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Frailty leads to poor long-term survival in patients undergoing
elective vascular surgery

Louise B. D. Banning, BSc,® Mostafa El Moumni, MD, PhD, MSCE,P Linda Visser, MD,?
Barbara L. van Leeuwen, MD, PhD,“ Clark J. Zeebregts, MD, PhD,” and Robert A. Pol, MD, PhD,® Groningen,
The Netherlands

ABSTRACT

Objective: Frailty has persistently been associated with unfavorable short-term outcomes after vascular surgery, including
an increased complication risk, greater readmission rate, and greater short-term mortality. However, a knowledge gap
remains concerning the association between preoperative frailty and long-term mortality. In the present study, we aimed
to determine this association in elective vascular surgery patients.

Methods: The present study was a part of a large prospective cohort study initiated in 2010 in our tertiary referral teaching
hospital to study frailty in elderly elective vascular surgery patients (Vascular Ageing Study). A total of 639 patients with a
minimal follow-up of 5 years, who had been treated from 2010 to 2014, were included in the present study. The
Groningen Frailty Indicator, a 15-item self-administered questionnaire, was used to determine the presence and degree of
frailty.

Results: Of the 639 patients, 183 (28.6%) were considered frail preoperatively. For the frail patients, the actuarial survival
after 1, 3, and 5 years was 81.4%, 66.7%, and 55.7%, respectively. For the nonfrail patients, the corresponding survival was
93.6%, 83.3%, and 75.2% (log-rank test, P < .001). Frail patients had a significantly greater risk of 5-year mortality (unad-
justed hazard ratio, 2.09; 95% confidence interval, 1572-2.771; P < .001). After adjusting for surgical- and patient-related
risk factors, the hazard ratio was 1.68 (95% confidence interval, 1.231-2.286; P = .001).

Conclusions: The results of our study have shown that preoperative frailty is associated with significantly increased
long-term mortality after elective vascular surgery. Knowledge of a patient’s preoperative frailty state could, therefore, be
helpful in shared decision-making, because it provides more information about the procedural benefits and risks. (J Vasc

Surg 2021;73:2132-9.)

Keywords: Frail elderly; Frailty; Mortality; Vascular surgical procedure

At present, the mean population of vascular surgery pa-
tients consists mainly of elderly patients with numerous
chronic diseases and physical disabilities. Studies have
demonstrated that neither chronologic age nor muilti-
morbidity, most often defined as “the coexistence of at
least three chronic conditions over a span of at least one
year,” can be used to distinguish between a fit and frail pa-
tient."* Frailty is a complex state of a decreased physio-
logic reserve, resulting in increased susceptibility to
stressors that is separate from the natural process of
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aging. Thus, it is considered a geriatric syndrome
composed of several domains (ie, physical, cognitive,
and psychosocial) describing the weakest adults®

The prevalence of frailty in the surgical setting has varied
from 16% to 53%, because various studies have used
different frailty measurement tools. At present, no refer-
ence standard of the available instruments is considered
the most reliable in determining the level of frailty.*> A
number of instruments can be used to measure multiple
frailty domains, such as the Fried Frailty Index, G8 ques-
tionnaire, Groningen Frailty Indicator (GFl), and Edmonton
frail scale®”

Irrespective of the measure used, frailty, in general, has
persistently been associated with unfavorable postopera-
tive outcomes after vascular surgery, such as an
increased complication risk, higher readmission rate,
and discharge to a nursing home.®'? In addition, frailty
has been associated with greater short-term mortality af-
ter vascular surgery.”'*'* Studies of other populations,
such as cardiac patients, have demonstrated that frailty
is also associated with poor long-term survival.>"” It is
difficult to extend these results to the long-term out-
comes after vascular surgery, because the association of
frailty and mortality can vary by a factor of 40 among
the different surgical populations.'® One study of patients
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undergoing endovascular aortic aneurysm repair
showed that sarcopenia, used as a surrogate for frailty,
increased the likelihood of 5-year mortality.'” However,
sarcopenia alone does not capture the whole multidi-
mensional frailty syndrome. Consequently, a knowledge
gap remains concerning the association between preop-
erative frailty and long-term mortality in vascular surgery
patients. Providing insight of the frailty-related mortality
risk will help to improve the outcomes of frail patients.

