
1 
 

 

 
 

 
 
 

 

 
 
 
    Department of Translational Medicine 
 

 
PhD in FOOD, HEALTH AND LONGEVITY STUDIES 

 
        
         Cycle XXXVII 

 
 

 
 

Frailty as a novel concept: exploring the impact of acute events 

and malnutrition on vulnerable critically ill patients 

 
 
 

 
 

PhD Tutor: 
 
Professor Rosanna Vaschetto 

 
 

PhD Coordinator: 
 
Professor Antonia Follenzi 

      PhD Candidate: 
 

                                                  Francesca Moretto, M.D. 

 
 

 



Al Coordinatore del Corso di Dottorato 
(da inviare insieme alla tesi di dottorato) 

Dichiarazione antiplagio PhD 

DICHIARAZIONE E AUTORIZZAZIONE AL RILEVAMENTO ANTIPLAGIO 
(Art. 47 e Art. 38 del D.P.R. 28 dicembre 2000, n. 445) e s.m.i. 
esente da bollo ai sensi dell’art. 37 D.P.R. 445/2000 e s.m.i. 

Il/La sottoscritto/a ……………………………………………………….. nato/a a ………………………………………………….. 
prov (……) il ……………………., regolarmente iscritto/a per l’a.a. ……………………………al ……….. anno del 
Corso di Dottorato di ricerca ………………………………………………………….………………………, ………… Ciclo 

consapevole del fatto che l’Università ha adottato un servizio web-based per rilevare il plagio, 
attraverso un sistema software chiamato "Turnit.in", 

consapevole delle sanzioni penali previste in caso di dichiarazioni non veritiere e di falsità negli atti 
e della conseguente decadenza dei benefici di cui agli artt. 75 e 76 del D.P.R. 445/2000 e s.m.i., 

DICHIARA 

- di aver sottoposto la propria tesi di dottorato alla scansione di Turnit.in.

Ritiene che, dalla verifica, la Tesi è ragionevolmente risultata un documento originale, che cita 
correttamente la letteratura.  
È infine consapevole che la propria tesi di dottorato può essere verificata dal proprio Supervisore 
e/o dal Coordinatore del Corso di dottorato per confermarne l'originalità. 

……………………………………………… ……………………………………………………………………. 
(luogo e data) (firma) 

v1/2024



2 
 

Table of contents 
Introduction and Rationale ................................................................................................. 3 

Major Elective Surgery Impact on Performance Status in Older Adults: A Prospective 
Observational Study – Paper submitted ............................................................................. 6 

Abstract .............................................................................................................................. 7 

Background ........................................................................................................................ 8 

Methods ............................................................................................................................. 9 

Results .............................................................................................................................. 14 

Discussion ........................................................................................................................ 23 

Supplementary material ................................................................................................... 27 

One-Year Follow Up of Noninvasive Respiratory Support in General Wards ............ 39 

Abstract ............................................................................................................................ 40 

Background ...................................................................................................................... 41 

Methods ........................................................................................................................... 42 

Results .............................................................................................................................. 45 

Discussion ........................................................................................................................ 53 

Supplementary material ................................................................................................... 56 

Nutritional Strategies for Noninvasively Ventilated Critically Ill Patients: Results 
from the NUTRINIV Retrospective Study – Paper submitted ....................................... 65 

Abstract ............................................................................................................................ 66 

Background ...................................................................................................................... 67 

Methods ........................................................................................................................... 68 

Results .............................................................................................................................. 72 

Discussion ........................................................................................................................ 80 

Supplementary material ................................................................................................... 80 

Nutritional adequacy in patients receiving noninvasive ventilation: the PRO-
NUTRINIV observational prospective study protocol – Ongoing study ....................... 93 

Background ...................................................................................................................... 93 

Objectives of the Study .................................................................................................... 95 

Methods ........................................................................................................................... 95 

Final discussion ................................................................................................................ 100 

Publications ...................................................................................................................... 103 

Additional projects .......................................................................................................... 104 

Acknowledgement ............................................................................................................ 104 

Bibliography ..................................................................................................................... 105 

 



3 
 

Introduction and Rationale 

Frailty is a multidimensional clinical syndrome characterized by a decline in physiological 

and cognitive reserves, which predisposes individuals to the accumulation of health deficits 

and increases their vulnerability to adverse outcomes (1,2). It is associated with an elevated 

risk of complications such as loss of mobility, falls, prolonged hospitalization, 

institutionalization, and increased mortality (3). Although frailty is strongly correlated with 

advanced age, it also reflects a patient’s overall disability status and comorbidity burden 

(1,2). 

The prevalence of frailty among older adults varies, with studies reporting rates ranging from 

29.8% in hospitalized populations (4) to 43% in specific ICU cohorts (1). Given the 

increasing utilization of intensive care resources by elderly individuals, the prevalence of 

pre-existing frailty in ICU admissions is likely rising (5). 

The clinical relevance of frailty extends beyond admission characteristics. Critically ill 

patients, due to chronic disease, malnutrition, or acute events such as surgery, often 

experience a depletion of their physiological reserve (1). This increases the likelihood of 

clinical deterioration and the need for escalated life support interventions. Furthermore, 

features of frailty, including muscle wasting, clinically significant weakness, and impaired 

functional status, commonly develop during ICU stays, independent of baseline age or 

illness severity and persist after ICU and hospital discharge (1).  

While systemic inflammation is a known contributor to acquired muscle weakness in the 

critically ill, additional pathophysiological mechanisms such as immobilization, inadequate 

nutritional support, and impaired substrate utilization also play critical roles (6,7). 

Malnutrition, in particular, is a significant risk factor. Anorexia of aging, characterized by 

reduced food intake due to neurohormonal alterations, can lead to weight loss even prior to 

hospitalization (8). Moreover, disease-related malnutrition with inflammation, a catabolic 
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process driven by an inflammatory process in response to acute illness or surgery, can result 

in anorexia, muscle loss, and functional decline, further exacerbated by immobility (8).  

The utility of frailty screening is well established in oncology and surgical settings (2), where 

it helps to assess risk, guide decision-making, and tailor management strategies. In contrast, 

despite its clinical importance, frailty is not routinely incorporated into standard scoring 

systems used in anesthesia and intensive care. Although different frailty scores have been 

proposed and validated (9), in our national context frailty preoperative assessments are 

conducted in slightly over 50% of cases and are often based on the anesthesiologist’s 

subjective evaluation (10). In the intensive care setting, frailty has been shown to provide 

more accurate prognostic information than age, organ failure, or cognitive status (11), and is 

associated with an increased risk of developing persistent critical illness and mortality 

(12,13). However, in this context, it is often not feasible to assess frailty using a simple 

objective tool or a comprehensive geriatric assessment in case of elderly patients, as such 

evaluations are typically impractical in acute and urgent clinical situations (14). 

Addressing these gaps in frailty assessment is particularly important when considering long-

term outcomes following critical illness, including not only survival, but also functional 

status, institutionalization and quality of life. Accurate frailty identification is essential for 

predicting which patients are most likely to benefit from intensive care interventions (1,3). 

Further studies are warranted to explore the relationship between frailty and clinical 

outcomes such as survival and quality of life, but also resource utilization (i.e., duration of 

mechanical ventilation, ICU stay, total hospitalization). For this reason, early identification 

of patients at risk of frailty is crucial to enable timely interventions. 

This thesis comprises two retrospective and one prospective observational studies plus one 

prospective observational study protocol, each designed to evaluate the impact of frailty-
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associated risk factors – aging and malnutrition – on clinical outcomes in surgical and 

critically ill populations in different contexts: 

Study 1 – Prospective observational study: This study evaluates the impact of 

elective major surgery on the functional and cognitive status of elderly patients, 

assessed both pre- and post-hospitalization. Outcomes of interest include the need 

for post-discharge institutionalization and loss of independence in ADLs. 

