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KEY POINTS

� The outcomes of abdominal wall rehabiliation may be improved with prehabiliation of co-
morbidities and prehabilitation of the abdominal wall.

� Advanced age, smoking, diabetes, obesity, cirrhosis, and frailty have been identified as
risk factors in the population who may benefit from prehabilitation.

� Emerging data from prehabilitaion programs demonstrates mixed outcomes.

� Prehabilitation of the abdominal wall includes mainly usage of botulinum toxin A for chem-
ical component separation, and preoperative progressive pneumoperitoneum, both effec-
tive an appropriately selected population.
INTRODUCTION

Despite regional variation, and referral patterns, the prevalence of complex abdom-
inal wall defects and the need for abdominal wall reconstruction continues to in-
crease. The proportion of these patients having serious comorbidities also
seems to be increasing. A systematic review and meta-analysis of 22 studies
including 5284 patients who underwent open transversus abdominus release
(TAR) identified age, gender, body mass index (BMI), comorbidities, and tobacco
exposure as being associated with surgical site occurrence (SSO) and with overall
complications.1

Because of the risk and costs of postoperative complications, especially surgical
site infections, some have suggested that preoperative optimization might be more
important than operative technique,2 though in reality it is a combination of the two
which likely to provide the best outcomes.
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In discussing prehabilitation, we can divide the topic into 2 main sections.

1. Prehabilitation of comorbidities—minimizing preexisting conditions that are associ-
ated with increased risks of postoperative complication (both early and late).

2. Prehabilitation of the abdominal wall—preoperative adjuncts that allow restoration
of midline and/or allow for the procedure to be completed successfully.
PREHABILITATION OF COMORBIDITIES
Age

With an average life expectancy extending into the mid-80s in many developed na-
tions in the world, patients are being referred for surgical consultation with symptom-
atic hernias later in life. The perceived risks of surgery stem from both the aging
organ systems and from multimorbidity (Charlson Comorbidity Index �3, cognitive
dysfunction, and frailty). In a pilot study of patients over age 60 years referred for
inguinal or ventral hernia to a tertiary care center, high rates of cognitive impairment
(29%–47%), frailty (16%) or prefrailty (53%), and multimorbidity (>94%) were pre-
sent. Surprisingly, there were no significant differences between the age groups of
60 to 64, 65 to 70, or over 70 years. These findings not only suggest that age is
just a number, but also that patients not routinely considered elderly may have
some significant associated factors that could affect their outcome.3 Multimorbidity
was also seen more commonly in the older population, 55% to 98% of adults over
age 65 years, compared with 30% in younger adults. Multimorbidity in ventral hernia
patients is associated with increased length of stay, higher mortality, higher rates of
emergency surgery, and higher rates of discharge to a care facility. Higher rates of
functional dependence can be noted in older patients, and this is also associated
with higher rates of complications and mortality. Further data from the pilot study
noted that in the 26 patients who did eventually undergo ventral hernia repair, there
were similar outcomes when examining readmission, complications, length of stay,
and discharge home without any supportive care when stratified into the tertiles of
age over 60 years. Of note, the outcomes predicted by age when using risk calcula-
tors such as National Surgical Quality Improvement Program (NSQIP) and Charlson
Comorbidity Index (CCI) overestimated the expected postoperative complications.4

It could however be argued that this was a selected population and outcomes in a
tertiary care referral center may not be representative of the population undergoing
repair elsewhere.
When focusing on the complex abdominal wall population, in a retrospective study

examining 300 patients undergoing TAR, no differences were found in readmission
at 30 days, in hospital complications, or surgical site infection (SSI) when comparing
ages less than 60, 60 to 70, or greater than or equal to 70.5 These outcomes are also
similar to the findings in an NSQIP study including patients from 2005 to 2013 where
no differences were found in complications when including patients undergoing both
anterior and posterior components separation. Curiously, SSI rate was lower with
advancing age.6 Overall, age could be a proxy for frailty and multimorbidity, but is
likely not an independent risk factor for poor outcome. It is most important to note
that the above outcomes focus on what is likely a highly selective population who
met selection criteria for hernia repair and not the general elderly population with
an abdominal wall defect. Prehabilitation for specific associated risk factors can of
course be instituted, but these older patients might also benefit from the use of
shared decision-making tools. A small randomized study noted improved hernia
specific knowledge retention in the experimental arm where the tool was used
with high levels of patient satisfaction.7
Descargado para Biblioteca Médica Hospital Mexico (susmarizuce@gmail.com) en National Library of Health 
and Social Security de ClinicalKey.es por Elsevier en noviembre 01, 2023. Para uso personal exclusivamente. No 

se permiten otros usos sin autorización. Copyright ©2023. Elsevier Inc. Todos los derechos reservados.



