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CHAPTER 7

Over the past decades, the life expectancy of the western population has increased at a 
tremendous rate, and is expected to increase even more in the forthcoming years. As a result of 
improved and less invasive surgical techniques more elderly patients will be estimated suitable 
for surgery. Since cardiovascular diseases are age-related, this will especially be reflected in 
vascular surgery patients. Over the years there have been several studies investigating various 
outcome measures after (vascular) surgery in the elderly. The general conclusion is that it 
appears safe to treat elderly patients with respect to postoperative morbidity and mortality. 
However, treating elderly patients comes with specific challenges. Due to multi-morbidity 
and geriatric syndromes, elderly patients face different complications compared to younger 
patients and require a different perioperative approach.

Frailty is a combination of illness, psychosocial stressors and subclinical burden. Frail patients 
tend to have a decreased ability to cope with physiological stressors, and are therefore at 
increased risk for complications. Although older age is a risk factor for frailty, they have proven 
to be two different entities, with frailty being a stronger predictor for postoperative outcome, 
including morbidity and mortality, than age. Vascular surgery patients tend to be more frail 
compared to other types of surgical patients, mostly because the risk factors for cardiovascular 
disease are the same as those for frailty.1-3 

Refraining patients from surgery and offering them only conservative treatment based on 
their age alone seems no longer justified. However, deciding which patients are fit enough to 
undergo surgery with acceptable risks for complications is an important challenge for surgeons 
in the 21st century.  Since most vascular surgery interventions are elective, with these patients 
we have the ability for preoperative risk assessment. With knowledge of specific risk factors 
for complications, the patients can benefit in multiple ways. First, some of these factors 
appear to be reversible, and patients who comply with these risk factors could be optimised 
preoperatively with a tailor-made strategy making them less prone for complications. Also, 
identifying those patients at risk may lead to earlier recognition and treatment, resulting in a 
less severe manifestation of the complication. In this thesis we determined the complexity of 
care for elderly vascular surgery patients, in terms of postoperative complications and their 
risk factors. Age, postoperative delirium (POD) and frailty are all related to postoperative 
complications. Their influence and coherence had our special attention and are systematically 
evaluated. Although age is probably the most important risk factors for POD, there are more 
contributors. POD has a huge impact on postoperative recovery since most patients suffering 
from POD also experience other complications. The influence of frailty on POD has been studied 
to a great extent in recent years, and it has been proven that there is an association not only 
between frailty and POD but also between frailty and other complications. Frail patients tend 
to be older compared to non-frail patients, which completes the circle.

Elderly patients face different challenges regarding postoperative complications and 
rehabilitation. Especially in those patients, the assets and liabilities of both the intervention 
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and follow-up should be balanced against each other. In chapter 2 we investigated whether 
long-term follow-up after endovascular aneurysm repair (EVAR) is justified in octogenarians, 
or whether an adjusted (shorter) follow-up would be sufficient and safe in this specific group 
of patients. 

Since EVAR is a much less invasive treatment modality compared to open repair, this seems the 
preferred treatment in the elderly. However, due to the risk of long-term stent-graft related 
complications, such as endoleak, stent fractures and occlusions, lifelong patient surveillance 
is currently recommended. Between September 1996 and October 2011, 98 patients ≥ 80 
years were treated by EVAR because of a non-ruptured AAA (including symptomatic AAA). 
One patient who died within the first postoperative month was excluded from further analysis, 
resulting in 97 patients in the study group (SG). A control group (CG) of 96 patients < 80 
years was composed, matched for sex and AAA diameter. There was no significant difference 
between stent- and procedure-related postoperative outcome. Median time to complications 
was 2.3 months in the SG compared to 18.1 months in the CG. Secondary interventions were 
performed significantly less frequent in octogenarians. Ninety-eight patients (54 vs. 44) died 
during follow-up, with only one aneurysm-related death in the CG. Based on these outcomes, 
it can thus be questioned whether long-term and frequent follow-up after EVAR is necessary, 
since most complications (65%) occur within the first year, and only a minority of these patients 
will undergo an intervention without affecting the number of AAA-related deaths. Impaired 
mobility and comorbidity make regular follow-up a great mental and physical burden for the 
elderly. A customized follow-up may have positive effect on the quality of life of these patients 
and will subsequently reduce the costs.

