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Accessing the abdominal cavity using a ventral midline 
incision is one of the most common surgical approaches 
in small animal surgery, though the procedure is not free of 
complications. This article aims to describe risk factors for 
post-surgical incisional problems to help the reader identify 
them and avoid those directly influenced by the surgeon, thus 
keeping the complication rate to a minimum.

INTRODUCTION
Ventral midline coeliotomy is one of the most common 
surgical techniques for abdominal surgery in small animals.1 
Most surgeons are very familiar with the approach; it allows 
rapid access to the abdomen with minimal damage to nerves, 
vessels and abdominal wall muscles (Figure 1).2

Figure 1: Standard vertical midline incision through the linea 
alba.

Complications of midline coeliotomy in small animals include 
surgical-site infection, peritonitis, wound dehiscence, and 
incisional herniation, which can occur with or without 
eventration (Figure 2).1 
While chronic incisional hernias are commonly associated 
with patient-dependent factors such as metabolic disease, 

Ventral midline coeliotomy – reducing 
post-surgery complications

Fernando S Reina Rodriguez DVM MSc DVMS DipECVS, European specialist in small 
animal surgery and Professor Barbara Kirby BS RN DVM MS DACVS DECVS
American and European specialist in small animal surgery outline how to reduce 
post-surgical incisional hernia in small animals

Figure 2: A. Incisional hernia six months after midline coeliotomy 
for ovariohysterectomy; B. Close view of the subcutaneous 
mass detected on examination; C. Incisional herniation without 
eventration containing omentum. Courtesy of Professor Barbara 
Kirby.
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immunosuppression or development of surgical-site 
infection,1,3 acute incisional hernias are likely associated with 
an inadequate surgical technique,1,3,4 inappropriate choice 
of suture material,1,3 and trauma to the abdominal wall after 
surgery.5

The historical complication rate for midline coeliotomy in 
small animals, including incisional hernias, appears to be 
low.6 However, the true incidence is unknown and some 
authors have suggested it may be underreported,1,7 as 
suggested by two studies in which a considerable number of 
patients developed incisional hernias after ovariectomy8 or 
ovariohysterectomy.5 The consequences of this post-surgical 
complication, particularly when accompanied by eventration, 
may be severe (Figure 3).5

Figure 3: Acute incisional hernia accompanied by evisceration 
of small intestine (white arrow). Notice the skin closure was still 
intact.

The method selected for closure, choice of suture material and 
the use of an optimal surgical technique are factors under the 
surgeon’s control that may reduce the complication rate when 
this approach is chosen.1

TYPE AND LENGTH OF THE SURGICAL INCISION
In humans, the length and type of incision is considered a risk 
factor for development of incisional hernia.9,10 Longer incisions 
are associated with early development of complications,9 
while there is an increased risk for open coeliotomy compared 
to minimally invasive laparoscopic procedures.10 Despite the 
clear advantages of laparoscopy, incisional hernias can also 
develop with this technique at either the incisional or the 
trocar site.10

The type of incision used depends on the anatomic region 
to expose, type of surgery and the surgeon’s preferences.10 
Paramedian incisions provide the theoretic advantage of 
adding two layers of muscular fascia for closure buttressed 
by a well-vascularised muscular layer.11 However, paramedian 
incisions may cause irritation of the tissues included in the 
closure and postoperative abdominal wall pain.12 In small 
animals, paramedian incisions are not routinely performed for 
abdominal surgery because vertical midline incisions provide 
rapid access to the abdomen.
In humans, transverse incisions have been recommended by 
some authors because of the lower incidence of incisional 

herniation and fewer postoperative complications compared 
to vertical midline incisions.13 However, time required to gain 
access to the abdomen and to close transverse incisions is 
generally longer.14 Also, the benefits of transverse incisions for 
reducing postoperative pain are questionable.15 Transverse 
abdominal incisions in small animals are reserved for specific 
procedures such as the flank approach for ovariohysterectomy 
or the grid approach (small transverse right-paracostal 
incision) for minimally invasive prophylactic gastropexy.

