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Abstract

Purpose Inguinal hernioplasty could be used as an indi-
cator of the surgical quality offered in different health
institutions and countries, thereby establishing a scientific
basis from which the procedure can be critically assessed
and ultimately improved. Quality assessment of hernio-
plasties could be conducted using two different methods:
either analyzing dedicated regional/national databases
(DD) or reviewing administrative databases (AD).
Methods A retrospective study of inguinal hernioplasties
was carried out in the Emilia-Romagna hospitals between
2000 and 2009. Data were obtained by analyzing Hospital
Discharge records regional Databases (HDD). Descriptive
and multivariate statistical analysis was performed.
Results 126,913 inguinal hernioplasty procedures were
performed. The annual rate was on average 34 per 10,000
inhabitants. An increase of the case mix complexity and
relevant changes in procedure technique were recorded.
From multivariate analysis, the following independent
factors related to a hospitalization longer than 1 day
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emerged: procedures in urgent setting (OR 3.6, CI 3.4-3.7),
Charlson’s score >2 (OR 3.4, CI 3.1-3.7), laparoscopy
(OR 2.1, CI 1.9-2.3), no mesh use (OR 2.1, CI 2-2.3), age
>65 years (OR 1.9, CI 1.8-1.9), associated interventions
(OR 1.9, CI 1.8-1.9), bilateral hernia (OR 1.7, CI 1.6-1.8),
recurrent hernia (OR 1.2, CI 1.1-1.2) and female gender
(OR 1.2, CI 1.2-1.3). Factors related to non-prosthetic
hernioplasty were: bilateral hernia (OR 2.7, CI 2.5-2.9),
female gender (OR 1.8, CI 1.8-2.0), emergency setting
(OR 1.6, CI 1.5-1.8), recurrences (OR 1.5, CI 1.4-1.6) and
associated interventions (OR 1.5, CI 1.4-1.6).

Conclusion Inguinal hernia should be treated as an out-
patient procedure in the majority of patients. Precise
guidelines are necessary. HDD demonstrated to be a good
and trustworthy system to collect clinical data. When
precise guidelines are lacking, legal/institutional indica-
tions play a pivotal role in shifting the hernia surgery
toward a one-day surgery regimen.

Keywords Hernia - Day surgery - Prosthesis -
Administrative database - Guideline - Indication -
Quality assessment

Introduction

Inguinal hernioplasty is one of the most commonly per-
formed surgical procedures in general surgery [1]. In 1989,
prosthetic inguinal repair was introduced [2] which further
improved the outcome and recovery from this procedure,
allowing day surgery treatment and reducing the recurrence
rate [3].

Inguinal hernioplasty could be used as an indicator of
the surgical quality offered in different health institutions
and countries, thereby establishing a scientific basis from
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which the procedure could be critically assessed and ulti-
mately improved. Quality assessment of hernioplasties has
been conducted using two different methods: either ana-
lyzing dedicated regional/national databases (DD) [4, 5] or
reviewing administrative databases (AD), such as those
formed by Hospital Discharge records regional Databases
(HDD) [1]. Indeed, the source of data is crucial for the
assessment of clinical outcomes, as detailed information is
needed if individual patients’ circumstances and surgical
risks are to be properly taken into account. DD is based on
a prospective collection of detailed information regarding
clinical characteristics of individual patients and offers
precise clinical data with detailed outcome analyses and
follow-up investigations. However, the organization of
such a database and its maintenance are complex and
expensive endeavors, requiring ample resource, and the
population of interest is typically limited in size. On the
other hand, the alternative would be an administrative
database, based on the collection and analysis of the
administrative data from hospital admission and discharge
paperwork. The benefits of such a system include avail-
ability and accessibility, having low maintenance costs and
allowing large population studies by including nearly
100 % of patients who had undergone a specific surgical
procedure. Nonetheless, such databases are limited by
incomplete clinical and limited follow-up data.

The aim of our study was to monitor the outcomes of
inguinal hernia surgical repair in the Emilia-Romagna region
(Italy, 4,432,418 inhabitants), evaluating the data contained
in the HDD for ten consecutive years (2000-2009).

Methods

Data extraction

From HDD, we selected all the hernioplasty procedures car-
ried out in public and private hospitals between 2000 and

2009, regarding patients older than 14 years and resident in
our region, based on diagnosis and procedure codes (Table 1).

For any procedure, Charlson’s comorbidity score [6] has
been calculated based on the presence of concomitant
disease in the index or in previous admissions (up to 1 year
previously).