One of the complications that occurs frequently among the elderly is POD. This syndrome, 
characterized by disturbance of consciousness, impaired attention and changes in cognition 
is not only associated with more short-term complications, but also has a huge impact on the 
longer term, especially in terms of persistent functional decline.4-6 There are multiple studies 
investigating the risk factors for POD, however, due to different scoring systems there is a huge 
amount of heterogeneity.7-10 In chapter 3 we provide a systematic review and meta-analysis 
of the available literature. The incidence of POD ranged from 5-39%. The highest incidences 
were seen after amputation and open aortic surgery. Preoperative risk factors identified were 
age, hypertension, diabetes mellitus, hearing impairment, renal failure, history of CVA/TIA 
and pre-operative low Hb level. Intraoperative risk factors were duration of surgery, open 
aneurysm repair, aortic cross clamping time, amputation surgery, and total blood loss. Regional 
anaesthesia had a protective effect. Also, POD was associated with longer ICU and hospital 
lengths of stay, and more frequent discharge to a care facility 

As seen in chapter 3, there is a huge scatter in incidence, risk factors and outcome of POD 
based on different studies, which can be explained by a number of things. The main cause 
appears to be the number of low quality, retrospective studies included, which have led to an 
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underestimation of the problem. Second, these studies were performed in different centers, 
in countries from all over the world and within a time frame of over 15 years. It is possible 
that in some centers preventive POD strategies have been implemented and has knowingly or 
unknowingly led to an improvement in the occurrence. Given this assumption, to determine 
whether this had affected POD incidences in our center we had to perform a study in which 
all patients were screened for POD in an uniform way.

Therefore, in chapter 4 we presented a non-interventional, non-randomized, single arm 
prospective study on POD in our center, including all types of vascular surgery patients. The 
primary aim of this study was to determine the incidence and specific risk factors for POD. 
Secondary aims were the effect of POD on postsurgical outcome regarding complications 
and ICU and hospital lengths of stay. During a period of three years, 463 patients, aged ≥ 
60 years at the time of surgery were included in this study. The median age was 72 years, 
and the majority were male. The incidence of POD was 4.8%, which was at the lower end of 
the spectrum compared to the literature. Multivariate logistic regression analysis revealed 
preoperative cognitive impairment (Odds Ratio (OR) 16.4, 95% Confidence Interval (CI) 4.7-
57.0), open aortic surgery or amputation surgery (OR 14.0, 95% CI 3.9-49.8), current smoking 
(OR 10.5, CI 2.8-40.2), hypertension (OR 7.6, 95% CI 1.9-30.5) and age ≥ 80 years (OR 7.3, 95% 
CI 1.8-30.1) to be significantly related to the occurrence of POD. A prediction model based 
on those risk factors allowed us to predict POD with a sensitivity of 86% and a specificity of 
92%. However, no external validation has been performed so far, so we should be somewhat 
reluctant in drawing conclusions from these numbers. We anticipate that on the basis of 
these results these patients must be offered active geriatric counselling. In addition, POD was 
significantly associated with more frequent and longer ICU length of stay, longer total hospital 
length of stay, more surgical complications, more post-discharge institutionalization and higher 
one-year mortality rates. Because of the outcomes of this study we were triggered. We knew 
now which factors were important risk factors for POD, and that patients suffering from POD 
also experienced more other postoperative complications. Could patients benefit from this 
knowledge, if we could also determine the influence of frailty on complications? And more 
specifically, which of the domains of frailty contribute most to the detrimental effects of the 
syndrome as a whole? 

