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ABSTRACT

Introduction: an increasing number of elderly patients un-
dergo urgent abdominal surgery and this population has a 
higher risk of mortality. The main objective of the study was 
to identify mortality-associated factors in elderly patients 
undergoing abdominal surgery and to design a mortality 
scoring tool, the Urgent Surgery Elderly Mortality risk score 
(the USEM score).

Patients and methods: this was a retrospective study using 
a prospective database. Patients > 65 years old that under-
went urgent abdominal surgery were included. Risk factors 
for 30-day mortality were identified using multivariate re-
gression analysis and weights assigned using the odds ra-
tios (OR). A mortality score was derived from the aggregate 
of weighted scores. Model calibration and discrimination 
were judged using the receiver operating characteristics 
curves and the Hosmer-Lemeshow test. 

Results: in the present study, 4,255 patients were includ-
ed with an 8.5% mortality rate. The risk factors signifi-
cantly associated with mortality were American Society 
of Anesthesiologists (ASA) score, age, preoperative diag-
nosis (OR: 37.82 for intestinal ischemia, OR: 5.01 for col-
orectal perforation, OR: 6.73 for intestinal obstruction), 
surgical wound classification and open or laparoscopic 
surgery. A risk score was devised from these data for the 
estimation of the probability of survival in each patient. 
The area under the ROC curve (AUROC) for this score 
was 0.84 (95% CI: 0.82-0.86) and the AUROC correct was 
0.83 (0.81-0.85).

Conclusions: a simple score that uses five clinical variables 
predicts 30-day mortality. This model can assist surgeons 
in the initial evaluation of an elderly patient undergoing 
urgent abdominal surgery. 

Key words: Urgent abdominal surgery. Elderly patients. 
Mortality score.

INTRODUCTION

Elderly population is rapidly increasing in Spain and is de-
fined as people older than 65 years (1). In fact, more than 
a half of urgent surgery in the United States is performed 
in elderly patients (2,3). In 2011, there were 34.2% of elder-
ly patients from a total population of 46,815,316 in Spain. 
Population growth projections predict a rate of 40.5% of pa-
tients older than 65 years in a total population of 46,037,605 
in Spain.

It has long been recognized that advanced age increases 
risk of mortality and morbidity after urgent surgery, due to 
the decrease in physiological reserve and associated co-
morbidities (3,4). In fact, patients undergoing urgent pro-
cedures have a higher rate of mortality (5-7). Havens et 
al. described 24,068 events (12.55%) of mortality in urgent 
surgery cases, compared with 42,597 events (2.66% in mor-
tality rate) in elective procedures (p < 0.001) (8).

Several urgent mortality prediction models have been 
developed that can be used in both urgent and elective 
surgery. The most important ones are the Physiological 
and Operative Severity Score for the Enumeration of Mor-
tality (POSSUM) (9), the Portsmouth- Physiological and 
Operative Severity Score for the Enumeration of Mortality 
(P-POSSUM) (10), the Acute Physiology And Chronic Health 
Evaluation II (APACHE II) (11), the DONATI (12), the Simple 
Prognostic Index (SPI) (13), the Emergency Surgery Score 
(ESS) (14), the Emergency Surgery Acuity Score (ESAS) 
(15) and the Surgical Outcome Risk Tool (SORT) (16). How-
ever, prediction models are either unreliable, have a small 
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sample size, are not validated, cannot be calculated preop-
eratively, are specific only to the geriatric population, are 
not designed for abdominal surgery or are designed for 
elective surgeries (17-19).

The aim of this study was to identify the preoperative and 
intraoperative variables that predict mortality and design 
a new mortality score for urgent abdominal surgery (the 
USER score).

PATIENTS AND METHODS

The study included elderly patients who underwent urgent 
abdominal surgery from 1994 to 2016 at the Complejo Hos-
pitalario de Navarra, Spain. A retrospective analysis of a 
prospectively collected database was performed. The pa-
tient and operation-related data were retrieved retrospec-
tively from the electronic medical records of the hospital 
or were prospectively included. All patients without a com-
plete register of risk factors were excluded. The Institutional 
Review Board approved this study and all study participants 
provided informed consent.