Preop Optimization 919
Smoking

Smoking is associated with tissue hypoxia, poor wound healing, and vitamin C defi-
ciency. It is associated with hernia formation and recurrence. Postoperative wound
complications are also higher in current smokers8, and health care costs following
inpatient surgical procedures for up to 1 year postoperatively have been shown to
be higher in current and former smokers.9 Current smokers have a higher recurrence
rate even with umbilical hernia repair.10 They have higher rates of respiratory and in-
fectious complications after ventral and incisional hernia repair, and a higher rate of
complications, reoperation, readmission, and death.11

With higher risk surgical procedures, it is common for requirements to include
4 weeks of preoperative smoking cessation. Randomized evidence notes that smok-
ing cessation 4 weeks preoperatively decreases postoperative complications from
41% to 21%. This group included patients undergoing hernia repair in addition to other
procedures, though no subset analysis was performed specifically for hernia
patients.12

Surgery has been identified as a “teachable moment” to motivate smoking cessa-
tion in adults over age 50 years. Even though the highest rates of cessation are asso-
ciated with those undergoing cardiac or cancer surgery, outpatient procedures are
more common and therefore have the largest population impact. Overall, 8% of all
“quit events” annually in the United States have been attributed to surgical
procedures.13

Various methods of smoking cessation have been investigated and almost any type
of intervention has been shown to have some efficacy,14,15 even if started within
2 weeks of surgery. Preoperative advice at the surgical clinic visit to stop smoking
prior to hernia surgery has been shown to be effective in almost 20% of individuals,
with the rates being improved with a reminder after the clinic visit.16

The most effective methods of achieving smoking cessation perioperatively, and
maintaining it long term, involve programs that combine pharmacotherapy with coun-
seling sessions.17 Nicotine replacement is often used, and the possible risks of nico-
tine replacement therapy are likely outweighed by the benefits,18 with some evidence
that nicotine replacement therapy is not associated with an increased risk of postop-
erative complications, mortality or readmissions.19

Long-term smoking cessation, which may improve long-term hernia recurrence
rates, and is a component of whole health, may be associated with timing of preop
smoking cessation. In a worldwide cohort of patients undergoing inpatient surgery,
almost 40% remained abstinent at 1 year postop. Patients who had quit smoking
over 2 weeks before surgery were more likely to be successful long term compared
with those who had quit within 2 weeks, or just prior to surgery (day 0 or 1 before
surgery).20
Diabetes

Perioperative hyperglycemia has been associated with higher rates of postoperative
complications and hospital costs in general surgery patients.21 This has also been
noted in patients undergoing complex ventral hernia repair, where perioperative hy-
perglycemia has been associated with increased length of stay, cost, and higher
SSO rates.22 HbA1C is often used as a marker of assessing hyperglycemia over the
3 months prior and potentially predicting perioperative hyperglycemia. The relation-
ship is complex as perioperative hyperglycemia is associated with a higher rate of
readmission following gastrointestinalsurgery, though preop HbA1C does not demon-
strate any such correlation. Patients with a higher HbA1c in this study had more
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frequent postoperative glucose checks and received more frequent insulin doses
which may have led to tighter perioperative blood sugar control.23

Despite conflicting data on the predictive value of HbA1C, expert consensus in 2017
recommends avoidance of elective ventral hernia repair with HbA1C of greater than 8,
with preoperative intervention when greater than 6.5%.24 Recently, an ACHQC study
that looked at outcomes in 2167 patients with diabetes mellitus undergoing ventral
hernia repair found no difference in 30-day complication rate, SSI, or composite recur-
rence at 24 months comparing groups with a HbA1C cutoff of 8%. There was a slightly
higher readmission rate (7% vs. 5%) in the group with an HbA1C of greater than or
equal to 8%. Since this was a retrospective study, it is impossible to identify whether
the group with HbA1C of greater than or equal to 8% had undergone preoperative
optimization from an even higher value.25

Although it is clear that perioperative glycemic control is of utmost importance, it is
difficult to discern whether historical glycemic control via HbA1C affects outcomes.
Most recommendations, however, continue to err on the side of caution, and the cutoff
of HbA1C of 8 remains.

