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v

Over the last few decades, the combined effect of declining mortality and 
major morbidities after cardiovascular interventions in combination with the 
fact that medicine becoming more patient-centred has brought the impact on 
functional status of patients under the spotlight.

The ability and the time patients can resume their day-to-day activities 
post-intervention has been increasingly researched and considered as a key 
indicator of outcomes.

More often physicians are also considering the impact of the disease and 
the proposed interventions on patient’s functional status and aspects of qual-
ity of life that are important to them.

The World Health Organization (WHO) describes QOL as “an individu-
al’s perception of their position in life in the context of the culture and value 
system in which they live and in relation to their goals, expectations, and 
standards and concerns”.

In cardiovascular disease, patient-reported questionnaires help providing 
subjective, valid and reliable measures for QOL, and not based on physician- 
recognised cardiac symptoms.

QOL measures are increasingly becoming necessary to be incorporated in 
clinical trials due to their relevance to patients’ functional status.

With the advances in percutaneous catheter interventions and with ageing 
population, there will undoubtedly more comparisons between such novel 
approaches to open cardiac surgery. The availability of valid QOL measures 
will assist in such comparisons to benefit what matters to the patient.

An increment in the proportion of patients above the age of 80 years pre-
senting with cardiac disease will lead to increased demands on cardiovascular 
specialties.

The use of generic and disease-specific QOL instruments in randomised 
clinical trials (RCT) assists in quantifying the impact of cardiac intervention 
on patients with chronic health status.

When deciding which QOL measure to utilise, it has been suggested that 
concomitant use of both generic and disease-specific instruments is highly 
recommended and optimal. However, it has also been suggested that disease- 
specific QOL measures are more sensitive to change compared to generic 
ones in case of RCT.

There are a few limitations in the methodology in applying QOL measures 
in RCT.  For instance, many studies utilise cross-sectional designs without 
baseline QOL assessment, which makes it difficult in demonstrating the 
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 efficacy of treatment. In general, the validity of QOL instruments use relies 
on memory recall while filling questionaries without considering physical 
and psychosocial adjustments over time to a chronic illness and how it is 
perceived. There is also significant variability in QOL instruments with some 
having lower sensitivity in detecting minor symptoms changes. So, it becomes 
challenging to accurately quantify QOL changes from interventions given the 
above limitations. Furthermore without a consensus in QOL use in RCT, one 
should be attentive to how QOL measures were defined and measured.

Recently, a Consolidated Standards of Reporting Trials Patient Reported 
Outcome (CONSORT PRO) has been set up to standardise QOL assessments 
across clinical trials and improve QOL reporting and inform clinical practice 
and health policy.

In clinical practice for patients undergoing emergency intervention or 
those critically unwell, the clinical decision making would not be affected by 
patient QOL scores. In comparison patients with already good pre-operative 
health will unlikely to have QOL benefit from surgery but will have improved 
survival.

Differential QOL trajectories can assist in informing patients more accu-
rately when having discussions before surgery for their post-operative recov-
ery. This would provide with realistic expectations when offering various 
interventions and an insight into functional status using generic or disease- 
specific QOL measures after surgery.

The importance of having accurate QOL data underpins its potential use to 
inform clinical practice and decision making.

To then implement PROs into clinical practice, need to consider the work-
flow including how they are collected, the timings, the reporting of scores and 
the actions that arise from it. Several RCTs have demonstrated the benefits of 
incorporating QOL data into routine clinical practice such as helping in dis-
cussing QOL issues without prolonging clinic and keeping patient’s well- 
being paramount.

National databases such as the Society for Thoracic Surgeons (STS) or 
risk-scoring like Euroscore II provide accurate risk adjustments for common 
procedures and help in guiding pre-operative decision making.

The STS measures surgical outcomes including complications rates, read-
missions and perioperative mortality, which are objective and easy to inter-
pret. However, they do not reflect on what is most significant to the patient. In 
fact most of the post-operative complications are rare and would not be ade-
quate for evaluating the true quality of care delivered or to compare institu-
tions performances.

To have a better understanding of QOL measures and the outcomes associ-
ated with it, these PROs have to be assessed pre-operatively, post-operatively 
and also at long-term follow-up.

PROMIS provides accurate, standardised measurements of PROs. These 
have over 300 measures of mental, physical and social well-being that can be 
used for the general population or specific group like cardiac surgery.

PROMIS questionnaires have been validated for the general public and in 
patients with different medical conditions, so scores are obtained and com-
pared easily across various populations.
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The PROMIS is also aligned with the goals of STS PRO Task Force and 
the American Heart Association for exploring to incorporate PRO measures 
into the STS national databases. Resource use and patient-reported outcomes 
when added to National Databases would provide a more comprehensive per-
spective on quality as well as additional end points.

Incorporating PRO into National Databases will help surgeons to give 
more patient-centred care.

Mortality outcome is an insufficient marker for success and cardiac sur-
gery has relied on this for too long. Operative success should not be the only 
criteria for providing a procedure to a patient. There is a multitude of trials 
that have reported improvement in QOL post-cardiac surgery and such high- 
quality data can be utilised for more accurate and personalised pre-operative 
counselling and risk stratification.

Such QOL measures can be used to benchmark in novel technologies such 
as transcatheter cardiac procedures and minimal access surgeries.

The use of generic and disease-specific QOL measures is a promising 
research field with many applications to RCT and in clinical practice.

The CONSORT PRO has been set up for assisting in adoption of validated 
QOL measures more routinely in trials and clinical practice. There is a lot of 
exciting opportunity for integrating PROs into routine clinical practice, clini-
cal trials and national databases in cardiac surgery for optimising compara-
tive effective research. Identifying anticipated trajectories for post-intervention 
recovery will assist in providing more tailored outcomes that are meaningful 
to patients, defining new markers for surgical success.

London, UK Thanos Athanasiou  
London, UK  Ara Darzi  
London, UK  Aung Ye Oo   
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1Unveiling the Concept of Minimal 
Clinically Important Difference 
(MCID) in Cardiac Surgery

Dimitrios E. Magouliotis, Grigorios Christodoulidis, 
Arian Arjomandi Rad, and Thanos Athanasiou

 Introduction

It is crucial for surgeons and physicians to under-
stand, identify and quantify the impact of their 
treatments on their patients. This need is even 

greater when therapies intend to improve subjec-
tive outcomes, thus increasing the complexity of 
assessing the clinical utility of treatment inter-
ventions [1]. However, a statistically significant 
change may not always represent a clinically 
meaningful enhancement for clinicians or 
patients. In this context, the smallest benefit of 
value to patients is called the minimal clinically 
important difference (MCID) [1]. In fact, the 
MCID concept is primarily patient-centered, thus 
demonstrating both the dimension of the objec-
tive clinical improvement, along with the value 
patients attribute to this change. The MCID has 
been developed to provide patient experience and 
clinical relevance to the reported outcomes, while 
defining the smallest proportion of change that an 
outcome should bring to be meaningful to 
patients [1].

The clinical importance for certain outcome 
measures, such as mortality or incidence of a rare 
complication, is intuitive, given that large multi- 
institutional trials are commonly needed to iden-
tify a statistical difference. Besides, other 
treatments may be of critical importance for 
patients, but might also affect health-related qual-
ity of life (HRQOL) [2]. To face this challenge, 
various questionnaires [3–5] have been devel-
oped, thus highlighting the urgent need for clini-
cal interpretation of a meaningful change. These 
concepts are well-known and implemented in 
cardiac surgery, however, the application of the 
MCID concept remains still limited. Herein, we 
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Fig. 1.1 Number of published articles per year regarding Minimal Clinically Important Difference (MCID) according 
to the PubMed (Medline) database

aim to unveil the potential role and value of 
MCID in cardiac surgery.

 The Purpose of Employing  
the MCID

In recent years there has been an extended imple-
mentation of MCID in various medical special-
ties (Fig. 1.1).

The concept behind the employment and 
implementation of the MCID is to provide an 
appropriate level of clinical data interpretation 
regarding patient-reported changes, using a 
numerical scale on the basis of whether the 
observed change is meaningful to patients, rather 
than plain statistical importance. In this context, 
similar changes on a numerical scale may repre-
sent different levels of clinical importance in dif-
ferent study populations. In addition, statistical 
significance is directly linked to the study popu-
lation size and its characteristics. In fact, when 
the study population is large, statistically impor-
tant differences between groups might be small 
and clinically irrelevant [6]. Consequently, MCID 
methods have been developed to respond to these 
challenges.

 Statistical and Methodological 
Concepts Regarding MCID

Given the different nature of the clinical ques-
tions that surgeons and physicians pose, there are 
several concepts of the minimum important dif-
ference (MID) including:

 1. A difference demonstrating a true change 
within a population or an individual.

 2. A change which reflects cost-effectiveness 
relevant for healthcare systems.

 3. A meaningful difference to patients in cases 
that interpretation of measures is not 
intuitive.

 4. The necessary difference regarding a prog-
nostic factor to achieve a reduction in a clini-
cal event within a population of study.

 5. A change individuals can detect.

Moreover, these concepts affect also the determi-
nation of the size of necessary study population 
that should be enrolled to reliably measure a clin-
ically important effect of an intervention. In fact, 
the smaller the intervention effect sought, the 
larger the required study sample [7]. Below we 
present the main methods to estimate MCID.

D. E. Magouliotis et al.
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 Distribution Methods

Distribution-based estimates are associated not 
only with the outcomes of interest, but also with 
the context in which they are implemented. For 
instance, they might differ in response to differ-
ent interventions or populations, where the vari-
ance is homogenous [8]. These estimates rely on 
the statistical properties of distribution of the out-
come scores, along with the variability among 
patients. They also identify and quantify the 
magnitude of change that is required to show that 
the change in an outcome measure is more than 
would be expected from chance alone [6]. 
Because distribution-based methods are not 
derived from individual patient’s assessments, 
they probably should not be used to determine 
the MCID. Its logic is based on statistical reason-
ing, where it can only identify a minimum detect-
able effect, that is, an effect which is unlikely to 
be attributable to random measurement error. The 
lack of an “anchor” linking these numerical 
scores to assessing what is important to patients 
means that these methods fail to identify impor-
tant and clinically meaningful outcomes for 
patients, as they do not include their perspective. 
In fact, the term MCID is sometimes replaced by 
“minimal detectable change” when distribution- 
based methods calculate the difference. For this 
reason, these methods are not recommended as 
the first line for the determination of an MCID.

 Anchor-Based Methods

Certain MCIDs are employing anchor-based 
methodologies.

The anchor-based methods allow a compari-
son between a patient’s situation reflected by an 
outcome measure and an external criterion. This 
external criterion is nothing more than the 
patient’s perception. This method then compares 
the changes between scores with an anchor ques-
tion. For example, if we use the question: “do you 
feel better after intervention?” as a reference to 
determine if the patient improved after treatment 
compared to baseline, based on the patient’s own 
experience. A global pain rating scale (“much 

worse”, “somewhat worse”, “almost the same”, 
“somewhat better”, and “much better”) could be 
used in this case to understand the patient’s 
impression of change. The anchor question needs 
to be easily understandable and relevant to 
patients. Typical anchors may be ratings around a 
change in health status, presence of symptoms, 
disease severity, response to treatment, or prog-
nosis of future events such as death.

Those responses that refer to a change “some-
what better” or “much better” are considered of 
special interest since they inform the researcher 
of a clinical improvement that patients have veri-
fied from their own point of view. The next would 
be the changes (averages) of the score in the 
instrument used for each answer to the anchor 
question in order to establish the points of inter-
est (e.g., minimum difference for improvement or 
minimum difference for deterioration), often 
considered as the thresholds that account for the 
smallest change that correlates with clinical 
improvement.

The anchor is commonly a measure with an 
established MID or a patient’s subjective rating 
of change on a 5- or 7-point scale [9]. Anchor- 
based methods characterize the MCID by relat-
ing the change with a numerical scale for a certain 
outcome. For example, patients may be asked if 
they felt “about the same,” “a little better,” or 
“quite better” after receiving treatment. These 
categorical responses are then related to the 
numerical measurement scale used in the study, 
thus “anchoring” the numerical outcome scale to 
the categorical assessment that is more meaning-
ful to the patients. Another example is the MCID 
for the measure of functional status in the study 
by Hinman et al. [10], which was based on the 
75th percentile of the investigated score; 75% of 
patients reporting an experienced benefit (the 
anchor) demonstrated an improvement equal to 
or larger than the derived MCID using this defini-
tion. This comparison between the magnitude of 
change in the test of interest with the known 
MCID of the anchor might be performed using 
linear or logistic regression calculations. For 
example, in a recent study [11] validating the 
Short Form-36 Health Survey (SF-36) question-
naire in cardiac surgery population, a logistic 

1 Unveiling the Concept of Minimal Clinically Important Difference (MCID) in Cardiac Surgery
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regression model was employed, to examine 
independent risk factors for HRQOL deteriora-
tion at 6 months post-surgery.

In cases that the anchor is a global rating of 
change, the rating may be given by the clinician 
or by the patient, but the existence of different 
perceptions of what constitutes a meaningful 
change may differ between them [12]. 
Furthermore, these anchor-based methods have 
the advantage of linking the change to a given 
score to the patient’s perspective. Nonetheless, 
there are certain points that should be taken into 
consideration, posing certain biases. Individual 
patients may attribute a different value on a cer-
tain benefit (inter-patient variation) or even the 
same patient may attribute a different value on 
the same benefit (intra-patient variation) depend-
ing on the individual perceptions and circum-
stances [13]. Many clinical decisions with 
patients are balanced with potential risks of sur-
gery during counseling. Depending on the indi-
vidual patient’s reflections on the potential value 
and risks, MCID is affected respectively.

It is important though, when constructing an 
anchor-based method, that the question for 
assessing the change is precise and easily under-
stood. According to Copay et al. [14], four varia-
tions of the anchor-based method are identified: 
(1) the intra-patients score change, (2) the inter- 
patients score change, (3) the sensitivity-and 
specificity-based method, along with (4) the 
social comparison approach. To begin with, the 
intra-patient score is based on patients’ rating of 
their improvement regarding the outcome of 
interest on a global scale [14]. The inter-patient 
approach is based on the comparison between 
the response of patients allocated in two adjacent 
levels using a global scale. The third approach 
employs sensitivity and specificity analyses. 
Sensitivity represents the proportion of patients 
reporting an improvement with a score exceed-
ing the threshold value, or a true positive out-
come. Specificity represents the proportion of 
patients reporting a deterioration, with a score 
lower than the threshold value or a true negative 
outcome. In this context, a sensitivity value of 1 
would reflect that all true positives were identi-

fied, while a specificity value of 1 would demon-
strate that all true negatives were identified. 
Receiver operating curves (ROCs) are con-
structed and the area under the curve (AUC) are 
analyzed to assess the discrimination. The AUC 
is determined by calculating the 95% confidence 
intervals and compared using nonparametric 
paired tests, as described by DeLong et al. [15]. 
Discrimination is then evaluated as poor, fair or 
excellent model according to the AUC value of 
<0.70, 0.70– 0.79 and 0.80–1.00, respectively 
[15]. Commonly the cut point is taken from the 
top left of an ROC curve, but this can vary 
depending on the specific situation as to how 
important sensitivity and/or specificity are.

The least popular approach is the fourth one. 
According to this method, patients compare their 
perceived health status with other patients’ status. 
The MID is derived by the difference between 
patients assessing their status as superior or infe-
rior, but not similar, compared to the other patients 
[14]. An example of this approach is provided by 
Redelmeier et  al. [16] who employed a 6  min 
walk test of 54 m based on a social comparison 
method. In fact, patients observed other patients 
completing certain exercises and then compared 
their own physical status with them [16].

 Consensus (Delphi) Methods

Consensus (also known as Delphi) methods rep-
resent a panel of experts gathered to provide 
independent opinions regarding of the meaning 
of a clinically relevant change. The opinions are 
revised after the panel members review all assess-
ments, until consensus is reached, and a  numerical 
value is provided for the MCID. An example is 
the MCID for the pain assessment scale used by 
Hinman et al. [10] that was provided by employ-
ing a Delphi method (Table 1.1).

 Limitations of the MCID Methods

To begin with, distribution-based estimates are 
based mainly on clear statistical reasoning. 

D. E. Magouliotis et al.



5

Table 1.1 Studies implementing MCID methodology in cardiac surgery

Study Country Year
Sample 
size MCID method Variables Outcome

Grand 
et al. [11]

France 2018 326 Anchor-based SF-36 
questionnaire

Overall improvement of 
QoL after cardiac surgery

Blokzijl 
et al. [17]

Multicenter 2021 899 Anchor-based SF-36 
questionnaire

QoL improvement after 
aortic valve replacement

Auensen 
et al. [18]

Norway 2018 442 Anchor-based and 
Distribution-based

SF-36 and EQ-5D 
questionnaires

QoL improvement after 
aortic valve replacement

QoL Quality of Life, SF-36 Short Form-36 Health Survey

Consequently, they might identify a minimal 
detectable effect, not attributed to a random 
measurement error [19]. In this context, the 
lack of an anchor linking the numeric estimates 
with an assessment of clinical significance lim-
its the potential of distribution-based methods 
to identify clinically important outcomes for 
patients. On this basis, MCID might be replaced 
by the term “minimal detectable change” when 
the difference is measured using distribution-
based estimates [6]. Finally, distribution-based 
estimates are not recommended to be employed 
as a first- line measure of MCID.

The main limitation of anchor-based esti-
mates is the potential bias attributed to the 
choice of anchor, given that is a subjective 
assessment. For instance, an anchor based on 
patients’ perception on their improvement after 
an intervention might produce a recall bias [19]. 
In this context, the validity of the anchor is 
important to determine a valid and reliable 
MCID.  Furthermore, anchor- based methods 
might be affected by the distribution of scores 
within each category of the anchor. In cases of 
highly skewed data, the measurement of MCID 
might be affected by outliers. Besides, anchor-
based estimates might be based on an MCID 
derived from a unique subgroup of patients 
within a particular category of the anchor, thus 
leading to unreliable MCID estimates.

On the other hand, consensus methods (delphi- 
approaches) are based on experts’ opinions, 
rather than patients, to define the 
MCID. Nonetheless, expert estimates might not 
represent a reliable method to determine clini-
cally important outcomes for patients.

 Potential Pitfalls to Consider When 
Evaluating Results Based on MCIDs

A not uncommon phenomenon that has been 
reported in certain studies [10, 20] is the smaller 
observed effect compared with the predefined 
MCID.  This phenomenon is present when the 
study population is appropriately selected to 
achieve a high probability of detecting a benefit 
equal to the MCID, thus identifying statistically 
important differences even in cases where the 
effect of an intervention is smaller than the MCID 
[19]. Another important aspect of MCIDs is the 
need to consider potential improvements derived 
from an intervention in relation to morbidity, 
mortality and costs. In this context, when defin-
ing a meaningful improvement from the patients’ 
perspective it is crucial to consider all aspects of 
clinical care, both favorable and unfavorable.

Taking everything into consideration, there are 
certain alternative approaches to derive a MCID 
and it is crucial for the clinician/scientist/reader to 
know the way it was measured. As previously was 
commented not every MCID applies to a particu-
lar situation. In addition, the terms MID and 
MCID are often challenging to distinguish. To 
face this issue, Houchen-Wolloff et al. [21] have 
suggested that all MIDs should be described as 
such, but adding a suffix: MID-S (MID—
Statistical), MID-C (MID—Clinical outcome), 
MID-P (MID—Patient determined). Finally, spe-
cial caution should be taken when combining dif-
ferent MCID methods. Nonetheless, whichever 
methodology is chosen and employed, the MCID 
represents an aiding tool for the interpretation of 
outcomes and effects measures of interventions.

1 Unveiling the Concept of Minimal Clinically Important Difference (MCID) in Cardiac Surgery
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 Real Life Examples  
of MCID Implementation  
in Cardiac Surgery

Following a thorough literature search, we have 
identified only three studies implementing the 
MCID concept to evaluate quality of life in car-
diac surgery [11, 17, 18]. This study employed 
anchor-based methods to estimate MCID [11]. 
According to that study, a statistically significant 
difference was reported regarding preoperative 
and post-operative quality of life scores [11]. 
Nonetheless, this difference was below the 
threshold defined as a MCID [11]. A certain limi-
tation posed in this study was that the MCID was 
employed in patients undergoing different car-
diac surgical operations in different clinical set-
tings [11].

A second study [17] investigated the effect of 
surgical aortic valve replacement on quality of 
life, along with the variance with age, especially 
for patients with a high risk of deterioration. 
This was an observation, multicenter cohort 
study conducted according to the REporting of 
studies Conducted using Observational 
Routinely collected health Data (RECORD) 
guidelines [22]. This study implemented the 
SF-36 questionnaire and used an anchor-based 
approach to assess the MCID regarding the 
post-aortic valve replacement quality of life. 
Based on a MCID of five points we calculated 
for each patient an increase (≥5), decrease 
(≤−5) or no change in quality of life [17]. 
Sensitivity analyses were performed using a 
MCID of four points [17].

Finally, Auensen et  al. [18] compared the 
quality of life in patients with severe aortic steno-
sis either operated or medically treated. In this 
study, the SF-36 and EQ-5D questionnaires were 
implemented. In fact, an anchor-based approach 
was used to assess the MCID regarding the SF-36 
questionnaire and both an anchor-based and a 
distribution-based approach were followed 
regarding the EQ-5D questionnaire. According to 
the study, quality of life is improved in patients 
with severe aortic stenosis undergoing aortic 
valve replacement [18].

 Conclusions

In the present study, we tried to present the basic 
principles of MCID. Given that cardiac surgery is 
associated with significant morbidity, it repre-
sents a surgical field where MCID might be a 
valuable tool to interpret clinical outcomes. 
However, it is necessary to validate different 
MCID methods in the cardiac surgery context.
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2Quality of Life Following the Use 
of Mechanical Circulatory Support 
Devices

Antonios Kourliouros and Steven Tsui

 Introduction

The therapeutic algorithm for patients in acute car-
diogenic shock and for those with chronic 
advanced heart failure has changed over the last 
two decades to reflect the advances in mechanical 
circulatory support devices (MCSD). 
Extracorporeal devices provide short-term support 
and can be used as left ventricular assist device 
(LVAD), right ventricular assist device (RVAD) or 
biventricular assist device (BiVAD) by varying the 
inflow and outflow configurations of the system. 
For added versatility, a membrane oxygenator can 
be incorporated into some MCSD to provide respi-
ratory support in addition to circulatory support. 
The most used means of temporary cardio-respira-
tory mechanical assistance is the venoarterial 
extracorporeal membrane oxygenation system 
(VA ECMO). It is most commonly established by 
placing an inflow cannula percutaneously through 
the common femoral vein, and by returning oxy-
genated blood via an outflow cannula in the com-
mon femoral artery (or centrally in cases of 
post-cardiotomy VA ECMO).

Durable MCSD are implanted intrapericardi-
ally as single ventricular support, i.e. LVAD or 
RVAD, or as biventricular support i.e. BiVAD or 
total artificial heart (TAH). The inflow of durable 
LVADs drains from the apex of the left ventricle 
and the outflow graft originating from the pump 
is anastomosed end-to-side onto the ascending 
aorta. In general, durable MCSD are used to treat 
patients with advanced heart failure who are 
unlikely to survive until a donor heart is avail-
able, i.e. as a bridge to heart transplantation 
(BTT), or as an alternative to heart transplant for 
those ineligible for transplantation, i.e. as desti-
nation therapy (DT). It is now established that 
both extracorporeal and durable mechanical sup-
port therapies provide a survival advantage com-
pared to conventional medical interventions. The 
aim of this chapter is to explore whether these 
invasive treatments confer a reasonable quality of 
life (QoL) for treated patients. In cases of acute 
cardiogenic shock treated with temporary MCSD, 
do survivors return to a reasonable QoL? For 
patients implanted with durable LVADs, do they 
experience a QoL benefit in addition to survival 
benefit?

 Methods

A Medline (Pubmed interface) search was con-
ducted for studies published between January 
2000 and October 2020 using the following crite-
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ria: heart-assist devices [MeSH Term] AND 
(quality of life). A total of 944 articles were iden-
tified and screened according to relevance to the 
subject. The reference list of the studies that were 
critically evaluated was also screened for the 
inclusion of health-related QoL outcomes as end-
points. It was apparent that several publications 
represented longitudinal studies and included the 
same cohort of LVAD patients that was examined 
at different time points. When this occurred, the 
publication with the longest follow-up was 
selected for inclusion e.g. HeartMate 3 CE Mark 
Study at 2 years [1] instead of the 6-month report 
from the same cohort [2]. In addition, different 
publications used the same registry or patient 
group for QoL analyses where there might have 
been a high probability of patient overlap e.g. 
Interagency Registry for Mechanically Assisted 
Circulatory Support (INTERMACS) analysis in 
QoL according to implant strategy [3] versus the 
most recent INTERMACS database annual report 
[4]). The studies finally included in the review 
focused only on durable LVADs because, com-
pared to RVAD and TAH, they account for over 
95% of durable MCSD implanted [4].

Extracorporeal MCSD literature search was 
carried out within the aforementioned terms 
(heart-assist devices and quality of life), and by 
performing new searches with additional key-
words: ECMO, venoarterial, extracorporeal 
membrane oxygenation, assisted circulation, 
short-term mechanical support. Only studies 
where the focus was on VA ECMO (and not 
venovenous) were included. Paediatric series 
were excluded because of the smaller patient 
numbers, the variability of extracorporeal and 
durable devices used, and the age-specific QoL 
tools for this population.

 Durable Mechanical Circulatory 
Support

Ideally, health-related QoL ought to be disease 
specific. For patients with advanced heart failure, 
the most widely used assessment tools are the 
Minnesota Living with Heart Failure (MLWHF) 
[5] and the Kansas City Cardiomyopathy ques-

tionnaire (KCCQ) [6]. The MLWHF question-
naire comprises 21 items with a scale of 0 to 5 
depending on impact of heart failure, with a max-
imum score of 105, signifying worst health- 
related QoL. The KCCQ questionnaire comprises 
23 questions and with appropriate calculations it 
yields a range from 0 to 100 with higher scores 
indicating better QoL.  The EuroQol 5 dimen-
sions questionnaire (EQ-5D) and its visual ana-
log scale (VAS) is a more generic instrument for 
assessment of the respondent’s general health 
state while the Patient Health Questionnaire-9 
(PHQ-9) is used to assess depression severity. 
The aforementioned scoring systems were used 
in studies assessing the effect of durable LVADs 
on heart failure patients spanning over a period of 
almost 20  years. During this time, device tech-
nology and characteristics changed significantly 
and we shall provide a brief overview of durable 
LVADs that are presented in the studies to follow 
for the non-specialist reader:

The first generation LVADs (e.g. HeartMate 
XVE) used a pulsatile flow technology, were 
bulkier, and their implantation included standard 
full sternotomy incision with an extension of the 
incision into the abdomen to create a pocket for 
the actual pump head. The second generation 
LVADs (e.g. HeartMate II) feature rotary-pump 
technology and provide continuous flow but, like 
their first generation counterparts an abdominal 
pocket had to be created. The improved flow 
characteristics of second generation LVADs 
translated into improved survival, reduction in 
major adverse events and reoperation rates com-
pared with first generation LVADs [7]. Third gen-
eration devices (e.g. Heartmate 3, HeartWare 
HVAD) also provide continuous flow but the 
rotor features non-contact bearings (as opposed 
to mechanical bearings of the previous genera-
tion) and is suspended in blood flow. They are 
also smaller and the implantation does not require 
an abdominal pump pocket. Comparison of the 
third generation to the second generation LVADs 
at 2 years demonstrated superiority of the newer 
pumps both in survival rates and device-related 
complications [8].

One of the first studies to include QoL metrics 
in patients receiving durable LVADs was the ran-
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domised assessment of continuous flow 
(HeartMate II) against first generation devices 
(HeartMate XVE) [7]. With a total of 200 patients 
enrolled, it was apparent that both systems led to 
a significant improvement in QoL from baseline. 
The MLWHF score decreased from 75.4 to 37.4 
at 3 months in the HeartMate II group and from 
76.1 to 42.1  in the HeartMate XVE.  Likewise, 
the KCCQ score improved from 27.4 at baseline 
to 63.4 at 3 months in the HeartMate II and from 
26.5 to 56.7  in the HeartMate XVE within the 
same time period.

A focused assessment of QoL in patients 
receiving the HeartMate II LVAD as part of the 
BTT and DT trials (n = 655) demonstrated sig-
nificant improvement at 6  months, in both the 
MLWHF score (38% and 52% for BTT and DT 
groups respectively) and KCCQ score (79% and 
92% for BTT and DT groups achieved an 
improvement of >5 points, respectively) [9]. 
Sustained improved QoL was observed in 
patients in the DT group beyond 6 months and to 
the last follow-up at 24 months.

After the original publication of the HeartMate 
II DT trial (comparison of second generation 
against the first generation device) [7], QoL was 
assessed between the original 133 patients receiv-
ing their HMII LVAD at the outset of the trial and 
those half-way through (n  =  281), assuming a 
potential change in clinical outcomes alongside 
the increased clinical experience of the trialists 
[10]. The heart failure QoL models used were 
MLWHF and KCCQ.  An increase in QoL was 
observed in both the early-trial and mid-trial 
groups against their baseline at 6 months (KCCQ 
from 28 ± 18 to 70 ± 21 for the mid-trial and from 
27  ±  16 to 64  ±  20 for the early-trial group). 
Whereas KCCQ score showed only a marginal 
improvement in the mid-trial vs the early-trial 
patients over time (p = 0.08), the MLWHF score 
was significantly improved in the mid-trial group.

The ROADMAP study was an observational 
comparison of end-stage heart failure patients 
receiving a second generation durable LVAD 
against optimal medical management (OMM) 
[11]. While acknowledging the lack of randomi-
sation, a significant survival benefit was apparent 
in LVAD recipients at 24  months (70  ±  5% vs 

41  ±  5%) with an improved functional assess-
ment as measured with 6-minute walk distance. 
The 24-month follow up study was focused on 
QoL parameters as survival alone may not accu-
rately represent the value of this intervention. 
Pairwise comparisons of PHQ-9 and EQ-5D VAS 
from baseline to 24 months were carried out for 
all survivors to that time-point. In the OMM 
group a modest increase of 8 ± 20 points in the 
EQ-5D score was observed against 27 ± 24 point 
increase in the LVAD group (p  <  0.001). The 
PHQ-9 score was decreased following the LVAD 
by 4.6 points, which was a significant change, 
against 1.8  ±  6.3 point decrease in the OMM 
group (note that the lower the PHQ-9 score the 
lower the depression severity). In a sub-study of 
ROADMAP focusing on QoL parameters and 
outcomes, in patients with baseline EQ-5D 
VAS  <  55 event free survival was significantly 
better with LVAD compared to their OMM coun-
terparts (82 ± 5% vs 58 ± 7%, p = 0.004) [12]. 
Baseline EQ-5D VAS ≥  55 was not associated 
with a difference in outcomes across the two dif-
ferent treatment arms. These findings can have 
important implications in the decision-making 
for end-stage HF patients with reasonable base-
line QoL where LVAD may not exceed OMM in 
terms of health status improvement and that per-
severing with medical management may indeed 
be the best option in this subgroup.

Case series have included QoL in their com-
posite outcome. When poor QoL (KCCQ < 45) 
was assessed among other events (e.g. death, 
stroke and recurrent hospitalisation) at 1 year fol-
lowing a durable LVAD, its occurrence was in the 
region of 10% [13]. With 46% of missing KCCQ 
follow-up assessments the contribution of QoL 
measurements to the poor composite outcome 
may have been under-represented.

One of the first studies to include QoL out-
comes in patients receiving a third generation 
centrifugal pump (HeartWare HVAD) was the 
ADVANCE trial [14]. In the 140 patients where 
the device was implanted as BTT, QoL baseline 
assessment was carried out with EQ-5D VAS and 
KCCQ, and 6-month QoL changes was a pre- 
specified secondary end point. The EQ-5D VAS 
score showed a 28 ± 25 point increase from base-
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line and the KCCQ a 30 ± 26 point increase, both 
statistically significant.

In a single-arm clinical trial of the HeartMate 
3 LVAD systems with a 2-year follow up, a sig-
nificant improvement in QoL was observed in 
patients receiving durable mechanical support 
against their preoperative status [1]. The investi-
gators used the EQ-5D VAS (at 1, 3, 6, 12 and 
24-month time points) which appeared in linear-
ity with patients’ objective improvement in 
6-minute walk test. Mean baseline EQ-5D VAS 
was 48.2 and increased to 70.6 at 2  years 
(p  <  0.001). The ELEVATE registry [15] suc-
ceeded the aforementioned trial, as provided 
QoL data for the HeartMate 3 in the post-market 
approval setting in a larger cohort of 482 patients 
(of whom 189 had EQ-5D VAS paired assess-
ment). There was a significant improvement in 
QoL from 36 points at baseline to 67 by 
6 months.

