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1. INTRODUCTION 

The demographic landscape of modern healthcare is being fundamentally re-
shaped by an increasingly ageing global population. As longevity improves and 
birth rates decline, the proportion of older adults is evolving across high- and 
middle-income countries alike. This demographic shift presents considerable 
challenges to healthcare systems, not least in the domain of acute and emergency 
surgical care, where older patients now constitute a growing proportion of those 
undergoing high-risk procedures (He et al., 2015; Pérez-Zepeda et al., 2021). 

Frailty, a multidimensional syndrome characterised by diminished physiolo-
gical reserve and increased vulnerability to stressors, has emerged as a crucial 
construct for understanding variability in outcomes among older adults (Buta et 
al., 2016; Church et al., 2020). Unlike chronological age or comorbidity alone, 
frailty provides a more comprehensive framework for evaluating a patient's func-
tional status and resilience in the face of illness or surgical intervention (Clegg et 
al., 2013). In particular, the Clinical Frailty Scale (CFS) has gained prominence 
for its ease of use, strong prognostic value, and applicability across diverse clini-
cal contexts (Rockwood et al., 2005; Rockwood & Theou, 2020; Church et al., 
2020). 

There is currently robust evidence linking frailty to increased 30-day mortality 
and other short-term postoperative outcomes in patients undergoing emergency 
general surgery (EGS), including emergency laparotomy (EL) (Hewitt et al., 
2015; Kennedy et al., 2022; Park et al., 2024). Yet, despite its predictive value, 
frailty is not routinely incorporated into established surgical risk-stratification 
models, and its role in guiding clinical decision-making remains underdeveloped 
(Barazanchi et al., 2020; Eliezer, 2020; Vaughan et al., 2022). 

The impact of frailty on long-term outcomes in EL remains relatively under-
explored. EL is performed for a broad range of indications across diverse clinical 
settings, and it is not yet clear whether the poorer outcomes observed in frail in-
dividuals are partly attributable to differences in surgical indication, or clinical 
presentation compared to non-frail patients (Nally et al., 2020; Park et al., 2024). 

Importantly, frailty is not an irreversible condition. Emerging research sug-
gests that when inadequately addressed, frailty may predispose patients to further 
loss of independence and long-term functional decline following EL (Zattoni et 
al., 2021; Tan et al., 2019; Hwang et al., 2023). These findings highlight the need 
for a better understanding of frailty’s role in shaping postoperative trajectories. 

The aim of this doctoral thesis is threefold: firstly, to assess whether existing 
surgical risk prediction tools can be improved by incorporating frailty; secondly, 
to describe long-term outcomes following EL and examine whether the effects of 
frailty are confounded by differences in indication and clinical presentation; and 
thirdly, to characterise the prevalence of frailty and its impact on surgical out-
comes in patients undergoing EL in referral health-care facilities in Estonia. 
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2. REVIEW OF THE LITERATURE 

2.1 Aging Population 
The global demographic landscape is undergoing a significant transformation, 
characterized by a rapidly increasing proportion of older individuals. This trend 
is primarily driven by declining birth rates and improved life expectancy due to 
advancements in social welfare and medical care. Worldwide, the proportion of 
individuals aged 65 and older is projected to rise from approximately 10% to 
nearly 25% by 2050 (He et al., 2015). 

This demographic shift poses significant challenges. As the working-age 
population declines, an increasing proportion of resources must be allocated to 
pensions, social welfare, and healthcare to support the expanding elderly popula-
tion. The impact of population aging varies across socio-economic contexts. 
While developed countries are already facing its consequences, developing na-
tions are expected to undergo similar transitions, often at a more rapid pace. For 
example, in Canada, individuals aged 65 and older constituted 17.2% of the popu-
lation in 2018, a figure projected to approach 30% by 2030 (Pérez-Zepeda et al., 
2021). In Europe, the population aged 65 years and older accounted for approxi-
mately 20% in 2021 and is anticipated to reach 30% by 2050, with fewer than 
two working-age adults per older individual (European Comission, 2023). 

 
 

2.2 Frailty 
The aging population presents significant challenges to the healthcare sector. The 
care of an increasing number of elderly individuals depends on a shrinking work-
force. At the same time advancing age is associated with greater social, psycho-
logical, and physical health needs (Collard et al., 2012; O’Caoimh et al., 2021). 
However, not all older adults require the same level of care, and some younger 
individuals may have more complex healthcare needs compared to their older 
counterparts (Pérez-Zepeda et al., 2021). This variability is measured by frailty, 
a state characterised by diminished function and physiological reserve, resulting 
in increased vulnerability to stressors. In a clinical context, such stressors may 
include acute illness, injury, or medical treatment (Buta et al., 2016; Church et 
al., 2020). 

The concept of frailty emerged in geriatric medical literature around the mid-
20th century (Sobhani et al., 2021). In 1978, the U.S. Federal Council on Aging 
introduced the term “frail elderly” to describe older individuals, typically over 
the age of 75, who require multiple health services for activities of daily living 
due to multimorbidity (Lewis, 1978). Since then, the definition of frailty has been 
refined, and efforts have been made to develop objective assessment tools to 
better characterise and measure it. 

Although frailty is a core concept in geriatric medicine and gerontology and 
is widely recognised, researchers have yet to establish a universally accepted defi-
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nition, conceptual framework, or standardized operational model for frailty 
(Sobhani et al., 2021). While frailty is often associated with advanced age and 
multimorbidity leading to adverse clinical outcomes, a definitive definition re-
mains elusive, as frailty is neither an inevitable consequence of aging nor a 
disease with a clearly defined onset. It is generally accepted as distinct from dis-
ability and comorbidity, supported by a consensus document by Rodríguez-
Mañas (Gobbens et al., 2010; Rodríguez-Mañas et al., 2013), although some 
authors consider these conditions to overlap with frailty (L. P. Fried et al., 2004). 

Currently, approximately 70 different frailty definitions and assessment tools 
exist across the literature and in clinical settings, which can be broadly cate-
gorised into two models: (1) those focusing on the physical aspects of frailty and 
(2) those defining frailty through the accumulation of deficits (Buta et al., 2016; 
Fehlmann et al., 2022; Roller-Wirnsberger et al., 2020).  

In 2001, Fried et al. introduced the “frail phenotype,” a model that defines 
frailty based on physical manifestations. An individual is classified as frail if they 
meet three or more of the following criteria: (1) unintentional weight loss of  
≥4.5 kg in the past year or ≥5% of body weight over the same period, (2) weak-
ness, measured by reduced handgrip strength, (3) diminished endurance and 
energy, (4) slowed walking speed, and (5) reduced physical activity levels (Fried 
et al., 2001). This model is regarded as the foundation of the contemporary 
concept of frailty and remains one of the most widely used definitions (Kojima 
et al., 2018). However, despite its strong validation, it focuses exclusively on the 
physical dimension of frailty and is therefore often referred to as “physical 
frailty.” Moreover, the frail phenotype does not fully capture frailty as a conti-
nuous spectrum of functional impairment (Sobhani et al., 2021). 

The other major approach to defining frailty conceptualises it as a complex 
multidimensional state characterised by the accumulation of deficits across 
various health domains, including physical, cognitive, and psychosocial aspects. 
The more deficits an individual comprises, the higher their frailty level, indicating 
increased vulnerability to adverse health outcomes. The Frailty Index (FI) was 
developed by Rockwood and Mitnitski et al. using the Canadian Study of Health 
and Aging in 2004 (Mitnitski et al., 2004; Rockwood et al., 2004). It is based on 
the widely recognized Comprehensive Geriatric Assessment (CGA) and incorpo-
rates health impairments across physical, mental, and cognitive domains, ac-
counting for the influence of social and environmental factors. The FI has been 
extensively validated and has been found to be superior in predicting mortality in 
a head-to-head comparison with frailty phenotype (Rockwood et al., 2007). How-
ever, the FI was first introduced with 92 items making it too time-consuming and 
impractical for routine use in most clinical scenarios (Rockwood et al., 2005). As 
a result, numerous assessment tools have been developed based on the deficit 
accumulation model to enhance feasibility in clinical practice. Among the most 
frequently cited are the Edmonton Frailty Scale and the Clinical Frailty Scale 
(CFS) (Buta et al., 2016). 
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2.3 Validated Frailty Assessment Tools 
The assessment of frailty and its severity should be conducted using a validated 
tool (Dent et al., 2019; Liau et al., 2021; Partridge et al., 2022; Roller-Wirns-
berger et al., 2020). It is now widely recognised that frailty cannot be reliably 
evaluated through a quick visual judgment, commonly referred to as “the eyeball 
test,” without a standardised and validated assessment method. Hii et al. (2015) 
conducted a prospective observational study on 47 elderly emergency inpatients 
in a cardiology department, comparing clinicians’ quick foot-of-the-bed frailty 
assessments to the Reported Edmonton Frailty Scale. Their findings indicated 
poor agreement both between clinicians and the Edmonton Scale, as well as 
among the clinicians themselves (Hii et al., 2015). Similarly, Ahmed and co-
authors assessed the reliability of the eyeball test in a prospective study of 100 
patients referred for transluminal or surgical valve therapy. They found that the 
eyeball test results did not align with objective frailty testing in 38% of cases 
(Ahmed et al., 2016). Notably, surgical risk classification was revised in 26% of 
cases when surgeons were provided with objective frailty measures. Walree et al. 
(2020) examined 55 cancer patients, comparing a specialist geriatric assessment 
with clinical judgments made by a cancer specialist, a general practitioner, and 
the patient’s self-assessment. Their results showed negligible correlation coeffi-
cients between different clinical judgments and only a weak association between 
clinical judgment scores and geriatric assessment outcomes (Walree et al., 2020). 
Similarly, Dam et al. (2022) studied 736 emergency department patients and 
found poor agreement between physicians’ clinical judgments of frailty and the 
Identification of Seniors at Risk–Hospitalized Patients tool, a validated frailty 
assessment instrument (Cohen’s kappa of 0.36) (Dam et al., 2022). Interestingly, 
agreement was even lower when comparing either the validated tool or physi-
cians’ judgments with the patients' self-perceived frailty (Cohen’s kappa of 0.30 
for both). 
 
 

2.4 Clinical Frailty Scale 
The CFS is a simple yet robust tool that categorises patients based on physical 
fitness and loss of independence in activities of daily living. Developed in the 
1990s and published by Rockwood et al. in 2005, the CFS was originally a 7-
point scale designed for the Canadian Study of Health and Aging to assess overall 
fitness or frailty and summarise the comprehensive geriatric assessment (Rock-
wood et al., 2005). In 2007 the scale was updated to the current 9-point scale 
where a higher score reflects a more severe grade of frailty.  Notably, level 4 
represents a transitional phase from robustness to frailty, often referred to as pre-
frailty. 
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Figure 1. Clinical Frailty Scale 

Although the CFS is based on the accumulation of deficits concept of frailty, it is 
not a questionnaire but rather a tool that relies on clinical judgment following a 
thorough patient evaluation. Central to this assessment is an interview with the 
patient and, when applicable, their caregivers.  

The scale emphasises easily observable factors that do not require specialist 
training, including mobility, balance, reliance on walking aids, and the ability to 
perform tasks like eating, dressing, shopping, cooking, and managing finances. 
These activities of daily living (ADLs) are essential for self-care and independent 
living and are classified into two categories: instrumental ADLs and basic ADLs. 
Instrumental ADLs involve more complex skills required for independent living 
and functioning within a community, such as shopping, managing finances and 
medications, meal preparation, and housekeeping. Basic ADLs, on the other 
hand, encompass fundamental self-care tasks required for physical functioning 
and survival, including dressing, toileting, bathing, and eating. A key principle is 
that frailty progresses in stages, with individuals typically first experiencing dif-
ficulty in performing instrumental ADLs, followed by impairments in more basic 
functions as frailty advances. 

In contrast to Frieds frail phenotype, the CFS is a multidimensional tool that 
extends the assessment well beyond the physical aspects of frailty. As such, it 
incorporates a broader range of factors, including disability, comorbidity, and 
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mental health issues such as mood disorders and dementia (Rockwood et al., 
2005; Rockwood & Theou, 2020).  

The CFS has been utilised in various research contexts worldwide. While it is 
the most applied frailty assessment tool in Canada and the United Kingdom, its 
use has also extended to Asia, South America, and other parts of Europe (Church 
et al., 2020). The CFS has been found to correlate well with adverse outcomes 
including mortality, comorbidity, disability, length of hospitalization, re-admis-
sion, institutionalization, cognitive function and falls. Additionally, its good cor-
relation with other frailty assessment tools supports its convergent validity. 
Although the CFS has been most frequently used in cardiology and geriatric 
medicine, its application has expanded in recent years to a variety of clinical set-
tings, including intensive care, general medicine, emergency medicine, dialysis, 
and surgery. Initially validated for individuals over 65, the CFS has also been 
shown to correlate with mortality and other adverse outcomes in younger adults 
(Hewitt et al., 2019). 

The ease of use and reliability of the Clinical Frailty Scale (CFS) have likely 
contributed to its widespread adoption and growing popularity in recent years. 
The CFS assessment can typically be completed within minutes and does not re-
quire a specialist physician trained in geriatric medicine, making it particularly 
valuable in clinical settings where assessments are often conducted by junior 
medical staff and nurses. Young & Smithard (2020) examined the consistency of 
CFS assessments among 124 healthcare professionals from various specialties, 
including consultants, junior doctors, nurses, and allied health professionals, who 
rated seven clinical scenarios. Their observations demonstrated broad agreement 
within and between professional groups, with median scores typically differing 
by no more than one point (Young & Smithard, 2020). Similarly, Ringer et al. 
(2020) assessed 159 patients and found good inter-rater reliability between nurses 
and physicians using the CFS (weighted kappa of 0.76) (Ringer et al., 2020). 
Loand co-authors further confirmed this in a study of 100 emergency department 
patients, reporting almost perfect inter-rater reliability between assessments con-
ducted by a nurse and a geriatric medicine-trained physician (weighted kappa = 
0.90) (Lo et al., 2021). 

To enhance usability, Theou, Rockwood, and colleagues have developed mul-
tiple aids and training materials for CFS novices, available at https://www.dal.ca/ 
sites/gmr/our-tools/clinical-frailty-scale.html. These resources include a classi-
fication tree, which has been validated in a prospective study of 115 patients, 
demonstrating strong agreement with assessments made by geriatricians (inter-
class correlation coefficient of 0.833) (Theou et al., 2021). 

One of the key advantages of the CFS is its applicability in emergency 
settings. Frailty is defined as a person's baseline state of vulnerability, distinct 
from the acute deterioration observed at the onset of illness. A previously healthy 
person may appear frail during an acute episode; however, accurate prognosis 
requires assessing both their baseline frailty and the severity of their acute 
condition. This distinction presents challenges for tools like Fried’s Frailty 
Phenotype in emergency admissions, where the walking speed or grip strength can-
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not be reliably measured and may not reflect the baseline frailty (Stiffler et al., 
2013). In contrast, the CFS is specifically designed to assess a person’s baseline 
state, capturing their condition two weeks prior to admission (Rockwood & 
Theou, 2020). The CFS has been shown to be more favourable than other frailty 
assessment tools in emergency settings (Lewis et al., 2019; Moloney et al., 2023), 
and its use in emergency medicine continues to increase (Fehlmann et al., 2022).  

In addition, the CFS allows for frailty assessments retrospectively based on 
medical records. Shears et al. (2018) found no statistically significant differences 
between CFS scores generated from chart reviews and those obtained via patient 
interviews in a prospective study of 150 ICU patients. While there was a trend 
toward underestimating frailty when relying solely on medical records, this dif-
ference was not statistically significant (Shears et al., 2018). Similarly, Stille et 
al. (2020) demonstrated in a cohort of 60 hospitalised elderly patients that CFS 
scores can be reliably obtained retrospectively from medical records. They re-
ported high agreement between retrospective and prospective assessments 
(weighted Cohen’s kappa of 0.89) and found no significant differences between 
the two methods, though a minor trend toward underestimating frailty in chart 
reviews was observed. Additionally, repeated retrospective CFS scoring showed 
excellent inter-rater agreement, with minimal clinically insignificant bias (Stille 
et al., 2020).  

A cross-sectional study of 145 hospitalised patients in Sweden confirmed 
these findings, reporting substantial agreement (weighted Cohen’s kappa = 0.66) 
between CFS scores derived from medical records and those obtained via patient 
interviews. However, this study also noted a statistically significant tendency to 
assign lower CFS scores when using medical records alone (Jackwert et al., 2024).  

