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Abstract

Restoration of bowel continuity after Hartmann’s procedure is considered technically
challenging and is associated with high morbidity and mortality. This is the main reason
why restoration of intestinal continuity is often not attempted. Over the past decade,
considerable international experience has gained on this topic with new minimally inva-
sive techniques being developed. This review details the evolution of minimally invasive
techniques in restoration of colonic continuity after Hartmann’s procedure. A compre-
hensive search of PubMed and Embase was done. Different restoration modalities were
included. Eight studies, from six different countries, in which multiport laparoscopic
restoration of continuity was compared to conventional open restoration of bowel con-
tinuity, were included. In the total of 254 patients, continuity was restored laparoscopi-
cally compared with 255 patients in which continuity was performed in open fashion.
Restoration of bowel continuity via trephine access was also reported; three studies
including 37 patients were included in this review. Single-port restoration of bowel con-
tinuity after Hartmann’s procedure is a natural evolution of multiport laparoscopy and
trephine access. Six studies reporting on single-port reversal of Hartmann’s procedure
were included with a total of 75 patients. Single-port access in combination with a trans-
anal approach has also been reported; however, data are extremely limited as there is
only one study in the published literature. Success of restoration of bowel continuity
with less morbidity and mortality has been demonstrated throughout the evolution of
the different surgical techniques. In this review advantages of different approaches for
restoration of bowel continuity after Hartmann’s procedure are discussed. Furthermore,
surgical techniques are described, pictorial guides are added for some techniques, and
flowcharts are given for easy use during clinical decision-making.

Keywords: Hartmann'’s procedure, restoration, intestinal continuity, surgical
techniques, laparoscopic, minimal invasive, single-port laparoscopy
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1. Introduction

In this chapter we would like to focus on the restoration of intestinal continuity after
Hartmann’s procedure in general and highlight emerging minimally invasive techniques in
specific.

Historically, restoration of bowel continuity after Hartmann’s procedure has been consid-
ered technically challenging and is associated with high morbidity and mortality rates even
despite modern surgical techniques. This is the main reason why restoration of intestinal
continuity is often not attempted. Intraoperative difficulties during laparotomy or multi-
port laparoscopy are mainly caused by the formation of adhesions at the laparotomy site
and lower part of the abdomen after active inflammation and/or infection and previous
surgery.

The use of the former colostomy site as access to the abdominal cavity has gained some
popularity recently. Placing a single-port access system in the former colostomy site com-
bines the potential benefits of minimally invasive surgery (shorter postoperative recovery
time, minimal postoperative hospital stay, and lower morbidity rates) with the advantages of
Hartmann’s reversal through the colostomy site (the absence of new incisions and decreased
necessity of midline adhesiolysis).

2. Hartmann’s procedure: historical perspective

Henri Albert Hartmann was born on June 16, 1860. Hartmann finished his medical school at
the University of Paris on December 19, 1881.

Hartmann starts his internship with Felix Terrier at Hopital Bichat, who was considered to
be one of the most authoritative surgeons at that time [1]. After finishing his surgical training
in 1887, Hartmann was appointed as an assistant professor in 1895 and in 1909 as a professor
and chairman of the Department of Surgery in 1892. In 1914, Hartman became the chief of
Surgery at 'Hotel-Dieu hospital in Paris (Figure 1) [2]. During his lengthy and extraordinary
career, Hartmann meticulously recorded each operation he performed. Upon his retirement
he had documented around 30,000 cases [3].

Hartmann’s procedure was first described in 1921 [4, 5]. In his first patients with obstructive
carcinoma of the sigmoid, he performed a proximal colostomy and then a sigmoid resection
with closure of the rectal stump via an abdominal approach. He developed this technique in
response to high mortality rates in his patients who underwent an abdominoperineal resec-
tion, as first described by Miles in 1908 [1]. In 1931 Hartmann described the procedure in
detail in his book Chirurgie du Rectum (Figure 2).

Although Hartmann developed his technique mainly for rectal cancer, in present times,
Hartmann's procedure is often the preferred procedure for severe diverticulitis of the sig-
moid. Despite Hartmann never intended restoration of bowel continuity, recent publications
showed that a direct reconstruction is feasible in selected patients [6].
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Figure 1. Henri Hartmann (second from the right) and his three assistants, Drs. Bergeret, Gouverneur, and Huet, at the
Hotel-Dieu, Paris. Source image: http://wellcomeimages.org.

