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The Effects of Ranitidine Treatment on the Risk 
of Necrotizing Enterocolitis in Preterm Infants: 
A Case-Control Study

Zlatan Zvizdic1, Emir Milisic1, Asmir Jonuzi1, Sabina Terzic2, Denisa Zvizdic3, Semir Vranic4, 5,*

A B S T R AC T
Introduction: Gastric acidity plays an important role in the protection of infants against various pathogens from the environment. The 
histamine-2 receptor blockers (H2-blockers) are off-labeled drugs that are frequently prescribed in preterm neonates to prevent stress 
ulcers. The impact of the H2-blockers on the development of the necrotizing enterocolitis (NEC) in preterm infants is still controversial, 
particularly in the developing world.
Materials and Methods: One hundred twenty-two preterm infants were enrolled in the study. The multivariate logistic regression model 
was used to identify potential postnatal risk factors associated with NEC.
Results: Preterm infants (n = 51) with total NEC, medical NEC, and surgical NEC had the highest rate of receiving ranitidine compared with 
controls (n = 71) (39.2%, 19.6%, and 47.6%, p < 0.05). Logistic regression analysis revealed that ranitidine use and nosocomial infections 
were significantly associated with NEC development (odds ratios 1.55 and 3.3).
Conclusions: We confirm that ranitidine administration was associated with an increased risk of NEC in preterm infants. H2-blockers use 
should be only administered in very strictly selected cases after careful consideration of the risk-benefit ratio.
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INTRODUCTION

Despite many advances in the treatment of vulnerable 
preterm infants, necrotizing enterocolitis (NEC) remains 
the most common gastrointestinal tract emergency in the 
neonatal period with a substantial morbidity and a mor-
tality rate (1–3). These rates may be substantially higher 
in developing countries (4–7). The well-established risk 
factor for NEC is prematurity while bowel ischemia, en-
teral feeding, and bacterial colonization pose an additional  
risk (8).

Prescription of inhibitors of gastric acid secretion 
(IGAS)/histamine-2 receptor blockers (H2-blockers) in 
preterm infants has been a widespread practice in the neo-
natal intensive care units (NICUs) because H2-blockers 
may prevent the gastric bleeding. The bleeding is usually 
caused by septic shock, hypotension, ischemia, and drugs 
such as indomethacin and corticosteroids (9). However, an 
increasing evidence suggests that some external factors 
including those that reduce gastric pH may affect the gas-
trointestinal bacterial milieu and thus predispose prema-
ture infants to inflammatory bowel disorder (10). Gastric 
acidity is considered a major non-immune defense barri-
er against infections in neonates through the reduction of 
the number of ingested bacteria. It consequently reduces 
the possibility of bacterial dissemination into the blood-
stream via an immature and leaky gut barrier (11). Hence, 
the pathophysiological mechanism responsible for gas-
trointestinal bacterial overgrowth prompting infections 
may be triggered by blockade of gastric acid secretion by 
administration the H2-blockers (e.g., ranitidine, cimeti-
dine) and proton pump inhibitors (PPIs; e.g., omeprazole). 
Bacterial overgrowth and infections due to an inefficient 
elimination of ingested pathogens are more common if 
gastric acidity is suppressed and the gastric pH rises above 
4.0 (12–15). Since bacterial colonization and translocation 
are some of the important mechanisms in the pathogene-
sis of NEC, it is understandable the finding of some studies 
that the use of H2-blockers may predispose the develop-
ment of NEC (16–18). Notably, Singh et al. could not con-
firm an association between H2-blockers administration 
and an increased risk of infection and NEC in preterm  
infants (19).

Several other risk factors for the NEC development in 
the neonatal intensive care units (NICU) have been report-
ed including the use of invasive respiratory support (20), 
administration of morphine sulfate (21), the presence of 
circulation impairment requiring inotropic drug admin-
istration (22), erythrocyte transfusions (23), and nosoco-
mial infections (24).

The data related to NEC are limited from resource-lim-
ited countries where the burden of infection is often 
the highest (25). In this context, we investigated the re-
lationship between H2-blockers use and the develop-
ment of NEC in a pediatric population originating from 
a  middle-income population (Bosnia and Herzegovina). 
In addition, we explored other potential postnatal risk 
factors associated with NEC using multivariate logistic  
regression.