Kay et al. (2022) further supported the validity of retrospective CFS assess-
ments, finding low bias (0.23) between prospectively assigned geriatrician CFS 
scores and retrospective CFS scores assigned by non-geriatricians. Interestingly, 
they observed a non-significant trend toward overestimating frailty when assess-
ments were based solely on medical records. Their study also found good inter-
rater reliability for retrospective CFS scoring (Cohen’s kappa = 0.76) (Kay et al., 
2022). 

 
 

2.5 Prevalence of Frailty 

Prevalence in Community-dwelling Older Adults 

The prevalence of frailty among older adults varies widely depending on the 
assessment method used and geographic region. The first systematic review of 
frailty prevalence was published in 2012 by Collard et al., who analysed 21 
studies on community-dwelling adults aged 65 and older from high-income Wes-
tern countries (Collard et al., 2012). They reported an average frailty prevalence 
of 10.7% and 41.6% for pre-frailty. However, they observed that studies using 
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the physical frailty phenotype consistently reported lower prevalence rates than 
those employing the accumulation of deficits model.  

A more recent review and meta-analysis by O’Caoimh and colleagues. (2021) 
provided the prevalence of frailty globally in their analysis of population-level 
studies from 62 countries (O’Caoimh et al., 2021). These authors estimated that, 
across different frailty measures, the overall prevalence of frailty in individuals 
aged 50 or older is 17%, while pre-frailty affects 45%. The study confirmed that 
frailty prevalence varies by assessment method. When using physical frailty 
measures, the global prevalence was 12% for frailty and 46% for pre-frailty. In 
contrast, when applying the deficit accumulation model, the frailty prevalence 
was substantially higher at 24%, with pre-frailty at 49%. Regardless of the frailty 
measure or region, frailty prevalence increased with age, although the correlation 
was weak. Consistent with previous research, both frailty and pre-frailty were 
more prevalent in females than males, possibly due to a greater accumulation of 
frailty-associated deficits over a longer lifespan. The meta-analysis also identified 
significant regional differences. The lowest frailty prevalence was observed in 
Europe (8% using physical frailty measures and 22% using the accumulation of 
deficits model), while the highest prevalence was found in Africa (22% using 
physical frailty) and Oceania (31% using the deficits accumulation model). 

Within Europe, the Survey of Health, Ageing and Retirement in Europe 
(SHARE) is a longitudinal micro-data infrastructure established in response to a 
2000 European Commission communication to the Council and the European 
Parliament. This initiative identified population ageing and its associated social 
and economic challenges as among the most pressing issues for growth and 
prosperity in the 21st century. Several studies using SHARE wave 6 data have 
been conducted to map frailty prevalence across different European countries. 
Manfredi et al. (2019) analysed a sample of 60,816 individuals aged 50 or older 
from 18 European countries, estimating the overall prevalence of physical pre-
frailty at 42.9% (ranging from 34.0% in Austria to 52.8% in Estonia) and physical 
frailty at 7.7% (ranging from 3.0% in Switzerland to 15.6% in Portugal) (Man-
fredi et al., 2019). For Estonia, physical frailty and pre-frailty rates were 8.5% 
and 52.8%, respectively, based on a sample of 4,865 individuals. Notably, frailty 
prevalence is likely significantly higher when using the accumulation of deficits 
model (Pitter et al., 2024).  

Pitter et al. (2024) expanded on this effort by developing a Frailty Atlas 
covering 42 European countries. Using SHARE data from all available survey 
waves across 29 countries, they analysed data from 311,915 individuals to esti-
mate frailty prevalence stratified by age and gender. Their analysis incorporated 
adaptations of both the physical frailty phenotype and the Frailty Index to provide 
comprehensive prevalence estimates. Additionally, they employed mixed linear 
regression in combination with gross domestic product (GDP) per capita to pre-
dict frailty prevalence for countries not included in SHARE. This work resulted 
in the creation of an interactive Frailty Atlas, which is available at https://bb-
sri.shinyapps.io/share-vitalo/ (Pitter et al., 2024). 
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Prevalence in Hospitalised Patients 

The prevalence of frailty and pre-frailty in specific clinical settings often differs 
from that observed in community-dwelling individuals. 

Kojima et al. (2015) conducted a meta-analysis of nine studies involving 1,373 
patients, estimating the prevalence of frailty in nursing homes at 52.3%. How-
ever, the included studies exhibited high heterogeneity, with prevalence ranging 
from 19.0% to 75.6% (Kojima, 2015).  

Handforth and co-authors (2015) performed a systematic review to estimate 
frailty prevalence in cancer patients, including 20 studies with 2,916 patients. 
Their findings reported a median frailty prevalence of 42%, with a range of 6%–
86% (Handforth et al., 2015).  

A more recent meta-analysis by Veronese et al. (2021) aimed to estimate 
frailty prevalence by setting, including population-based, ambulatory, nursing 
home, and hospital settings. This analysis included 177 studies with a total of 
56,407 patients, using the Multidimensional Prognostic Index, a frailty measure 
derived from the Comprehensive Geriatric Assessment. As expected, frailty pre-
valence was lowest in population-based studies (13.3%), followed by ambulatory 
settings (18.5%) and hospital settings (29.8%), with the highest prevalence in 
nursing homes (51.5%) (Veronese et al., 2021). 

In 2018, Hewitt et al. conducted a meta-analysis examining frailty prevalence 
among older general surgical patients. Seven studies using various frailty mea-
sures were included, reporting pre-frailty prevalence between 31.3% and 45.8%, 
and frailty prevalence between 10.4% and 37.0% (Hewitt et al., 2018). 

 
 

2.6 Screening for Frailty 
Most recent clinical practice guidelines recommend that elderly patients be 
routinely screened for frailty (Dent et al., 2019; Geriatric Emergency Department 
Guidelines Task Force, 2014; Liau et al., 2021; Partridge et al., 2022; Roller-
Wirnsberger et al., 2020). This is further supported by consensus documents on 
frailty (Morley et al., 2013).  

In the UK, the NHS Long Term Plan mandates that elderly patients in the 
Emergency Department receive a clinical frailty assessment within 30 minutes. 
To further enhance the identification and management of frailty, NHS England 
introduced a Commissioning for Quality and Innovation indicator in 2023. 

In Europe, the Joint Action ADVANTAGE program was launched in 2017 as 
a three-year initiative to develop a common European framework for addressing 
frailty in response to population ageing. The program involved 22 European 
Union member states, including the United Kingdom at the time. Its primary ob-
jective was to harmonise frailty prevention, detection, assessment, and manage-
ment strategies across Europe to promote healthy ageing, with a specific em-
phasis on frailty screening. 
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2.7 Risk Factors for Frailty 
Age is one of the strongest known risk factors for developing frailty. However, 
not all elderly individuals are frail, and some younger individuals may exhibit 
signs of frailty. Feng et al. (2017) conducted a systematic review of 23 longi-
tudinal studies, identifying a multitude of risk factors associated with frailty. 
They classified risk factors into sociodemographic factors, including older age, 
female gender, lower education, lower income, and lower socioeconomic status; 
physical factors, such as obesity and lower functional status; biological factors, 
including certain immune and endocrine markers such as low vitamin D levels; 
lifestyle factors, encompassing smoking, alcohol consumption, and dietary 
habits; and psychological factors, such as depression and cognitive impairment. 
These risk factors have been corroborated by several more recent studies, with 
only minor variations (Dent et al., 2023). 
 
 

2.8 Adverse Outcomes of Frailty 
Frailty is a condition characterised by increased vulnerability to stressors and a 
state of impaired ability to recover from them (Clegg et al., 2013). It is associated 
with numerous adverse outcomes in both community-dwelling individuals and 
clinical settings. In the community, frailty has been linked to lower quality of life, 
falls, depression, cognitive decline, dependence in everyday life, increased risk 
of infections, and a higher likelihood of hospitalisation. In clinical settings, it is 
associated with increased mortality, prolonged hospital stays, higher risk of 
complications, and greater likelihood of readmission (Church et al., 2020; Hoo-
gendijk et al., 2019; Kojima et al., 2018; McIsaac et al., 2020).  

There is also compelling evidence that frailty is associated with increased 
health-care utilisation and costs, increasing in proportion to the degree of frailty. 
While specific figures vary depending on the setting, methodology, and health-
care system, it is evident that the increased costs stem primarily from greater 
utilisation of healthcare services across inpatient, post-acute, and outpatient care 
settings (Hoogendijk et al., 2019). 

 
 

2.9 Managing Frailty 

Potential for Reversal 

Despite its strong association with increasing age, frailty is not an irreversible, 
one-way trajectory toward disability or death but rather a dynamic process that 
can involve both improvement and progression (Hwang et al., 2023; Kojima et 
al., 2019; Stolz et al., 2022; Ward et al., 2021). 

Kojima et al. (2019) found in their meta-analysis of 16 studies that over an 
average follow-up period of 3.9 years, 13.7% of individuals improved, 56.5% 
maintained their frailty status, and 29.1% experienced progression of frailty. 
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Hwang et al. (2023) demonstrated in their longitudinal study of 3529 patients 
who managed to  improve their frailty score (either with the frailty phenotype or 
FI) showed the same mortality risk as those who remained robust/pre-frail 
(Hwang et al., 2023). Moreover, recent research has focused on whether the rate 
of change in frailty is predictive of mortality than the current status. Stolz et al. 
conducted a prospective observational study of 508 older adults with an average 
of four repeated FI measurements every 9 months (Stolz et al., 2022). They found 
that adding the within-person FI change as a predictor to the model, decreased 
the size effect of the current frailty status and even rendered it statistically non-
significant concluding, that the rate of change is more predictive of mortality, 
than the current status. 

 
Managing Frailty in the Community 

Frailty management is inherently multidimensional. A recent consensus state-
ment and clinical practice guideline by Dent et al. (2019) emphasises the im-
portance of a tailored Comprehensive Geriatric Assessment and an individualised 
management plan for frail individuals living in the community. Such a plan 
should systematically address key domains, including polypharmacy, sarcopenia 
management, treatable causes of weight loss, and factors contributing to ex-
haustion, such as depression, anaemia, hypotension, hypothyroidism, and vitamin 
B12 deficiency (Dent et al., 2019).  

A systematic review and meta-analysis of 66 randomised controlled trials by 
Negm et al. (2019) identified physical activity interventions combined with 
nutritional support as the most effective strategies for improving frailty (Negm et 
al., 2019). This finding was corroborated by a separate review by Apóstolo et al. 
(2018). However, despite evidence suggesting potential benefits from various 
other interventions, significant uncertainty persists regarding their overall effi-
cacy (Apóstolo et al., 2018).  

Medication management in frail older adults requires careful prescribing and 
deprescribing, maintaining an up-to-date medication list, regular medication re-
views, regimen simplification where feasible, considering the individual's capa-
city to manage their medications, and an awareness of medication-related harm, 
particularly given the influence of geriatric syndromes on drug effectiveness 
(Liau et al., 2021). Presently, no medication treatment recommendations (such as 
hormone replacement) can be given in frailty management (Dent et al., 2019).  

Beyond physiological improvements, frailty management should incorporate 
strategies to enhance coping mechanisms and social support (Andreasen et al., 
2015). have demonstrated efficacy in enhancing physical performance and 
function, their impact on long-term clinical outcomes remains uncertain (Pérez-
Zepeda et al., 2022).  
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Managing Frailty in Hospitalised Patients 

Physical exercise interventions have also been shown to benefit frail patients 
during hospitalisation. A recent randomised controlled trial by Pérez-Zepeda et 
al. (2022) demonstrated that such interventions significantly improve physical 
and multidimensional frailty in hospitalised older adults, particularly those with 
higher baseline frailty levels. The study included patients admitted to an acute 
care ward, primarily for cardiovascular conditions, who participated in a tailored 
physical exercise programme consisting of morning and evening sessions over a 
median hospital stay of six days. This intervention reduced their Frailty Index 
(FI) from 0.25 to 0.20, whereas the control group experienced a decline, with 
their FI worsening from 0.25 to 0.27 (Pérez-Zepeda et al., 2022). These findings 
build on previous randomised controlled trials demonstrating improved physical 
function in acutely hospitalised frail older adults following tailored exercise 
programmes lasting five to seven days (Martínez-Velilla et al., 2019, 2020; Sáez 
de Asteasu et al., 2019).  
 

Advance Care Planning 

Frail older adults often receive more aggressive treatment than they prefer. Given 
their high risk of complications and reduced ability to recover to their previous 
state, they frequently face a significant care burden and an increased likelihood 
of further loss of independence. Research suggests that some individuals living 
with frailty may even prefer death over enduring a heavy care burden or ex-
periencing further deterioration in physical or cognitive function (T. R. Fried et 
al., 2002, 2007; Heyland et al., 2013, 2013; Hopkins et al., 2020). 

Advance care planning has demonstrated benefits across various patient 
groups and settings, increasing the likelihood that individuals receive end-of-life 
care aligned with their preferences. A systematic review by Sharp et al. (2013) 
found that while 61%–91% of elderly patients would like to discuss their end-of-
life preferences, only 2%–29% have the opportunity to do so with a healthcare 
professional (Sharp et al., 2013). Furthermore, a prospective multicentre study in 
Canada by Heyland et al. (2013) revealed that despite many severely frail patients 
having expressed their treatment preferences, concordance between patients’ 
stated end-of-life wishes and documentation in their medical records was only 
30.2% (Heyland et al., 2013). 

 
 

2.10 Emergency General Surgery  
EGS refers to urgent, non-elective general surgical procedures, primarily in-
volving the gastrointestinal tract (Ingraham et al., 2022; Shafi et al., 2013). In the 
United States, EGS has been recognised as a subspecialty within general surgery, 
supported by dedicated training pathways and certification. Conversely, in the 
United Kingdom and continental Europe, EGS is not formally recognised as a 
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distinct subspecialty, though some centres have established specialised units or 
services to manage EGS cases (Lipping et al., 2024; Ramsay et al., 2018). 

To define EGS procedures, Shafi et al. (2013) initially utilised International 
Classification of Disease (ICD)-9 codes, which were subsequently translated to 
ICD-10 codes by Ingraham et al. (2022). Scott et al. (2016) further refined the 
classification by identifying seven key procedure groups that account for 80% of 
all EGS procedures, 80.3% of associated deaths, 78.9% of complications, and 
80.2% of costs in the United States. These procedure groups include appendec-
tomy, cholecystectomy, adhesiolysis, small bowel resection, large bowel re-
section, stomach or duodenum ulcer repair, and exploratory or re-laparotomy. A 
cross-sectional population-based study in the UK noted that appendectomy and 
cholecystectomy were the most commonly performed EGS procedures. In 
contrast, adhesiolysis, small bowel resection, large bowel resection, and other 
laparotomies collectively accounted for only 9.4% of all EGS operations (Ram-
say et al., 2018).  

 
Emergency Laparotomy 

EL encompasses a range of urgent surgical interventions; however, its definition 
lacks consistency in the literature (Nally et al., 2020). In their review, Nally et al. 
(2020) highlighted discrepancies in the term “emergency,” which has been vari-
ously defined as “non-elective,” “surgery not planned the day before,” or classi-
fied according to surgeon or anaesthesiologist assessment. Some studies include 
trauma patients, while others do not. Studies referencing the National Emergency 
Laparotomy Audit (NELA) often rely on National Confidential Enquiry into 
Patient Outcome and Death (NCEPOD) classifications, categorising surgeries as 
“expedited,” “urgent,” or “emergency” based on permissible delays. 
Additionally, some studies use ICD-10 codes for classification. 

The term laparotomy refers to a surgical procedure involving a (long) ab-
dominal incision to access the abdominal cavity. It derives from the Greek lapara 
("flank") and -tomy ("incision") (Rajaretnam et al., 2025). Traditionally per-
formed via a midline incision, alternative approaches include the subcostal 
Kocher’s incision and the transverse suprapubic Pfannenstiel incision (Kocher, 
1903; Pfannenstiel, 1900). Advances in minimally invasive techniques have 
enabled many procedures to be performed laparoscopically, using smaller inci-
sions with a camera and specialised instruments. Both laparotomy and laparo-
scopy are widely used across surgical specialties, including urology, gynaeco-
logy, vascular, and general surgery. Within general surgery, these techniques are 
commonly employed for procedures involving the gastrointestinal tract, hepato-
pancreato-biliary system, and abdominal wall.  

Nally et al. (2020) noted that some studies on EL also included laparoscopic 
surgery despite it traditionally being considered an alternative to laparotomy. 
While some studies included only laparoscopic cases converted to open surgery, 
others encompassed fully laparoscopic procedures. Furthermore, while some 
studies considered emergency procedures across all surgical specialties, those 
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based on NELA excluded non-general surgical cases and even certain general 
surgical procedures, such as appendectomy, cholecystectomy, and hepato-
pancreato-biliary surgeries. 

