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Abstract
Background Decision-making whether older patients benefit from surgery can be a difficult task. This report investigates 
characteristics and outcomes of a large cohort of inpatients, aged 80 years and over, undergoing non-cardiac surgery.
Methods This observational study was performed at a tertiary university medical centre in the Netherlands. Patients of 
80 years or older undergoing elective or urgent surgery from January 2004 to June 2017 were included. Outcomes were length 
of stay, discharge destination, 30-day and long-term mortality. Patients were divided into low-, intermediate and high-risk 
surgery subgroups. Univariable and multivariable logistic regression were used to evaluate the association of risk factors 
and outcomes. Secondary outcomes were time trends, assessed with Mantel–Haenszel chi-square test.
Results Data of 8251 patients, undergoing 19,027 surgical interventions were collected from the patients’ medical record. 
7032 primary procedures were suitable for analyses. Median LOS was 3 days in the low-risk group, compared to six in the 
intermediate- and ten in the high-risk group. Median LOS of the total cohort decreased from 5.8 days (IQR 1.9–14.5) in 
2004–2007 to 4.6 days (IQR 1.9–9.0) in 2016–2017. Three quarters of patients were discharged to their home. Postoperative 
30-day mortality in the low-risk group was 2.3%. In the overall population 30-day mortality was high and constant during 
the study period (6.7%, ranging from 4.2 to 8.4%).
Conclusion Patients should not be withheld surgery solely based on their age. However, even for low-risk surgery, the 
mortality rate of more than 2% is substantial. Deciding whether older patients benefit from surgery should be based on the 
understanding of individual risks, patients’ wishes and a patient-centred plan.
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Introduction

In the Netherlands, life expectancy has been rising continu-
ously [1, 2] and the average 80-year old has a life expectancy 
of more than 7 years [3, 4]. This trend is also reflected in 
the surgical population, where the care for older persons 
(although often challenging) has become quite common [5]. 

Old age is related with a decline in physiological reserve 
[6, 7] and most of these patients will present themselves 
with more risk factors than their younger counterparts [8]. 
Although advantages in prehabilitation, operative techniques 
and perioperative management seem to improve outcome 
and quality of life in octogenarians, postoperative adverse 
events remain more common in elderly patients. Therefore, 
care for these patients warrants an age-appropriate compre-
hensive perioperative plan.

There is limited information on surgical outcomes in 
patients of 80 years or more [9]. Identification of health def-
icits associated with increased age can guide clinicians in 
deciding whether a patient benefits from surgical treatment.

The primary objective of this study is to investigate char-
acteristics and outcomes of a large cohort of inpatients aged 
80 years and older, undergoing non-cardiac surgery. Our 
secondary objective is to evaluate time trends from 2004 
until 2017.
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Material and methods

Study design

This retrospective observational study primarily is a descrip-
tive report, investigating characteristics and outcomes of a 
large cohort of inpatients aged 80 years and older, under-
going non-cardiac surgery. The research is performed at a 
tertiary university medical centre in the Netherlands. The 
Medical Ethical Committee (METC) of the Erasmus Univer-
sity Medical Centre granted a formal statement and approved 
the non-interventional character of this study on September 
25th, 2018. Patients were not subjected to acts, neither was 
any mode of behavior imposed, otherwise than as part of 
their regular treatment. Therefore, according to Dutch law, 
written informed consent for a patient to be enrolled in this 
study was not required [10, 11]. The study was conducted in 
compliance with the Helsinki declaration.

