
Inguinal hernias in infants and young children are a re-
sult of a failure of the processus vaginalis to close.1

Once diagnosed, an inguinal hernia should be promptly
repaired on an elective basis to prevent the risk of hernia
incarceration. Incarceration occurs in about 12% of infants
and young children with an inguinal hernia. The incidence
is highest (approaching 30%) among infants (< 1 year old).2

Boys who experience incarceration of an inguinal hernia
have a 30% risk of testicular atrophy that may affect future
fertility.3

Many countries are struggling with long wait times for
elective surgical procedures.4–6 To date, research has been
skewed toward examining wait times for surgery and other
medical or diagnostic care in adults.7–10 Prolonged wait times
for surgery to repair hernias have not been associated with ad-
verse outcomes in adults,11 but the effect of prolonged wait
times in children has not been well studied.1,12

We conducted this study to examine the relation between
wait times for elective surgery and the risk of incarceration of
inguinal hernia in infants and young children. We also ex-
plored the relation between wait times and the use of emer-
gency department services before surgery.

Methods

Study population and data sources
We used the Ontario Discharge Abstract Database to identify
infants and young children who were waiting for surgery to
repair an inguinal hernia. This database is maintained by the
Canadian Institute for Health Information and contains data
on all hospital admissions in Ontario.

We included infants and children less than 2 years of age
who had a diagnosis of inguinal hernia (International Classi-
fication of Diseases [ICD], 9th revision, code 550 or ICD,
10th revision, code K40) and a surgical procedure code for
hernia repair (ICD, clinical modification, codes 53.0 to 53.9)
between Apr. 1, 2002, and Mar. 31, 2004. We included only
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Background: We determined the rate of incarceration of
inguinal hernia among infants and young children wait-
ing for elective surgery and examined the relation to
wait times. We also explored the relation between wait
times and the use of emergency department services be-
fore surgery.

Methods: We used linked data from administrative data-
bases to identify infants and children less than 2 years of
age who underwent surgical repair of an inguinal hernia
between Apr. 1, 2002, and Mr. 31, 2004. We determined
the rate of hernia incarceration during the wait for sur-
gery and stratified the risk by patient age and sex. We
used logistic regression analysis to examine factors associ-
ated with hernia incarceration and wait times.

Results: A total of 1065 infants and children less than 2
years old underwent surgical repair of an inguinal hernia
during the study period. The median wait time was 35
days (interquartile range 17–77 days). Within 30 days after
diagnosis, 126 (11.8%) of the patients had at least 1 emer-
gency department visit; 23.8% of them presented with
hernia incarceration. The overall rate of hernia incarcera-
tion was 11.9%. The rate was 5.2% with a wait time of up
to 14 days (median time from diagnosis to first emergency
department visit), as compared with 10.1% with a wait
time of up to 35 days (median wait time to surgery) (p <
0.001). Factors associated with an increased risk of incar-
cerated hernia were age less than 1 year (odds ratio [OR]
2.07, 95% confidence interval [CI] 1.32–3.23), female sex
(OR 1.75, 95% CI 1.04–2.93) and emergency department
visits (1 visit, OR 2.73, 95% 1.65–4.50; ≥ 2 visits, OR 3.77,
95% CI 1.89–7.43). Children less than 1 year old who
waited longer than 14 days had a significant 2-fold risk of
incarcerated hernia (OR 1.92, 95% CI 1.11–3.32).

Interpretation: A wait time for surgery of more than 14
days was associated with a doubling of the risk of hernia
incarceration among infants and young children with in-
guinal hernia. Our data support a recommendation that
inguinal hernias in this patient population be repaired
within 14 days after diagnosis.
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patients whose inguinal hernia was diagnosed through a
physician’s office. We linked the data for these children to
claims data from the Ontario Health Insurance Plan database
for fiscal years 2001 to 2003 to determine the date of first
clinic or office visit when the hernia was diagnosed. We
chose this timeframe assuming that any infant with a diagno-
sis of inguinal hernia during this period who was otherwise
healthy would undergo surgical repair within a maximum of
2 years.

