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Operative Strategies for Diverticular Peritonitis
A Decision Analysis Between Primary Resection and Anastomosis

Versus Hartmann’s Procedures

Vasilis A. Constantinides, MBBS,* Alexander Heriot, FRCS,* Feza Remzi, MD,†
Ara Darzi, FRCS, KBE,* Asha Senapati, FRCS,‡ Victor W. Fazio, MD,† and Paris P. Tekkis, FRCS*†

Objective: To compare primary resection and anastomosis (PRA)
with and without defunctioning stoma to Hartmann’s procedure
(HP) as the optimal operative strategy for patients presenting with
Hinchey stage III-IV, perforated diverticulitis.
Summary Background Data: The choice of operation for perfo-
rated diverticulitis lies between HP and PRA. Postoperative mortal-
ity and morbidity can be high, and the long-term consequences
life-altering, with no established criteria guiding clinicians towards
selecting a particular procedure.
Methods: Probability estimates for 6879 patients with Hinchey
III-IV perforated diverticulitis were obtained from two databases
(n � 204), supplemented by expert opinion and summary data from
12 studies (n � 6675) published between 1980 and 2005. The
primary outcome was quality-adjusted life-years (QALYs) gained
from each strategy. Factors considered were the risk of permanent
stoma, morbidity, and mortality from the primary or reversal oper-
ations. Decision analysis from the patient’s perspective was used
to calculate the optimal operative strategy and sensitivity analysis
performed.
Results: A total of 135 PRA, 126 primary anastomoses with
defunctioning stoma (PADS), and 6619 Hartmann’s procedures
(HP) were considered. The probability of morbidity and mortality
was 55% and 30% for PRA, 40% and 25% for PADS, and 35% and
20% for HP, respectively. Stomas remained permanent in 27% of
HP and in 8% of PADS. Analysis revealed the optimal strategy to be
PADS with 9.98 QALYs, compared with 9.44 QALYs after HP and
9.02 QALYs after PRA. Complications after PRA reduced patients
QALYs to a baseline of 2.713. Patients with postoperative compli-
cations during both primary and reversal operations for PADS and
HP had QALYs of 0.366 and 0.325, respectively. HP became the
optimal strategy only when risk of complications after PRA and
PADS reached 50% and 44%, respectively.

Conclusion: Primary anastomosis with defunctioning stoma may be
the optimal strategy for selected patients with diverticular peritonitis
as may represent a good compromise between postoperative adverse
events, long-term quality of life and risk of permanent stoma. HP
may be reserved for patients with risk of complications �40% to
50% after consideration of long-term implications.

(Ann Surg 2007;245: 94–103)

Diverticular disease of the colon is common in the West-
ern world, with a prevalence of approximately 33% in

patients over 60 years of age.1 Perforation associated with
diverticular disease has concurrently increased in prevalence
from 2.4 cases per 100,000 in 1986 to 3.8 cases per 100,000
in 2000.2 Surgical treatment has evolved from a three-stage
procedure to a two-stage procedure of primary resection of
the perforated segment and end colostomy (Hartmann’s pro-
cedure �HP�) with subsequent restoration of intestinal conti-
nuity, after convincing evidence by two randomized trials.3,4

HP has been accepted as the “gold standard” for per-
forated diverticular disease by the great majority of colorectal
surgeons in the United States and the United Kingdom.1

However, there is a growing body of evidence reporting on high
complication rates with end stoma reversal procedures.3,5,6 Spe-
cifically, anastomotic leak rates of 2% to 30%7–9 and major
complication rates of 5% to 25%10–13 have been reported. In
addition, 20% to 50% of patients undergoing a Hartmann’s
procedure are never reversed.9,14,15

Primary resection and anastomosis (PRA) has been
proposed as an alternative to Hartmann’s procedure in the
setting of peritonitis secondary to diverticular disease. Sev-
eral published studies have reported on comparable morbidity
and mortality rates after PRA when compared with HP for
perforated diverticular disease.11,12,16 A systematic review by
Salem and Flum has shown an overall mortality rate for PRA
of 9.9% compared with 18.8% for HP.9 Furthermore, wound
infection rate was reported as 9.6% for PRA versus 24.2% for
HP. Overall anastomotic leak rate for PRA was 13.9%,
whereas stoma-related complication rate for HP was 10.3%.
Primary anastomosis with a proximal defunctioning stoma
(PADS) was shown to result in even better outcomes in terms
of anastomotic leak and wound infection compared with

From the *Imperial College London, Department of Biosurgery and Surgical
Technology, St. Mary’s Hospital London, UK; †Department of Colorec-
tal Surgery, Cleveland Clinic Foundation, Cleveland, OH; and ‡Depart-
ment of Surgery, Queen Alexandra Hospital, Portsmouth, UK.

