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A B S T R A C T   

Background and aims: Emergency General Surgery (EGS) conditions account for millions of deaths worldwide, yet 
it is practiced without benchmarking-based quality improvement programs. The aim of this observational, 
prospective, multicenter, nationwide study was to determine the best benchmark cutoff points in EGS, as a 
reference to guide improvement measures. 
Methods: Over a 6-month period, 38 centers (5% of all public hospitals) attending EGS patients on a 24-h, 7-days 
a week basis, enrolled consecutive patients requiring an emergent/urgent surgical procedure. Patients were 
stratified into cohorts of low (i.e., expected morbidity risk <33%), middle and high risk using the novel m- 
LUCENTUM calculator. 
Results: A total of 7258 patients were included; age (mean ± SD) was 51.1 ± 21.5 years, 43.2% were female. 
Benchmark cutoffs in the low-risk cohort (5639 patients, 77.7% of total) were: use of laparoscopy ≥40.9%, 
length of hospital stays ≤3 days, any complication within 30 days ≤ 17.7%, and 30-day mortality ≤1.1%. The 
variables with the greatest impact were septicemia on length of hospital stay (21 days; adjusted beta coefficient 
16.8; 95% CI: 15.3 to 18.3; P < .001), and respiratory failure on mortality (risk-adjusted population attributable 
fraction 44.6%, 95% CI 29.6 to 59.6, P < .001). Use of laparoscopy (odds ratio 0.764, 95% CI 0.678 to 0.861; P <
.001), and intraoperative blood loss (101–500 mL: odds ratio 2.699, 95% CI 2.152 to 3.380; P < .001; and 
500–1000 mL: odds ratio 2.875, 95% CI 1.403 to 5.858; P = .013) were associated with increased morbidity. 
Conclusions: This study offers, for the first time, clinically-based benchmark values in EGS and identifies measures 
for improvement.   

1. Introduction 

According to the Global Burden of Disease Study, in 2010 there were 
896 000 deaths, 20 million years of life lost, and 25 million disability- 
adjusted life-years from 11 emergency general surgery (EGS) condi-
tions worldwide [1]. Six of the most common causes of death, from 
highest to lowest, were peptic ulcer disease, intestinal occlusion, biliary 
disease, mesenteric ischemia, abscesses and soft tissue infections, and 
appendicitis, all of which are amenable to EGS treatment [1]. In 
developed countries, about 10% of surgical procedures are EGS [1]. The 

cost of EGS far exceeds that of many other common diseases [2]. 
In the health system, benchmarking aims at establishing a collabo-

ration between hospitals for a limited time (a few months) to foster a 
competitive spirit and apply best practices in order to improve quality at 
best cost and meet patients’ expectations [3]. Despite its enormous 
burden on routine surgical activity, studies focusing on EGS bench-
marking are lacking [4–6]. As a result, EGS is practiced in hundreds of 
hospitals without quality improvement programs based on bench-
marking [7,8]. 

In the present study, the outcomes of the most frequent EGS pro-
cedures were monitored prospectively with the use of a clinically 
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derived database [9]. A simplified multicenter tool (m-LUCENTUM) was 
designed to predict morbidity and mortality in EGS and establish the 
best cutoff values. The observed versus expected ratios of adverse events 
were used to perform outcome comparisons between hospitals [10] to 
identify leads for quality improvement [5]. 

Our main objective was to distinguish a low-risk cohort and deter-
mine best achievable results at 30 days. The secondary objective was to 
evaluate the impact of complications on outcomes and identify center- 
specific factors associated with worse outcome. We hypothesized that 
the low-risk cohort would select a representative group of patients with 
adequate potential to guide the implementation of measures that have a 
relevant impact on quality improvement. 

2. Patients and Methods 

2.1. Study design 

The LUCENTUM project, a prospective nation-wide cohort study, 
was created under the auspices of the Spanish Association of Surgeons 
(AEC) to examine the quality of care related to EGS and find avenues for 
improvement. The scientific committee of the AEC endorsed the project. 
An open invitation was sent via AEC to hospitals attending EGS cases on 
a 24-h, 7-days a week basis. Personal contacts were also established with 
surgeons especially involved in EGS to request the participation of their 
centers in the study (Methods S, supplementary information). 

The study followed the guidelines for Strengthening the Reporting of 
Cohort Studies in Surgery (STROCSS) [11]. The study is registered in 
www.researchregistry.com/with the unique identification number 
(UIN) 7097. The medical ethics committee judged that no informed 
consent from the patients was necessary because of the observational 
nature of the study without additional burden for the patient. Subse-
quently, the ethics committee approved (Ref CEIm: PI2018/104) the 
analysis of data. 

2.2. Setting 

Thirty-eight centers distributed throughout the national territory 
(Fig. 1S, supplementary information), totaling 5% of all public hospitals, 
agreed to participate in the project (Methods S, supplementary infor-
mation). In most centers, EGS was covered by surgeons who also attend 
elective surgery. 