2.1. Reversal of Hartmann'’s procedure

Hartmann never attempted to reanastomose the bowel in his patients. He believed this would
result in unnecessarily high morbidity and mortality [3].

Restoring intestinal continuity after Hartmann’s operation is a difficult operation that is asso-
ciated with a high morbidity rate, with anastomotic leakage rates ranging from 4% to 16% and
an operative mortality reported as high as 10% [7-10].

The high incidence of morbidity and mortality is the main reasons why surgeons are reluctant
to restore intestinal continuity in approximately 40% of the patients undergoing Hartmann'’s
procedure [10, 11].

2.2. Indications and contraindications

The primary indication for reversal of Hartmann’s procedure is curing people of the dis-
comforts that are caused by the end colostomy. Patients with stomas face many physical and
psychological challenges, including leakage, skin rashes, lifestyle alterations, and sexual dys-
function [12, 13].

Literature defines no contraindications for reversal of Hartmann’s procedure. However, a
review of the literature covering restoration after Hartmann’s procedure shows that advanced
age, ASA grade 3, or higher and fecal peritonitis at the time of Hartmann’s procedure are
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Figure 2. Cover of the book Chirurgie du rectum by Henri Hartmann. Published 1931. Source image: http://archive.org.

often considered relevant contraindications. Roque-Castellano and colleagues analyzed fac-
tors related to the decision of restoring intestinal continuity. They found that female sex and
neoplastic disorders are relative contraindications for restoration of intestinal continuity
[14]. Furthermore, we believe there must be some reluctance to perform conventional res-
toration of bowel continuity by laparotomy in patients with an incisional hernia. The reason
for this statement is the need for repair of the incisional hernia and the restoration of the
bowel continuity at the same time. This reluctance is following the dictum that abdominal
wall prostheses must be avoided during contaminated operations [15]. The authors advocate
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the use of single-port laparoscopic reversal of Hartmann’s procedure in case of an incisional
hernia. With this modality the midline can be left unchanged rendering concomitant repair of
the incisional hernia unnecessary. The single-port laparoscopic technique will be discussed
in detail in Section 5.1.

2.3. Preoperative workup

Prior to the restoration of the intestinal continuity, routine evaluation of the rec-
tal stump and descending colon is often performed in order to detect stump leak-
age, cavity formation, or strictures and establish the length of the rectal stump. The
integrity and patency of the rectal stump are evaluated by physical examination, flex-
ible endoscopy and/or radiographically by contrast proctography CT scan. Despite
these routine practices, little data exist to support this in case of restoration of bowel
continuity after Hartmann’s procedure. Data do exist on the routine use of contrast
enema prior to the closure of a defunctioning ileostomy in patients with low pelvic
anastomosis is inconsistent when its sole purpose is detecting leaks or cavity formation
[16-18]. These studies show that strictures or narrowing of the bowel lumen is seldom
detected. In cases where strictures are detected, dilatation is performed without the need
for cancelation the reversal of the — ostomy. When extrapolating these findings, it is ques-
tionable whether routine contrast studies are necessary in the case of Hartmann’s reversal.
Moreover, usually patients who develop an anastomotic leak of the rectal stump pres-
ent with clinical symptoms long before restoration of the bowel continuity is scheduled.
However, in patients where initial Hartmann’s procedure was acutely performed for neo-
plastic disorders, direct visualization of the rectal stump and remaining colon is manda-
tory to exclude recurrence of the malignancy or other neoplastic lesions. Based on these
limited data, the authors advocate performing flexible rectoscopy to ensure viability of the
rectal stump and the absence of remaining diverticular disease or local recurrence in case of
prior malignancy. Data on routinely performing X-ray or contrast enema is limited to expert
opinions and therefore not mandatory. Authors’ recommendations are summarized in the
algorithm in Figure 3.