Reprints: Paris P. Tekkis, MD, FRCS, Imperial College London, Department
of Biosurgery and Surgical Technology, St. Mary’s Hospital, 10th Floor
QEQM Building, Praed Street, London W2 1NY, United Kingdom.
E-mail: p.tekkis@imperial.ac.uk.

Copyright © 2006 by Lippincott Williams & Wilkins
ISSN: 0003-4932/07/24501-0094
DOI: 10.1097/01.sla.0000225357.82218.ce

Annals of Surgery • Volume 245, Number 1, January 200794



simple PRA. Limited conclusions can, however, be drawn
from the existing studies due to significant selection bias in
their results.

Determining the optimal operative strategy for patients
with perforated diverticular disease involves a balance of
postoperative morbidity and mortality after the primary op-
eration, morbidity and mortality from the stoma reversal
operation, the risk of permanent stoma, and the quality of life
associated with each variable. A randomized controlled trial
on the subject is unlikely to be achieved due to difficulties in
patient recruitment in the emergency setting and institutional
preferences. Decision analysis is particularly useful for com-
parisons of such competing management strategies in the
setting of multiple endpoints and high levels of clinical
complexity.17 The aim of the present study was to use de-
cision analytic techniques to determine the optimal operative
strategy for a hypothetical 65-year-old patient with peritonitis
secondary to perforated diverticulitis.

METHODS
Decision analysis is a quantitative method for estimat-

ing the effectiveness of alternative management strategies
under conditions of uncertainty.18 Three competing strategies
were evaluated: 1) PRA, 2) primary anastomosis with defunc-
tioning stoma (PADS), and 3) HP. The Hinchey classifica-
tion19 was used to define the degree of peritoneal contami-
nation as follows: (a) stage I, paracolic abscess or phlegmon;
(b) stage II, pelvic abscess; (c) stage III, generalized purulent
peritonitis; and (d) stage IV, generalized fecal peritonitis.
Only stages III and IV were considered in the present study.
The 3 strategies were firstly evaluated in the setting of the
primary operation only and were then analyzed using a more
complex model considering the long-term risks. Decision
analysis was performed according to published guidelines.20–24

Base-Case Patient
This was a 65-year-old patient who presented with

clinical symptoms suggestive of generalized peritonitis.
There was no prior history of colorectal malignancy or benign
colonic disease. It was assumed that emergency CT immedi-
ately after presentation demonstrated features of generalized
peritonitis with widespread diverticular disease/diverticulitis.
The patient comorbid conditions were classed as ASA II to
III. Emergency operation was carried out with intraoperative
findings confirming Hinchey stage III to IV disease secondary
to perforated diverticular disease.

Data Sources
A Medline search was conducted of articles published

from 1980 to October 2005 to identify English language
publications reporting on HP,3,4,6,8,9,11–13,15,16, 25,56 HP rever-
sal3,4,8–13,15,16,28,31,37,46,50,57–69 and PRA with and without a de-
functioning stoma.2,6,8,11,13,16,27–29,40,41,43–45,47,48,51,53–56,63,70–82

Data were extracted only from comparative studies between
PRA/PADS and HP with groups that were matched for
preoperative risk factors and peritonitis severity. Critical
appraisal of each study was performed by 2 authors (V.A.C.
and P.P.T.) and studies were selected on the basis of recom-

mendations regarding inclusion of studies in decision analytic
models.22

Exclusion Criteria
(1) Studies with less than 10 operations or where

indications for operations were indistinguishable between
cancer and diverticular disease were excluded. (2) Studies
that did not adequately distinguish between simple PRA and
PADS and studies that excluded fecal peritonitis patients. (3)
Studies with “outlier” outcomes compared with the majority
of the studies as per published recommendations.22