Obesity

The global obesity epidemic has led to an increased incisional hernia rate, in addition
to hernias of increased complexity. BMI is commonly used to estimate body fat con-
tent, and cutoffs of 35 or 40 are frequently used. Long-term recurrence rates have also
been noted to be increased, even in umbilical hernia repairs, where a BMI increase by
1 point outside of the normal range has been associated with a 9% increased recur-
rence rate.10 In more complex hernias, higher rates of wound complications have been
noted after parastomal hernia repair,26 and higher recurrence rates after lateral hernia
repairs.27 In open ventral hernia repairs, an increase in SSI is noted with increasing
BMI, as a continuum without a cut point off at a specific BMI.28 In another study,
BMI in the fourth quartile (mean BMI 5 43.29) was associated with a higher rate of
complications, and was associated with the largest amount of additional spending
per complication compared with other factors such as insulin-dependent diabetes,
unhealthy alcohol use, and smoking.29

BMI, however, may also not be the best measurement of obesity, and some data
suggest that visceral fat volume as calculated from preoperative computed tomogra-
phy (CT) scans may be more informative. In a population undergoing open abdominal
wall reconstruction, visceral fat volume above the mean was associated with higher
rates of SSO and hernia recurrence, even when BMI did not demonstrate an
association.30

These associations become less clear when considering minimally invasive abdom-
inal wall reconstruction. In a cohort of 461 patients undergoing laparoscopic or robotic
retromuscular abdominal wall reconstruction, there were no differences observed in
length of stay, total costs, postoperative complications, or recurrence at 1 year when
BMI of greater than 35 was compared with BMI of less than 35. Subgroup analysis
with the BMI cutoff being raised to 40 did not alter these findings.31 These findings
have been duplicated by other groups where no differences in short-term complications
have been noted between those who underwent minimally invasive retromuscular repair
with a BMI cutoff of below or above 35.32 Even in a heterogenousmix of IPOM (intraper-
itoneal onlay mesh), TAPP (transabdominal preperitoneal), and retromuscular repairs,
no differences in outcomes from the standpoint of complications or recurrence free in-
terval were noted when comparing patients with class II and class III obesity.33,34

Achievement of weight loss in patients with complex hernias can be challenging.
Less than half of the patients with a BMI of greater than or equal to 35 who were
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referred to a “weight management navigator” with access to both free and paid pro-
grams enrolled in any program. Of those who enrolled, less than half followed up in the
hernia clinic at 3 months. Those who participated in the program, however, did lose
significantly more weight than those who did not participate (6 kg vs. 1.8 kg).35

Given the difficulty of achieving weight loss in some patients, there is a concern
about increased hernia complexity developing during this observation period. In a
group of patients who underwent open ventral hernia repair, and had 2 preoperative
CT scans, several interesting outcomes were noted. Hernia defect size and especially
hernia volume increased during the time period of observation regardless of any
change in weight. Intra-abdominal volume, subcutaneous volume, and hernia volume
were significantly affected by a weight change, both in the 5 kg and the 5 to 10 kg
ranges, with less impressive impact over 10 kg. The impact of the weight change
was also significantly more in male patients compared with female patients.36 Simi-
larly, in a group of patients with hernia defects greater than 7 cm horizontally, who un-
derwent observation for various reasons (w50% for operating roomdelays,w50% for
comorbidities, smoking, obesity, lack of symptoms), CT scans over a 6 month time
period identified a significant increase in fascial defect area and hernia sac volume.
Interestingly, there were no significant changes in hernia-related quality of life scores
or physical activity score (The International Physical Activity Questionnaires).37

Given the known challenges with achieving weight loss through diet and behavior
modification, bariatric surgery is often considered as part of the pathway for the
appropriately selected patient. Various studies have demonstrated the safety and
benefit of performing a staged bariatric surgery followed by ventral hernia repair to
achieve long-term success, even in the complex group of patients with obesity and
hernias with loss of domain.38