2.4. Timing of surgery

There is limited data available concerning the optimal timing of restoration of continuity.
Most surgeons will postpone surgery for at least 6 months after the initial operation, obvi-
ously depending on the current health and recuperation of the patient. It has been suggested
by Keck and coworkers that a waiting period of 15 weeks may be beneficial [19]. It is how-
ever noteworthy that reversing Hartmann’s procedure after a shorter period did not influ-
ence morbidity or mortality, but did seem to lengthen the duration of hospitalisation and
increase the perceived operative difficulty (and thus the risk). Other authors have also sug-
gested there is no indication to delay closure for longer than 16 weeks [20]. Based on these
limited data, the authors advocate a minimal waiting period of 4 months between the initial
operation and restoration of continuity in order to maximize the possibility of minimally
invasive techniques for restoring continuity.
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Figure 3. Algorithm advocated to be used during decision-making and the preoperative workup for restoration of bowel
continuity after Hartmann’s procedure.
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3. Surgical techniques for restoration of intestinal continuity after
Hartmann’s procedure

Reestablishing bowel continuity after Hartmann’s procedure is considered a major surgical
procedure that is accompanied by considerable morbidity and mortality. Multiport laparos-
copy was the first technique in a sequence of attempts to reduce the high morbidity and mor-
tality that is associated with this procedure.

3.1. Multiport laparoscopic reversal of Hartmann’s procedure

The patient is placed in a supine position. Next, there are two different ways to continue
the procedure. In one option the procedure is initiated with mobilization of the stoma to
the level of the abdominal wall and then freeing the ostomy from the fascia. The alterna-
tive procedure starts by insertion of a 10 mm camera trocar and a working trocar when
needed (Figure 4), establishing the pneumoperitoneum, and perform a prior inspection
for factors that could potentially cause abortion later on in the procedure. We advocate
starting the procedure in the latter fashion, since this technique facilitates early decision-
making by the surgeon on continuing or aborting the procedure when a potential unsuc-
cessful bowel restoration is anticipated. Consequently, there is no need for refashioning of
the end colostomy.

In both techniques the next step is transecting the colon using a linear stapler to remove the
end of the colostomy and securing the anvil of a circular stapler is secured with a purse-
string suture, in the proximal colon. The descending colon is then returned into the abdomi-
nal cavity. Any adhesions in the abdominal cavity are freed to enable insertion of the other
ports. The colostomy site is closed using a wound protector/retractor device with a laparo-
scopic cap so that it can function as an additional working port. The pneumoperitoneum is
then established. Additional 5 mm working trocars are placed in the right upper quadrant
and right iliac fossa. Extensive dissection of adhesions from the anterior abdominal wall
in the midline is mandatory with this multi-port technique in order to cross the midline
(Figure 4).

The small bowel is mobilized from the left iliac fossa and out of the pelvis. The proximal
descending colon would have been mobilized to a varying extent at the initial Hartmann’s
procedure, and this will need to be redone, including the splenic flexure. A rectal probe or cir-
cular stapler sizer is used to identify the rectal stump. In order to perform an end-to-end anas-
tomosis, further mobilization and adhesiolysis of the rectal stump are sometimes necessary.
Alternatively, if mobilization is difficult and the anterior rectal wall can clearly be identified
and adequate length of the descending colon is available to allow a tension-free anastomosis,
an side-to-side anastomosis can be performed. A circular stapler is introduced into the rec-
tum to fashion the anastomosis. The stapler is deployed and the donuts are checked. Next,
we advocate performing an additional leak test as this is associated with reduced rates of
postoperative adverse events in literature [21]. The pneumoperitoneum is released, and the
trocars are removed under direct visualization. The fascia is then closed in apertures equal to
or larger than 10 mm.
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Figure 4. Port positions for multiport laparoscopic Hartmann'’s reversal. L = laparoscopic trocar position. Red-shaded area:
area of maximal adhesion formation after previous laparotomy. Green-shaded area: area of range of action that is relatively
free of adhesions. Note that in this technique the midline has to be crossed.

3.2. The open technique compared to multiport laparoscopic restoration technique: an
appraisal of the literature

In recent literature a limited amount of studies compared an open approach with the mul-
tiport laparoscopic technique [22-31]. In Table 1 a summary of studies on multiport laparo-
scopic versus conventional Hartmann's reversal is presented.

Asexpected, for the minimal invasive technique, the total length of hospital stay was shorter with
6.9 days when compared to the open approach that shows a mean of 10.4 days. Furthermore,
for patients in whom bowel continuity was restored laparoscopically, overall morbidity rates
seemed lower when compared to patients who were treated conventionally. In the laparoscopic
group, mean morbidity rates were 12% versus 20% in the open group. The main and foremost
complications after bowel restoration for both modalities are summarized in Table 2.

