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Abstract
Introduction Subcostal hernias are categorized as L1 based on the European Hernia Society (EHS) classification and fre-
quently involve M1, M2, and L2 sites. These are common after hepatopancreatic and biliary surgeries. The literature on 
subcostal hernias mostly comprises  of retrospective reviews of small heterogenous cohorts, unsurprisingly leading to no 
consensus or guidelines. Given the limited literature and lack of consensus or guidelines for dealing with these hernias, we 
planned for a Delphi consensus to aid in decision making to repair subcostal hernias.
Methods We adopted a modified Delphi technique to establish consensus regarding the definition, characteristics, and sur-
gical aspects of managing subcostal hernias (SCH). It was a four-phase Delphi study reflecting the widely accepted model, 
consisting of:

1. Creating a query.
2. Building an expert panel.

3. Executing the Delphi rounds.
4. Analysing, presenting, and reporting the Delphi results.

More than 70% of agreement was defined as a consensus statement.
Results The 22 experts who agreed to participate in this Delphi process for Subcostal Hernias (SCH) comprised 7 UK sur-
geons, 6 mainland European surgeons, 4 Indians, 3 from the USA, and 2 from Southeast Asia. This Delphi study on subcostal 
hernias achieved consensus on the following areas-use of mesh in elective cases; the retromuscular position with strong 
discouragement for onlay mesh; use of macroporous medium-weight polypropylene mesh; use of the subcostal incision over 
midline incision if there is no previous midline incision; TAR over ACST; defect closure where MAS is used; transverse 
suturing over vertical suturing for closure of circular defects; and use of peritoneal flap when necessary.
Conclusion This Delphi consensus defines subcostal hernias and gives insight into the consensus for incision, dissection 
plane, mesh placement, mesh type, and mesh fixation for these hernias.
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Introduction

Subcostal hernias are categorized as L1 based on 
European hernia society (EHS) classification but 
can frequently involve M1, M2, and L2 sites [1]. 
These are common after hepatopancreatic and bil-

iary surgeries and a significant number present with 
loss of domain. Subcostal hernias are challenging to 
repair because of their proximity to the costal mar-
gin, diaphragm, heart, and lungs. This is particularly 
difficult due to the insertion of the lateral muscles 
in relation to the rectus which causes difficulty in 
creating extra peritoneal space mesh placement and 
fixation. Both open and minimal access surgery are 
used for subcostal hernias and the choice depends on Extended author information available on the last page of the article
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hernia characteristics and surgeon preference. There 
are many variations in the repair technique among 
surgeons related to incision, plane of dissection and 
mesh placement, mesh type, and mesh fixation for 
subcostal hernias. There is a lack of published lit-
erature, consensus and guidelines on the subject. 
We could not find any meta-analyses or systematic 
reviews specific for subcostal hernias. The existing 
literature comprises of case series, case reports and 
primarily focuses on differential techniques of surgi-
cal management for either subcostal hernias or sub-
costal hernias as a subgroup of ‘lateral’ or ‘flank’ 
hernias.
In view of the limited literature and lack of consensus 
or guidelines for dealing with these, we planned 
for a Delphi consensus to aid in decision making 
for the repair of subcostal hernias. We approached 
global experts and attempted to reach a consensus 
on important issues pertaining to subcostal hernia 
repair which we present in this paper. We have also 
discussed the areas of disagreements where future 
research may be focused.

Methods

This study adopted a modified Delphi technique 
[2] to establish consensus regarding definition, 
characteristics and surgical aspects  related to the 
management of subcostal hernias (SCH). This was 
a four-phase Delphi study reflecting the widely 
accepted model which consists of the phases that 
are based on:

1. Creating a query
2. Building an expert panel
3. Executing the Delphi rounds
4. Analysing, presenting and reporting the Delphi results

The modified Delphi technique is similar in terms of 
procedure and intent but consists of beginning the process 
with a set of carefully selected items drawn from various 
sources including synthesized reviews of existing literature 
and unofficial interviews with selected content experts. 
These were selected based on prominence in international 
and regional hernia literature and no one was specifically 
asked regarding the number of subcostal hernias repaired 
in their career.