PATIENTS AND METHODS

PATIENTS AND SELECTION CRITERIA
We conducted a case-control study at the level III neona-
tal intensive care unit (NICU) of the University Clinical 
Center Sarajevo (Bosnia and Herzegovina), on 122 preterm 
infants classified into NEC group and control group. All 
patients were treated in the period 2008–2012. Sixty-sev-
en (55%) of infants were born at our obstetrics department 
while the remaining 55 patients (45%) were transferred 
from other hospitals, typically (98%) within 24 hours fol-
lowing the birth.

NEC group included 51 consecutive preterm infants 
treated for NEC ≥ stage II. Based on the severity of the 
disease, the NEC group was further divided into medical 
NEC and surgical NEC groups. A randomly selected control 
group (N = 71) was formed from preterm infants without 
NEC whose clinical features were similar to those in the 
exposed group. The control group was treated in the same 
period as the NEC group (2008–2012).

The eligibility criteria were gestational age at delivery 
< 37 weeks of gestation and diagnosis of NEC ≥ stage II, 
defined according to modified Bell’s staging criteria (26). 
Gestational age was determined by an early ultrasound 
and recorded as completed weeks. A  preterm birth was 
defined as any birth before 37 weeks of gestation or fewer 
than 259 days since the first day of the woman’s last men-
strual period. Medical NEC was defined as NEC that met 
Bell stage IIA, IIB, or IIIA criteria (26). Surgical NEC was 
defined as NEC requiring a  surgical treatment and met 
Bell stage IIIB criteria (Supplemental Table 1). The infants 
were ineligible if they had major congenital anomalies, 
congenital heart disease, and gastrointestinal disorders 
that required surgery. The preterm infants who developed 
infection or NEC within 48 hours after receiving raniti-
dine were also excluded from the study.

The ranitidine was administered intravenously to all 
patients using our in house protocol: for term infants: 
1.5 mg/kg/dose every 8 hours and for preterm infants at 
0.5 mg/kg/dose every 12 hours. All patients were treated 
with ranitidine 5–7 days (mean: 6.15 days). The treatment 
with ranitidine was immediately terminated if the risk 
of complications (infections, NEC) would appear (mean: 
56.2 hours following the initiation with ranitidine, range: 
28–84 hours). A neonatologist made the decision for ranit-
idine use. The indications for ranitidine use included pre-
vention and treatment of potential digestive tract bleed-
ing, primarily gastric bleeding confirmed by blood-stained 
aspirate from nasogastric tube.

Nosocomial infection was defined as an infection that 
occurs after 48 hours following birth, resulting in a posi-
tive blood, cerebrosinal fluid, or urine culture with clin-
ical manifestation such as hospital-aquired bloodstream 
infection, nosocomial pneumonia, sepsis, urinary tract 
infection, and meningitis.

The infants’ medical records were reviewed daily for 
medical course information until hospital discharge or 
death of an infant. A standardized form was used for data 
collection. All medical records were anonymized for the 
study purposes. 
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Institutional Review Board (IRB) of University Clinical 
Center Sarajevo approved the study (Number of approval: 
0305-11118/2010) and waived informed consent request 
given the non-interventional nature of the study. All pro-
cedures performed in studies involving human partic-
ipants were in accordance with the ethical standards of 
the IRB and with the 1964 Helsinki declaration and its later 
amendments or comparable ethical standards.

STATISTICAL ANALYSIS
Descriptive statistics were used to characterize the pa-
tients’ cohort. The association between H2-blockers use 
and NEC was evaluated using Chi-square test. Preterm 
infants with NEC were compared on their relative odds by 
using multivariate logistic regression. A multiple logistic 
regression analysis was then used to identify potential 
postnatal risk factors associated with the development of 
NEC. The results were expressed as odds ratios (ORs) and 
95% confidence intervals (CIs). Statistical analysis was 
performed using Statistical Package for the Social Scienc-
es (SPSS) IBM Version 26 (SPSS) (UNICOM Systems, Inc.). 
P-values < 0.05 were considered significant.

RESULTS

Demographic data and clinical characteristics of the co-
hort are summarized in Table 1. 

The mean gestational age of the total NEC group, med-
ical and surgical NEC group and control group were simi-
lar. There were also no statistically significant differences 
between the groups concerning sex and mode of delivery 
(p > 0.05). The Apgar score reported at 1 minute in infants 
of the study and control groups was 5.3 ± 2.3 and 6.1 ± 1.8,  
respectively, and the difference was of the borderline 
significance (p = 0.05). The five-minute Apgar score in 
infants in the surgical NEC group was also significantly 
higher compared with the control group (p = 0.03). We also 
observed differences in the birth weight between the two 
groups (p = 0.02), particularly between the medical NEC 
subgroup and control infants (p = 0.001).

