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2

WHAT IS ALREADY KNOWN ON THIS TOPIC:

- The proportion of older patients in intensive care units (ICUs) has been progressively 

increasing, while the benefit remains unclear across numerous studies exploring this topic. 

- The variability in patient selection (ranging from ages 65 to 90, with or without surgery, 

involving invasive procedures or not) and in outcome measures (assessing mortality or 

functional status, with early or delayed assessments) has impeded the establishment of a clear 

consensus, while clinical judgment approximates the one-year survival rate for medical ICU 

patients over 80 to be around 50%.

- This ensuing absolute uncertainty coupled with an over-optimistic trend for prognosis 

prediction has paved the way for increasingly invasive strategies, including time-limited trials 

which a part turn out to be disproportionate.

WHAT THIS STUDY ADDS:

- This long-term real-world comprehensive cohort study demonstrated that the routine care of 

elderly medical ICU patients is associated with different trajectories depending on whether 

the approach is invasive or conservative.

- The increased risk associated with the invasive approach is partly explained by the severity of 

the patients, yet significantly persists after propensity score weighting, and it seems unlikely 

that a broader application of invasive procedures would have any significant impact on 

mortality

- The high one-year mortality rate in the invasive group (72%) even questions the opportunity 

of improving prognosis with a less invasive approach in this frail population, but further 

studies are needed.
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ABSTRACT

Objective: To determine whether an invasive approach is associated with favourable long-term 

outcomes among elderly medical patients in the ICU, compared to a weighted conservative 

approach.

Design: Nationwide observational study using data prospectively collected in the National French 

Healthcare Database (covering 99% of the population, 66 million people).

Setting: Comprehensive multicenter study through the linkage of large-scale national registries 

(including all public or private facilities) from 2013 to 2018 to avoid ambiguities related to the COVID-

19 pandemic

Participants: All nonsurgical patients aged 80 years or older admitted to an ICU in France during the 

period (n=107 014 patients at 822 hospitals)

Main Outcome Measures: The primary outcome was the one-year survival rate. The association of 

the two approaches with one-year survival was estimated using a time-dependent Cox model and a 

propensity score adapted to time-to-event analysis, yielding the average treatment effect in the 

treated (ATT) and extended weighted Kaplan Meier curves.

Results: 107 014 patients were categorized into two groups based on the type of care received: 

invasive (n=51 680 [48%] received invasive ventilation and/or vasopressor support) or conservative 

(n=55 334 [52%] received neither). One-year survival rate was significantly lower in the invasive 

group than in the conservative group (27% vs 59% estimated with extended time-dependent Kaplan 

Meier method). The risk of death in the invasive group remained significantly higher after time-

dependent propensity score (PS) weighting (hazard ratio, 1.64; 95% CI, 1.60-1.69, p<0.001). The loss 
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in restricted mean survival time (RMST) was 67.7 days (95% CI, 65.7-69.8) in this group and 31% of 

deaths occurred the day of initiation of the procedure, or the following day.

Conclusion: Among the whole population of critically ill elderly medical patients in France, the 

invasive approach was unknowingly associated with end-of-life care in nearly three-quarters of cases. 

Further research is needed to align intensive care with compassionate goals. 
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INTRODUCTION

The proportion of older patients in the ICU has been steadily increasing over the past two decades, 

although the overall benefit remains unclear.1 Additional research is needed to address the care 

consequences of this growing population. However, a randomized trial has been deemed infeasible 

on ethical grounds.2 The ensuing uncertainty may have led to a decision-making process based solely 

on clinical judgment, while triage-systems based on even limited evidence would have been 

preferable.3 Previous studies on this issue4–6 have identified older age (≥80 years),7 non-operative 

condition,8 and exposure to invasive procedures9–11 as prognostic factors that should be considered 

especially as to long-term outcomes. By conducting a nationwide study that combines these three 

factors, we aimed to assess the characteristics, management, and long-term outcomes of the entire 

target population of elderly patients admitted to the ICU for medical reasons in France.

METHODS 

STUDY DESIGN AND DATA SOURCES 

We performed a nationwide retrospective analysis using data prospectively collected in the Système 

National des Données de Santé (SNDS), the national French healthcare database that covers 99% of 

the population regardless of socioeconomic status (66 million). The SNDS was created for hospital 

payment and government purposes, and regular audits are conducted to ensure reliability and 

completeness. The SNDS also facilitates epidemiological research, with a specific interest in aging by 

an extended follow-up. Formal methods have been developed to assess the strengths and limitations 

of databases, and population-level data have enhanced our understanding of the use and outcomes 

of mechanical ventilation,9 particularly for elderly patients hospitalized in ICUs in France.12–14 The 

SNDS links the nationwide health insurance information system "SNIIRAM" to the national hospital 

discharge database of diagnosis-related groups (DRG) "PMSI," and to the national death registry 

"CépiDC." It contains comprehensive medical and administrative data for all patients in the country. 

This linkage of large-scale French national registry populations contributes to guiding public 
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decisions. Each patient is assigned a unique identification number with pseudonymized information, 

allowing individuals to be followed over time by linking inpatient and outpatient data from each 

hospitalization in all public or private facilities in France. Procedures, including surgery or life-

sustaining treatments, are time-stamped and coded using a national classification system called 

CCAM (see the Supplementary Appendix).

The study was submitted to and approved by the independent national data protection authority 

(CNIL Registration: 920181). All data were deidentified for research purposes, and French law waives 

the need for informed consent. An independent institutional review board approved the study 

protocol (IRB Registration: #00011928). 

STUDY POPULATION 

All patients aged 80 years or older with complete data, admitted to hospitals in France from January 

2013 through December 2018 (to avoid any ambiguities related to Covid-19), were eligible. We then 

selected ICU stays where the Simplified Acute Physiology Score (SAPS) II is comprehensively 

collected. To select the non-operative condition, we excluded stays that involved a surgery or whose 

DRG was surgical (or severe burn injury), either during the ICU stay or within 30 days prior to the ICU 

admission. To avoid counting multiple hospital outcomes for a single patient, only the first hospital 

stay including a medical admission to an ICU during the study period was considered for each 

patient. Finally, we considered the invasive condition for patients who underwent invasive 

mechanical ventilation (CCAM codes GLLD004, GLLD008, GLLD015) or vasopressor support (CCAM 

codes EQLF001, EQLF003) (Table S2 in the Supplementary Appendix).

VARIABLES, EXPOSURE AND OUTCOMES

The exposure variable was defined as the first occurrence of one of the following invasive procedures 

during the ICU stay: vasopressor support or invasive mechanical ventilation. We focused on these 

two main modifiable factors of interest because clinicians often question their benefit for the oldest 
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patients. This choice was also driven by their coding reliability, as there is a clear-cut bedside decision 

without delay, marking a turning point in the patient's trajectory. We did not include non-invasive 

ventilation because its use as a palliative treatment for dyspnea has become increasingly common. 

We also did not include renal replacement therapy due to the large grey area in coding between 

acute and chronic situations, and because its initiation can often be delayed without threatening the 

prognosis.15 We addressed potential confounding resulting from variation in the case mix by 

controlling for age, severity of illness, pre-existing medical conditions expressed by the Charlson 

comorbidity index, primary diagnosis at admission, preadmission location, and academic status of the 

ICU. These confounders were specified a priori to develop a risk adjustment model for mortality. 

Patients were followed until death or the end of the year 2019, whichever occurred sooner. The 

invasive and non-invasive cohorts were mutually exclusive. One-year survival rate was the main 

outcome of interest. We also analyzed intermediate mortality rates and lengths of stays.

STATISTICAL ANALYSIS

Survival was measured from the date of ICU admission to the date of death or censored at the last 

follow-up. To limit immortal time bias, the occurrence of any invasive procedure was considered as a 

time-dependent covariate. Time precision was day, and the time of death was shifted by 0.1 day to 

avoid ties with the time of the procedure. Multivariate analysis of survival was performed by a Cox 

proportional hazards (PH) model producing hazard ratios (HR). The handling of ties used the Efron 

approximation. The PH assumption was verified by scaled Schoenfeld residuals. The time-varying 

effect of a procedure was modeled by adding an interaction term between the corresponding 

covariate and some transformation of time. The restricted mean survival time (RMST) method was 

selected because it is not dependent on the number of events and on the assumption of proportional 

hazards, as is the case in time-to-event analyses. RMST reflects the life expectancy of patients up to a 

specified time. Details regarding the statistical methods are provided in the Supplementary 

Appendix. As patients receiving invasive procedures may differ from the conservative ones, a 
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propensity score (PS) was used to minimize the effects of confounding. However, the population at 

risk changes over time due to attrition (death or discharge). Therefore, we used an inverse 

probability of treatment weighting (IPTW) method adapted to the time-dependent context.16 IPTW 

usually estimates the average effect of treatment when the entire sample is moved from control to 

treated (ATE). But this seemed unrealistic for invasive support in the elderly population, so here 

IPTW targeted the average treatment effect in the treated (ATT). We divided the time span into 

strata within which a distinct PS could be calculated. These strata were each day until day 14, then 

periods 14-20, 20-30, every 15 days until 120, and then every 30 days until 365 (case base). This time-

stratified PS was built using a Cox model that predicted the use of invasive procedures by variables 

available at admission. The influence of continuous variables (age and SAPS II) was modeled by 

fractional polynomials (FP). Variable balance was assessed by examining the standardized mean 

differences before and after weighting. Weights were trimmed at the first and 99th percentiles. To 

remove residual confounding, we combined weighting at the design stage with regression 

adjustment at the analysis stage when estimating treatment effects.17 A robust sandwich-type 

estimator was used to calculate standard errors.

We performed sensitivity analyses to assess the robustness of the overall HR associated with invasive 

procedures: initially by using ATT weights truncated at the 5th and the 95th percentiles, then by using 

time strata defined by every day an invasive procedure or death occurred.

All tests were two-sided, and a p-value < 0.05 was considered statistically significant. The analysis 

used the SAS Enterprise Guide v7.15 (SAS Institute Inc., Cary, NC, USA) provided by the SNDS 

infrastructure.
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RESULTS

The final analysis included 107 014 patients aged 80 years or older who were admitted to an ICU for 

medical reasons at 822 hospitals, mostly publicly funded (65%), in France between 2013 and 2018. 

Among those patients, 51 680 (48%) received invasive ventilation or vasopressors, and 55 334 (52%) 

received neither of the two. A flowchart of patients in the study is shown in Figure 1.

The demographic characteristics and the outcomes since ICU admission are shown in Table 1. The 

mean age was 84.6 years. More than half (52%) were male in the invasive group, and 52% were 

female in the conservative group. Overall, 89% were admitted from home, with most of them having 

a stop at the emergency department (59%). Patients in the invasive group had a significantly higher 

severity of illness at admission as reflected by a higher SAPS II but fewer general coexisting 

conditions as reflected by a lower Charlson comorbidity index. Over the years, the flow of patients 

was increasingly directed towards the invasive group. Among 51 680 (48%) patients in the invasive 

group, 70% were dead at one year, while among 55 334 (52%) patients in the conservative group, 

41% were dead at one year (p < 0.001).

Outcomes of patients in the invasive group since ICU admission are detailed in Table 2. Among 38 

427 patients who underwent vasopressors, 72% were dead at one year. Among 40 495 patients who 

received invasive ventilation, 72% were dead at one year. Patients who received a first invasive 

procedure were likely to receive the other one in 53% of cases, and one-year mortality was then 

77%, whereas it was 60% and 63%, respectively, for vasopressors only or ventilation only. Among 

8,761 patients who underwent renal replacement therapy (regardless of the group), 74% were dead 

at one year. The median number of days in the ICU was 4 (interquartile range 2 – 8). The median 

number of days in the hospital was 8 (interquartile range 2 – 16). The median duration of ventilation 

was 3 days (interquartile range 2 – 7). There were 2582 patients who underwent prone-positioning. 

In their case, the median number of sessions was 2 (interquartile range 1 – 3) per patient. The 
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median duration of vasopressor support was 2 days (interquartile range 1 – 4). The time of the initial 

invasive procedure was the day of ICU admission for 79% of patients in the invasive group and the 

following day for an additional 9% (Figure S1 in the Supplementary Appendix). More than half of the 

patients in the invasive group had both procedures, generally on the same day (86%). If vasopressors 

predated ventilation (6%) or ventilation predated vasopressors (9%), the median interval of initiation 

was 1 day (interquartile range 1 – 3). 24% of deaths in the invasive group occurred on the day of the 

initiation of any procedure, and 7% the following day.

After the calculation of the time-stratified PS, the balance obtained on ATT weighted samples was 

good, with absolute standardized differences less than 0.1 (Figure S2 in the Supplementary 

Appendix). The test of Schoenfeld residuals for the proportional hazards assumption was significant, 

as the HR was decreasing along time (Figure S4 in the Supplementary Appendix). Kaplan-Meier 

survival curves obtained before and after the time-stratified ATT weighting are presented in Figure 2. 

ATT weighting induced a decrease in one-year survival rate in the conservative group from 59% to 

43% (95% CI, 0.421 to 0.441) vs. 27% in the invasive group (95% CI, 0.268 to 0.276, remained 

unchanged after ATT weighting, as expected). The mortality in the invasive group remained 

significantly higher after time-dependent IPTW (HR, 1.64; 95% CI, 1.60 to 1.69, p < 0.001). Life 

expectancy limited to one year was 117.5 days in the invasive group versus 185.2 days in the 

conservative group, resulting in a significant loss of 67.7 days (RMST, 95% CI, 65.7 to 69.8).

In the sensitivity analysis, neither the use of ATT weights truncated at the 5th and 95th percentiles nor 

the use of a different time-stratification pattern changed substantially the HR associated with 

invasive procedures. Finally, the combination of weighting and further adjustment on baseline 

covariates (year, age, sex, coexisting conditions, admission source, severity, and academic status) 

produced a similar hazard ratio (HR, 1.67; 95% CI, 1.63 to 1.73, p < 0.001). (See the Supplementary 

Appendix).
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DISCUSSION

Several studies support conservative management over invasive approaches,15,18,19 and there is 

concern that invasive procedures may worsen the prognosis of older ICU patients.20,21 Our large 

nationwide study was designed to describe the association between invasive care and mortality in 

real-world clinical practice. Our findings suggest that invasive procedures are a negative determinant, 

but as an observational study, it cannot be concluded as evidence of harm or non-inferiority between 

the two groups.

However, the high mortality rate in the invasive group is per se our main finding. With a one-year 

survival rate of 27%, it seems reasonable that a large portion of elderly patients may not be best 

served by invasive care. This calls into question the upward trend of time-limited trials that could 

lead to ethical misunderstanding, especially as the survival curves separated early on with a rapid 

decrease in the invasive group.

The strength of this study is the size of the cohort with few missing data and the national-level 

database needed to overcome sampling biases22 that often limit epidemiological studies of the 

critically ill elderly. With 107,014 patients under observation, we had the statistical power to robustly 

assess this issue in the target population of medical ICU patients adjusted for known prognostic 

factors specified a priori. The comprehensive multicenter design enhances the generalizability of our 

findings, particularly important given that older patients are frequently excluded from clinical trials23 

but are commonly treated in the ICU. Our study further provides valuable information on the 

epidemiology of circulatory and respiratory failures in older patients.

Limitations of our study include potential biases due to coding errors or unmeasured confounders. 

Moreover, our study did not include the functional status nor quality of life among survivors, which 
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are more important than survival for many older persons.24–26 The study also lacks consideration for 

preexisting frailty, despite its recognized importance as a determinant of mortality.27–29 However, 

while elderly patients with a higher functional baseline are more likely to survive, their chances of 

returning to their prior level are reduced compared to those with a lower functional baseline.30,31 In 

addition, whoever with a good functional status is resuscitated until it becomes poor is doomed to 

die with a poor functional status.

The absence of consideration for triage process, treatment appropriateness, or therapeutic 

limitations may introduce selection bias but reflects the real-world shared decision-making process 

among physicians, patients, and families. Current studies suggest that the risk of overutilization of 

invasive procedures outweighs the risk of underutilization19,21,32–34 

The "Principles of Biomedical Ethics" by Beauchamp and Childress, developed in 1979 the four 

principles of medical care: autonomy, non-maleficence, beneficence, and justice. Individuals have a 

significant preference for non-maleficence over the other principles, but it does not appear to be 

directly utilized in the decision-making process.35 Advance care planning is essential to support 

clinicians in targeting appropriate invasive, rehabilitative, or palliative strategies which are not 

exclusive. As stated in a recent review: all critically ill patients, by definition, have serious illness and 

thus have palliative care needs.36 The retrospective meaning of "end-of-life care" seems problematic 

unless considering the oldest patients are living the last part of their lives. Oldest patients, similar to 

pediatric patients, have distinct healthcare trajectories and goals supported by physiological 

evidence for geriatric specificities.

