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Embryology as Related fo Fibrocystic
Disease of the Pancreas

Lmbryology of the pancreas and the paroud

and submaxillary glends

Dg. Joser Wakkany: In the fifth week of gestation, the 5 mm
embryo shows the begi of develoy of the p

two omgrowths from the endodermal lining of the gut. At about

the same time, the epithelial anlage of the resg y system appears

as an outgrowth of the pharyngoesophageal border. At six weeks

the anlage of the parotid has also become discernible, and somewhat

later the submaxitlary gland makes its appearance.

During the seventh week, the 17 mm embryo shows fusion of
the two pancreases mto a single organ {figure 1.) The ventral
pancreas forms the head, and jts duct becomes the main outlet for
the organ, the pancreatic duct of Wirsung. The dorsal duct becomes
the accessory duct of Santorini.

At this time the epithelial limng of the duodenum, the esoph-
agus and the rectum grows more vigorously than does the intestinal
tube, resulting in the well-known temporary occlusion of these seg-
ments as indicated by the black bands (figure 1). Such physiologic
occlusion of the lumen has not been found 1n the pancreatic ducts.
The celac plexus has now become recognizable in its prevertebral
position

By 10 weeks of jon histologic differentiation has begun.
In the pancreas we see formation of acini, which originate as terms-
nal or lateral buds from the ducts

The 1slands of Langerhans are present at 14 weeks, and in the
econd hall of fetal life there develops a relative preponderance of
tslands compared to acinar tissue. The islands, like the acim, are
products of differentiation from the ducts.

In the intestine, Lieberkuhn’s crypts are well developed at 16
weeks, and Brunner’s glands make their appearance during the sixth
month, Meconium has reached the jleocolic junction at this time,
however, 1t 13 not seen in the rectum before the end of the fifth fetal
month  Mucid cells are present in the salivary gland at 16 weeks
Sweat glands become discernible as epithehial buds, yet they do not
deselop lumina before the seventh month of fetal life (figure 2).

13



The cells of Paneth, which occur in the human fetus not only m
the erypts but also on the villi, do not appear before the seventh
month. These cells contain about their nucleus large, acidophilic
granules, which are discharged into the lumen under the influence
of pilocarpine Zymogen granules of the pancreas react to pilo-
carpine in a similar manner.

I7mm CR LENGTH

[ 4 8 12 6 20 24 28 32 3638
Fertilization Age sn Weeks

Figure I Derelopment of organs myolved m cysic hhrows of the
pancreas, by the seventh week of fetal Life

Enzyme appearance

Trypsin can be found in the duodenum in the fourth month
Pancreatic trypsin has been found in a few human fetuses at 16
weeks, but in two cases it was absent at 22 and 23 weeks. Pancreatic
amylase has been found as early as 22 weeks, but 1t may be absent
even at term. Pancreatic lipace 1s present a1 32 weeks Proteolytic
d by the p aciny begi with the

enzymes are [
fifth fetal moath.



1t seems that these enzymatic activities begin at about the mig-
point of gestation. It is understandable that accurate data on this
point cannot easily be gathered from human fetuses. Houe)er, a
study has been made by Sampson of the changing quantity of
trypsinogen in the pancreas of the {etal piz. The rapid dewlopm.en(
of the trypic action, beginning in the seventh week and reaching
almost adult activity in the tenth week, is shown in figure 3. Seven
weeks of gestati the midpoint of y in the pig.

i
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Figure 2. Development of exocrnine glands 1 the sixteenth week of
fetal Iife

The time at which pancreatic trypsin 1s found 1n the human
fetus is in agreement with the measurement of trypsinogen activity
n the fetal pig, indicating a parallelism 1n enzyme actiation. It
seems that pancreatic trypsin actinity can be demonstrated soon after
mecomum appears in the intestine
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Figure 3 Developmens of trypnic actvity in the pancreas of the fetar
piz Reprnted from The fournal of Bialogiesl Chemsstry, 38 345,
1919

Expersmental pancreatic fibrosts

The progress made v experimental mammalhan teratology dur
ing the past 15 years has not contributed further know ledge
concerning the pathogenesis of crystic fibroa of the pancreas
Congenital anomalies of soft ussues can now be produced in rats
and mice by a variety of teratogeme agents, but the pancreas 13 nat
among the organe <o influences

A deliberate effort (o produce prenatal fibrowis of the pancreas
was made by Lee. Kaplan, Wiseman an.d my lf-lf It has been shown
that ohliteration of the pancreatic acinar linse, accompamed by



fibrous proliferation, can be produced by injection of dl-ethionine.
These findings suggested the posibility of producing fibrosis of the
pancreas in fetuzes of pregnant rats by the injecton of ethionine
during pregnancy, Several variations of treatment and dosage
were tried.

Although the ethionine treatment destroyed the mothets’ pan.
creatic tisvue, that of their fetuses grew and deseloped normally.
Definite retardation of growth was obsersed in many Bitters,

It may be that not enough ethionine reached the fetal pancreas,
o that the placenta changed the ethionne into a harmless matesial,
or passibly, that ethionine is not effective because metaboliem in the
pancreas of the fetus is different from that in the adult ammal, This
experimental failure is regrettable, since the production of prenatal
fibrosis of the pancreas would proside a useful tool for the inyesti.
gation of fetal physiology,



Exocrine Function in Fetal Life

Dn Crauvne A. ViLLee: During the past two decades, research
in biochemstry ha< done a great deal to elucidate the role of
enzymes in the economy of the cell. As our ideas of the number and
amount of these different enzymes have grown, 1t has become clear
that most, if not all, of the protein material in a cell 1s actually
enzymalic in nature. At the pre<ent time it would then be difficult
to concewve of a living cell without these batteries of enzymes.

In each cell there are enzymes for the synthesis and breakdown
of complex molecules of carhohydrate, protein, and lipid; for the
ntermediary metabolism of carbohydrates, fatty acids, and ammo
acids, for the release of energy from substrates and the transfer of
this energy to substances such as adenosme triphosphate and other
energy-rich compounds  Each of these enzymes we now believe is
regulated by a single gene Expertments 1n the field of biochemical
geneties have established the so-called “one gene + ome enzyme”
theory as a sound workmng hy pothesis,

There 15 expertmental evidence to support the concept that the
fernlized egg has all or most of these enzymes, and that each dangh
ter cell receives its quota during the process of cell diviion By
mechanisms quite unknown at present. additional enzyme molecules
are synthesized within each cell so that the growing mass of cells
is continually supplied with an adeq amount of metabolie
machinery.

Enzymes essential for cell survival

Studies of the metabohism of human fetal tissue conducted in
our laboratory have shown that the fundamental pathways of inter-
mediary metabolism are well estahlished at s1x to eight weeks of hife
in the human fetus. This is as early as we have been able to make
ob~ervations Furthermore. these stydies have shown that there 13
hittle change 1n the rates of activity along most of these metaholic

athways from then unti) term  The rates of oxygen comsumption.
glucose and pyruvate utihzation. and lactate preduction are al) rela-
wely constant from eight weeks until term 1n fetal hver, heart.
Ridney. Jung and cerehral cortex

Some changes i enzyme actinily were fllrﬂentd in the course
of thewe studies, For example. the enzymatic mechantsms for the

cypthesis of glycogen and the secretion of glucase are aheent from



the liver until about the twelfth week of fetal life. Following their
appearance they soon reach the adult lesel As deselopment prog-
vesses, increase in the ability of the liver to produce glycine, to
phosphorylate glycerol so it can be utilized, and to carry on trans-
amination reactions was also obrerved

We hase no comparable observations on the metabolism of
exocnine glands, but there iy no reason to doubt that, as development
proceeds, the rates of oxygen consumption, glucose and pyruvate
utihzation, lactate production, and other intermediary metahalic
reactions are telatively constant in these tissues aka,

Specific enzymes

In addison to the enzymes that are common to all cells, there
are others that are pecuhiar 1o specific tissues of the body, Examples
of thewe are the many digestive enzymes produced by the salivary
glands, the pancreas and the gastric and intestimal mucoa  Secre-
hon of such enzymes is not necessary for the survival of the cell.

In view of this, 1t is not surpncing to find thee enzymes abuent
when the tissue is first differentiated and appeaning later 1n develop
ment. Investigators are not in complete agreement on when these
enzymes can first be demonstrated m the human fetus. Needham
lamented this fact 1 1931, the same sitnation seems to exict today

Salivary amylase, or ptyalin, has been 1dentified in the salva of
human fetuses as early as the fourth month of gestation The gastue
mucosa of the fetus produces some pepan, renmin and hydrochloric
acid beginning with the fifth month. Trypsmogen and hipase are
secreted in the pancreas by the fifth month But most investigators
cannot demonstrate the presence of pancreatic amylase until birth
or perhaps even <hortly after hirth

The enzymes produced by mtestinal glands have been said by
<ome wnestizalors 1o he present as early as the fifth month, but this
has been demied by others,

it has been reported that the gastric muepsa of the 1erm infant
+» about eight imes ncher 1n pepsin than that of the premature
wfant  The difference between term and premature mfants in
tryptic actimty of the pancreatic extract 1s even more marhed.
It can be inferred from these results that the amount of pepsin and
trypsin produced is much greater in the last month of gestahion than
earbier  Their chief role before birth would apjear to be that of
digesting and liquefying meconium.

Nature of the biochemical lesion
The hereditary natute of fibrocystic dicease of the pancreas
~uggests that 1 may belong to that elass of diseases named inborn



errors of metabolism by Garrod in 1909. In thee, one of the
enzymes in a cell is altered, deficient or absent as the result of an
action of a mutant gene. The disease would be comparable to
alcaptonuria, albinism or glycogen storage disease of the liver.

The finding that trypsin is deficient or lacking would suggest
at first glance that there 1s some impairment in the synthesis of this
enzyme. However, pancreatic lipase and amylase are concurrently
deficient or absent.

In all the other examples of inborn error, the change in a single
hereditary unit or gene leads to the deficiency of a single enzyme.
We might hypothesize that the action of this altered gene leads to
some impairment 1n an enzyme system in the pancreas that is
involved 1n a step common to the synthesis of all three enzymes.
This would suggest that the primary biochemical lesion in fibro-
cystic disease is the result of a mutant gene which acts to decrease
or to elimnate the ability of the pancreas to synthesize all three
digestive enzymes  Meconium 1leus would then occur because the
enzymes are nol present m amounts required to liquefy the mecon-
wm, and 1mpaired digestion and absorption would follow. Sull
unexplained by this hypothesis are the viscid mucous congestion in
the bronchial tree. and the atrophy of the acinar tissue of the
pancreas

A second hypothesis postulates that the mutant gene alters one
of the enzymes inalied 1n the production of mucoprotein secreted
by the mucous glands. The action of the altered enzyme would cause
the production of longer and more polymerized melecules than
normal. resulung in a more viscaid solution  This viseid mucus
would lead to the plugging of the bronchial tree and of the ducts of
the pancreas The plugging of the pancreatic ducts would lead to
atrophy of the acinar tissue and deficiency of pancreatic digestive
enzymes, ohservations that can be made when the pancreanie duct 1=
experimentally tred off

It is conarstent with this formulation that the deficiency of pan-
creatic enzyme 1s frequently not complete. and includes all of the
pancrealic digestine enzyvmes

Other chinical mamifestations would follon from the decreased
production of the pancreatic enzyme~ The ah<ence ol hpw:. It}
probably the most important one. resulting in smpaired digestion
and absorption of fats, which would lead 10 the fatry Lier cometime~
abeerved. and particularly to the deficiencies of vitamma 2 and K.
and cholesterol. The aborption of these fat coluble substances
would be 1mpaired along with that of Tipads

Thne latter theory of the etiology of the dieae does not ymme
diatels sugpest any new methiod of treatment. even if an abnarmal

molecular configuration of mucoprotein were found, for there 1s no



way known at present to delete or alter any of the intracellular
enzymes of the body.

Discussion

Dr. Dovcras E. Jounstove: 1 would like clarification of the
evidence that trypsin production in prematute infants versus term
mfants 1s deficient

DR, ViLLge: Werner from Stockholm made pancreatic extracts
and tested their tryptic activity; the differences were quite marked
There was no overlapping of the ranges in actiity of the extracts
from term mfants and from prematures.

Ds L. Esmerr Hoir, Jr: May and Vance did assays of
duodenal contents and were not able to demonstrate a defect in the
enzymes of the premature. Clement A. Smith made observations en-
urely in agreement with these, and quite different from those of
Werner

Dz Harry SuwacHMax: We have studied some prematures
weighing 414 to 5 Ib and found approximately the same actity
m the premature as in term nfants. This has been verified indirectly
by noting a nse 1w plasma amno acids followmg a whole protein
feeding

Dr Jonxnstone: We have found that in a premature infant
weighing 2 Ib the first meconum plug had as much tryptic activity
as that of any term infant we studied.

Dr ViLree: I don’t think there 1s necessanly disagreement
here The studies have been dealing with two different things, the
amount of tryptic activity found in pancreatic extract. and the
amount of tryptic actmity found in duodenal juice The latter would
probably be much more to the point, because 1t is the trypsin in the
duodenal juice that 15 effective. not m the pancreas

Dr Rogert E. Cooke I should think. also, that analysis of the
extract of the pancrea- simply measures the amount present at any
one moment, whereas in the synthetic process, the rate is probably
the critical factor. and not the amount in the gland at any one
moment.

Dr Dorotsy H. Anpersen+ 1 should like to anquire as to what
data is available concerning the earhest age at which the panereatic

Ieston of cystic fibrosis has been found at postmortem examnatron

In our experience. the earliest well-anthenticated lesion ap
peared around the eighth fetal month. We have had a couple of
premature mfants who died of meconium ileus after having been



errors of metabolism by Garrod in 1909, In thee, one of the
enzymes in a cell is altered. deficient or absent as the result of an
action of a nutant gene. The disease would be comparable to
alcaptonuria, albinism or glycogen storage disease of the liver.

The finding that trypsin is deficient or lacking would suggest
at first glance that there is some impairment in the synthesis of this
enzyme, However, pancreatic lipase and amylase are concurrently
deficient or sheent.

1n 2l the other examples of inborn error. the change in a smgle
hereditar) unit or gene Jeads to the deficiency of a single enzyme
We might hypothesize that the action of this altered gene leads to
some impairment in an enzyme system in the pancreas that is
involied in a ¢tep common to the synthesis of all three enzymes
This would suggest that the primary biochemical lesion in fibro-
eystic disease is the result of a mutant gene which acts o decrease
or 1o eliminate the ahility of the pancreas to synthesize all three
digestive enzymes. Meconium ilers would then occur because the
enzymes are not present in amounts required to liquefy the mecon-
jum, and impaired digestion and absorption would follow. Still
unexplained by this by pothesis are the viscid mucous congestion in
the Lronchul tree and the atrophy of the acinar tissue of the
pancreas.

A second hypothesis polulates that the mutant gene alters one
of the enzymes involved in the production of mucoprotein seereted
by the mucous glands  The action of the altered enzyme would cause
the production of longer and more polymerized molecules than
normal resulting in a more wisaid solution  This wiseid mucus
would Jead to the plugging of the bronchial tree and of the ducts of
the pa e plugging of the j ducts would lead to
atrophy of the acinar tissue and deficiency of pancreatic digestne
enzymes, observations that can be made when the pancreatie duct 1%
experimentally ved off

It is consistent with thye formulation that the deficiency of pan-
creatic enzyme 15 frequently not complete. and includes all of the
pancreatic digesuive enzymes

Other chnical mamfetations would follow from the decreased
production of the pancreatic enzyme- The absence of lipase is
probably the most 1mportant one. re<ulting m ympaired digestion
and absorption of fats. which would lead to the fatry hiver sometime-
obserred, and partticularly to the deficiencies of vitamuns 4 and K,
and cholestero] The absorption of these fat <oluble cubetances
would be impaired along with that of lipid=.

This latter theory of the etiology of the disease doe~ not umme
gest any new method of treatment. even if an abnormal
tron of mucoprotein were found, for there 13 no
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had been in cardiac failure, with marked chest and gasteointestinal
symptoms. With apparent chinical improvement, he no Iong?r
showed so high a concentration of jodide. These data on parotid
secretion of jodide, 1 believe, contradict the posaibility that there
is a defect in energy production in secretory tissue.
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Figure 4, Concentration of chlonde in the parotid secretion of children,

Dr. Cooke: I am not sure I would agree with that interpreta-
tion There are opposing arguments that can be based on the data on
sweat. | do not think the calculation of free energy exchange can
be baced on the assumption that one anion determines the total
work output of 2 gland We have some calculations for whole sweat;
m thewe the chloride concentration at times actually runs inversely
10 the energy requirements for the whole secretion,

Dr ViLLee: [ should like to a<k whether the solume of salna
«ecreted by the two groups 1s the same

Dr Besswan- The volume is 2 little greater, on the average, in
patients with fibrocystic diseace than in the control children.

Dr Benyuus H. Lavonve: Can it be considered established
that al) exoenine glands are affected in this disease; or if not, can
we arrine at a consensus about the glands with which we are con-

cerned? This might give us additional information from which to
construct hypotheses.



born in the eighth fetal month, and who had svohulus which must,
by internal evtdence have dated from about a month before

Dr Cuarces U. Lowk: With reference to the secretin theory,
18 it possible that what js Jacking is the stimulus to cause an elabo-
ration of the three enzyme? This is a middle ground between the
two possitnlities proposed.

Dr ViLLee: 1 don’t see how the secretin theory can explain
plugging in the bronchual tree

Dr. Gorvov E. Gisss: In assays of the intestinal mucosa of
patients who died, we haie found normal secretin content

I was hoping to hear a third hypothesis, namely, a deficiency of
some factor 1 the mechanism of secretion that would also nvohe
the sweat glands,

Dr. Cooxe* That was a hypothesis that I was hoping to present,
because I think there 1s another way that one might explain the con-
current findings 1n all the glands

Dn. Samuer P. Bessian We have found that salivary secrenon
of chloride 1s not at all affected by <ecretin. Administration of
secretin 1o normal children and to patients with fibrocystic disease
of the pancreas did not affect the concentrating power of the salivary
gland m either group

Perhaps there 15 a basic lesion of secretory tissue in general
that could cause all these abnormalitres. We started with the assump-
tron that there might be a defective mechanism for energy produc
tion by secretory ussue, that the adenosine triphosphate generation
was abnormal 1n these glands.

