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Abstract

The objective of the present study was to determine the possible
prognostic factors which may explain the difference in the survival of
patients with cystic fibrosis (CF) with and without meconium ileus.
Over a period of 20 years, 127 patients with CF, whose diagnosis was
confirmed by typical clinical characteristics and altered sweat chloride
levels, were studied retrospectively. The patients were divided into
two groups: group 1 consisted of patients who presented CF and
meconium ileus (N = 9), and group 2 consisted of patients with CF
without meconium ileus (N = 118). The characteristics studied were
based on data obtained upon admission of the patients using a specific
protocol. Demographic, clinical, nutritional and laboratory data were
obtained. The genotype was determined in 106 patients by PCR.
Survival was analyzed using the Kaplan-Meier method. The median
follow-up period was 44 months. A statistically significant difference
was observed between the groups studied regarding the following
variables: age at diagnosis and weight and height z scores. The
presence of meconium ileus was associated with an earlier diagnosis;
these patients had greater deficits in height and weight at the time of
diagnosis and at the end of the study. The estimated probability of
survival for patients with CF without meconium ileus was 62 ± 14%
and for those with meconium ileus 32 ± 18%. Patients with CF and
meconium ileus presented a poor nutritional status at diagnosis and a
lower survival rate compared to the general CF population.
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Introduction

Meconium ileus is the earliest clinical
manifestation of cystic fibrosis (CF), a ge-
netically recessive lethal disorder (1). A rela-
tion between meconium ileus and CF has
been reported since the beginning of the
century (2). Meconium ileus seems to be
more the result of the presence of viscous
mucus in the bowel than of pancreatic insuf-
ficiency itself (3); however, it occurs almost

exclusively in patients with pancreatic insuf-
ficiency (4). In this condition, the meconium
contains a high amount of protein and be-
comes extremely thick, causing obstruction
of the terminal ileum which is responsible
for approximately 20% of the cases of intes-
tinal obstruction during the neonatal period
(5).

In the past, early mortality of CF patients
was associated, in part, with elevated mor-
bidity and low survival rates of patients with
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meconium ileus (6). Mortality rates ranged
from 65 to 79% in 1940 (7,8) and the long-
term survival rate was 57% in 1970 (9).
However, improvement in survival of these
patients has been recently demonstrated. In
1987, Hudson and Phelan (10) reported that
survival of patients with meconium ileus
was the same as that observed for the general
CF population. Thus, estimated patient sur-
vival after 6 months of surgical treatment
rose from 33% in the 1960s to 100% in the
1980s (2). Various factors have contributed
to the higher survival rate such as earlier
diagnosis, the introduction of better surgical
techniques and intensive postoperative care
with adequate nutritional support (11,12),
and efficient antimicrobial therapy (13).

Based on the improvement in the sur-
vival of patients with meconium ileus, this
condition is now considered to be of minor
relevance as a prognostic factor. Corey and
Farewell (14) reported that meconium ileus
is not a significant prognostic factor for sur-
vival. In our unit, however, patients with
meconium ileus still have an increased risk
of dying as compared to patients without
meconium ileus. In order to determine the
possible prognostic factors which may ex-
plain the difference in the survival of pa-
tients with and without meconium ileus, we
conducted a retrospective study on patients
admitted to the CF outpatient clinic of the
Pulmonology Unit, Hospital das Clínicas,
UFMG, Belo Horizonte, MG, Brazil.

Material and Methods

Patients

The sample consisted of 127 patients
admitted to the Pediatric Pulmonology Unit,
Cystic Fibrosis Service, Hospital das Clínicas,
UFMG, between 1977 and 1997, with a
diagnosis of CF confirmed by typical clini-
cal characteristics (chronic lung and/or gas-
trointestinal manifestations) and who had
two determinations of sweat chloride of 60

mEq/l or higher. Median follow-up was 44
months (2 to 313 months). The patients were
divided into two groups. Group 1 consisted
of patients with CF and meconium ileus (N =
9) and group 2 of patients with CF without
meconium ileus (N = 118). Meconium ileus
was defined by the lack of excretion of meco-
nium during the first 48 h of life, associated
with clinical signs of intestinal obstruction
and characteristic radiological findings (15).
Group 2 consisted of CF patients with signs
and symptoms of the disease such as chronic
pulmonary and gastrointestinal manifesta-
tions without signs of intestinal obstruction
during the first days after birth.

Informed consent for genotype determi-
nation and for the study to be performed was
obtained from the parents or persons respon-
sible and the study was approved by the
Ethics Committee of UFMG.