Data concerning in-hospital and 30-day mortality were
obtained linking the hospital discharge records and the
regional registry of mortality through the unique patient’s
code.

Recurrent hernias were identified either by ICDICM
codes (550.01, 550.03, 550.11, 550.13, 550.91, 550.93) or
by bilateral interventions in patients already operated for
inguinal hernia, or by any hernioplasty in patients already
operated for bilateral hernia. Indications for laparoscopic
procedures include recurrences and bilateral hernia.
Emergency admissions were identified by codes 550.0X
and 550.1X.

Statistical analysis

The age- and gender-adjusted hospitalization rate for her-
nioplasty has been estimated for each year of the period
considered, using a direct standardization method with
Emilia-Romagna 2000 (year) population as reference. All
preoperative and intraoperative variables were first ana-
lyzed using univariate analysis to evaluate their changes
over the period (tested by the Cochran-Armitage Trend
Test) and to determine whether any single factor had
influenced any event of interest, procedures performed
without the use of prosthesis and length of stay (LOS) more
than 1 day (tested by Mantel-Haenszel Chi square test).

Variables that achieved a p value <0.05 in the univariate
analysis were examined using multivariate analysis by
forward stepwise logistic regressions to evaluate indepen-
dent risk factors for main outcomes [27]. Different models
were run for each event, including as covariates: age
>65 years old, gender, Charlson score >2, urgent setting,
relapses, bilateral hernia, use of mesh, laparoscopic/open
approach, association with other surgical intervention,
public/private hospitals and the years as variables. The
analyses were performed using SAS version 9.1.

Table 1 Diagnosis and procedures coding system based on ICD-9-CM; this system is the official system of assigning codes to diagnoses and

procedures associated with hospital utilization

Type of hernia Diagnosis code

Treatment code

Inguinal hernia
Complicated inguinal hernia 550.0X; 550.1X; 551.X; 552.X
Recurrent inguinal hernia
Not classified hernioplasties
Prosthetic hernioplasties

Laparoscopic hernioplasties

550.00; 550.10; 550.90; 550.02; 550.12; 550.92

550.01; 550.11; 550.91; 550.13; 550.93
None among 550.0X; 550.1X; 550.9X

53.0X; 53.1X

53.0X; 53.1X

53.0X; 53.1X

53.03; 53.04; 53.05; 53.14; 53.15; 53.16; 53.17
54.21
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Results

From 2000 to 2009, 126,913 inguinal hernia repair proce-
dures have been performed in Emilia-Romagna hospitals.
The age—gender standardized rate was on average 34
admissions per 10,000 inhabitants, as shown in Fig. 1. The
age-adjusted prevalence for males (31 admission per
10,000 males) was higher than that observed for females (3
admission per 10,000 females). Almost half (46 %) of the
hernioplasty procedures were performed on patients aged
more than 65 years, increasing from 46.6 % in 2000 to
48.2 % in 2009 (p < 0.0001). 2.1 % of patients had rele-
vant comorbidities (Charlson’s score >2), with a statisti-
cally significant (p < 0.0001) increase from 2000 (1.8 %)
to 2009 (2.3 %). Indirect hernia was the most common
type (56.5 %) and had a significant increasing trend
(»p < 0.0001) in the decade (from 51.5 to 59.8 %).

The procedure for bilateral hernia repair interested the
7.4 % of the patients and decreased from 10.6 to 5.6 %
(p < 0.0001), as well as the hernioplasties codified as
recurrence reduced to 26.1 % over time. On the other hand,
increased percentage both of hernioplasties performed with
additional surgical procedures (cholecystectomy, large and
small bowel resection, procedure on testicles) and those in
emergency has been recorded. Surgeons opted for the lapa-
roscopic approach for inguinal hernia repair in 1.5 % of the
cases, with a significant increase during the period from 1 to
2 % (p < 0.0001). Almost three-quarters of the procedures
were performed in public hospital, even if a significant
reduction of 5.5 % was recorded from 2000 to 20009.
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The two outcomes of interest, length of stay longer than
1 day and no-prosthetic hernia repair, had a significant
p < 0.0001 decrease over the period (Fig. 2).

Length of stay longer than 1 day represented the most
part (56.5 %) of admissions for hernioplasty in 2000, but
this percentage decreased dramatically, up to half in 2004.
A progressive decrease, even if lower than the previous
period, was recorded during subsequent years.

Similarly, the percentage of no-prosthetic procedures
reduced from 6.7 to 4 %.

