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more reinterventions to treat postoperative complications 
compared to PA. Besides, HP resulted in a longer total hospi-
tal and intensive care unit stay. Specialist colorectal surgeons 
performed significantly more frequently a PA instead of a HP 
and had fewer postoperative complications than general 
surgeons. The time of operation did not influence the choice 
of surgical procedure.  Conclusion:  Selected patients with 
perforated diverticulitis can be managed well by PA, as it 
does not seem to be inferior to HP in terms of severe post-
operative complications that need surgical or radiological 
reintervention and mortality. This decision should be made 
while taking into account the patient’s concomitant diseas-
es, response on preoperative resuscitation and the availabil-
ity of a surgeon experienced in colorectal surgery. 

 Copyright © 2007 S. Karger AG, Basel 

 Introduction 

 Diverticular disease has emerged as a common prob-
lem in Western countries over the course of the 20th cen-
tury. Up to two-thirds of individuals are affected with 
diverticulosis by the age of 70  [1]  and admission rates for 
diverticular disease are still increasing in the aged popu-
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 Abstract 

  Background:  Mortality and morbidity rates of acute perfo-
rated diverticulitis remain high. The ideal treatment is still 
controversial. The object of this study was to compare pa-
tients with perforated diverticulitis treated either by resec-
tion with primary anastomosis (PA) or Hartmann’s procedure 
(HP).  Methods:  A multicenter study was carried out on 200 
consecutive patients with acute perforated diverticulitis 
who were presented in the surgical units of four affiliated 
teaching hospitals in Rotterdam, The Netherlands, between 
1995 and 2005. Mortality and morbidity were compared in 
relation to type of surgery, ASA classification, age, gender, 
Mannheim Peritonitis Index (MPI), Hinchey score, surgeon’s 
experience, and the time of operation.  Results:  There was a 
tendency for more severely affected patients (Hinchey, MPI, 
ASA and age) to undergo HP. Multivariate logistic regression 
analysis showed no significant difference in mortality be-
tween HP and PA. After HP, more patients needed one or 
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lation  [2] . Nearly a quarter of the patients require an 
emergency operation because of perforation, peritonitis, 
or systematic complications  [3] .

  Regardless of selected strategy, emergency operations 
for diverticular disease are associated with substantial 
morbidity and mortality. Therefore the optimal treat-
ment for complicated diverticulitis is still a matter of de-
bate  [4] . The current controversy is whether resection 
with primary anastomosis (PA) is safe or if a Hartmann’s 
procedure (HP) still remains standard practice in case of 
generalized peritonitis complicating diverticulitis. For 
many surgeons, HP still remains the favored option in 
these patients  [5] . Improvements in surgical techniques, 
radiological intervention techniques, anesthesia, advanc-
es in intensive care medicine and progress in the manage-
ment of peritoneal sepsis have led to an increasing inter-
est in PA with or without diverting stoma or colonic la-
vage  [6–8] .

  The object of this study was to compare the mortality 
rates, the incidence of re-operations or additional inter-
ventions and length of hospital stay in patients with per-
forated diverticulitis treated by HP and PA in relation to 
the patient’s characteristics, severity of the disease, sur-
geon’s experience, and the time of operation. 

  Patients and Methods 

 All consecutive patients who underwent HP or PA between 
1995 and 2005 for acute perforated sigmoid diverticulitis in the 
surgical units of four affiliated teaching hospitals in Rotterdam, 
The Netherlands (St. Clara Hospital, Zuider Hospital, Sint Fran-
ciscus Hospital and Ikazia Hospital) were included in this study. 
The indications for surgery were clinical signs of diffuse perito-
nitis or presence of septic status with acute abdominal pain, free 
gas on plain abdominal radiography or specific findings at ultra-
sonography or computerized tomography. All but 5 patients were 
operated within 24 h and received pre- and postoperative broad-
spectrum intravenous antibiotics. In none of the patients was a 
preoperative bowel preparation used.

  139 patients underwent HP and 61 patients underwent PA. Co-
lon resections for perforated diverticulitis in the PA group were 
sigmoid resection (51), left hemicolectomy (8) and anterior resec-
tion (2). In the PA group, 16 patients (26%) received a diverting 
ileostomy. The decision to perform one or the other procedure 
was left to the discretion of the surgeon on call. The operation was 
performed 84 times by a colorectal specialist surgeon and 116 
times by a general surgeon. 