2.3. Population 

From October 1, 2017 to March 31, 2018, all consecutive patients 
admitted to the participating hospitals through the Emergency Room 
requiring an emergent/urgent EGS operative procedure were included 
in the study. For the sake of clarity, and in keeping with the definition 
currently accepted by scientific societies, EGS encompasses procedures 
that are performed either during the first 2 h after admission (which are 
specifically identified as emergent procedures in some settings), or be-
tween 2 h and 24 h from admission (commonly described as urgent 
procedures in some settings). It is important to note that the scope of 

EGS includes patients who arrive at the emergency department from 
outside the hospital and those who are already hospitalized (inpatients), 
and that a substantial proportion of patients with EGS are managed non- 
operatively [12]. Inpatients managed operatively, and patients managed 
non-operatively were excluded from the present study. 

All patients were managed according to the standard of care at each 
hospital, had to be older than 14 years –the cutoff set for pediatric pa-
tients in our country–, and had to stay in the hospital longer than 23 h. 
The EGS procedure was performed generally within 24 h from admis-
sion, and only a few patients had to wait longer due to diagnostic un-
certainty. Both laparoscopic and open operations were included. All 
procedures were performed under either general or regional anesthesia, 
and patients were followed for 30 days after surgery. 

2.4. Variables and data collection 

Preoperative variables included patient demographics, co- 
morbidities, vital signs, laboratory tests on admission, prior imaging 
studies, and any other diagnostic or therapeutic study performed 
(Table 1S, supplementary information). Intraoperative variables 
included blood loss, and the presence of intraperitoneal fluid and/or 
malignant lymph nodes; operative severity was graded as minor, mod-
erate, major and major plus (Table 2S, supplementary information). The 
surgical approach employed in each patient (laparoscopic vs. open) was 
recorded. Pathology confirmation was obtained when tissue resection 
was available for diagnosis. Postoperative events and clinical outcomes 
were recorded using the definitions of morbidity/complications set by 
POSSUM (Table 3S, supplementary information). 

The most frequent EGS diagnoses were grouped according to the 
ICD-10 (International Statistical Classification of Diseases and Related 
Health Problems, 10th Revision) as acute appendicitis, acute cholecys-
titis, incarcerated hernia, small bowel obstruction, perianal abscess, 
perforated viscera, acute diverticulitis, mesenteric ischemia, splenic 
rupture/multiple trauma, anal fissure/hemorrhoids, bleeding gastric/ 
duodenal lesion, and miscellaneous (Table 4S, supplementary informa-
tion). Local investigators collected center-specific data using a secure 
online data-entry management system, and anonymized data files were 
generated (Methods S, supplementary information). 

2.5. Exposure assessment 

Our main exposure was individual morbidity risk prediction. The 
criteria for the selection of patients to be included in the low-risk cohort 
was established before data collection began (Methods S, supplementary 
information). A morbidity prediction equal to or less than one third (i.e., 
33%) was chosen as it would encompass around 80% of all patients 
according to our previous study [13]. In support of this choice, a study 
from the ACS-NSQIP database identified that 80% of all EGS procedures 
were responsible for about 80% of deaths, complications, and costs 
(Methods S, supplementary information). National data indicated that up 
to 90% of EGS patients could be considered low risk and safely treated in 
low-volume hospitals (Methods S, supplementary information). Consid-
ering these data altogether, it seemed to us that 33% threshold would 
select a representative low-risk cohort of patients with adequate po-
tential to guide the implementation of measures that have a relevant 
impact on quality improvement. Two additional categories, which 
included patients with an individual morbidity risk prediction from 33% 
to 66%, and >66% were selected. 

2.6. Outcome definition 

Primary endpoint was the benchmark cutoffs for postoperative 
complications, use of laparoscopic approach, length of hospital stays, 
and actual 30-day mortality in a low-risk cohort of patients. Secondary 
endpoints were the impact of complications on hospital length of stay 
and 30-day mortality in the low-risk cohort, and the characteristics that 

Abbreviations 

EGS emergency general surgery 
AEC Spanish Association of Surgeons 
AUC area under the curve 
ROC receiver operating characteristic 
AIC Akaike information criterion 
PAF population attributable fraction 
IQR interquartile range  
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could account for worse outcomes in outlier centers. 

2.7. Statistical analysis 

To develop the risk prediction model, patients were grouped into a 
derivation cohort and a validation cohort (Methods S, supplementary 
information). The goodness of fit was evaluated using the Hosmer- 
Lemeshow test, and its discrimination power according to the area 
under the curve (AUC) of the receiver operating characteristic (ROC). 
Logistic regression and the Akaike Information Criterion (AIC) were 
used to build the best models to predict morbidity and mortality 
(Methods S, supplementary information). 

The proportion of low-risk patients respective to the total volume 
was calculated since it may better describe center performance. The 
median or the proportion for every indicator in each center was deter-
mined and the 75th percentile of all center-specific values for a given 
indicator was considered the benchmark cutoff [14,15]. 

To determine the independent association of each index complica-
tion and postoperative length of stay, the logarithmic transformation of 
length of stay was used as the dependent variable for the multivariate 
linear regression model, and the beta coefficient was adjusted for con-
founding factors (i.e., the three variables associated with morbidity). 
The beta coefficient indicates the degree of change in length of stay for 
every unit of change in the complication. 

The population attributable fraction (PAF) for each mortality- 
complication pair was estimated with the AF package in the R lan-
guage environment, which allows adjustment for confounding factors (i. 
e., the three variables associated with mortality). The PAF indicates the 
proportion of deaths that could be prevented if the complication were 
completely eliminated in the cohort [16]. 

