diaphorase activities are comparable to those found in
mucoid epithelium. In the deeper portions of these atypical glands
increased staining for succinic dehydrogenase, a-glycerophosphate de
hydrogenase, and monoamine oxidase is often seen. In addition, there
may also be increased staining with the DPN diaphorase procedure.
With the TPN diaphorase procedure, no increase in formazan de
position has been observed (Table 1).

In the cells of the deep portion of the atypical glands which show
deep staining, the most intense coloration is often found in the cyto
plasm in the periluminal region. With the succinic dehydrogenase
and a-glycerophosphate dehydrogenase procedures, which give the
most precise intracellular morphologic resolution of all five procedures
employed, it can be seen that this intense staining is a result of for
mazan deposition in periluminal organelles. In staining intensity and
intracellular formazan distribution, these cells resemble the well differ
entiated carcinoma cells which stain relatively intensely with the pro
cedures for demonstrating succinic dehydrogenase, a-glycerophosphate
dehydrogenase, and monoamine oxidase.
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Histochemical reaction pattern of malignant polyps of the large bowel
In the present investigation, three malignant polyps were avail

able for study, each of the three specimens having been located in the
sigmoid colon. Much of the epithelium was similar in appearance to
the atypical epithelium of the benign polyps, but piling up of epithelial
cells was more prevalent and pronounced. Areas were found in which
existed frankly carcinomatous glands, characterized by loss of nuclear
polarity and orderly organization of the epithelium and also by marked
irregularities of nuclear appearance, including large and bizarre forms.
The malignant areas took the following forms: narrow segments of
polyp extending from the surface to the base, groups of glands at
the surface of the polyp, and small focal areas of glandular tissue
within the polyp.

(a) DPN diaphorase and TPN diaphorase. The noncarcinomatous
atypical epithelium shows staining comparable to that found in benign
polyps. In areas of carcinoma, an increase in staining occurs with both
procedures. This increase varies from slight to marked and may ap
proach that found in the more reactive cells of infiltrating carcinomas.
Increased staining with the DPN diaphorase procedure is more wide
spread than that with the TPN diaphorase procedure. Glands showing
an increased TPN diaphorase staining, with only occasional exceptions,
also show an increase in staining with the DPN diaphorase procedure.

(b) Succinic dehydrogenase, a-glycerophosphate dehydrogenase,
and monoamine oxidase. Most of the noncarcinomatous atypical
epithelium of the three polyps stains intensely with all three pro
cedures, often having staining properties similar to those of the deeper
portion of the atypical glands in benign polyps. In very sharp con
trast, with the succinic dehydrogenase and a-glycerophosphate de
hydrogenase procedures, the areas of the polyps showing malignant
epithelium are almost colorless. Decreased staining with the succinic
dehydrogenase and a-glycerophosphate dehydrogenase procedures is
more widespread than is the increased staining with the diaphorase
procedures. The staining for monoamine oxidase is less consistently
decreased than for succinic dehydrogenase and a-glycerophosphate
dehydrogenase.

DISCUSSION

A characteristic histochemical reaction pattern distinct from those
found in normal or benign neoplastic cells has been observed in cer
tain cells of carcinoma of the large intestine. This pattern is char
acterized by high DPN diaphorase and TPN diaphorase activities and
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low SUCClillC dehydrogenase, a-glycerophosphate dehydrogenase, and
monoamine oxidase activities, as demonstrated by the histochemical
techniques employed.8 This pattern is found in both poorly differ
entiated and well differentiated carcinoma cells, but it occurs in a
greater proportion of poorly differentiated cells. The pattern is most
consistently observable in the cells of the invading tumor margin, in
cells at the periphery of tumor cell aggregates, and in isolated cell
groups. This relative frequency of occurrence in poorly differentiated
cancer cells as well as in tumor areas most favorable to active cellu
lar proliferation suggests that this pattern represents a highly de
veloped malignant reaction pattern for cells of these malignant tumors.

The significance of the observed variations from the postulated
highly developed malignant reaction pattern is not established. One
such variation, in which all five enzymes show high activities, appears
to be a less completely developed malignant reaction pattern. This
assumption is based primarily on the fact that in the present study
the pattern has only been found in well differentiated carcinoma cells.
An additional point of interest is that in terms both of their high
succinic dehydrogenase, a-glycerophosphate dehydrogenase, and mono
amine oxidase activities and of the intense periluminal formazan de
position observed, these carcinoma cells exhibit properties of atypical
glands of adenomatous polyps. Other variations include those in which
the diaphorase activities are relatively weak. Such patterns are fre
quently found in areas prone to degenerate and appear to reflect the
metabolism of degenerating or less active malignant cells.