Study 2 – Retrospective observational study: This study describes the outcome of 

patients admitted for an acute disease such as acute respiratory failure and treated 

with noninvasive ventilation, evaluating hospital and 1-year survival in those aged ≥ 

80 years, compared to the younger ones. 

Study 3 – Retrospective observational study: This study focuses on another frailty 

risk factor that is malnutrition. In particular, it describes the nutritional status of 

critically ill patients receiving noninvasive ventilation for acute respiratory failure, 

evaluating their nutritional intake and adequacy through different feeding modalities 

and the impact of malnutrition on clinical outcomes. 

Study 4 – Ongoing prospective observational study protocol: This study protocol 

aims to assess the nutritional intake and adequacy in patients undergoing noninvasive 

ventilation for acute respiratory failure across different hospital care settings. It 

explores the association between clinical and nutritional characteristics and failure 

to meet nutritional targets, with the ultimate goal of informing optimal nutritional 

management in this population. 

 



6 
 

Major Elective Surgery Impact on Performance Status in Older Adults: 
A Prospective Observational Study – Paper submitted 
 

Francesca Moretto1,2; Martina Fracazzini1; Lorenza Scotti1; Valeria Viarengo2; Sergio 

Gentilli1,3; Raffaele Romito4; Alessandro Volpe1,5; Massimiliano Leigheb6; Carla Maria 

Porta7; Petra Konrad2; Davide Colombo8,9; Carlo Olivieri10; Francesco Della Corte1; 

Gianmaria Cammarota1,11; Rosanna Vaschetto1,2. 

  

1Università del Piemonte Orientale, Dipartimento di Medicina Traslazionale, Novara, Italia; 

2Azienda Ospedaliero Universitaria “Maggiore della Carità”, Anestesia e Terapia Intensiva, 

Novara, Italia; 3Azienda Ospedaliero Universitaria “Maggiore della Carità”, Clinica 

Chirurgica, Novara, Italia; 4Azienda Ospedaliero Universitaria “Maggiore della Carità”, 

Chirurgia Generale 2, Novara, Italia; 5Azienda Ospedaliero Universitaria “Maggiore della 

Carità”, Urologia, Novara, Italia; 6“San Gaudenzio Clinic”, Policlinico di Monza Group, 

Novara, Italia; 7Azienda Ospedaliero Universitaria “Maggiore della Carità”, Chirurgia 

Vascolare, Novara, Italia; 8Ospedale “SS. Trinità”, Anestesia e Rianimazione, Borgomanero, 

Italia; 9Università del Piemonte Orientale, Dipartimento di Scienze della Salute, Novara, 

Italia; 10Ospedale “Sant’Andrea”, Anestesia e Rianimazione, Vercelli, Italia; 11Azienda 

Ospedaliero Universitaria “SS. Antonio e Biagio e Cesare Arrigo”, Anestesia e Terapia 

Intensiva, Alessandria, Italia. 

 

 

 

 

 

 



7 
 

Abstract 

 

Background: In this study we primarily assessed the impact of major elective surgery on 

older adults’ performance status, with secondary aims of evaluating domiciliary care needs 

and institutionalization post-surgery.  

Methods: In this observational prospective cohort study, we included 169 patients aged 70 

and older undergoing major elective surgery between May 2020 and June 2023, with 150 

providing complete information at the three-month follow-up (T3). The primary endpoint 

was the worsening of the Barthel Index ≥10 points or death, or a ≥ three-point decline in the 

mini-mental state examination (MMSE) at T3. 

Results: Patients’ mean (SD) age was 77 (5) years, with a mean (SD) Charlson Comorbidity 

Index (CCI) of 7 (2). Most surgeries (133, 79%) were performed for oncologic diagnosis. 

Postoperatively, 34% of patients experienced complications and 20 required ICU admission. 

The baseline median [IQR] Barthel Index was 100 [100-100], and the MMSE was 27 [25-

28]. At T3, 44 (29%) patients showed a ten-point decrease in Barthel Index (P < 0.001) and 

7 died, while 14% exhibited a three-point deterioration in MMSE. Domiciliary care was 

activated for 14 (9%) patients, whereas 26 (17%) were institutionalized. Multivariable 

regression analysis linked higher CCI and post-discharge health issues to the ten-point 

worsening of Barthel Index or death, although no association was found with MMSE. 

Domiciliary care needs or re-hospitalization was associated with elevated CCI and 

laparotomic approach. 

Conclusion: Major elective surgery impacts functional status in nearly a third of older 

patients, especially those with high comorbidity score and post-discharge health sequelae. 
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Background  
 

Older patients (15) now represent a significant proportion of individuals managed in 

Anesthesia and Intensive Care, with those aged 70 years or older comprising 30% of all 

surgical patients (16). As aging is accompanied by certain physiological changes due to 

impairment or decrease in physiological reserve in multiple systems, these variations may 

have a critical impact on postoperative outcomes (17,18). For older adults, the risks 

associated with surgery and anesthesia are higher and having a low preoperative functional 

status is linked to increased mortality (17,19). Additionally, postoperative delirium and 

cognitive disfunction are more frequently observed in this population (20,21). Consequently, 

these factors can lead to a worsening of global performance status in older subjects, resulting 

in an increased need for assistance and support with activities of daily living (ADLs).  

Postoperative disability represents a particular concern not just for patients but also for care 

givers and clinicians. From the patients’ perspective, the motivation to prevent a new or 

worsening disability tends to increase with age and vulnerability (22,23). For clinicians, 

patient-centred postoperative outcome measures, such as quality of recovery, quality of life 

after surgery, and the occurrence of new or worsening disabilities, are considered relevant 

outcomes to pursue (24). However, it is still unclear how postoperative impairment should 

be measured.  

While risk stratification tools have been proposed to predict morbidity and mortality after 

major surgery (25,26), the evaluation and selection of surgical candidates remain challenging 

for both surgeons and anesthesiologists. Beyond identifying the presence of residual 

symptoms or disability after surgery, clinicians should also consider the impact of these 

issues on patient’s overall quality of life (26). 

Against this background, we designed this study to evaluate the impact of major elective 

surgery on the performance status, defined as functional and cognitive status, of patients 
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aged 70 years or older, three months after hospitalization. In particular, we evaluated the 

worsening of ten points or more in the Barthel index - total, in the ADLs and mobility 

sections - to assess the functional decline of patients three months after surgery, and the 

worsening of three points or more in the mini-mental state examination (MMSE) to assess 

the cognitive decline at the same timepoint. As secondary objectives we evaluated the need 

for domiciliary care and the frequency of re-hospitalization or the admission to rehabilitation 

centers during the three months post-surgery, as factors potentially influencing the individual 

independence. Moreover, we assessed the impact of the type of anesthesia – general vs. 

regional – used in these surgeries on patient performance status, as defined before. Finally, 

we investigated the difference between the global performance status achieved at three 

months post-surgery and the ideal performance status considered tolerable and dignified by 

the patients. 

 

Methods 
 

Study Design and ethics 

We conducted this monocentric prospective observational cohort study in accordance with 

the Declaration of Helsinki, and it was approved by the Ethical Committee of Maggiore della 

Carità University Hospital, Corso Mazzini 18, 28100 Novara, Italy, on 15 April 2020 

(protocol 421/CE, 668/CE, 944/CE - Study No. 78/20). We proposed to the patients to sign 

an informed consent for both study participation and personal data protection in accordance 

with the local legislation. The study was registered on ClinicalTrials.gov (NCT05594277). 

These data have not been previously published. 
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Population and Endpoints 

We included patients aged 70 years and older, registered with a General Practitioner listed 

in the Local Health Authority of the province of Novara, undergoing major elective surgery 

in General Surgery, Urology, Orthopaedics, and Vascular Surgery at Maggiore della Carità 

University Hospital, Novara, Italy. Patients’ inclusion lasted from May 2020 to June 2023.  