Consequently, the terms EGS and EL are not uniformly defined in the litera-
ture. Some studies show significant overlap between the two, while others define 
EL as a subset of EGS procedures, typically representing more extensive opera-
tions performed via either an open or laparoscopic approach.  

 
Public Health Burden of Emergency General Surgery 

EGS represents a substantial global public health burden. Stewart et al. (2014) 
estimated that approximately 49 million general surgical procedures were per-
formed annually in the early 2000s. Their review further highlighted that general 
surgical emergencies accounted for approximately 10% of all major operations 
in high-income countries, whereas in middle- and low-income countries, the 
proportion ranged between 21% and 90% (Stewart et al., 2014).  

In the USA the annual case rate for EGS patients exceeds that of all new cancer 
diagnoses, with 11% of all hospitalisations being due to EGS diagnoses (Gale et 
al., 2014; Lee et al., 2020; Scott et al., 2016). The population-adjusted EGS 
admission rate was 1,290 per 100,000 individuals in 2010, reflecting a 27.5% 
increase over the preceding decade (Gale et al., 2014). Similarly, in Scotland, the 
EGS admission rate reached 1,818 per 100,000 individuals in 2016, representing 
a 9.4% increase over a 20-year period (Wohlgemut et al., 2020). Gale et al. (2014) 
also highlighted a significant increase in the proportion of EGS admissions re-
quiring surgical intervention. In contrast, Wohlgemut (2020) observed that 
although the overall number of EGS admissions had increased, the proportion of 
patients undergoing surgery had significantly declined over two decades. 

 
 

2.11 Mortality in Emergency General Surgery 
A hallmark of EGS is its significantly higher morbidity and mortality rates 
compared to the same procedures performed electively (Havens et al., 2015). In 
a retrospective analysis of a prospective database, Havens et al. (2015) compared 
the outcomes of 26,068 EGS procedures with 42,597 corresponding elective 
cases, controlling for patient-specific factors. They found that nearly half of all 
EGS patients developed postoperative complications, with a 30-day mortality rate 
of 12.5%. EGS patients were generally older, had a higher prevalence of co-
morbidities, and presented with greater acute illness severity. Even after adjusting 
for these factors, EGS remained an independent risk factor for 30-day mortality 
(OR 1.39) and postoperative complications (OR 1.20). Similarly, Ramsay et al. 
(2018) reported that in the UK, nearly 7% of all EGS patients and 20% of those 
over 75 years died within six months of admission, regardless of whether they 
underwent surgery. 
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A systematic review by Ng and Weber (2022) examining 15 studies found that 
30-day mortality rates following EL ranged from 5.3% to 21.8%, while 1-year 
mortality rates varied between 9.2% and 47% (Ng & Weber, 2022). 

Several national and international audit and quality improvement initiatives 
aim to reduce the substantial morbidity and mortality associated with EL. These 
include the NELA in the UK, the Australian and New Zealand Emergency Lapa-
rotomy Audit (ANZELA), and the American College of Surgeons National 
Surgical Quality Improvement Program (ACS-NSQIP). Since its inception in 
2013, NELA has reported a decline in mean in-hospital 30-day mortality fol-
lowing EL from 11.8% to below 9.5% (NELA project team, 2015; NELA Project 
Team, 2024). Similarly, ANZELA recorded an overall in-hospital 30-day mor-
tality rate of 7.1%, with a statistically significant reduction over time (Party et al., 
2021). 

 
Predicting Mortality Risk in Emergency Laparotomy 

The risk of mortality and morbidity following emergency laparotomy is in-
fluenced by a combination of factors, including the patient’s baseline health 
status, current physiological condition, underlying pathology necessitating sur-
gery, and the complexity of the procedure. To optimise perioperative care and 
minimise postoperative complications, both the structure and delivery of care 
must be tailored to each patient’s specific needs. Significant efforts have been 
made to identify high-risk patient subgroups and those most vulnerable to adverse 
outcomes. Various risk assessment models have been developed to aid in pro-
gnostication and decision-making. While these tools consider multiple patient- 
and procedure-related factors, including age, they do not explicitly incorporate 
frailty as an independent risk factor, despite growing evidence of its prognostic 
significance. 

The Physiological and Operative Severity Score for the Enumeration of 
Mortality and Morbidity (POSSUM) model, developed by Copeland et al. (1991), 
was later refined into the more accurate Portsmouth-POSSUM (P-POSSUM) by 
Prytherch et al. (1998) (Copeland et al., 1991; Prytherch et al., 1998). The P-
POSSUM score integrates a physiological score, assessing the preoperative status 
of the patient, and an operative severity score, evaluating surgical complexity, to 
estimate 30-day postoperative mortality and morbidity risk. Although not speci-
fically designed for EGS, P-POSSUM has been widely applied in this setting 
(Hewitt et al., 2024; Oliver et al., 2015).  

Another widely used surgical risk assessment tool, developed within the 
American College of Surgeons National Surgical Quality Improvement Program 
(ACS NSQIP), was introduced by Bilimoria et al. (2013) (Bilimoria et al., 2013). 
Like P-POSSUM, the ACS NSQIP risk calculator was designed for both elective 
and emergency surgery. In contrast, the NELA risk assessment tool, developed 
by Eugene et al. (2018) and updated in 2020, was specifically tailored for EL 
(Eugene et al., 2018). These risk stratification tools have undergone external 
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validation across various healthcare systems, with the NELA and ACS-NSQIP 
scores generally demonstrating better discrimination than P-POSSUM.  

Regarding calibration, P-POSSUM has been shown to overpredict mortality, 
whereas NELA and ACS NSQIP have exhibited variable calibration performance. 

Eliezer et al. (2020) conducted an external validation study of the P-POSSUM, 
NELA, and ACS-NSQIP risk calculators in a retrospective multicentre study in 
Australia. Their findings indicated that the NELA assessment tool demonstrated 
the highest sensitivity (88.1% vs. 78.0% for both P-POSSUM and ACS-NSQIP), 
although this was not statistically significantly greater. Additionally, P-POSSUM 
was found to systematically overestimate mortality. While the NELA tool ex-
hibited slightly greater accuracy than ACS-NSQIP, this difference did not reach 
statistical significance (Eliezer, 2020). 

Barazanchi et al. (2020) performed a single-centre retrospective analysis of 
758 patients in New Zealand, comparing the P-POSSUM, NELA, and ACS-
NSQIP models. The NELA model had the highest discrimination (AUC of 0.83) 
and was the only tool considered well-calibrated (p = 0.95). In contrast, P-
POSSUM significantly overpredicted mortality (p < 0.001), while ACS-NSQIP 
significantly underpredicted mortality (p = 0.002). Attempts to enhance discri-
mination by integrating the modified Frailty Index (mFI) with each tool did not 
yield significant improvements (Barazanchi et al., 2020). 

Parkin and co-authors (2021) conducted a meta-analysis of six studies as-
sessing the ACS-NSQIP model’s accuracy in predicting mortality. The model 
exhibited good overall predictive performance, with an observed-to-expected 
mortality ratio of 1.06. However, substantial heterogeneity was noted (I² = 57.5%, 
p = 0.035), with four studies underestimating mortality and two overestimating it 
(Parkin et al., 2021). 

Lai et al. (2021) compared the P-POSSUM and NELA risk scores in a retro-
spective multicentre study in Singapore. The NELA model showed slightly 
superior discrimination (AUC = 0.86 vs. 0.84 for P-POSSUM). Although both 
models overpredicted mortality, the NELA model demonstrated better overall 
performance (Lai et al., 2021). 

Thahir et al. (2021) performed a single-centre retrospective analysis in the 
UK, evaluating the predictive performance of the P-POSSUM and NELA models. 
The NELA model exhibited superior discrimination (AUC = 0.81 vs. 0.77). 
While P-POSSUM overpredicted mortality and the NELA model slightly under-
predicted it, both showed good calibration (Hosmer-Lemeshow p = 0.06) (Thahir 
et al., 2021). 

Barghash and colleagues (2022) conducted a single-centre retrospective study 
in the UK, analysing 681 patients to compare the NELA and P-POSSUM models. 
The NELA model demonstrated slightly better discrimination (AUC = 0.79 vs. 0.78). 
However, both models substantially underestimated mortality, with observed-to-
expected mortality ratios of 2.81 for P-POSSUM and 2.25 for NELA (Barghash et 
al., 2022). 

Darbyshire et al. (2022) conducted a registry-based multicentre analysis in the 
UK, assessing the discrimination and calibration of the NELA and P-POSSUM 
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models. Among 116,396 patients with a completed P-POSSUM score and 46,935 
with a NELA score, both models demonstrated excellent discrimination, with 
NELA outperforming P-POSSUM (AUC = 0.86 vs. 0.80). While P-POSSUM 
was well-calibrated for predicted mortalities up to 20%, it increasingly over-
estimated mortality at higher risk levels. The NELA model exhibited good calibra-
tion across all risk deciles but overpredicted mortality in laparoscopic procedures. 

Kokkinakis et al. (2023) conducted a prospective multicentre cohort study in 
Greece, externally validating the P-POSSUM, NELA, and ACS-NSQIP models. 
All models demonstrated good discrimination, with the NELA model achieving 
the highest AUC (0.85). However, only the surgeon-adjusted ACS-NSQIP model 
was well-calibrated (p = 0.742) and exhibited minimal between-hospital hetero-
geneity (Kokkinakis et al., 2023). 

Hansted et al. (2023) performed a registry-based multicentre study in Den-
mark, providing external validation for the NELA and P-POSSUM models. The 
updated NELA model demonstrated the best discrimination (AUC = 0.85); how-
ever, both models significantly underpredicted mortality. These authors identified 
an optimal cut-off point of 9%, but the model’s accuracy remained insufficient 
for high-risk patients (Hansted et al., 2023). 

 
 

2.12 Frailty in Emergency General Surgery 
Research on the impact of patient frailty in the context of EGS and EL has gained 
increasing attention over the past decade. Earlier studies in EGS primarily 
focused on advanced age as a predictor of adverse postoperative outcomes. How-
ever, a consensus document by Vaughan et al. (2022) identified frailty as one of 
the priorities in future research in EGS (Vaughan et al., 2022). 

The CFS has been recommended as the one of the most appropriate tool for 
frailty assessment in EL patients (Tian et al., 2023). Initially validated for indi-
viduals over 65, the CFS has also been shown to correlate with mortality and 
other adverse outcomes in younger adults (Partridge et al., 2022; Tian et al., 
2023). While establishing and enforcing perioperative pathways for frail patients 
requires substantial resources, emerging evidence suggests these pathways are 
cost-effective (Partridge et al., 2022). 

 
Prevalence of Frailty in the Emergency General Surgery Settings 

The prevalence of frailty among patients undergoing EGS procedures varies 
across studies, influenced by the assessment tool and cut-off thresholds used. A 
meta-analysis by Kennedy et al. (2022) reported a frailty prevalence of 30.8% 
among patients aged 65 or older, with estimates ranging from 16% to 61.6% 
depending on the assessment method (Kennedy et al., 2022). Park et al. (2024) 
conducted a meta-analysis including only studies that utilised the CFS. However, 
frailty was not uniformly defined between studies with cut-offs ranging from CFS 
≥4 or ≥6. The pooled prevalence of frailty across all age groups was 25.0% (95% 
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CI: 0.17–0.36), with estimates ranging from 10.6% to 47.1%. Among patients 
aged 55 or older, frailty prevalence was 32% (95% CI: 0.20–0.48), with a range 
of 14.6% to 47.1%. The NELA project estimated frailty in 11% of patients over 
65, increasing to 50% in those over 85 (NELA project team, 2018). 
 

Impact of Frailty on Mortality and Morbidity following 
Emergency Laparotomy 

Multiple studies and meta-analyses have examined the impact of frailty on morta-
lity following EGS, with most focusing on in-hospital or 30-day mortality. How-
ever, variability in frailty assessment tools and differences in cut-off values across 
studies may contribute to inconsistencies in reported outcomes. 

One of the earliest studies on frailty in EGS was a multi-centre prospective 
study by Hewitt et al. (2015), which included all patients aged 65 or older ad-
mitted to an EGS unit, irrespective diagnosis whether they had an operation. 
Among 325 patients, frail individuals had significantly higher 30-day (OR = 4.04) 
and 90-day (OR = 3.04) mortality rates, along with prolonged hospital stays 
(mean length of stay (LOS): 11.1 vs. 7.6 days). Frailty was assessed using the 
CFS (Hewitt et al., 2015). 

Joseph et al. (2016) conducted a prospective single-centre cohort study ana-
lysing 220 EGS patients using the Rockwood Frailty Index. Frailty was indepen-
dently associated with higher complication rates, increased intensive care unit 
(ICU) LOS, and prolonged overall hospitalisation. In contrast, age and the 
American Society of Anesthesiologists (ASA) score were not identified as in-
dependent predictors of these outcomes (Joseph et al., 2016). 

Ward et al. (2019) performed a meta-analysis of four studies using various 
frailty assessment tools to evaluate 30-day mortality in frail versus non-frail 
patients. The analysis demonstrated a significantly increased mortality risk 
among frail patients (risk ratio [RR] = 3.04, 95% CI: 2.67–3.46). Furthermore, 
three of the four studies reporting on complications found that frailty was as-
sociated with an increased postoperative complication rate (Congiusta et al., 
2017; Farhat et al., 2012; Orouji Jokar et al., 2016). Two studies indicated that 
frail patients were more likely to be discharged to a long-term care facility or 
rehabilitation centre rather than home (McIsaac et al., 2020; Orouji Jokar et al., 
2016). Frailty was also associated with a longer LOS in four of five studies 
(Hewitt et al., 2015; Lorenzon et al., 2017; McIsaac et al., 2020; Orouji Jokar et 
al., 2016), nevertheless one study found no significant difference (Goeteyn et al., 
2017). ICU admission was independently associated with frailty in one study 
(McIsaac et al., 2020), while another found an association only in univariable 
analysis (Lorenzon et al., 2017), and a third study reported no association (Orouji 
Jokar et al., 2016). 

Similarly, Kennedy et al. (2022) conducted a meta-analysis incorporating six 
studies utilising various frailty assessment tools. Their findings indicated an OR 
of 4.3 (95% CI: 2.25–8.19) for 30-day mortality among frail compared to non-
frail patients. Additionally, frail patients were more likely to be discharged to a 
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rehabilitation centre or nursing home (OR = 1.89) and had a significantly longer 
LOS, as confirmed by a separate meta-analysis of three studies (Kennedy et al., 
2022). 

The mid- and long-term mortality of frail patients following EL has only 
recently gained more attention. Parmar et al. (2021) conducted a prospective 
multicentre observational study including 937 older adults across 49 centres in 
the UK. Frailty was significantly associated with 90-day mortality, with ORs of 
3.18 for patients with a CFS score of 5, and OR of 6.10 for those with a CFS score 
of ≥6. Frailty was also independently associated with increased postoperative 
complications (adjusted OR = 4.56 for CFS 5 and 3.92 for CFS ≥6), as well as 
longer hospital and ICU stays. However, no association was found between 
frailty and 30-day readmission (Parmar et al., 2021).  

Vilches-Moraga et al. conducted a single-centre observational study on 113 
elderly adults undergoing EL in the UK. Multivariable analysis revealed that 
frailty and the absence of input from a specialised perioperative care-of-the-elder-
ly team were both associated with higher 12-month mortality (Vilches-Moraga et 
al., 2020). 

A more recent meta-analysis by Park et al. (2024) included 12 studies in-
volving 5,704 patients, all of which used the CFS for frailty assessment in EL 
patients. While seven studies focused on older adults, the remainder assessed 
frailty across all adult patients. All except one study defined frailty as CFS ≥4 or 
≥5. The meta-analysis demonstrated significantly higher mortality rates among 
frail patients at 30 days (OR = 3.84), 90 days (OR = 2.71), 6 months (OR = 5.90), 
and 1 year (OR = 3.03). A subgroup analysis showed similar associations with 
30-day mortality between studies that included only older adults and those that 
assessed all adult patients. Additionally, three studies reported a correlation 
between increasing CFS scores and a higher risk of 30-day mortality (Park, Alani, 
et al., 2024). 

 
Loss of Independence after Emergency Laparotomy 

Patients who are older and more frail are at risk of becoming even less indepen-
dent when undergoing EL.  

