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Ranitidine is Associated With Infections, Necrotizing
Enterocolitis, and Fatal Outcome in Newborns

WHAT’S KNOWN ON THIS SUBJECT: Although still off-label for
newborns, the use of inhibitors of gastric acid secretion
continues to increase. Acid-suppressive drugs could facilitate the
onset of infections in adults and children. Evidence for efficacy is
weak in newborns, particularly if preterm.

WHAT THIS STUDY ADDS: This is the first prospective study
demonstrating an association between the use of ranitidine and
infections, necrotizing enterocolitis, and fatal outcome in very low
birth weight newborns. Caution is advocated in using ranitidine in
newborns.

abstract
BACKGROUND AND OBJECTIVES: Gastric acidity is a major nonimmune
defense mechanism against infections. The objective of this study was
to investigate whether ranitidine treatment in very low birth weight
(VLBW) infants is associated with an increased risk of infections, nec-
rotizing enterocolitis (NEC), and fatal outcome.

METHODS: Newborns with birth weight between 401 and 1500 g or
gestational age between 24 and 32 weeks, consecutively observed
in neonatal intensive care units, were enrolled in a multicenter pro-
spective observational study. The rates of infectious diseases, NEC,
and death in enrolled subjects exposed or not to ranitidine were
recorded.

RESULTS: We evaluated 274 VLBW infants: 91 had taken ranitidine and
183 had not. The main clinical and demographic characteristics did not
differ between the 2 groups. Thirty-four (37.4%) of the 91 children
exposed to ranitidine and 18 (9.8%) of the 183 not exposed to
ranitidine had contracted infections (odds ratio 5.5, 95% confidence
interval 2.9–10.4, P , .001). The risk of NEC was 6.6-fold higher in
ranitidine-treated VLBW infants (95% confidence interval 1.7–25.0, P =
.003) than in control subjects. Mortality rate was significantly higher
in newborns receiving ranitidine (9.9% vs 1.6%, P = .003).

CONCLUSIONS: Ranitidine therapy is associated with an increased
risk of infections, NEC, and fatal outcome in VLBW infants. Caution
is advocated in the use of this drug in neonatal age. Pediatrics
2012;129:e40–e45
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Infections are a common cause of
morbidity and mortality in premature
infants.1 Gastric juice is a major non-
immune defense mechanism against
infections.2 Treatment with inhibitors
of gastric acid secretion leads to in-
sufficient elimination of several inges-
ted pathogens.3–11 Many studies show
that these drugs facilitate the onset of
infections in adults3–7,12 and children,
as we recently demonstrated.10 There
is evidence of an increased risk of
infections and necrotizing enterocolitis
(NEC) related to the use of histamine-2
receptor (H2-R) blockers and proton
pump inhibitors in neonates.13–15 These
medications, like many others admin-
istered in neonatology, have not been
approved by the US Food and Drug
Administration for use in this popula-
tion and are prescribed in an off-label
manner because of the perceived
safety and potential benefit demon-
strated for older populations. Despite
these aspects, the use of these drugs
has progressively increased.12,16 In the
NICU, the most common indications
for the administration of inhibitors of
gastric acid secretion are prophylaxis
or therapy of stress ulcers and gas-
troesophageal reflux disease (GERD),15–17

but their efficacy in preterm infants
is still debated.16 In this context, we
conducted a safety study to determine
whether there was an increased risk of
infectious diseases, NEC, and mortality
in preterm newborns exposed to ranit-
idine treatment.

METHODS

Populations

Newborns with birth weight ranging be-
tween 401 and 1500 g or gestational age
between 24 and 32 weeks, consecutively
observed in 4 Italian NICUs (University
Federico II, Naples; Fatebenefratelli Hos-
pital, Naples; Meyer Pediatric Hospital,
Florence; V. Betania Evangelic Hospital,
Naples), from January 2006 to June 2007,
were considered eligible for the study.