When variations in QoL were assessed 
between patients receiving the newer generation 
HeartMate 3 against the HeartMate II (as part of 
the MOMENTUM 3 clinical trial) there were no 
significant differences at 6  months [16]. The 
change from baseline score in KCCQ was 28 for 
the HeartMate 3 and 29 for the HeartMate II and 
−1 and −2  in HeartMate 3 and HeartMate II, 
respectively, for EQ-5D-5L (note that a negative 
difference in this version of EQ signifies better 
QoL). Serious adverse events affected EQ-5D-5L 
outcomes at 6 months but not KCCQ ones, which 
continued being significantly better from base-
line across all recipients of a durable LVADs.

In the ENDURANCE clinical trial [17] and 
similarly to the previous study, the third genera-
tion HeartWare HVAD was compared against a 
the second generation HeartMate II, with QoL 
outcomes being a pre-specified secondary end-
point. The HVAD achieved a significant increase 
from baseline of 25.8 points in the KCCQ score 
and of 22.5 in EQ-5D VAS at three months. This 
trend was maintained at the last follow-up at 
24 months.

The INTERMACS report provides QoL data 
for the largest published cohort of durable MCS 
patients [4]. Of the total of 18,539 patients who 
underwent continuous flow LVAD, 9,893 patients 
provided QoL data by completing the EQ-5D 
VAS and 7,489 the KCCQ.  The main finding, 
which was consistent in both QoL tools, was a 
substantial improvement within the first 3 months 
post implantation (from 45 to 71 for EuroQol and 
from 34.5 to 63.3 for KCCQ) and a plateau of 
approximately 73 and 66 for up to 5  years in 
EQ-5D VAS and KCCQ, respectively. In this 
North American registry, some of the patient 
characteristics but more importantly the indica-
tion for LVAD support, evolved across the 
11 years of analysis with patients having a more 
favourable preoperative risk profile with time and 
DT being more prevalent than BTT.  Therefore, 
the QoL data in this study could have been influ-
enced by the changes in patient selection and 
type of device used at the different time-points. 
The publications that report QoL following 
implantation specifically of third generation 
LVADs are included in Table  2.1, as they are 

Table 2.1 Studies that include QoL data following implantation specifically of third generation durable LVADs

Author, date Device used Cohort

QoL 
instruments 
used

Baseline 
QoL

QoL at 
6 months

QoL at last 
follow-up Comments

Schmitto J, 
2019 [1]

HeartMate 
3

50 patients 
(43 had QoL 
assessment)

EQ-5D 
VAS

48.2 N/A 70.6, 
P < 0.001 (at 
2 years)

CE mark trial

Gustafsson 
F, 2018 
[15]

HeartMate 
3

482 patients 
(253 had 
QoL 
assessment 
of whom 
189 had 
paired 
assessment)

EQ-5D 
VAS

36 67 67, P < 0.001 
(at 6 months)

European 
registry 
following 
commercial use 
of device
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Fig. 2.1 Predictors of poor outcome following durable 
LVADs

Author, date Device used Cohort

QoL 
instruments 
used

Baseline 
QoL

QoL at 
6 months

QoL at last 
follow-up Comments

Cowger J, 
2018 [16]

HeartMate 
3

153 patients EQ-5D-5L
KCCQ

11 [7–15]
40 
[23–58]

Δ = −1 
[−5 to 0]
Δ = +28 
[10 to 46]

As per 
previous cell, 
P < 0.001

Second 
generation 
LVAD cases 
used as a 
comparator—
no difference in 
QoL between 
second and 
third generation 
LVAD

Rogers J, 
2017 [17]

HeartWare 288 patients EQ-5D 
VAS
KCCQ

Numerical 
data not 
available

Δ = +22.5 
at 
3 months
Δ = +25.8 
at 
3 months

Sustained 
improvement, 
absolute 
numbers not 
available

Second 
generation 
LVAD cases 
used as a 
comparator—
no difference in 
QoL between 
second and 
third generation 
LVAD

Aaronson 
K, 2012 
[14]

HeartWare 140 patients EQ-5D 
VAS
KCCQ

40 ± 24
35 ± 19

70 ± 20
67 ± 21

As per 
previous cell, 
P < 0.001

Control 
subjects from 
INTERMACS 
registry

Table 2.1 (continued)

more relevant to the contemporary heart failure 
clinician. Poor outcomes, defined as death or 
KCCQ < 45 at one year after LVAD implantation, 

have been observed in up to 30% of recipients 
and certain baseline predictors associated with 
poor outcomes have been identified [18] 
(Fig. 2.1).

 Extracorporeal Devices

Venoarterial ECMO has been implemented by an 
increasing number of centres in the management 
of acute catastrophic cardiogenic shock, includ-
ing cardiopulmonary resuscitation. Whereas 
crude outcomes such as mortality, cerebrovascu-
lar events, vascular complications and others can 
be assessed and collected with a satisfactory 
degree of accuracy, QoL outcome analysis is hin-
dered by two main factors. Firstly, the acuity of 
the condition requiring VA ECMO precludes 
baseline QoL assessment; patients in shock are 
often agitated and occasionally intubated and 
ventilated. The lack of baseline health status 
removes the reference point for any comparisons. 
Secondly, post-recovery health quality may not 
be just the effect of the intervention, i.e. VA 

2 Quality of Life Following the Use of Mechanical Circulatory Support Devices
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ECMO, but also of the medical condition that 
precipitated shock e.g. a massive heart attack.

The largest study of VA ECMO patients to 
include QoL outcomes is the one used to create a 
risk stratification tool, the ENCOURAGE score 
[19]. Out of 138 patients who received VA ECMO 
for ischaemic cardiogenic shock, 65 (47%) 
 survived and 57 contributed to QoL assessment. 
Short-Form health survey (SF-36) results were 
available after a median 32-month follow up and 
demonstrated inferior physical functioning and 
general health scores compared to age and sex 
matched controls. The authors concluded that 
when their cohort was assessed against acute MI 
survivors in the bibliography, with or without 
cardiogenic shock, their QoL outcomes com-
pared favourably, speculating that the role of the 
underlying disease, rather than the MCSD ther-
apy, was responsible for poorer QoL.

In an analysis of ECMO survivors (n = 30), 
which represented 40% of the original cohort, 20 
eligible patients had health-related QoL assess-
ments with the use of SF-36 and with EQ-5D-5L 
[20]. Compared with age-matched data, VA 
ECMO survivors had physical QoL in the lower 
normal range although none reported extreme 
problems and only one had experienced severe 
problems with physical activities.

It is established that patients in acute cardio-
genic shock with INTERMACS 1 have poorer out-
comes following durable LVAD implantation and 
VA ECMO is often used as a bridge to bridge with 
future consideration of LVAD, or bridge to deci-
sion following stabilisation of haemodynamics 
and metabolic profile. The QoL of patients with 
INTERMACS 1 bridged to LVAD with VA ECMO 
against those who received a primary LVAD was 
assessed in an observational study by Unai and 
colleagues [21]. There were no pre- implant QoL 
data for the VA ECMO to LVAD group due to the 
acuity of their condition but post-implant data 
between this group and the primary LVAD groups 
were similar. Other than the small numbers in the 
available QoL data in the VA ECMO to LVAD 
group (n = 7), a comparison of this INTERMACS 
1 cohort with the primary LVAD group as a whole 
can be misleading because most patients in the lat-
ter group were either elective or semi-elective 

cases. Likewise, there is possibly a selection-bias 
within INTERMACS 1 patients as there was 
almost an equal number of those who were bridged 
with ECMO (n = 22) and those who had an urgent 
primary LVAD (n = 21).

 Conclusions

In this chapter, it is apparent that durable LVAD 
implantation, irrespective of the indication (DT 
or BTT), is associated with improved QoL. Device 
characteristics and evolution, improvement in 
implantation techniques and standardised man-
agement in hospital and in the community have 
contributed to better outcomes, which could 
translate in higher patient satisfaction. 
Interpretation of the data from the presented 
studies has to be treated with caution as: (a) large 
observational studies where different generation 
durable LVADs were pooled may not be able to 
distinguish the effect of newer and smaller 
devices on QoL and (b) survivorship bias can 
also give falsely high longer-term satisfaction 
rates; those that suffered a life-changing compli-
cation or died are naturally excluded from QoL 
assessments.

It is imperative that LVAD implantation in the 
modern era also focuses on ‘beyond survival’ 
benefits. Data capture in these patients should 
include QoL information using validated generic 
instruments (such as EQ-5D) and disease- specific 
ones (such as MLWHF or KCCQ) for a minimum 
of 2  years, as recommended by INTERMACS 
[22]. We should also recognise that in the VAD 
patient’s journey there is inter-relationship 
between the patient, caregivers, and healthcare 
practitioners, and that QoL assessments often 
require a holistic approach with novel QoL deter-
minants that can capture well-being against the 
increased obligations of stakeholders [23].

Finally, the exponential uptake of VA ECMO 
in the management of acute cardiogenic shock 
(with over 25,000 cases per  annum performed 
internationally) should translate into acceptable 
health-related outcomes in addition to improved 
survival, and future studies ought to include QoL 
metrics in their endpoints.

A. Kourliouros and S. Tsui
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Conclusions
1 Durable LVAD implantation leads to improved 

quality of life compared to baseline
2 Evolution of device technology reduced the rate of 

complications, which has impacted positively the 
quality of life of the recipients

3 Different indications for LVAD (destination 
therapy vs bridge to transplantation) and non- 
specific quality of life assessment tools hinder the 
extrapolation of results

4 Quality of life outcomes are often absent in large 
studies or form non pre-specified endpoints, 
introducing further bias

5 Increased uptake of LVADs as destination therapy, 
makes quality of life equally important to survival 
as a metric of their efficacy

6 The acuity of conditions requiring temporary 
mechanical support limits quality of life 
assessments against baseline within groups
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3What Factors Predict an Improved 
Quality of Life Outcome Following 
Coronary Artery Bypass Graft 
Surgery? A Systematic Review

Yusuf S. Abdullahi, Sanjay Chaubey, 
Roberto Casula, and Thanos Athanasiou

 Aim

The aim of this study was to systematically 
review the literature on HRQOL following 
CABG surgery in all patient groups.

 Introduction

Coronary artery disease (CAD) has a significant 
prevalence in the developed world and is consid-
ered to be one of the leading causes of premature 
death worldwide [1]. While it remains a key con-
tributor to the global burden of disease, patterns 
show that mortality rates have directly declined 
in the past two decades [1]. This has been attrib-
uted to several factors—namely that the issue has 
been targeted holistically from a biopsychosocial 
perspective which has yielded this reduction [2].

Two of the leading treatments of coronary artery 
disease are myocardial revascularisation by means 
of percutaneous coronary intervention (PCI) or 
coronary artery bypass grafting (CABG) [3]. PCI 
involves arterial puncture, wire insertion and stent 
utilization for arterial revascularisation [4] whereas 
CABG is a surgical option that involves the use of 
autologous blood vessels (venous or arterial) to 
bypass distal to points of stenosis [3].

Despite being effective at relieving symptoms 
as well as improving survival, in recent years, 
there has been a shift away from CABG, with 
nearly half as many operations being performed 
in 2012 compared to 2006 [3]. In saying this it 
should be noted that, according to the AHA/ACC 
guidelines, there continues to be good evidence 
supporting the use of CABG, particularly in the 
case of left main coronary artery stenosis as well 
as triple vessel disease [5]. Additionally, 
improved perioperative care as well as surgical 
technique over the past 20 years has allowed this 
operation to be performed with an ever decreas-
ing mortality and morbidity [3].

As the main protagonists of treatment options 
for this disease, clinicians treating CAD ought to 
approach the condition from a holistic stand-
point. Indeed, the World Health Organisation’s 
(WHO) definition of health states that health is 
not merely the absence of disease but encom-
passes domains of physical, mental and social 
wellbeing [6] or in other words, the (health 
related) quality of life (HRQOL).
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HRQOL can be defined as an “individual’s 
perception of their position in life in the context 
of the culture and value systems in which they 
live and in relation to their goals, expectations, 
standards and concerns” [7]. Given the subjective 
measure of HRQOL, many scales exist which 
attempt to provide an objective numerical num-
ber to assign HRQOL.  Broadly speaking, 
research previously conducted on HRQOL in a 
cardiothoracic context has generally shown that it 
improves post-operatively compared to baseline 
levels [8].

Due to the sparse amount of information avail-
able, as well as the importance of HRQOL and 
on-going place of CABG in myocardial revascu-
larisation, this study aims to explore whether 
there is an association between CABG and 
improved HRQOL after surgery, as well as the 
potential predictors, both patient and operative, 
for an improved outcome.

 Materials and Methods

This study was performed in accordance with 
guidelines for the ‘Preferred Reporting Items for 
Systematic reviews and Meta-Analyses’ 
(PRISMA) [8]. A systematic search was carried 
out using MEDLINE (1950 to date), EMBASE 
(1980 to date) and PsycINFO (1966 to date) data-
bases using the following MESH terms: [coro-
nary artery bypass grafting OR cardiac surgery] 
AND [health related quality of life] OR [quality 
of life].

 Inclusion Criteria

All articles focusing on isolated CABG without 
concomitant cardiac procedures were generally 
considered. This did not necessarily exclude 
studies comparing CABG with PCI or medical 
therapy. Secondly, a variety of factors including 
demographics as well as operative technique 
were analysed to determine their effect on 
HRQOL. Of particular interest was the physical 
and mental component in HRQOL measures.

 Study Quality Scoring

Quality assessment of each study was performed 
by attributing a quality assessment score using a 
modified Newcastle–Ottawa scale [9]. The scale 
was modified to include all 17 EuroSCORE II 
cardiac risk factors as well as baseline physical, 
social and mental health function for comparabil-
ity. This is shown in Table 3.1.

Table 3.1 Criteria for quality assessment. Modified 
Newcastle–Ottawa scoring criteria

Quality checklist
Selection
   1. Assignment for treatment—any criteria reported? 

(If yes, 1-star)
   2. How representative was the reference group in 

relation to the general population undergoing 
CABG (If yes, 1 star, no star if the patients were 
selected or selection of group was not described)

   3. How representative was the comparison group in 
relation to the general population for CABG? (If 
drawn from the same community as the reference 
group, 1-star, no star if drawn from a different 
source or selection of group was not described)

Comparability
   Comparability variables: (1) age; (2) gender; (3) 

renal function; (4) extracardiac arteriopathy; (5) 
poor mobility; (6) previous cardiac surgery; (7) 
chronic lung disease; (8) active endocarditis; (9) 
critical preoperative state; (10) IDDM; (11) NYHA; 
(12) CCS IV; (13) LV function; (14) recent MI; (15) 
pulmonary hypertension; (16) urgency; (17) 
combined; (18) physical function score; (19) mental 
function score; (20) social function score

   4. Groups comparable for 1, 2, 3, 4, 5, 6, 7, 8, 9 (If 
yes, 1-star was assigned for each of these. No star 
was assigned if the groups differed

   5. Groups comparable for 10, 11, 12, 13, 14, 15, 16, 
17(If yes, 1-star was

assigned for each of these. No star was assigned if the 
two groups differed)
   6. Groups comparable for 18, 19, 20 (If yes, 1-star 

assigned for each of these. No star was assigned if 
the groups differed)

Outcome assessment
   7. Clearly defined outcome of interest (If yes, 

1-star)
   8. Follow-up (1-star if described)

IDDM insulin dependent diabetes mellitus, MIVS mini-
mally invasive valve surgery, NYHA New York Heart
Comparability includes all the EuroSCORE II 
risk-factors

Y. S. Abdullahi et al.
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Records excluded because: (n=2483)

•  Studies not on adult cardiac surgery.

•  Topic not purely on QoL

•  No risk/outcome or frailty measure
   identified.

•  Non-English language

•  Conference papers & Duplicates

Records excluded because: (n=513)

•  Studies not on adult cardiac surgery 
   specific i.e (PCI cases).

•  Duplicates

•  Not one of the define outcomes.

•  Lack pre-op baseline data

•  No access to full articles (Abstract 
   only)

Full-text of potentially eligible articles
(n=564)

Overall studies included in systematic
review (n=54)

Relevant studies included manually in
systematic review (n=3)

Records screened and identified on 
basis of search strategy (n=3047)

Fig. 3.1 Flow diagram of CABG QoL study selection

 Results

Our literature search yielded 3047 studies 
(Fig. 3.1), of which 54 articles with a total patient 
population of 23,513 fulfilled our inclusion crite-
ria. The data gathered from all the included stud-
ies are shown in Tables 3.2 and 3.3.

 Study Design

First to note is the variability in study design. 
One of the incorporated studies compared CABG 
to best medical therapy in a randomized prospec-
tive study design. The remaining studies used 
CABG only as the mode of therapy, although the 
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control and intervention groups varied between 
each study making statistical analysis non- 
feasible. Population groupings by. pre-operative 
comorbidity, included diabetic status [30], angina 
status [11] and peri-operative MI [19]. The main 
patient demographics used as a grouping method 
were age [27] and gender [13]. Groupings by 
operative technique included on-pump vs off- 
pump [21, 32] and total arterial revascularisation 
versus saphenous vein combinations [14].

Patient ages ranged from 39 to 88.8 years and 
the included studies sample size ranged between 
48 to 2000. The procedures undergone by these 
patients varied in terms of incision method and 
operation type; open sternotomy was noted as the 
preferred choice over minimal access. All studies 
had a follow-up period ranged from 3 months to 
15 years.

 Quality of Studies

Table 3.2 highlights the quality score achieved by 
each study according to the modified Newcastle- 
Ottowa scale. The scores ranged from 2 to 14, 
highlighting that the quality of studies was 
skewed negatively. This reflects the clarity in 
study design and outcomes reported.

 HRQOL Tools

A total of 45 different health related quality of 
life measurement tools was applied in almost all 
the articles individually apart from few studies 
that co-applied two or more tools in their study 
group. Majority of the studies utilised SF-36 to 
assess and measure quality of life (Table 3.2).

 Outcomes

Most of the studies reported improved HRQOL 
following CABG compared to baseline. Whilst 
not the focus of the studies, outcomes including 
in-hospital mortality, complications and pro-
longed length of stay were reported. However, 
studies failed to report on common endpoints 

which limited formal meta-analysis. This limited 
our interpretation of baseline predictors for 
HRQOL and a cut-off value that accurately mea-
sures CABG surgery consequences in elderly 
patients.

 Discussion

In our present analysis, we conducted a system-
atic review of 54 studies assessing quality of life 
after coronary artery bypass graft (CABG) sur-
gery. Whilst there was notable variability amongst 
the studies, our review has found that, overall, 
CABG surgery confers not only an improved 
long-term survival, but an improved physical and 
mental well-being as seen from a variety of scor-
ing tools indicating a better health related quality 
of life (HRQOL) after CABG surgery.

In the modern era, the rise of percutaneous 
revascularisation over surgery makes the issue of 
HRQOL ever more important, and raises several 
questions of the overall risk gain benefit ratio, 
other than mortality as a single objective end 
point. The impact of the surgical burdens of a 
median sternotomy, cardiopulmonary bypass and 
intensive care unit stay on patients’ HRQOL 
post-surgery in the short and longer term, espe-
cially compared to PCI, may reflect this evolu-
tion. Moreover, perhaps not unexpectedly, most 
of the current evidence base assesses CABG 
from a technical standpoint, with outcomes more- 
often- than not being mortality as well as tradi-
tional measures of morbidity. This is juxtaposition 
to the amount of literature available on the 
HRQOL outcomes following CABG, which is 
sparse; our initial search identified only 40 arti-
cles. Comparatively a crude PubMed search for 
‘outcomes’ and ‘coronary artery bypass grafts’ 
identified thousands of articles.

Patients requiring CABG undergo a significant 
amount of physical and psychological stress in the 
perioperative process and the rehabilitation post-
surgery. The impact on physical competency post 
sternotomy, post-surgical pain, and the psychoso-
cial stresses associated with the recovery process, 
impedes gains in quality of life perceived by 
patients or, worse, a decline in quality of life post 
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CABG.  Yet what our study findings suggest is 
that the surgical treatment of ischaemic heart dis-
ease, its symptomatic improvement and relief of 
myocardial ischaemia, are factors significant 
enough to nullify the perioperative stresses and 
provide an improved physical and psychosocial 
state for the patient owing to improved cardiopul-
monary reserve. This is not without mentioning 
the patients’ intrinsic healing potential that also 
makes this possible. The studies analysed cover a 
wide time frame, some showing improvement in 
HRQOL as early as 3 months, and lasting for up 
to 15 years. Factors affecting HQOL post CABG 
are presented in Fig. 3.3.

A study by Mark et al. [26] randomised 1212 
patients to either CABG or medical therapy alone 
and found that the surgical option conferred a 
more significant improvement in HRQOL. This 
was the only study to compare CABG with such 
a clear control group to demonstrate significant 
HRQOL improvement. Being one of the larger 
studies in our analysis, Mark and colleagues used 
multiple HRQOL assessment tools to validate 
many of their findings and at several time points 
between 4  months and 3  years post-surgery. 
Interestingly, the authors focus on high-risk 
patients with impaired left ventricular function 
and multivessel coronary disease: patients who 
would be deemed higher risk for surgery, who yet 
still go on to have a more improved HRQOL 
compared to patients being offered medical ther-
apy alone.

However, it may be that certain disease factors 
limit the HRQOL improvement. Peovska and 
colleagues [33] highlighted that choosing patients 
with revascularisation of viable myocardial seg-
ments (measured using myocardial perfusion 
scans) compared to those with more non-viable 
segments can confer a greater improvement in 
HRQOL.  This was directly related to patients 
having a more improved LVEF, which indicates 
that measured success in myocardial revasculari-
sation is crucial in ensuring patients to experi-
ence a better HRQOL after surgery.

A recent myocardial infarction (MI), which is 
a common indication for revascularisation, may 
also confound the HRQOL after surgery. This 
was seen in the study by Järiven et al. [19] who, 

using the RAND-36 questionnaire, found that the 
improvement in HRQOL one year after surgery 
was significantly less in patients who had a recent 
MI compared to those who did not. However, 
12 years after surgery, there were no differences 
between the two groups, both of which showed a 
generalised decline in HRQOL.  The study also 
found operative mortality to be higher in the MI 
group of patients, although long-term survival at 
10 years was similar when compared to non-MI 
patients. The study by Bjessmo and Sartipy [11] 
reported no difference in HRQOL outcomes 
between MI and non-MI groups, however, the 
study was retrospective and patients were only 
assessed 10 years post-surgery, which therefore 
does not disagree with the Järiven study [19].

 Surgical Factors

Over the years numerous studies have examined 
health related QoL after CABG and PCI. These 
comparative studies have reported a faster recov-
ery with PCI but a long-term advantage with 
CABG.  The majority of these studies showed 
higher revascularisation rates among patients 
treated with bare-metal stents at 5  years. 
However the addition of the stent did reduce the 
need for repeat revascularisation by about 50%, 
as  compared to the use of balloon angioplasty 
alone [62].

One of the larger studies from the bare metal 
era was Stent or Surgery (SOS) in which patients 
were randomised to either CABG or stent assisted 
PCI. The investigators reported PCI patients with 
higher mortality and greater need for repeat 
revascularisation. They also presented important 
QoL information showing significant improve-
ment in both groups at 6 and 12 months respec-
tively. However CABG was more effective in 
improving QoL, angina relief, increasing physi-
cal functioning during the first year [40].

Drug coated stents led to an expanded use of 
PCI for patients with complex CAD. In the land-
mark Synergy between PCI with Taxus and 
Cardiac Surgery (SYNTAX) the investigators 
reported, after 1 year, that the primary end point 
(death, stroke, MI or repeat revascularisation) 
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occurred significantly more after stenting, due in 
large part from greater need for repeat revascu-
larisation [41]. Further higher rates of MI and 
cardiac death was reported at 5  years. Heath 
related QoL information collected by the investi-
gators showed more patients were angina free at 
12  months after CABG.  Longer term 3 and 
5 years follow up QoL data showed improvement 
in both PCI and CABG groups. However, com-
pared to PCI, CABG resulted in improved angina 
and QoL scores at 5  years. Patients in the PCI 
group were more likely to be taking long term 
nitrates. A subgroup analysis suggested that those 
with the most complex CAD (highest SYNTAX 
score) had the greatest relief of angina with 
CABG along with better physical, emotional and 
mental scores at 5 years. Thus SYNTAX showed 
that surgery resulted in better QoL beyond 
6 months as compared to PCI [41, 62].

In a prospective cohort study, Kapetanakis 
et al. [21] compared HRQOL after on-pump and 
off-pump CABG and found that neither surgical 
strategies were more beneficial than the other. 
They also found pre-procedure HRQOL to be 
similar to reported HRQOL post-surgery (time 
period  =  6  months) between groups, adding no 
benefit exerted by any particular surgical strategy 
over the other. This contrasts to the randomized 
study by Ostergaard and colleagues [32], who 
found a more significant improvement in the 
social functioning subscale of the SF-36 ques-
tionnaire in on-pump patients compared to off- 
pump patients. They also found an improvement 
in five of the eight domains of SF-36 in the off- 
pump group, compared to eight out of the eight 
domains in the on-pump group.

Bonaros and colleagues [12] found that robot 
assisted CABG confers an even greater improve-
ment in HRQOL when compared to conventional 
CABG via sternotomy. Interestingly a subgroup 
analysis found that, in patients planned to have 
robot assisted surgery who go on to have a con-
version sternotomy, did not have a further 
impaired quality of life compared to the planned 
conventional sternotomy patients.

In a Scandinavian prospective study by 
Damgaard et al. [14], total arterial revascularisa-
tion (TAR) was compared with conventional 

CABG (mammary artery and vein grafts) and 
found a significantly greater improvement in the 
social functioning element of HRQOL compared 
to conventional surgery, as well as a non- 
significantly greater improvement in the physical 
component at one year post surgery.

 Patient Factors

Many of the studies analysed patient-related pre-
dictors of poorer HRQOL performance after 
CABG surgery. A study by Peric et al. [34] fol-
lowed 208 patients and through the use of multi-
variate logistic regression, identified a number of 
factors significantly associated with worse 
HRQOL 6 months after surgery, including diabe-
tes mellitus, low preoperative ejection fraction, 
and female gender. This was found to influence a 
number of HRQOL domains, including physical, 
social and reports of pain. The two studies by 
Kapetanakis and Najafi [21, 31], respectively, 
also found diabetes to be an independent positive 
predictive factor for patients reporting a better 
HRQOL following CABG.

CABG has been shown in patients with diabe-
tes, in the FREEDOM study, to result in less 
death, MI or stroke combined, compared to 
PCI.  The investigators subsequently reported 
QoL analysis where both CABG and PCI showed 
improvement in angina frequency. However 
CABG patients had better angina scores, with 
respect to physical limitations the scores were 
higher in favour of CABG at 1 year and contin-
ued to demonstrate better outcome out to 5 years. 
Thus in diabetics CABG provided greater 
improvement in QoL as compared to PCI with 
drug eluting stents [41].

In the study by Markou and colleagues [27], 
the researchers split patients into three age groups 
and found the most significant improvement in 
HRQOL in the youngest group (age  <  65) fol-
lowed by the middle group (age 65–75) and an 
even lesser improvement in HRQOL in the third 
group (age > 75). This was most markedly seen 
in the domain of physical activity, where no sig-
nificant improvement was seen in the second and 
third groups.
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Najafi [31] also found gender to play a role, 
with male patients being more likely to have bet-
ter physical and psychological component scores 
after isolated CABG than females. However, 
Covinsky et al. [13] focused on postmenopausal 
females undergoing CABG surgery and found no 
significant change compared to the preoperative 
baseline.

 Post-surgical Complications

Specific attention should also be given to the 
impact of complications on the HRQOL outcome 
following surgery. Jidéus and colleagues [18] 
found that sternal wound infection was signifi-
cant negative influence on improvement in 
HRQOL following surgery. Peric et al. [34] found 
that the occurrence of postoperative complica-
tions worsened physical and mental components 
of reported HRQOL outcomes 6  months after 
surgery. Whilst this study was not designed to 
assess each specific complication, significant 
complications affecting postoperative HRQOL 
included prolonged ventilation, reoperation for 
bleeding, sternal wound infection, pericardial 
effusion, arrhythmia and perioperative MI 
amongst others.

A protracted ICU stay after CABG surgery 
occurs when serious complications arise or 
patients have a poor baseline, leading to the need 
for prolonged critical care support. Some cases 
can remain in ICU up to a few days or even 
weeks. Undoubtedly this will affect the recovery 
period and impact the physical strength of the 
patient as well as the psychosocial well-being, 
through factors such as critical care neuropathy, 
malnutrition, pain, and sepsis.

 Patient Health Perceptions

A small number of studies in our analysis found 
a crucial impact of patients’ baseline mental and 
psychological state as well as personality traits in 
affecting the HRQOL outcome after cardiac sur-
gery, albeit all studies finding an overall positive 
impact of CABG on HRQOL post-surgery.

In a study by Juergens et  al. [20], patients 
received an illness perception questionnaire prior 
to surgery, the results of which were found to 
impact the variance of the HRQOL outcome post-
surgery. In other words, patients’ beliefs about a 
negative impact of their illness pre- surgery was 
related to poorer physical and mental component 
scores 3 months after surgery, suggesting a poten-
tial role for cognitive intervention prior to surgery.

The study by Khoueiry et al. [22] in off-pump 
CABG patients used the Beck Depression Index 
to identify that depression and disability initially 
worsen one month post-surgery but that this 
remarkably improves by 9 months after surgery.

Lee and colleagues found that anxiety and 
depression symptoms had a significantly negative 
impact on HRQOL improvement after surgery. A 
study by Middel et  al. [29] took this further to 
identify that intrinsic personality traits possessed 
by patients, conferring negative affectivity and 
social inhibition (Type D personality), predicted 
failure of improvement in the physical and men-
tal domains of the SF-36 tool 6 months after sur-
gery. Moreover, the study concluded these 
findings despite patients achieving an objective 
improvement in known biomedical variables, 
including ejection fraction and relief of angina.

 Limitations

Whilst our study is crucial in assessing patients’ 
functionality after life-prolonging surgery, 
reviews of this nature have some important limi-
tations to mention. First, there is heterogeneity in 
the tools used for measuring quality of life 
amongst the studies. A large portion of the stud-
ies used the short-form-36 (SF-36), which uses 
36 generic questions in a number of specific 
domains, and a handful of studies used the EQ5D/
EuroQOL. There were a few studies that used 
specific cardiac symptoms related questionnaires 
which, although different to other study tools, 
evaluated variables that were directly taken from 
validated HRQOL tools. Whilst some differences 
exist between these tools, the main HRQOL fac-
tors they assess are very similar. The second issue 
is the difficulty in taking the baseline deteriora-
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tion in human HRQOL, especially in the elderly, 
into account. Only two studies from our cohort 
[16, 17] have used methods to take into account 
this baseline deterioration in HRQOL in the 
elderly. The third important factor to note is the 
overall positivity reported in these papers may 

actually reflect a publication bias. Most studies 
are published in surgical journals demonstrating 
the positive effect of CABG on quality of life, 
and it may be that studies reporting a negative 
outcome are under-reported.

 Conclusions

Summary of conclusions is presented in Fig. 3.2.
There is significant evidence demonstrating that 
CABG improves the quality of life in physical 
and mental domains, as well as its established 
efficacy in treating angina and increasing life 
expectancy (Fi. Whilst factors such as minimally 
invasive surgery and total arterial revascularisa-
tion are positive predictors of HRQOL, post- 
surgical complications can worsen HRQOL 
outcomes. Due attention should be given to cer-
tain patient factors, and especially to patient 
mood and health perception, where pre-operative 
cognitive intervention may play a role in influ-
encing their outcome (Fig. 3.3).

A number of Randomised Clinical Trials 
(RCTs) have been undertaken comparing both 
off and on pump CABG approaches to investi-
gate whether any benefit was to be gained by 
undertaking the CABG on or off pump in regards 
to QoL.  Neither traditional CABG techniques 
have been shown to be superior in respect to 
QoL. Also the acquired benefits are long lasting 
and better than that achieved with PCI.

Conclusions

•  Variety of tools to measure QoL make
   comparing across studies difficult

•  CABG surgery results in better long
   term QoL compared to PCI

•  OPCABG does not significantly alter
   post-operative QoL 

•  Risk factors like diabetes, LV function,
   pre-op MI, gender, COPD, smoking 
   impact post CABG QoL 

•  Elderly patients with time show similar
   improvement in QoL post CABG

•  Robotic assisted/Hydrid CABG improve
   the short term QoL post CABG

•  Post-op complication and protracted
   ITU stay reduces post-op CABG QoL.

•  Pre-operative cognitive intervention
   may play a role in influencing patient
   factors outcome

Fig. 3.2 Conclusions

Post CABG QoL

Operative

•  Robotic/Hybrid
•  OPCABG/CABG
•  PCI/CABG
•  Conduit
•  AF procedure

Demographic

•  Pre-op MI/AF
•  LV Function
•  Pre-op risk optimisation
•  Diabetes
•  Gender
•  Age

Post operative

•  Post-op Physiotherapy
•  Sternal wound infection
•  Prolonged ventilation
•  Bleeding
•  Protracted ICU stay

Fig. 3.3 Factors affecting HRQOL post CABG
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4Thoracic Aortic Surgery

Matthew K. H. Tan, Omar A. Jarral, Yousuf Salmasi, 
Michael Sabetai, and Thanos Athanasiou

 Introduction

Operations on the thoracic aorta represent a 
daunting challenge for even the most experi-
enced of surgeons, requiring exceptional techni-
cal skills and a keen attention to detail for 
multiorgan protection. Such procedures have 
historically been associated with significant 
morbidity and mortality, but significant improve-
ments have been observed over the last 20 years. 
Some specialist centres report mortality rates of 
less than 10% for type A dissection repair in 
octogenarians [1] and less than 6% paraplegia 
rates following thoracoabdominal aneurysm 
(TAA) repair [2, 3], in part due to reasons out-
lined in Table 4.1 [4].