In the reviewed literature, mortality seems comparable for both techniques, with a mean mor-
tality of 0.9% in the laparoscopic group and 1.2% in the conventional group. No statistically
significant differences were found for mean total operation time, 150 minutes for the laparo-
scopic technique and 172 minutes for conventional procedures. A possible explanation for
the relative long operation duration for both techniques is the extensive adhesiolysis that is
required. 80 percent of the conversions from laparoscopy to the conventional technique arises
for this reason [33], resulting in an average conversion rate of 12 percent. In the opinion of
the authors, there is no place for primary open restoration of continuity after Hartmann'’s



Study Country Year of Procedure Number Morbidity Mortality Operation Hospital Control group =~ Morbidity Mortality Operation Hospital

publication of (%) (% time (mean stay (number of (%) (%) time (mean stay
patients min) (days) patients) min) (days)

Rosen et al. USA 2005 Laparoscopic 20 3 (14) 0 (0) 158 42 No NS

[24]

Faure et al. FR 2007 Laparoscopic 14 2(14.2) 0(0) 143 9.5 Conventional (20) 6 (30) 0 (0) 180 11

[25]

Haughn et USA 2008 Laparoscopic 61 8 (13) 0(0) 154 NS Conventional (61) 11 (18) 0(0) 210 NS

al. [26]

Vermeulen NL 2008 Laparoscopic 3 (15.8) (5) NS NS Conventional(48) (15.8) (5) NS NS

et al. [27]

Mazehet IL 2009 Laparoscopic 82 15(17.6) 0(0) 193 6.5 Conventional (41) 15 (36.5) 0 (0) 209 8.1

al. [28]

Di Carloet IT 2010 Laparoscopic 3 0(0) 0(0) 95.6 NS Conventional (3) 0 (0) 0 (0) 136.6 NS

al. [29]

De'angelis FR 2013 Laparoscopic 28 3(10.7) 0(0) 1711 6.7 Conventional (18) 6 (33.6) 0(0) 235.8 11.2

etal. [30]

Yangetal. AU 2014 Laparoscopic 43 6 (14) 0(0) 276.4 6.7 Conventional (64) 20 (31) 0 (0) 242 10.8

[31]

AU, Australia; FR, France; IT, Italy; IL, Israel; NL, the Netherlands; USA, United States of America; NS, not stated.In the study by Vermeulen et al. [32]. Subdivision is made
for laparoscopic or conventional reversal; therefore, only overall morbidity and mortality are given for this study.

Table 1. Summary of current literature that compares multiport laparoscopic Hartmann'’s reversal versus the conventional open technique.
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Type of intestinal continuity restoration

Multiport laparoscopy Laparotomy
Hemorrhage 1.7 3
Wound infection 10.6 14
Anastomotic leakage 12 5
Reoperation 4 7
Cardiopulmonary 3.6 7

Values are derived from the literature. Values are in mean percentages.

Table 2. Morbidity rates depicted for multiport laparoscopic reversal of Hartmann’s procedure compared with
conventional reversal.

procedure, due to unnecessary morbidity, mortality, and trauma to the abdominal wall. We
advocate selection of a minimally invasive procedure.

4. Trephine access: using the former colostomy site as access point

Although laparoscopic restoration of the intestinal continuity has many advantages, in lapa-
roscopic reversal of Hartmann’s procedure, an extended adhesiolysis in the midline and pel-
vis is still needed. This adhesiolysis may increase postoperative paralytic ileus and the risk of
inadvertent bowel lacerations.

The use of the colostomy site as an even less invasive method for access to the abdominal
cavity and restoration of the intestinal continuity was first described by Vermeulen and col-
leagues in 2008 [32]. In this technique manual access is gained through the stoma site in com-
bination with a blindly performed adhesiolysis without laparoscopic assistance (Figure 5).
This procedure was called the SIR method “stoma incision reversal” procedure.

4.1. SIR procedure: surgical technique

The patient is positioned in the lithotomy. The stoma is released, taking a small amount of
surrounding skin with it. Then the colostomy is closed provisionally with a running suture.
The length of the incision at the stomal site must be large enough to fit the surgeon’s hand.
The descending colon stump is brought outside the abdomen; visible adhesions connected to
the left colon are sharply dissected. Further adhesiolysis of the left colon is performed manu-
ally between the thumb and index finger in order to create enough length for the descending
colon to reach the pelvic cavity. If enough bowel length is created. The anvil of a circular
stapler is placed intraluminal. The stump is closed using a linear stapler. The tip of the sta-
pler anvil is brought through the colon the staple line and tied by a purse-string suture. The
descending colon with the anvil is returned intra-abdominally. For the next step, the sur-
geon’s right hand is placed intra-abdominally through the former colostomy side. The left
hand is used to transanally introduce a rigid sizer to identify and manipulate the rectal stump.
Adhesions between the rectal stump and adjacent small bowels are loosened manually and
blindly with the surgeon’s right hand. Consecutively, the circular stapler is introduced into
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RS

