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Staff Meeting Report

Some Problems of the Diagnosis and Treatment
of Chorionepithelioma*
John L. McKelvey, M.D. t

Chorionepithelioma has long been considered one of the worst
of the malignant processes. The diagnosis in the borderline lesions
and particularly in the intact hydatidiform mole has been erratic.
Treatment has been grossly ineffective, and the reality of the occa
sional cure was confused because of known spontaneous cures and
because of the inaccuracy of diagnosis. The relative rarity of the
condition mkaes it difficult to accumulate in one place sufficient ma
terial for study. Studies have been going on, however, in both diag
nosis and treatment, and while the work presented here for discussion
and criticism is far from conclusive, it is promising.

Chorionepithelioma appears in two forms. The first, occurring
only in women, is usually produced by the chorionic epithelium of
the hydatidiform mole (50 per cent), the placenta of an abortus (25
per cent), or the developed placenta (25 per cent). In this last case,
it is a foreign tumor, parasitic to the human host, and almost the only
such tumor which is met in the human. This fact is important not
only in the tumor's natural history, but also, more surprisingly, in its
response to therapy.

In its second form the tumor is derived from a teratoma, usually
of the ovary in women and of the testicle in men. The tumor in this
form is the product of the host and is presumably similar in genetic
makeup to the host tissue. Since tumors of this type are rare, major
attention will be given here to those of placental origin.

Because of the scarcity of data, this paper represents a preliminary
report reflecting the Department's tentative explorations of the prob
lems involved.

Problems of Diagnosis

Benign chorionic epithelium invades and destroys endometrial

°This report was given at the Staff Meeting of the University of Minnesota Hospitals
on December 19, 1958.

t Professor and Head, Department of Obstetrics and Gynecology
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THE MEDICAL BULLETIN

decidua and blood vessels in the process of implantation. In this
phase, it is rather like a malignant tumor, but its destructive potential
is limited to endometrium and blood vessels. It decreases rapidly,
and in a few weeks a balance is reached in which the only further
extension is associated with the physical increase in size of the pla
centa. As far as the uterus is concerned, this is a lateral extension and
not extension to depth. That it retains a potential for invasion is evi
dent when one examines the intravascular metastasis of pieces of villi
or of benign hydatidiform mole, as in the lung where the chorionic
epithelium can invade the vessel wall and implant itself.

Benign chorionic cells, the so-called wandering cells, extend, by
direct growth, into the uterine muscle. These can be distinguished
from malignant cells by their functional capacity and to a lesser degree
by the host's response. Benign chorionic wandering cells cannot de
stroy uterine muscle, whereas malignant cells can. The host appears
to recognize the difference between benign and malignant invasion,
for round cell infiltration occurs about the malignant cells but not
about the benign. It is often difficult to make use of this distinction,
however, since other factors may also account for inflammatory infil
tration.

Benign chorionic epithelium will continue to survive as long as the
connective tissue of the villus persists. While there is no clear ex
planation of this phenomenon, it is of decisive importance in inter
preting the persistence of chorionic epithelium, sometimes over long
intervals. This is particularly true of the hydatidiform mole, either
locally in the uterus or at a distance.

The cells of chorionic epithelium, either benign or malignant, are
foreign cells which cannot incorporate into themselves as supporting
structures the host's connective tissue or blood vessels, as other tumors
do. Chorionepithelioma is not then a tissue but is a cell complex only.
It destroys the host tissue and invades its blood vessels. The hemor
rhages thus produced make up the vast majority of the gross lesions,
the microscopically seen pattern, and the lesions seen on x-ray.

Oddly enough, while blood is a basic requirement, it is also an
effective enemy. Malignant chorionic cells in contact with fresh liquid
blood will literally eat themselves to death and will change their his
tologic patterns remarkably. Fibrin masses produced from vessel in
vasion and destruction will choke off malignant cells and destroy them.
Thus the primary site of the tumor in the uterus is often free of
tumor when it is removed, indicating that the tumor carries in its
natural history the seed of its own destruction. It must progress or die.
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In some way or other, this relation between host and tumor seems to
change when the tumor becomes extensive and the host debilitated;
then masses of chorionepithelioma cells are seen.

The same general problem applies to the chorionic epithelium of
the hydatidiform mole. The intervillous space and its circulation are
destroyed. Fetal vessels have disappeared. The epithelium of the
mole vesicle is severely undernourished, it loses its ability to grow,
and it undergoes degenerative polymorphism. In borderline cases,
attempts to distinguish malignancy from nonmalignancy by taking
sections of a handful of removed molar tissue are fated to fail; and
since the great mass of moles fall between the extremes of malignancy
and nonmalignancy, some other criteria are clearly required.

All this has led to confusion in the objectivity of diagnosis of the
early borderline lesions, a category into which a large proportion of
the original lesions fall. Herein lies a large part of the problem of
improving cure rates by early recognition and early active treatment.
Spontaneous degeneration is inevitable, and the degenerative changes
produce a greater variation in cell pattern than do the differences in
pattern between benign and malignant cells. Cell form is almost
useless as a diagnostic index. Since cell degeneration and even com
plete destruction of a local lesion are expected features of the tumor,
the control of the effectiveness of any form of therapy short of the
overall cure rates is almost impossible. In cases of regression one can
not tell whether irradiation caused the regression or whether the
regression occurred independently. As a result, even the radiosensi
tivity of the tumor is not known. Well-documented spontaneous cures
further confuse the issue. When a patient dies, of course, there is no
diagnostic problem, but when she survives, there often arises the
question of whether or not a really malignant lesion has been cured
and, if so, whether the cure was brought about because of or in spite
of therapy. The prognosis for the disease, in general, has been bad,
but there is reason to believe that it can be made much better.

Again, in the borderline problem, which presents itself in almost
every hydatidiform mole, the first and most important question is
is it malignant? The answer has generally been subjective and in
accurate, and Hertig's classification of moles into six categories from
"benign" to "clearly malignant" has not solved this diagnostic problem.