Summary data were supplemented by data from 2
databases: (1) the Association of Coloproctology of Great
Britain and Ireland (ACPGBI) diverticular disease data-
base,83 a prospective database collected over 1 year (2003–
2004) from 42 hospitals in the United Kingdom, comprised
539 patients; (2) the Cleveland Clinic Foundation (CCF)
diverticular disease database84 of 1069 patients collected over
22 years (1981–2003). Expert opinion was also obtained from
5 specialist colorectal surgeons regarding the probabilities for
outcomes. A weighted mean was obtained for each variable
and used as the baseline estimate, taking into account the
number of patients contributed to each outcome by each data
source. The range obtained from the experts was used to
guide the sensitivity analysis as it was felt that this was the
most reliable source of information. In cases where probabil-
ities were unobtainable from primary studies and databases, a
systematic review9 on the subject was considered as the data
source together with the expert opinion. Supplementation of
published data with raw data from the two databases and
expert opinion may account for some of the potential biases
and disproportionate representation of groups created by
elimination of studies using the exclusion criteria.

Utilities
A “utility” is a measure of the patient’s or surgeon’s

relative preference for each individual outcome and is ex-
pressed as a single value between 0 and 1.85 Utility measures
provide summary scores that aggregate the positive and
negative aspects of quality of life and can incorporate atti-
tudes toward risk and length of life.22 In the present study,
utilities were used as weights to calculate quality-adjusted life
expectancy. A utility of 1 was assigned for a patient that
underwent primary resectional surgery and remained well
thereon without the need for reoperation or a permanent
stoma. A utility of 0 was assigned to any health state with the
outcome of “death.” As there are no available published
utilities specifically for diverticular disease in the literature,
utilities used in the model were based on the few available
studies of utility estimates for related colorectal diseases as
reference guidelines. Postoperative complications were given
a utility of 0.15 based on a previously published assessment85

and used by other decision analysts.86 Patients with a colos-
tomy were assumed to have a utility of 0.8 based on a
previously published assessment made by colostomy pa-
tients.87 Patients who underwent a second reversal operation
were assigned utilities of 0.9 for defunctioning stoma reversal
and 0.8 for Hartmann’s reversal. This was based on expert
judgment from the colorectal specialists who, after explana-
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tion of the utility concept, agreed unanimously to give a
lower utility score for HP reversal, reflecting the increased
technical difficulty and length of hospital stay, as well as the
increased probability of operative complications after this
procedure. The uncertainty for this utility was determined by
one published study.88

Study Design and Decision Models
The analysis was designed from the patient perspective,

using quality-adjusted life-years (QALYs) as the overall
outcome measure. QALYs were calculated by subtracting the
time period spent in hospital from the initial life expectancy
and multiplying the residual value with the utilities assigned
for each health state in the model pathway.22 This methods of
calculating QALYs is recommended when outcomes consist
of combinations of several different health states.89 Health
states were divided into short-term states (days to weeks) and
long-term states, with temporary hospitalizations for opera-
tive procedures considered as short-term states. Postoperative
complications and permanent stoma were considered as long-
term health states. Length of hospital stay after the primary
operation was assumed to be 10 days for all 3 procedures and
5 or 7 days for PADS reversal and HP reversal, respectively.
These values reflected the weighted mean length of stay as
calculated from the ACPGBI and CCF databases.

Single-Operation Model
A decision tree that considered only the primary oper-

ation was initially designed. After each operation a patient
may or may not suffer a postoperative complication. In the
case of a postoperative complication, a patient may either be
discharged home or die. Postoperative complications consid-
ered in the model were only those that may be life-threatening
and/or have long-term impact in a patient’s quality of life as
follows: wound infection/dehiscence, anastomotic leak, stoma
complications (retraction, stenosis, necrosis), organ failure, in-
traabdominal abscess, bowel obstruction, major bleeding, chest
infection, acute coronary syndrome, pulmonary embolism, and
acute neurologic events. The purpose of this initial model was to
establish if the optimal operative technique would change when
the need for stoma reversal and risk of permanent stoma were
integrated in the analysis.