To clarify, our study does not suggest that elderly patients should be denied ICU admission. On the 

contrary, it highlights the potential benefits of an intensive integrative approach in the ICU rather 

than a purely technical approach that may only prolong the dying process.37 The conservative group 

exhibits a low mortality rate, including patients who were refused invasive treatments due to futility, 
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and it is unlikely to be further reduced with a more invasive approach. Similarly, the high mortality 

rate observed in the invasive group is unlikely to be exacerbated by a less aggressive strategy.

Our findings have strong ethical implications. Despite being highly selected for favorable outcomes in 

real-world practice, patients who received invasive procedures had a low survival rate. The incentive 

care policy for a standard of care regardless of age is questionable in the light of medical 

appropriateness19,21,32–34 and patients' wishes.24–26 While age should not be the sole criterion for ICU 

triage, the combination of age and the need for an invasive procedure must be considered 

attentively when deciding on treatment options. Growing evidence suggests a gap between patient 

preferences and the actual care provided.38 Age remains a potent trigger for clinicians to ensure that 

patients and families are well-informed about the benefits, risks, and harms associated with invasive 

care.39

CONCLUSIONS

In conclusion, in our nationwide study, an invasive approach was associated with a lower one-year 

survival rate among elderly patients who were admitted to the ICU for medical reasons compared to 

a conservative approach. Early discussion, including the requirement for an invasive procedure, may 

reduce the incidence of avoidable aggressive end-of-life care and improve goal-concordant care 

achievement.
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TABLE 1. Characteristics of the Patients* 

All Patients

(N = 107 014)

Invasive Group

(N = 51 680)

Conservative Group

(N = 55 334)

P Value

Percentage of patients 100 48 52

Mean age – Yr 84.6 ± 3.6 84.3 ± 3.4 84.9 ± 3.7 < 0.001

Male sex – no (%) 53 457   (50) 26 785   (52) 26 672   (48) < 0.001

Year of enrollment – no (%) < 0.001

     2013 17 138   (16) 7 756   (15) 9 382   (17)

     2014 17 484   (16) 8 013   (16) 9 471   (17)

     2015 18 286   (17) 8 612   (17) 9 674   (18)

     2016 18 312   (17) 9 143   (18) 9 169   (17)

     2017 18 284   (17) 9 236   (18) 9 048   (16)

     2018 17 510   (16) 8 920   (17) 8 590   (16)

Admission source – no (%) < 0.001

     Home 31 703   (30) 15 079   (29) 16 624   (30)

     Emergency department 63 032   (59) 30 446   (59) 32 586   (59)

     Other skilled facility 12 279   (11) 6 155   (12) 6 124   (11)

Hospital status – no (%) < 0.001

     Private 17 411   (16) 5 226   (10) 12 185   (22)

     Public academic 28 394   (27) 15 024   (29) 13 370   (24)

     Public non-academic 61 209   (57) 31 430   (61) 29 779   (54)

Geriatric team in the hospital – no (%) 78 973   (74) 41 717   (81) 37 256   (67) < 0.001

Palliative care team in the hospital – no (%) 61 089   (57) 33 089   (64) 28 000   (51) < 0.001

Coexisting conditions – no (%) < 0.001

     Cardiac Disease 39 659   (37) 18 384   (36) 21 275   (39)

     Respiratory disease 31 807   (30) 14 046   (27) 17 761   (32)

     Renal disease 28 344   (27) 12 937   (25) 15 407   (28)

     Neurologic disease 12 062   (11) 6 305   (12) 5 757   (10)
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     Cognitive impairment 10 651   (10) 4 996   (10) 5 655   (10)

     Cirrhosis 3 622   (3) 1 936   (4) 1 686   (3)

     Diabetes 16 191   (15) 7 723   (15) 8 468   (15)

     Cancer 19 162   (18) 9 083   (18) 10 079   (18)

Charlson comorbidity index (CCI) < 0.001

     Median (Interquartile range) 2 (1 – 4) 2 (1 – 4) 2 (1 – 4)

     CCI = 0 23 972 (22%) 12 698 (25%) 11 274 (20%)

Immunodeficiency – no (%) 20 753   (19) 9 884   (19) 10 869   (20) < 0.001

Median SAPS II – (Interquartile range) 45 (34 – 63) 59 (45 – 76) 37 (30 – 46) < 0.001

Diagnosis category – no (%) < 0.001

     Circulatory 40 189   (38) 20 773   (40) 19 416   (35)

     Respiratory 29 926   (28) 13 682   (27) 16 244   (29)

     Neuro-metabolic 36 899   (35) 17 225   (33) 19 674   (36)

Outcomes† < 0.001

     One-year mortality – no (%) 58 955   (55) 36 019    (70) 22 936   (41)

     ICU mortality – no (%) 32 160   (30) 26 152   (51) 6 008   (11)

     In-hospital mortality – no (%) 37 354   (35) 28 438   (55) 8 916   (16)

Median length of stay – days (interquartile range) < 0.001

     In ICU 4 (2 – 8) 5 (2 – 11) 3 (1 – 6)

     In hospital 8 (2 – 16) 7 (1 – 18) 8 (3 – 14)

ICU readmission within the year – no (%) < 0.001

     In patients from enrollment 23 846   (22) 6 894   (13) 16 952   (31)

     In ICU-survivors 23 846   (32) 6 894   (27) 16 952   (34)

Hospital discharge for survivors – no (%) < 0.001

     Home 35 312   (51) 9 016   (39) 26 296   (57)

     Other skilled facility 34 348   (49) 14 226   (61) 20 122   (43)

* Plus–minus values are means ±SD. Percentages may not sum to 100 because of rounding. 

† Crude unweighted outcomes since ICU admission, without regard for the time-to-event analysis.
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TABLE 2. Outcomes in the Invasive Group (n = 51 680)*

No (%) Mortality – no (%) Median length of  stay – days 

(interquartile range)

ICU Hospital 1 Year ICU Hospital

All vasopressors 

(± ventilations)

38 427 (74) 20 606 (54) 22 281 (58) 27 694 (72) 5 (2 – 12) 8 (3 – 18)

All ventilations

(± vasopressors)

40 495 (78) 22 632 (56) 24 217 (60) 29 331 (72) 5 (2 – 12) 7 (1 – 18)

Vasopressors only 11 185 (22) 3 520 (32) 4 221 (38) 6 688 (60) 5 (2 – 8) 9 (2 – 17)

Ventilations only 13 253 (26) 5 546 (42) 6 157 (47) 8 325 (63) 4 (2 – 9) 9 (3 – 18)

Vasopressors and 

ventilations

27 242 (53) 17 086 (63) 18 060 (66) 21 006 (77) 6 (2 – 14) 7 (2 – 16)

* Crude incidence and unweighted outcomes since ICU admission, without regard for the time-to-event analysis. 

Percentages may not sum to 100 because of rounding.

Footnote: This table reports the subsets of patients according to the invasive procedures exposure.
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FIGURE 1. Flowchart of Patients in the Study                   

Footnote: ICU denotes intensive care unit, and DRG diagnosis-related-groups                                                                 

1 827 586 had no missing data 
nor DRG errors

136 468 fulfilled 
the non-operative condition 

107 014 patients fulfilled the first ICU 
admission condition and were included 

in the study-cohort 

 51 680 underwent invasive mechanical 
ventilation and/or vasopressor support

55 334 did not undergo invasive mechanical 
ventilation nor vasopressor support

1 603 318 did not include ICU stay

87 800 included a surgical procedure (or 
a severe burn injury) during the 30 days 
before ICU admission or during ICU stay

224 268 included 
one or more ICU stay 

2 011 452 hospital stays of patients 80 
years of age or older occurred in the 

study period jan 2013 -  dec 2018

183 866 had missing data or DRG errors

29 454 had previous ICU stay in the 
study period (ICU-readmission)
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FIGURE 2. Probability of Survival from ICU admission to One Year, according to Conservative or 

Invasive Approach, Before and After Time-Dependent Propensity Score Weighting (ATT).

Kaplan-Meier method adapted to time-dependant covariate (with 95% CI). Dashed lines represent 

Footnote: Kaplan-Meier method adapted to time-dependant covariate (with 95% CI). Dashed lines 

represent time-dependent Kaplan-Meier plot of the probability of survival from ICU admission to one 

year among the original unweighted population. Solid lines represent time-dependent Kaplan-Meier 

plot of the probability of survival on IPTW-ATT weighted sample using weights trimmed at the first and 

99th percentile. Invasive curve remained unchanged after weighting, as expected. IPTW denotes 

inverse probability of treatment weighting, ATT denotes average treatment effect in the treated, HR 

denotes the hazard ratio obtained from the ATT99 weighted Cox model  and diff-RMST the difference 

in (one-year) restricted mean survival time (days).
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METHODOLOGICAL PLAN

Detailed description of data source - the SNDS Database 

We conducted a nationwide retrospective analysis of data prospectively collected in the Système National des 
Données de Santé (SNDS), the national French health care database that covers around 99% of the population. 
The SNDS was created to answer epidemiological research questions with specific interests in occupational and 
social factors, chronic diseases, and aging, including a medico-economic assessment and extended follow-up 
without attrition bias [1,2].

Using the National hospital discharge database is an established method for elderly patients hospitalized in the 
ICU in France [3–5]. Formal methods have been developed to assess the strengths and limitations of databases 
[6,7], and population-level data have greatly enhanced our understanding of how mechanical ventilation is utilized 
and the associated outcomes for patients [8].

The SNDS links the Système National d'Information Interrégimes de l'Assurance Maladie (SNIIRAM), the 
nationwide health insurance information system, to the national hospital discharge database of Diagnosis-Related 
Groups (DRG) [9,10], known as Programme de Médicalisation des Systèmes d'Information (PMSI), and to the 
national death registry, "CépiDC." It includes more than 99% of the French population (66 million people) from 
birth (or immigration) to death (or emigration), regardless of changes in occupation, retirement, or socioeconomic 
status. Therefore, the SNDS contains individual pseudonymized information on all medical and paramedical 
encounters, drug claims, hospital admissions and procedures, as well as the date and cause of death, which are 
linked to create an individual longitudinal record. This linkage of large-scale national registry populations in 
France contributes to guiding public decisions [11,12].

The SNDS collects comprehensive medical and administrative data prospectively for all patients in the country 
and underlies the activity-based hospital payment system. All patients are assigned a unique identification number, 
allowing for longitudinal follow-up by linking inpatient and outpatient data from each hospitalization in all public 
or private facilities in France. Hospital data include age, sex, admission and discharge dates and location, vital 
status at discharge, hospital units visited during the hospitalization, and length of hospitalization. Hospital 
discharge diagnoses (main, associated, secondary) provide information on the reason for admission (main) and 
background risk modifiers (e.g., diabetes, renal failure, coronary heart disease) that complicate the care. Associated 
diagnoses provide information on the reasons for procedures as the main diagnosis. Procedures, both surgical and 
medical, including life-sustaining treatments, are time-stamped and coded using a national multidimensional 
classification system called CCAM [13].

These data are utilized for hospital payment [14] and government purposes [12], so the quality of coding undergoes 
regular internal and external audits, both within the hospital information systems and through the national 
healthcare system's accreditation process [15]. Both reliability and completeness are excellent, and a structured 
assessment of the database has been described elsewhere [3].
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Detailed description of statistical analysis

Baseline characteristics of patients were described as frequencies and percentages for categorical variables and as 
means (with standard deviations, SD) or medians (with interquartile range, IQR) for continuous variables. 
Bivariate associations were evaluated using the Kruskal-Wallis test for continuous variables and the χ2 or Fisher 
exact test for categorical variables, as appropriate. Survival was measured from the date of ICU admission to the 
date of death or censored at the last follow-up. Since the refreshment of SNDS is periodic across the entire country, 
the date of the last follow-up was estimated by the 95th percentile of the dates of death.

To limit an immortal time bias, the occurrence of any invasive procedure was considered as a time-dependent 
covariate. Time precision was at the day level, and the time of death was shifted by 0.1 day to avoid ties with the 
time of the procedure. Multivariate analysis of survival was performed using a Cox proportional hazards (PH) 
model, which produced hazard ratios (HR). The handling of ties used the Efron approximation. The PH assumption 
was verified by scaled Schoenfeld residuals. The Cox model was extended to deal with time-varying effects by 
adding an interaction term between the given covariate and some transformation of time (step function, continuous 
power transformation such as first-degree fractional polynomials, or stratification of time). The touchstone for 
choosing the best approach was the Akaike Information Criterion (AIC) [16]. When the effect was time-varying, 
a unique overall HR was interpreted as a weighted average HR over the event times [17]. However, we also 
summarized this effect with a model-free parameter, the difference in the restricted mean survival time (RMST), 
which has greater clinical interpretability and represents the loss of life expectancy [18,19].

As patients receiving invasive procedures may differ from conservative ones, a propensity score (PS) was used to 
minimize the effects of confounding. However, the population at risk changes due to attrition of susceptibles. The 
conventional method may cause bias with the time-varying exposure because those time-dependent treatment 
decisions act as time-varying confounders, affecting both the occurrence of the event of interest and the patient's 
exposure to the treatment of interest [20]. Thus, the conventional PS analysis must become time-dependent to 
address this time-varying effect and be able to estimate measures of effect similar to those obtained in randomized 
experiments [21,22]. To accommodate this, our study made use of the inverse probability of treatment weighting 
(IPTW) method adapted to the time-dependent context [23].

IPTW usually estimates the average treatment effect (ATE) when the entire sample is moved from control to 
treated. However, this seemed unrealistic for invasive support in the elderly population. Therefore, IPTW targeted 
the average treatment effect in the treated (ATT) [24], also called weighting by odds, which denotes the average 
effect of treatment in those subjects who were ultimately treated, as PS matching does. In such a case, the analysis 
uses the treated subjects as the reference population to which each group is standardized.

We divided the time span into strata within which a PS was calculated. These strata included each day until day 
14, then periods of 14-20, 20-30, every 15 days until 120, and every 30 days until 365 (case base). This time-
stratified PS was built using a Cox model that predicted the use of invasive procedures based on variables available 
at admission. The influence of continuous variables (age and SAPS-II) was modeled by fractional polynomials 
(FP). Variable balance was assessed by examining the standardized mean differences before and after weighting 
[25]. Weights were trimmed at the first and 99th percentiles. To remove residual confounding, we combined 
weighting at the sampling stage with regression adjustment at the analysis stage when estimating treatment effects 
[26]. A robust sandwich-type estimator was used to calculate standard errors.

We performed sensitivity analyses to assess the robustness of the overall HR associated with invasive procedures: 
initially by using ATT weights truncated at the 5th and 95th percentiles, and then by using time strata defined by 
every day an invasive procedure or death occurred.