Exclusion criteria were immunodefi-
ciency, malformations, evidence of
infections or NEC before enrollment,
critical conditions (blood pH , 6.8, or
hypoxia with persistent bradycardia for
at least 1 hour), ranitidine therapy for
fewer than 7 days, and hospitalization
for fewer than 8 weeks. We evaluated 2
cohorts of very low birth weight (VLBW)
newborns: those exposed or not ex-
posed to ranitidine treatment. Indica-
tions, dosage, and duration of ranitidine
treatment were decided by the care-
givers of each NICU, who were unaware
of the study aims. The study protocol
was approved by the Ethics Committee
of the University of Naples Federico II.
Written informed consent was obtained
from the parents.

Outcome Measures

The main end point of the study was
the rate of infections in newborns
exposed or not exposed to ranitidine
treatment. Secondary outcomes were
occurrence of NEC (Bell stage .II),
mortality, and duration of hospital stay.18

Sepsis was defined by the presence
of signs suggestive of infection associ-
ated with a positive blood culture,
as previously described.19 Pneumonia
was defined by the presence of clinical
signs (progressive increase in oxygen
requirement, bradycardia, and/orapnea,
tachypnea, or dyspnea) associated
with positive culture of endotracheal
aspirate (when patients were intu-
bated) and with pathologic signs at
chest examination and radiograph.20

Urinary tract infections (UTI) was di-
agnosed when a positive urine culture
together with clinical findings, such as
sign of sepsis, weight loss, or growth
retardationwere present.21 Diagnosis of
NEC and Bell stage were decided on
the basis of standardized clinical and
radiologic criteria.22

Data Collection

Researchers not in charge of the
clinical management of the subjects

enrolled, and unaware of the study
aims, prospectively collected data
regarding: gestational age (GA); birth
weight (BW); Apgar score; Critical Risk
Index for Babies (CRIB) score; occur-
rence of infections or NEC; antibiotic
therapy; indications for and dosage of
ranitidine treatment; duration of rani-
tidine treatment; modality and dura-
tion of mechanical ventilation; oxygen
therapy; presence and duration of cen-
tral vascular access; intraventricular
hemorrhage (IVH); persistent ductus
arteriosus (PDA); time to reach full
enteral feeding; results of microbiolog-
ical, radiologic, and laboratory tests;
diagnosis of stress-induced peptic dis-
ease and of GERD, time to discharge, or
death.

Feeding Protocol

Enteral feeding was started on the
first day of life at 10 mL/kg per day,
distributed in 8 to 12 feeds, using
preterm formula in all stable infants.
Maternal unfortified milk was ad-
ministered when available. Aspirate
residue from the orogastric tube and
abdominal circumference were mea-
sured before each feed. The total
amount of gastric residue was cal-
culated daily. In the absence of food
intolerance during the previous 24
hours, the total amount of enteral
nutrition was increased by 10 to 20
mL/kg per day. Enteral nutrition was
discontinued in case of erythematic
abdominal wall, absence of bowel
sounds, or blood in the stools or in
aspirates, associated with radiologic
markers of NEC-Bell stage higher than
I.23 Parenteral nutrition was admin-
istered through a central vascular
access in all infants to maintain an
adequate intake of fluids, electrolytes,
and nutrients, until full enteral feeding
(120 kcal/kg per day) was reached.
Fluids were started at 70 to 100 mL/kg
per day with increments of 10 to 20
mL/kg per day until 150 to 180 mL/kg
per day.
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Statistics

Weestimatedaminimumsample size of
90 patients for each group to obtain a
powerof thestudyof90%(type1error=
0.05 with a 2-tailed test), considering
the smallest difference in proportion of
infectious diseases to be 20% (spe-
cifically, 10% vs 30%). The Kolmogorov-
Smirnov test was used to determine
whether variables were normally dis-
tributed. For continuous variables,
groups were compared using the
t test, and the Mann-Whitney U test. The
x2 test and Fisher’s exact test were
used for categorical variables. For 2
related dichotomous variables, the
McNemar test was used to detect dif-
ferences before and after the use of
ranitidine. Risks of sepsis, pneumonia,
and UTI (plus 95% confidence intervals
[CIs]) in patients treated with raniti-
dine were estimated. We performed
a multivariate analysis using binary
logistic regression analysis to evalu-
ate whether GA, BW, sex, Apgar score,
CRIB score, IVH, PDA, central vascular
access, or mechanical ventilation af-
fected the prescription of ranitidine.
The level of significance for all statis-
tical tests was 2-sided, P , .05. Sta-
tistical analysis was performed by
a statistician blinded to patient group
assignment, using SPSS, version 16.0
for Windows (SPSS Inc., Chicago, IL).