We used the Barthel Index to evaluate the patients’ functional status defined as ADLs and 

mobility (27), and MMSE to assess their cognitive status (28), as stated before. Exclusion 

criteria were a baseline Barthel Index <16 in the ADLs section and <11 in the mobility 

section, or a MMSE at baseline <11. 

The primary endpoint was defined as a ten-point or more decline in Barthel Index (29–31) – 

total, in the ADLs and mobility sections – or death, or a three-point or more decline in MMSE 

(32), all measured three months after surgery. We chose the cut-offs for the minimally 

clinical important difference of both scores based on cited literature (29–32). Additionally, 

we considered the decline in functional status as a patient-centered outcome by asking 

patients what level of functional status they would find tolerable and dignified for 

themselves. Secondary endpoints included the need for domiciliary assistance, re-

hospitalization, or admission to a rehabilitation center during the three months following 

surgery. Finally, we evaluated the impact of anesthesiologic practices on patients’ 

performance status. 

 

Performance Status Measurement 

Barthel Index is a validated scale used to measure patient functional status (33). The original 

10-item form of the BI consists of ten common activities of ADLs: “feeding”, “bathing”, 

“grooming”, “dressing”, “bowel” and “bladder control”, “toilet use”, “transfers (bed to chair 

and back)”, “mobility” and “stair climbing”. Items are rated in terms of whether patients can 

perform the activities independently, with assistance or are totally dependent (scored as 10, 
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5 or 0 respectively, or from 15 to 0 for transfers and mobility) (27). The final score is the 

cumulative result from all item scores, ranging from 0 to 100, with a maximum score of 60 

points allocated for ADLs and 40 for mobility.  

MMSE is a standardized 30-point questionnaire used to estimate the severity and progression 

of cognitive impairment (28). It consists of 11 questions that assess various cognitive 

functions (i.e., orientation to time and space, registration, attention and calculation, recall, 

and language). Cognitive impairment is classified using the following cut-off levels: 

24≤MMSE≤30 corresponding to “no cognitive impairment”, 18≤MMSE<24 for “mild to 

moderate,” and <18 for “severe.” The scores collected at each time point were adjusted for 

patient age and educational background (28).  

Both tests have been validated for use in telephone interviews (34–40). In this study, we 

chose to administer the original version of the MMSE using video calls, instead of that 

adapted for telephone interviews.  

 

Patient Enrolment 

At the initial evaluation prior to major surgery (T1), we proposed to the patients to sign an 

informed consent as stated before and we provided an informative document to both the 

patients and their General Practitioners.  

Enrolment at T1 occurred during the preoperative anesthesiologic evaluation before surgery. 

During this phase, we collected the following information: demographic and anthropometric 

data, contacts for the patients and their General Practitioner, American Society of 

Anesthesiologists (ASA) class of risk (41), Charlson Comorbidity Index (CCI) (42), clinical 

diagnosis, and type of surgery. The anesthesiologists or anesthesia residents involved in the 

study administered the Barthel Index and MMSE. 
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At discharge (T2), we collected data on the hospital length of stay, intensive care unit (ICU) 

admission - whether planned or not - duration and modality of anesthesia, time of 

administration of postoperative analgesia and drugs, and surgery-related complications (43), 

all documented in the patients’ clinical records. We re-assessed the MMSE at this time.  

Three months after surgery (T3), the attending anesthesiologist or anesthesia resident re-

evaluated the Barthel Index and MMSE through home and hospital visits or videocalls with 

the patient, in the presence of a caregiver if the patient was not self-sufficient. In addition, 

we assessed the necessity for domiciliary assistance or palliative care, admission to 

rehabilitation centers, or assisted living residences after hospital discharge, as well as new 

hospitalizations and new-onset health sequelae after discharge in the three months following 

surgery.  

In cases where information was missing three months after hospital discharge, we obtained 

the data from the patients’ General Practitioners, who were also provided with a clinical 

report of their patients’ performance status assessment at the end of the follow-up period. 

 

Statistical analysis 

We documented a detailed data analysis and statistical plan, which were filed with a private 

entity (i.e., the local Institutional Review Board of Maggiore della Carità University 

Hospital, Novara, Italy) before data were accessed (see the Supplemental Digital Content for 

details). The sample size calculation was performed using a Monte Carlo simulation 

involving 500 replicas. Barthel Index scores were generated using a linear regression model 

considering time, sex and age as covariates. A sample size of 150 subjects provides a 

significant effect (Bonferroni correction for two outcomes, P-value <0.05/2) for at least one 

variable, adjusted for confounders, in 85% of the Monte Carlo replicas. Given the lack of 

variability in the Barthel Index at the end of follow-up, the primary endpoint was defined as 
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the occurrence of a ten-point worsening in the index. Further details of the sample size 

calculation are reported in the Supplemental Digital Content (sample size section).  

We included patients with available information at T2 in the descriptive analysis, while 

primary and secondary endpoints were evaluated only for those patients that completed the 

assessment or were deceased by T3. 

Categorical variables are shown as absolute frequencies and percentages, while continuous 

variables as mean (SD) or as median [IQR] if not normally distributed. We used the T-test to 

compare the means of the numerical normally distributed variables between subjects with 

<10 and with ≥10 points worsening of total Barthel score or death while we used Mann-

Whitney U test to compare the distribution of a non-normally distributes numerical variables 

between groups. Finally, we applied the Chi-square test to assess the association between 

categorical variables and the main outcome of interest. We used the Kruskal-Wallis test to 

assess the differences between the distribution of numerical variables not normally 

distributed in more than two independent samples, the Wilcoxon signed rank test to assess 

the Barthel Index and MMSE variations from T1 to T3, and the McNemar test for 

comparison of paired proportions.  

We performed univariable and multivariable Poisson regression models with robust standard 

error to calculate the relative risks (RRs) and the corresponding 95% confidence intervals 

(95% CI) for the ten-point worsening of the total Barthel Index, ADL and mobility sections 

(or death), the three-point worsening of the MMSE, and necessity for domiciliary care 

assistance and re-hospitalization or rehabilitation centre admissions within three months 

following surgery as dependent variables. Demographic and clinical characteristics, 

anesthesiologic and surgical features, and postoperative outcomes served as independent 

variables.  
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We classified postoperative complications as class I-II (mild/moderate) and class III-IV 

(severe), in accordance with the Clavien-Dindo classification (43). Median values for 

hospital length of stay and anesthesia duration were used to categorize these variables. We 

employed a stepwise approach for the selection of independent variables in multivariable 

models considering P=0.2 and 0.10 as criteria for variable entry and stay in the regression 

model. All hypothesis tests were two-tailed, and we considered a P value of 0.05 statistically 

significant. No adjustment for multiple comparisons was applied due to the exploratory 

nature of the study. We performed statistical analyses using SAS software (version 9.4; SAS 

Institute Cary, NC, USA). 

 

Results 
 

We included one-hundred eighty-nine patients prior to surgery (T1) from May 2020 to June 

2023. At hospital discharge (T2), 18 patients were lost to follow-up, and 7 additional patients 

died during the subsequent three-month-period (T3). Of the original cohort, 150/169 

completed the study (Figure 1). The patients’ mean (SD) age was 77 (5) years, and 99 (59%) 

were males (Table 1). Most patients were classified according to the ASA criteria as either 

II (96, 57%) or III (66, 39%) with a mean (SD) CCI of 7 (2). The main comorbidities were 

hypertension and cardiac and respiratory diseases.  

Of the 169 patients included, 85 (50%) underwent general surgery, 59 (35%) urology, 17 

(10%) orthopaedic surgery, and 8 (5%) vascular surgery (Supplemental Digital Content, 

Table S1). Surgery was primarily performed due to oncologic diagnosis in 133 (79%) 

patients, with 98 (58%) interventions employing a laparoscopic/robotic-assisted approach. 

