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ORIGINAL ARTICLE
Peri-interventional outcome
 study in the elderly in Europe

A 30-day prospective cohort study

POSE-Study groupM
OBJECTIVES The aim of this study was to describe the 30-
day mortality rate of patients aged 80 years and older under-
going surgical and nonsurgical procedures under anaesthe-
sia in Europe and to identify risk factors associated with
mortality.

DESIGN A prospective cohort study.

SETTING European multicentre study, performed from
October 2017 to December 2018. Centres committed to
a 30-day recruitment period within the study period.

PATIENTS Nine thousand four hundred and ninety-seven
consecutively recruited patients aged 80 years and older
undergoing any kind of surgical or nonsurgical procedures
under anaesthesia.

MAIN OUTCOME MEASURES The primary outcome was
all-cause mortality within 30 days after procedure described
by Kaplan–Meier curves with 95% CI. Risk factors for 30-
day mortality were analysed using a Cox regression model
with 14 fixed effects and a random centre effect.

RESULTS Data for 9497 patients (median age, 83.0 years;
52.8% women) from 177 academic and nonacademic
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hospitals in 20 countries were analysed. Patients presented
with multimorbidity (77%), frailty (14%) and at least partial
functional dependence (38%). The estimated 30-day mor-
tality rate was 4.2% (95% CI 3.8 to 4.7). Among others,
independent risk factors for 30-day mortality were multi-
morbidity, hazard ratio 1.87 (95% CI 1.26 to 2.78), frailty,
hazard ratio 2.63 (95% CI 2.10 to 3.30), and limited mobility,
hazard ratio 2.19 (95% CI 1.24 to 3.86). The majority of
deaths (76%) occurred in hospital. Mortality risk for
unplanned ICU admission was higher, hazard ratio 3.57
(95% CI 2.38 to 5.26) than for planned ICU admission,
hazard ratio 1.92 (95% CI 1.47 to 2.50). Compared with
other studies, the in-hospital complication rates of 17.4 and
3.9% after discharge were low. Admission to a unit with
geriatric care within 30 days after the intervention was asso-
ciated with a better survival within the first 10 days.

CONCLUSIONS The estimated 30-day mortality rate of
4.2% was lower than expected in this vulnerable population.

TRIAL REGISTRATION ClinicalTrials.gov Identifier:
NCT03152734, https://clinicaltrials.gov.
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KEY POINTS

� In this European prospective multicentre cohort

study that included 9497 patients at least 80 years of

age undergoing various interventions, the estimated

30-day mortality rate was unexpectedly low with 4.2%.

� The majority of patients presented with multi-

morbidity. One-third had previously experienced at
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limited mobility.
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Introduction
The WHO ‘Global strategy and action plan on ageing

and health’ fosters research on older people in need of

improvement.1 The population older than 80 years is

expected to grow from 125 million by almost 3.5-fold

to 434 million until 2050 worldwide.2 Likewise, the num-

ber of patients undergoing an array of surgical and nonsur-

gical procedures such as radiological, neuroradiological,

cardiological or gastroenterological, with anaesthesia will

increase. Furthermore, frailty, a multidimensional,

dynamic and extreme consequence of the normal aging

process, is seen as a serious global health burden.3,4 Multi-

morbidity, which peaks in older patients and frailty are

associated with an increased risk of adverse outcomes and

significant healthcare costs.3,5 Peri-operative mortality was

stressed as one of the six core surgical indicators that should

be assessed in all countries by 2030.6 In particular, the

mortality within 30 days after a procedure is an important

time frame representing the overall quality of care.7,8

Moreover, with 4.2 million postoperative deaths annually

worldwide, postoperative mortality is ranked as the third

most common cause of death globally.8

However, little is known about the 30-day mortality of

patients aged 80 years and older undergoing any kind of

interventions in Europe.9 We identified 11 studies in

Europe including 3462 patients aged at least 80 years with

an average postoperative 30-day mortality rate of 11.2%

[range 5.3 to 33.3]. These studies predominantly focused

on specific high-risk procedures such as cancer surgery,10

or small nonrepresentative patient populations, potentially

overestimating postoperative mortality. Further, we aimed

to gain information on postprocedural resource utilisation

(ICU or a unit with geriatric support) in this population.

The Peri-interventional Outcome Study in the Elderly

(POSE) was designed to provide essential data on the 30-

day mortality of patients aged 80 years and older under-

going surgical and nonsurgical procedures under anaes-

thesia across Europe.

Materials and methods
Study design, setting and participants
POSE was a European multicentre, observational pro-

spective cohort study. The full study protocol including

protocol changes is presented in Supplementary Digital

Content (SDC 2, http://links.lww.com/EJA/A656).

Patients were eligible if aged at least 80 years and under-

going any kind of surgical or nonsurgical procedure such

as radiological kyphoplasty or gastrointestinal stenting,11

under anaesthesia (performed by an anaesthetist). Fur-

thermore, procedures without any intervention such as

diagnostic computer tomography with sedation or solely

anaesthetic interventions such as insertion of a central

venous catheter were excluded. From October 2017 to

December 2018, each centre recruited their patients

during 30 self-selected consecutive days within the total

study period. The follow-up period for each patient
comprised 30 days after the procedure. Procedures were

classified as either surgical or nonsurgical, elective or

nonelective, and inpatient or outpatient. POSE aimed

to recruit as many European countries and centres as

possible using this convenient sampling strategy. Study

centres (SDC 1, http://links.lww.com/EJA/A655) were

invited to participate via the POSE website.12 Several

anaesthesia societies (European, French, German and

Swiss) endorsed POSE. A national co-ordinator was des-

ignated for each country and was in charge of national

regulatory matters. Mandatory research ethics board

(REB) approval or a waiver was granted at each centre.

