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Abbreviations
IH: Inguinal hernia

NICU: Neonatal intensive care unit

SGA: Small for gestational age

EGA: Estimated gestational age

O/E: Ratio of observed to expected cases

NEC: Necrotizing enterocolitis

Introduction

 Inguinal hernia (IH) development in infants is a consequence of 
developmentally weak inguinal structures for which sufficient in-
tra-abdominal pressure is present to push viscera into the process vag-
inalis [1]. The condition is reported to occur in up to 13% of preterm 
infants less than 33 weeks gestational age and 3-5% of term infants 
[2]. Repair of IH is the most common surgical procedure performed 
in infancy [3]. A recent study identified that 45% of NICU infants 
with IH would undergo surgical repair before hospital discharge [4].  
Approximately 56% of these will be emergency surgeries with a sub-
sequent complication rate of 27% and a recurrence rate of 14% [5].

 The current study utilizes a 1.4 million patient multi-center da-
tabase to define the influence of demographic factors on the risk of 
diagnosing IH in infants admitted to NICU care.  Further, the study 
investigates the relationship of risk across centers and for certain neo-
natal abdominal surgical conditions. Finally, the authors discuss the 
role of abdominal pressure in neonatal IH etiology and the possible 
role of care process factors contributing to variation in IH risk.

Methods
Study type

 This study is a retrospective review of de-identified neonatal in-
tensive care patient data sets.

Patient data sets

 Pediatrix Medical Group provides health care at 351 NICU in 34 
states and Puerto Rico, including approximately 20% of all NICUs 
in the United States. Pediatrix Medical Group health care profes-
sionals (doctors and nurse practitioners) providing care to neonates  
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Abstract
Objective

To explore inguinal hernia (IH) risk factors in NICU infants.

Study Design

 Design was a retrospective review of de-identified data adjusted 
for gender, birth size, race/ethnicity, and gestational age. IH risk was 
defined as the case ratio, observed/expected (O/E).

Results

 1433027 infant records were queried from 1/1/1997 to 12/31/2018, 
with IH reported in 1.49%. Male, Black, and small-for-dates infants 
had IH frequencies 3.9x, 1.9x, and 1.5x above baseline. IH preva-
lence increased with decreasing gestational age (10.3x at 25 weeks), 
and was 17 per 10000 admissions in term infants. O/E ranged 7.42 
fold across sites. Infants with a congenital diaphragmatic hernia, om-
phalocele, gastroschisis, or suspected or medically treated necrotiz-
ing enterocolitis (NEC) had elevated IH risk (O/E 6.59, 6.12, 2.38, 
1.40 and 1.26, respectively), but not those with surgical NEC (O/E 
0.70) or those in one center where moderate feeding volumes were 
used (O/E 0.58).

Conclusion

 We found that IH risk varied significantly across NICUs, suggest-
ing that care process factors may influence IH risk. The authors hy-
pothesize that increased intra-abdominal pressure contributes to IH 
development, as with certain neonatal abdominal surgical conditions 
or high volume feeds.

Keywords: Care process; Inguinal hernia; Newborn intensive care 
unit; Risk factors
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admitted for intensive care use a proprietary software system to gen-
erate clinical admission, discharge, and daily progress notes. These 
data are stored in a consolidated data set and then de-identified for 
quality assurance and research. Previous publications detail our data 
set and population demographics [6,7]. The data warehouse is com-
pliant with Health Insurance Portability and Accountability Act of 
1996 regulations.

 We performed a retrospective case series review of neonates with 
an IH diagnosis. Identification of cases occurred by searching the di-
agnosis table text field for the term “inguinal hernia.” We do not have 
data on whether the infant had only a unilateral hernia or bilateral 
hernias. The Western Institutional Review Board approved use of our 
de-identified data set with a waiver of consent. Additionally, the Tim-
panogos Regional Hospital (TRH) IRB approved the study project 
and the use of a local patient database (NeoData, Isoprime).

Patient population

 Neonates were included in our study sample if they required ad-
mission to a NICU and survived beyond seven days. We included 
infants discharged between January 1, 1997, and December 31, 2018. 
The gestational age assignment was based on the best obstetrical es-
timate before delivery and recorded as completed weeks. Infant size 
(SGA, AGA, LGA) was determined based on Olsen growth charts 
[8].