The following variables were identified: age, gender, Amer-
ican Society of Anesthesiologists (ASA) score, diagnosis, 
surgical wound classification, open or laparoscopic surgery 
(as described in the surgical record) and 30-day mortali-
ty. Thirteen diagnostic categories were defined: appendi-
citis, intestinal obstruction, acute cholecystitis, intestinal 
ischemia, colorectal obstruction, polytrauma, colorectal 
perforation, complicated peptic ulcer, soft tissue abscess, 
incarcerated hernia, hepatobiliary pancreatic surgery (in-
cluding patients with hepatic bleeding, acute cholangitis or 
acute pancreatitis that require urgent surgical treatment but 
excluding acute cholecystitis), low gastrointestinal bleed-
ing (LGIB) and intra-abdominal abscess. Wound classifica-
tion was defined using the Center for Disease Control and 
the criteria of the Prevention’s adaptation of the American 
College of Surgeons (20). As described in the surgical re-
cord, this was divided into three categories: a) clean and 
clean-contaminated; b) contaminated; and c) dirty/infected.

The variables of age, gender, ASA, preoperative diagnosis, 
wound class and an open or laparoscopic procedure were 
included in the univariate and multivariate analysis. The 
study outcome of interest was 30-days mortality. 

Firstly, the relationship of each variable with the outcome 
(postoperative mortality) was analyzed using the Chi-square 
test for the categorical variables and t-test for continuous 
variables. Secondly, a multivariate logistic model was built 
that included the statistically significant variables (p-value 
< 0.05). A new mortality prediction score was created us-
ing the beta coefficients from the final multivariate model 
(21). Model discrimination was evaluated using the area 
under the receiver operator characteristics curve, which 
determines the ability of the test to correctly classify those 
with and without the outcome. The model calibration was 
judged using the Hosmer-Lemeshow test, which evaluates 
the degree of correspondence between the estimated prob-
abilities of mortality produced by a model and the actual 
mortality experience of the patients. The bootstrap resam-
pling model (150 samples) was used to internally validate 
our prediction model, which resulted in the corrected area 

under the ROC curve (AUROC). All statistical analyses were 
performed using SPSS v22.0.0.

RESULTS

In the present study, 4,255 patients > 65 years old under-
going urgent abdominal surgery in a tertiary hospital were 
registered from January 1994 to January 2016. Fifty-eight 
(1.3%) patients were excluded with an incomplete record 
(Fig. 1). Demographic variables are summarized in table 1 
and a total of 1,879 (44.2%) patients were female and 2,376 
(55.8%) were male. The mean age was 76.55 years old 
(range 65 to 96 years old) and the median was 77 (± 7.19). 
In addition, 1,880 were ASA III (44.8%) and 80 (1.9%) were 
ASA V. The most common class of surgical procedure was 
contaminated surgery (1,703, 40%). A total of 3,730 (87.7%) 

Table 1. Patient demographics (n = 4,255)

Age
 Mean 76.55 years old  

(range 65-96 years old)

Gender
 Female
 Male

1,879 (44.2%)
2,376 (55.8%)

ASA
 ASA I
 ASA II
 ASA III
 ASA IV
 ASA V

209 (4.9%)
1,330 (31.3%)
1,880 (44.2%)
700 (16.7%)

80 (1.9%)

Surgical wound classification
 Clean/clean-contaminated
 Contaminated
 Dirty or infected

1,160 (27.6%)
1,693 (40.3%)
1,344 (32.02%)

Surgical procedure
 Open surgery
 Laparoscopic procedure

3,730 (87.7%)
525 (12.3%)

January 1994-
January 2016

4,313 patients
 > 65 years old 

Urgent abdominal surgery

Excluded 58 
 incomplete record

4,255 included

Fig. 1. Flowchart of patient selection.
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procedures were open procedures and 525 (12.3%) were 
laparoscopic procedures. Acute cholecystitis was the most 
frequent diagnosis using a laparoscopic procedure in 373 
(47%) cases, followed by acute appendicitis in 75 (16%). 
The most common diagnosis was acute cholecystitis in 792 
(18.6%) cases, incarcerated hernia in 663 (15.6%), acute ap-
pendicitis in 463 (10.9%) and intestinal obstruction in 449 
(10.4%). About half of the patients with intestinal ischemia 
died during the postoperative period and was therefore the 
diagnosis most related with mortality. The overall mortality 
was 366 (8.6%). 

