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Abstract

Background: The association between macrolides use and subsequent occurrence of infantile hypertrophic pyloric
stenosis (IHPS) is still debatable. The aim of this study was to conduct a systematic review and meta-analysis of the
association between perinatal exposure to macrolides, mainly erythromycin, and the development of pyloric
stenosis.

Methods: Original studies were identified using MEDLINE, Web of Science, Scopus, Google Scholar, and the
Cochrane Library databases. Studies investigating the association between perinatal exposure to macrolides and
pyloric stenosis were included. The most adjusted effect estimates were pooled using random-effects meta-analysis.
The I and Egger’s tests were used to assess heterogeneity and publication bias, respectively.

Results: Fourteen papers (12 retrospective cohort studies and two case-control studies) were included. For
postnatal exposure, the overall estimate of seven cohort studies indicated a statistically significant association
(RR=3.17, 95% Cl: 2.38-4.23; I = 10.0%) with no evidence of publication bias (Egger P=0.81). For prenatal
exposure, six cohort studies and two case-control studies were included. Meta-analysis demonstrated a statistically
significant association in the cohort studies (OR = 147, 95% Cl: 1.03-2.09; I = 29.3%), but not in the case-control
studies (OR =102, 95% Cl: 0.66-1.58; 1 = 51.2%). The overall pooled result was not statistically significant. Only two
studies were included for exposure through breastfeeding, and the estimates did not show a statistically significant
association (OR = 1.31; 95% Cl: 042-4.1; I* = 69.1%).

Conclusions: The study demonstrated good evidence of association between development of IHPS and direct
postnatal exposure to macrolides. However, the evidence on the effects of prenatal exposure or postnatal maternal
exposure (breastfeeding) is not conclusive.
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Background
Infantile hypertrophic pyloric stenosis (IHPS) is a com-
mon cause of gastrointestinal obstruction in infancy,
affecting up to three of 1000 live births [1, 2]. It is also
the most acquired cause for surgical operation in the
early days of life [3]. The underlying pathology is muscle
hypertrophy at the pyloric region [4], which leads to ob-
struction of the gastric outlet. The infant commonly pre-
sents with projectile non-bilious vomiting and some
degree of dehydration in the first 2—-12 weeks of life. Ini-
tially, investigators thought that IHPS had a congenital
origin, but it is now believed to be an acquired condi-
tion. The exact etiology remains unknown, but genetic
and environmental factors have been implicated as risk
factors for IHPS occurrence [5-8]. For example, having
a caesarean section, prematurity, primiparity, young ma-
ternal age, and smoking were reported as significant
IHPS risk factors [9]. IHPS has also been shown to have
strong familial aggregation, especially among twins [10].
One suspected environmental risk factor is the exposure
to macrolides—mainly erythromycin—in early infancy;
however, supporting evidence for this association remains
elusive [11]. Both infants and mothers could need antibi-
otics during the perinatal period, including macrolides.
For example, macrolides are the recommended medica-
tions for treatment and prophylaxis of pertussis in infants
[12], and erythromycin is recommended for the treatment
of chlamydia infection in pregnancy. The proposed ex-
planation of the association with pyloric stenosis is that
erythromycin, which is a motilin agonist, interacts with
motilin receptors and this stimulates contraction of the
gastrointestinal smooth muscles; these contractions could
produce hypertrophy of the pylorus [13]. The aim of the
present study was to conduct a systematic review and
meta-analysis of the association between exposure to
macrolides, including erythromycin, and the development
of pyloric stenosis.

Methods

Identification of studies

A systematic literature search was conducted to identify
articles that discussed the association between macrolide
exposure and the development of pyloric stenosis by
accessing the following databases: MEDLINE (PubMed
interface), Web of Science, Scopus (including EMBASE
records), Google Scholar, and the Cochrane Library. The
search was carried out until May 2018 and had no time
or language restrictions. The following terms were used
both as medical subject heading terms and keywords in
the search process: pyloric stenosis, pyloric hyper-
trophy, pyloric stricture, pyloromyotomy, and macro-
lides as well as individual macrolide antibiotic names
(e.g. erythromycin). The full search strategy is available
in Appendix A. References in the selected articles were
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further explored to find other relevant studies for the
analysis. Data retrieval was performed independently by
the two investigators and further cross-checked. End-
Note software was used to compile references and to
check and remove duplicates.