Statistical methods

 Our analytical approach to these data was descriptive. We cal-
culated the prevalence of inguinal hernia as the number of inguinal 
hernia cases in the analysis group divided by the total number of in-
fants. Statistical analysis for categorical variables employed 2-tailed 
chi-square tests. Multivariate analysis (using JMP 12, SAS Institute, 
Cary, NC) identified associations between multiple demographic fac-
tors and IH diagnosis. These demographic factors included: maternal 
age, gender, report of antenatal steroids, mode of delivery, gestational 
age less than 37 weeks, birth weight, being small for gestational age, 
race/ethnicity, 5 minute Apgar score, and use of assisted ventilation 
during the first three days after birth. Risk factor analysis did not in-
clude outborn infants, infants transferred to another hospital, or in-
fants who died. We made these exclusions to ensure that demographic 
data were complete and avoid over-counting patients referred for IH 
surgical repair.

 The multivariate analysis revealed that EGA week at birth (23-42 
weeks), gender (male, female), birth size (SGA, AGA, LGA), and 
race/ethnicity (Asian, Black, Hispanic, White, other) had the highest 
Chi-Square scores (Table 1) and once identified, used as the signifi-
cant factors in the risk analysis.

 O/E ratios were determined by direct calculation using original 
software developed by one of the authors (DRG). The data set was 
large enough to calculate the individual non-zero cell frequencies for 
each combination of the categories for the four major risk factors, 
comprising 19•2•3•5 = 570 cells. For any chosen analysis group, cal-
culation of the expected number of IH cases used these cell frequen-
cies, then compared to the actual or observed number of cases using 
the ratio of observed to expected cases (O/E ratio).

 Evaluation of site variation as a factor in IH risk used a subset 
analysis of 103 sites with 5000 or more patients per site in the Pedi-
atrix dataset, expecting to have at least 75 patients per site diagnosed  

with IH. The O/E ratio was also calculated for patients with neonatal 
abdominal surgical conditions, including gastroschisis, omphalocele, 
congenital diaphragmatic hernia, and four categories of necrotizing 
enterocolitis: no NEC, suspected NEC, medically treated NEC, and 
surgically treated NEC.

 For comparison, six years of patient data (2014-2020) comprising 
1514 neonatal patients at one author’s site (TRH) underwent the same 
IH O/E risk analysis. These site data were independent of the Pedia-
trix data set.

Results
 In the Pediatrix de-identified data set, there were 1433027 infants 
discharged between 1997 and 2018, of which 21421 had a diagnosis 
of IH, making the baseline database IH frequency 1.49%. The preva-
lence of IH by EGA for survivors beyond seven days was: 23-27wks, 
1358 per 10000; 28-31wks, 473 per 10000; 32-36wks, 44 per 10000; 
>36wks, 17 per 10000.

 The relative importance of risk factors is shown in Figure 1, dis-
playing subgroup frequency as a ratio to baseline raw frequency. Pre-
sented are elevated frequency ratios (>1.0) for very low EGA (10.35 
at 25wks), male gender (1.49), SGA size (1.91), and Black race (1.47). 
Significantly decreased frequency ratios (<1.0) were seen for EGA > 
32wks (0.07 at 40wks), female gender (0.38), LGA size (0.42), and 
Hispanic ethnicity (0.76).

 There was no clinically meaningful change in the O/E ratio for IH 
diagnosis year over year for the study period 1997-2018 (median 1.0, 
range 0.85-1.11, coefficient of variation 7%) (Figure 2).

 Figure 3 depicts site variation in the O/E ratio for 103 centers con-
tributing 5000 or more patients to the data set, ordered from lowest 
O/E ratio (0.33) to highest O/E ratio (2.45). The percentage of these 
centers with O/E less than, equal to, and greater than 1.0 was 45%, 
5%, 40%, respectively. The site with the maximum O/E ratio had a 
7.42 times higher risk than the site with the lowest O/E ratio.

 Figure 4 shows the IH risk analysis for neonates with certain neo-
natal abdominal surgical conditions. Illustrated are the O/E ratios for 
CDH (6.59), omphalocele (6.12), and gastroschisis (2.38). O/E ratios 
for the NEC categories of no NEC, suspected NEC, medical NEC, 
and surgical NEC were 0.98, 1.40, 1.26, and 0.70, respectively. Ex-
cept for no NEC, Chi-square values for all conditions were highly 
significant (p<0.0001).

