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Abstract
Background: The decision to re-operate after abdominal surgery is still difficult, especially in the setting of intra-
abdominal sepsis. Mathematical models provide a good aid to both diagnosis and decision-making. 
Methods: A prospective observational study was conducted with 300 patients consecutively admitted to the intensive 
care unit of an academic institution affiliated to Calixto García Medical Faculty following abdominal surgery from 
January 2008 to January 2010. The patients were randomly separated (2:1) into estimation and validation groups. 
Logistic regression analysis was used in the estimation group to develop three models for decision-making related to 
re-operation including related factors such as age, ARPI, IAP, type of surgery (elective or emergency), and the duration 
of surgery. The three models developed were validated on the other group. 
Results: The acute re-operation predictive index-intra-abdominal pressure (ARPI-IAP) model was the best of the 
three models, with an excellent calibration, using the Hossmer-Lemeshow goodness-of-fit statistical test (C = 9.976, 
P = 0.267), as well as discrimination (AUC = 0.989; 95% CI: 0.976–1.000). 
Conclusion: The combination of IAP with ARPI in a mathematical model can add accuracy to the prediction of need 
for re-operation related to intra-abdominal infectious complications in patients following abdominal surgery. This 
may be useful in all medical settings, but especially those with limited resources.
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Currently, there is no consensus guiding surgeons when 
to re-operate on patients with intra-abdominal sepsis. Al-
though advancement in radiological imaging has improved 
diagnostic ability, it does not provide clear answers in every 
case decision following abdominal surgery [1, 2]. Decisions 
regarding surgical plans, admission to intensive care units, 

and prognosis are generally made using a combination of 
clinical examination, personal experience, and diagnostic 
tests. Scoring systems and severity indices are not widely 
used, even though there is extensive evidence to their use-
fulness in research and audit purposes [3]. In general, it is 
considered that scoring systems are not consistent enough 
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Table 1. Characteristics of the surgical patients in the estimation and validation groups

EG group
n = 200 

VG group 
n = 100 

P-value

Males 126 (63.0 %) 62 (62.0%) 
0.966a

Females  74 (37.0%) 38 (38.0%)

Age (years) 53.4 ± 19.8 58.2 ± 19.8 0.048b

Comorbidity Yes 192 (96.0%) 96 (96.0%) 0.755a

No 8 (4.0%) 4 (4.0%)

Re-operation Yes 71 (35.5%) 31 (31.0%) 0.518a

No 129 (64.5%) 69 (69.0%)

Malignancy Yes 9 (4.5%) 4 (4.0%) 0.920a

No 191 (95.5%) 96 (96.0%)

IAP (mm Hg) 12.2 ± 5.4 12.1 ± 5.4 0.821b

APACHE II 16.5 ± 6.0 16.0 ± 5.9 0.506b

Mortality 17 (8.5%) 7 (7.0%) 0.821a 

 aYates’s corrected chi-square test; bStudent’s t-test 

to predict the outcome of surgical patients on an individual 
basis [3] Currently, there is no ideal score for the prediction 
of ongoing infection in patients with abdominal sepsis after 
their initial emergency laparotomy. As Van Ruler et al. [4] re-
ported, APACHE-II score, SAPS-II, Mannheim Peritonitis Index 
(MPI), MODS, SOFA score, and the acute part of the APACHE-II 
score (APS) were evaluated and none of them were of clinical 
value in this group of patients [4]. However, these scoring 
systems can be combined with risk factors for IAH to develop 
prediction models. Prediction modelling is a useful tool for 
the assessment and evaluation of underlying pathological 
conditions within a specified patient population [5].

The abdominal re-operation predictive index (ARPI) [1] is 
useful in surgical decision-making in patients with complica-
tions following surgery. Although in our experience its speci-
ficity was 100%, its sensitivity was 72.9% (95% CI 70.9–73.3) [2].  
Intra-abdominal pressure (IAP) is an independent risk fac-
tor for complications and mortality following abdominal 
surgery [6]. This study hypothesised that the combination 
of IAP and ARPI in a mathematical model, could improve 
the prognostic accuracy of re-operation when used in pa-
tients with intra-abdominal infectious complications after 
abdominal surgery. 

