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ABSTRACT

Background: We aimed to evaluate differences in outcome between patients admitted to intensive care unit (ICU)
after elective versus acute surgery in a multinational cohort of very old patients (>80 years; VIP). Predictors of
mortality, with special emphasis on frailty, were assessed.

Methods: In total, 5063 VIPs were included in this analysis, 922 were admitted after elective surgery or interven-
tion, 4141 acutely, with 402 after acute surgery. Differences were calculated using Mann-Whitney-U test and
Wilcoxon test. Univariate and multivariable logistic regression were used to assess associations with mortality.

Results: Compared patients admitted after acute surgery, patients admitted after elective surgery suffered less
often from frailty as defined as CFS (28% vs 46%; p < 0.001), evidenced lower SOFA scores (4 £ 5vs7 & 7;p <
0.001). Presence of frailty (CFS >4) was associated with significantly increased mortality both in elective surgery
patients (7% vs 12%; p = 0.01), in acute surgery (7% vs 12%; p = 0.02).

Conclusions: VIPs admitted to ICU after elective surgery evidenced favorable outcome over patients after acute
surgery even after correction for relevant confounders. Frailty might be used to guide clinicians in risk stratifica-
tion in both patients admitted after elective and acute surgery.

Trial registration: NCT03134807. Registered 1st May 2017.

© 2019 Elsevier Inc. All rights reserved.

1. Introduction

Patients 80 years and older are admitted to the intensive care unit
(ICU) for various reasons. However, patients admitted electively after
planned surgery differ from patients who are admitted acutely [1].
Elective admission to ICU has been associated with favorable outcome
in the elderly compared to acute patients and it is questionable if
these patient sub-groups can be compared with regard to outcomes
and risk prediction [1-4].

Mortality of such very old intensive Patients (VIP) admitted to an
ICU remains high and post-ICU morbidity causes relevant health costs
and leads to human suffering [5]. Further, due to cost pressures on
health systems, the question which patients should receive maximal
therapy and which patients might benefit primarily from conservative
medical therapy arose [6,7]. In one randomized controlled trial, system-
atic admission to ICU even failed to improve outcomes at 6-month in pa-
tients 75 years and older [8].

Several clinical scores are available to guide clinicians in the inten-
sive care setting. Currently, the most commonly used and most thor-
oughly tested models are the Sequential Organ Failure Assessment
score (SOFA), the Acute Physiology And Chronic Health Evaluation II
(APACHE II) and Simplified Acute Physiology Score 2 (SAPS2) score
[9-11]. Recently, the Clinical Frailty Scale (CFS), assessing frailty through
a simple clinical assessment, has been successfully used to risk-stratify
elderly patients [5,12].

Patients admitted after elective surgery versus after acute surgery
might differ significantly with regards to characteristics, outcomes and
predictors of outcomes. We therefore aimed to compare admitted
after elective surgery or intervention versus after acute surgery or inter-
vention in a large, multinational collective of VIPs admitted to an ICU
with regards to outcome and predictors of mortality with special em-
phasis on frailty.

2. Methods
2.1. Study subjects

VIP1 is a prospective multicenter study, registered on ClinicalTrials.
gov (ID: NTC03134807). These patients were already investigated in an-
other context and methods and patients have been described in previ-
ous publications [5,12,13]. In summary, each participating ICU could
either include consecutive patients during a three-month period or
the first 20 consecutive patients fulfilling the inclusion criteria (all pa-
tients aged 80 years or older admitted to a participating ICU). Data
were collected between October 2016 and February 2017. Patients
with prior elective surgery or intervention before admission to ICU

were considered elective, all others acute. Patients after elective surgery
or intervention were admitted for post-operative management includ-
ing troubleshooting of perioperative complications.

In this study all patients with reported age, sex, frailty score and
SOFA score and data on ICU mortality were included. Data on 30-day
mortality was available in 820 elective and in 3830 acute patients.

2.2. Statistical analysis

Continuous data points are expressed as median + interquartile
range (IQR). Differences between independent groups were calculated
using Mann-Whitney U test for non-paired data and Wilcoxon test for
paired data. Categorical data are expressed as numbers (percentage).
Chi-square test was applied to calculate differences between groups
and McNemar's test for paired data. Univariate and multivariable logis-
tic regression analysis was performed to assess associations with mor-
tality and calculate odds ratios (OR). For the multivariable regression
model, confounders with a p-value <0.10 in the univariate analysis
were included. Elimination criterion was a p-value of >0.10.
Predictiveness was evaluated calculating area under the curve (AUC)
and an optimal cut-off was calculated by means of the Youden Index.
A p-value of <0.05 was considered statistically significant.

2.3. Matched-paired analysis

296 patients admitted after acute surgery or intervention were
matched for age, sex, frailty and SOFA score (perfect-match) to 296 pa-
tients admitted after elective surgery or intervention. Paired analysis
was applied as described above. SPSS version 22.0 (IBM, USA) and
MedCalc Statistical Software version 18.6 (MedCalc Software bvba, Ost-
end, Belgium; http://www.medcalc.org; 2018) were used for all statisti-
cal analyses.