Patient or legal representative consent was sought as

required according to respective national laws. Initial

REB approval (EK 162/17) was granted to the University

Hospital RWTH Aachen, Germany by the institutional

REB of the University Hospital RWTH Aachen, Aachen,

Germany on 18 August 2017. The study was registered

with ClinicalTrials.gov (NCT03152734) and is reported

in accordance with the STROBE statement.13

Variables and data
Patient data were collected on paper-based case report

forms (SDC 3, http://links.lww.com/EJA/A657) and entered

into an electronic database (OpenClinica, Boston, Massa-

chusetts, USA) pseudonymised. In addition to automatic

database completion, consistency and plausibility checks,

and manual multilevel data validation were performed.

Discrepancies were clarified with local investigators.

Baseline characteristics and outcomes
All the baseline data collected and outcome measures are

described in detail in the study protocol (SDC 2, http://

links.lww.com/EJA/A656) and defined in the POSE glos-

sary (SDC 4, http://links.lww.com/EJA/A658), as well as

the statistical analysis plan (SAP) (SDC 5, http://

links.lww.com/EJA/A659). In brief, apart from other

patients’ characteristics, the comprehensive geriatric

assessment comprised anaemia investigations, nutritional

status, history of falls, functional dependency,14 the Mini-

Cog,15 the timed ‘Up & Go’ (TUG) test16 and frailty.15,17

The POSE frailty assessment is based on the accumula-

tion of deficits model.18 Frailty was scored as present if at

least four of the following six markers were present: Mini-

Cog score 3 points or less; albumin level 33 g l�1 or less;

one fall in the last 6 months; haematocrit level less than

35%; partially or totally functionally dependent; and at

least three comorbidities.15,17 Multimorbidity was

defined as the presence of at least two of the assessed

comorbidities according to the POSPOM19 and American

College of Surgeons National Surgical Quality Improve-

ment Program (ACS-NSQIP) risk calculators.14 The risk

severity of the procedures was classified as described

previously.20–22 Examples for minor, intermediate and

major categories are presented in SDC 4, http://

links.lww.com/EJA/A658. The procedures were classified

as elective if scheduled in advance, as urgent if required
Eur J Anaesthesiol 2022; 39:198–209
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within less than 48 h and as emergency if the patient’s life

or wellbeing was in direct jeopardy.

The primary outcome measure was ‘all cause mortality’

within 30 days after the procedure. All outcomes were

documented at 30 days after the procedure. The secondary

outcomes included in-hospital complications in compli-

ance with the ACS-NSQIP,14 intervention related details,

process measures such as admission to ICU or the use of a

specific geriatric care model, and outcomes on day 30.

Bias
We attempted to minimise the risk of selection bias,

aiming for generalisable results for the target population

by consecutive enrolment of patients within each centre

including legally incompetent and emergency patients.

We assumed a negligible risk of detection bias due to the

objective nature of our primary outcome variable. To

avoid attrition bias after a failed first telephone follow-up,

the study centres made at least one further attempt or

contacted the patients’ next of kin or family physician.

For most secondary outcomes, the risk of detection bias

was controlled by clear a priori definitions and instruc-

tions in the POSE glossary (SDC 4, http://links.lww.com/

EJA/A658). The majority of the data collected was rou-

tinely assessed within the hospital stay, further minimis-

ing the risk of attrition bias.

Sample size
According to the objective of this multicentre observa-

tional cohort study, the sample size calculation was explor-

ative rather than rigorous. However, we propose that the

sample size is reasonable to detect a 2% difference in

mortality rate according to previously published rates. 23,24

For a preliminary estimate, rather than continuous vari-

ables, we used a x2 test to detect a clinically relevant

difference of 10 and 8% in event probabilities after 30 days

between the levels of an arbitrary binary variable (5%

significance level, 80% power). This resulted in 3313

patients per level and similar numbers resulted by using

the log rank test. Accordingly, the total sample size was

predicted to require approximately 7000. Thus, our actual

sample size would be appropriate to establish the proposed

rate difference for at least one risk factor.

Statistical analysis
The statistical analysis was performed according to the

methods specified in the SAP, published on the POSE

website before database lock (SDC 5, http://links.lww.-

com/EJA/A659). Deviations from the SAP in the statisti-

cal analyses are presented in the supplementary methods

in SDC 1, http://links.lww.com/EJA/A655. Mean�SD,

median [Q1 to Q3], absolute and relative frequencies

were used to summarise the data according to their

characteristics.