Zattoni et al. (2021) conducted a single-centre prospective cohort study of 78 
patients over 70 undergoing EL and found that one in four surviving patients 
experienced a severe decline in functional status. Both frailty and advanced age 
were identified as independent risk factors for loss of independence (Zattoni et 
al., 2021). Similarly, according to a Norwegian study, 65% of patients over 80 
were discharged to a nursing home postoperatively, compared to only 16% who 
had been living in a nursing home before surgery (Aakre et al., 2020). 

Tan et al. (2019) conducted a prospective cohort study of 90 patients over 65 
undergoing emergency abdominal surgery and found that 6.9% of previously 
independent patients had lost their independence one year postoperatively, with 
frailty being a significant risk factor for functional decline (Tan et al., 2019). 
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Decision-making and Patient Preferences 

In certain cases, undergoing EL may be futile, with death being inevitable. A 
retrospective NSQIP-based study by Al-Temimi et al. (2012) involving 37553 
patients found that individuals over 90 years old with ASA class V, septic shock, 
dependent functional status, and an abnormal white blood cell count had a sur-
vival probability of less than 10% (Al-Temimi et al., 2012). However, in most 
cases, the futility of care is not as clear-cut, and a high risk of mortality alone 
should not be the sole determinant in decision-making. 

While clinicians often base their decision-making in EGS on mortality risk or 
LOS, patients tend to prioritise postoperative quality of life over the risk of 
mortality when considering emergency surgery (Law et al., 2020). Using the 
Delphi process, Law et al. (2020) attempted to establish consensus between 
elderly patients and clinicians but achieved only 50% agreement. Patients did not 
concur with clinicians that mortality, return to theatre, alternative treatments to 
EL, symptom control, or input from other specialties would significantly in-
fluence their decision-making. Mortality risks that clinicians perceived as excep-
tionally high were often considered acceptable by elderly patients. However, the 
patient group unanimously agreed that maintaining independence and returning 
home were key factors in their decision-making. They also strongly valued post-
operative quality of life over mortality risk when deciding to undergo emergency 
surgery.  

Given these findings, shared decision-making between clinicians and patients, 
including setting realistic expectations and defining the ceiling of care, is equally 
important in EGS as in elective surgery (Partridge et al., 2022; Tian et al., 2023). 

 
Multidisciplinary Approach 

The perioperative management of frail patients should be multidisciplinary, 
incorporating proactive co-management by geriatric specialists (Partridge et al., 
2022; Tian et al., 2023). While most evidence on the effectiveness of prehabilita-
tion and frailty pathways comes from elective surgery, emergency medical and 
orthopaedic settings, emerging research suggests promising outcomes in EGS. 

Engelhardt et al. (2018) conducted a single-centre prospective before-after 
study of 239 older trauma and EGS patients, demonstrating that routine frailty 
screening and implementation of a frailty pathway significantly reduced 30-day 
readmission rates (from 36.4% to 10.2%) and loss of independence by 40% 
(Engelhardt et al., 2018). 

Shipway et al. (2018) reported that implementing an embedded geriatric 
surgical liaison service reduced the LOS of both elective and EGS patients, 
highlighting the broad range of postoperative medical complications that 
prompted medical review (Shipway et al., 2018). 

Khadaroo et al. (2020) performed a controlled before-after study of 684 pa-
tients over 65 undergoing EGS procedures. Integrating a geriatric team and 
optimising evidence-based, elderly-friendly care resulted in a 19% reduction in 
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the combined outcome of major complications or death within the intervention 
group. The study also demonstrated reductions in minor complications, LOS, and 
the proportion of patients requiring a higher level of care after discharge. 

A cross-sectional population-based study from the UK found that only 25% 
of EGS admissions resulted in an operation, with this proportion decreasing to 
15% in patients over 75 years (Ramsay et al., 2018). Furthermore, a large pro-
portion of postoperative complications in frail patients are medical rather than 
surgical in nature, raising concerns about whether the traditional model – where 
surgeons manage both nonoperatively treated multimorbid patients and opera-
tively managed frail patients at risk of severe medical complications – is optimal. 
Despite this, the ninth NELA audit revealed that only 33.2% of EL patients over 
80 or over 65 and frail received input from a geriatrician, although a steady in-
crease in geriatric involvement has been observed over time (NELA Project 
Team, 2024).  

Meanwhile, in 2018 only 18% of acute hospitals in Australia and New Zealand 
provided a proactive surgical-geriatric medicine service while 87% of hospitals 
provided an orthogeriatric service (Thillainadesan et al., 2019). Lack of funding 
and a shortage of geriatricians were perceived to be the major barriers to 
developing these services. 

 
 

2.13 Summary of the Literature 
Population ageing is accelerating globally, increasing the proportion of older 
adults requiring acute surgical care. Frailty – defined as a state of increased 
vulnerability due to reduced physiological reserve – is common in older indivi-
duals and associated with adverse outcomes across multiple healthcare settings. 
While over 70 frailty assessment tools exist, the CFS stands out for its practi-
cality, validity, and applicability in emergency settings, including retrospective 
use. 

Prevalence of frailty varies by setting and assessment method but is consis-
tently higher in hospitalised and surgical populations than in the community. 
Studies show frailty is strongly associated with increased short-term mortality, 
complications, prolonged hospital stay, institutionalisation, and functional decline. 
Despite this, frailty is often under-recognised in clinical practice and is not 
routinely included in established surgical risk models. 

EGS, particularly EL, carries high morbidity and mortality. Existing risk pre-
diction tools such as P-POSSUM, NELA, and ACS-NSQIP have demonstrated 
good discriminatory ability, particularly the NELA model. However, their 
calibration is variable, and none explicitly incorporate frailty, despite growing 
evidence of its independent prognostic significance. 

Furthermore, differences in surgical indication and presentation between frail 
and non-frail patients may partly explain outcome disparities. While frailty is 
potentially reversible, lack of targeted management can lead to long-term 
deterioration. Evidence supports the integration of frailty screening, multi-
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disciplinary care, and advance care planning to improve outcomes. However, 
these practices remain inconsistently applied. 

Overall, the literature highlights the prognostic importance of frailty in EL, 
the strengths and limitations of current risk prediction tools, and the need for 
better data on long-term outcomes and context-specific surgical risk in frail popu-
lations.  
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3. AIMS OF THE STUDY 

The main purpose is to investigate the role of frailty in predicting outcomes after 
EL, with a focus on how the incorporation of frailty assessment – specifically 
using the CFS – can enhance existing risk prediction tools, and to explore the 
short- and long-term outcomes of frail patients undergoing EL in various clinical 
settings. 
 
The specific aims were: 
1. The primary aim of Study I was to evaluate whether incorporating frailty, as 

measured by the Clinical Frailty Scale, would enhance the discriminatory 
performance of the P-POSSUM and NELA prognostic models in predicting 
mortality following emergency laparotomy. Additionally, the study aimed to 
assess the impact of frailty on 30-day mortality among patients aged over and 
under 65 years undergoing emergency laparotomy. 

2. The primary aim of Study II was to examine the impact of frailty on 180-day 
mortality following emergency laparotomy, and to determine whether this 
association could be explained by differences in indications for surgery, the 
presence of sepsis, intra-abdominal contamination, or the presence of malig-
nancy compared to non-frail patients. The secondary aim was to assess the 
impact of frailty on preoperative waiting time and the length of postoperative 
hospital stay. 

3. The primary aim of Study III was to investigate the prevalence of frailty 
among patients over the age of 50 undergoing emergency laparotomy in two 
referral hospitals in Estonia, as well as the impact of frailty on short- and long-
term mortality. The secondary aim was to assess the effect of frailty on post-
operative complications, length of postoperative hospital stay, and the pro-
gression of frailty and decline of functional independence in both the short 
and long term.  
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4. MATERIALS AND METHODS 

4.1 Ethics 
This research was conducted in accordance with the principles of the Declaration 
of Helsinki and approved by the relevant institutional review boards. Ethical 
approval for studies I and II was granted by the Oxford University Hospitals NHS 
Trust (Approved Local Audit no. 7023). For study III, ethical approval was ob-
tained from the Research Ethics Committee of the University of Tartu (approval 
number – 365/M-13) and the participating hospitals. 
 
 

4.2 Inclusion and Exclusion Criteria 

Studies I and II 

For studies I and II, all adult patients entered into the NELA database at Oxford 
University Hospitals NHS Foundation Trust between 1 January 2018 and 15 June 
2021 were eligible for inclusion. Eligibility criteria followed those defined by 
NELA during the study period, including patients who underwent an emergency 
laparotomy for gastrointestinal pathology such as obstruction, perforation, 
ischaemia, sepsis, or intra-abdominal bleeding. 

For study I patients whose NELA database entry or EPR notes did not have 
sufficient information to assess the CFS or to calculate the P-POSSUM and 
NELA-RPT were excluded from the analysis. 

For study II patients without sufficient information in either the NELA data-
base entry or EPR notes to assess CFS were excluded from the analysis. 

 
Study III 

For study III, all consecutive patients aged ≥50 years who underwent emergency 
laparotomy between March 2022 and April 2023 at the North Estonia Medical 
Centre and between June 2022 and July 2023 at the East Tallinn Central Hospital 
were included. The procedures were classified as emergency surgeries if they 
were necessitated by conditions directly related to the emergency admission.  

Patients were included if they underwent any of the following major emer-
gency abdominal surgeries:  
 Surgeries involving the stomach, small intestine, large intestine, or rectum due 

to perforation, ischemia, intra-abdominal abscess, haemorrhage, or bowel 
obstruction.  

 Opening and/or drainage of intra-abdominal abscesses or hematomas (ex-
cluding those opened and drained during appendectomy or cholecystectomy).  

 Bowel resection or suturing due to strangulated umbilical, inguinal, femoral, 
or incisional hernias (including parastomal hernias).  

 Laparoscopic or open adhesiolysis.  
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 Stoma creation surgeries performed through a midline laparotomy.  
 Reoperations due to major postoperative complications of planned gastro-

intestinal surgeries if they met the above criteria.  
 Surgeries following complications of endoscopy if they met the above criteria 

(including complications following non-general surgical procedures).  
 Surgeries due to extensive abdominal wound dehiscence.  
 Surgeries for removal of ingested foreign bodies from the gastrointestinal tract.  
 Laparotomies/laparoscopies for unresolved pathology where a definitive surgery 

was initially planned (excluding primarily diagnostic surgeries).  
 In the case of simultaneous surgeries, the primary surgery had to meet the 

above criteria to be included in the study.  
 Emergency surgeries on the bile ducts or liver for perforation, abscess, haem-

orrhage, or bile leak.  
 Drainage and/or opening of abscesses following appendectomy or chole-

cystectomy.  
 Reoperations following non-gastrointestinal surgeries if they met the above 

criteria (e.g., bowel injury following gynaecological surgery or bowel ischemia 
following vascular surgery).  

 Mesenteric artery thromboembolectomy with accompanying bowel resection 
due to ischemia. 
 

Patients were excluded from the study if they met any of the following criteria:  
 Preoperative frailty was not assessed during hospitalization.  
 Elective laparoscopies and laparotomies.  
 Surgeries performed due to blunt or penetrating trauma.  
 Surgeries for removal of foreign bodies from the large intestine or rectum 

(considered as trauma). 
 Primarily diagnostic laparoscopies and laparotomies (surgeries initially planned 

as definitive but found to be unfeasible were included).  
 Appendectomies and cholecystectomies, including those with local abscess 

drainage (unless performed as part of a larger simultaneous operation).  
 Elective hernia surgeries without bowel resection.  
 Stomas created laparoscopically or through a “small incision.”  
 Minor abdominal wall dehiscences not causing bowel strangulation.  
 Surgeries involving the oesophagus, pancreas, spleen, kidneys, and urinary 

tract.  
 Rectal surgeries that did not involve opening the abdominal cavity.  
 Vascular surgeries (including aortic aneurysm surgeries and mesenteric artery 

thromboembolectomies without bowel resection).  
 Gynaecological and obstetric surgeries (emergency surgeries for bowel ob-

struction due to gynaecological cancer were included).  
 Surgeries for ectopic pregnancies or gynaecological abscesses (PID).  
 Transplant-related surgeries and their complications.  
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 Surgeries for the removal of dialysis catheters.  
 Surgeries involving the spleen, kidneys, urinary tract (including bladder), 

liver, gallbladder, bile ducts, or pancreas.  
 In the case of simultaneous surgeries, those where the primary surgery did not 

meet the inclusion criteria were excluded. 
 
 

4.3 Data Collection 

Study I and II 

For Studies I and II, patient data including pre-morbid frailty measured using the 
CFS, age, and sex were extracted from the NELA database. In instances where 
the CFS grade was unavailable from NELA, frailty assessment was conducted 
retrospectively through a comprehensive review of electronic patient records 
(EPR), including clinical notes from doctors, nurses, occupational therapists, 
physiotherapists, and other relevant healthcare professionals. 

For Study I, additional data necessary for calculating the P-POSSUM and 
NELA risk scores were directly obtained from the NELA database. For Study II, 
data collected included the indication for surgery, presence of sepsis, intra-
peritoneal contamination, and malignancy status. Additionally, the time from 
admission to surgery, referred to as delay to surgery (DTS), and the hospital LOS 
in days were obtained. Any missing data points in the NELA database were 
supplemented through review of the patients' EPR when available.  

Dates of death were identified using EPR data, which is integrated with the 
national death register. All patients included were followed for a minimum 
duration of 180 days. 

 
Study III 

For study III,  data was prospectively collected on patients’ demographics (age, 
sex, and living situation before hospitalization), preoperative CFS grade 
(reflecting the patients’ level of frailty two weeks before EL), surgical parameters 
(operation date, clinical and laboratory metrics), postoperative outcomes and 
complications (need for invasive interventions due to complications, LOS in the 
surgical emergency unit and in rehabilitation, discharge information), and follow-
up information (rehospitalisation, CFS and living situation six months after 
surgery, and date of death). The date of death was obtained from the National 
Electronic Health Information System. The six-month living situation and CFS 
were assessed via telephone interviews with the patient or, if unavailable, family 
or nursing home staff. 
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4.4 Statistical Methods 
Data analysis for all studies was performed using RStudio electronic software, 
Version 2023.03.0 (250 Northern Ave, Boston, MA 02210, USA).  

Normality of distribution for continuous variables was assessed with the 
Shapiro-Wilk test. Continuous variables with non-normal distribution were sum-
marised as median and interquartile range (IQR), whereas categorical variables 
were expressed as total numbers and percentages. Kaplan-Meier curves were 
utilised to represent survival data, and Cox regression models provided hazard 
ratios (HR) with 95% CI. Logistic regression models were employed to calculate 
OR and 95% CI. The validity of assumptions for all regression models was 
verified. The statistical significance level (α) was consistently set at 0.05 across 
all analyses.  
 

Study I 

Univariate logistic regression models assessed 30-day mortality odds, with frailty 
as an independent variable, for the entire cohort and age-specific subgroups (<65 
and ≥65 years). The discriminative ability of the P-POSSUM and NELA RPT 
models was evaluated using area under the receiver operating characteristic curve 
(AUC), and the DeLong test assessed differences in AUC between models. 
Calibration of predictive models was analysed by comparing observed versus 
predicted mortality, employing the chi-square test to assess significance. 
 

Study II 

The Wilcoxon rank-sum test assessed differences in non-normally distributed 
continuous variables, while the chi-squared or Fisher’s exact tests evaluated cate-
gorical data distributions. Multivariable analyses included Cox regression for 
survival outcomes, and linear regression for duration to surgery (DTS) and post-
operative LOS. Due to skewed DTS and LOS data distributions, logarithmic 
transformations were applied, with results expressed as proportional increases 
and 95% CI. Regression models utilised bi-directional stepwise elimination based 
on Akaike Information Criteria (AIC). The assumption of proportional hazards 
for Cox regression was verified using Schoenfeld’s residuals. 
 

Study III 

Univariable logistic regression calculated ORs with 95% CI for invasive inter-
ventions and of being admitted to rehabilitation or nursing home. Univariable 
Poisson regression estimated incidence rate ratios (IRR) and 95% CI for com-
bined LOS in active care and rehabilitation. Functional status changes were ana-
lysed using the Wilcoxon signed-rank test, comparing preoperative and six-
month postoperative CFS. The McNemar test assessed changes in patient living 
situations six months postoperatively, categorised as independent or institutio-
nalised. 
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5. RESULTS 

5.1 Study I 

Study Population 

Overall, 823 patients were entered into the NELA database between 01.01.2018 
and 15.06.2021 in the Surgical Emergency Unit at the Oxford University Hos-
pitals NHS Trust. CFS was provided in the NELA database in 571 cases but was 
reassessed according to the patient’s notes in 95 cases where an evident mis-
classification was noted. An attempt was made to assess the CFS based on patient 
notes for all patients who did not have this information provided in the NELA 
database. In total, thirty patients were excluded. Twenty patients were excluded 
because they were duplicates or did not have sufficient data to retrospectively 
assess CFS. Of the remaining 803 patients, 8 did not have enough information to 
calculate the P-POSSUM score, and 10 did not have enough information to 
calculate the NELA score and were excluded from the analysis. 
 