The exact biochemical meaning of the histochemical observations
made in this study is not clear, largely because of the lack of know
ledge of the metabolic role of the two diaphorases. The hydrogen
acceptors in the histochemical procedures for demonstrating the
diaphorases are the tetrazolium salts, but the nature of the compound
or compounds which accept hydrogen from these same reduced
flavoprotein diaphorases in vivo has not been established. One in
teresting .possibility is that in the cells of carcinoma of the large bowel
the diaphorases catalyze reductive synthetic reactions, thus utilizing
the hydrogen from the reduced pyridine nucleotide coenzymes in
reactions that might have great importance for rapidly proliferating
cells. That reductive synthetic reactions do occur has been well dem
onstrated in fatty acid synthesis, where reduction of ethylenic linkages
of acyl derivatives of coenzyme A by reduced flavoproteins occurs as
part of the reaction mechanism for increasing carbon chain length.9 •1o

Information is lacking as to what types of compounds might be synthe-
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sized as a result of a similar type of reaction sequence in which the
diaphorases take part.

The weak staining for succinic dehydrogenase observed in poorly
differentiated and in some well differentiated carcinoma cells is in
accord with the low activities found by others in quantitative studies
of this enzyme in some malignant tumors. ll The significance of these
findings relates directly to the highly controversial issue of whether or
not there is a diminished activity of the entire citric acid cycle in
cancer cells.12

The weak staining for a-glycerophosphate dehydrogenase observed
in carcinoma cells can be interpreted as a mechanism for diverting
dihydroxyacetone phosphate from lipid metabolism into pathways more
important to the tumor cells. Monoamine oxidase is a detoxifying
enzyme which would have little importance for tumor cell metabolism.
A decrease in activity of this enzyme would not be unexpected, since
it is well established that a reduction in activity of enzymes with
specialized functions may occur in malignant cells,13

The histochemical findings in cells of carcinoma of the large bowel
which have the postulated highly developed malignant reaction pat
tern can thus be conceived of as having two general aspects: The
first is the occurrence of high activities of two enzymes, the diapho
rases, which may be of importance in synthetic reactions. The second
is the occurrence of low activities of three other enzymes-succinic
dehydrogenase, a-glycerophosphate dehydrogenase and monoamine
oxidase; either these three are unimportant for these tumor cells (at
least at their level of activity in normal mucosa), or else a decrease in
their activity would divert metabolites into more important pathways
for the tumor cells. The high activities observed for these three
enzymes in some well differentiated carcinoma cells can be interpreted
as a less fully developed malignant reaction pattern occurring in cells
derived from or differentiating toward the cell type found in the
deeper portion of the atypical glands of benign adenomatous polyps.

SUMMARY

A morphologic histochemical study of five oxidative enzymes-DPN
diaphorase, TPN diaphorase, succinic dehydrogenase, a-glycerophos
phate dehydrogenase and monoamine oxidase-has been carried out in
tissues of the large bowel, including normal mucosa, benign adeno
matous polyps, and carcinoma.

A histochemical reaction pattern, distinct from the patterns found
in normal mucosa or benign neoplastic cells, has been observed in
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carcinoma cells of the large intestine. The features of this pattern are
high DPN diaphorase and TPN diaphorase activities and low succinic
dehydrogenase, a-glycerophosphate dehydrogenase, and monoamine
oxidase activities as demonstrated by the morphologic histochemical
techniques employed.

The distinctive histochemical reaction pattern found in carcinomas
of the large bowel is not present in all cells of these lesions. It is
most consistently observable in the cells of the invading tumor margin,
in cells at the periphery of tumor cell aggregates and in isolated cell
groups; and it is least common in areas of carcinoma either manifesting
or because of location likely to manifest degenerative changes. The
pattern occurs in a higher proportion of poorly differentiated than of
well differentiated carcinoma cells.

Several types of reaction pattern are found in cells of benign
adenomatous polyps, but all of them differ from the distinctive pattern
found in carcinomas. A striking finding in benign polyps is the pres
ence of high succinic dehydrogenase, a-glycerophosphate dehydro
genase, and monoamine oxidase activities in the deeper portion of the
atypical glands of these lesions.

In malignant polyps the areas of carcinoma show the same dis
tinctive reaction pattern as that found in manifestly infiltrating car
cinomas."

