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Traditionally, management of complicated diverticular disease has involved open
damage control operations with large definitive resections and colostomies. Studies
are now showing that in a subset of patients who would typically have undergone an
open Hartmann’s procedure for Hinchey IlI/IV diverticulitis, a laparoscopic approach is
equally safe, and has better outcomes. Similar patients may be good candidates for
primary anastomosis to avoid the morbidity and subsequent reversal of a colostomy.
While most operations for diverticulitis across the country are still performed open,
there has been anincremental shift in practice toward minimally invasive approaches in
the elective setting. The most recent data from large trials, most notably the SIGMA
trial, found laparoscopic sigmoid colectomy is associated with fewer short-term and
long-term complications, decreased pain, improvement in length of stay, and main-
tains better cost-effectiveness than open resections. Some studies even demonstrate
that robotic sigmoid resections can maintain a similar if not more reduction in
morbidity as the laparoscopic approach while still remaining cost-effective.
Intraoperative approaches also factor into improving outcomes. One of the most
feared complications in colorectal surgery is anastomotic leak, and many studies have
sought to find ways to minimize this risk. Factors to consider to minimize incidence of
leak are the creation of tension-free anastomoses, amount of contamination, adequacy
of blood supply, and a patient’s use of steroids. Techniques supported by data that
decrease anastomotic leaks include preoperative oral antibiotic and mechanical bowel
prep, intraoperative splenic flexure mobilization, low-tie ligation of the inferior
mesenteric artery, and use of indocyanine green immunofluorescence to assess
perfusion.

In summary, the management of benign diverticular disease is shifting from open,
morbid operations for a very common disease to a minimally invasive approach. In this
article, we review those approaches shown to have better outcomes, greater patient
satisfaction, and fewer complications.

The role of operative therapy in patients with diverticulitisisto ~ management of complicated diverticular disease. With the
address the burden of complicated or recurrent disease.  ongoing technological and biomedical advances in the field of
Although traditional approaches call for open damage control  surgery, there are an increasing number of minimally invasive
operations and large definitive resections, there has been a  approaches available that can improve patient outcomes.
slow shift in practice toward less-invasive approaches to the = Minimally invasive approaches employ the same principles
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of sound open operative management; source control and
resection of the affected colon, attention to preservation of
nearby structures without injury, and re-establishment of
bowel continuity and functionality continue to be important
facets of care.

Preoperative Considerations

Endoscopic Stenting

Diverticular strictures occur as a result of chronic inflamma-
tion, scarring, and fibrosis from repeated bouts of diverticuli-
tis. While many patients may not present with complete large
bowel obstruction, obstructive symptoms or progressive con-
stipation should trigger further evaluation by colonoscopy for
underlying malignancy. In some cases, endoscopic stenting has
been employed to palliate strictures. Some retrospective series
have found that stents are less effective and are associated with
more complications such as reobstruction, migration, and
perforation when used in the management of benign diseases
such as diverticulitis.! Although stents can be used as a bridge
to operative management, surgeons should be aware of the
potential complications and be facile with surgical resection as
the definitive form of management.?

Preoperative Bowel Preparation

The role of preoperative bowel preparation has been exten-
sively studied in colorectal surgery. It has become clear that
the addition of preoperative oral antibiotics in addition to
parenteral antibiotics and mechanical bowel preparation is
superior in reducing surgical site infections, and may play a
role in decreasing readmission rates,> anastomotic leaks as
well as the duration of postoperative ileus.>* There have
been no large randomized control trials looking at different
combinations of bowel preparation versus no prep. However,
recent American College of Surgeons National Surgical Qual-
ity Improvement Program (ACS-NSQIP) studies have shown
superiority of combined preoperative mechanical and oral
antibiotic bowel preparations.® The limitation to these stud-
ies is the use of large retrospective databases and small
sample size of patients undergoing antibiotic prep alone. Use
of oral antibiotic bowel prep alone has shown inconsistent
outcomes with regard to SSI and anastomotic leak across
multiple studies but it does provide an argument for antibi-
otic bowel prep alone in patients who are at higher risk of
dehydration, kidney injury, or too frail to tolerate mechanical
bowel preparation.*®

