
Invasive Ventilation and Mortality in Critically 
Ill Nonagenarians: A Retrospective Cohort 

Study 
 

 

 

 

Dissertation 

zur Erlangung des akademischen Grades  

eines Doktors der Medizin (Dr. med.) 

an der 

Medizinischen Fakultät der Universität Hamburg 

 

 

 

vorgelegt von 

Markus Haar 

aus 

Deutschlandsberg, Österreich 

 

 

 

 

2026 

  



   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Betreuer:in / Gutachter:in der Dissertation: Prof. Dr. med. Stefan Kluge  

Gutachter:in der Dissertation: Prof. Dr. rer. nat. Robert Bähring 

Vorsitz der Prüfungskommission: Prof. Dr. rer. nat. Robert Bähring 

Mitglied der Prüfungskommission: PD Dr. med. Hans Klose 

Mitglied der Prüfungskommission: PD Dr. med. Jörn Grensemann 

Datum der mündlichen Prüfung: 05.08.2026 

 



  pg. 1 

 

Table of Contents 
1. Background and rationale ............................................................................ 2 

2. Aim and research questions ......................................................................... 2 

3. Methods .......................................................................................................... 3 

3.1. Design and cohort ............................................................................................. 3 
3.2. Statistics ............................................................................................................. 3 

4. Results ............................................................................................................ 4 

4.1. Cohort and ventilation patterns ........................................................................ 4 

4.2. Illness severity and organ support .................................................................. 4 
4.3. Mortality .............................................................................................................. 5 

4.4. Independent predictors of hospital mortality .................................................. 6 

5. Discussion ...................................................................................................... 7 

5.1. Context within existing research ...................................................................... 8 
5.2. Ventilation duration and admission context ................................................... 9 

5.3. Baseline risk and patient-centred outcomes .................................................. 9 
5.4. Clinical implications ........................................................................................ 10 

5.5. Limitations ........................................................................................................ 10 

6. Article ............................................................................................................. 11 

7. Conclusion ................................................................................................... 21 

7.1. English .............................................................................................................. 21 

7.2. German ............................................................................................................. 21 

8. References ................................................................................................... 22 

9. Table of abbreviations ................................................................................. 24 

10. Table of figures ......................................................................................... 25 

11. Table of tables .......................................................................................... 25 

12. Doctoral candidate’s specific contribution ........................................... 26 

13. Eidesstattliche Versicherung .................................................................. 27 

14. Acknowledgement ................................................................................... 28 

 



  pg. 2 

1. Background and rationale 
The very old are the fastest-growing segment of the population in Europe and Ger-

many, and ICU utilisation in nonagenarians is rising.[1–3]  Demographic projections 

indicate that by 2050 the number of European Union citizens aged 75–84 years will 

rise markedly, while the population aged ≥85 years is expected to more than dou-

ble.[1] In Germany, nonagenarians (≥90 years) and centenarians (≥100 years) cur-

rently account for about 1.04% of the population (882,000 individuals) and are pro-

jected to increase to 1.54% (1.30 million) by 2040 and 2.63% (2.17 million) by 2070 

(DESTATIS model: BEV-VARIANTE-02, G2L2M2).[3]  

Invasive ventilation (IV) is frequently used in acute respiratory failure, peri-proce-

dural instability, and shock, but its net benefit in patients aged 90 years or older is 

currently uncertain.[4]  This uncertainty is driven by (i) substantial acute illness and 

treatment burden, (ii) limited trial evidence in this age group, (iii) high baseline (age-

related) mortality that constrains achievable long-term survival even after successful 

ICU treatment, and (iv) the fact that post-ICU survival does not necessarily translate 

into acceptable functional recovery or quality of life.[5–9]   

Clinicians therefore need pragmatic, early prognostic markers to support shared 

decision-making, set expectations, and prompt early re-evaluation of goals of care 

when the likelihood of meaningful recovery appears low. 