°1 wish to acknowledge the technical assistance in this study of Mr. J. Lionel Leong and
Mrs. Delores Thompson.
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Staff Meeting Report

Wolff-Parkinson-White (Pre-excitationl Syndrome
In Infancy and Childhood0 t

Gerold L. Schiebler, M.D.t
Paul Adams, Jr. M.D.§

Ray C. Anderson, Ph.D., M.D.1[

A unique example of collaboration between cardiologists in Boston
and London around 1930 resulted in the description! of an electro
cardiographic and clinical entity now commonly referred to as the
Wolff-Parkinson-White syndrome (W-P-W). The original authors
entitled their publication "Bundle-branch block with short P-R in
terval in healthy young people prone to paroxysmal tachycardia." They
emphasized the frequent spontaneous or induced change from ab
normal to normal, or the reverse, and attributed this to differences in
vagal tone. This description was later modified by Katz and Pick2 to:

The finding during sinus rhythm of a short P-R interval and a
ventricular complex of abnormal configuration (that is, a QRS
complex deformed and widened in its initial portion by a slow
rising, slurred deflection called a delta wave), and frequently
an ST-T wave more or less opposite in direction to this ab
normal deflection [Fig. 1]. This electrocardiographic pattern
has been noted in individuals prone to rapid ectopic rhythms
of the supraventricular type.

The authors' recent interest in Ebstein's anomaly of the tricuspid
value,3-5 has led to a review of the cases of W-P-W syndrome seen by
the members of the staff of the University Hospitals within the past
five years. This study was limited to those 27 individuals who were
originally seen under the age of 16 years. Although Wolff6 and others
have stated that they considered "the syndrome of short P-R interval,
normal QRS complex, and paroxysmal rapid heart action," as des
cribed by Lown, Ganong, and Levine,7 to belong within the W-P-W
syndrome, these electrocardiographs have been deliberately omitted
from this study.

·This report was given at the Staff Meeting of the University of Minnesota Hospitals on
November 7, 1958.

tSupported by funds from the U. S. Public Health Service, the Variety Club Heart
Fund, the American Heart Association, and the Minnesota Heart Association

:j:Medical Fellow Specialist, Department of Pediatrics
§Assistant Professor, Department of Pediatrics
lfAssistant Professor, Department of Pediatrics
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Fig. L Electrocanliogram, showing the W-P-W pattern, of a 7-year-old boy with
Ebstein's anomaly of the tricuspid valve. This tracing was taken on a simultaneous
6-channel Sanborn machine.
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Pathogenesis
The occurrence of this electrocardiographic entity in infancy and

childhood8,9 together with its occasional familial distribution,lO-15 has
led to the belief that many, if not all, of these electrocardiographic
aberrations are congenital anomalies. Other authors, however, in
cluding ohnell1o and Prinzmetal,16 have maintained that at least some
cases were "acquired". From experimental and clinical observations
Prinzmetal and his associates16 have come to believe that the aber
ration in the W-P-W syndrome might result from a failure of a part
of the atrioventricular node to delay the auricular impulse for the nor
mal period of time before allowing its passage to the ventricles. They
stated that in some cases this failure of some of the fibers in the atrio
ventricular node appeared to be caused by primary or even secondary
disturbances of the node as a result of myocardial damage. In re
buttal, Wolff6.17 maintained that in these cases the aberration had
been "latent," and that this pathological stimulation was required to
make the W-P-W pattern apparent.

Incidence
The reported incidence of a syndrome which depends upon "the

electrocardiographic life" of an individual for its recognition might
be expected to show wide variation among different observers. To
this, add the intrinsic variability of this aberration, and one can see
that reported incidence figures might have little or no meaning. How
ever, Katz and Pick2 found an incidence of 0.2 per cent (81 cases in
50,000 consecutive patients). Landtman18 found two cases in 5,600
children (0.04 per cent) under the age of 16 years; while Engle8

noted, in a review from various sources, that electrocardiograms had
been taken on 3,400 children without this pattern being recognized.
Donzelot and his associates19 found only three cases of W-P-W syn
drome in 1,100 cases of congenital heart disease. In our own series,
this electrocardiographic pattern occurred approximately once in every
200 children who had been referred to this center for cardiac evalua
tion. The incidence among the general non-hospital population re
mains unknown.
Mechanism

WOlff6 noted that over sixty theories had been formulated to ex
plain this electrocardiographic pattern, but that in general, all of these
could be divided into two main groups. Premature activation of a
small fraction of ventricular musculature may be caused by: (a) an
anomaly of impulse formation presupposing the existence of an irrit
able center below the atrioventricular node which discharges an' im-
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pulse immediately after the onset of auricular systole, or (b) an
anomaly of conduction in which action currents set up in the auricles
during auricular systole are conducted, with or without the aid of a
structural pathway, to the ventricular musculature in an accelerated
fashion. In either case the atrioventricular node, the natural stumb
ling block to conduction, is circumnavigated, and atrioventricular con
duction time is consequently abbreviated.
Sex ratio

Most series published have shown a definite male preponderance,
ranging from 54 per cent to 70 per cent.6 The present series includes
18 males among the 27 cases (67 per cent).
Clinical Material