Patient selection

Data were obtained from all consecutive patients undergoing 
elective or urgent (including emergency) surgical interven-
tions from January 2004 to June 2017 in the Erasmus MC, 
the Netherlands. Patients of 80 years or older undergoing 
surgery within the mentioned study period were included. 
Exclusion criteria were outpatient, or short-stay procedures 
(i.e., hospital stay shorter than 1 day) and cardiac surgery. 
Data on surgical procedures were extracted from the elec-
tronic patient registration system by procedure codes. Sur-
gical interventions frequently consisted of multiple codes. 
Purely administrative codes, or anesthesia-related codes, 
such as placement of an intravenous catheter were excluded. 
When multiple codes were linked to one intervention, the 

primary code was identified for further analysis. If a patient 
underwent different interventions during the study period, 
this resulted in multiple primary interventions, each included 
for analysis. However, survival analysis was performed at 
patient level and restricted to the patient’s first procedure.

Baseline characteristics

Baseline characteristics included age, sex, height and body-
weight. The body mass index (BMI) was calculated using 
height and bodyweight: kg/m2 as recommended by the World 
Health Organization [12]. The American Society of Anes-
thesiologists (ASA) classification was extracted. Further-
more, type of surgery, dates of surgery, hospitalization and 
discharge, as well as discharge location were extracted from 
the electronic patient files. Surgical procedures were cat-
egorized according to ESC/ESA Guidelines into 29 surgery 
types and subsequently divided into low-, intermediate- and 
high-risk procedures (Table 1) [13]. Anaesthetic technique 
was documented and divided into general, locoregional, or 
local anesthesia, sedation analgesia, or neuraxial techniques. 
Finally, the postoperative ward receiving the patient after 
the interventions was documented. Patients either went to a 
general ward, an intensive care, high care, medium care, or a 
post anesthesia care unit (PACU). In this hospital, the PACU 
is a ward where anaesthetists provide clinical care during the 
first 24 h after surgery. This may include invasive, or non-
invasive ventilation, goal-directed hemodynamic manage-
ment, invasive monitoring and optimal pain management.

Postoperative outcomes and long‑term mortality

Primary outcomes were length of stay (LOS), discharge des-
tination and 30-day and long-term mortality. Discharge des-
tination was defined as home versus non-home. Non-home 

Table 1  Surgical risk estimate according to type of surgery or intervention

CAS: carotid artery stenting; CEA: carotid endarterectomy
Surgical risk estimate is a broad approximation of 30-day risk of cardiovascular death and myocardial infarction that takes into account only the 
specific surgical intervention, without considering the patient’s comorbidities
ESC/ESA Guidelines [11]

Low-risk: < 1% Intermediate-risk: 1–5% High-risk: > 5%

Superficial surgery
Breast
Dental
Endocrine: thyroid
Eye
Reconstructive
Carotid asymptomatic (CEA or CAS)
Gynaecology: minor
Orthopaedic: minor (meniscectomy)
Urological: minor (transurethral resection of the 

prostate)

Intraperitoneal: splenectomy, hiatal hernia 
repair, cholecystectomy

Carotid symptomatic (CEA or CAS)
Peripheral arterial angioplasty
Endovascular aneurysm repair
Head and neck surgery
Neurological or orthopaedic: major (hip and 

spine surgery)
Urological or gynaecological: major
Renal transplant
Intra-thoracic: non-major

Aortic and major vascular surgery
Open lower limb revascularization or ampu-

tation or thromboembolectomy
Duodeno-pancreatic surgery
Liver resection, bile duct surgery
Oesophagectomy
Repair of perforated bowel
Adrenal resection
Total cystectomy
Pneumonectomy
Pulmonary or liver transplant
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consisted of: nursing home, rehabilitation, deceased during 
hospital stay, other hospital, and other or unknown. Informa-
tion on mortality was assessed through the institution’s med-
ical records and long-term mortality was based on informa-
tion from the national public register. Secondary outcomes 
were time trend analysis for these primary outcomes.

