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ABSTACT

Background
Recent randomised trials could not show a reduction in morbidity and mortality for 
laparoscopic lavage compared to Hartmann’s procedure for perforated diverticulitis. This 
study aims to determine predictive factors for postoperative morbidity and mortality in 
purulent perforated diverticulitis. 

Methods
Consecutive patients with purulent perforated diverticulitis from 28 Dutch teaching 
hospitals operated on between July 2010 and July 2014 within or outside the LOLA-arm 
of the Ladies trial were included. Exclusion criteria were: age >85 years, >20mg steroids 
daily, hemodynamic instability, previous sigmoid surgery and pelvic irradiation, for both the 
patients within and outside the Ladies trial.

Results 
A total of 229 non-randomised patients and 88 randomised patients with purulent perforated 
diverticulitis within the LOLA-arm of the Ladies trial were included. Treatment within the 
trail or not did not influence outcomes. In a regression model non-gastrointestinal surgeons 
(OR 16.3 95% CI 2.1-126.4; P = 0.008) and higher APACHE-II scores (OR 1.3 95%CI 1.1-1.6;  
P = 0.009) predicted increased mortality. In a similar model for severe morbidity, only each 
point increase in APACHE-II score could predict worse outcome (OR 1.1 95%CI 1.0-1.2;  
P = 0.008). 

Conclusion 
Treatment within or outside a randomised trial as well as the type of surgical procedure 
did not influence postoperative morbidity and mortality following purulent perforated 
diverticulitis. Gastrointestinal surgeons achieved significantly lower mortality rates 
compared to other surgeons. Therefore, perforated diverticulitis should be treated by a 
specialised surgeon regardless of the type of surgical approach. 
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INTRODUCTION 

Since the introduction of the Hartmann’s procedure, it has been the gold standard for 
treatment of acute perforated diverticulitis. During the last decades, the role of non-surgical, 
percutaneous drainage and minimally invasive surgical options has increased. Patients with 
Hinchey I and II disease no longer undergo acute surgery, Hinchey III might be treated with 
laparoscopic peritoneal lavage or percutaneous drainage and for those requiring resection, 
laparoscopy and primary anastomosis are also an option.1 Case series suggested these new 
non-surgical and non-resectional therapies seem very promising with lower morbidity (<10%) 
and mortality rates (<5%) compared to those known for acute Hartmann’s procedure.2,3 

However, randomised trials could not confirm these findings with similar risk of morbidity 
and mortality after resectional and non-resectional treatment.4-6 Hinchey IV and patients 
in poor preoperative (septic complications or comorbidity) condition are usually excluded 
from these studies, resulting in overall better results compared to older studies who did not 
use these exclusion criteria. Vermeulen et al. already showed that postoperative mortality 
was associated with age, America society of Anaesthesiologist (ASA) classification, Hinchey 
classification, surgical procedure and surgeon’s experience.7 In a multivariate analysis, only 
age, ASA score and Hinchey classification remained significant predictors for mortality. 
However surgeon’s experience did influence the rate of postoperative reinterventions. 
 This study aims to determine predictive factors for postoperative morbidity and mortality 
in purulent perforated diverticulitis. The investigated factors include age, ASA, APACHE-II 
score, surgical procedure, treatment by specialised surgeons and treatment within or 
outside the randomised trial.
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METHODS

Patients
This observational cohort consist of consecutive patients with perforated diverticulitis that 
were eligible but not included in the Ladies Trial between July 2010 and July 2014 in 28 
Dutch teaching hospitals, in addition to those who were randomised within the LOLA-arm 
of the Ladies trial.6 They were retrospectively identified using the hospital administration 
code for diverticulitis or acute abdomen combined with any surgical intervention code, to 
determine the inclusion rate of the Ladies trial. The hospital charts of all identified patients 
were screened for study eligibility, and only those patients with perforated diverticulitis of 
the left colon or sigmoid, with purulent or faecal peritonitis, and requiring acute surgery 
were included in this cohort. Patients with right sided disease, Hinchey I or II disease or 
coincidence of fistula were excluded from analysis. To allow for a clear comparison, the same 
exclusion criteria as in the Ladies trial were used. Therefore, age > 85 years, > 20mg steroids 
daily, hemodynamic instability, previous sigmoid surgery or pelvic irradiation, and those 
with Hinchey I-II or IV disease were excluded from analysis. For those patients randomised 
within the LOLA-arm of the Ladies trial, ethical approval was obtained. For those patients 
outside this randomised trial, only anonymous patient data was collected and no ethical 
approval was required under Dutch law.  