Details on the anesthesia approach, postoperative analgesia, and types of surgery 
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(Supplemental Digital Content, Tables S1 and S2), and postoperative outcomes 

(Supplemental Digital Content, Tables S3 and S4) were summarized separately. 

Prior to surgery, the median [IQR] value of total Barthel Index was 100 [100-100], with 60 

[60-60] for ADLs, and 40 [40-40] for mobility (Table 2, and Supplemental Digital Content, 

Table S5). The MMSE score at T1 was 27 [25-28], with 143 patients having no cognitive 

impairment, 21 showing mild to moderate impairment, and 5 suffering from severe cognitive 

impairment. At T3, 44/150 (29%, 95% CI 23%-29%) patients experienced a ten-point 

worsening of the Barthel Index with a median [IQR] value of 100 [90-100], 33 (22%) 

patients only in ADLs, and 23 (15%) in the specific questions about mobility, with a 

significant variation from T1 to T3 (P < 0.001). Deterioration of three points or more in the 

MMSE occurred in 20 (14%) cases, with a significant variation of the score from T1 to T2 

(P < 0.001) but not from T1 to T3 (P = 0.67) (Table 2, Supplemental Digital Content Table 

S6). Domiciliary care was activated for 14/150 (9%) patients, and 26 (17%) were re-admitted 

to a hospital or rehabilitation centre (Table 3). Fifty-five (37%) patients complained about 

health sequelae in the three months post-surgery, mainly due to residual asthenia and urinary 

or bowel incontinence, in addition to chemotherapy side effects (Supplemental Digital 

Content, Table S7).  

When asked about the ideal functional status that they would consider tolerable and 

dignified, all patients indicated a preference for the maximal Barthel Index, which was 

significantly different from the value calculated at T3 i.e., 100 [100-100] vs. 100 [90-100], 

P < 0.001. 

Multivariable regression analysis (Table 4) showed that the CCI and health sequelae 

occurring within the three months following surgery were associated with a ten-point or 

more worsening of the total Barthel Index or death. Only health sequelae occurrence 

influenced the ADLs at T3, while the CCI affected patient mobility. We observed no 
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substantial variations in the multivariable analysis when excluding dead patients at T3 

(Supplemental Digital Content, Table S8, S9). No significant correlation was found with 

three-point or more MMSE deterioration. The CCI and the surgical approach (laparotomic 

vs. laparoscopic) were associated with the need for domiciliary care or re-hospitalization. 

When considering only oncologic patients, postoperative chemotherapy or radiotherapy 

within three months of surgery did not affect the outcome (Supplemental Digital Content, 

Table S10).  

 

 

 

 

 

 



17 
 

Figure 1. Consort flow chart depicting the inclusion of patients in the study. 

 

COVID-19: coronavirus disease 2019. 
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Table 1. Patients’ demographic and clinical characteristics  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

 

Values are expressed as n (%) or as mean (SD).  
ASA: American Society of Anesthesiologists; BMI: body mass index; SD: standard deviation. 
 

 

 
 
 
 
 
 
 
 
 

 
All patients 

 
n=169 

Age, mean (SD) 77 (5) 

Sex, n (%)  

M 

F 

99 (59%) 

70 (41%) 

BMI, mean (SD) 25.66 (4.79) 

ASA score, n (%)  

1 

2 

3 

4 

4 (2%) 

96 (57%) 

66 (39%) 

3 (2%) 

Charlson index, mean (SD) 7 (2) 

Comorbidities, n (%)  

Respiratory disease 

Cardiomyopathy 

Hypertension 

Neurologic disease 

Gastroenterology disease 

Liver disease 

Thyroid disease 

Hematologic disease 

Chronic renal failure 

Diabetes 

37 (22%) 

63 (37%) 

112 (66%) 

23 (14%) 

34 (20%) 

18 (11%) 

31 (18%) 

29 (17%) 

31 (18%) 

34 (20%) 
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Table 2. Barthel Index and mini-mental state examination scores and changes at different 
time points 

 
The MMSE score was adjusted for patient age and scholarship.  
Values are expressed as n (%) or as median [IQR]. aWilcoxon signed rank test. 
ADLs: activities of daily living; IQR: interquartile range; MMSE: mini-mental state examination.  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 T1 T2 T3 P value ≥10 points 
worsening  

Median [IQR] 
n=169 

Median [IQR] 
n=169 

Median [IQR] 
n=150 

 n (%) 

Barthel 
Index - total 

100 [100-100] / 100 [90-100] <0.001a 44 (29%) 

Barthel 
Index - ADLs 

60 [60-60] / 60 [54-60] <0.001a 33 (22%) 

Barthel 
Index - 
mobility 

40 [40-40] / 40 [40-40] <0.001a 23 (15%) 

 T1 T2 T3  ≥3 points 
worsening 

 Median [IQR] 
n=169 

Median [IQR] 
n=169 

Median [IQR] 
n=146 

 n (%) 

MMSE,  
(4 missing 
values at T3) 

27 [25-28] 26 [23-28]  27 [25-28]  <0.001 (T1 vs. T2)a 
0.67 (T1 vs. T3)a 

20 (14%) 
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Table 3. Outcome at T3 of patients with information at T3, total and based on Barthel 

worsening 

 
Values are expressed as n (%) or as mean (SD). aT test; bChi-square test. cOne or more patients needed 
more than one modality of domiciliary care or were institutionalized in more than one facility.  
SD: standard deviation. 
 

 

 

 

 

 

 

 

 

 All patients 
ΔBarthel Index 

<10 
∆Barthel Index 

≥10 
P value 

 n=150 n=106 n=44  

Domiciliary care 
patients, n (%) (2 missing) 

14 (9%) 6 (6%) 8 (19%) 0.03b 

Modality of domiciliary care, n (%)     
Domiciliary nursing services 
Programmed domiciliary care 
Palliative care 

11 (79%)* 
2 (14%) 
2 (14%) 

4 (67%) 
1 (17%) 
1 (17%) 

7 (88%) 
1 (13%) 
1 (13%) 

0.89b 

Re-admissions to healthcare centers, 
patients, n (%) 

26 (17%) 12 (11%) 14 (32%) 0.004b 

Type of health care centers, n (%)c  
   

Rehabilitation centre 
Residential care home 
Hospital 

10 (38%) 
3 (12%) 

17 (65%) 

6 (50%) 
1 (8%) 

6 (50%) 

4 (29%) 
1 (7%) 

11 (79%) 
0.46b 

Length of stay, days, mean (SD) 23 (16) 24 (17) 22 (15) 0.76a 

Post-discharge health sequelae, n (%) 
(2 missing) 

55 (37%) 29 (27%) 26 (62%) <0.001b 
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Discussion 
 
In this observational exploratory study conducted on older adults undergoing major elective 

surgery, we observed a deterioration in their functional status three months post-surgery, with 

a ten-point worsening in total Barthel Index for one-third of the participants. This 

deterioration was associated with higher preoperative CCI scores and the occurrence of 

postoperative health sequelae that impacted recovery after hospital discharge. In contrast, 

we found no significant changes in cognitive status, as measured by the MMSE score.  

To assess the patient functional status, we used the Barthel Index, a validated tool in clinical 

practice. However, few studies have evaluated the impact of different elective and 

emergency non-cranial surgeries on the performance status of older patients, specifically 

looking at variations in Barthel Index postoperatively.  

A similar Barthel Index deterioration at hospital discharge has been reported in older patients 

undergoing elective aortic valve replacement (44), while we observed a higher Barthel Index 

score before hospital admission and a smaller decline in their scores (mean difference T1 vs 

T3 of 7 points) compared to a previous study conducted on older patients undergoing 

emergency abdominal surgery (45). Specifically, this study reported a Barthel Index on 

admission of 86/100, with a postoperative decline of 31 points at 28 days, suggesting a more 

severe impact of surgeries conducted under emergency conditions. Furthermore, patients of 

this study experiencing functional decline were older and had a higher preoperative CCI. In 

another study on patients with same age as ours undergoing surgery for hip fracture (46), the 

mean Barthel Index prior to fracture was 91 (95% CI 88 to 94) vs. 94 in our orthopaedic 

patients. Six months post-surgery, these patients had a mean score of 86 (21), indicating a 

greater deterioration than that observed in our patients, who had mean score of 93 at T3.  