In addition to morbidity and mortality, health- 
related quality of life (HRQoL) is increasingly 

recognised as an important outcome measure in 
recent times. Defined as a ‘multi-dimensional 
assessment of an individual’s perception of the 
physical, psychological and social aspects of life 
that can be affected by a disease process and its 
treatment’ [5], it is necessary for the calculation 
and evaluation of cost-effectiveness as well as 
acting as a more precise indicator of patient- 
centred care, with significant promise to improve 
healthcare provision [6]—this has been recog-
nised by the United Kingdom’s Department of 
Health with the consolidation of efforts to collect 
and publish HRQoL outcomes for common pro-
cedures [7]. While not routinely collected in car-
diothoracic or aortic surgery currently, HRQoL 
measures are still particularly important in aortic 
surgery for a few reasons, including: (1) Large 
numbers of asymptomatic patients are operated 
on for prognostic grounds (e.g. Marfan’s syn-
drome), (2) Presence of rapidly evolving stent 
technology (e.g. thoracic endovascular aortic 
repair (TEVAR)) necessitating thorough assess-
ment, and (3) Clinical situations where patient 
compliance is essential (e.g. two-stage aortic 
procedures).

This chapter therefore aims to provide readers 
with an overview of the available literature con-
sidering patients’ HRQoL after thoracic aorta 
interventions. Highlights include key factors 
influencing both physical and mental QoL out-
comes and how these may influence future clini-
cal practice and research directions.
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Table 4.1 Factors contributing to reduced morbidity and mortality in aortic surgery

Physiology and anatomy Surgical technique Anaesthetic technique
Greater understanding of the 
deleterious effects of 
ischaemia

Right subclavian/axillary, innominate or 
left common carotid cannulation

Better appreciation of the impact of 
deep hypothermic circulatory arrest 
(DHCA)

Stronger appreciation of brain 
and spinal cord anatomy

Use of continuous and bilateral antegrade 
cerebral perfusion

Superior intensive care strategies to 
deal with multi-organ dysfunction

Frozen elephant trunk technique reducing 
need for second-stage procedures

Pre-operative rehabilitation of high 
risk patients

Improved risk stratification leading to less 
invasive hybrid strategies for appropriate 
patients
Consistent and protocol driven use of 
spinal cord drains in thoracoabdominal 
operations
Use of moderate rather than profound 
hypothermia in selected situations

 Proximal Thoracic Aorta

 Aortic Root Replacement/Repair

Aortic root replacement is usually indicated for 
proximal aortic aneurysm or dissection, or as a 
concomitant procedure during intervention on 
the aortic valve [8]. In the current literature, 10 
studies reported on outcomes after different 
forms of isolated aortic root replacement or repair 
[9–18] (Table 4.2 adapted from Jarral et al. [4]). 
In general, most studies showed acceptable 
HRQoL at follow-up, comparable to that of a 
healthy baseline population.

The only randomised controlled trial reported 
in the literature described 10-year outcomes after 
either homograft root replacement or the Ross 
procedure (pulmonary autograft) replacement for 
aortic valve disease [11]. In this study by 
El-Hamamsy et al., demonstrated better physical 
functioning in patients undergoing the Ross. 
Although this reduction may have been due to 
higher rates of reoperation in the homograft 
group, the authors also attributed the higher 
physical functioning and general health domain 
scores of patients receiving autografts to the abil-
ity of the “living” autograft root having the abil-
ity to changes in haemodynamics over the 
patients’ life. The concept and benefits of a ‘liv-
ing’ autograft is still debateable, with the risks of 
pulmonary autograft dilatation countering the 

advantages. The benefits of “living” tissue is sup-
ported by Franke et al. [12], a retrospective cohort 
study which looked at composite aortic root 
replacement (Bentall procedure) versus aortic 
valve reimplantation (David procedure). Franke 
et al. found HRQoL to be significantly better fol-
lowing the David procedure in all domains except 
bodily pain and social functioning. This was not 
seen in a study by Khaladj et al. which found no 
significant difference between these procedures 
at midterm follow-up, but this study was limited 
by a small cohort of only 46 patients [14]. 
Interestingly, Franke et  al. suggested that the 
HRQoL benefits of the David procedure was in 
part due to the avoidance of anticoagulation and 
the mechanical heart sounds heard by patients 
undergoing the Bentall procedure. The latter 
point is supported by a study from Golczyk et al., 
which, using a valve-specific questionnaire, con-
firmed that certain mechanical aortic root pros-
theses were quieter than others, and patients 
subjectively found some conduits to be more 
inconvenient than others [13]. Between mechani-
cal and bioprosthetic Bentall procedures, Lehr 
et al. showed no significant differences in HRQoL 
[15].

In a further cohort study on valve-sparing aor-
tic root replacements, Bori Bata et  al. found 
patients to have excellent HRQoL at mid-term 
follow-up, comparable to that of the normal pop-
ulation [10]. When comparing between younger 
and older patients undergoing valve-sparing aor-

M. K. H. Tan et al.
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tic root replacements, Zacek et al. showed both 
younger patients undergoing valve-sparing aortic 
root replacements and patients undergoing the 
Ross procedure to have better HRQoL than older 
patients undergoing valve-sparing procedures 
and patients undergoing mechanical aortic valve 
replacements. In this same study, a valve-specific 
questionnaire was used and showed patients 
undergoing mechanical aortic valve replace-
ments to have less freedom from valve-related 
lifestyle limitations (e.g. frequent follow-ups, 
blood tests etc.) [18]. In the only analysis on 
HRQoL  outcomes following homograft replace-
ments for endocarditis, Perrotta et  al. showed 
follow-up HRQoL to be comparable to an age- 
and gender- matched population, despite more 
than half of their patient population experiencing 
prosthetic valve endocarditis with root abscess, 
suggesting that aggressive treatment might still 
be justified even in high-risk subgroups [16]. In 
the only study in the literature examining out-
comes after minimal access root surgery, Wachter 
et al. examed HRQoL differences between a min-
imally invasive ministernotomy versus the con-
ventional midline sternotomy for the David 
procedure. This analysis showed that patients 
undergoing minimally invasive approach showed 
a higher HRQoL for both physical and mental 
health compared to those having a median ster-
notomy, although this was not statistically sig-
nificant at mid-term follow-up of around 3 years 
[17].

 Other Proximal Aortic Operations

Besides aortic root replacements, HRQoL out-
comes after various proximal aortic operations 
are also reported in six studies identified from the 
literature [19–24]. These procedures also resulted 
in generally acceptable post-operative HRQoL 
(Table  4.3 adapted from Jarral et  al. [4]), but 
emergency surgery was found to be predictive of 
impaired long-term HRQoL and need for reop-
eration in patients with Marfan syndrome [22]. 
The use of DHCA to be predictive of impaired 
physical role functioning in long-term follow-up 
[23].

Lohse et al. (134 patients with ascending aor-
tic aneurysms) [20] and Stalder et  al. (244 
patients undergoing ascending aortic operations) 
[23] showed that post-operative HRQoL was 
comparable to that of an age- and sex-matched 
reference population. Older age and prolonged 
hospital stay were also found to be risk factors 
for reduced physical functioning [20, 23]. Abe 
et  al. also showed that in patients undergoing 
ascending aorta wrapping or graft replacement 
during aortic valve replacement, post-operative 
HRQoL was not statistically different from that 
of a general population as well, but this was in a 
small population of 40 patients only [19]. In an 
older study by Olsson and Thelin, patients under-
going thoracic aortic repair with either a straight 
Dacron graft or composite root replacement over 
20  years ago had significantly lower HRQoL 
than a matched population [21]. This was limited 
by the small patient population (81 patients) and 
the fact that 82% of patients actually felt that 
their HRQoL was improved or preserved in this 
study, with 91% considering the operation a suc-
cess. Another study by Olsson and Franco-
Cereceda showed that HRQoL scores were not 
affected by type of proximal aortic procedure 
performed but was instead predicted by current 
symptoms and conditions experienced by patients 
[24]. Finally, Song et al. was the only study that 
observed HRQoL in patients with Marfan’s syn-
drome, studying 194 survivors who underwent 
elective and emergency proximal aortic opera-
tions [22]. Emergency surgery was found to be 
associated with a higher incidence of chronic dis-
section, reoperation rate, dilated distal aorta and 
impaired HRQoL—the authors concluded the 
underlying need for early diagnosis and elective 
surgery based on these outcomes.

 Type A Dissection Repair

Type A dissection is a surgical emergency which 
carries a high mortality rate in the absence of 
prompt surgical treatment [25]. HRQoL out-
comes are reported in six studies in the current 
literature [26–31], results of which are found in 
Table 4.4 (adapted from Jarral et al. [4]).
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Overall HRQoL of survivors following type A 
dissection repair was found to be acceptable in 
studies performed in the early half of the last 
decade [27, 31]. For example, Campbell-Lloyd 
et al. showed that in patients with cerebral malp-
erfusion, significant improvement in overall 
function at long-term follow-up was seen [27]. 
This is supported in a more recent study by 
Kamenskaya et al., which showed that in a cohort 
of 82 patients with chronic type I dissection, 
HRQoL scores were improved with post- 
dissection repair [30], but this comparison is 
 limited by the elective nature of these operations. 
Interestingly, two more recent studies on emer-
gency operations for type A dissection by Adam 
et  al. (210 respondents) [26] and Endlich et  al. 
(120 patients undergoing various operations) 
[28] both showed significantly worse HRQoL 
when compared to an adjusted population, with 
Endlich et  al. also showing decaying HRQoL 
over time. Ghazy et al. also showed that, while 
not statistically significant, patients undergoing a 
less aggressive procedure (ascending aorta 
replacement only) showed better HRQoL in all 
domains of the SF-36 [29]. This supports the 
argument for a life-saving procedure approach-
ing the entry tear only in the acute setting [32], 
with further operations to manage the remaining 
tear further down the line [33].

 Thoracoabdominal Aortic 
Aneurysm Repair

Thoracoabdominal aortic aneurysms (TAAs) rep-
resent a spectrum of complicated degenerative 
aortic disease, which is typically characterised 
using the Crawford classification system. While 
the incidence at a population level is low (esti-
mated at 10 new cases per 100,000 person-years 
[34]), the potential for rupture if untreated is 
high, at nearly 80% [35]. Treatment for these has 
shifted preferentially towards endovascular 
options (described in the next section) due to the 
invasiveness of open surgery. Open surgery how-
ever still has a major role, and remains the gold 
standard for TAAs, especially in the elective set-
ting for complex type 1 and 2 disease. HRQoL 

outcomes have been described in six studies [36–
41] (Table  4.5 adapted from Jarral et  al. [4]), 
which have all assessed HRQoL in patients 
undergoing elective TAA repair for various 
extents of TAA.

In one of the few studies to examine baseline 
HRQoL, Coroneos et al. showed that there was no 
change in HRQoL of patients at 6 and 12 months 
after elective open TAA repair in 80 patients. 
Baseline HRQoL was found to be lower than that 
of healthy controls prior to the operation [36]. 
Further studies by Crawford et al. [37], Di Luozzo 
et al. [38] and Eide et al. [39] also showed that, in 
contrast to the studies on proximal aortic surgery 
discussed previously, patients undergoing 
descending and TAA surgery have worse HRQoL 
compared to that of a normal population. In two 
studies by Ghanta et al. [40] and Zierer et al. [41], 
this inferior HRQoL was found to be limited to 
physical health, with mental and psychological 
components of health maintained or improved as 
compared to the normal population. This lower 
physical HRQoL may be due to baseline patient 
characteristics, with TAA patients usually having 
great burden of comorbidities (e.g. peripheral vas-
cular disease, COPD). An alternative explanation 
could be due to abnormal flow patterns in the 
descending aorta having a complex impact on 
HRQoL, more so than the flow patterns in the 
proximal aorta. While the impact of flow patterns 
on HRQoL have yet to be studied, current studies 
have shown predictors for impaired HRQoL post-
operatively to include increasing age, female gen-
der, peripheral vascular disease, reoperations and 
post-operative neurological events.

 Endovascular Interventions 
on the Thoracic Aorta

As alluded to in the previous section, endovascu-
lar options are increasingly favoured in the man-
agement of aortic disease. Four studies in the 
current literature have observed HRQoL out-
comes in patients undergoing endovascular inter-
ventions [42–45], and the results from these 
studies are found in Table  4.6 (adapted from 
Jarral et al. [4]).

4 Thoracic Aortic Surgery
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Only one study compared HRQoL between 
open and endovascular interventions, perform-
ing a post hoc analysis on a prospectively col-
lected database including 152 patients 
undergoing TEVAR or open operations. Dick 
et  al. showed that at a mean follow-up of 
34 months, post- operative HRQoL were similar 
between groups, despite the TEVAR group hav-
ing older patients, more emergency procedures, 
and smaller aneurysms [42]. Kärkkäinen et al. 
was a recent study which observed HRQoL 
changes from baseline following fenestrated-
branched EVAR in two groups of patients with 
either pararenal aortic aneurysms or TAAs [43]. 
All patients showed a decline in their physical 
HRQoL at six to eight weeks after intervention, 
but no decline in mental HRQoL. Interestingly, 
this decline persisted in the TAA group at 
12  months, while that of the pararenal aneu-
rysm group returned to baseline values. It is a 
common misconception that TEVAR should be 
associated with better HRQoL than open sur-
gery, which may stem from extrapolation from 
studies on abdominal aorta stenting [46]. 
Kärkkäinen et al. showed lower physical com-
ponent scores as compared to those obtained 
from the EVAR 1 trial [47], and this could be 
due to the anatomical and biomechanical differ-
ences innately found in the thoracic aorta. 
Higher shear stress, anchorage issues, reduced 
mechanical stability, endoleaks and other stent-
related contributions may contribute to decline 
in HRQoL, which may explain why scores 
might have been comparable in the non-ran-
domised study by Dick et al. [42].

Two studies examined the HRQoL following 
TEVAR with or without coverage of the left sub-
clavian artery, showing no difference between 
groups for the physical component score of the 
SF-36 [44, 45], although McBride et al. showed 
significantly better mental component scores in 
patients who had coverage of the left subclavian 
artery [45]. This supports arguments for selective 
revascularisation based on the underlying knowl-
edge of patients’ vertebrobasilar anatomy. Both 
studies also used a disease-specific questionnaire 
in their analysis, which was not seen in other 
studies.

 Aortic Surgery in the Elderly

Age has been identified as a predictor of mortality 
in some studies [48], but refuted in others [49]. It 
remains a controversial subject, as advanced age 
may be used as a preclusive criterion by referring 
clinicians and surgeons for major aortic surgery. In 
the current literature, five available studies in the 
literature considered HRQoL outcomes in elderly 
patients [1, 50–53] (Table 4.7 adapted from Jarral 
et al. [4]). In general, most studies found HRQoL 
after major aortic surgery to be generally compa-
rable to a matched population [1, 51–53]. 
Kurazumi et al. for example looked at HRQoL in 
47 patients greater than 80 years of age and having 
>6  cm arch aneurysms, showing that in the 20 
patients that were operated on, HRQoL and 5-year 
survival were both comparable to an age- and sex- 
matched population [51]. Of note, this held true 
even in emergency surgery for type A aortic dis-
section. One study by Jussli-Melchers et al. com-
pared 242 patients divided by age, showing that 
patients ≥70  years old had similar physical 
HRQoL between groups. Additionally, the mental 
HRQoL of the elderly group was slightly higher, 
but this was not statistically significant [50]. While 
findings of these studies should be considered 
together with their sample sizes and study quality, 
this suggests that clinicians should be positive 
about the long-term HRQoL outcomes in patients 
over the age of 80 undergoing major aortic sur-
gery. While elderly age has been shown in the 
studies above to impair pre- operative HRQoL 
[37], it is more likely that co-morbidities have a 
greater role in diminishing post-operative HRQoL.

 Neurological Outcomes 
and Cerebral Protection

Neurological complications are dreaded by 
patients and clinicians (in particular paraplegia), 
with potential impact on short- and long-term 
consequences. Six studies were identified in the 
current literature which focused on neurological 
outcomes and methods of cerebral protection 
methods in thoracic aortic interventions [54–59] 
(Table 4.8). In summary, prolonged DHCA peri-
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ods and post-operative neurological injury pre-
dicted impaired HRQoL.  Advanced cerebral 
protection methods (e.g. bilateral selective ante-
grade cerebral perfusion) improved HRQoL at 
follow-up.

Krähenbühl et  al. looked at the impact of 
temporary neurological dysfunction (TND; 
confusion, delirium or agitation) on HRQoL 
post-operatively. In 917 patients undergoing 
proximal aortic surgery, 9.8% of patients suf-
fered from TND which resulted in significant 
impairment of HRQoL in all domains exclud-
ing bodily pain. Patients without TND were 
shown to have comparable HRQoL to the nor-
mal population. TND was predicted by older 
age, pre-operative haemodynamic compromise 
and the use of DHCA [57]. Prolonged use of 
DHCA was also associated with poor post-
operative HRQoL in two other studies [54, 55], 
but this was mitigated with various DHCA pro-
tection strategies (i.e. selective antegrade cere-
bral perfusion [54, 58], right axillary antegrade 
cerebral perfusion [58], right axillary perfu-
sion with an additional catheter in the left 
carotid artery [58], right subclavian artery con-
tinuous cerebral perfusion [55]). Immer et  al. 
for example showed that in 363 consecutive 
patients having proximal aortic surgery and 
prolonged DHCA (defined as >20  min), 
HRQoL at follow-up was impaired compared 
to a normal population [54]. However, this 
impairment was not seen when the cerebral 
perfusion strategies were applied in further 
studies, with superior mid-term HRQoL which 
was comparable to the normal population asso-
ciated with the use of right subclavian cannula-
tion (with continuous and bilateral cerebral 
protection) [55, 58].

These findings relating neurological out-
comes and cerebral protection to mid- and 
long-term HRQoL are not surprising. Animal 
models have shown that 11% of brain activity 
still remains even when temperatures are 
decreased to 8  °C, suggesting that if DHCA 
alone is used, there still remains the possibility 
of incomplete protection and consequent dif-
fuse brain injury [54]. With the addition of ACP 

in other animal models, reduced apoptosis in 
the hippocampus and preserved oxygen tension 
has been reported [60–62]. While the current 
evidence suggests that right axillary cannula-
tion with bilateral continuous cerebral protec-
tion appears to be the most effective means of 
cerebral protection, this must be considered in 
the context of a high incidence of right arm dys-
function (up to 20%) and brachial plexus injury 
(estimated around 2%) [55].

 Discussion

HRQoL has become increasingly important in 
thoracic aortic surgery, with increased appre-
ciation of the differences between patient-cen-
tred outcomes and traditional surgical 
perceptions of what is important [63]. This was 
recently recognised in a review describing key 
aspects of HRQoL and patient-reported out-
comes measures, including patients being the 
best judges of the impact of interventions on 
their symptoms and daily function, provision 
of a shared clinical decision-making frame-
work, and in the improvement of quality and 
safety [64]. This is particularly important in 
patients with a high pre-operative HRQoL, 
with studies in related fields of cardiac surgery 
[65, 66] showing ceiling effects, suggesting 
that patients with good HRQoL have little to 
gain but much to lose with respect to their 
quality of life.

This chapter has outlined the literature 
regarding HRQoL after interventions on the 
thoracic aorta. Most studies, as detailed above, 
confirm that HRQoL after major surgery (both 
elective and emergency interventions, as well 
as in elderly patients) is acceptable and is often 
comparable to that of a general population. A 
summary framework shows contributory fac-
tors that may impair HRQoL in thoracic aortic 
surgery (Fig. 4.1). This analysis must however 
be interpreted with recognition of the limita-
tions detailed below. Suggestions for future 
research are also discussed further in this 
section.

M. K. H. Tan et al.
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Predictors of Impaired HRQoL in Thoracic Aortic Surgery

Proximal Aorta Thoracoabdominal Aorta Endovascular Interventions Cerebral Protection

Aortic Root Replacement

Other Proximal Aortic
Operations

Type A Dissection Repair

•  Non-aortic valve sparing
   aortic root replacement
•  Use of mechanical aortic
   valve

•  Emergency surgery

•  Patient characteristics: •  Fenestrated branched
   EVAR use in
   thoracoabdominal aortic
   aneurysms (when
   compared to pararenal
   aneurysms)

•  Prolonged DHCA periods
•  Post-operative
   neurological injury

•  Descending aorta and
   thoracoabdominal aortic
   operations

•  Any reoperation

•  Increasing age
•  Female gender
•  Peripheral vascular
   disease
•  Greater burden of
   baseline co-
   morbidities

•  DHCA use
•  Increasing age
•  Long hospital stay

•  More aggressive
   procedure (ascending
   aorta + aortic arch repair)

Fig. 4.1 Predictors of poor HRQoL in aortic surgery

 Study Limitations

In the current literature, majority of studies are 
retrospective and only one contains an element of 
randomisation. Differences in baseline demo-
graphics and patient characteristics, as high-
lighted in the tables where identified, is largely 
due to this observational design in most studies 
and the lack of experimental methodology. As 
previously mentioned, patients with thoracic aor-
tic disease tend to have a significant number of 
co-morbidities, and the lack of randomisation 
leads to heterogeneity seen in the current litera-
ture. Additionally, while the overall follow-up 
completion rate was generally high, only two 
studies reported baseline HRQoL. Together with 
the lack of uniformity of instruments used and 
the variety of timepoints used for follow-up, 
comparisons of outcomes was challenging. This 
may be improved with initiatives promoting pre- 
and post-intervention HRQoL collection—the 
United Kingdom’s Department of Health has 
started routine collection for a selection of opera-
tions which unfortunately does not include tho-
racic aorta surgery [7], while the Netherlands has 
started a national initiative termed ‘Meetbaar 
Beter’ to encourage cardiothoracic centres to col-
lect pre- and post-operative HRQoL [67]. Finally, 
bias may be an issue given that patients with poor 
HRQoL are unlikely to respond to surveys, lead-

ing to falsely elevated HRQoL results. Institutions 
may also contribute to the bias with increased 
efforts to publish and present positive findings—
notably, a number of studies in the literature orig-
inate from the same institution.

 Suggestions for Future Research

HRQoL outcomes are not a new reporting instru-
ment in the literature—one of the first studies to 
publish on these outcomes was available over 
40 years ago [68]. Despite this, few randomised 
controlled trials report such outcomes, with the 
current literature reviewed in this chapter still 
only including one randomised trial [11]. Future 
research into thoracic aortic interventions should 
include elements of randomisation. As for instru-
ment selection, while most studies use generic 
instruments (e.g. SF-36, RAND-36) that are fre-
quently used in all areas of medicine and surgery, 
there is still no consensus as to which instrument 
is best for data collection in aortic surgery. 
Additionally, while a number of disease-specific 
instruments were used in the current studies, 
future data collection would be facilitated by a 
standardised aortic specific common instrument. 
This standardisation should also be extended to a 
uniform reporting standard of baseline and post- 
operative (at predefined timepoints) HRQoL 
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Chapter Conclusions:

•  HRQoL after aortic surgery is satisfactory

•  Even in elderly and high-risk populations, HRQoL is comparable to healthy age-
   and sex-matched individuals

•  Aortic surgery should aim to preserve, if not improve, HRQoL especially in
   elective scenarios where patients are largely asymptomatic

•  Available literature on HRQoL in aortic surgery is currently lacking, especially
   with regards to randomised trials

•  Focusing on HRQoL outcomes in future trials will be required to allow for 
   evidence-based policymaking and resource allocation

Fig. 4.2 Conclusions 
regarding HRQoL after 
aortic surgery

assessment. This would also be further improved 
by a consensus set of outcome measures in tho-
racic aortic surgery such as those already avail-
able through the International Consortium for 
Health Outcomes Measurement for coronary 
artery disease and heart failure [69]. Innovation 
may take the form of correlating HRQoL to 
patient activity as measured by wrist-worn accel-
erometers [70, 71] or biomechanical parameters 
such as aortic blood flow, shear wall stress and 
pulse wave velocity [72–74].

 Conclusions

HRQoL after aortic surgery is generally satisfac-
tory and found to be at similar levels (even in 
elderly and high-risk populations) to healthy age- 
and sex-matched patients (Fig.  4.2). Baseline 
characteristics of patients with descending tho-
racic aortic disease tend to be poorer, which may 
be secondary to the multitude of co-morbidities 
they usually have. Patients undergoing emer-
gency operations for type A dissections also often 
appear to have poorer HRQoL when compared to 
matched populations. Aortic surgery should aim 
to preserve or improve HRQoL, especially in 
elective operations where a good number of 
patients are asymptomatic, and patients will need 
to be made aware of HRQoL outcomes as part of 
the consent process. Despite increasing interest 
in HRQoL as an outcome measure in aortic sur-
gery, there is still only one prospective ran-
domised trial in the current literature which 
studies HRQoL outcomes. Further trials with a 

focus on HRQoL outcomes will need to be per-
formed to advise evidence-based aortic policy-
making and resource allocation in the future.
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 Introduction

It is well-established that heart transplantation is 
the gold-standard treatment for eligible patients 
with end-stage heart failure. The survival benefit 
over medical management and durable LVADs 
has been demonstrated in multiple studies [1–4]. 
The main challenge of this life-saving treatment 
is the availability of donor organs, leading to pro-
longed waiting times on the list, often with sig-
nificant deterioration of symptoms, and even 
demise. In the UK, 10% of non-urgent patients 
will die on the waiting list in 2 years and only 
17% will be transplanted [5]. For those that 
receive an organ, the average waiting time is 
1.6 years [5].

For those who receive a heart transplant, 
along with prolongation in life-expectancy one 
should recognize a significant improvement is 
heart- failure related symptoms and quality of 
life. The survival prognosis for heart transplanta-
tion is 12.5 years, and the 1-year conditional sur-
vival is 14.8 years, so the gap between outcomes 
from cardiac transplantation and natural history 
is notable [6]. The survival over 1 and 5 years of 
heart transplants between 1982 and 2013 was 
82% and 69%, respectively [6]. Heart transplan-
tation is a remarkably successful operation, and 
there is a significant improvement prognosti-
cally. Not only this, death in association with 
heart transplantation is continually decreasing. 
The survival for 1-year survivors between 2002 
and 2009 was 12.5  years, now increased to 
14.8 years [6].

However, post-transplant management is a 
multidisciplinary journey with the patient in the 
center that involves life-long pharmacological 
treatment, blood tests, biopsies etc., which can 
have an impact in the physical and mental well-
being of the recipient and overall QoL.  In this 
chapter we sought to examine QoL parameters 
using established tools in assessing the effect of 
heart transplantation against patients’ pre-trans-
plant status but also against other patient groups, 
including LVAD recipients.
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 Methods

 Literature Search

A literature search was performed in the PubMed 
database with the following terms: 
((((((((((((((((patient reported outcomes) OR 
(prom)) OR (quality of life)) OR (QoL)) OR (SF- 
36)) OR (short form 36)) OR (HRQoL)) OR 
(health related quality of life)) OR (EQ5D)) OR 
(euroqol 5d)) OR (Minnesota Living with Heart 
Failure Questionnaire)) OR (MLHFQ)) OR 
(Kansas City Cardiomyopathy Questionnaire)) 
OR (KCCQ)) OR (Quality of Life Index cardiac 
version)) OR (WHOQOL-BREF)) AND ((((car-
diac transplant) OR (heart transplant)) OR (heart 
failure surgery)) OR (end-stage heart failure 
surgery)).

Date of search: 15-12-2020.

 Study Selection

Exclusion of studies that are: non- English, pae-
diatric cohorts; focusing mainly on depression 
without a holistic approach to QoL; combining 
heart transplant with other organ transplants 
without differentiating the outcomes; and using 
QoL tools that are not holistic in approach.

 Study Classification

From the studies we identified as eligible, we 
subsequently carried out classification and criti-
cal appraisal based on the comparative arms as 
follows:

 1. comparative studies: vs LVADs control 
group. Patients implanted with a bridge to 
transplant left ventricular assist device com-
pared to HTx recipients. Table 5.1.

 2. comparative studies: vs medical therapy con-
trol group. Patients stabilized on best medical 
therapy compared to HTx recipients. 
Table 5.2.

 3. comparative studies: vs waiting-list control 
group . Patients on the transplant waiting-list 
compared to recipients. Table 5.3.

 4. longitudinal studies: pre-operation and post- 
operation intervals. Assessing baseline qual-
ity of life with heart failure, then at intervals 
post-operatively. Table 5.4.

 5. longitudinal studies: post—operation inter-
vals only. Studies that focused on outcomes at 
post-operative intervals only. Table 5.5.

 6. longitudinal studies: long-term follow-up. 
studies that focused on outcomes in long-term 
survivors (defined as >5 years). Table 5.6.

Refer to Fig. 5.1 for a comparison of four heart- 
failure- specific quality of life instruments com-
monly used in the selected studies.

 Results

 Comparative Studies

 vs. LVADs
Grady et al. [7] conducted a longitudinal, multi- 
site study comparing paired QoL data of 40 
LVAD patients at 3  months post-LVAD- 
implantation vs 3  months post-HTx. Patients 
after HTx were found to be more satisfied with 
their lives and with their health and functioning. 
Furthermore, an improvement in mobility, self- 
care ability, physical ability and overall func-
tional ability was observed from 3  months 
post-LVAD-implantation to 3 months post- HTx. 
However, self-care stress and hospital/clinic-
related stress were seen to be lower in the post-
LVAD period.

As compared to Grady et  al’s study, which 
used patients implanted with LVADs as a bridge- 
to- transplant and following them longitudinally 
to post-HTx, Jakovljevic et al. [8] compared the 
QoL in LVAD and HTx recipients using two sep-
arate cohorts. This LVAD bridge-to-destination 
group comprised of 14 patients, and was com-
pared to 12 post-HTx patients. Physical activity 
and QoL were assessed at 4 to 6 weeks (baseline) 
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Table 5.3 Comparative studies: vs waiting-list control group. Patients on the transplant waiting-list compared to 
recipients

Study Title Country

Study intent 
and number of 
patients

HRQOL 
instrument 
used

QoL scores (figures given as HTx 
vs wait-list)

Main findings 
related to HRQOL

Mantovani 
et al. (2017)
[15]

Comparison of 
quality of life 
between 
patients on the 
waiting list and 
heart transplant 
recipients

Brazil Compare 
QOL 
between 
wait-listed 
patients and 
recipients. 
n = 56

SF-36 Physical functioning = 9.5 vs. 
32.1
Role-physical = 22.6 vs. 29.6
Bodily pain = 18.2 vs. 29.1
General health = 9.1 vs. 32.2
Vitality = 14.9 vs. 31.1
Social functioning = 17.6 vs. 
30.0
Role-emotional = 24.8 vs. 29.2
Mental health = 24.6 vs. 29.2

Significant 
difference 
between two 
groups in the 
QOL score and 
four dimensions. 
Mean 
rank = 16.9 in 
wait-listed 
patients, = 30.7 in 
transplant 
recipients. 
Lowest scores for 
general health 
and highest 
scores for 
role- emotional in 
wait-listed 
patients. Highest 
scores for general 
health and the 
lowest scores for 
bodily pain in 
recipients

Emin et al. 
(2016)
[9]

Quality of life 
of advanced 
chronic heart 
failure: 
medical care, 
mechanical 
circulatory 
support and 
transplantation

United 
Kingdom

QoL in 
patients 
assessed for 
HTx, listed 
for HTx on 
medical 
therapy, 
supported 
with bridge 
to transplant 
LVAD and 
patients after 
HTx. n = 386

KCCQ
EQ-5D

KCCQ domains
Symptom stability = 54.7 ± 21.6 
vs. 47.8 ± 29.5
Self- efficacy = 93.4 ± 15.0 vs. 
74.2 ± 22.2
Symptom 
frequency = 77.1 ± 26.3 vs. 
45.5 ± 26.8
Symptom burden = 77.8 ± 25.1 
vs. 48.5 ± 25.5
Total symptom 
score = 77.5 ± 25.1 vs. 
47.0 ± 24.9
Physical 
limitation = 75.4 ± 31.1 vs. 
43.3 ± 26.7
Clinical summary 
score = 76.6 ± 26.1 vs. 
45.0 ± 23.5
QoL = 71.4 ± 28.5 vs. 
27.0 ± 22.1
Social limitation = 67.0 ± 34.2 
vs. 23.7 ± 23.4
Overall summary 
score = 73.0 ± 27.2 vs. 
35.5 ± 21.5
EQ-5D index 
score = 0.74 ± 0.27 vs. 
0.50 ± 0.30

Best QoL in 
recipients. 
EQ-5D scores 
highest in 
patients after 
HTx

A. J. Poovathoor et al.
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Study Title Country

Study intent 
and number of 
patients

HRQOL 
instrument 
used

QoL scores (figures given as HTx 
vs wait-list)

Main findings 
related to HRQOL

Evangelista 
et al. (2004)
[14]

Functional 
Status and 
Perceived
Control 
Influence 
Quality of Life 
in
Female Heart 
Transplant 
Recipients

United 
States of 
America

Describe and 
compare 
QOL and 
psychologic 
well-being of 
recipients and 
waiting list 
candidates, 
correlates of 
QOL in 
female 
recipients. 
n = 100

MLHFQ 
(lower 
score 
denotes 
higher 
QoL)

LHFQ total = 28.0 ± 26.4 vs. 
52.3 ± 26.1 (p = 0.000)
Physical = 11.3 ± 11.2 vs. 
19.9 ± 12.1 (p = 0.000)
Emotional = 7.5 ± 8.2 vs. 
12.8 ± 7.8 (p = 0.001)

Overall QOL 
scores higher in 
recipients than 
candidates. 
Higher physical 
and emotional 
health for 
recipients 
compared with 
candidates. 
Functional status, 
depression and 
perceived control 
significant 
correlates of 
QOL among 
female recipients, 
accounted for 
49% variance in 
overall QOL

Evangelista 
et al. (2005)
[13]

Two-year 
follow-up of 
quality of life 
in patients 
referred for 
heart transplant

United 
States of 
America

Comparative 
effects of 
surgical or 
medical 
treatment on 
HRQOL. 
n = 77

SF 12 Physical health = 35.2 
(32.4–44.6 IQR) vs. 40.4 
(26.9–54.0 IQR)
Mental health = 47.6 (36.758.8 
IQR) vs. 42.4 (38.6–53.0 IQR)

Physical health 
score 
significantly 
improved over 
time in all 
patients, changes 
in mental health 
were minimal. 
Although all 
patients 
continued to have 
low HRQoL 
scores at the time 
of follow-up, 
medically stable 
patients had 
higher mental 
health scores and 
less depressive 
symptoms

Table 5.3 (continued)

5 Patient Reported Outcomes and Quality of Life following Heart Transplantation
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Instrument, author Number 
of items

Domains Scoring

Minnesota Living with Heart Failure 

Questionnaire (MLHFQ)

Rector et al 1987(34)

21 Physical 

Emotional 

Total score (sum of scores from individual items (6-point Likert
Scale 0 to 5))

Range 0 to 105. 