In order to explore avenues for quality improvement, centers with 
specific outcomes (morbidity and mortality) above benchmark values 
were identified. Univariate and multivariate regression analysis was 
used to determine whether any of the variables of the patients attended 
in them, or the center characteristics could account for worse outcomes. 

Additional information of the statistical analysis is expanded in 
Methods S, supplementary information. All analyses were carried out 
using RStudio, version 1.2.5001 (The R Foundation for Statistical 
Computing). 

3. Results 

Complete information was obtained from all 7258 patients who were 
initially included in the study. Age (mean ± SD) was 51.1 ± 21.5 years, 
and 43.2% were female. Four diagnoses –acute appendicitis, acute 
cholecystitis, incarcerated inguinal, crural or incisional hernia, and 
small bowel obstruction or abdominal adhesions– encompassed 75% of 

the patients (Table 5S, supplementary information). During the 30 
postoperative days, 22.6% of patients developed at least one compli-
cation. Of the 3069 complications recorded, wound infection was the 
most frequent, followed by deep wound infection, renal failure, and 
respiratory failure (Table 5S, supplementary information). The median 
length of hospital stay was 3 days (IQR: 2–7). During the first 30 post-
operative days, 314 patients (4.1%) died. 

Table 1 
Final three Variables, and Coefficients used for Calculation of Morbidity and Mortality Risk Predictiona.  

Age (years) Actual value 
Serum urea, mg/dL (mmol/L) <45 (<7.5) 45–60 (7.5–10) >60–90 (>10–15) >90 (>15) 

Morbidity, C1 0 0.587 0.868 1.712 
Mortality, C3 0 0.397 1.476 2.316 

Operative severityb Minor Moderate Major or Major+
Morbidity, C2 0 0.401 1.755  
Mortality, C4 0 0.778 2.333  

SI conversion factor: To convert serum urea to mmol/L, divide values by 6. 
C1: Coefficient 1; C2: Coefficient 2; C3: Coefficient 3; C4: Coefficient 4. 
Equations. 
Morbidity Risk Prediction = e− 3.123 + 0.016 x Age + C1 (Serum urea) + C2 (Operative severity)/[e− 3.123 + 0.016 x Age +C1 (Serum urea) + C2 (Operative severity) + 1]. 
Mortality Risk Prediction = e− 7.849 + 0.04 x Age + C3 (Serum urea) + C4 (Operative severity)/[e− 7.849 + 0.04 x Age + C3 (Serum urea) + C4 (Operative severity) + 1]. 

a , A calculator is available at: www.cirugiahgua.com/lucentum.html. 
b , Minor procedures include hernia, pilonidal sinus, perianal abscess, and fissure-in-ano. Moderate procedures include appendectomy, open or laparoscopic cholecystectomy, 

hemorrhoidectomy, closure of wound dehiscence, lysis of adhesion. Major procedures include bowel resection, cholecystectomy with choledochotomy, partial gastrectomy, and 
complex lysis of adhesions, minor hepatic trauma, and splenectomy. Major + procedures include total gastrectomy, hepatectomy, rectal resection, esophagectomy, 
pancreatectomy. 

Fig. 1. The m-LUCENTUM calculator predicts 30-day morbidity and mortality 
in patients undergoing emergency general surgery. The example represents a 
56-year-old patient who, upon admission to the Emergency Department, has a 
serum urea between 7.5 and 10 mmol/L (between 45 and 60 mg/dL) and un-
dergoes a surgical procedure of moderate severity (which includes appendec-
tomy, open or laparoscopic cholecystectomy, hemorrhoidectomy, closure of 
wound dehiscence, or lysis of adhesion; see Table 1). According to the m- 
LUCENTUM calculator, the patient has a 30-day predicted morbidity of 22.5% 
and a 30-day predicted mortality of 1.2%. The m-LUCENTUM calculator is 
available at: www.cirugiahgua.com/lucentum.html. 

C. Villodre et al.                                                                                                                                                                                                                                 

Descargado para Anonymous User (n/a) en Valencian School of Health Studies de ClinicalKey.es por Elsevier en enero 24, 2022. Para uso 
personal exclusivamente. No se permiten otros usos sin autorización. Copyright ©2022. Elsevier Inc. Todos los derechos reservados.

http://www.cirugiahgua.com/lucentum.html
http://www.cirugiahgua.com/lucentum.html


InternationalJournalofSurgery97(2022)106168

4

Table 2 
Demographic characteristics and clinical outcomes according to expected risk of morbidity.   