The question, then, is whether or not one can use the information
presented above for practical diagnosis. It implies the use of func
tional criteria for diagnosis, as proposed by Robert Meyer long ago
and as tested in the inevitably small amount of material accumulated
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in the Department of Obstetrics and Gynecology during 20 years.
The mole must first be clinically recognized. It is then removed

from below, and the cavity of the uterus is scratched clean of debris
by twisting dry sponges in the cavity. This is done to concentrate the
important material to be next obtained. If it is possible-and it usually
is-a finger is introduced into the uterine cavity. The area of the
decidua basalis is recognized and is thoroughly curetted with a sharp
curet so that a sample of uterine muscle is obtained. The material is
collected on moist gauze in the vagina; the tissue is immediately sepa
rated from blood clot and placed in formalin. Thereupon the whole
of the material is blocked, and multiple sections of each block are
examined. By this technique, multiple areas of contact between
chorionic cells and uterine muscle may be studied. Hematoxylin-eosin
stains are usually sufficient, but silver stains may be added for study
of cell membranes and reticulum. Any evidence of muscle destruction
by chorionic cells is evidence of malignancy. The necessity for the
clinician to understand the histologist's problem is evident.

The proof of these conclusions can only come through prolonged
testing. The department's proof is far from complete, but by apply
ing these criteria in the department, we have not to our knowledge
missed any malignant lesions when adequately obtained material was
available for study. A patient at the Minneapolis General Hospital
was recently subjected to these procedures and a diagnosis of benign
mole was made. Shortly thereafter, when a characteristic nodule was
found in one lung, the original diagnosis was thought to have been
in error. Mter surgical removal, however, the pulmonary lesion proved
to be a vesicular villus with benign epithelium. The patient has had
negative results on Friedman tests and has remained well since, all of
which has brought into question the diagnostic Significance of pulmo
nary lesions.

Perhaps the ability to avoid missing malignant lesions is most
important in diagnosis. One must necessarily ask, however, if this
emphasis does not lead to over diagnosis and so to unnecessary and
deforming therapy. This is impossible to answer at present. In the
light of what has been said above, the absence of chOrionepithelioma
in the removed uterus after a diagnosis of malignancy by these criteria
proves nothing. The uterus may be free of tumor when the patient
is dying of obvious metastasis. The use of the criteria on the positive
side may be illustrated by doubtful material which was sent to the
department from elsewhere. The patient in question had had a hy
datidiform mole which was handled by this technique. The curettings
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from the decidua basalis showed some minor and scattered overgrowth
of chorionic epithelium which was not in itself diagnostic. Three small
areas of uterine muscle contact showed muscle destruction, and a
diagnosis of malignancy was made. The removed uterus had a small
nodule of characteristic chorionepithelioma in the depth of the uterine
muscle.

The recognition of chorionepitheliomas arising from pregnancies
which interrupt themselves early is a different problem. Not enough
is known about these since the tissue is often passed spontaneously
and lost. When curettage is indicated, masses of epithelium are
almost always involved, and therefore the diagnosis is easy. Improved
diagnosis could result from the insistence that all material from abor
tions, whether complete or incomplete, be saved. Too often such ma
terial is simply discarded, since the previous diagnosis of pregnancy
was unquestioned. This material should be carefully examined histo
logically. The department has had one patient whose curettings, passed
as an incomplete abortion, showed obvious chorionepithelioma; the
examiner had seen what was in his head and not what was on the slide.

The chorionepitheliomas from term pregnancies present still another
problem. The placenta scarcely ever shows sufficient abnormality to
attract attention on even careful examination. The assumption is that
the primary lesion is almost always small. In one such patient, for
example, a careful search of the placenta showed nothing abnormal;
on multiple sections only one involved villus could be found, and even
the fetal vessels in this villus were open and functioning. In spite of
this, the patient had multiple pulmonary and vaginal metastases. The
prospect of early recognition of chorionepithelioma from the term pla
centa is not promising.

Treatment

All that has been mentioned about the natural history and prob
lems of diagnosis bears on the evaluation of treatment. In general,
patients have been presented for treatment late, and the prognosis has
been bad. The literature is confused by the inclusion of lesions whose
malignancy had not ben proved. The best results reported claimed
a 75 per cent cure rate. This material has been independently re
viewed, however, and is apparently loaded with cases of nonmalignant
lesions. For example, one patient was listed as cured after the appli
cation of 50 mg. of radium on I cm. wooden blocks for a short time
over each of four pelvic quadrants-a procedure that could not have
had any biologic effect on the uterus. Review of the sections showed
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a somewhat excessive invasion by benign wandering cells of the uterine
muscle. It is easy to cure this kind of chorionepithelioma. Thus, the
uncertainty of diagnosis has made the evaluation of treatment at least
as uncertain.

Strange things happen on occasion with chorionepithelioma. We
treated one obvious case of chorionepithelioma following a mole first
by irradiation and then by surgical removal of the uterus; pulmonary
metastases were irradiated. When last seen, the patient had pulmo
nary metastases, and her Friedman test was positive. No further treat
ment was given. That was some 12 years ago. The patient is alive and
well today.

Until recently the standard method of treating chorionepithelioma
in this department has been irradiation followed by pelvic surgery.
Using what is known about its basic features, we felt it wise to eradi
cate the tumor surgically if possible, and if not, to follow it about the
body with long focal distance irradiation in the hope of destroying the
lesions or preventing their metastatic spread until the local circum
stances destroyed them. Since the tumor is spread by the blood
stream, it seemed wise to "castrate" the tumor in the pelvis before
manipulation, using rapid saturation dosage of the Pfahler type. This
meant giving 1000 tissue roentgens to the mid pelvis by x-ray in two
treatments, so that the tumor received within 24 hours a destructive
dose of irradiation energy. This was followed for a week by small
daily additions which were once thought to represent replacement to
correspond to tissue recovery. (This is a long outmoded form of
therapy but had some advantages for this purpose.) About two weeks
later, the uterus and adnexae were surgically removed, and if the local
lesion had not been large, in most cases no tumor remained.

The number of our patients is too small to be statistically meaning
ful. One feature, however, seems striking enough to note: Those pa
tients who were given the definitive treatment described within eight
weeks of the original diagnosis did well, while those for whom the
interval was longer did badly. This points up again the value of an
approach which will allow an early objective diagnosis so that therapy
may be quickly undertaken.