Figure 5. Manual lysis of adhesions at the tip of the rectal stump, which was identified using a rigid club. Previously, the
anvil of a circular stapler was placed intraluminal of the descending colon. DC, descending colon with anvil; RH, right
hand; A, adhesions; B, bladder; LH, left hand; C, rigid club; RS, rectal stump; L, left leg. Source: Ref. [34].

the rectal stump. The pin of the circular stapler is passed through the rectal wall, and the anvil
is attached. Before firing the circular stapler, the proximal bowel segment is manually checked
for rotation and interposition. After firing the stapler, the integrity of the doughnuts of the
anastomosis is inspected, and a leak test is performed. The fascia is closed with a PDS suture,
and the skin as deemed appropriate.

4.2. Appraisal of the literature

A review of the literature shows three studies [32, 34-36] on the SIR technique. Table 3 sum-
marizes the results. Vermeulen and colleagues described the first pilot study in 2010. They
attempted the procedure in 13 consecutive patients with a median age of 56 years (range
35-81 years). Indications for initial surgery were iatrogenic bowel perforation (n = 3), intes-
tinal bowel obstruction due to complicated diverticulitis (n = 3), and diverticulitis (n = 7).
Median delay of reversal was 7 months.

Of the 13 patients assigned for reversal of Hartmann’s procedure through the stomal site, two
patients needed direct conversion to laparotomy due to firm adhesions. Of the 11 patients in
which the procedure was accomplished through the stoma site, mean operation time was 81 min
(range 58-109 min) with a mean hospital stay of 4.2 days. No anastomotic leaks occurred. In
2010 Vermeulen and colleagues published the results of their “stoma incision reversal” pro-
cedure in 22 patients and compare the results with matched cases in which restoration of the
intestinal continuity was performed by laparotomy. In the “SIR” group, five procedures were
converted to laparotomy due to firm adhesions (n = 2), doubt about the quality of the dough-
nuts (n = 2), or iatrogenic small bowel lacerations (1 = 1).

In this study the mean operation time was significantly shorter when performing the SIR pro-
cedure (75 min (58-208)) compared to the open group (141 min (85-276)) (p < 0.001). Patients

11



Study Country Year of Number of Procedure Control group Morbidity (%) Mortality (%) Operation time Hospital stay

publication patients (number of (mean min) (days)
patients)

Vermeulenet NL 2008 13 Trephine access No (0) 0(0) 0 (0) 81 42

al. [32]

Vermeulenet NL 2010 16 Trephine access Yes (32) 4 (25) 0 (0) 75 4

al. [34]

Aydin et al. [35] TR 2011 8 Trephine access No (0) 0(0) 0 65 5.5

NL, the Netherlands; TR, Turkey.

Table 3. Summary of “trephine access” technique reversal of Hartmann’s procedure in the current literature.

cl
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Type of intestinal continuity restoration

“SIR” Laparotomy
Total complications 4 16
Anastomotic leakage 1 2
Tleus 0 1
Wound infections 1 5
Urine retention 1 0
Incisional hernia 1 8
Mortality 0 1

Vermeulen et al. 2010 [35].

Table 4. Postoperative complications after restoration of bowel continuity depicted for the “SIR” procedure (trephine
access) and conventional technique.

who underwent the SIR procedure had a shorter postoperative hospital stay (SIR group range
2-7 days) (p < 0.001). The total postoperative number of complications was not significantly
different between both procedures. Twenty-five percent for the SIR patients versus 50% of the
patients that were treated by the conventional technique. Postoperative complications after
bowel continuity restoration are depicted in Table 4.