MeThods
A prospective observational study was performed in-

cluding 300 consecutive surgical patients admitted to the 
intensive care unit of an academic institution affiliated to 
Calixto García Medical Faculty following abdominal surgery 
between January 2008 and January 2010. The inclusion 
criteria were: a) postoperative adult patients following emer-
gency or elective abdominal surgery and; b) admission to 

the intensive care unit for 48 hours or more. Exclusion criteria 
included as follows: pregnant women; re-operation for non-
infectious causes; planned re-operation; patients in which 
it was not possible to measure IAP; and patients who died 
within the first 48 hours of admission. 

The patients were randomized into two groups in a ra-
tio of 2:1; an estimation/model development group (EG) 
and a validation group (VG). The dependent variable was 
re-operation, while the independent variables were age, 
ARPI, IAP, type of surgery (elective or emergency), and the 
duration of surgery. ARPI was calculated using the various 
parameters (including urgent surgery, respiratory failure, 
renal failure, ileus 72 hours after surgery, abdominal pain 
48 hours after surgery, infection of the surgical wound, 
mental alteration, and new symptoms after the fourth day 
of surgery) [1] since the first postoperative day, during the 
morning clinical assessment. In order to limit inter-observer 
variability, specialists (including intensivists and surgeons) 
calculated the ARPI independently and blinded to each 
other. A mean value was calculated following this process. 
In the non-reoperated patients, the highest ARPI calculated 
during the postoperative period was considered (Table 1) [1].

The IAP was measured in each patient according to 
Cheatham and Safcsak’s technique [7] and the World Society 
of Abdominal Compartment Syndrome´s (WSACS) recom-
mendations [8]. Instead of using a transducer, a column of 
water (with a centimetre of water scale) was added to the 
urinary drainage system (Fig. 1). 

Two end-expiratory IAP measurements were performed, 
by trained nurses under the supervision of a specialist, six 
hours apart during the first 24 hours of admission. All WSACS 
recommendations were followed during this process. The 
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Figure 2. Statistical analysis flow diagram 300 patients after 
abdominal surgery

0 Zero reference level 

1 Transurethral catheter 

2 18-gauge needle 

3 Three ways stopcock 

4 50 mL syringue 

5 Three ways stopcock 

6 cm of H2O scale 

7 Saline bag 

8 To the diuresis colector 

 Figure 1. Schematic drawing of abdominal pressure measurement technique. A centimetre of water scale is inserted into the system to directly 
measure the intra-abdominal pressure. Adapted from Cheatham and Safcsak’s technique [7]

four IAP values obtained in each patient were converted to 
millimetres of mercury and averaged. APACHE II severity 
scores were also recorded [9].

The decision to re-operate was made according to 
a clinical evaluation, an ARPI decision algorithm and the IAP 
value. IAH was diagnosed when IAP was above 12 mm Hg  
in two consecutive measurements [8]. Surgical proce-
dures performed included partial resection, anastomosis 
and stoma surgery according to intra-operative findings. 
In a subsequent surgery, the pending problems from the 
preceding operation were solved and anastomoses were 
performed when possible. 

The findings during re-operation were considered the 
final confirmation of intra-abdominal infectious complica-
tions. Each patient’s outcome was followed until discharge 
from hospital or death.  

dATA MAnAgeMenT And sTATisTiCAl 
AnAlysis

The Statistical Package for Social Sciences (SPSS for Win-
dows version 11.5® software SPSS Inc., Chicago, IL, USA) was 
used to analyze data. The statistical analysis flow diagram is 
shown in Figure 2. The indicators of central tendency and 
dispersion comprised the following: means, standard devia-
tions and 95% confidence intervals (CI) were estimated for 
quantitative variables, while frequencies and percentages 
were used for qualitative variables. The chi-squared test 
with Yates’s  correction for continuity was used wherever 
appropriate in order to identify the differences between 
categorical variables. Student’s t-test was used to compare 
mean differences for continuous variables in baseline char-
acteristics between groups.