All tests were two-sided, and a p-value < 0.05 was considered statistically significant. The analysis was conducted 
using SAS Enterprise Guide v7.15 (SAS Institute Inc., Cary, NC, USA) provided by the SNDS infrastructure.
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FIGURES

Figure S1: Time until initiation of the invasive procedure since ICU admission  
(In the invasive group)

In the invasive group: Number of stays according to the day of initiation of the invasive procedure from ICU-
admission (note that the bars at day-28 include stays beyond day-28): Time of initial vasopressor support was the 
day of ICU-admission for 75% of patients and the following day for 11% more. Time of initial ventilation support 
was the day of ICU-admission for 77% of patients and the following day for 9% more.
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Figure S2: Covariate balance on the whole period

While there were significant differences between invasive and conservative patients in the raw sample, differences 
in the ATT weighted sample issued from the time-stratified model were minimal, with absolute standardized 
differences less than 0.1 as shown on the covariate balance aggregating all time strata and on the Love plot. 
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Figure S3: Density plots of daily SAPS-II along the first 3 days, according to invasive/conservative   
approach, before and after ATT weighting

 

   

The density plots shows that the distribution for SAPS-II (the major determinant of risk) along the first 3 days is 
higher in the invasive group before weighting, and is very much closer after weighting in the two groups. 
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Figure S4: Time-varying effect of invasive procedure at one year
(Shoenfeld residuals / Modelization of time-varying effect)

The test of Schoenfeld residuals for proportional hazards assumption was significant, as the HR was decreasing 
along time, and was not significantly different from unity after 50 days 
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TABLES

Table S1: Association of Baseline Factors with death at one year (Cox model)

Distribution Univariate Multivariate

Variable Living at d365 Dead at d365 HR 95 % conf.int P-value HR 95 % 
conf.int

P-value

Age (y) 84.3, 84 (82 - 86) 84.9, 84 (82 - 
87)

1.03 [1.02, 1.03] <0.001 1.04 [1.04, 1.05] <0.001

Age [80-84] 27932 (58.1) 30949 (52.5) 1

Age [85-89] 15841 (33) 21043 (35.7) 1.13 [1.11, 1.15] <0.001 0.99 [0.96, 1.02] 0.510

Age [90+] 4286 (8.9) 6963 (11.8) 1.29 [1.26, 1.32] <0.001 0.98 [0.92, 1.05] 0.601

Sex female 25524 (53.1) 28033 (47.5) 0.88 [0.87, 0.90] <0.001 0.90 [0.88, 0.91] <0.001

From Home 42819 (89.1) 51916 (88.1) 0.96 [0.94, 0.98] 0.001 0.93 [0.91, 0.96] <0.001

Reason for admission : 
CardioVascular

16514 (34.4) 23675 (40.2) 1.28 [1.26, 1.30] <0.001 1.42 [1.39, 1.46] <0.001

Reason for admission : 
Respiratory

12617 (26.3) 17309 (29.4) 1.04 [1.02, 1.06] <0.001 1.20 [1.17, 1.22] <0.001

SAPS II 41, 38 (30 - 49) 57.9, 54 (40 - 
73)

1.04 [1.04, 1.04] <0.001 1.04 [1.04, 1.04] <0.001

SAPS II [1-34[ 17288 (36) 7913 (13.4) 1 1

SAPS II [34-45[ 14852 (30.9) 12264 (20.8) 1.58 [1.54, 1.62] <0.001 1.01 [0.98, 1.04] 0.466

SAPS II [45-63[ 11250 (23.4) 16677 (28.3) 2.49 [2.43, 2.55] <0.001 0.95 [0.91, 1.00] 0.029

SAPS II [63-156] 4669 (9.7) 22101 (37.5) 6.18 [6.02, 6.34] <0.001 0.89 [0.82, 0.95] 0.001

Charlson Comorbidity 
Index

2.3, 2 (1 - 3) 2.9, 2 (1 - 4) 1.04 [1.04, 1.05] <0.001 1.05 [1.04, 1.06] <0.001

Charlson CI = 0 11735 (24.4) 12237 (20.8) 1 1

Charlson CI = 1 9793 (20.4) 9606 (16.3) 0.89 [0.87, 0.92] <0.001 0.90 [0.87, 0.93] <0.001

Charlson CI = 2-3 14821 (30.8) 17918 (30.4) 1.02 [0.99, 1.04] 0.130 0.97 [0.93, 1.00] 0.078

Charlson CI >= 4 11710 (24.4) 19194 (32.6) 1.18 [1.16, 1.21] <0.001 1.01 [0.95, 1.07] 0.751

Charlson CardioVascular 
comorbidity

17654 (36.7) 22005 (37.3) 0.97 [0.96, 0.99] <0.001 0.93 [0.91, 0.96] <0.001

Charlson Respiratory 
comorbidity

14013 (29.2) 17794 (30.2) 0.97 [0.95, 0.98] <0.001 0.98 [0.96, 1.01] 0.138

Charlson Kidney 
comorbidity

11648 (24.2) 16696 (28.3) 1.08 [1.06, 1.10] <0.001 0.87 [0.85, 0.90] <0.001

Charlson Neurologic 
comorbidity

4758 (9.9) 7304 (12.4) 1.17 [1.14, 1.20] <0.001 1.00 [0.97, 1.04] 0.871

Charlson Dementia 
comorbidity

4083 (8.5) 6568 (11.1) 1.18 [1.15, 1.21] <0.001 1.04 [1.01, 1.07] 0.010

Charlson Diabetic 
comorbidity

7109 (14.8) 9082 (15.4) 0.99 [0.97, 1.02] 0.578 0.84 [0.81, 0.86] <0.001

Charlson 
OncoHaematologic 
comorbidity

6857 (14.3) 12305 (20.9) 1.27 [1.25, 1.29] <0.001 0.99 [0.96, 1.03] 0.590

 Year 2013 7945 (16.5) 9193 (15.6) 1 1

 Year 2014 7839 (16.3) 9645 (16.4) 1.04 [1.01, 1.07]  0.003 1.03 [1.00, 1.07]  0.029

 Year 2015 8328 (17.3) 9958 (16.9) 1.03 [1.00, 1.06]  0.031 1.00 [0.97, 1.03]  0.949

 Year 2016 8137 (16.9) 10175 (17.3) 1.06 [1.03, 1.09] <0.001 1.00 [0.97, 1.04]  0.835
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 Year 2017 8041 (16.7) 10243 (17.4) 1.08 [1.05, 1.11] <0.001 1.00 [0.97, 1.03]  0.933

 Year 2018 7769 (16.2) 9741 (16.5) 1.07 [1.04, 1.10] <0.001 0.98 [0.95, 1.01]  0.193

 Universitary Hospital 12992 (27) 15402 (26.1) 1 1

 Private Hospital 9179 (19.1) 8232 (14) 0.76 [0.74, 0.78] <0.001 1.15 [1.10, 1.20] <0.001

 Public Hospital 25888 (53.9) 35321 (59.9) 1.08 [1.06, 1.10] <0.001 1.09 [1.07, 1.12] <0.001

 1st ICU Continuous 
monitoring 

9084 (18.9) 6007 (10.2) 1 1

 1st ICU Intermediate 3290 (6.8) 1534 (2.6) 0.76 [0.72, 0.80] <0.001 0.84 [0.79, 0.88] <0.001

 1st ICU Ressucitation 35685 (74.3) 51414 (87.2) 1.95 [1.90, 1.99] <0.001 1.18 [1.14, 1.21] <0.001

Hospital with Geriatric 
Unit 

33848 (70.4) 45125 (76.5) 1.31 [1.28, 1.33] <0.001 1.10 [1.06, 1.13] <0.001

Hospital with Palliative 
Unit 

25803 (53.7) 35287 (59.9) 1.23 [1.21, 1.25] <0.001 1.01 [0.98, 1.03]  0.638

This table presents which baseline-factors are associated with death at one year in univariate and multivariate 
survival analysis.  As expected, SAPS II showed the higher association with death.  
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Table S2: CCAM Codes of invasive procedures

Support Code French label Translation

GLLD004 Ventilation mécanique intratrachéale avec pression 
expiratoire positive [PEP] supérieure à 6 et/ou FiO2 
supérieure à 60%, avec technique de décubitus 
ventral alterné par 24 heures

Intratracheal mechanical ventilation with Positive End 
Expiratory Pressure [PEEP] greater than 6 and/or FiO2 
greater than 60%, with alternating prone position technique 
per 24 hours

GLLD008 Ventilation mécanique intratrachéale avec pression 
expiratoire positive [PEP] supérieure à 6 et/ou FiO2 
supérieure à 60%, par 24 heures

Intratracheal mechanical ventilation with Positive End 
Expiratory Pressure [PEEP] greater than 6 and/or FiO2 
greater than 60%, per 24 hours

Ventilation

GLLD015 Ventilation mécanique intratrachéale avec pression 
expiratoire positive [PEP] inférieure ou égale à 6 et 
FiO2 inférieure ou égale à 60%, par 24 heures

Intratracheal mechanical ventilation with Positive End 
Expiratory Pressure [PEEP] less than or equal to 6 and FiO2 
less than or equal to 60%, per 24 hours

EQLF001 Injection intraveineuse continue de dobutamine ou de 
dopamine à débit inférieur à 8 microgrammes par 
kilogramme par minute [µg/kg/min], ou de 
dopexamine en dehors de la période néonatale, par 24 
heures

Continuous intravenous infusion of dobutamine or 
dopamine at a dose less than 8 micrograms per kilogram per 
minute [µg/kg/min], or dopexamine outside the neonatal 
period, per 24 hours

Circulation
EQLF003 Injection intraveineuse continue de dobutamine ou de 

dopamine à débit supérieur à 8 microgrammes par 
kilogramme par minute [µg/kg/min], d'adrénaline ou 
de noradrénaline en dehors de la période néonatale, 
par 24 heures

Continuous intravenous infusion of dobutamine or 
dopamine at a dose greater than 8 micrograms per kilogram 
per minute [µg/kg/min], epinephrine or norepinephrine 
outside the neonatal period, per 24 hours

CCAM = the Classification Commune des Actes Médicaux is the common French Social Security classification 
of all medical procedures 
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INTRODUCTION

SAP version and revision story

The statistical analysis plan was developed during the summer of 2021 during data collection (in two 
meetings: June 10, 2021, and August 5, 2021, with numerous exchanges in between), before having 
full access to the study database. 

It was structured as an extension of the scientific protocol (also attached, drafted in French on 
December 2, 2019, which is actually the first version of the statistical analysis plan). The main 
differences between these two versions are:

- The exclusion of renal replacement therapy as a variable of interest (due to coding biases 
between acute and chronic situations)

- The enhanced statistical evaluation, specifically considering Time-to-Event analyses, with the 
collaboration of Philippe Aegerter, as senior statistician.

The current document was written after accessing the database and analyzing the data, it has been 
drawn up in accordance with the guidelines provided by the study: Hiemstra B, Keus F, Wetterslev J et 
al. DEBATE-statistical analysis plans for observational studies. BMC Med Res Methodol 19, 233 (2019). 
https://doi.org/10.1186/s12874-019-0879-5

We certify that this SAP is adequate in scope of the main analyses of the Octo-Reverse study.

Project number and human subjects protection review boards

- Local project number (scientific protocol) : Committee of Expertise for Research, Studies, and 
Evaluations in the Health Field: CEREES Registration: 962976 (April 23, 2020)

- Independent national data protection authority: CNIL Registration: 920181 (May 11, 2020)
- Independent institutional review board: IRB Registration: #00011928 (August 19, 2022)

Background and rationale

The Covid-19 pandemic highlighted older age as a strong factor associated with death, raising again 
the question of the relevance of critical care for elderly patients. Regardless of the pandemic, the 
heterogeneity of studies on this issue brought one-year survival rate after intensive care unit (ICU) 
admission to about 50% for older patients. This absolute uncertainty could have favored decision-
making process based on clinical judgment alone while triage-systems based even on limited evidence 
would have been ethically preferable. In addition, overoptimistic expectations of outcome could have 
favored the increasing proportion of elderly patients admitted to ICU and the enhancement of time-
limited trial approach for invasive treatments, which a part turned out to be disproportionate. After 
correcting for the growing frailty that accompanies aging, those studies showed main factors of poor 
prognosis: older age (≥ 80 years), non-operative condition and exposition to an invasive procedure. By 
performing a nationwide study, we will seek to assess characteristics, management and outcomes for 
elderly-ICU patients after the combination of these three factors.
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METHOD

Research hypothesis

The null hypothesis is that there is no true association between any single use or a combination of 
invasive procedures (invasive approach vs, on the contrary, conservatice approach) and prognosis of 
older patients admitted for medical reason in ICUs. 

The alternative hypothesis is that there is an association between invasive approach and prognosis.

Study objectives

The primary objective of this study is to determine the association between the use of an invasive 
procedure during the ICU stay and one-year survival starting from the date of ICU admission.

Secondary objectives are to explore the association between the use of an invasive procedure during 
the ICU stay and:

- Overall Mortality Rate at 28, 90 and 365 days
- Overall Mortality Rate in ICU and in hospital
- Length of ICU stay and hospital stay
- ICU readmission rate at one year

Study design

The Octo-Reverse study is a retrospective analysis of data prospectively collected in the Système 
National des Données de Santé (SNDS), the national French healthcare database. The entire study is 
purely observational in design; no interventions were applied as part of the study protocol.

Sampling

Being an observational study, there is no randomization of patients. All patients and stays responding 
to selection criteria were used without

Framework

All outcomes are tested for superiority
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Sample size, power and detectable association

Previous studies examining the prognosis of very old patients in the ICU have shown variability across 
different countries, settings, selection criteria, analyzed factors, and time horizons. Few studies 
specifically addressed the impact of invasive procedures. Of particular relevance is the study by 
Atramont et al. which investigated 2013 French ICU patients and calculated odds ratios (OR) for in-
hospital death associated with invasive mechanical ventilation (2.42; 95% CI [2.25-2.62]) and 
vasopressor support (2.63; 95% CI [2.45,2.83]), while the ORs for 3-month mortality after hospital 
discharge were much lower (1.08 [0.97-1.21] and 1.30 [1.16-1.45], respectively). Similarly, Ferrante et 
al. reported in their 1998-2012 US monocentric study that mechanical ventilation was strongly 
associated with 1-year mortality (adjusted Hazard Ratio, 2.89; 95% CI [1.91-4.37]).

During the year 2013, Atramont identified 23,283 patients aged 80 or older, with nearly 45% being 
surgical (including trauma and burn injuries) patients, resulting in approximately 10,000 patients per 
year. However, intermediate and step-down units were not included in their analysis. Among these 
older patients, approximately 56% received mechanical ventilation. Mortality rates were 30.4% and 
61.7% for in-hospital and 3-year post-discharge, respectively. Fassier et al. reported an in-hospital 
mortality rate of 33.9% among the 32,844 French ICU hospitalizations in 2009, while the monocentric 
study by Roch et al. found a higher rate of 55%. Seethala et al. reported a 1-year mortality rate of 
32.8% among 10,583 US patients, whereas Roch (15) found a rate of 72%.

For our study, we anticipate including at least 15,000 patients each year. Our main analysis will focus 
on mechanical ventilation as an example for our power calculation. Assuming that the 1-year mortality 
rate among controls ranges from 0.3 to 0.5, and the risk ratio associated with this procedure is at least 
1.1, a global sample size of 3200 (for a mortality rate of 0.5) to 7600 (for a mortality rate of 0.3) will 
provide 80% power to detect this effect. Additionally, patient matching based on propensity score will 
increase power. Lastly, as we are interested in potential trends in patient trajectories, our dataset will 
encompass multiple years.

Timing of final analyses

Data cleansing will be performed upon retrieval of the selected dataset. The final analysis will be 
conducted hereafter.

Timing of outcome assessment

Death certificates are continuously collected by Cepi-DC, using an automated procedure, followed by 
checks. The coding of causes of deaths is made by experts, so the detailed update of the SNDS database 
is within 6 to 12 months.

In our dataset, follow-up of patients without a death record will be censored at a date corresponding 
to the 95th percentile of all dates of death.
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STATISTICAL PRINCIPLES

Confidence interval and p-values

In this prognostic study, there is a single primary outcome, and therefore, no adjustment will be made 
for multiplicity. For the secondary objectives, all relevant statistical tests will be two-sided and 
conducted at a significance level of 0.05. Additionally, all reported confidence intervals will be 95% and 
two-sided.

Adherence and Protocol deviations

As the study is strictly observationnal and aims to summarise what is the “real life” of older patients 
in ICUs, protocol deviations are not applicable.

Analysis sets

The analysis population is defined based on the recorded ICU procedures in the database. This means 
that the individuals included in the analysis sets are defined “as treated” and selected according to the 
specific treatments and interventions they received during their ICU stay, as documented in the 
database.

STUDY POPULATION

Screening and eligibility

Eligible patients who were not included will be compared to included patients by comparing their 
general characteristics (age, sex, year of admission), and SAPS-II scores. All eligible patients will be 
included on their first day of ICU admission, whatever the duration of the ICU stay or the level or the 
ICU (intermediate or step-down unit).

Inclusion criteria

- Age at ICU admission ≥ 80  years
- ICU admission during the period January 2013- December 2018
- Non-operative condition, defined as no surgical procedure or no surgical DRG, either during 

the hospitalization encompassing the index ICU stay or during the 30 days before this ICU 
admission

Exclusion criteria

Any of the following: 
- Any missing data on the following core dataset : age, sex, SAPSII, main diagnosis, procedures 

(code and timing), dates (admission, discharge, follow-up), DRG code
- DRG error
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Data Retrieval

During the preparation of this SAP, the retrieval of data was still in progress. To comply with our 
request and French regulations on data confidentiality, the SNDS data managers have deposited a 
subset of the entire database into a dedicated secure workspace. This subset specifically includes 
individuals who were admitted to an intensive care unit (including intermediate and step-down units) 
at least once between 2009 and 2018 and were aged 80 or above at the time of admission.