Higher scores = poorer quality of life

Quality of Life Index–Cardiac Version IV
(QLI - cardiac version IV)

Ferrans and Powers 1985(35)

36 Health and functioning

Social and economic

Psychological/spiritual 

Family and relationships

Scores from part 1 (levels of satisfaction) and part 2 (levels of
importance) combined

Higher scores = higher satisfaction and importance

Kansas City Cardiomyopathy Questionnaire 

(KCCQ) 

Green et al. 2000(36)

23 Symptom frequency

Symptom burden

Symptom stability

Physical limitations

Social limitations

Total symptom score (symptom frequency + symptom burden)

Clinical summary score (symptom frequency + symptom burden
+ physical limitation)

Overall summary score (symptom + physical limitations + social
limitations +  quality of life)

0-to-100-point scale

Lower scores = more severe symptoms and/or limitations

Quality of life
Self-efficacy

Scores of 100 = no symptoms, no limitations, and excellent
quality of life

Fig. 5.1 A comparison of four heart-failure-specific quality of life instruments commonly used in the selected studies

and 3, 6, and 12 months. Baseline physical activ-
ity was impaired in all groups, and baseline QoL 
was not significantly different among the LVAD 
and HTx cohorts. Although the study observed a 
significant improvement in both physical activity 
and QoL in both LVAD and HTx groups from 
baseline to 3  months, at any point in time the 
HTx group demonstrated higher activity level 
and QoL. Beyond 3 months, physical activity and 
QoL remain unchanged and inferior to that of 
healthy participants.

Emin et  al. [9] performed a cross-sectional 
survey of four groups: patients assessed for 
HTx; patients listed for HTx on medical ther-
apy; patients supported with LVAD; and 
patients after HTx. 82 LVAD patients and 82 
post-HTx patients completed the KCCQ and 
EQ-5D questionnaires. Patients after HTx 
scored the highest for both the KCCQ overall 
summary score (73.0 vs. 52.6) and EQ-5D 
mean (0.74 vs. 0.58).

The ongoing SUSTAIN-IT trial (Sustaining 
Quality of Life of the Aged: Heart Transplant 
or Mechanical Support?) [10] seeks to com-

pare health-related quality of life outcomes in 
60–80  year old heart failure patients, who 
receive a heart transplant or are implanted 
with a destination therapy mechanical circula-
tory support. The trial utilizes a prospective, 
longitudinal design, and assesses HRQoL 
from baseline to 2 years post-operatively. The 
trial’s primary aim is to establish whether 
mechanical circulatory support devices offer 
non-inferior benefits to HRQoL as compared 
to HTx.

Unlike patients in need for organs such as 
lungs or liver where there is no alternative, 
patients with end-stage heart failure can have a 
durable LVAD, which is shown to provide a 
survival benefit against medical management 
[11] and equipoise against marginal organ 
recipients [12]. In this chapter we have demon-
strated that while HTx still seems to confer an 
overall improved QoL vs durable LVADs, 
those receiving LVADs still had an improved 
QoL compared to baseline and comparable to 
HTx.

5 Patient Reported Outcomes and Quality of Life following Heart Transplantation
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 vs. Medical Therapy
Evangelista et al. [13] performed a longitudinal 
study assessing 77 patients referred for HTx eval-
uation, to examine the “effects of time and treat-
ment status on changes in HRQOL scores”. 
Assessment using the Short Form-12 question-
naire was conducted at baseline, and at a 2 year 
follow-up. The follow-up identified 3 groups of 
patients: HTx recipients, HTx candidates, and 
medically stable patients who were not eligible 
for HTx. Results show a temporal improvement 
in physical health and depression scores in all 
groups; there was not much difference in mental 
health. Furthermore, despite all groups display-
ing impaired QoL at follow-up, medically stable 
patients had greater mental health scores and less 
depressive symptoms than the other groups.

Emin et al’s [9] cross-sectional survey of HTx 
recipients and medical therapy recipients (among 
other groups) showed HTx recipients to have the 
greatest QoL scores in both the KCCQ and 
EQ-5D surveys.

 vs. Waiting-List
Evangelista et al. [14] compared 2 groups of women 
controlled for age and functional status using the 
MLHFQ; group 1 were HTx recipients (n = 50) and 
group 2 were candidates on a transplant waiting list 
(n  =  50). QoL was higher among the recipient 
cohort than the candidates, the scores being 28.0 
and 56.3 respectively (lower scores denoting higher 
QoL). Moreover, physical and emotional health was 
higher for the recipient cohort.

Similarly, Mantovani et  al. [15] performed a 
cross-sectional study of 47 HTx recipients and 9 
wait-list patients. A significant difference 
between the two cohorts was seen in the overall 
QoL score (recipients  =  30.7 mean rank; wait- 
list = 16.9) and in the four dimensions. The wait- 
list group had the lowest scores for general health 
and the highest for role-emotional. Whereas the 
transplant recipients reported the highest scores 
for general health and the lowest for bodily pain.

Emin et al. found similar results to these stud-
ies: patients listed for HTx had lower QoL scores 
than HTx recipients in both the KCCQ and 
EQ-5D surveys.

 Longitudinal Studies

Of the long-term follow-up studies reviewed, 
they can be further sub-classified into immedi-
ate-, mid-, and extreme- long-term follow-up. 
Immediate long-term is defined as 5–10  years 
post-HTx, mid-long-term as >10  years, and 
extreme long-term as >20  years. The issue of 
survivorship bias is particularly relevant when 
reviewing long-term follow-up studies, as only 
those who survive and those without major 
complications will contribute to QoL 
assessments.

 Immediate Long-Term Follow-Up 
(5–10 Years Post-HTx)
Grady et al. [16] studied a non-random sample of 
231 patients who were 5 to 6  years post-HTx. 
Patients reported a high level of satisfaction with 
life overall and with the following specific areas 
of life: family, socioeconomic, psychological/
spiritual and health and functioning. Moreover, 
these areas were reported to be very important 
from the Quality of Life Index proportional 
scores. When asked “whether they would make 
the same decision of having heart transplant sur-
gery again, knowing what they knew 5 to 6 years 
later”, 87% of responses were “definitely yes”, 
8% “probably yes”, 3% “not sure”, and 1% 
“probably no”.

Aravot et al. [17] reviewed the QoL of their 
first ten patients surviving beyond 5 years. The 
interview included questions regarding work-
ing status, daily walk routine, pain or discom-
fort, complications of immunosuppression, sex 
life, and satisfaction with their QoL.  It was 
found that half of patients reported side effects 
of the immunosuppressive regimen, and that of 
these 3 patients needed secondary treatment. 
These were chronic dialysis, radiotherapy for 
Kaposi sarcoma and gum resections. Aravot 
et  al. found that 90% were married, 60% 
employed and 90% walk several kilometres 
daily. Those in employment stressed their “sat-
isfaction in being able to contribute and not 
feel like a burden to society and their loved 
ones”.
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 Mid Long-Term Follow-Up (10–20 Years 
Post-HTx)
Martinelli et  al. [18] studied 137 consecutive 
patients surviving more than 10 years post-HTx, 
aiming to examine the role of age on QoL in this 
cohort of long-term survivors. They found that 
the SF-36 MCS was not significantly different 
between the young (<70 years) and old patients 
(≥70 years). However, the PCS was found to be 
greater in the young patients. The authors iden-
tify that “age per se does not represent a major 
limiting factor when considering candidates for 
this procedure, at least with regard to the issue of 
psychologic distress”.

Politi et  al. [19] also examined the long-term 
QoL of 276 patients surviving at 10  years in a 
cross-sectional study. It was found that mental QoL 
of 10 year survivors were similar to that of the gen-
eral population. In contrast, the physical QoL was 
inferior to that of the general population. Predictors 
included older age, being married, the presence of 
complications, and impaired renal function.

 Extreme Long-Term Follow-Up 
(>20 years Post-HTx)
The longest term follow up reviewed was that 
done by Galeone (2014) [20]. The quality of life 
in eight hundred and twenty-seven patients sur-
viving ≥20 years with a single graft was retro-
spectively assessed. Mean physical and mental 
scores were 57 ± 23 and 58 ± 21, respectively. 
These scores were significantly lower than that of 
patients surviving <20  years, perhaps reflecting 
the lower comorbidity and age in the latter cohort. 
The mean scores of each SF-36 domain were also 
lower in norm-based comparisons to the general 
French population.

 Discussion

 Challenges in QOL Assessment 
in Transplant

The follow up period varied widely between the 
studies, the earliest after transplant being the 
post-Tx ICU transition phase. Of course the stud-

ies are assessing quality of life in survivors as 
mortality is an issue when studying heart failure 
therapies. The longest follow up period was of 
survivors 20 years+ incorporating 131 subjects.

Some studies break down the QOL of scores 
into their separate physical and mental 
domains, while others only provide a summary 
score. Therefore, separate analysis of the phys-
ical and mental components can only incorpo-
rate the former group of studies. A further 
challenge is that even this group of studies use 
a diverse range of tools, so that one must be 
careful in the  comparison of alike domains 
from different questionnaires (refer Fig.  5.1). 
For example, the following domains all 
describe the physical wellbeing: ‘physical 
functioning’ in SF-12 and -36; vs ‘physical 
mobility’ in NHP; vs ‘physical limitation’ in 
KCCQ.  The words ‘functioning’, ‘mobility’ 
and ‘limitation’ all relate to physical wellbeing 
but are subtly different.

Finally, the control groups varied widely. 
Some studies used the baseline QOL in pre- 
transplant patients with heart failure as the com-
parison group. Other used a separate cohort of 
patients implanted with LVAD, stabilised on 
medical therapy or on the waiting list as the com-
parison group. Some studies do not have a com-
parison group at all. These studies can still be 
useful as norm-based comparisons can be made 
to the general population.

 Baseline QOL in Pre-transplant Patients
The baseline physical component in those with 
heart failure is significantly more impaired than 
the mental component in all of the Short Form 
questionnaire studies (all values expressed as 
physical functioning score vs mental health 
score: Mantovani et al. (2017) 9.5 vs. 24.6 [15], 
Martín-Rodríguez et  al. (2008) 21.92 vs. 47.07 
[21], Karapolat et al. (2007) 35.00 vs. 59.41 [22], 
Evangelista et al. (2005) 30.3 vs. 47.6 [13]. The 
study using the MLHFQ instrument [14] (11.3 
vs. 7.5—note lower score denotes higher QOL) 
and an authors’ questionnaire [23] (2.079 vs. 
2.56) both agree with this discrepancy in mental 
and physical domains.

5 Patient Reported Outcomes and Quality of Life following Heart Transplantation
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Overall 
QoL

PCS MCS

Post-transplant time (Wu 2019)

Age (Wu 2019)

Mechanical circulatory
support use during
hospitalisation (Wu 2019)

Marriage status
(Grady 2007)

Depression
(Evangelista
2003) 

Stress status (Wu 
2019)

Demoralisation 
syndrome (Wu 
2019)

Age  (Wu 2019)
(Evangelista 
2003)Religion (Wu 

2019)

Complications  
(Delgado 2015) 
(Grady 2007)

Comorbidities 
(Delgado 2015)

Hospitalisation 
(Delgado 2015)

Fig. 5.2 Predictors of QoL, PCS and MCS. PCS Physical Component Score. MCS Mental Component Score

Regardless, both physical and mental scores 
are severely impaired compared to the general 
population.

 Physical Activity Post-transplant
Using the Short Form 12 and 36 instruments, a 
rapid improvement in the physical component is 
seen within the first year after transplant, then after 
1 year it seems to remain steady. Wu et  al. [24] 
studied 3 groups of patients: group1 < 1 year post-
Tx; group 2 1–3  years post-Tx; and group 
3 > 3 years post-Tx. Group 1 patients’ PCS scores 
rapidly improved from pre-Tx (38.83) to 3 months 
post-Tx (44.54) to 6 months (45.18) to 12 months 
(48.15). Comparatively groups 2 and 3, who were 
1 year + post-Tx, did not show such a temporal 
improvement, and sometimes even a slight 
decrease. Martín-Rodriguez [21] corroborates 
with the immediate improvement in physical score 
(21.92 pre-Tx to 51.92 3 months to 75.00 6 months 
to 69.61 12 months). Unfortunately this study does 
not follow the cohort beyond 1 year to ascertain 
corroboration with Wu et al’s findings. However, 
another study [25] disagrees with Wu et al’s study 
finding of the stasis in physical score beyond 
1 year as it showed persistent improvement up to 
3 years – although it must be noted that this study 
used the KCCQ form with its physical limitation 
domain and not the Short Form questionnaire.

In all studies it appears that the greatest step in 
improvement occurs between pre-Tx and 
3 months post-Tx, which is to be expected con-
sidering the severely impaired baseline physical 
domain in heart failure patients.

The predictors of the physical component of 
quality of life as identified in the selected studies 
include: post-transplant time, mechanical circu-
latory support during hospitalisation, stress status 
and age (refer to Fig. 5.2).

 Mental Well-Being Post-transplant
In direct contrast to the physical component which 
showed an immediate improvement within the 
first year post-Tx, the mental component did not 
exhibit this improvement but stayed steady within 
the first year (group 1: 48.89 baseline vs. 49.98 
3 months vs. 48.15 6 months vs. 49.27 12 months) 
[24]. However, again unlike the physical compo-
nent (which slowed down in its improvement after 
1 year), the mental component showed a steady 
improvement after 1  year. Groups 2 (1–3  years 
post-Tx): 45.29 to 48.16 to 49.30, and finally 
reaching 50.39 in group 3 (>3 years post-Tx)).

Perhaps this is because the physical compo-
nent is severely impaired pre-Tx as compared to 
the mental component, and so the benefits of 
transplantation is seen more in the physical com-
ponent first.
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The predictors of the mental component of 
quality of life as identified in the selected studies 
include: religion, depression, demoralisation 
syndrome and age (refer to Fig. 5.2).

This ‘reversal of changes’ between the physi-
cal and mental components show that transplan-
tation has benefits in both domains, albeit that the 
mental benefits can be expected to be more 
delayed. However this is not a reason for discour-
agement, as the baseline mental scores are rela-
tively high to begin with, and while an immediate 
improvement is not seen, a depreciation is not 
observed either. Furthermore, this can be of some 
reassurance to patients that a long-term improve-
ment in their mental wellbeing can be expected 
even if it is not immediately experienced.

While the physical domain was consistently 
more impaired than the mental domain before 
transplant in the Short Form questionnaires, fol-
lowing transplant the difference in the scores are 
much less, and the gap progressively diminishes 
the longer after transplant [13, 21, 22, 24, 26, 27]. 
This observation is also seen in the WHOQOL- 
BREF studies [28–30] and the Quality of Life 
Index studies [16, 31]. Moreover, it appears that 
this phenomena is maintained into the long term 
beyond 5 years, as unanimously seen in the long 
term studies [18–20, 32].

This may be explained by the ‘reversal of 
changes’ postulated earlier, as the physical scores 
rapidly improve in the immediate aftermath of 
transplant and close the gap between the two 
domains. After one year, the changes in physical 
scores wean and the mental gradually improves. 
This hypothesis would suggest that the longest 
surviving patients would have near-equal physi-
cal and mental scores. Indeed, the longest-term 
study is of ≥20 years survivors by Galeone et al. 
[20], showing similar physical and mental 
scores - 57 and 58, respectively. Of course, as 
mortality is an issue when studying heart trans-
plantation outcomes, there is not sufficient data 
for the extreme long- term, and any conclusions 
must be cautiously drawn.

Forsberg [33] proposes a framework for 
improving adaptation in heart transplant patients. 
It is suggested that endeavoring for control and 
predictability results in reducing the patient’s 

ability to adjust, thereby prolonging the transi-
tion period. The importance given to self man-
agement support is identified as problematic. 
Furthermore, the importance of conditioning 
patients to adjust to their new situation is 
stressed: “instead of relying on unrealistic 
expectations, they can focus on accepting their 
situation and the unknown, as well as on what 
can be achieved”.
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Transcatheter Aortic Valve 
Implantation

M. Monteagudo-Vela, V. Panoulas, 
and G. Krasopoulos

 Introduction

Aortic stenosis (AS) is an insidious disease with 
high mortality after the onset of the symptoms 
and with an incidence that increases logarithmi-
cally after the sixth decade of life [1]. As life 
expectancy has substantially increased over the 
past twenty years, (AS) has become the most fre-
quent valvular heart disease [2]. Surgical aortic 
valve replacement (sAVR) was until recently, the 
only invasive treatment option with conservative/
palliative therapies being the only alternative for 
patients who could not have surgery [3].

sAVR is the gold standard therapy for symp-
tomatic aortic stenosis with proven capacity to 
alleviate symptoms, improve quality of life and 

increase survival [4] and with durability that 
extends beyond 15 years [5]. The National Adult 
Cardiac Surgery Audit (NACSA) published in 
2020 presented all cardiac surgical activity levels 
and trends in the United Kingdom, over the past 
3 years (1st April 2016 to 31st March 2019) [6]. In 
this report sAVR was found to be the second most 
commonly cardiac operation performed in the UK 
after coronary artery bypass surgery, with a mor-
tality rate of 0.9% for patients under 75 years of 
age, and 1.2% for those over 75 years. However, 
there are many patients that, due to coexisting 
comorbidities, high frailty index or advanced age 
(>80 years), do not qualify for sAVR due to very 
high peri-procedural surgical risk [7].

The significant increase in life expectancy that 
our society has been experiencing over the past 
couple of decades, and the association of AS and 
ageing has generated an ever-expanding popula-
tion of very elderly with significant restrictions in 
their quality of life due to AS [8]. Since 2002 
when the first procedure of transcutaneous aortic 
valve implantation (TAVI) was performed [9], 
TAVI has rapidly evolved as the alternative inva-
sive procedure that could be offered to patients 
with severe AS. As the procedural risk of TAVI 
decreases thanks to technical improvements to 
the valve-implants and delivery systems, this 
technique has emerged and established itself as 
the invasive treatment option of choice for 
patients who have been deemed inoperable [10], 
for those at high surgical risk due to high frailty 
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index or co-morbidities [11] or those at interme-
diate or low surgical risk in their ninth or tenth 
decade of life [12, 13].

Even though both, sAVR and TAVI, are effec-
tive invasive treatment options for the manage-
ment of symptomatic AS, capable of substantially 
improving survival at short and mid-term (up to 
7 years) [14], sAVR remains the only option with 
known durable long-term results that extend 
beyond 10 years [15]. In the modern era, durabil-
ity and long-term outcomes are equally important 
to quality of life (QoL) for many patients suffer-
ing from AS and plays a significant part in their 
decision-making process.

In 2018/19 the numbers of TAVI cases in the 
UK (5197) overtook isolated sAVR (5091) [6], a 
trend that has been observed in other European 
countries such as Germany [16, 17]. So much in 
UK but also internationally, the total number of 
all procedures for aortic valve disease continued 
to increase over the past 5 years [6], probably due 
to a combination of high prevalence of the dis-
ease attributed to an ageing population and the 
availability of an alternative interventional option 
like TAVI.

This chapter is set out to review and analyse 
all currently available published information 
related to QoL following sAVR or TAVI as treat-
ment for AS that include QoL in their endpoints. 
We will attempt to provide a comprehensive 
understanding of the currently available tools in 
assessing QoL in patients treated for AS, sum-
marise available knowledge in order to assist 
patients and clinicians in their decision-making 
process.

 Summary of Interventions 
(Surgical, Endovascular/Minimally 
Invasive) for Aortic Stenosis

Surgical aortic valve replacement (SAVR) and 
transcatheter aortic valve implantation (TAVI) 
are the mainstays of treatment for severe aortic 
stenosis (AS).

Transcatheter aortic valve implantation 
(TAVI) is a minimally invasive procedure that 
entails different approaches of implanting a bio-

logical prosthetic valve, within a usually calcified 
native aortic valve. TAVI can be performed under 
local anaesthesia and sedation or under general 
anaesthesia. These techniques are based in gain-
ing arterial access, either percutaneously or with 
a surgical cut down. The most common access to 
deliver the valve is via the femoral arteries (over 
90% in most major registries), followed by  
trans- carotid and trans-subclavian/trans-axillary. 
Trans-apical and trans-aortic are fading as 
options, due to their more invasive nature. Trans- 
caval access is also used in select centres, how-
ever its generalizability has been questioned due 
to its complexity. The TAVI valve is mounted 
onto a stent, and it is advanced to the heart using 
specialised intravascular equipment, known as 
delivery systems. The diseased native aortic valve 
is stretched open and the new bioprosthetic valve 
is implanted within the old diseased (usually ste-
notic) native aortic valve of the patient. The 
majority of commercially available valves are 
either balloon expandable or self-expanding and 
come with a skirt, aiming to improve sealing and 
reduce paravalvular leaks [13, 18].

Surgical aortic valve replacement is carried 
out under general anaesthesia. sAVR is per-
formed with the help of cardiopulmonary bypass 
machine. The heart is arrested in order to access 
the aortic valve and replace it. Although the tradi-
tional approach is a median sternotomy, modern 
techniques of minimally invasive approaches 
with smaller incisions can minimise the trauma 
to the patient, reduce complications and acceler-
ate the postoperative recovery [19] (Fig.  6.1). 
sAVR has the capacity to fully replace the dis-
eased aortic valve and it can treat native aortic 
valves that suffer from both stenosis and insuffi-
ciency. Under the generic terminology of sAVR 
come a number of different procedures, with 
choices of different prosthesis that are ranging 
from biological valves to homografts, mechani-
cal valves or even preserving the patient’s own 
aortic valve and repairing it. Stented biological 
and mechanical valves are the most widely used 
valves currently and they need to be sutured onto 
the patient’s aortic valve annulus. Sutureless bio-
prostheses represent a contemporary option for 
sAVR and offer the possibility of replacing the 
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Aortic valve
replacement

sAVR

Conventional
Minimally
invasive

Transfemoral

Transcarotid

Transsubclavian

Transapical

Transaortic

Trancaval

Sternotomy
Mini

thoracotomy

•  Sutured valves: biological + mechanical

•  Sutureless valves: biological

•  Biological valves

•  Homografts

•  Aortic valve repairs

Mini
Sternotomy

TAVI

Fig. 6.1 Summary of interventions for aortic valve replacement

diseased native aortic valve without the need of 
having to suture the implant onto the heart. When 
sutureless technology is combined with 
 conventional or minimally invasive sAVR, can 
offer further advantages in reducing periopera-
tive exposure of patients to risk, augment patients’ 
recovery and positively influence post-procedural 
QoL [20, 21].

 Analysis of the Utility of Different 
QOL Tool

There are plenty of quality-of-life tools available 
to analyse health related issues. These are multi-
dimensional assessment instruments and are 
designed to assess patient’s subjective health per-
ception, related to a procedure or a condition 
[22]. These questionnaires integrate both physi-
cal/functional and emotional dimensions and 
some of them include social dimensions as well. 
The aim is to convert qualitative information into 

quantitative data and generate a score that can 
universalize and compare differences.

 Methods

After Entrez, PubMed, MEDLINE, Scopus and 
Google Scholar were searched using the MeSH 
terms ‘Quality of life’ AND ‘TAVI’, we identi-
fied 159 articles referred to Quality of life in 
patients after TAVI procedures and 15 were 
finally included into the review.

Within the included articles, health status was 
assessed at different time points depending on the 
study (pre-procedural and 1, 2, 3-, 6-, 12- and 
24-months post-procedural). Health-related 
Quality of Life questionnaires used in this review 
were the Kansas City Cardiomyopathy 
Questionnaire, the Short Form-12, the Short 
Form-36, the EuroQol-5D and 3D and the 
Minnesota Living with Heart Failure 
Questionnaire.
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These questionnaires investigate several 
dimensions and grade them to different levels, in 
order to target the answer and link them, as best 
as possible, with the age group and personal 
expectations of the cohort of patients included at 
each study. However, none of them are age spe-
cific or age weighted, and this could potentially 
lead to bias, as expectations and perceptions 
related to QoL differ greatly amongst different 
age groups. The diversity among the different 
QoL questionnaires used makes it difficult to 
compare outcomes, summarise or meta-analyse 
reported outcomes.

The Minnesota Living with Heart Failure 
Questionnaire (MLHFQ) score is widely used for 
heart failure patients, has well-documented valid-
ity, reliability, and sensitivity, and is also vali-
dated in patients referred for valvular surgery 
[23]. However, despite its proven validity in 
physical and emotional subscales in patients with 
HF, it lacks social dimension, which is particu-
larly important when QoL is assessed in a cohort 
of elderly TAVI patients [24].

EQ-5D-3L and EQ-5D-5L questionnaires, 
introduced by the EuroQol Group in 1990 and 
2009, are comprised of five dimensions, as 
explained in Table 6.1. In the latest EQ-5D-3L, 
the number of levels of perceived problems per 
dimension was changed from 3 to 5, increasing 
the sensitivity and reducing the ceiling effect 
caused by the big gap between “severe and 
extreme problems”, mostly enhancing the assess-
ment of the mobility dimension of the 
questionnaire.

The Short Form 36 Health Survey 
Questionnaire (SF-36) has been widely used in 
cardiac patient populations. Its complexity how-
ever (36 items, covering eight domains of health 
(Table 6.1) [25]), makes it difficult to implement, 
as it has a considerable burden upon both patients 
and investigators. The SF-12 was derived from 
the larger SF-36, and the physical and mental 
summary scores obtained from the SF-12 corre-
late highly with those calculated using the origi-
nal, longer questionnaire (Table 6.2).

The Kansas City Cardiomyopathy 
Questionnaire (KCCQ) has 23 items. It is 
designed and validated to evaluate self-reported, 

disease-specific health status in patients with 
heart failure. The analysed domains include 
symptoms, physical limitation, social limitation, 
self-efficacy and knowledge, and quality-of-life. 
The KCCQ summary scores have previously 
been reported to correlate well with New NYHA 
classification for shortness of breath and has 
shown to independently predict mortality and 
health care costs in heart failure populations [26].

 Discussion

In this chapter we reviewed and analysed con-
temporaneous information related to QoL fol-
lowing treatment for AS after TAVI.  Our goal 
was to identify the most common tools used to 
assess quality of life and summarise this knowl-
edge to improve decision-making process for 
both patients and clinicians, while we can iden-
tify areas of potential future research 
opportunities.

As life expectancy increases and TAVI is 
offered as treatment option to patients in their 
eighth but mainly in their ninth and tenth decade 
of life, quality of life assessment has fundamental 
implications in the decision-making process for 
this particular group of patients [27]. sAVR can 
be offered as a treatment option to all ages, it has 
a wider range of therapeutic profiles, has a lower 
overall cost to healthcare systems [23] and it has 
a well-documented and established durability 
that extends well beyond 15 years.

In recent years, TAVI has been widely accepted 
and recognised as a safe and effective treatment 
for severe aortic stenosis in patients that are inop-
erable, those with high frailty index or the ones 
with very high risk for sAVR. TAVI indications 
have recently been expanded to intermediate and 
low risk groups, but this is normally reserved for 
patients in the eighth, ninth or 10thdecade of their 
life. Despite sufficient favourable outcome data 
in short- and mid-term follow up for TAVI, there 
is a clear paucity of data with regards to long- 
term quality of life and valve durability beyond 
7 years [28].

In 1966 Elkinton described quality of life as 
‘not just the absence of death but life with the 
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vibrant quality that was associated with the 
vigour of youth’ [29]. In this sense, recent studies 
[30] not only focus on clinical outcomes but also 
on health status pre- and post-procedure in order 
to clarify indications, decision-making process 
and to judge outcomes (Fig. 6.2).

Our analysis has shown that TAVI, when per-
formed via the transfemoral access, has a short- 
term advantage over surgery in improving QoL 
within the first month following the procedure. 
However, there is no difference in QoL for patients 
treated with either TAVI or sAVR after the first 
year following the procedure. Even though 
improvements in QoL are sustained in sAVR 
treated patients up to 10 years [15], this remains 
largely unknown for TAVI patients beyond 
2  years, with only two studies reporting QoL 
results at 5  years; one with an attrition bias of 
77% [31] and another, with higher incidences of 

paravalvular leaks, valve related reinterventions 
and rehospitalizations in the TAVI cohort [32].

Most of the studies reviewed have not stratified 
their patients by age groups. The questionnaires 
were not age-weighted, which makes it difficult to 
quantify and compare answers not only between 
studies but also between age groups in each study. 
This is an important factor if the published results 
are to be extrapolated and used to expand TAVI into 
younger age groups, using the recently published 
results on intermediate- and low-risk patients.

 TAVI Registries Reporting on QoL

The majority of the studies contribute very limited 
data on long-term complication rates and hospital 
readmissions following TAVI. Most studies are 
reporting outcomes on the procedure survivors, 

PREOPERATIVE FACTORS

Co-morbidities

Age, gender

Frailty

Functional health status (QoL Questionnaires)

INTRAPROCEDURE FACTORS

Access complications

Bleeding

Acute Cerebrovascular Accident

Myocardial Infarction

Acute kidney injury

Perforations

POSTOPERATIVE FACTORS

Conduction disturbances

Paravalvular leaks

New AF

Recovery

Fig. 6.2 Predictors of poor quality of life in TAVI population
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with a large number of studies having well over 
20% attrition rate, adding a significant bias in 
their QoL analysis. As an example, the study from 
Murray et  al. [33] published QoL data from a 
cohort of 452 TAVI patients with a very high attri-
tion rate (only 22.7% of patients alive at 5-years). 
With such an attrition rate it is rather difficult to 
derive any meaningful long-term QoL conclu-
sions from this study, especially given the fact that 
there was no baseline assessment of the 22.7% of 
patients analysed and reported upon. In the large 
study from the GARY registry, transfemoral TAVI 
was associated with more pronounced improve-
ment of QoL when compared to transapical 
TAVI. However, there is a considerable selection 
bias in this comparison [34] and the transapical as 
an approach in performing TAVIs has largely 
fallen off favour in the current years.

The studies by Gonçalves [35] et al. and Krane 
[36] et  al. showed an improvement of QoL in 
early follow-up but they both had a very high 
reported mortality at follow-up. Stanska et  al. 
[37] showed improvement in QoL at the early 
post procedural period (1 month) and concluded 
based on this that TAVI is an adequate treatment 
for octogenarians and nonagenarians.

TAVI has clearly proven useful in patients at 
their ninth and tenth decade of life, where sAVR 
is associated with higher mortality and morbidity. 
While younger patients have particular expecta-
tions including lower tolerance of complications 
and hospital stay, elderly people often express 
their preference for quality of life over quantity, 
and therefore the consequences of health status 
after TAVI procedure could be even more impor-
tant than survival in this age group [38]. In this 
sense, Krane et al. highlight the importance of an 
improvement in QoL after TAVI, especially with 
regards to patients’ satisfaction and procedure- 
related perception [36].