Variables analyzed

The characteristics analyzed were based
on data obtained upon admission of the pa-
tients to the unit using a specific protocol
consisting of demographic (sex, color), clini-
cal (age at diagnosis, Shwachman-Kulczycki
clinical score), nutritional (birth weight,
weight and height z scores upon admission)
and laboratory data (sweat chloride, fecal
fat, pulmonary colonization) and genotype.
Continuous variables were stratified using
cut-off points established in the literature;
for those variables for which the cut-off
point has not been established, such as age at
diagnosis, the likelihood ratio test was used.

Genotype

Genetic analysis was performed using 10
ml of total blood in EDTA collected from
103 patients and their parents. In addition, a
sample was obtained from the parents of
three children who died during the study;
thus it was possible to determine the geno-
type of these three children. The five most
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frequent mutations in the CFTR gene were
analyzed: F508, G542X, G551D, R553X and
N1303K. DNA was extracted by the method
of Lemna et al. (16) and amplified by PCR
and mutations were analyzed using specific
oligonucleotide alleles or by restriction en-
zyme digestion and polyacrylamide gel elec-
trophoresis.

Statistical analysis

The data bank was created with the pub-
lic domain program EPI INFO (version 6)
(17). The chi-square test was used to com-
pare proportions and the Kruskal-Wallis test
for comparison of median values. For nutri-
tional factors, the weight and height z scores
upon admission and at the end of the follow-
up period were calculated using the EPINUT
program included in EPI INFO. Survival
was determined by limited-product estima-
tion using the method of Kaplan-Meier and
the estimate was constructed using the
KMSURV program (18). The following pa-
rameters were added to this analysis: the
date of diagnosis was considered as time
zero, an adverse effect was defined as the
occurrence of death during follow-up, and
the probability of survival was calculated for
the first 12 follow-up years.

Results

A total of 127 patients with CF were
followed up between 1977 and 1997. Table
1 shows the characteristics of patients with
CF and meconium ileus upon admission and
at the end of the follow-up period. Meco-
nium ileus was observed in 9 children (5
boys and 4 girls), corresponding to a 7%
incidence in our service. Seven patients had
a non-surgical form of meconium ileus char-
acterized by thick meconium in the terminal
ileum. Clinical presentation included abdomi-
nal distention, vomiting and delay in meco-
nium excretion. In one case, fetal intestinal
obstruction was detected by prenatal ultra-
sound. A family history of CF was present in
only one case. Two neonates presented jeju-
nal atresia as a complication of meconium
ileus.

Median patient follow-up was 36 months.
The nutritional status, determined by weight
and height z scores, showed undernutrition
upon admission of all patients with meco-
nium ileus. As shown in Table 1, these chil-
dren showed a lower weight z score upon
admission than patients without meconium
ileus. The median weight z score was -3.58
for the group with meconium ileus and -2.04
for the others (P<0.001). In contrast, the

Table 1. Clinical data at admission and at the end of the follow-up period for 9 patients with cystic fibrosis and meconium ileus.

Patients Follow-up At admission At the end of the follow-up period
 (months)

Zweight Zheight SK Genotype Age at dignosis (months) Zweight Zheight SK Oxygen Death

1 60 -2.56 -1.72 73 F508/other 1 -2.23 -1.98 60 yes yes
2 25 -2.58 -3.61 86 Other/other 11 0.09 0.27 89 no no
3 36 -4.63 -3.94 75 F508/other 1 -2.31 -2.01 72 no no
4 68 -4.44 -3.55 45 Other/other 5 -2.45 -1.92 49 yes yes
5 4 -1.89 -2.97 70 # 2 -1.67 -1.44 70 no yes
6 77 -3.99 -3.75 67 F508/F508 4 -1.94 -1.41 59 no no
7 31 -3.94 -3.65 55 F508/F508 2 -4.50 -3.07 60 no yes
8 22 -3.11 -4.30 75 # 2 -1.80 -1.81 # yes yes
9 114 -3.58 -3.79 75 F508/F508 3 -2.06 -2.10 82 no no
Median 36 -3.58 -3.65 73 - 2.1 -2.06 -1.92 93 - -

Zweight, weight z score; Zheight, height z score; SK, Shwachman-Kulczycki clinical score. #Not obtained.
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median Shwachman-Kulczycki clinical score
was 73, indicating a good clinical situation.
Regarding the genotype, the F508 mutation,
which is considered to be a severe mutation,
was identified in 5 patients. Of the 5 patients
who died, 3 (60%) had used oxygen previ-
ously, whereas the 4 patients who survived
showed preserved pulmonary function.