There 1s 2 fi dffl n parotid of chloride,
a~ there 1s in the sweat, between normal controls and patients with
eystic fibrosts of the pancreas We have evidence suggesting that
there 15 no energy for the retention of ehloride. for keeping 1t 1n the
blood. and in the patient with this disease 1t leaks mto the parotid
and other exocrine secretions  Figure 4 shows the concentration of
chloride 1n the parotid secretion of normal children (135} and those
with cystic fibrosis of the pancreas (20)

There 15 another 10n secreted by the parotid gland that 1s mter-
esting 1n this respect—it 15 1odide In the normal individual the
concentration of wdide 1 the paroud saliva 1s between ten- and
thirty-fold greater than the blood concentration

We gave 1odide to 2 large number of normal children and to
four pabents with cysue fibrosis of the pancreas, and measured the

parotid <ecretion of 1odide following thrs admimistranon  Figure 5
hows that these patients eerete rodide in hugher concentration than
do the normal ndirduals

The tnangles i this figure represent the sodide secretion \a!lles
obtaimed 1n & patient after about three weeks of therapy This patient




Dk. Avpersen: | should hike to point out lhal in the glam‘k
on which there is general lvement, ie.
pancreas, intestinal glands, sweat glands, s:\lnar) glands, Tespira-
tory epithelum and bilary epithelum, there are three kinds of
abnormalities.

1)} morphologic concretions within the glands and ducts, as in
pancreas, hyer, and intestional glands;

2) dilatation of the glands and ducts with excess secretion, but
without actual concretions, or very rare ones as in the bronchial
mucous glands> and Brunner’s glands In these the glandular <ecre-
uon appears, histologically, different {rom what is seen in the
pancreas;

3) chemical abnormality of the secretion without associated
morphological changes. as in the sweat glands, where under the
microscope nothing abnormal 15 seen. and a chemst is required to
discover the abnormahty.

In view of three different types of change. any theory baced on
~tudy of only one gland i« probably inadequate,




Dx. ANDERSEN: Are all agreed there is something wrong with
the pancreas?

Dr. b1 Saar’Acsist: Al of us agree that there are some
patients in whom the pancreas functions normally. Whether these
patients have some involvement of the pancreas that is not recog-
nizable clinically, because the methods are too gross, is something
we cannot say,

aua laoipE e Sayma

Houns

Figure 5 Excretton of 1odide m paroud salva following oral admin
wtration of potasstum 1odide. Large dote are values from patients with
Bhroeystte diseane of the pancreas

Dr Avperstn: What proof i there of the disease patho-
lagrcally. 1f the pancreas 1« normal?

Dk. Worr W. Zuerzer That is very much to the point, we have
no proof. I think all of us have occasionally <een lesions n the res-
piratory tract aumulating closels, if not md;slmgu,:ha},]? from. the
pulmonary lesion seen i pancreatic fibrosis, without being able to
demonstrate lesione in the pancreas  Pathologically. we have no way

of knowing whether thes are related to this disease



Among the living, case 4 has had no recurrence of gastro-
intestinal bleeding since operation, a period of three years, but the
pulmonary status has deteriorated. Cases 2 and 6 ate doing only
moderately well from the pulmonary standpoint, but have not been
greatly lruubled by liver mwhemenl Case 7 is doing well from all

gh recently | P has begun to appear
(tsble 1).
Table |
Data on seven patients uith fibrocystic disease and cirthosis
of liver
Liver Shunl
Hepater fone | Portal ing
splono| Liver | tion | system - pera.
Case | mogaty| biopiy | teirs |prassura* Asctes| “hon
Gioup I
1 + |[Cwth [ N {370mm 0 4
2 + [Cweth | + |ND i
3 + |Gerh |+ {450mm + 1+
4 + |Corh | 4+ [570mm + | +
GCroup It
5 + {ND**| N |ND o | o
6 + |ND. + |ND. 0 {0
7 + |ND N |ND o]0
* Normal = less than 200 mm of water
**ND. = notdone

In all patients, hepatosplenomegaly was present. The liver was
hard, nontender, and moderately enlarged, and 1ts surface irregular;
1n several nstances, nodules were felt. The spleen was palpated in
most cases 3 to 5 em below the costal margin. firm, nontender, and
smooth In case 3, the spleen was enormously enlarged and occupred
much of the left side of the abdomen. In the first four cases, biopsy
of the liver revealed cirthosis. Jaundice was abeent in all.

Although the symptoms of hypersplenism, gastrointestinal
hleeding or ascites or a combmation of the three, were much more
severe i Group 1, all the psnents presented evidence of portal

\2: n y in cases 1, 3 and 4, the
pressure 1n the purtal system was found to be markedly increased
A surgteal shunting procedure to relieve the increased tension was
performed 1n these cases

Pathologic changes

The vgnations 1n the degree of cirrhosis, with the more severe
testons chiefly in the older children, offer an opportumty for study



Fibrocystic Disease of the Pancreas
with Cirrhosis of the Liver

Dr Prut, A p1 Sant’Acrise: Review of the medical Ierature
indtcates that hepatic changes described in patients with fibrocystic
disease have been largely chance findings at autopsy, giving nse in
the majority of cases to no chnical symptoms. It can be shonn,
however, that i patients with fibrocystic diseae of the pancreas
the inital lesions may progress to severe and, at times, fatal clinical
manifestations, due to a distinctive type of multilobular biliary
cirthosis with concretions. The studies summanized here were
carried out in collaboration with Blanc,

Clinical material studicd

Data on 25 patients with fibroeystic disease show that, in the
absence of chncal evidence of hver involiement, chemical deter-
minations related to hepatic function are normal

Seven pauents have been observed with fibrocystic disease of
the pancreas and chnically mamfest cirthosis of the Iiser They
have been divided mte two groups Group I, four patients, with
biopsy of the hver; and Group I, three patients in whom hepaue
biopsy was not performed. but i whom the diagnosis of bihary
cirrhoss was felt to be established on clinical grounds.

W hen miolvement of the hiver was first diagnosed, the patients
ranged 1n age from 4 to 10 years All seven patients had pulmonary
disease characterized by generalized obstructive emphysema and
chronic bronchopneumoma i varying degrees of seventy In cases
1 and 1, this had not been pre<ent when the hepatic cirrhosis was
diagnosed In 2ll seven cases the concentration of sodium and
chlonde i the sweat was increased Five of the seven had pancreatic
deficiency Duodenal content in case 4 was extremely viccous, but
had a level of tryptic actnvity in the Tow normal range. In case 2.
tryptic actvity of material obtaned on duodenal assay was normal
at first, but later decreaced to very low levels

Of the ceven patients, three gre now dead Cases 1 and 5 died
ve pulmonary disease, which n cave 1 had not been

of progrex the time of operation. Case 3 died of uncontrollable

present at
gastrointesuinal hemorshage.



Among the living, case 4 has had no recurrence of gastro-
intestinal bleeding since operation, a period of three years, but the
pulmonary status has deteriorated. Cases 2 and 6 are doing only
moderately well from the pulmonary standpoint, but have not been
greal]) |mubled by liver imolvement, Case 7 is doing well from all

gh recently hvpersplenism has hevun to appear
(lnb]e 1).
Table |
Data on seven patients with fibrocystic disease and cirrhosis
of lirer
" o Shunt-
P taver aton | blead pors-
Cate | megaly| biopsy g |asciter| “Ticm
Group1
1 + {Cueh PR I B
2 4 [Cirth + 0 ? 0
3 + | Cirrh )+
4 + {Cish + + + +
Group 11
5 + |ND**| N |ND ot +|o o
6 1+ InD + |ND o210 o0
H + [an. | x Inp + o ]lo]o

* Normal = less than 200 mm of water
**ND. = notdone

In all patients, hepatosplenomegaly was present. The lier was
hard, nontender, and moderately enlarged, and 11s surface irregular;
in several instances, nodules were felt The spleen was palpated in
most caces 3 to 5 cm below the costal margin, firm, nontender, and
<mooth. In case 3, the spleen was enormously enlarged and occupied
much of the left side of the abdomen. In the first four cases, biopsy
of the liver revealed cirrhosis. Jaundice was absent in all

Although the symptoms of hypersplemsm, gastrointeslinal
bleeding or ascites or a combination of the three, were much more
<evere in Group I, all the patients presented evidence of portal
g i On expl y y 10 cases 1, 3 and 4. the
pressure in the portal system was found to be markedly increased
A surgical shunting procedure to relieve the increased tension was
per[ermed in lllese cases.

Pathologic changes

The variations 1n the degree of eirrhoss, with the more severe
lesions chuefly 1n the older children, offer an opportunity for study



of the evolution of the hepatic lesions. The earliest changes seen in
our series of patients with cystic fibrosis of the pancreas were noted
at three days of age. .

Focal biliary cirrhosis with concretions On inspection of the
capsule at autopsy, the initial lesion is seen as a varying degree of
pitting, corresponding to small, steliate, depressed cirrhotic foci.

Microscopically, this focal biliary cirrhosis with concretions
1s ch ized by biliary proliferation, inflammatory reaction, con-
cretions of amorphous eosinophilic matenal plugging the bile duc-
tules, and absence of marked bile stasis. The nature of the concre-
tions 1s not clear, but they show a morphologic and histochemical
resemblance to those in the pancreas. Doth may be interpreted as
resulting from inspissated secretions The concretions in either
organ react negatively to Feulgen’s test for nucleic acid, stain simi-
larly with periodic acid-Schiff reagent, do not show metachromasia,
aad have a stmilac pH curve by the methylene blue extinctron test.

Multilobular biliary eurhosis 1with concreions With tume,
multtple foci merge Diffuse portal changes take place. Multiple
lobules are encircled and trapped by the fibrotic process.

As fibrosis becames more extensive. the architecture is destroyed
and the onginal foc of coneretions may entirely disappear, al-
though, more Iy, 1 foci of philic coneretion
are found. Because of the focal character of the imtial lesions,
damage proceeds irregularly. and areas of preserved lobular pattern
are found adjacent to massive foer of bile duct prolferation with
fibrosis A

This multtlobular bihary cirrhosis 1s followed by portal lesions
and ends in remodeling of hepatic architecture with regeneratne
nodules Typieal of this kind of cirrhosis is the formatron of 1rreg-
ular nodules larger than those in tke usual type of portal and biliary
cirthosis. Retraction of fibrous hssue leads at times to deep clefts
producing a hepar lobatum Characteristie also 1« the abeence or
limated degree of bile stasis

At this late stage only. the spleen is enlarged and shows the
chronte passne congestion with pulp cord fibross tvpical of portal

hy pertenston.
The name of multilobular biliary h with has
been chosen as descriptrve of these adianced hepane lesions, becm:vsc
a group of Iner lobules 15 involved m the process {rOm the begin-
’ . monolobular biltary cirrhosis,

+ of cholestatic or cholangiic
iary. cirthosis may also result




from massive necrosis with collapse of the collagenous framework
of the Liver. Use of the terms multtlobular, buliery and concretions

presses the distincti t of the cirthosis in fibrocystic
disease of the pancreas.

Development of the clinical picture

The first lesion is a focal biliary cirthosis which gives rise to
no clinical mamfestations and is a chance finding at postmortem
examination, Esen when the lesions are extensne, their scattered
character is such that, though a significant amount of hepatic paren.
chyma 15 affected, there is no clinical or laboratory evidence of
imohement of the liver.

In some instances the process becomes generalized Such a
patient goes on to & diffuse and severe hepatic cirthosis, which
combines scarnng and regenerative nodules with diffuse portal
changes. On physical examination, the liver is found to be moder-
ately enlarged, hard, nontender, frequently nodular. An unusual
feature is the apparent variabion in the size of this organ as it
descends turther into the abdomen or recedes with each cyele of
pul inf asa q of the diff; n
cal pressure exerted through the diaphragm by alternation in the
degree of distention of the lungs. Chemical tests of liver function
and serum bilirubin are still normal

After a varying length of time, & few months or a few years,
the distortion and deting of the arch of the y yma
of the hver 1s such that portal hypertension eventually develops.
it is at this stage that the condition becomes clinically manifest,

o, . 5 B Rt

rubin 1s either normal or very shightly increased.

Incidence

The autopsy material for the twenty years, 1935.1955, was
veviewed in an attempt to establish the incidence of hepatic lesions an
this disease. Twenty-five of 116 patients with fibrocystic disease of
the pancreas at Babies Hospital had arrhotic Jesions at autopsy,
an wadence of 22 percent  Sixteen of these had single or multiple
lesions of focal biliary currhosis In nine, the changes were more
extensive.

Carthosss of the liver, with portal hypestension, has been ob-
served m 7 of 311 pahents with fibrocystic disease of the pancreas,
an incidence of 2 lntle more than 2 percent.

A survey of the diagnostic files from 1919 through 1954 shows
that hepatic cirrhosis was entered among the final diagnoses in 28



cases. Seven of the patients had fibrocystic disease of the p
in 10 others the cirrhosis of the liver was of unknown origin; in
<even, atresia of the bile ducts was the basic disease; in two, chronic
acquired hemolytic anemia; in one, glycogen storage disease of an
unusual type, and in one, schistosomjasic. Portal hypertension was
present in 11 of the 28

In our experience, therefare, a cluld with the syndrome of
portal hy pertension secondary to cirrhosis of the liver has a good
chance of having fibrocystic disease of the pancreas. The concentra-
tion of elecirolytes in the sweat has been found to be character-
cally increased above normal oniy in patients with fibrocystic
diseace, and the test is therefore of value in the differential diagnosis
of cirrhosis.

Eriology

The histologic appearance suggests that the cycle is initisted
Ly primary mechanical obstruction of bile ductules by what appear
to be nspissated secretions, an expression presumably of the abnor-
mality of secretory products of exocrine glands that is character-
istic of the disease.

While focal biliary fibroas 15 a common postmortem finding in
patients with fibrocystic diseace of the pancreas, the diffuse multi-
lobular bihary eirthosis with clinical manifestations s rare. What,
then, triggers the passage from one type of hepatic lesion to the
other?

A varying degree of mvolvement of the affected area 1s char-
actenstic of fibrocystic disease of the pancreas. In four of the
patients described. the pulmonary disease was milder than average
In four, the concentration of electrolytes in the sweat was ab-
normally elevated but in the lower range of the values character-
1stic of this condition. In two, pancreatic function was erther within
normal limits or normal at first, with defictency appearing later

It 15 possible, therefore, that patients with cystic fibrosis who
derelop cirrhosis of the hiver provide another example of the vari-
ability of this disease It might be postulated that an added infec-
tion, € g.. mfectious hepatitis or nutritronal msult, could cause an
adverse responce by a Iiner which 1< already basically abnormal, ht
i« difficult to incriminate any <ingle factor 1n the elicitation of thie
response.

Nutritional deficiency, ascending cholangiis in a parnally ob-
<tructed biliary tree or toxicity from long continued admunistration
of antibiotic drugs mght all be postulated and may be present or
abeent in an mdisidual. Certain it 15 that diffuse and clnically
jrrhosis in fibrocystic diseace of the pancreas was
but 1s being recogmzed with increasing fre-
al of patents 1s greater  The condition does

manifest hepatic ¢
rare some )ears ago,
quency DOW that surviy



not occur, however, in young children, and it must be assumed that
the main effert of age is fonger exposure to a noxious agent and,
consequently, increased chance of developing hepanc lesions m a
progressive disease.

1t is too soon to try o prognosticate for patienis who develop
airchosis of the hiver with portal hypertension, but current observa.
tion would wmndicate that it is not impsirment of hepatic function,
but rather wncreased tenwion in the portal system and consequent
gastroil 1 bleeding that rep their main hasard Surgcal
shunting procedvres are the parient’s best hope for survival, and
should be undertaken if the severity of the bleeding or, at times, the
degree of hypersplenism points to the necessity for surgical inter-
\enton,

The outlook {or patients surviving operation in which portal
pressure 15 successfully relieved i< still not well-defined.

Summary

Another major ares, the hepatic, must be added 1o those already
known to be frequently smsolved in this disease. The loralized and
{ocal hepatic lesions, presumably reculting from primary mechanical
obstruction, may progress to a pathologically distinet and wide
spread mululobular biliary crerthosts with concretions. Clinically.
this advanced cirthotic process mamifests itself n patients with
fikirocystic disease of the pancreas by hepatosplenomegaly, and 1s
characterized by the symptoms of portal hypertenvion and, usually.
an ahsence of cterus,

Dhscussion

Dr. Vervox KaicuT.  In patients with acute respiratory infec-
tion, where the liver comes down n the course of 1nfection, 15 there
an associated penod of abnormal funchion of the hyer?

Dr b1 Savr’Acrese  As far as | know, chemical tests of hepaic
function show no changes under such crrcumstances  Mechanscal
factors seem to be largely respaneible for the apparent enlargement.

Dn Sumacivan: 1 should ke to sk whether dietary or other
thesapy ean be related to the severity of the crrrhosis. We hage
enrountered cirthoses of the biver less frequently, nor do 1 recall
ever seeing a chuld with ponal by pertension, <econdary to the hepatie
changes m fihbrocysne disease. )



cases Seven of the patients had fibrocystic disease of the pancreas;
in 10 others the cirthosis of the liver was of unknown origin: in
seven, atresia of the bile ducts was the basic disease; in two, chronic
acquired hemalytic anemija; in one, glycogen storage disease of an
unusual type, and in one, <chi iasts, Portal hyp fon was
present in 11 of the 28,

In our experience, therefore, a child with the syndrome of
portal hypertension <econdary to cirthosis of the liver has a good
chance of having fibrocystic disease of the pancreas, The concentra-
tion of electrolytes in the sweat has been found to be character-
wtically inereased above normal only in patients with fibrocystic
disease, and the test is therefore of value in the differential diagnosis
of cirrhosis,

Etiology

The histologic appearance suggests that the cycle is initiated
by primary mechanical obstruction of hile ductules by what appear
to be inspiscated secretions, an expression presumably of the abnor-
mality of secretory products of exocrine glands that is character-
1stic of the diseage,

Whle focal buliary fibrosis 1s a common postmortem finding in
patients with fibrocystic disease of the pancreas, the diffuse mult-
lobular biliary cirrhosis with chmical manifestations 1s rare. What,
then, triggers the passage from one type of hepatic leston to the
other?