3. Results
3.1. Study population

Admission diagnoses and baseline characteristics are presented in
Table 1. Compared to patients admitted after acute surgery or interven-
tion, patients admitted after elective surgery or intervention were youn-
ger (83 £ 5vs 84 £ 5years; p<0.001), suffered less often from frailty as
defined as CFS (28% vs 46%; p < 0.001), evidenced lower SOFA scores (4
4+ 5vs7 £ 7; p<0.001) and had a shorter ICU length of stay (1.2 4= 2 vs
2.1 + 5.4 days; p < 0.001). In patients admitted after elective surgery,
both treatment withdrawal (5% vs 15%; p < 0.001) and withholding
(2% vs 8%; p <0.001) were less frequent. Patients admitted after elective


http://ClinicalTrials.gov
http://ClinicalTrials.gov
http://www.medcalc.org

C. Jung et al. / Journal of Critical Care 52 (2019) 141-148 143

Table 3
Baseline characteristics in the matched-paired cohort (n = 655 patients for each group).

Table 1
Baseline characteristics in the overall cohort.
Acute Trauma Acute Elective p-value
medical surgery surgery
n= 3484 255 402 922
Age
Median (IQR) 84 84 84 83 <0.001
(81-86)  (81-86)  (82-87)  (81-86)
Frailty score
Median (IQR) 4 (3-6) 4 (3-6) 4(3-5) 4 (3-5) <0.001
SOFA score
Median (IQR) 7(4-11)  7(4-11) 7 (4-11) 4(2-7) <0.001
ICU length of stay
Median (IQR) 2.9 2.9 2.1 1.2 <0.001
(1.1-6.6) (1.1-6.6) (1.0-6.0) (0.9-2.9)
Female sex 1686 108 (42%) 212 (47%) 414 (45%) 0.01
(48%)
Treatment 983 (28%) 68 (27%) 59 (15%) 43 (5%) <0.001
withdrawn
Treatment withhold 515 (15) 51 (20%) 31 (8%) 15 (2%) <0.001
NIV 981 (28%) 32(13%) 62 (15%) 86 (9%) 0.002
Intubation 1753 167 (65%) 213 (53%) 412 (45%) 0.006
(50%)
Renal replacement 383 (11%) 10 (4%) 36 (9%) 40 (4%) 0.002
therapy
Vasoactive drugs 1925 129 (51%) 250 (62%) 326 (35%) <0.001

(55%)

IQR - inter-quartile range; SOFA - sequential organ failure assessment score; ICU - inten-
sive care uni; NIV - non-invasive ventilation.

surgery less often needed renal replacement therapy 4% vs 9%; (p <
0.001), vasoactive drugs 35% vs 62% (p < 0.001) and were intubated
less often (45% vs 53%; p < 0.001). In patients after acute surgery, 274
of 402 patients were admitted from out-of-hospital.

3.2. Survival analysis

Compared to patients admitted after acute surgery both ICU (3% vs
14%; p < 0.001) and 30-day mortality (8% vs 26%; p < 0.001) were
lower in patients admitted after elective surgery, even after correction
for frailty, age, sex and SOFA score (30-day-mortality; OR 0.39 95%CI
0.24-0.63; p < 0.001). Again, after exclusion of patients in whom treat-
ment was withdrawn or withhold, patients admitted after elective sur-
gery evidenced lower intra-ICU (1% vs 7%; p < 0.001) and 30-day
mortality (6% vs 13%; p <0.001) compared to patients admitted after
acute surgery.

Predictors of 30-day-mortality are given in Table 2. Presence of
frailty (CFS >4) was associated with significantly increased mortality
both in patients admitted after elective surgery (7% vs 12%; OR 1.96
95%C1 1.17-3.27; p = 0.01), in patients after acute surgery (2% vs 34%;
OR 1.82 95%CI 1.15-2.89; p = 0.01) as well in all acute (36% vs 49%;
OR 1.70 95%CI 1.50-1.94; p < 0.001) patients. Frailty was moderately

Table 2
Association of relevant factors with 30-day mortality in elective surgery and acute surgery
patients.

Univariate Multivariate

95%ClI

A - acute surgery  HR p-value HR 95%Cl p-value

Age 1.05 099-1.11 0.3

Frailty score 121  1.05-1.39 0.007 126 1.09-146 0.002
SOFA score 1.14 1.08-1.20 <0.001 1.15 1.09-1.21 <0.001
Female sex 128 0.81-2.03 030

B - elective surgery HR 95%ClI p-value HR 95%ClI p-value
Age 1.04 097-1.11 030

Frailty score 133  1.13-1.56 0.001 132 1.12-155 0.001
SOFA score 1.15 1.09-1.22 <0.001 1.15 1.08-1.22 <0.001
Female sex 1.04 063-1.71 0.89

SOFA - sequential organ failure assessment score.

Elective surgery  Acute surgery p-value

n= 296 296
Age

Median (IQR) 83 (81-86) 83 (81-86) n/a
Frailty score

Median (IQR) 4 (3-5) 4 (3-5) n/a
SOFA score

Median (IQR) 6 (3—10) 6 (3-10) n/a
ICU length of stay

Median (IQR) 1.5 (1.00-2.00) 2.00 (0.93-5.39) <0.001

Female sex 148 (50%) 148 (50%) n/a

ICU death 14 (5%) 29 (10%)

30-day death 28 (10%) 60 (20%)

Treatment withdrawn 4 (1%) 19 (6%) <0.01

Treatment withhold 14 (5%) 37 (13%) <0.01

NIV 34 (12%) 48 (16%) 0.11

Intubation 153 (52%) 138 (47%) 0.21

Renal replacement therapy 15 (5%) 25 (8%) 0.15

Vasoactive drugs 133 (45%) 165 (56%) <0.01

IQR - inter-quartile range; SOFA - sequential organ failure assessment score; ICU - inten-
sive care unit; NIV - non-invasive ventilation.

predictive for survival at one month (AUC 0.61), an optimal cut-off
was exactly at the frailty level of <4 points.