Kaplan–Meier curves across stratified age groups (80 to 84

vs. 85 to 89 vs. �90 years) with 95% confidence intervals
Eur J Anaesthesiol 2022; 39:198–209
(95% CIs) were used to describe the mortality up to

30 days. The primary endpoint variable was analysed

using a Cox regression model with 14 fixed effects and

a random centre effect (frailty model with lognormal

distribution) via multiple imputation. Five of the fixed

effects were defined in advance as clinically important

model building variables (age, sex, severity of interven-

tion, urgency of intervention and frailty). The other nine

fixed effects were selected from a set of nine candidate

variables because they showed at least a moderate asso-

ciation with the primary endpoint in the corresponding

Cox models with multiple imputation (median or pooled

P value of at most 0.25). The proportional hazards

assumption of all independent (candidate) variables

was examined graphically using Schoenfeld residuals.

In two patients, the exact date of death could not be

determined. The mean value between discharge date

and follow-up date was therefore defined as the time of

death. Using multiple imputation with 12 imputations,

the full cohort was considered in the primary analysis.

Missing values were imputed on the basis of all depen-

dent and independent variables from the Cox regression

model using the fully conditional specification method, as

previously described.25 Estimated hazard ratios, 95% CIs

and P values from the multiply imputed Cox models were

combined using Rubin’s rule. For categorical variables or

interaction terms with more than two levels, the median

type III P values were also reported.

Two sensitivity analyses were conducted, one based on the

complete cases only, and one including three interaction

effects based on clinical relevance (premedication with age

and frailty, respectively, and anaesthesia technique with

the severity of intervention). Administration of premedi-

cation before intervention was allocated to three catego-

ries: none, clonidine and benzodiazepine. Anaesthesia

technique consisted of general anaesthesia, regional anaes-

thesia, sedation and a combination of at least two of them.

All secondary endpoints were analysed descriptively. The

nominal significance level was set as 5%. We did not adjust

for multiple testing. All statistical analyses were performed

using SAS software version 9.4 (SAS Institute, Cary, North

Carolina, USA) and R, version 3.5.1.26

Results
During the recruitment period, the 177 participating

centres from 20 countries treated 12 923 patients at least

80 years of age undergoing procedures under anaesthesia.

Of these, 9862 patients were recruited into the POSE

study. Following exclusion of 365 patients, the data for

9497 patients were analysed (Fig. 1). The hospital char-

acteristics are presented in Table S1 in SDC 1, http://

links.lww.com/EJA/A655.

The patients’ baseline characteristics are presented in

Table 1. Multimorbidity was present in 7334 (77%) of

9497 patients. Our specific pre-interventional geriatric
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Fig. 1 Flow of participants according to the STROBE guideline13

*Cumulative recruitment period consisted of the sum of each self-selected consecutive 30 days per centre
+

Patient was directly admitted to the operating room. Pre-operative consultancy appointment was missed. 
#

Patient was directly admitted to the operating room. Screening and informed consent process were not possible.

Not assessed for eligibility (n = 1562)

¨ Missed invitation to participate due to organisational reasons (n = 1485)

• Same day surgery
+

(n = 26)

• Patient pre-operatively repeatedly not available (n = 177)

• Study team not available/not informed (n = 1219)

• Emergency surgery# (n = 62)

• IT-problems (n = 1)

¨ Surgical department unwilling to participate with their patients (n = 70)

¨ Patient isolated due to multiresitant infection (n = 7)

Excluded (n = 1499)

¨Ineligible (n = 406)

• Previously participated in POSE (n = 67)

• Patient without mental capacity/authorised representative not available/
legally  athorised representative not available (n = 63)

• Patient was discharged pre-operatively to another hospital (n = 5)

• Not meeting inclusion criteria (n = 271)

¨Eligible (n = 1031)

• Refused to participate (n = 948)

• Communication problems (n = 83)

¨No reason given (n = 62)

Assessed for eligibility (n = 11 361)

Enrolment

Excluded (n = 365)

¨Ineligible (n = 321)

• Death before surgery/ intervention (n = 20)

• Surgery/ intervention postponed outside the recruitment window (n = 293)

• Surgery/ intervention cancelled (n = 8)

¨Eligible (n = 44)

• Missing of all patient records (n = 22)

• Patient data were not collected (n = 22)

Screening

Analysis

Included in analysis

(n = 9497) 
Analysed for primary outcome (n = 9497) 

Patients 80 years undergoing surgical and non surgical 

procedures during the cumulative recruitment period* 

(n = 12 923)

Total recruited (n = 9862)

Eur J Anaesthesiol 2022; 39:198–209
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Table 1 Patient demographics and baseline characteristics

All patients (n U 9497)

Age, median [IQR], years 83.0 [81.0 to 86.0]
Age, mean � SD, years 84.3�3.8
Sex, No. (%)

Male 4485 (47.2)
Female 5012 (52.8)

Current smokera, No. (%) 540 (5.7)
Heighta, median [IQR], cm 165.0 [158.0 to 170.0]
Heighta, mean�SD, cm 164.6�9.2
Weighta, median [IQR], kg 70.0 [60.0 to 80.0]
Weighta, mean�SD, kg 70.4�13.5
ASA categorya, median

[IQR]
3.0 [2.0 to 3.0]

ASA categorya, No. (%)
1 170 (1.8)
2 3499 (36.9)
3 5106 (53.8)
4 692 (7.3)
5 23 (0.2)

Comorbidity, No. (%)
Hypertension requiring
medicationa

7090 (74.7)