Multiple-Operation Model
This is an extension of the single operation model and

is depicted in Figure 1. Patients undergoing PADS and HP
were considered candidates for a second operation for stoma
reversal, with similar outcome consideration as the primary
operations.

Model Assumptions
Assumptions used in this model were: 1) The diagnosis

of peritonitis secondary to diverticular disease was assumed
to be a definite one. 2) Length of stay for the primary
operation was assumed to be the same for all 3 operations. 3)
The utility of a defunctioning stoma was assumed to be the
same as for colostomy. 4) Only Hinchey stages III and IV
were considered. 5) Life expectancy for the base-case pa-
tients was assumed to be 18.11 years as determined by
actuarial life expectancy tables. 6) Defunctioning stomas

were assumed to be colostomies or ileostomies proximal to
the anastomosis.

Sensitivity Analysis
Sensitivity analysis is the process of repeatedly analyz-

ing the decision tree using different values for the outcome of
interest.23 One-way sensitivity analysis was performed for all
variables in the decision model to determine the impact of
uncertainty in the estimates of the probabilities, utilities and
QALYs. The purpose of the sensitivity analysis was to
investigate the robustness of the “base-case” estimates and to
identify factors that lead to a shift in optimal operative
technique. If the model results did not change through the
range of the variable being manipulated, the model was
considered not to be sensitive to this variable (ie, there was no
value in the plausible range that led to a change in the optimal
operative strategy) and no threshold was identified for that
variable. However, if the optimal operative strategy changed
when a variable was manipulated through its plausible range,
the model was considered to be sensitive to this variable and
the value at which the optimal strategy changed was consid-
ered to be the “threshold value” for the variable. Two-way
and three-way sensitivity analyses were subsequently per-
formed for combinations for all influential variables. Thresh-
old values were calculated for variables that would lead to a
change in the preferred strategy when traversed. Sensitivity
analysis was not performed for the “single operation model”
as its sole purpose was to establish a possible change in the
base-case estimate of an optimal operative strategy, when
long-term outcomes were considered. The decision tree anal-
ysis and sensitivity analysis was performed using the soft-
ware TreeAge Pro (TreeAge Software Inc.).

RESULTS

Review of Included Data Sources
Sixty-seven relevant published studies were identified

in the literature,3,6,8,9,11–13,15,16,25–82 of which 12 satisfied the
inclusion criteria: one randomized controlled trial;4 three
prospective nonrandomized studies;11,12,48 seven retrospec-
tive studies;10,13,15,16,55,56,69 and one systematic review.9 A
total of 6879 patients were assigned to the three groups as
follows: 135 (2.0%) PRA, 125 (1.8%) PADS, and 6619
(96.2%) HP or reversal operations, considered in differing
combinations for each outcome. The results of the review of
published articles, expert opinion, and the ACPGBI and CCF
databases together with the range of uncertainties are sum-
marized in Table 1.4,9–13,16,48,55,56,83,84 There was a great
degree of overlap between the individual outcome ranges for
each strategy and expert opinion also varied significantly
between specialists, reflecting the high degree of uncertainty
regarding each operative strategy.

Base-Case Analysis
Using the “single-operation model,” the quality ad-

justed life expectancy was 9.18 years for PRA, 11.66 years
for PADS, and 12.51 years for HP. Therefore, HP offered a
benefit of 0.85 QALYs, which corresponds to 10.2 quality-
adjusted life months. For the “multiple-operation model”
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(Fig. 1), the quality adjusted life expectancy was 9.02 years
for PRA, 9.44 years for HP, and 9.98 years for PADS. PADS
was found to offer a benefit of 0.54 QALYs (equivalent to 6.5
quality-adjusted life months). In this model, a 1% to 3%
probability of leak requiring reoperation and establishment of
another stoma were also considered but did not amount to any
difference in the overall results and were therefore omitted
for the purposes of simplicity.

Sensitivity Analysis
The results of one-way sensitivity analyses are shown

in Tables 1 to 3.4,9–13,16,48,55,56,83,84,85,87,88 The “multiple-
operation model” was sensitive to analysis of values for
postoperative complications. At a probability of complica-
tions higher than 44%, PADS was no longer the dominant
strategy (Fig. 2, top). HP was the optimal operation only if
complications after the procedure remained below 30.5%.
Furthermore, sensitivity analysis revealed a change in oper-
ative strategy when the risk of operative mortality after PADS
exceeded 83%. This value was, however, outside the plausi-

ble range and the model was not considered sensitive to this
variable (Fig. 2, bottom).