The 27 cases included in this manuscript have been arbitrarily
divided into five general categories: (1) "traditional;" and those as
sociated with (2) congenital heart disease, (3) rheumatic heart dis
ease, (4) "familial cardiomegaly,"20 and (5) central nervous system
disease. Only two patients presented findings that placed them in
more than one category.
Group l-"Traditional"-Eight cases, including one infant

In this group are included those individuals who appear to have
normal hearts but are prone to paroxysms of tachycardia. Six of the
eight patients in this category had histories of paroxysmal attacks. In
the older child, these paroxysmal attacks resemble those seen in adult
hood. There may be no symptoms except an awareness of tachycardia,
or the paroxysms may be associated with nausea and vomiting, pallor,
listlessness, dyspnea, and even syncope, or heart failure. In rare in
stances the tachycardia appears to have been fatal,10,21,22

In the infant, a paroxysm of tachycardia can be a life-threatening
event. This clinical entity has been well described by Hubbard.23

The infant is pallid and sometimes cyanotic, tachypneic, dyspneic,
anorectic, listless, or irritable. If the tachycardia continues over 24
hours, the paroxysm may be associated with cardiomegaly, hepato
megaly, and other signs of cardiac failure. 24 These cases have often
been misdiagnosed in the past as septicemia, pyloric stenosis, or
pneumonia. Prompt recognition and treatment may be life-saving.
Clinically, all the patients in this group were well except during
their attacks of tachycardia. All but one had a grade 1-2 systolic
murmur, usually best heard in the third intercostal space along the
left sternal border. In none was a diastolic murmur heard. Cardiac
size as determined by roentgenogram was normal or approached the
upper limits of normal in all cases.
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Gro'lip 2-W-P-W syndrome associated with congenital heart disease
This association has been noted or suspected since the publications

of Nadrai,2~ Pohlmann,26 and von Kiss. 27 Study of several large series
of adults28- 30 disclosed no cases of congenital heart disease. Isolated
cases of the W-P-W syndrome associated with congenital heart disease
have been reported through the years, but the association has been
considered coincidental. Only recently9,:n has a series of cases of
W-P-W syndrome been reported with a significantly high incidence of
congenital heart disease. Among 27 cases of W-P-W syndrome report
ed in this paper, 13 patients (48 per cent) had proven or suspected
congenital heart disease. Among these 13, five diagnoses have been
verified at autopsy or at surgery. Thus, even if only these five cases
are considered, the incidence of congenital heart disease in this series
approaches 20 per cent.

An analysis of these cases, shown in Table 1, reveals a surprisingly
great number of cases of Ebstein's anomaly of the tricuspid valve.
This unique association was first described by Sodi-Pallares and his
coworkers,32 and it has become an important diagnostic aid. A sur
vey of the world literature,33 in which the W-P-W pattern was noted
in conjunction with proven or suspected congenital heart disease, also
showed a definite preponderance of this defect. In the 50 cases
collected, 15 (30 per cent) were described as exhibiting Ebstein's
syndrome.

TABLE 1
W-P-W WITH CONGENITAL HEART DISEASE

I
1
I

1
j

Ebstein's malformation of the tricuspid valve

Ventricular septal defect with pulmonic stenosis
(acyanotic tetralogy)

Patent ductus arteriosus
Transposition of the great vessels with patent foramen ovale
? Endocardial fibroelastosis or ? Myocarditis

9
Autopsy (3)
Clinical ( 4 )
Probable (1)
Possible ( 1 )

1 ( clinical)

1 (surgery)
1 (autopsy)
1 (clinical)

The clinical history of this anomaly of the tricuspid valve, in which
a portion or all of the leaflets of the tricuspid valve are displaced
downward from the anatomic annulus separating the right atrium
and the right ventricle (Fig. 2), is intimately associated with the
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Fig. 2. Halftone sketch of a post-mortem specimen of a lO-year-old girl
Ebstein's anomaly. Note the diagram which shows the tricuspid valve as
from above.
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University of Minnesota Hospitals. From this center in 1937,
and Shapiro34 described the case of a. young Minneapolis sclloollgirl
who had died unexpectedly with this cardiac malformation.
same report also contained what is thought to be the first
cardiogram ever taken of a patient with this anomaly (Fig. 3).
this electrocardiogram was interpreted by Sodi-Pallares32 as shc)\ving
the W-P-W configuration. The publication of this case report
peared to have awakened the interest of clinicians, with the
that during the last decade, this anomaly has become in(~re;asinglly

well-recognized as a clinical entity. Approximately one-hundred
cases have been reported in the world literature, and 25 others
been recognized in this medical center. In a series of papers,:1-'J
authors have described in detail the clinical evaluation of 23 of