Multivariate analysis has confirmed the association
between the years after 2004 and the outcomes of interest:
length of stay longer than 1 day (OR: 0.4 p < 0.0001) and
no-prosthetic hernia repair (OR: 0.8 p < 0.0001), adjusting
for case mix (Table 2). Both of the outcomes were asso-
ciated with patient’s and intervention’s complexity, as
indicated in Table 3.

The mean in-hospital mortality was 0.1 % (n = 188)
and remained relatively stable over the period; the 30-day
mortality rate was on average 0.2 % and was significantly
higher for patients older than 80 years of age (1.8 %) than
for those younger (0.1 %; OR 16.8, 95 % CI 13.4-21,
p < 0.0001).

Discussion

The evaluation system assessing the quality and organiza-
tion of the health-care industry is still very controversial.
The concept of “Clinical Governance” has been introduced
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Table 2 Patient characteristics

All admissions (n = 126,913)

Admissions >1 day (n = 41,462)

Non-prosthetic interv. (n = 6,297)

n % Variation Trend n % Variation Trend n % Variation Trend
% 2009 vs  test: % 2009 vs  test: % 2009 vs  test:
2002 p value 2002 p value 2002 p value
Patients’ characteristics
Female 1,127 89 —-1.5 0.303 3,686 103 12.0 <0.0001 782 146 -84 0.33
Age
15-30 29,986 23.63 —0.6 0.2587 6,148 17.12 -21.0 <0.0001 1,309 20.8 —144 0.0007
31-60 24929 19.64 —89 <0.0001 59.7 1654 —184 <0.0001 1,049 16.7 —11.4 0.010
61-65 12,716  10.02 1.9 0.0005 3,391 945 —129 <0.0001 736 117 -=7.5 0.16
65-70 20,966 16.52 4.8 0.0005 6,170 1719 —1.4 0.44 901 143 —-04 0.037
>70 38,316 30.19 3.5 0.0005 14,255 39.71 24.8 <0.0001 2,302 36.6 18.2 <0.0001
Comorbidities
Charlson’s 2,683 2.1 22.2 0.0079 1,522 4.2 154.8 <0.0001 392 6.2 1235 <0.0001
score >2
Types of inguinal hernia
Direct 31,806 25.0 —4.2 <0.0001 11,340 27.3 0.5 0.002 1,863 29.6 —13.5 <0.0001
Indirect 71,643 56.5 16.1 <0.0001 22,257 53.7 17.3 <0.0001 2,181 346 —43 0.0007
Unspecified 23,464 185 —26.6 <0.0001 7,865 190 -374 <0.0001 2,253 35.8 53.1 <0.0001
Surgical procedure
Recurrent 13,814 134 -26.1 <0.0001 5,580 155 =20.6 <0.0001 1,169 18.6 —29.8 <0.0001
Bilateral 8,069 78 —47.0 <0.0001 4,046 113 =214 <0.0001 1,063 16.9 353 <0.0001
Laparoscopic 1,867 1.5 96.2 <0.0001 765 2.1 156.7 <0.0001
procedure
Emergency 6,653  6.46 2.6 <0.0001 4,298 12 124.6 <0.0001 126 2 15.9 0.002
procedure
Other 8,465 8.2 104.5 <0.0001 4,341 12.1 117.1 <0.0001 858 13.6 188.8 <0.0001
associated
interventions
Procedure in 94,262 74.3 -5.5 <0.0001 26,955 75.1 1.4 0.28 4,796 76.2 24.5 <0.0001
public
hospital

within the Great Britain National Health System (NHS) to
assess the quality and service throughout the country, both
through NHS itself and through patient feedback [7, 8].

Significantly revamping the system would require an
organization-wide transformation; the key point of the
transformation would involve implementing true quality
assessment and finding the best system with which to
conduct such an assessment. This is true, especially for
evaluating the surgical branch of the health system,
because it is difficult to analyze the surgical procedures and
their outcomes and to find the surgical procedure that is
really representative of the “surgical quality” in general.
Among surgical procedures proposed as indicators of the
performance of the surgical system, hernioplasty has been
used quite frequently, being a surgical procedure widely
performed in general surgery.

