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Background. For sigmoid perforation, the Hartmann procedure (HP) has
been traditionally applied as emergent surgery. However, the high mor-
bidity rates, poor quality of life (QoL), and relatively low stoma reversal
rates of HP encourage surgeons to discover less invasive types of surgical
treatment. We aimed to introduce temporary sigmoid colostomy (TSC) as
emergent surgery for septic conditions and compare the outcomes of TSC
and HP.

Methods. This retrospective study included patients who underwent TSC
or HP as emergent surgery for sigmoid perforation from November 2018
to August 2022. Preoperative factors, postoperative mortality, morbidity,
reversal rates, and timing for stoma closure were analyzed by type of sur-
gery.

Results. Atotal of 46 patients were included in this study. In the first emer-
gent surgery, the TSC group had shorter operative time (81 vs. 153 min,
respectively; p < 0.001) and extremely short stoma reversal time (6 vs.
132 days, respectively; p < 0.001) than the HP group. However, the two
groups did not differ in terms of other perioperative outcomes, specifi-
cally mortality, morbidity, reoperation, re-admission, or definite stoma rates.
Conclusions. For selective patients, TSC may be an optimal surgical treat-
ment to deal with the emergency septic situation and lead to an elective
sigmoid resection during the same hospital stay. Considering the ex-
tremely short stoma reversal time and better QoL, TSC is a potential alter-
native to nonrestorative colon resection for sigmoid perforation.

[J Soc Colon Rectal Surgeon (Taiwan) 2023,34:146-154]

Acute abdomen with lesions at the sigmoid colon
is often diagnosed with perforation caused by di-
verticulitis or colon cancer. Perforated colonic diver-
ticulitis is the most common cause of sigmoid perfora-
tion, accounting for 3 to 4/100,000 people per year,'
whereas colon cancer with perforation accounts for
3%-10% of the initial presentation of colon cancer.”
Both conditions may lead to purulent or fecal peritoni-

tis requiring emergency surgical treatment; however,
the proper surgical management of sigmoid perfora-
tion remains debated.”* In this population, the neces-
sary emergency surgery in response to a life-threaten-
ing condition is associated with substantial morbidity
and mortality.’

Traditionally, surgeons performed two-staged sur-
geries with the resective Hartmann procedure (HP)
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first followed by colostomy closure a few months la-
ter to prevent anastomotic leakage; however, both in-
terventions negatively affected the quality of life (QoL)
of patients.®” To date, primary anastomosis has been
widely used globally and is considered a safe alterna-
tive for the treatment of sigmoid perforation; how-
ever, it has an unacceptably high complication rate in
emergency situations when the general condition of
the patient is suboptimal, and the bowel is not pre-
pared.®’

For the abovementioned situation, we provided an
interim strategy between primary anastomosis and
HP, which is temporary sigmoid colostomy as emer-
gent surgery and subsequently combined with stan-
dard anterior resection for sigmoidectomy a few days
later during the same hospital visit. This study aimed
to compare the outcomes of temporary sigmoid colo-
stomy (TSC) and HP in patients with sigmoid per-
foration and generalized peritonitis requiring emer-
gent surgery.

Materials and Methods
Patients

This retrospective study included patients who
were confirmed of sigmoid colon perforation and treated
by emergent surgery within 24 h of admission at Shuang
Ho Hospital, Taiwan. All patients were diagnosed us-
ing computed tomography (CT) before emergent sur-
gery with pneumoperitoneum or intra-abdominal ab-
scess formation, classified as Hinchey grade III (puru-
lent peritonitis and an inflamed part of the colon) and
grade IV (fecal contamination). Patients with Hinchey
I-1T (no free air within localized abscess in the abdo-
men) were excluded from this study. Since the first
TSC was performed on November 2018, we enrolled
patients from the said date to August 2022 and achi-
eved an adequate follow-up period of at least 6 months
postoperatively. Furthermore, we excluded patients
who underwent sigmoid colon resection without di-
verting stoma or with a protective ileostomy or loop
T-colostomy. All surgeries were performed by senior
colorectal surgeons. The choice between TSC and HP

was dependent on the general status of patients and
the decisions of surgeons intraoperatively.