Outcomes
Data has been collected regarding age, gender, body mass index (BMI), ASA, history of 
diverticulitis, previous laparotomy, CT diagnosis, preoperative white blood cell (WBC) level, 
APACHE-II score8 and P-POSSUM score9 to allow for correction of selection bias. Perioperative 
data has been collected on the Mannheim Peritonitis index (MPI),10 Hinchey classification, 
surgical technique (laparoscopy or open, lavage or resection, anastomosis or colostomy), 
duration of surgery and the presence of a gastrointestinal surgeon. A gastrointestinal surgeon 
was defined as any certified consultant level surgeon that performed gastrointestinal 
surgery on a weekly basis, mostly colorectal surgeons but in some tertiary and academic 
hospitals including upper gastrointestinal and hepato-pancreato-biliary (HPB) surgeons. 
Postoperative outcomes were in-hospital severe morbidity, scored as Clavien-Dindo ≥IIIB, in-
hospital mortality and length of hospital stay. Patients were excluded when insufficient data 
regarding the indication, surgical procedure or postoperative mortality could be obtained. 
Patients with other missing variables were included in the analyses.

Statistical analysis
Both the prospectively randomised patients and the retrospectively included patients outside 
the trial were analysed according to the per-protocol principle. Continuous variables were 
presented as mean with standard deviation (SD) or median with interquartile range when 
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appropriate. Discrete variables were presented as numbers of events with percentages. 
Depending on normal distribution, univariate testing was performed using T-test or the 
Mann–Whitney U test. Multi-group comparisons of normal distributions were calculated 
using ANOVA. Pearson’s chi-squared or Fisher’s exact test was used for categorical and 
dichotomous data. Multivariable regression models were conducted for postoperative 
morbidity and mortality, applying those variables from the univariate analysis with P > 0.1 
and those with special clinical interest such as surgical procedure. For the scoring variables 
such as P-POSSUM, APACHE-II and MPI only the most appropriate one was included to 
avoid repeated correction on the same physiological or surgical parameters. Outcomes 
of the model were reported as odds ratio (OR) and 95% confidence interval (CI). A two-
sided P-value of less than 0.05 was considered statistically significant for all tests. Analyses 
were performed using IBM SPSS version 22.0 software.
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RESULTS

A total of 583 patients treated for perforated diverticulitis could be identified from 28 Dutch 
hospitals between July 2010 and July 2014 (figure 1). Of these, data was available from 
370 patients with purulent peritonitis, and 317 of these patients were eligible for inclusion 
according to the in- and exclusion criteria of the Ladies trial.6 Of these patients, 88 were 
randomised in the LOLA-arm of the Ladies trial up to March 2013. In only 7 of the remaining 
229 patients, refusal to participate in the Ladies trial was documented. The reason for not 
being randomised in the other 222 patients was unknown. 

Baseline characteristics of the complete cohort
Baseline characteristics of the patients in the complete cohort (n = 317) of purulent perforated 
diverticulitis are shown in table 1, data was incomplete for BMI (n = 193), ASA (n = 215) 
and preoperative WBC count (n = 217). Randomised patients with purulent peritonitis were 
assigned 2:1:1 to laparoscopic lavage, Hartmann’s procedure or primary anastomosis. While 
in the complete cohort half of these patients had Hartmann’s procedure, 29% laparoscopic 
lavage and 20% primary anastomosis. Ratios of these procedures for the randomised and 
non-randomised patients are shown in figure 1. Surgery was performed by a gastrointestinal 
surgeon in 76% of the patients. The predicted mortality by P-POSSUM was overestimated 
with 13% compared to 5% observed mortality.

A comparison of baseline characteristics between the randomised (n=88) and non-
randomised (n=229) patient cohorts included in this study did not show significant 
differences with regard to age, gender, ASA classification and APACHE-II score. Randomised 
patients were more frequently operated on by a gastrointestinal surgeon (84% vs 73%;  
P = 0.039) and had slightly higher MPI and POSSUM scores (data not shown). 