Among infants with NEC, the medical NEC was diag-
nosed in 30 patients (58.8%), while 21 patients were in 
the group of surgical NEC (41.2%). Postnatal age at a time 
of appearance of NEC was 18.2 days (SD 12.8 days, range 
2–57 days) while 49% of infants were older than 2 weeks. 
The patients were breastfed in a majority of cases (40/51). 

Tab. 1 Demographic and clinical characteristics of the cohort.

Total NEC
n = 51

Control 
group
n = 71

Medical 
NEC
n = 30

Surgical 
NEC
n = 21

p1
Total NEC 
vs. Control 
group

p2
Medical NEC 
vs. Control 
group

p3
Surgical NEC 
vs Control 
group

p4
Medical NEC 
vs. Surgical 
NEC group

Mean GA age 
at birth/weeks 
(Mean ± SD)

30.2 ± 3.7 30.9 ± 2.7 29.8 ± 3.2 30.6 ± 4.3 NS NS NS NS

Mean birth 
weight/g (g) 
Mean ± SD

1502.7 ± 
781.5

1609.8 ± 
459.3

1316.7 ± 
574.3

1768.6 ± 
960.4

p = 0.02* p = 0.001* NS NS

Gender (M:F) (n) 30/21 39/32 14/16 16/5 NS NS NS NS

Type of delivery 
Vaginal / 
Caesarian (n)

33/18 36/35 17/13 16/5 NS NS NS NS

APGAR 1
Mean ± SD

5.3 ± 2.3 6.1 ± 1.8 5.3 ± 2.2 5.1 ± 2.4 p = 0.05* NS NS NS

APGAR 5
Mean ± SD

6.3 ± 1.8 6.8 ± 1.4 6.5 ± 1.9 5.9 ± 1.8 NS NS p = 0.03* NS

Antenatal ster-
oids 
(yes/no)

13/38 21/50 11/19 2/19 p = 0.6209
NS

p = 0.2904
NS

p = 0.1321
NS

p = 0.0302*

IUGR
(yes/no)

7/44 4/67 5/25 2/19 p = 0.1253
NS

p = 0.0768
NS

p = 0.5282
NS

p = 0.4701
NS

PDA
(yes/no)

14/37 3/68 9/21 5/16 p = 0.0003* p = 0.8071
NS

p = 0.7517
NS

p = 0.6293
NS

Length of hospi-
tal stay ± SD

49.6 ± 36.3 35.6 ± 20.5 48.5 ± 32.2 51.2 ± 42.2 p = 0.0180* p = 0.0310* p = 0.0379* NS

Mortality rate 
(Death/Total)

0.333
(17/51)

0.0986
(7/71)

0.1667
(5/30)

0.5714
(12/21)

p = 0.0039* p = 0.3644 p < 0.0001* p = 0.013*

* Significant p-values (p < 0.05)
NS = non-significant p-value; SD = standard deviation; NEC = necrotizing enterocolitis.
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No baby was fed by a donor breast milk. Consequently, we 
have not observed any differences between study groups 
related to the type of enteral feed. In one patient, NEC de-
veloped before starting of enteral feeding. The most com-
mon gastrointestinal symptoms were abdominal disten-
sion (89%), gross or microscopic blood in the stool (56.9%) 
and increasing gastric residuum (46%).

During the study period, 20/51 (39.2%) preterm infants 
with NEC received H2-blockers, whereas only 6/71 (8.5%) 
preterm infants in the control group received H2-blockers 
(p < 0.001). Among NEC cases, 10/30 (33.3%) preterm in-
fants with medical NEC and 10/21 (47.6%) infants with sur-
gical NEC received H2-blockers (Figure 1). We also found 
a statistically significant association between H2-blockers 
use and NEC in both medical and surgical NEC groups in 
comparison with the control group (p = 0.005, p = 0.0001, 
respectively). In contrast, no significant difference was 
found between medical and surgical NEC subgroups re-
garding the H2-blockers use and the development of NEC 
(p = 0.41).

The results of the conditional logistic regression model 
using seven independent variables (H2-blockers, noso-
comial infections, intubation and ventilation, nasal con-
tinuous positive airway pressure, morphine sulfate, ino-
tropes, and red blood cell transfusions) showed that the 

model was statistically significant (p < 0.001). This model 
could reliably predict the patients with a higher likelihood 
of developing NEC. H2-blockers use was associated with 
an increased incidence of NEC (Table 2). In addition, nos-
ocomial infections were significantly associated with the 
development of NEC (Table 2).