At the end of the follow-up period pa-
tients with meconium ileus weighed less and
were shorter, with median z scores of -2.06
and -1.19 for weight (P = 0.02) and of -1.92
and -1.05 for height (P = 0.05) for patients
with and without meconium ileus, respec-
tively.

Table 2 shows the variables analyzed in

Table 2. Analysis of differences between cystic fibrosis patients with and without meconium ileus.

Factors Meconium ileus (N = 9) Other (N = 118) Chi-square test P

Gender
Male 5 72 0.00 0.73
Female 4 46

Race
White 6 65 0.11 0.37
Non-white 3 53

Genotype (1)
Homozygous F508 3 14
Heterozygous F508 2 28 - -
Other 2 57

Genotype (2)
F508 5 42 1.21 0.23
Other 2 573

Age at diagnosis
£3 months 5 10 13.6 0.001
>3 months 4 108

SK
£70 4 44 0.00 0.73
>70 5 73

Birth weight
<2500 g 2 18 0.01 0.63
³2500 g 7 100

Zweight
<-1.88 9 67 4.50 0.01
³-1.88 0 48

Zheight
<-1.88 8 56 3.91 0.03
³-1.88 1 59

Sweat chloride
£95 mEq/l 4 53 0.10 1
>95 mEq/l 5 65

Fecal fat loss
³3 g/24 h 5 49 0.14 0.71
<3 g/24 h 3 51

Respiratory colonization
Yes 3 51 0.05 0.73
No 6 67

SK, Shwachman-Kulczycki clinical score; Zweight, weight z score; Zheight, height z score.
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the two groups. Note that three characteris-
tics were significantly different between
groups: age at diagnosis and nutritional sta-
tus (weight and height z scores).

In patients with meconium ileus (group
1) CF was diagnosed earlier than in group 2
patients (c2 = 13.6, P = 0.001), with the
median age at diagnosis being 2.1 months
for group 1 and 44 months for group 2
(Kruskal-Wallis = 18, P<0.001).

No significant difference in birth weight
was observed between groups (c2 = 0.01, P =
0.63). Most of the patients of either group
did not present a low birth weight. There was
a statistically significant difference between
groups in the distribution of weight z score
upon admission at a cut-off point of -1.88 (c2

= 4.5, P = 0.01). All patients with meconium
ileus presented a weight z score lower than
-1.88, and among those without meconium
ileus, 67 (56.7%) showed a weight z score
lower than -1.88. The same was observed for
the height z score variable, with a statisti-
cally significant difference between groups
(c2 = 3.9, P = 0.03). Only one patient with
meconium ileus (11%) showed a height z
score equal to or higher than -1.88, whereas
59 patients (50%) without meconium ileus
presented a height z score equal to or higher
than -1.88. Thus, there was a statistically
significant difference between groups re-
garding nutritional variables upon admis-
sion.

No significant difference regarding the
other factors studied was observed between

groups. The Shwachman-Kulczycki clinical
score was obtained for 126 patients upon
admission. Using a cut-off point of 70, 55%
of the patients from group 1 and 62% of
those from group 2 presented a clinical score
above the cut-off point, corresponding to a
good clinical condition.

Genetic analysis was performed on 106
patients. In the group of patients with meco-
nium ileus, 3 were homozygous and 2 were
heterozygous for the F508 mutation. Two
patients died before genetic analysis could
be performed; in two other patients, none of
the five mutations analyzed was observed.
Of the patients without meconium ileus, 14
(12%) were homozygous and 28 (24%) were
heterozygous for the same mutation. In the
other 57 (48%) patients without meconium
ileus, none of the five mutations analyzed
was detected.

During the follow-up period of the study,
20 (16%) of the 127 patients died, including
5 (25%) patients with CF and meconium
ileus. Meconium ileus constituted a signifi-
cant factor for predicting the risk of death.
The estimated probability of survival was 62
± 14% for patients without meconium ileus
at clinical presentation, and 32 ± 18% for
those with meconium ileus. Figure 1 shows
the survival curve stratified by the occur-
rence of meconium ileus.

Discussion

The incidence of meconium ileus in pa-
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Figure 1. Cumulative survival
curves (Kaplan-Meier estimates)
comparing cystic fibrosis pa-
tients with and without meco-
nium ileus.
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tients with CF ranges from 7% (19) to 20%
(1), being around 10 to 15% in most series
(20). According to the Registry of the US
National Cystic Fibrosis Foundation, the in-
cidence was 16% among 17,857 patients
registered (21). In the present study, how-
ever, the incidence was 7%, a value similar
to that also reported in studies from Italy and
Brazil (19,22). These data may suggest ei-
ther a lower incidence of meconium ileus in
our patients with CF or a failure to identify
the patients with this severe intestinal ob-
structive condition in the State of Minas
Gerais.