Given the structure of the database, the following steps are necessary:
- Removal of hospital stays with erroneous DRG codes, utilizing a key that combines the year of 

discharge, hospital code, and stay code within the hospital and year.
- Concatenation of hospital stays for the same patient across time, organizing them by entry 

date and calculation of the time interval between successive stays.
- Association of each hospital stay with its corresponding elementary stays in different units to 

generate an array of unit stays, ordered by entry time in a wide format.
- Calculation of the duration of each unit stay, particularly in the ICU.
- Linkage of the table of procedures (including procedure codes, number of executions, and start 

and stop dates within the hospital stay) to the table of hospital stays using the stay key, 
resulting in an array of procedures ordered by their start time in a wide format.

- Identification of hospital stays with surgical procedures.
- Determination of the unit where each procedure was performed.
- Calculation of the start time and total duration of invasive procedures (such as invasive 

ventilation and vasopressor support) within the ICUs.
- Connection of the table of secondary diagnoses (ICM10 codes) to the table of hospital stays 

using the stay key to obtain an array of ICM10 codes, ordered by the units where they were 
attributed.

- Linkage of the table of hospitals (including information on public/private funding, university 
status, equipment, geriatric or palliative care facilities) to the table of hospital stays using the 
hospital code.

- Association of the resulting table of documented stays with the table of patients to retrieve 
social insurance status, date, and cause of death.

- To ensure homogeneity, exclusion of the years 2009-2012 due to modifications in the structure 
of some tables or the recording of SAPSII.

- Chronological arrangement of the stays, and selection of the first hospital stay where each 
patient was admitted to an ICU for non-surgical reasons, provided they were 80 years or older.

A STROBE flow diagram will be used to illustrate the progression of patients throughout the study, 
from the initial screening for eligibility in the database to the partitioning based on ICU procedures and 
the one-year follow-up. Additionally, we will summarize the number of exclusions, along with the 
reasons for their exclusion.
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Withdrawal or lost to follow-up

The study is a retrospective analysis of data already collected in the SNDS. Recording of hospitalization 
data is mandatory in the SNDS. Therefore, the concept of withdrawal or lost for follow-up cannot be 
applied.

Baseline characteristics

The following information will be collected at the time of ICU admission:
- Age (in years)
- Gender
- Social status and place of residence
- Simplified Acute Physiology Score (SAPS) II at ICU admission
- Pre-existing medical conditions and diagnoses (which will be used to calculate the Charlson's 

comorbidity score)
- Reason for ICU admission
- Dates of hospital and ICU admission
- Pre-admission location (such as home, emergency department, another unit, or another 

hospital)
- Characteristics of the hospital and ICU (funding, university affiliation, level of care)

We will present these characteristics in a baseline characteristics table. Continuous variables will be 
summarized using either the mean and standard deviation (SD) or the median and interquartile range 
(IQR) for variables with asymmetric distribution. The normality of continuous data will be assessed 
through Q-Q plots and histograms. Categorical variables will be described by the proportion of 
participants in each category, along with 95% confidence intervals (CIs) when applicable.

ICU daily follow-up

- Vital status
- Hospital and ICU discharge or readmission (date, pre-admission location: home / emergency / 

other unit / other hospital, destination: home / other unit / other acute hospital / long-term 
care)

- Endotracheal intubation, extubation, re-intubation, tracheostomy
- Life-sustaining treatments. These procedures are date-stamped (relative to the start of the 

hospital stay) and coded using a national multidimensional classification system called CCAM 
- Main diagnosis and secondary diagnoses (ICM10)
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Long term follow-up

- Readmission to the hospital or ICU
- Vital status
- Causes of death, if applicable

We will extract mortality data at 30 days, 3 months, 1 year, and 5 years from the survival duration. 
Additionally, we will present the length of ICU and hospital stay, as well as readmission rates at one 
year

Exposure

The exposure variable will be defined as the first occurrence of either vasopressor support or invasive 
mechanical ventilation during the ICU stay. This will be referred to as the invasive approach, while the 
opposite will be referred to as the conservative approach. We make this choice because these 
procedures are reliably documented for urgent decision-making. We will not consider non-invasive 
ventilation and renal replacement therapy due to the ambiguity in coding between acute and chronic 
situations, and sometimes maintained as palliative support.

Assumed confounding covariates

The majority of variables measured in our study are inherently correlated, as they primarily pertain to 
a patient's physiological reserve or functional status. Unmeasured factors, such as environmental, 
genetic, or psychological influences, have the potential to confound our outcome variables. To address 
this, we provide an illustrative example of confounding variables and categorize them as either 
'measured' or 'unmeasured'.

Mortality is presumed to be confounded by:
- Measured: age, sex, pre-existing comorbidities (Charlson), SAPS-II score, reason for admission, 

palliative care, preadmission location, and ICU or hospital characteristics (academic status)
- Unmeasured: respiratory and circulatory parameters, cause of mortality (e.g., death resulting 

from multi-organ failure, failure to rescue, do-not-resuscitate [DNR] orders, patient's or 
family's personal wishes, or a combination thereof), crowding or insufficient caregiver 
availability, ICU or hospital characteristics.

Length of stay is presumed to be confounded by:
- Measured: age, comorbidities (Charlson), SAPS-II score, palliative care, ICU or hospital 

characteristics
- Unmeasured: crowding or insufficient caregiver availability, ICU or hospital characteristics.

Hence, we acknowledge the presence of residual confounding in our dataset due to unmeasured 
confounding factors, some of which have been outlined above
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ANALYSIS

Descriptive

All continuous variables, including changes from baseline, will be summarized globally and according 
to the ICU approach (invasive vs conservative) using means, standard deviations (SD), or medians and 
interquartile ranges for skewed variables. Categorical variables will be summarized globally and 
according to the ICU approach using counts and percentages, supplemented with 95% confidence 
intervals (CIs). The normality of distributions for quantitative variables will be assessed using Q-Q plots 
and histograms. For each variable, unless otherwise specified in advance, the choice of statistical tests 
and multivariate models (parametric or non-parametric) will be determined based on observed 
characteristics such as the normality of distributions and residuals, as well as collinearity. The 
relationship between a quantitative factor and any response will be explored by fitting fractional 
polynomials.

Primary end-point and time-to-event analysis

- Measurement of Survival and Follow-up
Survival will be assessed from the date of ICU admission until the date of death or until the last follow-
up, in cases where the patient's data is no longer available. Since the data refreshment for SNDS 
(French healthcare data system) occurs periodically nationwide, the date of the last follow-up will be 
estimated using the 95th percentile of the recorded dates of death.

- Comparison of Mortality Proportions 
The raw mortality rates at one year will be compared between the two ICU approaches using a Chi-
squared test.

- Time-to-Event Analysis
The main comparison will be analyzed using a time-to-event approach, with a censoring time set at 
one year (365 days) from the first ICU admission. The description of mortality proportions will be 
presented using Kaplan-Meier survival curves when independent factors are binary (such as ICU 
approach or procedures), categorical (pre-admission location), or ordinal (either native, like the 
Charlson index, or resulting from dividing a continuous variable into groups, such as age groups).

- Immortal Time Bias
To address the issue of immortal time bias when comparing the survival of the invasive group (patients 
receiving vasopressor support or invasive mechanical ventilation) with the conservative group, the 
occurrence of an invasive procedure will be considered as a time-dependent covariate. The time of 
first use of any invasive procedure will be estimated and treated as a covariate in the analysis. To avoid 
ties, when the first invasive procedure and death occur on the same day, the time of death will be 
shifted by 0.1 day. Time-dependent Kaplan-Meier survival curves will be established following the 
approach proposed by Steven M Snapinn, Qi Jiang & Boris Iglewicz (2005) Illustrating the Impact of a 
Time-Varying Covariate With an Extended Kaplan-Meier Estimator, The American 
Statistician, 59:4, 301-307, DOI: 10.1198/000313005X70371
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- Univariable Cox Proportional Hazard Regression Analysis
Associations between the incidence of death at one year and exposure or confounding factors will be 
explored using univariable Cox proportional hazard regression analysis. The relationship between a 
quantitative factor and the incidence of death will be examined by fitting fractional polynomials.

- Multivariable Analysis
Covariates with a p-value less than 0.2 in the univariable analysis will be included in the multivariable 
model. A multivariable analysis of the association between procedures or patient characteristics and 
outcomes will be performed using a Cox proportional hazards model. Hazard ratios (HR) will be 
calculated, and ties will be handled using the Efron approximation. The proportional hazards 
assumption will be assessed through plots of scaled Schoenfeld residuals and corresponding tests. If a 
time-varying effect is detected, the Cox model will be extended by adding an interaction term between 
the covariate and a transformation of time, with the choice of transformation determined by the 
Akaike Information Criterion (AIC).

- Propensity Score Analysis
Given the potential differences between patients receiving invasive support and those in the 
conservative group, a propensity score (PS) method will be employed to minimize confounding and 
obtain an unbiased estimate of the treatment effect. However, conventional PS methods may 
introduce bias when treatment or exposure varies over time. To address this issue, an inverse 
probability of treatment weighting (IPTW) method adapted to the time-dependent context will be 
used. The time span will be divided into strata, allowing the calculation of a propensity score at 
different time points. Propensity scores will be calculated using a Cox model that predicts the use of 
invasive procedures based on patient characteristics available at admission. Emphasis will be placed 
on balancing prognostically important covariates in the score.

- Validation of Propensity Score Weighting
Propensity score distributions will be examined to assess the overlap between the two groups before 
and after weighting. Variable balance will be assessed by examining standardized mean differences 
before and after weighting, variance ratios between the two groups, and the overlapping coefficient. 
Sensitivity analyses will be conducted by trimming weights at different percentiles. 

- Estimation of Treatment Effects
IPTW will be used to estimate the average treatment effect (ATE) for the 1-year mortality associated 
with invasive support compared to the conservative approach. Hazard ratios (HR) and their 95% 
confidence intervals will be estimated. As weighting may modify the sample size relative to the original 
population and induce a lack of independence, a robust sandwich-type estimator will be used to 
calculate standard errors, accounting for this uncertainty. Regression adjustment will also be employed 
to address confounding variables used for stabilization. 

- Summary of Results
When the treatment effect is time-varying, the overall hazard ratio (HR) will be interpreted as a 
weighted average HR over the event times. Additionally, the difference in the restricted mean survival 
time (RMST) will be calculated as a model-free parameter, providing a measure of the loss of life 
expectancy.
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Sensitivity and subgroup analyses

We will conduct sensitivity analyses to evaluate the reliability of the overall hazard ratio (HR) 
associated with invasive procedures. These analyses will involve the following approaches:

- Trimming of ATT Weights: We will assess the impact of different trimming methods on the 
results. Specifically, we will examine the HR using propensity score weights that are trimmed 
at the 5th and 95th percentiles, as well as without any trimming. 

- Time Strata Definition: The robustness of the results will be examined by defining time strata 
based on different criteria. We will consider time strata where each day an invasive procedure 
or a death occurred, as well as predefined periods. 

In addition to the sensitivity analyses, the interpretation of the results will be enhanced by analyzing 
mortality at various follow-up times. We will assess mortality rates at 28 days from ICU admission, at 
one year from hospital discharge, as well as at 7 and 30 days.

Regarding subgroup analysis, we will divide the population into three subcohorts based on age: less 
than 85 years, 85 to less than 90 years, and 90 years or older. A Forest plot will be generated, 
presenting the estimated point and confidence intervals for the treatment effect across these age 
subgroups.

Secondary End-points

The secondary survival endpoints will be described and analyzed using the same methodology as the 
primary endpoint. 

For the readmission rate, the data will be modeled as time-to-event, censored at 365 days (D365), 
within a competing risk framework. In this framework, readmission will be considered the main event, 
while death before readmission will be treated as a competing event. The time to each event, referred 
to as subdistribution hazards, will be modeled using a Fine & Gray model, with the type of ICU approach 
(invasive or conservative) included as a covariate. This analysis will provide a subdistribution hazard 
ratio (SHR), which takes into account both the time to readmission and the probability of death.  
Additionally, the length of ICU stay (in days) and the length of hospital stay will be compared between 
the two ICU approaches using a Wilcoxon test. These lengths will also be modeled using a linear model.

Missing Data

Since stays with any missing data on the core dataset will be excluded from the analysis, there is no 
need for imputation of missing data.

[Statistical software : All statistical analyses will be conducted using the SAS Enterprise Guide v7.15 
(SAS Institute Inc., Cary, NC, USA) provided by the SNDS infrastructure].
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ABSTRACT

Objective: To determine whether an invasive approach is associated with favourable long-term 

outcomes among elderly medical patients in the ICU, compared to a conservative approach.

Design: Nationwide observational study (OCTO-REVERSE Study) using data prospectively collected in 

the National French Healthcare Database (covering 99% of the population, 66 million people).

Setting: Comprehensive multicentre study through the linkage of large-scale national registries 

(including all public or private facilities) from 2013 to 2018 to avoid ambiguities related to the COVID-

19 pandemic.

Participants: All nonsurgical patients aged 80 years or older admitted to an ICU in France during the 

period (n=107 014 patients at 822 hospitals).

Outcome measures: The main outcome was the one-year survival rate. The association of the two 

approaches with one-year survival was estimated using a time-dependent Cox model and a 

propensity score adapted to time-to-event analysis, yielding the average treatment effect in the 

treated (ATT) and extended weighted Kaplan Meier curves.

Results: 107 014 patients were categorized into two groups based on the type of care received: 

invasive (n=51 680 [48%] received invasive ventilation and/or vasopressor support) or conservative 

(n=55 334 [52%] received neither). One-year survival rate was significantly lower in the invasive 

group than in the conservative group (27% vs 59% estimated with extended time-dependent Kaplan 

Meier method). The risk of death in the invasive group remained significantly higher after time-

dependent propensity score (PS) weighting (hazard ratio, 1.64; 95% CI, 1.60-1.69, p<0.001). The loss 

in restricted mean survival time (RMST) was 67.7 days (95% CI, 65.7-69.8) in this group and 31% of 

deaths occurred the day of initiation of the procedure, or the following day.

Conclusion: Among the whole population of critically ill elderly medical patients in France, the 

invasive approach was unknowingly associated with end-of-life care in nearly three-quarters of cases. 

Further research is needed to align intensive care with compassionate goals. 
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STRENGTHS AND LIMITATIONS OF THIS STUDY

• This study uses the National French Healthcare Database, which records all medical 

procedures coded for reimbursement, ensuring exhaustiveness and real-world 

representativeness.

• This study employs a robust time-dependent analysis using the extended Kaplan-Meier 

method, which accounts for variations in treatment exposure over time and improves 

survival estimates.

• The SAPS II, used in the propensity score model as the main severity adjustment factor, 

proved to be the primary determinant in balancing patient characteristics between groups.

• The main limitation is the presence of potential unmeasured confounding factors, including 

key clinical parameters that could influence both treatment decisions and patient outcomes.

• Information on whether care was withheld or withdrawn is not available, making it difficult 

to assess the impact of end-of-life decisions on mortality differences.

INTRODUCTION

The proportion of older patients in the ICU has been steadily increasing over the past two decades, 

although the overall benefit to patient outcomes remains unclear.1 Many studies have explored this 

topic, but variations in patient selection (age 65 to 90, surgical vs. medical, invasive vs. conservative 

care) and outcome measures (mortality vs. functional status, early vs. delayed assessment) have led 

to uncertain conclusions.2 Additional research is needed to address the care consequences of this 

growing population. However, a randomized trial has been deemed infeasible on ethical grounds.3 

The ensuing uncertainty may have led to a decision-making process based solely on clinical 

judgment, while triage-systems based on even limited evidence would have been preferable.4 In 

addition, over-optimistic expectations5 of outcomes could have favoured the expansion of time-

limited trials,6 some of which turned out to be disproportionate. Previous studies on this issue7–9 
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have identified older age (≥80 years),10 non-operative condition,11 and exposure to invasive 

procedures (primarily invasive mechanical ventilation and vasopressor therapy)12–14 as prognostic 

factors that should be considered especially as to long-term outcomes. By conducting a nationwide 

study that combines these three factors, we aimed to assess the characteristics, management, and 

one-year survival of the entire target population of elderly patients admitted to the ICU for medical 

reasons in France.