A new approach to therapy has been suggested recently by Dr.
Roy Hertz! of the National Institutes of Health. He had shown ten
years ago that the uterus of the experimental animal did not respond
to estrogen stimulation in the presence of a folic acid deficiency. A
year later, Nelson and Evans demonstrated the high folic acid require
ment of the developing fetus. In 1952, Thiersch showed that the

163



THE MEDICAL BULLETIN

administration of a folic acid inhibitor would lead to abortion in the
human. Other similar experiences are now known. Although the most
readily demonstrated changes are known to occur in the connective
tissue structures of the fetus, it was suspected that the folic acid
requirements of the developing chorionic epithelium were also high.
Hertz has reported the effects of the administration of a folic acid
inhibitor, 4-amino-NIO methyl pteroylglutamic acid (Methotrexate®),
on 27 women with advanced chorionepithelioma. Of these, 5 are pos
sibly cured. In 11, an initial remission lasted for various periods, but
they continued to show evidence of some persistent or progressive dis
ease. One patient died of hepatitis, which may have been due to the
toxicity of the Methotrexate. Most of the remainder responded origi
nally to therapy but died later of the disease. It should be stressed
that nearly all the patients in this series were suffering from advanced
and more or less hopeless chorionepithelioma. (Oddly enough, the
similar tumors derived from teratomatous sources as in men, did not
respond significantly to the folic acid inhibitor. See page 166 for our
observations on this phenomenon.)

The department has had the opportunity to treat four patients with
Methotrexate primarily. Brief histories follow.

Case Review
1. Mrs. U. H. No. 28 yrs. Para 4-0-0-4. This patient

was spontaneously delivered elsewhere of a term fetus on November 5,
1957, and was not seen in this hospital until six weeks later. Two weeks
after delivery she had moderate vaginal bleeding followed by profuse bleed
ing at intervals of a couple of days. She was curetted a month after delivery,
but some confusion arose as to the histologic diagnosis. (When this was
later verified it showed characteristic chorionepithelioma.) Bleeding con
tinued, and a cough and dyspnea developed. Another curettage was done
five weeks after delivery, and the patient was referred here one week later.
She was febrile and so dyspneic that she required an oxygen tent and a
pressure oxygen mask. Multiple masses of chorionepithelioma were ob
served in the vagina and, on x-ray, in the lungs. One course of Metho
trexate was completed, and other supportive therapy was added. The con
dition of the patient improved with remarkable speed, and at the end of
ten days, she was walking about the ward and appeared completely normal.
Unfortunately, four weeks after admission, she suddenly collapsed, and
within a few hours she died of intra-abdominal bleeding. Autopsy showed
a ruptured nodule of chorionepithelioma in the liver as the source of massive
intra-abdominal hemorrhage.

2. Mrs. U. H. No. _. 22 yrs. Para 2-0-0-1. This patient,
who was due to deliver during the first week of March, 1958, had some
vaginal bleeding on January 27. Blue nodules found in the vagina showed
metastatic chorionepithelioma on biopsy. When the patient was admitted
on February 18, 1958, multiple large masses of chorionepithelioma were
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seen in the vagina, and chest x-ray showed multiple pulmonary metastases.
The fetus was alive and corresponded in size to that expected three weeks
from term. Two days later, cesarean section, panhysterectomy, and bilateral
salpingo-oophorectomy were performed. The child was normal. No intra
abdominal tumor could be found. The patient has been given five courses
of Methotrexate. Gonadotropin excretion rapidly decreased, and multiple
Friedman tests have been negative. The vaginal and pulmonary lesions
slowly disappeared, with the exception of one nodule beneath the vaginal
epithelium near the external meatus of the urethra; this was surgically
removed during the fourth course of Methotrexate, and since then the
patient's Friedman tests have been negative.

On careful examination of the placenta, only two small nodules were
found. Multiple sections eventually showed a single villus with open and
functioning fetal vessels. From its tip flowed characteristic masses of cho
rionepithelioma. The uterine muscle was clear of demonstrable tumor, but
a small area of decidua basalis showed chorionepithelioma.

This patient is now nine months past what might well have been con
sidered hopeless chorionepithelioma. As far as can be determined, she and
her baby are normal. No other treatment than that described above has
been given.

3. Mrs. U. H. No. 23 yrs. Para 3-0-1-3. This patient
aborted a hydatidiform mole elsewhere on August 12, 1958. Bleeding was
so profuse that 3000 cc. of blood by transfusion was required. Application
of the diagnostic technique described revealed destruction of uterine muscle
by chorionic cells. When the patient was admitted here on August 15, chest
x-ray showed diffuse small nodules of what appeared to be blood-spread
pulmonary metastases, with a picture resembling that of miliary tubercu
losis. After treatment with three courses of Methotrexate, the patient had
negative results on the Friedman test. Severe stomatitis developed with each
course of treatment, however, and the patient lost patches of hair from her
scalp. Her uterus was removed following treatment, and a small hemor
rhagic nodule in the depth of the muscle was seen to show blood clot and
degenerating tumor cells. The pulmonary lesions cleared after five to six
days of treatment, which casts some doubt on the validity of the diagnosis
of metastatic tumor. The patient is clinically well at this writing.

4. Mrs. U. H. No. 21 yrs. Para 0-1-0-0. The patient's
last previous menstrual period began on February 7, 1958. She had daily
vaginal bleeding beginning late in April; on August 25, she aborted a hy
datidiform mole with severe bleeding, and a curettage was performed else
where. Sections of this material have been reviewed and are not clear
enough to permit diagnosis. No further treatment was given. She later con
sulted another physician who found her hemoglobin to be 4.8 gm. per cent.
He performed a curettage and sent both the curetted material and the
patient here on October 1. The curettings exhibited characteristic chorion
epithelioma, and chest x-ray showed multiple pulmonary metastases. The
patient has had three courses of Methotrexate during which stomatitis, leu
kopenia, and a skin rash developed. A recent chest x-ray shows the pulmo
nary lesions to be disappearing. The patient is clinically well but the elapsed
time is too short to be significant.
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Observations
Methotrexate is a toxic drug. Used orally in dosages of 25 mg.

a day for five days, with this course repeated at intervals of two weeks,
a variety of unpleasant but reversible lesions have been produced.
Leukopenia, stomatitis, gastrointestinal bleeding, and alopecia par
tialis have resulted. It is astonishing, however, how quickly the very
sick patient is improved by the drugs as in Case 1.