RESULTS

A total of 309 VLBW newborns were
evaluated. Thirty-five infants were ex-
cluded because of critical clinical con-
ditions (10 patients), malformations (8
patients), sepsis before enrollment (12
patients), and length of hospitalization
fewer than 8 weeks (5 patients). Thus,
we obtained data from 274 infants (120
from the University of Federico II,
Naples; 45 from the Fatebenefratelli
Hospital, Naples; 23 from the Meyer
Pediatric Hospital, Florence; and 86
from V. Betania Evangelic Hospital,
Naples). Ninety-one of these infants had

received ranitidine (42 as prophylaxis
of stress-induced peptic disease; 49
because of suspected GERD), and 183
represented the control cohort of
newborns not exposed to ranitidine. In
all cases, the diagnosis of GERD was
made based on clinical criteria without
pH-metry or endoscopy.

The main demographic and clinical
characteristics of the 2 cohorts were
similar (Table 1). These characteristics
did not differ between patients re-
ceiving ranitidine for prophylaxis of
stress-induced peptic disease and
patients receiving ranitidine for GERD.
Multivariate binary logistic regression
analysis (constant B 6.334) revealed
that the prescription of ranitidine by
physicians was not affected by gesta-
tional age (B 20.167, odds ratio [OR]
0.846, 95% CI 0.694–1.031, P = .098),
birth weight (B 20.001, OR 0.999, 95%
CI 0.997–1.001, P = .444), sex (B 0.708,
OR 2.031, 95% CI 0.972–4.243, P = .060),
Apgar score (1 minute: B 20.147, OR
0.863, 95% CI 0.653–1.141, P = .301; 5
minute: B 20.099, OR 0.905, 95% CI

0.486–1.687, P = .754), CRIB score
(B 0.008, OR 1.008, 95% CI 0.869–1.169,
P = .918), IVH (B 0.755, OR 2.127, 95%
CI 0.635–7.124, P = .221), PDA (B20.281,
OR 0.755, 95% CI 0.323–1.764, P = .516),
central vascular access (B 0.004, OR
1.004, 95% CI 0.960–1.050, P = .855), or
mechanical ventilation (B 20.062, OR
0.940, 95% CI 0.850–1.040, P = .233).

Newborns treated with ranitidine had
more infections (OR 5.5, 95%CI 2.9–10.4,
P , .001), namely sepsis, pneumonia,
and UTI, than newborns not treated
with ranitidine (Table 2). The pathogens
responsible for infections are listed in
Table 3. The mean time to infection af-
ter starting ranitidine treatment was
17.9 days (95% CI 13.0–22.8). Among
infants treated with ranitidine, there
was a slight but not significant in-
crease in drug dosage in subjects pre-
senting infections (intravenous 2.43
mg/kg per day, 95% CI 1.84–3.03 vs 1.85
mg/kg per day; 95% CI 1.55–2.16, P =
.052; enteral route 11.44 mg/kg per day;
95% CI 8.08–14.80 vs 9.82 mg/kg per
day; 95% CI 8.22–11.42, P = .310). The

TABLE 1 Demographic and Clinical Characteristics of the Neonates Enrolled in the Study

Not Exposed
to Ranitidine
(n = 183)

Exposed
to Ranitidine
(n = 91)

