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Abstract 

 Introduction 

Emergency laparotomy carries a high risk of death, with a 30-day mortality rate of 10–

15%, especially in patients over 70. Risk prediction tools such as the National Emergency 

Laparotomy Audit (NELA), ACS National Surgical Quality Improvement Program (ACS-

NSQIP), and Surgical Outcome Risk Tool (SORT) are widely used internationally to guide 

perioperative care. Their implementation has improved outcomes, yet they remain underutilized 

in Eastern Europe. This retrospective cohort study aims to compare observed 30-day mortality 

with predictions generated by these tools in Romanian surgical patients. 

 Methods 

Adult patients (≥18 years) who underwent emergency laparotomy between January 1, 

2022, and December 31, 2023, across six Romanian hospitals (including two tertiary care centers) 

were included. Preoperative risk scores (NELA, ACS-NSQIP, and SORT) will be calculated and 

compared to actual 30-day postoperative mortality. Statistical analyses will be performed using 

GraphPad Prism version 10.4.1. 

 Expected Results 

A pilot study on 207 patients at a tertiary center in northeastern Romania showed a 30-

day mortality rate of  31.4%, with 15.5% among patients under 70 years of age and 45.6% among 

those aged 70 years and above, significantly higher than predicted by both NELA and ACS-

NSQIP. Although the scores correlated positively, they underestimated actual mortality. SORT 

was not assessed. The ongoing study will include 1512 patients with similar demographics: mean 

age ~65, predominantly male, with high ASA scores, frailty, and comorbidities.  

Expected Conclusions  

 Initial findings indicate that NELA and ACS-NSQIP underestimate 30-day mortality in 

Romanian patients undergoing emergency laparotomy. These risk tools may require local 

recalibration to ensure accurate prognostication in this population.   
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Title 

1. Type of Study 
 This will be a multicenter, retrospective, longitudinal cohort study including all patients 

aged over 18 years who underwent emergency laparotomy or laparoscopy over a two-year period, 

from 00:00 on January 1, 2022, to 23:59 on December 31, 2023. Inclusion will be based on the 

NELA eligibility criteria, across six hospitals, two of which are tertiary referral centers (Table 1: 

NELA inclusion and exclusion criteria) 1 

 

Introduction 
2. Rationale 

Context and Epidemiology 

 Emergency laparotomy is a major surgical procedure where the abdominal cavity is opened 

through a incision of the abdominal wall to provide unrestricted access to the peritoneal cavity 

for exploration or treatment 2. 

 The historical origins of emergency laparotomy date back to the 17th century, and the 

procedure has undergone continuous refinement ever since 3. The current 30-day mortality 

following emergency laparotomy is estimated between 10% and 15%, with a significant increase 

in mortality after the age of 70, reaching as high as 49% at 180 days postoperatively in patients 

aged over 85 4.  

 Despite a global downward trend in mortality rates, emergency laparotomy remains a 

major concern across healthcare systems worldwide. For example, in the United Kingdom (UK), 

the 30-day mortality rate following emergency laparotomy was 14.8% in 2013 and steadily 

decreased to 8.7% by 2021 5.  

 A study conducted in 2022 reported an observed 30-day mortality of 9.74% in the general 

population and 13.96% in patients aged ≥70 years. In the same study, the NELA-predicted 

mortality was 9.8% overall and 14.01% in the elderly subgroup 6. 

 In 2024, a comparative analysis assessed the 30-day mortality predictive accuracy of 

NELA and ACS-NSQIP scores. The study demonstrated that the NELA score offered superior 

prediction accuracy, particularly in patients aged under 70 7. 

 Across Europe, 30-day postoperative mortality remains substantial. In Sweden, it was 

reported at approximately 14.2% in 2021 8, while Denmark recorded a rate of 16.7% in 2020 9. 

In Greece, 30-day mortality was assessed at 16.3% in a study conducted between 2019 and 2020 
10. 

 In the United States, the mortality rate shows a similar declining trend. For example, a 

2017 study in New York found a 30-day postoperative mortality of 6.9% 11, while a single-centre 

study in Detroit reported a comparable figure of 6.8% 12.  

 

 

 Mortality prediction scores 

 The ability to predict postoperative mortality is critically important and facilitates 

multidisciplinary decision-making, resource allocation, and communication with the patient 13. 

Since the introduction of the ASA (American Society of Anaesthesiologists) score in 1941, 
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continuous efforts have been made to develop an ideal mortality prediction tool with high 

accuracy—efforts that persist to this day. In order to ensure the validity and applicability of any 

newly developed clinical score, it must undergo rigorous evaluation and validation through 

large-scale, multicentre studies encompassing a variety of surgical procedures. Such research is 

essential to confirm the robustness and relevance of the tool in diverse clinical settings and 

patient populations 14. 

 To better understand operative risk and to anticipate postoperative mortality—especially 

in the context of emergency laparotomy—several clinical prediction scores have been developed 

and validated. Among these, three stand out due to their widespread use and international 

validation: the National Emergency Laparotomy Audit (NELA) score, the American College of 

Surgeons National Surgical Quality Improvement Program (ACS-NSQIP), and the Surgical 

Outcome Risk Tool (SORT). All three offer estimates of mortality and postoperative 

complication risks, thus aiding informed clinical decision-making and improving the quality of 

surgical care. However, the use and interpretation of these tools must be approached with 

caution, as they are known to present certain limitations, including the tendency to 

underestimate—or in some cases overestimate—the actual risk of death or postoperative 

complications 15-17. In elderly populations (≥65–70 years) undergoing emergency laparotomy, 

approximately 20–50% present with frailty, which is associated with significantly increased 

risks of short-term (30–90 days) postoperative mortality, complications, and prolonged hospital 

and intensive care unit (ICU) stays 18. 

 NELA is a national audit programme implemented in the UK across 180 National Health 

Service (NHS) hospitals, evaluating the quality of care provided to patients undergoing 

emergency laparotomy. Established in 2012, the programme has been successful in reducing 

30-day mortality from 11.8% in its first year to 9.2% in 2024, as well as reducing average 

hospital length of stay from 19.2 to 15.1 days 19. The score has undergone internal validation in 

England and Wales across 186 NHS hospitals for patients undergoing emergency laparotomy 

between 2013 and 2015, as well as external validation 6. It has subsequently been validated in 

international studies, demonstrating excellent discriminative performance, with ROC curve 

AUC values of 0.892 in Australia 20 and 0.85 in cohorts from New Zealand and Denmark 21. A 

total of 43 566 patients were included in these validation studies, providing robust support for 

the predictive validity of the NELA score 22. The most recent report—the ninth—published in 

October 2024 for the 2021–2023 period, includes 27 863 patients, with a cumulative total of 

approximately 224 921 patients enrolled in the database since 2013 23, making it the largest 

global database of emergency laparotomy patients. 

 ACS-NSQIP is an outcome-based, nationally validated programme created to measure 

and improve the quality of surgical care. Initially developed within the Veterans Affairs (VA) 

hospital system to assess surgical performance, NSQIP was successfully piloted in 14 hospitals 

between 2001 and 2004. From 2005 onwards, the American College of Surgeons expanded the 

programme to include non-VA hospitals, becoming an independent initiative 24. The programme 

has since grown rapidly and now includes approximately 700 participating hospitals in 49 of the 

50 United States, as well as 150 hospitals across 18 other countries 25. Since 2013, ACS-NSQIP 

has published semi-annual reports using the full dataset to objectively evaluate surgical quality 

and identify areas requiring improvement 25.  
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 The SORT score was developed in the UK by the National Confidential Enquiry into 

Patient Outcome and Death (NCEPOD) team, based on a sample of 19 097 patients who 

underwent non-cardiac surgery in 2014. This tool aims to estimate 30-day postoperative 

mortality using a simplified model based on six preoperative variables. During internal 

validation, SORT demonstrated excellent discriminative power, with an AUC of 0.91 26. The 

updated version, SORT v2, incorporates the clinician's subjective risk assessment into the 

algorithm, providing superior predictive accuracy compared to the original model, with reported 

AUC values of at least 0.92. External validations conducted across varied geographical and 

clinical contexts confirmed the robustness of the model, including in high-complexity surgical 

settings. However, a tendency to underestimate mortality, particularly in high-risk patients, 

remains a recognised limitation 27. An external validation conducted in five independent 

hospitals in the UK included 3 305 patients undergoing major abdominal surgery. SORT 

maintained a high discriminative capacity (AUC = 0.899), though again a trend toward 

underestimation of actual mortality was noted in high-risk patients 28. Outside the UK, SORT 

has been validated in Sweden, where it showed acceptable discrimination (AUC = 0.79) 29 and 

in Greece, where it demonstrated remarkable predictive performance with an AUC of 0.98 in a 

cohort of patients with complex oncological pathology 30.  

 NELA, ACS-NSQIP, and SORT all rely on the input of standardised clinical, 

demographic, and paraclinical variables to provide personalised risk estimates for postoperative 

death and, in the case of ACS-NSQIP, major complications, physical decline, and discharge to 

rehabilitation facilities 31-33. 

 The NELA calculator is available online at https://data.nela.org.uk/riskcalculator and is 

intended exclusively for patients undergoing emergency laparotomy. It incorporates variables 

such as patient age and sex, preoperative physiological parameters (e.g., Glasgow Coma Scale, 

heart rate, systolic blood pressure, white blood cell count, serum lactate, and albumin levels), 

ASA score, presence of malignancy or dyspnea, as well as intraoperative factors such as 

peritoneal contamination, urgency grade of the intervention, and operative indication. Based on 

these data, the calculator estimates a 30-day postoperative mortality risk 31. An original version 

of the calculator is available in Appendix 1. Since 2024, a simplified version known as 

Parsimonious NELA Risk Calculator has been introduced, using a reduced set of variables while 

maintaining high predictive accuracy. This version is also accessible via the official NELA 

platform and is particularly useful in resource-limited clinical settings 31.  