In chapter 5 we focused not only on POD, but on postoperative complications in general. The 
aim of this prospective study was to determine whether frailty was associated with adverse 
30-day outcome. For this study, we included 825 patients aged ≥ 60 years between March 
2010 and October 2017. Frailty was measured using the Groningen Frailty Indicator (GFI) and 
was obtained at the outpatient clinic by specially trained nurses. The GFI was developed at the 
University Medical Center Groningen to screen for frailty, and consists of 16 items, consistent 
with the domains of functioning. Frailty was defined as a GFI score of 4 or more. One hundred 
and eighty four patients (22.3%) were considered frail. Morbidity was determined using the 
Comprehensive Complication Index (CCI). This is an extension of the more commonly used 
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Clavien-Dindo method. All complications were scored according to Clavien-Dindo classification, 
and were then accumulated and weighted for their severity (range 0-100). During hospital 
admission, over 32% of patients had one or more complication. This seems rather high, however, 
according to Clavien Dindo, also grade I complications, defined as ‘any deviation from the 
normal postoperative course’ were included, which generally do not affect the hospital length 
of stay or the wellbeing of the patient. Also, same numbers were found in previous studies. 
The mean CCI for the total cohort was 8.5. Frailty was significantly associated with both the 
amount and the severity of postoperative complications, and resulted in a 3.7 increase in 
CCI score (p=0.005). Regarding the subdomains of frailty, patients with impaired cognition 
and reduced psychosocial condition had a significantly higher CCI. The 30-day mortality rate 
was 2.3%, with frailty as a significant risk factor (p=0.05). There was no difference between 
frail and non-frail patients regarding hospital re-admission, but frailty was associated with 
a higher risk of discharge to a care facility (p<0.001). The subdomains ‘mobility’, ‘nutrition’, 
‘cognition’, ‘history of delirium’ and ‘psychosocial condition’ were all significantly related to 
discharge to a care facility. 

In the studies above, we focused on all vascular surgery patients, in which we have shown that 
frailty has an adverse impact on postoperative complications and other outcomes. However, 
vascular surgery patients, and especially older vascular surgery patients face more problems 
than frailty alone. Over the past years, the influence of the metabolic syndrome (MetS) on 
outcome after surgery, especially after carotid interventions, had been studied. MetS is a 
condition characterized by hypertension, obesity and a pre-diabetic state, and is considered 
a risk factor for cardiovascular disease. To our knowledge, only two prior studies focus on 
the role of MetS on outcome after carotid endarterectomy (CEA), and they show conflicting 
results. We set up a new study, presented in chapter 6, to evaluate the influence of MetS 
on short- and long-term adverse events and survival after (CEA). A total of 564 interventions 
were performed in 525 patients. MetS was defined based on the presence of three or more 
of the following items: hypertension (blood pressure >140/>90 or use of antihypertensive 
medication), serum triglycerids >150mg/DL, high-density lipoprotein <40 mg/dL (male)/<50  
mg/dL (female), fasting serum glucose >110 (or use of antidiabetic medication) and body mass 
index (BMI) > 30. Primary endpoints were mortality and occurrence of transient ischemic attack 
(TIA)/cerebrovascular accident (CVA) and myocardial infarction (MI). Two-hundred forty-four 
interventions (43.3%) were performed in patients who were classified as having MetS. The 
mean age was 69 years. There were no significant differences for all the outcome variables 
we investigated. The 30-day all-cause mortality rate was 1.2% (0.9% vs 1.6%; p=0.47). Both on 
the short and long-term there was no difference regarding occurrence of CVA/TIA and MI. The 
2-year survival rate was 94.7% in the MetS group vs 95.3% in the non-MetS group (p=0.78). 
The 5-year survival was 85.0% in the MetS group vs 81.6% in the non-MetS group (p=0.86).