METHODS 

Study design and data sources 

We performed a nationwide retrospective analysis (OCTO-REVERSE Study) using data prospectively 

collected in the Système National des Données de Santé (SNDS), the national French healthcare 

database that covers 99% of the population regardless of socioeconomic status (66 million). The 

SNDS was created for hospital payment and government purposes, and regular audits are conducted 

to ensure reliability and completeness. The SNDS also facilitates epidemiological research, with a 

specific interest in aging by an extended follow-up. Formal methods have been developed to assess 

the strengths and limitations of databases, and population-level data have enhanced our 

understanding of the use and outcomes of mechanical ventilation,12 particularly for elderly patients 

hospitalized in ICUs in France.15–17 The SNDS the national hospital discharge database of diagnosis-

related groups (DRG) "PMSI," to the national death registry "CépiDC", enabling the tracking of 

individual patient trajectories following any hospital stay until death. This allows for the identification 

of the date and place of death, whether it occurs in hospital or in the community. It contains 

comprehensive medical and administrative data for all patients in the country. This linkage of large-

scale French national registry populations contributes to guiding public decisions. Each patient is 

assigned a unique identification number with pseudonymized information, allowing individuals to be 

followed over time by linking inpatient and outpatient data from each hospitalization in all public or 
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private facilities in France. Procedures, including surgery or life-sustaining treatments, are time-

stamped and coded using a national classification system called CCAM (Supplementary Appendix 1).

The study was submitted to and approved by the independent national data protection authority 

(CNIL Registration: 920181). All data were deidentified for research purposes, and French law waives 

the need for informed consent. An independent institutional review board approved the study 

protocol (IRB Registration: #00011928). 

Study population 

All patients aged 80 years or older with complete data, admitted to hospitals in France from January 

2013 through December 2018 (to avoid any ambiguities related to Covid-19), were eligible. We then 

selected ICU stays where the Simplified Acute Physiology Score (SAPS) II is comprehensively 

collected. To select the non-operative condition, we excluded stays that involved a surgery or whose 

DRG was surgical (or severe burn injury), either during the ICU stay or within 30 days prior to the ICU 

admission. To avoid counting multiple hospital outcomes for a single patient, only the first hospital 

stay including a medical admission to an ICU during the study period was considered for each patient, 

and readmission stays were excluded. Finally, we considered the invasive condition for patients who 

underwent invasive mechanical ventilation (CCAM codes GLLD004, GLLD008, GLLD015) or 

vasopressor support (CCAM codes EQLF001, EQLF003) (Table S2 in Supplementary Appendix 1).

Variables and exposure

The exposure variable was defined as the first occurrence of one of the following invasive procedures 

during the ICU stay: vasopressor support or invasive mechanical ventilation. We focused on these 

two main modifiable factors of interest because clinicians often question their benefit for the oldest 

patients. This choice was also driven by their coding reliability, as there is a clear-cut bedside decision 

without delay, marking a turning point in the patient's trajectory. We did not include non-invasive 

ventilation because its use as a palliative treatment for dyspnea has become increasingly common. 
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We also did not include renal replacement therapy due to the large grey area in coding between 

acute and chronic situations, and because its initiation can often be delayed without threatening the 

prognosis.18 We addressed potential confounding resulting from variation in the case mix by 

controlling for age, severity of illness, pre-existing medical conditions expressed by the Charlson 

comorbidity index, primary diagnosis at admission, preadmission location, and academic status of the 

ICU. These confounders were specified a priori to develop a risk adjustment model for mortality. 

Patients were followed until death or the end of the year 2019, whichever occurred sooner. The 

invasive and non-invasive cohorts were mutually exclusive. 

Outcomes

The primary objective of our analysis was to describe the one-year mortality of two populations of 

elderly medical ICU patients based on treatment intensity (invasive vs. conservative care). 

Additionally, we analysed intermediate mortality rates and lengths of stay, both in ICU and in 

hospital.

Statistical analysis

Characteristics of patients according to the use of invasive procedures were described using mean 

and standard deviation for age, and median and interquartile range (IQR) for other continuous 

variables. Categorical variables were presented as counts and percentages. Comparisons between 

the two groups were performed using the Wilcoxon test for continuous variables and the Chi-square 

test for categorical variables. Crude mortality rates were calculated at ICU and hospital discharge, 

along with one-year readmission rates and the duration of procedures and hospital stays, for both 

groups and for each invasive procedure (Supplementary Appendix 2, pp. 11–12).

Survival was measured from the date of ICU admission to the date of death or censored at the last 

follow-up. To limit immortal time bias, the occurrence of any invasive procedure was considered as a 
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time-dependent covariate. Time precision was day, and the time of death was shifted by 0.1 day to 

avoid ties with the time of the procedure. Multivariate analysis of survival was performed by a Cox 

proportional hazards (PH) model producing hazard ratios (HR). The handling of ties used the Efron 

approximation. The PH assumption was verified by scaled Schoenfeld residuals. The time-varying 

effect of a procedure was modelled by adding an interaction term between the corresponding 

covariate and some transformation of time. The restricted mean survival time (RMST) method was 

selected because it is not dependent on the number of events and on the assumption of proportional 

hazards, as is the case in time-to-event analyses. RMST reflects the life expectancy of patients up to a 

specified time. Details regarding the statistical methods are provided in Supplementary Appendix 1. 

As patients receiving invasive procedures may differ from the conservative ones, a propensity score 

(PS) was used to minimize the effects of confounding. Assumed confounders included age, sex, pre-

existing comorbidities (Charlson Comorbidity Index), SAPS II score, year, reason for admission, 

availability of a palliative or geriatric care team in the hospital, pre-admission location, ICU level, and 

hospital characteristics (Figure S2 and Table S1 in Supplementary Appendix 1). However, the 

population at risk changes over time due to attrition (death or discharge). Therefore, we used an 

inverse probability of treatment weighting (IPTW) method adapted to the time-dependent context.19 

IPTW usually estimates the average effect of treatment when the entire sample is moved from 

control to treated (ATE). But this seemed unrealistic for invasive support in the elderly population, so 

here IPTW targeted the average treatment effect in the treated (ATT). We divided the time span into 

strata within which a distinct PS could be calculated. These strata were each day until day 14, then 

periods 14-20, 20-30, every 15 days until 120, and then every 30 days until 365 (case base). This time-

stratified PS was built using a Cox model that predicted the use of invasive procedures by variables 

available at admission. The influence of continuous variables (age and SAPS II) was modelled by 

fractional polynomials (FP). Variable balance was assessed by examining the standardized mean 

differences before and after weighting. Weights were trimmed at the first and 99th percentiles. To 

remove residual confounding as much as possible, we combined weighting at the design stage with 
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regression adjustment on the same confounders (as listed in Figure S2 and Table S1 in 

Supplementary Appendix 1) at the analysis stage when estimating treatment effects.20 A robust 

sandwich-type estimator was used to calculate standard errors.

We performed sensitivity analyses to assess the robustness of the overall HR associated with invasive 

procedures: initially by using ATT weights truncated at the 5th and the 95th percentiles, then by using 

time strata defined by every day an invasive procedure or death occurred.

All tests were two-sided, and a p-value < 0.05 was considered statistically significant. The analysis 

used the SAS Enterprise Guide v7.15 (SAS Institute Inc., Cary, NC, USA) provided by the SNDS 

infrastructure.

Patient and public involvement

None.

RESULTS

The final analysis included 107 014 first stays of patients aged 80 years or older who were admitted 

to an ICU for medical reasons at 822 hospitals, mostly publicly funded (65%), in France between 2013 

and 2018. Among those patients, 51 680 (48%) received invasive ventilation or vasopressors, and 55 

334 (52%) received neither of the two. A flowchart of patients and stays in the study is shown in 

Figure 1.

The demographic characteristics and the outcomes since ICU admission are shown in Table 1. The 

mean age was 84.6 years. More than half (52%) were male in the invasive group, and 52% were 

female in the conservative group. Overall, 89% were admitted from home, with most of them having 

a stop at the emergency department (59%). Patients in the invasive group had a significantly higher 
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severity of illness at admission as reflected by a higher SAPS II but fewer general coexisting 

conditions as reflected by a lower Charlson comorbidity index. Over the years, the flow of patients 

was increasingly directed towards the invasive group. Among 51 680 (48%) patients in the invasive 

group, 70% were dead at one year, while among 55 334 (52%) patients in the conservative group, 

41% were dead at one year (Chi-square test, p < 0.001).

Outcomes of patients in the invasive group since ICU admission are detailed in Table 2. Among 38 

427 patients who underwent vasopressors, 72% were dead at one year. Among 40 495 patients who 

received invasive ventilation, 72% were dead at one year. Patients who received a first invasive 

procedure were likely to receive the other one in 53% of cases, and one-year mortality was then 

77%, whereas it was 60% and 63%, respectively, for vasopressors only or ventilation only. Among 8 

761 patients who underwent renal replacement therapy (regardless of the group), 74% were dead at 

one year. The median number of days in the ICU was 4 (interquartile range 2 – 8). The median 

number of days in the hospital was 8 (interquartile range 2 – 16). The median duration of ventilation 

was 3 days (interquartile range 2 – 7). There were 2582 patients who underwent prone-positioning. 

In their case, the median number of sessions was 2 (interquartile range 1 – 3) per patient. The 

median duration of vasopressor support was 2 days (interquartile range 1 – 4). The time of the initial 

invasive procedure was the day of ICU admission for 79% of patients in the invasive group and the 

following day for an additional 9% (Figure S1 in Supplementary Appendix 1). More than half of the 

patients in the invasive group had both procedures, generally on the same day (86%). If vasopressors 

predated ventilation (6%) or ventilation predated vasopressors (9%), the median interval of initiation 

was 1 day (interquartile range 1 – 3). 24% of deaths in the invasive group occurred on the day of the 

initiation of any procedure, and 7% the following day.

After the calculation of the time-stratified PS, the balance obtained on ATT weighted samples was 

good, with absolute standardized differences less than 0.1 (Figure S2 in Supplementary Appendix 1). 
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The test of Schoenfeld residuals for the proportional hazards assumption was significant, as the HR 

was decreasing along time (Figure S4 in Supplementary Appendix 1). Kaplan-Meier survival curves 

obtained before and after the time-stratified ATT weighting are presented in Figure 2. ATT weighting 

induced a decrease in one-year survival rate in the conservative group from 59% to 43% (95% CI, 

0.421 to 0.441) vs. 27% in the invasive group (95% CI, 0.268 to 0.276, remained unchanged after ATT 

weighting, as expected). The mortality in the invasive group remained significantly higher after time-

dependent IPTW (HR, 1.64; 95% CI, 1.60 to 1.69, p < 0.001). Life expectancy limited to one year was 

117.5 days in the invasive group versus 185.2 days in the conservative group, resulting in a significant 

loss of 67.7 days (RMST, 95% CI, 65.7 to 69.8).

In the sensitivity analysis, neither the use of ATT weights truncated at the 5th and 95th percentiles nor 

the use of a different time-stratification pattern changed substantially the HR associated with 

invasive procedures. Finally, the combination of weighting and further adjustment on baseline 

covariates (year, age, sex, coexisting conditions, admission source, severity, and academic status) 

produced a similar hazard ratio (HR, 1.67; 95% CI, 1.63 to 1.73, p < 0.001) (Supplementary Appendix 

1).

DISCUSSION

Several studies support conservative management over invasive approaches,18,21,22 and there is 

concern that invasive procedures may worsen the prognosis of older ICU patients.23,24 Our large 

nationwide study was designed to describe the association between invasive care and mortality in 

real-world clinical practice. Our findings suggest that invasive procedures are a negative determinant, 

but as an observational study, it cannot be concluded as evidence of harm or non-inferiority between 

the two groups.
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However, the high mortality rate in the invasive group is per se our main finding. With a one-year 

survival rate of 27%, it seems reasonable that a large portion of elderly patients may not be best 

served by invasive care. This calls into question the upward trend of time-limited trials that could 

lead to ethical misunderstanding, especially as the survival curves separated early on with a rapid 

decrease in the invasive group. The high proportion of early deaths in the invasive group most likely 

reflects the natural progression of an irreversible disease rather than complications from the 

procedure. This interpretation is supported by the strong culture of safety and patient-family 

engagement in ICU care, which prioritises harm prevention and appropriate treatment escalation.25

The need for invasive care is not merely a treatment choice but also a marker of increased severity. 

Thus, the poor prognosis associated with invasive care is expected and reflects underlying disease 

severity rather than the direct impact of invasiveness itself. However, if invasiveness reflects 

increased severity, then a strict dichotomy between invasive and non-invasive approaches may seem 

overly simplistic, given that the relationship between the degree of invasiveness and prognosis is 

likely more gradual. This is supported by the sigmoidal relationship between SAPS II and mortality,26 

resembling a dose-response effect. Nevertheless, we deliberately adopted this classification to avoid 

borderline situations and to describe the two extremes of the therapeutic spectrum in intensive care.

Admittedly, the non-invasive group likely comprises two distinct populations: patients who are not 

severe enough to require invasive intervention and those who are too critically ill to benefit from it. 

However, when considered as a whole, the non-invasive group remains fundamentally distinct from 

the invasive cohort, where a paradigm shift in care is always required. The two populations we 

studied differ not in the degree of care received but in the nature of care itself. This distinction is 

crucial, as the decision between invasive and non-invasive management is never incidental27; it is 

always an active choice that carries significant implications for the patient, their family, and the 
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medical team. For this reason, we did not include different modalities of oxygenation, such as high-

flow nasal insufflation or non-invasive ventilation (NIV), in our analysis.

Furthermore, we aimed for the invasive group to reflect the maximal therapeutic investment—at 

least at the moment of procedure initiation. In this regard, NIV is a treatment that has been shown to 

improve survival and, as such, is not purely a palliative intervention. However, its role in alleviating 

respiratory discomfort is increasingly well-documented. NIV has been found to be more effective 

than oxygen in reducing dyspnoea and decreasing the need for morphine in palliative care patients.28 

This modality is used both to enhance comfort at the end of life29 and for patients who have declined 

tracheal intubation.30 More broadly, it is now integrated into an approach that seeks to improve 

palliative care in the ICU.31

Finally, this distinction between invasive and non-invasive care also implies the notion of immediacy, 

which is why we excluded chronic conditions requiring invasive procedures. Both NIV and renal 

replacement therapy (RRT) are commonly used in chronic settings—NIV for chronic respiratory 

failure (e.g., amyotrophic lateral sclerosis) and RRT for end-stage renal disease. The coding system 

does not allow for differentiation between acute and chronic indications. Including these cases 

would have introduced additional confounding factors, whereas our focus was on invasive 

procedures initiated for acute conditions. Nevertheless, our findings suggest that renal support 

worsens prognosis regardless of the treatment group, as among the 8,761 patients who underwent 

renal replacement therapy, 74% died within one year.

The strength of this study is the size of the cohort with few missing data and the national-level 

database needed to overcome sampling biases32 that often limit epidemiological studies of the 

critically ill elderly. With 107,014 patients under observation, we had the statistical power to robustly 

assess this issue in the target population of medical ICU patients adjusted for known prognostic 
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factors specified a priori. The comprehensive multicentre design enhances the generalizability of our 

findings, particularly important given that older patients are frequently excluded from clinical trials33 

but are commonly treated in the ICU. Our study further provides valuable information on the 

epidemiology of circulatory and respiratory failures in older patients.

The main limitation of our study is the risk of confounding inherent to any observational study, which 

the propensity score cannot entirely eliminate. As a summary of measured covariates, the propensity 

score cannot account for unmeasured confounding.34 In contrast to randomized controlled trials, 

where randomization is expected to balance both measured and unmeasured covariates across 

treatment arms, observational studies remain subject to residual confounding.35 Nonetheless, best 

practices for the use of propensity score methods with survival or time-to-event36 outcomes using 

inverse probability of treatment weighting (IPTW) can help mitigate the effects of confounding in 

observational studies.37,38

Residual confounding may result from the lack of detailed clinical or contextual data involved in the 

decision to initiate an invasive procedure. These parameters not only influence the decision itself but 

also impact patient outcomes. The initiation of vasopressor therapy relies on critical information such 

as arterial pressure, heart rate, and urinary output, while the decision to proceed with invasive 

mechanical ventilation depends on the patient's level of consciousness, signs of respiratory failure, 

and oxygen saturation. Comparing patients without this information is challenging. Nevertheless, 

although our methods do not directly incorporate these physiological parameters individually, they 

each contribute to the SAPS II score, which serves as the primary severity adjustment factor in our 

propensity score model. Notably, the density plots indicate that the SAPS-II distribution is not only 

the strongest determinant of risk in our model, but also closely aligned between invasive and 

conservative groups after weighting (Figure S3 in Supplementary Appendix 1). In addition, the 

reason for admission integrates some clinical data.
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We acknowledge that clinical parameters influencing invasive procedures are strong predictors of 

mortality, regardless of the level of invasiveness. Moreover, the need for invasive care serves as a 

marker of disease severity rather than a direct determinant of prognosis. In our study, the two 

populations inherently differ in acute severity, which is a key driver of treatment decisions. However, 

our aim was not to assess the appropriateness of invasive procedures but rather to describe patient 

outcomes based on treatment intensity, once a treatment pathway has been adopted in real-world 

practice. 