In patients admitted after acute surgery, patients admitted from out-
of-hospital evidenced worse outcome both intra ICU (20% vs 11%; p =
0.01) and at one month (34% vs 23%; p = 0.02).

3.3. Matched-pair analysis

In the two cohorts (n = 296 each from patients admitted after elec-
tive surgery versus patients after acute surgery, Table 3) matched for
age, gender, frailty and SOFA score, there both ICU mortality (mean dif-
ference 5.07%; 9.37-0.76%; p = 0.03) and 30-day mortality (mean dif-
ference 10.12%; 3.58-16.65%; p < 0.01) was lower in patients admitted
after elective surgery.

4. Discussion

Here we have shown that in patients 80 years and older admitted to
ICU, compared to patients admitted after acute surgery or intervention
[1] patients admitted after elective surgery or intervention were clini-
cally less sick, younger and less frail as assessed by CFS, [2] even after
correction for relevant confounders and in a matched-pair analysis, pa-
tients admitted after elective surgery had a shorter ICU length of stay
and lower mortality. Further, [3] frailty assessed by CFS was associated
with 30-day mortality both in patients admitted after elective and
acute surgery.

A growing proportion of VIP is admitted to ICUs and how to risk
stratify these patients is of relevance but unclear [14,15]. In our study,
patients admitted electively after surgery evidenced better prognosis
compared to patients admitted after acute surgery even after correction
for age, frailty and organ failure at admission as assessed by CFS and
SOFA score, respectively. This is in accordance to studies showing elec-
tive ICU admission after surgery being associated with better outcome
[1]. Still, compared to patients from European Surgical Outcome Study
(EuSOS), mortality in this cohort was higher but seems in line as pa-
tients in this cohorts were older and all of them admitted to ICU com-
pared to only 8% in EuSOS [16]. Of note, differences in comorbidities,
known to be associated with outcome, were not systematically reported
in this study and might influence the outcome [17]. Parameters
assessing dynamics of disease course such as lactate clearance might
improve our ability to predict risk of death [18,19]. Still, frailty, a condi-
tion characterized by deteriorated physiologic reserves and vulnerabil-
ity to high morbidity due to falls, cognitive decline and hence need for
special care, might add insight over biomarkers and intensive care
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scores, which were not specifically developed for VIPs [20,21]. In our
study, frailty was assessed by CSF, which has successfully been tested
against other tools [22]. Other methods to measure frailty such as
(modified) frailty index and hospital frailty risk score were proposed,
but not available in this study [23-25]. Still, compared to CFS, these
scores primarily assess comorbidities and deviate from the multidi-
mensional frailty concept [26]. Multidimensional score models includ-
ing frailty might help for better risk prediction: in a study of 275
patients aged 65 years or more undergoing intermediate or high-risk
elective surgery, a multidimensional frailty score model (composed
of the Charlson Comorbidity Index, dependence in activities of daily
living, dementia, risk of delirium, short mid-arm circumference and
malnutrition) predicted mortality rates more accurately than the
ASA classification [27].

In patients admitted after elective surgery, frailty was associated
with higher mortality. We therefore think that before elective surgery
VIPs should undergo structured frailty screening. The indication for sur-
gery should undergo rigorous examination if a patient is deemed frail. In
VIPs before any elective intervention modifiable risk factors should be
reduced. Studies investigating effects of specific measures tailored to
minimize the effect of frailty on mortality are warranted [28,29]. Inclu-
sion of geriatric consultancy has proven valuable in other areas of med-
icine. Studies have documented that for post-operative elderly patients,
mainly after hip fracture, geriatric unit admission offers a benefit as
compared to surgical unit admission: In Boddaert et al.'s study, postop-
erative admission to a dedicated geriatric unit reduced both re-
admission rate (14% versus 29%, P = 0.007) and 6-month mortality
(15% versus 24%, P = 0.04). After adjustment for comorbidities, risk
ratio of death at 6 months was 0.43 (95%CI 0.25 to 0.73, P = 0.002)
[30]. Of note, frailty might specifically result in an inability to tolerate
or survive perioperative adverse events. Of note, in our study, in elective
patients, frailty assessed by CFS was associated with increased one-
month mortality, but not with ICU mortality (data not shown). Frailty
might specifically be suited to predict longer-term mortality. In this re-
gard the recently started VIP2 study (NCT03370692) will bring further
evidence.