2. Aim and research questions 
The aims of this study were to quantify long-term mortality among ICU patients aged 

≥90 years (primary outcome) and to evaluate how invasive ventilation and routinely 

available clinical markers are associated with short- and long-term mortality risk 

(secondary outcomes). 
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3. Methods 

3.1. Design and cohort 

A retrospective cohort of all consecutive ICU admissions of patients aged ≥ 90 years 

at University Medical Center Hamburg-Eppendorf (UKE) between January 2008 

and June 2023 was analysed. Decisions regarding ICU admission and initiation of 

IV were made on an individual basis without predefined age cut-offs; therefore, the 

cohort represents a selected population in whom escalation of care was considered 

potentially appropriate. 

Data were extracted from the electronic health record (Integrated Care Manager). 

Demographics, admission category (non-surgical, elective surgical, emergency sur-

gical), comorbidity burden (Charlson Comorbidity Index, CCI), illness severity 

(SOFA and SAPS II at admission), and organ support (vasopressors, renal replace-

ment therapy) were captured. Mortality was assessed in ICU, in hospital, and after 

discharge via registry linkage. Frailty, baseline function, and health-related quality 

of life were not routinely available. 

Because ICU measurements occur at irregular intervals, time-weighted averages of 

selected laboratory and blood gas variables over the first 6 hours after admission 

were calculated to describe admission physiology more robustly than single time 

points. 

Patients were classified as receiving IV at any point during ICU stay versus no IV. 

To capture clinically meaningful heterogeneity, IV duration was stratified as 

<24 hours, 24-72 hours, and >72 hours. Patients who were not intubated at ICU 

admission but later required IV were additionally characterised. 

3.2. Statistics 

Group comparisons used chi-square/Fisher’s exact tests and Mann-Whitney U 

tests. Hospital mortality predictors were evaluated using multivariable logistic re-

gression including demographic factors, admission category, severity scores, CCI, 

lactate, haemoglobin, and IV duration category. Kaplan-Meier curves described sur-

vival, and a Cox model among hospital survivors assessed predictors of long-term 

mortality.  
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4. Results 

4.1. Cohort and ventilation patterns 

Among 113,950 ICU patients, 1,422 (1.25%) were aged ≥90 years (median age 92; 

66% female). ICU length of stay was short (median 1.7 days), indicating many brief 

critical care episodes. Invasive ventilation was administered to 434 patients (31%). 

IV duration was typically brief (median 13 hours; IQR 4-44); 66% were ventilated for 

<24 hours, 16% for 24-72 hours, and 17% for >72 hours. 

4.2. Illness severity and organ support 

Ventilated patients were substantially sicker at admission. Median SOFA and SAPS-

II were significantly higher in the IV group. Ventilated patients more often required 

vasopressors and renal replacement therapy and had higher early lactate. Comor-

bidity burden was broadly similar between groups, suggesting that acute physiology 

and organ failure drove ventilation exposure (Table 1). 
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4.3. Mortality 

ICU mortality was 35.7% with IV versus 11.5% without IV, and hospital mortality was 

49.3% versus 21.5% (both p<0.001). In the full cohort, Kaplan–Meier analyses 

showed higher cumulative mortality risk in patients who received IV at any point: 

67.3% at 6 months (95% CI 62.3–71.6) and 73.2% at 12 months (95% CI 68.5–

77.3), compared with 43.0% (95% CI 39.7–46.1) and 53.4% (95% CI 50.0–56.6) in 

patients who never received IV (log-rank p<0.001). Overall (irrespective of IV), cu-

mulative mortality risk was 50.4% at 6 months (95% CI 47.6–53.0) and 59.4% at 

12 months (95% CI 56.7–62.0). 

Ventilation duration separated risk meaningfully. Patients ventilated for >72 hours 

had the worst outcomes, with one-year mortality approaching 90%. Shorter IV 

Table 1. Baseline characteristics and outcomes of ICU patients aged 
≥90 years by invasive ventilation status 
Patients receiving IV had higher illness severity at admission (SOFA and 
SAPS II), greater early haemodynamic support requirements, and longer 
ICU length of stay compared with patients who were not invasively 
ventilated. Norepinephrine and lactate values are reported as time-
weighted averages over the first 6 hours after ICU admission. 
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durations (<24 hours) were associated with intermediate outcomes closer to the no-

IV group (Figure 1). 