The drug should be administered over at least three courses, irre
spective of the apparent status of the tumor. Clearly, much still is
to be learned of the details of administration. For treatment the pa
tient not only must be hospitalized but also must be very carefully
controlled.

Measuring the follicle-stimulating hormone excreted in the urine
is desirable in order to follow the effect of the drug in inhibiting tumor
secretion. This procedure, however, has been cumbersome and at times
unfeasible. The Friedman test, while indicating less accurately the
gradations of quantitative change, does show the end points and is
therefore a reasonably satisfactory substitute.

It is difficult to obtain conclusive evidence that the tumor is finally
destroyed by Methotrexate. If it were, then one might expect that
chorionepithelioma in the male would be similarly affected, but this
is apparently not true. We now believe that in the placental tumor
of the female, interference with the folic acid metabolism of the tumor
cell is sufficient to interfere with the growth and invasiveness of the
tumor until some phase is reached in the natural history of chorion
epithelioma that results in eradication of the tumor. This is perhaps
best seen in the nodule of tumor removed from beneath the urethra
of Patient 2 after three courses of Methotrexate and while a fourth
was being given. The tumor was alive and well preserved, but there
was no evidence of invasion, and a massive wall of round cells had
surrounded it. It appeared to be active but imprisoned and in the
process of being destroyed. This is the present concept advanced by
the department as to the gross mechanism of effect of the folic acid
inhibitor in this particular form of chorionepithelioma. A more effec
tive and more selective form of chemotherapy will be required
to destroy the form of tumor which has the same genetic makeup as
the host.

Methotrexate therapy gives promise of being the most effective
method of attacking chorionepithelioma derived from the placenta,
particularly when combined with careful, objective, early diagnosis
and early and persistent treatment. There is still much to be learned
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about its application as well as the effectiveness of additional forms
of therapy.
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Staff Meeting Report

Rehabilitation of the Bladder in Injuries
of the Spinal Cord*
Walter C. Stolov, M.D. t

In the hours immediately following trauma to the spinal cord the
physician works energetically to save a life. The tremendous disturb
ance of the patient's nervous system necessitates that energetic care
continue beyond the immediate life-saving stage. Successful manage
ment in the first six months usually will determine the ultimate success
of rehabilitation, and during this period the care of the urinary system
is most important.

Dietrick and RussF reviewed autopsy findings in 55 paraplegic
patients and found that renal disease was the most common primary
pathological diagnosis. Genitourinary disease was present in 90 per
cent of the patients and ischemic ulcers in 69 per cent. Renal clear
ance studies on 62 paraplegic patients revealed a reduction of 50 per
cent or more in either glomerular filtration rate or renal plasma flow
in those patients who had had lesions for more than five years.2 The
deterioration of renal function did not correlate with either results
of blood urea nitrogen determination or intravenous pyelography.
Better renal function was observed to occur in the presence of cath
eter drainage.

In treating the paraplegic patient the ultimate goal is to obtain
as soon as possible a functioning bladder characterized by: 1) a
catheter-free existence; 2) an adequate capacity with a negligible
residual urine; 3) socially acceptable urination; and 4) absence of
infection. Unfortunately, however, this goal is too infrequently ob
tained; complications often lead to less than ideal medical and social
results.

This study reviews our experience at the University of Minnesota
Rehabilitation Center in managing urinary problems of traumatic
quadriplegic and paraplegic patients.

0This report was given at the Staff Meeting of the University of Minnesota Hospitals on
January 9, 1959.

tNational Foundation Fellow in Physical Medicine and Rehabilitation
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Physiology of Micturition
In the normal adult, micturition is a reflex act subject to volun

tary control. The forces of expulsion and retention are reciprocally
balanced at all times. The higher brain centers can facilitate or inhibit
the expulsive reflexes at will.

The two types of urination, namely, urination on desire and urina
tion on command, are distinguished by their respective sequences
of events. On desire, the contraction of the detrusor is associated with
the opening of the internal sphincter, followed by relaxation of the
external sphincter and the muscles of the pelvic floor. The sequence
of responses on command is still in dispute. One view3 holds that
central nervous system facilitation initiates contraction of the detrusor
and that this is followed by relaxation of the pelvic floor with lowering
of the base of the bladder. The vesical neck then opens, and the
external sphincter is subsequently relaxed. In the other, more recent
view,~ voluntary voiding starts with an increase in abdominal pressure
mediated by the diaphragm or the abdominal muscles or both. Re
laxation of the pubococcygeus muscle follows, and the vesical neck
drops down, initiating a reflex wave of contraction over the detrusor.
Opening of the vesical neck and relaxation of the external sphincter
then follow as before.

The sympathetic nervous system is not involved in micturition
either in normal or in pathologic states. Reflex voiding is mediated
by the parasympathetic and the somatic innervation. The parasympa
thetic preganglionic fibers originate in the second through the fourth
sacral segments of the anterior and lateral horns, leaving via the an
terior roots to the pelvic nerves and plexus, and synapsing with the
postganglionic fibers in the vesical plexus. The somatic lower motor
neurons arise in the same anterior horns and possibly one to two seg
ments above and below, and course via the anterior roots and pu
dendal plexus through the internal pudendal nerves to the striated
muscles of the external sphincter and the pelvic floor. The sensory
input of both systems enters the spinal cord at the same level as the
motor output.

The reflex centers concerned with micturition are divided into
three parts: (1) Peripheral intrinsic ganglia within the detrusor,
which maintain bladder tone with increasing volume independent of
central stimulation (but it is also believed that adjustment of the
bladder to increasing volume is purely myogenetic);5 (2) the spinal
reflex center located in the sacral cord; and (3) the supraspinal cen
ters located in the hypothalamus, limbic system (visceral brain), and
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midbrain, which condition and control the spinal reflexes involved.
Of prime importance in the paraplegic patient is the spinal center,

for it becomes the sole source of coordinated voiding in the absence
of the regulatory mechanisms in the brain. Six important reflexes can
be described within the spinal center: 6,7

1) As the bladder fills with urine, tension in the bladder wall
increases. At threshold tension, intramuscular afferent nerves are stim
ulated, sending impulses to the sacral parasympathetic center via the
pelvic nerves. Efferent nerves return along the same route and initiate
detrusor contraction, According the BarringtonS this reflex is centered
in the hindbrain.