Since the Ontario Discharge Abstract Database did not
allow for complete capturing of patients presenting for the
first time to an emergency department, we focused on esti-
mating the wait time from diagnosis to elective hernia re-
pair. We excluded 4 patients who presented with a hernia
that was associated with intestinal gangrene (ICD-9 code
550.0 or ICD-10 codes K40.1 and K40.4) and 20 boys with
undescended testes (ICD-9 code 752.2 or ICD-10 code
Q53), since these diagnoses could have an impact on the
choice for timing of surgical repair. For instance, in chil-
dren with a hernia associated with undescended testes, the

operation is delayed to allow for a technically successful
orchedopexy. The inclusion of such a child in our study co-
hort could confound the association of prolonged time with
the examined outcomes. These exclusion criteria were de-
cided in advance.

Definition of wait time
We defined wait time as the number of days from the clinic or
office visit where the diagnosis was made to the date of the sur-
gical repair. If a patient had more than one physician billing for
a clinic visit for inguinal hernia, we used the first visit to calcu-
late wait time.

Outcome measures
The primary outcome measure was the rate of hernia incar-
ceration from the time of diagnosis to surgery. We exam-
ined the relation between wait times and the rate of incar-
ceration. We also explored the relation between wait times
and use of emergency department services. We used the
National Ambulatory Care Reporting System to capture pa-
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Table 1: Factors associated with an increased risk of incarcerated hernia among 1065 infants and young children waiting for 
surgical repair of inguinal hernia from Apr. 1, 2002, to Mar. 31, 2004 

No. (%) of patients 

Characteristic 
Total 

n = 1065 

With hernia 
incarceration 

n = 127 

Without hernia 
incarceration 

n = 938 

Risk of hernia 
incarceration, risk 

ratio (95% CI) p value 

Age, yr          

< 1 672 (63.1) 99 (78.0) 573 (61.1) 2.25 (1.42–3.48) < 0.001 

1–2 393 (36.9) 28 (22.0) 365 (38.9) 1.00 (ref)  

Sex       

Male 943 (88.5) 105 (82.7) 838 (89.3) 0.57 (0.34–0.97) 0.027 

Female 122 (11.5) 22 (17.3) 100 (10.7) 1.00 (ref)  

Emergency department visits, 
no. 

      

0 886 (83.2) 84 (66.1) 802 (85.5) 1.00 (ref)  

1 126 (11.8) 28 (22.0) 98 (10.4) 2.73 (1.65–4.50) < 0.001 

≥ 2 53   (5.0) 15 (11.8) 38   (4.1) 3.77 (1.89–7.43) < 0.001 

Time from diagnosis to first 
emergency department visit, 
days 

      

0 886 (83.2) 84 (66.1) 802 (85.5) 1.00 (ref)  

≤ 30 126 (11.8) 30 (23.6) 96 (10.2) 2.98 (1.82–4.88) < 0.001 

31–90 30   (2.8) 7   (5.5) 23   (2.5) 2.91 (1.02–7.25) 0.013 

> 90 23   (2.2) 6   (4.7) 17   (1.8) 3.37 (1.06–9.25) 0.008 

Median (interquartile range) 14 (4–40) 15 (3–53) 14 (4–39)    

Time from diagnosis 
to surgery, days 

483 (45.4) 84 (66.1) 399 (42.5) 1.00 (ref)  

≤ 30         

31–90 355 (33.3) 26 (20.5) 329 (35.1) 0.38 (0.23–0.61) < 0.001 

> 90 227 (21.3) 17 (13.4) 210 (22.4) 0.38 (0.21–0.68) < 0.001 

Median (interquartile range) 35 (17–77) 20 (8–45) 38 (19–82)    

Note: CI = confidence interval, ref = reference group. 



tients’ visits to the emergency department during the wait
for surgery. This national administrative database records
all visits to emergency departments in Canada and the clini-
cal reason for the visit.

Statistical analysis
We first calculated the Pearson correlation coefficient to indi-
cate the association of hernia incarceration and wait time. We
then used the life-table method to calculate the risk of incar-
ceration by wait time while adjusting for the number of visits
to the emergency department during the wait. We stratified
the risk of hernia incarceration by patient age (< 1 year v. 1–2
years) and sex. We also used multivariable logistic regression
models to estimate the effects of different covariates (age,
sex, visits to the emergency department) influencing the risk
of hernia incarceration.