In our study, a Barthel Index worsening was observed, even among patients with high initial 

performance status and under elective conditions. Considering the decline in functional 
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status as a patient-centered outcome, we asked patients about the ideal functional status they 

would find tolerable and dignified, and all indicated the maximal value of the Barthel Index. 

This underscores that even a slight worsening of the Barthel Index could be perceived as an 

intolerable burden. 

Regarding the postoperative cognitive impairment, we did not observe any significant 

MMSE worsening at three months, though we found a slight variation in the immediate 

postoperative period. Furthermore, multivariable analysis found no significant association 

with MMSE deterioration. These findings align with prior studies by Kishiki et al. (47), 

which observed similar trends in older patients undergoing non-cardiac surgery, and by 

Nussmeier et al. (48), where minor postoperative MMSE variations were not predictive of 

negative neurological outcomes in patients undergoing cardiac surgery.  

Preoperative comorbidities have been identified as a risk factor for poor postoperative 

outcome in older patients undergoing major surgery (49–53), a finding supported by our 

results. In addition, we found an association between post-surgery health sequelae and 

functional decline at three months. The main issues identified were asthenia, impaired 

mobility, urinary and bowel dysfunction, which is consistent with the types of surgeries 

performed, particularly urologic and abdominal. These complications, especially urinary 

incontinence after radical prostatectomy and bowel dysfunction after colorectal surgery have 

been well-documented as common postoperative sequelae, occurring at an even higher rate 

than that observed in our cohort (54,55). On the other hand, adjuvant chemotherapy or 

radiotherapy seemed not to be implicated in the postoperative functional decline when 

considering patients with oncologic diagnosis and a high baseline functional score. 

Moreover, the global need for domiciliary care assistance and admissions to health-care 

centers was low, indicating that individuals largely maintained independence in ADLs and 

mobility.  
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Based on these findings, further research could lead to the development of a tool to identify 

preoperative risk factors that predispose patients to long-term health sequelae. Such a tool 

could assist clinicians in preventing or managing postoperative issues early through patient-

tailored follow-up and healthcare interventions, ultimately minimizing the impact of major 

surgery on older adults.  

 

Limitations 

This study has several limitations that warrant discussion. First, it included a variety of 

surgery and anesthesia approaches to evaluate their potential differential impact on patient 

performance status. However, during the study, elective surgeries were frequently delayed 

due to the concurrent coronavirus disease 2019 (COVID-19) pandemic, resulting in fewer 

participants than expected, especially in orthopaedics and vascular surgery. As a result, while 

we achieved the target sample size, the proportion of patients undergoing locoregional 

anesthesia was smaller, limiting our ability to draw definitive conclusions about the impact 

of specific anesthesia practices. Second, as this was a monocentric study, the results may 

reflect the specific surgical and anesthesiologic protocols of our centre and may not be 

generalizable to other settings. Furthermore, the potential benefit of perioperative and 

postoperative protocols of fast-track surgery on patient functional status, where applicable, 

was not investigated due to the limited number of patients and to the large number of 

variables possibly influencing the postoperative outcome. Finally, the inclusion criteria of a 

General Practitioner listed in the province of Novara to facilitate access to both patients and 

their medical records, may have led to exclude a significant number of potential participants. 
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Conclusions 

Major elective surgery seems to affect functional status in about 23% of old age patients 

three months post-surgery. As expected, the presence of comorbidities and occurrence of 

postoperative health sequelae seems to be the major determinants of this decline in functional 

status. However, given the exploratory nature of the study, further analyses need to be 

conducted to confirm the results obtained. 

These findings underscore the need for proactive and comprehensive healthcare 

interventions specifically tailored to manage and mitigate the adverse effects on functional 

status in older patients following surgery.  
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Supplementary material 
 

Statistics 

Sample size 

The sample size calculation was performed using a Monte Carlo simulation involving 500 

replicas. For each replica, Barthel Index scores were generated using a linear regression 

model that incorporated the confounding effects of patients’ characteristics likely to 

influence the outcome:  

Y= 50-1.2*Time+1.2*Sex+1.1*Age+↋  

The assumptions for each simulation scenario included: 

 The effect of sex and age at follow-up, set at 1.2; 

 BI baseline, set at 50; 

 Outcome variance, set at 8; 

 A model with random effect ↋ on the intercept for repeated measures, with 

the mean set at 0 and the variance at 3. 

The effectiveness of the therapy at follow-up on the Constant scoring scale was 

estimated for each simulation through the “Generalized Linear Mixed Model”, which 

considers a random effect (random intercept) for repeated measures. The significance level 

α=0.05 was adjusted using the Bonferroni method for two comparisons, as the study 

objective was to evaluate the effect on at least one endpoint (MMSE or Barthel Index). A 

sample size of 150 subjects provides a significant effect (P value < 0.05/2) for the follow-

up, adjusted for confounders, in 85% of the Monte Carlo replicas. The simulations were 

conducted using R language, RMS libraries, and Simstudy software.  

Given the lack of variability in the Barthel Index at the end of follow-up, the primary 

endpoint was defined as the occurrence of a ten-point worsening in the index. 

 

Data analysis  

Data will be reported as median [interquartile range] for continue variables and frequencies 

(%) for the categorical variables. The Wilcoxon-Kruskal-Wallis test will be used to evaluate 

the differences among more than two groups for continue variables, and the Pearson’s chi 

square test for categorical variables. The Wilcoxon signed rank test will be used to evaluate 

the variation of the continue scores for repeated measures. A mixed-effect generalized linear 

model for the longitudinal analysis of data will be employed to evaluate the variation of 
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outcome variables at follow-up. Models will be adjusted for possible confounders. All 

hypothesis tests will be two-tailed and a P value of 0.05 will be considered statistically 

significant. 

 

Results 

Surgery, Anesthesia, and Postoperative Analgesia 

Of the 169 patients included, 85 (50%) underwent general surgery, 59 (35%) urology, 17 

(10%) orthopedic surgery, and 8 (5%) vascular surgery (Tables S1 and S2). A total of 133 

(79%) patients had surgery due to oncologic reasons, with 98 (58%) undergoing laparoscopic 

or robotic-assisted surgery. General balanced anesthesia was administered in 132 cases 

(78%), with an additional 17 cases using locoregional techniques, primarily involving 

peripheral nerve or plexus blocks to manage intraoperative and postoperative analgesia. 

Locoregional anesthesia alone was performed in 20 patients. The mean (SD) duration of the 

anesthesiologic procedures was 292 (124) minutes. Postoperative analgesia was 

administered to nearly all patients (163/169), mainly using elastomeric pumps (101 patients, 

62%) or epidural catheters (47 patients, 29%). Opioids were administered to 115 (68%) 

patients.  

Postoperative Characteristics and Outcomes 

Adjuvant chemotherapy was administered to 28 (17%) patients, while 3 (2%) underwent 

postoperative radiotherapy. Twenty patients were admitted to the ICU after surgery, with 15 

admissions planned in advance and an average (SD) ICU stay of 3 (3) days (Table S3). 

Postoperative complications occurred in 57 (34%) patients (Tables S3 and S4), mainly of 

grade II and III, with 19 cases requiring further surgical intervention or angiography. Median 

[IQR] hospital length of stay was 7 [5-11] days. 
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Table S1. Characteristics of surgical, anesthesiologic, and postoperative analgesia 

administered to the patients  

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Values are expressed as n (%) or as mean (SD).  
SD: standard deviation. 