To recapitulate briefly, in these 23 cases the malformation occ:ul'll'ed
equally in males and females, with an estimated incidence of one
in 50,000-100,000 live births. There was no evident etiologic relatic)n
ship to birth weight, age of mother, or various prenatal factors.
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Fig. 3. The electrocardiogram of the patient reported by Yater and Shapiro."
This tracing, taken 3/13/35, is thought to be the first published electrocardiogram
taken of a patient with Ebstein's anomaly. The delta wave, hallmark of the W-P-W
syndrome, is dearly seen in leads 1 and 3.
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ing the neonatal period twelve of the 23 patients had symptoms or
signs, generally cyanosis or a murmur. The neonatal cyanosis invari
ably diminished or disappeared with time but recurred later in every
case. Symptoms after the neonatal period included dyspnea, cyanosis,
excessive fatigue, central nervous system manifestations, and in the
terminal stages, cardiac failure. Squatting and an unusual facial ery
thema were also noted.

The most frequent cardiac findings were: a systolic murmur, a
second sound which was always as well heard over the pulmonic area
as over the aortic area; cardiomegaly; and a "triple" or "quadruple"
rhythm. This auscultatory finding is thought by many to have great
diagnostic value. The extra heart sounds that comprise the "quad
ruple" rhythm are well illustrated in Fgure 4. The "triple" rh~thm

is present when the presystolic sound or murmur is absent.
Roentgen studies regularly showed cardiomegaly, normal to de

creased pulmonary vasculature, and a normal sized left atrium. Cardiac
size and configuration varied widely, though in certain cases the
"box-like" configuration became diagnostic. Although the W-P-W
pattern is associated with this defect, the most frequent electrocardio
graphic finding is incomplete or complete right bundle-block, peaked
and occasionally prolonged P-waves, right axis deviation, and low
voltage QRS complexes in the right precordial leads (no case had an
R wave in VI exceeding 8 mm. in height).

Right heart catheterization has been thought to be contraindicated
in this disease. However, over 20 such catheterizations have been per
formed in this hospital without any deaths or serious complications.
The principal value of cardiac catheterization is in documenting the
location of the tricuspid valve, and in obtaining pressure tracings in
the various vessels and chambers. The use of an electrode catheter
in this anomaly as described by Sodi-Pallares32 and other workers35•36

would appear to be an excellent aid, since one can then Simultaneously
register the intra-cavitary potential of ventricular musculature and an
atrial pressure tracing. This combination is considered to be patho
gnomonic for Ebstein's malformation.

This defect may be confused with pulmonary valvular stenosis,
familial cardiomegaly with the W-P-W configuration,37-38 myocarditis,
endocardial fibroelastosis, cyanotic tetralogy of Fallot, tricuspid atresia,
rheumatic heart disease, pericardial effusion, and congenital tricuspid
insufficiency.39,40

This hospital has another unique position in the history of this
defect of the tricuspid valve. Within the past year, the first definitive
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25 em..
per min.

SystoliC: ~.

Fig. 4. Simultaneous phonocardiogram and electrocardiogram (lead 2), taken at
25 cm. and 75 em. per minute, of a 20-year-old patient with Ebstein's anomaly
and the W-P-W syndrome. This phonocardiogram was taken along the left sternal
border in the fourth intercostal space with the patient in full inspiration. The fre
quency was 90 to 150 cycles per minute. This illustrates the extra heart sounds
which comprise the "quadruple" rhythm. The diamond-shaped systolic munnur
partially obscures the first and second heart sounds. The giant P-wave in the
electrocardiogram represents the huge right atrium associated with this defect.
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operation was developed by Hunter and Lillehei41 for the repair of
this anomaly, though two operations, both performed on patients with
terminal conditions, were unsuccessful.

Physiologic studies and examination of post-mortem specimens in
dicate that Ebstein's anomaly represents a spectrum from predomi
nant tricuspid stenosis to predominant tricuspid insufficiency, with
some cases showing elements of both, while others approach normal.
The average life span of patients with this disorder is thought to be
20 to 30 years, but the malformation may cause neonatal death4 or
may be compatible with long life.42

Group 3-W-P-W associated with rheumatic heart disease
As early as 1926, Bain and Hamilton43 reported the case of a

ten-year-old boy with rheumatic carditis and the electrocardiographic
configuration later termed W-P-W syndrome. In the present series,
we have seen a I5-year-old boy who demonstrated the W-P-W pat
tern during a bout of recurrent rheumatic carditis. In later years, this
pattern was no longer apparent, but a prolonged P-R interval re
mained (Fig. 5.) This association of W-P-W syndrome with rheumatic
heart disease has been noted frequently. In addition, this pattern has
been recognized during thyrotoxicosis, tonsillitis, focal infection, acute
myocardial infarction, acute infection, diphtheria, and subacute bac
terial endocarditis. In some cases the pattern has reverted to normal
after the alleviation of the accompanying disease. These clinical find
ings have offered encouragement to those who believe that the W-P-W
pattern can be acquired.