More than 70% agreement was defined as consensus 
for the purpose of this study which is similar to other 
collaborative efforts in published surgical literature using 
the Delphi process [3].

Phase I

A steering committee was formed consisting of 
three consultant surgeons from India performing 
high volume hernia surgery with publications in 
hernia literature (SJB, PP and MYA) and one senior 
fellow from the UK (GVK), with special interest 
in Abdominal wall reconstruction. All decisions in 
relation to methodology and analysis were agreed 
on a consensus basis and discussions were led by 
SJB as the senior member of the committee. Three 
members of the steering committee (GVK, PP, 
MYA) individually performed a literature search 
for evidence on subcostal hernias in March 2023 in 
Embase, PUBMED / MEDLINE, Web of Science 
and Google Scholar. The search items used were 
‘subcostal hernia’, ‘L1 hernia’, ‘transverse incision 
hernia’, ‘liver transplant AND hernia’, ‘hepatobiliary 
surgery AND hernia’. We could not find literature 
providing sufficient level of evidence on the 
subcostal hernia. We identified the potential areas 
of contention and controversies. These findings were 
converted into research questions for review. All 
members of the Indo-UK steering committee were 
invited to submit as many questions as felt necessary. 
The agreed upon questions were included in the First 
Round of Delphi process Questionnaire.

Phase II

During Phase II, experts were identified from across 
the world based on peer reviewed publications in 
hernia literature, having delivered prominent talks 
recently at hernia congresses on the topics related 
to lateral hernias, key members of esteemed hernia 
societies and corresponding lead authors of recent 
publications related to subcostal hernias specifically. 
A total of 32 experts were identified and invited 
individually via email to maintain anonymity 
and to avoid intrapanel discussions which could 
influence participation. We received confirmation 
from a total of 22 surgeons- 7 surgeons from UK, 
6 from mainland Europe, 3 from USA and all 6 
from Asia. The focus was strictly on the definition, 
characteristics and the elective (planned) repair of 
subcostal hernias.
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Phase III

During the third Phase of the study, an online survey 
tool (Google Forms) was used to create a link with 
31 multiple choice questions in Round one. Experts 
were asked to select the single closest response that 
reflects their practice. There was a free-text box 
provided at the end of each question for comments 
which were used along with the responses to 
formulate questions for Round 2 to get clarity on 
questions that did not achieve consensus in round 
one. Anonymity was maintained throughout the 
process and individual emails were sent to each of 
the invited experts to avoid interpersonal discussions 
which could influence responses. Following this the 
Steering Committee deliberated the results of the 
survey and questions which received consensus 
without any negative comments were removed from 
further iterations and stored separately.
For Round 2, the focus was on the questions which 
did not achieve consensus and those that attracted  
important comments. The comments were used for 
formulating the questions for Round 2. After round 2, 
Questions that received consensus were stored along 
with statements that achieved consensus in Round 
1. The questions that did not achieve consensus or 
the ones with important comments were taken up 
for deliberation by the steering committee. After 
discussions it became evident from the pattern of 
responses that there were certain items in the aspects 
of surgical management of Subcostal hernias, which 
would not achieve consensus irrespective of the 
way the question could be framed, and these were 
removed as the expert panel was split evenly in both 
rounds. It was decided unanimously that there would 
be no advantage to pursuing these questions in a 
third round.

Phase IV

Data was analyzed using descriptive statistics and 
expressed as percentage agreement. Since this was 
a Delphi consensus of experts which did not involve 
any patient groups, no IRB approval or written 
consent was deemed necessary for its conduct. The 
steering committee wrote the findings of the paper and 
circulated amongst the experts prior to submission.

Results

The 22 experts who agreed to be a part of this Delphi 
process for Subcostal Hernias (SCH), comprised of 7 
UK surgeons ((ACdeB, SC, AMM, DAJS, OW, DLS 
and TMH), 6 mainland European surgeons (MAGU, 
LB, MM, AM, SMC and YR), 4 Indian (CP, SAR, VS 
and JAG), 3 from the USA (MJR, EMP and RCL) and 
2 from South East Asia (SW and DL). The response 
rates for both iterations of the questionnaires for each 
of the two rounds was 100% for all 22 panelists More 
than 70% agreement was defined as consensus (3).