  

 
All patients 

 
n=169 

Surgery specialty, n (%) 
 

General surgery 
Urology 
Orthopaedics 
Vascular surgery 

85 (50%) 
59 (35%) 
17 (10%) 

8 (5%) 

Oncologic diagnosis, n (%) 133 (79%) 

Diagnosis, n (%)  

Upper digestive tract cancer 
Lower digestive tract cancer 
Biliopancreatic/liver cancer 
Urothelial cancer 
Osteoarthrosis/fracture 
Major vascular disease 
Other 

7 (4%) 
49 (29%) 
20 (12%) 
57 (34%) 
17 (10%) 

8 (5%) 
11 (6%) 

Surgical approach, n (%)  

Laparoscopic/robotic 
Laparotomic 
Other 

98 (58%) 
44 (26%) 
27 (16%) 

Anesthesia modality, n (%)  

General anesthesia 
General and locoregional 
Locoregional 

132 (78%) 
17 (10%) 
20 (12%) 

Locoregional anesthesia modality, n (%)  
Spinal anesthesia  
Epidural anesthesia 
Peripheral/plexus nerve block 
Tap block 

15 (41%) 
2 (5%) 

14 (38%) 
12 (32%) 

Anesthesia duration, mean (SD) 292 (124) 

Postoperative analgesia, n (%) 163 (96%) 

Analgesia duration, mean (SD) 2 (1) 

Analgesia modality, n (%)  

Intravenous bolus 
Elastomeric pump 
Epidural  
Peripheral nervous catheter 

37 (23%) 
101 (62%) 
47 (29%) 

4 (2%) 

Postoperative opioid administration, n (%) 115 (68%) 
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Table S2. List of major elective surgeries (expressed as numbers) performed on the 

patients 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 
All patients 

 n=169 

General surgery, n n=85 

Esophagectomy 1 

Gastrectomy 
       Laparoscopic/robotic 
       Laparotomic 

5 
4 
1 

Laparoscopic hiatal hernia repair 2 

Hemicolectomy 
       Laparoscopic/robotic 
       Laparotomic 

54 
46 
8 

Laparotomic ileal resection 1 

Pancreatoduodenectomy 12 

Hepatectomy 
       Laparoscopic/robotic 
       Laparotomic 

10 
8 
2 

Urology, n n=59 

Nephroureterectomy 
       Laparoscopic/robotic 
       Laparotomic  

18 
11 
7 

Laparotomic radical cystectomy 13 

Robotic-assisted radical prostatectomy 25 

Laparoscopic adrenalectomy 1 

Robotic pyeloplasty  1 

Penectomy 1 

Orthopedics, n n=17 

Hip arthroplasty 11 

Knee arthroplasty 5 

Humerus arthroplasty 1 

Vascular surgery, n n=8 

Vascular endarterectomy 7 

Open aneurysm repair 1 
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Table S3. Postoperative outcomes  
 

 

    
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
          
  

 
Values are expressed as n (%), mean (SD) or median [IQR]. aRefers to chemotherapy or radiotherapy 
started before the T3 follow-up.  
FOLFOX: folinic acid, fluorouracil, and oxaliplatin; IQR: interquartile range; SD: standard 
deviation. 
 
 

 

 

 
All patients  

n=169 

Postoperative chemotherapya, n (%) 
Treatment 
   FOLFOX 
   Platinum-based chemotherapy + gemcitabine 
   Capecitabine 
   Other 

28 (17%) 
 

4 (14%) 
5 (18%) 

12 (43%) 
7 (25%) 

Postoperative radiotherapya, n (%) 3 (2%)  

ICU admission, n (%) 
Planned ICU admission 

20 (12%) 
15 (75%) 

ICU length of stay, days, mean (SD) 3 (3) 

Hospital length of stay, days, median [IQR] 7 [5-11] 

Postoperative complications, patients, n (%) 57 (34%) 

Postoperative complications/patient, n (%)  

  1 
>1 

43 (75%) 
14 (25%) 

Postoperative complications, events, n (%) n=88 

Class I 
Class II 
Class III 
Class IV  
Class V 

7 (8%) 
48 (55%) 
23 (26%) 

8 (9%) 
2 (2%) 
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Table S4. Postoperative complications experienced by the patients 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

  

 
Events (n) 

Class I, events, n n=7 

Fever 4 

Persistent pain 1 

Hypertension 1 

Melena 1 

Class II, events, n n=48 

Anaemia 21 

Hypotension 3 

Arrhythmia/congestive heart failure 3 

Pulmonary embolism 4 

Bronchospasm 1 

Pneumonia 2 

Confirmed infection 6 

Pancreatitis 2 

Ileus 4 

Other 2 

Class III, events, n n=23 

Fistulisation 3 

Perforation 4 

Anastomotic dehiscence 3 

Gastrointestinal tract stenosis/occlusion 4 

Pneumothorax 1 

Subcutaneous abscess 1 

Bleeding/ischemia 6 

Splenic lesion 1 

Class IV, events, n n=8 

Refractory hypotension 1 

Intestinal ischemia 2 

Ischemic stroke 1 

Septic shock 1 

Other 3 

Class V, events, n n=2 
Death before hospital discharge 2 
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Table S5. Barthel Index (total, activities of daily living, and mobility sections) and mini-mental 

state examination scores at various time points based on Barthel Index worsening, <10 vs. ≥10 

or death 

 

 

The MMSE score was adjusted for patient age and scholarship. Values are expressed as n (%) or as 
median [IQR]. aKruskal-Wallis test; bMann-Whitney U test. 
ADLs: activities of daily living; IQR: interquartile range; MMSE: mini-mental state examination. 

 

  

 
All patients ΔBarthel Index 

<10 
∆Barthel Index 
≥10 or deceased 

by T3 

No data at T3 P value 

 
n=169 n=106 n=51 n=12  

T1 Median [IQR] Median [IQR] Median [IQR] Median [IQR]  

Barthel index - total 100 [100-100] 100 [100-100] 100 [95-100] 100 [100-100] 0.15a 

Barthel index - ADLs 60 [60-60] 60 [60-60] 60 [60-60] 60 [60-60] 0.77a 

Barthel index - mobility 40 [40-40] 40 [40-40] 40 [40-40] 40 [40-40] 0.09a 

MMSE 27 [25-28] 27 [25-28] 27 [25-28] 28 [24-29] 0.48a 

T2      

MMSE 26 [23-28] 26 [23-28] 26 [22-28] 26 [23-28] 0.93a 

T3      

Barthel index - total 100 [90-100] 100 [95-100] 80 [65-90]  <0.001b 

Barthel index - ADLs 60 [54-60] 60 [60-60] 45 [40-50]  <0.001b 

Barthel index - mobility 40 [40-40] 40 [40-40] 30 [21-40]  <0.001b 

MMSE (4 missing) 27 [25-28] 27 [25-28] 26 [23-28]  0.005b 
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Tables S6. Distribution of MMSE classes measures at the 3 time point and the P-value of 
Mc Nemar test 

 

MMSE: mini-mental state examination. 