Cardiac rhythm disorder 3000 (31.6)
Ischaemic heart disease 2464 (26.0)
Cancer 2271 (23.9)
Chronic heart failure or
cardiomyopathy

2109 (22.2)

Diabetes 1947 (20.5)
Chronic renal failure 1673 (17.6)
Other cognitive
complaints

1322 (13.9)

Cerebrovascular disease 1246 (13.1)
Mild cognitive
impairment

1077 (11.3)

Peripheral vascular
disease

1056 (11.1)

Chronic obstructive
pulmonary disease

961 (10.1)

Dementia 756 (8.0)
Chronic respiratory
failure

390 (4.1)

Hemiplegia 231 (2.4)
Chronic alcohol abuse 143 (1.5)
Transplanted organ(s) 12 (0.1)

Multimorbidityb, No. (%) 7334 (77.2)
Frailtyc, No. (%) 1336 (14.1)
History of falls during the last 6 monthsa,d, No. (%)

None 6426 (68.3)
Once 1805 (19.2)
More than once 1181 (12.6)

Unintentional weight loss of
�4.5 kg in the last yeara,
No. (%)

1714 (18.3)

Mini-Cog (complete test)a,d,e

Total score, median
[IQR]

3.0 [1.0 to 5.0]

0 points (profound
cognitive dysfunction),
No. (%)

1392 (15.4)

�3 points, (cognitive
impairment)15 No. (%)

5393 (59.6)

5 points, (normal
cognition), No. (%)

2303 (25.4)

Mini to Cog (recall of three words)a,d,e

Total score, median
[IQR]

2.0 [1.0 to 3.0]

Mini to Cog (clock draw points)a,e

Total score, median
[IQR]

0 [0.0 to 2.0]

Functional statusa

Independent, No. (%) 5845 (61.6)

Table 1 (continued )

All patients (n U 9497)

Partially dependent, No.
(%)

2903 (30.6)

Totally dependent, No.
(%)

743 (7.8)

Limited mobility according
to the TUG testa,f, No.
(%)

6461 (77.2)

Referring facilitya

Home, No. (%) 8220 (86.6)
Nursing home, No. (%) 670 (7.1)
Other Hospital, No. (%) 184 (1.9)
Other, No. (%) 360 (3.8)
Rehabilitation facility, No.
(%)

60 (0.6)

ASA, American Society of Anesthesiologists; IQR, interquartile range; SD,
standard deviation; TUG, Timed Up and Go test. a Missing data: Current smoker,
n¼14; height, n¼146; weight, n¼97; ASA category, n¼7; history of falls,
n¼85; unintentional weight loss, n¼104; Mini-Cog (complete test), n¼443;
Mini-Cog (recall), n¼373; Mini-Cog (clock drawing), n¼442; functional status,
n¼6; limited mobility (TUG), n¼1125; referring facility, n¼3; hypertension,
n¼1. b Multimorbidity was defined as the presence of at least two of the
assessed comorbidities. c Frailty was classified as present, if at least four of
the following six markers were present: Mini-Cog total score of �3 points;
albumin level of �33 g l�1; >1 fall in the last 6 months; haematocrit level of
<35%; pre-operative functional status is partially dependent or totally dependent;
and �3 comorbidities present (according to Robinson et al.15 and Oresanya
et al.17). d Percentages may not total 100 because of rounding. e Mini-Cog
screening tool to detect cognitive impairment or dementia: 0¼profound cogni-
tive dysfunction, �3¼ cognitive impairment according to Robinson et al.,
5¼ normal cognition. f Limited mobility was defined as Timed Up and Go test
performed in >12 s.

Eur J Anaesthesiol 2022; 39:198–209
assessment revealed frailty in 1336 (14.1%) of 9497

patients. About one-third had previously experienced

at least one fall and were partially functionally dependent

at admission, while about two-thirds presented with

possible cognitive impairment (Mini-Cog score of

�3)15 and limited mobility. Other comorbid conditions

according to the ACS-NSQIP, laboratory values and

chronic pre-operative medication are presented in Table

S2 and S3 in SDC 1, http://links.lww.com/EJA/A655.

Interventional characteristics are presented in Table 2.

Most patients (80%) underwent major and intermediately

severe interventions, whereas 7176 (75.6%) were elec-

tive. Nonsurgical procedures were performed in 1026

(10.8%) of 9497 patients.

Description of 30-day mortality
By day 30 after the procedure, 388 deaths were observed

among the 9497 patients, of which 93 occurred after

hospital discharge (Table 3). The Kaplan–Meier estimate

of 30-day mortality was 4.2% (95% CI 3.8 to 4.7) (Fig. 2)

and the Kaplan–Meier curves stratified by age category

showed that mortality increased with age (Fig. 3).