The predominant contribution of SAPS II to our propensity score substantially mitigates the risk of 

confounding, although it cannot be broken down into its circulatory and ventilatory components, 

which would have allowed for a more refined adjustment. Nevertheless, SAPS II integrates various 

parameters that are associated with both prognosis and the decision to initiate an invasive 

procedure. This duality reflects the inherent overlap between prognosis and therapeutic decision-

making in intensive care, where addressing clinical imbalance is expected to neutralise risk.

For instance, in haemodynamics, the 65 mmHg mean arterial pressure threshold was originally 

established based on retrospective cohort studies39,40 that demonstrated a strong association 

between time spent below this threshold and mortality in patients with septic shock. However, 

vasopressors have since been shown to exert pleiotropic effects,41 making their overall impact more 

difficult to predict, or even potentially leading to increased mortality in older patients.42

Thus, the traditional perspective in which invasive procedures were assumed to have an inherently 

positive—or at worst, neutral—impact by counteracting the excess risk associated with a high 

severity score has evolved. It is now recognised that their effect is far less predictable and, 

particularly in older patients, unlikely to be neutral.43 
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Our aim was to describe the trajectories of two distinct ICU populations rather than to compare 

treatment efficacy. Thanks to the inclusion of all treated patients nationwide over a six-year period, 

any biases in our data are more likely to reflect overall clinical practice rather than individual 

decisions regarding the appropriateness of invasive or conservative treatment. This is arguably the 

main advantage of real-world evidence over randomised trials in informing public health decision-

making.44

Other limitations of our study include potential biases due to coding errors. Moreover, our study did 

not include the functional status nor quality of life among survivors, which are more important than 

survival for many older persons.45–47 The study also lacks consideration for preexisting frailty, despite 

its recognized importance as a determinant of mortality.48–50 However, while elderly patients with a 

higher functional baseline are more likely to survive, their chances of returning to their prior level are 

reduced compared to those with a lower functional baseline.51,52 In addition, whoever with a good 

functional status is resuscitated until it becomes poor is doomed to die with a poor functional status.

The absence of consideration for triage process, treatment appropriateness, or therapeutic 

limitations may introduce selection bias but reflects the real-world shared decision-making process 

among physicians, patients, and families. Current studies suggest that the risk of overutilization of 

invasive procedures outweighs the risk of underutilization22,24,53–55 

The "Principles of Biomedical Ethics" by Beauchamp and Childress, developed in 1979 the four 

principles of medical care: autonomy, non-maleficence, beneficence, and justice. Individuals have a 

significant preference for non-maleficence over the other principles, but it does not appear to be 

directly utilized in the decision-making process.56 Advance care planning is essential to support 

clinicians in targeting appropriate invasive, rehabilitative, or palliative strategies which are not 

exclusive. As stated in a recent review: all critically ill patients, by definition, have serious illness and 
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thus have palliative care needs.57 The retrospective meaning of "end-of-life care" seems problematic 

unless considering the oldest patients are living the last part of their lives. Oldest patients, similar to 

paediatric patients, have distinct healthcare trajectories and goals supported by physiological 

evidence for geriatric specificities.

To clarify, our study does not suggest that elderly patients should be denied ICU admission. On the 

contrary, it highlights the potential benefits of an intensive integrative approach in the ICU rather 

than a purely technical approach that may only prolong the dying process.58 The conservative group 

exhibits a low mortality rate, including patients who were refused invasive treatments due to futility, 

and it is unlikely to be further reduced with a more invasive approach. Similarly, the high mortality 

rate observed in the invasive group is unlikely to be exacerbated by a less aggressive strategy.

Our findings have strong ethical implications. Despite being highly selected for favourable outcomes 

in real-world practice, patients who received invasive procedures had a low survival rate. The 

incentive care policy for a standard of care regardless of age is questionable in the light of medical 

appropriateness22,24,53–55 and patients' wishes.24–26 While age should not be the sole criterion for ICU 

triage, the combination of age and the need for an invasive procedure must be considered 

attentively when deciding on treatment options. Growing evidence suggests a gap between patient 

preferences and the actual care provided59 and that focusing resources on patient preferences is 

possible.60 Age remains a potent trigger for clinicians to ensure that patients and families are well-

informed about the benefits, risks, and harms associated with invasive care.61

CONCLUSIONS

In conclusion, in our nationwide study, an invasive approach was associated with a lower one-year 

survival rate among elderly patients who were admitted to the ICU for medical reasons compared to 

a conservative approach. Early discussion, including the requirement for an invasive procedure, may 
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reduce the incidence of avoidable aggressive end-of-life care and improve goal-concordant care 

achievement.
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Year of enrolment – no (%) < 0.001

     2013 17 138 (16) 7 756 (15) 9 382 (17)

     2014 17 484 (16) 8 013 (16) 9 471 (17)

     2015 18 286 (17) 8 612 (17) 9 674 (18)

     2016 18 312 (17) 9 143 (18) 9 169 (17)

     2017 18 284 (17) 9 236 (18) 9 048 (16)

     2018 17 510 (16) 8 920 (17) 8 590 (16)

Admission source – no (%) < 0.001

     Home 31 703 (30) 15 079 (29) 16 624 (30)

     Emergency department 63 032 (59) 30 446 (59) 32 586 (59)

     Other skilled facility 12 279 (11) 6 155 (12) 6 124 (11)

Hospital status – no (%) < 0.001

     Private 17 411 (16) 5 226 (10) 12 185 (22)

     Public academic 28 394 (27) 15 024 (29) 13 370 (24)

     Public non-academic 61 209 (57) 31 430 (61) 29 779 (54)

Geriatric team in the hospital – no (%) 78 973 (74) 41 717 (81) 37 256 (67) < 0.001

Palliative care team in the hospital – no (%) 61 089 (57) 33 089 (64) 28 000 (51) < 0.001

Coexisting conditions – no (%) < 0.001

     Cardiac Disease 39 659 (37) 18 384 (36) 21 275 (39)

     Respiratory disease 31 807 (30) 14 046 (27) 17 761 (32)

     Renal disease 28 344 (27) 12 937 (25) 15 407 (28)

     Neurologic disease 12 062 (11) 6 305 (12) 5 757 (10)

     Cognitive impairment 10 651 (10) 4 996 (10) 5 655 (10)

     Cirrhosis 3 622 (3) 1 936 (4) 1 686 (3)

     Diabetes 16 191 (15) 7 723 (15) 8 468 (15)

     Cancer 19 162 (18) 9 083 (18) 10 079 (18)

Charlson comorbidity index (CCI) < 0.001

     Median (Interquartile range) 2 (1 – 4) 2 (1 – 4) 2 (1 – 4)
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     CCI = 0 23 972 (22%) 12 698 (25%) 11 274 (20%)

Immunodeficiency – no (%) 20 753 (19) 9 884 (19) 10 869 (20) < 0.001

Median SAPS II – (Interquartile range) 45 (34 – 63) 59 (45 – 76) 37 (30 – 46) < 0.001

Diagnosis category – no (%) < 0.001

     Circulatory 40 189 (38) 20 773 (40) 19 416 (35)

     Respiratory 29 926 (28) 13 682 (27) 16 244 (29)

     Neuro-metabolic 36 899 (35) 17 225 (33) 19 674 (36)

Outcomes† < 0.001

     One-year mortality – no (%) 58 955 (55) 36 019 (70) 22 936 (41)

     ICU mortality – no (%) 32 160 (30) 26 152 (51) 6 008 (11)

     In-hospital mortality – no (%) 37 354 (35) 28 438 (55) 8 916 (16)

Median length of stay – days (interquartile range) < 0.001

     In ICU 4 (2 – 8) 5 (2 – 11) 3 (1 – 6)

     In hospital 8 (2 – 16) 7 (1 – 18) 8 (3 – 14)

ICU readmission within the year – no (%) < 0.001

     In patients from enrolment 23 846 (22) 6 894 (13) 16 952 (31)

     In ICU-survivors 23 846 (32) 6 894 (27) 16 952 (34)

Hospital discharge for survivors – no (%) < 0.001

     Home 35 312 (51) 9 016 (39) 26 296 (57)

     Other skilled facility 34 348 (49) 14 226 (61) 20 122 (43)

* Plus–minus values are means ±SD. Percentages may not sum to 100 because of rounding. 

† Crude unweighted outcomes since ICU admission, without regard for the time-to-event analysis.

Footnote (Table 1): P-values correspond to statistical tests assessing whether there is a significant 

difference between the two groups. Variation in comorbidity burden and underlying physiological 

robustness may have influenced the decision to initiate invasive care, contributing to baseline 

differences between groups.
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Table 2. Outcomes in the invasive group (n=51 680)*

No (%) Mortality – no (%) Median length of stay – days 

(interquartile range)

ICU Hospital 1 Year ICU Hospital

All vasopressors 

(± ventilations)

38 427 (74) 20 606 (54) 22 281 (58) 27 694 (72) 5 (2 – 12) 8 (3 – 18)

All ventilations

(± vasopressors)

40 495 (78) 22 632 (56) 24 217 (60) 29 331 (72) 5 (2 – 12) 7 (1 – 18)

Vasopressors only 11 185 (22) 3 520 (32) 4 221 (38) 6 688 (60) 5 (2 – 8) 9 (2 – 17)

Ventilations only 13 253 (26) 5 546 (42) 6 157 (47) 8 325 (63) 4 (2 – 9) 9 (3 – 18)

Vasopressors and 

ventilations

27 242 (53) 17 086 (63) 18 060 (66) 21 006 (77) 6 (2 – 14) 7 (2 – 16)

This table reports the subsets of patients according to the invasive procedures exposure.

* Crude incidence and unweighted outcomes since ICU admission, without regard for the time-to-event analysis. 

Percentages may not sum to 100 because of rounding.

FIGURE TITLES/LEGENDS

Figure 1. Flowchart of patients and stays in the study
ICU denotes intensive care unit, and DRG diagnosis-related-groups. DRG errors correspond to stays 

that could not be assigned to a Diagnosis-Related Group, mainly due to coding inconsistencies or 

inaccuracies in the classification of hospital stays, such as misclassification of diagnoses, procedures, 

or administrative coding discrepancies.
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Figure 2. Probability of survival from ICU admission to one year, according to conservative or invasive 

approach, before and after time-dependent propensity score weighting (ATT)

Kaplan-Meier method adapted to time-dependant covariate (with 95% CI). Dashed lines represent 

time-dependent Kaplan-Meier plot of the probability of survival from ICU admission to one year among 

the original unweighted population. Solid lines represent time-dependent Kaplan-Meier plot of the 

probability of survival on IPTW-ATT weighted sample using weights trimmed at the first and 99th 

percentile. Invasive curve remained unchanged after weighting, as expected. IPTW denotes inverse 

probability of treatment weighting, ATT denotes average treatment effect in the treated, HR denotes 

the hazard ratio obtained from the ATT99 weighted Cox model and diff-RMST the difference in (one-

year) restricted mean survival time (days).
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FIGURE 1. Flowchart of Patients and Stays in the Study                    
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1 827 586 had no missing data  
nor DRG errors 

136 468 stays fulfilled  
the non-operative condition  

107 014 patients fulfilled the first ICU 
admission condition and were included 

in the study-cohort  

 51 680 underwent invasive mechanical 
ventilation and/or vasopressor support 

55 334 did not undergo invasive mechanical 
ventilation nor vasopressor support 

1 603 318 did not include ICU stay 

87 800 included a surgical procedure (or 
a severe burn injury) during the 30 days 
before ICU admission or during ICU stay 

224 268 included  
one or more ICU stay  

2 011 452 hospital stays of patients 80 
years of age or older occurred in the 

study period jan 2013 -  dec 2018 

183 866 had missing data or DRG errors 

29 454 stays were ICU readmissions 
during the study period (ICU-

readmission) 
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FIGURE 2. Probability of Survival from ICU admission to One Year, according to Conservative or 

Invasive Approach, Before and After Time-Dependent Propensity Score Weighting (ATT). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Kaplan-Meier method adapted to time-dependant covariate (with 95% CI). Dashed lines represent  
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METHODOLOGICAL PLAN

Detailed description of data source - the SNDS Database 

We conducted a nationwide retrospective analysis of data prospectively collected in the Système National des 
Données de Santé (SNDS), the national French health care database that covers around 99% of the population. 
The SNDS was created to answer epidemiological research questions with specific interests in occupational and 
social factors, chronic diseases, and aging, including a medico-economic assessment and extended follow-up 
without attrition bias [1,2].

Using the National hospital discharge database is an established method for elderly patients hospitalized in the 
ICU in France [3–5]. Formal methods have been developed to assess the strengths and limitations of databases 
[6,7], and population-level data have greatly enhanced our understanding of how mechanical ventilation is utilized 
and the associated outcomes for patients [8].

The SNDS links the Système National d'Information Interrégimes de l'Assurance Maladie (SNIIRAM), the 
nationwide health insurance information system, to the national hospital discharge database of Diagnosis-Related 
Groups (DRG) [9,10], known as Programme de Médicalisation des Systèmes d'Information (PMSI), and to the 
national death registry, "CépiDC." It includes more than 99% of the French population (66 million people) from 
birth (or immigration) to death (or emigration), regardless of changes in occupation, retirement, or socioeconomic 
status. Therefore, the SNDS contains individual pseudonymized information on all medical and paramedical 
encounters, drug claims, hospital admissions and procedures, as well as the date and cause of death, which are 
linked to create an individual longitudinal record. This linkage of large-scale national registry populations in 
France contributes to guiding public decisions [11,12].

The SNDS collects comprehensive medical and administrative data prospectively for all patients in the country 
and underlies the activity-based hospital payment system. All patients are assigned a unique identification number, 
allowing for longitudinal follow-up by linking inpatient and outpatient data from each hospitalization in all public 
or private facilities in France. Hospital data include age, sex, admission and discharge dates and location, vital 
status at discharge, hospital units visited during the hospitalization, and length of hospitalization. Hospital 
discharge diagnoses (main, associated, secondary) provide information on the reason for admission (main) and 
background risk modifiers (e.g., diabetes, renal failure, coronary heart disease) that complicate the care. Associated 
diagnoses provide information on the reasons for procedures as the main diagnosis. Procedures, both surgical and 
medical, including life-sustaining treatments, are time-stamped and coded using a national multidimensional 
classification system called CCAM [13].

These data are utilized for hospital payment [14] and government purposes [12], so the quality of coding undergoes 
regular internal and external audits, both within the hospital information systems and through the national 
healthcare system's accreditation process [15]. Both reliability and completeness are excellent, and a structured 
assessment of the database has been described elsewhere [3].
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Detailed description of statistical analysis

Baseline characteristics of patients were described as frequencies and percentages for categorical variables and as 
means (with standard deviations, SD) or medians (with interquartile range, IQR) for continuous variables. 
Bivariate associations were evaluated using the Kruskal-Wallis test for continuous variables and the χ2 or Fisher 
exact test for categorical variables, as appropriate. Survival was measured from the date of ICU admission to the 
date of death or censored at the last follow-up. Since the refreshment of SNDS is periodic across the entire country, 
the date of the last follow-up was estimated by the 95th percentile of the dates of death.

To limit an immortal time bias, the occurrence of any invasive procedure was considered as a time-dependent 
covariate. Time precision was at the day level, and the time of death was shifted by 0.1 day to avoid ties with the 
time of the procedure. Multivariate analysis of survival was performed using a Cox proportional hazards (PH) 
model, which produced hazard ratios (HR). The handling of ties used the Efron approximation. The PH assumption 
was verified by scaled Schoenfeld residuals. The Cox model was extended to deal with time-varying effects by 
adding an interaction term between the given covariate and some transformation of time (step function, continuous 
power transformation such as first-degree fractional polynomials, or stratification of time). The touchstone for 
choosing the best approach was the Akaike Information Criterion (AIC) [16]. When the effect was time-varying, 
a unique overall HR was interpreted as a weighted average HR over the event times [17]. However, we also 
summarized this effect with a model-free parameter, the difference in the restricted mean survival time (RMST), 
which has greater clinical interpretability and represents the loss of life expectancy [18,19].