Therefore, the aim of the present study was to deter-
mine the association between preoperative frailty and
5-year mortality for elective vascular surgery patients.
Second, we sought to determine how this association
might be affected by surgical- and patient-related risk
factors.

METHODS

Study design. The present study was a part of a large
prospective cohort study initiated in 2010 in frail and
elderly elective vascular surgery patients (Vascular
Ageing Study), conducted at our tertiary referral teaching
hospital.?° The total cohort of the Vascular Ageing Study
consisted of 1306 patients. For our study, patients were
included if they had undergone open or endovascular
thoracic, aortic, iliac, or popliteal procedures, peripheral
bypass surgery, carotid endarterectomy, and elective
major limb amputation (transfemoral, through knee
exarticulation, and transtibial). Single procedures, which
were usually performed as day-care surgery (ie, arterio-
venous access surgery, percutaneous transluminal an-
gioplasty interventions, including coil embolization, and
minor amputations [eg, digits and wound revisions])
were excluded from the present analysis. The follow-up
period after intervention was =5 years (intervention per-
formed between 2010 and 2014). Thus, 639 patients
formed the basis for the present study. All the patients
provided written informed consent. The medical ethical
institutional review board granted dispensation for the
Vascular Ageing Study from the Medical Research
Involving Human Subjects Act obligation (registration no.
METC 2016/322). Patient data were processed and elec-
tronically stored, in agreement with the ethical principles
of the Declaration of Helsinki for medical research
involving human subjects.?’ The data were stored and
analyzed anonymously.

Frailty assessment. The GFl was used to determine the
presence and degree of frailty.?>?* Preoperatively, the
GFl was completed by the patients, under supervision of
specially trained nurses at the outpatient clinic. The
decision to schedule a patient for surgery was inde-
pendent of the GFl score obtained. However, if a patient
was frail according to the GFI, a geriatrician was con-
sulted. Several studies, including a pilot study of
vascular surgery patients, had previously tested and
validated the feasibility, sensitivity, and specificity of the
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ARTICLE HIGHLIGHTS

- Type of Research: A single-center,
cohort study

- Key Findings: A total of 639 patients were included,
of whom 183 (28.6%) were considered frail preopera-
tively. The frail elective vascular surgery patients had
a significantly greater risk of 5-year mortality
compared with nonfrail patients (hazard ratio, 2.09;
P < .001). Even after adjustment for surgical- and
patient-related risk factors, the risk remained almost
twice as high (hazard ratio, 1.68; P = .001).

Take Home Message: Preoperative frailty led to
significantly greater 5-year mortality in vascular sur-
gery patients, a finding that can be used to optimize
the preoperative risk prediction.

prospective

GFI1.2*?7 In brief. the GFl is a 15-item screening instru-
ment classified into the four domains of functioning:
physical (mobility function, 0-4 points; vision, O-1 point;
hearing, O-1 point; nutritional status, O-1 point; comor-
bidity, O-1 point; and physical fitness, O-1 point), cognitive
(history of delirium, O-1 point; and cognitive dysfunction,
0-1 point), and social and psychological (psychosocial
condition, 0-5 points). The GFI yields a score of O to 15
points, and patients with a score of =4 are classified as
frail.**