SURGEON EXPERIENCE AND THE ROLE OF THE 
SUTURE PATTERN
Independently of the knot configuration or suture material 
selected, the weakest point in the suture is the knot, followed 
by the portion of material adjacent to it.16 Slippage of suture 
material at the knot by inadequate tightening and suture 
weakening by cramping with the instruments are common 
mistakes made by inexperienced surgeons. Surgeon’s 
experience also plays a role in consistent knot security,17 
highlighting the importance of forming secure knots during 
closure.
Simple continuous closure of midline coeliotomy is the 
standard technique in humans11 as it provides a strong and 
rapid repair.18 The technique has become accepted in small 
animals as well.6 However, the amount of tissue to include 
in the closure, the tension applied in the suture, the distance 
from the wound edges where the needle is introduced, and 
the distance between stitches are topics not commonly 
described in veterinary patients.5-7

In people, the strength of a wound closure using a simple 
continuous technique depends on the length of suture 
material used, length of the incision, and the number of 
stitches used for closure, as determined by the distance 
between stitches (stitch interval) and the size of the tissue bite 
(suture bite).19 Assuming that all surgical wounds lengthen 
about 30% after surgery, the length of suture material used 
for closure should be at least four times the length of the 
incision to achieve adequate strength during wound healing.19 
Following that rule, the incidence of complications in humans, 
including incisional herniation, is considerably reduced.2,10,11,18 
In small animals, the four-to-one rule is not considered for 
coeliotomy closure,5-7,20 is not applied or is unconsciously 
applied by the surgeon.21 This variation between surgeons 
using a simple continuous technique21 and the fact that 
incisional hernias are mainly caused by technical errors3 
highlights the importance of introducing the four-to-one rule 
for midline coeliotomy closure in small animals.21

Additionally, reducing the stitch interval and the suture bite 
have been shown to reduce incisional hernia in humans.18 
The suture bite-and-stitch interval in small animals is not 
reported6,7 or is based on personal experience rather than 
clinical or experimental studies,20 leaving room for individual 
interpretation of where and how to place the stitches.
The recommended tension to apply to the suture for closure 
must be low to prevent compromising blood supply to the 
local tissue; however, the suture must hold the tissues in 
apposition while wound healing occurs.22 In areas with 

Vet Jan 19.indd   30 02/01/2020   10:51



Veterinary Ireland Journal I Volume 10 Number 1 31

CONTINUING EDUCATION I SMALL ANIMAL

relatively low blood supply, such as the linea alba, the suture 
also needs to retain its strength until the scar tissue can 
withstand the forces acting on the surgical incision.22

TISSUES TO INCLUDE IN THE CLOSURE
Historically, closure of the peritoneum was recommended 
in humans to prevent herniation because the omentum or 
a loop of bowel could insinuate into a peritoneal defect, 
acting as a wedge to enlarge the opening.11 Nevertheless, 
peritoneal closure was abandoned since it was discovered 
that peritoneal defects close by cell regeneration23 and the 
inclusion of peritoneum did not provide additional strength to 
the closure.24

In dogs, the external leaf of the muscular fascia of the 
rectus abdominus is the primary strength-holding layer 
for coeliotomy closure, and no di
erences are observed 
compared to full-thickness closure in which the abdominal 
muscles are included.25 In fact, inclusion of muscle rather 
than fascia is considered a technical error that may lead to 
herniation.1 In cats, coeliotomy closure including only the 
muscular fascia is mechanically comparable to full-thickness 
closure.26 Fascia-only closure could also reduce postoperative 
swelling and pain,26 which can increase tension at the incision 
site after surgery.18

Engaging the muscular fascia during closure involves placing 
the stitches lateral to the edges of the linea alba. The line 
limiting the edges of the linea alba and the junction with the 
fascia of the rectus abdominus is known as the transition zone 
(Figure 4).27 When sutures are placed here instead of the linea 
alba, the strength of the closure significantly increases.27

Figure 4: Close view of the feline ventral abdominal wall. The 
black arrow is at the linea alba, the dotted line is at the lateral 
edges of the linea alba and the white arrow is at the transition 
zone.