Ureteral Stenting

Ureteral injury during colon surgery has been found to range
anywhere from <1% to as high as 7%. Ureteral stenting can be
considered in cases where a difficult dissection is anticipated
secondary to malignancy, pelvic radiation, or other inflamma-
tory conditions. A large retrospective NSQIP-based study
found prophylactic ureteral catheter placement to be associ-
ated with lower risk of ureteral injury.” Other proponents for
ureteral catheterization have reported experiences of com-
plete prevention of injury with the use of lighted ureteral
catheters, which provide an additional visual cue in the
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Hinchey Classification

Stage | Pericolic abscess or phlegmon

Stage Il Pelvic, intra-abdominal or retroperitoneal abscess

Stage 111 Generalized purulent peritonitis

Stage IV Generalized fecal peritonitis

Modified Hinchey Classification

Stage 0 Mild clinical diverticulitis

Stage la Confined pericolic inflammation/phlegmon

Stage Ib Confined pericolic abscess

Stage Il Pelvic, distant intraabdominal or retroperitoneal

abscess

Stage 11l Generalized purulent peritonitis

Stage IV Fecal peritonitis
Fig. 1 Hinchey and modified Hinchey classification. (Fischer JE.
Mastery of Surgery. Philadelphia: Wolters Kluwer; 2019.)

absence of tactile feedback in laparoscopy.®® This is still
new technology that is being developed and is not widely
popular yet. While stents are not necessary nor do they
definitively decrease the incidence of ureteral injury, stenting
may facilitate detection of injury at the time of operation. One
must balance this against the potential risks of complications
from these stents. Reports have noted urinary tract infections,
hematuria, ureteral damage from catheter placement, urinary
retention from ureteral edema, longer operative time, length
of stay, readmission, and increase costs with placement of
these catheters.®°

Operative Approaches

Operative approaches are largely based on patient’s Hinchey
classification (~Fig. 1), patient’s anatomy and disease pro-
cess, as well as surgeon training and level of comfort with
each approach. While the traditional approach to colecto-
mies for diverticular disease had been open, laparoscopic and
robot-assisted colectomies are becoming increasingly com-
mon. This is especially true in the elective setting due to
improved postoperative outcomes. '

Emergent Sigmoidectomy for Diverticular Disease

Open sigmoidectomy has traditionally been the operative
management of choice in peritonitis from Hinchey 3 or
Hinchey 4 diverticulitis, or in the setting of relative inexpe-
rience with a laparoscopic approach. The steps and approach
to sigmoidectomy are similar laparoscopically as open. The
affected sigmoid colon is exposed to identify the area of
active or recurrent disease, and proximal and distal resection
sites are identified. A medial to lateral approach involves
identification and ligation of the inferior mesenteric artery
(IMA) and further dissection inferior to the mesentery along
the edge of the colon, taking care to lift these structures
while pushing down the gonadal vessels, ureters, and Ger-
ota’s fascia.'? A lateral to medial approach involves taking
down the colon at the line of Toldt and working medially to
lift the colon off the retroperitoneum. This approach some-
times necessary if there is extensive scarring and foreshort-
ening of the mesentery from prior phlegmons limiting the
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surgeon’s ability to take a medial to lateral approach. The
medial to lateral or lateral to medial approaches are dictated
by surgeon preference and anatomy.

A few points are important to note regarding resection
margins. Distally, the goal is to resect the entirety of the sigmoid
colon down to the splaying of the tinea onto the rectum as the
distal resection margin is commonly the site of recurrence of
diverticulitis if the sigmoid is not fully resected.'> The exception
to this is if one is performing a Hartmann'’s procedure and there
is uninvolved sigmoid distally that may be spared until the time
of reversal. Proximally, it is not required to excise all diverticu-
lum-containing colon. It is, however, important to note and
resect the areas involved in acute or chronic inflammation.
Finally, if there is concern for cancer in a segment of diverticulitis
and the patient has not had a colonoscopy to evaluate for
malignancy, a cancer operation must be performed such as a
formal left hemicolectomy, not limited to a sigmoidectomy.

The resection margins and extent of disease guide the
dissection that can be approached in various ways.