 The ACS-NSQIP calculator, available at https://riskcalculator.facs.org/RiskCalculator, 

was developed by the American College of Surgeons and applies to a broad range of surgical 

procedures, including emergency operations. It is based on data collected from a large network 

of healthcare institutions, including over 700 hospitals in 49 US states and more than 150 

international hospitals across 18 countries 25. The prediction model uses a validated risk-

adjustment algorithm incorporating variables such as sex, age, weight, height, body mass index 

(BMI), functional status, comorbidities, and clinically relevant risk factors. These include 

diabetes, hypertension, heart failure, chronic obstructive pulmonary disease (COPD), dialysis, 

disseminated cancer, active smoking, chronic steroid use, sepsis, and mechanical ventilation 

requirement. The calculator also includes the ASA score, whether the intervention is elective or 

emergency, and the specific surgical procedure selected from a coded list. Upon completion, 

https://data.nela.org.uk/riskcalculator
https://riskcalculator.facs.org/RiskCalculator
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ACS-NSQIP provides not only a predicted mortality percentage, but also detailed estimates of 

various postoperative complications including cardiac and pulmonary events, surgical site 

infections, postoperative ileus, anastomotic leaks, reoperations, sepsis, and readmissions 32. See 

Appendix 2 for the original format of the calculator. 

 The SORT calculator is used preoperatively to estimate 30-day mortality risk following 

non-cardiac surgery and is available at https://www.sortsurgery.com. Designed for quick and 

easy clinical use, it relies on a small number of relevant clinical variables to support medical 

decision-making and the informed consent process. The original version (SORT v1) uses six 

preoperative variables: age, ASA score, presence of active malignancy, urgency grade of 

surgery, surgical specialty, and procedure severity 26. These are entered into an algorithm that 

generates an estimated 30-day mortality percentage 33. The updated version, SORT v2, includes 

a seventh variable—subjective clinical risk estimation by the treating physician—enhancing the 

personalised assessment of surgical risk 30. This model is clinically validated and useful for risk 

stratification, perioperative resource allocation, and patient communication 26, 28, 29. See 

Appendix 3 for the original version of the calculator. 

 

 Pilot study 

 Given the multiple benefits reported in the international literature regarding the use of 

postoperative mortality prediction scores in emergency laparotomy, a pilot study was initiated. 

This retrospective, observational cohort study was conducted at a single tertiary centre in 

northeastern Romania. The study included all adult patients who underwent emergency 

laparotomy between 00:00 on 1 December 2017 and 23:59 on 30 November 2019. Patient 

selection was carried out in accordance with the inclusion and exclusion criteria defined by the 

NELA audit 34. 

 The primary objective of this initiative was to evaluate the accuracy of the NELA and 

ACS-NSQIP scores in predicting 30-day mortality in the specific context of a Romanian patient 

population. The study also aimed to assess the feasibility of a larger-scale study with sufficient 

statistical power to validate these tools within Romania. Data were collected retrospectively 

from patient records, hospital IT systems, and, when necessary, by confirming deaths with 

relatives, general practitioners, or hospital registries. For each patient, preoperative NELA and 

ACS-NSQIP scores were calculated using the official online calculators 34.  

 The pilot study observed an actual 30-day postoperative mortality rate of 31.4%, 

significantly above the global average of 10–15%. Both the NELA and ACS-NSQIP scores were 

calculated and showed a strong positive correlation with each other (R² = 0.88, p < 0.0001) and 

a significant positive correlation with actual mortality: R² = 0.33 (p < 0.0001) for NELA and R² 

= 0.41 (p < 0.0001) for ACS-NSQIP. Observed 30-day mortality was 15.5% among patients 

under 70 years of age and 45.6% among those aged 70 years and above. Within the same cohort, 

the NELA score estimated a mean mortality of 6.7% for patients under 70 and 27% for those 

aged ≥70. The ACS-NSQIP score predicted mortality rates of 8.1% and 27.9% for the two 

subgroups, respectively. Cumulative mortality in the cohort reached 35.6% at six months 

postoperatively—19.6% for patients under 70 and 59.2% for those aged ≥70. At one year, 

mortality rose to 38.2% (21.8% <70 years vs. 63% ≥70 years), reaching 42.3% at two years 

(25.6% <70 years vs. 67.1% ≥70 years). At three years, cumulative mortality was 42.8% (25.6% 

vs. 68.4%), at four years 44.8% (27.5% vs. 70.2%), and at five years it reached 51.2%, of which 

35.2% were patients under 70 years and 74.3% were aged 70 or over. Although both predictive 

https://www.sortsurgery.com/
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scores demonstrated a strong correlation with observed 30-day mortality, the results clearly 

indicated that they systematically underestimated the actual mortality rate in this Romanian 

cohort 34. 

 

 The Ten Most Common Surgical Procedures Performed in Emergency Laparotomy 

 Emergency laparotomy does not represent a single, uniform procedure but rather 

constitutes a heterogeneous surgical category that encompasses a wide array of interventions 

performed in the acute setting. These procedures share the common requirement of gaining 

access to the entire peritoneal cavity. As such, emergency laparotomy functions as an 

umbrella concept that includes procedures ranging from suturing perforated ulcers and 

extensive bowel resections to peritoneal lavage, haemorrhage control, or the management of 

postoperative complications. This heterogeneity is reflected not only in the diversity of 

therapeutic indications but also in the varying degrees of operative complexity, individual 

patient prognosis, and associated perioperative risk 35. Such variability justifies the 

implementation of clinically validated preoperative risk stratification tools, which support 

multidisciplinary decision-making, optimise perioperative care, and facilitate communication 

with patients and/or their families. 

 Following the pilot study, a descriptive analysis was conducted to identify the ten most 

frequently performed emergency laparotomy procedures. The Romanian medical literature 

lacks systematised data regarding procedure-specific postoperative mortality. Nevertheless, due 

to the limited number of cases per individual procedure in the pilot study, it was not feasible to 

apply robust statistical methods capable of yielding valid comparative assessments of mortality 

specific to each surgical technique. 

 Despite the statistical limitations posed by small sample sizes for some procedures, the 

analysis of the ten most common emergency laparotomy procedures remains relevant, as these 

operations collectively account for approximately 80% of all surgeries performed, deaths 

recorded, and associated complications 36.  

 According to the findings of the pilot study, the ten most frequently performed emergency 

laparotomy procedures were: suture of perforated peptic ulcer, adhesiolysis, left colectomy with 

stoma formation (Hartmann’s procedure), exploratory laparotomy, enterectomy with 

anastomosis, right colectomy with anastomosis, suture of bleeding peptic ulcer, peritoneal 

lavage and drainage, colostomy and ileostomy. These ten procedures will form the basis of 

subsequent subgroup analyses in the expanded study, given their cumulative impact on surgical 

outcomes and their prevalence within the Romanian emergency surgical landscape. 
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 Rationale for the present study 

 While the pilot study represented an essential step in elucidating the actual post-

interventional mortality following emergency laparotomy in Romania, it was subject to multiple 

limitations. A major limitation was its single-centre design, which significantly reduced its external 

validity. At a national level, considerable inter-hospital variability exists reflecting differences in 

available resources, the expertise of surgical teams, treatment protocols, and case complexity 37. 

Mortality may be significantly influenced by local hospital characteristics, limiting the 

generalisability of findings at regional or national levels. Tertiary centres typically manage more 

complex pathologies than secondary or district-level hospitals 38. Tertiary hospitals are referral 

centres offering the highest level of expertise, with advanced infrastructure and complex 

multidisciplinary teams. They are often affiliated with universities or county-level emergency 

networks and receive complex cases referred from other facilities. In contrast, second-level 

hospitals provide intermediate-level care, treating common and moderately complex conditions, 

while referring highly complex cases to tertiary centres. First-level hospitals operate as the basic 

units of the healthcare system, delivering general medical care and managing patients with low to 

moderate severity. These facilities transfer complex cases to higher-level institutions 39.  

 In addition to hospital-related factors, postoperative mortality may be significantly 

influenced by local socioeconomic determinants, which vary across regions. These include 

unequal access to adequate healthcare services 40, variable levels of patient education, and 

differences in general nutritional status. Romania currently allocates only 5.75% of its gross 

Figure a: Proportion of the top 10 surgical procedures within the study population included in the 
2017–2019 pilot study in Romania 
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domestic product (GDP) to healthcare, compared to the European Union average of 10.2%, a 

disparity that negatively affects both infrastructure and the quality of medical care 41, 42. Structural 

limitations also contribute to outcome disparities like restricted access to intensive care services, 

limited availability of advanced imaging (e.g., CT scanning), the absence of standardised 

therapeutic protocols, and, importantly, the lack of integrated geriatric assessment in the 

management of elderly patients 43. These cumulative factors may worsen postoperative prognosis, 

particularly in the context of emergency surgical interventions. 44.  

Another important limitation of the pilot study was the small sample size, only 207 patients 

were included which did not allow for statistically robust analyses stratified by procedure type. 

This limitation increases the risk of type II statistical error, whereby a true difference between 

groups may remain undetected, particularly for variables with low incidence, such as mortality in 

specific age subgroups. For instance, certain procedures such as peritoneal lavage and drainage, 

colostomy, or ileostomy involved relatively few patients, impeding the evaluation of associated 

mortality. Moreover, the impact of certain variables such as advanced age (≥70 years), the number 

or severity of comorbidities, or preoperative status may prove difficult to assess 34. 

To overcome these limitations, the present research project was designed as a multicentre 

study conducted across six hospitals in northeastern Romania over a two-year period, from 1 

January 2022 to 31 December 2023. The study aims to include an estimated 1 512 patients, 

covering a catchment population of 2 462 451 inhabitants. This provides a more comprehensive 

and representative framework for analysing postoperative mortality following emergency 

laparotomy. Sample size estimation was based on extrapolation from the pilot study, in which 207 

patients were enrolled over two years in a 75-bed surgical department. Applying the same ratio to 

the cumulative capacity of 548 surgical beds across the six participating hospitals yielded a 

projected enrolment of 1 512 eligible patients. This expanded dataset allows for a more robust and 

representative analysis capable of generating reliable conclusions applicable to clinical practice. 