Low-risk cohort 
Morbidity risk < 33% 

Medium-risk cohort 
Morbidity risk 33–66% 

High-risk cohort 
Morbidity risk > 66% 

P value 

Patient-specific 
Patients, n (% of total cases) 5639 (77.7) 1272 (17.5) 347 (4.8)  
Age, years, median (IQR) 46 (31–63) 72 (62–81) 80 (74–85) <.001 
Male/female (%) 56.7/43.3 57.2/42.8 57.3/42.7 .94 
Most frequent diagnosis, n (% of cohort cases)    <.001 
Acute appendicitis 2567 (45.5) 75 (5.9) 4 (1.2)  
Acute cholecystitis 1042 (18.5) 128 (10.1) 12 (3.5)  
Incarcerated inguinal, crural or incisional hernia 645 (11.4) 139 (10.9) 40 (11.5)  
Small bowel obstruction, abdominal adhesions 270 (4.8) 426 (33.5) 109 (31.4)  
Perineal and gluteal abscess 724 (12.8) 24 (1.9) 1 (0.3)  
Intestinal perforation, ulcer, peritonitis 177 (3.1) 217 (17.1) 76 (21.9)  
Acute diverticulitis 26 (0.5) 105 (8.3) 36 (10.4)  
Mesenteric ischemia 25 (0.4) 78 (6.1) 52 (15)  
Ruptured spleen 54 (1.0) 46 (3.6) 5 (1.4)  
Anal fissure, hemorrhoids 67 (1.2) 2 (0.2) 0  
Miscellaneous 39 (0.7) 15 (1.2) 3 (0.9)  
Upper gastrointestinal bleeding, ulcer 3 (0.1) 17 (1.3) 9 (2.6)  
Laparoscopic approach, n (% of utilization)a    <.001 
Acute appendicitis 1840 (71.7) 31 (41.3) 0  
Acute cholecystitis 888 (85.2) 77 (60.2) 0  
Small bowel obstruction, abdominal adhesions 39 (14.4) 26 (6.1) 4 (3.7)  
Intestinal perforation, ulcer, peritonitis 80 (45.2) 30 (13.8) 5 (6.6)  
Diverticulitis 11 (42.3) 7 (6.7) 3 (8.3)   

Center-specific b 

Laparoscopic approach, % utilization, median (IQR) 52.6 (40.9–60.7) 13.7 (8.1–18.4) 0 (0–0) <.001 
Acute appendicitis 74.1 (51.0–91.6) 0 (0–50.0) 0 (0–0) <.001 
Acute cholecystitis 83.0 (77.9–91.4) 60.0 (25–96.4) 0 (0–0) <.001 
Morbidity description, %, median (IQR)     
Anastomotic leak/dehiscence 0.49 (0–1.16) 5.41 (2.71–8.52) 6.7 (0–12.5) <.001 
Wound dehiscence 1.12 (0.46–1.65) 5.56 (4.09–7.64) 0 (0–8.38) <.001 
Cardiac failure 0.62 (0–1.35) 6.7 (3.04–11.11) 20 (1.92–33.33) <.001 
Fever/pyrexia of unknown origin 0 (0–1.15) 0 (0–4.71) 0 (0–0) <.001 
Wound hemorrhage 0.53 (0–1.15) 0 (0–3) 0 (0–0) <.001 
Deep wound hemorrhage 0.23 (0–0.89) 0 (0–1.89) 0 (0–0) <.001 
Hypotension 0.43 (0–1.47) 4.46 (0.57–11.78) 14.58 (0–32.81) <.001 
Wound infection 4.08 (2.08–6.31) 12.83 (8.96–18.78) 16.67 (0–25) <.001 
Deep wound infection 3.26 (2.16, 4.50) 7.28 (2.71–12.64) 0 (0–10.83) <.001 
Chest infection 0.86 (0.12–1.43) 7.48 (3.87–9.86) 14.29 (1.92–21.67) <.001 
Urinary tract infection 0 (0–0.71) 0 (0–4.5) 0 (0–5.36) <.001 
Renal failure 0.74 (0–1.46) 13.18 (6.39–17.66) 25 (10.28–33.33) <.001 
Respiratory failure 1.34 (0.52–1.80) 9.13 (5.14–14.29) 25 (13.85–38.33) <.001 
Septicemia 0.73 (0.41–1.29) 5 (2.32–8.82) 3.57 (0–19.17) <.001 
Deep vein thrombosis, pulmonary embolism 0 (0–0) 0 (0–0) 0 (0–0) <.001 
30-day outcomes, median (IQR)     
Patients with morbidity events, % 13.28 (8.9–17.7) 47.8 (40.2–53.5) 75 (56.7–83.4) <.001 
Hospital length of stay, days 3 (2–3) 9 (8–10) 12 (9–16) <.001 
Mortality, % 0.47 (0–1.1) 10.36 (6.3–14.7) 27.5 (20.6–48.0) <.001  

a , in relation to the number of patients with the corresponding diagnosis in the cohort. 
b , the median value for each indicator at each center was determined and used to calculate the median and interquartile range in the table. 
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3.1. Low-risk cohort 

To predict the risk of morbidity and mortality, two different equa-
tions that both included age as a continuous variable, and serum urea 
and operative severity as categorical were obtained (Methods S, 
Tables 6S–8S, and Figs. 2S–3S, supplementary information; and 
Table 1). The expected morbidity risk for each patient was determined 
with the m-LUCENTUM calculator at www.cirugiahgua.com/lucentum. 
html (Fig. 1). Patients were grouped into low- (<33%), medium- 
(33–66%), and high-risk (>66%) cohorts according to their specific 
expected morbidity risk (Methods S, supplementary information, and 
Table 2). The low-risk cohort included just over three-quarters of all 
patients (77.7%). 