Additional Kaplan–Meier curves of the survival stratified

by ICU admission showed greatest mortality for patients

with unplanned admissions (Fig. S1 in SDC 1, http://

links.lww.com/EJA/A655). Patients with an admission to

a unit with geriatric care within 30 days showed better

survival within the first 10 days after the procedure (Fig

S2 in SDC 1, http://links.lww.com/EJA/A655).
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Table 2 Procedure characteristics

All patients

(n U 9497)a

Severity of the procedure, n (%)
Major 3938 (41.5)
Intermediate 3612 (38.0)
Minor 1947 (20.5)

Urgency of the intervention, n (%)
Elective 7176 (75.6)
Urgent 1842 (19.4)
Emergency 479 (5.0)

Category of intervention, n (%)
Orthopaedic, trauma, and plastic 2860 (30.1)
ENT and Opthalmic 1594 (16.8)
Gynaecologic and urological 1437 (15.1)
Abdominal 1149 (12.1)
Nonsurgical procedureb 1026 (10.8)
Cardiovascular and thoracic 896 (9.4)
Other 338 (3.6)
Neurosurgery 196 (2.1)
Transplant 1 (0.0)

Planned kind of procedure, n (%)
Inpatient intervention 7562 (79.6)
Outpatient intervention 1935 (20.4)

Premedication before intervention, n (%)c

None 7936 (83.7)
Benzodiazepine 1521 (16.0)
Clonidine 30 (0.3)

Anaesthesia technique, n (%)
General 5052 (53.2)
Sedation 1755 (18.5)
Regionald 1628 (17.1)
Combinede 1062 (11.2)

Duration of anaesthesia, median [IQR],
minc

90.0 [48.0 to 142.0]

Duration of anaesthesia, mean (SD),
minc

109.8 (89.1)

Use of any advanced intra-operative
monitoring, n (%)c

3336 (35.1)

Intra-arterial blood pressure
measurement

1675 (17.6)

Anaesthesia depth monitoring
device

1443 (15.2)

Other 577 (6.1)
Central venous pressure 517 (5.4)
Near-infrared spectroscopy 389 (4.1)
Transoesophageal echocardiogram 190 (2.0)
Cardiac output 117 (1.2)
Pulmonary artery catheter 54 (0.6)

Transfusion of plasma during surgeryc 141 (1.5)
Transfusion of platelets during surgeryc 64 (0.7)
Transfusion of red blood cells during

surgeryc
575 (6.1)

Use and completion of a safe surgery checklist (e.g. WHO-safe surgery
checklist)c

Yes 7079 (74.7)
No 2402 (25.3)

Extubation at the end of surgeryf

Yes 4997 (91.0)
No 496 (9.0)

ENT, Ear nose and throat; IQR, interquartile range, SD, standard deviation; WHO,
World Health Organisation. a Percentages may not total 100 because of round-
ing. b Examples for nonsurgical interventions: radiological such as kyphoplasty,
neuroradiological, cardiological or gastroenterological such as gastrointestinal
stenting. c Missing data: premedication before intervention, n¼10; duration of
anaesthesia, n¼22; use of any advanced intra-operative monitoring, n¼2;
transfusion of plasma, platelets or red blood cells during surgery, respectively,
n¼1; use and completion of a safe surgery checklist, n¼16. d Regional anaes-
thesia comprises the epidural, spinal or other regional anaesthesia technique.
e Combined anaesthesia is defined as a combination of at least two of the three
categories: general anaesthesia, sedation, or regional anaesthesia. f Applicable
cases/ missing data: extubation at the end of surgery, n¼5493/n¼2.
Analysis of 30-day mortality
All 14 fixed effects besides anaesthesia technique were

identified as independent risk factors for mortality

(P< 0.05) in the Cox model with multiply imputed data

(n¼ 9497) (Table 4 and Table S4 in SDC 1, http://

links.lww.com/EJA/A655).

Emergency surgery had a higher mortality risk than

elective surgery, hazard ratio 4.17 (95% CI 3.09 to

5.64); the risk of death increased if the patients were

either frail, hazard ratio 2.63 (95% CI 2.10 to 3.30),

showed limited mobility by the TUG, hazard ratio 2.19

(1.24 to 3.86), were multimorbid, hazard ratio 1.87 (95%

CI 1.26 to 2.78), or male, hazard ratio 1.42 (95% CI 1.14 to

1.76). For every 5 years of age difference, the mortality

risk increased by a factor of 1.22, calculated from hazard

ratio per year 1.04 (95% CI 1.01 to 1.06). The mortality

risk was increased for major compared with minor inter-

ventions, hazard ratio 1.56 (95% CI 1.05 to 2.33).

Sensitivity analysis of 30-day mortality
Of 8365 patients with complete data, 330 died within

30 days, and the estimated effects were comparable to our

primary analysis with multiple imputed data. However,

significant effects were abolished for the following vari-

ables: severity of procedure, transfusion of platelets and

premedication; the point estimates of the hazard ratios

were similar.

The sensitivity analysis accounting for the predefined

clinical interactions revealed no statistically significant

interaction effects (Table S5 in SDC 1, http://links.lww.-

com/EJA/A655). An additional sensitivity analysis of the

variable ‘Admission to ICU’ as a further risk factor (Table

S6 in SDC 1, http://links.lww.com/EJA/A655) confirmed

the results of the main model. Furthermore, an

unplanned ICU admission compared with no admission

showed a significantly higher mortality risk with a hazard

ratio of 3.57 (CI 2.38 to 5.26) than a planned ICU

admission, hazard ratio 1.92 (CI 1.47 to 2.50).