  

 T2 Mc Nemar test 
  MMSE < 18 18 ≤ MMSE <24 24 ≤ MMSE ≤ 30 P value 

T1 

MMSE <18 1 (33.33%) 3 (10%) 0 

0.06 18≤ MMSE <24 1 (33.33%) 7 (24%) 7 (5%) 

24≤ MMSE ≤30 1 (33.33%) 19 (66%) 131 (95%) 
  T3  

  MMSE < 18 18 ≤ MMSE <24 24 ≤ MMSE ≤ 30  

T1 

MMSE <18 4 (80%) 0 0 

0.68 18≤ MMSE <24 0 4 (36%) 10 (8%) 

24≤ MMSE ≤30 1 (20%) 7 (64%) 121 (92%) 
  T3  

  MMSE < 18 18 ≤ MMSE <24 24 ≤ MMSE ≤ 30  

T2 

MMSE <18 1 (20%) 2 (18%) 0 

0.005 18≤ MMSE <24 3 (60%) 7 (64%) 17 (13%) 

24≤ MMSE ≤30 1 (20%) 2 (18%) 114 (87%) 
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Table S7. Health Sequelae Reported by Patients Post-Hospital Discharge by Three Months 

Following Major Surgery, Expressed as Number of Events 

 

 

 

 

 

 

 

 

 

 

 

 

  

 
All patients ΔBarthel Index 

< 10 

∆Barthel Index 

≥ 10 

Events, n n = 55 n = 29 n = 26 

Asthenia 9 5 4 

Urinary incontinence 8 3 5 

Bowel incontinence/constipation 6 2 4 

Persistent pain 1 1 0 

Surgical site dehiscence 1 1 0 

Surgical site infection 2 0 2 

Impaired mobility 7 1 6 

Peripheral neurological symptoms 3 2 1 

Chemotherapy side effects 9 8 1 

Deflection of mood tone 5 3 2 

Other 4 3 1 
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Table S8. Patients’ Demographic and Clinical Characteristics of survivors and patients dead 
by T3 

 

 

Values are expressed as n (%) or as mean (SD).  
ASA: American Society of Anesthesiologists; BMI: body mass index; SD: standard deviation. 
 

  

 
All patients Survivors at T3 Dead by T3 

 
n=169 n=162 n=7 

Age, mean (SD) 77 (5) 76 (5) 82 (3) 

Sex, n (%)    

M 

F 

99 (59%) 

70 (41%) 

95 (59%) 

67 (41%) 

4 (57%) 

3 (43%) 

BMI, mean (SD) 25.66 (4.79) 25.78 (4.82) 22.91 (3.26) 

ASA score, n (%)    

1 

2 

3 

4 

4 (2%) 

96 (57%) 

66 (39%) 

3 (2%) 

4 (2%) 

94 (58%) 

61 (38%) 

3 (2%) 

0  

2 (29%) 

5 (71%) 

0 

Charlson index, mean (SD) 7 (2) 7 (2) 8 (2) 

Comorbidities, n (%)    

Respiratory disease 

Cardiomyopathy 

Hypertension 

Neurologic disease 

Gastroenterology disease 

Liver disease 

Thyroid disease 

Hematologic disease 

Chronic renal failure 

Diabetes 

37 (22%) 

63 (37%) 

112 (66%) 

23 (14%) 

34 (20%) 

18 (11%) 

31 (18%) 

29 (17%) 

31 (18%) 

34 (20%) 

35 (22%) 

58 (36%) 

108 (67%) 

22 (14%) 

34 (21%) 

17 (10%) 

30 (19%) 

28 (17%) 

31 (19%) 

33 (20%) 

2 (29%) 

5 (71%) 

4 (57%) 

1 (14%) 

0 

1 (14%) 

1 (14%) 

1 (14%) 

0 

1 (14%) 
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Abstract 
 

Background: Noninvasive respiratory support (NRS) has been used to treat acute 

respiratory failure also outside the ICU, but existing data have left many knowledge gaps for 

managing NRS in general wards. The primary objective of this study was to describe 

indications, duration of treatment, and outcomes of subjects treated with NRS outside the 

ICU. The secondary objective was to compare outcomes based on age < or ≥ 80 y. 

Methods: This retrospective observational study was conducted at Maggiore della Carità 

University Hospital in Novara, Italy, and included all patients treated with noninvasive 

ventilation (NIV) or CPAP outside the ICU from November 2017 to October 2018, with 1 

year of follow-up. 

Results: Of the 570 treatments performed, 383 subjects were analyzed, 136 NIV and 247 

CPAP. Subjects’ median (interquartile range [IQR]) age was 79 (72-85) y and main diagnosis 

of respiratory failure were cardiogenic pulmonary edema in 128 (33%), pneumonia in 99 

(26%), and COPD exacerbation in 52 (14%), with a median (IQR) treatment duration of 38 

(16-74) h. Rapid response team visits lasted in median (IQR) 3 (2-6) d. Interface-related 

pressure lesions occurred in 13% of the subjects, in no case leading to definitive treatment 

discontinuation. Compared with the subjects ≥ 80 y old, the younger subjects had a median 

(IQR) longer hospitalization (16 [10-24] d vs. 13 [9-20] d, P = .003) but slightly decreased 

in-hospital mortality (21% vs. 30%, P = .061) and a decreased post-discharged 1-year 

mortality in hospital survivors (25% vs. 41%, P = .002), differences observed only in 

subjects treated with NIV.  

Conclusions: In a real-life setting outside the ICU, NIV and CPAP managed by a rapid 

response team with a daily visit in collaboration with ward staff highly experienced in NRS 

allowed us to treat the subjects without major complications. Post-discharge 1-year mortality 
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was higher in the subjects ≥ 80 y old treated with NIV for acute hypercapnic respiratory 

failure. 

 

Background 
 

Noninvasive respiratory support (NRS) has been largely used in the treatment of acute 

respiratory failure (ARF) in the ICU and, more recently, in general wards both under 

ordinary circumstances (56–60) and during the pandemic (61–63). Management of NRS 

outside the ICU requires a trained staff, and inadequate training is the main cause of its lack 

of use in general wards (57,64).  

Guidelines for NRS management in general wards have not been specifically defined, 

nevertheless, a high success rate with few collateral effects has been demonstrated in treating 

subjects under the supervision of an expert rapid response team (56). Indications for NRS 

have recently been updated (65). Either NIV or CPAP is recommended for patients with 

ARF due to cardiogenic pulmonary edema to reduce mortality and ICU transfer rates (65). 

In COPD exacerbation, NIV is indicated in patients with acute moderate respiratory acidosis, 

together with standard medical care, showing a decrease in mortality and endotracheal 

intubation rates; whereas in cases of pneumonia or other causes of de novo hypoxemic ARF, 

the guidelines do not offer a recommendation, given the high level of the uncertainty of 

evidence (65).  

Not less important, NRS in hospital wards can also be applied for the management of ARF 

in elderly patients (age ≥ 80 y), more often than in younger patients, when used in the context 

of a do-not-intubate order (66,67). An association between increasing age and higher NRS 

failure rate was reported in observational studies and led to uncertain outcomes (68,69). 

Although NIV and CPAP have been extensively applied outside the ICU during the 
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pandemic (61,63), limited data are available on the management of NIV and CPAP in the 

general wards (70,71), and the duration of the therapy and outcomes (58), particularly in 

elderly subjects (66). 

The primary study objectives were to monitor the indication, duration of the treatment, and 

outcome of the subjects treated with NIV and CPAP outside the ICU. On a secondary 

analysis, the outcome was also evaluated based on subject age < or ≥ 80 years. 

 

Methods 
 

Study Design 

This was a retrospective observational monocentric study conducted at Maggiore della 

Carità University Hospital, a 700-bed hospital, in Novara, Italy. Data collection lasted from 

November 2017 to October 2018, and a 1-year follow-up was concluded in October 2019. 

The study was conducted in accordance with the Declaration of Helsinki and was approved 

by the local ethics committee (protocol CE 64/19). The ethics committee waived the 

requirement to obtain any informed consent for data collected retrospectively. 

 

Subject enrollment and data collection 

All adult subjects admitted to Maggiore della Carità University Hospital with either 

hypoxemic or hypercapnic ARF, treated with CPAP or NIV outside the ICU were included. 