Among hospital survivors only, post-discharge one-year mortality was numerically 

higher after IV but did not reach statistical significance (p=0.075). 

 

4.4. Independent predictors of hospital mortality 

In multivariable logistic regression, the strongest independent predictors of hospital 

mortality were: peak lactate ≥4 mmol/l within 72 hours of ICU admission (OR 6.67), 

high SOFA scores (4-7: OR 1.96 and ≥ 8: OR 3.46), non-surgical admission (OR 

2.68), CCI ≥ 3 (OR 1.74), and IV duration > 72 hours (OR 4.01).  

Stratification by admission category suggested clinically relevant heterogeneity. 

Non-surgical admissions had high one-year mortality even without IV, and mortality 

exceeded 85% in non-surgical patients ventilated for any duration. Elective surgical 

admissions showed the most favourable trajectories, particularly when IV was not 

required or limited to short durations. However, prolonged IV (>72 hours) was 
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Figure 1. One-year mortality by invasive 
ventilation duration 

Kaplan–Meier survival curves for the full cohort of ICU 
patients aged ≥90 years, stratified by duration of 
invasive ventilation (no IV, <24 h, 24–72 h, >72 h) 
over 1-year follow-up. Survival decreased stepwise 
with increasing ventilation duration, with the poorest 
outcomes in patients ventilated for >72 h (log-rank 
p<0.0001). 
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uniformly associated with very poor prognosis across all admission categories (Fig-

ure 2). 

5. Discussion 
In this single-centre cohort of ICU patients aged ≥90 years, IV was common and 

strongly associated with short-term mortality, particularly when ventilation persisted 

beyond 72 hours. These observational associations should be interpreted as prog-

nostic signals rather than causal effects of ventilation: IV is initiated for heterogene-

ous indications, including peri-operative airway management and short-term stabi-

lisation as well as respiratory failure and multi-organ dysfunction. In this context, 

prolonged IV most plausibly reflects persistent critical illness, complications, or 

Figure 2. One-year mortality by admission cause and invasive ventilation 
duration in ICU patients aged ≥90 years.  
Prolonged invasive ventilation (>72 h) was associated with very high one-year 
mortality across all admission categories (elective surgical 92.3%, emergency 
surgical 92.0%, non-surgical 86.5%). In non-surgical admissions, one-year 
mortality was high even without ventilation (63.2%) and exceeded 85% in all 
ventilated subgroups (<24 h 86.2%, 24–72 h 86.1%, >72 h 86.5%). Elective 
surgical admissions had the most favourable outcomes without ventilation (35.0%) 
or with <24 h ventilation (41.3%), but mortality increased steeply with longer 
ventilation (24–72 h 81.8%, >72 h 92.3%). Emergency surgical admissions 
showed intermediate mortality without ventilation (51.8%) and with <24 h 
ventilation (65.9%), with similarly poor outcomes when ventilation exceeded 72 h 
(92.0%). 
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failure to recover sufficiently to permit liberation from ventilation, rather than harm 

from ventilation itself. 

5.1. Context within existing research 

Across European cohorts, outcomes in elderly ICU patients are consistently poor, 

but vary substantially with case mix and intensity of organ support, emphasising that 

age interacts with acute severity and comorbidity rather than acting in isolation. 