P

Birth weight, g 1091 (1057–1124) 1083 (1031–1036) .812
Gestational age, wk 29 (28.7–29.5) 29 (28.7–29.8) .548
Male, n (%) 81 (44.3) 44 (48.4) .522
Apgar score at 1 min 5.8 (5.6–6.1) 5.9 (5.6–6.3) .879
Apgar score at 5 min 7.7 (7.6–7.9) 7.8 (7.6–7.9) .786
CRIB score 1.3 (1.0–1.6) 1.7 (1.3–2.2) .114
Persistent ductus arteriosus, n (%) 48 (26.2) 26 (28.6) .681
Intraventricular hemorrhage stage III-IV, n (%) 11 (6.0) 10 (11.0) .145
Central vascular access duration, d 16 (15–17) 15 (14–17) .967
Duration of endotracheal intubation, d 4.4 (3.7–5.1) 4.3 (3.3–5.2) .853

Data expressed as mean (95% CI) when not specified.

TABLE 2 Rate of Patients Presenting Infections During the Study Period

Not exposed
to Ranitidine
(n = 183)

Exposed
to Ranitidine
(n = 91)

P

Overall infections, n (%) 18 (9.8) 34 (37.4) ,.001
Sepsis, n (%) 16 (8.7) 23 (25.3) ,.001
Pneumonia, n (%) 1 (0.5) 4 (4.4) .043
Urinary tract infections, n (%) 1 (0.5) 7 (7.7) .002
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risk of infections was unrelated to the
duration of ranitidine treatment. NEC
was significantly (P = .003) more fre-
quent (OR 6.6; 95% CI 1.7–25.0) in VLBW
infants treated with ranitidine (9.8%)
than in those not exposed to ranitidine
(1.6%). The risk of NEC was unrelated
to either the dosage or duration of ra-
nitidine therapy. Twelve patients died
during the study. Mortality rate was sig-
nificantly higher in newborns receiving
ranitidine (9.9% vs 1.6%, P = .003), and
hospitalization was significantly longer
in those exposed to ranitidine (median
52 days, interquartile range 43 vs 36
days, interquartile range 22, P, .001).

DISCUSSION

With the aim of increasing information
about the useof drugs outside the terms
of their license (“off-label”) or of drugs
that are not specifically licensed for
use in children (“unlicensed”), the
European Parliament and the European
Medicines Agency made a call for safe-
ty studies on off-label and unlicensed
prescription of ranitidine in newborns.
Similarly, the US Food and Drug Admin-
istration advocated studies on the sa-
fety of off-label drugs in the pediatric
age. Here we reported the results of the
first multicenter prospective study fo-
cusing on the increased morbidity (ie,
infections and NEC) and mortality as-
sociated with ranitidine use in VLBW
newborns.

Previousreportshavesuggestedsimilar
conclusions, although all of them had

some limitations that can be considered
overcame by our study. Graham et al,14

in a retrospective study of the effects
of hand hygiene practices on hospital-
acquired late-onset gram-negative sep-
sis, showed that the inhibitors of gastric
acid secretion entailed an increased
risk of infection in low birth weight
newborns; however, the subjects re-
ceiving inhibitors of gastric acid secre-
tion were more severely ill than those
not receiving this treatment. Differently,
in our study, the prescription of raniti-
dine was not influenced by the severity
of the patient’s clinical condition, as
demonstrated by the multivariate anal-
ysis. Bianconi et al24 reported an asso-
ciation between ranitidine use and the
risk of late-onset sepsis, but they used
a retrospective design and the number
of newborns enrolled was very small.
In a randomized controlled trial, Stoll
et al25 evaluated the relationship be-
tween postnatal steroid exposure and
late-onset sepsis in VLBW infants. They
observed that treatment with dexa-
methasone was associated with an in-
creased risk of sepsis and meningitis.
During the analysis of the factors pres-
ent at randomization, the authors found
an increased use of H2R blocker therapy
in patients developing infections. Un-
fortunately, this study did not differen-
tiate the effect of steroids from those of
the H2R blocker on the risk of infections.
In a prospective study, Beck-Sague
et al13 reported a fourfold increase
in the risk of bloodstream infection in
neonates who received H2R blockers;

however, also in this case, neonateswho
developed infection were more severely
ill and were of lower gestational age on
admission than infants not developing
these infections. Finally, a recent study
suggested an association between NEC
and H2R blockers, but study design was
retrospective.15