A varying degree of involvement of the affected area is char
actenistie of fibrocystte disease of the pancreas. In four of the
patents described, the pulmonary disease was milder than average.
In four, the conceniration of electrolytes in the sweat was ab-
normally elevated. but in the lower range of the values character-
1atre of this condiion  In twe, pancreatic funchion was either within
normal lunits or normal at first, with deficiency appearing later,

It iv possible, therefore, that patients with cystic fibrosis who
develop cirrhosis of the hver provide another example of the van-
ability of this disease [t mught be postulated that an added nfec-
tion, e g, infecttous hepatiis or nutritional nsult. could cause an
adver-e response by a liver which 15 already basically abnormal, ht
1s diffieult to incriminate any single factor mn the elicitation of this
response

Nutritional deficiency, ascending cholangitis in a partally ob-
structed biliary tree or tovicity from long continued admnrstration
of antibotre drugs might all be postulated and may be present or
absent 1n an ndwedual. Certan it 1s that diffuse and chmcally
mamfest hepatic cirrhosis 1 fibrocystie disease of lhg pancreas was

care some years ago, but 1s beng recognmized with increasing fre-

quency now that sursnal of patients s greater The condition does



of a child with hepatic disease from other cause; is this pathology
specific before the end stage?

Dr. AnpersEn: 1 think that the microscopic Veshaped lesions
bengath the capsule are specific. 1 have never seen anything quite
tike this m any other disease. Some of the later, severe cirrhotic
fesions are complex and I can not always be sure of their origin
In our experience, the diagnosis of fibrocystic disease has been made
in several patients, of a type and degree that has required operation
for portal hypertension,

Dr, SuwscHMAN: Do you think hiopsy on someone who is not
undergoing surgery is justified?

Dr. ot Sant'Agvese: We are not justified in performing =
biopsy if patients have no symptoms of gastrointestinal bieeding.
If severe gastromtestinal bleeding is present, I think we are obli-
gated to undestale surgery o tehieve portsl hypertension and then
a biopsy of the hiver should be obtained.

Dr Kxicrt: If there were assumed a supenmposed lesion on
the tiver that might precipitate further disturbance and progression
of cirrhosis, mfectious hepatitis should be considered. The fact that
we can y-e gamma globulm to alleviste the disease prophylactically
indicates that children can have it at a very young age in sub-
chinjeal form

1 wonder if the pauent who already has focal lessons of the
Yiner might suffer more damage from infectious hepattis than the
patient without such lesions

Dr ArpERSEn 1t would seem quite Yikely, but rather hard to
test ohjectnely

Dr » Savt’Ac\isE  Once portal hypertension starts it seems
to develop very vapidiy, although the precipitating mechanism 1s
not clear

Dx Cuswtes D Max The recogmution may be abrupt and she
sequence of events rapid We have not actually succeeded in isolat-
ing. from scrunny of the histories, events which might be looked
upon as precipitatng

Dr BarBERG  An analogy, regarding the precipitation of more
diffuse Iiver pathology, may be provided by mformation we obtained
from study of the Chinese lier fluke, Clonorchis sinensis This
parasite produces a biliary type of eirrhosis, cholgangiis, and
wllammatory mvolvement  We found that these children mn the
Ornent can e in a symbotie relation with the disease.

As nutriton deteriorated where lach of food oreurred, the
chuldren developed intense \nver disease, berame jaundiced, and
showed progressne and massive enlargement of the Iner. This
condition was feversed 8s Puirhion improved



Dr bt 8sNT°AGNESE® No definitive answers can be given be-
cause the number of patients is small, Two of our patients did not
have any chmcal signs of pancreatic deficiency when the cirrhosis
with portal hypertenston was mamfest. Two others did not hase
much in the way of pulmonary iafection, but had been diagnosed
as having fibrocystic disease and hept on restricted diets for many
years before the cirrhosis of the liver appeared. Dietary deficiency.
therefore, may have an effect »n some but not all patients.

Dr. GiuLio | Barpero: Two of our six patents with biliary
cirthosss first came in without evidence of pancreatic disease and
with only mimmal evidence of pulmonary disease; they both had
pertal hypertension and nodular livers.  We have had 1dentical
twins who, very early in life, developed nodular livers which have
progressively enlarged. They have shown signs of some degree of
portal hypertension and hypersplenism, later developing signs of
pancreatic deficiency, and now manifesting advanced pulmonary
diseace.

Dr. Jouy M Crsic. Of 181 instances of cystic fibrosts of the
pancreas coming to autopsy, we have 10 that we have labeled
focal biliary cirrhosis In only two of these was there obvious bile
stases, and m none was there evidence of portal hypertension, We
agree with Zuelzer that these cases of focal biliary cirrhosis are
unusual and specific ones. The regenerative nodules that di Sanr'-
Agnese describes have not been found.

The hustological pictuses of two of the cases that ds Sant’Agnese
reperts here suggest that some other leston has been superimposed
on the hiver of a patient with cystic fibrosis of the pancreas

In reviewing our pathology records from 1920 unyi} the present.
we found the age at death of these patients 1s progressisely mereas
ing. aud thus we can expect a different pathologic picture over the
years.

:ncrea:ing age, and most of the peripertal fibross 1s accampanfed by
a hyperplasia of the bile ducts leading to {aeal Inhary c}nhos}s As
& Sant'Aguese suggested. thrs hyperplasia of the bile ducts is
probably secondary to the inspiscation of bile in the ducts

The nutnitronal status at the time of autopsy cannot be eorre-
fated with any partecular change i the histologs of the Iner. We
do not subscribe to the publiched thesis that the nutritional status
cystic fibrosis of the pancreas s particutarty important an the

2ment of cirrhosis

de"[s‘nmlg.ovm Is 1t possthle tn the early stages of this lesian 1o
differentiate a liser from a child with fibroeystie disease from that



are some mycepithelial cells which are scattered rather irregularly,
and are thought to be able to contract, expel fluid, and contribute to
the nitial secretion, at feast hy foreing out matenial already in the
duct. They may contribute 1o the secrenon pressure, <aid to be as
high as 250 mm of mercury. There i~ a separate biood supply for
the secretory porion as contrasted with the tubular portion; 1 do
not know the significance of thi.

Histochemistry

Hictochemicat study of the sweat glands has revealed certain
metabolic aspeets which may be of importance. The secretory por-
won of the gland 1s faintly basophilic or acidophilic in staining
charactensties, and contains many lipid and glycogen vacuales, The
Jack of melachromatic staining is suggestine evidence that acid
mucopoly<accharides are absent  The presence of abundant glycero-
phosphatase and of alkalwne pho~phatase, and the absence of acid
phosphatase has been noted in ecerine sweat glands. It is of interest
that these glands contain large amounts of glycogen, both in ecre.
tory and duct cells. By contrast, apocrine glands contain no gly-
cogen. much Yess alkalhine phosphatase, and some 1ron,

The abundant glycogen mn the secretory cells at the base of the
eccrine sweat glands divappears with acmvity, suggesting that the
alycogen may be used for energy for secretion. The role of the
alkahne phosphatase bas not yet been determined

The distrihutson of sweat glands in various parts of the body
15 of some 1mportance with regard to the practical measurement of
sweat for diagnostie purposes. The iodme starch spot technique
bhas demonsirated that the number of sweat pores vanes consider-
ably {rom one parl of the body to another. The sweat pore count
ranges from 350 on the dorsum of the hand down to 150 on the
anterior chest

1t has further been observed that during moderate thermal
sweanng there 15 a eyche discharge by larger and smaller numbers
of sweat glands  With increased stmulation each sweat gland puts
out a larger amount of flwid. Thermal sweating 15 confined pri-
marily to the trunk, extremities and head. The glands of the palms
of the hands the soles of the feet and the axilla are primanly acti-
vated by emotion

Pharmacology

The mneration of the sweat glands has been demonstrated to
he through the thoracolumbar outflaw of the sympathetic neryous
wtem  Of sigmificance. for our purposes 15 a conaideration of the
chemical mediator at the end of the postzangiiomie sympathetic



Sweat — Basic Physiology

Anatomy

Dr. Roserr E Cooxe: Sweat glands fall into two general
groups: eccrine glands which are present over most of the body
surface, and the apocrine glands which are present primanly in the
axilla and perianal region, the latter heginning to function at
puberty. Most of this discussion will be devoted to the physiology
of the ecerine glands,

Grossly, the sweat gland may be divided into two portions, a
secretory portion which has been called a glomerulus by analogy
to the kidney, and & tubular portion which has been likened to the
tubules of the kidney (figure G). The analogy of the glomerulus i

Figure 6, Schematic drawing
of the anatomy of the sweat
gland  Reprinted from Ar
chnes of Dermatology and
Syphitalogy 57 907, 1918

inexact in that there is no known filtration mechamsm in the sweat
gland. The secretory portion consists of a corled duct made up of
a sngle layer of cuboidal cells, The collecting duet, on the ’al)xer
}land.{-n a double-layered tube, with @ very dense, thick, euticular
inner barder In the small watercellular canals of the latter there



Flushing of the sweat gland is of some importance, since after
two ot three periods of sweating, sweat concentrations of sedium
and chlaride fall to 2 stable lerel. Potassinm concentration falls
considerably. This phenomenon has been described as a washing
out of retained concentrated sweat from the ducts

Table 2
Factors decreasing the concentration of sodium and chloride
1 sweal
\ Systemic Local &
' Relatve hyperadvenahem Low skin temperature I
DCA, ACTH Acchmatzation |
| Adrenal tumor Flushing of gland
I Hyperthyroadism
! Increased K wntake
Na deficat.
Arclimatization
Repeated muscular wark
Table 3
Factors increasing the concentration of sodium and chloride
wn suéal
o e —
Systemic Local

Relatine hypoadrenalism Region—especially patmar

|
1 Addison's Disease Vapor barner )
1 Panhypopituntarism Skin temperature N
" thgh NaClimske Inereased sate

Elevation of rectal temperature Prolonged sweating {fatiguel
1 Firation of deep <kin temperature Artenal oeclusion

o . CYSTIC FIBROSIS

The systemic factors that cause an elevation of sodim and
chloride concentrations 1n sweat ave, i part, the converse of those
previously bsted (table 3). Elevation of rectal temperature and of
deep skin may express themselies through their effects
an rate of s\nealmg. which { have hsted among the Tocal factors

laterpretation of sweat tests for diagnostic putposes must be
approached with some caution. The concentrations of electrolyte




fibers to the eccrme sweat glands; this has heen demonstrated to
be acetylcholine

The sweat gland responds to drugs with muscarime effect, such
as pilocarpine or mecholyl, when injected intradermally. This
response is blocked by atropine.

By the use of a staining technique, it has recently been shown
that specific cholinesterase s present in abundance around the
secretory cells of eccrine glands, thereby indicating their cholinergic
innervation By contrast, no specific cholinesterase could be demon-
strated around the apocrine sweat glands.

Even though a small amount of sweat may be produced by local
admunistration of adrenergic drugs, there is no evidence for adren-
ergic innervation of the sweat glands. Almost certainly the chemical
transmatter is acetylcholme, thus putting the sweat gland in the same
category with mucous glands, salivary glands, and the pancreas.

We have attempted to measure the adrenergic sweating, but the
amount 1s so small that quantitative measurements are impossible.
It 15 our opinion that epmephrine may stimulate myoepsthehal ele-
ments leading merely to evacuation of the ducts and not to true sweat
formation The evidence for this effect 1n the apocrme sweat glands
is excellent, for eccrine sweat glands, less convineing

Factors affecting electrolyte composition

With relation to fibrocystic disease, an important aspect of the
physiology of sweat glands 1s a study of the factors nfluencing the
composition of sweat The water, sodum, potassium, chlonde, lac-
tate, bicarbonate and urea content. and the pH of sweat have been
studied Lactate 1n sweat may have bearing on the provision of
energy for secretion. but little 1s known about it

Of greatest import to the problem of cystic fibrosis 1s a con-
sideration of the factors that influence the sodium and chlonde
concentrations in sweat

Factors decreasing the concentration of sodium or chloride in
sweat may be divided somewhat arbitrarily between systemie and
local, as in table 2. An ncrease of sali-and-water hormone or exo-
genous  poca-like steronds reduces markedly the concentration of
sodium and chlortde 1n the sweat It 15 Iikely that the sigmificantly
lower concentration of sodium i sweat in severe hyperthvroidism, a<
contrasted with that of mild hyperthyroidism or euthyroidism, 15 due
to the relative hyr d 1c2sm that panies the f.nrmer
The action of potassium excess, sodium deficit and acchmatization
mediated through an increased output of adrenal steroids

| is only one of the factors

may be e 3
In acchmatization, hyp

concerned




microEq/M2/min agam-t the rate of flow of sweat. the cunse shown
in figure G 1~ obtained. There 1= a break mn the curve. and above a
Now rate of 5 gm/M‘/min sodium evcretion i= proportional to
sweal flow. The regression equation lor the Lue. for rates greater
than 5 gm/M2/min, shows the intercept of this line not at zero but
at about —183 microEq/M?/mm. This quantity was assumed to be
the amount of sodwm reabsorbed from the original precursor solu-
tion per square meter per minute. The slope of that lne. 63 6. actu-
ally represents the number of mlcroEq of <odmm put 1nto each gram
of final sweat, The lne for p zero, indi
no reabsorption.
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Figure 7 Relation of concentration of <odiom in sweat to rate of flow
ol sweat. Reprinted from The Journal of Clinucal Imestization, 35 11,

Conditions of Tow sodium intake are assocsated with low sodium
concentrations 1n the sweat With low concentrations of sodinm 1n
the sweat, there may actually be less put into the precursor solution
per unit of time, and considerably less reahcorbed The argument
that fow sweat electrolyte concentralions are due 1o increased
reahsorption of electrolyte are not substantiated by these studiex

Data on ranious secretions are shown in table 3. The arrows
mdicate a rise 1 concentration with rate of sweating



vary considerably from one region of the body to another. Palmar
and axillary sweat hase very high sodium chlonide concentrations,
especially with intermttent sweating. In a study on the relationship
between whole body sweat and sweat collected under a vapor barner,
it was found that the concentration of electrolyte collected locally
under a vapor barrier is always higher than in whole body sweat,
the dufferences being less marked at lower electrolyte concentrations
Whether these findings are due in part to higher skin temperature
and/or mncreased local rate must be determuned In addition, it is
posfible that some back diffusion of water might elevate concen-
trations,

Prolonged sweating also leads to a rise in concentration as well
as an occasional fall in rate. Exactly the same changes have been
observed after artenal occlusion

Neuther excess water intake nor acute elevation of the plasma
sodirm and chloride concentrations with intravenous hypertonic
salt affect the composition of sweat, Pitressin, which increases water
reabsorption in the renal tubule, prohably does not affect water reab-
sorption from the sweat duct, since electrolyte and nitrogen concen-
trations are not altered

Our experiments have corroborated findings to the effect that.
with mereasing skin temperature. there 1s a rise in chloride concen-
tration to quite a marked degree, and sodwm concentrations rise
proportienately. The volume of sweat rises less acutely with increas
ing skmn temperature than does the concentration of chloride. In
sweating induced by cholnergic drugs such as mechohyl, there 1s
less effect from changzing ~kin temperature.

The marked change in electrolyte concentration n one study
on the effect of rate of sweating is shown in figure 7. As the rate
of sweating 1ncreases, there s an ncrease in sodium concentration
tending to approach 2 maximum of 56 mEq/l The concentration
of sodrum i the salna also rises with increasing rate of flow

Process of sueat formation

Farlier work sugge~t~ that a fairly constant precurcor solution
of sweat 15 elaborated and a- the secretion passes through the tubule,
water and sodium may be reabsorhed Changes 1n sodim concen
tration of sweat have been attributed to changes m the reabsorption
of sodum by some portion of the wweat gland,

Such theoretical censiderations are of great ymportance with
regard to the problem of cyshe fibrost«  There has been an attempt

malical expression to this reabsorptive phenom-
al excretory phenomenon by the secretory cells
By plotung the rate of excretion of sodium i

to grve some mathe!
enon and to the tot
of the sweat glands.



These data suggest that the precursor solution has a high con-
centration of sodium when the concentration of sodium in the sweat
is high and a low concentration of sodium when the concentration
of sodium in the sweat is low, and that, consequently, reabsorption
plays a minor role in determming the concentration of sodwm in
the sweat,

Physwology of sweat in fibrocystic disease

It was of some mterest to us to determne whether the rate of
sweating mught be increased 1n patients with cystic fibrosis. Table 5
<hows there is httle difference between these patients and a control

Table 4
Composition of exocrine secrettons wn normal individuals
| I TUreal geeraon | Concentration mEq/! —l
Weeal pggme  ; Na [ cl | x|
102 120 \ 125 16
» 20— 90 | 10— 43 20
175 0> 56 | W—r 40 9
Table 5§
I olume of sueat
. . _ .
Patients with !
| Units | Cantrols cystic fibrosis |
mi/M/he | 148 ' 152 -
ml/10cal | L o1
Respiratory Water Loss
, emfke/br | 622 I 636

group The caloric turnover for some of the control subjects who
tended to hyperventilate hecause they were not accustomed to aerosol
equipment may be high. Respiratory water loss was about the
~ame i the two groups

Three possible explanations for high concentration of sodium
m the sweat of patients with cystic fibrosis are greater water re.
absorption by the ducts of the sweat glands, less sodium reabsorption
or ugh sodium concentration in the precusor solution.