Outcome parameters. The demographics of the
patients and clinical data, such as age, sex, body mass in-
dex, medical history, American Society of Anesthesiolo-
gists (ASA) score, smoking status, and type of surgery,
were extracted from the Vascular Ageing Study cohort.
Comorbidity was determined using the Charlson Comor-
bidity Index, a weighted score that predicts the 1-year
mortality of patients according to their medical condi-
tion and age.”® We used the calculator developed by Hall
et al*® to calculate the index. Postoperatively collected
data included the length of hospital length of stay,
intensive care unit admittance, postoperative complica-
tions, and the occurrence of delirium. The postoperative
complications were registered and analyzed using the
Comprehensive Complication Index, a tool that con-
siders all postoperative complications stratified by
severity, in agreement with the Clavien-Dindo classifica-
tion of surgical complications.*°*' The Comprehensive
Complication Index uses a specific calculation that yields
a score from O to 100, thereby giving a detailed assess-
ment for a single patient. For our primary outcome,
5-year mortality, the date of death was formally reques-
ted from the personal records database, recorded by the
Dutch municipalities.*> The cause of death was extracted
from the electronic medical records or by contacting the
general practitioner. Our secondary outcomes (admis-
sion to the hospital, admittance to the intensive care
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Table I. Baseline characteristics

Sex <.001

Female 142 (22.2) 61 (33.3) 81 (17.8)

Smoking® 428 (67.0) 114 (62.3) 314 (68.9) n7

Comorbidities® 51+19 56 +22 49 +18 <.001

Endovascular aneurysm repair 185 (29.0) 43 (23.5) 142 (31.1) .054

Peripheral bypass 128 (20.0) 34 (18.6) 94 (20.6) .561

Major limb amputation 66 (10.3) 41 (22.4) 25 (5.5) <.001

1-2 238 (37.2) 49 (26.8) 189 (41.4) .001

Hospital stay, days 6 (6-9) 6 (4-10) 6 (4-8) .016

Delirium during hospital stay 44 (6.9) 17 (9.3) 27 (5.9) 128

Admittance to ICU 180 (28.2)

49 (26.8) 131 (28.7) .620

unit, and surgical procedures during follow-up) were
obtained from the electronic medical records.

Statistical analysis. Categorical variables, presented as
numbers and percentages, were analyzed using the
Fisher exact test or y¥* test. A normal distribution was
assumed with help from a Q-Q plot and a histogram. Dif-
ferences in continuous variables, presented as the
mean * standard deviation when normally distributed,
were tested using the Student t test. The Mann-Whitney
U test was used for non-normally distributed variables,
which are presented as the median and interquartile
range. Five-year survival was calculated using the Kaplan-
Meier method, and differences in survival between frail
and nonfrail patients were determined using the log-rank
test. Hazard ratios (HRs), with the corresponding 95%
confidence intervals (Cls), of the association between
frailty and 5-year survival were derived using Cox propor-
tional hazard survival models. The covariates included in
the first multivariate model (ie, age, sex, history of smok-
ing, Charlson Comorbidity Index, ASA score, type of
intervention, postoperative complications) were selected

in accordance with existing data and subject matter
knowledge or when the regression coefficient of the un-
adjusted Cox regression analysis had changed by >10%.
history of delirium was added to these confounders in the
second multivariate model, because frailty is a proven
predisposing factor for delirium.*® A P value of =.05 was
considered statistically significant. All statistical analyses
were performed using SPSS, version 22.0 (IBM Corp,
Armonk, NY).

RESULTS

Baseline characteristics. The patient characteristics
and clinical data are summarized in Table I. A total of
639 patients were included, of whom 183 (28.6%) were
considered frail preoperatively. The mean age of the total
cohort was 69.4 + 10.0 years. Frail patients had a greater
comorbidity burden (Charlson Comorbidity Index, 5.6 vs
49, P < .001), a higher ASA score (73.2% vs 58.6%;
P =.001), and a greater incidence of a history of delirium
(21.3% vs 5.9%; P < .001). In the frail group, significantly
more patients had required a major limb amputation
(22.4% vs 55%; P < .001). More nonfrail patients had

>
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Table Il. Differences in 5-year outcomes after elective vascular surgery stratified by frailty status

Hospital admission 327 (51.2)
ICU admission 92 (14.4)
Surgical intervention 233 (36.5)
Death 196 (30.7)

100 (54.6) 227 (49.8) 239
20 (10.9) 72 (15.8) 186
67 (36.6) 166 (36.4) .563
82 (44.8) 114 (25.0) <.001

ICU, Intensive care unit.