 TAVI vs. General Population

In the study by Zelis et al. an age and gender sub-
group was propensity matched to a similar cohort 
of people from the general population. Their sur-
vival and QoL were compared. They concluded 

that TAVI patients aged 80 or older have a similar 
long-term survival and a comparable QoL as the 
age-matched general population cohort. However, 
patients under 80 had a worse survival and QoL 
when compared to the general population [39]. 
This could imply a worsening QoL with time, 
reflecting possible issues with valve durability, 
other associated diseases or even medically 
induced, post-TAVI related problems like para-
valvular leaks, pacemaker, and prosthetic valve 
endocarditis.

 TAVI vs. sAVR Short and Intermediate 
Term Outcomes – Results 
from Randomised Controlled Trials 
(Industry Supported Studies)

Reynolds et al. [40] studied the PARTNER-1 trial 
population and described a health status improve-
ment between baseline and 1-year after either 
TAVI or sAVR, in high-risk patients with severe 
AS. The benefit in early QoL improvement was 
only seen in the transfemoral access.

PARTNER-2 trial reported a significant 
improvement of the health status on intermediate 
risk patients [12] for both TAVI and sAVR, at 
2-years [41] and 5-years [32] follow up. An early 
(30  days) health status improvement of border-
line significance was observed with TAVI, 
amongst patients treated via transfemoral access 
[41]. QoL after TAVI however, was compared to 
QoL from mixed population of patients, all under 
the umbrella of sAVR, 10% of which had exten-
sive cardiac procedures (sAVR with mostly con-
comitant CABG but also concomitant root 
replacement, root enlargement, and mitral valve 
procedures). At 5 years there was no difference in 
QoL between TAVI and sAVR despite more rein-
terventions, rehospitalizations, and paravalvular 
leaks in the TAVI cohort.

In the PARTNER-3 trial by Mack et al. [13], 
patients who underwent TAVI had more rapid 
improvements in the NYHA class, 6-min walk- 
test distance, and KCCQ score than those who 
underwent surgery. However, at 1 year, the differ-
ences vanished for both NYHA class and KCCQ 
scores and the analysis was performed accepting 
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the fact that more patients in the surgery group 
than in the TAVI group withdrew from the trial 
and that there were missing data from the KCCQ.

Similar non-inferiority QoL improvement was 
reported by Adams et  al., at 1  year after TAVI 
when compared to sAVR [42] with a large num-
ber of patients having declined surgery post 
randomisations.

With this review we have exposed the need for 
further, better-structured research into the field of 
QoL after TAVI, with bigger cohorts and longer 
follow-ups. Further research might need to also 
evaluate the influence that procedure-related 
complications (stroke, need for permanent pace-
maker, vascular complications, residual paraval-
vular aortic regurgitation or mismatch and 
prosthesis durability) have upon QoL for patients 
who have TAVI as treatment of their underlying 
aortic valve disease.

Delivering treatment to patients with severe 
aortic stenosis irrespective of durability or QoL 
but primarily based on general service capacity, 
speed, and pressure in treating life threatening 
conditions like severe AS [37] when the health 
system is under stress can be an option, as we are 
currently experiencing with the COVID-19 pan-
demic. There is an ongoing debate whether TAVI 

should be offered for patients who in normal, non-
pandemic setting would have undergone sAVR, in 
order to release resources and help hospitals allo-
cate help where needed. TAVI patients have nor-
mally shorter procedural times, limited use of 
intensive care beds at a period of crisis and shorter 
hospital stay when resources are limited [13, 43]. 
This can lead to improve patient satisfaction and 
early resolution of symptoms but unspecified and 
uncharted long-term consequences for the patients 
and the health service alike.

 Conclusions

Quality of life plays a crucial role in the decision- 
making process for health-related procedures like 
TAVI and sAVR. TAVI can offer a faster improve-
ment in QoL when compared to sAVR but there 
is no difference to the QoL at intermediate 2 and 
5-year follow-up. Further research is required 
using standardise tools to further evaluate QoL 
and durability of TAVI procedures in younger 
populations, providing this is ethically accept-
able, given the excellent and long-term outcomes 
currently available and supporting sAVR 
(Fig. 6.3).

Quality of life plays a crucial role in the decision-making
process for health-related procedures like TAVI and
sAVR. 

TAVI can offer a faster improvement in QoL when
compared to sAVR but there is no difference to the QoL
at intermediate 2 and 5-year follow-up.

Further studies are required using standardise tools to
further evaluate QoL and durability of TAVI procedures
in younger populations.

Need of better-structured research into the field of QoL
after TAVI, with bigger cohorts and longer follow-ups. 

Fig. 6.3 Highlighted conclusions
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Abbreviation

AF Atrial fibrillation
AFEQT AF Effect on QualiTy-of-life 

Questionnaire
AFSS AF Symptom and Severity score
AV Aortic valve
CABG Coronary artery bypass graft
C-cap Cardiff cardiac ablation prom
CCS-SAF Canadian Cardiovascular Society 

Severity of AF
CFAE Complex fractionated atrial 

Electrograms
CTI Cavotricuspid isthmus
CVA Cerebrovascular accident

EHRA European Heart Rhythm 
Association

EQ-5D Euroqol 5d
GP Ganglionated plexi
Hrqol Health related quality of life
LA Left atrial
LAA LA appendage
LM Ligament of Marshall
MFI Multidimensional fatigue inventory
MV Mitral valve
Prom Patient recorded outcome
PVI Pulmonary vein isolation
QOL Quality of life
RCT Randomized controlled trial
RF Radiofrequency
SCV Superior caval vein
SE Standard error
SF-12  Short Form 12
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SF-36 Short Form 36
SMD Standardized mean difference
SR Sinus rhythm
SSQ  Symptom and Severity 

Questionnaire

TV Tricuspid valve
Vas-score Visual analogue scale
VATS Visual assisted thoracoscopic 

surgery

 Highlighted Conclusions

Quality of life (QOL)
improves after stnd alone and

concomitant arrhythmia sy=urgery for
atrial fibrillation (AF)

In concomitant procedure, QOL
improves by the cardiac procedure and

the add on effect of arrhythmia
surgery

A greater improvement in QOL is seen
when the ablatin results in SR,

especially in stand-alone AF ablation

In stand-alone procedures, a dedicated
lesions set is used by an experienced
team in highly symptomatic patients

Different ablation techniques can
be used, but pulmonary vein

isolation remains the cornerstone

Stand-alone AF ablation, epicardial or
hybrid, has a class II recommendation

due to the paucity of RTCs

Future trials reporting on AF surgery
should include patient-reported

outcomes such as QOL

Add-on ablation in concomitant
procedures only improves the variable

‘Role physical’ compared to cardiac
surgery alone

 

 Introduction

Historically, the emergence of a surgical treat-
ment for heart rhythm disorders was mainly 
triggered by ventricular arrhythmias and with 
the first successful surgical interruption of the 
bundle of Kent in a patient with the Wolff-
Parkinson- White syndrome [1], arrhythmia sur-
gery got off to a great start. Notwithstanding the 
above, today most surgical arrhythmia proce-
dures are focussed on the management of supra-
ventricular arrhythmias [2]. Surgical ablation of 
atrial fibrillation (AF) can be either done in con-
junction with other cardiac procedures as a con-
comitant procedure or on itself as a standalone 
procedure. Concomitant AF surgery is often 
performed with cardiopulmonary bypass via 
sternotomy or right anterolateral mini-thoracot-
omy, but recently also left thoracoscopic abla-

tion in combination with minimal invasive direct 
coronary artery bypassing on the beating heart 
has been reported [3, 4]. Although standalone 
procedures are often performed via bilateral 
thoracoscopy, unilateral thoracoscopic and sub-
xiphoid techniques have been successfully 
introduced [5–7]. This progression in minimally 
invasiveness of surgical ablation approaches is 
important as it can be expected that the reduc-
tion in complications and postoperative pain by 
limiting surgery to one side will lead to further 
improvement in QOL.

Although one-year success of arrhythmia 
surgery for AF has long been defined as freedom 
from any supraventricular tachyarrhythmia, the 
evaluation of other endpoints, such as patient- 
reported quality of life (QOL), have become 
increasingly important in recent years [8]. 
Despite the fact that the measurement of QOL is 
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potentially limited by a treatment expectancy 
bias, it represents an important endpoint for 
ablation studies [9]. Be that as it may, studies 
specifically evaluating the effect of standalone 
or add-on arrhythmia surgery on QOL are 
scarce. Moreover, the reported outcomes are 
often heterogeneous as not all studies use the 
same ablation strategy to treat the arrhythmia.

In this systematic review and meta-analysis, we 
summarized current evidence on QOL at baseline 
and one year after both stand-alone and concomi-
tant arrhythmia surgery for AF. Since the guide-
lines for AF define success of rhythm outcome 
after surgical ablation for AF after one year, we 
chose to evaluate the improvement in QOL as well 
after one year, along with the rhythm outcome.

 Patients and Methods

 Literature Search

This systematic review and meta-analysis was 
written according to PRISMA standards [10]. A 
systematic literature search was conducted with 
free terms in the PubMed and Cochrane data-
bases. Forwards and backwards search were also 
performed to screen for further eligible papers.

 PubMed

((((((((((((((((((((((patient recorded outcome mea-
sures) OR prom) OR patient recorded outcomes) 
OR QoL) OR quality of life) OR SF-36) OR short 
form 36) OR hrqol) OR health related quality of 
life) OR EQ5D) OR EQ-5D) OR euroqol 5d) OR 
c-cap questionnaire) OR cardiff cardiac ablation 
prom) OR vas-score) OR visual analogue scale) 
OR MFI-20 questionnaire) OR multidimensional 
fatigue inventory) OR afeqt) OR atrial fibrillation 
effect on quality of life) AND 
(((((((((((((((((((Arrhythmia surgery) OR arrhyth-
mia ablation) OR Surgical ablation) OR 
Thoracoscopic ablation) OR Totally thoracoscopic 
maze) OR TT maze) OR Cox maze) OR Maze 
procedure) OR mini maze) OR Minimally inva-
sive surgical ablation) OR VATS) OR VATS abla-

tion) OR video assisted thoracoscopic surgery) 
OR Hybrid ablation) OR Hybrid procedure) OR 
Hybrid approach) OR Epicardial-endocardial pro-
cedure) OR Epicardial-endocardial ablation) OR 
Epicardial- endocardial approach)) AND ((((((atrial 
fibrillation) OR paroxysmal) OR persistent) OR 
longstanding-persistent). Date search: 06/07/2021.

 Cochrane

(((((((((((patient recorded outcome measures) 
OR prom) OR patient recorded outcomes) OR 
QoL) OR quality of life) OR SF-36) OR short 
form 36) OR hrqol) OR health related quality 
of life) AND (((((((((((((((((((Arrhythmia sur-
gery) OR arrhythmia ablation) OR Surgical 
ablation) OR Thoracoscopic ablation) OR 
Totally thoracoscopic maze) OR TT maze) OR 
Cox maze) OR Maze procedure) OR mini 
maze) OR Minimally invasive surgical abla-
tion) OR VATS) OR VATS ablation) OR video 
assisted thoracoscopic surgery) OR Hybrid 
ablation) OR Hybrid procedure) OR Hybrid 
approach) OR Epicardial endocardial proce-
dure) OR Epicardial- endocardial ablation) OR 
Epicardial-endocardial approach)) AND 
((((((atrial fibrillation) OR paroxysmal) OR 
persistent) OR longstanding- persistent). Date 
search:07/07/2021.

 Study Selection and Risk of Bias

All identified studies were screened based on 
their title and abstract, and full text when nec-
essary, by two independent reviewers (C.H. 
and B.M.). All English articles reporting on 
QOL using any validated questionnaire for 
evaluating QOL after arrhythmia surgery in 
patients with AF, both stand-alone and con-
comitant, were found eligible. In all observa-
tional studies and non-randomized clinical 
trials, the methodological quality was assessed 
with use of the ROBINS-I tool [11]. In articles 
reporting on randomized controlled trials 
(RCTs), the risk of bias was assessed using the 
Cochrane Checklist [12].
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 Endpoints

The primary endpoint was defined as the stan-
dardized mean difference (SMD) in QOL vari-
ables assessed one year after arrhythmia surgery 
compared to baseline scores, using the Short- 
Form 36 (SF-36) QOL questionnaire. As second-
ary endpoints, differences in the improvement of 
QOL between patients who were in sinus rhythm 
(SR) or in AF after 12 months of follow-up were 
determined for standalone procedures and differ-
ences between patients who did and did not 
receive add-on ablation for concomitant proce-
dures. Furthermore, other QOL questionnaires 
that address different aspects of QOL, such as dis-
ease specific tools for AF, were evaluated as well.

 Statistical Analysis

The metric ‘standardized mean difference (μ)’ 
(rho = 0) was used to analyse continuous QOL 
changes, comparing one year outcomes with 
baseline scores, per variable of the SF-36 QOL 
questionnaire [13]. Additional meta-regression 
was performed using rhythm outcome and add-
 on arrhythmia surgery after 12 months of follow 
up as covariate. All statistical values were com-
puted with a 95% confidence interval in a 
random- effects model and the two-tailed P-value 
threshold for statistical significance was set at 
0.05.

Weighted means (μ) of continuous baseline 
characteristics were computed using the metric 
‘TX Mean’, whereas ‘Untransformed 
Proportions’, defined as the count of successes in 
the sample divided by the size of that sample, 
were used for mean frequencies [14]. The latter 
metric was also used to analyse the percentage of 
patients that was in SR after 12 months of follow-
 up. Due to the relatively low complication rate, 
the metric ‘Freeman–Tukey Double Arcsine 
Proportion’ was used to analyse the incidence of 
peri-operative complications following arrhyth-
mia surgery.

Inter-study heterogeneity was tested and visu-
alized in forest plots per variable of the SF-36 
QOL questionnaire. A statistical P value <0.10 

and/or I2 > 50% was used as cut-off point for sig-
nificant heterogeneity. All statistical analyses 
were performed using Meta-Analyst for Mac soft-
ware (2009) [14] (version Beta 1.0). Furthermore, 
publication bias was tested using funnel plots 
made in Excel, where the SMD was plotted 
against the standard error (SE) of that study. The 
variance was calculated after transforming 
Cohen’s d to Hedges’ g by correcting for sample 
size and standard deviation per study [15].

 Results

 Study Selection

After exclusion based on title, abstract and full 
text reading, 12 out of 2.482 studies from the lit-
erature search in PubMed were included in our 
systematic review. The Cochrane database did 
not identify any additional studies for the analy-
sis, since the only 4 eligible studies had already 
been found in the PubMed database [16–19]. 
Reasons for exclusion were overlapping patient 
populations, studies who presented their data 
other than mean ± standard deviation or descrip-
tive studies [4, 20–38]. No studies could be sup-
plemented by manually screening the reference 
and cited lists of included studies. Of the 12 
included articles, only 9 were included in our 
meta-analysis due to reporting on the QOL using 
at least the SF-36 questionnaire [16–19, 39–43]. 
The other 3 studies reported on different tools for 
measuring QOL, such as AFSS, EuroQol, Short- 
Form 12, MFI, CCS-SAF, SSQ or AFEQT [44–
46] (Fig. 7.1a, b, Table 7.1).

 Risk of Bias

The risk of bias in most of the RCT’s was esti-
mated to be medium to low, mostly due to unclear 
reporting of blinding of patients and/or research-
ers during follow-up [16, 17, 44]. For the observa-
tional studies and nonrandomized trials, risk of 
bias was estimated to be medium high. 
Confounding due to missing baseline characteris-
tics or marked differences in important predictors 
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Fig. 7.1 Study flow diagram. (a): PubMed search. (b): Cochrane search
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of the procedure’s success (e.g. type and duration 
of AF) between groups could not be ruled out in 
the studies by Joshibayev et al. [41] and Lundberg 
et al. [43]. Selection bias based on the inclusion of 
patients with serious comorbidities was present in 
the studies of Gehi et al. [45] and Joshibayev et al. 
[41]. Other factors contributing to the increased 
risk of bias were missing QOL data due to sub-
stantial loss of follow-up in the study by Bagge 
et al. [40] and Gehi et al. [45], and the lack of con-
tinuous heart rhythm monitoring in the studies by 
Joshibayev et al. [41] and Lonnerholm et al. [42].

Furthermore, funnel plots where the SMD was 
plotted against the SE of Hedges’g of that study 
showed that publication bias cannot be ruled out 
in this review. Due to marked variance of the 
included studies, scattering of results unequally 
along the x-axis occurred. Moreover, the forest 
plots illustrated that statistical heterogeneity, and 
thus inter-study variance, per QOL variable mea-
sured by the SF-36 was marked.

 Study Population

Most studies reported on arrhythmia surgery per-
formed in the Netherlands [16–18, 39], followed 
by Sweden [40, 42, 43], the United States of 
America [44, 45], Czech Republic [46], the United 
Kingdom [19] and Kazakhstan [41]. In total, 545 
patients in 9 studies were included in the analysis 
as they reported on QOL using (at least) the SF-36 
questionnaire (Table 7.2). Most patients were men 
(69.4%), mean age was 60 years, mean duration of 
AF was 53 months, 8.0% had a history with cere-
brovascular accident (CVA) and the mean left 
atrial (LA) diameter was 49.2 mm. Most patients 
had longstanding- persistent AF (41.9%), followed 
by persistent (29.8%) and paroxysmal AF (27.6%).

 Arrhythmia Surgery

The technique by which arrhythmia surgery was 
performed differed between the twelve studies 
(Table 7.3). In most of the studies, the LAA was 
addressed, either by surgically excision, clipping 

or stapling. Furthermore, there were three stud-
ies that reported on thoracoscopic beating-heart 
AF ablation [16, 17, 40]. Two studies reported 
on single-stage and 1 on staged hybrid ablation 
[39, 45, 46]. Of the remaining studies, five 
reported on concomitant AF ablation, in most of 
them a Cox-Maze-III or -IV procedure was per-
formed, and one study used an alternative over-
lapping PVI technique. While different 
techniques were used, all studies performed PVI 
with or without extra lesions (Table  7.4). Five 
studies ablated the roof and inferior lines as well 
to create the so called ‘box lesion’, while van 
Breugel only added a roof line [18]. Four studies 
ablated the RA free wall, a line to the mitral 
annulus and 3 ablated the posterior LA wall. 

Table 7.2 Baseline characteristics of studies reporting 
on cardiac arrhythmia surgery and quality of life using the 
Short-Form-36 questionnaire

Characteristics 
(n = 545)

Reported on 
number of 
patients: n (%)

Adjusted mean 
(95% CI)

Age (years) 453 (83) 59.8 years 
(56.5–63.0)

AF duration 
(months)

316 (58) 53.0 months 
(5.0–101.0)

CVA (%) 466 (86) 8.0% 
(5.6–10.5)

Female (%) 545 (100) 30.6% 
(23.6–37.6)

Hypertension (%) 491 (90) 32.7% 
(22.1–43.2)

LA diameter 
(mm)

369 (68) 49.2 mm 
(43.8–54.6)

LVEF (%) 395 (72) 52.3% 
(50.0–54.5)

Type of AF
Paroxysmal (%) 520 (95) 27.6% 

(12.5–42.8)
Persistent (%) 520 (95) 29.8% 

(11.8–47.9)
Longstanding- 
persistent (%)

520 (95) 41.9% 
(4.6–79.3)

Data are presented as number of patients (n) and the per-
centage (%) of the total group at baseline. The adjusted 
means or proportions followed by the 95% confidence 
interval were calculated using the metric ‘TX Mean’ or 
‘Untransformed Proportion’ respectively in a binary 
random- effects model. AF: atrial fibrillation; CVA: cere-
brovascular accident; LA: left atrial; LVEF: left ventricu-
lar ejection fraction
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Table 7.3 Surgical characteristics per study including type of cardiac surgery performed, left atrial appendage proce-
dure, energy source, concomitant surgery

Study

Arrhythmia surgery

LAA Energy source Concomitant surgery

Minimally 
invasive
(off-pump) Hybrid

Cox- 
Maze III/
IV

Al-Jazairi et al. – Single 
Stage

– Occlusion 
(Atriclip 30%)

Bipolar RF –

Bagge et al. Thoracoscopic – – Excised 
(stapler, 76%)

Bipolar RF –

Buist et al. Thoracoscopic – – Ligation 
(endoloop, 
100%)

Bipolar RF –

Driessen et al. Thoracoscopic – – Excised 
(stapler, 
100%)

Bipolar RF –

Gehi et al. – Single 
Stage

– – Unipolar RF –

Gillinov et al. – – NS Excised or 
excluded 
(100%)

Cryoenergy, 
uni- & bipolar 
RF

AV replacement 
n = 14
CABG n = 21
MV repair n = 79
MV replacement 
n = 54
Other n = 16

Joshibayev and 
Bolatbekov et al.

– – Cox- 
Maze 
IV

LA sealing 
(55%)

Unipolar RF MV repair n = 12
MV replacement 
n = 42

Lonnerholm 
et al.

– – Cox- 
Maze 
III

100% Cut and sew Atrial septum defect 
closure n = 1
CABG n = 3
Septal myectomy 
n = 1
TV repair n = 1

Lundberg et al. – – Cox- 
Maze 
III

100% Cut and sew CABG n = 2
Atrial septal defect 
closure n = 1
MV repair n = 5

Osmancik et al. – Staged, 
right 
sided

– Occlusion 
(Atriclip, 
64%)

Uni/Bipolar 
RF

–

van Breugel 
et al.

– – – Resection 
(100%)

Bipolar RF CABG n = 18
Valve replacement 
n = 32
CABG + valve 
replacement n = 10
Other n = 5

von Oppell et al. – – Cox- 
Maze 
IV

Excised 
(100%)

Bipolar RF AV replacement 
n = 7
CABG n = 10
MV repair n = 8
MV replacement 
n = 16
TV repair n = 13

AV: aortic valve; CABG: coronary artery bypass graft; LAA: left atrial appendage; MV: mitral valve; NS: non specified; 
RF: radiofrequency; TV: tricuspid valve.
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Three studies ablated the connection between 
the superior and inferior caval vein and two 
ablated the coronary sinus and the tricuspid 
valve. Six studies ablated either an additional 
cavotricuspid isthmus line, CFAE, ganglionated 
plexi or the ligament of Marshall, or performed a 
bi-atrial maze or LA reduction. These marked 
differences in techniques and lesion sets have led 
to marked clinical heterogeneity in this review 
and meta-analysis.

 Primary Endpoint: QOL Following 
Stand-Alone Arrhythmia Surgery

Most studies (9 out of 12) reported on QOL 
using (at least) the SF-36 questionnaire, where 
SF-36 scores one year after arrhythmia surgery 
could be compared with baseline scores [16–
19, 35, 39–41, 43]. Overall, QOL improved 
across all variables incorporated in the SF-36 
tool (e.g. physical functioning, bodily pain, role 
physical, general health, role emotional, vital-
ity, social functioning and mental health). 
Moreover, the incidence of perioperative com-
plications was low for all studies (Tables 7.5 
and 7.6).

Interestingly, studies with higher success per-
centages in terms of rhythm outcome (SR after one 
year) also showed greater QOL improvements 
across all variables. (Figs. 7.2 and 7.3). Moreover, 
meta-regression based on rhythm outcome in the 
two studies by Al-Jazairi et al. and Driessen et al., 
who divided outcomes into two groups based on 
rhythm outcome, showed that following cardiac 
surgery the QOL scores of both SR and AF patients 
improved. Moreover, patients who were in SR 
showed significantly greater improvements in 
QOL compared to baseline concerning physical 
functioning, physical role, general health and 
social functioning, than those who experienced 
recurrent AF [17, 39]. The other variables, includ-
ing bodily pain, role emotional, vitality and mental 
health, also showed better outcomes for those in 
SR compared to those in AF, however non-signifi-
cant (Table 7.7).

 Primary Endpoint for Concomitant 
Procedures

Furthermore, 3 of the 9 included studies per-
formed an extra analysis on comparing QOL out-
comes of patients receiving cardiac surgery with 
and without add-on arrhythmia surgery for AF 
(add-on surgical AF ablation vs. control group) 
[18, 19, 41]. While van Breugel et  al. and von 
Oppell et al. randomized their patients between 
the two groups, the study by Joshibayev and 
Bolatbekov et al. did not [18, 19, 41]. As such, 
their patients undergoing add-on arrhythmia sur-
gery had a higher rate of longstanding-persistent 
AF (p = 0.02), greater LA size (p = 0.004), lower 
LVEF (p  =  0.03) and a longer AF duration 
(p = 0.05) compared to the control group. Yet this 
study showed the most improvement in QOL 
across all variables. Von Oppell et al. showed an 
improvement in five out of eight variables in the 
add-on arrhythmia group compared to their con-
trol group, but van Breugel et al. only reported a 
significant improvement in the variable bodily 
pain compared to the control group. We per-
formed a meta-regression of the 3 abovemen-
tioned studies to evaluate the overall effect of 
add-on ablation concomitant with cardiac sur-
gery on the QOL. This analysis showed that add-
ing arrhythmia surgery to cardiac surgery as a 
concomitant procedure overall only leads to a 
significant improvement in the variable ‘Role 
physical’ at one year after the procedure 
(Table 7.8).

 Follow-up

Of the 505 patients who completed the follow-up 
and reported on QOL using the SF-36 question-
naire, 73.8% (62.5–85.0) was in SR after 
12 months. The type of rhythm monitoring dif-
fered across studies; most studies used a 24-h 
Holter, followed by 72-h Holter, while only one 
study used continuous monitoring and two used a 
12-leads ECG for arrhythmia detection 
(Table 7.9).
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 Secondary Endpoint: QOL Sub- Analyses 
Using Other Questionnaires

Of the 12 studies, 7 reported on QOL using 
questionnaires other than the SF-36, including 
both general health questionnaires as well as 
disease specific questionnaires. Gillinov et al. 
reported declined AF related symptom sever-
ity as well as symptom frequency scores one 
year after surgery using the AFSS question-
naire [44]. They also found that, by using the 
SF-12, mainly physical related improvements 
were seen, while mental scores remained 
rather the same. While Al-Jazairi et  al. used 
both the Toronto AFSS and EHRA question-
naires [39], Bagge et  al. used the EHRA and 
SSQ to investigate the improvement in AF 
related symptoms [40]. Both studies concluded 
that lower scores (meaning less AF symptoms) 
were seen one year after arrhythmia surgery, 
especially for those who were still in SR. Gehi 
used the CCS-SAF to investigate AF related 
symptoms and reported consistent outcomes, 
where those in SR had almost no AF specific 
symptoms anymore [45]. Van Breugel et  al. 
measured different elements of fatigue incor-
porated in the MFI [18]. It turned out that 
fatigue related symptoms declined after 6 and 
12  months compared to baseline. Osmancik 
et al. evaluated the effect of AF on QOL using 
the AFEQT questionnaire in patients with SR, 
pAF and persAF [46]. While all three groups 
showed an improvement in QOL after one 
year, scores from the SR group increased the 
most. Finally, Osmancik et al. and van Breugel 
et al. reported on the EuroQol [18, 46]. While 
the descriptive part decreased significantly for 
the SR group in the study by Osmancik et al., 
this was not the case in the study by van 
Breugel et al. The visual analogue scale how-
ever did improve in both studies, indepen-
dently of rhythm outcome (Tables 7.10, 7.11, 
7.12, 7.13, 7.14).

Table 7.6 Peri-operative major and minor complications 
of all patients reporting on quality of life using the SF-36 
questionnaire

Complications

Number of patients 
per complication 
(total patients 
n = 545)

Adjusted 
mean% 
(95% CI)

Bleeding: 
reoperation

n = 16 2.0% 
(0.9–3.2)

Bleeding: 
transfusion

n = 15 1.8% 
(0.5–3.0)

Conversion to 
sternotomy

n = 7 1.5% 
(0.2–3.5)

Haemodynamic 
instability/cardiac 
failure

n = 0 0.5% 
(−0.1–
1.1)

Mortality <30 days n = 8 1.7% 
(0.6–2.8)

Myocardial 
infarction

n = 7 0.8% 
(−0.1–
1.6)

Pacemaker 
implantation

n = 14 2.0% 
(0.8–3.1)

Pericarditis n = 6 1.3% 
(0.4–2.2)

Phrenic nerve palsy n = 5 1.1% 
(0.2–2.0)

Pleural effusion n = 11 1.8% 
(0.7–2.9)

Pneumonia n = 7 1.6% 
(0.5–2.6)

Pneumothorax n = 8 1.4% 
(0.4–2.4)

Renal failure n = 0 0.5% 
(−0.1–
1.1)

Respiratory failure 
(requiring 
intubation)

n = 0 0.5% 
(−0.1–
1.1)

Stroke/TIA n = 3 0.8% 
(0.0–1.6)

Tamponade n = 1 0.7% 
(0.0–1.5)

Data are presented as the total number of patients of all 
cardiac arrhythmia surgery studies per complication, fol-
lowed by the adjusted mean of proportion and the 95% CI 
in a binary random-effects model. Statistical test peri- 
operative complications: one-arm meta-regression 
‘Freeman-Tukey Double Arcsine Proportion’. CI: confi-
dence interval; SR: sinus rhythm; TIA: transient ischemic 
attack
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Fig. 7.2 Forest plots showing the changes per Short- 
Form 36 quality of life variable after 12 months’ follow-
 up, expressed by the standardized mean difference. The 
weight given to each study is illustrated by the size of the 
square box, the point effect estimate by its mid-point and 
the degree of variance per study by the horizontal line 
through the box. A greater horizontal line indicates a 
greater 95% confidence interval for the effect estimates. 
Red boxes are studies where all patients were still in AF 
after 12 months. The overall effect estimate is represented 
by the diamante shape. (a). Physical functioning. 
Heterogeneity: τ2  =  0.503, Q(df  =  10)  =  106.286, 
P < 0.001, I2 = 90.6%. (b). Role physical. Heterogeneity: 

τ2 = 0.354, Q(df = 10) = 78.169, P < 0.001, I2 = 87.2%. (c). 
Bodily pain. Heterogeneity: τ2  =  0.482, 
Q(df = 10) = 111.276, P < 0.001, I2 = 91.0%. (d). General 
health. Heterogeneity: τ2 = 0.577, Q(df = 10) = 125.791, 
P < 0.001, I2 = 92.0%. (e). Role emotional. Heterogeneity: 
τ2 = 0.265, Q(df = 10) = 65.670, P < 0.001, I2 = 84.7%. (f). 
Vitality. Heterogeneity: τ2 = 0.215, Q(df = 10) = 52.832, 
P  <  0.001, I2  =  81.1%. (g). Social functioning. 
Heterogeneity: τ2 = 0.327, Q(df = 10) = 75.008, P < 0.001, 
I2 = 86.7%. (h). Mental health. Heterogeneity: τ2 = 0.253, 
Q(df = 10) = 62.246, P < 0.001, I2 = 83.9%. SR: sinus 
rhythm; AF: atrial fibrillation
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c Bodily pain
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Vitality f

Studies

Overall (I^2=8107 % , P<0.001) 0.981 (0.669, 1.294)

Estimate (95% C.I.)

AI-Jazairi SR 100% 2019

AI-Jazairi AF 100% 2019

Driessen SR 100% 2017

Driessen AF 100% 2017

Lonnerholm SR 97% 2000

Lundberg SR 94% 2008

Joshibayev SR 78% 2016

Bagge SR 76% 2009

von Oppel SR 75% 2009

von Breugel SR 57% 2010

Buist SR 33% 2019

1.126 (0.642, 1.610)

0.197 (–0.605, 0.999)

0.673 (0.434, 0.912)

0.474 (0.108, 0.840)

2.141 (1.548, 2.733)

1.164 (0.650, 1.678)

1.859 (1.407, 2.310)

0.693 (0.226, 1.160)

0.835 (0.245, 1.425)

0.546 (0.196, 0.896)

1.139 (0.529, 1.750)

Role emotional e
Studies

Overall (I^2=9101 % , P<0.001) 0.601 (0.264, 0.939)

Estimate (95% C.I.)

AI-Jazairi SR 100% 2019

AI-Jazairi AF 100% 2019

Driessen SR 100% 2017

Driessen AF 100% 2017

Lonnerholm SR 97% 2000

Lundberg SR 94% 2008

Joshibayev SR 78% 2016

Bagge SR 76% 2009

von Oppel SR 75% 2009

von Breugel SR 57% 2010

Buist SR 33% 2019

0.577 (0.118, 1.035)

–0.088 (–0.888, 0.713)

0.319 (0.084, 0.553)

0.359 (–0.005, 0.723)

1.254 (0.732, 1.777)

0.738 (0.247, 1.230)

2.118 (1.646, 2.589)

0.588 (0.125, 1.052)

0.150 (–0.416, 0.717)

0.111 (–0.233, 0.455)

0.401 (–0.171, 0.973)

–0.5 0 0.5 1 1.5 2 .