 The 300 eligible patients were randomized into two 
groups: 200 for the EG, and 100 for the VG. The logistic re-
gression model parameters were estimated in the EG. The VG 
allowed one to check the actual prediction capacity of the 
models for new patients. Three logistic regression models 

were developed to analyse the influence of a set of variables 
in the probability of re-operation: 

 — Model I  (ARPI): Independent variables: age, sex, ARPI, 
type of surgery and duration of surgery

 — Model II (IAP): Independent variables: age, sex, IAP, type 
of surgery and duration of surgery

 — Model III (ARPI-IAP): Independent variables: age, sex, IAP, 
ARPI, type of surgery and duration of surgery 
Odds ratios (OR) and 95% CIs were calculated to evaluate 

the strength of any association that emerged. The receiver 
operating characteristic (ROC) curve was used to evaluate 
the discriminative ability of each model for patients with and 
without re-operation, based on the sensitivity and specificity 
values for each point of the curve. The discriminative power 
of the model was considered excellent if the area under 
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Figure 3. Main characteristics of the study population

the curve (AUC) was > 0.80, very good if > 0.75, and good if  
> 0.70 [10]. The calibration of each model was assessed 
by the Hosmer-Lemeshow goodness-of-fit statistical test. 
For the Hosmer-Lemeshow statistical test, P > 0.05 was 
considered to indicate acceptable calibration of the model. 

eThiCAl ConsideRATions
The protocol was approved by the hospital’s ethics com-

mittee (ref: 123/2007), and informed consent was provided 
by patients, or next of kin, before study inclusion. IAP meas-
urements did not interfere with other diagnostic or thera-
peutic procedures, according to the Helsinki Declaration [11].

ResUlTs
Three hundred post-abdominal surgery patients were 

included in this study. Emergency surgery was performed 
in 265 (88%) while the remainder comprised elective pa-
tients (Fig. 3). One hundred and two (34%) patients were 
re-operated on while 24 (23.52%) patients died. There was 
zero mortality in the 198 (66%) patients that did not undergo 
repeat surgery. 

Although the EG and VG were similar in terms of gender, 
comorbidity, re-operation, malignancy, IAP values, APACHE 
II and mortality, the VG had a higher mean age (Table 1). 

The most common findings at the primary operation 
were acute appendicitis, followed by intestinal obstruction 
and acute cholecystitis (Table 2).

At re-operation the most frequent findings were intra-
abdominal abscesses and suture leakage with peritonitis 
(23.5%) (Table 3). Twelve patients did not have any patho-
logical findings on re-operation.

In model I (ARPI) the ARPI, gender and duration of sur-
gery had coefficients significantly different from zero (P < 
0.05). The odds ratio for ARPI was 1.355 (95% CI: 1.245–1.475) 
P < 0.001. ARPI had the greatest influence (standard coef-
ficient 2.656) on the probability of being re-operated on. 
This model has an excellent discrimination, with AUC > 0.92 
in the two groups (Fig. 4).

Table 2. Findings at primary operation

Diagnosis at operation n %

Colonic neoplasm 10 3.3

Perforated colonic diverticulitis 18 6

Intestinal obstruction 43 14.3

Acute appendicitis 111 37

Perforated peptic ulcer 23 7.7

Gastric cancer 6 2

Acute cholecystitis 37 12.3

Acute pancreatitis 3 1

Gynaecological peritonitis 9 3

Others 40 13.3

Total  300 100

 

Table 3. Findings at re-operation

Findings n (%)

Intra-abdominal abscesses 24 (23.5)

Generalized peritonitis 12 (11.8)

Localized peritonitis 12 (11.8)

Suture leakage with peritonitis 24 (23.5)

Intestinal necrosis 3 (3.0)

Abdominal wall necrosis with localized peritonitis 9 (8.8)

Choleperitoneum 6 (5.9)

No pathological findings 12(11.8)

Total 102 (100)

Figure 4. Model I (ARPI). Receiver operating characteristic curve 
(ROC) in the estimation and validation groups

In model II (IAP), only IAP had coefficients significantly 
different from zero (P < 0.05). The odds ratio was 2.61 (95% CI: 
1.86–3.65) and was significant (P = 0.00). In this cohort, IAP had 
the greatest influence on the probability of re-operation. This 
model also had an excellent performance with AUC > 0.95 in 
the two groups (Fig. 5).
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Figure 5. Model II (IAP). Receiver operating characteristic curve (ROC) 
in the estimation and validation groups