Data presented as number (%). Boldface P values represent statistical significance.

2Groningen Frailty Indicator score of =4.

undergone an endovascular aortic procedure (31.1% vs
23.5%; P = .054).

Five-year follow-up. A total of 327 patients (51.2%) had
been readmitted to the hospital at least once during
follow-up, with no statistically significant differences be-
tween the two groups (Table Il). Overall, the 5-year mor-
tality was 30.7% (n = 196). After a follow-up of 5 years,
44.8% of the frail patients had died compared with
25.0% of the nonfrail patients (P < .001). In the total
cohort, the most common cause of death was cardiac
(14.8%; Table ). In frail patients, the most common
cause of mortality was cardiac (18.3%); for nonfrail pa-
tients, the most common cause was malignancy (14.9%).

Survival outcomes and frailty. For frail patients, the
actuarial survival after 1, 3, and 5 years was 81.4%, 66.7%,
and 55.7%, respectively (Fig 1). For the nonfrail patients,
the corresponding survival was 93.6%, 83.3%, and 75.2%
(log-rank test, P < .001). Patients who had undergone a
major limb amputation had significantly lower survival
compared with the other patients (Supplementary Fig 1,
online only; log-rank test, P < .001). After excluding these
patients, the difference in actuarial survival between the
frail and nonfrail patients remained significant (log-rank
test, P = .012; Fig 2). After stratifying the long-term survival
per vascular procedure by frailty status, the frail patients
who had undergone endovascular aneurysm repair had
had significantly worse long-term survival (Supplementary
Fig 2, online only, A; log-rank test, P = .038). The results of
the Cox proportional hazards analysis for the complete
cohort are summarized in Table IV. In the unadjusted
analysis, frail patients had a significantly greater risk of
5-year mortality (HR, 2.09; 95% ClI, 1572-2.771; P < .001).
After adjusting for the previously stated confounders in
model 2, the HR for 5-year mortality was 1.68 (95% Cl, 1.231-
2.286; P = .001). After inclusion of a history of delirium as a
confounder (model 3), the HR was 1.53 (95% Cl, 1.110-2.113;
P = .010). The results of the Cox proportional hazards
analysis for the complete cohort, excluding the patients
who had undergone a major limb amputation, are also
presented in Table IV. In the unadjusted analysis, the frail
patients still had a significantly greater risk of 5-year
mortality (HR, 1.82; 95% CI, 1.302-2.542; P < .001). After
adjusting for the confounders included in model 2, the HR

for 5-year mortality was 1.75 (95% ClI, 1.220-2.512; P = .002).
In model 3, the HR was also 175 (95% CI, 1.212-2.523;
P = .003).

DISCUSSION

The results from the present study have shown that pre-
operative frailty is associated with a significantly
increased long-term mortality risk after elective vascular
surgery. After adjusting for important confounders, frail
patients continued to have a significantly greater 5-year
mortality risk compared with nonfrail patients.

In accordance with the present results, previous studies
of vascular surgery patients have demonstrated that
frailty is associated with many adverse outcomes,
including mortality. However, most of these studies had
focused on the short-term outcomes only. A recently re-
ported systematic review on frailty and outcomes after
vascular surgery showed a significant association be-
tween frailty and 30-day mortality (unadjusted odds ra-
tio, 4.81). After adjusting for important confounding
variables, this association persisted (odds ratio, 2.77)*
Smaller studies have previously shown an association be-
tween frailty and mid- to long-term mortality in vascular
surgery patients.®?° One study found that frailty was an
independent predictor of 2-year survival for patients
who had undergone surgical and medical management
for vascular disease, although in a more heterogeneous
vascular patient group than that in our study> In
another study, frailty proved to be independently associ-
ated with poor 2-year overall survival for patients with
critical limb ischemia. The 2-year survival rate was
80.5%, 63.1%, and 49.3% for patients with a low, an inter-
mediate, and a high clinical frailty scale score, respec-
tively.*® The unadjusted HR of 1.64 in that study was
lower than the unadjusted HR in our study (HR, 2.09).
We also found that patients who had undergone a major
limb amputation were more often frail and had signifi-
cantly worse 5-year survival compared with those who
had undergone other vascular interventions, a previously
reported finding.*” Therefore, we decided to perform a
survival analysis in which we excluded the patients who
had undergone a major limb amputation. After
excluding these patients, the association between frailty
and 5-year mortality remained significant.