Cirrhosis

Ventral hernias have a high prevalence in individuals with cirrhosis when ascites is pre-
sent (20%–40%), compared with the noncirrhotic population (2%–3%). This is likely to
be multifactorial starting with fascial weakening due to sarcopenia and variceal forma-
tion, worsened by increased intra-abdominal pressure from accumulation of ascites.
With the risks of skin thinning, breakdown and ascites leak with observation, there
are potential benefits to early repair. However, the outcomes from hernia repair can
be dismal with recurrence rates as high as 70% to 75% with additional risks of infec-
tion and ascites leak when the ascites has not been controlled. Based on the above,
watchful waiting has been trialed in patients with cirrhosis. The failure rate of watchful
waiting may be 20% to 30%, and the outcomes of urgent repair in this population are
worse than in the elective situation, both in prospective and retrospective studies.39–44

A VASQIP (The Veterans Affairs Surgical Quality Improvement Program) study has
demonstrated a low risk of 30 day and 90 day mortality for umbilical and ventral her-
nias when performed electively (1%–2%), compared with 13% to 15% when per-
formed on an emergent basis. For all abdominal surgeries, factors associated with
poor outcome included MELD (Model For End-Stage Liver Disease) of greater than
or equal to 10, low serum albumin, encephalopathy, ascites, and medical comorbid-
ities.45 Even in umbilical hernias, a systematic analysis of 23 studies with 3229 patients
noted that cirrhosis conferred an odd ratio of 8.5 for mortality following repair, with
emergency repair being associated with a 2.6 odds ratio compared with elective
repair.46

With this high rate of failure of observation, and suboptimal outcomes from urgent
repair, optimization of the patient with cirrhosis and proceeding with elective repair
may be the best pathway to follow. Medical management of ascites should be
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optimized. In patients where this cannot be achieved, options include paracentesis
and Transjugular Intrahepatic Portosystemic Shunt (TIPS). Both have possible associ-
ated complications and should be discussedwith amultidisciplinary team. If paracent-
esis is chosen, repeated paracentesis versus placement of a temporary dialysis
catheter at the time of surgery can be considered. In a patient with a high MELD
(score > 15), thought should be given to whether the patient is a transplant candidate
(with hernia repair at time of transplant). If the patient is not a transplant candidate and
cannot be optimized via medical management or TIPS, the risk-benefit ratio of high
risk surgery versus supportive care should be considered in a patient-centered
approach.39

Markov modeling suggests that even patients with an MELD-Na score up to 21.3
would benefit from an elective ventral hernia repair.47 Even in the scenario of refractory
ascites, outcomes similar to those in patients without refractory ascites can be
achieved.48

In our institution, the protocol for these patients includes US-guided paracentesis
the day before surgery (with albumin infusion if needed), followed by weekly, or
more frequent, outpatient paracentesis based on patient symptomatology. In urgent
cases, consideration can be given to leaving a tunneled peritoneal dialysis catheter
allowing for continuous drainage and albumin infusion for 7 to 10 days. A trial can
then be performed of clamping the catheter to check that the wound is watertight, fol-
lowed by removal of the catheter. This of course requires an inpatient stay, but is often
reasonable as these patients may require a period of inpatient medical management
for liver disease stabilization.

Frailty

There is no clearly agreed upon definition, but frailty tends to refer to reduced physi-
ologic function related to age. It renders patients vulnerable to poor outcomes from
medical and surgical procedures. Frailty does increase with age, going from 6.5%
from age 60 to 69 years up to 65% at age over 90 years.49 Various tools have been
used to identify frailty and vary in complexity. It is interesting to note that “the eyeball
test” continues to have a role with initial appearance of frailty being associated with a
hazard ratio of 2.14 for mortality in vascular surgery patients.50

In a Michigan Surgical Quality Collaborative Hernia Registry Study, using the 5 factor
modified frailty index (mF15) scoring system, 4406 patients undergoing ventral hernia
repair were studied. Approximately 47% of patients did not have any frailty, with 36%
having moderate frailty, and 17% with severe frailty. Those with severe frailty tended
to be older, with higher BMI, higher ASA (American Society of Anesthesiology) class,
and with larger hernias. When compared with no frailty, severe frailty was associated
with higher odds of any complication, serious complication, SSI, and postdischarge
adverse events. Any complications and serious complications were also increased in
those with severe frailty at smaller (2 cm) and larger (5 cm) hernia sizes. There was
also a higher rate of any complication and SSI in the severely frail group when the oper-
ation was performed open.51