2) Proprioceptive fibers from the contracting detrusor send im
pulses to the spinal center again via the pelvic nerves, which form
synapses with and inhibit the somatic lower motor neurons of the
external sphincter. The motor impulses of the pudendal nerve are
inhibited, and the pelvic floor relaxes.

3) Contraction of the external sphincter and pelvic floor stimulates
proprioceptive fibers which traverse the pudendal nerve and plexus
and inhibit the preganglionic parasympathetic fibers to the detrusor.

4) On chemical, thermal, and possibly mechanical stimulation,
exteroceptive fibers within the mucosa of the bladder facilitate detru
sor contraction via the arc from pelvic nerve to pelvic nerve.

5) The same exteroceptive impulses from the mucosa are facilita
tory to pelvic floor contraction via the arc from pelvic nerve to pu
dendal nerve. This reflex has a lower threshold and is more easily
abolished by mucosal anesthesia than is the arc that facilitates detru
sor contraction.

6) Both the passage of urine and sensation in the urethra excited
by thermal stimuli inhibit the tone of the anterior lip of the vesical
neck and the external sphincter and promote their relaxation via the
arc from pudendal nerve to pudendal nerve.

Facilitation of detrusor contraction by impulses originating from
the urethra is believed not to be present in man.

Reflex spinal VOiding requires conditioning of these facilitatory
and inhibitory reflex arcs in order to establish a smooth succession of
events. Excessive facilitation can lead to bladders that operate by
reflex and are spastic with frequent voiding and small capacities, while
excessive inhibition produces bladders with poor emptying contrac
tions, intermittent streaming, and a high residual urine.

Bors7 describes the bulbocavernosus reflex as a test of the integ
rity of the spinal sacral reflex center. Its presence aids in determining
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whether or not an injury in the lower thoracic or lumbar vertebrae
has traumatized the conus or cauda equina and resulted in a lower
motor neuron lesion of the bladder. Stimulation of the glans penis,
vesical or urethral mucosa, or of the detrusor produces contraction
of the pelvic floor musculature and the anal sphincter. Tugging on an
indwelling catheter will initiate this reflex.

Intervention in Bladder Function
Even with the most effective system of rehabilitation of the blad

der, adequate function does not always result. Surgical and nonsur
gical methods are available to assist the development of a catheter-free
status. These techniques perform one of three functions: ( 1) cor
rection of abnormalities of the upper and lower urinary tract, (2)
modification of reflex activity, and (3) elimination of the reflex arcs.

Transurethral resection of the vesical neck is frequently employed
to reduce resistance to urination. Various drugs are also utilized to
modify reflex activity. The parasympathomimetic drugs act at the
myoneural end plate The parasympatholytic preparations may act at
the end plate or at the ganglia, inhibiting the effect of acetylcholine.
Anesthesia of the vesical mucosa with 0.25 per cent Pontocaine® on
occasion modifies the spinal reflexes described in (4) and (5) above,
inhibiting the spastic detrusor and relaxing the pelvic floor to pro
mote a larger bladder capacity and a smaller residual urine; curiously
enough, this improvement may be permanent.9

Pudendal neurotomy modifies spinal reflexes (3) and (6), reduc
ing outflow resistance at the anterior lip of the vesical neck and ex
ternal sphincter, relaxing the pelvic floor, and blocking reflex inhibi
tion of the detrusor to permit more sustained detrusor contraction.
Selective sacral neurotomy modifies spinal reflexes (1), (2) , (4) ,
and (5) and is indicated primarily for the spastic detrusor. Fortu
nately, prior to operation the effects of pudendal and sacral neurotomy
can be determined by anesthetic blocks. A series of successful anes
thetic blocks may permanently modify reflex activity. Anterior rhizoto
my of the tenth or eleventh thoracic nerves to the fifth lumbar or first
sacral nerve modifies sacral reflex activity by eliminating mass reflex
responses of the lower extremities.

If adequate reflex bladder function does not develop in a patient
physically capable of exerting manual pressure on the bladder, crea
tion of an autonomously functioning bladder is indicated. Subarach
noid alcohol block of the conus, anterior or posterior sacral rhizotomy,
or sacral cordectomy may be performed to abolish all sacral reflex
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activity. The effect of these procedures may be determined before
operation by spinal anesthesia.

The Bladder Rehabilitation Program at University Hospitals
The care of the genitourinary tract begins on the first day of

admission. The dangers of inadequate care are emphasized to the
patient, and the need for his cooperation is stressed. A fluid intake of
240 cc. (one full glass) every hour from morning until bedtime is
established immediately to provide a total intake of at least 3000 cc.
daily for each patient. The indwelling catheter attached to a continu
ous drainage apparatus is changed weekly, and the bladder is irrigated
four times a day with sterile saline solution. The penis is taped to the
abdomen to straighten the penoscrotal angle in an effort to prevent
urethral diverticula. To avoid distention, continuous drainage is main
tained during the so-called atonic phase when detrusor contraction is
absent.

When detrusor activity does appear, tidal irrigation or catheter
clamping or both may supplant continuous drainage in selected pa
tients. If a patient is aware of vesical contractions and can imme
diately institute drainage, the urethral catheter may be clamped.
Tidal drainage is effective in irrigation and in increasing the capacity
of the small, irritable spastic bladder, but this procedure is feasible
on a rehabilitation service only at night and on weekends, when no
concurrent physical therapy is being administered.

Excretory urography and retrograde cystourethrography are em
ployed early and as often as necessary. Cystoscopic examination and
other urological procedures are performed as indicated.