Secondary outcome variables
The secondary outcomes are presented in Table 3 and

Table S7 in SDC 1, http://links.lww.com/EJA/A655. At

least one in-hospital complication defined by ACS-

NSQIP14 was detected among 1650 (17.4%) of 9493

patients. The median hospital length of stay was 3.0 days

[1.0 to 8.0]. The median stay in ICU of patients admitted

to ICU within 30 days of intervention (n¼ 1796) was

2.0 days [1.0 to 4.0]. Immediate postinterventional admis-

sion to ICU occurred in 1657 (17.5%) of 9496 patients for

whom 1508 (91.0%) admissions had been planned. A total

of 387 (4.1%) of 9494 patients had an unplanned admis-

sion to the ICU within 30 days after intervention. Direct

postinterventional admission to a unit with geriatric

support occurred among 679 (7.2%) of 9496 patients,

whereas an admission at any time-point within 30 days

of procedure occurred for 10.9%. The 30-day follow-up
Eur J Anaesthesiol 2022; 39:198–209
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Table 3 Secondary outcomes

All patients (n U 9497)
a

n (%)
e

In-hospital outcomes
Hospital length of stay, median [IQR], days 3.0 [1.0 to 8.0)
Hospital length of stay, mean�SD, days 5.9�7.3
ICU length of stay, median [IQR], daysb 2.0 [1.0 to 4.0]
ICU length of stay, mean�SD, daysb 3.6�5.5
Admission to ICU immediately after procedure

Yes 1657 (17.5)
No 7839 (82.6)

Planned admission to ICU immediately after procedured 1508 (15.9)
Unplanned admission to ICU immediately after procedured 149 (1.6)
Unplanned ICU admission at any time-point after intervention until day 30c 387 (4.1)
Admission to a unit with geriatric support immediately after procedurec

Yes 679 (7.2)
No 8817 (92.9)

Admission to a unit with geriatric support at any time-point after procedure until day 30c 1030 (10.9)
Discharge to postacute care according to the ACS-NSQIPc 2026 (21.3)
At least one in-hospital complication according to the ACS-NSQIPc 1650 (17.4)

Return to the operating room 369 (3.9)
Urinary tract infection 338 (3.6)
Pneumonia 335 (3.5)
Acute kidney injury 317 (3.3)
Cardiac arrest 222 (2.3)
Systemic sepsis 209 (2.2)
Superficial incisional surgical site infection 167 (1.8)
Ventilator dependency >48 h 148 (1.6)
Deep incisional surgical site infection 132 (1.4)
Wound dehiscence 124 (1.3)
Myocardial infarction 83 (0.9)
Unplanned intubation 74 (0.8)
Stroke 52 (0.6)
Organ space surgical site infection 48 (0.5)
Pulmonary embolism 37 (0.4)
Deep vein thrombosis 33 (0.4)
Venous thromboembolism/blood clot 27 (0.3)

Discharge destinationd

Home 6797 (76.5)
Rehabilitation facility 938 (10.6)
Nursing home 690 (7.8)
Other hospital 363 (4.1)
Other 100 (1.1)

30-day follow-up outcomes
Survival status

Patient was discharged and alive 8359 (88.0)
Patient was discharged and lost to follow-up 442 (4.7)
Patient was still at ward and alive 308 (3.2)
Patient died in-hospital 295 (3.1)
Patient died after discharge 93 (1.0)
At least one of the following complications after discharged 335 (3.9)
Pulmonary complications after discharge 152 (1.8)
Cardiac complications after discharge 106 (1.2)
Acute kidney injury after discharge 99 (1.1)
Stroke after discharge 34 (0.4)

Functional statusd

Independent 4270 (49.9)
Partially dependent 3084 (36.0)
Totally dependent 1205 (14.1)

Brief screen for cognitive impairment, 3-item delayed recall partd

Total correct words, median [IQR] 2.0 [1.0 to 3.0]
0 correct words 1584 (20.2)
1 correct word 868 (11.1)
2 correct words 1864 (23.8)
3 correct words 3517 (44.9)

ACS-NSQIP, American College of Surgeons National Surgical Quality Improvement Program; IQR, interquartile range; SD, standard deviation. a Percentages may not
total 100 because of rounding. b Referring to the total number of patients (n¼1796) admitted to ICU at any time-point within 30 postprocedure days. c Missing data:
Admission to ICU immediately after intervention, n¼1; unplanned ICU admission at any time-point until day 30, n¼3; admission to a unit with geriatric support immediately
after intervention, n¼1; admission to a unit with geriatric support at any time-point until day 30, n¼3; discharge to postacute care, n¼4; any in-hospital complications
according to the ACS-NSQIP, n¼4. d Applicable cases/ missing data: Admission to ICU directly after procedure, n¼1657/ n¼0; discharge destination n¼8894/ n¼6;
complications after discharge, n¼8694/ n¼200; functional status on day 30, n¼9109/ n¼550; brief screen for cognitive impairment, n¼9109/ n¼1276. e If not
otherwise stated.
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Fig. 2 Survival in the entire cohort
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Kaplan–Meier survival curve for the entire cohort until day 30 after the intervention.
showed that 4270 (49.9%), 3084 (36.0%) and 1205 (14.1%)

of the 8559 patients were functionally independent,

partially dependent and totally dependent, respectively.

At least one of four predefined serious complications

(pulmonary, cardiac, renal and stroke) occurred in 335

(3.9%) of 8694 patients after hospital discharge, with

serious pulmonary complications being the most frequent

complications (1.8%).