Three-way sensitivity analyses varying all the proba-
bilities of complications after PRA, PADS, and HP is shown
in Figure 3. At the lower limit of the plausible range for
postoperative complications after HP (ie, 10%, Fig. 3, top),
the optimal strategy when postoperative complications after
PRA and PADS were kept at their baseline value, was HP. At
a low probability of complications (�25%), simple PRA was
the optimal operative procedure. At 25% to 35% probability
of complications after PRA, PADS became the optimal strat-
egy. At a probability of complications of �35% after simple
PRA and �22% after PADS, HP became the optimal oper-
ative strategy. The middle graph of Figure 3 represents
sensitivity analysis for a 30% probability of HP related
complications. Under these circumstances, PADS became the
operation of choice when the values of PRA and PADS-
related complications were kept at the baseline. At this point,
HP was the procedure of choice only if the probability of

FIGURE 1. Multiple-operation decision tree.
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complications after PADS exceeded 40%. At a value of 75%
for HP-related complications (Fig. 3, bottom), the choice of
operation was only between simple PRA and PADS.

Sensitivity analyses of utility values and QALYs for
individual outcomes are shown in Tables 2 and 3, respec-

tively. These analyses demonstrated that the model was
sensitive to changes in two utility variables: the utility of
postoperative complications and the utility of the stoma
reversal operation. If the utility of postoperative complica-
tions was 0.14 higher (ie, 0.29 rather than 0.15), then simple

TABLE 1. Estimate of Probabilities and Threshold Values From One-Way Sensitivity Analyses for the Multiple Operation
Model

Variable
No. of

Patients
Baseline

Value (%)
Range From

References (%) References
Expert Opinion

(range; %)
Threshold
Value (%) Sensitive

Multiple-operation tree

PRA

Risk of postoperative
complications

127 55.5 18.8–66.7 11–13, 56, 83, 84 20–90 50 Y

Risk of 30-day
mortality

135 30 7.7–75 11–13, 48, 56, 83, 84 10–90 Inferior to HP and PADS

PADS

Risk of postoperative
complications

40 40 28.6–50 83, 84 10–70 44 Y

Risk of 30-day
mortality

126 25 9.2–25 9, 83, 84 10–80 83 Y

Risk of permanent
stoma

62 8 0–11 16, 55 0–10 NT N

Hartmann’s procedure

Risk of postoperative
complications

235 35 33.3–72.1 11, 13, 83, 84 10–75 30.5 Y

Risk of 30-day
mortality

1,213 20 18.8–26 9, 83, 84 10–75 Inferior to PADS

Risk of permanent
stoma

157 27.4 17.9–31.9 4, 11–13 20–40 Inferior to PADS

Reversal operation
following PADS

Risk of postoperative
complications

37 5.2 4.2–6.7 13, 16 4–10 NT N

Risk of 30-day
mortality

37 2.6 0–4.2 13, 16 2–5 NT N

Reversal of Hartmann’s
procedure

Risk of postoperative
complications

206 9.3 4.9–25 10–13 10–30 Inferior to PADS

Risk of 30-day
mortality

6,471 0.5 0.4–0.8 9, 15 0–5 Inferior to PADS

PRA indicates primary resection and anastomosis; PADS, primary anastomosis and defunctioning stoma; HP, Hartmann’s procedure; ACPGBI, Association of Coloproctology
of Great Britain and Ireland diverticular disease database; CCF, Cleveland Clinic Foundation Diverticular Disease Database; Y, yes; N, no; NT, no threshold.