The outcomes of this research may inform future protocols and optimise perioperative care 

strategies in Romania 45. The statistical power of the study has been calculated with a significance 

level (α) fixed at 5%, and the risk of type II error (β) estimated as negligible. Accordingly, the 

results obtained will have high representativeness and will support the formulation of solid, 

practice-relevant conclusions 46. 

3. Objectives 

 Primary Objective 

 The primary objective of this study is to determine the actual 30-day postoperative 

mortality following emergency laparotomy performed in six hospitals located in Northeastern 

Romania: “Sf. Spiridon” County Emergency Clinical Hospital in Iași, “Sf. Apostol Andrei” County 

Emergency Clinical Hospital in Galați, “Sf. Ioan cel Nou” County Emergency Hospital in Suceava, 

Bârlad Municipal Hospital, Fălticeni Municipal Hospital, and Pașcani Municipal Hospital. This 

observed mortality will be compared and correlated with the mortality estimates generated by three 

preoperative risk prediction scores: NELA, ACS-NSQIP and SORT. The analysis will be 

performed for the entire cohort, as well as for age-based subgroups: patients under 70 years of age 

and those aged 70 and above. This study represents the first national initiative, albeit retrospective, 

to evaluate the correlation between observed mortality and predicted mortality using validated risk 
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scores in the context of emergency laparotomy in Romania, thus offering an important perspective 

on the applicability of these models in Romanian surgical practice. 

 Secondary Objectives 

 1. To evaluate survival at 3, 6, 12, 24, and 36 months postoperatively using Kaplan-Meier 

survival analysis. This analysis will be conducted both for the overall cohort and separately for the 

two age subgroups: <70 years and ≥70 years. 

 2. To assess the predictive accuracy of the NELA, ACS-NSQIP, and SORT scores in 

estimating the risk of postoperative death. This will be achieved through analysis of sensitivity, 

specificity, and Receiver Operating Characteristic (ROC) curves, with calculation of the Area 

Under the Curve (AUC). The evaluation will be performed for the entire cohort and independently 

for the two age-based subgroups.  

 Tertiary Objectives 

 1. To conduct a subgroup analysis of the ten most common surgical procedures performed 

in the setting of emergency laparotomy, with the aim of evaluating the correlation between 

observed 30-day mortality and the mortality predicted by NELA, ACS-NSQIP, and SORT. This 

analysis will be applied both to the full cohort and to the two age-based subgroups (<70 and ≥70 

years). 

 2. To perform a subgroup analysis of the ten most frequently performed emergency 

laparotomy procedures, assessing actual mortality at 1, 3, 6, 12, 24, and 36 months postoperatively. 

Survival will be analysed using the Kaplan-Meier method for both the entire cohort and the two 

age subgroups. 

 3. To evaluate the predictive accuracy of the NELA, ACS-NSQIP, and SORT scores in 

estimating postoperative mortality for each of the ten most common surgical procedures. This will 

include the calculation of sensitivity, specificity, and interpretation of ROC curves, along with 

AUC values. The analysis will be conducted for the full cohort and separately for the <70 and ≥70 

age groups.  

Methods 

4. Study design 

Key elements 

 The present investigation is a multicentre, retrospective, longitudinal cohort study 

conducted over a two-year period, from 1 January 2022 to 31 December 2023, encompassing the 

full calendar days from 00:00 to 23:59. The study is carried out across six hospitals located in 

Northeastern Romania, including two tertiary-level centres with advanced expertise and regional 

referral capacity. 

 The study population comprises patients aged 18 years or older who meet the inclusion and 

exclusion criteria defined by the NELA protocol, as detailed in Table 1. To ensure methodological 

rigour and enhance both internal and external validity, the STROBE checklist was employed as a 

guiding framework in the development of the study protocol. The significance threshold (α) was 

set at 5%, and the risk of type II error (β) was estimated to be approximately zero, reflecting a very 

high statistical power. The anticipated sample size is 1 512 patients. 
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 Data will be collected retrospectively from hospital archives and electronic medical record 

systems. Verification of vital status and cause of death will be performed using the official platform 

of the Romanian National Health Insurance House (CNAS) 47 , as well as through direct contact 

with the patient’s relatives, family physician, or hospital information systems. A next of kin is 

defined as the individual legally designated or recognised as having the responsibility to represent 

the patient in situations where the patient has lost decision-making capacity. Typically, this 

includes family members: spouse, parents, adult children, siblings; or other close individuals able 

to provide relevant medical information, be contacted in emergencies, and, in certain cases, express 

informed consent on behalf of the patient. According to Article 14 of Romanian Law no. 46/2003 

on patients' rights, in cases where the patient cannot express their will and requires an urgent 

medical intervention, healthcare professionals are authorised to act on presumed consent based on 

the patient’s previously expressed wishes 48. 

 All data will be collected exclusively by the principal investigator and stored in a password-

protected Microsoft Excel file on a dedicated research laptop. This device will be used solely for 

the purposes of the study and will be secured with password protection to ensure compliance with 

ethical approvals and current data protection legislation. 

 Bias 

 Retrospective cohort studies are inherently susceptible to various forms of systematic error 

(bias), which may affect both the internal validity and the generalisability (external validity) of the 

conclusions drawn. In the present study, ten major potential sources of bias have been identified, 

for which specific prevention and control measures have been defined and implemented. Detailed 

information regarding these categories of bias and the corresponding management strategies is 

provided in Chapter 9: Bias. 

5. Setting 

The study will be conducted in the Northeastern region of Romania and will involve six 

hospitals serving a total population of 2 462 451 inhabitants. Of the six participating medical 

institutions, two are university-affiliated hospitals: 

1. “Sf. Spiridon” County Emergency Clinical Hospital in Iași, which includes four 

surgical departments providing care for approximately 700 000 inhabitants of Iași County, as 

well as complex surgical cases referred from other counties in the historical region of Moldova. 

The total number of surgical beds is 250. Based on data from the pilot study which indicated 

that 207 eligible patients were identified for every 75 surgical beds over a two-year period, the 

estimated number of eligible patients from this centre is approximately 686. 49. 

2. “Sf. Apostol Andrei” County Emergency Clinical Hospital in Galați, which comprises 

three surgical departments and serves a population of 626 000. The total number of surgical beds 

is 131. Based on the inclusion criteria defined by the NELA protocol and extrapolating from 

pilot study data, an estimated 361 patients will be eligible for inclusion from this hospital 50. 

3. “Sf. Ioan cel Nou” County Emergency Hospital in Suceava, which has 76 surgical 

beds and serves a catchment population of 614 451. According to the same extrapolation 

method, approximately 202 patients from this hospital are expected to meet the inclusion criteria 
51. 

4. Bârlad Municipal Hospital, which serves a population of 200 000 and has a total of 
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42 surgical beds. Based on pilot data, approximately 104 patients will be included from this 

centre 52. 

5. Pașcani Municipal Hospital, which serves 182 000 inhabitants and has a surgical 

department comprising 25 beds. It is estimated that approximately 68 patients from this hospital 

will be enrolled in the study 53. 

6. Fălticeni Municipal Hospital, which serves a population of 140 000 and has a general 

surgery ward with 24 beds. Based on bed capacity and projections from the pilot study, an 

estimated 128 patients will be included from this institution 54. 

6. Participants 

The participants included in this study will be patients who presented to hospital as 

emergencies between 00:00 on 1 January 2022 and 23:59 on 31 December 2023, and who were 

diagnosed with a surgical pathology requiring emergency laparotomy, with eligibility 

determined according to the NELA inclusion and exclusion criteria outlined in Table 1. 

 

 Inclusion Criteria Exclusion Criteria 

Demographics Adults aged 18 years and older 

 

Children under 18 years; elective 

(non-emergency) surgical 

procedures 

Approach and 

Surgical 

Intent 

Open, laparoscopic, or 

laparoscopically-assisted abdominal 

procedures performed in an 

expedited, urgent, or emergency 

setting, as defined by NCEPOD 

Diagnostic laparotomy / 

laparoscopy where no therapeutic 

procedure is performed due to 

inoperable findings (e.g. 

peritoneal or hepatic metastases, 

non-viable ischaemic bowel) 

Anatomy Procedures involving the stomach, 

small bowel, colon, or rectum 

 

Surgeries targeting the 

oesophagus, spleen, kidneys, 

liver, gallbladder, biliary tract, 

pancreas, or urinary tract 

Indication Cases involving gastrointestinal 

perforation, intestinal ischaemia, 

intra-abdominal abscess, 

gastrointestinal haemorrhage, or 

mechanical obstruction 

 

Appendix  All procedures where 

appendicitis is the primary 

diagnosis, regardless of severity 

or extent 

Biliary 

System 

Laparotomy or enterotomy for 

gallstone ileus 

Any primary surgery of the 

gallbladder or biliary tract, unless 

incidental to a major 

gastrointestinal procedure 

Oesophagus  Any laparotomy or laparoscopy 
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undertaken for primary 

oesophageal pathology 

Stomach Emergency laparotomy/laparoscopy 

for gastric pathologies, including 

haemorrhage, hiatal hernia repair, 

and removal of foreign bodies or 

gastric bands.  

Iatrogenic gastric perforation 

following endoscopic procedures 

 

Small 

Intestine 

Emergency procedures for bleeding 

duodenal ulcers, gallstone ileus, or 

foreign body removal 

 

Colon and 

Rectum 

Emergency surgery for colorectal 

pathology, including iatrogenic 

perforations post-endoscopy 

Foreign body removal from the 

colon or rectum (considered 

trauma cases) 

Stomas Emergency formation of a colostomy 

or ileostomy as a primary procedure 

via midline laparotomy 

Emergency stoma formation via 

trephine incision or laparoscopic 

approach 

Dehiscence Return to theatre for major 

abdominal wound dehiscence (i.e. 