As patients receiving invasive procedures may differ from conservative ones, a propensity score (PS) was used to 
minimize the effects of confounding. However, the population at risk changes due to attrition of susceptibles. The 
conventional method may cause bias with the time-varying exposure because those time-dependent treatment 
decisions act as time-varying confounders, affecting both the occurrence of the event of interest and the patient's 
exposure to the treatment of interest [20]. Thus, the conventional PS analysis must become time-dependent to 
address this time-varying effect and be able to estimate measures of effect similar to those obtained in randomized 
experiments [21,22]. To accommodate this, our study made use of the inverse probability of treatment weighting 
(IPTW) method adapted to the time-dependent context [23].

IPTW usually estimates the average treatment effect (ATE) when the entire sample is moved from control to 
treated. However, this seemed unrealistic for invasive support in the elderly population. Therefore, IPTW targeted 
the average treatment effect in the treated (ATT) [24], also called weighting by odds, which denotes the average 
effect of treatment in those subjects who were ultimately treated, as PS matching does. In such a case, the analysis 
uses the treated subjects as the reference population to which each group is standardized.

We divided the time span into strata within which a PS was calculated. These strata included each day until day 
14, then periods of 14-20, 20-30, every 15 days until 120, and every 30 days until 365 (case base). This time-
stratified PS was built using a Cox model that predicted the use of invasive procedures based on variables available 
at admission. The influence of continuous variables (age and SAPS-II) was modeled by fractional polynomials 
(FP). Variable balance was assessed by examining the standardized mean differences before and after weighting 
[25]. Weights were trimmed at the first and 99th percentiles. To remove residual confounding, we combined 
weighting at the sampling stage with regression adjustment at the analysis stage when estimating treatment effects 
[26]. A robust sandwich-type estimator was used to calculate standard errors.

We performed sensitivity analyses to assess the robustness of the overall HR associated with invasive procedures: 
initially by using ATT weights truncated at the 5th and 95th percentiles, and then by using time strata defined by 
every day an invasive procedure or death occurred.

All tests were two-sided, and a p-value < 0.05 was considered statistically significant. The analysis was conducted 
using SAS Enterprise Guide v7.15 (SAS Institute Inc., Cary, NC, USA) provided by the SNDS infrastructure.
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FIGURES

Figure S1: Time until initiation of the invasive procedure since ICU admission  
(In the invasive group)

In the invasive group: Number of stays according to the day of initiation of the invasive procedure from ICU-
admission (note that the bars at day-28 include stays beyond day-28): Time of initial vasopressor support was the 
day of ICU-admission for 75% of patients and the following day for 11% more. Time of initial ventilation support 
was the day of ICU-admission for 77% of patients and the following day for 9% more.
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Figure S2: Covariate balance on the whole period

While there were significant differences between invasive and conservative patients in the raw sample, differences 
in the ATT weighted sample issued from the time-stratified model were minimal, with absolute standardized 
differences less than 0.1 as shown on the covariate balance aggregating all time strata and on the Love plot. 
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Figure S3: Density plots of daily SAPS-II along the first 3 days, according to invasive/conservative   
approach, before and after ATT weighting

 

   

The density plots shows that the distribution for SAPS-II (the major determinant of risk) along the first 3 days is 
higher in the invasive group before weighting, and is very much closer after weighting in the two groups. 
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Figure S4: Time-varying effect of invasive procedure at one year
(Shoenfeld residuals / Modelization of time-varying effect)

The test of Schoenfeld residuals for proportional hazards assumption was significant, as the HR was decreasing 
along time, and was not significantly different from unity after 50 days 
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TABLES

Table S1: Association of Baseline Factors with death at one year (Cox model)

Distribution Univariate Multivariate

Variable Living at d365 Dead at d365 HR 95 % conf.int P-value HR 95 % 
conf.int

P-value

Age (y) 84.3, 84 (82 - 86) 84.9, 84 (82 - 
87)

1.03 [1.02, 1.03] <0.001 1.04 [1.04, 1.05] <0.001

Age [80-84] 27932 (58.1) 30949 (52.5) 1

Age [85-89] 15841 (33) 21043 (35.7) 1.13 [1.11, 1.15] <0.001 0.99 [0.96, 1.02] 0.510

Age [90+] 4286 (8.9) 6963 (11.8) 1.29 [1.26, 1.32] <0.001 0.98 [0.92, 1.05] 0.601

Sex female 25524 (53.1) 28033 (47.5) 0.88 [0.87, 0.90] <0.001 0.90 [0.88, 0.91] <0.001

From Home 42819 (89.1) 51916 (88.1) 0.96 [0.94, 0.98] 0.001 0.93 [0.91, 0.96] <0.001

Reason for admission : 
CardioVascular

16514 (34.4) 23675 (40.2) 1.28 [1.26, 1.30] <0.001 1.42 [1.39, 1.46] <0.001

Reason for admission : 
Respiratory

12617 (26.3) 17309 (29.4) 1.04 [1.02, 1.06] <0.001 1.20 [1.17, 1.22] <0.001

SAPS II 41, 38 (30 - 49) 57.9, 54 (40 - 
73)

1.04 [1.04, 1.04] <0.001 1.04 [1.04, 1.04] <0.001

SAPS II [1-34[ 17288 (36) 7913 (13.4) 1 1

SAPS II [34-45[ 14852 (30.9) 12264 (20.8) 1.58 [1.54, 1.62] <0.001 1.01 [0.98, 1.04] 0.466

SAPS II [45-63[ 11250 (23.4) 16677 (28.3) 2.49 [2.43, 2.55] <0.001 0.95 [0.91, 1.00] 0.029

SAPS II [63-156] 4669 (9.7) 22101 (37.5) 6.18 [6.02, 6.34] <0.001 0.89 [0.82, 0.95] 0.001

Charlson Comorbidity 
Index

2.3, 2 (1 - 3) 2.9, 2 (1 - 4) 1.04 [1.04, 1.05] <0.001 1.05 [1.04, 1.06] <0.001

Charlson CI = 0 11735 (24.4) 12237 (20.8) 1 1

Charlson CI = 1 9793 (20.4) 9606 (16.3) 0.89 [0.87, 0.92] <0.001 0.90 [0.87, 0.93] <0.001

Charlson CI = 2-3 14821 (30.8) 17918 (30.4) 1.02 [0.99, 1.04] 0.130 0.97 [0.93, 1.00] 0.078

Charlson CI >= 4 11710 (24.4) 19194 (32.6) 1.18 [1.16, 1.21] <0.001 1.01 [0.95, 1.07] 0.751

Charlson CardioVascular 
comorbidity

17654 (36.7) 22005 (37.3) 0.97 [0.96, 0.99] <0.001 0.93 [0.91, 0.96] <0.001

Charlson Respiratory 
comorbidity

14013 (29.2) 17794 (30.2) 0.97 [0.95, 0.98] <0.001 0.98 [0.96, 1.01] 0.138

Charlson Kidney 
comorbidity

11648 (24.2) 16696 (28.3) 1.08 [1.06, 1.10] <0.001 0.87 [0.85, 0.90] <0.001

Charlson Neurologic 
comorbidity

4758 (9.9) 7304 (12.4) 1.17 [1.14, 1.20] <0.001 1.00 [0.97, 1.04] 0.871

Charlson Dementia 
comorbidity

4083 (8.5) 6568 (11.1) 1.18 [1.15, 1.21] <0.001 1.04 [1.01, 1.07] 0.010

Charlson Diabetic 
comorbidity

7109 (14.8) 9082 (15.4) 0.99 [0.97, 1.02] 0.578 0.84 [0.81, 0.86] <0.001

Charlson 
OncoHaematologic 
comorbidity

6857 (14.3) 12305 (20.9) 1.27 [1.25, 1.29] <0.001 0.99 [0.96, 1.03] 0.590

 Year 2013 7945 (16.5) 9193 (15.6) 1 1

 Year 2014 7839 (16.3) 9645 (16.4) 1.04 [1.01, 1.07]  0.003 1.03 [1.00, 1.07]  0.029

 Year 2015 8328 (17.3) 9958 (16.9) 1.03 [1.00, 1.06]  0.031 1.00 [0.97, 1.03]  0.949

 Year 2016 8137 (16.9) 10175 (17.3) 1.06 [1.03, 1.09] <0.001 1.00 [0.97, 1.04]  0.835
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 Year 2017 8041 (16.7) 10243 (17.4) 1.08 [1.05, 1.11] <0.001 1.00 [0.97, 1.03]  0.933

 Year 2018 7769 (16.2) 9741 (16.5) 1.07 [1.04, 1.10] <0.001 0.98 [0.95, 1.01]  0.193

 Universitary Hospital 12992 (27) 15402 (26.1) 1 1

 Private Hospital 9179 (19.1) 8232 (14) 0.76 [0.74, 0.78] <0.001 1.15 [1.10, 1.20] <0.001

 Public Hospital 25888 (53.9) 35321 (59.9) 1.08 [1.06, 1.10] <0.001 1.09 [1.07, 1.12] <0.001

 1st ICU Continuous 
monitoring 

9084 (18.9) 6007 (10.2) 1 1

 1st ICU Intermediate 3290 (6.8) 1534 (2.6) 0.76 [0.72, 0.80] <0.001 0.84 [0.79, 0.88] <0.001

 1st ICU Ressucitation 35685 (74.3) 51414 (87.2) 1.95 [1.90, 1.99] <0.001 1.18 [1.14, 1.21] <0.001

Hospital with Geriatric 
Unit 

33848 (70.4) 45125 (76.5) 1.31 [1.28, 1.33] <0.001 1.10 [1.06, 1.13] <0.001

Hospital with Palliative 
Unit 

25803 (53.7) 35287 (59.9) 1.23 [1.21, 1.25] <0.001 1.01 [0.98, 1.03]  0.638

This table presents which baseline-factors are associated with death at one year in univariate and multivariate 
survival analysis.  As expected, SAPS II showed the higher association with death.  
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Table S2: CCAM Codes of invasive procedures

Support Code French label Translation

GLLD004 Ventilation mécanique intratrachéale avec pression 
expiratoire positive [PEP] supérieure à 6 et/ou FiO2 
supérieure à 60%, avec technique de décubitus 
ventral alterné par 24 heures

Intratracheal mechanical ventilation with Positive End 
Expiratory Pressure [PEEP] greater than 6 and/or FiO2 
greater than 60%, with alternating prone position technique 
per 24 hours

GLLD008 Ventilation mécanique intratrachéale avec pression 
expiratoire positive [PEP] supérieure à 6 et/ou FiO2 
supérieure à 60%, par 24 heures

Intratracheal mechanical ventilation with Positive End 
Expiratory Pressure [PEEP] greater than 6 and/or FiO2 
greater than 60%, per 24 hours

Ventilation

GLLD015 Ventilation mécanique intratrachéale avec pression 
expiratoire positive [PEP] inférieure ou égale à 6 et 
FiO2 inférieure ou égale à 60%, par 24 heures

Intratracheal mechanical ventilation with Positive End 
Expiratory Pressure [PEEP] less than or equal to 6 and FiO2 
less than or equal to 60%, per 24 hours

EQLF001 Injection intraveineuse continue de dobutamine ou de 
dopamine à débit inférieur à 8 microgrammes par 
kilogramme par minute [µg/kg/min], ou de 
dopexamine en dehors de la période néonatale, par 24 
heures

Continuous intravenous infusion of dobutamine or 
dopamine at a dose less than 8 micrograms per kilogram per 
minute [µg/kg/min], or dopexamine outside the neonatal 
period, per 24 hours

Circulation
EQLF003 Injection intraveineuse continue de dobutamine ou de 

dopamine à débit supérieur à 8 microgrammes par 
kilogramme par minute [µg/kg/min], d'adrénaline ou 
de noradrénaline en dehors de la période néonatale, 
par 24 heures

Continuous intravenous infusion of dobutamine or 
dopamine at a dose greater than 8 micrograms per kilogram 
per minute [µg/kg/min], epinephrine or norepinephrine 
outside the neonatal period, per 24 hours

CCAM = the Classification Commune des Actes Médicaux is the common French Social Security classification 
of all medical procedures 
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INTRODUCTION

SAP version and revision story

The statistical analysis plan was developed during the summer of 2021 during data collection (in two 
meetings: June 10, 2021, and August 5, 2021, with numerous exchanges in between), before having 
full access to the study database. 

It was structured as an extension of the scientific protocol (also attached, drafted in French on 
December 2, 2019, which is actually the first version of the statistical analysis plan). The main 
differences between these two versions are:

- The exclusion of renal replacement therapy as a variable of interest (due to coding biases 
between acute and chronic situations)

- The enhanced statistical evaluation, specifically considering Time-to-Event analyses, with the 
collaboration of Philippe Aegerter, as senior statistician.

The current document was written after accessing the database and analyzing the data, it has been 
drawn up in accordance with the guidelines provided by the study: Hiemstra B, Keus F, Wetterslev J et 
al. DEBATE-statistical analysis plans for observational studies. BMC Med Res Methodol 19, 233 (2019). 
https://doi.org/10.1186/s12874-019-0879-5

We certify that this SAP is adequate in scope of the main analyses of the Octo-Reverse study.

Project number and human subjects protection review boards

- Local project number (scientific protocol) : Committee of Expertise for Research, Studies, and 
Evaluations in the Health Field: CEREES Registration: 962976 (April 23, 2020)

- Independent national data protection authority: CNIL Registration: 920181 (May 11, 2020)
- Independent institutional review board: IRB Registration: #00011928 (August 19, 2022)

Background and rationale

The Covid-19 pandemic highlighted older age as a strong factor associated with death, raising again 
the question of the relevance of critical care for elderly patients. Regardless of the pandemic, the 
heterogeneity of studies on this issue brought one-year survival rate after intensive care unit (ICU) 
admission to about 50% for older patients. This absolute uncertainty could have favored decision-
making process based on clinical judgment alone while triage-systems based even on limited evidence 
would have been ethically preferable. In addition, overoptimistic expectations of outcome could have 
favored the increasing proportion of elderly patients admitted to ICU and the enhancement of time-
limited trial approach for invasive treatments, which a part turned out to be disproportionate. After 
correcting for the growing frailty that accompanies aging, those studies showed main factors of poor 
prognosis: older age (≥ 80 years), non-operative condition and exposition to an invasive procedure. By 
performing a nationwide study, we will seek to assess characteristics, management and outcomes for 
elderly-ICU patients after the combination of these three factors.
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METHOD

Research hypothesis

The null hypothesis is that there is no true association between any single use or a combination of 
invasive procedures (invasive approach vs, on the contrary, conservatice approach) and prognosis of 
older patients admitted for medical reason in ICUs. 

The alternative hypothesis is that there is an association between invasive approach and prognosis.

Study objectives

The primary objective of this study is to determine the association between the use of an invasive 
procedure during the ICU stay and one-year survival starting from the date of ICU admission.

Secondary objectives are to explore the association between the use of an invasive procedure during 
the ICU stay and:

- Overall Mortality Rate at 28, 90 and 365 days
- Overall Mortality Rate in ICU and in hospital
- Length of ICU stay and hospital stay
- ICU readmission rate at one year

Study design

The Octo-Reverse study is a retrospective analysis of data prospectively collected in the Système 
National des Données de Santé (SNDS), the national French healthcare database. The entire study is 
purely observational in design; no interventions were applied as part of the study protocol.

Sampling

Being an observational study, there is no randomization of patients. All patients and stays responding 
to selection criteria were used without

Framework

All outcomes are tested for superiority
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Sample size, power and detectable association

Previous studies examining the prognosis of very old patients in the ICU have shown variability across 
different countries, settings, selection criteria, analyzed factors, and time horizons. Few studies 
specifically addressed the impact of invasive procedures. Of particular relevance is the study by 
Atramont et al. which investigated 2013 French ICU patients and calculated odds ratios (OR) for in-
hospital death associated with invasive mechanical ventilation (2.42; 95% CI [2.25-2.62]) and 
vasopressor support (2.63; 95% CI [2.45,2.83]), while the ORs for 3-month mortality after hospital 
discharge were much lower (1.08 [0.97-1.21] and 1.30 [1.16-1.45], respectively). Similarly, Ferrante et 
al. reported in their 1998-2012 US monocentric study that mechanical ventilation was strongly 
associated with 1-year mortality (adjusted Hazard Ratio, 2.89; 95% CI [1.91-4.37]).