A described method of identifying frailty is by using CT scan identified sarcopenia as
a marker. Sarcopenia is a combination of decreased skeletal muscle mass and
decreased strength. CT calculations have been described using the area and Houns-
field units of the psoas muscle. Ventral hernia repair in patients with sarcopenia were
noted to have a 5 times higher rate of postoperative complications. Of note, age was
not an independent risk factor for postoperative complications.52 Another study
examining sarcopenia and ventral hernia outcomes did not identify any difference in
outcome related to sarcopenia. There may be multiple explanations for this, ranging
Descargado para Biblioteca Médica Hospital Mexico (susmarizuce@gmail.com) en National Library of Health 
and Social Security de ClinicalKey.es por Elsevier en noviembre 01, 2023. Para uso personal exclusivamente. No 

se permiten otros usos sin autorización. Copyright ©2023. Elsevier Inc. Todos los derechos reservados.



Preop Optimization 923
from the methods of calculating sarcopenia to prehabilitation in specialized centers
based on other high-risk indicators.53 As the above studies demonstrate, there is still
more research required to identify whether sarcopenia can be consistently used as a
proxy for frailty.
As complex as it is to define frailty, identifying which prehabilitation strategies are

most effective may be equally challenging. Most studies that have examined prehabi-
litation focus on patients requiring orthopedics procedures or oncologic resections.
Studies that examine a single modality of prehabilitation have focused on nutrition, ex-
ercise, or cognitive therapy. Studies that used a multimodality approach often com-
bined some of the above, with some studies also including psychological
counseling, and pain management. The outcomes have been heterogeneous with
many resulting in no difference between the groups in terms of postoperative out-
comes. Some studies have noted lower SSI, decreased overall complication, and
decreased length of stay. Many studies seem to lack adequate power.54 A multicenter
RCT is underway to identify whether 3 weeks of a prehabilitation program for individ-
uals over 70 years identified as having frailty or pre-frailty prior to elective general sur-
gery is effective at 1 year follow-up.55

Prehabilitation Programs

The individual comorbidities discussed above can be seen in isolation, but are not
infrequently seen in combination in an individual patient. An Americas Hernia Society
Quality Collaborative (AHSQC) study of open incisional hernia repair using synthetic
mesh in a clean field looking at the modifiable comorbidities discussed above (obesity,
diabetes, and smoking) demonstrated that patients with any of these were at
increased odds of developing a wound complication at 30 days, with the risks
increasing with more than 1 comorbidity. More than 1 comorbidity also increased
the risks of requiring intervention for a wound complication.56

Prehabilitation programs that are not tied to a specific comorbidity have also been
described. Though not specifically a prescribed program, increasing levels of preop-
erative exercise have been associated with a lower postoperative complication rate
and lower readmission rate in patients undergoing ventral hernia repair. This finding
may be scalable by incorporating increased exercise in preoperative counseling.57

Many patients are not referred for preoperative optimization with surgeons identi-
fying barriers including lack of resources, lack of institutional support, and loss of in-
come and referrals.58 The addition of pay for performance (for prehabilitation referral),
surgeon education, and addition of onsite referral facilitators increased the use of pre-
habilitation prior to hernia repair by 860% in a pilot project.58

In patients diverted to the prehabilitation option for smoking, obesity, or frailty
screening based on advanced age, a 1 year follow-up was associated with a low
rate of emergency surgery (3%), an increase in the number of low-risk patients seen
in clinic who went on to hernia surgery, and an increase in RVUs (relative value units)
by 58% attributable to hernia operations. In terms of success of prehabilitation, about
9% of patients underwent surgery, and only 1 patient underwent surgery at another
facility over the 1 year time period.59 Another similar study followed patients where
the surgeon elected observation based on risk factors—high-risk comorbidities
(15.6%), current smoker (18%), HbA1C of greater than 8%, or BMI greater than 33
(68%). Approximately 78% of the patient desired repair, the majority due to pain or
functional limitations. At 3 year follow-up, 66% of the patients were reached, with 1/
3 of them having visited the emergency department (ED) due to hernia symptoms.
Approximately 37% had undergone repair, 75% of which were elective repairs (major-
ity after having reached preoperative requirements such as weight loss). Those who
Descargado para Biblioteca Médica Hospital Mexico (susmarizuce@gmail.com) en National Library of Health 
and Social Security de ClinicalKey.es por Elsevier en noviembre 01, 2023. Para uso personal exclusivamente. No 

se permiten otros usos sin autorización. Copyright ©2023. Elsevier Inc. Todos los derechos reservados.