The return of detrusor activity is determined by means of retro
grade cystometry. A continuous drip of about 200 drops per minute
to a volume of 400 cc. is usually sufficient for significant observations.
The magnitude and duration of detrusor contractions are observed
on the water manometer. The most effective cutaneous stimulation
that will initiate reflex detrusor contraction is also observed. Cystom
etry is performed every three to four weeks until detrusor activity is
apparent. Since leakage around a catheter may be due either to im
paired drainage or to detrusor contraction, cystometry is performed
whenever such leakage is observed. As soon as contraction of the
detrusor appears to recur the catheter is removed. If a high residual
bladder urine is present catheter drainage is reinstituted, and addi
tional voiding trials are made at two-week intervals. If detrusor ac
tivity is adequate but voiding is not, sphincterometry may be useful.
The catheter is withdrawn to a point just distal to the external sphinc-
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ter, and the pressure required to force irrigating fluid past it is meas
ured.

In injuries of the lower thoracic and lumbar vertebrae the conus
or cauda may be damaged, resulting in autonomous bladder function.
In this situation, detrusor contractions are insufficient for emptying.
Voiding will require Crede expression or increased intra-abdominal
pressure. The catheter is removed as soon as the patient's "general
physical condition permits, and voiding is attempted. Transurethral
resection of the vesical neck may be necessary to eliminate residual
urines which are elevated.

After the catheter is removed, the patient voids at scheduled times.
The schedule is subsequently adjusted to correspond with his rate
of urine production while he is still maintaining the high fluid intake.
Capacity is best determined by measuring amounts voided plus re
sidual urine, rather than by measuring retrograde filling, since retro
grade filling is not very physiologic and may give values that are too
low.1o

Infection appears rapidly after initial catheterization, and the urine
rarely becomes sterile even after the patient becomes catheter free.
Long-term antibacterial medication is indicated to control infection:
SuIfonamides, urinary antiseptics, and in problem cases one of the
broader antibacterial drugs are rotated at monthly intervals and if
necessary continued for life. The broad-spectrum antibiotics are
usually reserved for acute febrile urinary infections.

In order to reduce the incidence of calculi the following regimen
is followed: ( 1) a fluid intake of at least 3000 cc.; (2) maintenance
of acidity of the urine; (3) catheter changes weekly or oftener if
there is encrustation; (4) elimination of milk from the diet; (5) ad
ministration of one ounce of aluminum gel four times a day with meals
and at bedtime to reduce phosphaturia by binding dietary phospho
rus;ll and (6) oral administration of salicylates, since these are ex
creted as glucoronide complexes which may increase the solubility of
calcium salts.12

How long should one wait for adequate reflex elimination to de
velop before intervening? This is a difficult question. A fair standard
is either six months after injury or two to four months after the
appearance of detrusor contraction, whichever occurs later.
Clinical Results

A small general rehabilitation center is not specifically geared to
handle only patients with injuries to the spinal cord. Moreover, if
there is a significant turnover of medical and nursing personnel, the
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procedures and general care cannot be as complex as they may be
in centers devoted exclusively to spinal cord injuries. It is within
such a framework - a small center, with frequently changing staff
that the University of Minnesota Hospitals Rehabilitation Service has
operated since it began in September, 1954. It should also be noted
that the program of bladder rehabilitation has evolved over a four
year peiiod, and therefore, all patients seen were not uniformly treated.

A total of 59 hospitalized patients with traumatic spinal cord
lesions have been treated. Follow-up examination was not possible
in 18 patients because of limited mobility and distance from the hos
pital. Since we have not heard to the contrary, it is assumed that
these patients are doing at least as well as on discharge, and they are
included in the series. Of the 59 patients, 11 (group I) were admit
ted without catheter drainage. The remaining 48 comprise group II.

Of the total of 59, 39 (64 per cent) were not using catheters when
last seen. Seven (58 per cent) of the 12 females and 32 (68 per cent)
of the 47 males did not need catheters. Eighteen of the males used
rubber urinals because of frequent and precipitate micturition. Blad
ders were functioning by reflex action in 52 patients and by autono
mous action in 7 patients. Catheter-free status was obtained in 33
(63 per cent) of the patients with reflex bladder control and in 6
(86 per cent) of the patients with autonomous bladder control.

Of the total of 59, 32 had complete physiological cord transec
tions and 27 had incomplete lesions. (A lesion was considered incom
plete if at least one sensory or motor modality was functioning below
the level of the cord injury.) Twenty (74 per cent) of the patients
with incomplete lesions and 19 (59 per cent) of those with complete
transection achieved catheter-free elimination.

In group II, 28 patients (58 per cent) were converted to a cath
eter-free existence after admission. Twenty-one of these had accept
able residual urines. If the remaining seven are considered as failures,
the conversion ratio in group II is 44 per cent. The level of the lesions
was: 24 cervical, 12 between Tl and T9, and 12 between TI0 and
L5. (This breakdown is preferred over a simple cervical, thoracic,
and lumbar classification because patients with lesions at TIO begin
to show ambulation potential.) Catheter-free existence occurred in
11 patients (46 per cent) with cervical lesions, in 7 (58 per cent)
with high and middle thoracic lesions, and in 10 (83 per cent) with
lower thoracolumbar lesions.

The period between the time patients in group II were injured
and the time they no longer required catheterization varied from nine
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days to 26 months, with an average of seven and one-half months.
The average was 12J~ months for the six autonomously functioning
bladders and six months for the 22 reflex bladders. The average time
for patients with incomplete lesions was three months and for those
with complete lesions 12 months.

In all patients urinary tract infection of variable clinical severity
was present, but due to uncertainty in diagnosis no accurate determi
nation of the number of patients with acute or chronic pyelonephritis
and cystitis was possible. Other genitourinary complications occurred
in 25 patients (42 per cent). In order of frequency, the following
appeared: vesical lithiasis in 18 (30 per cent) urethral diverticula in
6 (10 per cent); orchitis and epididymitis in 4; vesical diverticula in
3; renal lithiasis in 2; nonfunctioning kidney in 2; hydronephroses in 2;
vesicoureteral reflux in 1; urethral stricture in 1; calculous obstruction
in 1; and ureteropelvic obstruction in 1.

Discussion
In Bors' series13 74 per cent of 844 patients, and in Comarr's

series14 47 per cent of 180 patients were converted to a catheter-free
existence. The 58 per cent conversion ratio reported here compares
favorably, although room for improvement exists. Twenty-nine per
cent of Bors' catheter-free patients and 25 per cent of Comarr's dis
carded their catheters with the assistance of one of the intervention
methods. In the University of Minnesota series, six patients (15 per
cent) became or remained catheter-free following surgical interven
tion: Three of them had vesical neck resections; one had Pontocaine
anesthesia, lumbar anterior rhizotomy, and urethral diverticulectomy;
one had vesical neck resection and urethral fistulectomy; and one had
urethral diverticulectomy.