Standardized Mean Difference

–0.5 0 0.5 1 1.5 2 .5

Standardized Mean Difference

2 5

2

Fig. 7.2 (continued)

7 Patient-Reported Quality of Life After Stand-Alone and Concomitant Arrhythmia Surgery…



138

h Mental health

g Social functioning
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Fig. 7.3 Forest plots showing the changes per Short- 
Form 36 quality of life variable after 12 months’ follow-
 up, expressed by the standardized mean difference, 
comparing studies with 100% sinus rhythm (black box) 
with 100% atrial fibrillation (red box) after 12  months’ 
follow-up. The weight given to each study is illustrated by 
the size of the square box, the point effect estimate by its 
mid-point and the degree of variance per study by the 
horizontal line through the box. A greater horizontal line 
indicates a greater 95% confidence interval for the effect 
estimates. Red boxes are studies where all patients had AF 
after 12 months. The overall effect estimate is represented 
by the diamante shape. (a). Physical functioning. 

Heterogeneity: τ2 = 0.069, Q(df = 3) = 7.888, P = 0.048, 
I2 = 62.0%. (b). Role physical. Heterogeneity: τ2 = 0.069, 
Q(df = 3) = 7.887, P = 0.048, I2 = 62.0%. (c). Bodily pain. 
τ2 = 0.000, Q(df = 3) = 1.345, P = 0.718, I2 = 0%. (d). 
General health. Heterogeneity: τ2  =  0.095, 
χ(df = 3) = 9.990, P = 0.019, I2 = 70.0%. (e). Role emo-
tional. Heterogeneity: τ2  =  0.000, Q(df  =  3)  =  2.155, 
P  =  0.541, I2  =  0%. (f). Vitality. τ2  =  0.040, 
Q(df = 3) = 5.842, P = 0.120, I2 = 48.7%. (g). Social func-
tioning. Heterogeneity: τ2  =  0.035, Q(df  =  3)  =  5.476, 
P = 0.140, I2 = 45.2%. (h). Mental health. Heterogeneity: 
τ2 = 0.004, Q(df = 3) = 3.306, P = 0.347, I2 = 9.3%. AF: 
atrial fibrillation; SR: sinus rhythm

Physical functioning

Role physical

Studies

Al-Jazairi SR n=38           1.022 (0.543, 1.500)
Al-Jazairi AF n=12           0.750 (–0.078, 1.577)
Driessen SR n=142           0.777 (0.536, 1.018)
Driessen AF n=59           0.255 (–0.107, 0.617

Estimate (95% C.I.)

Studies Estimate (95% C.I.)

Overall (1^2=6197%, P=0.048) 0.679 (0.340, 1.018)

Standardized Mean Difference

Standardized Mean Difference

0

0

0.5

0.5

1

1

1.5

Al-Jazairi SR n=38           0.919 (0.446, 1.392)
AI-Jazairi AF n=12           0.609 (–0.210, 1.427)
Driessen SR n=142           0.965 (0.720, 1.211)
Driessen AF n=59           0.356 (–0.007, 0.720)

Overall (1^2=6196 % , P=048) 0.734 (0.395, 1.074)

b

a
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Bodily pain

General health

Role emotional

Vitality

c

d

Studies Estimate (95% C.I.)

Studies Estimate (95% C.I.)

AI-Jazairi SR n=38         0.136 (–0.314, 0.586)
Al-Jazairi AF n=12         –0.046 (–0.846, 0.754)
Driessen SR n=142         –0.004 (–0.237, 0.228)
Driessen AF n=59         –0.193 (–0.554, 0.169)

Overall (1^2=0 % , P=0.718) -0.029 (-0.204, 0. 3.46)

Overall (1^2=6997% , P=0.019) 0.259 (–0.115, 0. 634)

Standardized Mean Difference

–0.5 0.50

Standardized Mean Difference

–0.5 0.5 10

Al-Jazairi SR n=38        0.619 (0.159, 1.079)
Al-Jazairi AF n=12       0.045 (–0.756, 0.845)
Driessen SR n=142       0.445 (0.209, 0.680)
Driessen AF n=59       –0.163 (–0.524, 0.198)
   

Studies Estimate (95% C.I.)

Studies Estimate (95% C.I.)

AI-Jazairi SR n=38          0.577 (0.118, 1.035)
AI-Jazairi AF n=12          –0.088 (–0.888, 0.713)
Driessen SR n=142          0.319 (0.084, 0.553)
Driessen AF n=59          0.359 (–0.005, 0.723)

Overall (1^2=0 % , P=0.541) 0.346 (0.170, 0.523)

Standardized Mean Difference

–0.5 0 0.5 1

Standardized Mean Difference

–0.5 0 0.5 1 1.5

Al-Jazairi SR n=38          1.126 (0.642, 1.610)
Al Jazairi AF n=12          0.197 (–0.605, 0.999)
Driessen SR n=142          0.673 (0.434, 0.912)
Driessen AF n=59          0.474 (0.108, 0.840)

Overall (I^2=4865 % , P=0.120) 0.663 (0.374, 0.952)

e

f

Fig. 7.3 (continued)
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Social functioning

Mental health

Studies Estimate (95% C.I.)

Studies Estimate (95% C.I.)

AI-Jazairi SR n=38          0.963 (0.488, 1.438)
AI-Jazairi AF n=12          0.627 (–0.193, 0.446)
Driessen SR n=142          0.711 (0.471, 0.951)
Driessen AF n=59          0.300 (–0.062, 0.663)

Overall (1^2=4521 % , P=0.140) 0.638 (0.361, 0.915)

Al-Jazairi SR n=38          0.746 (0.281, 1.211)
Al Jazairi AF n=12          0.135 (–0.666, 0.936)
Driessen SR n=142          0.501 (0.265, 0.737)
Driessen AF n=59          0.265 –0.097, 0.628)

Overall (I^2=927 % , P=0.347) 0.460 (0.265, 0.654)

g

h

Standardized Mean Difference
0 0.5 1

Standardized Mean Difference

–0.5 0 0.5 1

Fig. 7.3 (continued)

Table 7.7 Changes in SF-36 quality of life variables based on rhythm outcome after 12 months of follow-up

SF-36 variable
SR 12 months AF 12 months

P-ValueAdjusted mean 95% CI Adjusted mean 95% CI
Physical functioning 0.8 (0.6–1.0) 0.3 (0.0–0.7) 0.015
Role physical 1.0 (0.7–1.2) 0.4 (0.1–0.7) 0.006
Bodily pain 0.0 (−0.2–0.2) −0.2 (−0.5–0.2) 0.331

General health 0.5 (0.3–0.7) −0.1 (−0.5–0.2) 0.002

Role emotional 0.4 (0.2–0.6) 0.3 (0.0–0.6) 0.654
Vitality 0.8 (0.5–1.0) 0.4 (0.1–0.8) 0.096
Social functioning 0.8 (0.5–1.0) 0.4 (0.0–0.7) 0.043
Mental health 0.6 (0.3–0.8) 0.2 (−0.1–0.6) 0.123

Data are presented as adjusted mean between QOL scores after 12 months versus baseline scores, followed by the 95% 
CI. P-value of the meta-regression was computed using the metric ‘Standardized mean difference’ in a binary random- 
effects model using rhythm outcome after 12 month’s follow-up as covariate factor. AF: atrial fibrillation; CI: confi-
dence interval; SF: Short-Form 36; SR: sinus rhythm
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Table 7.8 Changes in SF-36 quality of life variables comparing cardiac surgery with and without (control group) add-
on surgical AF ablation

Study SF-36 variable
Add-on surgical AF ablation Control group

P-ValueBaseline 1 year Baseline 1 year
Joshibayev and 
Bolatbekov et al.

n = 54 n = 54 n = 93 n = 93

Physical 
functioning

20.0 ± 7.0 84.0 ± 22.0 38.0 ± 12.0 49.0 ± 7.0 <0.001

Role physical 38.0 ± 13.0 81.0 ± 17.0 44.0 ± 9.0 47.0 ± 9.0 <0.001
Bodily pain 29.0 ± 23.0 79.0 ± 5.0 53.0 ± 11.0 51.0 ± 6.0 <0.001
General health 39.0 ± 7.0 89.0 ± 21.0 51.0 ± 5.0 54.0 ± 6.0 <0.001
Vitality 44.0 ± 12.0 88.0 ± 31.0 49.0 ± 5.0 60.0 ± 5.0 <0.001
Social 
functioning

39.0 ± 7.0 84.0 ± 21.0 33.0 ± 11.0 51.0 ± 17.0 <0.001

Role emotional 41.0 ± 23.0 89.0 ± 22.0 61.0 ± 11.0 50.0 ± 7.0 <0.001
Mental health 39.0 ± 7.0 89.0 ± 29.0 55.0 ± 13.0 59.0 ± 9.0 <0.001

van Breugel 
et al.

n = 65 n = 65 n = 67 n = 67

Physical 
functioning

50.2 ± 24.1 68.4 ± 23.2 50.1 ± 24.2 61.2 ± 23.9 0.143

Role physical 23.5 ± 35.3 53.2 ± 39.7 42.9 ± 42.1 47.9 ± 38.1 0.295
Bodily pain 76.0 ± 25.0 77.7 ± 22.6 72.3 ± 24.6 72.8 ± 21.9 0.032
General health 53.2 ± 19.7 56.0 ± 18.2 60.2 ± 17.4 54.9 ± 17.4 0.458
Vitality 50.5 ± 22.4 61.4 ± 17.0 51.3 ± 21.8 60.0 ± 17.8 0.246
Social 
functioning

66.9 ± 25.2 80.0 ± 19.3 67.0 ± 25.8 76.2 ± 24.7 0.410

Role emotional 67.7 ± 42.9 72.1 ± 35.7 69.2 ± 42.0 69.5 ± 36.6 0.157
Mental health 69.6 ± 20.0 77.7 ± 13.0 72.0 ± 22.0 74.0 ± 17.5 0.300

von Oppell et al. n = 24 n = 24 n = 25 n = 25
Physical 
functioning

41.5 ± 25.6 61.8 ± 31.9 41.4 ± 29.3 80.3 ± 20.3 <0.001

Role physical 13.5 ± 25.5 54.5 ± 47.3 23.0 ± 38.1 58.8 ± 44.6 <0.001
Bodily pain 65.7 ± 34.2 70.1 ± 28.1 80.7 ± 27.3 92.2 ± 12.8 NS
General health 58.2 ± 23.9 67.0 ± 25.0 55.1 ± 23.3 78.3 ± 16.8 <0.001
Vitality 31.9 ± 23.0 53.0 ± 26.2 30.2 ± 30.5 62.5 ± 19.9 <0.001
Social 
functioning

55.7 ± 36.9 68.8 ± 34.2 57.5 ± 29.8 88.8 ± 17.6 <0.001

Role emotional 51.4 ± 42.8 56.1 ± 47.6 58.7 ± 43.3 86.7 ± 33.2 NS
Mental health 70.8 ± 19.8 74.0 ± 22.8 76.8 ± 17.4 84.4 ± 17.1 NS

Overall change Adjusted mean (95% CI) Adjusted mean (95% CI) P-Value
Physical 
functioning

1.8 (0.1–3.4) 1.0 (0.5–1.4) 0.403

Role physical 1.5 (0.5–2.6) 0.3 (0.1–0.5) 0.037
Bodily pain 1.1 (−0.5–2.6) 0.0 (−0.3–0.3) 0.230

General health 1.2 (−0.3–2.8) 0.4 (−0.2–1.1) 0.371

Vitality 1.1 (0.4–1.7) 1.3 (0.4–2.1) 0.704
Social 
functioning

1.3 (−0.0–2.5) 0.9 (0.4–1.4) 0.654

Role emotional 0.8 (−0.3–1.8) −0.2 (−1.1–0.7) 0.178

Mental health 1.0 (−0.1–2.1) 0.3 (0.1–0.5) 0.203

Data are presented as mean ± standard deviation or adjusted mean between QOL scores after 12 months versus baseline 
scores, followed by the 95% CI. NS: non-significant. SF: Short-Form 36. AF: atrial fibrillation. CI: confidence interval. 
P-value of the meta-regression was computed using the metric ‘Standardized mean difference’ in a binary random- 
effects model using add-on surgery as covariate factor
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Table 7.9 Follow-up of patients reporting on quality of life using the Short Form-36 questionnaire. The follow-up 
duration is followed by the number of patients at one-year follow-up, the percentage of patients that was in SR direct 
after surgery, after three, six and twelve months and how heart rhythm was monitored

Total SR after 
12 months of 
follow-up (n = 505)

Adjusted mean (95% CI)

73.8% (62.5–85.0)

Study

Follow-up 
duration 
(months)

Patients at 
1 year 
follow-up (n)

% SR 
post- 
operative

% SR 
3 months

% SR 
6 months

% SR 
12 months

Rhythm 
monitoring

Al-Jazairi et al. 12 50 – – – 76 72-h 
Holter

Bagge et al. 12 33 – – – 76 24-h 
Holter

Buist et al. 12 23 – – – 33 ILR
Driessen et al. 12 201 – – – 71 24-h 

Holter
Joshibayev and
Bolatbekov et al.

12 54 63 38 72 78 12-lead 
ECG

Lonnerholm et al. 12 25 97 – – – 12-lead 
ECG

Lundberg et al. 12 34 – – – 94 24-h 
Holter

van Breugel et al. 12 65 – – – 57 24-h 
Holter

von Oppel et al. 12 24 50 – 75 24-h 
Holter

CI: confidence interval; ILR: implanted rhythm monitoring; SR: sinus rhythm

Table 7.10 QOL scores measured by Atrial Fibrillation Symptom and Severity Score (AFSS) and Short-Form 12 
(SF-12)

Study
Symptom severity score

Symptom frequency 
score SF-12 Physical SF-12 Mental

Baseline 1 year Baseline 1 year Baseline 1 year Baseline 1 year
Gillinov 
et al. 
(n = 124)

4.7 ± 2.8 3.6 ± 2.5 8.3 ± 2.7 4.4 ± 3.7 38.4 ± 8.0 44. 
3 ± 9.0

48.1 ± 8.8 48.0 ± 6.3

Data are presented as mean ± standard deviation
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 Discussion

To the best of our knowledge, this is the first sys-
tematic review and meta-analysis that summarizes 
the effect of arrhythmia surgery for AF on patient 
reported quality of life (QOL). Overall, arrhyth-
mia surgery leads to an improvement in QOL in 
patients with AF. This improvement seems to be 
related to the success of the procedure, because the 
improvement in QOL is higher in studies who 
reported a higher rate of SR after 12  months of 
follow-up. This is especially true for patients 
undergoing standalone AF surgery and less in 
patients undergoing concomitant AF surgery.

In 1991, drs. Cox and Schuessler designed the 
Cox-Maze procedure after extensive epicardial 
mapping studies [47]. The surgical technique is 
based on an anatomical approach to prevent 
macro reentrant circuits in both atria without 
blocking the atrial activation front. Although 
new surgical tools and alternative surgical 
approaches were developed, the basic concept of 
the procedure did not change and still forms the 
basis of present-day concomitant AF surgery. 
Even though the procedure has been shown to be 
very effective in restoring SR [48] and concomi-
tant AF surgery had a class I indication in 2017 
[49], it was recently downgraded to a class IIa 
indication [8]. A potential reason is that the add-
on of AF surgery does not result in improved 
QOL nor reduced stroke and mortality at 1 year 
follow-up [8].

 Overall Effect on QOL Following 
Arrhythmia Surgery for AF

In this meta-analysis, there was an improve-
ment in QOL after cardiac surgery with con-
comitant AF ablation compared to baseline. 
However, it is difficult to distinguish between 
the effect of the cardiac surgical procedure 
itself and the effect of the add-on arrhythmia 
surgery on the improvement in QOL. When the 
results are plotted in relation to the success rate 
of the arrhythmia surgery in terms of SR after 
12 months, the forest plots (Figs. 7.1 and 7.2) 
suggest that the improvement in QOL is higher 

in the studies that report a higher freedom of 
AF.  Of course, these results should be inter-
preted with caution. First, the type of surgical 
lesions is not consistent between the different 
studies. While a large variability of lesion sets 
was performed, at least all studies performed 
PVI, which represents the cornerstone for AF 
ablation [50]. Furthermore, in 10 out of 12 
studies the LAA was electrically isolated in at 
least half of their patients. In the BELIEF trial, 
isolation of the LAA lowered the incidence of 
AF without increasing the periprocedural com-
plication rate [51]. As such, isolation of the 
LAA prevents the propagation of triggers that 
originate from the LAA to the left atrium and 
by substrate reduction [51]. Moreover, the 
overall reported stroke incidence in the present 
study was low (0.8%). As the LAA is consid-
ered the main source of thromboembolism in 
AF, oral anticoagulation and other techniques 
such as isolating the LAA are key in stroke pre-
vention in AF patients, which may contribute to 
an improved QOL [52]. Secondly, follow-up 
was conducted with different monitoring 
devices. While using continuous monitoring 
devices is the most  reliable way to keep track of 
(asymptomatic) palpitations, this was only used 
by two studies. Thirdly, no data on AAD use 
was given, though most of the included patients 
in this analysis had longstanding- persistent AF 
(41.9%) and treatment with AADs seems to be 
less efficient in this patient population for 
rhythm control and symptom management [53]. 
Moreover, for the study of Lonnerholm, the 
reported percentage of patients in SR in the for-
est plot represents the outcome directly after 
surgery, while in the other studies it represents 
the outcome after 12 months [35]. Nevertheless, 
it seems that the improvement in QOL is related 
to the outcome of the AF ablation.

 Primary Endpoint: Concomitant AF 
Surgery and QOL

The analysis of the 3 studies that compared car-
diac surgery with and without add-on arrhythmia 
surgery failed to show an overall improvement in 

B. Maesen et al.



149

QOL between the patients that did and did not 
undergo add-on arrhythmia surgery [19, 37, 41]. 
While QOL scores after one year were improved 
compared to baseline for both the add-on and 
stand-alone arrhythmia group, differences were 
insignificant. These differences between the stud-
ies regarding the improvement in QOL is very 
obvious, suggesting that even if there is an effect 
of add-on arrhythmia on QOL for concomitant 
procedures, it is not very strong. Joshibayev and 
Bolatbekov et al. reported a very strong improve-
ment in QOL, but this study did not randomize 
between both arms and therefore it cannot be 
excluded that there was a selection bias in the 
patients that received arrhythmia surgery [41]. 
Furthermore, it is surprising that there was almost 
no improvement in QOL between baseline and 
12 months follow-up in the control group, despite 
the fact that all patients in the control group 
underwent mitral valve (MV) surgery. The other 2 
studies were randomized, but only the study of 
von Oppel found an increase in QOL in several 
parameters, while in the study of van Breugel, 
only the SF-36 parameter ‘Bodily pain’ improved 
[19, 37]. In both studies, patients received CABG 
or aortic or mitral valve procedures concomitant 
to ablation. Interestingly, the study by Grady et al. 
further examined the improvement of health-
related QOL using the SF-36 between patients 
undergoing different isolated cardiac proce-
dures [54]. At baseline, patients with MV dis-
ease had a better physical component summary 
(PCS), but lower mental component summary 
(MCS) than patients undergoing aortic valve 
(AV) surgery, CABG or a Maze procedure. 
Three and six months after surgery, PCS scores 
improved reliably in all groups compared to 
baseline, except for patients who underwent 
MV surgery, probably due to their healthier 
 preoperative scores and receiving early inter-
vention. Furthermore, a strong trend was seen 
for better PCS scores of CABG patients than for 
AV patients. For changes in MCS scores, the 
improvement was faster for patients undergoing 
a Maze procedure compared with the other 
groups, and patients undergoing MV surgery 
did not show a clinically important improve-
ment after three months.

 Primary Endpoint: Standalone AF 
Surgery and QOL

In standalone AF surgery, the effect of arrhyth-
mia surgery on QOL can be better evaluated, 
since there is no other surgical procedure that can 
act as a confounding factor. All studies evaluat-
ing QOL using the SF-36 questionnaire in stand-
alone AF surgery showed an increase in QOL at 
12 months compared to baseline [16, 17, 39, 40, 
45, 46]. It must be noted that patients who are 
referred for an isolated surgical ablation for AF 
are highly symptomatic and undergo a surgical 
intervention as a last resort treatment. 
Accordingly, they usually have a worse QOL at 
baseline compared to the general population. As 
such, it is not unexpected that a rapid and signifi-
cant improvement in QOL follows after a suc-
cessful surgical ablation, returning patients to 
SR. [54] Furthermore, 2 studies specifically 
compared the improvement in QOL between 
patients who were in SR and patients who were 
in AF 12  months after the procedure [17, 39]. 
Both studies showed that the improvement in 
QOL was greater if surgical AF ablation resulted 
in SR. As such, it can be concluded that success-
ful standalone arrhythmia surgery does result in 
an improvement in QOL.  Despite this increase 
and the fact that standalone surgical AF ablation, 
epicardial or in a hybrid setting, is associated 
with higher success rates compared to catheter 
ablation [55, 56], it remains to have a class II rec-
ommendation due to the paucity of RCT’s [8, 9].

 Techniques and Lesion Sets 
in Concomitant and Stand-Alone AF 
Ablation

The inconsistency in the type of lesions per-
formed during concomitant arrhythmia surgery 
makes it difficult and challenging to compare the 
different studies. For example, the studies of 
Gillinov et al., Joshibayev and Bolatbekov et al. 
and von Oppell et al. included a variety of lesions 
and a mixture of unipolar and bipolar radio fre-
quent energy. This stands in contrast with the 
studies evaluating standalone AF surgery, that 

7 Patient-Reported Quality of Life After Stand-Alone and Concomitant Arrhythmia Surgery…



150

adhere more to a fixed ablation protocol. As such, 
it can be concluded that arrhythmia surgery does 
result in an improvement in QOL, but it requires 
a dedicated lesion set. Finally, a potential reason 
for the greater improvement in QOL after stand- 
alone AF than concomitant arrhythmia surgery is 
that stand-alone AF surgery is performed by a 
dedicated team, while concomitant AF surgery is 
also performed by surgeons without the extensive 
experience in AF ablation.

 Limitations

This study contains some limitations. Ideally, 
we aimed to compare the improvements in QOL 
outcomes obtained by RCT’s in our meta-analy-
sis. Unfortunately, solely 2 studies have evalu-
ated this outcome in an RCT. Due to this gap in 
literature, we worked with pre- and post-surgi-
cal QOL values in our meta-analysis of studies 
using the SF-36 questionnaire and performed a 
sub-study based on rhythm outcome after one 
year. Furthermore, since there is no golden stan-
dard for measuring QOL following arrhythmia 
surgery for AF, the included studies have used a 
variety of questionnaires to estimate the effect 
of ablation surgery on QOL.  While being an 
important endpoint for ablation studies, QOL 
remains a rather subjective endpoint and comes 
along with (at least some) expectation bias. As 
such, the placebo effect of undergoing surgery 
as rhythm therapy was most likely present in at 
least some degree for all patients. In this meta-
analysis, risk of bias due to other factors such as 
selection, confounding factors and publication 
was present as well. Moreover, marked differ-
ences between lesion sets between the studies 
was present. As such, not only statistical but 
also clinical heterogeneity was present in this 
study and results about the effectiveness of 
arrhythmia surgery and the improvement in 
QOL should be interpreted with caution. Lastly, 
the analyses in this study were based on a spe-
cific subgroup of highly symptomatic patients, 
which is especially true for patients undergoing 
stand-alone surgical ablation for AF.  As such, 
these papers reflect only a small subset of all AF 

patients and thus the findings of improved QOL 
in this group should not be used as an endorse-
ment for surgery for less symptomatic AF 
patients.

 Conclusion

Overall, arrhythmia surgery does result in an 
improvement in QOL in patients with AF when a 
dedicated lesion set is used. This effect seems to 
be related to the outcome in terms of SR after 
1 year, both in concomitant as in standalone AF 
ablation. However, studies evaluating QOL fol-
lowing arrhythmia surgery are scarce and analy-
sis based on small, heterogenic, single-arm 
studies in a random-effects model hinders draw-
ing definite conclusions. Therefore, future trials 
reporting on AF surgery, both concomitant and 
standalone, should include the evaluation of 
patient reported outcomes such as QOL.
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8Transcatheter Mitral Valve 
Procedures

Matthew K. H. Tan and Omar A. Jarral

 Introduction

Increasingly, emphasis has been placed on health- 
related quality of life (HRQoL) as a measure of 
outcome in surgery. Defined as a “multi -dimen-
sional assessment of an individual’s perception 
of the physical, psychological, and social aspects 
of life that can be affected by a disease process 
and its treatment”, it provides a more nuanced 
look at the outcomes following surgery when 
compared to crude mortality and morbidity rates. 
It is also necessary for the calculation and evalu-
ation of cost-effectiveness as well as acting as a 
more precise indicator of patient-centred care, 
with significant promise to improve healthcare 
provision [1] – this has been recognised by the 
United Kingdom’s Department of Health with 
the consolidation of efforts to collect and publish 
HRQoL outcomes for common procedures [2].

While not routinely collected in cardiotho-
racic or valve surgery currently, this concept is 
particularly applicable to intervention on the 
mitral valve (MV), including transcatheter MV 
procedures, for a few reasons. Firstly, AHA/ACC 

and ESC/EACTS guidelines recommend early 
intervention on severe degenerative mitral regur-
gitation (MR) even if patients are asymptomatic 
[3–5]. Measurement and maintenance of pre- 
operative HRQoL is therefore essential in main-
taining the confidence of patients and referring 
cardiologists. Secondly, transcatheter MV proce-
dures are rapidly evolving and require robust 
assessment prior to widespread use. Knowledge 
of HRQoL outcomes in these new technologies 
will benefit both clinicians and patients in their 
decision-making.

This chapter aims to provide readers with a 
comprehensive systematic review of all available 
literature detailing HRQoL outcomes in patients 
undergoing transcatheter MV interventions. This 
chapter will also make recommendations for 
clinical practice and future research.

 MitraClip Implantation

The MitraClip, as its name suggests, is a clip that 
grasps the anterior and posterior leaflets of the 
mitral valve, creating a “double orifice” valve 
that reduces the extent of regurgitation. In the 
current literature on transcatheter MV interven-
tions, the majority of studies (n = 20) reported on 
MitraClip implantation (Table 8.1 adapted from 
Tan et al. [6–26]), the largest group of studies on 
a single device. All showed significant HRQoL 
improvements post-implantation. Three studies 
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compared MitraClip to conventional surgery [8, 
10, 20] while two studies compared this device to 
conservative management [7, 14].

 Studies Comparing Against 
Conventional Surgery

Buzzatti et  al. compared conventional MV sur-
gery in 35 retrospectively selected patients to 25 
octogenarian patients who underwent MitraClip 
implantation [8]. Importantly, this older patient 
population showed significantly improved SF-36 
physical scores but failed to show improvement in 
the mental components. On comparing with the 
conventional surgery group, both groups had sim-
ilar post-operative physical and mental HRQoL 
scores. Due to the lack of baseline measurement 
in the conventional surgery group, it was not pos-
sible to compare HRQoL improvements between 
groups. This finding was supported by Rudolph 
et al., which observed significant improvement in 
MLHFQ scores in 104 patients with prohibitive 
surgical risk [20]. In a randomised controlled trial 
by Feldman et al., the MitraClip was compared to 
conventional surgery, showing HRQoL improve-
ments in both groups [10]. Patients undergoing 
conventional procedures experienced a transient 
decrease in HRQoL 30-days post-surgery attrib-
uted to the invasive nature of the surgeries. In 
patients with life expectancy less than a year or 
two, this finding is likely to support the argument 
for percutaneous therapy.

 Studies Comparing Against 
Conservative Management

Both studies from Arnold et  al. and Krawczyk- 
Ożóg et al. showed that patients with MR second-
ary to HF treated conservatively had no difference 
in HRQoL at all follow-up timepoints [7, 14]. In 
contrast, patients treated with the MitraClip 
showed improvements in HRQoL post- 
operatively. Arnold et  al. showed incrementally 
higher SF-36 scores at each timepoint, with early 
1-month improvements sustained till the end of 
the 2-year follow-up period [7]. This was echoed 

in Krawczyk-Ożóg et  al. which showed signifi-
cant improvement in EQ-5D and SF-12v2 scores 
at follow-up, although the specific time of 
HRQoL measurement was not stated [14].

 Studies Considering High-Risk or 
Frail Patients

A number of studies considered patients who 
were undergoing MitraClip implantation who 
were elderly, frail or of prohibitive surgical risk 
[9, 12, 15, 17, 20, 21, 24–26]. Edelman et al. was 
an early small cohort study looking at the use of 
MitraClip in 25 high-risk patients, showing 
improvements in MLHFQ and AQoL-6D scores 
from baseline [9]. This was also seen in a larger 
cohort study by Rudolph et  al., 803 patients 
divided into groups based on NYHA functional 
class [21]. Baseline HRQoL varied between 
classes, with worsening HRQoL with increasing 
heart failure severity and class IV patients having 
the worst baseline EQ-5D scores. Although 
patients with class IV heart failure were also 
shown to have the worst HRQoL at 30-days post- 
MitraClip implantation, this was still signifi-
cantly improved from baseline. Similarly, in a 
cohort study by Neuss et al., 157 very high-risk 
patients (all EuroSCORE >20) with severe heart 
failure showed persistent improvements in 
MLHFQ scores at 1-year post-MitraClip implan-
tation. This HRQoL improvement was also 
shown in the EVEREST II trials performed by 
Glower et al., which studied a patient population 
with a significant proportion of patients in NYHA 
class III/IV [12]. In another prospective study in 
a high-risk population, Ussia et al. found signifi-
cant improvement in all SF-12 components 
except for bodily pain [24]. Lim et al. evaluated 
treatment of MR in 141 patients at prohibitive 
surgical risk, finding improvements in both PCS 
and MCS of the SF-36 [15], and echoed in cohort 
studies by Van den Branden et  al. [25] and 
Whitlow et al. [26]. This was also the case in a 
cohort study from Rudolph et al., which showed 
MLHFQ scores improving significantly in 
patients at prohibitive surgical risk. Again, scores 
improvements were comparable with those 
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reported in MV surgery [20]. Finally, a post- 
approval study by Reichenspurner et al. consid-
ered the use of the MitraClip in both high-risk 
and low-risk groups of patients with degenerative 
MR. While overall HRQoL scores in the patient 
population improved at 12-months follow-up, the 
study unfortunately failed to determine if there 
was any significant differences between the 
improvements seen in either group [19].

Interestingly, a more recent study by Metze 
et  al. showed while frail patients had similar 
improvements in SF-36 scores to non-frail 
patients after undergoing the MitraClip proce-
dure, these frail patients showed significantly 
greater improvement MLHFQ scores. This sug-
gests that patients previously considered unfit for 
conventional surgery should not only be consid-
ered for percutaneous therapy but might indeed 
benefit more from interventional therapies than 
fitter candidates, at least from a HRQoL point of 
view. This is also true for elderly candidates  – 
while baseline HRQoL is worse with increasing 
age [22], HRQoL improvements are significant 
post-MitraClip intervention [15, 22] and compa-
rable to population norms for the elderly popula-
tion [15].

 Miscellaneous Studies

The impact of anaemia was considered in a study 
by Hellhammer et al., which compared 41 anae-
mic patients to 39 patients without anaemia. While 
HRQoL improved in both groups, no significant 
difference was seen between the improvements in 
HRQoL between the groups [13]. Terhoeven et al. 
specifically observed the impact of MitraClip on 
the psychological and cognitive functioning of 40 
patients using the SF-36, showing improved men-
tal wellbeing post-MitraClip implantation [23].

 Cardioband Implantation

The Cardioband Mitral system is a transcatheter 
device that aims to reduce annular reduction and 
thus reduce functional MR.  Through deploying 
between 12 to 17 anchors around the mitral annu-
lus, the Cardioband implant is affixed around the 
annulus. The implant is then used to cinch the 
diameter of the mitral annulus, improving the 
coaptation of the cusps and decreasing MR sever-
ity. Two prospective cohort studies reported out-
comes on Cardioband implantation (Table  8.2) 

Table 8.2 Cardioband

Author, 
publication 
year, study 
period, and 
study type

Study intent and no. 
of patients Patient characteristics

Follow-up 
duration

HRQoL 
instrument used

Main findings 
related to HRQoL

Time points at 
which 
HRQoL was 
measured

Follow-up 
completion rate

Messika- 
Zeitoun et al. 
2018 [27]
2013–2016
Prospective 
cohort study
Multicentre 
(11 centres)

Reporting 1-year 
outcomes of patients 
undergoing the 
Cardioband 
(Edwards 
Lifesciences, Irvine, 
California) system
60 patients

Mean age 
72 ± 7 years, 72% 
male, 87% NYHA III/
IV, EuroSCORE II 
7 ± 6%, STS-score 
5 ± 6%

1 year MLHFQ MLHFQ scores 
improved at 
6-months and 
maintained 
improvement at 
12-months 
post-operatively

Pre-op, 
6 months 
and 
12 months 
post-op

65.0% at 
12-months

Nickenig et al. 
2016 [28]
February 
2013–October 
2014
Prospective 
cohort study
Multicentre (5 
centres)

Determine the safety 
and efficacy of the 
Cardioband 
(Edwards 
Lifesciences, Irvine, 
California) system
31 patients

Mean age 
71.8 ± 6.9 years, 
83.9% male, 97% 
NYHA III/IV, 
EuroSCORE II 
8.6 ± 5.9%

6 months MLHFQ MLHFQ scores 
improved from 
baseline 
(38.2 ± 21) at 
the 6-month 
follow-up 
(18.1 ± 10.9)

Pre-op, 
6 months 
post-op

91.7%
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[27, 28]. Nickenig et  al. showed that MLHFQ 
scores improved from baseline at 6-month fol-
low- up [28]. This was also seen in a more recent 
1-year follow-up study by Messika-Zeitoun et al., 
with improvement of MLHFQ scores at 6-months. 
This improvement was sustained at 12-months 
post-operatively [27].