Study selection

The articles identified in the literature search process were
selected based on the title and abstract in the first stage,
and then based on the full text of selected articles in the
second stage. We included articles that satisfied the
following criteria: i) investigated the association between
infant exposure to macrolides (including infant use, as
well as prenatal and postnatal maternal use) and pyloric
stenosis; ii) reported original data from interventional or
observational study; and iii) reported effect measures with
their confidence intervals or data required to calculate
them. The exposure of interest was infant exposure to
macrolides, including prenatal and postnatal exposure,
while the outcome of interest was pyloric stenosis. The
selection was performed by one researcher and double-
checked independently by the other researcher. The most
adjusted effect estimate from each included study was
used for the meta-analysis.

Data extraction

Relevant data extracted from the selected articles in-
cluded the first author, country, study design, study
period, ascertainment of exposure and outcome, data
analysis methods, exposure categories and timing, crude
and adjusted effect estimates, and confounding factors
used for adjustment.

Assessment of risk of bias

We assessed the risk of bias in individual studies using
the Newcastle-Ottawa Scale for assessing the quality of
nonrandomized studies in meta-analyses [14]. This scale
uses a star system to assess the risk of bias, where each
study is given a number of stars out of a total of nine
possible stars. When no explicit statement specified
what factors were adjusted in the analysis, the analysis
was considered not adjusted.

Statistical analysis

The primary meta-analysis was based on random-effects
modeling to calculate the overall odds ratio (OR) and
95% confidence interval (CI) for pyloric stenosis to com-
pare macrolide exposure versus non-exposure. For
meta-analysis, we selected the most adjusted estimate
from each study. We used the OR or the risk ratio re-
ported by the original studies; however, if the rate ratio
was reported, we used the raw data to calculate OR for
use in the meta-analysis. Two studies reported results
with zero cells in one of the arms. In those cases, we
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used the method of adding 0.5 to each cell [15]. How-
ever, if a study had zero cells in both arms, we discarded
it from meta-analysis.

We executed separate meta-analyses for direct infant
exposure, prenatal maternal exposure, and postnatal
maternal exposure. The I? test statistic was used to as-
sess the heterogeneity of the studies. Egger’s linear
regression method was used to assess publication bias.
Stata 13 was used for all statistical analyses. We
followed the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) [16] guidelines
and Meta-analysis of Observational Studies in Epidemi-
ology (MOOSE) [17] to report the results. This study
was exempted from review by the College of Medicine
Institutional Review Board.

Results

Description of studies

In total, 14 eligible articles were identified that involved a
total 7755 cases of pyloric stenosis. Figure 1 summarizes
the selection process. The selected articles consisted of 12
retrospective cohort studies [2, 4, 18-27] and two
case-control studies [28, 29]. Two further randomized

(2019) 45:20

Page 3 of 9

controlled trials [30, 31] were also identified but were ex-
cluded because they had no events (zero cells) in both
arms. Table 1 summarizes the studies included in the
current systematic review.

Infant exposure (postnatal direct use)

We investigated the association between infant exposure
(up to 120 days of life) to erythromycin and IHPS by
pooling the results of seven cohort studies [4, 19, 21-23,
26, 27]. The overall estimate indicated a statistically
significant association (RR=3.17, 95% CI: 2.38—4.23;
I> = 10.0%; Fig. 2). We found no evidence of publication
bias (Egger P = 0.81).

We noticed potentially inconsistent results in the
study by Cooper et al. [19], who reported an adjusted in-
cident rate ratio of 2.05 (95% CI: 1.06—3.97). However,
calculating the OR from the reported raw data gave an
OR of 0.49 (95% C.I. =0.25-0.94), which was the recip-
rocal of the ratio and 95% C.L reported in the paper. We
contacted the corresponding author, who explained that
the reported result was the adjusted estimate. Our main
analysis discussed above was based on the reported
adjusted estimate. However, we tested the effect of this

-
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%
Study RR (95% CI) Weight
Ericson, 2015 L 1.92 (0.98, 3.85) 15.63
Cooper, 2002 —— 2.05 (1.06, 3.97) 16.65
Ludvigsson, 2015 2.71(0.17, 43.52) 1.07
Lund, 2014 — 3.56 (2.17, 5.85) 26.99
Eberly,2015 — 3.94 (2.4, 6.36) 28.52
Mahon, 2001 —_ 4.98 (2.09, 11.86) 10.15
Honein,1999 12,51 (0.71, 221.10) 0.99
Overall (I-squared = 10.0%, p = 0.353) O 3.17 (2.38, 4.23) 100.00
NOTE: Weights are from random effects analysis
T T T T T
51 2 4 8 16 32
Fig. 2 Forest plot for the meta-analysis of the estimates for the association between infant exposure to erythromycin and IHPS

J

study on the meta-analysis results by running another
meta-analysis using estimates based on the raw data
from the Cooper study; the analysis still showed a posi-
tive association (RR =2.52, 95% CI: 1.24-5.15), but with
a high level of heterogeneity among studies (I* = 81.7%).
In addition, running the meta-analysis while omitting
the Cooper study produced similar results to the esti-
mates obtained by our main analysis (RR = 3.47; 95% CI:
2.60-4.62; I* = 0.0%).