We further stratified the logistic regression models by wait
time for surgery. We compared wait times of 14 days or less
with those of more than 14 days (the current median time
from diagnosis to emergency department visit). In the strati-
fied logistic regression models, we dichotomized the number
of visits to the emergency department (≥ 1 visit v. none). Fi-
nally, we compared the adjusted odds ratios by various logis-
tic models in a forest plot.

The study design was approved by the Hospital for Sick
Children Research Ethics Board.

Results
During fiscal years 2002 and 2003, a total of 1065 infants and
children less than 2 years of age underwent surgery to repair
an inguinal hernia in Ontario. The majority of the patients
(943 [88.5%]) were boys (Table 1).

The median wait time from diagnosis to surgery was 35
days (interquartile range 17–77 days). The overall rate of her-
nia incarceration was 11.9%. Longer wait times were associ-
ated with an increased rate of hernia incarceration. The rate
was 5.2% with a wait time of 14 days or less (median time
from diagnosis to first visit to emergency department), as
compared with 10.0% with a wait time of 35 days or less
(current median wait time for surgery) (p < 0.001).

The frequency of emergency department visits was also
positively and significantly associated with wait times (Pear-
son correlation coefficient 0.23, p = 0.010). During the study
period, 179 (16.8%) of the patients were taken to the emer-
gency department at least once because of their hernia while
waiting for surgery (Table 1). Within 30 days after diagnosis,
126 (11.8%) of the patients had their first visit to the emer-
gency department; 30 (23.8%) of them presented with an in-
carcerated hernia. Among patients who visited the emergency
department, the median time from diagnosis to first visit was
14 days (interquartial range 4–40 days). Children with an in-
carcerated hernia were more likely than those without an in-
carcerated hernia to visit the emergency department before
surgery (33.8% v. 14.5%, p < 0.001).

Overall, a risk reduction of hernia incarceration of almost
50% could be achieved if the hernia were repaired within 14
days after diagnosis. This also means that, to prevent 1 un-
necessary visit to the emergency department or incarceration,

21 hernias would need to be repaired no later than 14 days
after diagnosis.

Patients less than 1 year old were at significantly higher
risk of an incarcerated hernia than were patients 1–2 years
old (odds ratio [OR] 2.07, 95% confidence interval [CI]
1.32–3.23, p < 0.001) (Figure 1 and Figure 2). Compared
with boys, girls were at higher risk of an incarcerated hernia
after adjustment for age (OR 1.75, 95% CI 1.04–2.93, p =
0.035) (Figure 2 and Figure 3). Use of emergency depart-
ment services was also significantly associated with an in-
creased risk of incarcerated hernia. In the stratified logistic
regression analysis, children less than 1 year old had a higher
but nonsignificant risk of incarcerated hernia if the surgery
was conducted no later than 14 days after diagnosis (OR
1.53, 95% CI 0.67–3.49). The risk increased to 2-fold if the
wait time was more than 14 days (OR 1.92, 95% CI
1.11–3.32, p = 0.020). (Figure 2).

Interpretation

We observed an overall rate of hernia incarceration of 11.9%
among the infants and young children with inguinal hernia in
our study. A wait time for surgery of more than 14 days was
associated with a doubling of the risk of incarceration. The
overall rate of incarceration is comparable to those reported
by others.1,12

In a retrospective report of institutional-based data,
Stylianos and colleagues13 reviewed all cases of children with
an incarcerated hernia who presented to an emergency depart-
ment. They calculated a risk of hernia incarceration of 9% re-
lated to a mean wait time of 8 days (range 0.5–28 days).

More than 16% of our patients had 1 visit to the emer-
gency department, and almost 5% had 2 or more visits while
waiting for surgery. We also found that, by 30 days after di-
agnosis, 1 in 9 children had already presented to the emer-
gency department because of their hernia. Almost one quarter
of these visits were related to hernia incarceration. Emer-
gency department visits are important indicators because they
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Figure 1: Risk of hernia incarceration by wait time and age
group among 1065 infants and young children waiting for sur-
gical repair of an inguinal hernia in fiscal years 2002 and 2003.



reflect use of health care resources as well as being a surro-
gate for parental concern and patient suffering during the wait
for surgery.