In the case of multiple hospitalizations for the same subject, only data from the first 

hospitalization were considered. Demographic characteristics; comorbidities; ARF 

diagnosis; clinical parameters, that is, blood cell counts and arterial blood gas values at 

hospital admission, hours of ventilatory support per day in the case of NIV derived from 

ventilator counter, and the presence of interface-related pressure lesions were recorded. For 

CPAP, a counter was not available, so continuous support was defined as per day because 
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CPAP was normally discontinued for no longer than 2-3 min, only when strictly necessary 

for changing the interface or subjects’ nursing. NIV and CPAP therapeutic goals, that is, full 

treatment, the ceiling of treatment or palliative, date of treatment discontinuation, hospital 

discharge, ICU transfers, re-admissions, mortality during the hospital stay and after 1 year 

were also registered. 

An electronic case report forms (on an Access database [Microsoft Office, Microsoft, 

Redmond, WA]), accessible only on hospital computers and password protected, was used 

for data collection in accordance with the policy concerning personal data management. 

Hospital data were also searched to assess the hospital length of stay, ICU transfers, re-

admissions, mortality at hospital discharge; a regional-based database and interviews with 

subjects’ general practitioner were used to assess 1-year mortality. 

 

NIV and CPAP  

During the study period, different ventilators for NIV were available: Vivo 30 (Breas 

Medical AB, Mӧlnlycke, Sweden), V60 (Philips Respironics, Murrysville, Pennsylvania), 

and Respironics Trilogy 202 (Philips, Amsterdam, Netherlands). The interfaces mainly used 

were oronasal and total face masks (ResMed, San Diego, California; Philips, Amsterdam, 

Netherlands). PEEP was initially set at 5 cmH2O and inspiratory support to get a tidal volume 

of 6-8 ml/kg of predicted body weight and a breathing frequency in a normal range, that is, 

16-20 breaths/minute. Settings were subsequently modified according to subjects’ needs and 

tolerance. 

CPAP was delivered through helmets (Intersurgical, Mirandola [Modena], Italy; Dimar 

S.r.l., Medolla [Modena], Italy) via flow meters (typically 40-100 L/min, depending on the 

setting chosen) with a scale that allowed the clinician to regulate oxygen and air flow 

separately to set the inspiratory oxygen fraction. CPAP was set between 10 and 12 cmH2O 

according to subject’s needs and tolerance. 
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Periodically NIV and CPAP training was offered to medical and nurse personnel.  

 

Rapid Response Team 

The rapid response team in charge was carried out by an intensivist and a senior resident in 

anesthesia. The decision to prescribe NIV or CPAP was reserved for the rapid response team 

present 24 h/d, 7 d/wk in the hospital. Sometimes, NIV or CPAP was started in the 

emergency department, nonetheless, the rapid response team was consulted to decide 

whether to continue NIV or CPAP in the wards. Monitoring of subjects on NIV and CPAP 

was performed by the ward staff (saturation, noninvasive blood pressure, heart rate, 

breathing frequency, comfort, and dyspnea). The rate of the monitoring depended on the 

degree of stability of the vital signs. Blood gas analyses were always obtained before starting 

NIV and 1-2 h after treatment. Rapid response team visits were performed at least once a 

day. If a subject became unstable, then further visits and the frequency of blood gas analyses 

and monitoring were decided by the rapid response team. The treatment and follow-up 

algorithm is schematically presented in Figure 1S (see the supplementary materials at 

http://www.rcjournal.com). 

 

Statistical analysis 

Descriptive statistic were used to summarize the subjects’ demographic characteristics and 

laboratory values. Categorical variables are presented as numbers and percentages, whereas 

continuous variables are presented as medians (interquartile ranges [IQR]). Non-parametric 

Mann Whitney U test and the Fisher exact were used to assess the difference between 

medians and categorical variables in the 2 independent samples, respectively. Kaplan-Meier 

curves and log-rank test were used to describe 1-year survival analysis. The Cox proportional 

regression model was used to evaluate which factors had the greatest impact on survival and 

logistic regression method to evaluate the influencing factors on different outcomes. All 
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hypothesis tests were 2-tailed and a P value of 0.05 was considered significant. Descriptive 

and inferential statistics evaluations were conducted by using v. 15 (StataCorp, College 

Station, Texas). 

 

Results 
 

From November 2017 to October 2018, 570 noninvasive respiratory support treatments 

outside the ICU were performed at Maggiore della Carità University Hospital. We analyzed 

383 treatments, 136 NIVs (36%) and 247 CPAPs (64%) (Fig. 1). Out of the 383 subjects 

treated with NRS, 74 (19%) started the treatment in the emergency department and continued 

it in the general wards, 45 with NIV and 29 with CPAP. The treatment duration in the 

emergency department lasted a median (IQR) time of 3.0 (2.0-4.5) h before being 

hospitalized in the general ward. Most of the treatments, 167 (44%), were conducted in 

internal medicine wards, as shown in Table 1. The main demographic and clinical 

characteristics of subjects overall and stratified by age are summarized in Table 2. The 

subjects had a median (IQR) age of 79 (72-85) y and 57% were men. The main cause of 

ARF was cardiogenic pulmonary edema in 128 subjects (33%), pneumonia in 99 (26%), 

COPD exacerbation in 52 (14%). The subjects with a do-not-intubate order were 31% of the 

total, being significantly higher among those aged ≥ 80 years versus younger subjects, that 

is, 44% versus 19%, P < .001. Consistent with the existing literature, NIV was mainly used 

in COPD exacerbation (35%), whereas CPAP was mainly used in cardiogenic pulmonary 

edema (42%), as shown in Table 1S (see the supplementary materials at 

http://www.rcjournal.com).  

The laboratory values on hospital entrance are presented in Table 3. No major differences 

were present, only creatinine was slightly higher in the elderly subjects. In Tables 2S and 3S 
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(see the supplementary materials at http://www.rcjournal.com), laboratory values are 

presented stratified by ARF diagnosis and etiology, that is, hypoxemic and hypercapnic. As 

shown in Table 4, median (IQR) NIV effective treatment duration was 38 (16-74) h, with a 

presence of interface-related pressure lesions in 13% of the subjects. Superficial or lower-

grade lesions were reported and in no case led to definitive treatment discontinuation. The 

median (IQR) rapid response team visits lasted 3 (2-6) d. The median (IQR) overall hospital 

stay was 15 (10-22) d, significantly longer in the subjects < 80 y old (median [IQR] 16 [10-

24] d vs 13 [9-20] d; P = .003). Intubation was performed in 9% of the subjects included in 

the study; when excluding the subjects with a do-not-intubate order, the intubation rate 

reached 12.5%. In-hospital mortality was 25% overall, which reached 49% at 1 year. When 

considering only hospital survivors, the post-discharged 1-year mortality was 32% (Fig. 2A) 

which was significantly higher in the elderly subjects versus the subjects < 80 y old, 41% 

versus 25%; P = .002 (Fig. 2B). When analyzing the possible risk factors for mortality at 

one year, age and the do-not-intubate order status were the only independent predictors, as 

shown in Tables 4S (see the supplementary materials at http://www.rcjournal.com). When 

stratifying subjects according to NRS treatment (ie, NIV or CPAP) and age, mortality at 1 

year was significantly higher in older subjects treated with NIV (62% in elderly subjects vs 

38% in the subjects < 80 y old; P = .001) (Fig. 3A), but not in those treated with CPAP (28% 

in subjects ≥ 80 y old vs 20% in the younger ones; P = .13) (Fig. 3B). Mortality at 1 year 

according to the ARF diagnosis is depicted in Figure 2S (see the supplementary materials at 

http://www.rcjournal.com). Forty-one subjects (11%), mainly in the younger group (29, 

[15%], P = .008), required ICU admission after starting NRS in the general wards, whereas 

38 (10%) needed another NRS treatment during the same or a new hospitalization, with no 

difference between the groups. Risk factors associated with ICU transfer and with NRS re-
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treatment are shown in Table 5S A and B, respectively (see the supplementary materials at 

http://www.rcjournal.com).    

 

 

 

 

 

 

 



48 
 

 

 

 

 

 

 



49 
 

 

 



50 
 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

 

 


































































































