2136 Banning et al

Journal of Vascular Surgery
June 2021

Table Ill. Differences in causes of death stratified by frailty status

Aneurysm related 13 (6.6)
Neurologic 9 (4.6)
Cardiac 29 (14.8)
Pulmonary 18 (9.2)
Malignancy 25 (12.8)
Multiple organ failure 26 (13.3)
Other 27 (13.8)
Unknown 49 (25.0)

5 (6.1) 8 (7.0) .798
2 (2.4) 7 (6.1) 309
15 (18.3) 14 (12.3) 242
10 (12.2) 8 (7.0) 216
8 (9.8) 17 (14.9) .286
10 (12.2) 16 (14.0) .708
13 (15.9) 14 (12.3) 474
19 (23.2) 30 (26.3) .616

Data presented as number (%). Boldface P values represent statistical significance.

2Groningen Frailty Indicator score of =4.
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Fig 1. Probability of survival after elective vascular surgery
stratified by frailty status according to the Kaplan-Meier
method.

Although frail surgical patients have a greater risk of
readmission, we found no significant differences in the
admission rates between the frail and nonfrail patients
during the 5 years of follow-up in our study.*® A possible
explanation could be that hospitals in the Netherlands
do not have a national medical record system. Because
of privacy laws, we could not receive this information
without approval of the ethical committee and written
informed consent, the latter being impossible when a pa-
tient has died if not previously provided. Because we are a
tertiary referral center for the northern part of the
Netherlands, the primary physicians of our patients prefer
to send their patients to our academic hospital for read-
mission and treatment. Thus, we expected that the num-
ber of significant readmissions to other hospitals was low.

We found that frail patients more often had a history of
delirium. After adjusting for this factor, the HR of frailty
on 5-year mortality had decreased slightly. Although

frailty and delirium share many common aspects, such
as possible overlapping pathophysiology and adverse
outcomes, frailty is more a chronic state of decreased re-
serves, and delirium is usually an acute condition®® A
previously reported systematic review concluded that
frailty is a significant predisposing factor for delirium,
possibly because it contributes to the susceptibility for
adverse outcomes.®>® The occurrence of delirium might
be a sign of underlying frailty; however, the occurrence
of delirium can also make a patient more susceptible
to frailty. Therefore, both the reported data and the find-
ings from our study have shown an interaction between
delirium and frailty; however, which is the cause and
which the effect remains unknown.

Our finding that the age of frail and nonfrail patients
did not differ significantly further supports the idea that
frailty is independent of age. During the past years, chro-
nologic age or the occurrence of comorbidities have
formed the basis of most surgical risk prediction tools.*°
However, these two characteristics do not highlight the
patients’ physical and physiologic reserves at surgical
intervention. Because the absence or presence of the
frailty syndrome can provide information about these re-
serves, the implementation of a standard preoperative
frailty assessment is needed. This is especially applicable
for vascular surgery patients, because most will be elderly
patients with numerous chronic conditions and disabil-
ities. The knowledge of a patient’s preoperative frailty
state could, therefore, be helpful for shared decision-
making, because it gives more information about the
procedural benefits and risks and the possibility that a
particular vascular intervention can be fatal.*' Future
frailty research in the field of vascular surgery should
focus more on the therapeutic possibilities for frail pa-
tients. Individualized multicomponent therapies could
be created to treat frailty, and existing frailty should be
reduced to improve postoperative outcomes and, hope-
fully, survival.! The Comprehensive Geriatric Assessment
is a diagnostic and therapeutic process that determines
the physiologic and functional capability of a frail patient
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Fig 2. Probability of survival after elective vascular surgery,
excluding major limb amputation, stratified by frailty sta-
tus according to the Kaplan-Meier method.