“burst abdomen”) 

Minor or superficial dehiscence 

unless it results in bowel 

pathology necessitating resection 

Vascular Emergency laparotomy for bowel 

ischaemia not preceded by primary 

vascular or endovascular intervention 

Laparotomies for primary 

vascular pathologies or 

complications following vascular 

procedures, regardless of whether 

bowel resection was performed 

Gynaecology Return to theatre requiring the 

assistance of a general surgeon 

following gynaecology-oncology 

surgery 

Laparotomies for primary 

gynaecological pathology, 

including ruptured ectopic 

pregnancy or pelvic abscess due 

to pelvic inflammatory disease; 

returns to theatre for 

complications of gynaecological 

surgery unless involving 

gastrointestinal complications 

secondary to gynaecology-

oncology procedures 

 

Peritoneum Washout or drainage of peritoneal 

abscess or haematoma 

Any procedure related to 

pancreatitis, removal of 

peritoneal dialysis catheters, or 

washout / drainage procedures 

related to appendicectomy, 
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cholecystectomy, or vascular / 

urological / gynaecological 

surgery 

Hernias Emergency repair of inguinal, 

femoral, incisional, or parastomal 

hernias involving adhesiolysis or 

bowel resection / repair 

Emergency hernia repairs not 

involving adhesiolysis or bowel 

resection / repair 

Adhesiolysis Laparotomy or laparoscopy 

undertaken exclusively for 

adhesiolysis 

 

Trauma  Any abdominal procedure 

performed for blunt or 

penetrating trauma, including 

laparotomy for foreign body 

removal from the sigmoid or 

rectum 

Transplant  All procedures related to organ 

transplantation, including 

reoperations 

Relaparotomy Any reoperation for complications 

following elective upper 

gastrointestinal or colorectal 

procedures meeting NELA criteria. 

Also included are returns to theatre 

involving general surgical assistance 

following gynaecology-oncology 

surgery or interventional radiology 

procedures 

Returns to theatre for 

complications following non-

gastrointestinal surgery (e.g. 

renal, urological, vascular, 

hepatic, pancreatic, oesophageal, 

or splenic surgery), except where 

complications follow 

gynaecology-oncology surgery or 

interventional radiology and 

require general surgical 

intervention 

Table 1: Inclusion and Exclusion Criteria According to NELA 

 Based on preliminary estimates and the application of the eligibility criteria defined by 

the NELA, approximately 1 512 patients are expected to be included in the final analysis. This 

estimate derives from the pilot study, which evaluated patients who underwent surgery between 

00:00 on 1 December 2017 and 23:59 on 30 November 2019, according to the same inclusion 

and exclusion criteria. In that study, 207 patients were enrolled over a two-year period in a 

tertiary centre with 75 surgical beds. This corresponds to an average of 0.115 eligible patients 

per surgical bed per month 34. Extrapolating this rate to a combined total of 548 surgical beds 

over a 24-month period yields an estimated cohort of 1 512 patients. The statistical power of the 

current multicentre study with this sample size is estimated to be close to 1. 

 At “Sf. Spiridon” County Emergency Clinical Hospital in Iași, the average number of 

emergency admissions per general surgery on-call shift is approximately 9.75, equating to an 
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estimated 292.5 admissions over a 30-day period. This figure reflects the proportional utilisation 

of the 250 available surgical beds and aligns with the operational capacity of the institution. The 

estimate was calculated using the arithmetic mean of all on-call admissions recorded during 

2024, based on data extracted from the hospital’s electronic system. Over the course of the 24-

month multicentre study period, approximately 7 020 patients are expected to be assessed at this 

site. 

 Extrapolating these data across the total capacity of the six participating hospitals—which 

together comprise 548 surgical beds—yields an estimated 15 387 potentially eligible patients. 

Applying the NELA eligibility criteria, a total of 1 512 patients, representing approximately 

10% of emergency surgical admissions, will be selected for inclusion in the study. 

 In the previously conducted pilot study, survival and mortality were analysed at 1, 6, 12, 

24, and 36 months. Given that both the demographic structure and the methodology employed 

in the present study are comparable to those in the pilot, it is anticipated that survival and 

mortality estimates for the above-mentioned time points can be calculated with a high degree of 

accuracy. 

 Following the planned analyses, the cohort of 1 512 patients will be categorised according 

to the ten most common surgical procedures, which collectively account for approximately 80% 

of all interventions (see Figure 1) 36. These procedures will be identified using the relevant 

procedural codes listed on the official Romanian registry of medical coding 

(www.codificaremedicala.ro), as outlined in the following table (42): 

Table 2: Codes for the 10 most common procedures 

 Based on the proportions identified for each of the ten most common surgical procedures 

in the pilot study and assuming a similar distribution in the current research, it is possible to 

accurately estimate the percentage corresponding to each procedure type. Using these percentages 

and the total number of patients included in the study, the estimated number of patients allocated 

to each procedure category can be calculated. These estimates are essential for structuring 

subgroup statistical analyses and for comparing outcomes according to the type of surgical 

intervention performed. 

Procedure Applicable Codes 

Suture of perforated peptic ulcer J03701, J03704, J04001 

Suture of bleeding peptic ulcer J02201, J03704, J04001 

Adhesiolysis J12201, J05301, J06902, J12504, J04801, 

J06502, J04802, J12202 

Hartmann’s procedure J06201, J06210, J07801 

Exploratory laparotomy J12101 

Enterectomy with anastomosis J04502, J04604, J05102, J12511, J12904, 

J13104, J05001, J05002, J04604 

Right colectomy with anastomosis J06203, J06204, J06208 

Peritoneal lavage and drainage J12303, J12504 

Colostomy J06402, J06403, J06701, J06401, J06701 

Ileostomy J04701, J04702, J05201, J05201 

http://www.codificaremedicala.ro/
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 According to data from the international literature, the ten most frequently performed 

emergency surgical procedures account for approximately 80% of all interventions 36. Within the 

present cohort, estimated at 1 512 patients, it is anticipated that 20% of cases (n = 302) will not 

fall within these ten procedure categories. Consequently, a total of 1 210 patients will be included 

in the specific analysis, distributed according to procedure type, as illustrated in the graphical 

representation below. 

Figure b : Distribution of Patients by the Most Common Surgical Procedures 

7. Collected Variables 

Demographic data 

For each patient, the following demographic variables will be recorded: sex, age at the 

time of surgery, height (in centimetres), weight (in kilograms), and BMI. Preoperative risk 

scores including ASA, NELA, ACS-NSQIP, SORT, the Rockwood Clinical Frailty Scale 

(CFS), and the Charlson Comorbidity Index (CCI) will also be documented. 

Preoperative clinical data and functional scores 

Information will be collected regarding functional status (independent, partially 

dependent, or fully dependent), ASA classification, Rockwood Frailty Score (ranging from 1 to 

9), CCI, and the presence of relevant comorbidities, including hypertension, diabetes mellitus 

(insulin-dependent or non-insulin-dependent), COPD, disseminated malignancy, dialysis 

dependence, heart failure, stroke (with or without residual neurological deficit), and chronic 

corticosteroid use. The presence of sepsis will be recorded according to the criteria of The Third 

International Consensus Definitions for Sepsis and Septic Shock (Sepsis-3), defined as life-

threatening organ dysfunction resulting from a dysregulated host response to infection 

occurring within the past 48 hours. Preoperative mechanical ventilation status and duration will 

also be noted 55. 

Preoperative physiological and laboratory parameters 

The following parameters will be recorded: systolic and diastolic blood pressure, heart 

rate, Glasgow Coma Scale (GCS) score, and laboratory values available in the patient’s medical 
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chart, including serum albumin, white blood cell count, blood glucose, urea, and lactate levels. 

To monitor the inflammatory response, C-reactive protein (CRP) levels will be measured 

preoperatively and on postoperative days 1, 3, and 5, as outlined in Table 4. 

Operative Data 

For each patient, the date and time of surgery will be recorded, along with the day of the 

week on which the procedure occurred, the professional rank and specialty of the lead surgeon, 

and the urgency classification according to the NCEPOD scale (Elective, Expedited, Urgent, or 

Emergency) 56. The primary surgical procedure and principal operative indication (e.g. 

perforation, ischaemia, obstruction, haemorrhage, postoperative complication, infection, or 

other relevant clinical scenarios) will be documented. Intraoperative peritoneal contamination 

will be graded using the NELA contamination scale, ranging from level 0 (no contamination) 

to level 3 (generalised peritoneal contamination) 57. 

These variables will also be used to support the tertiary objective of the study, which 

involves subgroup characterisation of the ten most commonly performed emergency 

laparotomy procedures. 

Preoperative risk scores 

For each patient, preoperative risk scores will be calculated using the NELA, ACS-

NSQIP, and SORT calculators. In the case of ACS-NSQIP, all predictive outputs will be 

evaluated, including estimated risk of postoperative mortality, overall risk of major 

complications, and probabilities of specific complications such as pneumonia, cardiovascular 

events, venous thromboembolism, sepsis, surgical site infections, urinary tract infections, acute 

kidney injury, need for reoperation, and risk of readmission. Additionally, the predicted 

likelihood of discharge to an institutional care facility (non-home discharge) will be analysed 

as a surrogate marker for postoperative functional prognosis. 

These variables are essential for addressing the primary objective of the study—

determining 30-day mortality following emergency laparotomy and comparing it with the 

predicted risk scores generated by NELA, ACS-NSQIP, and SORT. These scores will also be 

used to address the second secondary objective (evaluating predictive performance) and the 

tertiary objectives (comparing predicted and observed outcomes for the ten most frequent 

emergency procedures). 

Postoperative outcomes and patient evolution 

The following outcomes will be assessed: 30-day and 90-day mortality, and survival at 

3, 6, 12, 24, and 36 months. Vital status will be verified using the official platform of the 

Romanian National Health Insurance House (CNAS) 47. In the event of death, the exact date 

will be recorded, and where available, the primary diagnosis listed on the death certificate will 

be included. Length of hospital stay and ICU stay (where applicable) will also be documented. 

The incidence of major postoperative complications will be evaluated according to the 

categories defined in the ACS-NSQIP risk model, including pneumonia, cardiovascular 

complications, venous thromboembolism, sepsis, surgical site infections, urinary tract 

infections, renal failure, reoperation, and hospital readmission. All postoperative complications 

will be classified according to the Clavien-Dindo grading system, which provides a standardised 

framework for assessing severity based on the level of therapeutic intervention required. 