The percentage of low-risk patients was similar in all participating 
centers (median 77.7%, IQR 73.9–80.5) (Fig. 4S, supplementary infor-
mation), and no significant correlation was found between the number 
of low-risk patients in each participating center and the percentage of 

these patients who presented any complication during the 30-day 
postoperative period (Pearson’s correlation: − 0.23; P = .17) (Fig. 5S, 
supplementary information). The median age of the patients was 46 
years (IQR 31–63) in the low-risk cohort, and the proportion of females 
was similar to the entire cohort (Table 2). The majority of patients with 
appendicitis and cholecystitis in the study belonged to the low-risk 
cohort. Moreover, appendicitis and cholecystitis together accounted 
for 64% of diagnoses in the low-risk cohort (Table 2). Furthermore, the 
use of the laparoscopic approach in patients with appendicitis (71.7%) 
and cholecystitis (85.2%) was high in the low-risk cohort (Table 2; and 
Methods S, supplementary information). 

The median center-specific utilization of laparoscopic approach in 
the low-risk cohort was 52.6% (IQR 40.9–60.7) overall. It climbed to 
74.1% (IQR 51.0–91.6) for acute appendicitis, and to 83.0% (IQR 
77.9–91.4) for cholecystitis (Table 2). The median postoperative out-
comes by centers were: 30-day morbidity 13.28% (IQR 8.9–17.7), length 
of hospital stay 3 days (IQR 2–3), and 30-day mortality 0.47% (IQR 
0–1.1) (Table 2; and Methods S, supplementary information). 

3.2. Benchmark cutoff values 

The 75% percentile was chosen as the cutoff level to define the 
benchmark values in low-risk patients (Table 3). Based on this, centers 
should use the laparoscopic approach in at least 40.9% of all low-risk 
patients, and in at least 51% and 77.9% of low-risk patients with 
appendicitis or cholecystitis, respectively. The cutoff value for each 
specific complication is shown in Table 3. In low-risk patients, morbidity 
should not exceed 17.7%, hospital stay should be 3 days or less, and 
mortality should not exceed 1.1%. (Table 3). 

3.3. Impact of complications on outcome 

All but one complication led to a significant increase in length of 
hospital stay for low-risk patients (Table 4), although the impact was the 
greatest in patients with septicemia (21 days; beta coefficient 16.8; 95% 
CI 15.3 to 18.3; P < .001), respiratory failure (18 days; beta coefficient 
16.5; 95 CI 15.2 to 17.7; P < .001), or anastomotic leak/dehiscence (17 
days; beta coefficient 15.7; 95% CI 13.8 to 17.6; P < .001). 

Based on their relative risk, all but two complications were signifi-
cantly associated with mortality in low-risk patients (Table 5). However, 
when analyzing the risk-adjusted PAFs for each complication-mortality 
pair, the complete elimination of only five of these complications would 
achieve a significant anticipated decrease in 30-day mortality in low-risk 
patients: respiratory failure by 44.6% (95% CI 29.6 to 59.6; P < .001), 
renal failure by 33.6% (95% CI 16.6 to 50.6; P < .001), hypotension by 
31.6% (95% CI: 14.3 to 49.0; P < .001), cardiac failure by 29.5% (95% 
CI 11.6 to 47.5; P = .001), and septicemia by 27.2% (95% CI 8.7 to 45.8; 
P = .004). 

3.4. Factors associated with worse outcome 

Twenty-five percent of centers were classified as outlier based on 
their morbidity or mortality figures higher than the respective bench-
mark cutoffs in the low-risk cohort (Fig. 6S, supplementary informa-
tion). Several variables dependent on comorbidities (i.e., dyspnea on 
exertion, higher blood pressure, higher potassium level), others linked 
to intraoperative findings (i.e., presence of serous fluid; free intestinal 
content, pus or blood), or to a structural characteristic of the center 
(more hospital beds) were significantly, but weakly associated with 
higher morbidity in outlier centers (Table 9S, supplementary informa-
tion). However, the most robust associations were found with factors 
dependent on the surgical procedure itself, and which can be modified 
by surgeons. In this regard, less use of laparoscopy (odds ratio 0.764, 
95% CI 0.678 to 0.861; P < .001), and greater intraoperative blood loss 
(101–500 mL: odds ratio 2.699, 95% CI 2.152 to 3.380; P < .001), 
(500–1000 mL: odds ratio 2.875, 95% CI 1.403 to 5.858; P = .013) was 

Table 3 
Benchmark Cutoff Values obtained from the Low-risk Cohort.   

Cutoff Value 

Laparoscopic approach, % utilization ≥40.9 
Acute appendicitis ≥51.0 
Acute cholecystitis ≥77.9 

Morbidity description, % 
Anastomotic leak/dehiscence ≤1.16 
Wound dehiscence ≤1.65 
Cardiac failure ≤1.35 
Fever/pyrexia of unknown origin ≤1.15 
Wound hemorrhage ≤1.15 
Deep wound hemorrhage ≤0.89 
Hypotension ≤1.47 
Wound infection ≤6.31 
Deep wound infection ≤4.50 
Chest infection ≤1.43 
Urinary tract infection ≤0.71 
Renal failure ≤1.46 
Respiratory failure ≤1.80 
Septicemia ≤1.29 
Deep vein thrombosis, pulmonary embolism 0 

30-day Morbidity and Mortality 
Patients with morbidity events, % ≤17.7 
Hospital length of stay, days ≤3 
Mortality, % ≤1.1  

Table 4 
Independent association between each complication and median length of 
hospital stay in the low-risk cohort.  