Admissions of VIPs to an ICU bring up both economic and ethical is-
sues [31]. In our study patients admitted acutely evidenced high one-
month-mortality. Costs of VIPs admitted to ICUs were previously
shown to be high [6,32]. Further, relevant proportion of surviving VIPs
might suffer from high morbidity, although other studies found compa-
rable levels of quality of life to matched non-ICU patients [33-35].
Therefore, a thorough pre-admission assessment is necessary not only
in elective but also in acutely admitted VIPs. Therapy goals and possible
restrictions should be formulated and communicated early [36,37]. Es-
pecially in VIPs an “intensive care trial” of 24 to 72 h duration should
be undertaken. During this time frailty should be assessed and realistic
treatment goals in consent with patients and their relatives formulated
and critically evaluated [7,38-40]. For these “intensive care trials” in
VIPs the concept of “geriatric ICU” with intensive care medicine special-
ists as well as geriatric specialists is intriguing. Once a “curative” ap-
proach is established, geriatric rehabilitation could be planned to
reduce long-term morbidity [36].

4.1. Strengths and limitations

In our study detailed information about the type of surgery was un-
available. Further, no information in acute or elective patients about a
possible delay between decision for surgery/ICU admission and actual
surgery/admission in ICU was collected. No information about an early
rehabilitation program post-surgery contributing to low one-month
mortality was available for analysis. No information about peri-
operative complications was available. However, strength is that an
analysis of a very large, multicenter, multinational cohort with prospec-
tively collected data was available in VIPs.

5. Conclusion

VIPs admitted to ICU after elective surgery were younger and clini-
cally less severley ill, resulting in a more favorable outcome compared
to patients admitted after acute surgery, even after correction for rele-
vant confounders. Frailty might be used to guide clinicians in risk strat-
ification in both patients admitted after elective and acute surgery.