Thirty-day mortality represents the primary endpoint for addressing the study’s main 

objective, while medium and long-term postoperative survival analysis contributes to achieving 
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the first secondary objective. 

 

Variable Description Type 

Age Over 18 years 

ASA Score Range: 1–5 

Albumin Expressed in g/L 

Heart Rate Beats per minute 

Blood Pressure Expressed in mmHg 

White Cell Count x 109/L 

GCS Range: 1–15 

Malignancy Severity None / Primary tumour / Nodal metastases / 

Distant metastases 

Dyspnoea None / On exertion or mild COPD / Limited 

exertion or moderate COPD / At rest or 

radiographic fibrosis/consolidation 

Degree of Urgency Expedited (>18 hrs) / Urgent (6–18 hrs) / 

Urgent (2–6 hrs) / Immediate (<2 hrs), as per 

NCEPOD criteria 

Peritoneal 

Contamination 

None / Serous fluid / Localised purulent 

collection / Generalised stercoral or purulent 

peritonitis, or haemoperitoneum 

Surgical Indication As defined by NELA 

Table 3: Variables analysed in the NELA score calculation 

 

Variable Description Type 

Age Between 18 and 112 years 

Sex Male or Female 

Functional Status Independent / Partially dependent 

/ Fully dependent 

Emergency Surgery Yes / No 

ASA Score Range: 1–5 

Chronic Steroid Use Yes / No 

Ascites within 30 Days 

Preoperatively 

Yes / No 

Sepsis within 48 Hours 

Preoperatively 

Yes / No 

Ventilator Dependence Yes / No 

Disseminated Cancer Yes / No 

Diabetes No / Oral treatment / Insulin 
Hypertension Requiring Medication Yes / No 

Congestive Heart Failure Yes / No 

Dyspnoea No / On moderate exertion / At 
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rest 

Smoking in the Past Year Yes / No 

History of Severe COPD Yes / No 

Dialysis Yes / No 

Acute Renal Failure Yes / No 

Height In centimetres 

Weight In kilograms 

Table 4 : Variables analysed in the ACS-NSQIP score calculation 

 After entering the necessary variables into the ACS-NSQIP risk calculator, the following 

individual risk estimates will be generated for each patient: major complication, any postoperative 

complication, pneumonia, cardiac complication, surgical site infection, urinary tract infection, 

venous thromboembolism, acute renal failure, postoperative ileus following colectomy, 

anastomotic leak, need for reoperation (relaparotomy), hospital readmission, mortality, and 

discharge to an institutional care facility. 

 The generated ACS-NSQIP score incorporates all three levels of risk adjustment applied to 

each case: patient-level risk adjustment, procedure-specific adjustment, and shrinkage adjustment, 

in accordance with the standardised methodology of the ACS-NSQIP programme 32. 

 

Variable Unit of Measurement 

Sex Male / Female 

Age Years (>18 years) 

Body Mass Index Kg/m2 

Height Cm 

Weight Kg 

ASA Score Range: 1-5 

Predicted Mortality (NELA) Percentage 

Date of Laparotomy Day – Month – Year 

Day of the Week Surgery Was Performed 1–7 (Monday → Sunday) 

ICU Monitoring Yes / No 

ICU Stay Days 

Grade of Lead Surgeon Specialist / Consultant 

Primary Procedure According to procedural coding 

30-Day Mortality Yes / No 

90-Day Mortality Yes / No 

Date of Death Day – Month – Year 

Surgical Ward Length of Stay Days 

Indication for Surgery As per NELA criteria 

Predicted Mortality (ACS-NSQIP) Percentage 

CRP Preoperatively mg/dL 

CRP at 24 Hours Postoperatively mg/dL 

CRP at 3 Days Postoperatively mg/dL 

CRP at 5 Days Postoperatively mg/dL 

Cause of Death As per death certificate 

Preoperative Albumin g/dL 



23 
 

Heart Rate Beats per minute 

Preoperative Blood Pressure 

(Systolic/Diastolic) 

mmHg 

Preoperative Glucose mg/dL 

Preoperative Urea mg/dL 

Preoperative White Cell Count *1000/µL 

Preoperative Lactate mmol/L 

GCS 3-15 

Peritoneal Contamination 0-3 

Chronic Steroid Use Yes / No 

Presence of Ascites Yes / No 

Sepsis within 48h Preoperatively Yes / No 

Preoperative Ventilator Dependence Yes / No 

CCI – Score 0-40 

CCI – Estimated 10-Year Survival Percentage 

Rockwood Frailty Score 1-9 

SORT Score Percentage 
Table 5: Variables collected, used, and analysed in the study and their units of measurement 

 The calculation of the SORT score does not require additional variables beyond those 

already collected for the other two risk models. In addition to the specific surgical procedure, the 

model includes the following parameters: ASA score, urgency level according to the NCEPOD 

classification, type of surgical procedure (vascular, gastrointestinal, or thoracic), presence of 

malignancy, patient age, and the surgeon’s global clinical assessment of the patient’s condition 33. 

Variable Description Type 

ASA Score Range: 1-5 

Urgency Level (NCEPOD) Elective / Expedited / Urgent / 

Immediate 

Vascular / Gastrointestinal / 

Thoracic Surgery 

Yes / No 

Malignancy Yes / No 

Age <65 years / 65–79 years / >79 years 

Clinician Assessment Unknown / <1.0% / 1.0%–2.5% / 

2.6%–5.0% / 5.1%–10.0% / 10.1%–

50% / >50% 
Table 6: Variables Analysed in the SORT Score Calculation 

8. Data Collection 

In the initial phase, applications for ethical approval will be submitted to the ethics 

committees of the six hospitals included in the study. Once all six favourable opinions have been 

obtained, the necessary documentation will be submitted to the Ethics Committee of “Grigore T. 

Popa” University of Medicine and Pharmacy in Iași, to obtain final institutional approval. 

Following the completion of all ethical procedures, the principal investigator will conduct 

successive on-site visits to each participating hospital to collect the required data, a process 
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scheduled between 1 July and 30 September 2025. 

Data collection will involve the retrieval of patient medical records from hospital archives 

and from each hospital’s electronic information system. The collected data will be entered into 

separate Excel databases for each hospital, as well as into a centralised database aggregating all 

cases across sites, for subsequent analysis. Both the personal computer used and the Excel files 

will be password-protected. Access to the data will be restricted to the principal investigator only, 

and all records will be securely stored for a period of seven years. 

In this study, only the relatives of deceased patients will be contacted to confirm the exact 

date and cause of death. For this purpose, the telephone numbers recorded in medical files or in 

hospital information systems will be used. If such contact details are unavailable, the patient’s 

general practitioner will be approached to facilitate communication with the family. In cases 

where neither contact information nor the general practitioner can be identified, the patient will 

be excluded from the study. All exclusions and their underlying reasons will be rigorously 

documented and monitored to ensure full transparency and traceability of the selection process. 

A study flow diagram will be presented, outlining all excluded cases and the justification for each 

exclusion. 

All data will be collected and analysed with strict adherence to confidentiality 

requirements and in full compliance with applicable legal provisions on personal data protection. 

The research team acknowledges the obligations set out in Regulation (EU) 2016/679 on the 

protection of natural persons with regard to the processing of personal data and on the free 

movement of such data (General Data Protection Regulation – GDPR) 58 as well as Law No. 

506/2004 concerning the processing of personal data and the protection of privacy. The principal 

and senior investigators undertake to use the data securely and solely for the declared purpose of 

the study, in accordance with the approvals granted by the ethics committees. 

9. Bias 

Retrospective cohort studies are susceptible to multiple sources of systematic error (bias), 

which may affect both the internal and external validity of the results. In the present study, ten 

main types of bias have been identified, for which specific preventive or mitigation strategies have 

been defined and implemented 59, 60. 

The first source is selection bias, which occurs when the patients included in the study are 

not representative of the general population. To minimise this risk, the study is multicentric, 

involving six hospitals from different areas of Northeastern Romania, including both tertiary and 

municipal centres. Patient selection is conducted using standardised inclusion and exclusion 

criteria in accordance with the NELA protocol 1, 60. Moreover, these six medical institutions serve 

a combined population of 2 462 451 inhabitants, representing approximately 12.91% of Romania’s 

national population (estimated at 19 064 409) 61. Regarding surgical staffing, the “Sf. Ioan cel 

Nou” Emergency County Hospital in Suceava has 12 general surgeons 62; Pașcani Municipal 

Hospital has 5 63; Fălticeni Municipal Hospital employs 4 64, 65; “Sf. Spiridon” Hospital in Iași 

includes 15 surgeons in Clinic I, 12 in Clinic II, 14 in Clinic III, and 9 in Clinic IV 66 and Bârlad 

Municipal Hospital has 8 general surgeons 66. Regarding the Galați County Emergency Clinical 

Hospital, it is structured into three general surgery departments, staffed by 4, 5, and 3 surgeons, 

respectively 67, 68. 
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A second major concern is information bias, which arises when data extracted from medical 

records are incomplete or inaccurate. To reduce this risk, multiple sources will be used (clinical 

notes, hospital information systems, ICU and operative registers), and clinical scores will be 

reviewed and validated prior to analysis 60, 69. 

Recall bias, commonly encountered in retrospective research, refers to potentially 

inaccurate information provided by relatives or general practitioners. In this study, the risk is 

minimal since the data obtained from relatives will be limited to confirmation of the date of death, 

which will be cross-validated with death certificates and official records from the CNAS platform 
60. 

Misclassification bias may occur when patients are incorrectly assigned to categories or 

subgroups. To mitigate this risk, surgical interventions will be rigorously coded using the official 

nomenclature available at www.codificaremedicala.ro, and patient inclusion will strictly follow 

the criteria defined by the NELA audit 1, 70. 