Figure 6. Model III (ARPI-IAP). Receiver operating characteristic curve 
(ROC) in the estimation and validation groups

Table 4. Statistical models developed 

Model Equation

 I: ARPI P(y=1)=1/(1+EXP [3.557+0.001*age + 0.914*gender
+0.017*duration of surgery-0.304*ARPi-
1.356*type of surgery)]

II: IAP P(y=1)= 1/(1+EXP [14.448-0.031*age- 0.111*gender
+0.007*duration of surgery-0.222*type of 
surgery-0.958* iAP)] 

III: ARPI-IAP P(y=1)=1/(1+EXP [15.835-0.041*age-0.263*gender-
0.895*iAP+ 0.029*duration of surgery-0.311*ARPi 
-0.042*type of surgery)]

 

Table 5. Calibration and discrimination of the three models for re-operation based on prognostic indexes in patients’ post-abdominal surgery

Model Internal validation
(estimation group)

External validation
(validation group)

Hosmer-Lemeshow ROC Hosmer-Lemeshow ROC

C p AUC 95% CI C p AUC 95% CI 

ARPI 8.17 0.42 0.94 0.90–0.97 1.44 0.23  0.93 0.88–0.98

IAP 4.02 0.86 0.98 0.96–0.99 0.04 0.84 0.95 0.91–0,99

ARPI -IAP 9.98 0.27 0.99 0.86–1.00 0.58 0.45 0.97 0.58–0.99

ARPI — acute re-operation prognostic index; IAP — intra-abdominal pressure; ROC — receiver operating characteristic curve; AUC —  area under the curve; C — Hosmer-
-Lemeshow statistical test: CI — confidence interval

In model III (ARPI-IAP), the IAP, ARPI and duration of 
surgery had coefficients different from zero. The odds ratio 
related to ARPI, IAP and duration of surgery were 1.365, 
2.448 and 0.971 respectively. The most influential variable 
on the probability for re-operation was IAP, followed by ARPI. 
This model had the best discrimination, with AUC > 0.97 in 
the two groups (Fig. 6).

The Hosmer-Lemeshow test (P > 0.05) demonstrated 
good adjustment and excellent calibration in the EG (inter-
nal validation) group. In the external validation group, the 
three models did not show significant probability associated 
to the Hosmer-Lemeshow test (P > 0.05), thus revealing 
excellent calibration (Table 5). Discrimination was also excel-
lent. Figure 7 compares the ROC curves of the three models.

disCUssion 
The index scores related to the need for re-operation 

were selected to create the mathematical models, based on 
previous studies [2, 12–23]. In our cohort of patients, age 
was not recognized as an independent risk factor, although 
Pusajó et al. [1] found it to be associated with re-operation. 
Male gender was only included as a risk factor in model III 
(ARPI-IAP). In general, gender was not a significant risk factor 

Figure 7. Receiver operating characteristic curve (ROC) comparison 
between the three models, P = 0.001
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for re-operation. Previous study findings are controver-
sial and gender is not clearly associated with re-operation 
[24–28].

Although comorbidities in our cohort were frequent, they 
were not included as independent predictors for re-operation 
as the association was not significant. Comorbidities were 
present in almost all the patients, those re-operated on or not. 

Malignancy has been reported as an adverse condition 
for surgical outcome [29]. Suture leakage with peritonitis, 
progression to bacterial peritonitis (sometimes associated 
to pre-surgical radiotherapy), and the occurrence of adverse 
events during the perioperative period are more frequent 
[29]. However, malignancy was not recognized as a risk factor 
for re-operation in this study. This may be explained by the 
low prevalence of this pathology in the study population.

The type of surgery was also found to be an insignificant 
factor in determining the probability of re-operation, despite 
this usually being associated with morbidity and mortality. 
Emergency surgery is associated with higher morbidity and 
mortality [30] as a consequence of complications from organ 
failure. However, Van Ruler et al. [31] confirmed that the 
main reason for this was not the type of surgery, but rather 
the magnitude of the pathological insult and surgery [31].