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.jcrc.2019.04.020.
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Poland; Waldemar Machata, Department of Anaesthesiology and Inten-
sive Care, University Hospital and Educational Centre of the Medical
University of £6dz, Poland; Jan Stefaniak, Department of Anaesthesiol-
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Poland; Nuno Catorze, UCIP, C. H. Médio TEJO, Portugal; Miguel Castelo
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de Albacete, Spain; Maria A. Bodi, General ICU, Hospital Universitari de
Tarragona Joan XXIII, Spain; Jesus A. Barea Mendoza, Servicio de Medicina
Intensiva, Hospital Universitario 12 de Octubre, Spain; Sonia Lopez-
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Universitario de Getafe, Spain; Marcela Homez Guzman, ICU, Hospital
Universitario del Henares, Spain; Jesus Rico-Feijoo, Postoperative Critical
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sjukhus, Sweeden; Johanna Lyrén, Intensivvardsavdelning, Hudiksvalls
sjukhus, Gavleborg, Hudiksvalls sjukhus, Sweeden; Katalin Rockstroh,
IVA, Kalmar Linssjukhus, Sweeden; Sara Rydén, Karolinska ICU Hud-
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OP/IVA Kliniken, Linssjukhuset Ryhov, Sweeden; Staffan Pdlsson,
Intensivvardsavdelningen, Norrtdlje, Sweeden; Harald Zetterquist, IVA,
Nykopings lasarett, Sweeden; Annika Nilsson, IVA, Ornskoldsvik,
Ornskoldsviks hospital, Sweeden; Karin Thiringer, avdelning 227, IVA,
Sahlgrenska University Hospital Mdlndal, Sweeden; Marten Jungner,
ICU SUS Malmé, Skane University Hospital, Sweeden; Bjorn Bark, IVA
Lund, Skdne University Hospital, Sweeden; Berit Nordling, [IVA Sundsvall,
Sundsvall, Sweeden; Hans Skold, ICU, Torsby Sjukhus, Sweeden;
Camilla Brorsson, CIP, University Hospital Northern Sweden, Sweeden;
Stefan Persson, Intensivvarsdavdelningen USO, University hospital
Orebro, Sweeden; Anna Bergstrém, IVA Vrinnevisjukhuset, Vrinnevi hos-
pital, Sweeden; Johan Berkius, IVA Vastervikssjukhus, Vastervikssjukhus,
Sweeden; Johanna Holmstrém, Intensivvdrdsavdelningen Vdsterds,
Vastmanlands sjukhus, Vdsterds, Sweeden; 1. van Dijk, Intensive Care,
Alrijne Ziekenhuis, The Netherlands; L.E.M. van Lelyveld-Haas, Intensive
Care, Diakonessenhuis Utrecht, The Netherlands; D.Ramnarain, Intensive
Care, Elisabeth Tweesteden Hospital Tilburg, The Netherlands; Tim Jan-
sen, Intensive Care, HagaZiekenhuis, The Netherlands; Fleur Nooteboom,
IC LZR, Laurentius Ziekenhuis, The Netherlands; Peter HJ van der Voort,
ICU OLVG, OLVG, The Netherlands; Dylan de Lange, Department of Inten-
sive Care Medicine, UMC Utrecht, The Netherlands; Willem Dieperink,
Department of Critical Care, University Medical Center Groningen, The
Netherlands; Monique C. de Waard, Intensive Care Adults, VU University
Medical Center Amsterdam, The Netherlands; Annemarie GE de Smet, In-
tensive Care Unit, University Medical Centre, University of Groningen,
The Netherlands; Laura Bormans, Intensive Care, Zuyderland Medical
Centrer, Heerlen, The Netherlands; Tom Dormans, Intensive Care,
Zuyderland Medical Center, Heerlen, The Netherlands; Ged Dempsey,
Critical Care Unit, Aintree University Hospital NHS Foundation Trust,
UK; Shiju ] Mathew, ICU, Alexandra Hospital, UK; Ashok S Raj, ICU, Barts
Health NHS Trust, Whipps Cross Hospital, UK; Irina Grecu, ITU/HDU,
Basingstoke and North Hampshire Hospital, UK; Jason Cupitt, Critical Care
Unit, Blackpool Teaching Hospitals NHS Foundation Trust, UK; Tom Law-
ton, Critical Care Unit, Bradford Royal Infirmary, UK; Richard Clark, ICU,
Central Manchester Foundation Trust, UK; Monica Popescu, ICU, Chelsea
and Westminster Foundation Trust, West Middlesex University Hospital,
UK; Nick Spittle, ICU, Chesterfield Royal Hospital, UK; Maria Faulkner, ICU,
Countess of Chester Hospital NHS Foundation Trust, UK; Amanda
Cowton, ICU, Darlington memorial Hospital (CDDFT), UK; Esme Elloway,
ICU, Derriford Hospital, UK; Patricia Williams, Critical Care Unit, Dorset
County Hospital, UK; Michael Reay, Critical Care Unit, Dudley Group of
Hospitals NHSFT, Russells Hall Hospital, UK; Srikanth Chukkambotla, Crit-
ical Care Unit, East Lancashire Hospitals NHS Trust, UK; Ravi Kumar, CCU,
East Surrey Hospital, UK; Nawaf Al-Subaie, ICU, Espsom and St Helier Uni-
versity Hospitals, UK; Linda Kent, Critical Care Unit, Fairfield General Hos-
pital, UK; Tiina Tamm, ICU, Frimley Health, Wexham Park Hospital, UK;
Istvan Kajtor, ICU, Frimley Park Hospital, UK; Karen Burns, ICU, Furness
General, UK; Richard Pugh, Critical Care Unit, Glan Clwyd Hospital, UK;
Marlies Ostermann, ICU, Guys and St Thomas Hospital, UK; Elisa Kam,
ICU, Hillingdon Hospital, UK; Helen Bowyer, Critical Care Centre,
Hinchingbrooke Healthcare NHS Trust, UK; Neil Smith, HICU 1&2, Hull
Royal Infirmary, UK; Maie Templeton, Critical Care UNIT, Imperial College
Healthcare NHS Trust, UK; Jeremy Henning, ICU2&3, James Cook
Univeristy Hospital, UK; Kelly Goffin, ICU, James Paget University Hospi-
tal, UK; Ritoo Kapoor, K&C ITU, Kent and Canterbury Hospital, UK;
Shondipon Laha, CrCU, Lancashire Teaching Hospitals NHS Foundation
Trust, UK; Phil Chilton, Critical Care Unit, Leighton Hospital, UK; Waqas
Khaliq, ITU/HDU, Lewisham and Greenwich NHS Trust, UK; Alison
Crayford, ITU/HDU, Maidstone, UK; Samantha Coetzee, ICU, Medway
NHS Foundation Trust, UK; Moira Tait, Adult ICU, Musgrove Park, UK;
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UK; Jonathon Shelton, Ward 38 ICU, Royal Victoria Infirmary, UK; Carmen
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Clare Bolger, General Intensive Care, Univeristy Hospital Southampton
NHS Foundation Trust, UK; Christopher Bassford, General Critical Care,
University Hospital Coventry, UK; Amanda Cowton, ICU, University hos-
pital of North Durham, UK; john lewandowski, Critical Care Unit, Univer-
sity Hospital of North Tees, UK; Xiaobei Zhao, ICU (Level 6), Watford
General Hospital / West Hertfortshire NHS trust, UK; Sally Humphreys,
Critical Care, West Suffolk NHS Foundation Trust, UK; Susan Dowling,
Ward 4E Critical Care unit, Whiston, UK; Neil Richardson, ICU, William
Harvey Hospital, Ashford, UK; Andrew Burtenshaw, Critical Care Unit,
Worcestershire Royal Hospital, UK; Carl Stevenson, ICU, Wye Valley
NHS Trust, UK; Danielle Wilcock, Critical Care Unit, York Teaching Hospi-
tal NHS Foundation Trust, UK; Yuiry Nalapko, Anaesthesia and Intensive
Care, Lugansk State Medical University, Ukraine.

Conflict of interests
The authors declare that they have no competing interests.
Financial disclosure statement

No (industry) sponsorship has been received for this investigator-
initiated study.

References

[1] de Rooij SE, Govers AC, Korevaar JC, Giesbers AW, Levi M, de Jonge E. Cognitive, func-
tional, and quality-of-life outcomes of patients aged 80 and older who survived at
least 1 year after planned or unplanned surgery or medical intensive care treatment.
] Am Geriatr Soc 2008;56:816-22.

[2] Bagshaw SM, Webb SA, Delaney A, et al. Very old patients admitted to intensive care
in Australia and New Zealand: a multi-centre cohort analysis. Crit Care 2009;13:R45.

[3] Pietilainen L, Hastbacka ], Backlund M, Parviainen I, Pettila V, Reinikainen M.
Premorbid functional status as a predictor of 1-year mortality and functional status
inintensive care patients aged 80 years or older. Intensive Care Med 2018;44:1221-9.

[4] Flaatten H, de Lange DW, Artigas A, et al. The status of intensive care medicine re-
search and a future agenda for very old patients in the ICU. Intensive Care Med
2017;43:1319-28.

