Quantitative Evaluation of the Development of the
Exocrine Pancreas in Cystic Fibrosis and Control
Infants

J. R. Imrie, BSc, D. G. Fagan, MD, and J. M. Sturgess, PhD

The development of the exocrine pancreas has been determined quantitatively in 31
infants with cystic fibrosis (CF) both with and without meconium ileus and in 29
control infants. In the normal pancreas, the ratio of acinar to connective tissue volume
is 0.5 at 32 weeks postconceptional age (PCA) and increases linearly to 2.0 at 52 weeks
PCA. In cystic fibrosis infants, with or without meconium ileus, the ratio is 0.5 at 35
weeks PCA and decreases linearly to 0.3 at 52 weeks PCA. The volume of acinar and
duct lumens is greater in CF than control infants but is independent of age or acinar
volume. The development of the exocrine pancreas in infants with CF with and without
meconium ileus diverges from the normal pattern: There is a consistent lack of exocrine
tissue before or at full-term birth, which persists throughout the age range of this study.
CF infants above 42 weeks PCA can be discriminated from controls on the basis of the
quantitative assessment of acinar volume. (Am J Pathol 95:697-708, 1979)

CysTIC FIBROSIS is an autosomal recessive disorder manifested
by dysfunction of exocrine glands. Pancreatic changes in this disease are
characterized by achylia, inspissation of secretions in the ducts and acini,
and reduction of acinar tissue with increase in connective tissue.? The
pancreatic lesions have been reported to vary in their severity but have
not been related to the normal pattern of development or to pancreatic
function.

The manifestation of meconium ileus in cystic fibrosis may result from
pancreatic dysfunction in utero.' However, other predisposing factors
may be involved such as the obstruction of the pancreatic duct,? failure in
the formation or release of pancreatic enzymes,* or abnormal mucus
production in the intestine.®¢

Elucidation of the early pathogenesis of cystic fibrosis is important for
diagnosis in the neonatal period when the clinical manifestations may be
diverse and the present histopathologic criteria, inconclusive. The pur-
pose of the present study is as follows: 1) to define the normal develop-
ment in the exocrine pancreas in control infants;: 2) to compare the
development of the pancreas in infants with cystic fibrosis, both with and
without meconium ileus; and 3) to establish whether there are quan-
titative differences in the pancreas between cystic fibrosis infants dying
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with meconium ileus and those dying later with no history of meconium
ileus.

Materials and Methods

Materials

The study was carried out retrospectively on 60 pancreatic autopsy specimens obtained
over a period of 25 years from the archives of the Department of Pathology, The Hospital
for Sick Children, Toronto. Three groups were included in this study: 1) control, 2)
meconium ileus, and 3) cystic fibrosis with no history of meconium ileus. Details of the
cases are summarized in Tables 1 and 2. All the subjects were less than 4 months at death,
were in the normal percentiles for age, and had samples of pancreas with good histologic
preservation.

Group 1 consisted of 29 control subjects with no clinical or pathologic evidence of cystic
fibrosis or of any pancreatic involvement in the cause of death. Several cases of pancreatic
dysmaturity, hypernatremia, and uremia were included in the control group. Group 2
consisted of 24 subjects with a history of meconium ileus and exocrine changes compatible
with cystic fibrosis, based on the examination of at least three organ systems. Three cases
were inconclusive. Group 8 included 7 subjects with pathologic findings compatible with
cystic fibrosis and with no history of meconium ileus.

The gestational age and postnatal ages were taken from the clinical histories to calculate
the postconceptional age for each patient.

Quantitative Studies

Samples of pancreas, fixed in neutral buffered formalin and embedded in paraffin wax,
were sectioned and stained with either hematoxylin and eosin or Masson trichrome.
Random sections from each pancreas were examined with a Reichert Visopan projection
microscope and quantitative determinations were made in two stages using a point
counting system.”

Stage 1

Acinar tissue, connective tissue (including blood vessels and nerves), interlobular ducts,
and endocrine tissue were recorded from at least 20 random microscope fields, 250 X
magnification using a 100-point grid. The points were separated by approximately 40 pm.

Stage 2

Lumen volume was determined from at least 40 random fields of acinar tissue, 500 X
magnification, using a 400-point grid. The points were separated by approximately 5 pm.