Ramaswamy924
had undergone surgery had a lower median pain score, and improved general satis-
faction and cosmesis scores compared with at the start of the study.60

Success of prehabilitation in all settings is not that clear. Follow-up of a trial of pa-
tients randomized into prehabilitation for obesity with BMI of 30 to 40 noted that 70%
assigned to the prehabilitation group completed the program and lost weight with a
lower postoperative complication rate. However, at 2 year follow-up there was no dif-
ference in percentage of patients who underwent hernia repair, experienced compli-
cations, or were hernia-free. There was a high use of minimally invasive surgery
(MIS) procedures, and the included patients were in the lower BMI range of obesity,
with small to medium sized hernias. Patients in the prehabilitation group did not main-
tain their weight loss and this may well signal the need to discuss posthabilitation in
addition to prehabilitation in this complex group.61

Even within a structured program for patients identified as being high risk, 45% did
not undergo surgery over a 4 year retrospective study. The causes included inability to
meet goals, decrease in symptoms, other medical concerns, and seeking care in a
different institution. Of the 65% who did successfully undergo surgery for complex
abdominal wall defects, the complications were similar in frequency with the low-
risk patients.62

While considering the high rate of patients who do not undergo surgery while
enrolled in structured or unstructured programs, we should consider the patient-
reported outcomes following hernia surgery. In patients with incisional hernias, 63%
in one study reported postoperative symptoms of pain, a protrusion, or discomfort,
with the same percentage also noting that their abdominal wall seemed better than
preoperative.63 Further data correlating postoperative patient-reported outcomes
with preoperative comorbidities and the need for prehabilitation may help us further
refine counseling to patients regarding postoperative expectations.
The risks of delay in care during prehabilitation have been noted to be relatively low

across several studies with the need for emergency surgery being reported at 3% to
7%. It is important to note that when patients are advised on prehabilitation goals
without referral to a structured program, there is a low rate of patient follow-up in
the hernia clinic.59,61,64,65

Prehabilitation of the Abdominal Wall

Patients with complex abdominal wall defects may benefit from prehabilitation of the
abdominal wall prior to undergoing surgical repair. The definition of a complex abdom-
inal wall defect has been varied and has included the width of the defect being greater
than 15 cm on CT scan, multiple recurrences, and loss of domain (LOD). Lateral wall
retraction in large incisional hernias adds to the disability associated with hernia dis-
ease with loss of a functional abdominal wall. Restoration of the abdominal wall with
fascial closure during hernia repair reverses these physiologic changes. Adjuncts used
preoperatively to help achieve this have been termed “abdominal wall
prehabilitation.”66

Botulinum Toxin

Botulinum toxin A (BTA) is an acetylcholine release inhibitor that has found various
uses in medicine, and allows for lateral muscle paralysis in abdominal wall reconstruc-
tion. Injection of BTA into external oblique, internal oblique, and transversus abdom-
inus is referred to by some as chemical component separation, and may in some
cases allow fascial closure without the need for operative components separation,
and in very large hernias, allow for fascial closure in combination with a components
separation.67
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Various injection protocols have been reported, using 100 to 500 units of BTA,
diluted with saline, injected with US or CT guidance, with 3 to 5 injections per side us-
ing spinal or epidural needles.68,69 Preoperative timing has also been variable with the
majority of studies describing injection at 2 to 4 weeks before surgery.70,71 Some
groups use EMG (electromyelogram) in addition to US during injection to potentially
improve the accuracy of the injection sites.72

It is unclear whether all 3 layers need to be injected, and there is some suggestion
that the outcomes are similar from the standpoint of fascial closure, with the advan-
tage of decreased cost due to a smaller amount of BTA used with 2 layer injection.73

There is also some thought that if a transversus release is being considered, perhaps
preoperative BTA injection to that muscle is unnecessary.
The chemical paralysis leads to elongation of the lateral muscles, with estimates of

3.2 cm per side, 6.3 cm total in a meta-analysis of 4 studies. Conversely, transverse
hernia width is decreased by 3.5 cm, in a meta-analysis of 3 studies.74 A systematic
review noted median elongation of 4.0 cm per side, with two-third of patients with
large hernias not requiring additional components separation to complete the hernia
repair.66 Another meta-analysis of 14 studies identified at 100% defect closure rate
with a median hernia recurrence of 0% (0%–9%) at a median follow-up of
19 months.74