Round 1

Tables 1 and 2 show results from Delphi rounds 1 
(31 questions) and 2 (16 statements). There were 3 
survey findings related to characteristics of SCH and 
8 clinical-surgical questions that achieved consensus 
in Round 1 (Table 2). None of the procedure-related 
questions for W1 (<4 cm) or W2 (4–10 cm defect) 
hernias reached consensus in Round 1. So, they were 
rephrased for Round 2 based on expert comments 
and voting patterns. Opinion was split regarding use 
of intra peritoneal mesh or Minimal access surgi-
cal (MAS) techniques such as laparoscopy, IPOM, 

Table 1  Combining the concept 
options from Round 1 to design 
a new definition for subcostal 
hernia

a The only panelist who disagreed with this also said they were 90% in agreement with the statement for 
definition except in case of a vertical para-median incision with clinically significant bulge in L1 region in 
which case they would not consider it a subcostal hernia

Concepts: Round 1: Number of experts who chose this option (%)
1. Only strictly L1 region defects 02 (09%)
2. All hernias with any part of the defect in L1 region 09 (41%)
3. Any hernia with the ‘epicentre’ or major part of the defect in L1 10 (45.5%)
4. Any hernia occupying L1 or M1 regions 01 (5%)
5. Either L2 or L1 hernias 0 (0%)
Definition designed by the facilitators for Round 2
“A hernia with a clinically significant part of the defect in the L1 region should be considered as a 

subcostal hernia.”(95.5% consensus)
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robotic or endoscopic methods for repair of W1/W2 
SCHs. There was no consensus regarding statements 
related to the need for fixation of mesh or techniques. 
Similarly, there was wide variation in responses gar-
nered for statements related to use of peritoneal flap 
or coated mesh.

Round 2

Sixteen statements were presented to experts in round 
two with options of “Agree” or “Disagree” with free 
text available for comments after each question. 
Table 2 shows the statements agreed upon and Table 3 
shows statements that did not receive any consensus.

Of note is a clinically relevant procedure-related state-
ment—“For W2 Subcostal hernias, Minimal Access surgi-
cal (MAS) techniques can be used either as an adjunct to 
open surgery or as a stand-alone option in case significant 

expertise was available.”  This statement was agreed upon 
by 73% of the panel. However, the comments were quite 
unfavorable and 4 of the experts who had selected “Agree”, 
remarked that employing open or MAS techniques for 
SCH were decisions that required tailoring to the indi-
vidual patient. Two of them also mentioned that they had 
checked the “Agree” option since they had to select one 
answer instead of leaving it blank. Hence, we decided to 
mention the statement separately for the benefit of readers 
and not include it in consensus statements (Table 4).

For analyzing the results of Round 2, we divided the 
questions into two groups. The first group consisted of 
conceptual questions (n = 5) and second consisted of 
technical or procedural questions (n = 11) and used the 
number of “Agree” responses as the ‘Scores’ for obtaining 
a Coefficient of Variation (CV) in the pattern of responses 
by the experts. The CV value for the group of conceptual 
questions was 4.14 while the CV value for procedural 
questions was 16.77. A coefficient of variation lower than 
5% is desirable. while CV values higher than 10% do not 
indicate confidence.

Table 2  Statements that achieved > 70% consensus regarding Surgical Management of Subcostal Hernias (SCH)

Statements from Round 1 Percentage 
consensus

1. Mesh should be used in all cases of elective repair of SCH. (100%)
2. Sublay mesh repair (retrorectus/retromuscular/preperitoneal plane as per current ICAP nomenclature) is preferred during open 

repair and onlay repair of SCH is to be discouraged.
(95.5%)