 Carillon Mitral Contour Device

The Carillon Mitral Contour system is a right- 
heart transcatheter MV repair system designed 
for patients with functional MR.  It is deployed 
and positioned within the coronary sinus or great 
cardiac vein, with the double-anchor designed to 
apply pressure onto the mitral annulus and 

improve the coaptation of the cusps by this modi-
fication of the annulus’ shape. Three studies 
reported outcomes from the use of this device 
(Table 8.3 adapted from Tan et al. [6, 29, 31]).

Schofer et al. used the device as a therapeutic 
adjunct to standard care and showed 6-month 
post-intervention KCCQ scores to be signifi-
cantly improved from baseline. In this score, the 
patient portion of the global assessment score 
was significantly improved in the majority of the 
30 patients studied [29]. This was supported by 
the functional assessment of 14 patients after 
Carillon device implantation by Wołoszyn et al. 
[31]. KCCQ scores were improved at 1-month, 
comparable to the improvement seen by Schofer 
et  al. [29]. This is likely due to the significant 
reduction in MR observed. A third study by 

Table 8.3 Carillon Mitral Contour System

Author, 
publication year, 
study period, and 
study type

Study intent and no. 
of patients Patient characteristics

Follow-up 
duration

HRQoL 
instrument 
used

Main findings 
related to HRQoL

Time points 
at which 
HRQoL was 
measured

Follow-up 
completion 
rate

Schofer et al. 
2009 [29]
Data collection 
period not 
reported
Prospective 
cohort study 
(AMADEUS)
Multicentre

Evaluation of novel 
coronary sinus- 
based mitral 
annuloplasty device 
as a therapeutic 
adjunct to standard 
medical care
Mitral annuloplasty 
achieved in 30 
patients (out of 48 
enrolled) using the 
Carillon Mitral 
Contour System

Implanted patients 
(n = 30): mean age 
64 ± 9 years, 87% 
male
Nonimplanted patients 
(n = 18): mean age 
65 ± 15 years, 78% 
male

6 months KCCQ
Patient 
component 
of the global 
assessment

KCCQ Overall 
Summary Score 
was significantly 
improved between 
baseline and 
6 months
84% patients 
reported some 
degree of 
improvement 
between baseline 
and 6 months in 
the patient portion 
of the global 
assessment score

Pre-op, 1 
and 
6 months 
post-op

89.3% 
(25/28 
survivors) 
for KCCQ
92.9% 
(26/28 
survivors at 
6 months) 
for global 
assessment

Siminiak et al. 
2012 [30]
Data collection 
period not 
reported
Non- 
randomised 
controlled trial 
(TITAN study)
Multicentre (7 
centres)

Determine 
percutaneous mitral 
annuloplasty 
(Carillon Mitral 
Contour System) 
effectiveness in 
reducing functional 
MR with long-term 
clinical benefit
53 patients
36 permanent 
implantations
17 recaptured device

Permanent implant 
group (n = 36): mean 
age 
62.37 ± 12.67 years, 
75% male
Recaptured group 
(n = 17): mean age 
62.59 ± 13.11 years, 
82.4% male

12 months KCCQ Significantly 
higher HRQoL 
change in 
permanent implant 
group compared 
to recaptured 
group at 
12 months 
follow-up

Pre-op, 1, 
6, and 
12 months 
post-op

81.6% at 
12 months

M. K. H. Tan and O. A. Jarral



165

Author, 
publication year, 
study period, and 
study type

Study intent and no. 
of patients Patient characteristics

Follow-up 
duration

HRQoL 
instrument 
used

Main findings 
related to HRQoL

Time points 
at which 
HRQoL was 
measured

Follow-up 
completion 
rate

Wołoszyn et al. 
2011 [31]
Data collection 
period not 
reported
Prospective 
cohort study
Poznan 
University of 
Medical 
Sciences, 
Poznan, Poland

Functional 
assessment of 14 
patients who had 
undergone mitral 
annuloplasty using 
the Carillon Mitral 
Contour System

Mean age 
61.1 ± 1.9 years, 
78.6% male
All had MR grade of 
2–4

1 month KCCQ Mean HRQoL 
score improvedPre-op, 

1 month 
post-op

92.9%

Table 8.3 (continued)

Siminiak et al. observed the effectiveness of the 
Carillon system in improving functional 
MR. This study compared patients with perma-
nent implants to those who had recaptured 
devices, and those with the permanent implants 
had higher HRQoL at 1-year follow-up [30].

 Studies Including Other 
Percutaneous MV Interventions

Four studies reported outcomes from other per-
cutaneous MV interventions (Table 8.4 adapted 
from Tan et  al. [6, 32–35]). In a cohort study 
using the PASCAL repair system, Lim et  al. 
showed early improvements in KCCQ and 
EQ-5D scores [33]. HRQoL improvements were 
seen in a study by Sorajja et  al. which used a 
novel Tendyne prothesis, the only device designed 
to be an implanted MV valve replacement [35]. 
One study by MacHaalany et  al. on the Viacor 
percutaneous transvenous mitral annuloplasty 
device was stopped prematurely after peri- 
operative complications and mortality, observing 
no significant HRQOL benefits [34].

Finally, in a registry study using patients 
undergoing any transcatheter intervention from 
the Society of Thoracic Surgeons/American 
College of Cardiology Transcatheter Valve 
Therapy Registry, Arnold et  al. looked at the 

changes in KCCQ scores at 30-day and 1-year 
post-intervention [32]. This registry study con-
firms the findings of the individual studies 
described in this chapter—HRQoL shows early 
improvement at 30-days and this improvement is 
maintained till 1-year follow-up. This study also 
performed a multivariate analysis of risk factors 
for lower HRQoL post-intervention, showing 
atrial fibrillation, permanent pacemakers, severe 
lung disease, long-term home oxygen therapy, 
and lower baseline HRQoL scores to be associ-
ated with poorer HRQoL at early follow-up.

 Discussion

This chapter provides a comprehensive overview 
of the current state of literature detailing HRQoL 
after percutaneous MV interventions, with pre-
dictors of poor HRQoL after such interventions 
summarised in Fig.  8.1. There is an increasing 
burden of MV disease with an ageing population 
[36] and this population is usually deemed to be 
of high surgical risk and unable to withstand the 
stresses of invasive surgery. Indeed, up to 50% 
are declined for conventional MVr or MVR [37, 
38]. Thus, there is increasing requirements for 
less invasive therapeutic approaches, with devel-
opment of multiple transcatheter or percutaneous 
devices to meet this demand.
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Table 8.4 Other Percutaneous MV Intervention

Author, 
publication 
year, study 
period, and 
study type

Study intent and 
no. of patients

Patient 
characteristics

Follow-up duration
HRQoL 
instrument used

Main findings 
related to HRQoL

Time points at 
which HRQoL was 
measured

Follow-up 
completion rate

Arnold et al. 
2018 [32]
November 
2013–March 
2017
Prospective 
cohort study
Multicentre 
(217 centres)

Examine health 
status outcomes 
in transcatheter 
mitral valve 
repair (device 
used not 
specified) 
patients and the 
factors 
associated with 
improvement
4226 patients at 
30-days, 1124 
patients at 
1-year

30 days cohort: 
median age 
81 years, 53.2% 
male, median 
STS-score 5.7%
1 year cohort: 
median age 
82 years, 53.2% 
male, median 
STS-score 5.5%

1 year KCCQ KCCQ overall 
summary score 
significantly 
increased from 41.9 
baseline to 66.7 at 
30 days, with scores 
remaining stable 
until 1-year 
follow-up
Multivariate 
analysis revealed 
atrial fibrillation, 
permanent 
pacemakers, severe 
lung disease, home 
oxygen, and lower 
baseline KCCQ 
scores to be 
associated with 
lower 30-day scores

Pre-op, and 
30 days and 
12 months 
post-op

69.3% at 
30 days
47.4% at 1 year

Lim et al. 
2019 [33]
June 
2017 – 
September 
2018
Prospective 
cohort study
Multicentre 
(14 centres)

Describe early 
outcomes 
following the 
use of the 
PASCAL repair 
system (Edwards 
Lifesciences, 
Irvine, 
California) for 
MR
62 patients

Mean age 
76.5 ± 8.8 years, 
62.9% male

30 days KCCQ
EQ-5D

KCCQ and EQ-5D 
scores improved 
with interventionPre-op and 

30 days post-op
96.8% KCCQ
91.9% EQ-5D

MacHaalany 
et al. 2013 
[34]
October 
2008–
September 
2010
Non- 
randomised 
controlled 
trial
Multicentre

Evaluate 
effectiveness of 
permanent 
percutaneous 
transvenous 
mitral 
annuloplasty 
(Viacor device) 
in reducing 
MR43 patients 
recruited, with 
30 patients 
implanted

Mean age 
71.6 ± 11.0 years, 
63% male

Mean follow-up 
5.8 ± 3.8 months

MLHFQEQ-5D No consistent 
improvement in 
HRQoL was 
documented

Pre-op and 1, 3, 
6 and 12 months 
post-op

10.0% at 
12-months

Sorajja et al. 
2019 [35]
November 
2014–
November 
2017
Prospective 
cohort study
Multicentre

Analysis of the 
first 100 patients 
treated with a 
novel prosthesis 
(Tendyne 
prosthesis, 
Abbott 
Structural, Santa 
Clara, 
California)

Mean age 
75.4 ± 8.1 years, 
69% male, 66% 
NYHA III/IV, 
STS-PROM 
7.8 ± 5.7%

12 months KCCQ KCCQ scores 
increased 
significantly with 
improvements 
occurring from 
1-month post-op
KCCQ improved by 
≥5 points in 81.3% 
and ≥10 points in 
73.4% of survivors

Pre-op, 1, 3, 6, 
and 12 months 
post-op

87.5% at 
12 months
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Patient Factors

Surgical Factors Uncertain Factors

•  Female

•  Increasing age

•  NYHA class IV

•  Higher EuroSCORE

•  Previous myocardial

   infarction

•  Idiopathic cardiomyopathy

•  Atrial fibrillation

•  Risk factors for CAD

•  Peripheral vascular disease

•  Diabetes

•  ‘Watchful waiting’ for serve

   asymptomatic MR

•  Elevated trans-mitral

   gradient

•  Concomitant AF ablation

•  Specific techniques (e.g.

   types of annuloplasty rings)

Fig. 8.1 Predictors of 
poor HRQoL after 
transcatheter mitral 
valve interventions

It is promising that most studies confirm that 
HRQoL improves significantly post-intervention. 
It is further important to note that the level of 
post-interventional HRQoL in the patient popula-
tion is comparable to healthy age-matched 
 populations, including both the elderly and high-
risk populations.

 Study Limitations

While most studies provided a breakdown of 
aetiology leading to MV pathology, majority of 
studies unfortunately did not analyse baseline or 
HRQoL improvements according to aetiology. 
Of the 29 studies, many were of observational 
design with only two (6.9%) having randomisa-
tion included in their study design. The absence 
of randomisation resulted in considerable differ-
ences between baseline characteristics of patient 
cohorts—the typical MV patient presents with 
multiple chronic co-morbidities and various 
sequelae from MV disease. Furthermore, HRQoL 
instruments used and follow-up periods were sig-
nificantly different between studies, making it 
difficult to compare outcomes between patients, 
interventions, and studies.

Whilst the MitraClip was the first of its kind 
which was designed specifically for a high-risk 
population, there has been a lack of studies 

reporting HRQoL after the use of other devices. 
Of the 29 studies currently available in the litera-
ture, nine (31.0%) were on devices other than the 
MitraClip. Additionally, twelve of these studies 
(60.0%) reported significant involvement of 
Abbott Vascular, with authors disclosing links to 
the company [8, 11, 12, 15, 16, 20, 22, 25, 26] or 
direct funding [7, 10, 21]. This, while not con-
clusive, might suggest institutional bias, with 
increased emphasis on this device due to 
increased funding. Studies might also fail to 
report poor outcomes due to conflicts of 
interest.

 Suggestions for Further Research

It is recognised that patients value HRQoL more 
than clinical variables which are of more interest 
to clinicians and academics. HRQoL should 
become an essential tool to evaluate patient- 
centred benefits in the assessment of established 
as well as novel transcatheter MV devices. While 
most studies included in this review used the 
SF-36  in the assessment of patients’ HRQoL, 
there is no consensus as to which instrument is 
best in determining HRQoL in this unique patient 
population undergoing transcatheter MV inter-
ventions and whether a separate disease-specific 
instrument is required altogether.
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Chapter Conclusions:

•  Transcatheter MV interventions are performed on heterogenous populations

•  Innovative percutaneous designs are increasing the populations in which 

   intervention is possible

•  HRQoL after transcatheter mitral valve interventions is generally acceptable

•  HRQoL improvements are maintained even in high-risk populations (including 

   elderly and frail patients)

•  Future trials should measure HRQoL at specific timepoints to allow 

   determination of early and late predictors of impaired HRQoL

•  Focusing on HRQoL outcomes in future trials will be required to allow for 

   design of a disease/intervention specific HRQoL instrument

Fig. 8.2 Conclusions 
regarding HRQoL after 
transcatheter mitral 
valve interventions

In this review, most studies support the fact that 
transcatheter MV interventions have a significant 
impact on both physical and mental functioning 
and this impact is maintained even in elderly and 
high surgical risk patients. The measurement of 
physical functioning should be improved further, 
especially with the improvement of technology in 
accelerometers and activity monitors. Further 
research should include activity monitors to moni-
tor physical activity before and after intervention, 
providing concrete data to reinforce HRQoL con-
clusions. Wrist- worn accelerometers or even 
smartphone applications that exploit built-in accel-
erometers are increasingly available, and these 
should be incorporated in future studies [39, 40].

Quantifiable predictors of HRQoL changes 
must also be identified in future research. For 
example, physiological biomarkers [41] may 
allow more innovative analysis, correlating mag-
nitude of improvement to changes in these mark-
ers. Radiological measures (e.g. leaflet stress 
from MRI and coaptation depth/degree of left 
ventricular remodeling from echocardiography) 
were not analysed in any of the studies and should 
be used as future markers of functional outcome.

 Conclusion

Transcatheter MV interventions are performed on 
heterogenous populations, with both young and old 
patients, presenting with a wide range of co-mor-
bidities. This study confirms that HRQoL benefits 

of transcatheter MV interventions is generally 
acceptable, with certain populations showing better 
HRQoL when compared to age- and/or gender-
matched normal populations. This improvement is 
maintained even in high surgical risk, elderly, and 
frail patients, with innovative percutaneous designs 
limiting the invasiveness of these interventions 
(Fig. 8.2). However, there are limitations in the cur-
rent literature. Future randomised studies would 
benefit from baseline and follow-up HRQoL mea-
surements at specific time points—this is suggested 
to be done pre- operatively and at 1-month, 1-year 
and 5-years post-operatively, enabling the deter-
mining of early and late predictors of impaired 
HRQoL. A common HRQoL instrument should be 
established, or indeed designed, for disease-spe-
cific use in transcatheter MV intervention studies. 
This would further support detailed comparison 
between devices. Use of newer technologies such 
as physical activity monitors, physiological bio-
markers and radiological markers (e.g. leaflet stress 
from MRI and echocardiography) should be used 
as innovative markers of functional outcome.
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9Percutaneous Interventions 
in Adult Congenital Heart Disease

Ana Barradas-Pires, Andrew Constantine, 
and Konstantinos Dimopoulos

 Introduction

The emergence of a population of adults with 
congenital heart disease with reduced quality of 
life.

The field of adult congenital heart disease 
(ACHD) serves an emerging group of patients, 
who have benefitted greatly from improvements 
in surgical and percutaneous techniques. Prior to 
the 1970, half of the children with congenital 
heart disease (CHD) did not survive to adult-
hood. Current management results in over 90% 
of patients born with CHD reaching adulthood 
and, in Europe alone, this has translated into an 
ACHD population of over two million, and 
growing [1, 2].

ACHD encompasses a wide spectrum of con-
ditions of different severities. The prevalence of 
CHD has increased over time, but there has been 
a disproportionate increase in the proportion of 
patients with CHD of moderate or severe ana-
tomic complexity, often with associated genetic 
syndromes and residual haemodynamic lesions 
even after successful repair [3]. Patients with 
repaired tetralogy of Fallot, for example, often 
present with pulmonary regurgitation, which 
requires further surgery. Depending on the under-
lying condition, ACHD patients are at risk of 
developing cardiac arrhythmias, heart failure, 
pulmonary hypertension and other extra-cardiac 
disease, such as kidney, liver and musculoskele-
tal abnormalities [4, 5]. As they age, ACHD 
patients are not spared from age-related acquired 
conditions, such as coronary atherosclerosis, 
cerebrovascular disease and dementia [6]. In 
recent years, ever more patients with extremely 
complex anatomy (e.g., hypoplastic left heart 
syndrome), survive to teenage and adult life and 
pose major challenges to paediatric and ACHD 
physicians. New structural and arrhythmic tar-
gets require novel transcatheter and surgical tech-
niques to prevent and treat complications, thus, 
ensuring a good quality of life for these patients.

Despite CHD being a relatively rare cardio-
vascular condition within the wider cardiology 
population, the ACHD population is expanding 
rapidly and requires life-long highly specialised 
and multidisciplinary care. This comes at a sig-
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nificant cost to healthcare systems, both in terms 
of budget allocation and resource utilisation; 
such costs are likely to increase in the future, in 
parallel to the size and complexity of this popula-
tion [7]. Our efforts and resources should be tar-
geted towards achieving meaningful outcomes 
for our patients, in terms of morbidity, mortality 
and quality of life and care.

 Quality of Care in Adults 
with Congenital Heart Disease

Healthcare quality indicators are typically devel-
oped based on the recommendations provided by 
international clinical guidelines, which use scien-
tific evidence and expert opinion to inform stan-
dards of care. In ACHD, there is limited evidence 
and most guideline recommendations are based 
on expert consensus [8]. Indeed, CHD is a rare 
and heterogeneous condition, hence large ran-
domised control trials are not feasible [9]. The 
development of robust quality indicators in 
ACHD is limited by the quality of the available 
evidence, which derives mostly from single- 
centre retrospective cohort studies and few small, 
randomised trials. The absence of established, 
disease-specific quality standards makes it chal-
lenging for individual ACHD centres and health-
care providers to measure and compare their 
outcomes in terms of efficiency, cost and user 
satisfaction.

In cardiovascular trials, classical or “hard” 
clinical endpoints such as all-cause and cardio-
vascular mortality, sudden cardiac death, trans-
plantation and reoperation have been used to 
assess the efficacy of healthcare interventions 
and are considered acceptable surrogates of the 
quality of care. More recently, quality of health 
care measures have been broadened to incorpo-
rate patients’ preferences and satisfaction levels, 
with the intent to deliver care in line with user 
needs and priorities. Indeed, the purely clinical 
outcomes listed above fail to capture patients’ 
views and perceptions about their own health and 
care, and may not always match the priorities of 
the patient, e.g. how a procedure impacts on 
one’s physical ability or mental health [10].

As a result of this unmet need, instruments to 
analyse patient-reported outcomes, or patient- 
reported outcome measures (PROMs), have been 
developed. PROMs are usually assessed by ques-
tionnaires, which might query general domains 
(such as patients’ general wellbeing, quality of 
life [QoL], etc) or be focused on more disease- 
specific characteristics. It is worth mentioning 
that, although most PROMS studies use tools to 
assess specifically health-related quality of life 
(HRQoL) domains, QoL is a much broader con-
cept, and incorporates unrelated healthcare 
dimensions such as social and familiar 
well-being.

Questionnaires assessing quality of life 
(mainly HRQoL) had their popularity increasing 
over time within general cardiology. The CHD 
field was also quick to embracing such instru-
ments: the first article on QoL in adolescents with 
CHD was published in 1974 [11], and since then 
more than two hundred articles have been pub-
lished on HRQoL and QoL in CHD patients up to 
2019 [12, 13], even though knowledge gaps still 
persist.

 Why use Quality of Life Indicators 
in Adults with Congenital Heart 
Disease?

ACHD field is well-suited for using PROMs and 
QoL measures in clinical care. It is a chronic, 
lifelong condition with frequent long-term com-
plications and need for reinterventions. Many 
patients are reaching adulthood after multiple 
surgeries and other procedures, with the knowl-
edge that they will require lifelong specialist fol-
low- up. Exercise intolerance is also common in 
this population and influences the choices they 
make in life regarding sports, occupation and 
even family planning. The multiple challenges 
these patients face throughout their lives can 
impact on their individual perception of health, 
though little is known about the mechanisms and 
long-term implications of this perception.

The mantra of QoL research, that “living well 
is as important to most people as living longer”, 
is especially true for CHD patients of all ages, 
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who often have a worse QoL than control sub-
jects [14]. For example, Matsuda et al. reported 
that at least 30% of children assessed one year 
after cardiac surgery described significant chronic 
pain, which considerably impaired their per-
ceived health status [15]. Understanding the 
potential trade-off between conventional clinical 
endpoints versus QoL outcomes in ACHD would 
help model future research and help put patient 
priorities at the centre of future studies.

 Challenges in Quality of Life Research 
in Adults with Congenital Heart 
Disease

In the last four decades, the ACHD community 
has conducted multiple studies involving QoL 
and PROMs in a variety of settings, but results 
are not consistent across the literature and are not 
extensive to all types of CHD [13]. Factors that 
contribute to these discrepancies are described 
below.

Firstly, a major challenge has been the lack of 
a uniform definition of QoL, which can be a 
broad and ambiguous concept. Moon and col-
leagues defined QoL as “the degree of overall life 
satisfaction that is positively or negatively influ-
enced by an individual’s perception of certain 
aspects of life that are important to them, includ-
ing matters both related and unrelated to health” 
[16]. It is accepted that QoL is a multidimen-
sional construct that goes beyond a health-care- 
related ideal, and incorporates non-medical 
domains such as family, social and work-related 
variables [16]. In ACHD, determinants of QoL 
would encompass domains such as demography 
(age, sex, nationality, education level, marital and 
employment status), family environment, support 
structure, physical status and spirituality 
(Fig.  9.1) [13, 14, 17]. Psychological factors, 
such as personality type, feelings of loneliness 
and the presence of depression or anxiety, also 
play an important role in perceived health status. 
More recently, the idea of the “sense of coher-
ence” (SOC) was recognised as an important psy-
chological tool for wellbeing. SOC is a measure 
of psychological resilience and is described as a 

life orientation or “personal way of thinking, 
being and acting, with an inner trust, which leads 
people to identify, benefit, use and re-use the 
resources at their disposal” [18, 19]. SOC ques-
tionnaire scores correlate well with the perceived 
health-related QoL in ACHD patients, even to a 
greater degree than exercise capacity [20]. ACHD 
patients often have a strong SOC, seeing the 
world as more predictable, manageable and 
meaningful than controls, perhaps as a result of 
the early onset of disease (typically diagnosed in 
childhood). This greater SOC enables the devel-
opment of coping mechanisms against adversi-
ties and may be one reason why, in some studies, 
ACHD patients report a better QoL than healthy 
counterparts [20, 21].

Secondly, conceptual and methodological 
limitations in QoL research also account for 
some of the differences in the results of various 
CHD studies. Moon et al. appraised more than 70 
articles focused on QoL in children and adults 
with CHD and found that the majority had sig-
nificant methodological and conceptual problems 
[16]. Drawing conclusions from such studies is 
problematic. One of the first systematic reviews 
of QoL in ACHD, published in 2013, compiled 
data from more than 30 articles that used a wide 
spectrum of methodologies (varying definitions 
of QoL, use of matched controls, etc.) and at least 
10 distinct QoL tools [22]. Most studies con-
cluded that the CHD population experience a 
reduced physical function, but similar psycho-
logical and social functions to the general popu-
lation. Overall, QoL in CHD was “worse, similar 
or even better” compared to matched controls, 
depending on the study analysed [14]. This is 
unhelpful in directing resources and aiding 
decision- making for healthcare professionals 
looking after these patients. The relation between 
CHD complexity and QoL is also inconsistent. In 
one meta-analysis of 33 studies and 4100 patients, 
data on the 36-item Short Form survey question-
naire (SF-36) pointed towards an inverse rela-
tionship of CHD complexity to physical function 
and general health perception [23]. This finding 
was not confirmed in a more recent synthesis of 
the literature, with no significant difference in 
QoL in young adult CHD patients when com-
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Social
- Worse social support
  (friendship and familiar
   support)

Health and CHD-related
- Disease complexity
- Cyanosis
- Symptoms
- Worse functional status
- Arrhythmias

Environmental
- Lower education level
- Lower employment rate
- Lower financial status

Physical
- Disabilities
Mental wellbeing
- Lower sense of
  coherence
- Type D personality
- Anxiety / Depression

ACHD
QoL

Fig. 9.1 Venn diagram representing the dimensions (in bold) and predictors of poor quality of life (QoL) in adult con-
genital heart disease (ACHD). (Adapted from [14, 25])

pared with age-matched controls, even after 
adjusting by disease complexity [24].

Thirdly, the multiplicity and heterogeneity of 
instruments used to assess QoL in CHD may also 
contribute to disparities in the results. At least 40 
separate measures and variables have been used 
to assess QoL in CHD across the literature, 
including some older, more crude variables, such 
as the New York Heart Association (NYHA) 
functional class, 6-minute walk test and even 
simple symptoms description [16].

Finally, the lifelong nature of ACHD poses an 
additional major challenge to the assessment of 
QoL. Patients are usually followed from birth or 
early childhood, through adolescence, to adult-
hood. QoL measures and PROMs need to capture 
the changes in QoL after important treatment 
landmarks, such as surgery or interventional pro-
cedures, but also across different stages of their 
lives. The definition of QoL should, therefore, 
retain a dynamic component. Moon and col-
leagues exemplified this by showing that friend-

ship is a core component of QoL in adolescents 
and young adults, but family and health become 
more important with age [25]. Therefore, a good 
QoL tool should capture the evolving nature of a 
patient’s priorities.

 Quality of Life Assessment Tools 
in ACHD

The most frequently used QoL assessment tools 
in ACHD are generic health-related QoL instru-
ments, such as the SF-36 and the EuroQol five- 
dimensional (EQ-5D) health questionnaires. The 
SF-36 was designed to assess health status across 
different clinical conditions and make compari-
sons with the general population, and the EQ-5D 
to create comparable health index scores based on 
the responses obtained on five main health dimen-
sions. In ACHD patients, these tools can be too 
simplistic to capture the full range of QoL 
domains that may be relevant to ACHD patients of 
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different ages with different anatomies and previ-
ous palliative or corrective surgery. More disease-
specific tools are also available, such as the 
Netherlands Organisation for Applied Scientific 
Research Academic Medical Centre (TNO-AZL) 
adult quality of life questionnaire (TAAQOL). 
The TAAQOL started as a generic Dutch health 
questionnaire and was further developed to focus 
on cardiac diseases, especially in the CHD field 
(CHD-TAAQOL) [26]. This tool aims to identify 
impairment in different health components (motor 
and social functioning, sleep, pain, etc) and to 
capture, if present, the psychological effect of 
those limitations. It also assesses the changes in 
QoL after surgical and interventional procedures. 
Finally, the most comprehensive and holistic 
assessment tools involve open or semi-struc-
tured interviews to capture information in a wide 
variety of domains [25]. Although open inter-
views can potentially uncover important topics 
for patients that might have been excluded from 
more structured questionnaires, the comparison 
of these results across individuals and different 
populations is often very challenging.

The potential utility and pitfalls of each one of 
these QoL instruments in the setting of ACHD 
interventional procedures are discussed later in 
this chapter.

 Methods

 QoL Tools in ACHD Interventions: 
Review of Existing Literature

In order to review the relation between QoL and 
percutaneous interventions in ACHD, we con-
ducted a scoping review of the literature in the 
following electronic databases: PubMed online 
libraries, Google Scholar, and ClinicalTrials.gov 
(search date 1st February 2020). Furthermore, we 
manually examined reference lists from all 
selected articles and reviews to identify addi-
tional studies. Non-English language papers, for 
which an English translation was not available, 
were excluded.

As authors often use the terms ‘quality of life’, 
‘health status’, ‘functional status’, ‘HRQoL’ and 

‘well-being’ interchangeably, all studies using 
these terms were included. Nevertheless, we 
excluded all publications in which QoL was 
solely assessed using the NYHA functional class.

 Results

 Summary of Interventions

PROMs, mainly as HRQoL measures, have been 
used in the assessment of three types of percuta-
neous procedure:

• Percutaneous pulmonary valve implantation 
(PPVI)

• Percutaneous atrial septal defect (ASD) 
closure

• Percutaneous patent foramen ovale (PFO) 
closure

A description of the results obtained are described 
in the Table 9.1.

 Percutaneous Pulmonary Valve 
Implantation

Three studies on QoL after percutaneous pulmo-
nary valve implantation were identified. In a pro-
spective, single-centre study of patients receiving 
PPVI with Melody (n  =  56) or Sapien (n  =  3) 
valves, Muller and colleagues found that almost 
all 8 domains assessed in the SF-36 questionnaire 
improved at 6  months following the procedure, 
accompanied by a significant improvement in 
peak oxygen uptake on cardiopulmonary exer-
cise testing [27]. The authors found the QoL 
improvement was disproportionately higher than 
the change in peak oxygen uptake, which the 
authors suggested could have been due to a 
favourable perception of the minimally invasive 
intervention when compared to their previous 
experience of open-heart surgery.

Hager et al. measured QoL both at 6 months 
and 5  years after PPVI using the EQ-5D QoL 
utility index and a visual analogue scale (VAS) 
[28]. Improvement in utility scores and VAS were 
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reported on both periods. The improvement in the 
utility indexes was related to the severity of right 
ventricular obstruction in those receiving PPVI 
for pulmonary stenosis. Nevertheless, improve-
ment in pulmonary regurgitation after the proce-
dure was not related to QoL improvement.

Through semi-structured interviews of 
patients and their next-of-kin at 3–6 months fol-
lowing PPVI, Andresen et al. were able to gar-
ner the priorities of patients undergoing this 
procedure. Those interviewed emphasised the 
importance of regaining independence and tak-
ing control of daily life following the interven-
tion [29]. Compared to previous surgical 
management, patients reported the physical bur-
den of the procedure as being “minimal”, and 
the next-of- kin highlighted the importance of a 
timely return to normal life following the 
procedure.

 Percutaneous Atrial Septal Defect 
Closure

Most studies assessing QoL after percutaneous 
ASD closure have focused on patients over 
60 years of age. Cohen et al. reported that almost 
80% of patients had a “good” or “very good” 
quality of life after ASD closure [30]. 
Nevertheless, when compared to age-matched 
controls, their QoL was still significantly lower. 
QoL in these patients was associated with depres-
sion and anxiety scores, but not with functional 
class. In a Canadian study that included older 
adults following both surgical and percutaneous 
ASD repair, patients achieved similar scores on 
SF-36 QoL questionnaires to age-matched con-
trols [31], associated with an improvement in 
functional class. Komar et al. corroborated these 
results in a longitudinal study, assessing older 
adults at 12 months following percutaneous ASD 
closure [32]. Patients reported a significant 
improvement in all the SF-36 domains along with 
a significant improvement in exercise capacity.

In younger patients who underwent ASD clo-
sure, QoL scores after the procedure in the SF-36 

were similar to the general population [33]. An 
Italian group described similar results, although 
the authors did not use a specific QoL instrument 
and chose to assess QoL based on functional 
class, physical capacity and symptoms [34].

 Patient Foramen Ovale Closure 
(Post-Stroke)

A patent foramen ovale (PFO) is a common con-
dition, affecting around one quarter of the gen-
eral population [35]. It is not considered a 
congenital heart defect, but is often managed by 
CHD specialists, especially in rare cases when a 
PFO allows paradoxical emboli causing (other-
wise cryptogenic) strokes in younger patients. A 
meta-analysis of observational studies has shown 
a stronger association of PFO with cryptogenic 
stroke in patients <55  years compared to older 
patients, particularly when atrial septal aneu-
rysms are present [36]. PFO closure following a 
cerebrovascular event is often performed by 
CHD interventionalists, who have experience in 
the percutaneous closure of other intra-cardiac 
communications.

Cohen and colleagues were the first authors to 
study the QoL implications of PFO closure, using 
the TAAQOL instrument [37]. Participants were 
divided into 2 age-groups and their responses 
were compared to age-matched controls. After 
PFO closure, the reported QoL was high in both 
age groups, with no difference to the matched 
controls. Optimism, estimated with a life orienta-
tion test (LOT-R), was higher in patients than in 
the control group. Older age and financial status 
were correlated to anxiety, depression and worse 
QoL.  These three domains were highly inter-
related, and negatively associated to optimism.