The number of points overlying each type of component structure was calculated as a
volume density and was expressed as a percentage of the total tissue volume. The sampling
of tissue and determination of total number of points for estimation of the volume densities
for each parameter was based on the calculations of Weibel.” For quantitation of acinar
and connective tissue volumes (ie, Stage 1) at least 2000 points were sampled from each
pancreas section, with a relative error less than 5%. For quantitation of lumen volume (ie,
Stage 2) approximately 9000 points were necessary to establish confidence in the cystic
fibrosis groups, but 90,000 were necessary for the same confidence level in the control
group. Clearly, quantification of these numbers for the control group was impractical so
that calculation of the lumen volume, which is extremely small in relation to the total
tissue volume, shows a higher relative error in the control group.
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Statistical Analysis

The standard error of the mean was calculated for the volume density of each com-
ponent structure, for each case. The relationship between the volumes of pancreatic tissue
components with age was determined by linear regression analysis and the 95% confidence
limits and correlation coefficients were calculated according to standard statistical for-
mulas.

Data were analyzed in relation to postnatal age, postconceptional age, body weight. and
body length at the time of death. It was found that postconceptional age provided the best
index for comparison of these cases which included neonates and infants with varving
gestational and postnatal ages. Similar trends were obtained, however, when other indices
of development were used.

Results
Pancreatic Acinar and Connective Tissue

The relative volumes of acinar tissue and connective tissue for each
subject included in this study are summarized in Tables 1 and 2, and the
ratios of acinar to connective tissue are plotted in Text-figures 1 and 2.

Control Group

The acinar to connective tissue ratio in the control group shows a
significant relationship to postconceptional age (PCA) and is illustrated in
Text-figure 1. The acinar to connective tissue ratio increases from approxi-
mately 0.5 at 32 weeks PCA to approximately 2.0 at 52 weeks PCA. The
differentiation of the exocrine pancreas, judged by the acinar to con-
nective tissue ratio is linear during this period (r = 0.81, P < 0.001).

Meconium lleus Group

The acinar to connective tissue ratio for the meconium ileus group is
illustrated in Text-figure 2. At 34 weeks PCA, the ratio is approximately
0.6 and then falls slightly to approximately 0.4 at 46 weeks PCA. From 34
to 42 weeks PCA, the acinar to connective tissue ratio is in the lower range
of the control group. Above 42 weeks of age, the ratio is distinct from the
control group. There was a negative correlation between the acinar to
connective tissue ratio and the postconce,.tional age for cases with meco-
nium ileus (r = —0.52, P < 0.02). Case 21 deviated greatly from the other
23 cases and was excluded from the statistical analysis but is included in
Text-figure 2.

Cystic Fibrosis Group

The acinar to connective tissue ratio is plotted against postconceptional
age and illustrated in Text-figure 2. The acinar to connective tissue ratio
was similar in all subjects, averaging approximately 0.35 during the period
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39 to 52 weeks PCA. There was no significant correlation between the
acinar to connective tissue ratio and postconceptional age in this group (r
= 0.20, P < 0.70).

There was no statistical difference between the regression lines for the
groups with and without meconium ileus. The acinar to connective tissue
ratio for both groups showed a slight negative correlation with post-
conceptional age (r = —0.47, P < 0.01).

Lumen Volume

The variations in lumen volume in control and cystic fibrosis infants are
illustrated in Text-figures 3 and 4.

Control Group

The relative volume occupied by the acinar and duct lumens is approxi-
mately 0.2% of the pancreatic volume in all subjects included in the
control group (Text-figure 3). The range is 0.1 to 0.7% and 97% of these
cases have less than 0.5% lumen volume. There was no significant correla-

tion between the lumen volume and postconceptional age in this group (r
= —0.22, P < 0.30).

Cystic Fibrosis Groups

The relationship between lumen volume and postconceptional age for
all cystic fibrosis subjects from Groups 2 and 3 is illustrated in Text-figure
4. The relative lumen volume varied from 0.3 to a maximum of 4.6% in
the meconium ileus group (Group 2) and from 0.3 to 3.4% in the cystic
fibrosis group (Group 3). The mean of Groups 2 and 3 together is 1.6%,
and 83% of all these cases had lumen volumes greater than 0.5%. There
was no apparent relationship between the lumen volume and post-
conceptional age in these groups.