 The same risk analysis was performed on a local (TRH) seven-year 
dataset of 1514 patients. The calculated O/E ratio (0.58) for TRH 
compared to the Pediatrix CDW was significantly <1.0 (p<0.0001). 
At this site, a standardized feeding protocol has been in place for  

Parameter
Chi-Square Value 
 

p-value

Estimated Gestational Age  
(23-42 weeks)

105037  <0.0001

Gender (Male, Female) 6474 <0.0001

Size  (SGA, AGA, LGA)    2717 <0.0001

Race/Ethnicity (Asian, 
Black, Hispanic, Other, 
White

1119 <0.0001

Table 1: Chi-Square Calculations for Major IH Risk Factors.
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many years, with an upper limit feeding volume for gavage feedings 
of 140 mL/kg/d (Figure 5). In the Pediatrix data warehouse dataset, 
35.5% of neonates with IH underwent surgical repair before hospital 
discharge at a median age of 77 days (30-124, 10-90%tile).

Discussion

 Our study analysis of 22 years of data from the Pediatrix Clinical 
Data Warehouse confirms previous reports identifying increased IH 
frequency in the very preterm infant [9-11]. The current analysis pro-
vides more detail. We saw an almost linear increase in IH diagnosis 
frequency with decreasing EGA from 32 to 25 weeks, with a maxi-
mum at 25 weeks of 10.4 times above base frequency, or 15.5%. Con-
trary to the 2012 publication from the American Academy of Pediat-
rics Committee on Fetus and Newborn Section on Surgery [2] quoting 
a 3-5% IH frequency in term infants, our data set suggests a much 
lower IH frequency with a prevalence of 17 per 10000 in term infants 
(>36 weeks EGA). Although IH is not exclusive to the male gender 
in the NICU infant, male infants in our study were 3.9 times overall 
more likely than female infants to have a diagnosis of IH. The current 
study’s male/female ratio is slightly more than the male/female infant 
ratio of 3.4 reported by Unal et al [11] for VLBW infants or the ratio  

Figure 1: Inguinal hernia (IH) frequency as a ratio to base frequency 
(1.49%) for the four most significant demographic factors. Panel A: Esti-
mated Gestational Age; Panel B: Gender; Panel C: Birthweight Percentile 
Size; Panel D: Race/Ethnicity. Extremely low gestational age SGA black 
male infants had the highest frequency of IH diagnosis.

Figure 2: Inguinal hernia risk as ratio of Observed/Expected (O/E) by 
year 1997-2018 for neonates admitted to neonatal intensive care (Pedi-
atrix Clinical Data Warehouse). The variation year-on-year is small (7% 
coefficient of variation).

Figure 3: Inguinal hernia (IH) Risk as Observed/Expected (O/E) ratio for 
103 Pediatrix NICUs with 5000 or more patients in the dataset, ordered 
from lowest IH risk to highest IH risk. There is an 7.42 fold difference in 
risk between the sites with lowest and highest IH O/E ratio.

Figure 4: Inguinal hernia (IH) Risk as Observed/Expected (O/E) ratio for 
certain neonatal abdominal surgical conditions. Congenital diaphragmatic 
hernia (CDH), omphalocele and gastroschisis have significantly elevated 
risk for the diagnosis of IH (p<0.0001, each). Infants without necrotizing 
enterocolitis (NEC 0) have expected risk (O/E = 1). Infants with suspected 
NEC (NEC 1) and infants with medically treated NEC (NEC. 2) have sig-
nificantly increased risk (p<0.001), whereas infants with surgically treated 
NEC (NEC 3) have significantly decreased risk (p<0.001).

Figure 5: Volume intake at site TRH over the first 3 weeks of life, shown 
as Total Fluid Intake (TFI, solid line), and as feeding protocol volume for 
infants <1200g (long-dash line) or ≥1200g (short-dash line). Maximum 
gavage feeding volume was 140 mL/kg/d.
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of 3.5 reported by Fu et al [12] for preterm infants. However, Fu et 
al [12] reported a male/female ratio of 3.9 for term infants, which is 
the same as for all patients in the current study. The medical literature 
has few references on whether intrauterine development influences 
the propensity to develop IH. One early report by Peevy et al [9]. 
suggests an association between neonatal inguinal hernia and intra-
uterine growth retardation. The current analysis identified an associa-
tion between increased IH diagnosis frequency and SGA size at birth 
(<10th percentile for weight). The finding of increased IH frequency 
in SGA infants would support the IUGR association identified in 1986 
by Peevy et al [9]. Our race/ethnicity analysis indicates an increased 
IH diagnosis frequency in black NICU infants. However, increased 
IH frequency in black NICU infants seems at odds with a report of 
reduced IH frequency in the US black adult male population, [13] 
presumably due to anatomic differences in inguinal canal dimensions 
[14] there is also the known confounding factor of increased SGA fre-
quency in black infants [15]. However, in our multivariate analysis, 
both Black and SGA size at birth were independent risk factors for IH 
diagnosis in NICU infants.