  In this study, all additional radiological interventions or re-
operations after primary emergency surgery were mentioned as 
reinterventions. Reinterventions were defined as radiological-as-
sisted percutaneous drainage of abdominal or pelvic abcess, open 
abdominal wound management or re-operations because of on-
going sepsis, abdominal abcess, evisceration, anastomotic leak-
age or stoma-related complications.

  A prospective computerized morbidity and mortality registra-
tion was carried out for all patients admitted to and operated in 
the surgical departments of all four hospitals. Patients who un-
derwent emergency surgery for acute perforated diverticulitis 
could therefore be identified. Severity of disease was stratified 
with the Mannheim Peritonitis Index (MPI)  [9]  and Hinchey 
score  [10] . The MPI was retrospectively calculated from the med-
ical reports of all patients, whereas the Hinchey score was dis-
tracted from the surgical reports.   Patients with generalized peri-
tonitis underwent a HP 95 times (Hinchey III, n = 62; Hinchey IV, 
n = 33), whereas only 26 patients underwent PA (Hinchey III, n = 
21; Hinchey IV, n = 5). Age, gender, American Society of Anesthe-
siologist (ASA) classification, severity of disease, postoperative 
mortality (30 days), number of reinterventions, surgeon’s experi-
ence in colorectal surgery, time of operation, hospital stay and 
stay on the intensive care unit in the two groups were compared.

  Statistics  
 Data are represented as mean  8  SD or median  8  SD unless 

indicated otherwise. Comparisons between the two groups were 
made with Mann-Whitney tests for quantitative variables or 
graded outcomes and the Fisher’s exact test for categorical data. 
A multivariate logistic regression analysis of the significant clin-
ical variables in univariate analysis was done using logistic regres-
sion models with mortality or required reintervention as the
outcome. Differences were considered significant at a two-tailed 
p value of  ! 0.05.

  Results 

 A total of 200 patients underwent an emergency op-
eration between January 1995 and January 2005. During 
this period the percentages of HP and PA, which were 
performed each year, did not change with time (p = 0.82). 
Patients’ characteristics are shown in  table 1 . No differ-
ences in surgical procedure or baseline patient character-
istics were noted between the series from the different 
hospitals. Patients who underwent HP were significantly 
older and showed higher Hinchey scores, higher ASA 
classifications and MPI. Specialist colorectal surgeons 
performed significantly more frequently a PA instead of 
HP. There was no relation found between time of opera-
tion and the type of surgical procedure (p = 0.66). 16 PA 
patients (26%) received a temporary ileostomy. No differ-
ences were found between PA patients with or without a 
temporary ileostomy.

  Mortality 
 Total mortality was 27% after emergency surgery for 

perforated surgery. 47 patients died after HP compared to 
7 PA patients (34 vs. 11%, respectively; p  !  0.01). Mortality 
seemed related to type of surgery, age, ASA classification, 
Hinchey score, MPI and surgeon’s experience ( table 2 ).
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  Because of selection bias, patients who had undergone 
HP were significantly older, had more comorbidities, had 
a more severe disease and were more frequently operated 
by specialist colorectal surgeons, a multivariate logistic 
regression analysis was performed to compare both 
groups. After adjustment for these risk factors, mortali-
ties in both groups did not differ significantly (OR 2.1; 
95% CI 0.8–4.8; p = 0.15). Age, MPI and ASA classifica-
tion were still significantly related to a higher mortality 
rate (p  !  0.01, p  !  0.01 and p  !  0.01 respectively) as shown 
in  table 3 . 

  The performance of a diverting stoma in the PA group 
did not show a significant advantage over PA without di-
verting stoma (mortality of 6 and 13%, respectively; p = 
0.66) after univariate analysis. These groups were too 
small (n = 16 and 45, respectively) for multivariate logis-
tic regression analysis. 

  During the study, period postoperative mortality rates 
remained constant (p = 0.18). There were no significant 
differences in mortality between the four centers (p = 
0.49).