SELECTION OF THE SUTURE MATERIAL AND NEEDLE
In humans, the ability of scar tissue to withstand forces after a 
midline coeliotomy incision is about 30% less than that of the 
intact linea alba.28 This low-resistance capacity may persist 
for several years after surgery.28 Although similar studies have 
not been performed in veterinary patients, it is clear that the 
suture material chosen should provide a secure closure for the 
duration of wound healing to maintain su
icient strength and 
ensure tissue apposition until the wound can withstand stress 
without mechanical support.29

Multifilament materials tend to be stronger and provide 
better knot security compared to monofilament materials. 
However, multifilament materials can cause dragging when 
passed through the tissues leading to suture pull-out and 
can increase the risk of surgical site infection because of 
their greater surface area for bacterial penetration.29 Non-
absorbable monofilament materials have been recommended 
in the past,11 but they have been associated with postoperative 
complications such as persistent postoperative pain and 
sinus tract.30 Slowly-absorbable monofilament materials 
are a good choice for coeliotomy closure in humans to 
avoid the aforementioned complications. In addition, the 
incidence of incisional hernia is comparable between slowly 
absorbable and non-absorbable sutures.10,30 Examples of 
slowly absorbable monofilament materials recommended for 
coeliotomy closure in small animals include polydioxanone 
and polyglyconates because of their ability to retain their initial 
strength for prolonged periods of time.11,29

Suture size selection depends on the patient size, the tissue 
where it is used and tissue healing ability. Excessively large 
diameter sutures lead to more foreign material at the surgical 
site and weaker knot security.11,29 The ideal suture size is the 
smallest diameter suture that will hold the tissue during 
wound healing.11 For small dogs and cats, 2 metric (3-0 USP) 
suture diameter is commonly recommended for coeliotomy 
closure with the exception of paediatric patients of smaller 
size, for which 1.5 metric (4-0 USP) may be indicated. For 
dogs, suture diameter ranges from 3 metric (2-0 USP) to 3.5 
metric (0 USP). Larger diameter sutures, such as 4 metric (1 
USP), are reserved for giant breeds, where greater forces are 
expected to occur after surgery at the coeliotomy incision.
Although there are no specific rules for needle selection, 
an inappropriate needle choice may cause excessive tissue 
trauma and prolong tissue healing.31 When choosing a needle 
type, we have to consider the tissue in which the needle will 
be introduced, the surgeon’s technique, working space and 
accessibility of the tissue.31 The triangular cutting surface of 
standard cutting needles facilitates penetration through the 
tissue; however, the force required to pass the needle may 
enlarge the suture hole, increasing the risk of suture pull-
through.31 The fine point of tapered needles allows for piercing 
and spreading the tissues during needle passage and is a 
good option for delicate and easily accessible tissues, such as 
the ventral abdominal wall.31 The use of curved needles also 
allows a predictable movement, reducing the force required to 
penetrate the tissues.31

In humans, the use of a smaller diameter suture and needle 

Vet Jan 19.indd   31 02/01/2020   10:51



Veterinary Ireland Journal I Volume 10 Number 132

SMALL ANIMAL I CONTINUING EDUCATION

size, combined with a simple continuous technique and 
reducing the stitch interval and suture bite, minimises tissue 
trauma and reduces the incidence of incisional hernia.18 The 
e
ect of needle size and needle type has not been evaluated 
in small animals, although it seems reasonable to follow the 
human recommendations.

CONCLUSION
How to reduce the risk of incisional complications 
associated with patient-dependent factors?
Incisional hernias are multifactorial in origin. Avoiding the 
surgical procedure when patient-dependent factors are 
identified is not a reasonable solution. Nevertheless, it is 
important, not only to recognise patient-dependent factors, 
but also to minimise their impact on the occurrence of 
complications. Adequate treatment of pre-existing metabolic 
diseases, such as diabetes or hyperadrenocorticism, 
appropriate surgical planning and selecting a minimally 
invasive approach when possible are some of the measures to 
take when surgery is required in these patients.

Which surgical approach do I use for abdominal surgery?
With few exceptions, vertical midline incision through the linea 
alba is the standard and preferred technique. The length of 
the incision will vary depending on the procedure, exposure 
required and the surgeon’s experience. When possible, and 
particularly in high-risk patients in which wound healing may 
be compromised, reducing the incision length or selecting a 
minimally invasive procedure should be considered.