During the year 2013, Atramont identified 23,283 patients aged 80 or older, with nearly 45% being 
surgical (including trauma and burn injuries) patients, resulting in approximately 10,000 patients per 
year. However, intermediate and step-down units were not included in their analysis. Among these 
older patients, approximately 56% received mechanical ventilation. Mortality rates were 30.4% and 
61.7% for in-hospital and 3-year post-discharge, respectively. Fassier et al. reported an in-hospital 
mortality rate of 33.9% among the 32,844 French ICU hospitalizations in 2009, while the monocentric 
study by Roch et al. found a higher rate of 55%. Seethala et al. reported a 1-year mortality rate of 
32.8% among 10,583 US patients, whereas Roch (15) found a rate of 72%.

For our study, we anticipate including at least 15,000 patients each year. Our main analysis will focus 
on mechanical ventilation as an example for our power calculation. Assuming that the 1-year mortality 
rate among controls ranges from 0.3 to 0.5, and the risk ratio associated with this procedure is at least 
1.1, a global sample size of 3200 (for a mortality rate of 0.5) to 7600 (for a mortality rate of 0.3) will 
provide 80% power to detect this effect. Additionally, patient matching based on propensity score will 
increase power. Lastly, as we are interested in potential trends in patient trajectories, our dataset will 
encompass multiple years.

Timing of final analyses

Data cleansing will be performed upon retrieval of the selected dataset. The final analysis will be 
conducted hereafter.

Timing of outcome assessment

Death certificates are continuously collected by Cepi-DC, using an automated procedure, followed by 
checks. The coding of causes of deaths is made by experts, so the detailed update of the SNDS database 
is within 6 to 12 months.

In our dataset, follow-up of patients without a death record will be censored at a date corresponding 
to the 95th percentile of all dates of death.
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STATISTICAL PRINCIPLES

Confidence interval and p-values

In this prognostic study, there is a single primary outcome, and therefore, no adjustment will be made 
for multiplicity. For the secondary objectives, all relevant statistical tests will be two-sided and 
conducted at a significance level of 0.05. Additionally, all reported confidence intervals will be 95% and 
two-sided.

Adherence and Protocol deviations

As the study is strictly observationnal and aims to summarise what is the “real life” of older patients 
in ICUs, protocol deviations are not applicable.

Analysis sets

The analysis population is defined based on the recorded ICU procedures in the database. This means 
that the individuals included in the analysis sets are defined “as treated” and selected according to the 
specific treatments and interventions they received during their ICU stay, as documented in the 
database.

STUDY POPULATION

Screening and eligibility

Eligible patients who were not included will be compared to included patients by comparing their 
general characteristics (age, sex, year of admission), and SAPS-II scores. All eligible patients will be 
included on their first day of ICU admission, whatever the duration of the ICU stay or the level or the 
ICU (intermediate or step-down unit).

Inclusion criteria

- Age at ICU admission ≥ 80  years
- ICU admission during the period January 2013- December 2018
- Non-operative condition, defined as no surgical procedure or no surgical DRG, either during 

the hospitalization encompassing the index ICU stay or during the 30 days before this ICU 
admission

Exclusion criteria

Any of the following: 
- Any missing data on the following core dataset : age, sex, SAPSII, main diagnosis, procedures 

(code and timing), dates (admission, discharge, follow-up), DRG code
- DRG error
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Data Retrieval

During the preparation of this SAP, the retrieval of data was still in progress. To comply with our 
request and French regulations on data confidentiality, the SNDS data managers have deposited a 
subset of the entire database into a dedicated secure workspace. This subset specifically includes 
individuals who were admitted to an intensive care unit (including intermediate and step-down units) 
at least once between 2009 and 2018 and were aged 80 or above at the time of admission.

Given the structure of the database, the following steps are necessary:
- Removal of hospital stays with erroneous DRG codes, utilizing a key that combines the year of 

discharge, hospital code, and stay code within the hospital and year.
- Concatenation of hospital stays for the same patient across time, organizing them by entry 

date and calculation of the time interval between successive stays.
- Association of each hospital stay with its corresponding elementary stays in different units to 

generate an array of unit stays, ordered by entry time in a wide format.
- Calculation of the duration of each unit stay, particularly in the ICU.
- Linkage of the table of procedures (including procedure codes, number of executions, and start 

and stop dates within the hospital stay) to the table of hospital stays using the stay key, 
resulting in an array of procedures ordered by their start time in a wide format.

- Identification of hospital stays with surgical procedures.
- Determination of the unit where each procedure was performed.
- Calculation of the start time and total duration of invasive procedures (such as invasive 

ventilation and vasopressor support) within the ICUs.
- Connection of the table of secondary diagnoses (ICM10 codes) to the table of hospital stays 

using the stay key to obtain an array of ICM10 codes, ordered by the units where they were 
attributed.

- Linkage of the table of hospitals (including information on public/private funding, university 
status, equipment, geriatric or palliative care facilities) to the table of hospital stays using the 
hospital code.

- Association of the resulting table of documented stays with the table of patients to retrieve 
social insurance status, date, and cause of death.

- To ensure homogeneity, exclusion of the years 2009-2012 due to modifications in the structure 
of some tables or the recording of SAPSII.

- Chronological arrangement of the stays, and selection of the first hospital stay where each 
patient was admitted to an ICU for non-surgical reasons, provided they were 80 years or older.

A STROBE flow diagram will be used to illustrate the progression of patients throughout the study, 
from the initial screening for eligibility in the database to the partitioning based on ICU procedures and 
the one-year follow-up. Additionally, we will summarize the number of exclusions, along with the 
reasons for their exclusion.
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Withdrawal or lost to follow-up

The study is a retrospective analysis of data already collected in the SNDS. Recording of hospitalization 
data is mandatory in the SNDS. Therefore, the concept of withdrawal or lost for follow-up cannot be 
applied.

Baseline characteristics

The following information will be collected at the time of ICU admission:
- Age (in years)
- Gender
- Social status and place of residence
- Simplified Acute Physiology Score (SAPS) II at ICU admission
- Pre-existing medical conditions and diagnoses (which will be used to calculate the Charlson's 

comorbidity score)
- Reason for ICU admission
- Dates of hospital and ICU admission
- Pre-admission location (such as home, emergency department, another unit, or another 

hospital)
- Characteristics of the hospital and ICU (funding, university affiliation, level of care)

We will present these characteristics in a baseline characteristics table. Continuous variables will be 
summarized using either the mean and standard deviation (SD) or the median and interquartile range 
(IQR) for variables with asymmetric distribution. The normality of continuous data will be assessed 
through Q-Q plots and histograms. Categorical variables will be described by the proportion of 
participants in each category, along with 95% confidence intervals (CIs) when applicable.

ICU daily follow-up

- Vital status
- Hospital and ICU discharge or readmission (date, pre-admission location: home / emergency / 

other unit / other hospital, destination: home / other unit / other acute hospital / long-term 
care)

- Endotracheal intubation, extubation, re-intubation, tracheostomy
- Life-sustaining treatments. These procedures are date-stamped (relative to the start of the 

hospital stay) and coded using a national multidimensional classification system called CCAM 
- Main diagnosis and secondary diagnoses (ICM10)
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Long term follow-up

- Readmission to the hospital or ICU
- Vital status
- Causes of death, if applicable

We will extract mortality data at 30 days, 3 months, 1 year, and 5 years from the survival duration. 
Additionally, we will present the length of ICU and hospital stay, as well as readmission rates at one 
year

Exposure

The exposure variable will be defined as the first occurrence of either vasopressor support or invasive 
mechanical ventilation during the ICU stay. This will be referred to as the invasive approach, while the 
opposite will be referred to as the conservative approach. We make this choice because these 
procedures are reliably documented for urgent decision-making. We will not consider non-invasive 
ventilation and renal replacement therapy due to the ambiguity in coding between acute and chronic 
situations, and sometimes maintained as palliative support.

Assumed confounding covariates

The majority of variables measured in our study are inherently correlated, as they primarily pertain to 
a patient's physiological reserve or functional status. Unmeasured factors, such as environmental, 
genetic, or psychological influences, have the potential to confound our outcome variables. To address 
this, we provide an illustrative example of confounding variables and categorize them as either 
'measured' or 'unmeasured'.

Mortality is presumed to be confounded by:
- Measured: age, sex, pre-existing comorbidities (Charlson), SAPS-II score, reason for admission, 

palliative care, preadmission location, and ICU or hospital characteristics (academic status)
- Unmeasured: respiratory and circulatory parameters, cause of mortality (e.g., death resulting 

from multi-organ failure, failure to rescue, do-not-resuscitate [DNR] orders, patient's or 
family's personal wishes, or a combination thereof), crowding or insufficient caregiver 
availability, ICU or hospital characteristics.

Length of stay is presumed to be confounded by:
- Measured: age, comorbidities (Charlson), SAPS-II score, palliative care, ICU or hospital 

characteristics
- Unmeasured: crowding or insufficient caregiver availability, ICU or hospital characteristics.

Hence, we acknowledge the presence of residual confounding in our dataset due to unmeasured 
confounding factors, some of which have been outlined above
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ANALYSIS

Descriptive

All continuous variables, including changes from baseline, will be summarized globally and according 
to the ICU approach (invasive vs conservative) using means, standard deviations (SD), or medians and 
interquartile ranges for skewed variables. Categorical variables will be summarized globally and 
according to the ICU approach using counts and percentages, supplemented with 95% confidence 
intervals (CIs). The normality of distributions for quantitative variables will be assessed using Q-Q plots 
and histograms. For each variable, unless otherwise specified in advance, the choice of statistical tests 
and multivariate models (parametric or non-parametric) will be determined based on observed 
characteristics such as the normality of distributions and residuals, as well as collinearity. The 
relationship between a quantitative factor and any response will be explored by fitting fractional 
polynomials.

Primary end-point and time-to-event analysis

- Measurement of Survival and Follow-up
Survival will be assessed from the date of ICU admission until the date of death or until the last follow-
up, in cases where the patient's data is no longer available. Since the data refreshment for SNDS 
(French healthcare data system) occurs periodically nationwide, the date of the last follow-up will be 
estimated using the 95th percentile of the recorded dates of death.

- Comparison of Mortality Proportions 
The raw mortality rates at one year will be compared between the two ICU approaches using a Chi-
squared test.

- Time-to-Event Analysis
The main comparison will be analyzed using a time-to-event approach, with a censoring time set at 
one year (365 days) from the first ICU admission. The description of mortality proportions will be 
presented using Kaplan-Meier survival curves when independent factors are binary (such as ICU 
approach or procedures), categorical (pre-admission location), or ordinal (either native, like the 
Charlson index, or resulting from dividing a continuous variable into groups, such as age groups).

- Immortal Time Bias
To address the issue of immortal time bias when comparing the survival of the invasive group (patients 
receiving vasopressor support or invasive mechanical ventilation) with the conservative group, the 
occurrence of an invasive procedure will be considered as a time-dependent covariate. The time of 
first use of any invasive procedure will be estimated and treated as a covariate in the analysis. To avoid 
ties, when the first invasive procedure and death occur on the same day, the time of death will be 
shifted by 0.1 day. Time-dependent Kaplan-Meier survival curves will be established following the 
approach proposed by Steven M Snapinn, Qi Jiang & Boris Iglewicz (2005) Illustrating the Impact of a 
Time-Varying Covariate With an Extended Kaplan-Meier Estimator, The American 
Statistician, 59:4, 301-307, DOI: 10.1198/000313005X70371
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- Univariable Cox Proportional Hazard Regression Analysis
Associations between the incidence of death at one year and exposure or confounding factors will be 
explored using univariable Cox proportional hazard regression analysis. The relationship between a 
quantitative factor and the incidence of death will be examined by fitting fractional polynomials.

- Multivariable Analysis
Covariates with a p-value less than 0.2 in the univariable analysis will be included in the multivariable 
model. A multivariable analysis of the association between procedures or patient characteristics and 
outcomes will be performed using a Cox proportional hazards model. Hazard ratios (HR) will be 
calculated, and ties will be handled using the Efron approximation. The proportional hazards 
assumption will be assessed through plots of scaled Schoenfeld residuals and corresponding tests. If a 
time-varying effect is detected, the Cox model will be extended by adding an interaction term between 
the covariate and a transformation of time, with the choice of transformation determined by the 
Akaike Information Criterion (AIC).

- Propensity Score Analysis
Given the potential differences between patients receiving invasive support and those in the 
conservative group, a propensity score (PS) method will be employed to minimize confounding and 
obtain an unbiased estimate of the treatment effect. However, conventional PS methods may 
introduce bias when treatment or exposure varies over time. To address this issue, an inverse 
probability of treatment weighting (IPTW) method adapted to the time-dependent context will be 
used. The time span will be divided into strata, allowing the calculation of a propensity score at 
different time points. Propensity scores will be calculated using a Cox model that predicts the use of 
invasive procedures based on patient characteristics available at admission. Emphasis will be placed 
on balancing prognostically important covariates in the score.

- Validation of Propensity Score Weighting
Propensity score distributions will be examined to assess the overlap between the two groups before 
and after weighting. Variable balance will be assessed by examining standardized mean differences 
before and after weighting, variance ratios between the two groups, and the overlapping coefficient. 
Sensitivity analyses will be conducted by trimming weights at different percentiles. 

- Estimation of Treatment Effects
IPTW will be used to estimate the average treatment effect (ATE) for the 1-year mortality associated 
with invasive support compared to the conservative approach. Hazard ratios (HR) and their 95% 
confidence intervals will be estimated. As weighting may modify the sample size relative to the original 
population and induce a lack of independence, a robust sandwich-type estimator will be used to 
calculate standard errors, accounting for this uncertainty. Regression adjustment will also be employed 
to address confounding variables used for stabilization. 

- Summary of Results
When the treatment effect is time-varying, the overall hazard ratio (HR) will be interpreted as a 
weighted average HR over the event times. Additionally, the difference in the restricted mean survival 
time (RMST) will be calculated as a model-free parameter, providing a measure of the loss of life 
expectancy.
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Sensitivity and subgroup analyses

We will conduct sensitivity analyses to evaluate the reliability of the overall hazard ratio (HR) 
associated with invasive procedures. These analyses will involve the following approaches:

- Trimming of ATT Weights: We will assess the impact of different trimming methods on the 
results. Specifically, we will examine the HR using propensity score weights that are trimmed 
at the 5th and 95th percentiles, as well as without any trimming. 

- Time Strata Definition: The robustness of the results will be examined by defining time strata 
based on different criteria. We will consider time strata where each day an invasive procedure 
or a death occurred, as well as predefined periods. 

In addition to the sensitivity analyses, the interpretation of the results will be enhanced by analyzing 
mortality at various follow-up times. We will assess mortality rates at 28 days from ICU admission, at 
one year from hospital discharge, as well as at 7 and 30 days.

Regarding subgroup analysis, we will divide the population into three subcohorts based on age: less 
than 85 years, 85 to less than 90 years, and 90 years or older. A Forest plot will be generated, 
presenting the estimated point and confidence intervals for the treatment effect across these age 
subgroups.

Secondary End-points

The secondary survival endpoints will be described and analyzed using the same methodology as the 
primary endpoint. 

For the readmission rate, the data will be modeled as time-to-event, censored at 365 days (D365), 
within a competing risk framework. In this framework, readmission will be considered the main event, 
while death before readmission will be treated as a competing event. The time to each event, referred 
to as subdistribution hazards, will be modeled using a Fine & Gray model, with the type of ICU approach 
(invasive or conservative) included as a covariate. This analysis will provide a subdistribution hazard 
ratio (SHR), which takes into account both the time to readmission and the probability of death.  
Additionally, the length of ICU stay (in days) and the length of hospital stay will be compared between 
the two ICU approaches using a Wilcoxon test. These lengths will also be modeled using a linear model.

Missing Data

Since stays with any missing data on the core dataset will be excluded from the analysis, there is no 
need for imputation of missing data.

[Statistical software : All statistical analyses will be conducted using the SAS Enterprise Guide v7.15 
(SAS Institute Inc., Cary, NC, USA) provided by the SNDS infrastructure].
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