It is apparent that urea is concentrated in the sweat of nor-
mal indwiduals. Urea, a very freely diffusable molecule, is assumed
to enter the precursor <olution by passive diffusion. Then, as water
is reabsorbed, the urea concentration rices. With increase in the rate
of flow, the ratio of the concentration of urea in sweat to that in
plasma has been found to remamn quite constant at about 1.75
whereas concentrations of sodium and chloride rise with increase
in rate of flow of sweat,
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These data suggest that the precursor solution has a high con-
centration of sodium when the concentration of sodium m the sweat
1s high and a low concentration of sodium when the concentration
of sodium in the <weat is low, and that, consequently, reabsorption
plays a minor role in determining the concentration of sodium in
the sweat.

Physiology of sweat in fibrocystic disease

Tt was of some interest to us to determine whether the rate of
sweating might be increased in patients with cystic fibrosis. Table §
shows there is little difference between thece patients and a control

Table 4
Comp of exocrine ions 1 normal 1ndtvrdual
| | TUrea) secramon | Concentration mEq/l ]
1Urea] ptrume Ne  Toar 1k
w2 ‘ 125 16
» 20— 90 | 10~ 43 2
175 20->56  0—»40 | 9 |
Table 5
I olume of sueat
) Patients with :
. Units \ Controls cystic fibrosis
ml/M/hr ‘ 144 | 152
m1/100 cal 211 . 24 i
Re<piratory Water Lose i
I
| emfkebr [ 622 | 636 |

group The caloric turnover for some of the control subjects who
tended to hy perventilate hecause they were not accustomed to aerosol
equipment may be high  Hespiratory water loss was about the
same w the two groups.

Three posuible explanations for high concentration of sodium
n the sweat of panents with cystic fibrosis are greater water re.
absorption by the ducts of the sweat glands, less sodium reabsorption,
or high sodium concentration 1n the precusar solution, '



IWater reabsorption

1f urea concentration 1~ a measure of water reahsorption by the
wweat gland, the urea concentrations in the sweat <hould indicate
whether there is greater or less water reabsorption by the ducts of
patients with cystic fibrosis. The mean concentrations of urea in
the sweat of the controls and of patients with cystic fibrosis of the
pancreas were found to be essentially identical. The concentrations
of urea in the plasma were also the same in the two groups, as were
the ratios concentrations of urea in sweat to that in plasma (table 6).

Table &
Ratio of urea tn sweat to urea in plasma
Controls 585 me/100 ml _ 11
328 me/100 ml
Pauents with _ 5583 mg/100 ml __ gy
evstic fibrosis ' 7 308 mg/100 mi

Sodwm reabsorption

Concerning the possibiluty that there is dimimshed sodium reab-
sorption in the sweat glands of patients with cystie fibroais, it seems
unlikely there would be a specific mstance 1n which reabsorption of
sodium was diminished, since m other states where sodium concen-
tration 1n the sweat 1s high, there may actually be greater sodium
reabsorption, as shown by the regression equations (figure 8). Fur-
thermore, any system based on reabsorption of sodium eannot be
generahized to involue other glands. which 1s onc of the prerequisites
for solution of the problem of cystic fibrosie.

Sodium concentration n the precursor solution

By use of standard thermodynamic cquations of the form
AG = RT 1g Llame ConCentration o qymlar to that
Sweat concentration
figure 9 is evolied When the sodium concentration rises n the
sweal, there is actually an increased gamn for the gland; AG is pos1
tive Above 2 maximum of 50 to 55 mEq Na/] of sweat, AG de-
creases. With 2 continued merease of sodium 1n l}ne sweat, the free
energy gain for the gland decreases untl there i< no free energy

gain for the gland itself



In calculating AG, the to1al free energy change, for sweat of
rarying sodum concentrations, the relationship shown in figure 10
obtains. This is the AG for transport of all the materials comprising
the glandular secretion. As can be seen, the mimumum free energy
change, the point at which minimum work is required for secretion,
is in the vicinity of a concentration of sodium in sweat of 90 to 100
mEq/). Most of the work is due to the transport of water. The
sweat of patients with cystic fibrosis is secreted with considerably
less expenditure of energy than that of the indnidual whose sweat
has & normal concentration of sodum These same calculations can
be applied to the secretion of all glands.

AG
9 :qL/L

20-

{ Nalg
0 *

o -4 o0 140

Figure 9. Free encrgy change (AG) for sodium 1n sweat when secreted
at various concentrations,

pecul 15 p sible, 1t might be to consider
the concept of some common denommnator affecting all glands

responding to cholinergic stimuly, that common denomunator being a
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Figure 10. Total free energy change (AG) for the sweat gland at sanous
concentration of sadium on the wweat,

<hartage of energy for secretory activity In the presence of a dim-
wnished energy supply. secretions will bhe formed that require a
relatvely low free energy change When less energy is available.
two things wall occur, & nse in concentration of sohd matenals and.
of the load 1 great enough and concentration ha- attained an optima}
fevel, a Iimitation of rate of cecretion Such findings have been
obtained when arterial occlusion was carried out

What chemical systems would be umoled 1n such a defiest of
energy ase unknown, and considerably more work must be' done on
the energetics of secretion to confirm or deny this hy pothesis,



Studies of Sweat in Fibrocystic Disease
of the Pancreas

Clinical findings

Dr. PauL A. p1 SANT’AcNEsE: In 1952 Kessler and Andersen
reported that 5 of 10 patients hospitalized during a severe hot spell
in August, 1918, were patients with fibrocystic disease of the pan-
creas They pointed out that such patients responded adversely to
periods of high atmospheric temperature.

Since there was already some evidence that in fibrocystic disease
there may be a disturbance of multiple glandular structures, and
since the sweat glands enter into the physiologic picture in 2 major
way only during hot weather, the objectives of onginal studies were
two, to measure the amount and electrolyte compoesition of sweat in
patients with this condition, and to attempt to relate the findings to
clinical casualties and to the pathologic physiology of the disease

The group of patents studied has now been increased to 90
with fibrocystic disease and to 151 controls, of which 135 are chil-
dren 6 weeks to 16 years, and 16 are adults, 35 to 62 years of age. A
description of the technique for collection has been published

Seventy-nine of the patierts presented the classical clinical and
laboratory features of fibrocystic disease In all these, one or more
duodenal assays have shown the absence of pancreatic enzymes
Fighteen have died subsequent to the studies. Autopsies of 14 showed
the pathologic changes typical of the disease. In the remaming 11
patients, tryplic actiity was still present in duodenal contents, how-
ever, the disease was strongly suspected on clinical grounds, Two of
these died subsequent to the sweat studies, and autopsy 1 both has
confirmed the diagnosis

Specifically excluded from the control group, which wncluded
patients with a variety of condntions, were those with known adrenal
nsulferency or renal disease and membets of the families of patients
with known fibrocystic disease

The range of concentration of chlonide was 60 to 160 mEq/]
1n the patients with cyste fibrosis of the pancreas, with a mean of
106, and 10 the controls 4 to 60 mEq/l, with a mean of 32 (figure
11). The range of values for concentration of sodium in the sweat of
the patients with fibrocystic disease was £0 to 190 mEq/!, with a
mean of 133, and in the control subjects, 10 to 90 mEq/], with a



mean of 59. Age or color did not seem to make any difference in
the conceniratrons of electrolytes in sweat.

The mean volume of sweat was not significantly different be-
tween the patients with fibrocystic disease and the control group of
patients

An effect of panereatic deficiency or of chronic pulmonary dis.
ease was excluded by the finding of the <ame concentration of

FIBROCYSTIC DISEASE,
of the ponctreas

90 coses
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Figure 1. Concentration of chlonide in the sweat of patiemts with
fibrocystic diseare and of a rontrol group Sweat 1 from midabdomen
ar scapuler region Reprinted fram $he Jousnal of the Amercan Meduat
Assoctation, 160 816, 1956

electrolytes in sweat i patrents with fibrocystic dicease with or with-
out pancreatic msufficiency or respiratory dicease In addition. two
groups of patients adults with acquired pancreauc deficiency and
adults and children with a sartety of chronic pulmonary diseases
of other origin, were found to have normal concentrations of electro.
lytes i the sweat The effects of the admnistration of pancreatin
or antibiotics were also elimmated by similar methods.

Data on & few patients with fibrocystie diseace has been pub-
fiched showing a normal adrenal response to acTH suinulation, a
normal ability of the kidney to conserie base and & shght decreace
ectrolytes on admmmstration of pocs. These findings

in eweat el
hat tmpaired adrenal and renal function cannot

constitute evidence



he sigmficant factors in the production of the abnormal concen-
trations of electrolytes.

Thirty-one patients of the group with Gbrocystic dicease had
normal concentrations of sodium in the serum; 10 patients with
respiratory acidosis, either I d or d, had
normal concentrations of sodium 1n the serum,

Six patients with cystic fibrosis of the pancreas, in acute de-
hydration during hot weather, had low concentrations of sodium and
chloride in the serum. The concentrations of potassium were not
altered, nor was pH.

Heat appe
which results
abnormal cor .
is a so-called pure salt depletion in which primanly the extracellular
fluid compartment is affected. The cireulatory changes produced by
salt depletion are much more severe than those in so-called pure
water depletion, and produce an effect similar to the shock that
follows extensive burns, trauma or hemorrhage.

These studies suggest that acute loss of salt through the sweat
<hould be suspected when pauents with fibrocystic disease, with
vomiting and dehydration. are seen during a penod of hot weather
Thirst 15 an unreliable symptom  Hyperpyrexa, cardiovascular col-
lapse, and, at umes, coma represent further steps in salt depletion
and bring about an acute medical emergency. The patient may be
n immunent danger of death unless prompt and vigorous measures
are undertaken to restore the depleted water and electrolyte stores,
Physiologic saline 15 the first urgently needed solution; other repair

1 should be admi d as indicated.

Sweat 1 other conditions
Some of the conditions in which results of the sweat test have
been normal are shown 1n table 7
Sixty members of farmbies of pavients with known fibroeystic
disease have been studied. Fourteen had abnormally high electro-
Iytes in the sweat and of these, s1¢ had unusual susceptibility to
long-lasting and severe respiratory infections In three of these,
rarying degrees of generalized obstructive emphysema and chronic
bronchor were d d p ly It was
possible 1o test all members of 15 families In the others, one or
mare individuals were missing. In two of the 15, both parents were
affected; 1n three others, one of the parents and. in the remaiming
10, electrolytes were normal 1 both parents

Electrolyies i other body flurds
The data in table & come from analisis of electrolytes
muxed aliva  There 15 a statistically significant difference in the



concentration of sodium and chloride between the patients with
eystic fibrosis of the pancreas and the control group, which repre-
sent a vaniely of other conditions. This is net true of concentration
of potassium.

Table 7

Some condinons with normal concentrations of electralytes
in the sweat

Chronie Pulmonary Disease
a. Bronchial asthma
b. Familial dysautonomia
¢. Agammaglobulinemia

1
i
4. Miscellaneous
Idiopathie Celige Disease

Cirrhosis of the Liver
Acquired Pancreatic Deficiency "
Table 8
Electrolytes in mixed saliva (mEq/L)
| ct Na K
Cystic Mean 21 2 21
Fibrosis
of Pancreas 5D {x6l) (x107) (= 6.1)
Controla Mean 16 16 20
5D (=19 (x1006} (= 53)
Dhifference (A M) 3 1 1
5 E.,i\ M. 197 38 21
LAM 11 29 048
SEAM
Probabtlity (P} __ <001 < 001 -
Number |} CFP 16 e ’ 16
s
Carv_J_Control, s Lo s

Studies of the parond cecretory rate done with a suction cup
and graduated pipet reveal that panents with fibrocystic disease
hase a sigmficantly inereased paronid secretory rate as compared to
the control group (table 9).

Investigated with negatnve results were mixed salivary amylaze.
tysozyme and electrolytes 1 parotid <alna The siscosity of mixed
and parond salna was found to be slightly less than that of the

cantrol.



Since most patients with fibrocystic disease have chronie lung
disease and conunually swallow mucous, it was difficult to know
whether the electrolytes in the stomach come from the pulmonary
or gastric secretions. The electrolytes in the duodenal contents
were investigated and found to be quite normal

Excretion of chloride or sodum 1 the stool, measured during
balance studies, was not altered

Table 9
Parotid secretory rate
[m)/5 min)
Cystic Mean 030
fibrosis
of pancreas (16) sp * 0194
Control ean 0125
zroup (23} SD =010
, Difference (A M) 0175
SEAM 0052
AM
SEAN 836
1 Probatility (P} <00
| N\\mflver } CFP 16
o
cases Controls 23

Summary

In cysuc fibrosis of the pancreas there is a specific electrolyte
abnormahity of sweat, The concentrations of chlornde and sodium
m the sweat are markedly mcreased in patients with fibrocyste
disease, as compared with normal indmiduals or patients with a
vaniety of diceases [n contrast, the volume of sweat 1s not different
n the two groups Failure of the sweat glands to conserve salt
clanfied the unusual susceptibility of patients with fibroeystic disease
1o heat, through acute loss of salt 1n the sweat It al<o offered, from
the practical standpoint, a means of treating heat casualties and of
preventing their occurrence by the admumetration of additional salt
to the diet.

in all caces showing the characteristic anatormical changes of
fibrocystic disease at autopsy. sweat tests (when performed) had
shown an ahnormality in the concentration of electrolytes. In about



concentration of sodium and chloride between the patients with
cystic fibrosis of the pancreas and the contral graup, which repre
sent a vanety of other conditions. This is not true of concentration
of potasstum.

Table 7

Some conditions with normal concentrations of electrolytes
in the sueat

Chrontc Pulmonary Disease
a, Bronchial asthma
b. Familial dysautonomia
¢ Agammaglohulinemia
d. Miscellaneous

Idiopathie Celiac Diseace

Carrbosis of the Liver

L Acquired Pancreatic Deficiency ]

Table 8
Electrolytes in mixed saliwa (mEq/L)

| <! | Ne
Cystie Mean ) 7
Fibrosis
of Pancreas | 5D | (% o1) (=107) [Ex3))
Controls ] Mean 16 15 20
SD | (xa9) (=106) (£53)
Diflerence (aM) 8 11 1
SEAM. Yo7 33 21
AM 11 20 018
SEAM
Probability (') < o001 <00 | -

Num’ber cFP | 16 [ s ! 1n
éﬂs Controls { 15 t 15 15

Studies of the parotid <ecretory rate dore with & suction cup
and graduated pipet reveal that patents with fibrocystic dreease
have g sigmficantly increased parotid secretory rate as compared (©
the control group (table 9)

Imestigated with negative results were mixed :ﬁah’h’ily amyla<e.
lysozyme and electrolytes in parotsd salna, The viscostty of mixed
and fmoud caliva was found to be shightly less than that of the

control.



of determinations has not been great between patients and controls,
and I wonder whether this could not be considered a serviceable
clinical test for smaller institutions

Dr. Lowe: D1 Sant’Agnese has published some balance data
on administration of pocs for short periods of time to patients
with fibrocystic disease. 1 would interpret the data as showing some
change in the concentration of electrolytes i sweat in response to
pocs. I wonder if this might be an abnormal response

Table 10
Sweat electrolytes
Sodium Chlonde
mEa/! mEq/1
tube gauze tube gaure
Fibrocystic patients (12} .
No of determinations 12 9 9 8
Range 102198 [1106-2154 103 1-216.9 | 116 220
Mean 1615 162 4 1568 1673
‘Control group 40
No of determinanons 40 31 39 31
Range 11-1015| 10832 93-1118] 80930
Mean 319 258 425 36

Dr. b1 SavT’AcnEsk: There 15 some response, but the response
1s not very great, and the concentrations of electrolytes are shll in the
very high range But with each one of these factors, salt restriction,
heat or poca, there was some decrease m the concentration of
electrolytes 1n sweat.

Dr Cooke: I think the response of the sweat gland to poca
1s of some interest. In continual adminstration of poca to 2 normal
dividual. there 15 a striking reduction 1n the excretion of sodium
and chlonide via the kidney for two or three days This excretion
returns to normal levels, but the electrolyte concentration n the
sweal remains at & very low level, mdicatmg an entirely different
response from that of the kidney tubule

Dr Bessuaxy  1f there 1s a lesion in the generation of energy,
1t would be rather difficult to understand how the sodium of the
sweat, even 1f there were some evaporation, is still greater than that
of plasma

Dr. o1 SxnT'Acnese | should like to pont out that the deter-
minatiens 1 which the concentration of sodium and chloride n the
sweat were higher than 1n the serum remain unexplained We have
thought there might be a technical error, due to some cause such as
evaporation



99 percent of Ining patients with the typical pulmonary and pan-
creatic findings, electrolyte abnormalities also existed in the sweat.
Patients with adrenal insufficiency have not been tested.

The diagnosis has been hmited, up to the present, to that fully
manifested disease i patienls with complete pancreatic deficiency,
respiratory disease and abnormal sweat electrolytes, However,
gradation 1 or absence of involsement of the pancreas, lungs, liver
and, perhaps, the sweat glands is inherent in this condition. Of
course, it 15 possible that in every instance all susceptible organs are
affected. but perhaps somettmes to an extent too limited to give rice
1o clinical manifestations.

It must he concluded that the geueralized disease called fibro-
cystic disease of the pancreas may occur in patients in whom pan-
creatic function 1s normal, and that the presence of tryptic activity
in the duodenal jurce wn normal concentration does not negate the
diagnosis,

The mrxed salinary and the parotid secretion studies indicate
that there are three different defects in exocrine secretions that need
to be explained a probable abnormality of mucous secretion giving
2 reasonable explanation for the pancreatic, hepatic and possibly the
pulmonary symptoms; an abnormal concentration of electrolytes in
eccrine sweat and mixed <aliva, and, finally, aun increased paronud
secretory rate. Therefore, these exocrine glands, different wn func
tion and 1n the products they elaborate, are affected in different
ways. It would seem that dysfunction of the automommc nervous
system may be the common denominator responsible for this wide-
spread disturbance.