In general, the available literature discusses two major
systems for efficiently collecting data about a specific
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surgical procedure. The first system is the DD in which all
surgeons operating in a country/region/area register every
procedure they perform including patient data, the tech-
nique used and the postoperative outcome (like in the
Danish Hernia Database or Swedish Hernia Register) [5, 9—
12, 24-26]. The second system involves AD that collect
data from all public and private hospitals of a given region
or country, obtaining such information from hospital
admission and discharge charts. On one hand, the main
advantage of the AD system is the ability to retrospectively
record almost 100 % of the surgical procedures performed
using the coding system based on the ICD-9-CM. AD are
also readily available and accessible at low costs. However,
they often result in inaccurate data registration as well as
inexact follow-up and recurrence/complication informa-
tion; additionally, they often lack case mix adjustment.
Contrastingly, the DD system collects detailed data
regarding the clinical characteristics and circumstances of
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Table 3 Multivariate analysis

Admission >1 day Non-prosthetic procedure

OR (CI 95 %) p value OR (CI 95 %) p-value

Patient characteristics

Female 1.2 (1.2-1.3) <0.0001 1.8 (1.7-2) <0.0001

Age >65 years 1.9 (1.8-1.9) <0.0001 1.3 (1.2-1.3) <0.0001
Comorbidities

Charlson’s comorbidity score >2 3.4 (3.1-3.7) <0.0001 2.8 (2.5-3.1) <0.0001
Surgical procedure

Recurrent hernia 1.2 (1.1-1.2) <0.0001 1.5 (1.4-1.6) <0.0001

Bilateral hernia 1.7 (1.6-1.8) <0.0001 2.7 (2.5-2.9) <0.0001

Emergency procedure 3.6 (3.4-3.7) <0.0001 1.6 (1.5-1.8) <0.0001

Avoidance of mesh 2.1 (2-2.3) <0.0001

Laparosocopic procedure 2.1 (1.9-2.3) <0.0001

Other associated procedures 1.9 (1.8-1.9) <0.0001 1.5 (1.4-1.6) <0.0001

Procedure in public hospital 0.8 (0.7-0.8) <0.0001 1.1 (1.0-1.1) 0.031
Year

>2004 0.4 (0.4-0.4) <0.0001 0.8 (0.8-0.9) <0.0001

C statistic: 0.712
HL test p = 0.07

C statistic: 0.65
HL test p < 0.0001

individual patients. This system features a high level of
accuracy for clinical data, follow-up assessment and out-
come analysis because each step of the data collection
process is completed by specialists. However, the organi-
zation and management of such a system is often compli-
cated, expensive, time-consuming and resource-
demanding. Furthermore the DD system typically involves
a limited number of enrolled patients.

Although there have been previous studies involving
“hernia audits” in regional populations [5, 13], nationwide
studies have rarely been conducted.

Some of the main concerns of scientific interest involve
the nature of the initial hospital admission and the post-
operative recovery time. In certain European countries,
such as England [14], there are strict surgical guidelines for
hernia cases.

This study covers 126,913 inguinal hernia surgeries and,
to the extent of our knowledge, is the largest study ever
published. The data were obtained from an AD and the aim
of the study was to investigate the postoperative outcomes
of inguinal hernia surgery in Emilia-Romagna.

The distribution of surgeries demonstrates a distinct
prevalence of inguinal hernias occurring in patients in their
fifth and sixth decades of life. These data demonstrate that
the hernia pathology is consistently evident during a period
of several years in a given population. It is also clear that
this pathology tends to affect the middle-aged and elderly.

Inguinal hernias are much more common in men.
91.1 % of the patients were male, which presents a sharp
lopsidedness with important statistical implications. The
Swedish Hernia Register (SHR) enrolled 90,648 patients

between 1992 and 2003 [9] and the percentage of women
experiencing inguinal hernia was only 8 %. In another DD
from Scotland, the percentage of women was 7 % [15].

The overall proportion of patients having a Charlson’s
score >2 demonstrates a significant increase. Typically,
with a favorable preoperative risk assessment and attentive
preoperative care, patients are more likely to undergo
surgery. Surprisingly, operated patients with a high
comorbidity index do not necessarily experience noticeably
lengthened postoperative recovery periods.

Bilateral hernia repair significantly decreased over time
suggesting a progressive change in both the patients’ and
surgeons’ preferences. Bilateral hernia repair is an instance in
which laparoscopic techniques have proven to be very effec-
tive as demonstrated in literature. However, laparoscopy was
employed in a very small percentage of these procedures.