In 2011 Aydin and colleagues perform the aforementioned technique in eight patients.
Indications for the initial Hartmann’s procedure were sigmoid volvulus (n = 4), obstructive
sigmoid cancer (n = 2), rectal trauma (n = 2), and Fournier’s gangrene (1 = 1). The mean dura-
tion between the primary procedure and reversal of the Hartmann’s procedure was 5 months
(range 2-8 months). All patients included had a body mass index of less than 30 km/m? and a
rectal stump of at least 5 cm. In two patients the incision was extended from the stoma site for
better visualization of the rectal stump in one patient and due to injury of the intestine in one
patient. Mean duration of the operation was 65 min (range 45-80 min). No postoperative com-
plications were observed. Patients were discharged after a mean of 5.5 days (range 4-9 days).
Aydin and coworkers note that this technique should ideally be used in non-obese patients
with long rectal stumps of sufficient length.

The SIR technique originated in the Netherlands and met criticism due to the blind nature
of the dissection phase of the procedure. Regarding the risk of blind dissection as well as the
availability of improved access platforms that enable adequate vision and control, the authors
do not advocate the use of the SIR technique in present times.

5. Single-port restoration of the intestinal continuity through the stoma
trephine site

Single-port restoration of intestinal continuity with access through the formal site of the colos-
tomy is a relatively new technique. The main goal for the development of this method is

13
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introducing a minimally invasive technique that further reduces the morbidity and mortality
of a procedure that is technically demanding and complex.

5.1. Surgical technique

The patient is placed in lithotomy position. Primarily, the colostomy is mobilized and freed
from the fascia (Figure 6). The mobilized descending colon is then pulled out of the abdomen
and exposed (Figure 7). Next, the colon is transected using a linear stapler to remove the end
colostomy, and the anvil of a circular stapler is secured with a purse-string suture, in the proxi-
mal colon. Either a terminal or lateral position can be chosen (Figure 8). The descending colon is
returned into the abdominal cavity. Any adhesions close to the wound in the abdominal cavity
on direct view are freed. The single-port access platform is then placed in the fascial defect at
the colostomy site, and the pneumoperitoneum is then established (Figure 9). A rigid 30-degree
laparoscope is introduced and a diagnostic laparoscopy is performed. Subsequently, the patient

Figure 6. Release of the colostomy.
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Figure 7. Mobilization of the descending colon with sufficient length.

(a

Figure 8. Insertion of the anvil of the circular stapler. Left picture shows a terminal position. Right picture shows a lateral
positioning of the anvil for side-to-end configuration.

.

e
|

Figure 9. Placement of the single-port access device in the fascia defect at the formal stoma site. Right picture shows the
placement of the flexible wound protector.

15



16

Laparoscopic Surgery

is positioned in anti-Trendelenburg position making the small pelvis visible. Adhesiolysis is
performed using two 5 mm working trocars.

Dissection of adhesions and scar tissue surrounding the rectal stump is performed exten-
sively, by either sharp dissection with laparoscopic scissors or ultrasonic dissection devices,
until the rectal stump is as bare as possible (Figure 10). Adhesions formed at the previous
midline incision can be left unchanged at this stage, reducing the risk of iatrogenic bowel
perforation and reducing total operation time. Next, the circular stapler is advanced via the
anus, and the descending colon is identified and checked if adequate length is available to
allow a tension-free anastomosis. If necessary, the splenic flexure of the colon can be mobi-
lized (Figure 11). The stapler is deployed and the donuts are checked. The pneumoperito-

(b)

(a) \
, ;g/ Descending"“..

Colon

[ .‘. r v‘.
- .‘".....-‘
lf ‘ Premontory

Figure 11. Dissection of adhesions and scar tissue surrounding the rectal stump.
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Study Country Year of Number of Procedure Control Morbidity Mortality Hospital
publication patients group (%) (%) stay(days)
(number of
patients)
Smith etal. USA 2011 1 Stoma site. No (0) 0(0) 0(0) 5
[42] Single port
Carus etal. GE 2011 8 Stoma site. No (0) 1(12.5) 0 (0) 4
[39] Single port
Borowski UK 2011 5 Stoma site. No (0) 1 (20) 0 4.2
et al. [38] Single port
Joshietal. UK 2013 14 Stoma site. No (0) 3(21) 0 (0) 5.5
[41] Glove port
Choietal. KR 2015 22 Stoma site. No (0) 4(18.2) 0(0) 8
[40] Glove port.
Single port
Clermonts NL 2016 25 Stoma site. Yes (16) 8(32) 0 (0) 4
etal. [37] Single port

KR, Korea; NL, the Netherlands; UK, the United Kingdom; GE, Germany; USA, the United States of America.

Table 5. Summary of single-port reversal of Hartmann’s procedure in the current literature.

neum is released and the trocars are removed under direct visualization. The fascia is then
closed in apertures equal to or larger than 10 mm.