3. Synthetic polypropylene, macroporous, medium-weight meshes are usually preferred for repair of SCH during sublay approach. (86.3%)
4. In case of open approach, the subcostal incision or transverse  approach is preferred. (77.3%)
**Statement derived from comments- It is best not to  take a midline incision if an incision does not already exist there. (73%)
5. Horizontal axis is the preferred direction of closure in case of circular defects in the subcostal region. (77.3%)
6. In minimal access surgery for SCH, defect closure is advisable. (81.9%)
7. For repair of W2/W3 SCH requiring component separation, it is preferable to use Posterior Component Separation rather than 

Anterior Component Separation technique
(73%)

8. Open repair is the preferred approach for W3 (> 10 cm defect) SCH. (86.3%)
Statements from Round 2
1. In case of weak peritoneum or multiple peritoneal defects, an absorbable mesh can be considered in addition to a synthetic mesh 

while repairing SCH.
(77.3%)

2. Peritoneal flap/hernia sac can be selectively used during open repair of W2 or W3 subcostal hernias. (95.5%)

Table 3  Survey questions regarding special characteristics of Subcostal hernias, which achieved consensus

This is influenced by proximity to the costal margin, traction forces with different directional vectors and/or denervation from prior surgery

1. Subcostal or Kocher’s incision (91% consensus) and the tri-radiate (Mercedes-Benz) incision (73% consensus) are the most common incisions 
leading to a subcostal hernia

2. Open cholecystectomy (86.3% consensus) and liver resections (68%) are the most common operations leading to subcostal hernias
3. Incidence of bridging should be lower than 10% for subcostal hernias as recurrence rates will be unacceptably high (91% consensus)
4. Subcostal hernias are usually incisional but rarely can be primary. (90.1%)
5. Biomechanics for subcostal hernias are different than midline hernias. (90.1%)
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Discussion

This Delphi study on subcostal hernias achieved 
consensus on the following areas— use of mesh in 
elective cases; the retromuscular position with strong 
discouragement for onlay mesh; use of macroporous 
medium-weight polypropylene mesh; use of the sub-
costal incision over midline incision if there are no 
previous midline incision; TAR over ACST; defect clo-
sure where MAS was used; transverse suturing over 
vertical suturing for closure of circular defects; and 
use of peritoneal flap when necessary. Surgeons agreed 
that the biomechanics for subcostal hernias are differ-
ent from midline hernias, and this is due to proximity 
to the bone, denervation muscular atrophy due to the 
previous incision and different vectors of forces. This 
Delphi consensus also provides a definition for subcos-
tal hernias (see Table 1).
The consensus was not achieved on the use of MAS 
and robotics in W1, W2 or W3 (>10 cm) hernias as 
well as fixation methods.
Literature search reveals many variations in terms 
of incision, mesh location, mesh type, and use of 
peritoneal flap for open subcostal hernia repair. 
Surgeons have used midline [4] or pre-existing 
subcostal incision [5–7]. The experts gave various 
reasons where using a midline incision was justified—
presence of concomitant midline hernia, familiarity 
with the midline incision, and approaching from the 
nonscarred areas to reach the right plane. However, 
subcostal incision (transhernial) has the advantage 
of direct access to the sac and the defect as well as 
avoiding another incision into the abdominal wall [5]. 
In this study, we received consensus for preferring 
a subcostal or a transverse incision for repair of a 
subcostal hernia.
The location of mesh placement in subcoastal her-
nia repair has been reported as onlay/ retromuscular/ 
intraperitoneal [8–11]. However, recent guidelines 