  Reinterventions 
 To treat their (severe) postoperative complications or 

sepsis, 54 patients (27%) needed one or more re-opera-
tions or additional (radiological) interventions (HP, n = 

Hartmann’s 
procedure

Primary 
anastomosis

p

Patients 139 (70) 61 (30)
Age1, years 69813 62815 <0.01
Sex 0.54 NS

Male (94) 64 (46) 25 (41)
Female (113) 75 (54) 36 (59)

Hinchey score1 0.01
I (36) 26 (19) 9 (15)
II (44) 18 (13) 26 (43)
III (88) 62 (45) 21 (34)
IV (39) 33 (24) 5 (8)

ASA classification1 <0.01
I (43) 25 (18) 17 (28)
II (53) 31 (22) 19 (31)
III (66) 46 (33) 18 (30)
IV (45) 37 (27) 7 (11)

MPI2 (points) 2188.0 1786.0 <0.01
Time of operation 0.66 NS

During office hours (134) 89 (64) 38 (62)
Outside office hours (73) 50 (36) 23 (38)

Surgeon’s experience 0.01
General surgeon (116) 89 (64) 27 (45)
Colorectal surgeon (84) 50 (36) 34 (55)

Values in parentheses are percentages. NS = Not significant. 
1 Mean age, Hinchey score, American Society of Anesthesiologist (ASA) classification 

8 SD. 
2 Median Mannheim Peritonitis Index 8 SD.

Table 1. Patients’ characteristics

Table 2. Univariate analysis for relation between the listed vari-
ables and postoperative death (within 30 days) and the need for 
reinterventions

Mortality
p

Reinterventions
p

Surgical procedure <0.01 <0.01
Age <0.01 0.394 NS
Sex 1 NS 1 NS
ASA classification <0.01 <0.01
Hinchey score 0.012 <0.01
Mannheim Peritonitis Index <0.01 <0.01
Time of operation 0.370 NS 0.220 NS
Surgeon’s experience 0.046 <0.01

NS = Not significant.
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46; 33%, PA, n = 8; 13%, p  !  0.01).  Table 2  shows whether 
or not the need for radiological or surgical reinterven-
tions was related to the listed factors.

  Multivariate analysis, adjusting for Hinchey score, 
ASA, age, MPI and surgeon’s experience, showed that HP 
necessitated significantly more frequent reinterventions 
compared to PA (OR 2.4; 95% CI 1.2–5.7; p  !  0.05). High-
er ASA classification, Hinchey score, MPI and surgeon’s 
experience were also significantly related with need for 
reinterventions after primary surgery ( table 4 ). When 
comparing the need for reinterventions in high-risk pa-
tients (older age, generalized peritonitis, more comorbid-
ities and higher MPI) between HP and PA groups, no 
significant differences could be found, as shown in  ta-
ble 5 .

  Within the PA group, univariate analysis showed no 
significant differences found in the number of complica-
tions that needed reintervention whether or not a divert-
ing ileostomy was performed (19 vs. 11% respectively; p = 
0.42). Three patients (5%) developed an anastomotic leak-
age after PA; 1 of them had received a diverting ileostomy 
during primary surgery and anastomotic leakage could 
be treated conservatively. The other patients needed re-
operation because of their anastomotic leakage. There 
were no significant differences in number of reinterven-
tions between the four centers (p = 0.77).

  Hospital Stay 
 The median postoperative hospital stay for hospital 

survivors after HP and PA was 22 days ( 8  22; range 6–
120) and 13 days ( 8  18; range 6–112) respectively. The 
median hospital stay was significantly longer after HP 
compared to PA (p  !  0.001). Median stay at the intensive 
care unit was also significantly longer for HP (2 days  8  
10; range 0–61) than for PA (1 day  8  8; range 0–56) (p = 
0.002).

Table 3. Multivariate logistic regression analysis for postoperative 
death within 30 days

Postoperative mortality

OR 95% CI p

HP vs. PA 2.1 0.8–4.8 0.15
Age 1.2 1.1–1.3 <0.01
ASA (vs. ASA I) <0.01

II 2.2 0.6–9.3 0.29
III 5.8 4.7–22.7 <0.01
IV 9.8 2.5–39.5 <0.01

Hinchey (vs. Hinchey I) 0.06
II 1.5 0.5–5.7 0.52
III 1.2 0.4–3.7 0.78
IV 3.9 1.0–13.8 0.03

MPI 1.4 1.2–1.5 <0.01
Surgeon’s experience 1.3 0.7–2.7 0.45

OR = Odds ratio; HP = Hartmann’s procedure; PA = resection 
with primary anastomosis; ASA = American Society of Anesthe-
siologist classification; MPI = Mannheim Peritonitis Index.