[5] Flaatten H, De Lange DW, Morandi A, et al. The impact of frailty on ICU and 30-day
mortality and the level of care in very elderly patients (>/==80 years). Intensive Care
Med 2017;43:1820-8.

[6] Chin-Yee N, D'Egidio G, Thavorn K, Heyland D, Kyeremanteng K. Cost analysis of the
very elderly admitted to intensive care units. Crit Care 2017;21:109.

[7] Flaatten H, Oeyen S, deLange DW. Predicting outcomes in very old ICU patients: time
to focus on the past? Intensive Care Med Aug 2018;44(8):1344-5. https://doi.org/
10.1007/s00134-018-5262-1 Epub 2018 Jul 2.

[8] Guidet B, Leblanc G, Simon T, et al. Effect of systematic intensive care unit triage on
long-term mortality among critically ill elderly patients in France: a randomized
clinical trial. JAMA 2017;318:1450-9.


http://refhub.elsevier.com/S0883-9441(18)31692-7/rf0005
http://refhub.elsevier.com/S0883-9441(18)31692-7/rf0005
http://refhub.elsevier.com/S0883-9441(18)31692-7/rf0005
http://refhub.elsevier.com/S0883-9441(18)31692-7/rf0005
http://refhub.elsevier.com/S0883-9441(18)31692-7/rf0010
http://refhub.elsevier.com/S0883-9441(18)31692-7/rf0010
http://refhub.elsevier.com/S0883-9441(18)31692-7/rf0015
http://refhub.elsevier.com/S0883-9441(18)31692-7/rf0015
http://refhub.elsevier.com/S0883-9441(18)31692-7/rf0015
http://refhub.elsevier.com/S0883-9441(18)31692-7/rf0020
http://refhub.elsevier.com/S0883-9441(18)31692-7/rf0020
http://refhub.elsevier.com/S0883-9441(18)31692-7/rf0020
http://refhub.elsevier.com/S0883-9441(18)31692-7/rf0025
http://refhub.elsevier.com/S0883-9441(18)31692-7/rf0025
http://refhub.elsevier.com/S0883-9441(18)31692-7/rf0025
http://refhub.elsevier.com/S0883-9441(18)31692-7/rf0025
http://refhub.elsevier.com/S0883-9441(18)31692-7/rf0030
http://refhub.elsevier.com/S0883-9441(18)31692-7/rf0030
https://doi.org/10.1007/s00134-018-5262-1
https://doi.org/10.1007/s00134-018-5262-1
http://refhub.elsevier.com/S0883-9441(18)31692-7/rf0040
http://refhub.elsevier.com/S0883-9441(18)31692-7/rf0040
http://refhub.elsevier.com/S0883-9441(18)31692-7/rf0040

148 C. Jung et al. / Journal of Critical Care 52 (2019) 141-148

[9] Vincent JL, Moreno R, Takala J, et al. The SOFA (Sepsis-related organ failure assess-
ment) score to describe organ dysfunction/failure. On behalf of the working group
on Sepsis-related problems of the European Society of Intensive Care Medicine. In-
tensive Care Med 1996;22:707-10.

[10] Knaus WA, Draper EA, Wagner DP, Zimmerman JE. APACHE II: a severity of disease
classification system. Crit Care Med 1985;13:818-29.

[11] Le Gall JR, Lemeshow S, Saulnier F. A new simplified acute physiology score (SAPS II)
based on a European/north American multicenter study. JAMA 1993;270:2957-63.

[12] Muessig JM, Nia AM, Masyuk M, et al. Clinical frailty scale (CFS) reliably stratifies oc-
togenarians in German ICUs: a multicentre prospective cohort study. BMC Geriatr
2018;18:162.

[13] Guidet B, Flaatten H, Boumendil A, et al. Withholding or withdrawing of life-
sustaining therapy in older adults (>/=80 years) admitted to the intensive care
unit. Intensive Care Med 2018;44:1027-38.

[14] Boumendil A, Somme D, Garrouste-Orgeas M, Guidet B. Should elderly patients be
admitted to the intensive care unit? Intensive Care Med 2007;33:1252.

[15] Guidet B, de Lange DW, Flaatten H. Should this elderly patient be admitted to the
ICU? Intensive Care Med Nov 2018;44(11):1926-8. https://doi.org/10.1007/
s00134-018-5054-7 (Epub 2018 Jan 22).

[16] Pearse RM, Moreno RP, Bauer P, et al. Mortality after surgery in Europe: a 7 day co-
hort study. Lancet 2012;380:1059-65.

[17] Nathanson BH, Higgins TL, Brennan M], Kramer AA, Stark M, Teres D. Do elderly pa-
tients fare well in the ICU? Chest 2011;139:825-31.

[18] Marty P, Roquilly A, Vallee F, et al. Lactate clearance for death prediction in severe
sepsis or septic shock patients during the first 24 hours in intensive care unit: an ob-
servational study. Ann Intensive Care 2013;3:3.

[19] Masyuk M, Wernly B, Lichtenauer M, et al. Prognostic relevance of serum lactate ki-
netics in critically ill patients. Intensive Care Med 2019;45:55-61.

[20] Fried LP, Tangen CM, Walston ], et al. Frailty in older adults: evidence for a pheno-
type. ] Gerontol A Biol Sci Med Sci 2001;56:M146-N156.