Data collection

Data regarding patient demographics, including
sex, age, body mass index (BMI), American Society
of Anesthesiologists (ASA) category, surgery history,
and pathophysiology for acute abdomen, as well as
preoperative laboratory data, including white blood
cell (WBC) counts, hemoglobin, and C-reactive pro-
tein (CRP), were collected.

We collected intraoperative and postoperative data
for primary and reversal surgery. Furthermore, the re-
versal rate, time to reversal, length of hospital stay,
30-day mortality, and morbidity were recorded. Cu-
mulative postoperative major morbidity was assessed
with a major surgical complication defined as grade
IIT or more, including post-operative abscess forma-
tion required image-guide drainage or post-operative
ileus cured by another surgical intervention. The post-
operative complications included in the analysis were
surgery-specific (leakage, surgical site infection, and
reoperation rate) and general (intra-abdominal infec-
tions and pulmonary) complications.

Surgical procedures

All patients who underwent the first surgery were
emergent cases without colon preparation. First, we
started midline laparotomy for sigmoid lesion inspec-
tion. Subsequently, the operator decided whether the
sigmoid colon is suitable for loop sigmoid colostomy
at the incision wound or not (Fig. 1). The sigmoid
length must be long enough to bring out the sigmoid
colon to the midline skin for colostomy fixation to
fascia without tension or sacrificed blood perfusion; if
the surrounding tissue was not too fragile for stoma
maturation, the perforation site was used for loop co-
lostomy. Otherwise, we performed HP with sigmoi-
dectomy and end colostomy at the left side of the ab-
domen. Peritoneal lavage and abdominal drain inser-
tion were routinely employed in all patients. The post-
operative care was performed according to local guide-
lines.
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Midline wound closed

Loop sigmoid colostomy
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Fig. 1. The loop sigmoid colostomy is created at lower
midline wound as temporary colostomy for stool
diversion and control infection.

The second surgery was colostomy reversal sur-
gery. To rule out residual pathology and check for the
absence of fistula or stenosis at the level of the anasto-
mosis, colonoscopy was performed in all patients be-
fore reversal. In the TSC group, after proper colon
preparation and antibiotic treatment for approximately
1 week, we performed anterior resection with mobili-
zation of the stoma entry followed by end-to-end ana-
stomosis of the descending colon and rectum using a
circular stapler. The skin wound was primarily closed
with drain placement. For patients who underwent
HP, the reversal surgery was arranged for at least 2
months according to the routine practices of the sur-
geon. For patients with severe comorbidity, surgeons
refrained from colostomy reversal following discus-
sion and agreement with the patients and their fami-
lies.

Statistical analysis

Categorical variables were analyzed using Fisher’s
exact test, whereas continuous variables were an-
alyzed using the Mann-Whitney U test. All statistical
tests were two-tailed, and a p value of < 0.05 was con-
sidered statistically significant. All analyses were per-

formed using Statistical Package for the Social Sci-
ences (IBM SPSS Statistics, version 25; IBM, Armonk,
NY, USA).

Results

Patient characteristics

From November 2018 to August 2022, a total of
46 patients underwent emergent surgery for sigmoid
lesion-related acute abdomen. Of them, 12 and 34 pa-
tients underwent TSC and HP, respectively. The com-
parison of baseline characteristics between the TSC
and HP groups is presented in Table 1. The two groups
did not significantly differ in terms of sex, age, BMI,
ASA score, previous abdominal surgery, and preoper-
ative laboratory data, including hemoglobin, WBC,
and CRP levels. Although the data exhibited nonsig-
nificant differences, all cases of fecal peritonitis be-
longed to HP groups.