Fig. 5. The lower tracing, which shows the W-P-W configuration, was taken dur
ing this I5-year-old boy's second attack of rheumatic carditis. The upper trac
ing, taken about one year after his recovery from this bout, shows a prolonged
P-R interval (0.22) and no evidence of the W-P-W syndrome. A five-year
follow-up has shown no recurrence of the W-P-W pattern.
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Group 4-W-P-W pattern associated with familial cardiomegaly
In 1949, Evans20 first labeled a group of cases "familial cardio

megaly." These cases appeared to follow a similar pattern; the cardiac
disease was usually not discovered until adult life, the individual being
asymptomatic until shortly before death. Cardiomegaly was caused
chiefly by enlargement of the left ventricle. The blood pressure was
nOlmal, and on auscultation, a "triple rhythm" was frequently heard.
Changes in rhythm included paroxysmal tachycardia, auricular fibril
lation and flutter, atrioventricular and bundle-branch block. These pa
tients died in Adams-Stokes attacks. Histological examination showed
marked hypertrophy of the muscle fibers of the myocardium with
interstitial fibrosis, but without gross cellular infiltration or any fatty
replacement. Interestingly enough, one of the patients had an in
creased amount of glycogen in the heart muscle and in peripheral
muscle, but there was no evidence of glycogen storage disease. Cases
of familial cardiomegaly with the W-P-W pattern have also been
described by Campbe1l37 and SouM.3S

The present series includes a brother and a sister with these fea
tures of the W-P-W syndrome and cardiomegaly. The boy was asymp
tomatic until within six months of his death at the age of 16 years,
following a period of unremitting cardiac decompensation. An autop
sy (courtesy of Dr. Kano Ikeda, Miller Hospital, St. Paul) showed
a huge heart weighing 1,000 grams, with generalized hypertrophy and
diffuse myocardial fibrosis. The sister, now aged 13, also has cardio
megaly and the W-P-W pattern and is presently asymptomatic. The
electrocardiogram taken when she was twelve years old showed a
nonnal pattern with many ST-T segment changes, but a recent
electrocardiogram shows the classical W-P-W configuration. The
causes of cardiomegaly in these familial cases have been postulated by
others to be glycogen storage disease, myocardial toxoplasmosis, and
progressive muscular dystrophy or Friedreich's ataxia without neuro
logical manifestations.

Group 5-W-P-W associated with central nervous system disease
Five patients are included in this group, although two (one patient

with rheumatic heart disease, and one with a ventricular septal de
fect) have been included also in previous groups. The findings are
summarized in Table 2. It cannot be stated, on the basis of this small
series whether this association is just coincidental or actually indicative
of a significant relationship. One might attribute the neurological or
personality deficit in some cases to the occurrence of bouts of tachy
cardia with anoxia and brain damage. In others, damage to the brain
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and to the cardiac muscle may be due to a common factor acting
during intrauterine life. In Friedreich's ataxia, where myocardial
changes typically occur, the occurrence of \V-P-W syndrome is not
unexpected. Numerous authors9 ,22,31,44-49 have noted the association
between W-P-W syndrome and neurological or psychiatric distur
bances, or deficient intellect. Scott and Tuna49 in 1953 published a
paper entitled "Paroxysmal Cerebral Disorders in Association with the
W-P-W syndrome," listing seven cases of "paroxysmal cerebral dis
orders" with W-P-W syndrome. The electroencephalograms of two
of the four individuals they examined revealed paroxysmal abnor
malities. In general, however, the relationship of the W-P-W syndrome
and the central nervous system is still unclear.

TABLE 2
W-P-W WITH CENTRAL NERVOUS SYSTEM DISEASE:

FIVE CASES

1. I.Q. 40-50. Demonstrated cardiomegaly, optic atrophy with profound
visual loss, seizures, hyperactive deep tendon reflexes. Autopsy, after
death at age 9 of severe cardiac failure, showed a diffuse fibrous involve
ment of the myocardium with no evidence of inflammation or necrosis.
Glycogen stains showed increased glycogen content in the remaining
hypertrophied myocardial fibers.

2. I.Q. apparently within normal range. Freidreich's ataxia at age 9, with
pes cavus, absent deep tendon reflexes, optic atrophy, scoliosis, and
ataxia.

3. I.Q. 55-70. Mental retardation, seizures, microcephaly, and marked
hyperactivity.

4. I.Q. 86. "Dull normal" with dependent immature personality, and rheu
matic heart disease.

5. I.Q. 88. Mental retardation with a "pathological scatter of abilities,"
motor retardation, microcephaly, and a ventricular septal defect.