Data analysis

Continuous variables were presented as mean ± standard 
deviation (SD) when normally distributed, or as median 
and interquartile range (IQR) when data were skewed. 
Categorical variables were described with frequencies and 
percentages. Pearson's chi-squared test and Kruskal–Wallis 
test were used to measure and evaluate baseline characteris-
tics. Univariable and multivariable logistic regression were 
used to evaluate risk factors for discharge destination and 
30-day mortality. Potential associated variables (sex, age, 
ASA classification, and BMI) were entered in the multivari-
able model. Results are reported as odds ratio’s (OR) with a 
95% confidence interval. Due to missing data in ASA clas-
sification and BMI, multivariable regression was performed 
in a two-step approach: without ASA and BMI (aORI) and 
with both variables included (aORII). Long-term survival 
estimates were performed using Kaplan Meier analysis at 
the patient-level and reported as 1-, 5- and 10-year survival 
estimates ± standard error.

For time trend analyses, patients were divided into 
four 3-year periods (2004–2015) and one 2-year period 
(2016–2017) respectively. For absolute counts within time 
trends, we analysed year 2004 up to and including 2016, as 
only part of year 2017 was assessed due to start of a new 
electronic health registration system. Differences in time 
trends were assessed with the Mantel–Haenszel chi-square 
test of linear association for categorical variables. Statisti-
cal analyses were carried out using SPSS (version 24, SPSS 
Inc., Chicago, Illinois). Graphs were made using R software 
version 3.51 (The R foundation for Statistical Computing, 
Vienna, Austria (2018)).

Results

The search resulted in 19,027 procedure codes representing 
8251 individual patients aged 80 years or older. After exclu-
sion of administrative, cardiac and anaesthetic procedure 
codes, outpatients and short stay patients; the final study 
population consisted of 5179 patients who underwent 7032 
procedures. Of these, 1225 (23.6%) patients underwent more 
than one intervention during the inclusion period. The selec-
tion process is visualized in the flowchart in Supplementary 
Fig. 1.

Of the 7032 procedures, 3137 (44.6%) were categorized 
as low-risk, 3365 (47.9%) as intermediate-risk and 530 
(7.5%) as high-risk (Supplementary Fig. 2). The major-
ity of patients had an ASA classification II (47.7%) or III 
(45.3%). Frequency of patients with ASA classification I 
and II decreased with each higher risk group (P < 0.001) 
(Table 2).

Most patients undergoing low- and intermediate-risk 
surgery were admitted to a surgical ward postoperatively 
(85.7% and 63.3%, respectively). Thirty-eight percent of 
patients undergoing high-risk procedures were admitted to 
the post anesthesia care unit. LOS increased by increasing 
surgical risk level; 3 days in low-risk patients, six in inter-
mediate- risk patients and 10 days in the high-risk group 
(P < 0.001).

Overall, 5246 (74.6%) patients went home after hospital 
discharge. The highest percentage of patients went home in 
the low-risk category (89.4%), compared to 61.3% in the 
intermediate-risk group and 71.5% in the high-risk group 
(P < 0.001). Increasing age, surgical risk and ASA classifi-
cation were independent predictors of non-home discharge 
destination (Table 3).

Overall 30-day mortality was 6.7% increasing from 
2.3% in low-risk to 11.5% in patients undergoing high-
risk procedures. Independent predictors for 30-day mor-
tality were male sex, surgical risk, ASA classification and 
BMI < 18.5 kg/m2. A BMI 25–30 kg/m2 was associated with 
low 30-day mortality (Table 3). Median survival time of 
the study population (N = 5179, patient-level) was 4.1 years 
(CI 3.87–4.28) and differed across surgical risk categories, 
with highest survival rate in patients undergoing low-risk 
surgery (P < 0.001), Fig. 1. Survival curves for interme-
diate- and high-risk surgery were comparable (P = 0.43). 
The 5-year survival estimate for the low-risk group was 
0.525 ± 0.016, for the intermediate-risk group 0.390 ± 0.015, 
and 0.358 ± 0.032 for the high-risk group, respectively. The 
10-year estimates were 0.214 ± 0.024, 0.108 ± 0.016, and 
0.117 ± 0.039, respectively.