For nonagenarians specifically, Le Borgne and colleagues described ICU and hos-

pital mortality of 35.7% and 42.6% in critically ill patients aged ≥90 years, with IV 

among the strongest predictors of ICU death (OR 4.83, 95% CI: 1.59–15.82), 

whereas age was not (OR 0.88, 95% CI: 0.72–1.08).[10]  Their cohort included a 

higher proportion of ventilated patients than ours, supporting the interpretation that 

ventilation exposure largely reflects selection and severity; our data extend this work 

by showing that ventilation duration, not merely “any ventilation”, separates groups 

with markedly different trajectories.[10]  

Large national datasets provide an essential system-level context for interpreting 

outcomes of mechanically ventilated older adults. In German administrative data 

spanning one million mechanically ventilated patients across periods before, during, 

and after the COVID-19 pandemic, Karagiannidis and colleagues reported very high 

in-hospital mortality in older age strata (59.0% for ventilated patients ≥80 years), 

alongside substantial comorbidity burden and resource implications.[11]  Although 

their analysis does not isolate nonagenarians and includes both ICU and non-ICU 

settings, the key message is highly relevant: IV in very old patients is frequently a 

marker of extreme acute risk, and outcomes at a population level remain poor even 

outside single-centre selection effects.[11]  This reinforces the clinical value of early, 

pragmatic prognostic stratification once ventilation is initiated, and supports inter-

preting prolonged ventilation in our cohort as a signal of persistent organ failure 

rather than a modifiable exposure in isolation. 

Dutch national ICU data provide a complementary perspective focused on ICU-

treated patients. Haas et al. reported that overall one-year mortality in nonagenari-

ans approached 55%, broadly comparable to the cohort-level risk observed 

here.[12]  Their study assessed early ventilation within 24 hours but did not charac-

terise detailed duration strata; our findings add granularity by showing that 
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prolonged ventilation (>72 hours) is consistently associated with very poor one-year 

survival, while shorter ventilation episodes – particularly in elective surgical admis-

sions – may occur in scenarios with greater reversibility.[12]  

5.2. Ventilation duration and admission context 

A central contribution of this study is the combined consideration of ventilation du-

ration and admission cause. Mortality increased stepwise with longer IV duration, 

and patients ventilated for >72 hours formed a subgroup with uniformly poor out-

comes. This pattern is clinically plausible: inability to liberate from IV within the first 

days often indicates ongoing organ dysfunction, limited reversibility of the precipi-

tating illness, or complications of critical illness. 

In our cohort, prognosis differed materially by admission category and ventilation 

duration (Figure 2). Elective surgical admissions had the lowest one-year mortality 

when IV was not required or limited to <24 hours, whereas non-surgical admissions 

had high one-year mortality even without IV and mortality exceeded 85% in all ven-

tilated subgroups. Across admission categories, prolonged IV (>72 hours) identified 

a subgroup with uniformly very high one-year mortality. These patterns suggest that 

ventilation duration functions as a dynamic marker of recovery potential, and its in-

terpretation should be anchored in the admission context and the clinical trajectory 

that prompted ICU care. 

5.3. Baseline risk and patient-centred outcomes 

Background mortality in nonagenarians is substantial even outside the ICU, which 

constrains achievable long-term survival even when ICU treatment is success-

ful.[13]  This matters because long-term endpoints in very old ICU patients should be 

interpreted against expected population risk and complemented by outcomes re-

flecting function and quality of life. 

Frailty is a particularly important missing dimension in retrospective ICU datasets. 

Large European observational studies show that frailty and baseline functional sta-

tus are strongly associated with outcomes in elderly ICU patients, supporting the 

need to integrate geriatric assessment into escalation decisions rather than relying 

on age alone.[5–7]  Discharge destination patterns in our cohort provide only crude 

proxies but suggest that many survivors do not return to independent living, aligning 
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with broader critical illness and ARDS survivorship literature describing persistent 

physical, cognitive, and psychological sequelae with impaired health-related quality 

of life.[14–16]  

5.4. Clinical implications 

These findings support using IV – particularly ongoing IV beyond 72 hours – as a 

trigger for early, structured goals-of-care discussions rather than as evidence that 

ventilation itself causes excess mortality. In the absence of randomised trial evi-

dence in nonagenarians, pragmatic risk markers derived from routine care may help 

clinicians identify patients with very high risk early and avoid delayed, reactive de-

cision-making. 