to create an individualized treatment plan.“?** It has
been shown that performing a Comprehensive Ceriatric
Assessment increases survival and decreases the length
of hospital stay. Another method of optimizing frail surgi-
cal patients might be to implement prehabilitation using
preoperative exercise therapy and nutritional interven-
tions.***> Surgery could result in frail elderly patients
functioning under their minimum level of capacity, the
so-called critical zone, leading to an increased time for
recovery and an increased risk of adverse outcomes.*®
The physiologic reserves of frail patients could be
increased by implementing prehabilitation preopera-
tively, preventing these patients from reaching the crit-
ical zone and, therefore, decreasing the risk of adverse
outcomes such as mortality. Cognitive frailty in terms of
cognitive impairment could also possibly be improved
by cognitive training or a combination of physical, nutri-
tional, and cognitive interventions.“> However, to the best
of our knowledge, no studies have investigated the
implementation and effectiveness of prehabilitation on
a large scale in surgical practice.

The present study had some limitations. First, we used the
GFl as an assessment tool to determine preoperative frailty.
The GFl is a validated tool for vascular surgery patients. The
guestionnaire only requires 5 minutes to complete, yet
covers all the domains of functioning. Because of the
limited time required for compiletion, it is very suitable for
usage in the busy outpatient setting. Despite these advan-
tages, it remains a self-report questionnaire that contains
patient-reported outcomes. Because of individual interpre-
tation, patients could give an over- or underestimation of
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Table IV. Multivariate Cox regression analysis comparing
frail and nonfrail patients for 5-year mortality

Variable HR 95% ClI P value
All patients
Frail, model 1 2.09 1572-2.77 <.001
Frail, model 2° 1.68 1.231-2.286 .001
Frail, model 3" 1.53 1110-2.113 .010
Major limb amputation
excluded
Frail, model 1 1.82 1.302-2.542 <.001
Frail, model 2° 1.75 1.220-2.512 .002
Frail, model 3° 175 1.212-2.523 .003

Cl, Confidence interval; HR, hazard ratio.

Boldface P values represent statistical significance.

2Adjusted for age, sex, history of smoking, Charlson Comorbidity Index,
American Society of Anesthesiologists score, type of intervention, and
postoperative complications.

PAdjusted for age, sex, history of smoking, Charlson Comorbidity Index,
American Society of Anesthesiologists score, type of intervention,
postoperative complications, and a history of delirium.

the actual problems that exist. Second, the distribution of
the type of intervention differed between frail and nonfrail
patients. In the frail group, more patients had undergone
major limb amputation. However, after performing extra
analyses with exclusion of the patients who had undergone
major limb amputation, the effect of frailty on 5-year mor-
tality persisted. Third, if a patient was frail in our study, a
geriatrician was consulted. The long-term mortality rates
of frail patients in our study might have been even more
striking without this consultation. Fourth, we only included
elective vascular interventions in the present study. Acute
interventions were not included, making it impossible to
determine the effect of frailty on the long-term mortality
in a patient population with a generally greater mortality
rate after surgery. Finally, our hospital is a tertiary referral
teaching hospital. The patient population and, subse-
guently, our outcomes might be different from those in a
general hospital.

CONCLUSIONS

Preoperative frailty is associated with significantly short-
ened long-term survival after elective vascular surgery.
Even after adjusting for covariates such as age and comor-
bidities, the risk of 5-year mortality remained almost twice
as high for frail patients. These results highlight the impor-
tance of implementing a standard, preoperative frailty
assessment tool in vascular surgery to optimize the preop-
erative risk prediction and potentially intervene in causal
domains of frailty. Prehabilitation, with attention on phys-
ical, nutritional, and cognitive improvement, has the po-
tential to modify these domains and quicken recovery
or prevent further deterioration.
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Supplementary Fig 1 (online only). Probability of survival
after elective vascular surgery stratified by frailty status
according to Kaplan-Meier method.
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stratified by frailty status using the Kaplan-Meier method.