As we attempt to identify which patients may benefit from preop BTA, it may be
helpful to identify preop those who are likely to require components separation at
time of surgery. CT-based measurements of hernia dimensions including volume,
area, and ratio of hernia to intra-abdominal volume have been shown to help predict
the need for component separation.75 The next step may be to use image-based deep
learning models on preoperative CT image findings. This has demonstrated an accu-
racy of 81% compared with surgeon prediction of 65% at identifying the need for
components separation to achieve fascial closure.76 A simpler calculation is the rectus
width to defect ratio (RDR), calculated by adding the right and left rectus widths and
dividing by hernia width. RDR greater than 2 is associated with a fascial closure
without the need for myofascial release in 90% of patients.77 One intriguing idea
that will require some study is the idea that BTA should be considered in patients at
high risk for recurrence as postoperative laxity may decrease tension on the linea
alba.66

Preoperative Progressive Pneumoperitoneum

Preoperative progressive pneumoperitoneum (PPP) was first described in the 1940s
by Goni Moreno. The original description included repeated access into the peritoneal
cavity to instill air with the patient being hospitalized throughout the treatment.78 It has
been initially described for an incarcerated epigastric hernia, but has been adapted
over the years to assist in cases of loss of domain to facilitate reduction of contents
intraoperatively, achieve fascial closure, and avoid postoperative compartment
syndrome.
A generally accepted definition of LOD is when the volume of the hernia sac is

greater than 25% of the volume of the abdominal cavity. Two volumetric calculations
have been described:the Sabbagh method and the Tanaka method, with the former
one being selected as the ideal one in a Delphi consensus in 2020.79 The Sabbagh
method requires volumizing software, whereas the Tanaka method uses the formula
for an ellipsoid for calculation.80

Techniques for achieving progressive pneumoperitoneum include peritoneal dial-
ysis catheters, central venous catheters, Foley catheters, tunneled venous catheter,
or needle access on each occasion. Ambient air and nitrous oxide instillation have
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been described, with daily injections of 500 to 1000 mL, titrated to symptoms or pres-
sure measurements. Length of time has varied in reports with the majority being in the
range of 14 to 30 days. Repeated veress needle access for each session is still used by
some groups.81,82

Methods of placing temporary catheters to allow for easier access and increased
patient tolerance have been described using local anesthesia, or interventional radi-
ology for insertion of the catheter. Using US or CT guidance, a veress or spinal needle
is inserted laterally, with creation of pneumoperitoneum, confirmation with radiology,
and seldinger technique being used for catheter insertion into a pocket of air.83

Various schedules of injections have been described, from as frequently as twice a
day to once every 2 to 3 days. The amount insufflated has also varied, from 1 to 2 L to
unmeasured quantities based on patient tolerance. Some groups have focused on
basing these on the CT measured hernia volume, and instilling the same volume
versus up to 3 times the volume, based on patient tolerance.84,85 When instilling larger
quantities, fractionating into 2 equal injections (1 L twice a day) has also been
described to allow for improved tolerance while maximizing the effectiveness.86

The gas instilled has also varied to include carbon dioxide, oxygen, and ambient air.
There are no clear benefits to the use of gases that are more expensive than ambient
air, and which are likely also to be more quickly absorbed from the peritoneal cavity.
To avoid preferential insufflation of the hernia sac, some recommend the use of an
abdominal binder.
The use of PPP is usually in the elective situation, though it has been described in

the “semi elective/semi urgent” scenario where a patient presents with an incarcer-
ated hernia, which is urgently reduced, and PPP is undertaken over the following
2 weeks followed by hernia repair.87

Postulated benefits of PPP include increasing the abdominal compartment volume,
pneumatic adhesiolysis, improving diaphragmatic function, and reducing chronic
edema of the mesentery.88 Venous thromboembolic prophylaxis is almost universally
recommended during the PPP administration.82,83

Complications related to PPP are common with reported rates of 17% to 60%.
Many of these are mild, with nausea, shoulder pain, dyspnea, and pain at the puncture
site almost being expected routinely.86 With the use of imaging, pneumothorax, pneu-
momediastinum, and subcutaneous emphysema have been noted. Many are reported
as incidental findings, which have resolved with deflation of the pneumoperitoneum.
Serious complications have also been reported during catheter insertion, including
intra-abdominal hematoma and small bowel perforation.72,82 Rare complications dur-
ing the administration of PPP following catheter placement include small bowel perfo-
ration,89 and formation of a peritoneocutaneous fistula.90
BOTOX AND PREOPERATIVE PROGRESSIVE PNEUMOPERITONEUM