Baseline Characteristics  

Of the included 793 patients, 411 (51.8%) were aged 65 years or older. The over-
all 30-day mortality was 60 patients (7.6%). The mortality rate in the 65 years or 
older group was 46 patients (11.2%). Table 1 shows the baseline characteristics 
of the study population. 

There was a statistically significant correlation between patient frailty and 30-
day mortality. The OR for each CFS grade in different age groups is represented 
in Table 2. 

 
Table 1. Descriptive statistics of study I 

Characteristic All included 
patients 
n=793 

Patients under  
65 years 
n=382 

Patients 65 years  
or older 
n=411 

Mean age (years) (SDa)  63.1 (17.5) 48.2 (12.4) 76.9 (7.3) 
Median age (years) (range) 66 (18–94) 51 (18–64) 77 (65–94) 
Sex    
Male n(%) 392 (49.4) 198 (51.8) 194 (47.2) 
Female n(%) 401 (50.6) 184 (48.2) 217 (52.8) 
ASAb score n(%)    
1 137 (17.3) 97 (25.4) 40 (9.7) 
2 328 (41.4) 176 (46.1) 152 (37.0) 
3 265 (33.4) 91 (23.8) 174 (42.3) 
4 58 (7.3) 15 (3.9) 43 (10.5) 
5 5 (0.6) 3 (0.8) 2 (0.5) 
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Characteristic All included 
patients 
n=793 

Patients under  
65 years 
n=382 

Patients 65 years  
or older 
n=411 

CFS gradec n(%)    
1…3 460 (58.0%) 290 (75.9%) 170 (41.4%) 
4 129 (16.3%) 48 (12.6%) 81 (19.7%) 
5 109 (13.7%) 23 (6.0%) 86 (20.9%) 
6 73 (9.2%) 14 (3.7%) 59 (14.4%) 
7 18 (2.3%) 6 (1.6%) 12 (2.9%) 
8 4 (0.5%) 1 (0.3%) 3 (0.7%) 
9 0 0 0 
aSD – Standard Deviation, bASA – American Society of Anesthesiologists, cCFS – 
Clinical Frailty Scale: 1…3 – fit/not frail, 4 – living with very mild frailty, 5 – living with 
mild frailty, 6 – living with moderate frailty, 7 – living with severe frailty, 8 – living with 
very severe frailty, 9 – terminally ill. 

 

Table 2. Odds ratios of 30-day mortality by CFSa in different age groups 

CFS 
grade 

All included patients Patients under 65 years Patients 65 years or older 
ORb (95% CIc) p-value OR (95% CI) p-value OR (95% CI) p-value 

1…3 1  1  1  
4 3.4 (1.4–8.2) <0.01 3.8 (0.9–16.6) 0.07 2.6 (0.9–7.9) 0.10 
5 5.0 (2.2–11.7) <0.01 5.5 (1.0–30.0) 0.05 3.6 (1.3–10.2) <0.05 
6 13.5 (6.1–30.1) <0.01 9.6 (1.7–54.6) 0.01 10.4 (3.8–28.0) <0.01 
7…8 34.5 (12.3–96.6) <0.01 23.0 (3.6–148.4) <0.01 31.8 (8.7–116.8) <0.01 
 aCFS – Clinical Frailty Scale: 1…3 – fit/not frail, 4 – living with very mild frailty, 5 – 
living with mild frailty, 6 – living with moderate frailty, 7…8 – living with severe or very 
severe frailty. bOR – Odds Ratio. cCI – Confidence Interval. 

 

Discrimination for 30-day Mortality 

When compared to the P-POSSUM and NELA RPT, CFS alone had lower dis-
crimination across the whole cohort (AUC=0.777) as well as in the subgroup aged 
65 years or older (AUC=0.756). The P-POSSUM score had reasonably good 
discrimination (AUC=0.840) when applied to all age groups. However, reduced 
discrimination was observed in the subgroup aged 65 years or older (AUC = 
0.775). Compared with P-POSSUM, the NELA RPT demonstrated superior 
discrimination across the entire cohort (AUC = 0.875), although discrimination 
was similarly reduced in patients aged 65 years or older (AUC = 0.814). Inter-
estingly, the DeLong test to compare the discrimination of P-POSSUM and 
NELA RPT showed that the NELA RPT’s higher discrimination was not statis-
tically significant in either the whole study population (p=0.06) or the ≥ 65 group 
(p=0.13). 
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Table 3. Discrimination of CFSa alone, original and modified risk prediction tools for 
both 30- and 180-day mortality 

 Area Under the Curve 
 30-day mortality 180-day mortality 

 All patients 65 years or 
older All patients 65 years or 

older 
CFS alone 0.777 0.756 0.777 0.734 
P-POSSUMb 0.839 0.774 0.807 0.751 
Modified P-POSSUM 0.881 0.846 0.865 0.813 
p-value modified vs non-modified p<0.05 p<0.05 <0.01 <0.05 
NELA RPTc 0.875 0.814 0.849 0.793 
Modified NELA RPT 0.887 0.864 0.872 0.822 
p-value modified vs non-modified p=0.37 p<0.05 p=0.09 0.13 
aCFS – Clinical Frailty Scale, bP-POSSUM – Portsmouth Physiological and Operative 
Severity Score for the enumeration of Mortality, cNELA RPT – National Emergency 
Laparotomy Audit Risk Prediction Tool 
 

When modified with the CFS, both the P-POSSUM and the NELA RPT showed 
improved discrimination for the whole study population as well as the 65 or older 
age group (figure 1) (Table 3). This improvement was statistically significant in 
the DeLong test, except for the NELA RPT when younger patients were included. 

 
Calibration 

The observed 30-mortality was 7.6% across all age groups and 11.2% among 
patients 65 years or older. 

The NELA RPT showed excellent calibration for the whole study population 
as well as for patients aged 65 years or older. P-POSSUM overpredicted mortality 
in both age groups; however, the difference between observed and expected 
mortality was not statistically significant (Table 4). 

 
Table 4. Calibration of risk prediction tools in all age groups and in patients 65 years or 
older for 30-day mortality 

 Risk prediction tool 
 P-POSSUMa NELA RPTb 
All age groups   
Predicted mean 30-d mortality % (95% CIc) 13.0 (11.6–14.4) 6.9 (6.1–7.6) 
p-value, observed vs expected 0.34 1.0 
Patients 65 years or older   
Predicted mean 30-d mortality % (95% CI) 16.0 (14.0–18.1) 10.4 (9.2–11.6) 
p-value, observed vs expected 0.47 1.0 
aP-POSSUM – Portsmouth Physiological and Operative Severity Score for the 
enumeration of Mortality, bNELA RPT – National Emergency Laparotomy Audit Risk 
Prediction Tool , cCI – Confidence Interval  
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Impact of Frailty at Six Months 

At six months after the initial operation the observed mortality was 12.8% across 
all age groups and 18.4% among patients 65 years or older. 
 

 
Figure 2. Receiver operating characteristic curve for original and modified risk prediction 
tools 
 

Table 5. 30- and 180-day mortality by CFSa grade. 

CFS grade 1–3 4 5 6 7 8 
30-day mortality n(%) 11 (2.4) 10 (7.6) 12 (10.8) 18 (24.7) 7 (38.9) 3 (75.0) 
180-day mortality n(%) 19 (4.1) 19 (14.5) 24 (21.6) 29 (39.7) 8 (44.4) 4 (100) 
aCFS – Clinical Frailty Scale: 1–3 – fit/not frail, 4 – living with very mild frailty, 5 – 
living with mild frailty, 6 – living with moderate frailty, 7 – living with severe frailty,  
8 – living with very severe frailty 

 
On univariate analysis there was a statistically significant (p<0.01) association 
between higher CFS grades and both 30- and 180-day mortality (Table 5). On uni-
variate analysis NELA RPT and age were also predictive of 180-day mortality 
(p<0.01). Patient sex was not associated with 180-day mortality (p=0.19). CFS re-
mained an independent predictor of 180-day mortality on multivariate analysis ad-
justed for NELA RPT predicted mortality and age. However, on this multivariate 
analysis patient age was not an independent predictor of 180-day mortality (Table 6). 
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Although P-POSSUM and NELA RPT were originally designed to predict 30-
day mortality, AUC for CFS alone and both original and modified P-POSSUM 
and NELA RPT were calculated for 180-day mortality (Table 3). All prediction 
tools showed a slightly worse performance for 180-day mortality when compared 
to 30-day mortality. However, even for 180-day mortality, modified P-POSSUM 
and NELA RPT had higher AUC than the original prediction tools. 

 
Table 6. Predictors of 180-day mortality (Logistic Regression). 

 Odds ratio (95% CIc) p-value 
CFSa grade   
1–3 1 <0.01 
4 3.3 (1.6–7.2) <0.01 
5 5.3 (2.5–11.2) <0.01 
6 11.1 (5.2–24.1) <0.01 
7–8 16.6 (5.6–48.7) <0.01 
NELA RPTb predicted mortality 1.07 (1.05–1.09) <0.01 
Age 1.00 (0.98–1.02) 0.99 
aCFS – Clinical Frailty Scale: 1–3 – fit/not frail, 4 – living with very mild frailty, 5 – 
living with mild frailty, 6 – living with moderate frailty, 7–8 – living with severe or very 
severe frailty. bNELA RPT – National Emergency Laparotomy Audit Risk Prediction 
Tool. cCI – Confidence Interval 
 

5.2 Study II 

Study Population 

Following Institutional Review Board approval, data analysis was conducted on 
823 patients entered into the NELA database between January 1, 2018, and June 
15, 2021, at the Surgical Emergency Unit of the Oxford University Hospitals 
NHS Foundation Trust. 

CFS was available for 571 cases within the NELA database. However, in 95 
instances where more than one clinicians’ EPR notes significantly contradicted 
the CFS assessment in the NELA database, the CFS was reassessed based on the 
patient’s notes. Additionally, efforts were made to assess the CFS from the patient 
notes for 247 cases where this information was not recorded on the NELA data-
base. Five patients were excluded due to being duplicates, and 15 were excluded 
because their frailty status could not be evaluated, leaving 803 cases for further 
statistical analysis. 

 

Baseline Characteristics 

Descriptive baseline characteristics are presented in Table 7. Of the 803 included 
patients, 407 (50.7%) were female and 396 (49.3%) were male. The mean age 
was 63.2 years (range 18–94 years) with a median of 66.0 years (IQR 52–77 
years). The distribution of age was not normal and was moderately left skewed. 
A total of 418 patients (52.1%) were aged 65 years or older. 



43 

Table 7. Descriptive statistics of study II 

 CFSa 1…3 CFS 4 CFS 5 CFS 6 CFS 7 
Number of patients (% of total) 466 (58.0) 131 (16.3) 111 (13.8) 73 (9.1) 22 (2.7) 
Median age in years (IQRb) 59 (46–71) 70 (57–80) 77 (67–93) 77 (68–82) 76 (62–87) 
Sex ratio (M:F) 1.16 0.90 0.63 0.70 1.00 
Presence of sepsis clinically 199 (44.1) 53 (41.7) 47 (43.1) 36 (50.7) 11 (52.4) 
Indication for operation 
Obstruction 
Other 
Sepsis 
Haemorrhage 
Ischaemia 

 
254 (56.1) 
8 (1.8) 
146 (32.2) 
6 (1.3) 
39 (8.6) 

 
69 (53.9) 
4 (3.1) 
44 (34.4) 
4 (3.1) 
7 (5.5) 

 
65 (59.1) 
0 (0) 
33 (30) 
2 (1.8) 
10 (9.1) 

 
46 (63) 
0 (0) 
21 (28.8) 
3 (4.1) 
3 (4.1) 

 
12 (54.5) 
0 (0) 
8 (36.4) 
0 (0) 
2 (9.1) 

Intraperitoneal soiling 
No contamination 
Pus 
Gastroduodenal or bile 
Small bowel 
Faeces or feculent fluid 
Blood 

 
313 (69.1) 
53 (11.7) 
23 (5.1) 
17 (3.8) 
37 (8.2) 
10 (2.2) 

 
84 (65.6) 
17 (13.3) 
7 (5.5) 
4 (3.1) 
13 (10.2) 
3 (2.3) 

 
80 (72.7) 
8 (7.3) 
5 (4.5) 
7 (6.4) 
9 (8.2) 
1 (0.9) 

 
50 (68.5) 
5 (6.8) 
0 (0) 
4 (5.5) 
10 (13.7) 
4 (5.5) 

 
13 (59.1) 
3 (13.6) 
0 (0) 
3 (13.6) 
3 (13.6) 
0 (0) 

Malignancy status at operation 
No malignancy 
Primary or locally spread 
Disseminated malignancy 

 
342 (74) 
72 (15.6) 
48 (10.4) 

 
98 (75.4) 
17 (13.1) 
15 (11.5) 

 
73 (66.4) 
19 (17.3) 
18 (16.4) 

 
52 (71.2) 
11 (15.1) 
10 (13.7) 

 
19 (86.4) 
1 (4.5) 
2 (9.1) 

Median DTSc hours (IQR) 27 (11–67) 45 (16–100) 54 (18–112) 33 (14–76) 32 (10–177) 
Median LOSd days (IQR) 7.0 (4.0–13.8) 8.0 (5.0–16.0) 10.0 (5.0–16.0) 13.0 (6.0–23.0) 12.0 (6.0–17.0) 
In-hospital mortality 12 (2.6) 11 (8.4) 14 (12.6) 18 (24.7) 10 (45.5) 
30-day mortality 11 (2.4) 10 (7.6) 12 (10.8) 18 (24.7) 10 (45.5) 
90-day mortality 15 (3.2) 13 (9.9) 18 (16.2) 24 (32.9) 11 (50) 
180-day mortality 19 (4.1) 19 (14.5) 24 (21.6) 29 (39.7) 12 (54.5) 

Values are reported as n (% within CFS grade), unless otherwise specified. aCFS – Clinical Frailty Scale, bIQR – interquartile range, cDTS – 
delay to surgery, dLOS – postoperative length of hospital stay. 
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346 (42%) patients were assessed to be living with at least very mild frailty (CFS 
≥ 4), while only 22 patients were assessed to be living with severe frailty 
(CFS=7). 

The median age was 64 years for men and 67 years for women, but this 
difference was not found to be statistically significant (p = 0.059). The prevalence 
of frailty (CFS ≥ 4) was higher in female patients compared to men (46.9% vs 
36.9%, p < 0.001). 

 

 
Figure 3. Proportion of Clinical Frailty Scale (CFS) Categories by Age Groups. 

 

The prevalence of frailty increased with age (Figure 2). 17.1% of patients under 
50 were living with at least very mild frailty. For patients aged between 70 and 
80, the prevalence of frailty was 48.9%, and for patients aged 80 years or older, 
the prevalence was 79.3%. However, it is important to note that 20.6% of patients 
over 80 were considered fit for their age. 

Sepsis was clinically present in 346 (44.4%) cases, and the status was un-
known in 24 cases. In 17 cases data on both, indication and intraperitoneal soiling 
was missing. The most common indication was obstruction in 446 (56.7%) cases, 
followed by sepsis in 252 (32.1%) cases. Other indications were less common: 
ischaemia 61 (7.8%), haemorrhage 15 (1.9%), and other in 12 (1.5%) cases. In 
540 (68.7%) cases, no peritoneal soiling was found during the operation. Pus, 
small bowel content, gastroduodenal content or bile, faeces or feculent fluid, or 
blood were present in 86 (10.9%), 35 (4.5%), 35 (4.5%), 72 (9.2%), and 18 (2.3) 
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cases, respectively. In 584 (73.3%) cases, no malignancy was diagnosed before 
or in association with the operation. Information on malignancy status was 
unavailable for 6 cases. Malignancy was locally spread in 120 (15.1%) cases and 
disseminated in 93 (11.7%) cases. 

The exact time from admission to surgery was available for 621 patients. The 
median DTS was 33 hours (IQR 13–77 hours), with a mean of 67.6 hours. 