Discussion

Dg. Barrero. We have attempted to find a simple method for
the callection of sweat which will gne results comparable to the
Darling techmque of patch collection,

An wfant less than six months of age. previously washed, 1s
placed in an Isolette®. on a plastic <heet  With the Isolette® <et at
90° F and 50 percent humidity, i a period of 5 to 25 mnules the
eweat that has collected on the plasnc sheet can be asprrated with a
systage. With an older child, 2 heat cradle and a 100-watt bulb are
placed over the teunk. [t 1s obvious that such a gross technique has
a serious poteatial error of evaporation. )

Table 10 compares the values obtamned from patients with fibro-
ontrol group by the gauze patch techmque of

1c disease and a ¢
oystie direy I have called the tube method. The overlap

Darhing and by what



Diagnosis of Fibrocystic Disease of the
Pancreas and Partial Pancreatic
Insufficiency

Dr. HARRY SHwacHMAN: In the past the diagnesis of fibrocystic
disease of the pancreas has been based largely on tests of pancreatic
function. More recently it has become obvious that a few of the
children who succumb with this disease have demonstrated none
of the changes n pancreatic function during life that we con-
sider characteristic of the disease This, of course, 1mmediately
throws doubt on the valdity of the laboratory examination of pan-
creatic function in making the diagnosss Among complicating
factors are the ad of the duodenal fluid and the
accuracy of the laboratory determination sself.

Table 11 lists some of the duodenal fluid measurements They
are divided into those which provide a direct measurement of pan-
creatic function and those which are indirect measures of pancreahe
function

In addition to the reduced volume of duodenal secretion that
oceurs in pancreatic msufficiency. there may be increased viscosity
and change 1 pH. If there 1s complete pancreatic failure, the
stimulation of the pancreas by intravenous secretin or by intra-
duodenal mstllation of olive o1l no longer seems to have effect.

The enzyme determinations m the fasting state do not neces-
sanly reflect what reactions the varous tests will show following
sumulanon  If there 15 dimimished fasung activity on vepeated
occasions, 1t may still be possible to demonstrate a rise 1 enzyme
activity following the stmulation I think this has mmportant 1m-
plications 1n attempting to evaluate balance studies on patients with
this disease who, in their fasting state. show no actmty, yet, after
stimulatson with food or with ohve oil or secretin, produce some
measurable activity.

In reporung the enzyme activity or other measusements of duo-
deral flmd, 1t 15 important to describe exactly what 1s beng
measured  Qur expertence has shown that the level of activity

of 2 single enzyme may not be representative of others present in
duodenal fluid,



Dr. Cooxe: Studies on palmar sweat show that intermittent
sweating gives concentrations of electrolyte that are several
times the concentrations when the sweating is profuse; these con-
centrations may be of the order of twice the isotonic concentra-
tion of sodium. Urea coi ions are also dously elevated,
about 1,000 mg/100 m}.

When there is profuse sweating there is a constant flow, with
minimal opportunity lfor reabsorption of water back through the
duct or into the skin or wherever else it goes. The urea concentration
is useful as a control for evaluation of electroiyte concentrations
Schwartz finds the ratio of the concentrations of sweal urea to
plasma urea is very close to 1.75, despite extreme vasiations in
levels of urea in plasma.

In order to draw the conclusion that the sweat is hypertonic,
we would have o be certain there is not a very high urea concentra-
uion in that same sweat, to ensure that there had been no back
diffusion or evaporation.

Dr, Zacnisnias Discuz: Has anyone determined the lactic said
content of the secretions from patients with cystic fibrosis? If there
is a defect of the energy transfer in this diseased tissue, we might
expect a decrease in lactic acid formation during secretion Ths
may be a very easy way of getting some conclusive indications of the
mechanisms involved

Dr. Cooke- We are in the process of determining concentra-
tions of lactic acid. 1 avoided the lactic acid problem in my dis-
cussion because, at the moment, it seems to be m a confused state
with regard to concentrations 1 sweat Inmvestigators who have
attempted calculations feel that there is enough lactic acid in ¢ liter
of sweat to account for the energy requirement for a dilute sweat,
What the actual source of the lactic acid is, whether the plasma or
the metabalist of the gland, remains to be determined

Dg. ot Sant’Acnest: May [ ack Cooke to comment on the solu
tions to be used in pattents who have acute salt loss?

Dr. Cooxe- [ should thiak expansian of extracellular volume
imitally with h bling lular flnd, na_mcly
saline, would be the obivious first step Certainly, 1t 1s worthwhile to
expand volume imtially because the hyponatremic patiem! may
have very marked elevation of the serum potassium, even though
he is short of potasswsm, and he i parbcularly _suscepuhle.\c

. jeati Repl with 2 p g

;‘ulu:ion 15 the next step. )
If there are symptoms or signs of water intoxication, which 1
o nat beheve your pauents exlubrted, a more rnpld‘e]evuhan of
he use of three percent sodium chlonide

i

codium concenation with ‘1



abnormal values obtamed by the usual measures of pancreatic func-
tion Table 12 shows the ranges that we have found in the vanous
measurements. It would ceem that even the roughest test for pan-
creatic function would, perhaps, be useful, even though it did not
necessarily indicate intermediate ranges.

Table 12 ‘
Duodenal fluxd findings
Test Hoalthy Partial pan-
infantyand | Seliac erentic ine
ehildren b | sueieney
Volame, mi/hr 3 2045 | 110 525
o 6084 | 6081 |3581 5084
Bile 01%5  [1575  [10125 10125
o | Zodin
\ overdn | approxi-
s below 3 | below 3 B8 percent| _ mately
. patients | 70 percent
patients
Amylase, umits 120 420 01 02g
under 6 mos ° L A L
Tipase, untts 310 310 01 010
Protease, units 18-70 1850 025 070
Carboyy.
peptidace, mg 040100 | 90100 |0040 | 000100
Bonaphthol®
Cymorypan . {16 {nes o5 065

*Based on examunation of approvimately 250 patients The other talues
are bused on o study of vier 1000 ponents The numbers refer to Tange
of actuuity of the enzymes as defined and determined i our laboratory

The viscosity test can be carried out in about 90 percent of the
patients exanuned It cannot be done on all because of the technical
difficulties We do not centrafuge or filter the specimen but measure
», vsing an Ostwald « diately after coll In
most patients with compete pancreatic insufficiency, the viscomty
time 15 well over three minutes

Since amylase 15 absent under s1x months of age 1n all children,
there is no need for the determination of the amylase 1n the diag-
nosis of disease in small infants The method used for this deter-
mnation 1s the standard procedure described by Free and Meyers,




Indirect measurements, such as nitrogen and fat balances are
useful. These are probably not of great importance in diagnostic
work, but are of fundamental importance in an understanding of the
disease,

All the diagnostic methods that have been devised are not listed
here. For example, the antitrypsin titrations reported by the group
in England we found of no great help. Measurement of excretion
of 1odine in the urine after administration of Lipiodol ® by mouth
has not proven rehiable as a diagnostic procedure.

Table 1t
Laboratory tests for pancreatic function
Direct Indirect
denal Flud Metabolic balance
Volume Before and after Nitrogen and fat intake &
stimulation output
Brearhonate } Before and alter  S1o0! examinanion
orpll stimulation (1) Gross examnation (see
Viscosity Metaboli¢ balance)
Enzyme actisity (amylase, Lipace, Excess bulk with increase|
proteases) n total fat and mitrogen
{1} Fasting state (2) Microscopie examination
(2) After stimulation Fat
(a) intraduodenal olive o1l Starch
(b) intravenous secretin Protemns (Schmudt test)
(3) Enzymes—trypsin
|dbsorption tests
1} Fat
(a) cream
chylomicron counts
fatty acads
(b) vitamin A esters vs
alcohol and aldehyde
serum levels of
vitamin A
(2} Proteins
{a} gelatin or casetn
absorption tests
(b) I labelled casein
¢ invcal response
(1) To dietary adjustment
(2) To an adequate potent
Pancreatin preparation

Clinical response appears at the end of this table becauce this
may give & clue as to whether pancreatic nsufficiency exists or not
Thus 15 certainly not a very scientific wav of demonstrating any-
\hing, but I think that when there 1s doubt we might get some help

by this technique

There has been
range of actaty between

iderable d about the !

he average normal and the defintely




with normal sweat electrolytes. Have the latter children been
repeatedly tested to be sure these values were correct?

Dr. Siwacuman: We examined 90 parents, and found about
21 to have abnormal concentrations of electrolytes in the sweat. We
found two pairs of parents where both father and mother had abnor-
malities. Repeat sweal tests have been performed in the atypical
cases,

Dr o1 Sant*Acnese. In our studies, 100 percent of patients whe
have died and have shown pancreatic change at antopsy have had an
abnormal sweat. At Babies Hospital we have not seen patients with
cystic fibrosis who' did not haie abnormal sweat; however, 1 feel
sure that a patient with cyshe fibrosis may have normal <weat
electrolytes

Dr Zurrzer: How much variation within the same indiidual
13 observed over a perod of hme? Is there any progression of the
sweat anomaly comparable to that in the enzyme anomahes in the
duodenal juice?

Dr 1 SavrAcvese. While there was some sariation m
repeated testing of one individual a few weeks or a few months
apart, there has been no evidence so far that ime or mcrease i age
makes a difference in electrolyte concentration

Dr. Roeert G Frazitr  In trying to set up some of our diag-
nostic methods for the assay of enzymes in pancreatic juice, we
studied the gelatin viscosity determmation as described by Leubner
and Shwachman We found that the accuracy of the method was
markedly decreased by small vanmatons sn the raho of imtial to
final viscosity

When the proteolytic activity was carefully determined by both
the gelatin viscosity method and the Andersen-Early method simul
taneously, the results were comparable Tt 15 my feeling that the
Andersen-Early modification of the Ferms method 15 simple to per-
form, rehable n 1ts alulity to mea-ure protealytic activity, and
requires no speaal equipment The sviscozimetric method has the
potential for greater aceuracy, but this 1z dificult to achieve

Dr J AancuT Imn:s I would like 10 report some data
obtained from d b Matenal aspi d from the
duodenum during a routine intubation may conwuist of a muxture of
doodenal and gastne jumces A study was made to deteymine whether
it 13 important to exclude pastric contents from the duodenum dunng
the collechion of duodenal juice for enzymatie analysis

Sixty-three patients, none of whom had cysuc fibrosis of the
pancreas, were selected A bilumen Mller-Abbott tube, with the
opemings so located that gastric and duodenal juices could be sep-
arately aspirated, was used A sample of duodenal juice was collected
by routine intubation Then the stomach was emptied as completely




The method for lipase utilizes olive oil. The protease method
employs casein as a substrate, and the liberated tyrosine is measured.

Carboxypeptidace and chymotry psin are two enzymes of wterest
because they have not been measured regularly in patients with
¥ ic insufliciency, Determi of the former is not now
one of our routine . but we d it in a <eries of
patients and found that in complete pancreatic insufficiency this
enzyme is deficient, just as is protease. Chymotrypsin is of interest
beeause it will attack certain proteins, including casein, much more
effectively than trypsin. Chymotrypsin attacks gelatin less efficiently
than trypsin

The standard procedure used routinely in our laboratory for
determination of proteolytic activity is the Andersen-Early modifi-
cation of the Fermi method. We also use 2 method based on the
change in viscosity of a gelatin substrate in the presence of duodenat
fluid. In ths method the amount of enzyme present can be calen-
lated from the change 1n viscosity in the one-hour incubation period.
We feel that this test is a more sensitive measure of proteolytic
activity than is the Andersen-Early test, mn which the end pomnt
depends on liquefaction of well over 80 percent of the substrate,

We studied a fairly large number of children with all types of
conditions and have not encountered any condiion in which the
concentration of electrolytes in the sweat 1s as high as it 1s in this
disease. We found three or four patients with fibrocystic disease
in whom the concentration of electrolvtes in the sweat was in the
nermal range.

1 should like to empha<ize the great importance of raking very
careful and accurate histonies and. also, of haung the facalty of
doubting certamn <tatements that are made by parents who are well
intentroned but who, perhaps do not have the expertence necessary
1o report accurately on ohsersanons concernmg the development of
therr infant.

Discussion

Dr Sterues W. Rovce 1should hike to know whether Shuach-
man has any figures on abnormalities in the sweat of the parents of
hes child patients 1 think such data might be used to ser wp &
sereening test for parents

Di Sant’Agaese cited abnormalities of sweat electrolytes in 100
percent of patients, while Shwachman stated he found three or four



The Chemistry of Mucus

Dr Zacusrias Discue  Clues to the understanding of the
chennstry of mucus came from a knowledge of the chemistry of
related compounds. These are pnmanly the so-called blood group
substances, which were d t the b ing of the tw
century and were characterized mmally on the basis of their sero-
logic behavior.

It was soon found that the gastric juice, mucosa of the stomach
and other mucoid substances from the miestines displayed some
features, including the specificity, of the serologic behavior of blood
group substances Unine and other substrates, such as saliva, were
also found to contain these compounds

In 1946 1t was found that the blood group substances obtained
from the mucosa of the stomach of the pig contained a sugar that
up to this time had not been found 1 ammal hssue. This was
so-called fucose, a methylpentose or G-desoxy-hexose. About one
or two years later we succeeded in developing a sensitive and simple
method of detecting and determining this type of sugar.

Mucus of the respiratory tract and all kinds of mucus of the
intestinal tract and of the urogenital tract were found to contan
compounds simlar in composition to bload group substances con-
sisting of galactose, hexosamme, later found to be a mixture of two
dufferent kinds of hexosamune, and fucose Quantitative determina-
tion indicated that the amount of fucose 1< very similar m all these
compounds In human mucus, the amount of fucose varies between
13 and 18 percent of the total sugar The ratio between the
galactose and fucose moieties 15 between two and three to one; for

hexosamine, and fucose These are combined in such a way that the
aldehyde group of carbon 1 of one sugar 1s attached to one of the
hydroxyl groups of another sugar, formmg long chains of repeating
units  There 1s convineing evidence that fucose is attached to the
hydroxyl of another sugar <o that us hydroxyl groups are all free

Mucopolysaccharides of this ty pe are also associated with serum
proteins, parncularly globulins, and are present in almost all animal
tissues  Without attempt at strict defimtion, this combipation of
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as possible, and kept empued h) frequenl aspiration during the
collection of a second d Deter fon of pH
and enzymatic analyses for tr)psm. amylase and Lipase were made
on the two samples; comparison showed no mmportant or conssstent
differences between the two specimens, It is concluded that the
customary method of collecting one duodenal specimen for enzy-
matic analysis is satisfactory.

Dr. Max: At what age does the anomaly of secretion of sweat
appear? Have measurements been made at birth?

Dr. Suwacumsy: We have been able to measure sweat in
infants between four and five weeks of age, and have found the defect
present. We have not been able to get enough sweat from the
smaller infant.

Dr b1 SanNT'AcNEsE: We have recently examined a number of
children about six weeks of age with the same results.

Dr Birpero: We have studied two nfants with meconium
ilens shortly after the convalescent period, at 7 to 10 days of
age, and these have shown abnormal sweat electrolyte concentra-
tions. However, the production of sweat in these infants appeared to
be the exception to the rule. since we have had no success in collect-
g sweat generally before two to three months of age

Dr. SHwicHwaN: It has been shown that meconium from
patients with pancreatic fibrosis 1s abnormal in its chemical compo-
sihon  Our observations hase confirmed the presence of protemn,
which is abnormal Normal meconium will not precipitate when
protein precipitating agents are added, the abnormal meconium
in these patients will This can be of practical value at the ume of

operation To determine whether the condition is atresia or meco-
nium 1leus, a 20 percent trichloroacetic actd solution can be utilized
as a precipstating agent to test the meconjum.




A similar analysis of mucus from patients with cystic fibrosis

” <hm«n i table 1%, In the ratios of fucose to galactose and of

to gal there is no fund | difference as com-

pau-d with the normal fuid except, perhaps, in one instance where
the fucose 1% low.

Table 13

Amount and composition of the mucoid fraction of the duo-
denal fluid of normul wdurduals

All values in mgf100 ml of duodenal flvid

Specimen| Protem | Glucose| Galactose | Fucoss [ Heo-
1 19.0 470 395 545
I 218 70 310 290 42
hil a7 115 198 210
v 67 288 185
Ay 265 20 212 07
Vi 130 135 135 177

Table 14

mount und composition of the mucoid fraction of the duo-
denal flind from patients uuth cystic fibrosis of the pancreas

All values 1n mg/100 ml of duodenal flud

o f

Mucopoly-

Hero | sacchande
Specimen | Protewn | Glucose| Galactose | Fucose | samme |% of mucus
1 ENEEE 66
1 21 | 90 | 300 320 | 317 028
1 662 | 125 | 2% 45 )
v | 130 n: | 150 | i
v T s | i | 100 | |

The ratios between fucose and galactose and between hexo-
~amine and galactose 10 both groups, with one exreption, show no
sigmficant difference  This one very simple measure <o impressne
as a differentiating criterion with blood group substances, showed



mucopolysaccharide and protemn has been called 2 mucoprotein or,
if the content of the total unit 1n carhohydrate 15 low, glycoprotein

Mucoproteins are not so much characterized by the amount of
carhohydrate but by the fact they do not have the properties we
expect of the more farmhar proteins, For example, they are very
often not preciprtable hy hydrochloric acid, nor by trichloroacetic
acid, which is one of the most powerful and complete precipitants
The mucoproteins can be classified by the nature of the mucopoly-
sacchande. .

Apparently, fucose is able to condition the surface of the poly-
saccharide and, in a combination of polysacchanide with the proteix,
to condition the surface of the protein. This 15 essentially the same
role played by the residues of amino acids in the protein molecule.
The fact that the content of fucose vanes to a great degree within
various types of mucus in a spectfic species, between mdividuals of
the same species and between species bears out this supposition.

Analyses of mucus in duodenal flind

In our studies, we found the content of fucose i mucoids from
serum may vary, in the different mucoproterns and 1n different mdi-
viduals, particularly in disease, up to 200 or 300 percent. It 1s 8
mohile component that may be of major 1mportance.