Time trends for surgical procedures showed little varia-
tion (Supplementary Fig. 3). Age distribution also showed 
little variation between proportions: 80–84 years vary-
ing from 65.4 to 67.5%; 85–89 years varying from 24.3 
to 27.2%; and 90 years or older varying from 6.3 to 9.4% 
(P = 0.22). The LOS showed a slightly declining trend over 
the years. In the earliest time-group (2004–2006) the median 
was 5.8 days (IQR 1.9–14.5), decreased in the most recent 
years (2016–2017) to 4.6 days (IQR 1.9–9.0). The median 
LOS increased for low-risk interventions and decreased 
strongly in the intermediate-risk group (P = 0.04, P < 0.001, 
respectively) (Fig. 2).
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A clear time trend regarding discharge location during 
the inclusion period was observed, with more patients being 

discharged to a specialized facility (Fig. 3). Thirty-day mor-
tality remained rather constant over time varying from 4.2 
to 8.4% (P = 0.36).

Table 2  Baseline characteristics and outcome

BMI: body mass index; ASA: American Society of Anesthesiologists; PACU: post anesthesia care unit
*Missing data in bodyweight and height measurements resulted in 58.7% of missing BMI in the study cohort. Other missing data were of ASA 
classification (52.6%), type of anesthesia (4.6%), and post-operation destination (7.5%)
a Nursing home, Rehabilitation centre, and Psychiatric centre

Total (n = 7032) Low-risk < 1% 
(n = 3137; 
44.6%)

Intermediate-risk 
1–5% (n = 3365; 
47.9%)

High-risk > 5% 
(n = 530; 7.5%)

P-value Missings
n (%)

Female n (%) 3750 (53.3) 1785 (56.9) 1785 (53.0) 180 (34.0)  < 0.001 –
Age (median(IQR)) 83.0 (81.0–86.0) 83.0 (81.0–86.0) 83.0 (81.0–85.0) 82.0 (81.0–85.0)  < 0.001 –
 80–84 n (%) 4665 (66.3) 1995 (63.6) 2263 (67.3) 407 (76.8)
 85–89 n (%) 1826 (26.0) 889 (28.3) 833 (24.8) 104 (19.6)
 90 + n (%) 541 (7.7) 253 (8.1) 269 (8.0) 19 (3.6)

BMI* (median(IQR)) 25.0 (22.8–27.9) 25.3 (22.9–27.9) 24.8 (22.7–28.0) 24.7 (22.7–27.3) 0.036 4128 (58.7%)
ASA* n (%)  < 0.001 3702 (52.6)
 I 112 (3.4) 54 (3.6) 51 (3.3) 7 (2.4)
 II 1590 (47.7) 810 (54.3) 666 (42.9) 114 (39.9)
 III 1510 (45.3) 595 (39.9) 770 (49.6) 145 (50.7)
 IV&V 118 (3.5) 32 (2.1) 66 (4.2) 20 (7.0)

Anesthesia* n (%)  < 0.001 326 (4.6)
 General 5437 (81.1) 2138 (70.3) 2868 (90.0) 431 (90.0)
 Sedation analgesia 56 (0.8) 40 (1.3) 14 (0.4) 2 (0.4)
 Neuraxial 411 (6.1) 197 (6.3) 194 (6.1) 20 (4.2)
 Regional 131 (2.0) 94 (3.1) 32 (1.0) 5 (1.0)
 Local 647 (9.6) 548 (18.0) 78 (2.4) 21 (4.4)
 Analgesia 24 (0.4) 24 (0.8) 0 0

Post operation n (%)  < 0.001 527 (7.5)
 General ward 4509 (69.3) 2514 (85.7) 1953 (63.3) 42 (8.6)
 PACU 1090 (16.8) 287 (9.8) 619 (18.4) 184 (37.8)
 Medium/high care 390 (6.0) 87 (3.0) 160 (4.8) 143 (29.4)
 Intensive care 516 (7.9) 44 (1.5) 354 (10.5) 118 (24.2)