Experimental and clinical evidence sug-
gests that infections associated with
the use of inhibitors of gastric acid se-
cretion can occur via diverse mecha-
nisms.11,12 Gastric juice and intestinal
microflora are 2 of the major defense
factors against invasion of the gut by
microorganisms. In particular, the lack
of normal gastric destruction of patho-
gens could be considered the most
important aspect that predispose to
infections. The preservation of gastric
acid secretion during phylogenesis
supports the biological importance of
this high-energy consuming system de-
veloped to inactivate ingested micro-
organisms. Gastric juice consists of HCl
and pepsin, which kills bacteria within
15 minutes when the pH in the stomach
is lower than 3.0. At a higher pH, a state
defined as “hypochlorhydria,” bacterial
overgrowth and infections are more
common.26 Quantitative and qualitative
changes in the composition of the in-
testinal microflora are associated with
the development of sepsis and NEC.12,15

Thus, it is conceivable that hypochlo-
rhydria induced by ranitidine may sig-
nificantly alter the intestinal microflora,
which, in turn, could contribute to the
increased susceptibility to infections
and the abnormal immune activation
observed during NEC. The development
of NEC could be a result of the selec-
tive advantage acquired by pathogens,
such as Escherichia coli and Klebsiella
pneumonia, during inhibition of gastric
acidity,1–4,9,12,15,27 as confirmed by our
microbiological evaluations. Further-
more, the direct effect exerted by ra-
nitidine on the immune system could
influence the risk for NEC in neonates.28–30

TABLE 3 Pathogens Responsible for Infectious Episodes During the Study

Not exposed
to Ranitidine

(n = 18 of 183), n (%)

Exposed
to Ranitidine

(n = 34 of 91), n (%)

P

Escherichia coli 2 (11.1) 10 (29.4) ,.001
Klebsiella pneumoniae 1 (5.5) 8 (23.5) .001
Pseudomonas aeruginosa 1 (5.5) 6 (17.6) .006
Candida albicans 5 (27.7) 3 (8.8) .794
Serratia marcescens 0 (0.0) 1 (2.9) .332
Staphylococcus coagulase neg. 6 (33.3) 6 (17.6) .735
Group B Streptococcus 1 (5.5) 0 (0.0) .480
Other pathogens 2 (11.1) 0 (0.0) .317
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Activation of H2R alters the production
of inflammatory cytokines and disrupts
the Th1–Th2 balance, thereby leading to
insufficient control of infections and in-
flammation at the intestinal level.31–33

In VLBW infants, the diagnosis of gas-
tric acid–related diseases is based on
the evaluation of nonspecific symptoms,
and the empirical treatment is fre-
quently the first diagnostic test.16,34 In
addition, there is no clear evidence that
H2R blockers are beneficial in many
clinical conditions typical of neonatal
age, such as apnea.15,17,35,36 The results
of this study suggest that ranitidine
should be administered only after a
careful consideration of the risk-benefit
ratio. In addition, in our study, we
observed an increased mortality in

newborns receiving ranitidine. Mortal-
ity in this group exposed to ranitidine
was∼ 6 times higher than in newborns
not exposed to ranitidine treatment.
This suggests that caution should be
exercised regarding the administration
of ranitidine in subjects such as VLBW at
high risk of death per se. Finally, the
administration of ranitidine in VLBW
infants increases health care costs be-
cause of prolonged hospital care. In
western countries, the median cost of
hospitalization is estimated to be
about $1250 per day for a VLBW infant.37

The difference in median duration of
hospitalization between the 2 groups
of our study was 20 days, thereby re-
sulting in a reduction of about $25 000
per patient.

CONCLUSIONS

Ranitidine should be administered with
care in preterm infants because of the
risk of severe infectious disease, NEC,
and fatal outcome. Further studies are
necessary to investigate the pathogen-
esis of these effects and the possible
prophylactic measures that could be
taken to prevent them.
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