The pathophysiology of acute abdomen showed
no difference in both groups. Of the four cases of co-
lon perforation not related to cancer or diverticulitis,
the first one had small sigmoid perforation related to
severe ruptured appendicitis, the second one had se-
vere sigmoid pressure ulcer leading to perforation,
and the third one received radiation therapy for cervi-
cal cancer leading to perforation.

Results of the emergency surgery

The intraoperative data and results of the first pro-
cedure are presented in Table 2. The TSC group had a
much shorter operative time than the HP group (81 vs.
153 min, respectively; p <0.001) because colon resec-
tion could be omitted. The overall mortality and mor-
bidity showed no significant differences between the
two groups; however, all mortality cases were noted
in the HP group. Of them, three died within 30 days
owing to fecal peritonitis-related septic shock, two
died of hospital-acquired pneumonia related to pro-
longed intubation of more than 30 days, and one de-
veloped ischemic bowel disease 2 weeks following
HP and died. There is one case of upper rectal cancer
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Table 1. Baseline characteristics

Parameters Temporary sigmoid colostomy (n=12) Hartmann’s procedure (n=34)  p value
Sex, male [no. (%)] 8 (66.6) 21 (61.8) 0.762
Age [median (range)] 57 (39-90) 69 (37-93) 0.281
BMI [median (range)] 25.6 (15.6-34.7) 22.4 (16.4-34.3) 0.056
ASA category [no. (%)] 0.902
Low risk [class I-1I] 8 (66.6) 22 (64.7)
High risk [class > III] 45 (33.3) 12 (35.3)
Previous abdominal surgery [no. (%)] 0(0) 2(5.9) 0.390
Diagnosis [no. (%)] 0.147
Diverticulitis [no. (%)] 9(75.0) 21 (61.8)
Cancer perforation [no. (%)] 1(8.3) 12 (35.3)
Other perforation [no. (%)] 2 (16.7) 2(5.9)
Pre-operative laboratory [no. (%)]
Hb [median (range), g/dL] 12.2 (8.3-14.9) 12.5(7.2-19.9) 0.738
WBC [median (range), 10°/uL] 12.5 (3.6-18.6) 11.7 (5.8-32.2) 0.412
CRP [median (range), g/dL] 11.3 (0.8-28.8) 16.8 (0.4-36.4) 0.426
Fecal peritonitis [no. (%)] 0(0) 6 (17.6) 0.119
Table 2. Intra- and postoperative data of first operation (emergency)
Parameters Temporary (s;g;nlozlil colostomy Hartma(rlllnzs 3p‘g)cedure p value
Operative time [median (range), min] 81 (56-184) 153 (88-298) 0.001
Overall morbidity [no. (%)] 0 (0) 11 (32.4) 0.024
Leakage [no. (%)] 0(0) 0 (0) 1.000
Surgical site infection [no. (%)] 0(0) 4(11.8) 0.214
Intraabdominal abscess [no. (%)] 0(0) 2(5.9) 0.390
Postoperative ileus [no. (%)] 0(0) 2(5.9) 0.390
Others [no. (%)] 0(0) 2(5.9) 0.390
Major complication (Clavien-Dindo > 3) [no. (%)] 0(0) 10 (29.4) 0.034
Re-operation [no. (%)] 0(0) 6 (17.6) 0.119
Mortality [no. (%)] 0 (0) 6(17.6) 0.119
Ist hospital stay [median (range), days] 11 (17-86) 13 (4-75) 0.804
Re-admission in 30 days [no/N. (%)] 1/12 (8.3) 5/28 (17.9) 0.440

perforation was managed by loop sigmoid colostomy
for decompression, and anterior resection was oper-
ated as secondary surgery one week later for tumor
excision and intestinal continuity restoration.