Postoperative complication Length of 
hospital stay 
(days) 

Adjusted beta 
coefficient (95% CI)a 

P 

Anastomotic leak/ 
dehiscence 

17 15.7 (13.8–17.6) <.001 

Wound dehiscence 9 12.5 (11.2–13.8) <.001 
Cardiac failure 13 10.4 (8.7–12.0) <.001 
Fever/pyrexia of unknown 

origin 
7 4.3 (2.9–5.6) <.001 

Wound hemorrhage 6 5.0 (3.0–6.9) <.001 
Deep wound hemorrhage 12.5 6.3 (4.0–8.6) <.001 
Hypotension 14.5 15.8 (14.4–17.3) <.001 
Wound infection 7 7.5 (6.8–8.3) <.001 
Deep wound infection 9 8.0 (7.2–8.8) <.001 
Chest infection 14 12.5 (11.1–13.9) <.001 
Urinary tract infection 13 10.3 (8.1–12.5) <.001 
Renal failure 12 13.1 (11.7–14.5) <.001 
Respiratory failure 18 16.5 (15.2–17.7) <.001 
Septicemia 21 16.8 (15.3–18.3) <.001 
Deep vein thrombosis, 

pulmonary embolism 
7 0.3 (− 4.4 – 3.9) 0.90  

a , adjusted for the three variables included in the mortality prediction model: age, 
serum urea, and operative severity). 
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associated with increased morbidity in outlier centers (Table 9S, sup-
plementary information). 

By definition, mortality in low-risk patients should be low. This 
would explain the significant but weak association of several variables 
(i.e., dyspnea on exertion, lower serum urea, higher potassium, presence 
of serous fluid or local pus, more hospital beds, prolonged hospital stays) 
with mortality in outlier centers (Table 10S, supplementary 
information). 

4. Discussion 

Our study is a reflection of 30-day morbidity and mortality in a 
prospective, clinically-derived, multicenter cohort of consecutive pa-
tients undergoing EGS procedures for a set period of time. In our series, 
30-day morbidity was 22.6%, and 30-day mortality was 4.1%. Com-
parison with other series is difficult since case mix varies widely be-
tween studies according to the specific selection of patients. As an 
example, in patients collected during 2007–2016 in the ACS-NSQIP 
database, 30-day morbidity ranged from 14.4% to 38.0, [17–19] and 
30-day mortality ranged from 1.2 to 8.7% [17,18,20]. 

A recent study from the ACS-NSQIP database showed that post-
operative renal failure was independently associated with increased 
morbidity and mortality, and longer length of hospital stay in patients 
without pre-existing renal dysfunction who underwent EGS [21]. Acute 
renal injury is a health problem that affects millions of people world-
wide. Its prevention and management have become a priority of the 
International Society of Nephrology with the aim of reaching zero pre-
ventable deaths by 2025 [22]. A key element in this strategy is the 
availability of inexpensive diagnostic tests, such as serum urea and 
serum creatinine, at points of care. The wide implementation of its 
measurement in search of a better quality of life around the world can, in 
turn, facilitate the prediction of morbidity and mortality of EGS in low- 
and middle-income countries. Readily available algorithms that offer 
reliable risk prediction using simple variables, easy to obtain at the point 
of care, are helpful [23]. m-LUCENTUM, with just three simple variables 
(age, serum urea, and operative severity), can facilitate prediction of risk 
in any setting –operative severity is generally known in advance. The 
calculator is now available online at www.cirugiahgua.com/lucentum. 
html. 

In a recent position paper [7], the World Society for Emergency 
Surgery expressed the urgent need for shared benchmarks to improve 
education and training in EGS around the world, particularly in 
low-resource settings. Benchmarks are of great help to optimize pro-
cesses and improve outcomes, particularly in a changing scenario where 
countries evolve towards the implementation of new acute care models 
based on organizational and economic priorities. Collection of reliable 
and easy-to-obtain data, evaluation of outcomes, and monitoring the 
effectiveness of improvement measures through benchmarking are key 
elements to optimize the quality of surgical care in hospitals with few 
resources, even in developed countries [24]. In the present study, we 
have adhered to the definition of benchmarking as the procedure to 
establish the best possible outcome in a specific health care process [15]. 
We selected a low-risk cohort that nonetheless harbored both a large 
number of patients and enough postoperative complications with po-
tential for improvement. 

A survey carried out in more than 200 centers in Italy in 2014, 
showed that abdominal emergencies were approached by laparoscopy in 
30.3% of patients [25]. In our low-risk cohort, the benchmark for all 
procedures was 40.9%. The present study was not designed with the aim 
of obtaining data to identify causes of insufficient use of laparoscopy for 
appendicitis and cholecystitis in some centers. However, our data show 
that the median use of the center-specific laparoscopic approach was 
74.1% for appendicitis (IQR 51.0–91.6) and 83.0% for cholecystitis (IQR 
77.9–91.4). These data indicate that some centers exceeded 90% use of 
laparoscopy in both conditions. Additional data from the present study 
identify that lower use of laparoscopy was associated with higher Ta
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morbidity in outlier centers. Therefore, the greater use of laparoscopy 
seems a desirable goal, and the results of the present study become a 
wake-up call for outlier centers to modify their protocols and seek to 
increase the use of laparoscopy. 