It seemed possible that the change in viscosity of the duodenal
flnd 1n patients with cystie fibrosis could be due 1o a difference in
the degree of polymenzation of the mucopelysaccharides, which
mght be aswociated with drfferences 1n the ratios of various sugars
This might offer the opportumity to differentiate 1t from the duodenal
flud of normal children

The result of the analysis of the mtestinal fluid of normal inds-
viduals is shown 1n table 13. The mucoprotemn fraction of the flud
contains fucose, hexosamine. galactose and one or two other hexoses
caleulated as glucose There 1s almost no relation between the
amount of “glucose™ and the amount of galactose The “glucose”
1n the duedenal flwd comes from other sources than the muco-
proteins.

There is an equivalence between fucose and galactose. except in

one instance where the difference i~ heyond the Iumst of error of the

d.
meth’;he Jack of a stoich tric relation of hi and galac-

be explained by the presence of another type of
‘05{3 ca“}?;:i::b});und IIE’ all fonz:s of mucin This is salic acd,
n ')T€c hydroxy-keto acid of known structure. It 1s apparently
“‘h]c-lsda wath hexosamtne, and this excess of hexosamine over
;‘;ﬁi’gf, may be due to the inclusion of sialic acid,




Histochemistry of Mucus and
Exocrine Glands

De. Beagasiy Ho Lawoine: Some but perhaps not all mucus-
<ecreting glands of endodermal origin are affecled in cystic fibrosis
of the pancreas, and all suscepible glands may not be affected 1n
al! patients. Whether mucus glands ansing from other germ layers
can be alfected depends on the outcome of as yet unresolved disputes
about the embryologic and funchonal positions of the salivary
glands and on studies on the genitourinary tract glands. 1 do not
think we can say whether the pattern of involvement 1s conditioned
by the fact that those glands most clearly affected are structures with
ducts which would be more easily obstructd mechanically

We decided to confine our studies to airway, pancreas, hiliary
tree, stomach, small intestine, and colon, where the spearfic defect
imvolves mucus, utilizing selected blocks of these tissues, from a
group of patients of varying age with fibrocystic disease and a
group of control patients All the tissues were fixed 1n cold acetone
and embedded 1n parafiin, for the reason that this is 2 method which
allows study of some enzymes as well as the mucin. We used 40
blocks 1n all, and carried sections of each block through a total of
40 procedures. We chose to devate most attention to mucopoly-
saccharides, chiefly because histochemical methods for the muco-
polysacchandes are much better developed than are those for
proteins.

The classical histochemical procedure for the demonstration
of the carbohy moieties of p 1s the periodic acid
leukofuchsin, or P1s procedure Penodic acsd oxidizes the carbo-
hydrates to carbonyl groups which can bind lenkofuchsin as a
red dye [or demonstrating acidic groups, such as the groups of
carboxylic acids bke muae and glucuronic acids, or ester sulfate,
we used a basic thiazine dye, tolwdine blue (Tn).

Aldehyde-fuchsin (ar) stams both acid groups and mucin gen-
erally The mechamsm of the more general mucm-staining poner
1~ not known, but there 1s some evidence the triphenylmekh:ne dyes
a~ a class have an affinity for mucins

Results of tessue stains
A~ <hown n table 15, there are no significant differences which
we can recognize between the stamning powers of mucus from normal
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no differences between the mucopolysaccharides from normal indi-
viduals and from pattents with eystie fibrosis,

Discussion

Dr. Gises: We have determined the serum g-glucuromdase in
normal infants and children (25) and n patients with fibrocystic
disease of the pancreas (15). There is an elesation of borderline
statistical significance 1 the serum levels of children with fibro-
cystic disease; this is probahly explamed by the pulmonary
infection

We have also determined the <erum mucoproteins in the two
groups by the method of Winzler, There was no difference found
by this method.

Dr. Brsssan  We have made a somewhat similar investigaton
of the salivary mucoprotein We measured hexosamine, acetylhexs-
<amine and sialic acid i several patients with cystic fibrosis and n
2 number of normal children There was no distinguishing featuic
hetween the two groups.

Dr Birbero We have inmvestigated the protem fraction of duo
denal flud 1n controls and in patients with fibrocystic disease After
dizlysis and concentration of duodenal fluid, the protems have been
separated by paper electrophoresis At a pH of 85 we have obtained
a band moving 1n the opposite direcuion from that in controls This
could be a different proten or a difference n polymenzation. We
have not tested salina.



patients and patients with cystic fibrosis. with regard to ras, tolui-
dme blue or aldehyde fuchsin staining. The last three columns show
the effect of a variety of oxidizing agents. Sodmm bismuthate and
lead tetra-acetate are two veagents which produce approximately
the same results as periodic acid.

. ---* that will con-

which can be

., th this disease

may show a greater tendency to tabe this stamn, but this Is the only

finding suggesting difference. This may indicate some link in the

mucus of patients with cystie fibroeis which is more easily ruptured
by sulfunic acid-permanganate.
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fabfe 16 yives the findings of the preliminary atterpts to study
~otubslits ol the-e mucuses, camply by extracting them with water
trr 24 hour- at sarvng pH - There are no obvious differences.
Table 17 shous the results of staimng with toluidine blue
~olution~ ab vanous pH 1alues, more strongly acdic groups bind

the



Table 15

Basic procedures and effects of oxidants

KMn O,
PAS T8 AF BiS PbS AF
Controls
Pancreatic ducts + [Eto— — * *
Stomach ot - — | 4+ ++] -
Small intestine [+ * +* + +4+1 =
Brunner's glands | ++ — 2l it ] —
Colon £ + + = ++
Larynx ++ * * ++ + *
Bile ducts * S — * ES S
Parcreatic fibrosis
Pancreatic ducts | ++ [Eto—|*to—| +4+ +4 | Eto—
Stomach 4+ — 4 ++| =
Small intestine ++ ++ +4
Brunner's glands |+ - F+ f+++] 0 -
Colon = + B
Laryne ++ = | [ttt
Broncholes * — —
Bile ducts +tox|tto—{xt0o— ES
Gallbladder * |+t0* - —
Table 16
Extraction at different pH—pas statning
|25 45 65 85
Controls
Pancreatic ducts + + + +
Stomach ++ ++ ++ ++
Small mtestine + + + +
Brunner's glands ++ ++ +++ ++
Colon * 4 x *
Lanynx + + + +
Rile ducts * * b *
Pancreatic hbro-t
Pancreatic ducts
Stomach

Small amtestine
Brunner's glands
Colon

Lanyme
Bronchioles

Mile ducts

Gallbladder




toluidine blue at lower pH  Again, there is a rather questionable
increase in toluidine blue binding generally in the mucus of the
patients with cystic fibrosis It is more apparent at higher pH, sug-
gesting that these mucins have a higher content of a weakly acidie
group, possibly carboxyl, as opposed to strongly acid sulfate ester,
1 do not know of any phosphate ester groups normally occurring 1o
the mucins, except for glycogen.

Table 18 shows results from tests with pepsin, trypsin, hyal-
uronidase, and streptokinase plus streptodornase (sxp). There may
Le slightly greater resistance to digestion with trypsin of the mucins
of patients with Abrocystic disease.

Table 19

Muscellaneous determination

Z

[ 1pase S8 Acetylatian-pas

(Controls
Panereanc cells +
Pancreatic ducts -
Stomach -
Small intestine -
Brunner's glands -~
Colon *
Larynt -
Bile ducts ~

13

+
*
+
+
*
+
L

Pancreatic fibrosis

Pancreaticducts | 41 — | i *
Stomach -
Small testine B
Bronner's glands
Colon -
Laryax -
Bronchuoles -
Bile ducts -
Gallbladder

+
i

I
+

+ +H1+”++

+

It

Table 19 completes the miscellaneous analyses which we did.
Lipace 1s present i surviving acinar cells in patients with fibrocystie
disease 1n apparently normal amounts. The sulfhydral and disulfide
contents shows no differences, which may indicate the presence of
normal quantities of chymotrypsinogen, Acetylation is a procedure
that will block the ovidizing reactions of the mucuses The acetylat-
g ahlity of hoth groups 1s about the same



Digestibility of mucins in vitro

Table 18

Pepsin Papsin Trypsn Trypsin
Ihrs. 20 hrs. 3hrs 20 hrs
{Controls
Pancreatic ducts * *f0— b* n
Stomach G4 + e +
Small intesune + * b -
Bruaner's glands o+ E D —
Colon = * - *
Lacyny * - n o
Bile ducts * — D D
Pancreattc fihrosis
Pancreatic ducte 4+ tax £ Eto—| Zto—
Stomach 4+ E > *
Small mntestine +4 4 *to— + +
Brunner’s glanda + +to % *to— +
Colon E - — *
Larynx 3 20— — —
Bronchioles = - D
Bule ducts - n D
Gallbladder * 10— — — b
Hyal SKD SKD |
A hes 4 brs 22hes, ¢
Controls i
Pancreane dnret~ * *
Stomach ++ +4 4
Small intestine + 4+ + ++
Brunner's glands +4 +4 ++
Colon = = E
Laryne ++ ++
Bile durts * + E
Pancreabie fibrous l | '
Pancreatic durts [ttt sf bt 4w -
Stomarh ¢+ j ++ ++
Suall ntestine | ey 1 +
Braaner's glands L B 3 +4
Cotan * 1 4t l +
1 arynx J ++ 0+
i Brond hioles ! — { -~
Bile ducts + +
Gallbladder ' = b=
Gl o - -
Anealieit

* 1) means cections totally



Role of Staphylococcus

Dn. Veavox Knignr:  There has been a considerable lack of
appreciation of what is meant by the rerm “a pathogenic staphy-
lococeus.”” Recause there is no goed test of pathogenicity in animals,
such as one finds available with the pneumococcus, pathogenicity
of the staphylococcus is defined hacteriologically, The test that
will dxs!m"ulsh most consistently the d:<ca=e praducers from xhe

is the coagulase test, i }
in lh: sense that coagnlase-positive sirains most common‘) are
isolated From cases of staphylococeus infection.

At least four hemolysins have been separated from the staphy-
lococeus, but the one that exhibits the most complete hemolysts on
the blood agar plate is alpha hemolysm. R correlates very well
with production of coagulase, and with virulence, as estumated by
isolatron from cases of human infection.

Another ch istie of imy is the fe of
mannitel, also fairly relisbly associated with the pathogenieity of
staphylocacei, Still another test which indicates potential patho-
genicity 15 the suspectibility of staphylococci to bacteriophage.
Staphylococer that produce coagulase can be phageyped, those that
do not produce coagulase cannot.

Staphylocei can be divided into three groups by phage type,
which correspond extremely closely with the three serologic types
discovered by Cowan,

The staphylococcus 1solated from outbreaks of food poisoning
and from pastries and contaminated matenials generally exhibits, in
addition to these characteristics, 2 capacity to hiquefy gelatin, It has
not been observed that the specific tovins elaborated by staphﬂococcl
in artificial media play an imp role m the s of
the infection 1n man.

Y

Role in cystic fibrosts

The relationships between pathogenic staphylococci and ¢ystic
fibrosis comprise a field where speculation must hold because there
are few facts avarlable which provide mformation on the probler.
Though often present wn the throat we would not expect chronie
mfection with the pneumococens or streptococeus, because these
ortgamisms stimulate an immune response sufficient to terminate
mfection. The gram-negalne bacilh are m a minonty i cultures
of the nose and throat and therefore apparently not usvally avarlable
1o cause respiratory mfecnon

&9



Summary and conclusions

From the 160D shdes studied to date, we have a few hints that
the mucins of patients with cystic fibrosis may contain more
numerous weakly acidic groups; they may be slightly more resistant
1o tryptic digestion; they may have some kind of a bond which is
more easily broken by sulfuric acid-permanganate.

We can do very little in histochemistry to characterize the pro-
tein moieties of these mucoproteins, and we therefore cannot say
that they are not abnarmal. At any rate, studies ou these prateir
moieties should be pursued Qur largely negative results may have
some value in indicating aspects of mucoprotein chemistry where
any differences, if they exist, do not seem to lie

There are many enzymes which might possibly be involved in
abnormal mucus formauon, if such. in fact, exists. Carbonic anhy-
drase 1s one that might be involved in the sweat gland dysfunction.
Preliminary studies have shown that the carbonic anhydrase in-
hibitor, Diamox®, does not alier the electrolyte concentration in
sweat tonard the pattern seen i fibrocystic disease,

Discussion

Dr b1 S1vT'Acreses We have made one biopsy of the pan-
creas at a time when the patient had apparently normal pancreatic
function. There was no evidence of ohstruction of any kind, but
these were tmnflammatory chaages,

1 should like to rmise the question of the frequency of involve-
ment of the hle duct, #t has been said that some involvement 1»
present in all patients,

Dg. LaspinG:  The lesion in the pancreas is not advanced to
the wame degree in all areas at any one time. Turthermare, in any
goen srea there 15 o slowly progresing lesion, as shown by the
aumber of pattems sho have been studied climeally, who show
progressive loss of trypuc actnaty n the duodfmn! fuad A normal
avex of pancreas cannot be taken as representative of the whole

1 do not know whether the bawuc trouble hes an the ducts or
aciay, which is really the rool of ihe problem They both seem 10 be
affected 1n establisked lesons In newboms with meconivm Jlfus,
1he acint secm to be affected first, hecause plugs can be seen in acim,
without obyious phugs wn the ducts

Winle the biliasy tree 1 much mare comumonly aﬂoclc‘d than
has been generally thought. a agmficant degree of pathology i« quite

rare



studies at Nashville and New York City. There is a similar degree
of resistance to several of our commonly used drugs These resistant
strains were predomunately group I phage reactors.

Although staphylococci were apparently not natively highly
susceptible to chloramphenicol, they seem to have less capacity to
become resistant to 1t in e, In tvitro we can unquestionably
d i to chl ) 1 alter | d
exposure This is one of the drugs we believe to have a defimte
place 1 the treatment of staphylococcal infection

Table 20
Antimucrobial susceptibility of staphylococet

New York, 1953.54—516 strams
Nathulle, 1955  —647 strains

Pameillin Streptomycin

percent pereent
Y. | Nash Nash. | N ¥
!Rcmm\t EREE | "6 ] 52
[ Tntermediate B | 2 BN
| Suscepuible 15 | 2 DR EE]
Chloramphenicol | Erythromyein

percent Percent
NY | Nah | NY | Nah

Resistant 9 1 1 2
Tntermediate BS 91 2 6
Susceptilile 5 ] 97 92

Erythromycin 1s not used widely, therefore, a high proportion
of stramns of staphylococer are still highly susceptible to this drug

We found that panents who recenned no antuibiotics during hos-
prtahization had less tendency to acquire the drug-resistant strains
in contrast to patients treated with tetracyehines and pentealhin - This

P an dmg nfl of medi n an epad 1

situation, 1 do not know of any natural situation where differences
1n the rate of exchange of bactenal flora are so remarkably distinet

In early studies there was no predominance of group 111 phage
types 1n the drug-resistant strains, and the organisms were mostly




The staphylococcus will grow almost amywhere, grow well
through 2 wide range of pH and in the presence of many substances
that interfere with the growth of other organisms. A medium con-
taining 7.5 percent sodism chloride is effective in jsolating staphy-
lococei from mixed cultures, This suggests that something in the salt

ion of the pul y ions might be favorable to the
growth of staphylococeus, such as has been described in the sweal
and saliva in patients with cystic fibrosis of the panereas,

This parasite produces a different type of inflammatory reaction
in tissues than does any other organism, Although staphylococci
produce agglutinating antibodies when they infect humaus, there
is no dusable immumty, With a staphylococcic infection, there i
hitle or no impetus on the part of the body to cure iself, as far as
can be determined with present methods.

In the symbiatic relationslup which develops ijn patients with
chronic pulmonary di-ease and staphylococeal infection, the flare
ups come along, but the staphylococcal infection tends to remain
localized in contrast to infection with highly irulent group A
streptococei.  Thus, this organism fits well the situation of cystic
fibrosis,

Qur evidence suggests that, although we are now able to di~
tinguish among pathogenic staphylococei with our phage-typing
eflorts, any one which produces coagulase and has these other
charactenstics has the capacity to produce mfection s man  There
does not seem to be a specific sub-group of staphvlococes which ean
be impheated in this drseas

1t is likely. il there is come factor at work such as heavy ex-
posure ta ene kind of staphylococci or treatment with a particular
drug, that these patients will respond with changes o staphy-
Iococcal flora i much the same way as do normal people who are
carriers of staphylococer.

Epidemiology

In a recent study of adult patients on a ho-putal ward. cultures
of the nowc and throal were obtained every day for five months The
results show that there 1s a considerable umformity in the carmer
sate of pathogenic staphylococer i a hospital, which corresponds
with seanty reports {rom other renters The mean rate of posine
cultures i this five and one-half-month peried wa, 19.5 percent.
The throat prosed to be less often posune for pathogenic staphy-
locacc than the nose.

Antibtatic treatment of these patents did nor aiter the staphy -
lacoceal earsier zate, possibly because of the high resistance to drugs
of the staphy lococci present in the hospatal. Table 20 show the sen«-
ity stuches of the strawms of staphy loccoccus whick we cultured 1n



Metabolic Studies of Fibrocystic
Disease of the Pancreas

Dr Cuanues Ul Lowe: We hase correlated and compared the
data from 11 publiched metabohe study periods from panents with
fibrocystie disease, with those of ahout 70 period- Irom normal pa-
tents tn rarious age groups Statistica} treatment provided several
conclusions,

We could find no evidence thar a high intake of fat had any
effect on abserptian of nitrogen (figure 12) The athitude that it 1s

» am

0 4 5 A__*

FAT INVAKE, gm K3/ 24 hrs

NITROGEN, % ABRSORPTION

Figyre 12 Relation of mitsogen ahorntion ta fat intake i pattents
with fibiocyati dieease on normal diere

harmful 10 feed a chitd with evshic fibvoais of the pancreas a ugh fa
diet appears to be unsupported by expersmental evidence, There
was an excellent correlation between fat intake and fat absorption

When the effects of wpeciahized diets that included protem
hyvdrolysates or panereativ were compared with the effects of normal
diets, n chafdren with fibracvstse diseave. there was a stabetieally
vgmficant difference m the witrogen retenhion between the two
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drug-susceptible; these observations were made hefore antimerobial
drugs were available.