5.2. Appraisal of the literature

A review of the literature reveals that only a few small case series have been published on
this technique. At the moment no randomized controlled trials were published [37-42].
Table 5 summarizes the results of the available literature. The technique was first described
by Smith and colleagues [42]; in this case single-port restoration of the intestinal continuity
was performed in a 56-year-old patient with a history of perforated diverticulosis. Their
total operation time was 104 min. The patient started a clear liquid diet on postoperative
day 2 and was discharged after 5 days. The largest study without control patients was that
of Choi et al. [40] and consisted of 23 patients. In one patient closure of the colostomy was
aborted due to intraoperative difficulties. The median age of their patients was 62 years
(range 21-87 years), with an overall ASA grade of II. Median time to reversal was 153.5 days
(range 99-1028). Main indications for Hartmann’s procedure were: complicated diverticu-
litis (27.3%), colorectal carcinoma (27.3%), and sigmoid volvulus (18.2%). They reported a
median operation time of 165 minutes (range 100-340 minutes) and a total hospital stay of
8 days (range 4-31 days). There morbidity rate was 18.2% with two reoperations, one for
anastomotic dehiscence and one for rectovesical fistula. No mortality was reported. Carus
and colleagues’ study consisted of 8 patients with a median age of 60.4 years (range 36-84).
Hartmann’s procedure was performed for complicated diverticulitis (five laparoscopic,
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three open). The reversal was performed 2-4 months after the primary procedure. No
conversions were reported in one procedure; they had to play one extra trocar had to be
placed during adhesiolysis; and one patient with a superficial wound infection (morbidity
12.5%). No mortality was reported. Patients were discharged after a median of 6.4 days
(range 4-8 days). The series by Clermonts et al. [37] was the only study that included a
control group. They included a total of 25 patients (median age, 52.2 years). Indications
for primary surgery consisted of complicated diverticulitis (60%) and malignancy in 28%
of the cases. Median time to reversal was 16 months. These patients were compared with
a control group in which closure of the colostomy was performed in an open method. In
the open group, all primary Hartmann’s procedures were performed by laparotomy; in the
single-port group, 88% was performed by laparotomy. No statistical significant differences
were observed between the two groups. Median operation time in the single-port group

u"ox
(Q)

SP

Figure 12. Port position for single-port Hartmann’s reversal. SP = single-port trocar position. Red-shaded area: area of
maximal adhesion formation after previous laparotomy. Green-shaded area: area of range of action that is relatively free
of adhesions.
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was 153.5 min (range: 73-332 minutes) and 184.4 min (range 29-377 minutes) in the open
group. One single-port procedure was converted to laparotomy and two procedures to
multiport laparoscopy due to difficulties during the adhesiolysis. In the single-port group,
a total of eight complications were observed compared with 33 complications in the open
group. Wound infections, 5 (20 %) versus 12 (75 %), accounted for the largest number of
complications in the SPHR and OHR groups. One patient died after anastomotic leakage
and sepsis in the control group; no mortality was observed in the single-port group. The
median hospital stay was 4 days in the single-port group compared to a mean of 16 days
in the open group.

5.3. Advantages of this technique

Single port restoration of the intestinal continuity has some major advantages over the previ-
ously mentioned techniques. The minimally invasive technique has the usual advantages of this
technique with less pain and faster recovery. Specifically, in Hartmann'’s reversal also a shorter
operation time is observed. The single port variant using the formal stoma site as an access
point has the additional advantage that crossing the midline is avoided, rendering an extensive
adhesiolysis unnecessary as Figure 12 schematically shows.

Another big advantage of minimalizing the access trauma is shown in the very short hospital
stay compared to the open and laparoscopic techniques. The small incision, almost no blood
loss, and short operation time could be the main reasons.

6. Single-port trephine access and transanal access combined for
restoration of the intestinal continuity

In Section 5 we already described the advantages of single-port restoration of intestinal con-
tinuity with access through the formal site of the colostomy. Recently, a new technique that
combines the single-port trephine access with single-port transanal access was presented [43].
It is suggested the transanal approach will aid in the technically challenging dissection of the
rectal stump and perform a pelvic adhesiolysis in a safer manner.