Table 2 summarizes the multivariate analysis and predictor 
factors of 30-day mortality. The variables with a lower risk of 
mortality such as ASA I, acute appendicitis, clean/clean-con-
taminated and laparoscopic surgery were considered as ref-
erence variables. The variables associated with mortality 
were age (p < 0.001, OR: 1.04; 95% CI: 1.02-1.05), high ASA 
class (ASA V p < 0.001 OR: 23.10; 95% CI: 6.51-81.94), ASA 
IV (p < 0.001 OR: 9.61; 95% CI: 2.95-31.27) and diagnosis (p 
< 0.001). The diagnoses most related with mortality were 
intestinal ischemia (OR: 37.82; 95% CI: 17.87-80.07), hepa-
tobiliary pancreatic surgery (OR: 10.43; 95% CI: 4.55-23.92) 

and LGIB (OR: 8.31; 95% CI: 3.50-19.74). Incarcerated her-
nia, intra-abdominal abscess, acute cholecystitis and soft 
tissue abscess were not significantly related to mortality. 
Dirty or infected surgery were significantly predictive of 30-
day postoperative mortality and open surgery was related 
to the outcome (OR: 2.59; 95% CI: 1.31-5.16). Gender was the 
only variable that was not associated with mortality (p 0.84).

A new score was created based on the beta coefficients 
derived from the multivariate model, which allowed us to 
calculate the probability of 30-day mortality and was called 
the USEM score. The score was computed using the values 
presented in table 3 and the probability estimated by apply-
ing the logistic function to the score value.

In general, the inclusion of only significant variables could 
overestimate beta coefficients and underestimate standard 
errors of a multivariate regression model. However, one vari-
able was left out in our study and there was no significant 
change in the coefficients after the exclusion of this variable.

The USEM score had a good discriminative ability and the 
AUROC was 0.84 (95% CI: 0.82-0.86) (Fig. 2). The resulting 

Table 2. Multivariate model

Variable Categories OR (95% CI) p-value

Age Years 1.04 (1.02, 1.05) < 0.001

Diagnosis Appendicitis Reference < 0.001

Soft tissue abscess 1.04 (0.42, 2.58)

Acute cholecystitis 1.65 (0.74, 3.67)

Intra-abdominal abscess 1.70 (0.49, 5.87)

Incarcerated hernia 2.69 (1.25, 5.79)

Complicated peptic ulcer 3.04 (1.25, 7.43)

Colorectal obstruction 5.08 (2.40, 10.73)

Colorectal perforation 5.18 (2.49, 10.78)

Intestinal obstruction 6.73 (3.22, 14.06)

Polytrauma 7.75 (2.57, 23.39)

Other 8.08 (3.65, 17.88)

LGIB 8.31 (3.50, 19.74)

Hepatobiliary pancreatic surgery 10.43 (4.55, 23.92)

Intestinal Ischemia 37.82 (17.87, 80.07)

ASA ASA I Reference < 0.001

ASA II 1.72 (0.52, 5.73)

ASA III 3.73 (1.15, 12.09)

ASA IV 9.61 (2.95, 31.27)

ASA V 23.10 (6.51, 81.94)

Surgical wound classification Clean/clean-contaminated Reference < 0.001

Contaminated 1.59 (1.16, 2.19)

Dirty or infected 2.48 (1.70, 3.49)

Open or laparoscopic surgery Laparoscopic surgery Reference 0.007

Open surgery 2.59 (1.31, 5.16)

LGIB: low gastrointestinal bleeding; ASA: American Society of Anesthesiologists.
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model was well calibrated according to the Hosmer- Leme-
show test (p = 0.33, X- square: 9.16). The corrected AUROC 
was 0.83, 95% CI: 0.81-0.85 after bias correcting using boot-
strap resampling. 

DISCUSSION

There are many predictor models described in the literature 
that are applicable in either urgent or emergency surgery. 
All of them describe the combination of preoperative or 
intraoperative variables to estimate the probability of 30-
day mortality. However, there are multiple prediction rules 
for the same problem and there is no prediction model for 
urgent abdominal surgery. It is essential to understand that 
human clinical judgment is not enough to predict adverse 
events and new predictor models will assist surgeons to 
improve the clinical decision making.

Liao et al. analyzed in 2003 the resistance to adopt predic-
tion models in the medical practice, and suggested that 
such tools may not be thought of as user friendly and there-
fore, may not take into account the continual and dynamic 

way in which humans gather clinical information. Their final 
reason for low implementation of clinical prediction rules 
was the sheer number of models available. Thus, if multiple 
prediction rules exist for the same problem, identifying the 
best one is difficult (22). 