TABLE 2. Estimate of Utilities and Threshold Values From One-Way Sensitivity Analyses

Variable Baseline Value Plausible Range References Threshold Value Sensitive

Utility of well without stoma 1.00 — — NA NA

Utility of postoperative complications

All primary and reversal operations 0.15 0–0.65 85 0.29 Y

Utility of stoma (defunctioning/end) 0.80 0.76–0.94 87 NT N

Utility of death 0 — — NA NA

Utility of stoma reversal operation — 0.5–1 88

PADS reversal 0.9 0.5–1 Expert opinion 0.85 Y

HP reversal 0.8 0.5–1 Expert opinion 0.87 Y

Utility of postoperative state without
complications

0.25 0–0.77 85 NT N

HP indicates Hartmann’s procedure; PADS, primary anastomosis and defunctioning stoma; NA, not applicable; NT, no threshold; Y, yes; N, no.
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PRA became the operation of choice. If the utility of PADS
reversal was 0.05 lower (ie, 0.85 rather than 0.9) or if the
utility of HP reversal was 0.07 higher (ie, 0.87 rather than
0.8), then HP became the operation of choice. The sensitivity
of the model to these utilities was reflected in the outcomes
that involved postoperative complications and/or operations
for stoma reversals (Table 3). To illustrate these changes in
the optimal strategy, a three-way sensitivity analysis was
carried out, analyzing QALYs for PADS and HP primary and
reversal operations without postoperative complications and
QALYs for simple PRA after postoperative complications.
This effectively reflected the sensitivity of the model to both
utility for complications and stoma reversal operations. At the
lower range of QALYs for HP primary and reversal proce-
dures, the optimal strategy was PADS. This was, however, in
turn sensitive to QALYs after PRA with complications, with
5.17 QALYs being the threshold value (Table 3). At 15.7
QALYs for HP primary and reversal operations, HP became
the optimal strategy. This value is well within the range
dictated by the published utility uncertainties. Finally, when
QALYs for HP primary and reversal operations were at the
maximum value (ie, 18.070, implying that the utility for
reversal operation was 1), then HP became the procedure of
choice.

Interpretation of Main Results
There is a shift of optimal operative strategy from HP

to PADS when long-term outcomes are incorporated into the
model. Patients undergoing PADS have been shown to have
6.5 additional months of life with acceptable quality (as
defined by the assigned utilities) compared with HP. This was
shown to be due to the increased risk of a permanent stoma
after HP (27.4%) compared with PADS (8%), as well as due
to the increased risk of operative complications after HP
reversal compared with PADS reversal (9.3% vs. 5.2%).
More importantly, the results of this study suggest that PADS
should be considered the operation of choice, only if the risk
of postoperative complications arising from this procedure
was below 44%. At a complication rate above this level, the
risks of PADS were found to outweigh the benefits and HP
would be the operation of choice, provided that the compli-
cation rate from this procedure does not exceed 30%. The
optimal operative strategy was also found to be dependent to
the individual attitudes of the surgeons and patients (in terms
of utilities) to the risk of postoperative complications and the
need for the stoma reversal operation. This implies that the
risk of complications should be weighed against the need for
a reversal operation when choosing an operative procedure,
this in turn being influenced by factors such as the experience

TABLE 3. Quality-Adjusted Life-Years (QALYs) for Individual Outcome Health States

Outcome State QALYs* (range) Threshold Value Sensitive

Multiple-operation tree

PRA

No complication, full recovery 18.083 NA NA

Postoperative complication, full recovery 2.713 (0–11.754) 5.174 Y

PADS

PADS, no complication, alive with permanent stoma 14.467 (13.744–17.071) NT N

PADS, postoperative complication, recovery with permanent stoma 2.170 (0–11.096) NT N

PADS, no complication, recovery and operation for stoma reversal, no
complication, well without stoma

16.263 (9.035–18.070) 15.229 Y

PADS, no complication, recovery and operation for stoma reversal,
postoperative complication, recovery with no stoma

2.439 (0–11.745) NT N

PADS, postoperative complication, recovery and operation for stoma
reversal, no postoperative complication, recovery with no stoma

2.439 (0–11.745) 0.370 Y

PADS, postoperative complication, recovery and operation for stoma
reversal, postoperative complication, recovery with no stoma

0.366 (0–7.635) NT N

Hartmann’s procedure

HP, no complication, alive with permanent stoma 14.467 (13.744–17.071) NT N

HP, postoperative complication, recovery with permanent stoma 2.170 (0–11.096) 9.347 Y

HP, no complication, recovery and operation for stoma reversal, no
complication, well without stoma