Four studies provided separate reports on the associ-
ation between the exposure to erythromycin during first
two weeks of life and IHPS. All four studies found a
positive association and had a higher effect estimate
compared to those reported by the same studies for any-
time exposure. Specifically, Mahon et al. [27] reported a
relative risk of 10.51 (95% CI, 4.5-24.7) and Eberly et al.
[21] reported an OR of 13.3 (95% CI, 6.8—-25.9), whereas
Cooper et al. [19] reported an incidence rate ratio of
7.88 (95% CI, 1.97-31.57) and Lund et al. [26] reported
a rate ratio of 29.8 (95% CI, 16.4—54.1). The effect esti-
mates for erythromycin exposure during first two weeks
of life could not be pooled due to the varying types of ef-
fect estimates used in the four individual studies.

Prenatal exposure (maternal use during pregnancy)

Six cohort studies [18, 20, 24—27] and two case-control
studies [28, 29] reported on the association between pre-
natal exposure to macrolides and IHPS. Meta-analysis of
these studies (Fig. 3) demonstrated a statistically signifi-
cant association in the cohort studies (OR =1.47, 95%
CL 1.03-2.09; I? =29.3%), but not in the case-control

studies (OR =1.02, 95% CI: 0.66-1.58; I> =51.2%). The
overall pooled results did not achieve statistical signifi-
cance (OR =1.28, 95% CI: 0.97—1.70; I* = 40.4%) and no
publication bias was evident (Egger P = 0.309).

We separately assessed the association with prenatal
exposure to erythromycin by pooling the estimates from
four cohort studies [20, 24-26] and two case-control
studies [28, 29] (Fig. 4). No statistically significant asso-
ciation was noted among the cohort studies (OR =1.12;
95% CI: 0.75-1.66; 12 = 52.7%) or the case-control stud-
ies (OR = 0.92; 95% CI: 0.65-1.31; I* = 3.1%).

Postnatal maternal exposure (indirect infant exposure
through lactation)

Only two studies [2, 26] were identified that assessed the
association between IHPS and postnatal maternal expos-
ure while breastfeeding the infant. Meta-analysis of the
estimates from these two studies did not show any sta-
tistically significant association (OR=1.31; 95% CL
0.42-4.1; I = 69.1%).

Discussion
This meta-analysis study reviewed the association between
macrolide exposure, focusing on erythromycin, and the
development of pyloric stenosis in infants at different
times of exposure: prenatal, direct postnatal infant use,
and indirect postnatal through maternal use and feeding.
The main finding in this meta-analysis was the strong
association between direct postnatal infant exposure to
erythromycin and IHPS (RR =3.17, 95% CI: 2.38—4.23).
Individual studies reporting on the time of exposure
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%
Study RR (95% CI) Weight

Retrospective Cohort

Rookkapan, 2008 — 1.05(0.43, 2.55) 7.79
Dinur, 2013 ! 1.06 (0.07, 17.17) 1.02
Lund, 2014 - . 1.14(0.79, 1.64) 21.83
Mahon, 2001 PR | — 1.19 (0.60, 2.30) 11.67
Kallén, 2005 —_— 2.51(0.92,546) 7.78
Cooper,2002 — 2.66 (1.36, 5.18) 11.74
Subtotal (I-squared = 29.3%, p = 0.216) <> 1.47 (1.03,2.09) 61.83

Case Control

Louik , 2002 — 0.83 (0.56, 1.23) 20.62
Lin, 2013 —_— 1.30 (0.81,2.08) 17.55
Subtotal (I-squared = 51.2%, p = 0.152) <> 1.02 (0.66, 1.58) 38.17
Overall (I-squared = 40.4%, p = 0.110) <> 1.28(0.97,1.70) 100.00

NOTE: Weights are from random effects analysis

T T T T
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Fig. 3 Forest plot for the meta-analysis of the estimates for the association between IHPS and prenatal exposure to macrolide by study design
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Case Control

Louik , 2002 —_— 0.83 (0.56, 1.23) 22.66
Lin, 2013 —_— 1.25(0.63, 2.48) 11.15
Subtotal (I-squared =3.1%, p =0.310) <:]> 0.92 (0.65, 1.31) 33.81
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Overall (I-squared = 39.4%, p = 0.143) <> 1.05 (0.81, 1.36) 100.00

NOTE: Weights are from random effects analysis
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Fig. 4 Forest plot for the meta-analysis of the estimates for the association between IHPS and prenatal exposure to erythromycin by study design
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have indicated a strong association for early exposure dur-
ing the first two weeks of life. Conversely, indirect expos-
ure through maternal use, either prenatally or postnatally,
has a limited association with the risk of IHPS.