Diagnosis
The diagnosis of the W-P-W syndrome is based solely on electro

cardiography, and this disorder should be suspected6 when the patient
has bouts of paroxysmal tachycardia (about 5 to 10 per cent have
W-P-W); when the electrocardiogram shows a short P-R interval;
when the initial portion of the QRS is heavily slurred; and when trac
ings change spontaneously, particularly if the P-R duration shortens as
the QRS duration lengthens, or vice versa. The authors have also
found numerous cases by reviewing pediatric electrocardiograms which
have been interpreted as indicating incomplete or complete left bun
dle-branch block.
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W01ff6 •28 has repeatedly emphasized the frequency of misdiagnosis
in these electrocardiograms. Such errors may have a detrimental ef
fect on the patient who is then treated on the basis of his electrocard
iogram. In the present series about one-half of the tracings were
misinterpreted initially.
Progrwsis

The prognosis of the W-P-W syndrome depends upon the associ
ated defect. Individuals in the "traditional" group are able to live nor
mal lives in most cases, depending upon the extent and severity of
their paroxysms of tachycardia. However, death may occur during a
paroxysm as noted by several authors.21.22.50.51
Treatment

Treatment also depends upon the associated defect. The presence
of this electrocardiographic pattern per se is not an indication for treat
ment. In the event of repeated bouts of tachycardia, drugs may be
used prophylactically or therapeutically. Although digitalis, quinine,
quinidine, procaine amide, chlorpromazine, methacholine chloride,
and other drugs have been used, the authors have had no experience
with any of these drugs except digitoxin and on rare occasions quini
dine. In the infant group, digitoxin has been used exclusively (0.03
to 0.05 mg/Kg body weight as a digitalizing dose given in two or
three doses, and a daily maintenance dose of 1/10 of the digitalizing
dose). In this medical center, many of these children have been main
tained on digitoxin until free of paroxysms of tachycardia for about
a year; the child has then been allowed to "grow out of" his dose be
fore it is discontinued. Whether this prophylactic regimen has any real
value cannot be stated on the basis of so small a series. In infants or
children, the authors have found vagal stimulating mechanisms of
little effect. When indicated during a prolonged bout of tachycardia,
oxygen, diuretics, and narcotics have been used.
Conclusions

This series of 27 cases of the W-P-W syndrome in infants and
children has arbitrarily been divided into five groups, (1) "traditional,"
and those associated with (2) congenital heart disease, (3) rheumatic
heart disease, (4) familial cardiomegaly, and (5) central nervous
system disease.

It is the Authors' belief that the W-P-W syndrome, though fre
quently misdiagnosed, is not uncommon in infants and children. The
small number in the "traditional" group, i.e., normal individuals with
no apparent heart disease, is striking. About one-half of our patients
had associated congenital heart disease, particularly Ebstein's anomaly
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of the tricuspid valve. The authors think that every child with this
electrocardiographic pattern should be investigated for further abnor
malities.
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Medical School Activities

New Appointments and Promotions

DR. ROBERT B. HOWARD was appointed Dean of the College of Med
ical Sciences, effective July 1, following the retirement of DR. HAROLD
S. DIEHL. Dr. Howard had been Associate Dean since October 1, 1957.

DR. W. ALBERT SULLIVAN, JR., was named Director of the Department
of Continuation Medical Education on August 1 to succeed DR. N.
L. GAULT, JR., who will resume his duties as Assistant Dean in the
College of Medical Sciences. Dr. Sullivan, who is an Assistant Pro
fessor in the Department of Surgery, has been Director of the Cancer
Detection Center since April 1, 1955. He also succeeds Dr. Gault as
Editor of the BULLETIN.

We are pleased to welcome the following people to the Faculty this
year:

DR. JOHN E. HARRIS, Professor and Head, Department of Ophthal
mology

DR. FRANK UNGAR, Associate Professor, Department of Physiological
Chemistry

DR. ELEANOR M. ANDERSON, Assistant Professor, School of Public Health
DR. HOWARD DAVIS, Clinical Assistant Professor, Division of Psychiatry
DR. JULES GOLDEN, Assistant Professor, Division of Psychiatry
DR. A. JACK HOFNER, Assistant Professor, Division of Clinical Psychology
DR. JAMES LAWTON, JR., Assistant Professor, Division of Child Psychiatry
DR. EDWARD ROWIN, Assistant Professor, Department of Physiological
Chemistry
DR. IVOR P. SMYTH, Assistant Professor, Department of Radiology

The following members of the Faculty were promoted to professorial
ranks as of July 1:

Anatomy
DR. BERRY CAMPBELL to Professor
DR. JOSEPH DAVIDSON to Assistant Professor