The incidence of direct hernias remained relatively
stable, while there was a significant increase in the inci-
dence of indirect hernias. This increase is associated with a
decrease in the coding of unspecified types. A possible
explanation for this shift could be better anatomic identi-
fication of indirect hernias and a more accurate coding
performed by surgeons. These data do not differ signifi-
cantly between AD and DD. In fact in the Swedish Hernia
Register [9], the rates of direct hernias were calculated to
be 35.5 and 24.5 % in normal and emergency settings,
respectively. Indirect hernias ranged from 53.7 to 49.1 %
in normal and emergency settings, respectively. Lastly,
unspecified hernias ranged from 9 to 9.7 %. These data
imply difficulties in recording precise anatomical classifi-
cations by either AD or DD methods.
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The number of operations performed with the use of a
mesh has increased. The use of mesh also depends on the
type of surgery performed. Meshes have been used more
frequently in unilateral hernia repairs. Surprisingly, a lower
percentage of mesh use has been observed in recurrences
than in primary hernias. In urgent settings, the use of
meshes is lower than in non-urgent settings. Obviously, in
an urgent setting there is a higher likelihood of encoun-
tering an infected or potentially contaminated field and the
use of prostheses could be more dangerous than non-ten-
sion-free hernia repair techniques. All these data have been
confirmed by a multivariate analysis.

The percentage of interventions performed using lapa-
roscopic techniques is still very low. In Denmark, the rate
of laparoscopic hernia repair is 5 %, in England 9 %, in
Sweden 23 % and in Scotland 4 % [4, 10, 13, 15, 24].
Interesting data concerns the indications for laparoscopy.
In Italy, there are no standardized national guidelines
designating the circumstances in which laparoscopy should
be used for hernia repair. In other countries, such as Eng-
land and the Netherlands, the appropriate indications for
using the laparoscopic approach are events involving
bilateral and/or recurrent cases [14, 16-20]. Considering
the results of the present study and the overstated indica-
tions, national guidelines should be made to foster and
enforce a more straightforward compliance with standard-
ized indications for laparoscopic hernia repair. Several
studies have demonstrated that many surgeons are often
unfamiliar with these techniques [16]. Moreover, laparo-
scopic techniques have higher rates of serious complica-
tions and are more costly than open techniques; these
drawbacks are not sufficiently offset by benefits to make it
cost-effective [21]. These data emphasize the need for a set
of standardized guidelines as well as adequate training.

The association between hernioplasty and other proce-
dures increased throughout the course of the study period.
This differs between laparoscopic and open surgical pro-
cedures, reflecting the infrequent use of laparoscopy.

In our region since 2000 (Bollettino Ufficiale Regionale
N. 79/4.5.2000), inguinal hernia repair was classified as an
outpatient procedure. This legal distinction, the widespread
use of prosthetic materials and increased cooperation
between the National Sanitary System and private hospitals
lead to a relative surge in the number of operations performed
with one-day recovery times. As a part of a wide program
addressed to optimize economical resources, the Emilia-
Romagna region has reduced the number of available hos-
pital beds and introduced financial incentives to curb hospital
use. By adopting this policy, the Emilia-Romagna region has
succeeded in reducing the use of acute hospital beds for
patients in selected diagnosis-related groups.

Present data demonstrate also the need for a precise set
of standardized guidelines to further improve the quality of

@ Springer

the National Sanitary System and to reduce the admission
time. The same phenomenon was observed in England. In
fact, in 1993, the Royal College of Surgeons published a
set of national guidelines which stated that at least 30 % of
all hernia repairs should be conducted as one-day cases [22,
23]. In a period of 7 years, from 1993 to 1999, the per-
centage of hernioplasties with 1-day admissions increased
from 18 to 70 % [23]. In Italy, however, no such national
guidelines exist. With pathology like inguinal hernias,
there should be a set of case-sensitive guidelines to help
surgeons decide which treatment would be the most
appropriate and cost-effective.

The percentage of emergency hernioplasties (6.4 %) is
similar in other countries: Scotland (5 %), Denmark (4 %)
and Sweden (5.9 %) [9, 10, 15, 24-26].

In-hospital mortality remained relatively constant. The
risk of death 30 days post-surgery was significantly higher
for patients older than 80 years. Other studies evaluated
this cutoff at 60 years of age and demonstrated mortality
rates of 0.02 % and 0.4 % for patients younger and older
than 60 years, respectively. The reported mortality rate for
operations performed in emergency settings is 7 % [10].
The Danish Hernia Database reported a 30-day mortality
rate of 3.1 % [9, 24, 25].

Data from the present study demonstrated that inguinal
hernia should be treated as an outpatient procedure in the
majority of patients. For this purpose, precise guidelines
are necessary to improve the quality of the procedure and
to avoid money wasting. However when precise guidelines
are lacking, the introduction of legal/institutional indica-
tions plays a pivotal role in shifting the hernia surgery
toward the one-day surgery regimen.
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