Discussion

In the normal infant a clear pathway of development has been demon-
strated which involves differentiation of acinar tissue and is reflected by
the increased acinar to connective tissue volumes. The results from the
controls dying with hypernatremia, bronchopneumonia, and uremia are
indistinguishable from the normal controls. In these conditions, there is
no apparent interruption of the normal maturation of pancreatic acinar
tissue. Although nutritional status may contribute to some change in the
number and/or size of acinar cells, there is no significant change in acinar
and duct lumens.
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TexT-r1Gure 1—Relation-
ship between acinar/con-
nective tissue ratio and post-
conceptional age of control
infants. Each point repre-
sents the value for 1 case.
The solid line represents the
regression line; broken lines
represent the 95% con-
fidence limits (r = 0.81, P <
et 0.001).
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In contrast, patients with meconium ileus and with cystic fibrosis show a
time-related pattern which clearly deviates from that of the normal. At 32
to 38 weeks PCA, most meconium ileus and cystic fibrosis patients show
acinar to connective tissue ratios in the lower range of the control values
(Text-figure 5). This suggests that there is a lack of early normal matura-
tion or a persistence of the fetal pattern in pancreatic exocrine tissue with
the degenerative process supervening after birth. Approximately 80% of
all cystic fibrosis infants, with and without meconium ileus, have lumen
volumes quite distinct from the control ranges. The increase in lumen
volume in these infants does not correlate with the ratio of acinar tissue to
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Text-ricure  2— Relation-
ship between the acinar/
connective tissue ratio and
postconceptional age of CF
infants. Closed circles, in-
fants with a history of meco-
nium ileus (r = —0.52, P <
. 0.20); solid circles, infants
without a history of meco-
nium ileus (r = 0.20, P <
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< 0.30). L x
k ittt
— o i . )
2 34 36 38 40 42 4

connective tissue nor with the age of the infants with cystic fibrosis (Text-
figure 6).

At the present time the criteria for diagnosis of cystic fibrosis within the
first few months of life are subjective. Clinical features are very variable
and histologic signs have been reported as equivocal or absent. At au-
topsy, Esterly and Oppenheimer ®°® have indicated that pancreatic
changes are difficult to diagnose in early life on the basis of microscopic
examination. By quantitative microscopy, we have the basis of an objec-
tive method for diagnosing cystic fibrosis in infants at autopsy by the
examination of the pancreas. In the present study, only 2 of 30 cystic
fibrosis cases (7% ) defied differentiation on the basis of the pancreas alone.
This approach may prove to be very valuable in confirming the diagnosis
of cystic fibrosis at early ages, which is particularly important in relation to
genetic counseling of parents.

Meconium ileus is an early manifestation of cystic fibrosis occurring in
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TEXT-FIGURE 5—Comparison

of the regression lines and
confidence limits of change
in acinar/connective tissue
ratio with age in control and
cystic fibrosis infants: com-
posite from Text-figures 1
and 2.
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about 15% of cystic fibrosis patients.®** In most studies it has been implied
that meconium ileus is almost exclusively a symptom of cystic fibrosis,
although this has been questioned recently by Rickham et al,** who
suggested that up to 25% of patients presenting with meconium ileus do
not have cystic fibrosis judged by clinical criteria. In the present study, the
pancreatic changes appear similar in all infants with cystic fibrosis includ-
ing those with and without a history of meconium ileus. All cases except
one (Case 50) show the lack of maturation of exocrine tissue and replace-
ment of acinar tissue by fibrous connective tissue. Two further cases with
meconium ileus (Cases 39 and 48) have acinar/connective tissue ratios in
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TEXT-FIGURE 6— Relation-
ship between the acinar/
connective tissue ratio and
lumen volume of control in-
fants and of cystic fibrosis
infants with (closed circles)
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the lower percentiles of normal but show no increase in lumen volume so
that they could not be discriminated from the controls. In these infants,
changes in the pancreas and other organs are not conclusive for diagnosis
of cystic fibrosis. Such observations may indicate meconium ileus from a
cause other than cystic fibrosis or may preclude the diagnosis of cystic
fibrosis before 37 weeks PCA according to conventional histologic criteria.
Although pancreatic dysfunction may be a contributing factor to meco-
nium ileus, the findings indicate that this is not the sole determining
factor but must be accompanied by other predisposing factors in the
affected infants. These observations and the observations of the greater
incidence of meconium ileus in some families may reflect genetic hetero-
geneity in this disease.
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