The fact that inguinal hernias are not self-limiting and that
there is a risk of complications dictate the need for expedient
surgical repair.14 Parental anxiety while waiting for surgery is
another important issue. In a survey by Miller15 of parents of
children awaiting various operations, 49% of the children
were waiting for repair of an inguinal hernia. Over 95% of the
families in the survey suggested that the wait for surgery was
emotionally stressful. Furthermore, 37% felt that waiting for
surgery prohibited them from participating in their usual ac-
tivities. Dissatisfaction with wait times for surgery has also
been expressed by adults.16,17

Our findings have important implications for physicians
and policy-makers. They point out the high risk of hernia
incarceration among infants and children less than 2 years
of age while waiting for surgery. The results also highlight
the importance of prompt referral to a surgeon and prompt
scheduling of elective surgery. That 11.8% of the patients
visited an emergency department at least once also pro-
vides important information to health care practitioners
about what is happening to their patients while they await
surgery. That 5.0% of the cohort had 2 or more visits un-
derscores the importance of educating parents at the time
of the first medical encounter. This step may decrease un-
derlying anxiety and result in fewer visits to the emer-
gency department.

Health care planners and policy-makers must design

strategies to decrease wait times and improve outcomes for
hernia repair among infants and young children. In a recent
economic analysis, Schaafsma18 discussed the importance
of substituting the current “consensus” method of bench-
marking an acceptable wait time — as many specialties, in-
cluding our own, have done — with an evidence-based
strategy. Our study provides important information for
achieving such a strategy.
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Figure 3: Risk of hernia incarceration by wait time and patient
sex among 1065 infants and young children waiting for surgi-
cal repair of an inguinal hernia.

Decreased
risk of

incarcerated
herniaCovariates  

Odds ratio
(95% CI)

Model 1: not adjusted for wait time
)32.3–23.1( 70.2raey 1 < egA

 )39.2–40.1( 57.1xes elameF

1 visit to emergency department 2.51 (1.55–4.07) 

≥ 2 visits to emergency department 3.79 (1.98–7.25) 

Model 2: stratified by wait time

≤ 14 days 
 )94.3–76.0( 35.1raey 1 < egA

 )17.6–31.1( 57.2xes elameF

≥ 1 visit to emergency department 3.28 (1.49–7.25) 
> 14 days

 )23.3–11.1( 29.1raey 1 < egA

 )18.2–37.0( 44.1xes elameF

3.20 (1.92–5.33) 

Odds ratio (95% CI)

Increased 
risk of
incarcerated
hernia

≥ 1 visit to emergency department

0.0 2.0 3.0 4.0 5.0 6.0 7.0 8.01.0

Figure 2: Effect of covariates on the probability of hernia incarceration. Variables included in the logistic regression model were chil-
dren’s age, sex, number of visits to the emergency department after diagnosis and wait time for surgery. In the stratified logistic re-
gression model, the variable of visits to the emergency department was dichotomized (≥ 1 visit v. none). CI = confidence interval.



Limitations
Our study has a number of limitations. First, our use of ad-
ministrative databases limited our ability to examine the un-
derlying causes of prolonged wait times. However, the use of
the Canadian Institute for Health Information database to
study wait times for surgical procedures and treatment has
been validated by others.7

Second, the use of data for fiscal years 2002 and 2003 may
not reflect what is occurring currently. We chose this period,
however, because it was the latest for which complete data
were available from the Canadian Institute for Health Infor-
mation database.

Third, we were unable to distinguish whether the prolonged
wait times were due to lack of physician education or to lim-
ited resources. It is likely that both factors are important. 

Finally, because of database limitations, we were unable to
include children who presented to an emergency department
for the first time. This could decrease our ability to capture
the full magnitude of morbidities associated with the wait
times for hernia repair and to comprehensively examine is-
sues of access to care.

Conclusion
Longer wait times were associated with an increased risk of her-
nia incarceration and more visits to the emergency department
among infants and young children waiting for surgical repair of
an inguinal hernia. Waiting for surgery for more than 14 days
doubled the risk for incarceration. Our data support a recom-
mendation that all inguinal hernias in infants and young children
should be repaired within 14 days after surgical consultation.
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