The median postoperative LOS was 8 days (IQR 5–15 days), with a mean of 13.2 
days. The distributions of postoperative LOS and DTS were markedly right-skewed. 

The overall 30-day mortality was 61 patients (7.6%), and the 180-day morta-
lity was 103 patients (12.8%). 

The odds of re-operation or return to the intensive treatment unit, whether 
planned or unplanned, were not statistically significantly different for patients 
across different CFS grades in our cohort. 

 
Indication, Sepsis, Intraperitoneal Soiling and Malignancy Status 

across Different CFS Grades 

Due to the limited number of patients living with severe frailty (CFS=7), they 
were grouped together with those on CFS grade 6. For the same reason, intraperi-
toneal soiling with small bowel content was grouped together with contamination 
with gastroduodenal content or bile. The 'other' category within indication was 
merged with 'obstruction' in accordance with the NELA risk calculator guide-
lines. Additionally, due to the low incidence, surgical procedures indicated for 
bleeding were incorporated into this same category (Table 8). We found no statis-
tically significant differences in the distribution of indication, sepsis, intraperito-
neal soiling, and malignancy status across different CFS grades. 

Table 8. Distribution of operation parameters and clinical risk factors by Clinical Frailty 
Scale (CFS) grade. 

 CFS 1…3 CFS 4 CFS 5 CFS 6...7 p-value 
Indication for operation 
Obstruction OR Other OR 
Bleeding 
Sepsis 
Ischaemia 

 
 
268 (59.2) 
146 (32.2) 
39 (8.6) 

 
 
77 (60.2) 
44 (34.4) 
7 (5.5) 

 
 
67 (60.9) 
33 (30) 
10 (9.1) 

 
 
61 (64.2) 
29 (30.5) 
5 (5.3) 

 
 
 
 
0.799 

Presence of sepsis clinically 199 (44.1) 53 (41.7) 47 (43.1) 47 (51.1) 0.548 
Intraperitoneal soiling 
No contamination or blood 
Pus 
Free bowel content 

 
323 (71.3) 
53 (11.7) 
77 (17) 

 
87 (68) 
17 (13.3) 
24 (18.8) 

 
81 (73.6) 
8 (7.3) 
21 (19.1) 

 
67 (70.5) 
8 (8.4) 
20 (21.1) 

 
 
 
0.688 

Malignancy status 
No malignancy 
Primary or locally spread 
Disseminated 

 
342 (74) 
72 (15.6) 
48 (10.4) 

 
98 (75.4) 
17 (13.1) 
15 (11.5) 

 
73 (66.4) 
19 (17.3) 
18 (16.4) 

 
71 (74.7) 
12 (12.6) 
12 (12.6) 

 
 
 
0.568 

Values are reported as n (% within CFS grade). 
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Survival after Operation 

Figure 3 depicts Kaplan-Meier curves stratified by CFS grade. A significant as-
sociation between CFS grade and both 30-day and 180-day mortality was identi-
fied in univariable analysis (p < 0.001 for each grade). By 180 days post-opera-
tion, mortality reached 54.5% in CFS grade 7 patients, while it was only 4.1% in 
patients considered fit for their age. The HR for mortality for CFS grades 4, 5, 
and 6–7 were 3.73 (95% CI 1.98–7.06), 5.84 (95% CI 3.20–10.67), and 13.66 
(95% CI 7.92–23.56), respectively, in univariable Cox regression analysis. 
 

 
Figure 4. Kaplan-Meier curves for different Clinical Frailty Scale (CFS) grades. 

 
Age was significantly correlated with both 30-day and 180-day mortality (p < 
0.001). Only one patient under 50 died within 30 days after the operation (30-day 
mortality of 0.6%). For patients aged 50 and above, 30-day mortality rate was 60 
patients (9.5%). The overall 180-day mortality was 5 patients (2.9%) for those 
under 50, and 98 (15.5%) for patients aged 50 and above. Figure 4 illustrates the 
distribution of 180-day mortality by age and CFS grade. 

 Additional factors significantly affecting survival in univariable analysis 
included intraperitoneal soiling with free bowel content (HR 2.22, 95% CI 1.42–
3.45), indication categories of sepsis or ischaemia (HR 1.87, 95% CI 1.22–2.86 
and HR 2.27, 95% CI 1.20–4.31, respectively), disseminated malignancy at the 
time of operation (HR 1.73, 95% CI 1.03–2.91), and sepsis clinically (HR 2.42, 
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95% CI 1.60–3.68). The effect of intraperitoneal soiling with pus (HR 1.39, 95% 
CI 0.75–2.60), sex (HR 0.77 for female sex, 95% CI 0.52–1.14), and locally 
spread malignancy (HR 1.26, 95% CI 0.74–2.16) on survival was not statistically 
significant on univariable analysis. 

For multivariable analysis, CFS categories 6–7 were combined due to the 
small sample sizes. The indication category 'other' (n=12) was grouped with 
operations performed for obstruction according to the updated NELA risk 
calculator. Due to the small number of patients in whom the indication was 
haemorrhage (n=15), these cases were excluded from the final model to prevent 
overfitting. Local and disseminated malignancy were grouped together. A good 
model fit was achieved, with a concordance index of 0.838. After adjusting for 
age, sex, indication, sepsis, intraperitoneal soiling, and malignancy, patient frailty 
was found to be independently associated with poorer 180-day survival (Table 
3). The HR for CFS grades 4, 5, and 6–7 were 3.93 (95% CI 1.89–8.20), 5.86 
(95% CI 2.87–11.97), and 14.17 (95% CI 7.33–27.40), respectively. 

 
Delay to Surgery 

The median DTS was 27 hours for fit patients and 43.5 hours for patients living 
with at least very mild frailty (CFS ≥ 4) (p = 0.003). 
 

 
Figure 5. Distribution of 180-day mortality by age and Clinical Frailty Scale (CFS) grade. 
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We used logarithmically transformed linear regression for the multivariable ana-
lysis of DTS due to the positive skew in DTS distribution. Stepwise bi-directional 
elimination was used, with patient frailty, age, sex, intraperitoneal soiling, indica-
tion, and sepsis as input variables. The best model fit was achieved with patient 
frailty, intraperitoneal soiling, and sepsis included as independent variables 
(Table 9). In the adjusted model, patient frailty (CFS ≥ 4) was associated with a 
1.38-fold increase of DTS. 

DTS was not associated with 30-day or 180-day mortality across our cohort 
(p = 0.981 and p = 0.632, respectively). Although there was a statistically signi-
ficant difference in DTS across different intraperitoneal soiling categories, as 
well as between patients who had sepsis and those who did not, DTS did not 
significantly affect 30-day mortality within those subgroups. The correlation 
between DTS and postoperative LOS was negligible, with Pearson's correlation 
coefficient of 0.10. 

 
Table 9. Risk factors of prolonged delay to surgery after emergency laparotomy. 

Risk factor 
Delay to surgery multiplier (95% CIb) 
Univariable 
regression 

Multivariable 
regression 

CFSa grade  
1…3 
≥ 4 

 
1 
1.37 (1.12–1.67) 

 
1 
1.38 (1.14–1.67) 

Age 1.001 (0.995–1.006) n/a 
Male sex 0.87 (0.72–1.06) n/a 
Intraperitoneal soiling 
No intraperitoneal soiling 
Pus 
Free bowel content 

 
1 
1.41 (1.02–1.96) 
0.53 (0.41–0.68) 

 
1 
2.06 (1.41–2.89) 
0.72 (0.54–0.96) 

Indication for operation  
Obstruction or “other”  
Sepsis  
Ischaemia  

 
1 
0.76 (0.61–0.94) 
0.92 (0.64–1.33) 

 
 
n/a 
n/a 

Presence of sepsis 0.65 (0.54–0.79) 0.63 (0.49–0.80) 
aCFS – Clinical Frailty Scale, bCI – Confidence Interval. 

 

Length of Hospital Stay after Operation 

The median postoperative LOS was 7 days for fit patients and 10 days for patients 
living with at least very mild frailty (CFS ≥ 4) (p < 0.001). 

Overall, death during hospitalization was not associated with postoperative 
LOS (p = 0.093). However, death during hospitalization affected postoperative 
LOS differently in fit compared to frail patients (Figure 5). Among fit patients, 
postoperative LOS tended to be slightly longer in those who died in hospital, 
although this difference was not statistically significant (p = 0.552). In frail 
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patients, postoperative LOS was significantly shorter in patients who died in 
hospital (median of 6 vs. 10 days, p = 0.003). 

For multivariable analysis of postoperative LOS, we utilized logarithmically 
transformed linear regression. Stepwise bi-directional elimination was employed 
with patient frailty, age, sex, intraperitoneal soiling, indication, sepsis, and death 
during hospitalization as input variables. The best model fit was achieved with 
patient frailty, age, intraperitoneal soiling, sepsis, and death during hospitaliza-
tion included as independent variables (Table 10). In the adjusted model, patient 
frailty (CFS ≥ 4) was associated with 1.24 times increase in postoperative LOS. 

 

 
Figure 6. Boxplots of Postoperative Length of Stay for Fit and Frail Patients. *LOS – 
postoperative length of stay. Boxes represent interquartile ranges (IQR), whiskers extend 
1.5 times IQR. 

 
Table 10. Risk factors of prolonged postoperative length of hospital stay after emergency 
laparotomy. 

 
Risk factor 

Postoperative length of stay multiplier (95% CIb) 
Univariable regression Multivariable regression 

CFSa grade 
1…3 
≥ 4 

 
1 
1.26 (1.10–1.43) 

 
1 
1.24 (1.08–1.42) 

Age (per one year) 1.007 (1.003–1.010) 1.006 (1.003–1.011) 
Male sex 0.99 (0.87–1.12) n/a 
Indication for operation 
Obstruction or “other” 
Sepsis 
Ischaemia 

 
1 
1.50 (1.30–1.72) 
1.09 (0.86–1.39) 

 
n/a 
n/a 
n/a 

Presence of sepsis 1.59 (1.40–1.81) 1.43 (1.22–1.67) 
Intraperitoneal soiling with pus or 
free bowel content 1.52 (1.32–1.75) 1.27 (1.07–1.51) 

Died in hospital 0.77 (0.60–0.98) 0.55 (0.43–0.71) 
aCFS – Clinical Frailty Scale, bCI – Confidence Interval. 
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5.3 Study III 

Baseline Characteristics 

In total, 251 patients were enrolled. The baseline characteristics are summarised 
in Table 11. The median age was 73 years. Approximately one-fifth of the 
patients were included from the East Tallinn Central Hospital, with the remainder 
from the North Estonia Medical Centre Foundation. 30.7% of the patients were 
non-frail (CFS 1–3), 27.1% had a CFS of 4, and 42.2% were considered frail to 
varying degrees (CFS 5–9). Complications necessitating re-laparotomy or other 
invasive interventions were observed in 55 individuals (21.9%). The median LOS 
in the surgical emergency unit was 8 days, while the combined median LOS in 
active care and rehabilitation was 10 days. 

30-day, 90-day, and 180-day mortality rates were 37 (14.7%), 61 (24.3%), and 
71 (28.3%), respectively. The preoperative living situation was documented for 
all patients. The postoperative living situation at six months was available for 168 
patients, including all surviving patients with CFS ≥ 5. The information on living 
situation at six months was unavailable for 12 patients whose preoperative CFS 
was less than 5. 

 
Table 11. Descriptive Statistics of study III. 

Total number of patients 251 
M:F ratio 0.9 
Median age (IQRa) 73 (65–81) 
Centre 
NEMCb 

ETCHc 

 
199 (79.3) 
52 (20.7) 

CFSd grade 
1 
2 
3 
4 
5 
6 
7 
8 
9 

 
17 (6.8) 
25 (10) 
35 (13.9) 
68 (27.1) 
54 (21.5) 
28 (11.2) 
5 (2) 
8 (3.2) 
11 (4.4) 

Patients requiring reoperations or other invasive interventions 
for complications. 

55 (21.9) 

Median length of active care in days (IQR) 8 (5–16) 
Median length of active care + rehabilitation in days (iqr) 10 (5–23) 
30-day mortality 37 (14.7) 
90-day mortality 61 (24.3) 
180-day mortality 71 (28.3) 
Place of living before operation 
Independently or at home with relatives 
Institutionalised at hospital or nursing home 

 
246 (98) 
5 (2) 
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Total number of patients 251 
Place of living six months after operation 
Independently or at home with relatives 
Institutionalised at hospital or care home 

 
159 (94.6) 
9 (5.4) 

Median NELAe predicted 30-day mortality in % (IQR) 7.7 (3.6–16.2) 

Numbers are n(%), unless otherwise specified. aIQR – interquartile range, bNEMC – 
North Estonia Medical Centre, cETCH – East Tallinn Central Hospital, dCFS – Clinical 
Frailty Scale, eNELA – National Emergency Laparotomy Audit. 

 

Postoperative Course 

The postoperative course of patients across different CFS grades is described in 
Table 12. Among frail patients, the proportion requiring re-laparotomy or other 
invasive interventions in all, except CFS 4 cohort, was significantly higher 
compared to patients with a CFS 1–3. The OR (95% CI) was 2.3 (0.9–5.7) for 
CFS 4, 2.6 (1.1–5.7) for CFS 5, 3.1 (1.2–8.2) for CFS 6–8, and 4.3 (1.1–17.7) for 
CFS 9. Combined, the OR (95% CI) of frail patients (CFS 5–9) developing major 
complications was 1.89 (1.0–3.5) when compared to patients with a CFS ≤ 4. 

Nearly one-third of frail patients were admitted to the ICU postoperatively; 
however, the difference in ICU admission rates across different CFS categories 
was not statistically significant. Notably, only two terminally ill patients (CFS 9) 
were admitted to the ICU after the operation. 

The LOS in the surgical emergency unit for patients who survived active care 
did not differ significantly between CFS categories. However, the combined LOS 
in active care and rehabilitation was significantly longer for patients with higher 
frailty levels. The IRR (95% CI) was 1.1 (1.0–1.2) for CFS 4, 1.3 (1.2–1.5) for 
CFS 5, 1.7 (1.6–1.9) for CFS 6–8, and 2.1 (1.8–2.5) for CFS 9. Patients with 
higher levels of frailty were less likely to be discharged home or to the care of 
relatives, and more likely to be admitted to rehabilitation or nursing home. The 
OR (95% CI) for being admitted to rehabilitation or a nursing home was 2.6 (1.0–
4.6) for CFS 4, 6.1 (2.7–13.4) for CFS 5, and 12.3 (5.0–30) for CFS 6–8. Notably, 
only one patient with a CFS of 9 was discharged home from the surgical emer-
gency unit. 

There were no statistically significant differences between CFS categories in 
the rate of patients requiring emergency re-hospitalisation (p=0.755). A trend was 
observed indicating that patients with higher levels of frailty experienced more 
emergency readmissions due to medical issues and fewer for surgical problems. 
However, the number of readmitted patients in these groups was relatively small, 
and these differences did not reach statistical significance (p=0.236 and p=0.596, 
respectively). 

 
 
 
 



52 

Table 12. Postoperative Course by CFS Grade. 

 CFS 1–3 CFS 4 CFS 5 CFS 6–8 CFS 9 
Number of patients (% of total) 77 (30.7) 68 (27.1) 54 (21.5) 41 (16.3) 11 (4.4) 
M:F ratio 0.9 1.0 0.59 1.1 1.8 
Median age (IQRb) 67 (60–75) 75 (68–81) 76 (71–84) 77 (69–83) 72 (64–74) 
Patients requiring reoperations or 
other invasive interventions for 
complications. 