 There is good evidence for improved neonatal morbidity trends 
over the past two decades by applying quality methods, employment 
of best practices, and attention to decreasing process variation [16, 
17]. Many neonatal conditions, particularly for the very premature 
infant, have benefitted [16,17]. Interestingly, we were unable to iden-
tify any trend for a longitudinal decrease in IH diagnosis frequency 
over the more than twenty-year time frame in the current data set. The 
O/E ratio was relatively stable over this period with a low degree of 
variation (7% coefficient of variation). One could conclude that the 
interventions affecting morbidity change, as noted above, have not 
influenced the propensity to develop IH or that IH frequency in the 
neonate is invariant. The latter is unlikely to be true. We also noted 
more than a seven-fold difference in IH risk as measured by the O/E 
ratio in the top 103 sites having the most patients in the Pediatrix data 
set. Care variation is an identifiable source of outcome differences 
between sites for many neonatal outcomes. So, what neonatal care 
differences across sites could modify the risk for IH diagnosis by a 
seven-fold extent?

 Powell et al. [1] considered that non-anatomical factors could be 
important in determining which preterm infants developed IH in their 
sample of 995 infants, noting that infants with abdominal distention 
and increased abdominal pressure were more likely to develop IH. 
“Precipitation of an inguinal hernia must relate to increased abdomi-
nal pressure” [1].  Supporting this observation, patients in the current 
study with increased abdominal pressure due to surgically returning 
organs into the abdominal cavity (congenital diaphragmatic hernia, 
gastroschisis, and omphalocele) were 2.4-6.6 fold more likely to 
develop IH subsequently. Our analysis of NICU patients with NEC 
identified lower than expected risk for those with surgical NEC. A 
plausible explanation for lower O/E risk in infants surgically treated 
for NEC is that standard treatment options include peritoneal drainage 
and diverting ostomies; both procedures will release/decrease abdom-
inal pressure. Overall, our data would support a role for abdominal 
pressure as a driving factor for IH risk.

 Powell et al. also suggest that high volume feedings in susceptible 
neonates may increase abdominal pressure and promote IH develop-
ment [1].  We queried the Pediatrix Clinical Data Warehouse to test 
whether feeding volume may influence IH risk.  However, the Data 
Warehouse lacked detailed nutritional data to clarify any relationship.  

To further explore a relationship between feeding volume and IH risk, 
we sought to define IH O/E risk using a separate local database from 
a NICU using protocolized feedings. At this site, the IH O/E risk was 
reduced (0.58) and associated with a moderate maximum feeding vol-
ume of 140 mL/kg/d. Current NICU feeding standards recommend 
150-180 mL/kg/d to achieve adequate caloric intake and somatic 
growth for preterm infants [18]. New studies propose even higher 
maximum feeding volumes for this patient population, up to 200 mL/
kg/d [19]. The lower maximum feeding volume at the local site was 
adopted initially to help mitigate an observed effect of abdominal dis-
tention due to feedings on several common clinical problems, e.g., 
frequency of apnea and bradycardia, reflux symptoms, and basal oxy-
gen requirements, to positive effect. Hyper-caloric human milk feed-
ings were instituted at concentrations of 30-36 Cal/oz to compensate 
for the caloric decrease due to lower maximal feeding volume. Infants 
had excellent tolerance for hyper-caloric human milk feedings, which 
normalized growth rates.

Conclusion
 The authors hypothesize that the suspected care variation noted 
between Pediatrix clinical sites in IH O/E risk may be due to differ-
ences in maximal feeding volumes, and thus indirectly, in abdominal 
pressure exposure. Recommendations to increase standard feeding 
volumes for the preterm infant by 30-40% may have the unwanted ef-
fect of increasing IH risk and increasing IH surgical repair frequency. 
Further studies to evaluate care process mechanisms that may reduce 
IH risk and decrease surgical exposure for NICU infants are warrant-
ed.
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