Mathematically derived models can help reveal relation-
ships that are otherwise not easily identified [32]. In this 
study, the duration of surgery had a  protective effect in 
relation to the intervention (OR = 0.971, 95% CI: 0.971–0.996, 
P = 0.025) with negative adjusted and standardized coef-
ficients (Coef (b) = –0.029 Coef (b) Ea = –1.296). This was an 
unexpected and paradoxical result in our patient population 
where more than 80% of the surgery was emergent (265 
patients). Patients who already had a planned re-operation 
scheduled were also excluded, independent of the charac-
teristics of the first intervention or their APACHE II score. 
These results may be explained in part by the duration of 
surgery being influenced by a combination of objective and 
subjective factors, related to process and structure indica-
tors (for example, the operating theatre, efficiency, efficacy 
of management) [33] and including the learning curve for 
the junior surgeons [34, 35].

This subject remains controversial. For example, minimal 
access surgery (MAS) requires a  longer operating time to 
ensure its quality. Several authors report longer operating 
times for MAS compared with the same procedure per-
formed during open surgery [35–37]. However, as the op-
erating time increases, so does the risk of infection, the pos-
sibilities of fluid, electrolyte and immunologic disturbances 
(release of cytokines and other inflammatory mediators) 
[38, 39]. In support of longer operating times is the ability 
for the surgeon to potentially pay more attention to detail 
and precision. These factors are well established, especially 
in oncologic surgery [17]. In recent years, authors have de-

scribed the association between anastomotic leakage, peri-
toneal infection and recurrence in oncologic surgery, thus 
supporting meticulous and precise attention to detail and 
surgical technique [17]. Gil-Bona et al. [40], however, found 
that duration of surgery was not a contributing factor to sur-
gical mortality, but rather to intra-operative complications.

There are significant statistical differences between the 
three models. Though all of them provide excellent dis-
crimination and are well calibrated, it is possible to establish 
a  hierarchy. Model III offers the best ROC, with the best 
AUC (0.973; 95% CI: 0.948–0.998). Although three models 
had excellent performance concerning calibration and dis-
crimination, while the difference between the three AUCs 
was significant (chi-squared test 10.172, P = 0.001). Model III 
(ARPI and IAP) had the best AUC and is the most useful for 
predicting the probability of re-operation (Fig. 7). The best 
discrimination is provided by model III (ARPI-IAP), followed 
by model II (IAP). This model identified those patients with 
a real probability of developing intra-abdominal sepsis. This 
is a very important clinical finding. The association of both 
systems includes the logical principle introduced by the 
Boolean “AND” operator (the “AND rule”) [41]. This improves 
diagnostic sensitivity and specificity and helps surgeons’ and 
intensivists’ decision–making when facing a  patient with 
suspected intra-abdominal sepsis. This proposed model 
would support clinical findings and help predict which criti-
cally ill patients require re-operation following abdominal 
surgery.

Pusajó et al. [1] proposed the ARPI, while Basu et al. [42]  
used the increased IAP (P = 0.055) as re-operation criteria in 
patients with secondary bacterial peritonitis. To our knowl-
edge, this is the first study that has combined these variables 
in statistical models.  

This study had several limitations, including a  higher 
(than previously reported) mortality rate in those patients 
who were re-operated on. This could affect the external 
validation, although the patients included were severely 
ill, with APACHE II scores above thirteen. The mortality rate 
was in correspondence with the severity of the peritonitis 
the patients initially presented with. Clinical assessment 
always guided the decision-making process and was thus 
taken into account when developing the models. There was, 
however, no comparison with radiological imaging data 
available, hence the peri-operative findings were deemed 
the gold standard.

ConClUsions 
An accurate mathematical model, able to predict the 

need for abdominal surgery, was developed by combin-
ing prognostic factors related to abdominal re-operation 
in critically ill surgical patients. The ARPI-IAP model was the 
most accurate, followed by the IAP model. This was more ac-
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curate than using either ARPI or IAP on their own. Although 
this ARPI-IAP model is a potentially useful clinical tool in all 
settings, its may be especially helpful in medical centres 
with limited radiological resources, including disaster and 
war zones.
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