As applied in our analysis, the beta coefficient indicates the degree of 
change in length of stay for every unit of change in the complication. 
Septicemia, respiratory failure, and anastomotic leak/dehiscence had 
the greatest impact on increasing hospital stay in the low-risk cohort. 
According to these findings, strategies to lower costs associated with 
prolonged stays will most benefit from the prevention of infection, the 
avoidance of respiratory complications, and a meticulous surgical 
technique in performing the digestive tract anastomoses. 

The population attributable fraction indicates the proportion of 
deaths that could be prevented if a given complication were completely 
eliminated. According to the analysis of the adjusted population 
attributable fraction in our low-risk cohort, medical complications, but 
not those of a surgical nature, had a significant impact on mortality. 
Elimination of respiratory failure, renal failure, hypotension, heart 
failure, and septicemia would have dramatically reduced patient mor-
tality in the low-risk cohort. Therefore, efforts to reduce failure-to- 
rescue in this environment should be aimed at preventing and avoid-
ing these medical complications. 

The proportion of low-risk patients was similar in all centers and no 
correlation was found between this proportion and the percentage of 
complicated patients in each center. Therefore, the worse outcomes of 
outlier centers cannot be explained by differences in case mix. However, 
two variables clearly dependent on the surgical action, such as the low 
percentage of use of the laparoscopic approach and the greater intra-
operative blood losses, showed a robust association with increased 
morbidity in the outlier centers. 

A simple tool to predict the risk of morbidity and mortality in EGS 
may be useful in resource-poor settings of low- or middle-income 
countries, as well as in hospital settings far from major cities in devel-
oped countries. Having the estimated risk of complications in advance 
can help to adequately inform patients based on their age, kidney 
function, and the complexity of the procedure. In addition, predicting 
the appearance of complications can facilitate the implementation of 
preventive measures. Based on the impact of complications on hospital 
stay and mortality, campaigns can be promoted to mitigate both adverse 
events. All this aimed at developing programs that promote quality 
improvement. 

The study was designed to take a long snapshot of a very complex 
process such as EGS. It was limited to one country but its design can be 
applied in the future to a larger geographic area with different organi-
zational models of EGS, and include high-, middle- and low-income 
countries. Complications were not graded according to the Clavien- 
Dindo classification, neither readmission or reinterventions were eval-
uated. The calculator, which requires entry of age, serum urea, and 
operative severity scores, is easy to use anytime, anywhere, and could be 
incorporated into the informed consent since operative severity is usu-
ally known in advance. However, this feature has not been studied and 
requires further investigation. 

5. Conclusions 

The simplicity of the risk-prediction tool is attractive for an envi-
ronment with a high healthcare burden such as EGS, and suitable for its 
implementation in both low- and high-resource settings. The study 
provides outcome data adjusted to the individual risk of EGS patients, 
and focuses benchmarking on a large and relevant group of low-risk 
patients that offers the centers room for improvement. 
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Manuel Soto-Martínez, Mr. Javier Santamaría, and Mr. Manuel Arnau- 
Sabatés for their invaluable contribution to the project, and appreciate 
the vision, commitment, work and trust that they contributed to make 
the study possible. 

C. Villodre et al.                                                                                                                                                                                                                                 

Descargado para Anonymous User (n/a) en Valencian School of Health Studies de ClinicalKey.es por Elsevier en enero 24, 2022. Para uso 
personal exclusivamente. No se permiten otros usos sin autorización. Copyright ©2022. Elsevier Inc. Todos los derechos reservados.

http://www.researchregistry.com/
https://www.researchregistry.com/browse-the-registry#home/registrationdetails/6128f5300e76e8001e3d2f56
https://www.researchregistry.com/browse-the-registry#home/registrationdetails/6128f5300e76e8001e3d2f56
https://www.researchregistry.com/browse-the-registry#home/registrationdetails/6128f5300e76e8001e3d2f56


International Journal of Surgery 97 (2022) 106168

8

Appendix A. Supplementary data 

Supplementary data to this article can be found online at https://doi. 
org/10.1016/j.ijsu.2021.106168. 

References 

[1] B. Stewart, P. Khanduri, C. McCord, et al., Global disease burden of conditions 
requiring emergency surgery, Br. J. Surg. 101 (1) (2014) 9–22, https://doi.org/ 
10.1002/bjs.9329. 

[2] M.C. Hernandez, F. Madbak, K. Parikh, M. Crandall, GI surgical emergencies: scope 
and burden of disease, J. Gastrointest. Surg. 23 (4) (2019) 827–836, https://doi. 
org/10.1007/s11605-018-3992-6. 

[3] A. Ettorchi -Tardy, M. Levif, P. Michel, Benchmarking: a method for continuous 
quality improvement in health, Healthc. Policy 7 (4) (2012) 101–119, https://doi. 
org/10.12927/hcpol.2012.22872. 

[4] A.A. Shah, A.H. Haider, C.K. Zogg, et al., National estimates of predictors of 
outcomes for emergency general surgery, J. Trauma Acute Care Surg. 78 (3) (2015) 
482–491, https://doi.org/10.1097/TA.0000000000000555. 