Length of stay (days) (median (IQR)) 5.1 (2.0–11.3) 3.0 (1.4–6.9) 6.2 (3.2–10.8) 10.3 (6.0–17.8)  < 0.001 –
Destination n (%)  < 0.001 –
 Home 5246 (74.6) 2805 (89.4) 2062 (61.3) 379 (71.5)
 Non-home 1786 (25.4) 332 (10.6) 1303 (38.7) 151 (28.5)
   Rehabilitationa 840 (11.9) 225 (7.2) 547 (16.3) 68 (12.8)
  Deceased 370 (5.3) 45 (1.4) 262 (7.8) 63 (11.9)
  Other hospital 494 (7.0) 27 (0.9) 453 (13.5) 14 (2.6)
  Other/unknown 82(1.2) 35 (1.1) 41 (1.2) 6 (1.1)

Mortality 30 days n (%) 469 (6.7) 72 (2.3) 336 (10.0) 61 (11.5)  < 0.001 –
Long-term survival estimate (standard 

error)
–

 1 year 0.768 (0.007) 0.845 (0.009) 0.711 (0.010) 0.708 (0.023)
 5 years 0.445 (0.010) 0.525 (0.016) 0.390 (0.015) 0.358 (0.032)
 10 years 0.152 (0.013) 0.214 (0.024) 0.108 (0.016) 0.117 (0.039)
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Table 3  Univariable and multivariable logistic regression for 30-day mortality and discharge destination

OR: odds ratio; aOR: adjusted odds ratio; CI: confidence interval
* aORI: variables included in the model: gender, age, surgical risk, and analyses were based on 7032 patients
** aOR II: variables included in the model: gender, age, surgical risk, ASA, BMI, and analyses were based on 2528 patients

Predictors for 30-day mortality Predictors for non-home discharge

Univariable (95% CI) Multivariable (95% CI) Univariable (95% CI) Multivariable (95% CI)

OR aOR I* aOR II** OR aOR I* aOR II**

Gender
 Male 1.4 (1.1–1.7) 1.3 (1.1–1.6) 0.9 (0.6–1.4) 0.9 (0.8–1.0) 0.9 (0.8–1.0) 0.6 (0.5–0.8)

Age 1.01 (0.99–1.04) 1.04 (0.99–1.08) 1.06 (1.01–1.12) 1.05 (1.03–1.07) 1.05 (1.03–1.07) 1.10 (1.07–1.13)
Surgical risk
 Low 1 1 1 1 1 1
 Intermediate 4.7 (3.6–6.1) 4.7 (3.6–6.1) 2.9 (1.8–4.5) 5.4 (4.7–6.1) 5.5 (4.8–6.3) 4.4 (3.6–5.5)
 High 5.5 (3.9–7.9) 5.3 (3.7–7.6) 1.6 (0.8–3.5) 3.4 (2.7–4.2) 3.7 (2.9–4.6) 1.7 (1.1–2.4)

ASA
 I 1 1 1 1
 II 1.2 (0.4–3.8) 1.2 (0.3–4.9) 1.5 (0.9–2.5) 2.0 (1.0–4.1)
 III 2.9 (0.9–9.2) 2.2 (0.5–9.2) 3.0 (1.8–5.1) 3.9 (1.9–7.9)
 IV and V 13.5 (4.0–45.6) 7.9 (1.7–36.3) 10.9 (5.7–20.7) 11.0 (4.8–25.3)

BMI
 < 18.5 3.6 (1.9–6.7) 3.2 (1.6–6.2) 1.1 (0.7–1.8) 0.8 (0.4–1.4)
 18.5–25 1 1 1 1
 25–30 0.6 (0.4–0.9) 0.6 (0.4–1.0) 0.8 (0.6–0.9) 0.8 (0.6–1.0)
 ≥ 30 7.2 (0.4–1.3) 0.8 (0.4–1.4) 0.8 (0.7–1.1) 0.9 (0.7–1.2)