9 (11.7) 16 (23.5) 14 (25.9) 12 (29.3) 4 (36.4) 

Patients admitted to the intensive 
care unit after operation 

15 (19.5) 17 (25) 18 (33.3) 13 (31.7) 2 (18.2) 

Mean length of intensive care 
stay (standard deviation) 

1.5 (5.6) 2.2 (5.8) 2.6 (8.2) 2.5 (5.6) 0.3 (0.7) 

Discharged home or to the care 
of relatives after active care 

63 (81.8) 46 (67.6) 23 (42.6) 11 (26.8) 1 (9.1) 

Survived active care  77 (100) 65 (95.6) 45 (83.3) 27 (65.9) 7 (63.6) 
Median length of active care in 
days (IQRb) of surviving patients 

7 (5–13) 8 (5–13) 13 (7–18) 9 (8–21) 7 (5–11) 

Median length of active care + 
aftercare in days (IQR) of 
surviving patients 

8 (5–15) 9 (6–24) 15 (8–28) 20 (8–37) 24 (15–32) 

Surviving patients readmitted as 
emergency (any) 

11 (14.5) 13 (20) 7 (15.9) 5 (19.2) 2 (28.6) 

Surviving patients readmitted as 
emergency (medical) 

4 (5.3) 8 (12.3) 5 (11.4) 4 (15.4) 2 (28.6) 

Surviving patients readmitted as 
emergency (surgical) 

8 (10.5) 6 (9.2) 2 (4.5) 1 (3.8) 0 (0) 

30-day mortality  
Total 
Age 50–65 
Age 65–80 
Age 80+ 

 
0 
0 
0 
0 

 
6 (8.8) 
0 (0) 
1 (2.6) 
5 (29.4) 

 
10 (18.5) 
2 (28.6) 
4 (15.4) 
4 (19.0) 

 
16 (39) 
2 (33.3) 
8 (42.1) 
6 (37.5) 

 
5 (45.5) 
2 (50) 
3 (42.9) 
NA 

90-day mortality  
Total 
Age 50–65 
Age 65–80 
Age 80+ 

 
3 (3.9) 
0 (0) 
2 (5.4) 
1 (10) 

 
9 (13.2) 
2 (15.4) 
2 (5.3) 
5 (29.4) 

 
18 (33.3) 
3 (42.9) 
8 (30.8) 
7 (33.3) 

 
23 (56.1) 
2 (33.3) 
11 (57.9) 
10 (62.5) 

 
8 (72.7) 
3 (75) 
5 (71.4) 
NA 

180-day mortality  
Total 
Age 50–65 
Age 65–80 
Age 80+ 

 
5 (6.5) 
0 (0) 
4 (10.8) 
1 (10) 

 
10 (14.7) 
3 (23.1) 
2 (5.3) 
5 (29.4) 

 
21 (38.9) 
3 (42.9) 
11 (42.3) 
7 (33.3) 

 
25 (61.0) 
2 (33.3) 
12 (63.2) 
11 (68.8) 

 
10 (90.9) 
4 (100) 
6 (85.7) 
NA 

Numbers are n (% within specified category), unless otherwise specified. aCFS – Clinical 
Frailty Scale bIQR – Interquartile Range. 
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Mortality 

No patients with a CFS 1–3 in any age group died within 30 days post-operation, 
whereas significant mortality was observed among frail patients, with increasing 
mortality rates correlating with higher levels of frailty (Table 12). Figure 2 
displays Kaplan-Meier curves of postoperative survival stratified by CFS 
category. In Cox regression, the HR (95% CI) were 2.4 (0.8–7.1) for CFS 4, 7.5 
(2.8–20.0) for CFS 5, 14.4 (5.5–37.8) for CFS 6–8, and 28.7 (9.7–84.6) for CFS 
9, compared to non-frail patients. The sole patient classified as CFS 9, who 
survived beyond 180 days, subsequently died 198 days post-surgery, consistent 
with the definition of terminally ill patients in the CFS. 

 
Although mortality rates tended to be lower for younger patients compared to 
older patients, CFS independently influenced mortality within each age group 
(Table 12). In a multivariable Cox regression model adjusted for age and sex, the 
HR and 95% CI were 2.3 (0.8–6.5) for CFS 4, 6.7 (2.5–18.3) for CFS 5, 12.7 
(4.7–33.9) for CFS 6–8, and 28.6 (9.7–84.4) for CFS 9. In the adjusted model, 
neither age nor sex had a statistically significant effect, with 95% CI of 0.99–1.04 
for age and 0.8–2.2 for sex. 
 

 
Figure 7. Survival after Emergency Laparotomy by Clinical Frailty Scale (CFS) Grade. 
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Permanent Change in the Patient’s Functional Status 

At six months post-EL, surviving patients demonstrated an increased level of 
frailty compared to their preoperative CFS grade. CFS 8 and CFS 9 were 
discarded from this analysis because of the definitions of those grades. Among 
patients aged 80 years or younger, the mean increase in CFS was 0.31 points (p 
= 0.008), while for those older than 80 years, the mean increase was 0.44 points 
(p = 0.035).  
 
Table 13. The Place of Living Preoperatively and Six Months after the Operation. 

 CFSa < 5 CFS ≥ 5  
Number of patients at six months 118 50 
Patients institutionalised preoperatively 0 1 (2.0%) 
Patients institutionalised at six months after operation 2 (1.7%) 7 (14.0%) 

aCFS – Clinical Frailty Scale 

 
This persistent decline in functional status is further corroborated by the change 
in the living arrangements at six months post-EL in patients who were notably 
frail (CFS ≥ 5) preoperatively. Table 13 details the living situation preoperatively 
and six months after the operation. Living arrangement data at six months was 
available for 118 patients with a preoperative CFS < 5, and for 50 patients with a 
preoperative CFS ≥ 5. Preoperatively, only one patient (with a CFS of 7) was 
residing in a care home. At six months post-EL, 2 (1.7%) patients with a 
preoperative CFS < 5 and 7 (14.0%) patients with a preoperative CFS ≥ 5 were 
institutionalised. The change in living arrangements was not statistically 
significant for patients with a preoperative CFS < 5 (p = 0.480), but it was 
significant for those with a preoperative CFS ≥ 5 (p = 0.041). 
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6. DISCUSSION 

The findings of these studies underline the crucial role of frailty in the outcomes 
following EL. Across different institutions and different settings, frailty measured 
by the CFS consistently emerged as a significant predictor of both short-term and 
long-term adverse outcomes. Frailty independently correlated with elevated 
postoperative mortality, increased incidence of complications, prolonged hospital 
stay, and heightened requirements for postoperative care and rehabilitation servi-
ces. Furthermore, frail and elderly patients demonstrated considerable deteriora-
tion in functional status, affecting their independence postoperatively. Incor-
porating frailty assessments would significantly enhance the prognostic capabi-
lities of existing clinical risk prediction tools such as the P-POSSUM and the 
NELA RPT. These studies collectively underscore the necessity of routine pre-
operative frailty evaluation, not only to optimise clinical decision-making but 
also to enhance resource allocation efficiency and develop patient-centred care 
pathways that address both immediate and long-term health outcomes. 
 

Study I 
Study I evaluated the performance of two commonly used risk prediction tools, 
P-POSSUM and NELA RPT, and demonstrated that their discrimination im-
proves with the addition of CFS. 

Discrimination was assessed using the area under the ROC curve, reflecting 
each model’s ability to accurately stratify patients by risk. Both tools showed 
good overall discrimination; however, performance declined in the elderly 
subgroup, consistent with findings from other studies (Ah et al., 2019; Sharrock 
et al., 2017; Simpson et al., 2022). A possible explanation is that while both P-
POSSUM and NELA RPT incorporate age, neither accounts for frailty, which is 
more prevalent among older adults. Prior studies have shown frailty alone to be 
predictive of mortality, with discriminatory performance comparable to that 
observed in our cohort (Palaniappan et al., 2022; Parmar et al., 2021). While the 
AUC for CFS alone remains lower than that of specialised tools, we showed that 
combining CFS with either P-POSSUM or NELA RPT significantly improved 
model discrimination. Notably, the modified P-POSSUM outperformed the 
unmodified NELA RPT. The improvement in both tools was particularly marked 
in patients aged ≥ 65 years. Previous attempts to improve the NELA RPT with 
frailty measures have not demonstrated improved discrimination. Barazanchi et 
al. (2020) reported that combining the mFI with P-POSSUM and ACS-NSQIP 
improved predictive performance, but no benefit was seen with NELA RPT; 
however, they did not perform a subgroup analysis for the elderly. In our cohort, 
combining CFS with NELA RPT did not yield a statistically significant improve-
ment across all age groups; however, a significant improvement was observed in 
patients aged ≥ 65 years. Reliable risk stratification is fundamental to clinical 
decision making. There is clear benefit in routinely admitting high-risk patients 
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to an intensive care unit postoperatively, as this has been shown to reduce adverse 
events after the operation (Kokkinakis et al., 2023; NELA project team, 2018).  

While previous reports have consistently shown that the NELA RPT has signi-
ficantly better calibration than P-POSSUM (Barazanchi et al., 2020; Darbyshire 
et al., 2022; Lai et al., 2021), While previous reports have consistently shown that 
the NELA RPT has significantly better calibration than P-POSSUM (Hansted et 
al., 2023; Kokkinakis et al., 2023). In our cohort, the NELA RPT demonstrated 
excellent calibration, with only slight underprediction across all age groups. In 
contrast, the P-POSSUM exhibited poor goodness of fit and overpredicted 
mortality by nearly two-fold; however, the difference between observed and ex-
pected mortality was not statistically significant. Such overestimation may contri-
bute to unnecessary allocation of healthcare resources. Conversely, there are 
instances where surgical intervention is deemed futile. This unsuitability typically 
results from a combination of patient frailty, physiological deterioration, and the 
severity of the surgical procedure. Accurate and reliable risk prediction can sup-
port patients, their families, and caregivers in setting realistic goals and avoiding 
the considerable burden of treatment in situations where active care is unlikely to 
be beneficial. 

We demonstrated that frailty influenced mortality not only in patients aged ≥ 
65 but also in younger individuals. However, among younger patients with less 
severe frailty, the association with mortality was statistically less significant, and 
even in those with higher frailty scores, the odds ratios were lower than those 
observed in the elderly. Additionally, the proportion of frail individuals was 
significantly lower among patients under 65 years of age in our cohort. This may 
partly explain why the improvement in discrimination for the NELA RPT was 
not significant across the entire study population but reached significance in 
patients aged 65 and over.  

There is evidence that a multidisciplinary approach involving co-management 
between geriatricians and surgeons improves outcomes in elderly frail patients 
(Engelhardt et al., 2018; Khadaroo et al., 2020; Shipway et al., 2018). It is highly 
likely that high-risk and frail younger patients would also benefit from a similar 
approach. 

Furthermore, current risk prediction models are primarily designed to estimate 
30-day mortality. While mortality is highest within the first month postopera-
tively, a substantial proportion of deaths occur beyond this conventional time-
frame. In addition, mortality represents only the most visible and readily measur-
able adverse outcome among a broader spectrum of postoperative complications. 
Further research is needed not only to improve the prediction of long-term 
mortality but also to assess and predict outcomes such as postoperative quality of 
health and return to independent functioning following EL. 
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Study II 

Study II confirmed that patient frailty is associated with increased short- and 
long-term mortality following EL. We found no evidence that this association is 
explained by differences in indication, intraperitoneal soiling, or malignancy 
status. the mortality hazard was 14-fold higher in moderately and severely frail 
patients, this effect did not appear to be significantly confounded by indication, 
sepsis, intraperitoneal soiling, or malignancy. 

Although reports often focus on prevalence of frailty in the elderly, it is crucial 
for clinicians to recognize that there are also fit people within this age group. In 
our cohort a fifth of patients over 80 were considered fit for their age and the 
outcome of their operation was more favourable accordingly. 

The longer LOS observed in frail patients likely reflects postoperative compli-
cations and functional decline. (Carter et al., 2020; Tan et al., 2019). Notably, our 
study revealed that death during hospitalization impacts postoperative LOS 
differently in fit versus frail patients. Previous studies have reported conflicting 
findings on LOS, with some identifying prolonged stays in frail patients and 
others finding no difference compared to fit individuals (Ward et al., 2019). 
Considering that mortality is higher among frail patients, and that LOS is shorter 
for those frail patients who die in hospital – unlike their non-frail counterparts – 
it is essential to adjust for in-hospital death when investigating meaningful 
differences in LOS between frail and non-frail patients. As with mortality, the 
effect of frailty on postoperative LOS remained significant even adjusting for the 
other mentioned risk factors.  

The finding of a longer DTS for frail patients is consistent with previous 
research. However, the clinical implication of such delay is less clear. We found 
no evidence that a longer DTS correlates with worse survival or an extended 
postoperative LOS in our cohort. It is conceivable that this additional waiting 
period allowed for the involvement of more senior staff in the decision-making 
process, as well as elderly care specialists to achieve better physiological 
optimization before surgery. While it could be hypothesized that such efficient 
use of time could offset the intrinsic risks associated with frailty, our study lacked 
specific data on this aspect. Further research is needed to explore and substantiate 
this hypothesis. 

Study III 

Study III demonstrated that frailty, as assessed by the CFS, significantly impacts 
both short- and long-term outcomes in patients undergoing EL. Our findings 
highlighted that frail patients (CFS ≥ 5) experience markedly higher 180-day 
mortality rates, increased odds of major complications, prolonged hospital stays, 
and substantial declines in functional status and independence six months post-
surgery. Additionally, frailty was independently associated with mortality across 
all age groups, while neither age nor sex had a statistically significant effect in 
the adjusted multivariable model. These results underscore the importance of 
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preoperative frailty assessment in predicting adverse outcomes and guiding peri-
operative care strategies. 

This study represents the first effort to employ the CFS in research within 
Estonia, building upon similar prospective studies conducted in the UK (Parmar 
et al., 2021) and New Zealand (Park et al., 2024). The proportion of frail patients 
in our cohort was considerably higher compared to the ELF study in the UK. In 
the ELF study, 59% of patients were classified within CFS grades 1–3, and only 
20% were considered frail (CFS ≥ 5). Conversely, our cohort comprised only 
30.7% of patients within CFS grades 1–3, with 42.2% assessed as frail (CFS ≥ 
5). Notably, the ELF study included patients aged 65 years or older, whereas our 
cohort included patients aged 50 and above. The multicentre study from New 
Zealand by Park et al. (2024) identified only 14.6% of patients over 55 
undergoing EL as frail (CFS ≥ 5). Higher levels of frailty and comorbidity in the 
Eastern compared to the Western Europe are well documented through different 
papers based on the Survey of Health, Ageing and Retirement in Europe 
(SHARE) (Ahrenfeldt et al., 2019; Pitter et al., 2024; Romero-Ortuno et al., 
2014). The reasons for this are complex and multifaceted, but one significant 
factor is likely the negative impact of the Soviet regime (Zatonski, 2007). 

Table 14 compares the 90-day mortality by age group and CFS between our 
study and the ELF study. Although our cohort had a lower 90-day mortality rate 
among patients with CFS < 5, the mortality among frail patients (CFS ≥ 5) was 
higher compared to the ELF study. 

 
Table 14. 90-day Mortality Rates in Our Cohort and in the Emergency Laparotomy and 
Frailty (ELF) Study (Parmar et al., 2021). 

90-day mortality (%) CFSa 1–3 CFS 4 CFS 5 CFS 6–7 

Total (age 65 or more) 
Our study 

The ELF Study 

Age 65–80 
Our study 

The ELF Study 

Age 80+ 
Our study 

The ELF Study 

 
6.4 
12.2 
 
5.4 
12.0 
 
10 
11.2 

 
12.7 
27.8 
 
5.3 
25.2 
 
29.4 
30.5 

 
31.9 
27.8 
 
30.8 
24.6 
 
33.3 
25.5 

 
60.0 
42.9 
 
57.9 
49.1 
 
62.5 
41.9 

aCFS – Clinical Frailty Scale 

 

Table 15 outlines the differences in 180-day mortality between our study and the 
prospective multicentre study by Park et al. (2024) from New Zealand. While 
frail patients in both studies had higher mortality rates compared to non-frail 
patients, the 180-day mortality of frail patients in our study was noticeably higher 
compared to the same CFS grade in the New Zealand cohort.  
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Table 15. 90-day Mortality Rates in Our Cohort and in New Zealand by Park et al. (2024). 

180-day mortality (%) CFSa 1–3 CFS 4 CFS 5 CFS 6–8 CFS 9 

Total 
Our study 

Park et al 

Age < 65 
Our study 

Park et al  
Age 65–80 
Our study 

Park et al  
Age 80+ 
Our study 

Park et al 

 
6.5 
7.8 
 
0 
7.9 
 
10.8 
7.0 
 
10.0 
9.4 

 
14.7 
23.4 
 
23.1 
14.8 
 
5.3 
26.8 
 
29.4 
24.1 

 
38.9 
29.3 
 
42.9 
33.3 
 
42.3 
35.3 
 
33.3 
23.8 

 
61.0 
37.5 
 
33.3 
40.0 
 
63.2 
26.7 
 
68.8 
46.2 

 
90.9 
33.3 
 
100 
NA 
 
85.7 
33.3 
 
NA 
NA 

aCFS – Clinical Frailty Scale 

 

Variations between studies may stem from several factors, such as differences in 
perioperative care pathways, the extent of geriatricians' and other specialists' 
involvement in patient care, and variations in the criteria used to select patients 
for surgery. Further research is needed to determine whether postoperative 
involvement of geriatricians following emergency laparotomy, both after surgery 
and during critical care, effectively improves quality of life and extends inde-
pendent living. 