Restoration of Continuity

Restoration of continuity (Hartmann’s vs primary anastomosis)
in patients who are taken to the operating room emergently for
source control of Hinchey class III or IV complicated diverticu-
litis is a topic of current investigation and debate. There is data
to suggest that ostomies from a Hartmann’s are not reversed at
arate of up to 40%.'*'> The first step in approaching the patient
with purulent or feculent peritonitis is to assess the degree of
contamination and inflammation upon entering the abdomen
to help guide ultimate decision for source control and diversion
versus definitive resection in the same trip to the operating
room. While some patients may be too hemodynamically
unstable or unfit to undergo primary anastomosis, there is a
cohort of patients who can avoid the morbidity of a Hartmann’s
procedure without difference in outcomes.'® A large multicen-
ter randomized controlled trial from France studied the out-
comes of patients undergoing emergent operation for Hinchey
Il and IV diverticulitis and found no mortality benefit, but did
show an advantage in ostomy reversal rates in patients under-
going primary anastomosis.'”

Recent data aims to validate a minimally invasive approach
to the management of purulent and feculent peritonitis (Hin-
chey III and 1IV) in the appropriate patient setting.m'19 The
traditional method has been to approach these patients using a
conventional laparotomy, however there is now data from a
meta-analysis and systematic review by Cirocchi et al to
support superior postoperative outcomes, shorter length of
stay, and higher Hartmann reversal rates in patients who have
undergonelaparoscopic sigmoid resection. This is in contrast
to other retrospective NSQIP-based studies that fail to find a
significant advantage of laparoscopy over open in the emer-
gent setting.? Laparoscopic washout on the other hand is not
superior to sigmoid resection for Hinchey IIl and IV diverticu-
litis as patients have no significant improvement in outcomes
and greater morbidity with abscess formation requiring per-
cutaneous drainage and additional procedures including op-
erative resection.”’ =23 This approach is discussed in another
article in this issue.
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Elective Sigmoidectomy for Diverticular Disease

Laparoscopic
In the setting of elective sigmoidectomy for diverticular dis-
ease, a minimally invasive laparoscopic approach is the rec-
ommended operative management.?* This is based on the
SIGMA trial, a large multicenter double-blind randomized
control trial in Europe to examine outcomes between laparo-
scopic and open sigmoid resection for diverticulitis.?> Short-
term results of the trial showed a 15.4% significantly decreased
incidence of major postoperative complications, as well as
decreased postoperative pain, reported quality of life and
hospital length of stay compared with open sigmoid resec-
tion.%® Further analyses of patients 6 months out from their
operation continue to show decreased late complications as
well in the laparoscopic group to include development of
hernias, adhesive small bowel obstruction, anastomotic stric-
ture, enterocutaneous fistulas, and recurrence of their dis-
ease.?” This finding has been confirmed by other studies.?%2°
Some authors have proposed that laparoscopic sigmoid
resection is associated with longer operative times and larger
costs with no other postoperative differences.3%3! However,
costs for patients undergoing laparoscopic and open colec-
tomy enrolled in the SIGMA trial were comparable.3? Other
studies, such as one out of the Cleveland Clinic by Senagore
et al, and a nationwide administrative database study of over
18,000 patients have also found decreased costs associated
with laparoscopic sigmoid colectomies.>> The difference in
increased intraoperative costs is at least balanced out by the
longer length of stay of patients undergoing open resection,
and long-term complications.?8-3°

Robotic

While laparoscopic resection for symptomatic diverticulitis
has favorable patient outcomes and should be the standard of
care for elective resection, the most recent literature suggests
that the robotic-assisted approach may result in superior
outcomes.'?3* Benefits of robotic surgery include three-di-
mensional visualization of the field, wristed instruments for
rotational range of motion in dissection of the scarred tissue
and going into the pelvis, and immunofluorescence.'? A recent
large national retrospective review by Raskin et al of robotic
sigmoidectomy matched to open and laparoscopic controls
showed significant decrease in postoperative complications
rates with a robotic approach. When compared with laparos-
copy, robotic surgery has a lower rate of conversion to open,
postoperative ileus, and length of stay. When compared with
open sigmoid resection, robotic surgery has a significantly
lower rate of ileus, wound complications, renal failure, length
of stay, and discharge to a rehab facility.'23>3%

Robotic surgery is associated with increased operative time
and cost. Some analyses have suggested that when decreased
length of stay and rates of complications are accounted for, a
robotic approach is actually cost-effective compared with
other procedures.3”® Vasudevan et al found no statistical
significance between total hospitalization costs of robotic
colorectal surgery compared with laparoscopic approaches,
estimating an average cost of $107,220 compared with
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$114,853, respectively. Additionally, other groups have dem-
onstrated that operative times can be decreased over time as
trained staff become accustomed to preincision preparation
and docking of the robot.3?