Confounding bias is a systematic error that occurs when a third variable is associated with 

both the exposure (e.g. type of intervention or risk score) and the outcome of interest (e.g. 

postoperative mortality), without being part of the actual causal pathway. This may distort 

observed relationships and lead to misleading conclusions. To address this, multivariate logistic 

regression models will be used, incorporating potential confounders such as age, ASA score, CCI, 

and frailty score. Additionally, stratified analyses will be conducted for clinically relevant 

subgroups (e.g. patients <70 vs ≥70 years), to assess the robustness of observed associations. The 

standardised selection of patients based on NELA criteria further contributes to confounding 

control by reducing population heterogeneity 60. 

Attrition bias refers to the loss of follow-up, which can affect the accuracy of outcome 

estimates. In this study, vital status will primarily be confirmed via the CNAS database. Patients 

for whom essential information (e.g. exact cause of death) cannot be retrieved will be excluded 

from the analysis and appropriately reported.71  

Survivorship bias arises when patients who die shortly after surgery are excluded. The 

present study includes all patients who underwent emergency laparotomy, regardless of 

postoperative survival duration, thereby eliminating this bias 72. 

Publication bias refers to the selective reporting of statistically significant or favourable 

results. This study is committed to reporting all findings, regardless of statistical significance, in 

alignment with the principles of scientific transparency 73. 

Seasonal bias may affect mortality depending on the time of year when surgery is 

performed. This is addressed by conducting the study over a full two-year period, thereby covering 

all seasons and avoiding seasonal variation 74. 

Finally, inter-hospital bias may impact result validity due to differences in infrastructure, 

available resources, treatment protocols, and the level of surgical expertise across centres. To 

account for such variability, the protocol includes a comparative analysis of participating hospitals, 

assessing the distribution of key clinical variables and outcomes per centre. Statistical adjustment 

methods such as multivariate logistic regression will be applied, with hospital included as a 

covariate or fixed effect. Depending on data distribution, stratified analysis or mixed-effects 

models (multilevel modelling) may also be employed if inter-hospital variability significantly 

influences outcomes 37. 
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Comparison of observed mortality with mortality predicted by the NELA and ACS-NSQIP 

scores will serve as an internal validation mechanism, enabling a rigorous evaluation of the 

predictive performance of these models in real-world practice. 

To ensure methodological rigor, the quality of this retrospective cohort study will be 

systematically evaluated using the Newcastle–Ottawa Scale (NOS). This validated tool is 

specifically designed for assessing the risk of bias in non-randomized studies and has been widely 

applied in epidemiological and clinical research. The NOS evaluates three major domains: 

Selection of study groups, including representativeness of the exposed cohort and ascertainment 

of exposure; Comparability of cohorts based on design or analysis; and Outcome assessment, 

including adequacy of follow-up and reliability of outcome determination. The NOS employs a 

"star system" to score items, facilitating a transparent and structured appraisal of bias risk. Its face 

and content validity have been confirmed by expert review, and it has been refined through 

multiple applications in epidemiological and clinical research 75. 

10. Study size 

Based on data from the pilot study, and primarily on the relationship between the number 

of surgical beds and the number of eligible patients, it is estimated that the study will include 

approximately 1 512 patients. Of these, around 302 patients (approximately 20%) are expected to 

be excluded from final analysis due to incomplete follow-up data following hospital discharge. 

Although it will be possible to confirm mortality status via the CNAS platform, the exact date and 

cause of death may not be available. After excluding such cases, along with patients who cannot 

be reached by telephone, the final analytical cohort is expected to comprise approximately 1,210 

patients 34. 

This study tests a one-directional hypothesis, namely that current mortality in Northeastern 

Romania is significantly higher than the mortality predicted by the NELA, ACS-NSQIP, and 

SORT risk models, an assertion supported by pilot data 34. The null hypothesis (H0) states that 

observed mortality is equal to or lower than predicted, while the alternative hypothesis (H1) posits 

that it is significantly higher. 

For statistical analysis, the significance level (α) is set at 0.05, which implies a 5% risk of 

incorrectly concluding that mortality in Romania is higher than the international average when no 

true difference exists. An alpha level of 5% reflects the probability of obtaining apparently 

significant results due to random chance rather than a true difference between groups 76. 

The β parameter expresses the probability of failing to detect a true difference between 

mortality rates when such a difference objectively exists (Type II error). Statistical power is 

defined as 1 − β and represents the study’s ability to detect a significant effect when it is present 
77. A higher statistical power implies increased sensitivity of the analysis. A sample size of 1,512 

patients substantially increases the study’s power and reduces the risk of Type II error, bringing it 

close to zero. 

Based on findings from the pilot study, it is estimated that the observed mortality in the 

current study will be approximately 30% (denoted P1) 34. Emergency laparotomy mortality across 

the European Union is estimated at 10–15%, with an average of 12.5% used here as a comparator 

(denoted P2) 23, 78, 79. The next step involves calculating the effect size using Cohen’s h for 

proportions 46.                                 
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The variance for Romania is P1(1−P1) = 0.21. The variance for Europe is P2(1−P2) = 

0.109375. The square root of the average of these variances is approximately 0.3996, resulting in 

an estimated effect size of h = 0.438. Using GraphPad Prism 80 he calculated statistical power is 

approximately 1. This indicates that the risk of committing a Type II error is close to zero and that 

the study has an extremely high capacity to detect a significant difference between emergency 

laparotomy mortality in Romania and in Europe. To achieve a statistical power of 0.99, only 322 

patients would be required. Since the current study includes approximately 1 512 patients, it 

confidently fulfils the criteria for a statistical power of 1. 

11. Statistical Methods 

 Descriptive statistical analysis will be employed to characterise the study population and 

the distribution of clinical, demographic, and paraclinical variables included in the research. Given 

the mixed nature of the data—both in terms of type (quantitative and qualitative) and 

distribution—both parametric and non-parametric methods will be applied, depending on the 

results of normality tests. Most variables included in the analysis (such as risk scores, biochemical 

values, and preoperative vital parameters) are expected to exhibit non-Gaussian distributions, 

based on preliminary observations from the pilot study. For these variables, central tendency will 

be expressed using the median, and dispersion will be presented via the interquartile range (IQR), 

as well as minimum and maximum values. For variables approximating a normal distribution, the 

arithmetic mean and standard deviation (SD) will be calculated 81. A distribution is considered 

approximately normal when the skewness coefficient lies between −1 and +1 (indicating relative 

symmetry around the mean) and kurtosis values are close to zero (excess kurtosis), reflecting a 

curve shape similar to a theoretical normal distribution 82. Distribution assessments will be 

conducted using skewness and kurtosis 83, supplemented by graphical methods to identify outliers 

and to validate the choice of appropriate statistical tests. Outliers will be detected using the boxplot 

method, based on the IQR. This method defines outliers as those observations lying beyond 1.5 × 

IQR below the first quartile (Q1) or above the third quartile (Q3). This method is justified by its 

robustness and descriptive power in continuous variable analysis, particularly in retrospective 

observational studies, where distributions may be skewed and affected by atypical values. 

Identified outliers will be reported separately and will not be removed unless clinical justification 

or clear recording error is evident 84. 

 For the primary objective of the study, which consists of determining 30-day mortality 

following emergency laparotomy and comparing it with values predicted by the NELA, ACS-

NSQIP, and SORT scores, statistical analysis will include calculating the 30-day mortality rate 

with corresponding 95% confidence intervals 81. Comparisons of mortality rates between patients 

aged <70 and ≥70 years will be conducted using the chi-square test, given the sufficiently large 

sample sizes that meet the test’s assumptions 85. In cases where contingency table frequencies fall 

below 5 in one or more cells, Fisher’s exact test will be employed to provide more accurate p-

value estimation for sparse or imbalanced data 86. The correlation between predictive scores 

(NELA, ACS-NSQIP, SORT) and observed 30-day mortality will be analysed using Spearman’s 

rank correlation coefficient, as the scores are continuous variables and mortality is binary. 

Spearman’s method is preferred in this context due to potential non-Gaussian distributions and the 

presence of outliers, which can significantly affect Pearson’s coefficient 87. However, should the 
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data conform to the normality assumption, Pearson’s coefficient will also be calculated to assess 

potential linear relationships 88. For ACS-NSQIP, each of the three adjustments (risk, procedure, 

and shrinkage) will be individually assessed using separate correlation analyses and simple linear 

regression models. Subsequently, a multiple logistic regression model will be applied to determine 

which score component provides the best predictive performance relative to observed mortality. 

For the first secondary objective, regarding survival analysis at 1, 3, 6, 12, 24, and 36 

months postoperatively, the Kaplan-Meier method will be used 89. Comparisons between age 

groups (<70 vs. ≥70 years) will be performed using the chi-square test 81. For the second secondary 

objective, the predictive accuracy of NELA, ACS-NSQIP, and SORT scores for 30-day mortality 

will be evaluated via ROC curve analysis, calculation of the AUC 90, and assessment of sensitivity 

and specificity at various thresholds. Risk thresholds for evaluating model performance will be 

determined using two complementary approaches. Firstly, the optimal cut-off will be identified 

using Youden’s index (J = sensitivity + specificity – 1), to pinpoint the score value that 

simultaneously maximises sensitivity and specificity for predicting 30-day mortality 91. Secondly, 

predefined thresholds commonly cited in the literature, such as NELA ≥ 5% or ACS-NSQIP ≥ 5%, 

will be examined, as they are considered indicative of high risk 32, 57, 92. Employing these thresholds 

allows for comparison with international studies and provides clinically relevant interpretative 

benchmarks. Comparative analysis of the predictive performance of NELA, ACS-NSQIP, and 

SORT scores in estimating 30-day mortality will be conducted using the DeLong test, which 

allows comparison of two AUCs derived from the same set of cases. This test is justified by the 

dependent nature of the scores, which are calculated for the same cohort, and DeLong’s test 

ensures rigorous statistical evaluation of differences between model performances 93. 