based on current evidence advocate a retromuscu-
lar placement of mesh whenever technically feasible 
[12] and we saw the same reflected in the consensus 
as well (Table 2).
Surgeons have reported different planes of dissection 
lateral to linea semilunaris. Many use the TAR 
plane or preperitoneal plane [4, 7, 13, 14];  the 
plane between the external oblique and internal 
oblique (EO/IO plane) has also been reported [6, 9, 
15, 16]. Using the TAR plane seems theoretically 
advantageous since it allows building the space 
up to the diaphragm cranially and also spares the 
neurovascular bundles. However, surgeons using the 
EO/IO plane argue that thoracoabdominal nerves 
are already divided from the previous incision and 
therefore there is little significance [5]. In this Delphi 
consensus, however, the experts voted in majority 
for the TAR plane. This might be also because of 
significant familiarity with the TAR plane and since 
it is relatively bloodless compared to the plane 
between the obliques.
The meshes reported in literature are polypropylene [4, 
16, 17], polyester [4, 6] and biological [18]. Polyester 
have mesh has been associated with more central mesh 
fracture and higher recurrence [4]. In this consensus, 
the majority of experts voted in favor of polypropylene 
as the mesh of choice for subcostal hernia repair.
One study on use of peritoneal flap/hernia sac has 
shown encouraging results [15]. In this study, surgeons 
voted for its selective usage in W2/ W3 hernias. 
However,  whether peritoneal flap/ hernia sac should 
be considered a reconstruction or a bridging repair was 
not addressed in this study.
The use of MAS for subcostal hernias and use of robots 
in general elicited variable responses and did not lead 
to any consensus in this study. This is interesting 
because it reveals the controversial nature of this issue. 
Clearly, this issue needs further examination and future 
research should be focused on this.

Table 4  Revised statements that did not achieve consensus (< 70% agreement) even in Round 2

1. Minimal Access Surgery (MAS) is the preferred option to manage most W1 (< 4 cm) subcostal hernias
2. For W2 subcostal hernias, MAS techniques can be used as either as an adjunct to open surgery or a stand-alone option in case considerable 

expertise is available
3. In Open repair of subcostal hernias in presence of a subcostal incision, it is acceptable to use the plane between the external oblique and 

internal oblique lateral to linea semilunaris and extend it to the retrorectus space without fear of denervation injury as the neurovascular 
bundles would have been divided already during prior surgery

4. During open repair of subcostal hernias, absorbable sutures can be used for fixing the mesh at discretion of the surgeon
5. IPOM Plus (intra peritoneal onlay mesh repair with defect closure) and sublay techniques are acceptable minimal access surgical techniques 

for W1 and W2 subcostal hernias where expertise is available
6. In case of bridging repair of subcostal hernias, microporous heavy weight mesh should be preferred over macroporous medium-weight mesh
7. Use of Robot may aid in cases of W1–W2 subcostal hernias where minimal access approaches are to be considered instead of open
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We could also get a definition on subcostal hernia— 
“A hernia with a clinically significant part of the 
defect in the L1 region should be considered as 
a subcostal hernia.” Experts agreed that these 
hernias are usually incisional but rarely can be 
primary. During Round 1, none of the suggested five 
definitions of SCH achieved consensus. Panelists 
made 18 comments which were used to rewrite a 
potentially acceptable definition statement for 
Round 2 and re-presented to the experts.
Panelists also agreed that the biomechanics for SCH 
were different than midline hernias, and various 
reasons were given for the different biomechanics. 
The many different reasons given were “associated 
with denervation injury”, “different vectors of 
force”, “rib cage forms a boundary of the hernia”, 
“costal margin is in close proximity” and “I don’t 
think they are well understood since they are not 
midline hernias”.
When we analyzed the results of round 2 we found 
that the CV value for the group of conceptual 
questions was 4.14 while the CV value for 
procedural questions was 16.77. A coefficient of 
variation lower than 5% is desirable. while CV 
values higher than 10% do not indicate confidence. 
So, it is apparent that when it comes to SCH, it 
is difficult for experts to come to consensus for 
technical and procedural related questions. At 
the same time  statements related to concepts, 
characteristics and definitions garner consensus 
easily despite both sets of questions being changed 
after considering Round 1 responses and comments 
from the same group of experts.
The limitation of this study is that while expert 
consensus could be established by refined opinions 
and serial questioning, it is not backed by high-
quality data. This is an inherent limitation of most 
Delphi processes. While we tried our best to include 
as many experts as possible from all over the world, 
there are many experts in the field who could not be 
a part of the study and therefore the consensus may 
be skewed in one or the other direction.

Conclusion

This Delphi study on management of SCH achieved 
consensus on use of retromuscular repair,  subcostal 
incision, polypropylene mesh, TAR, and selective 
use of peritoneal flap in large sized hernias. However, 
there is a lack of unanimity regarding the use of 
MAS/ robotics and the fixation technique.
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