Fig. 1  Longterm survival according to surgocal risk category
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Fig. 2  Boxplot length of stay 
over time, stratified per risk 
category

Fig. 3  Discharge destination over time
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Discussion

In this large observational study of 7032 procedures in 
5179 elderly patients undergoing surgery, overall 30-day 
mortality was high (6.7%). Although patients undergoing 
intermediate and high-risk surgery have worse prognosis, 
even the 30-day mortality in the low-risk surgery group of 
2.3% should not be overlooked and is higher when com-
pared with a general population (1.8%). Particularly, since 
low-risk procedures are very rarely lifesaving or -prolong-
ing, a mortality rate of more than 2% is substantial. Sur-
gical risk and ASA-classification were associated with 
postoperative death and discharge to specialized facilities.

Overall LOS in this study was 5.1 days. With the evo-
lution of surgical techniques and medical care, there is a 
shift towards outpatient surgical care, previously requir-
ing hospitalization [14]. Lagergren et al. investigated out-
comes after endovascular aneurysm repair in octogenar-
ians. With comparable patient characteristics they found 
a similar LOS of 5.3 days [15]. Polanczyk et al. found 
age to be a risk factor for LOS in the hospital, noticing 
patients over 80 on average stayed 1 day longer [16]. Fur-
ther determinants of LOS were sex, surgical risk and ASA 
classification [17].

After discharge, 75% of patients in this study went back 
home. The highest percentage of patients returning to their 
homes were in the low-risk category: 89.4%. In the inter-
mediate-risk group, the percentage of patients going home 
was lowest. In this category more patients went to another 
hospital after discharge than in the other two groups (24% 
versus 0.9% and 2.6%). Since the hospital in this study is 
a tertiary academic centre, patients were referred to this 
hospital and sent back after surgery when considered fit 
enough; in the high-risk group this might not have been 
appropriate. Similar discharge characteristics were pre-
sented by Lagergren et al. [15]. McDonald et al. described 
lower rates: 62% of patients went home after hospital-stay. 
Since their patients mainly underwent intermediate-risk 
surgery, this is comparable with the 61.3% in the interme-
diate group of our research [18].

In the present study, we observed an in-hospital mortal-
ity of 5.3%. When looking at other studies investigating 
outcomes of older surgical patients, Hamel et al. found 
a 30-day mortality of 8.2% [9] in a population of 26,648 
patients, undergoing non-cardiac surgery in a veteran hos-
pital. Patients were predominantly classified as interme-
diate or high-risk, nearly all patients were men and the 
prevalence of ASA classification 4 was 20%, which may 
explain the higher mortality rate when compared to the 
findings of this study. Other studies including octogenar-
ians and patients aged over 75 [19], described a 30-day 
mortality varying from 0.8 [18] to 8.3% [15, 19–21]. These 

differences can probably be attributed to surgical risk, 
which varied within these studies from low- to high-risk. 
In line with previous research, age, surgical risk and ASA 
classification were associated with 30-day mortality [9, 
20–22]. Another association with adverse outcome found 
in this study was being underweight (BMI < 18.5). These 
patients had a threefold higher risk of postoperative mor-
tality. These results are comparable to findings in a general 
non-elderly surgical population [23].