In our study, lactate was among the strongest predictors of hospital mortality, con-

sistent with its role as an integrative marker of shock physiology and impaired per-

fusion. This supports a pragmatic approach in which elevated lactate, high admis-

sion severity scores, and failure to wean from IV prompt multidisciplinary reassess-

ment. Where prognosis remains uncertain, a time-limited ICU trial can operational-

ise shared decision-making: initiation of IV is paired with a predefined reassessment 

window and explicit criteria for improvement (e.g., stabilising lactate, decreasing 

vasopressor requirements, demonstrable weaning progress, and improving organ 

support needs).[17]  

5.5. Limitations 

This study is limited by its retrospective single-centre design and inherent selection 

bias, as it includes only patients admitted to the ICU in whom escalation was con-

sidered potentially appropriate. Key geriatric and preference-sensitive variables 

(frailty, baseline function, cognition, advance directives, and timing of treatment lim-

itation or palliative care involvement) were not available, limiting patient-centred in-

terpretation and residual confounding adjustment. ICU stays were often short and 

many ventilation episodes brief, which may reduce comparability with cohorts char-

acterised by prolonged ventilation. Long-term analyses are subject to survivorship 

bias and should be interpreted cautiously when extrapolated to all very old ICU pa-

tients. 
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6. Article 
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7. Conclusion 

7.1. English 

In this retrospective cohort of 1,422 ICU patients aged ≥90 years, invasive ventila-

tion (IV) was common and associated with substantially higher ICU and hospital 

mortality. Overall mortality was high (cumulative mortality risk 50.4% at 6 months 

and 59.4% at 12 months) and was higher in patients who received IV than in those 

never ventilated (12 months: 73.2% vs 53.4%). The key discriminator, however, was 

duration: IV persisting beyond 72 hours consistently identified a subgroup with very 

poor prognosis. Together with elevated lactate, high SOFA scores, and greater 

comorbidity burden, these findings provide pragmatic early markers that can sup-

port clinical decision-making. Clinically, the results support using IV – particularly 

failure to achieve liberation within 72 hours – as a trigger for early, structured, pa-

tient-centred goals-of-care discussions and consideration of time-limited ICU trials. 

Given the observational design and missing geriatric variables, these associations 

should be interpreted as prognostic signals rather than evidence that IV itself 

causes excess mortality. 

7.2. German 

In dieser retrospektiven Kohorte von 1.422 ICU-Patient:innen ≥90 Jahre war inva-

sive Beatmung (IV) häufig und mit deutlich höherer ICU- und Krankenhausmortalität 

assoziiert. Die Gesamtsterblichkeit war hoch (kumulative Sterblichkeitswahrschein-

lichkeit 50,4% nach 6 Monaten und 59,4% nach 12 Monaten) und lag bei Patient:in-

nen mit IV höher als ohne IV (12 Monate: 73,2% vs. 53,4%). Entscheidend war je-

doch die Dauer der IV: Eine Beatmung >72 Stunden identifizierte konsistent eine 

Hochrisikogruppe mit sehr ungünstiger Prognose. Zusammen mit erhöhtem Laktat, 

hohen SOFA-Scores und hoher Komorbidität ergeben sich pragmatische Marker, 

die früh im Verlauf verfügbar sind. Klinisch unterstützen die Daten, IV – insbeson-

dere fehlende Entwöhnung innerhalb von 72 Stunden – als Anlass für frühe, struk-

turierte und patientenzentrierte Therapiezielgespräche und ggf. zeitlich begrenzte 

ICU-Therapieversuche zu nutzen. Aufgrund des Beobachtungsdesigns und fehlen-

der geriatrischer Kernvariablen sind die Befunde als Prognosesignale zu verstehen 

und belegen keine Kausalität der IV für Mortalität.  
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12. Doctoral candidate’s specific contribution  
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tality in Critically Ill Nonagenarians: A Retrospective Cohort Study. I initiated the 
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