In-hospital morbidity and mortality in the complete cohort
In-hospital mortality was 5% in the complete cohort and the in-hospital severe morbidity 
rate (Clavien-Dindo ≥3B) was 27%. In univariate analysis, higher age, ASA III-IV, high  
APACHE-II, MPI and P-POSSUM scores and surgery by a non-gastrointestinal surgeon were 
associated with an increased in-hospital morbidity rate. Also, increased age, high APACHE, 
MPI and P-POSSUM scores were associated with increased in-hospital mortality (table 1). 
All these variables and those with P < 0.1 were included in the multivariable regression 
analyses for in-hospital severe morbidity and mortality (table 2). As MPI includes age and 
P-POSSUM is calculated on largely the same variables as APACHE-II score, only one of these 
variables was included in the regression analysis. Surgical procedure was not associated with 
morbidity or mortality in univariate analysis but was added to the regression models based 
on clinical relevance. Adding the surgical procedure did not change the overall outcomes of 
the regression model. APACHE-II score is a strong predictor for postoperative morbidity and 
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Figure 1. Patient selection flow chart

mortality and non-gastrointestinal surgeons increase the risk of mortality with an odds ratio 
of 16.3 (95%CI 2.1-126.4; P = 0.008). 
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Table 1. Univariate analysis on morbidity and mortality

Complete cohort In-hospital 
severe morbidity

In-hospital 
mortality

n P-value P-value

Age, years 317 60.8 (13.6) < 0.001 0.002

Gender, male 317 183 (57.7) 0.902 0.997

BMI, kg/m2 193 27.4 (5.4) 0.661 0.956

ASA I-II
ASA III-IV 215 154 (71.6)

61 (28.4) 0.003 0.141

History of diverticulitis 303 63 (20.8) 0.623 0.552

Previous laparotomy 313 16 (5.1) 0.138 0.904

CT diagnosis 310 267 (86.1) 0.951 0.777

APACHE II 317 7.6 (4.8) <0.001 <0.001

P-POSSUM predicted mortality 317 9.9 (13.4) 0.002 <0.001

MPI 317 19.1 (4.4) 0.004 0.001

Preoperative WBC 217 18.0 (57.0) 0.788 0.638

Laparoscopic lavage
Open Lavage
Hartmann’s procedure
Primary anastomosis

317

91 (28.7)
9 (2.8)

153 (48.3)
64 (20.2)

0.106 0.308

Gastrointestinal surgeon 311 236 (75.9) <0.001 0.083

Randomised patients
Non-randomised patients 317 88 (27.8)

229 (72.2) 0.409 0.230

Data are mean (SD) or number (%). BMI = Body-mass index. ASA = American Society of Anesthesiologists 
classification. APACHE II = Acute Physiology and Chronic Health Evaluation II. P-POSSUM = Portsmouth Physiology 
and Operative Severity Score for the enumeration of Mortality and Morbidity. MPI = Mannheim Peritonitis Index. 

Treatment outside the randomised trial
To identify factors used for selection of patients for the various treatment options, 
characteristics of patients in the non-randomised cohort (n = 229) were compared among 
treatment groups (table 3). The 9 patients selected for open lavage had the worst prognosis 
with regard to APACHE, POSSUM and MPI scores. In the other three larger treatment groups, 
younger patients were selected for primary anastomosis and those with higher ASA grades 
more frequently for Hartmann’s procedure. A similar distribution was found for APACHE, 
POSSUM and MPI scores, with the lowest scores in the primary anastomosis group, and 
higher scores in the lavage and Hartmann’s groups, respectively. Despite these differences, 
mortality and severe morbidity did not differ among the three main treatment groups as 
shown in table 4. Postoperative hospital stay was shortest in the lavage group, followed by 
primary anastomosis and the Hartmann’s group (P  < 0.001). 
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APACHE-II score and postoperative morbidity and mortality
The APACHE-II score could be used to predict mortality in the complete cohort (n = 317), 
using the preoperative physiological parameters regardless of an ICU admission. Those 
patients with APACHE-II score < 10 had a mortality rate of 1.3% (3/229), in those with scores 
10 to 15 mortality increased to 11.9% (8/67) and up to 23.8% (5/21) in those patients with 
APACHE-II scores of 16 and above. The same categories could be used to predict severe 
morbidity with a rate of 20% (44/229) when APACHE-II < 10, 40% (27/67) in the 10-15 points 
group, and increasing to 52% (11/21) with APACHE-II of 16 or higher.

Gastrointestinal surgeons
Within the randomised group, 1% (1/73) mortality occurred in those patients treated by a 
gastrointestinal surgeon compared to 14% (2/14 patients) mortality in patients operated on 
by other surgeons (P = 0.015). A similar ratio was found in the patients treated outside the 
randomised trial (GI surgeon 3% [5/163], other 13% [8/61]; P = 0.004). This difference was 
similar and remained statistically significant in both the laparoscopic lavage and Hartmann’s 
procedure subgroup in the total cohort. 