Many scoring systems have been designed to predict mortal-
ity; the first one was the POSSUM score described by Cope-
land (9). The initial trial of POSSUM found that the equation 
over-predicted deaths by a factor greater than 2 and in order 
to correct this over-prediction, they created a new formu-
la called P-POSSUM (10). P-POSSUM was derived from a 
multivariable logistic regression analysis and contained 18 
variables; 12 of these were measured preoperatively and six 
at hospital discharge. Two separate equations for morbidi-
ty and mortality were developed and validated. P-POSSUM 
has been used in a larger number of recent studies and has 
been found to have a moderate to high discriminant accura-
cy (10,23). P-POSSUM has been used to compare mortality 
rates after surgery between patients in the United States of 
America (USA) and United Kingdom (UK) (24). The great-
est limitation is the number of variables required and the 
fact that it cannot be used preoperatively when the patient 
should ideally be aware of the operative risk.

Donati (12) developed a new model in 2004 that was easy 
to calculate and only used preoperative variables. Age, ASA 
grade, mode of surgery (elective, urgency or emergency) 
and severity of the surgery were included in the model. 
It is well calibrated and has a high discriminant accuracy. 
However, only 103 patients undergoing urgent or emergent 
surgery were included in the original study from a total 
of 1,936. In fact, if we analyze all the data, the mortality 
rate is 29% in patients undergoing urgent surgery and 40% 
in patients undergoing emergency surgery. However, the 
mortality published in the literature is between 8% and 30% 
(16,25,26). 

Table 3. The USEM formula

Age x 0.036

Diagnosis
 Acute appendicitis x 0
 Soft tissue abscess x 0.037
 Acute cholecystitis x 0.500
 Intra-abdominal abscess x 0.531
 Incarcerated hernia x 0.988
 Complicated peptic ulcer x 1.113
 Colorectal obstruction x 1.625
 Colorectal perforation x 1.646
 Intestinal obstruction x 1.907
 Polytrauma x 2.048
 Other x 2.089
 LGIB x 2.117
 Hepatobiliary pancreatic surgery x 2.345
 Intestinal ischemia x 3.633

ASA
 ASA I x 0
 ASA II x 0.545
 ASA III x 1.317
 ASA IV x 2.263
 ASA V x 3.140

Surgical wound classification
 Clean/clean-contaminated x 0
 Contaminated x 0.469
 Dirty or infected x 0.911
 Laparoscopic surgery x 0
 Open surgery x 0.953

USEM: -9.32 + Age + Diagnosis + ASA + Wound class + Open/Laparoscopic surgery. 
Probability of 30-day mortality = exp (USEM)/(1+ exp [USEM]).

Fig. 2. AUROC of 0.84 (95% CI: 0.82-0.86). New predictor 
model (the USEM score). Discriminative capacity.
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The Surgical Risk Scale (SRS) (27,28) is a mortality predictor 
model that is easy to use and only considers preoperative 
variables. The AUROC is 0.94, compared to 0.84 for the 
POSSUM score or 0.84 for USEM. However, there are some 
limitations. Firstly, the surgical severity coding is not intui-
tive and some familiarity with the British United Provident 
Association system would be required for bedside estima-
tion, unless a reference manual was available. Secondly, it 
has only been validated in single-center studies within the 
UK. Thirdly, it is a predictor model designed for many sur-
gical specialties and not exclusively for abdominal surgery. 
Finally, recent studies demonstrated that the SRS overes-
timated mortality, particularly in higher risk patients (17).

The Surgical Outcome Risk Tool (SORT) (16) is a risk strati-
fication tool comprised of six preoperative variables, which 
are validated internally to predict 30-day mortality in adults. 
It is a validated multi-centric model that includes surgical 
procedures from vascular, thoracic gastrointestinal and 
urology surgery, 21.8% of which were urgent or emergent 
procedures. Six preoperative variables are included to cal-
culate the probability of mortality. 

A new scoring tool comprised of five variables was devel-
oped and validated internally to predict 30-day mortality in 
elderly patients undergoing urgent abdominal surgery. For 
the USEM to be used routinely, the speed and simplicity of 
collecting variables are important features to be considered. 
The variables included in the USEM score are directly or in-
directly included in other previously validated models. First 
of all, the age of the patient was described in many papers 
as an independent risk factor for mortality (12,14,16,29,30). 
Secondly, ASA grading (proposed in 1941) is a widely used 
measure of perioperative risk. ASA grade has been associat-
ed with postoperative outcomes in many articles (12,16,27). 
However, four previous studies found a lack of accuracy 
when tested in heterogeneous cohorts (16,23). Thirdly, the 
diagnosis is related to the severity of surgery, which is also 
included in the SRS, POSSUM, P-POSSUM, DONATI and 
SORT scores (9,10,20,24,27,31). Fourth, the surgical wound 
classification is associated with the peritoneal soiling, which 
is included in the most relevant surgical prediction models, 
and open or laparoscopic surgery, which is included in the 
coding schedules of the British United Provident Association 
(BUPA) or AXA specialist Procedures Codes (32). 