How to close midline coeliotomies?
Select a slowly absorbable monofilament material of adequate 
diameter and the smallest and least traumatic needle. Then, 
use a simple, continuous technique including only the external 
leaf of the fascia of the rectus abdominus. This is the accepted 
technique in humans and small animals. Apply enough 
tension during closure to appose the wound edges without 
compressing the tissues to avoid impairment of the local 
blood supply. Ideally, do not include muscle during closure to 
reduce postsurgical pain and swelling.

What number of stitches do I have to use?
The number of stitches will depend on the length of the 
incision. The length of suture material used for closure should 
be at least four times the length of the incision. Surgeons must 
consider the four-to-one rule to ensure adequate strength of 
the surgical wound, particularly during the initial phases of 
wound healing.

Where to place the stitches?
The needle must penetrate the external leaf of the fascia of 
the rectus abdominus. This involves placing stitches at the 
transition zone, lateral to the edges of the linea alba and the 
junction with the fascia of the rectus abdominus. This area 
should be identified prior to coeliotomy closure.
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READER QUESTIONS AND ANSWERS
1. WHICH OF THE FOLLOWiNG STATEMENTS IS TRUE?

 A Chronic incisional hernias are commonly caused by  
  surgeon-related factors
 B Acute incisional hernias only occur if the patient  
  performs vigorous exercise during the immediate  
  postoperative period
 C Acute incisional hernias may be associated with  
  poor surgical technique, inappropriate selection of  
  suture material or trauma during the postoperative  
  period
 D Chronic incisional hernias may be associated with  
  poor surgical technique, inappropriate selection of  
  suture material or trauma during the postoperative  
  period

2.  YOU HAVE TO PERFORM AN EXPLORATORY COELIOTOMY 
ON A PATIENT WITH HIPOPROTEINAEMIA. THE PRE-
OPERATIVE DIAGNOSIS IS UNCLEAR. YOU WANT TO

 MAKE THE MOST OF YOUR SURGERY FROM THE 
DIAGNOSTIC POINT OF VIEW, SO YOU MAY CONSIDER 
OBTAINING BIOPSIES FROM DIFFERENT ORGANS. WHICH 
SURGICAL APPROACH WOULD YOU USE?

 A Ventral midline coeliotomy. I would try to slightly  
  reduce the length of my incision without a
ecting  
  the adequate visualisation of the abdominal organs
 B Ventral right paramedian incision. The two-layer  
  muscle closure will reduce the chances of a chronic  
  incisional hernia due to hipoproteinaemia
 C Ventral left paramedian incision. The two-layer   
  muscle closure will reduce the chances of a chronic  
  incisional hernia due to hipoproteinaemia
 D Right or left paracostal incision 

3. THE FOUR-TO-ONE RULE SHOULD BE APPLIED FOR

 A Longer incisions, particularly in high risk patients
 B  Paramedian incisions
 C Paracostal incisions
 D  All of the above. This rule must be used to increase  
  the mechanical strength of our wound closure,   
  particularly during the initial phases of wound   
  healing

4.  YOU HAVE TO PERFORM AN EXPLORATORY COELIOTOMY 
ON A PATIENT DIAGNOSED WITH SEPTIC PERITONITIS. 
WHICH SUTURE MATERIAL WOULD YOU USE TO CLOSE 
THE ABDOMINAL WALL?

 A Non-absorbable multifilament material as the pre- 
  existing infection may slow the wound healing
 B  Non-absorbable monofilament material
 C Long-lasting absorbable multifilament material
 D Long-lasting absorbable monofilament material 

5.  YOU HAVE FINISHED AN ABDOMINAL SURGERY ON A 2KG 
CHIHUAHUA. WHICH SUTURE MATERIAL WOULD YOU 
USE TO CLOSE YOUR COELIOTOMY?

 A  0 USP polydioxanone
 B  0 USP polyglyconate
 C 3/0 USP polydioxanone or 3/0 USP polyglyconate
 D 2/0 non-absorbable material, such as nylon or   
  polypropylene

ANSWERS: 1:C; 2:A; 3:D; 4:D; 5:C. 
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