Table 2. Multivariable analysis on in-hospital severe morbidity and mortality

In-hospital mortality In-hospital severe morbidity

Odds ratio 95% CI P-value Odds ratio 95% CI P-value

Age, years 1.1 0.96-1.17 0.286 1.0 0.98-1.03 0.883

ASA I-II
ASA III-IV

1.0
2.5 0.3-20.1 0.377

1.0
1.1 0.5-2.4 0.826

APACHE II 1.3 1.1-1.6 0.009 1.1 1.0-1.2 0.008

Hartmann procedure
Laparoscopic lavage
Primary anastomosis

1.0
3.1

14.5
0.3-30.5

0.8-258.0

0.189
0.342
0.068

1.0
1.6
1.0

0.8-3.3
0.4-2.5

0.403
0.222
0.936

Gastrointestinal surgeon
Other surgeon

1.0
16.3 2.1-126.4 0.008

1.0
1.6 0.7-3.3 0.262

Regression analyses excluded open lavage patients (n = 9) and incomplete cases. The majority of incomplete 
cases were due to missing ASA scores. When ASA score was excluded from the regression analysis, 303 cases 
were included for mortality and 296 for severe morbidity. Results were similar, only age became an additional 
statistically significant predictor for mortality.
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Table 4. Outcome group differences within the non-randomised cohort

Laparoscopic 
lavage

(n = 45)

Primary 
anastomosis

(n = 44)

Hartmann
(n = 131)

Open lavage
(n = 9) P-value

Length of hospital stay 7 ( 5 – 13 ) 9 ( 6.5 – 13 ) 13 ( 9 – 23 ) 16 (7 – 19) <0.001

In-hospital mortality 2 (4.4) 1 (2.3) 8 (6.1) 2 (22.2) 0.126

Severe morbidity 13 (28.9) 11 (26.8) 36 (28.3) 4 (50.0) 0.540

Data are median (IQR) or number (%). Severe morbidity defined as in hospital morbidity scored Clavien-Dindo ≥ 3B

Table 3. Baseline group differences within the non-randomised cohort

Laparoscopic 
lavage

(n = 45)

Primary 
anastomosis

(n = 44)

Hartmann
(n = 131)

Open lavage
(n = 9) P-value

Age, years 59.6 (13.8) 51.6 (12.2) 62.3 (13.7) 66.8 (11.3) <0.001

Gender, male 28 (62.2) 30 (68.2) 69 (52.7) 5 (55.6) 0.420

BMI, kg/m2 28.0 (5.0) 27.9 (6.0) 27.2 (5.5) 22.2 (5.7) 0.449

ASA I-II
ASA III-IV

27 (84.4)
5 (15.6)

21 (87.5)
3 (12.5)

52 (66.7)
26 (33.3)

2 (40.0)
3 (60.0) 0.028

History of diverticulitis 5 (11.1) 6 (13.6) 29 (22.5) 1 (11.1) 0.447

Previous laparotomy 2 (4.4) 0 7 (5.4) 0 (0.0) 0.414

CT diagnosis 33 (75.0) 37 (90.2) 106 (81.5) 7 (100.0) 0.157

APACHE II 6.9 (5.1) 4.6 (2.9) 8.3 (4.8) 9.7 (8.2) <0.001

P-POSSUM predicted 
mortality 5.6 (7.0) 6.1 (10.4) 11.1 (13.6) 13.7 (21.5) 0.015

MPI 18.3 (4.2) 16.5 (3.8) 19.5 (4.4) 20.2 (5.0) 0.001

WBC 14.7 (7.5) 14.3 (5.3) 14.7 (7.7) 16.7 (5.0) 0.851

Gastrointestinal surgeon 30 (68.2) 35 (81.4) 94 (72.9) 4 (50.0) 0.271
Data are mean (SD) or number (%). BMI = Body-mass index. ASA = American Society of Anesthesiologists 
classification. APACHE II = Acute Physiology and Chronic Health Evaluation II. P-POSSUM = Portsmouth Physiology 
and Operative Severity Score for the enumeration of Mortality and Morbidity. MPI = Mannheim Peritonitis Index
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DISCUSSION