This thesis underlines the importance of identifying patient and procedural risk factors when 
considering vascular surgery in the elderly. Hereby, it is important that in addition to frailty 
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as a multifactorial syndrome, the composition and the patient specific domains are taken 
into account. Frail patients are not only more prone for POD, they are also at increased risk 
for other postoperative complications and post-discharge institutionalisation, which all have 
great impact on the quality of life of patients and their families.11 Also, these are all associated 
with significant increases in costs.12 When more elderly are considered eligible for (elective) 
surgery, in the current climate of cost containment in the medical field, a critical consideration 
should be made which patients would benefit from treatment without resulting in increased 
complications and institutionalisation. Preoperative risk assessment is an important step in this 
decision-making process. We know from several studies that delirium, for instance, could be 
prevented in one third of cases.13 Although this does presumably not apply to all complications in 
the elderly, identifying those patients at risk plays a key role in early recognition and treatment. 
The concept of shared-decision making can support the choice for surgery or a wait and see 
approach. With this thesis we have identified outcomes and risks in the elderly that can be 
discussed at the outpatient clinic with patient and family in order to achieve a personal and 
well-considered decision.

Future perspectives
In this thesis we describe which factors have an influence on outcome after vascular surgery. 
With this important step, we can identify high-risk patients. In order to not only identify 
those patients at risk for complications, but also to interfere in the process before they 
occur, a prehabilitation program – or ‘training for surgery’ could be implemented. Primarily 
in colorectal surgery these programs have become a source of interest, and at various sites 
throughout the world different groups have studied or implemented such programs. It is known 
from the literature, that impaired cardiorespiratory fitness is associated with postoperative 
complications in intra-abdominal surgery, and that prehabilitation can decrease postoperative 
complications.14 Those training programs consist of inspiratory muscle training, aerobic exercise, 
and/or resistance training. In our center, in 2019 a special outpatient clinic was opened for 
patients undergoing major liver or pancreatic surgery. Those patients participated in physical 
therapy, with also special attention for nutrition, smoking and drinking habits, and mental 
health. The outcomes are not reported yet, but results are promising.15

Besides frailty, there are other factors, such as malnutrition, which increase the risk of impaired 
postoperative outcome that have been studied lately. Currently, our group is focussing on the 
influence of nutritional status on outcome. Malnutrition is defined as lack of intake/uptake 
of nutrition that leads to altered body composition and body cell mass leading to diminished 
physical and mental function. Malnutrition is associated with impaired postoperative outcomes, 
especially in frail patients. Recently, we published the first results in which 24% of vascular 
surgery patients are at increased risk of malnutrition and had significantly more postoperative 
complications compared to patients without increased risk of malnutrition.16 On the basis of 
these outcomes, it could be suggested that improving the nutritional status might improve 
outcome after surgery. The next step would be an interventional study, in which preventive 
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arrangements are implemented. 

Another factor that might be an indicator for frailty is sarcopenia. Sarcopenia is defined 
as a combination of low muscle strength, low muscle quantity or quality and low physical 
performance.17 Sarcopenia and frailty are related, and both are common in the elderly vascular 
surgery patient population. A recently published review concluded that sarcopenia, and 
specific low psoas muscle mass, is a strong predictor for severe postoperative complications 
in surgical oncology.18 In vascular surgery patients similar outcomes were found recently, were 
sarcopenia and specifically myosteatosis (skeletal muscle infiltration) are associated with 
poorer survival.19 However, another study including vascular surgery patients, indicated that 
frailty was an independent prognostic predictor for mortality, not sarcopenia.20 Although it is 
still unclear which parameters are the best indicators for sarcopenia, we think in the future 
there would be an important role for recognition and treatment of sarcopnia in frail patients 
to improve outcomes.

Vascular surgery patients are often frail, and their performance is limited due to problems in 
several domains. This in turn means there are options to optimise those patients on several 
paths. Also, most of the interventions these patients are scheduled for are elective, which 
means there is also enough time for prehabilitation programs. Therefore, we assume that 
especially in this group of patients improving results could be achieved. Frailty, malnutrition 
and sarcopenia are of major importance and should be the focus of more research in the 
forthcoming years.
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