As the benefits of preoperative BTA in complex abdominal wall repair were being real-
ized in achieving fascial closure, the addition of PPP to this technique has been stud-
ied more recently. Most of the described techniques involve the administration of BTA
4 to 6 weeks preoperatively, to increase the compliance of the lateral muscles, fol-
lowed by PPP for a shorter period of time starting at 2 weeks preoperatively. Studies
where serial CT scans have been performed demonstrate that there is an additive ef-
fect of the 2 modalities. BTA has demonstrated a gain of 3.2 cm per side, with 4.4 cm
following PPP.82 Fascial closure rates of up to 97% have been reported with the com-
bination of PPP and BTA. The benefits of BTA are purported to be with muscular relax-
ation and PPP with improvement of the hernia to abdominal cavity volume ratio.72,74,91
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The combination of the 2 techniques has also been shown to have a lower SSO rate
in a small study-potentially due to decreased tension on the midline closure with the
addition of BTA compared with single modality PPP.81 The expected lengthening of
muscles and decreasing hernia width have however not been consistently noted in
the published data,74 potentially since the increased intra-abdominal pressure from
PPP might be counteracting the relaxation from PPP on preoperative imaging. Vigi-
lance should remain high to identify and treat the rare case of postoperative abdominal
compartment syndrome.72
INDICATIONS FOR BOTULINUM TOXIN A AND/OR PREOPERATIVE PROGRESSIVE
PNEUMOPERITONEUM

There are varying recommendations for use of the adjuncts described above. For the
use of BTA, some recommendations include scenarios such including a hernia width
greater than 10 cm, recurrence after component separation, loss of domain greater
than 20%, retracted bulky lateral muscles, and expected difficulty in closing the
midline.67,92 There is some overlap in the indication for PPP with loss of domain
over 20% to 25%, hernia width greater than 10 cm, and inability to reduce hernia
contents.92

The lack of randomized studies and the heterogeneity in the published data make it
difficult to make clear recommendations. At a minimum, we can state that BTA seems
to be associated with low risk of complications, whereas PPP should only be consid-
ered where expertise is available, and appropriate surveillance should be maintained
to identify complications early.
SUMMARY

Patients requiring abdominal wall reconstruction often benefit from evaluation of co-
morbid conditions to attempt preoperative optimization and/or evaluation of the hernia
characteristics to consider BTA/PPP. The data regarding prehabilitation for comorbid-
ities are variable, but promising, whereas the data regarding prehabilitation of the
abdominal wall are quite consistently supportive of the use of these adjuncts. These
complexities are seen in the dichotomy of the systematic analysis of systematic ana-
lyses concluding that there is low certainty of possible improvement in outcomes with
prehabilitation.93 However, a Delphi consensus statement identified several state-
ments with over 80% agreement regarding perioperative optimization of the patient
with a ventral hernia. These included recommending weight loss via medical manage-
ment or weight loss surgery when BMI greater than 35, smoking cessation, blood
sugar management in diabetics, exercise prehabilitation for those with poor exercise
tolerance, treatment of malnutrition, and access to BTA for use when appropriate.94
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81. Tashkandi A, Bueno-Lledó J, Durtette-Guzylack J, et al. Adjunct botox to preop-
erative progressive pneumoperitoneum for incisional hernia with loss of domain:
no additional effect but may improve outcomes. Hernia 2021;25(6):1507–17.

82. Elstner KE, Moollan Y, Chen E, et al. Preoperative Progressive Pneumoperito-
neum Revisited. Front Surg 2021;8:754543.

83. Allart K, Sabbagh C, Regimbeau JM. Intraperitoneal catheter introduction for pre-
operative progressive pneumoperitoneum for abdominal hernia with loss of
domain (Goni-Moreno technique). J Visc Surg 2020 Aug;157(4):335–40.

84. Tanaka EY, Yoo JH, Rodrigues AJ, et al. A computerized tomography scan
method for calculating the hernia sac and abdominal cavity volume in complex
large incisional hernia with loss of domain. Hernia 2010;14:63–9.
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