The overall morbidity and major complication
rates were significantly higher in the HP cohorts, and
only the patients in these groups presented with sur-
gical site infection and intra-abdominal abscess. Four
patients suffered from surgical site infection, and two
of them needed operative debridement for wound
closure. Two patients presented with an intra-ab-
dominal abscess, of whom one was reoperated and
the other one received CT-guided drainage. One pa-

tient in the HP group presented with postoperative
ileus with a transition zone at the transverse colon;
therefore, proximal loop ileostomy was created. For
the other two patients who underwent reoperation
within 30 days, the first one developed ischemic bowel
disease at the terminal ileum 2 weeks following HP.
The other one presented with intra-abdominal bleed-
ing at the mesentery blood flow on the fifth postoper-
ative day and was diagnosed by follow up computed
tomography and controlled by re-operative suture li-
gation. The patient was subsequently discharged 3
weeks after successful control of the surgical bleed-
ing.
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Results of the second surgery

Of the 40 patients who survived the first surgery,
25 underwent elective stoma reversal (Table 3). For
the patients who underwent TSC, we performed ante-
rior resection with primary anastomosis without di-
verting stoma during the same hospital stay. In the HP
group, the reverse HP was arranged during the second
hospitalization following colonoscopy to check for
the presence of a fistula or stenosis at the anastomosis
level which were contraindication for reversal sur-
gery. The reversal surgery was relatively uneventful,
and most of the patients were discharged within 2
weeks postoperatively. Each group had one patient
who presented with surgical site infection; however,
no surgical debridement was needed for treatment.
Two patients in the HP group had ventral hernia around

the end colostomy and were repaired along with the
reverse HP.

Overall outcomes

The TSC and HP groups did not differ in terms of
hospital stay, overall mortality, and morbidity; however,
the operative time in the patients who underwent TSC
was much shorter (255 vs. 312 min, respectively; p =
0.020) (Table 4). The rates of definite stoma showed no
significant difference following the exclusion of mortal-
ity cases. The 15 patients who did not receive a stoma re-
versal procedure were older (median age, 80 vs. 58
years; p <0.001), had more comorbidities (ASA grade >
1I: 60% vs. 8%; p < 0.001), higher WBC counts (13.5
vs. 9.3 10°/uL; p < 0.001), and longer hospital stay fol-
lowing the first surgery (11 vs. 28 days; p <0.001).

Table 3. Intra- and postoperative data of second operation (stoma reversal)

Temporary sigmoid colostomy

Hartmann’s procedure

Parameters (n=9) (n=16) p value
Operative time [median (range), min] 143 (96-276) 171 (82-282) 0.279
Ventral hernia [no. (%)] 0(0) 2 (12.5) 0.269
Overall morbidity [no. (%)] 1(11.1) 1(6.3) 0.667
Leakage [no. (%)] 0(0) 0(0) 1.000
Surgical site infection [no. (%)] 1(11.1) 1(6.3) 0.667
Intraabdominal abscess [no. (%)] 0(0) 0(0) 1.000
Postoperative ileus [no. (%)] 0(0) 0(0) 1.000
Major complication (Clavien-Dindo > 3) [no. (%)] 0(0) 0(0) 1.000
Re-operation [no. (%)] 0(0) 0(0) 1.000
Mortality [no. (%)] 0(0) 0(0) 1.000
2nd hospital stay* [median (range), days] 11 (9-16)
Re-admission in 30 days [no. (%)] 0(0) 0(0) 1.000
* All patients in groups of temporary sigmoid colostomy underwent reversal surgery during first hospitalization.
Table 4. Overall outcomes combining the first and second interventions
Temporary sigmoid colostomy Hartmann’s procedure
Parameters (n=12) (n=34) p value
Operative time [median (range), min] 255 (157-347) 312 (211-455) 0.020
Hospital stay [median (range), days] 17 (11-86) 21 (4-75) 0.560
Overall morbidity [no. (%)] 1(8.3) 12 (35.3) 0.075
Mortality [no. (%)] 0(0) 6 (17.6) 0.119
Major complication (Clavien-Dindo > 3) [no. (%)] 0(0) 9 (26.5) 0.047
Re-operation [no. (%)] 0(0) 6(17.6) 0.119
Re-admission in 30 days [no/N. (%)] 1/12 (8.3) 5/28 (17.9) 0.440
Definitive stoma [no/N. (%)] 9/12 (75.0) 16/28 (57.1) 0.285
Time for stoma closure, [median (range), days] 6 (3-8) 116 (77-353) 0.001
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The main difference in our study was the timing
for stoma closure between the two groups. The TSC
group had a much shorter stoma reversal time (6 vs.
132 days, respectively; p < 0.001) than the HP group,
without an increase in the morbidity or re-admission
rates. Only one patient presented with surgical site in-
fection, and no patient developed parastomal hernia
during the second surgery.