Summary

In hospatal populations the use of antibiotic~ can change the
rate of acquisition of drug-resistant strains of staphylococci. There
is sound epidemiologic evidence that this is truly acquisition and
not mutation within the patient. Acquisition may be modified ma-
terially by choice of antibiotic drugs. Prolonged use of a drug such
as tetracycline will certamnly guarantee the development of drug-
resistant strains, at the same time probably gradually interfering
with the therapeutic result. This poses enormous problems in therapy
of staphylococeal infections because of their chronic nature. We
must learn to alternate our drugs, and hope for new antihbiotics to
replace those to which the organism has become resistant, 1 prefer
to give patients no more antimicrobial treatment than necessary

Discussion

Dx. Pavt R, Parrersox+ Does Kisght thank 1t would be worth-
while to isolate patients who have a diagnosis of cystic fibrosis and
have been on antibiotics for a period of time, or any patients who
have been on antibiotics, for the protection of surgical patients and
children in the hosprtal ?

Dr. Knieur: That question 1s coming up more and more, but
it is not so much a matter of irolatton as it 1s of drug treatment
Obviously, a2 patient under treatment with one of the major druge
presents a difficult situation

1 do not know of any svery satsfactory 1solation procedure.
someone has to handle the patient Esen in taking throat cultures
strains may be transferred from person to person

Dr. bI S\ZT'AGNEsE  Some patients who are -aid to have re-

istant orgamsms on the ba«is of tests of penimillin or streptomscin
sensitivity actually improve chinrcally when large doses of the anty
biotic are given

Dg. Katout: We must realice that tests i titre demonstrate
only a hmited facet of the char s of drug. resi: , and
there 14 no doubt that ben.tﬁl can be gamned by increasing dosages

in special situations seen, in face of resistance n turo,




Respiratory Acidosis — Basic Physiology

Dg. Friks Bruck: Respiratory acidosis has been seen in some
patents with eystic fibrosis of the pancreas Itis due to the retention
of metabolically evolved carbon dioxide, which disturbs the ratio
hetween bicarbonate and carbonic acid i the blood and alters pH
when the retention hecomes acute In chronic cases, where the arte-
nal retention of o, is high, retention of bicarhonate alvo occurs, and
whe pHl may be close to normal

Figure 13 is a diagram arranged so that on the horizontal axis
the artenial co» tension can be read in millimeters of mercury In

Figure 13 Data yhtamed from patients with cystic hlirosts chowing the
mesalence of ~ome degree of respratory attdoms

this diagram the pomts represent all the data obtained 1n our
patients with cystic fibrosis of the pancreas. and indicate that most
have <ome degree of respiratory acidosis

Mechantsms

Table 21 lats the basic causes of respiratory acidosis, An
increase or decrease in alveolar venulation determmnes the oxygen
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groups of patients. The predictability of nitrogen retention is the
same, whether the-e children are given normal diets or specialized
diets, with or without pancreatin, Calorie intake and nitrogen reten-
tion show a high degree of correlation in these patients. Nttrogen
intake and nitrogen retention show a paor correlation,

At constant caloric intake, there i« no predictability of the rela.
tion belneen nitrogen intake and nitrogen retention. If the nitrogen
intake is kept constant, there is a high and significant degree of cor-
relation between caloric intake and mtrogen retention.

For companson with normal patients, we lumped together all
data from children with fibrocystic diseace regardless of type of
diet, but separated them according to age, using two years as the
dividing point. Most of the balance material available on infants
was for under one year of age, hut there were two published studies
1n children at 19 and 22 months of age.

We found that children with fibrocystic disease of the paucreas
have the same degree of predictability of nitrogen retention with
a gnen miake of calonies or nitrogen as do normal children, with
one important exception Plottmg the predictability shows that as
either caloric intake or mitrogen intake drops in these patients, they
50 1nto negatire nitrogen balance at » higher intake than do normal
chiidren  Companson with studies on undernonrished children
showed that they behave much like chiidren with fibrocystic disease
of the pancreas, in that they have an avidity for nitrogen.

Discussion

Dr. Zusszere s there amymal evperimental data that would
Jiow & sumlar nutntional refationshp between animats with hea-
tion of the pancreatie ducts or other forms of pancreatic insufficiency,
and normal ammals?

Di Lowe: Papers by Handeleman. Greenberg. Bowman and
AMann have shown a stmilar correlation between calorie intake and
nitrogen retention
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fusion The alveolar co; and arterial coo tension are usually not
changed.

In some cases there may be decreased arterial co. tension and
respiratory alkalosi« because, 1f there is sufficient anoxia to stimulate
" . . P - .

«
whether the shunt occurs n the lungs or in the heart.

When the distuibution of gas 15 uneven and when diffusion is
impaired, alveolar oxygen may be high, especially if there 1s hyper-
venulati There is iderable duff between the alveolar
oxygen tension and the arterial oxygen tension, ie., the alveolar.
artenial oxygen gradient is increased.

With hypovennlation, ie, decreased alieolar venulation, the
alveolar oxygen 1s low, and the gradient between alveolar and arte.
rial oxygen should be normal. Hypoventilation is the outstanding

iom in the production of re-piratory acidosis.

Causes of hypoventilation

[ have hsted in table 22 the causes of decreased alveolar venu.
lation. Cluef among these 1s depression of the respiratory center,

Table 22

Causes of decreased alteolar 1ennlation

Depres-ed respiratory center
Paralysts of respiratory muscles
Decreased thoracic space or mobility
Increased intrathoracic pressure
Decreaced drtenwability of lung
Increased respiratory dead <pace
Olwtruction

(o e

Some respiratory physiologists believe that there is no respiratory
acidosts without depression of the respiratory center

Increased intrathoracic pressure 1 also an important cauee of
hypoventilation, because air can not move against a pressure grad
sent  The outstanding example of this 15 found 1 tension pneu-
mothorax




and cos exchange. Minute ventilation or tidal volume does not give
a good indication of whether ventilation is adequate. The effect of
hyporentilation or decreased alyeolar ventilation is more marked on
0 tension than on that of oxygen, This has to do with the fact that
oxygen diffuses in the gaseous medium of the airways more rapidly
than cos When ddffusion through the alveolar membrane is im
paired, as in j or pul y emph , there 15 {ittle
effect on the arterial co. tension. because the diffusion coefficient

Table 21

Effect of functional derangement on blood gas tension

1 AsvoRMALITY oF VENTILATION ! Paco. Pao.
{ Alveolar ventilation inereased ( A S
j Ahveolar semilavion decreased - !

A
Miffuston mpaired ———— ¥
> i

Dutribution of gas uneven s or g

of €0, 15 abont 20 to 25 times as hugh as that for oxygen, and the
patients deselop marked decrease of the artenal oxyvgen tension long
before there is any effect on co,

Distribution of gas mn the lungs ss an important facter N
there 1< onlv one lung with normal veutilation, and 1t 1s well per-
fuced nath blooid. the blood ovsgen and £ox will be normal How-
ever, if there are juo lungs, only one of which 1s vennlated as
before, but both hunge are perfused with bloed. bloed will return
from the nomentilated lung and mrx in the pulmonary sems with
the blood fram the normal part Theoretically the oxsgen <atura
1100 3 the muxed Liood will be low and the co, tenwion Iugh

The €0, 10 these cave~. howerer, 1- usually not affected hecause
plood from the pul 1 e I the tory renter
causing hyperseatilation of the wellventilated fung  The co. ten-
<ton in the blood coming from the good hung can therehy be dimin-
ished to Jevels of 30 or 15 mm of mercury  When mr'u'd with blood
from the nonventilated part of the tung. the co, tension n the mx}‘-
wre may be normal This cannot happen with oxygen }wmmtl) e
hemoglobm n the blaod perfusing the normal lung 1~ <aturated 1o
almmcl 100 percent and caunot take up any more oxigen




Cardiac and Pulmonary Complications
in Fibrocystic Disease of the Pancreas

Cardiac complications

Dr. Sterues W. Royce: Our expenience with cardiac comphca-
tions in fibrocystic disease is hmited to the rather poorly understood
phenomenon of cor pulmonale. Approximately one-third of the
children who die with fibrocystic disease show, at <ome time, pre-
mortem evidence of clinical heart failure The lives of the<e children
are usually terminated in an acute episode of irreversible heart
failure

The chest findings at postmortem are such that evidence of pul-
monary heart disease might also be expected. Characteristically,
there are an emphy chest and hyperexpanded lungs that do
not collapse when they are cut The diaphragm is low and flat. All
these faclors predispose 1o right heart strain  The heart 15 usually
small in bulk, but above normal in weight The anterior wall of the
right ventricle is usually thicker than normal, a sign no longer con-
sidered a rehiable index of right ventncular hypertrophy.

Cardiac catheterization studies

Since the physiologist regards a mean pulmonary artery pres-
sure of 25 mm or more of mercury as the essential eriterion for
right heart strain, 1t was arranged to subject 11 of our patients to
cardiac cathetenization ctudies

The patients ranged in age from 4 to 10 years All had varymg
degrees of pul y weuficiency as determined by Tt
10entgenographic study and exercise tolerance, and al] had a chronie
cough. The studies we performed were standard for cardiac patients,
with the catheter mtroduced into the left arm, thence through the
night heart and into the pulmonary artery.

The correlation between high mean pulmonary artery prescure
and low arterial uxygen saturation 1s shown in table 23,

Pulmonany heart disease occurs i some children with fibro-
evstic disease and, in general, the degree of right heart strain is in
direct proportion to the degree of lung involvement. Whether right
heart strain 1s a dominating factor determining the prognosis in
fibrocyvatie disease 1¢ still unknown,
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Obstruction is a possible cause of hypoventilation, Howeer,
there are practically no reports of respiratory acidosis described
as caused by hypoventilation due to obstruction. Respiratory acid-
osts 3s characteristically absent in asthma.

Respiratory acidosis in eystic fibrosis

Sinee obstruction is described 2s the primary and most char-
actesistic anatome lesion 1 the lungs of patients with eystic fhrosts
of the pancreas. it seemed worthwhile to compare the evidence for
obstruction and hypoventilation i these patients, as measured by
the pneumotachograph, with results of determination of gases m
arteriaf blood,

Six patients were studied and all had evidence of obstruction, by
i h analysis Dy i of gases in the blood
show that ehght or moderate obstruction does not produce sufficient
hypoventilation to cause €O retention, only three of the patients
had respiratory actdows, but all had reduced blood oxygen tension
The lowering of oxygen tension 1n artertal blood 1s apparently not
caused by hypoventlation. In fact, the aheolar-arterial oxygen
gradient was increased m all these patients, probably because of
diffusion difficulty or uneven distribution of gases.

Siace two patients had no pneumonia, exudate or bronchius at
the time they were studied, there was no reason to assume an and-
tomue barrier to diffusion in these cases, We can postulate, there-
fore. that most of the patients had uneven distribution of gases,
probably due to atelectalic areas, or possihly due 1o collateral eire
culation i the lungs, shunting blood anay from the right to the left
arde of the heart,

It has been noted that adults with respiratory acidosis show
depression of the respiratory center and, therefore, breathe mainly
under the stmulus of the reflex centers which are stimulated by
anoua I you remove the anoxic strmulus Jny gning these patients
oxygen the results may he disastron<

We have done only two preliminary studies on the effeet of
axygen therapy sn patients with fibrocvetic disease  Our findings
corroborate those from studies on adulis that respiratory acsdosis
can he aggravated by oxigen therapy because ventlation is de-
creased and con tension wncreaved. Clintcally, we have not <een
adveree effects of administration of oxvgen and ¥ would not advice
withbolding o¥yen from these panent- although we must be aware
of its potentzal danger. Adults wuth emphvoema have been treated

with combmed actificial resprration and oxsgen




found evidence thal exercise tolerance 13 1mpaired, and some have
clubbing of the fingers, even in the absence of any other signs of
lung disease Our experience suggests that eventually they will find
their lives dominated by the state of disease in their lungs.
Mclntosh, in studying a group of children over 10 years of
age, found that all reported some coughing, even though their early
hildhood had been ch ized primarily by gastrointestinal dis-
turbance, with little coughing during the first year of hife.
Correlation of age with the onset of cough 1n some 300 cases i<
shown in figure 15. Most patientc begin to cough in the period
hefore six months of age

Dead
Lving

gave

A TIIETE T LY Ty P

mos 4 18 24 30 36

Figure 14 Length of e compared with mean pulmonary artery
pressure  No eorrelation 1e seel

Before antibiotics were available, the survival of a child who
coughed during the first weeks of life was generally measured in
terms of months Of 38 infants seen with persistent cough before
the age of two months who were treated with antibiotics, one-third
were dead within six months. Despite antibiotics the early onset of
cough continues to earry & poor prognosis, although survival time
has been lengthened.

Coughing suggests that the earliest problem 15 one of intra
luminal obstruction Relief of obstruction is the objective of cough-
g as well a« of the therapeutic regimen The effectivenses of
therapy 1~ often assessed by the degree that coughing is relieved



Figure 14 shows g three-year followup of the original studies,
The lach of correlation is apparent. The usefulness of cardiac cath-
eterization as prognostic tool would appear to be limited.

The studies showed, however, that there is laboratery evidence
of right heart strain, which does correspond, roughly, to degree of
pulmonary insufficiency. It does not fiate a consistent relationship
with the shortened length of life.

The pathogenesis of cardiac failure in cystic fibrosis disease
makes it unltkely that anv therapy would have wmore than limited
effectiveness Digitals and mercunials provide only temporary re-
lief. Cardiac failure may be reversible, but only for a matter of
weeks It is a sign that the lung feld has Jost its elasticity. To the

Table 23
Relation of pulmonary artery pressure to systemic oxygen
tension
| Pulmonary artery ! j
| pressure | Arterial oxygen
- I saturation
aystolic 5‘ mean ! g
24 18 81
30 2 8t |
10 2 84 i
3 % ‘ 8 |
41 L3 1 85 '
13 n { 86
31 p::] ! 82 !
10 31 | £9 '
5 35 l 7 !
42 35 | 74 :
4 35 ! 71 )
hand of put Y hyf n 13 added the handicap of

alveolar congestion with mcreased pulmonary rigrdity. In our exper
mence there 1s no sign that has norse prognostic import than the
onset of congestne farlure

Effect of pulmonary disease

The general health of chubdren wil Fbrocystic dicease, their

appetites, actisities, and longevity are closely rorrelated with their

aree of lung imolyement
deg A P,on;arcly fine percent of these chuldren do not cough and
do nogpha\e chronic respisatory disease. Even among these we have



The “ventilation factor” is an average of the timed vilal ca-
pacity, the maximum breathing capacity and the residual capacity
expressed as percentages This roughly approximates the effective-
ness of the lungs as a bellows mechamsm and gives some measure
of pulmonary dysfunction. The ventilation factor in this patient
was 38 percent of normal, which means there is emphysema, with a
tremendous amount of air trapping

Table 24
Pulmonary function studtes
Predicted | Observed | % Normal
Lung volume measurements
Vatal capacity, ml 3136 1664 53
Timed vital capacity, 3 sec m] 3136 1202 41
Max, breathing capacity 1/min 99 298 30
Max.—after bronchoddator 1/mm) 99 51 52
Residual capaaity
Residual air capacity, m 15 23
Total lung capacity, ml 84 1482 190
Residual capacity of total lung 3920 3146 20
capacity, ml 20 47
[Ventilation factor, percentage 100 38 38

Evaluation of pulmonary disease

The extent and severity of the pulmonary disease can be ap-
proximated using the ratings shown in table 25 This technique
affords means of charting changes and making comparnson of the
patient with other children

Principles of therapy

Unless started before coughing begins, we should regard therapy
i fibrocystic disease as active, not prophylactic treatment There
are two prophylactic measures, both surgical, that may be indicated
after onset of pulmonary symptoms.

It has been shown that in heart [ailure, rales are often more
pronounced on the nght side of the chest than the left, Long before
heart failure occurs, however, the child with fibrocystic disease is
likely to show auscultatory evidence that the tight side of his chest
is more severely imoled than the left. The syndrome of lobar
atelectasis involves most frequently the right upper lobe, then the



Once the cough becomes persistent, progressive involvement
1s the rule. Evidence that the child is losing the ability to ventilate
his chest increases. Coughing spells are attended by flushing, then
cyanosis, and, finally, by complete exhaustion. The chest move-
ments become more rapid but also less eflicient. Then the chest
becomes fixed in a position of full inspiration, and respiratory
activity is limited. The terminal phase is that of severe emphysema,
accompanied by a deep, wet. ineffective cough that exhausts the
patient but does not produce sputum. The data in table 24, taken
from observations on one child, are representative. The adminis-
tration of a bronchodilating agent increa<ed her ability to ventilate
the chest to a significant degree.

100 -

No Cough
+ 17

50

1 1-6 6-12 >/
<ma mos mos xr
Figure 1S, Aee of onset of cough n 300 patients with cystie fibross of

! A
the pancreas



’ Aerosol therapy
In advanced lung disease there is evidence that a barmer
develops between the alveolar wall and the bloed stream, and that
antibiotics given by mouth or injection do not reach the site of
infection, Here the use of aerosol therapy may be effective.

Table 26 hsts several aerosol mi Zephiran®, in comb;
tion with streptomycin and penicillin, is particularly effective. We
have himited experience with Tryptar®, Our impression 1s that it is an
extremely irritating material when given at the recommended rate.
Of all the combinations used, that of the bronchodilator, Isuprel®,
and Terramycin® is, perhaps, the most effective,

Aerosols are most effective when the particle size is within a
critical range of .05 to 3 millimicrons in diameter. The Bennet
mask, the DeVilbiss No. 40 nebulizer and the Vaponefrin® nebulizer
have been used satisfactorily. The DeVilbiss 501 is a satisfactory
compressor.