Table 4. Multivariate logistic regression analysis for the need of 
re-operation or other additional interventions after surgery

Postoperative need for reinterventions

OR 95% CI p

HP vs. PA 2.4 1.2–5.7 0.05
Age 1.0 0.96–1.01 0.24
ASA (vs. ASA I) <0.01

II 1.2 0.4–3.7 0.81
III 6.4 2.2–18.3 <0.01
IV 2.6 0.8–8.1 0.10

Hinchey (vs. Hinchey I) 0.02
II 1.0 0.3–3.3 0.98
III 1.0 0.3–2.9 0.98
IV 3.9 1.3–12.7 0.02

MPI 1.1 1.0–1.2 <0.01
Surgeon’s experience 4.9 2.5–9.7 0.04

OR = Odds ratio; HP = Hartmann’s procedure; PA = resection 
with primary anastomosis; ASA = American Society of Anesthe-
siologist classification; MPI = Mannheim Peritonitis Index.

Table 5. The need for reinterventions in high-risk patients

Risk factor Hartmann’s 
procedure
n = 48

Primary 
anastomosis 
n = 8

p

Age ≥70 years 24 (50) 4 (50) 1.0
Hinchey score III and IV 35 (73) 4 (50) 0.23
ASA ≥III 34 (71) 6 (75) 1.0
MPI ≥26 25 (52) 2 (25) 0.25
Two or more risk factors 37 (77) 5 (63) 0.40
Three or more risk factors 24 (50) 2 (25) 0.26

Values in parentheses are percentages. ASA = American Soci-
ety of Anesthesiologist classification; MPI = Mannheim Peritoni-
tis Index.
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  Discussion 

 The prevalence of diverticulosis in Westernized coun-
tries is rapidly increasing and so are its complications 
 [11] . Nevertheless, a perforated diverticulitis with gener-
alized purulent and fecal peritonitis occurs less frequent-
ly. Therefore, recommendations in treating this stage of 
disease are based on small or retrospective studies. This 
multicenter report is the largest in the current literature 
including 200 consecutive patients with acute perforated 
diverticulitis.

  As emergency surgeries for perforated diverticulitis 
may be associated with substantial morbidity and mor-
tality, optimization of its treatment is important. Prima-
ry resection has become the standard practice for patients 
with generalized peritonitis complicating diverticulitis, 
but fear of anastomotic leakage often deters many sur-
geons from performing PA. A diverting stoma or intra-
operative colon lavage seems to diminish the number of 
anastomotic leakages  [12] . This management by fear is 
supported by an experiment of Hawley  [13] , demonstrat-
ing that fecal soiling or peritoneal sepsis may impair the 
healing of a colonic anastomosis. This is however not 
supported by clinical experience  [12, 14, 15] . Gooszen et 
al.  [5]  evaluated the relationship between severity of dis-
ease and the patient’s general condition to adverse out-
comes of PA and observed that the rate of anastomotic 
leakage was not related to a higher MPI, APACHE II score 
or the Hinchey score. Outcome of purulent or fecal peri-
tonitis was reported to depend mainly on preoperative 
fluid resuscitation and antimicrobial therapy, but not on 
primary repair  [16, 17] . Although not proven in random-
ized controlled trials, it may seem that improvements in 
surgical and radiological intervention techniques, anes-
thesia and intensive care medicine could favor colonic 
resection with PA in emergency surgery for diverticular 
disease even if it is complicated by purulent or fecal peri-
tonitis  [5, 6, 8, 18] .

  The mortality rate and rate of complications that 
needed radiological or operative reinterventions in this 
study was high (both 27%), which reflects the severity of 
the disease and the poor general condition of the patients. 
In this study significantly higher severity scores (Hinchey 
score and MPI) were observed in the patients who under-
went HP compared to the patients with PA. Besides that, 
patients of the HP group were of older age and had more 
comorbidities (higher ASA classification). Therefore, it 
seems that the more severely affected and high-risk pa-
tients underwent an HP. This was also observed in a pro-
spective multicenter study for surgical treatment of sev-

eral different complications of diverticular disease  [19] . 
In the latter study, a multifactorial analysis of predictors 
of HP was made in order to reduce selection bias. Multi-
variate analysis still showed a twofold increase in postop-
erative complications after HP compared to PA. There 
was no significant difference in mortality between the 
two surgical procedures.