6.1. Surgical technique

Patients receive mechanical bowel and rectal stump cleansing. Patients are placed in lithot-
omy position. The procedure is performed by two surgeons starting simultaneously; one
surgeon starts the abdominal trephine access approach (Section 5). The second surgeon
places a single-port transanal access platform through the anal canal with three work-
ing trocars. The pneumorectum is created. Next, circular dissection next to the stapler
line in the proximal part of the rectal stump is performed into the avascular presacral
plane posteriorly. This plane of dissection is extended medially, laterally, and interiorly
to achieve the desired circumferential rectal mobilization. Finally, the peritoneal reflection
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was visualized and divided to achieve the proximal rectal stump removal, with both sur-
geons working together. The previous stapler line with the resected tissue can be extracted
transanally. Next, a Prolene purse-string suture is used to close the distal rectal stump. In
order to complete the end-to-end anastomosis, a circular stapler is inserted via the anal
canal and connected to the anvil in the proximal descending colon. After firing the circular
stapler and completing the anastomosis, the integrity of the anastomosis can be evalu-
ated with an air test, as well as an intraluminal examination through the transanal access
platform.

6.2. Critical appraisal of literature

A review of the literature reveals one study by Bravo and colleagues [43]. The study
group describes a technique that is easily adopted and mastered by surgeons already
trained in transanal colorectal surgery. They report no postoperative morbidity and a
quick recovery and discharge from the hospital (no exact numbers given). Furthermore,
a shorter total operation time is mentioned when compared to a multiport laparoscopic
approach.

Advantages of this technique mentioned by the authors are first of all the safe dissection of
the rectal stump because most of the work is done in a surgical plane not touched during
the initial surgery and thus without adhesions. This gives the ability to precisely identify
structures with adherence to the rectal stump like small bowel or ureter. The main difficulty
of this technique can be performing the transanal dissection in patients with hard adhesions
to the rectal stump after perforation or peritonitis. Furthermore, a very short rectal stump
makes positioning the transanal single-port access difficult and without adequate work-
space impossible.

7. Authors’ recommendation

The authors believe that the minimally invasive technique is an attractive approach for
rever-sal of Hartmann’s procedure. So far, reports are promising. The technique may
reduce the substantial morbidity known from open reversal. The SIR technique may be
considered to be obsolete, especially in the era of laparoscopy. Most patients will be best
suited by use of lapa-roscopic techniques. We would like to emphasize that laparoscopy
is a means to an end and not a goal in itself. If minimally invasive techniques are deemed
unsafe or unsuitable, conver-sion to open technique may be utilized at any time. We believe
that. The recently developed technique of single port restoration of continuity seems espe-
cially promising, as contralateral access that can be cumbersome due to the adhesions
from a previous laparotomy is avoided and a ventral hernia defect when present can be
avoided. We believe Trephine assess in combination with the transanal approach as pri-
mary surgical approach is not always necessary. We recommend this technique to be used
as a step-up approach or back-up when pelvic dissection is proving technically challenging
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Patient after Hartmann's
procedure, considering
Restoration of Continuity
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Figure 13. Algorithm to be used during the decision-making which technique is best suited for the restoration of bowel
continuity after Hartmann’s procedure.

or unsafe during initial trephine or multiport access. Authors recommendations are sum-
marized in the algorithm in Figure 13.
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8. Conclusion

The reversal of Hartmann’s procedure carries a high operative morbidity and mortality rate.
Therefore this is only performed in a selected group of patients. A considerable group of
patients, with advanced age, or expected high operative risk, are left with a permanent end
colostomy. This chapter gives an overview of the development less invasive techniques, that
may reduce morbidity and therefore be offered to a larger group of patients.

Conventional laparoscopic reversal of Hartmann’s procedure was the first technique with
the primary goal of reducing morbidity and mortally. This technique reduced surgical access
trauma resulting in a shorter post operative hospital stay and avoiding the negative conse-
quences of relaparotomy. In the quest for even less invasive ways of restoring the bowel con-
tinuity the Trephine access technique was developed. This technique received criticism on the
fact that the adhesiolysis was performed mainly in a blind fashion. This is probably the reason
why this technique has not gained wide popularity and acceptance. This technique however
gave birth to the development of the single-port access technique. This minimally invasive
laparoscopic technique has our preference. We recommend using this technique for the major
reduction in access trauma. Avoiding crossing the midline reduces the need for adhesiolysis,
with its potential hazards like iatrogenic bowel injury. When proven safe in larger series,
reversal of Hartmann’s procedure may be offered to a larger proportion of patients then is
presently routine.
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