For the tertiary objectives, a detailed analysis will be performed for the ten most common 

emergency surgical procedures. For each procedure, 30-day mortality will be determined as a 

proportion with corresponding 95% confidence intervals 81. The correlation between predictive 

scores (NELA, ACS-NSQIP, SORT) and 30-day mortality will be assessed for each of these ten 

procedures using Spearman’s correlation, due to non-normal distribution patterns and the 

likelihood of monotonic relationships between score and mortality 87. Comparisons of scores 

between groups (e.g. deceased vs. survivors or between intervention types) will be performed 

using the independent samples t-test when data meet the normality assumption 94, otherwise, the 

Mann-Whitney U test will be used, as it is suitable for skewed distributions and non-parametric 

data 95. Survival at 3, 6, 12, 24, and 36 months postoperatively for each of the ten most frequent 

surgical procedures will be assessed using the Kaplan-Meier method, which estimates survival 

probability over time and appropriately handles censored data 89. Comparisons of survival between 

age groups (<70 vs. ≥70 years) or between intervention types will be made using the log-rank test, 

which tests the statistical significance of differences between Kaplan-Meier curves without 

assuming any specific distribution of survival times 96. Regarding score accuracy by procedure 

type, ROC curves will be generated for each intervention, AUCs will be calculated, and sensitivity 

and specificity values will be interpreted to enable a nuanced assessment of score performance in 

diverse clinical scenarios 97.  

A comparative analysis will also be conducted between the six participating hospitals, 

assessing the distribution of clinical variables and outcomes by hospital of origin. To control for 

the potential influence of this factor, statistical adjustment methods such as multivariate logistic 
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regression will be used, with hospital included as a control variable (fixed effect or covariate). If 

significant inter-hospital variability is observed, stratified analyses or multilevel (hierarchical) 

models will be employed to adequately correct for systemic differences 37. 

The analysis will be complemented by graphical representations including histograms, bar 

charts, truncated violin plots, and box-and-whisker plots, given that most variables exhibit non-

parametric distributions. These visualisations allow intuitive assessment of central tendency, 

dispersion, and outliers and are particularly well-suited for data that do not meet the assumption 

of normality 98. 

 All statistical analyses will be conducted using GraphPad Prism version 10.4.1 (627) 80. 

Expected Results 

13. Participants 

 As outlined in Chapter 6 – Participants, a total of 1 512 patients undergoing emergency 

laparotomy will be included in the study. 

 For the evaluation of the primary objective—to determine and compare observed 30-day 

mortality with the predictions generated by the NELA and ACS-NSQIP scores—the analysis will 

be conducted on the entire cohort, as well as on the age-defined subgroups: patients aged <70 years 

(n = 883) and those aged ≥70 years (n = 629). These figures are based on the pilot study, in which 

patients under 70 years of age accounted for 58.45% of the overall cohort 34. 

 For the secondary objectives, survival data at 3, 6, 12, 24, and 36 months postoperatively 

will be analysed. The follow-up data for patients operated on up to 31 December 2023 at 23:59 

allow long-term survival analysis, specifically up to 24 months for those operated by the end of 

2023, and up to 36 months for those operated by the end of 2022. This enables the cohort to be 

divided equally into two subgroups of 756 patients each. Additionally, for assessing the predictive 

accuracy of risk scores, sensitivity, specificity, and AUC will be calculated for both the full cohort 

and the age-based subgroups. 

 For the tertiary objectives, the ten most frequent emergency surgical procedures will be 

identified. Patients undergoing these procedures (n = 1 210) will be included in subgroup analyses. 

Separate analyses will also be performed for patients aged <70 and ≥70 years. 

  

 14. Descriptive data 
 In the previously conducted pilot study, it was observed that the majority of included 

patients were male, with a median age of 65 years and a mean body mass index of 26 kg/m². The 

median Rockwood frailty score was 4, while the median CCI was 5. The preoperative mortality 

risk was estimated at 5.78% using the NELA score and 5.5% using the ACS-NSQIP calculator. In 

contrast, the actual observed 30-day postoperative mortality was significantly higher, reaching 

31.4% 34. 

 Given the methodological and demographic similarities between the pilot and the current 

study, comparable results are anticipated in terms of patient characteristics and clinical outcomes. 

 In line with the study’s objectives, initial analyses will focus on comparing actual 30-day 

mortality following emergency laparotomy with risk estimates from NELA, ACS-NSQIP, and 

SORT. Long-term mortality at 3, 6, 12, 24, and 36 months will subsequently be examined to 
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evaluate the medium- and long-term predictive performance of these risk scores. Accordingly, the 

descriptive statistics from this study are expected to largely mirror those observed in the pilot 

investigation. 

 

15. Study outcomes 
The outcomes derived from this study will be interpreted in line with the predefined 

objectives and statistical methods outlined in the methodology section. Given the similarity in 

study design and population characteristics, results are expected to be broadly consistent with those 

from the pilot study. 

The primary objective focuses on 30-day postoperative mortality across the full cohort of 

1,512 patients. In the pilot, the overall 30-day mortality rate was 31.4%. This figure was further 

analysed by age group, revealing a mortality rate of 14.87% in patients under 70 years of age and 

a significantly higher rate of 44.18% in patients aged ≥70 years. These findings highlight an 

extremely high mortality rate in the elderly population and a rate in younger patients that aligns 

with the upper range of European averages 34. 

For the secondary objectives, postoperative mortality will be analysed at 3, 6, 12, 24, and 

36 months. While the pilot study did not include data on 3-month mortality, extrapolation suggests 

it will lie between 31.4% and 35.6%. Observed mortality rates in the pilot were 35.6% at 6 months, 

38.25% at 12 months, 42.3% at 24 months, and 42.8% at 36 months. The estimated 30-day 

mortality was 5.78% using NELA and 5.5% using ACS-NSQIP, both showing strong positive 

correlations with observed outcomes 34. 

For the tertiary objectives, analysis will focus on the ten most frequent procedures performed 

under emergency laparotomy. For each of these, both observed mortality at 1, 3, 6, 12, 24, and 36 

months and preoperative risk estimates from the NELA and ACS-NSQIP models will be evaluated. 

These analyses will be stratified by age (<70 and ≥70 years) to explore variations in prognosis 

depending on the type of procedure and patient profile 34. 

16. Primary Outcome 

 The principal objective of this study is to evaluate 30-day postoperative mortality. In the 

pilot study, the overall 30-day mortality rate was 31.4%, with significant differences observed 

between age subgroups: 14.87% in patients under 70 years of age and 44.18% in those aged 70 

years or older 34. 

 These marked differences in 30-day mortality between age groups highlight both clinical 

challenges and opportunities to improve the care of patients undergoing emergency laparotomy. 

Key issues identified include the frailty commonly seen in elderly patients—often associated with 

multiple comorbidities—as well as the limitations of existing risk assessment tools in the 

emergency surgical context 99. The absence of standardised protocols specifically adapted to 

geriatric populations may also contribute to suboptimal therapeutic decision-making. Moreover, 

limited access to intensive care resources can adversely affect postoperative outcomes in this 

vulnerable cohort. Conversely, these findings underscore the need to implement risk prediction 

tools tailored for older patients and to incorporate preoperative geriatric assessment whenever time 

allows 100. The development of specific clinical protocols for elderly patients in the emergency 

surgical setting may further optimise intraoperative and postoperative management. Lastly, more 
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effective allocation of resources, including prioritised access to critical care, could substantially 

reduce mortality in this patient group 99. 

 The findings of the present study have the potential to significantly influence clinical 

practice by enabling the accurate identification of high-risk profiles among patients undergoing 

emergency laparotomy 101. Confirming these age-based differences may support the formulation 

of recommendations concerning perioperative resource allocation such as prioritised access to 

intensive care and the involvement of multidisciplinary teams, including geriatricians, thereby 

reducing early mortality and enabling more individualised, risk-adjusted therapeutic strategies 102. 

 

17. Additional Analyses 

 These represent supplementary analyses which, although not part of the study’s primary 

objectives, may yield valuable insights for interpreting the results obtained. Among the variables 

that may be explored is the day of the week on which the surgical intervention took place, which 

could reveal a potential “weekend effect” 103. Additionally, the professional grade of the operating 

surgeon—whether a specialty registrar, consultant, or trainee—may influence postoperative 

outcomes, including mortality 104. The start time of the surgical procedure, i.e., whether performed 

during regular working hours or outside of them (on-call periods), may also be a relevant factor to 

consider 105. Furthermore, the duration of the surgical procedure, as a possible indirect indicator 

of case complexity or intraoperative technical difficulties, may have a significant impact on patient 

outcomes, particularly mortality 106. 

Discussion 

18. Key Findings 

The hypothesis of this study is that the preoperative risk scores NELA, ACS-NSQIP, and 

SORT significantly underestimate 30-day postoperative mortality in the Romanian population 

undergoing emergency laparotomy. Identifying high-risk procedures may guide strategic resource 

allocation 107, 108. 

Comparing postoperative mortality by type of surgical procedure across the six 

participating hospitals may highlight substantial variations in surgical practices, the quality of 

perioperative care, and resource availability. These differences may not only reflect case mix 

variability but also discrepancies in technical infrastructure, or the training level of medical 

personnel. 

A study published in BMJ Open highlighted that variations in the delivery of emergency 

surgical care can lead to significant differences in mortality, emphasising the need for protocol 

standardisation to reduce such disparities 109. 

Internationally reported mortality rates following emergency laparotomy range between 

8% and 15%. However, in Romania, these rates are significantly higher. While NELA and ACS-

NSQIP scores have already been validated in multiple studies conducted in Western and Central 

Europe, validation in Eastern Europe is still pending 7, 22, 25, 110. 

The results of this study may hold clinical and practical implications, such as the 

optimisation of perioperative management, resource planning, postoperative care allocation, 
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improvement of the informed consent process, and identification of system-level limitations 102. 

The validation and implementation of risk scores within the Romanian healthcare system 

could reduce both postoperative complications and overall costs 45. These tools enable 

individualised risk estimation, support decision-making, and facilitate the process of obtaining 

informed consent. Risk scores also aid in identifying high-risk patients and in planning appropriate 

surgical and postoperative strategies 111, 112. 

Identified risk factors can support early intervention strategies, such as stabilisation of 

critical patients and thorough assessment of elderly patients—those aged over 70 years and/or with 

multiple or severe comorbidities. 