The reasons for failure to obtain conversion in 20 of the group II
patients were: (1) surgical care of ischemic ulcers precluding cath
eter withdrawal in six; (2) inadequate patient cooperation in three;
(3) renal lithiasis in two; (4) chronic recurrent vesical lithiasis in
one; (5) necessity of nursing care in one elderly man and two women;
(6) no definitive bladder rehabilitation initiated in two; (7) transfer
of one patient to another hospital for further care; and (8) continued
hospitalization of two patients who still use catheters. The six patients
with ischemic ulcers might have benefitted from a neurosurgical pro
cedure for conversion to a flaccid state to eliminate spasticity of the .
lower extremities.

The greater frequency of successes in patients with incomplete
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lesions and the shorter average time they required to become cath
eter free probably reflects an influence of the supraspinal centers in
the control of micturition. The better results obtained in patients with
autonomous bladders and in patients with lesions below the ninth
thoracic vertebra may be due to several factors. Diminished spasticity
in trunk musculature, greater mobility, and intact sympathetic nerves
may all have favorably influenced the results. The average length of
time required by patients with lower motor neuron injuries to become
catheter free probably could have been shortened if earlier recognition
of this type of bladder function had been made. One might have
anticipated that the length of time required to become catheter free
would be shortest in autonomously functioning bladders, since there
is no need in these cases to wait for reflex activity. Early catheter
removal and if necessary vesical neck resection can be instituted as
soon as the general physical condition permits.

Drugs to modify detrusor activity were used in 32 patients; Ban
thine,® an anticholinergic and parasympathetic end plate blocker, was
given to 18, and Urecholine,® a parasympathomimetic agent to 14.
Urecholine in doses up to 200 mg. daily failed to improve emptying
of the bladder; Banthine proved useful in inhibiting detrusor activity.

The value of clamping the urethral catheter and of tidal irriga
tion in reflex conditioning is still open to question. Comarr's series
revealed that these methods do not have any particular advantage
over continuous drainage in establishing a catheter-free status. Clamp
ing according to the clock may produce the unhealthy situation of a
detrusor contracting against a fixed volume and may initiate an acute
infection. Tidal irrigation requires close supervision in order to pre
vent distention and to insure complete emptying of the bladder. We
prefer to use routine continuous drainage as long as catheterization
is still indicated, reserving clamping of the urethral catheter and tidal
drainage for special cases.

In this series the number of genitourinary complications reported
is probably less than the actual frequency, since excretory urography
in six patients and cystourethrography in 20 patients was not obtained.

Although the cord bladder may develop adequate function, there
is no guarantee that this function will continue. Therefore, protracted
follow-up is essential. Renal lesions, especially calculi, may develop
in spite of adequate drainage or physiological emptying of the bladder.
Excretory urography and retrograde cystography should be performed
at least yearly, and oftener in the early stages of recovery. Roent
genograms of the abdomen and pelvis should be taken at three to
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six month intervals. The urine should be sterilized if possible. Im
portant as are the first six months after injury, long-term care is
equally necessary if morbidity and early death from renal disease is
to be avoided.

Summary

The results on 59 patients with spinal cord injuries treated on the
University of Minnesota Rehabilitation Service in the last four years
are reviewed. Sixty-four per cent of these are catheter free. Of those
admitted with catheters, 58 per cent were converted to a catheter-free
status. Men did slightly better than women. Patients with autono
mously functioning bladders had a greater conversion rate (86 per
cent) than did those with reflex bladders (63 per cent). Seventy-four
per cent of those with incomplete lesions converted, compared to 59
per cent of those with complete lesions. Patients with lesions at T-lO
and below did best, with a conversion ratio of 83 per cent.

The average length of time after injury for the patients to become
catheter free was seven and one-half months. Patients with upper
motor neuron lesions converted in six months and those with incom
plete lesions in three months.

Ischemic ulcer was the major cause of failure to attain a catheter
free status, and vesical lithiasis was the most frequent urinary tract
complication (30 per cent).

The physiology of micturition with respect to the sacral spinal
reflex center is reviewed, and techniques of treatment are discussed.
The treatment program that has evolved in the care of the cord blad
der is presented.
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Editorial

The Midwestern Character

The American frontier, in its influences and geographic divisions,
has played a remarkable role in the formation of regional character.
In Minnesota rich farming land, trade across the border and the
navigability of easy water ways first attracted the hearty settler who
believed that the rigors of a severe winter could be withstood for
the gain of expansion and isolation. Climate and culture combine
to make the Minnesotan a sturdy individualist. His forebears had
endowed him with a combinatio~ of adventurous spirit, hearty per
severance and vigorous constitution. What a blow against herd be
haviour the Minnesotan has struck in an age marked by the break
down of traditional frontiers! East and West find their junction and
their new nationality as distance gains a new meaning. The expan
sion of interstate commerce, air travel, the media of radio and tele
vision, would seem to destroy regional differences. But somehow the
Minnesotan retains his singular character. The length and severity
of the winters combine to isolate him and instead of providing an
insuperable burden, form a stimulus to still further exertions of the
mind and body. To such a challenge what a response! Tremendous
developments have taken place in commerce, industry and agricul
ture. While California oranges provide Vitamin C in January and
Florida grapefruit, pinker every year, decorate the breakfast table,
Minnesotans grapple with weightier problems of heavy industry,
electronic development, and converting lakes into oceans. We break
records in longevity. Our incidence of tuberculosis is among the low
est in the world, and our medical profession devotes great effort to
repairing blood vessels not stimulated by the alternating contractions
and relaxation brought about by so contrasting a climate.

We are hardened, we are firm, but our sky is clear, lakes are near,
and man is most man when the challenge of all nature rings clear.

A.P.T.
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Medical School Activities

DR. P. D. BOYER of the Department of Physiological Chemistry
was elected to the position of Chairman-Elect, Division of Biological
Chemistry, of the American Chemical Society, September, 1958.