Discussion
POSE is the largest European prospective multicentre

cohort study thus far, involving 9497 patients aged at least

80 years undergoing surgical and nonsurgical procedures.

POSE revealed an estimated 30-day mortality rate of

4.2%, which was lower than expected for this vulnerable

patient population. The majority of patients were multi-

morbid, cognitively and functionally impaired, and

underwent major, elective in-patient procedures. Partic-

ularly striking is the contrast of this POSE mortality rate

to the rate of 8.2% in the large ACS-NSQIP register-
based, noncardiac surgery study with patients of similar

age.23 Interestingly, the mortality in the large European

EuSOS study was only slightly lower (4.0%), though

EuSOS involved younger patients with a mean age of

56.7� 18.5 years and excluded higher-risk surgery such

as cardiac surgery and neurosurgery.22 One reason for our

low mortality rate might be different inclusion criteria, as

other studies have either excluded day-case surgery22 or

minor surgery,23 both of which are supposed to be asso-

ciated with a better outcome. Although POSE involved

10.8% nonsurgical procedures, which are associated with

less mortality and morbidity in elderly patients,11 our data

did not show differences in mortality risks for surgical and

nonsurgical patients.

Nevertheless, procedures with low Operative Stress

Scores are associated with higher postoperative mortality

if the patients are frail and thus frailty should also be

assessed in patients undergoing minor risk procedures.27

To our knowledge, POSE is the first European study that
Eur J Anaesthesiol 2022; 39:198–209
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Fig. 3 Survival stratified by age
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included a comprehensive pre-intervention evaluation

of specific geriatric domains in patients aged at least

80 years, such as cognition, function, nutrition, comor-

bidities and frailty. This is an important step in offering

optimal strategies and shared decision-making.1,3,4,9,17,27

The weighted average prevalence of frailty is estimated

to be 10 to 11%.3,5 Our data showed a slightly higher

frailty rate of 14.1%, which might be attributed to the

heterogeneous definitions of frailty. One shortcoming of

the POSE frailty definition is that missing values for

haematocrit and albumin and the use of a cut-off of

>117 instead of �1 for the falls may have underestimated

the frailty rate in POSE. Interestingly, 38% of these

patients were at least partially dependent, and about

two-thirds presented with limited mobility and possible

cognitive impairment, which is somewhat inconsistent

with the apparent low frailty rate, which may be attribut-

able to the frailty definition we used. In particular, the

TUG result was not considered as a frailty marker in this
Eur J Anaesthesiol 2022; 39:198–209
study. Yet, frailty was identified as a significant risk factor

(hazard ratio 2.63) for postoperative mortality, in line with

previous reports.3,17,27 The POSE assessment using the

TUG test and the level of independence14 could easily be

implemented for most patients in routine clinical prac-

tice. TUG was previously strongly associated with insti-

tutionalisation, morbidity and mortality,17,28 and POSE

revealed a hazard ratio of 2.19 for 30-day mortality.

However, our applied cut off value of more than 12 s

for prolonged TUG might have overestimated limited

mobility. Maintenance of functional independence

including prevention of falls is a desirable goal to foster

older people’s autonomy.1,4,5 In POSE, comparable to

WHO data,5 31.8% of patients presented with falls during

the previous 6 months and dependency for activities of

daily living increased until day 30. Furthermore, about

60% of our patients already presented with possible

cognitive impairment at admission, which might be asso-

ciated with increased postoperative mortality and needs
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Table 4 Multivariable Cox regression for all-cause mortality until
day 30

Model with multiply imputed data

Estimated HR (95% CI) P

Independent variable
Age 1.04 (1.01 to 1.06) 0.003
Sex (male) 1.42 (1.14 to 1.76) 0.001
Severity of procedure NA 0.02

Major vs. Minor 1.56 (1.05 to 2.33) 0.03
Intermediate vs. Minor 1.18 (0.79 to 1.77) 0.41

Urgency of procedure NA <0.001
Urgent vs. Elective 2.17 (1.66 to 2.84) <0.001
Emergency vs. Elective 4.17 (3.09 to 5.64) <0.001

Frailtya 2.63 (2.10 to 3.30) <0.001
Procedure category NA <0.001
Referring facility NA <0.001
Transfusion of plasma 2.08 (1.35 to 3.19) <0.001
Transfusion of platelets 2.12 (1.16 to 3.85) 0.01
Transfusion of red blood cells 1.92 (1.42 to 2.58) <0.001
Anaesthesia techniqueb NA 0.28
Multimorbidityc 1.87 (1.26 to 2.78) 0.002
Premedication NA 0.02

None vs. Clonidine 1.39 (0.19 to 10.20) 0.74
None vs. Benzodiazepine 1.71 (1.18 to 2.49) 0.005