DISCUSSION

NEC remains the most common gastrointestinal tract 
emergency in the neonatal period with a significant mor-
bidity and mortality (2, 3, 27). Our study confirms the as-
sociation between the use of H2-blockers use and NEC. 
Previous studies have also provided similar conclusions 
regarding the use of H2-blockers and NEC development 
(17, 18, 28–30). In a large cohort of > 11,000 very low birth 
weight (VLBW) infants, Guillet et al. suggested an asso-
ciation between the use of H2-blockers and NEC reveal-
ing that treatment with H2-blockers was associated with 
a higher incidence of NEC (28). Similarly, Terrin et al. in 
prospective study of 309 VLBW infants reported that ran-
itidine use was associated with increased risk of infection, 
NEC, and overall mortality (17). Bilali et al. in a case-con-
trol study that included 116 preterm infants with NEC 
reported that H2-blocker therapy was significantly asso-
ciated with an increased incidence of NEC (30). Another 
evidence-based survey of Chandrasekaran and Fleming 
further confirmed that the use of ranitidine/H2 blockers 
is associated with an increased incidence of NEC (level 2b 
= individual cohort studies and low-quality randomized 
control trials) (31).

A recent systematic review with meta-analysis explor-
ing the impact of H2-blockers use in neonates in NICUs 
on infections, NEC and mortality revealed that these drugs 
might increase the risk of infections and NEC in neonates. 
Consequently, the use of H2-blockers in neonates must be 
stringently considered only when necessary (32). Anoth-
er systematic review by Green et al., based on 11 studies 
involving > 800 preterm and term neonates confirmed 
the efficacy of H2-blockers in preventing gastrointesti-
nal bleeding. Given that no single study reported the in-
cidence of NEC, the authors concluded that the safety of 
H2-blockers in this regard remained unclear (33).

In contrast to the numerous studies that have report-
ed an association between H2-blockers use and NEC, 

Tab. 2 Potential postnatal risk factors associated with the development of necrotizing enterocolitis in preterm infants.

Variable OR 95% CI P-value*
H2-blockers 1.5503 1.0514–2.2861 0.03
Nosocomial infections 3.3169 1.0993–10.0086 0.03
Intubation and ventilation 1.1848 0.9671–1.4515 0.10
Nasal continuous positive airway pressure 0.9117 0.7618–1.0911 0.31
Morphine sulfate 1.8500 0.9242–3.7031 0.08
Inotropes 0.9621 0.6542–1.4148 0.84
Red blood cell transfusions 0.6474 0.3022–1.3870 0.26

* Only significant variables were bolded.
OR = odds ratio; CI = confidence interval; H2-blockers = histamine-2 receptor blockers.

Fig. 1 Differences in the frequency of preterm infants receiving  
H2-blockers therapy.
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a retrospective study of Singh et al. reported that the use 
of ranitidine/omeprazole was not associated with adverse 
outcomes of late sepsis, NEC, and mortality in VLBW ne-
onates (< 1500 grams) (19). The authors also emphasized 
the importance of the age at which ranitidine was com-
menced, suggesting that the administration of ranitidine 
and omeprazole in the later postnatal age of premature 
infants born < 1500 grams (37 days and 72 days after birth, 
respectively) allows for development and maturation of 
the immune system, thus reducing susceptibility to late 
onset sepsis or NEC (19). Interestingly, a systematic review 
on risk factors for NEC conducted by Samuels et al. did 
not reveal commonly assumed clinical neonatal risk fac-
tors for NEC such as central lines, red cell transfusions, 
H2-blockers, and a high osmolar formula feeding as im-
portant prognostic factors (34). A possible explanation for 
such findings may lie in the fact that the analyzed studies 
were not prognostic.