DR. W. O. CASTER of the Department of Physiological Chemistry
has been elected a Fellow in the American Association for the Ad
vancement of Science.

DR. DAVID GLICK of the Department of Physiological Chemistry
is on leave of absence for the whole of the academic year under the
support of a grant from the Commonwealth Fund to allow him to
have a period of study and travel in Denmark, Sweden, Italy, and
Russia.

DR. MAURICE B. VISSCHER, Professor and Head of the Physiology
Department, and DR. LOUIS TOBIAN, JR., Associate Professor of Medi
cine, have been designated Fellows of the New York Academy of
Sciences. The title was conferred the first week in December at the
Academy's annual meeting in New York City in recognition of their
"outstanding work toward the advancement of science."

DR. W. D. ARMSTRONG, Head of the Department of Physiological
Chemistry, has been made a member of the National Advisory Com
mittee on Medical Uses of Isotopes of the AEC.

DR. ROBERT WISE, formerly an Assistant Professor in the Depart
ment of Bacteriology and Immunology, has been named the McGee
Professor of Medicine and Chairman of the Department of Medicine
at the Jefferson Medical School in Philadelphia, Pennsylvania.

The new fifth Hoor addition to the University of Minnesota Va
riety Club Heart Hospital was dedicated as the "Arthur W. Ander
son Floor" Monday, January 12, at a dinner on the University campus.
JOSEPH M. PODOLOFF, Minneapolis, chief barker of the Variety Club
of the Northwest, presented the keys to the Hoor to University Presi
dent J. L. Morrill at the 6:30 P.M. dinner in the Main Ballroom of
Coffman Memorial Union. The new Hoor will be devoted to research
in the field of heart ailments.
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The School was honored by a visit by DR. JAROSLAV STERZL,
Chairman of the Department of Biochemistry, Czechoslovakian Acad
emy of Sciences, Prague, Czechoslovakia during the week of Decem
ber 3rd. Dr. Sterzl gave talks to several groups in the Medical School
Department of Bacteriology and Immunology.

An informal All-Medical School Dance for students and faculty
members will be held on Saturday evening, February 28, from 9:00
P.M. to midnight, in the Junior Ballroom of the Pick-Nicollet Hotel.
Tickets at $2.50 per couple (including a chance at the door prize)
are available through members of the Intrafraternity Council. All
proceeds from the dance will be given to the Minnesota Medical
Foundation Scholarship Fund.

IN MEMORIAM

DR. HAL DOWNEY, hematologist and professor emeritus
of Anatomy, University of Minnesota, died January 9 in
Minneapolis. He was graduated from the University of
Minnesota in 1903, and except for two years of study in
Europe, he was on the staff continually from 1903 until his
retirement in 1946. He was Professor of Zoology until 1929
when he became Professor of Anatomy in the Medical School.
Dr. Downey has been called the Father of Hematology. He
trained hundreds of students who now carryon his work
all over the world, and his contributions to the medical under
standing of leukemia, infectious mononucleosis, and abnor
malities of the bone marrow made him outstanding through
out the world.
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Donald Cowling Honored

A group of his friends and colleagues honored Donald J. Cowling,
state civic leader and former president of Carleton College, at a
dinner on December 10 in Coffman Memorial Union. Laurence M.
Gould, President of Carleton College, and J. L. Morrill, President of
the University of Minnesota, were among the guests who paid tribute
to the energy and accomplishments of the 78-year-old Cowling.

Dr. Cowling is well known to Minnesota physicians, and particu
larly to the faculty and alumni of the University's Medical School,
for his indefatigable work during nine years as Chairman of the Mayo
Memorial Committee of Founders. Furthermore, since 1950, he has
played a major role in raising funds for medical scholarships as Chair
man of the Minnesota Medical Foundation Scholarship Committee.
This year, largely as a result of his efforts, 24 medical students are
sharing $12,250 in such scholarships at the University of Minnesota.
He has also raised funds to help permit the University School of
Nursing maintain attractive faculty salaries.

Dr. Cowling holds the distinction of being one of only two men
to have received both an honorary degree and a Builder of the Name
award from the University of Minnesota. He holds the Bachelor of
Divinity and Doctor of Divinity degrees as well as a Doctor of Philoso
phy degree and numerous honorary degrees. President of Carleton
from 1908 to 1945, Dr. Cowling is currently active in many civic and
educational enterprises.
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Postgraduate Education

Basic Concepts of Water and Electrolyte Balance

for General Physicians

The University of Minnesota announces a continuation course in
Basic Concepts of Water and Electrolyte Balance for General Phy
sicians, which will be held at the Center for Continuation Study on
the University Campus during the week of March 30 to April 3, 1959.
Guest speakers will be DOCTORS KNUT SCHMIDT-NIELSEN, Professor
of Zoology, Duke University, Durham, North Carolina, and CARL
MOYER, Professor of Surgery, Washington University School of Medi
cine, St. Louis, Missouri. The course will be presented under the
direction of DR. WALLACE ARMSTRONG, Professor and Head, Depart
ment of Physiological Chemistry. The rest of the faculty will be
drawn from the University of Minnesota Medical School and the
Mayo Foundation.

Allergy for General Physicians and Specialists

The University of Minnesota announces a continuation course in
Allergy for General Physicians and Specialists to be held on the Uni
versity campus from April 16 to 18, 1959. The guest faculty will in
clude DOCTORS HERBERT J. RINKEL, Kansas City, Missouri, and MARY
H. LOVELESS, The New York Hospital, New York City. The remainder
of the faculty will include members of the faculty of the University
of Minnesota Medical School and the Mayo Foundation. The course
will be directed by DR. J. S. BLUMENTHAL, Associate Professor of
Clinical Medicine.

Notice

All continuation courses presented by the University of Minnesota
are approved for formal postgraduate credit by the American Academy
of General Practice. Attendance certificates will be furnished on
request.

Further information concerning the above programs or others to
be presented may be obtained by writing to DR. W. ALBERT SULLIVAN,
JR., 1342 Mayo Memorial, University of Minnesota, Minneapolis 14.
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WEEKLY CONFERENCES OF GENERAL INTEREST

Physicians Welcome

Monday,

Tuesday,

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

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

Friday,

Saturday,

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

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.