Limited mobility TUG testd 2.19 (1.24 to 3.86) 0.007

All pairwise comparisons are presented in Supplementary Table S4 in SDC 1,
http://links.lww.com/EJA/A655. CI, confidence interval; HR, hazard ratio; NA, not
applicable; TUG, Timed Up and Go test. a Frailty was classified as present, if at
least four of the following six markers were present: Mini Cog total score of �3
points; albumin level of�33 g l�1;>1 fall in the last 6 months; haematocrit level of
<35%; pre-operative functional status is partially dependent or totally dependent;
and �3 comorbidities present (according to Robinson et al.15 and Oresanya
et al.17 b Anaesthesia techniques were categorised in four groups as general
anaesthesia, regional anaesthesia (comprising epidural, spinal and other
regional), sedation or a combination of any of the three previous categories.
c Multimorbidity was defined as the presence of at least two of the assessed
comorbidities. d Limited mobility was defined as Timed Up and Go test performed
in >12 s.
to be taken into account for patient tailored information,

treatments, and decision making.17

POSE identified further independent risk variables for

30-day mortality, such as age, male sex, comorbidities and

severity and urgency of intervention, which are in line

with other investigations.22,27,29,30 The majority of

patients presented with a decline in physiological capaci-

ties and underwent elective in-patient interventions.

Thus, the implementation of pre-interventional optimi-

sation strategies17 regarding treatment of the components

of frailty such as medical, nutritional, functional and

cognitive conditions,17 would be beneficial, timely and

feasible. However, the identification of the clinically

most relevant component has to be evaluated in future

interventional studies.

Postinterventional complications are one important cause

for postoperative mortality apart from other factors such

as the patient’s morbidity and the in-hospital ‘failure to

rescue rate’.29

POSE revealed a similar complication rate of 17.4% in

hospital and 3.9% after discharge, compared with the 20%

complication rate in a large ACS-NSQIP study in patients

over 80 years.23 So far, the most frequently reported
complications for patients aged more than 80 years asso-

ciated with in-hospital mortalities were bleeding, fol-

lowed by unplanned intubation and septic shock.29

Although we have not explicitly assessed the mortality

attributable to such complications in the POSE study,

they may be unlikely factors considering the low rates of

sepsis (2.2%) and unplanned intubations (0.8%).

Compared with the ISOS study that analysed patients

with a mean age of 55 years, the in-hospital complication

rate was 16.8%,21 making the rate of 17.4% in POSE

rather low. Nevertheless, 15.9% of the POSE patients

were routinely admitted to ICU immediately after inter-

vention, which was higher than in the EuSOS and ISOS

studies with 5.5 and 9.7%, respectively.21,22 The differ-

ence might be attributed to the older age of the POSE

cohort with higher rates of planned ICU admissions,

though the value of this latter approach remains contro-

versial.21 Only 1.6% of the patients experienced

unplanned admissions to the ICU immediately after

the procedure, which is associated with a significantly

higher mortality rate in patients aged at least 80 years.31

This was confirmed in our sensitivity analysis of the ICU

admissions. Nevertheless, 76% of deaths in the POSE

study occurred before hospital discharge, suggesting that

improved measures for early detection of clinical deteri-

oration and more effective pathways are needed.21 In

addition, in POSE, only 10.9% patients were admitted to

a unit with geriatric support within 30 days after the

procedure, despite the value of peri-interventional spe-

cialised geriatric care models being widely accepted.1,4,5

Lower postoperative mortality, higher-quality care,

shorter hospital stays and lower costs have been associ-

ated with the use of acute geriatric wards.5,32 Our

descriptive analysis of admissions to geriatric care con-

firmed a benefit for survival within the first 10 postin-

tervention days. Interestingly, only 3.9% of the

discharged patients experienced serious complications

(pulmonary, cardiac, renal and stroke). Nevertheless,

about 25% of deaths occurred after hospital discharge,

underlining the need for continued monitoring of elderly

patients after discharge.

The strength of POSE is the prospective and consecutive

inclusion of patients, even patients lacking mental capac-

ity who are frequently excluded in studies.1 Clear defini-

tions and the collection of mostly routinely available data

resulted in reliable data with low rates of missing values.

Altogether, reduced selection and attrition bias increased

the validity of POSE.13 However, we cannot exclude a

possible effect of the loss to follow-up rate of 4.7% on our

primary outcome estimate, though rates less than 5% are

considered low.33 The risk in POSE that some centres

contributed very few patients was addressed by model-

ling a random centre effect in our statistical analysis.

However, as all centres voluntarily registered for partici-

pation, we cannot exclude an effect of selection bias at

the hospital level.
Eur J Anaesthesiol 2022; 39:198–209
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The case-mix, interventional volume and available work-

force of the participating hospitals might have influenced

the outcomes.6 Also, the majority of the participating

hospitals in POSE were either tertiary or academic sec-

ondary hospitals. Similar to other studies,8 causal factors

for death cannot be derived from POSE. In addition,

POSE did not aim to compare these results to the general

mortality of the elderly European population not

undergoing procedures.

POSE revealed a lower than expected 30-day mortality

rate of 4.2%, in patients aged at least 80 years in Europe,

which might, among other factors, represent quite well

tolerated anaesthesia in this vulnerable population.

POSE has identified several mortality-related risk factors.

POSE highlights the importance of peri-interventional

infrastructure and services for older patients, and patient-

centred research targeting individualised, flexible treat-

ment approaches. The implementation of prehabilitation

programmes,17 establishment of peri-interventional geri-

atric expertise and telemedical approaches34 for surveil-

lance after discharge might be considered. Further

studies should address individuals’ needs and analyse

relevant patient-reported outcomes.
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