One of the relevant findings in our study is the impact 
of nosocomial infections on the NEC development among 
the preterm infants (35). A four-fold increase in the risk 
of bloodstream infection among the NICU infants who 
received H2-blockers was noted in the prospective study 
conducted by Beck-Sague et al. (36). Another study that 
included 91 children undergoing gastroesophageal reflux 
disease (GERD) treatment with gastric acidity inhibitors 
found an increased risk of intestinal and respiratory infec-
tious diseases compared with 95 non-treated patients (14). 
Similarly, Graham et al. showed that H2-blockers use might 
increase the risk of infection in low birth weight (LBW) 
infants (37). The mechanisms by which H2-blockers use 
may contribute to the increase risk of NEC have not been 
clarified yet. It is well known that a significant function of 
gastric acidic juice is the inactivation of ingested microor-
ganisms within a few minutes at pH < 3 in addition to pro-
tein denaturation, activation of pepsinogen and augmenta-
tion of intestinal absorption of iron, calcium, and vitamin 
B12 (38). The proposed mechanism of association between 
H2-blockers use and NEC in preterm infants is a loss of gas-
tric acidity that causes an increased bacterial colonization 
of GI tract and consequently leads to the increased risk of 
preterm infants to gram-negative and opportunistic infec-
tions (17). It should be noted that the reasons for effects of 
ranitidine administration are not limited only to the reduc-
tion of gastric pH but also to an increase the production 
of pro-inflammatory cytokines and reduce immunological 
responses to infection (37). It is worth mentioning that the 
time for bacterial/substrate interaction is also increased 
due to reduced intestinal motility in preterm infants thus 
facilitating bacterial overgrowth (39).

Considering all the above concerns, it is understand-
able that H2-blockers induced hypochlorhydria predis-
poses infants to the enteric infections including NEC. An 
additional risk factor associated with H2-blockers use is 
the finding that H2-blockers strike down several func-
tions of leukocytes, thereby leading to insufficient control 
of the production of inflammatory cytokines in the intes-
tinal tract (40, 41). Since NEC is a multifactorial disease, 
it is unlikely that one factor (e.g. H2-blockers use) would 

independently increase the overall incidence of NEC, but 
its use increases the risk of this devastating disease.

Our study had some limitations including the inher-
ent errors and bias of retrospective nature of the study 
(conducted in the period 2008–2012), small sample size 
and restriction to a single pediatric surgical center, which 
may limit the generalizability of our conclusions. A fur-
ther limitation of our study is related to the lack of accu-
racy in indications for the ranitidine use. It may be pos-
sible that infants with early NEC symptoms were treated 
with ranitidine before an accurate diagnosis of NEC was 
made. Therefore, larger prospective studies are required 
to confirm the effect of H2-blockers on susceptibility to 
infections and NEC in preterm infants. In all pediatric in-
dications ranitidine should be very cautiously used given 
the recent recommendation from the regulatory bodies 
from Europe, US and Canada to withdraw ranitidine from 
the market. Namely, it has been found that N-nitrosodi-
methylamine (NDMA) levels in ranitidine products might 
exhibit potentially carcinogenic effects.

CONCLUSIONS

Our study from the middle-income country provides 
further evidence for a  possible association and role of 
H2-blockers use and NEC development in preterm infants, 
suggesting that H2-blockers use should be only adminis-
tered in strictly selected cases after careful consideration 
of the risk-benefit ratio.

ABBREVIATIONS

CI Confidence interval
FDA Food and Drug Administration
GERD Gastroesophageal reflux disease
GI Gastrointestinal 
H2-blockers Histamine-2 receptor blockers
IGAS Inhibitors of gastric acid secretion
IUGR Intrauterine growth restriction
LBW Low birth weight
NDMA N-nitrosodimethylamine
NEC Necrotizing enterocolitis
NICU Neonatal intensive care unit 
OR Odds ratio
PDA Patent ductus arteriosus
PPI Proton pump inhibitors
SD Standard deviation
VLBW Very low birth weight
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Supplemental Table 1 Modified Bell’s staging criteria for necrotizing enterocolitis. 

Stage Systemic signs Abdominal signs Radiographic signs

IA suspected Temperature instability, apnea, 
bradycardia, lethargy

Gastric retention, abdominal 
distention, emesis, heme-posi-
tive stool

Normal or intestinal dilation, 
mild ileus

IB suspected Same as above Grossly bloody stool Same as above 

IIA definite, mildly ill Same as above Same as above, plus absent 
bowel sounds with or without 
abdominal tenderness

Intestinal dilation, ileus, pneu-
matosis intestinalis

IIB definite, moderately ill Same as above, plus mild 
metabolic acidosis and thrombo-
cytopenia

Same as above, plus absent 
bowel sounds, definite tender-
ness, with or without abdominal 
cellulitis or right lower quadrant 
mass

Same as IIA, plus ascites

IIIA advanced, severely ill, 
intact bowel

Same as IIB, plus hypotension, 
bradycardia, severe apnea, com-
bined respiratory and metabolic 
acidosis, DIC,and neutropenia

Same as above, plus signs of 
peritonitis, marked tenderness, 
and abdominal distention

Same as IIA, plus ascites

IIIB advanced,
severely ill,
perforated
bowel

Same as IIIA Same as IIIA Same as above, plus pneumop-
eritoneum