  As the operations were classified as emergency and 
hence may be performed outside office hours, not all pro-
cedures were performed by specialist colorectal surgeons. 
It is known that non-colorectal surgeons prefer HP in 
case of emergency surgery for colorectal surgery  [20] . Be-
sides, an increase in mortality and morbidity is found 
after emergency surgery performed by a non-colorectal 
surgeon in such cases  [20] . In this study, specialist colorec-
tal surgeons performed significantly more frequently a 
PA instead of an HP. It also seemed that they had a better 
outcome than a general surgeon ( tables 2 ,  4 ), but when 
comparing surgeons it is necessary to adjust for differ-
ences in case mix and type of surgery, as the best surgeon 
may get the most difficult job  [21] . In contrast with sur-
geon’s experience, the time of operation did not influence 
the choice of surgical procedure in this study.

  In this study, that exclusively covers patients with 
acute colon perforation due to diverticulitis, a multivari-
ate logistic regression analysis was performed to reduce 
the found bias in patient selection and surgeon’s experi-
ence in order to make a comparison between the results 
after HP and PA. After adjusting for age, ASA, MPI, 
Hinchey score, and surgeon’s experience, mortality was 
not significantly different between HP and PA. As age, 
ASA classification and MPI are significant predictors of 
mortality ( table 3 ) after perforated diverticulitis; it is sug-
gested that further reduction in mortality will require 
improvement in medical management of pre- and peri-
operative sepsis and comorbid conditions. Although this 
is a retrospective study, the analysis has found to be ap-
propriate and therefore the conclusions can be sound.

  MPI, ASA classification, age, and Hinchey score could 
decisively affect postoperative morbidity  [22–24] . This is 
in accordance with the results of this study for ASA clas-
sification, Hinchey score and MPI ( table 4 ). It is impor-
tant that the surgical technique should not be a risk factor 
for severe postoperative morbidity. This study suggests 
that PA should not be regarded as an inferior procedure 
compared to HP, as patients who underwent HP seemed 
to have more postoperative complications that needed ra-
diological or surgical reintervention, especially when not 
performed by a specialist colorectal surgeon. These find-
ings are in agreement with the results of other reports  [8, 
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12, 19] . The difference in number of reinterventions is not 
necessarily associated to a more advanced disease stage 
or more comorbidity of the patients in the HP group, as 
is shown in  table 5 . Besides a high complication rate when 
performing an HP, the reversal of HP is also known to be 
associated with substantial morbidity (9.1%) and even 
mortality (1.7%)  [25] . This is one of the reasons that HP 
often results in a permanent colostomy  [26] .

  Anastomotic leakage was found in 5% of the patients. 
This is in correspondence with the existing literature  [15] . 
Whether or not a diverting stoma prevents against post-
operative complications after PA for treatment of perfo-
rated diverticulitis remains unclear, as the groups were 
too small to compare in a multivariate analysis. In rectal 
cancer a diverting stoma seems to reduce the rate of anas-
tomotic leakage that requires surgical intervention, rath-
er than it protecting against the occurrence of leaks  [27] . 
Finally, total hospital and intensive care unit stay seems 

to be in favor of PA compared to HP, but again the exist-
ing bias in patient selection probably is an important rea-
son for this difference and therefore precludes clinical 
extrapolation.

  In conclusion, this study shows that selected patients 
with acute perforated diverticulitis can be managed well 
by PA, as it seems not to be inferior to HP in terms of se-
vere postoperative complications that need surgical or ra-
diological reintervention and mortality. This decision 
should be made while taking into account the patient’s 
concomitant diseases, response on preoperative resusci-
tation and the availability of a surgeon experienced in 
colorectal surgery and intensive care medicine. A pro-
spective randomized trial to compare HP and PA with or 
without diverting stoma for treatment of perforated di-
verticulitis with generalized peritonitis is needed to con-
firm this last statement.
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