Intraoperative Techniques

Splenic Flexure Mobilization

Splenic flexure takedown is approached via dissection of the
omentum off the transverse colon, staying in the infra-
pancreatic plane, identifying the IMV for ligation, releasing
the gastrocolic and splenocolic ligaments, and extending the
dissection to the lateral peritoneal fold*® (~Figs. 2-6). This
allows up to 27 cm of colon for the creation of a tension-free
colorectal anastomosis.*’ Under certain circumstances, take-
down of the splenic flexure during left-sided colorectal
operations is necessary to achieve adequate length for a
tension-free anastomosis. This is especially the case in
diverticular disease as chronic inflammation and scarring
limits mobilization that could lead to higher rates of post-
anastomotic leak, or disease recurrence.

Studies have looked at the overall rates of morbidity and
mortality with selective splenic flexure mobilization and
have found no significant difference.*’ However, rates of
iatrogenic splenic injury during splenic flexure mobilization

Fig. 2 Splenic flexure mobilization at the line of Toldt. (Fischer |JE.
Mastery of Surgery. Philadelphia: Wolters Kluwer; 2019.)
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have been reported up to 8%, increasing patients’ morbidity
and risk for splenectomy. Many iatrogenic injuries occur as a
result of traction and inadequate exposure. Despite lack of
tactile feedback, the use of laparoscopy has been shown to
reduce this risk and decrease the rate of injury,*? perhaps
related to improved visualization of difficult spaces.

An additional challenge to splenic flexure mobilization is
the difficulty with access and positioning in robotic surgery.
While the robot is docked for optimal pelvic and left lower-
quadrant dissection, it is difficult to access the adjacent field
and may require laparoscopic splenic flexure takedown prior
to robotic docking,'? redocking for mobilization of the
splenic flexure, or development of novel techniques to access
the area without redocking.*?

IMA Ligation Approaches

There is no single standardized approach to the takedown of
the IMA. There are two main approaches to the ligation of
blood supply to the left colon in the operation for benign
colon pathology. One approach involves high ligation of the
IMA. This involves dissection of the IMA near its origin at the

Laft middie
colic vessels

colic vesEals ———— T r r

e — Pancreas (behind
IFansverss masocHon)

/LS
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Fig.3 Splenicflexure mobilization at the left mesocolon and omental
release. (Adapted from Fischer JE. Mastery of Surgery. Philadelphia:
Wolters Kluwer; 2019.) IMA, inferior mesenteric artery; IMV, inferior
mesenteric vein.

Fig. 4 Robotic entrance into the lesser sac.
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Fig. 5 Inferior mesenteric artery (IMA) ligation techniques. (A) High
IMA ligation. (B) Low IMA ligation with preservation of left colic a. (C)
Low IMA ligation with superior rectal artery preservation. (Adapted
from Fischer JE. Mastery of Surgery. Philadelphia: Wolters Kluwer;
2019.). IMA, inferior mesenteric artery.

Fig. 6 Indocyanine green immunofluorescence.’® ICG, indocyanine
green.

aorta and ligation. Subsequently, the entire left colon that is
supplied by the IMA is taken with its mesentery up to the
splenic flexure. An alternative approach involves piecemeal
“low-tie IMA” ligation of perfusing branches near the wall of
the colon that is to be resected (=Fig. 7). This allows for more
limited resection of the blood supply and preservation of the
superior rectal artery supplying the proximal rectum.
Intraoperative factors considered in anastomotic leaks are
the creation of tension-free anastomoses, amount of con-
tamination, adequacy of blood supply, and a patient’s use of
steroids. Although the rectum has extensive collateralization
of blood supply, there is debate whether preservation of the
superior rectal artery branch off the IMA may decrease
anastomotic leak rates. However, there is no strong data or
well-formulated studies to date that support this theory in
one direction or the other. There is one randomized control
trial, by Tocchi et al, that has looked at leak rates with level of
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Left colic artery
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Fig. 7 Robotic inferior mesenteric artery ligation.