Table 26

Aerosof agents used as mixtures

Zephiran® “Mistogen Solution™

Tryptar® Ephedrne Alkalod 08 Gm
Dorngse® Propylene Glycol 2 ec
Allevaire® (Traton A-20) Glycerme 25 cc
Isuprel® Distilled waterad 1000 ce
< Antibiovie Combinations >

We use aerosals, 15 ml of solution, for 20 minutes three times
a day, and usually try to follow with a period of postural drainage
This technique 1s practical for use with young children.

As respiratory 1nvoliement increases, the effectiveness of
aerosol therapy decreases rapidly. In the fixed emphysematous state,
aerosols probably penetrate to, but not beyond, the site of obstruc-
ton  Poorly venulated or nonventilated areas of the lung receive
no therapeutic benefit To reach these areas, more complex equip-
ment, such as the intermittent positive pressure breathing machine,
must be used  Physiologic evidence suggests that this type of therapy
may possibly arrest the progression of emphysema in children

Lacking knowledge of the specific defeet in the lungs. we are
faced with the necessity of trealing cigns and symptoms as thev
anise. rarely being ahle to pate or judge the eff of our




right middle lobe, and rarely if ever involves the left side of the
chest. Since prognosis in this syndrome is poor, we might expect
that resection of the lobe or part of the lobe would be followed by
improvement,

Eleven of 23 patients examined at more than 10 years of age
showed an involvement of the paranasal sinuses. Polypectomy

Table 25
Clirical rating
5 4 3 2 !
Exercise
tolerance  fnormal [, hmited fsev. Itmtted (home jzese
Cough libsens  frare 1session  Jeonstant fconstant &
darly imeflectnne
Breath leupnea d  ldyepnea orthoy
lexertion  lat rest
Clubbing sbsent  bngle  lmoderate  hevere  fserere with
reversed cyanosis
[Chest lTear lcoarse scattered  lgeneral-  Lticky
Anscultation breath  [rales ized rales
sounds

ot other treatmem of the nasal smuses might also be considered
prophylactic therapy.

Other therapeutic measures seem entirely active and <hould
be planned for home care rather than hospital care

Antibiotic therapy

A difference mn survival ume followng the use of pemallin n
fibrocystic disease has been demonstrated. An even greater mncrease
in survisal time will follow the use of the newer antibiotics, prefer
ably used 1 combination and alternation  Dosage should he large

30 to 50 mg/kg per day
Postural dranage

With an efficient cough the patient removes debris consiszr!v;z
of bacteria, mucus and casts of the bronchioles Therapy must in
cvease the productiveness of the cough. }’lacmg the patient in &
jackhmle position. with pillows under his abdomen, and leaving
fm for twenty or thinty munutes. and p!atms blocks u.ndcr the foot
of the child’s bed to maintain bronchial drainage during naps and
during sleep are effective measures for bringing up sputum



Genetics

Dr. Bartox CHirps: Considerable evidence has accumulated
suggesting that cystic fibrosis of the pancreas js a genetically deter-
mined condition, Affirmation of a single gene hereditary character-
istic 1n humans depends, in part, on agreement of observed distribu-
tions of affected and unaﬂ'ecled indvviduals wnhm famuly groups of
varous sizes, with ding to specific
hypotheses of modes of inhenitance of genes.

In most instances, the particular mode of inheritance will de-
pend on the choice of criteria by which it is determined whether or
not an individual is affected. Thus, whether we consider a gene as
dominant or recessive depends on whether we can detect both

and h Ad gene is one that will
pmduce equal effects m bolh heterozygote and homozygote. Tt
seems that many so-called dominant genes do not fulfill the defini-
tion of this term, because the manifestation in hamozygotes is un-
known. It 1s probable that every gene has a function that can be
measured if detected, and we may escape the rigidity inherent in the
use of the terms dominant and recessive if we consider what genes
do 1n the homozygous and heterozygous states,

When the genetics of cystic fibrosis of the pancreas was first
studied, 1t seemed that the disease was due to a gene which expressed
1self only m the homozygote, a perfect recessive, This assumed
rather rigid criteria for diagnosis of the disease, including in most
mstances s marked reduction or absence of pancreatic enzymes as well
as p y disease, or diag at autopsy  Ass g the pro.
posed gene to behave as an autosomal recessive, statistical agree-
ment has been demonstrated in several studies between the number
of patients expected 1n families and the number observed.

Table 27 shows the results of an analysis by the method of
Hogben of data pooled from various investigations 'There is no
<|nmﬁcanl departure from expectation in lhc mal values, nor 1

Wava & Aifaromra b+ ac m ok 4 s fow sy

the distribution within families that we see in these data,



therapy. It seems clear that therapy aimed at the relief of intra-
luminal obstruction must be given continually and for long periads
of time, and must be planned as home therapy.

Discussion

Dr. 1 SaNT’AcNESE* The cardinal and primary occusrence n
the lung in fibrocystic disease is bronchial obstruction leading to
generalized obstructive emphysema. With obstruchion, secondary
bronchopneumonia occurs, If the infection continues for months or
years there may be permanent damage to the bronchi and pro-
gressive bronchopneumonia which is not checked by antibioties
Thia leads to pulmonary insufficiency and death.

As long as there is no rrreversible damage 1o the bronchi, anti-
tnetic therapy 1s often successful in checking the process,

Dr A~pErRSEN< We have been discouraged with the results of
postural drainage. In contrast, we find there is some benefit in
allowing the children to be up and around, at least for intervals
during the day. It seems that in the latent stage of this disease,
actrvity 15 more effective than postural dramage,

Qur expenience with lobectomy tncludes seven children, two
of whom were operated on at other hospitals We believe that there
is a limited number of patients for whom this operation 1s appro-
priate  Our criterra for lobectomy are as follows:

1} that the seg. 1 atel is has been localized for at least
«1x months;

2) 1t invohes not more than two lobes, usually the right upper
and muddle,

3} the other lung must be free or nearly free of active infectron
following autibiotic therapy We have observed spontaneous re
expansion of the atelectatic lobe following antibiotic therapy, some
mes several months after its discovery. The patient <hould therefore
be given a trial of this therapv before surgery 1s seriously con-

sidered




among indwviduals who could be heterozygotes. Since this time,
parents and sibs have been found showing exther high sweat electro-
Tyte values alone, or in combination with obstructive emphysema

a T amnanen that mas all fnd 223 0nlg

and sheanta be

that many of these show values of sweat electrolytes which are some
what lower than thase found in fully affected patients.

Hypothetical mechanisms

Though we assume the disease lo be caused by a mutant gene
or genes, which affect a wide variety of organs, we do not know the
precise mechanism through which such a gene or genes act, Nor
do we know the causes of variation in the expression of such genes
i patents and their relatives, The question arises whether there
might be more than one genetic entity, that is, several genes
operating in different ways For instance, there might be two or
more genes at different loci, not interacting, and whose modes of
action are quue distinct, although producing certain phenotypic
simlarities. This might account for differences between families 1n
sweat electrolytes and pulmonary disease among possible heter-
azygotes

Alternatnely there might be a system of multiple alleles, genes
occupying the same locus, but whose actions are quantitatively daf-
ferent Finally we must consider the efects of genotypic or environ.
mental modification of the expression of such gemes. It is well
known that the phenotypic expression of single genes is subject to
modification by other genes in the genotype, and that such expression
depends upon the environments in which the gene acts These hy-
potheses might account for some of the vanability in the chnical

f among & m which all the exocrine glands
may be wmvolved, or different ones n various degrees They might
also account for the fact that some probable heterozygotes may show
not only sweat electrolyte abnormalities, but also chronic pulmonary
changes, while others exhibit only some alteration in the sweat
Thus parent-child combinations showing partial forms of the disease
mn probable heterozygotes may be due to a gene which in such
famlies could be called pletely d This ph
15 seen n. patents with sickle cell disease who have thrombotic
phenomena in the presence of electrophoretic patterns showing both
normal and sickle cell hemoglobins. It is compatible with what is
known of the action of natural selection, which works toward sup-

pression of the effects of deleterious genes, causing them to evolve in
the direction of recessiveness




Other criteria must be fulfilled to provide support for thic
hypothesis. Males and females should be equally affected, and thic
was found to be so. No affected parents were noted, Of 38 step-
children studied none were affected. 1f we assume the disease to be
found among } gotes, approximately q of the
step-children should be affected. If, on the other hand, the disease
is_found only among homozygotes, the probability of finding
affected individuals among step-children would be one-quarter the
probability of the common parent marrying anather heterozygote

1

Table 27

Correspondence of expectod and
observed dls:ribuh'gn of affacted

Sibtngs | Noof Total individuals within families
infamity [ familios [ siblings | Observed { Ecpactad | Varlance
1 67 67 67 67 0000
2 61 128 0 314 7700
3 65 195 % 8131 17.005
4 22 8 36 3218 9240
5 13 65 25 213t 7.760
6 3 18 6 5.48 2328
7 5 35 12 10.10 4850
8 3 8 1 222 1172
P ' 9 1 243 1380
1 530 3184

R 20350 | 54739

There were alsa a few affected collateral relatives, a phenomenon we
would expect, since, if the disease appears only in hamnzy.gmeg, the
incidence among collateral relatnes should be severa) times that
among all the population, though <tll manyfold less than within
immediate families.
Statistical evaluation alone does not prove }.g;edxiy, and the
hypothesis would be founded upon firmer ground if we could ﬁn.d{n
hatacteristic among parents and other refatives which would :‘"“‘)
p nm\' requirements. Until the discovery of the elevation in
mendelian Iqus among some of the relstines of affected patients,
5}‘:“‘ ::E;!"': [’mhh‘hed evidence af amy effect of the presumed gene
there W



among individuals who could be heterozygotes. Since this hme,
parents and sibs have been found showing either high sweat electro-
lyte values alone, or in with e emphy

and chronic bronchopneumonia. It appears that not all individuals
who may be presumed to be heterozygotes show abnormality. In
fact, the data of di Sant’Agnese indicate that the majority of such
individuals are clustered within a few families. It may be significant
that many of these show values of sweat electrolytes which are some-
what lower than those found in fully affected patients

Hypothetical mechanisms

Though we assume the disease to be caused by a mutant gene
or genes, which affect a wide variety of organs, we do not know the
precise mecharusm through which such a gene or genes act Nor
do we know the causes of variation in the expression of such genes
m patients and their relatives. The question arises whether there
might be more than one genetic entity, that is, several genes
operating 1n different ways, For instance, there might be two or
more genes at different loci, not interacting, and whose modes of
action are quite distinct, although producing certain phenotypic
similanties This might account for differences between families in
sweat electrolytes and pulmonary disease among possible heter-
ozygotes

Alternatively there might be a system of multiple alleles, genes
occupying the same locus, but whose actions are quantitatively daf-
ferent Finally we must consider the effects of genotypic or environ.
mental modification of the expression of such genes It is well
known that the phenotypic expression of single genes is subject to
modsfication by other genes in the genotype, and that such expression
depends upon the environments i which the gene acts. These hy-
patheses mught account for some of the variability in the clinical

s among h ygotes, in which all the exocrine glands
may be involved, or different ones in various degrees. They might
also account for the fact that some probable heterozygotes may show
not only sweat electrolyte abnormalities, but also chronic pulmonary
changes, while others exhibit only some alteration in the sweat
Thus parent-child combinations showing partial forms of the disease
m probable heterozygotes may be due to a gene which in such
families could be called i pletely domi This
s seen u pauents with sickle cell disease who have thrombotic
phenomena i the presence of electrophorenc patierns showing both
normal and sickle cell hemoglobins It is compatible with what s
known of the action of natural selection, which works toward sup-
pression of the effects of deleterious genes, causing them to evolve i
the direction of recessiveness. © "




Other cnteria must be fulfilled to provide suppors for thi
hypothesis. Males and females should be equally affected, and this
was found to be so. No affected parents were noted. Of 38 step-
chifdren studied none were affected. If we assume the disease to be
found among heterozygotes, approximately one-quarter of the
step-children should be affected. If, on the other hand, the disease
is_found only among homozygotes, the probability of finding
affected individuals among step-children would be one-quarter the
probability of the common paremt marrying another heterozygote

Table 27
Correspondance of expected and
ab;gr;gd ::s:ribuf;'on of gflamd
Siblings No of Total individuals within families
in family famihes siblings | Observed | Expected { Variance
1 61 67 67 67 0000
2 64 128 Kd 7314 7790
3 65 195 0 8431 17095
4 22 23 36 3218 9240
s 13 65 25 a3t 7700
| 6 3 13 & 548 232
7 L3 35 12 i 4850
8 1 8 1 222 L1712
e 1 9 1 243 1.380
10 2 P 7 530 3184
243 663 317 303.50 7‘54 739
VEITH = 740
L e P aw
o 1220
—_—— e = 12
VEE 740
There were also a few affected colt ) relatives, a ph we

would expect, since, 1f the disease appears only in homozygotes, the
incidence among collateral relatives should be severa) nmes that
among al} the population, though sulf manyfold fess than within
mntediate families.

Statistical evaluation alone does not prese heredity. and the
Lumnthesia would be founded upon firmer ground if we could ﬁn}d,a
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expression of the disease in homozygotes, but in only partial expres-
<ion 1n some heterozygotes, Thus we may say that in most families
the recessive hypothesis is fulfilled, while in some the gene may be
ralled partially recessive or partially dominant.

Discussion

Dr. Rovce: The statement has been made that this is the
most common lethal gene in the population. Is that true?

Dr. Chiios® It may be so  The incidence of the disease has
been estimated to be between one per 1,000 aund one per 10,000.
Assuming no selective ad for the h i
which may not be justified, the calculated mutation rate would be
one per 1,000 to one per 10,000 mutations per locus per generation
This is a situation quite outside our experience with any other human
disease, and for this and other reasons this calculation must be con.
sidered with much reservation. Most mutation rates have frequencies
less than one per 25,000

Dr. b1 Sant’Acnese:  Childs has appropnately emphasized
the vanability of expression of genes With regard to the sodium
and chloride concentration in sweat we have taken G0 mEq/) of
sodium or chlaride as the upper limit of normal, because the con.
centrations in all our patients with known cystic fibrosis were above
that There is no reason why heterozygotes should not have slightly
fower concentrations However, electralyte concentrations vary so
much 1 apparently normal individuals that it would be hard to
recognize the abnormal

Dr Crips- There 1s no reason at all why the sweat abnor-
mality cannot be as vanable as anything else. However, the closer
we get to measuring the fundamental gene action, the less modifica.
tion or vanability we find m the expression of that characteristic in
those individuals who hold it.

Dr. Smwacnyan- I should hke to bring up a pownt that has
been raised i early investizations, that perhaps this disease is in
some way refated to one of the blood groups This is not the case
We thought with Steinberg it would be worthwhile to nvestigate the
possibility of a genetic linkage between the blood groups and this
disease. because the herednary patiern of eystic fibrosis is simple

and known. Analysis of data from 70 families uncovered no rela-
uonsinp between cystic fibrosis and any of the following blood

aroups. 480, Rh, m\s, Kell, Duffy, Lewis and r. and a few others
that are not common




The most hikely hypothesis, then, 1s that which calls for a gene
or genes which cause the dicease in homozygotes and cause partial
expression or no expression in heterozygotes.

Though there is insufficient published data to favor strongly
either the assumption of multiple alleles, or its alternative, genes at
more than one locus, it should be possible to test these hypotheses by
means of measurement of sweat electrolytes in parents, sibs, and col-
lateral relatives Jn general, assuming genes at different Joci, both
parents of a particular famly and some of their relatives should
show the same expression in terms of sweat electrolytes. If, on the
other hand, a system of multiple alleles is responsible, we should
find not two, but three types of family; those in which hoth parents
and their relatives show the same kind of expression, as well as some
families in which one parent and some of his relatives show a mam
festation which the other does not

Genetic significance of abnormalities in sweo!

Speculations on the genetic aspects of this disease have been
baced on possible distributions within famulies of the one common
characteristic which appears in nearly every patient who has this
disease, and in some of therr refatives, that js, abnormalities in sweat
electrolytes  Sull, we find certain parents who, according to the
genetic hypotheses we are considering, should be heterozygotes, but
do not show the characteristics. Although the sweat electrolyte test
will detect the homozygote in nearly every cace, it performs this
function for heterozygotes with distresaing infrequency and 1t seems
{skely that this test, though the only one currently available, is not
the final determinant for the presence of the gene in single dose.

1t should be possible, in theory at least, to find some quite con-
sitent charactenstic of the gene action whieh would expose its
presence whetever it exssts. This speculation 1s based on the assump-
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less modification there will be of that effect by the genotypic or

external environment  Such a determunant will be closely associated

with whatever tuns aut to be responsible for alteration in function
of such a wide varety of organs in the body in this disease

Summary
e likely that eystic fibrowis of the pancreas results

n There might be either a system of
t different foci. which result in full

1t seetns quil ]
from the effeass of gene mutatio
alleles at oné locus, ot genes &






DOn. Heseert J. Banteistong: Aside {vom one shost puble
catian cegarding pilocarpine and its effect of the pancreatic tissue.
there has been no report of direct study of the relationship of anto-
romic regulation to the disease.

An avenue of research might be opened up by exploring some
of the effects of electricelly induced or drug-induced stimulation
to some of the exocrine glands whese function is influenced by the
autonomic nervous system. There might be some alteration either in
the production of acetylcholine esterase or the permeabi]ily of
receptor sites, wf’uch may be one of the underlying factors in the
disease. O lation of the J hetic nervous system or
cholinergic fibers for a prolonged time mlght result in some of the
findings that have been noted clinically.

Conclusion

Dy Frazier. From the thoughts presented here we may con-
clude that the genetic basis of this disease has been reafiirmed. It has
nnl been possnb]e to discover, by either biochemical analysis or histo-

fcal staining 1 abnormality of the muco-
polysaccharides in those exocrine glands which secrete mucus

A defect in production or availability of energy for elaboration
of secretory products has been postulated on the basis of data ob-
tained from study of the concentrations of electrolyte in sweat
The clinical manifestations may be secondary to such a basic defect

Application of basic physiologic principles to the discussion
of the deran":d functions of varous organs has facihtated a clear
and lagical expositrion of sound therapeutic proced res