The USEM score was developed using both preoperative 
and intraoperative variables. However, intraoperative vari-
ables, such as surgical wound classification and open or 
laparoscopic procedure, are easily predictable before sur-
gery due to the improvement of the new diagnostic meth-
ods such as computerized tomography (CT) scan. In fact, 
95% of patients that underwent urgent surgery in the Com-
plejo Hospitalario de Navarra during 2017 had a diagnosis 
by ultrasound or CT-scan. These diagnostic methods al-
lowed us to presume the two intraoperative variables with 
accuracy. The improvement of the diagnostic methods can 
assist surgeons in the use of our score in the preoperative 
scenario. In the future, it will be necessary to compare the 
correlation between intraoperative variables and accuracy 
of the ultrasound and CT-scan used as predicting tools of 
the intraoperative variables.

There is no predictor model that is specific for urgent ab-
dominal surgery. A novel risk tool was developed to predict 

30-day mortality in adults undergoing urgent abdominal sur-
gery and this model is more feasible to apply at the bedside 
than the POSSUM score, as it does not require blood results. 
This new model for assessing operative risk is easy to cal-
culate and to use. We expect that the use of this model will 
be helpful in the clinical decision-making in elderly patients 
undergoing urgent abdominal surgery. These patients have 
a reduced physiological reserve and increased comorbidity 
that is associated with a higher susceptibility to disability 
and postoperative mortality after urgent abdominal surgery 
(18,19,33). The USEM model could be useful to facilitate an 
appropriate risk assessment and informed decision-making. 
Furthermore, it may also provide an objective assessment 
to inform and support that decision, which is made jointly 
by patients, their family and physicians. This could be par-
ticularly used in unfavorable situations, in which surgical 
interventions become futile treatment. 

Our study has some limitations that must be acknowledged. 
Firstly, it is a retrospective analysis of a prospectively col-
lected database in a single center, from 1994 to 2016. Over 
the last 20 years, both medical and surgical treatments have 
evolved, such as the improvement in antibiotic therapy relat-
ed to a decrease in mortality. As a consequence, we analyzed 
the mortality per year and there were no significant differ-
ences. Secondly, this model was internally validated and ex-
ternal validation via a multi-centric study will be required in 
the future. Thirdly, it is not a preoperative predictor model, 
although we can predict the intraoperative variables with 
the diagnostic methods at our disposal. Fourthly, if we are 
evaluating mortality in elderly patients, it would be neces-
sary to take into account some characteristics unique to the 
geriatric population, such as functional status and frailty. We 
are working on a prospective study that includes frailty and 
the functional status as collected variables. In the last years, 
studies in various surgical populations have identified frail-
ty as an independent risk factor for mortality (18,30,34,35). 
The question of the best clinical tool for the assessment of 
frailty remains unanswered and the majority of available 
tools were not designed to be applied in a clinical context 
such as the Fried scale (36), Rockwood and the Frailty score 
from the Canadian Study of Health and Ageing (CSHA) (37). 
Finally, outcomes such as postoperative complications, dis-
charge destination or frailty after surgery, which have been 
performed in other studies were not assessed. 

CONCLUSIONS

The main factors related to 30-day mortality in elderly 
patients after urgent abdominal surgery were age, ASA, 
preoperative diagnosis, surgical wound classification and 
open or laparoscopic surgery. We developed a new scor-
ing tool to predict 30-day mortality with five variables. The 
USEM score was well calibrated (x square 14.17) and had 
a high discriminatory capacity (AUROC 0.84). The mod-
el was validated internally (AUROC corrected: 0.83), al-
though further validation testing is required. The USEM 
score could be used in conjunction with clinical judgment 
to aid in decision-making and facilitate informed consent 
in elderly patients undergoing urgent abdominal surgery. 
We cannot forget that these models are methods that aid 
decision-making, without replacing it, as surgical decisions 
must also take into account the wishes of the patients and 
their families, as well as ethical considerations.
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