Contributing to the increased mortality of frail patients is the fact that health 
care professionals often disproportionately focus their efforts on issues related to 
the acute illness that lead to the hospitalisation (Krumholz, 2013). However, 
especially in the frail patients, numerous other issues can arise that can cumu-
latively be detrimental to the patient’s outcome. This highlights the critical need 
for internal medicine or geriatrics specialists in emergency surgery units. 

In addition to the observed association with increased mortality, the post-
operative course appears considerably more exhausting and challenging in frail 
patients, both in terms of healthcare resources and the burden on the patients 
themselves. This study demonstrated that frail patients had higher odds of 
experiencing complications necessitating re-laparotomy or other invasive re-
interventions. Additionally, the LOS in acute care and rehabilitation was signi-
ficantly longer for frail patients. Nearly one-third of frail patients were admitted 
to the ICU postoperatively. Although there were no statistically significant diffe-
rences in ICU admissions compared to fit patients, this remains an important 
consideration in understanding the burden of care. It is important to acknowledge 
that these associations may be influenced by confounding factors not accounted 
for in this analysis. 

Frail patients were significantly less likely to be discharged home or to the 
care of family members indicating a postoperative functional decline that has 
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been previously described. A novel finding in our study was the long-term 
deterioration of independence and increase in frailty apparent even six months 
after EL. This increase in CFS, compared to the preoperative score, was slightly 
more pronounced in elderly patients in our cohort. Another indication of reduced 
independence at six months was the significantly higher rate of nursing home 
residents among surviving frail patients compared to those with a CFS < 5 pre-
operatively.  

The immense burden of care and loss of independence among surviving frail 
patients are critical aspects that should be clearly communicated to patients 
before they consider undergoing the high-risk path of EL. It has been repeatedly 
shown that frail patients are more likely to prefer reduced treatment and interven-
tions, and often prioritise independence and quality of life over extending life 
(Etkind et al., 2020; T. R. Fried et al., 2002; Heyland et al., 2013). Moreover, 
there are cases where surgical care would be futile. The acute care setting is not 
optimal for a patient to make complex decisions such as limiting treatment. 
Therefore, it is prudent to engage in advance care planning for frail patients 
beforehand to facilitate decision-making during emergencies. These advance care 
plans should be well-documented, discussed with patient’s family, and com-
municated to healthcare professionals to mitigate the risk of administering high-
burden invasive care to patients who do not want it (Heyland et al., 2013). 

 
Limitations 

The retrospective nature of studies I and II introduces inherent limitations. The 
CFS is a robust tool with substantial inter-rater reliability and can be reliably used 
retrospectively based on chart reviews. We found that in cases where CFS data 
were missing from the NELA database, occupational and physiotherapy records 
were invaluable. However, the absence of detailed records may lead to misclassi-
fication, skewing patients towards a “not frail” designation and potentially intro-
ducing information bias, especially for patients on CFS grade 4. In both studies 
the CFS needed to be reclassified in 95 cases. Unfortunately, we were unable to 
determine the reasons behind this initial misclassification. 

Although the number of patients included in studies I and II was relatively 
large, the lower proportion of patients with higher CFS grades and the number of 
categories analysed in our regression model necessitated the grouping of certain 
variables to prevent overfitting. Consequently, a larger cohort could yield more 
precise estimates of effect sizes. 

Additionally, as studies I and II were conducted at a single institution, the 
generalizability of the results may be limited. 

Study III relied on accurate and consistent data collection when assessing the 
CFS, which could introduce observer bias. While we observed significant postope-
rative functional decline, the long-term impact of these changes and their implica-
tions on patients' quality of life and healthcare resource utilization require further 
investigation. Larger, multi-centre studies would be beneficial to confirm the 
finding of diminished functional status six months after surgery for frail patients. 
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7. CONCLUSIONS 

The addition of frailty, as measured by the Clinical Frailty Scale, can improve the 
discriminatory ability of the P-POSSUM and NELA risk models. Although the 
prevalence of frailty is higher among patients over the age of 65, it is significantly 
associated with increased 30-day mortality in patients undergoing emergency 
laparotomy both over and under the age of 65. 

Higher levels of frailty are associated with increased 180-day mortality fol-
lowing emergency laparotomy. Frailty has an independent negative impact on 
mortality, preoperative waiting time, and length of hospital stay, which is not 
explained by differences in indication for surgery, presence of sepsis, intraperito-
neal soiling, or the presence of malignancy when compared to non-frail patients. 

The prevalence of frailty among patients over the age of 50 undergoing emer-
gency laparotomy in Estonian referral hospitals is high. Higher levels of frailty 
are associated with increased short- and long-term mortality; and when frailty is 
taken into account, age and sex do not independently influence mortality in this 
patient group. Frail patients experience more postoperative complications re-
quiring invasive intervention, have longer hospital stays, a lower likelihood of 
being discharged home, and demonstrate a noticeable decline in functional inde-
pendence even six months after surgery compared to their preoperative status. 
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8. SUMMARY IN ESTONIAN 

Hapruse mõju erakorralise laparotoomia ravitulemustele: 
prognostiliste mudelite ja otsustusprotsessi täiustamisest 

 
8.1 Sissejuhatus 

Maailma rahvastik vananeb ning prognooside kohaselt on arenenud riikides aas-
taks 2050 peaaegu iga kolmas inimene üle 65-aastane (European Comission, 
2023; Pérez-Zepeda et al., 2022). Selline demograafiline kriis seab suure välja-
kutse riikide meditsiinisüsteemidele. Ometi ei ole kõik vanemaealised oma ter-
vise seisundi poolest eakaaslastega võrdsed ning teisest küljest on ka alla 65-aas-
taste hulgas nõrgema tervisega inimesi. Selleks, et iseloomustada inimese tervise 
üldist tugevust ja vastupidavust on paarkümmend aastat tagasi välja töötatud 
hapruse kontseptsioon. Haprus on seisund, mille puhul organismi kehvem toimi-
mine ning füsioloogilise reservi vähenemine põhjustavad suurema haavatavuse 
väliste mõjurite suhtes. Habraste inimeste puhul võib ka küllalt väikestel teguritel 
(nagu kukkumine või raviskeemi uue ravimi lisamine) olla suur negatiivne mõju, 
millest taastumine on hapruse tõttu raske ning aeganõudev ja endise olukorra 
täielik saavutamine ei pruugi alati võimalik olla. Haprus on objektiivselt mõõ-
detav ning selle raskusastme hindamiseks on välja töötatud mitmeid mõõdikuid 
(Fried et al., 2001; Rockwood et al., 2005). Üks kõige laialdasemalt kasutatav 
selline mõõdik on 9-astmeline Kliiniline Hapruse Skaala ehk Clinical Frailty 
Scale, kus kõrgem aste vastab raskemale hapruse tasemele. Kliiniline Hapruse 
Skaala on tõendatud, praktikas kergesti kasutatav ning sobib hapruse hindamiseks 
väga erinevatel erialadel, sealhulgas ka erakorralistes olukordades, kus hapruse 
määramiseks on oluline hinnata just patsiendi seisundit enne ägeda haiguse teket. 
Erakorralise kirurgia raames on hapruse mõju uuritud ainult viimased kümme-
kond aastat. 
 
 

8.2 Eesmärgid 
Käesoleva uurimistöö eesmärk oli hinnata hapruse mõju erakorralise laparotoo-
mia (EL) ravitulemustele nii pikas- kui lühiperspektiivis ning uurida hapruse 
levimust EL läbi teinud patsientide hulgas. Lisaks oli eesmärk uurida, kas olemas-
olevaid prognostilisi mudeleid on võimalik muuta täpsemaks lisades neisse CFS 
abil mõõdetud hapruse taseme. 

Konkreetsed eesmärgid olid järgnevad: 
I uuringu põhieesmärgiks oli hinnata, kas Kliinilise Hapruse Skaala (Clinical 

Frailty Scale) abil mõõdetud hapruse lisamine parandaks P-POSSUM ja NELA 
prognostiliste mudelite eristusvõimet (ingl.k. discrimination) erakorralise laparo-
toomia järgse suremuse prognoosimisel. Lisaks oli eesmärgiks analüüsida hapruse 
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mõju nii üle kui alla 65-aastaste erakorralise laparotoomia läbi teinud patsientide 
30-päeva suremusele. 

II uuringu põhieesmärgiks oli analüüsida hapruse mõju 180-päeva suremusele 
pärast erakorralist laparotoomiat ning uurida, kas see seos võiks olla seletatav 
erinevustega operatsiooni näidustustes, sepsise esinemises, kõhuõõne saastatuses 
või pahaloomuliste haiguste esinemises võrreldes mitte-habraste patsientidega. 
Teisene eesmärk oli hinnata hapruse mõju erakorralise laparotoomia ooteaja pik-
kusele ning operatsioonijärgse haiglaravi kestusele. 

III uuringu põhieesmärgiks oli uurida hapruse levimust üle 50-aastaste era-
korralise laparotoomia läbi teinud patsientide hulgas kahes Eesti suurhaiglas ning 
hapruse mõju lühi- ja pikaajalisele suremusele. Teisene eesmärk oli hinnata 
hapruse mõju operatsioonijärgsetele tüsistustele, operatsioonijärgse haiglaravi 
kestusele ning hapruse süvenemisele ja iseseisva toimetuleku vähenemisele nii 
pikas- kui lühiperspektiivis. 

 
 

8.3 Uuritavad ja meetodid 
I ja II uuringusse kaasati retrospektiivselt kõik täisealised patsiendid, kellele oli 
Oxfordi Ülikooli haiglas tehtud üldkirurgilise patoloogia tõttu EL ja kelle andmed 
olid sisestatud prospektiivsesse NELA andmebaasi vahemikus 2018 jaanuar kuni 
2021 juuni. 

III uuringusse kaasati prospektiivselt kõik üle 50-aastased patsiendid, kellele 
oli Põhja-Eesti Regionaalhaiglas (vahemikus 2022 märts kuni 2023 aprill) või 
Ida-Tallinna Keskhaiglas (vahemikus 2022 juuni kuni 2023 juuli) teostatud EL 
üldkirurgilise patoloogia tõttu. 

Kõigis uuringutes kasutati patsientide hapruse taseme määramiseks Kliinilist 
Hapruse Skaalat (CFS). Lisaks koguti andmeid patsiendi vanuse ja soo kohta, 
operatsiooni käigu ja patsiendi operatsiooniaegse seisundi kohta ning andmeid 
haiglas viibitud aja ja operatsiooni ooteaja kohta. Eesti haiglates läbi viidud 
uuringu jaoks koguti lisaks andmeid haiglast väljakirjutamise sihtkoha, operat-
sioonijärgsete tüsistuste ning rehospitaliseerimiste ning hapruse ja iseseisva 
toimetuleku kohta kuni pool aastat peale operatsiooni. 

 
 

8.4 Tulemused 
I uuringusse kaasati 793 täisealist haiget, kellest 52.1% olid üle 65-aastased ja 
25.7% olid märgatavalt haprad (CFS ≥ 5). Nii NELA kui P-POSSUM riskimudeli 
eristusvõime oli parem, kui CFS-l üksi (AUC vastavalt 0.875, 0.839 ja 0.777). 
Üle-65 aastaste alagrupis oli kõigi kolme eristusvõime madalam, kusjuures vahe 
oli kõige suurem P-POSSUM puhul (kõik vanused AUC = 0.839 vs üle 65-
aastastel AUC = 0.774). Lisades riskimudelitesse CFS, paranes nii P-POSSUM 
kui NELA eristusvõime, kusjuures paranemine oli eriti märgatav just üle 65-
aastaste grupis (AUC paranemine P-POSSUM puhul 0.775-lt 0.846-le ja NELA 
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puhul 0.814-lt 0.864-le). Lisaks esines statistiliselt oluline seos CFS ja 30-päeva 
suremuse vahel nii üle- kui alla 65-aastaste hulgas. 
 
II uuringusse kaasati 803 täisealist patsienti mediaan vanusega 66.0 aastat. Hap-
ruse levimus oli suurem vanuse kasvades, kuid ka 17.1% alla 50-aastastest olid 
vähemalt väga kergelt haprad (CFS ≥ 4) samas, kui 20.6% üle 80-aastastest ei 
olnud üldse haprad (CFS = 1–3). Hapruse erinevate tasemete vahel ei esinenud 
erinevusi operatsiooni näidustuse, sepsise esinemise, kõhuõõne saastatuse ega 
pahaloomulise haiguse olemasolu kategooriate jaotuses. Samadele teguritele ning 
vanusele ja soole kohandatud mitmeses Cox regressioonimudelis jäi haprus 30-
päeva suremuse iseseisvaks riskifaktoriks. Hapruse tasemete CFS 4, 5 ja 6–7 
kaupa oli HR vastavalt 3.93 (95% CI 1.89–8.20), 5.86 (95% CI 2.87–11.97) ja 
14.17 (95% CI 7.33–27.40) võrreldes mitte-habrastega. Samadele teguritele 
kohandatud mitmeses regressioonanalüüsis oli haprus seotud pikema operatsioo-
ni ooteajaga ning pikema operatsiooni järgselt haiglas veedetud ajaga. 
 
III uuringusse kaasati 251 üle 50-aastast patsienti mediaan vanusega 73 aastat, 
kellest ainult 30.7% olid mitte-haprad (CFS = 1–3). Kõrgem hapruse tase oli seo-
tud kõrgema 180-päeva suremusega, suurema hulga tüsistustega, mis vajasid 
invasiivset sekkumist või korduvat operatsiooni ning pikema haiglas- ja järelravil 
viibitud ajaga. Vanusele ja soole kohaldatud mitmeses Cox regressioonianalüüsis 
oli 180-päeva suremuse HR (95% CI) 2.3 (0.8–6.5) CFS 4 puhul, 6.7 (2.5–18.3) 
CFS 5 puhul, 12.7 (4.7–33.9) CFS 6–8 puhul ja 28.6 (9.7–84.4) CFS 9 puhul. 
Samas analüüsis ei olnud vanusel ega sool statistiliselt olulist mõju 180-päeva 
suremusele.  

Lisaks mõjutas haprus oluliselt iseseisvat toimetulekut nii lühi- kui pikas 
perspektiivis. Hapramate patsientide tõenäosus haiglast koju pääseda oli oluliselt 
madalam. Patsientidest, kes varasemalt elasid üksi või koos lähedastega kodus, 
oli habrastel suurem tõenäosus pool aastat pärast operatsiooni elada hooldus-
asutuses. Patsientide hapruse tase oli isegi pool aastat peale operatsiooni kõrgem 
võrreldes operatsioonieelsega (CFS keskmine suurenemine 0.31 punkti p = 
0.008) ning see muutus oli eriti märgatav üle 80-aastaste hulgas (CFS keskmine 
suuremine 0.44 punkti p = 0.035). 

 
 

8.5 Järeldused 
Kliinilise Hapruse Skaala (Clinical Frailty Scale) abil mõõdetud hapruse lisami-
sega on võimalik parandada P-POSSUM ja NELA riskimudelite eristusvõimet. 
Kuigi haprus on sagedasem üle 65-aastaste hulgas, on sellel oluline negatiivne 
mõju erakorralise laparotoomia järgsele 30-päeva suremusele nii üle kui alla 65-
aastaste vanuserühmas. 

Kõrgem hapruse tase on seotud suurema 180-päeva suremusega pärast era-
korralist laparotoomiat. Haprusel on iseseisev negatiivne mõju suremusele, 
operatsiooni ooteajale ja operatsioonijärgse haiglaravi kestusele, mida ei selgita 
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erinevused operatsiooni näidustustes, sepsise esinemises, kõhuõõne saastatuses 
ega pahaloomulise haiguse esinemises võrreldes mitte-habraste patsientidega. 

Hapruse levimus üle 50-aastaste erakorralise laparotoomia läbi teinud patsien-
tide hulgas Eesti suurhaiglates on kõrge. Kõrgem hapruse tase on seotud suurema 
lühi- ja pikaajalise suremusega ning haprust arvesse võttes ei ole vanusel ega sool 
selles patsientide grupis iseseisvat mõju suremusele. Erakorralise laparotoomia 
läbi teinud habraste patsientide hulgas esineb rohkem invasiivset sekkumist vaja-
vaid tüsistusi, nende operatsioonijärgse haiglaravi kestus on pikem, haiglast koju 
pääsemise tõenäosus on väiksem ning isegi pool aastat pärast operatsiooni on mär-
gata iseseisva toimetuleku halvenemist võrreldes operatsioonieelse seisundiga. 
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