[21] Abellan van Kan G, Rolland Y, Bergman H, Morley JE, Kritchevsky SB, Vellas B. The La.
N.a task force on frailty assessment of older people in clinical practice. ] Nutr Health
Aging 2008;12:29-37.

[22] Hope AA, Hsieh SJ, Petti A, Hurtado-Sbordoni M, Verghese ], Gong MN. Assessing the
usefulness and validity of frailty markers in critically ill adults. Ann Am Thorac Soc
2017;14:952-9.

[23] Gilbert T, Neuburger ], Kraindler J, et al. Development and validation of a hospital
frailty risk score focusing on older people in acute care settings using electronic hos-
pital records: an observational study. Lancet 2018;391:1775-82.

[24] Rockwood K, Song X, MacKnight C, et al. A global clinical measure of fitness and
frailty in elderly people. CMAJ 2005;173:489-95.

[25] Zampieri FG, Iwashyna TJ, Viglianti EM, et al. Association of frailty with short-term
outcomes, organ support and resource use in critically ill patients. Intensive Care
Med 2018;44:1512-20.

[26] Flaatten H, Clegg A. Frailty: we need valid and reliable tools in critical care. Intensive
Care Med 2018;44:1973-5.

[27] Kim SW, Han HS, Jung HW, et al. Multidimensional frailty score for the prediction of
postoperative mortality risk. JAMA Surg 2014;149:633-40.

[28] Chan DC, Tsou HH, Yang RS, et al. A pilot randomized controlled trial to improve ge-
riatric frailty. BMC Geriatr 2012;12:58.

[29] Mclsaac DI, Jen T, Mookerji N, Patel A, Lalu MM. Interventions to improve the out-
comes of frail people having surgery: a systematic review. PLoS One 2017;12:
€0190071.

[30] Zerah L, Dourthe L, Cohen-Bittan ], et al. Retrospective evaluation of a restrictive
transfusion strategy in older adults with hip fracture. ] Am Geriatr Soc Jul 2018;66
(6):1151-7. https://doi.org/10.1111/jgs.15371 (Epub 2018 Apr 20).

[31] Nguyen YL, Angus DC, Boumendil A, Guidet B. The challenge of admitting the very
elderly to intensive care. Ann Intensive Care 2011;1:29.

[32] Angus DC. Admitting elderly patients to the intensive care unit-is it the right deci-
sion? JAMA 2017;318:1443-4.

[33] Eddleston JM, White P, Guthrie E. Survival, morbidity, and quality of life after dis-
charge from intensive care. Crit Care Med 2000;28:2293-9.

[34] Dowdy DW, Eid MP, Sedrakyan A, et al. Quality of life in adult survivors of critical ill-
ness: a systematic review of the literature. Intensive Care Med 2005;31:611-20.

[35] Andersen FH, Flaatten H, Klepstad P, Romild U, Kvale R. Long-term survival and qual-
ity of life after intensive care for patients 80 years of age or older. Ann Intensive Care
2015;5:53.

[36] Guidet B, Vallet H, Boddaert J, et al. Caring for the critically ill patients over 80: a nar-
rative review. Ann Intensive Care 2018;8:114.

[37] Leblanc G, Boumendil A, Guidet B. Ten things to know about critically ill elderly pa-
tients. Intensive Care Med 2017;43:217-9.

[38] Oeyen S, Vermeulen K, Benoit D, Annemans L, Decruyenaere J. Development of a
prediction model for long-term quality of life in critically ill patients. J Crit Care
2018;43:133-8.

[39] Cuthbertson BH, Wunsch H. Long-term outcomes after critical illness. The best pre-
dictor of the future is the past. Am ] Respir Crit Care Med 2016;194:132-4.

[40] Lecuyer L, Chevret S, Thiery G, Darmon M, Schlemmer B, Azoulay E. The ICU trial: a
new admission policy for cancer patients requiring mechanical ventilation. Crit Care
Med 2007;35:808-14.