Discussion

In cases of perforated sigmoid colon-related peri-
tonitis, the HP remains the standard surgical practice
for resecting the deceased rectosigmoid colon with
distal rectal stump closure and construction of an end
colostomy.'” In 1921, a French surgeon, Henri Albert
Hartmann, introduced this procedure during the 30th
meeting of the French Surgical Association.!! To date,
its use is limited to emergency surgery when immedi-
ate anastomosis is impossible and to avoid the risk of
anastomotic leakage. However, the HP negatively af-
fects the QoL of patients and their caregivers owing to
the complicated care of colostomy, and patients are
forced to change their dietary style.'? Additionally,
HP reversal is reported to have high morbidity rates of
up to 41% and mortality rates of up to 3.6%.'%!*14 In
most published studies, the reversal rates of eligible
patients tend to be lower than half.'*!® Large numbers
of older and comorbid patients are left with a perma-
nent stoma. Since the year 2000, surgeons have chal-
lenged the traditional surgical dogma to reduce both
patient and socioeconomic burdens.

In the last decade, several randomized controlled
trials (RCTs) have demonstrated alternative treatments
for perforated diverticulitis. The Scandinavian Diver-
ticulitis (SCANDIV) and “Diverticulitis — LAparo-
scopic LAvage vs resection (Hartman procedure) for
acute diverticulitis with peritonitis” (DILALA) trials
both focused on laparoscopic lavage as the initial treat-
ment for Hinchey grade III diverticulitis; however, the
conclusion was controversial.'®!” Laparoscopic lavage
was performed by rinsing at least 3 L of warm saline
to all four quadrants or until drainage fluid was intra-
corporeally clear. The DILALA trial proved that laparo-

scopic lavage was feasible for purulent peritonitis and
was a better option than HP.'® In the SCANDIV trial,
no significant difference in terms of severe complication
or QoL was noted between laparoscopic lavage and
HP; however, owing to diverticulitis recurrence, lapa-
roscopic lavage was associated with higher reoperation
rates in the long-term follow-up.'” Other RCTs com-
pared primary anastomosis with diverting ileostomy to
HP in patients with perforated diverticulitis (Hinchey
grade III or IV). Both the “Primary vs. Secondary Anas-
tomosis for Hinchey Stage III-IV Diverticulitis” (DI-
VERTI) and “Laparoscopic peritoneal lavage or resec-
tion for purulent peritonitis” (LADIES) trials confirmed
the safety of primary anastomosis with similar survival
and overall morbidity rates in hemodynamically stable,
immunocompetent patients.”*?! Likewise, the 12-month
stoma-free rates for diverting ileostomy were superior to
end colostomy in the HP group owing to the less chal-
lenging closure procedure. Regarding long-term out-
comes, primary anastomosis with diverting ileostomy
resulted in lower parastomal hernia, reoperation, and
overall hospitalization rates than HP, which became a
novel strategy for perforated divierticulitis.?>*

Although colorectal cancer screening has been per-
formed as public health policy worldwide,?*?* up to
33% of patients with colorectal cancer require acute
or emergent surgical intervention when symptoms
present.?® Colonic perforation caused by colorectal
cancer is not a common complication, and the sigmoid
colon is the most frequent perforation site.?” No stan-
dardized protocol is available for cancer perforation;
traditionally, two-staged surgeries have been performed
in this emergency situation. The first stage is onco-
logic resection with end stoma creation. Stoma rever-
sal surgery is arranged for intestinal continuity resto-
ration following adjuvant chemotherapy. Like perfo-
rated diverticulitis, several studies have concluded that
primary anastomosis with protective ileostomy is pre-
ferred over HP; however, most of them are small sin-
gle-center series.?**°