Bacterrowgy and Immunology
DR. JOHN D. Ross to Assistant Professor

Cancer Biowgy
DR. FRANZ HALBERG to Professor
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Child Psychiatry
DR. WENTWORTH QUAST to Assistant Professor

Clinical Psyclwlogy
DR. ROBERT WIRT to Associate Professor

Medicine
DR. FREDERICK W. HOFFBAUER to Professor

DRS. JOSEPH F. BORG, ROBERT A. GREEN, JOHN W. LABREE, HAROLD E.
MILLER, HERBERT F. R. PLASS, and A. BOYD THOMES to Clinical
Associate Professor

DRS. WAYNE HOSETH, WILLIAM R. FIFER, JOHN E. HOLT, ROBERT E.
LINDELL, JAMES C. MANKEY, CHARLES N. MCCLOUD, and BURTIS J.
MEARS to Clinical Assistant Professor

Neurology
DRS. FERNANDO TORRES and JOHN LOGOTHETIS to Assistant Professor
DR. ANDREW LEEMHUIS to Clinical Assistant Professor

Obstetrics and Gynecology
DR. KONALD A. PREM to Assistant Professor

Pediatrics
DR. LEWIS W. WANNAMAKER to Professor

DRS. ELDON B. BERGLUND, JOHN J. GALLIGAN, GEORGE "V. LUND,
ARNOLD S. ANDERSON, PAUL ELLWOOD, and THEODORE SMITH to
Clinical Assistant Professor

DRS. WILLIAM KRIVIT and ROBERT L. VERNIER to Assistant Professor

Physiology
DR. CARLOS MARTINEZ to Professor

DR. EUGENE GRIM to Associate Professor

Physiological Chemistry
DRS. LEON SINGER and CHARLES W. CARR to Associate Professor

Psychiatry
DRS. ROBERT P. BUSH and JOYCE L. LEWIS, JR., to Clinical Professor

School of Public Health
DRS. LEONARD M. SCHUMAN, JACOB E. BEARMAN, and RICHARD G.

BOND to Professor
DR. LEE D. STAUFFER to Assistant Professor

Surgery
DRS. DONALD J. FERGUSON and LYLE J. HAY to Professor
DR. WILLIAM C. BERNSTEIN to Clinical Associate Professor and Director

of the Division of Proctology
DR. FLETCHER A. MILLER to Associate Professor

DRS. RICHARD S. RODGERS, J. B. AusT, and JOSEPH J. GARAMELLA to
Clinical Assistant Professor
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Coming Events

Januarv .5-7 . . . . . Continuation Course in Otolaryngology for
General Physicians

January 15-17 .... Continuation Course in Newer Drugs in Gen
eral Practice

January 22-24 .... Continuation Course in Surgery for Surgeons

February 23-2.5 . . . Continuation Course in Cardiovascular Dis
eases for General Physicians

The Center for Continuation Study in cooperation with the Minne
sota Division of the American Cancer Society announces a continua
tion course in Cancer Detection to be given throughout the year.
Each course will last for two days and only two physicians will be
enrolled at any time. For more specific information, please consult
the Director of the Cancer Detection Center, Dr. Donald B. Shahon.
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Friday,

WEEKLY CONFERENCES OF GENERAL INTEREST

Physicians Welcome

Monday, 9:00 to 10:50 A.M. OBSTETRICS AND GYNECOLOGY
Old Nursery, Station 57
University Hospitals

12:30 to 1:30 P.M. PHYSIOLOGY-
PHYSIOLOGICAL CHEMISTRY
214 Millard Hall

4:00 to 6:00 P.M. ANESTHESIOLOGY
Classroom 100
Mayo Memorial

Tuesday, 12:30 to 1:20 P.M. PATHOLOGY
104 Jackson Hall

Thursday, TUMOR
11:30 A.M. to 12:30 P.M. Todd Amphitheater

University Hospitals

7:45 to 9:00 A.M. PEDIATRICS
McQuarrie Pediatric Library,
1450 Mayo Memorial

8:00 to 10:00 A.M. NEUROLOGY
Station 50, University Hospitals

9:00 to 10:00 A.M. MEDICINE
Todd Amphitheater,
University Hospitals

1:30 to 2:30 P.M. DERMATOLOGY
Eustis Amphitheater
University Hospitals

Saturday, 7:45 to 9:00 A.M. ORTHOPEDICS
Powell Hall Amphitheater

9:15 to 11:30 A.M. SURGERY
Todd Amphitheater,
University Hospitals

For detailed information concerning all conferences, seminars, and
ward rounds at University Hospitals, Ancker Hospital, Minneapolis
General Hospitals, and the Minneapolis Veterans Administration Hos
pital, write to the Editor of the BULLETIN, 1342 Mayo Memorial,
University of Minnesota, Minneapolis 14, Minnesota.