For prenatal exposure, our meta-analysis of cohort stud-
ies showed a modest increase in risk with marginal statis-
tical significance for prenatal exposure to macrolides;
however, the pooled results of the cohort and case-control
studies could not achieve statistical significance. Prenatal
erythromycin exposure was not associated with IHPS
based on the pooled results of either the cohort studies or
the case-control studies. Although the placental transfer
of erythromycin is documented, the amount transferred is
limited to around 2.6% of the maternal serum concentra-
tion [32]. Limited transplacental transfer has also been
observed for roxithromycin and azithromycin [33]. In
contrast, clarithromycin has shown a high transplacental
transfer [34]. Different macrolides appear to have different
transplacental transfer capacities, which may explain the
mixed results among individual studies and the less prom-
inent effect of erythromycin exposure during pregnancy
compared to direct postnatal infant exposure.

For postnatal maternal exposure (breastfeeding), our
pooled results did not show a statistically significant
association with IHPS. Biologically, the macrolides are
secreted in breast milk; however, the measurable levels
in breast milk are much smaller than the standard thera-
peutic doses used in infants [26]. Noticeably, Lund et al.
reported a higher rate ratio among infants exposed to
macrolides through breastfeeding during the first two
weeks of life (Rate Ratio=3.49; 95% CI=1.92-6.34)
compared to infants exposed during the 14-120 days
period (Rate Ratio =0.7; 95% CI=0.26-1.90) [26]. This
finding agrees with those for direct infant exposure dis-
cussed above, where exposure during the first two weeks
of life had a higher risk of IHPS.

A common theory for explaining how erythromycin
can lead to IHPS is its interaction with motilin receptors
[23]. Erythromycin is proposed to act as a motilin agon-
ist that leads to increased activity of the migrating motor
complexes and strong gastric and duodenal contractions.
Frequent contractions, in turn, are believed to lead to
pyloric hypertrophy and subsequent obstruction. This
theory is supported by the delayed occurrence of IHPS
among premature infants, since motilin receptors are
not functional prior to 32 weeks of gestation [23]. In
fact, Hussain and Herson [35] conducted a preliminary
database analysis and concluded that premature infants
maybe less susceptible to IHPS as a result of exposure to
erythromycin compared to term infants.

The present study has also some limitations. First, most
of the included studies are based on registry data. Al-
though the use of registry data overcomes the problem of
recall bias, the ascertainment of exposure and outcome is
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not always optimum. For example, registry data can con-
firm a medication prescription, but cannot guarantee ad-
herence to the antibiotic protocol by the women or
infants (except for hospitalized patients). Moreover, the
completeness of the data within the registry databases was
also questioned previously due to the delayed registration
of infant data [36]. Second, the number of studies included
in the analysis was small, especially when we studied the
association with postnatal maternal use. Only two studies
have been identified regarding the association between
IHPS and postnatal maternal exposure (breastfeeding). Al-
though we followed the recommended practice [37, 38]
and opted to pool the results to get the best available esti-
mate, the results need cautious interpretation due to the
limited number of underlying studies. Finally, the accuracy
of the risk estimate may be influenced by the quality of
the included studies. We assessed the risk of bias in indi-
vidual studies using a recommended tool (NOS); two
studies scored six out of nine, while the remaining studies
scored seven or higher.

Conclusion

This meta-analysis synthesizes the best available evidence
to give a single estimate of the association between peri-
natal macrolide exposure and IHPS, providing valuable in-
formation for researchers, clinicians, and policy-makers.
In summary, good evidence supports an increased risk of
IHPS due to direct infant exposure to erythromycin. How-
ever, the evidence on the effects of prenatal or postnatal
maternal exposure is not conclusive and the current re-
search available does not support the presence of an
association.

Appendix A: PubMed search strategy

1. Macrolides OR azithromycin OR clarithromycin
OR erythromycin OR telithromycin OR spiramycin
OR midecamycin OR oleandomycin OR
Fidaxomicin OR roxithromycin OR josamycin OR
troleandomycin OR miocamycin OR dirithromycin
OR flurithromycin

2. ((Pyloric stenosis) OR (pyloric hypertrophy) OR
pylorostenosis OR (gastric outlet obstruction) OR
(pyloric stricture) OR (hypertrophied pylorus) OR
pyloromyotomy OR (intestinal obstruction))

3. #1 AND #2
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