Regarding emergent peritonitis, we develop a mo-
dified technique as a bridge for elective colon resec-
tion. By creating a temporary colostomy at the sig-
moid, the feces can be diverted for better control of
sepsis and to reduce the anastomotic leakage rate dur-
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ing subsequent resection surgery. Moreover, we per-
formed intraoperative lavage to drain the abscess and
cleanse the peritoneum, thereby decreasing the possi-
bility of pelvic adhesion. In our study, the TSC group
had a significantly shorter operative time, which prob-
ably reflects the less extensive surgical procedure at
the first colostomy formation. Following proper colon
preparation, sigmoid resection surgery can be oper-
ated as a standard procedure. The technical challenges
of reversal HP, including dense pelvic adhesions, dif-
ficult identification, and difficult anastomosis to a short
rectal stump, are not confronted by surgeons. Although
our data did not show a difference in definitive stoma
percentage between groups, several patients were left
with a permanent stoma following HP owing to the
complexities of the reversal procedure.'*!

The biggest advantage of TSC is the extremely
short stoma reversal time compared with traditional
HP. Most of the patients had reversal surgery in 1 week
following TSC, whereas those who underwent the HP
underwent reversal surgery at least 2 months later;
previous studies have reported that the reversal time
could prolong to several years later.'®!* Reversal sur-
gery is arranged during the same hospital stay; there-
fore, stoma care training is not required, dramatically
ceasing the burden of colostomy.!?3? Although the co-
lostomy was created at the midline, the surgical site
infection and parastomal hernia rates were relatively
low. Only one of the nine patients suffered from wound
infection, which was managed using a wet dressing.
No patients in the TSC group developed ventral her-
nia because a short-term colostomy does not weaken
the fascial strength, which is another advantage over
HP, since a previous study reported that the parasto-
mal hernia rate was 15%-46% for HP.*?

Furthermore, we performed TSC to treat sigmoid
volvulus and foresee its potential. In this study, the
three patients who had failed primary emergency treat-
ment of colonoscopic derotation underwent TSC for
decompression. All of them underwent reversal sur-
gery 1 week after and were subsequently discharged
without stoma or complication. According to previous
studies, the concept of TSC is similar to percutancous
endoscopic colostomy in managing recurrent sigmoid
volvulus.**** By using the standard technique of per-

cutaneous endoscopic gastrostomy, percutaneous en-
doscopic colostomy can be safely applied by a gastro-
intestinal specialist in older adult and frail patients
who are unfit for or refusing surgery.

Our study had some limitations. First, the retrospec-
tive nature of this study may have introduced patient
selection bias. Second, the sample size was relatively
small and several confounding factors may not be highly
significant. Third, owing to the retrospective study de-
sign, we could not obtain some data, including patient’s
underlying disease, Charlson comorbidity index, pro-
calcitonin level, QoL, and peritonitis severity. In this
study, the significant worsening of the major complica-
tion of the patients who underwent HP may be related to
the poor outcome of fecal peritonitis. Lastly, the follow-
up duration was insufficiently long. The inherent bias
associated with comparisons between two different
techniques and the evaluation of long-term oncological
outcomes could not be overcome in our study.

Conclusions

Among patients with likely perforated sigmoid
peritonitis undergoing emergency surgery, the use of
TSC provides a relatively short operative time and
early reversal of colostomy without sacrificing mor-
tality and morbidity. Patients can restore intestinal
continuity during the same hospital stay. Considering
the technical challenges of HP reversal and the QoL of
the patients, TSC may be suggested as an alternative
strategy for patients with sigmoid perforation. A pro-
spective large-scale RCT may be needed.
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