IMA ligation and found an increase in leaks with high IMA
ligation. However, their definition of a leak included leuko-
cytosis after day 3 and imaging evidence of change in the
bowel wall thickness at the site of anastomosis.** Other
studies have failed to find this significant association with
level of IMA ligation.*> A meta-analysis by Cirocchi et al
attempted to compare smaller studies on this same issue but
has not found a clear answer given poor data and study
design most likely due to the heterogeneity in defining a
colorectal anastomotic leak post-op.*® A large factor in the
individual decision for where to ligate the IMA lies in the
patient presentation, extensiveness of disease, and ease of
dissection of the mesentery in the setting of chronic inflam-
matory change. Given the lack of strong data, this will remain
largely a surgeon-driven decision with the knowledge that
blood supply plays a large role in supporting a successful
anastomosis in the appropriate patient where superior rectal
artery preservation is possible.

Long-term bowel function and continence is another point
to consider in the decision to preserve the IMA during sigmoi-
dectomy for diverticular disease. To date, randomized control
trials and prospective studies have sought to show that IMA
preservation improves bowel function by better preservation
of the sympathetic nerve plexus that runs along the IMA and
the parasympathetic nerves in the pelvis.**® In the random-
ized controlled trial by Masoni et al, patients with individual
sigmoid branch resection at the colonic wall with IMA preser-
vation compared with IMA ligation distal to the origin of the
left colic artery showed better colonic motility, decreased
defecatory disorders, and better quality of life.

Indocyanine Green Fluorescence Assessment of Bowel
Perfusion

Adequate perfusion is one of the most important factors in
prevention of anastomotic leak.'” Intraoperative fluorescence
imaging has grown in popularity in colorectal surgery for the
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Fig. 8 Robotic ligation of the inferior mesenteric vein.

assessment of the distal anastomoses near watershed areas.
Known by multiple names such as PINPOINT, IC-view, Firefly,
Sky-Elite, the most commonly used fluorophore is indocya-
nine green (ICG) that can be injected intraarterially or intrave-
nously at the time of anastomosis to assess the bowel viability
and perfusion at the ends of planned anastomoses*® (~Fig. 8).
This requires specially designed equipment to detect light
emitted from the fluorophore based on degree of perfusion
to the examined segment of bowel. This can be evaluated both
intraabdominally during robotic and laparoscopic cases and
endoscopically evaluating mucosal enhancement and perfu-
sion with a sigmoidoscope. Multiple studies and case reports
have examined the efficacy of this approach in decreasing
anastomotic leak rate, the largest of which is the PILLAR II
multicenter trial of 139 patients, which showed a surprising
1.4% leak rate compared with the published rate of 12% in the
literature.”® Many other smaller studies have sought to also
prove decreased leak rates with the use of ICG fluorescence
imaging for a diverse set of disease processes such as divertic-
ulitis, colon cancer, rectal cancer, and even esophageal resec-
tions.”" The results all reflect favorably on the use of 1CG
fluorescence imaging, adding only 2 to 3 minutes to the total
operative time and potentially preventing a very morbid
complication in a patient. The main limitation in many of
these studies is the small sample size, and lack of standardiza-
tion of methods to quantify adequacy of fluorescence and
detect leaks. Currently, the published studies heavily rely on
individual surgeons’ qualitative interpretation of the fluores-
cence intraoperatively to determine site of anastomosis.>'~®
The long-term effect of these technologies on anastomotic leak
rates have yet to be determined.

Summary

There is a paradigm shift occurring in colorectal surgery
toward minimally invasive approaches for the management
of diverticulitis. While there is a learning curve for gaining
comfort with new techniques or applying laparoscopic
techniques to traditionally open approaches (especially in
the case of Hinchey IIl and IV complicated diverticulitis),
adoption of these methods is growing. The use of laparos-
copy and robotic surgery has improved oncologic outcomes
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in colorectal surgery, and the data are now in support of its
use in benign diverticular disease as well. Additionally,
there is a shift in practice away from the traditional open
Hartmann’s procedure to a laparoscopic approach in the
appropriate patient, and primary anastomosis as these
factors have been shown to improve ostomy reversal rates
and provide equal if not superior outcomes such as faster
return of bowel function, length of stay, and ultimately costs
to our healthcare system. As technology evolves, we are able
to study and apply new, less-invasive techniques to a
previously morbid disease process to improve patient out-
comes and satisfaction.
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