[5] H.G. Lyu, P. Najjar, J.M. Havens, Past, present, and future of emergency general 
surgery in the USA, Acute Med. Surg. 5 (2) (2018) 119–122, https://doi.org/ 
10.1002/ams2.327. 

[6] D. Bertsimas, J. Dunn, G.C. Velmahos, H.M.A. Kaafarani, Surgical risk is not linear: 
derivation and validation of a novel, user-friendly, and machine-learning-based 
predictive OpTimal trees in emergency surgery risk (POTTER) calculator, Ann. 
Surg. 268 (4) (2018) 574–583, https://doi.org/10.1097/SLA.0000000000002956. 

[7] F. Coccolini, Y. Kluger, L. Ansaloni, et al., WSES worldwide emergency general 
surgery formation and evaluation project, World J. Emerg. Surg. 13 (1) (2018) 1–4, 
https://doi.org/10.1186/s13017-018-0174-5. 

[8] G.O. Ogola, M.L. Crandall, S. Shafi, Variations in outcomes of emergency general 
surgery patients across hospitals: a call to establish emergency general surgery 
quality improvement program, J. Trauma Acute Care Surg. 84 (2) (2018) 280–286, 
https://doi.org/10.1097/TA.0000000000001755. 

[9] M.G. Paul, The public health crisis in emergency general surgery: who will pay the 
price and bear the burden? JAMA Surg. 151 (6) (2016) 2016, https://doi.org/ 
10.1001/jamasurg.2016.0640. 

[10] R.T. Spence, J.L. Mueller, D.C. Chang, A novel approach to global benchmarking of 
risk-adjusted surgical outcomes: beyond perioperative mortality rate, JAMA Surg. 
151 (6) (2016) 501–502, https://doi.org/10.1001/jamasurg.2016.0091. 

[11] R. Agha, A. Abdall-Razak, E. Crossley, N. Dowlut, C. Iosifidis, G. Mathew, STROCSS 
2019 Guideline: Strengthening the reporting of cohort studies in surgery, Int. J. 
Surg. 72 (November) (2019) 156–165, https://doi.org/10.1016/j. 
ijsu.2019.11.002. 

[12] M.W. Wandling, C.Y. Ko, P.E. Bankey, et al., Expanding the scope of quality 
measurement in surgery to include nonoperative care: results from the American 

College of Surgeons National Surgical Quality Improvement Program emergency 
general surgery pilot, J. Trauma Acute Care Surg. 83 (5) (2017) 837–844, https:// 
doi.org/10.1097/TA.0000000000001670. 

[13] C. Villodre, P. Rebasa, J.L. Estrada, et al., aLicante sUrgical Community 
Emergencies New Tool for the enUmeration of Morbidities: a simplified auditing 
tool for community-acquired gastrointestinal surgical emergencies, Am. J. Surg. 
212 (5) (2016) 917–926, https://doi.org/10.1016/j.amjsurg.2016.01.041. 

[14] F. Rössler, G. Sapisochin, G.W. Song, et al., Defining benchmarks for major liver 
surgery: a multicenter analysis of 5202 living liver donors, Ann. Surg. 264 (3) 
(2016) 492–499, https://doi.org/10.1097/SLA.0000000000001849. 

[15] R.D. Staiger, H. Schwandt, M.A. Puhan, P.A. Clavien, Improving surgical outcomes 
through benchmarking, Br. J. Surg. 106 (1) (2019) 59–64, https://doi.org/ 
10.1002/bjs.10976. 

[16] M.A. Mansournia, D.G. Altman, Population attributable fraction, BMJ 360 
(February) (2018) 2–3, https://doi.org/10.1136/bmj.k757. 

[17] J.E. Scarborough, J. Schumacher, T.N. Pappas, et al., Which complications matter 
most? Prioritizing quality improvement in emergency general surgery, J. Am. Coll. 
Surg. 222 (2016) 515–524, https://doi.org/10.1016/j.jamcollsurg.2015.12.038. 

[18] J.W. Scott, O.A. Olufajo, G.A. Brat, et al., Use of national burden to define 
operative emergency general surgery, JAMA Surg. 151 (6) (2016) 1–8, https://doi. 
org/10.1001/jamasurg.2016.0480. 

[19] A.R. Nandan, J.D. Bohnen, N.F. Sangji, et al., The Emergency Surgery Score (ESS) 
accurately predicts the occurrence of postoperative complications in emergency 
surgery patients, J. Trauma Acute Care Surg. 83 (1) (2017) 84–89, https://doi.org/ 
10.1097/TA.0000000000001500. 

[20] N.F. Sangji, J.D. Bohnen, E.P. Ramly, et al., Derivation and validation of a novel 
emergency surgery acuity score (ESAS), J. Trauma Acute Care Surg. 81 (2) (2016) 
213–220, https://doi.org/10.1097/TA.0000000000001059. 

[21] Y. Sanaiha, B. Kavianpour, V. Dobaria, et al., Acute kidney injury is independently 
associated with mortality and resource use after emergency general surgery 
operations, Surgery 167 (2) (2020) 328–334, https://doi.org/10.1016/j. 
surg.2019.07.035. 
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