14.456 (9.035–18.070) 15.713 Y

HP, no complication, recovery and operation for stoma reversal,
postoperative complication, recovery with no stoma

2.168 (0–11.745) 15.542 Y

HP, postoperative complication, recovery and operation for stoma
reversal, no postoperative complication, recovery with no stoma

2.168 (0–11.745) 5.085 Y

HP, postoperative complication, recovery and operation for stoma
reversal, postoperative complication, recovery with no stoma

0.325 (0–7.635) Inferior to PADS

*QALYs calculated by subtracting time period for postoperative state (10 days) and then multiplying the difference by product of baseline utilities for long-term states
(complications, stoma, death). For the reversal operation, postoperative state was considered to be 5 days for PADS reversal and 7 days for HP reversal.

PRA indicates primary resection and anastomosis; PADS, primary anastomosis and defunctioning stoma; HP, Hartmann’s procedure; NA, not applicable; NT, no
threshold; Y, yes; N, no.
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and specialization of the surgeon, the hospital setting, and the
relative acceptance of individual patients regarding further
hospitalizations and repeat operative procedures.

DISCUSSION
The present study demonstrated a benefit of 6.5 quality-

adjusted life months of PADS over HP when long-term
outcomes were considered. This was in contrast to the supe-
riority of HP by 10.2 quality-adjusted life months when only
the primary operation was considered. In the published lit-
erature, gains in QALYs over 6 months are likely to be
clinically significant, provided the model is robust to sensi-
tivity analyses.23 The model was, however, sensitive to sev-
eral variables, introducing a high degree of uncertainty
around the baseline estimate. Sensitivity analyses were useful
in quantifying the degree of uncertainty and offered direc-
tions regarding decision making and future research. In the

present study, sensitivity analysis revealed that HP was the
operation of choice, only if the risk of postoperative compli-
cations after PADS was more than 44%. The attitude of
individual patients toward complications and the need for
reversal operation were found to be the determinant factors in
deciding on operative strategy.

FIGURE 2. One-way sensitivity analysis for probability of
complications and mortality after PADS for the multiple-op-
eration model. PRA, primary resection and anastomosis;
PADS, primary anastomosis with defunctioning stoma; HP,
Hartmann’s procedure; QALY, quality-adjusted life-years. Ver-
tical dotted line represents the “threshold value” for compli-
cations of HP after which a change in operative strategy is
indicated.

FIGURE 3. Three-way sensitivity analysis for probability of
postoperative complications. PRA, primary resection and
anastomosis; PADS, primary anastomosis with defunctioning
stoma; HP, Hartmann’s procedure. Vertical dotted line repre-
sents the baseline estimate of probability of complications
after PRA. Horizontal dotted line represents the baseline esti-
mate of probability of complications after PADS. The point
of intersection between the 2 lines represents the optimal
strategy at the given probability of HP-related complications.
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The results of the present study are in line with a
systematic review of 569 diverticular peritonitis patients with
primary anastomosis, which reported a mortality rate of 9.9%
compared with 18.8% for HP.9 Patients undergoing PADS
had a mortality rate of 9.2%. One study reported on PADS
and HP groups that were matched for comorbidity and degree
of peritonitis.16 Mortality rates were 16% for PADS and 21%
for HP, a difference that was not statistically significant.
Furthermore, a study by Schilling et al11 evaluated matched
groups of simple PRA versus HP in the setting of Hinchey III
and IV disease and found comparable outcomes. Quality
evidence exists for stoma reversal after HP in the form of a
randomized controlled trial.4 A reversal rate of almost 70%
was found, in agreement with several other published esti-
mates,12,13 and was used as the baseline estimate. Risk of
permanent stoma after PADS is recognizably less than that of
HP at 8%16,55 with fewer complication rates.13,16 Interest-
ingly, risk of death from PADS reversal was found to be
higher than that of HP reversal, an assumption that may result
from skewing of the data from strict application of the
exclusion criteria. However, analysis of the model consider-
ing similar mortalities after the two operations, did not
amount to any difference in the results.