The observed difference in mortality may be partially explained by the fact that, in 

countries with more developed healthcare systems, predictive risk scores perform better due to a 

more standardised perioperative care framework. In Romania, inter-hospital variability and limited 

resources may reduce the accuracy of such predictive models. Socioeconomic and contextual 

factors—such as delayed presentation, prolonged time to CT imaging, limited access to advanced 

preoperative investigations, restricted ICU availability for patients with predicted mortality over 

5%, and the absence of geriatric specialists on surgical teams—may account for the elevated 

mortality in Romania compared to other European nations 37. 

 Geriatric assessment plays a pivotal role in the management of elderly patients undergoing 

emergency laparotomy. This multidimensional approach allows the identification and 

management of risk factors specific to this population, thereby improving postoperative outcomes. 

One study, involving 882,929 emergency surgical patients between 2007 and 2015, demonstrated 

a significant association between frailty and postoperative mortality 44. 

 To improve the care of elderly patients undergoing emergency laparotomy, the British 

Geriatrics Society (BGS) recommends frailty screening and comprehensive geriatric assessment 

(CGA). All patients aged 65 years and older should be screened using the CFS. Those with a CFS 

score ≥5, or aged ≥80 regardless of score, should receive a CGA led by a geriatrician within 72 

hours of hospital admission or transfer from ICU. Geriatric support should be integrated 

throughout perioperative care, and data collection regarding cognitive and functional status and 

discharge destination should be standard practice for patients aged over 65 years 113. Implementing 

CGA in the emergency laparotomy setting has been associated with multiple benefits, including 

reduced mortality, shorter hospital stays, and improved postoperative functional outcomes 113. 

             A study published in WJES highlighted that elderly patients who received CGA had better 

clinical outcomes compared to those who did not 114. Another study, published in Annals of 

Surgery in 2021, found that one in five elderly patients undergoing emergency laparotomy were 

frail. Frailty was independently associated with higher postoperative mortality and morbidity, 

regardless of chronological age. The study supports the incorporation of frailty scoring in the 

preoperative assessment of emergency surgical patients to support clinical decision-making and 

guide postoperative care planning 18.  

 

19. Limitations 

1. The retrospective design of the study represents a significant methodological 

limitation, as it may lead to documentation errors or the absence of relevant information in 

patient records. It also introduces multiple forms of bias (see Chapter 9: Bias). Consequently, 
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the accuracy and completeness of the collected data rely heavily on the quality of previous 

medical documentation. 

2. The sample is derived exclusively from the Northeastern region of Romania, which 

may limit the generalisability of the results to the national level. Although this area encompasses 

a population of approximately 2.5 million inhabitants, the conclusions may reflect regional 

specificities that are not necessarily applicable to other regions of the country, which may have 

different infrastructures and levels of healthcare access 37. The proposed study involves an 

evaluation of the clinical practices of over 91 general surgeons. 

3. The lack of frailty scoring, systematic geriatric evaluations, clearly defined 

preoperative stabilisation protocols, as well as variability in the time to computed tomography 

(CT), surgery, or administration of the first antibiotic dose—may represent a significant source 

of variability. Furthermore, the presence or absence of a consultant surgeon and consultant 

anaesthetist in the operating theatre, along with variable access to intensive care for high-risk 

patients (e.g., NELA score >5%), may impact inter-institutional comparability and the accuracy 

of the predictive scores NELA, ACS-NSQIP, and SORT 115. 

4. The limited applicability of the NELA, ACS-NSQIP, and SORT scores in the 

Romanian context, as these models were developed and validated in healthcare systems with 

different resources and standardised protocols. The pilot study highlighted a clear tendency to 

underestimate actual mortality 34. 

5. The study population is predominantly elderly, with a median age of 65 years in the 

pilot study, potentially resulting in a higher mortality rate than that reported in younger or more 

selectively operated international cohorts. This limits comparability with studies involving 

younger populations 116. 

6. Inter-hospital differences in resource availability (e.g., CT access, ICU teams, 

availability for rapid interventions) and subspecialty expertise among medical staff may 

introduce significant variability into the results, which cannot be fully adjusted for using 

statistical methods 37. 

7. The exclusion of patients with incomplete post-discharge data, due to an inability to 

contact relatives or the general practitioner, introduces a potential selection bias, as these 

patients may represent a distinct risk profile 117. 

8. The relatively small number of patients undergoing some of the top ten procedures 

identified in the pilot study limits the statistical power of subgroup analyses. Therefore, robust 

conclusions regarding procedure-specific mortality cannot be drawn 34. 

9. The absence of social and economic data (e.g., educational level, financial status, or 

prior access to medical care) limits the capacity to conduct a comprehensive assessment of 

factors influencing postoperative mortality 118.  

10. The validation of predictive scores is based solely on 30-day mortality, although one 

of the recognised limitations in the international literature is that these scores do not accurately 

predict long-term outcomes (at 3, 6, 12, 24, and 36 months), which are assessed only as 

secondary objectives in this study 112. 
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 20. Interpretations 

 Should predictive scores such as NELA, ACS-NSQIP, and SORT prove to underestimate 

mortality within the Romanian context, it becomes necessary to consider their methodological 

adaptation to local population and systemic characteristics, or the integration of additional 

factors into preoperative risk assessment. Numerous international studies have underscored the 

need for recalibration of these models to improve predictive accuracy across varying 

geographical and clinical contexts 21, 119, 120. 

 One potential improvement would involve the inclusion of additional variables 

reflecting the specificities of the national healthcare system and local clinical realities. These 

may include limited or delayed access to intensive care, which can significantly influence 

mortality outcomes 121. Furthermore, the time from presentation at the Emergency Department 

to surgical intervention represents a critical variable in the context of surgical emergencies and 

should be factored into risk assessment 122. The lack or delay of preoperative imaging 

investigations, particularly CT, may impact diagnostic accuracy and treatment decisions. Frailty 

assessment, using validated instruments such as the Rockwood score, represents another 

valuable component that may enhance risk stratification 123. Socio-economic status and 

educational level may also influence compliance with treatment and access to adequate medical 

care. Incorporating such variables into predictive models could improve mortality risk 

estimation in the Romanian context 37. 

 Should inter-hospital analysis reveal significantly higher mortality rates in certain 

healthcare units, this may indicate systemic deficiencies in resource availability, technical 

infrastructure, or the uniform application of preoperative care protocols. Similar discrepancies 

have been observed in other healthcare systems, such as in the UK, where variations in care 

quality and infrastructure have been linked to differences in institutional management across 

NHS trusts 124. 

 The implementation of standardised care bundles for managing acute abdominal pain 

and emergency laparotomy may help reduce inter-hospital variability and optimise 

postoperative outcomes. In this context, the general surgeon plays a central role in coordinating 

the multidisciplinary team and ensuring rigorous adherence to perioperative protocols 125. 

 The ERAS® Society’s consensus guidelines on emergency laparotomy (Part III) 

emphasise the importance of organisational structures in patient care, highlighting the role of 

multidisciplinary approaches and standardised protocols. Effective inter-specialty coordination, 

prompt evaluation, early surgical intervention, and structured perioperative management are 

recommended as key strategies to reduce inter-hospital variability and improve outcomes 126.  

  

 21. Generalisability – External Validity 
 Regarding external validity, the present study aims to produce results that may be 

extrapolated beyond the immediate setting of the six participating hospitals. As a multicentric 

investigation, it includes healthcare institutions of varying levels of competence and 

resources—two county clinical emergency hospitals and four municipal hospitals—all located 

in the Northeastern region of Romania. This institutional diversity offers high regional 
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representativeness and facilitates the evaluation of NELA, ACS-NSQIP, and SORT 

performance within a realistic and heterogeneous clinical context. 

 Collectively, the six centres serve a population of approximately 2.5 million inhabitants, 

strengthening the generalisability of the findings to other Romanian regions with similar 

demographic, epidemiological, and healthcare organisational characteristics. Moreover, the size 

of the cohort and the study’s statistical power—approaching 1—further reinforce the robustness 

and clinical applicability of the conclusions. 

 By carefully managing the most common sources of bias and applying standardised 

selection and analysis criteria, the study ensures a high degree of internal validity, which 

inherently supports external validity. The explicit acknowledgement of limitations—such as the 

inability to generalise findings to elective surgery or to unrepresented regions—demonstrates a 

scientifically rigorous and transparent approach. 

 The results obtained through this research may encourage practising clinicians to 

reconsider their current management strategies, particularly regarding the use of mortality 

prediction tools in the context of emergency laparotomy. 

 

Additional Information 

22. Funding 

Funding for this study is provided by the author's doctoral scholarship, amounting to 

3,200 RON per month for a duration of four years, as well as by personal financial resources. 

There are no external funding sources from pharmaceutical companies, government agencies, or 

private organisations. 

The funding is intended to cover the costs of essential equipment, such as a laptop (5 000 

RON) and related accessories (3 000 RON), as well as licences for various software programmes, 

including Microsoft Office Suite (500 RON), OneDrive (included with Office), LinkedIn Learning    

(1 200 RON), GraphPad Prism (2 600 RON), EndNote (550 RON), BioRender (1 200 RON), 

Grammarly (free), and Adobe Acrobat Reader (free). Additionally, the budget must account for travel 

and accommodation expenses during the data collection period in various cities. 

 

Hospital Accommodation Daily Allowance Transport Duration 

Iași - - - 10 days 

Galați - 100 RON/day 80 RON/day 10 days 

Suceava 200 RON/day 100 RON/day 120 RON 8 days 

Fălticeni 200 RON/day 100 RON/day 100 RON 6 days 

Bârlad - 100 RON/day 64 RON/day 5 days 

Pașcani - 100 RON/day 60 RON/day 4 days 

Total  2 800 RON 3 300 RON 2 930 RON 43 days 

Table 7: Data Collection Costs 

The funding has not influenced the design of the study, the collection or analysis of the 

data, or the interpretation of the findings. All conclusions and interpretations are independent 

and based solely on the data analysed. 
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Appendix 1: NELA Risk Calculator 
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Appendix 2: ACS-NSQIP Risk Calculator 
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Appendix 3: Sort  Risk Calculator  
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