When looking at time trends, Breugom et al. described a 
decrease in 30-day mortality from 8.3 to 6.2% in the period 
2009–2013, whereas no decline in 30-day mortality was 
found in our study [19]. From 2014 to 2018 the number of 
inpatients aged 70 years or older increased in our hospital 
with 14%. This upward trend was not reflected in the number 
of clinical surgical procedures during the study period. This 
can very well be explained by the exclusion of outpatients 
and short stay patients, which is the patient-category increas-
ing most over the years. In the Netherlands, the total num-
ber of operations on 80-year olds and older increased from 
63,866 (6.1%) in 1995 to 119,273 (8.4%) in the year 2010 
[14]. In that timespan the number of inpatients remained 
virtually constant with an increase of 10%. The outpatients, 
however, undergoing mostly low-risk surgery, increased with 
a staggering 600%: from 8336 to 58,389 [14]. Changes in 
perioperative care during the study period should be men-
tioned. Prehabilitation, advantages in operating techniques 
in perioperative care have undergone tremendous develop-
ments in the last decade. The use of early warning system 
scores and early sense monitoring can further improve 
patient safety by detecting deterioration before major post-
operative complications will occur.

The present study has some limitations. First, this was a 
single centre study with data collected in an academic ter-
tiary referral centre. Second, only inpatients were included, 
leaving out many low-risk interventions. Also, due to the ret-
rospective design of this study, we were dependent on data 
registered in the hospital registration system with related 
missing data and limited number of variables which could be 
automatically extracted. We used the reliable and independ-
ent ASA-score as a predictor of patients’ health. However, an 
important limitation is the lack of possible predictors such as 
comorbidities or complications, which therefor could have 
been underexposed. Since routine standardized assessment 
of frailty was not available, the presence of this comorbid 
condition was not taken into account. Laboratory data were 
recorded up to 1 year prior to the intervention, which is a 
broad time range in the life of an 80-year old. However, 
laboratory values recorded on the closest preceding date of 
the intervention were used, in more than 97% of cases this 
date was well within the year prior to surgery.

Strengths of the present study are the large number 
of older patients, undergoing a wide variety of surgical 
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procedures, with different risk-profiles and long follow-up 
time.

McDonald et al. demonstrated that despite older age, 
odds can be turned with perioperative optimization of sen-
ior health leading to better outcomes [18]. Also, geriat-
ric assessment plays an important role, covering multiple 
domains such as medical, mental health, functional capacity, 
social circumstances and environment, making it a multi-
disciplinary effort [18, 24, 25]. This type of care enables 
health care professionals to provide a patient-centred plan; 
optimizing preoperatively where necessary, and creating an 
optimal postoperative management strategy [18, 24–28]. 
Chow et al. described the importance to assess the patients’ 
capacity to provide informed consent [27]. Multiple studies 
show the importance for patients to maintain their functional 
independence [25, 27, 28]. Advance care planning should 
also involve patient’s short- and long-term (health) goals, 
and what treatment is appropriate in those cases.

Future research should probably reconsider outcome 
measures such as survival and length of stay as justifications 
for operating, since these outcomes do not provide contex-
tual information about whether survival fulfils the patients’ 
goal of care, nor is it aligned with meaningful postoperative 
survival.

Conclusions

Older patients present with specific health care challenges; 
they have physiological, pharmacological, psychological, 
and social attributes different than younger patients. Also, 
there is an emerging realization that healthcare services may 
need to alter their methods of care delivery to ensure age-
appropriate care. Better outcomes are beneficial for patients, 
but can also relieve the burden of a large and growing per-
centage of older patients on the hospital system [29]. In 
accordance with recent literature, this large observational 
study, including patients aged 80 years and older, suggests 
that patients should not be withheld surgery solely based on 
their age [21, 30–32]. However, deciding whether an older 
patient benefits from surgery will often be a difficult task.

Most healthcare professionals would probably agree to 
perform low-risk surgery in elderly patients, even though 
these procedures are rarely lifesaving or -prolonging. But 
even for this low-risk surgery group our study shows a sub-
stantial mortality rate which should not be overlooked.

The outcome of high-risk procedures does not only 
depend on the pathology, but also on social factors, the 
patients' willingness and, most importantly, the patient's 
frailty status. Understanding individual potential risks, being 
aware of the patients’ wishes and providing patient-centred 
plans are key principles of good perioperative care.
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