http://refhub.elsevier.com/S0883-9441(18)31692-7/rf0045
http://refhub.elsevier.com/S0883-9441(18)31692-7/rf0045
http://refhub.elsevier.com/S0883-9441(18)31692-7/rf0045
http://refhub.elsevier.com/S0883-9441(18)31692-7/rf0045
http://refhub.elsevier.com/S0883-9441(18)31692-7/rf0050
http://refhub.elsevier.com/S0883-9441(18)31692-7/rf0050
http://refhub.elsevier.com/S0883-9441(18)31692-7/rf0055
http://refhub.elsevier.com/S0883-9441(18)31692-7/rf0055
http://refhub.elsevier.com/S0883-9441(18)31692-7/rf0060
http://refhub.elsevier.com/S0883-9441(18)31692-7/rf0060
http://refhub.elsevier.com/S0883-9441(18)31692-7/rf0060
http://refhub.elsevier.com/S0883-9441(18)31692-7/rf0065
http://refhub.elsevier.com/S0883-9441(18)31692-7/rf0065
http://refhub.elsevier.com/S0883-9441(18)31692-7/rf0065
http://refhub.elsevier.com/S0883-9441(18)31692-7/rf0065
http://refhub.elsevier.com/S0883-9441(18)31692-7/rf0070
http://refhub.elsevier.com/S0883-9441(18)31692-7/rf0070
https://doi.org/10.1007/s00134-018-5054-7
https://doi.org/10.1007/s00134-018-5054-7
http://refhub.elsevier.com/S0883-9441(18)31692-7/rf0080
http://refhub.elsevier.com/S0883-9441(18)31692-7/rf0080
http://refhub.elsevier.com/S0883-9441(18)31692-7/rf0085
http://refhub.elsevier.com/S0883-9441(18)31692-7/rf0085
http://refhub.elsevier.com/S0883-9441(18)31692-7/rf0090
http://refhub.elsevier.com/S0883-9441(18)31692-7/rf0090
http://refhub.elsevier.com/S0883-9441(18)31692-7/rf0090
http://refhub.elsevier.com/S0883-9441(18)31692-7/rf0095
http://refhub.elsevier.com/S0883-9441(18)31692-7/rf0095
http://refhub.elsevier.com/S0883-9441(18)31692-7/rf0100
http://refhub.elsevier.com/S0883-9441(18)31692-7/rf0100
http://refhub.elsevier.com/S0883-9441(18)31692-7/rf0105
http://refhub.elsevier.com/S0883-9441(18)31692-7/rf0105
http://refhub.elsevier.com/S0883-9441(18)31692-7/rf0105
http://refhub.elsevier.com/S0883-9441(18)31692-7/rf0110
http://refhub.elsevier.com/S0883-9441(18)31692-7/rf0110
http://refhub.elsevier.com/S0883-9441(18)31692-7/rf0110
http://refhub.elsevier.com/S0883-9441(18)31692-7/rf0115
http://refhub.elsevier.com/S0883-9441(18)31692-7/rf0115
http://refhub.elsevier.com/S0883-9441(18)31692-7/rf0115
http://refhub.elsevier.com/S0883-9441(18)31692-7/rf0120
http://refhub.elsevier.com/S0883-9441(18)31692-7/rf0120
http://refhub.elsevier.com/S0883-9441(18)31692-7/rf0125
http://refhub.elsevier.com/S0883-9441(18)31692-7/rf0125
http://refhub.elsevier.com/S0883-9441(18)31692-7/rf0125
http://refhub.elsevier.com/S0883-9441(18)31692-7/rf0130
http://refhub.elsevier.com/S0883-9441(18)31692-7/rf0130
http://refhub.elsevier.com/S0883-9441(18)31692-7/rf0135
http://refhub.elsevier.com/S0883-9441(18)31692-7/rf0135
http://refhub.elsevier.com/S0883-9441(18)31692-7/rf0140
http://refhub.elsevier.com/S0883-9441(18)31692-7/rf0140
http://refhub.elsevier.com/S0883-9441(18)31692-7/rf0145
http://refhub.elsevier.com/S0883-9441(18)31692-7/rf0145
http://refhub.elsevier.com/S0883-9441(18)31692-7/rf0145
https://doi.org/10.1111/jgs.15371
http://refhub.elsevier.com/S0883-9441(18)31692-7/rf0155
http://refhub.elsevier.com/S0883-9441(18)31692-7/rf0155
http://refhub.elsevier.com/S0883-9441(18)31692-7/rf0160
http://refhub.elsevier.com/S0883-9441(18)31692-7/rf0160
http://refhub.elsevier.com/S0883-9441(18)31692-7/rf0165
http://refhub.elsevier.com/S0883-9441(18)31692-7/rf0165
http://refhub.elsevier.com/S0883-9441(18)31692-7/rf0170
http://refhub.elsevier.com/S0883-9441(18)31692-7/rf0170
http://refhub.elsevier.com/S0883-9441(18)31692-7/rf0175
http://refhub.elsevier.com/S0883-9441(18)31692-7/rf0175
http://refhub.elsevier.com/S0883-9441(18)31692-7/rf0175
http://refhub.elsevier.com/S0883-9441(18)31692-7/rf0180
http://refhub.elsevier.com/S0883-9441(18)31692-7/rf0180
http://refhub.elsevier.com/S0883-9441(18)31692-7/rf0185
http://refhub.elsevier.com/S0883-9441(18)31692-7/rf0185
http://refhub.elsevier.com/S0883-9441(18)31692-7/rf0190
http://refhub.elsevier.com/S0883-9441(18)31692-7/rf0190
http://refhub.elsevier.com/S0883-9441(18)31692-7/rf0190
http://refhub.elsevier.com/S0883-9441(18)31692-7/rf0195
http://refhub.elsevier.com/S0883-9441(18)31692-7/rf0195
http://refhub.elsevier.com/S0883-9441(18)31692-7/rf0200
http://refhub.elsevier.com/S0883-9441(18)31692-7/rf0200
http://refhub.elsevier.com/S0883-9441(18)31692-7/rf0200

	A comparison of very old patients admitted to intensive care unit after acute versus elective surgery or intervention
	1. Introduction
	2. Methods
	2.1. Study subjects
	2.2. Statistical analysis
	2.3. Matched-paired analysis

	3. Results
	3.1. Study population
	3.2. Survival analysis
	3.3. Matched-pair analysis

	4. Discussion
	4.1. Strengths and limitations

	5. Conclusion
	Competing interests
	Author contributions
	Funding
	Ethics Approval and consent to participate

	Consent for publication
	Availability of data and materials
	Acknowledgements
	Conflict of interests
	Financial disclosure statement
	References