This cohort of patients with purulent perforated diverticulitis shows that postoperative 
severe in-hospital morbidity and mortality are influenced by APACHE-II score and surgeon’s 
specialisation in a multivariable regression model corrected for age, ASA and surgical 
procedure. 
 Recently the first results of three randomised trials on laparoscopic lavage for purulent 
perforated diverticulitis have been published.4-6 None of these trials could show a 
reduction of postoperative morbidity and mortality, as was expected based on previous 
case series.2,11 These studies did include similar patient populations when looking at their 
baseline characteristics. Although morbidity and reintervention rates were much worse 
than reported in the previous case series, the postoperative mortality was equally low in all 
trials regardless of treatment (0-7%). 
 Specialisation of the most qualified surgeon of the team was reported in the Ladies and 
SCANDIV trials. Both trials showed that laparoscopic lavage was less frequently performed 
by a gastrointestinal or colorectal surgeon compared to sigmoidectomy: 80% vs. 86% in the 
LOLA-arm of the Ladies trial, and 46% vs. 77% in the SCANDIV trial, respectively. In less than 
1%  of the present cohort, surgery was performed by an unsupervised registrar,  while this 
percentage was 22% in the SCANDIV trial. As this study shows a significant influence of the 
surgeons specialisation on the postoperative mortality rate, it is a source of bias in these 
trials. In 2010 the influence of the surgeon’s specialisation was already shown in perforated 
diverticulitis by Vermeulen et al.7 The increasing awareness of the relation between 
experience, volume and outcomes has already led to differentiated on-call shifts for surgeons 
in most hospitals in the Netherlands. Before this change, only one “general” surgeon would 
be on call. As a consequence, the Hartmann’s procedure was performed by any vascular, 
trauma, breast, or gastrointestinal surgeon depending on the rotation schedule. The results 
of this study support the differentiation of surgeons in on call schedules and must stimulate 
the remaining hospitals to do the same. 
 All used disease severity scores (APACHE-II, P-POSSUM, MPI) could predict postoperative 
morbidity and mortality in this study. Hinchey was not used as the included patients were 
all selected as Hinchey III. APACHE-II was selected for the present regression analysis, but 
the others showed similar results and all overestimated mortality rates. Those patients 
with the highest scores were more likely to undergo Hartmann’s procedure. Our results do 
not provide an answer whether or not these patients can safely undergo lavage or primary 
anastomosis with similar outcomes as numbers were limited.  
 The low mortality of this cohort compared to the literature can be partially explained 
by the selection criteria used excluding Hinchey IV perforated diverticulitis, and 
eliminating the high risk patients with high age (>85), hemodynamic instability and use of 
immunosuppressant medication. When comparing the results of the laparoscopic lavage 
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subgroup to previous literature, the mortality rate was equally low but major morbidity 
rates were high. The reported morbidity rates in the early case series were lower compared 
to those reported in six later case-series (29%), which were similar to this study and the 
reported RCTs.4-6,12-17

The 57% of patients with Hartmann’s procedure in the non-randomised group is lower 
than the rates expressed in earlier studies (70-85%).7,18 However in those studies, primary 
anastomosis was the only alternative and the option of lavage might has reduced the overall 
percentage of Hartmann’s procedures. A population analysis from Ireland showed a 43.5% 
rate of Hartmann’s procedure and 17.4% laparoscopic lavage. However, this database 
included all surgeries following an emergency admission for diverticulitis, regardless of 
Hinchey classification.19

 An important limitation in this study and the Ladies trial is the large proportion of non-
randomised but eligible patients and the lack of information on the reason for not including 
these patients in the trial. Although detailed registration is missing, we knew that not 
all surgeons agreed to participate in some hospitals, especially the non-gastrointestinal 
surgeons on call. This is supported by the higher number of procedures performed by 
non-gastrointestinal surgeons in the non-randomised group and subsequent higher rate 
of Hartmann’s procedures. In only 7 out of 229 patients a refusal of informed consent 
was documented. After experiencing negative results, some surgeons stopped including 
patients, while others did not always take the time to inform the patient about the trial or 
plainly forgot to think about the trial. These explanations are based on assumptions and 
comments expressed during local investigator meetings of the trial. With 88 randomised 
and 229 non-randomised patients in 28 hospitals,  a mean of 3.6 patients per hospital were 
treated with lavage over a 4 year period. This low volume of cases of perforated diverticulitis 
per hospital further supports surgery by specialised surgeons only. Another disadvantage of 
this study is the relatively small numbers of events in this series resulting in large confidence 
intervals.

To our knowledge, this is by far the largest consecutive series of patients with purulent 
perforated diverticulitis, which underlines the importance of the present findings. Other 
large series are derived from less accurate national registries, which lack registration of 
Hinchey classification and other important prognostic and outcome factors.18,20,21 The size 
of this cohort allows for reliable regression analysis with the important variables from the 
univariate analysis. 
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Treatment within or outside a randomised trial as well as the type of surgical procedure 
(Hartmann, primary anastomosis or lavage) did not influence postoperative morbidity and 
mortality following purulent perforated diverticulitis. Gastrointestinal surgeons achieved 
significantly lower mortality rates compared to other surgeons and only APACHE-II scores 
could predict postoperative morbidity and mortality in a multivariable model. Therefore, 
purulent perforated diverticulitis should be treated by a specialised gastrointestinal surgeon 
regardless of the type of surgical approach. 
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