A potential limitation is the degree of variation in
study quality, raw data, and expert opinion used for deriva-
tion of probabilities for postoperative complications. Two
studies were prospective nonrandomized in nature with
groups matched for several preoperative variables.11,12 Both
were consistent in reporting a complication rate close to 45%
for PRA. One study used intracolonic lavage12 that may
influence complication rates and both studies included very
small number of patients. The remaining studies were all
retrospective with unmatched groups. Selection bias was also
present in the choice of operation for the ACPGBI83 and
CCF,69,84 diverticular disease databases. All of these factors
may have significant impact in determining complication
rates and, in turn, bias the baseline estimate. In the analysis,
we have attempted to accommodate for this by obtaining
expert opinion as well as using a very wide range of uncer-
tainty for carrying out the sensitivity analysis. In selecting the
most appropriate evidence to use in this analysis, we have
limited our sample size of PRA and PADS to only 3.8% of
the overall sample size, with HP and HP reversal accounting
for the rest. Using a very wide range of uncertainty of
plausible values for all health states and supplementing the
published data with expert opinion may account for the
potential bias resulting from the disproportionate representa-
tion of each operative strategy in terms of sample size.

With regards to utility estimates for postoperative com-
plications and for stoma reversal operations, no published
studies exist specifically for diverticular disease. The utilities
used for postoperative complications were derived from one
study that used validated methods of derivation.85 There is a
wide variation of patient perceptions regarding complications
and a wide range was used for sensitivity analysis. Further-
more, utility estimates for the stoma reversal operations were
obtained by expert opinion as no published estimates exist
specifically for HP or PADS. The uncertainty of these esti-

mates was determined using a published study that deter-
mined quality of life in patients with locally recurrent rectal
cancers.88 The utilities in this study were derived using
“standard gamble” interviews, a technique that is widely
accepted as being very reliable in the setting of decision
analysis.85 Our baseline estimates are subject to possible error
as utilities based upon locally recurrent cancer may not be
applicable to benign disease. Again, a wide range was used
for sensitivity analysis to incorporate this shortcoming.

This is the first study to our knowledge that uses
decision analysis to evaluate operative procedures for diver-
ticular peritonitis. The fundamental clinical dilemma in our
model reflected the possible higher incidence of postoperative
morbidity and mortality after primary anastomotic procedures
versus the higher incidence of reversal-related complications
and permanent stoma after HP. Given the state of imperfect
evidence and the high degree of uncertainty and sensitivity of
the model, a firm conclusion cannot be made. The strengths
of this study lie in the fact that all available evidence (pub-
lished, existing databases, expert opinion) was gathered and
incorporated into a model that highlighted two central issues
regarding the optimal operative strategy. First, the risk of
postoperative complications needs to be taken into account
and evaluated using validated models preoperatively before a
decision is made regarding operative strategy. Mortality and
morbidity prediction models exist and have been validated in
the setting of colorectal surgery.91 Second, the attitudes of
individual patients toward operative complications and the
need for a stoma reversal procedure must be assessed and
incorporated into a decision toward a particular operative
strategy. Furthermore, this form of decision analysis is ideally
suited to resolve issues where randomized controlled studies
are impractical and are unlikely to be undertaken.

Limitations of the present study include the following:

1. The significant healthcare costs involved in the issue could
not be incorporated into the decision as there are no cost
estimates available in the United Kingdom regarding the
specific issue.

2. Stoma adaptation issues that may result in an improve-
ment of quality of life with time, in patients with perma-
nent stoma were not taken into consideration. The model
however, was not sensitive to utility of permanent stoma
even when this approached the value of 1; therefore,
adaptation issues are unlikely to influence the results.

3. Derivation of utility estimates from patients distinct from
the base-case patient in the current analysis.

CONCLUSION
PADS may be the procedure of choice for perforated

diverticular disease when long-term outcomes are considered
and adjusted for quality of life. Central to the operative
strategy decision is accurate calculation of risk of complica-
tions using validated prediction models, as well as determi-
nation of patient attitudes towards complications and reversal
operations. Based upon the best available data, it is our
recommendation that PADS may be performed when the risk
of morbidity and mortality is not excessive to obviate the
need for a complicated reversal operation and a high risk of
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permanent stoma. HP should be reserved for patients with a
high risk of complications after appropriate counseling re-
garding the long-term implications.
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