Poor results in terms of survival of pa-
tients with this problem were reported be-
tween 1950 and 1970, before improvement
in surgical techniques for these cases. Re-
cent studies have shown that meconium
ileus was responsible for only 1 to 2% of
deaths from CF between 1979 and 1991 in
the United States (23). According to Fuchs
and Langer (24), the prognosis for patients
with CF and meconium ileus is similar to
that reported for the general CF population.
Our data show that, in spite of the low inci-
dence of meconium ileus in our unit, this
condition was responsible for 25% of deaths
occurring during the study.

Some studies determined possible fac-
tors associated with meconium ileus, which
may explain the difference in the survival of
patients with and without this condition.
Other studies demonstrated that children with
meconium ileus generally present a lower
birth weight than those without meconium
ileus (20); however, Holsclaw et al. (25)
observed that children with CF and meco-
nium ileus have a higher birth weight than
those without meconium ileus. This finding
was not confirmed by our study; no statisti-
cally significant difference was observed
between groups regarding this variable. The
increased death risk for patients with meco-
nium ileus observed in the present study may
be related to poor nutritional status. As shown
in Table 1, patients presenting with meco-

nium ileus showed a higher deficit in both
weight and height at diagnosis and at the end
of follow-up. This long-term repercussion
on nutritional status was not observed by
other authors (2,20).

The association between genotype and
meconium ileus in CF is uncertain. Usually,
meconium ileus only occurs in patients with
pancreatic insufficiency, and even among
these patients it is only observed in 15% of
cases (26). Some authors suggest that this
condition occurs in patients carrying severe
mutations (4,27); however, this situation is
not always observed (28). In the present
study, of the 9 patients with meconium ileus,
5 presented the F508 mutation which is con-
sidered to be severe.

Several authors have reported an increase
in survival of CF patients and meconium
ileus in the last decades (9,29). The death of
patients with this intestinal obstructive con-
dition was attributed to a generalized infec-
tion following prolonged hospitalization, due
to extensive intestinal resection and conse-
quent malabsorption and undernutrition (30).
The improved outcome in patients with meco-
nium ileus was attributed to the better surgi-
cal techniques employed and immediate post-
operative care (31). A recent study showed
that the main cause of morbidity and mortal-
ity in these children are pulmonary compli-
cations of CF (24). This finding is consistent
with other studies showing that early diagno-
sis of CF improves the short-term prognosis
but does not affect progression of the dete-
rioration of the pulmonary condition in the
long term (10,32). It is important to note that,
in our study, the mean age of survival was 9
years for patients without meconium ileus,
and 3.2 years for patients with meconium
ileus. In other words, patients with this con-
dition have a proportionally lower survival
rate and die at a younger age. Therefore, in
our unit there seems to be a combination of
factors contributing to a worse prognosis.
The persistence of the compromised nutri-
tional status and the early deterioration of
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the pulmonary condition, demonstrated by
the fact that 3 children received oxygen
therapy before death, may act in a synergis-
tic way to reduce survival.

We should also mention the delay in the
diagnosis of CF in patients with meconium
ileus referred to our unit. In the present
study, the mean age at diagnosis of children
with meconium ileus was 3.6 months, an age
much higher than that at other centers. Of the
37 patients with meconium ileus followed
up by Kraemer et al. (33), all were diagnosed
during the first days of life. This calls atten-
tion to the fact that the diagnosis of meco-
nium ileus is being made late in the State of
Minas Gerais, given that it is an important
cause of intestinal obstruction which might
be still detected in utero by ultrasound of the
pregnant mother. Unfortunately, most of
these patients were born in hospitals without

neonatal intensive care units or other facili-
ties like parenteral nutritional therapy. Be-
sides, the patients were referred later to our
unit and this fact probably affected nega-
tively their clinical condition. Several au-
thors have shown that early diagnosis pre-
vents the serious respiratory complications
responsible for the early death of these pa-
tients. Therefore, although most of our pa-
tients presented an uncomplicated form of
meconium ileus, at diagnosis they were al-
ready affected and presented a seriously com-
promised nutritional status.

Thus, we believe that the survival of
children admitted to our unit may be im-
proved by the participation of a multidisci-
plinary group, including neonatologists and
pediatric surgeons, which could provide early
diagnosis and adequate treatment for this
condition within a reasonable period of time.
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