Evola et  al. reported a significant improve-
ment in QoL, measured using the SF-36 ques-
tionnaire, at 6  months after PFO closure [38]. 
This was largely attributed to an improvement in 
migraine symptoms. In a long term follow-up 
study, 3–12  years after PFO closure, Mirzada 
et al. reported a sustained improvement in QoL 
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over time after the procedure [39]. Importantly, 
patients after PFO closure reported similar QoL 
metrics to a group of matched healthy adults, 
which was not the case for the non-closure group 
who described significant impairment in their 
physical, vitality, and general health domains.

 Discussion

 QoL After Percutaneous Procedures 
in ACHD

Surgical closure of atrial septal defects of pulmo-
nary valve implantation have been the gold- 
standard in the ACHD field for the last 50 years. 
Nevertheless, percutaneous procedures have 
gained notoriety in the last three decades. In 
terms of QoL, longitudinal CHD studies reported 
a consistent improvement in different HRQoL 
domains after percutaneous intervention. These 
results contrast with a few studies of HRQoL 
after surgical intervention, where QoL was 
described as impaired compared to the general 
population [40–42]. These difference seems more 
pronounced for motor domains in patients with 
complex anatomies [43]. In more simple proce-
dures, such as ASD closure, a small study com-
paring HRQoL after percutaneous versus surgical 
procedures showed that, although both groups 
improved their QoL, the patients in the percuta-
neous intervention group reported better scores 
in some SF-46 dimensions than their surgical 
counterparts [44]. Shorter admissions and speedy 
recovery time can explain some of the differences 
reported, as the amount of physically disability 
after surgery is seen as a core determinant of poor 
health status. Patients especially mention the 
ability to resume their usual daily activities 
quickly as one of the main positive experiences 
of percutaneous interventions compared to their 
previous surgical experience. Nevertheless, it is 
important to remember that patients undergoing 
surgery are more likely to have more complex 
CHD, which, together with comorbidities and 
CHD-related complications, might also influence 
their self-perceived QoL.

 The Utility of Different Quality of Life 
Tools in the Setting of Percutaneous 
Procedures in Adult Congenital Heart 
Disease

Overall, studies assessing HRQoL around percu-
taneous procedures in ACHD patients have used 
3 main instruments: SF-36, EQ-5D and 
TAAQOL. Each tool aims to assess a different set 
of domains (Fig. 9.2). The QoL instrument most 
frequently used in percutaneous interventions in 
ACHD was the SF-36 questionnaire, which is a 
generic assessment tool and also the most fre-
quently used PROM in clinical trials worldwide 
[45]. It assesses health status using 36 items 
focused on 8 “health perception” domains: physi-
cal functioning, social functioning, role limita-
tions due to physical problems, role limitations 
due to emotional problems, mental health, vital-
ity, pain, and general health perceptions. It has 
been used in a variety of populations and clinical 
scenarios, including ACHD [43]. Therefore, it is 
a good choice for enabling comparisons between 
clinical groups or with healthy controls. 
Nevertheless, extrapolating general QoL from 
the results of the SF-36 questionnaires requires 
caution, as this tool tends to link general health 
perceptions with “health-related disability”, 
when we know that patients with disabilities 
might still feel overall “healthy” [2]. Another 
common pitfall in the use of the SF-36 is report-
ing a total score based on all 8 dimensions. Each 
questionnaire domains should be reported sepa-
rately, and the overall score that is often calcu-
lated using different algorithms is not standardised 
and has conceptual and methodological draw-
backs [46, 47].

Another generic instrument used to assess 
QoL in ACHD patients after a pulmonary valve 
implantation was the EQ-5D. This HRQoL tool 
has been used for over 30 years [48]. It is simpler 
than the SF-36 and developed to standardise the 
value of QoL associated with health. The EQ-5D 
instrument asks subjects to describe their health 
status in 5 specific domains (mobility, self-care, 
main activity, pain/discomfort and anxiety/
depression) and then requests an evaluation of 
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SF-36

Physical functioning

Social functioning

Physical problems

Emotional Problems

Mental health

Pain 

Vitality

General health perceptions

EQ-5D

Mobility, self-care, main
activity 

Anxiety/depression 

Pain/discomfort

CHD-TaaQol 

Symptoms

Worries

Impact Cardiac
Surveillance

Fig. 9.2 Comparison of the domains included by the different tools used to investigate changes in quality of life (QoL) 
after percutaneous interventions in adult congenital heart disease (ACHD)

their “overall health status” using a Visual 
Analogue Scale (VAS). These components can 
be incorporated into one single index, facilitating 
comparison across different settings. As with the 
SF-36, however, this tool does not capture social 
or environmental domains, which are of interest 
in the ACHD population.

The third instrument used was the Netherlands 
Organisation for Applied Scientific Research 
Academic Medical Centre (TNO-AZL) adult 
quality of life questionnaire (TAAQOL). The 
TAAQOL was developed by Bruils et al. in 2001 
as a generic HRQoL instrument [49, 50] and then 
adapted to the congenital cardiac setting by 
Kamphuis in 2004 under the name CHD- 
TAAQOL [26]. Since then, variations of this 
questionnaire have been validated in children, 
adolescents and adults with CHD. The TAAQOL 
tool has been used in 2 studies in this review, 
assessing patients following ASD and PFO clo-
sure [30, 37]. This tool focuses on three main 
domains: symptoms, worries, and the impact of 
cardiac surveillance on QoL.  The final score 
ranges from 1 to 12 and, contrary to previous 
tools, higher scores describe a worse 
HRQoL. This tool is original for 2 reasons: firstly, 
it is designed to capture the perceptions and emo-
tional reactions to illness; secondly, it aims to 
assesse the changes in a patient’s QoL after sur-
gery or other intervention. Both are particularly 
relevant to ACHD patients.

Overall, the instruments used to assess QoL 
after percutaneous interventions rely on PROMs 
that are often generic, simplistic and focused on 
health-related domains, therefore, interpretations 
on overall QoL should be avoided. Most of these 
tools also lack the sensitivity required to detect 
changes in QoL over time or around an interven-
tion. New tools designed for the ACHD population 
are needed to better detect and report such changes, 
but these will need to be tested and validated 
against established measures. When reporting 
PROMs, statements should be limited to the dimen-
sions directly assessed by the instruments used. 
Sweeping statements, such as that “QoL of patients 
with ACHD improves” after a given procedure, 
based only on the results of a single questionnaire, 
fail to recognise QoL as a broad, multidimensional 
concept and should be discouraged.

 Comparison of PROMs with Other 
Established Health Outcomes

An association between functional class and QoL 
has previously been documented in ACHD 
patients, including those with cyanotic CHD or 
following a surgical procedure [42, 44]. 
Nevertheless, most studies assessing QoL in 
ACHD patients following percutaneous proce-
dures failed to demonstrate a definitive link 
between QoL and more traditional outcome indi-
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cators, such as peak oxygen uptake, functional 
class or survival [51].

The association between QoL indicators and 
mortality was not addressed in any of the studies on 
percutaneous procedures in ACHD.  In other set-
tings, such as in patients with pulmonary arterial 
hypertension associated with CHD, negative 
changes in QoL measured by SF-36 questionnaires 
were identified as a mortality predictor, along with 
functional class, 6-min walk distance or BNP lev-
els [52]. Favoccia et al. found that QoL measured 
by Emphasis-10 questionnaires in patients with 
pulmonary hypertension, including those with pul-
monary arterial hypertension associated with CHD, 
was an independent predictor of mortality in addi-
tion to functional class or age [53]. In congenital 
patients with cyanosis or Eisenmenger syndrome, 
iron replacement therapy was also associated with 
an improvement in QoL [54].

This literature review has highlighted the sig-
nificant heterogeneity in terms of methodology 
and population between studies measuring 
PROMs, including QoL, which is a significant 
barrier when attempting to compare or pool data 
(Table 9.2). Even within specific ACHD cohorts 
of patients undergoing the same procedure, study 

designs were heterogeneous, for example: longi-
tudinal (such as pre- and post-procedural changes 
in QoL) versus cross-sectional; different control 
groups (local community versus general popula-
tion or standardised QoL indices), etc. A wide 
range of QoL instruments were also used, from 
generic versus disease-specific, and directed 
questionnaires versus open-interview structures.

In order to expand and improve the use of 
HRQoL tools in daily practice worldwide, clini-
cal guidelines and consensus statements should 
include QoL domains as desirable endpoints in 
cardiovascular studies and encourage its use in 
combination with more classical outcomes. This 
has been done for interventional procedures such 
as transcatheter aortic valve implantation (TAVI) 
and coronary interventions, where academic 
research consortiums have included QoL end-
points and provided guidance about tools and 
their interpretation [55, 56]. In the case of ACHD 
catheter interventions, to the best of our knowl-
edge, no such guidance is yet available.

 Concluding Remarks

QoL tools should be used more often in ACHD 
research and clinical practice and should comple-
ment functional status, imaging data and objec-
tive measures of exercise capacity (Fig.  9.3). 
PROMs associate with an intervention should be 
interpreted in a broader context, taking into 
account the patients’ characteristics and all the 
factors that may influence their perception 
regarding the procedure’s benefits and drawbacks 
(including age, CHD complexity and the pres-
ence of anxiety or depression).

Patient preference is fundamental in the man-
agement choices we make. The published ACHD 
QoL literature lacks standardisation in concepts 
and methodology, making it very difficult to com-
pile and interpret outcomes. Standardisation is 
crucial in order to speak the same language and be 
able to compare information between different 
centres, diseases, ages etc. Moreover, particularly 
in the ACHD field where patients are followed 
throughout different stages of their lives, an effort 
to shift from health-related quality of life instru-
ments to more comprehensive tools should be 

Table 9.2 Sources of heterogeneity encountered when 
measuring patient reported outcomes (PROMs) and qual-
ity of life (QoL) in adult congenital heart disease (ACHD) 
patients undergoing percutaneous interventions

Domain Sources of heterogeneity
ACHD patients Wide age range

Anatomy and congenital 
heart disease complexity
Pre-procedural symptoms

Procedure being assessed First procedure, repeated 
or combined

Outcome measure Choice of patient-reported 
outcome
Definition of QoL

Scope, heterogeneity and 
applicability of QoL 
instruments/PROMs

Format of instrument 
(short questionnaire vs. 
semi-structured interview)
QoL domains assessed
Applicability to the 
ACHD population
Reporting of results

Heterogeneity of study 
design

Longitudinal vs. 
cross-sectional
Use and choice of control 
group
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Conclusions

1)  Quality of life (QoL) tools should be used in clinical practice as complement to functional status, imaging
     data and objective measures of exercise capacity.

2)  QoL in Adult Congenital Heart Disease (ACHD) extends beyond health-related dimensions, and its
     assessment should incorporate social, environmental, and physical and mental characteristics.

3) Patient-reported outcome measures in ACHD research should be able to capture the changes in
    QoL after important treatment landmarks, such as surgery or interventional procedures, but also across
    different stages of patients’ lives. The definition of QoL should, therefore, retain a dynamic component.

4)  Standardisation of QoL tools in research is key to compile and interpret outcomes from different studies.

5)  Studies in health related QoL in ACHD suggest an improvement in some QoL domains after catheter
     interventions. Predictors of poor QoL after percutaneous interventions are scarce in ACHD research.
     Nevertheless, some studies have identified low educational or financial status, presence of symptoms
     and coexistence of depression / anxiety as poor predictors of QoL after procedures. 

Fig. 9.3 Highlighted conclusions

made, so other significant QoL domains can be 
adequality captured and analysed in research, and 
then incorporated in our daily practice.
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10The Impact of Valve Surgery 
on the Health-Related Quality 
of Life of Elderly Patients: 
Systematic Review

Yusuf S. Abdullahi, Sanjay Chaubey, 
Roberto Casula, and Thanos Athanasiou

Aim: To investigate the impact of valvular heart 
surgery on the quality of life of elderly patients 
and highlight the predictors of poor quality of life 
post-operatively.

 Introduction

The world health organisation (WHO) defines 
Quality of Life as “individual’s perception of 
their position in life in the context of the culture 
and value systems in which they live and in rela-
tion to their goals, expectations, standards and 
concerns” [1].

One of the measures of quality of life (QOL) 
is the Health Related Quality of Life (HRQOL). 
Interest in HRQOL has significantly increased 
over the last decade amongst healthcare benefac-
tors. Similarly, patient reported outcomes are 

also seen as an effective approach to measure 
QOL.

Furthermore, demographic trends show an 
undeniable increase in the average population 
age, particularly the ‘very old’ age group is grow-
ing at an unprecedented rate – a prominent phe-
nomenon perhaps best seen in Europe [2]. 
Understandably, as the general population 
becomes older, age-related disease such as coro-
nary artery disease and valvular heart disease 
become increasingly prevalent [3]. To address 
these problems, the field of cardiothoracic sur-
gery has evolved in ways that see increasingly 
more complex operations carried out in a pleth-
ora of innovative ways to address the needs of an 
older population.

Some argue that a bygone golden era of car-
diothoracic surgery has now been over-run by 
advances in interventional cardiology such as 
percutaneous coronary stents displacing coro-
nary artery bypass grafts (CABG) as the new 
norm. Additionally, newer technologies such as 
transcatheter aortic and mitral valve replace-
ments are on the rise, being utilized in an increas-
ingly larger number of patients. While these 
options may provide an alternative to cardiac sur-
gery, newer surgical techniques coupled with 
technological advances have demonstrated supe-
rior results for many patients groups [4].

To ascertain the benefits of undergoing car-
diac surgery, many studies have been published 
on perioperative mortality and morbidity. 
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Typically, these figures compare surgical inter-
vention to conservative treatment or catheter- 
based intervention. Statistics on valvular 
haemodynamic, blood loss and ICU stay are typi-
cally lauded when decisions are made whether to 
operate on patients or not [5]. However, while it 
must be acknowledged that these outcomes are 
indeed important, there is an increasing body of 
interest, particularly in older patient groups that 
advocates the incompleteness of these measures 
alone when assessing appropriateness of surgical 
intervention. Instead, some authors advocate a 
holistic approach to choosing guiding interven-
tion—that is to say, the likely improvement of 
QOL [6].

Quality of life is a term which generally 
encompasses the well-being of individuals, 
observing life satisfaction, and multiple domains 
including but not limited to physical wellbeing 
[7]. Multiple scales exist to measure and quantify 
well-being, perhaps one of the most commonly 
used is the Short Form-36 (SF36) which mea-
sures well-being (as its name suggests) on a 36 
item, 5-point Likert scale short form survey [8]. 
This survey is also unique in that it has been 
translated to multiple languages such as German 
and Arabic [9] to capture data from a variety of 
population groups. Once all items have been 
completed, scoring is sub-classified under one of 
eight domains [8].

From the research already conducted in 
QOL within a cardiothoracic context, there has 
been evidence that QOL is generally improve 
post- operatively compared to baseline levels 
[10]. Similarly, a large percentage – two-third 
of octogenarians were able to live indepen-
dently one year following cardiac surgery [11]. 
However, in saying this, a paucity of data 
remains in certain areas—for example, when 
assessing QOL following valvular surgery in 
elderly populations.

Based on the above, it becomes evident that 
measuring and quantifying QOL for patients 
undergoing valvular heart surgery is of the utmost 
importance. As such, this paper will attempt to 
focus primarily on how QOL is affected by these 

operations. Furthermore, given the relevance of 
an aging population in the field of cardiac sur-
gery—this chapter will have a focus on this age 
group.

 Method

This systematic review study benefits from the 
protocol developed based on the preferred 
Reporting Items for Systematic Review and 
Meta-Analyses (PRISMA) [12].

 Data Sources and Search

Data was sourced from EMBASE, CINAHL, 
MEDLINE, Cochrane, PubMed and other web 
based science electronic database for the period 
from 1980 to 2020. The following search terms 
were used to retrieve potential published articles 
for inclusion: (‘Old’, ‘Frail’, ‘Elderly’) AND 
“(Quality of life, HRQOL, PRO, QoL) AND 
(`Well-being, Physical health, Health status,) 
AND (‘Risk’, ‘Risk score’, ‘Risk stratification’, 
‘outcome’,). AND (Mini, minimal invasive, min-
imally) AND (AVR, MVR, MVr, TVR, 
Transcatheter, Valve surgery, Cardiac surgery)”. 
Other relevant articles were manually added and 
referenced.

 Study Inclusion Criteria

The author independently retrieved potential arti-
cles using the aforementioned search terms. 
Cross-sectional or prospective studies evaluating 
the relationship between quality of life and 
elderly patients undergoing cardiac surgery were 
sourced. Abstract was reviewed and screened for 
inclusion. Selection criteria included (i) studies 
defining frailty and QoL as a multidimensional 
tool (ii) studies based on a patient population 
undergoing either cardiac or valve surgery; (iii) 
studies offering post cardiac surgery outcome 
data of elderly patients in relation to quality of 
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Records screened and identified on basis of

search strategy (n=3119) 

Relevant studies included manually in 

systematic review (n=638)

Records excluded because: (n=2481)

•  Studies not on adult cardiac surgery.

•  Topic not purely on QoL 

•  No risk/outcome or frailty measure 

    identified.

•  Non-English language

•  Conference papers & Duplicates

Records excluded because: (n=581)

•  Studies not on adult cardiac surgery 

•  Specific i.e (congenital cases).

   Duplicates

•  Not one of the define outcomes.

•  Subdomains of frailty criteria missing

•  No access to full articles (Abstract only)

Relevant studies included manually in systematic 

review (n=8) 

Overall studies included in systematic 

review (n=49) 

Fig. 10.1 Flow diagram of valve QoL study selection

life; (iv) articles written in English. Excluded 
studies were review articles, dissertations, and 
conference papers (Fig. 10.1).

 Evaluation of Quality and Risk of Bias

Quality assessment of each study was performed 
by attributing a quality assessment score using a 
modified Newcastle–Ottawa scale [13]. The scale 
was modified to include all 17 EuroSCORE II 
cardiac risk factors as well as baseline physical, 
social and mental health function for comparabil-
ity. The scoring criteria are shown in Table 10.1.

 Results

Our literature search yielded 3119 studies, of 
which 49 articles with a patient population of 
13,529 fulfilled our inclusion criteria (Fig. 10.1). 
A total of eighteen different quality of life mea-
surement tools were applied in almost all of the 
articles individually with the exception of some 
studies that combined one or more tools (Tables 
10.2, 10.3, 10.4). Most studies utilised SF-36 to 
assess and measure quality of life. Patient aged 
ranged from 34 to 85 years and included studies 
sample size ranged from 34 to 1833. The proce-
dures undergone by these patients varied in terms 
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Table 10.1 Newcastle scoring system

Criteria for quality assessment. Modified Newcastle–
Ottawa scoring criteria
Quality checklist
Selection
1. Assignment for treatment – any criteria reported? (If 
yes, 1-star)
2. How representative was the reference group in 
relation to the general population for aortic / mitral 
surgery (If yes, 1 star, no star if the patients were 
selected or selection of group was not described)
3. How representative was the comparison group in 
relation to the general population for aortic/mitral 
surgery? (If drawn from the same community as the 
reference group, 1-star, no star if drawn from a 
different source or selection of group was not 
described.
Comparability
Comparability variables: (1) age; (2) gender; (3) renal 
function; (4) extracardiac arteriopathy; (5) poor 
mobility; (6) previous cardiac surgery; (7) chronic 
lung disease; (8) active endocarditis; (9) critical 
preoperative state; (10) IDDM; (11) NYHA; (12) CCS 
IV; (13) LV function; (14) recent MI; (15) pulmonary 
hypertension; (16) urgency; (17) combined; (18) 
physical function score; (19) mental function score; 
(20) social function score
4. Groups comparable for 1, 2, 3, 4, 5, 6, 7, 8, 9 (If 
yes, 1-star was assigned for each of these. No star was 
assigned if the groups differed
5. Groups comparable for 10, 11, 12, 13, 14, 15, 16, 
17(If yes, 1-star was assigned for each of these. No 
star was assigned if the two groups differed).
6. Groups comparable for 18, 19, 20 (If yes, 1-star 
assigned for each of these. No star was assigned if the 
groups differed)
Outcome assessment
6. Clearly defined outcome of interest (If yes, 1-star).
7. Follow-up (1-star if described)
IDDM = insulin dependent diabetes mellitus; 
MIVS = minimally invasive valve surgery; 
NYHA = New York Heart Association; ST = standard 
sternotomy.
Comparability includes all the EuroSCORE II 
risk-factors

of incision method and operation type; open 
 sternotomy was noted as the preferred choice 
over minimal access. All studies had a follow-up 
period ranged from 3 months to 8.4 years (Tables 
10.2, 10.3, 10.4).

Most of the studies reported outcomes includ-
ing in-hospital mortality, composite outcome and 
prolonged length of stay along with quality of 

life, however, studies failed to report on common 
endpoints which limited formal meta-analysis for 
these outcomes thereby limiting our interpreta-
tion of the best predictive value or score for qual-
ity of life tool to accurately measure valve surgery 
consequences on frail elderly patients.

 Discussion

The growing elderly population worldwide 
places demands on health care providers and pol-
icy makers to formulate strategies in improving 
and maintaining quality of life during the 
extended years of life. Valvular surgery is increas-
ingly becoming a common procedure in the 
elderly group. While the aforementioned demand 
for these procedures is driving the increase, 
improvements in surgical skills and advances in 
prosthesis models make these procedures safe 
and feasible.

This review aims to answer the question around 
whether improvements in QoL can be observed 
post valve related cardiac surgery and more spe-
cifically—highlight predictors of poor QoL post-
operatively. To answer this question, one must first 
acknowledge that due to the nature of cardiac sur-
gery—there are some inherent risks. These risks 
are well documented and can be both short and 
long term [14]. These risks are compounded in 
elderly patient who have a greater set of co-mor-
bidities often placing them in the ‘high risk’ cate-
gory [15]. Because of this – much focus is directed 
towards traditional markers of operative success. 
However, an increasing body of evidence informs 
us that elderly patients value regaining their inde-
pendence and ability to enjoy improved quality of 
life post-operatively over and above the traditional 
markers of operative success [16].

 Frailty Factor

Phenotype is often used a measure of frailty to 
aid clinicians in decision making on appropriate 
intervention for patients. Kojima et  al. (2016) 
applied 36-item Short Form Health Survey instru-
ment and demonstrated that patients rated as frail 
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or intermediate frail according to the Phenotype 
Frailty score have been shown to correlate to 
have lower physical and mental quality of life 
scores [17] but a numerous body of evidence 
challenges this conclusion.

Studies presented age alone should not be a 
precluding factor of worsening QoL post-surgery 
[5, 18, 19]. In fact, Sedrakyan et al. (2003) show 
that not only is age not correlated with QoL post- 
surgery, but that benefits reaped from valvular 
surgery seem to be prominent regardless of age. 
Additionally, Lam and Hendry [20] found that in 
octogenarians undergoing aortic valve replace-
ment, quality of life post-operatively was equiva-
lent to, or better than their counterparts.

 HRQOL Outcome: PCS vs. MCS

A significant improvement in QoL following 
valve surgery was overwhelmingly reported 
regardless of the different QoL tools used, even 
for the studies that pre-selected baseline charac-
teristics, or grouped patients into cohorts of mid-
dle and advanced age. Similarly articles that 
compared their study to country specific age 
matched population norms noted overall improve-
ment in quality of life. However, majority of the 
articles 25 reported improvement in PCS and 
general health compared to 8 articles for marked 
improvement in MCS.  Four studies reported 
MCS did not improve while Van Geldorp and 
Tseng added MCS score was lower than popula-
tion norms and didn’t benefit from surgery con-
curring with the study by Maliwa and 
colleagues.

Given that the overwhelming majority of lit-
erature indicated QoL is generally improved by 
surgical intervention, this study aimed to assess 
predictors of poor quality of life post valvular 
surgery.

 Predictors of Quality of Life

Assessing predictors of QoL was a difficult task 
as data on the subject matter is extremely lim-
ited; in fact, more than half of the studies didn’t 

evaluated any predictors of QoL post-surgery. 
The predictors identified in the studies are 
briefly discussed below and summarised in 
Fig. 10.2.

 Female Gender

Goldsmith et  al. (2001) reported female gender 
as an independent predictor of lower QoL follow-
ing an open Mitral valve repair or replacement. 
This was previously reported in a large study of 
741 patients that also included concomitant pro-
cedure with (212 MVP and MVR patients) by 
Flameng and colleagues [21]. The decline in gen-
eral health for female gender in the first 3 months 
post-surgery is not yet well known.

 Mitral Regurgitation

Studies [22, 23] investigated the impact of mitral 
regurgitation/residual following MR on the 
QoL. They noted non-significant improvement in 
QoL 3  months post-surgery when compared to 
baseline data in both open MV repair and replace-
ment, with patients presenting etiology of mitral 
regurgitation (MR) with end systolic dimensions 
of more than 45 mm disadvantaged. Conversely 
patients with functional MR had improved their 
QoL post-surgery compared to those presenting 
degenerative MR in minimal invasive based MV 
repair.

 Coronary Artery Disease

Four studies [11, 24–26] focused on the impact of 
coronary artery disease on the quality of life of 
patients undergoing aortic valve replacement. 
Studies reported previous myocardial infarction 
(MI) was predictive of rapid improvement in the 
physical component of QoL shortly after cardiac 
surgery. They however indicated non-significant 
mental health component improvement regard-
less of patient’s history of coronary artery dis-
ease, acute MI, previous PCI intervention or 
repeat CABG surgery. Interestingly one study 

Y. S. Abdullahi et al.
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Operative Demographic

•  Renal failure

•  Stroke/AF

•  NYHA/LV dysfunction

•  Diabetes/MI

Post Valve surgery QoL

•  SAVR, TAVI, MVR, MVr 

    improve QoL

•  Full sternotomy vs Limited 

    sternotomy/Mini

•  Repair vs replacement

Fig. 10.2 Factors affecting HRQOL post valve surgery

reported that concomitant CABG and AVR is 
associated with poor QoL, precipitating higher 
mortality rates compared to sole AVR, however, 
on regression analysis—CABG alone was not 
significantly responsible for this increase [26]. 
This was further challenged by Markou and col-
leagues who reported in their prospective study 
of 215 concomitant (CABG+AVR) and 200 iso-
lated valve that patients undergoing combined 
surgery exhibited greater benefit from their sur-
gery than their counterpart.

 Ejection Fraction, NYHA and LV 
function

Three studies pre-selected ejection fraction, LV 
function and NHYA class to evaluate any 
improvement in QoL post-surgery. Work by 
Goldsmith et  al. (2001) revealed significant 
improvement in QoL following mitral valve 
repair but noted impaired LV function or end- 
systolic dimension is less likely to aid improve-
ment in QoL.  Likewise he presented higher 
NYHA functional score being independent pre-
dictor of low improvement in QoL and general 
health status post mitral valve surgery. Conversely 
Zhao et al. [27] reported significant improvement 

in NYHA class and health status for mitral repair 
patients.

 Other Determinants of Quality 
of Life

 Type of Prosthesis

Prosthesis type was reported as another impor-
tant indicator of QoL post-operatively. Some 
studies have pointed out that even though surgery 
improves QoL, certain prosthesis result in better 
gains than others. One example is the research 
done by Florath et al. (2005) who have concluded 
that elderly patients receiving a stentless bio- 
prosthetic aortic valve had a greater gain in the 
emotional QoL component due to the avoidance 
of warfarin [28]. This point was further supported 
by Zacek et  al. [29] who stated QoL post- 
operatively is influenced by the specific type of 
aortic valve and greater quality of life and free-
dom is preserved by procedures that avoid life-
long anticoagulation.

On the other hand Vicchio et  al. [30] found 
that while survival in selected octogenarians was 
similar to the general elderly population, quality 
of life was not influence by the type of aortic 
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valve used—that is to say, there was no differ-
ence in quality of life between patients with bio- 
prosthetic or mechanical valves.

 Type of Surgery

QoL following mitral valve surgery has been a 
closely followed topic. Much of the literature 
suggests that patients undergoing mitral repair 
experiencing a greater QoL improvement 
whereas mitral valve replacement yield inferior 
QoL gains [31]. Interestingly, Jokinen et  al. 
(2007) assert that their research indicated qual-
ity- of life post-operatively was not significantly 
different between mitral valve replacement or 
repair, whereas survival was longer after mitral 
valve replacement as compared to repair. 
Furthermore, when compared to an age- and sex- 
matched population, scores around energy and 
mobility were lower. Juxtaposed to this, Maisano 
et  al. [23] found that quality of life following 
mitral valve surgery is suboptimal in almost half 
of all elderly patients, particularly those with 
residual mitral regurgitation.

Transcatheter aortic valve implantation 
(TAVI) has been used for over a decade as a less 
invasive option for those who cannot undergo 
SAVR due to high risk of surgical complications. 
Following continuous advancements in TAVI 
technology with the aim of reducing complica-
tions, the use of TAVI has been extended to 
patients for whom SAVR is considered suitable 
but poses a high risk and also intermediate and 
lower risk patient populations, including younger 
patients with fewer comorbidities [45].

The all-cause mortality up to 5 years of fol-
low- up did not differ significantly between TAVI 
and SAVR in patients surgically operable at a 
high risk, but favoured TAVI over medical ther-
apy in patients surgically inoperable. Although 
TAVI was non-inferior to SAVR inpatients surgi-
cally operable at a high risk, shorter term benefits 
were observed for those patients undergoing 
TAVI regarding QoL, NYHA classification, over-
all incidence and severity of prosthesis-patient 
mismatch and lower incidence of acute kidney 
injury [45–47].

QoL after MVr and MVR improves. 
Improvement in QoL after surgery was seen in 
elderly group, asymptomatic and ischaemic 
mitral regurgitation patient. Though not conclu-
sive, MVr showed more improvement in QoL 
especially over the first year. The use of robotic 
or mini mitral approach also confers benefits to 
post operative QoL [59–61, 64].

 Incision Factor

The impact of full sternotomy on patient’s post-
operative quality of life and the perceived benefit 
of minimally invasive approach were investigated 
by Detter and colleagues [32] in their study of 
140 patients that were separated equally to their 
respective cohort (minimal vs. conventional) 
group, and with a mean age 64.3  years and 
34 months follow-up.

Interestingly they presented the absence of 
any significant difference between the two groups 
in any of the 8 domains of the quality of life tool 
used (SF 36). Furthermore, they reported patient’s 
satisfaction and scar judgement after the opera-
tion was not influence by the incision style. None 
the less their study has few limitations and to 
begin with their postop follow-up was not done at 
3  months or at 12  months, hence they haven’t 
reported early mobilisation or the stability of the 
sternum at any given point. Similarly, their post-
 op complication list didn’t not account for surgi-
cal site infection on which case if considered and 
reported it may have influence the patient’s satis-
faction and quality of life results [32].

There was uncertainty on mortality or extra-
corporeal support times with upper hemi- 
sternotomy for aortic valve replacement 
compared to full median sternotomy. The evi-
dence to support a reduction in total hospital 
length of stay or intensive care stay was low in 
quality. There was also uncertainty of any differ-
ence in the rates of other, secondary outcome 
measures or adverse events (blood loss, deep 
sternal wound infection, pain scores, QoL(SF-36), 
post-op AF, re-exploration) with minimally inva-
sive limited sternotomy approaches to aortic 
valve replacement [54–58, 68].
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 Limitation

In conducting this review, multiple limitations 
must be acknowledged. While some of the stud-
ies reviewed were prospective in nature, many 
were retrospective (see table of studies above). 
Similarly, many studies were single centre, which 
can affect the generalisability of results. Quality 
analysis demonstrated some of the most common 
flaws in the studies  – namely patient selection, 
which must be acknowledge is largely due to 
ethical and technical consideration rather than 
poor selection.

We were specifically interested in identifying 
predictors of poor QoL gains post-operatively, 
and given the paucity of data around the subject, 
this was particularly difficult. In all of the litera-
ture identified, only few studies directly 
broached this topic. This provides a bottleneck 
in terms of validating the findings of these arti-
cles as well as limiting the scope of other poten-
tial factors which can negatively affect QoL 
post-operatively.

 Conclusion

Increases in average population age across 
developed countries means there is a greater 
prevalence of valvular heart disease. Elderly 
patients can safely undergo valvular surgery 
with excellent post-operative outcomes. While 
mortality and morbidity are both important 
measures of operative success, it is imperative 
that a quality of life measure be included when 
evaluating the success of valvular surgery in 
elderly patients. Our literature review identi-
fied that quality of life gains post-operatively 
for elderly patients undergoing valvular heart 
surgery are both evident and significant when 
compared to pre-operative state. In saying 
that, we identified certain factors which can be 
correlated to limited QoL improvement—
these included prosthetic type, valve dimen-
sions, renal failure, AF, LV dysfunction, 
gender, NYHA score and replacement as com-
pared to repair in mitral valve surgery 
(Fig. 10.3).
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 Introduction

Recent years have seen a rising interest in mea-
suring quality of life (QoL) as an outcome of car-
diac surgery for mitral valve repair/replacement 
rather than focusing solely on postoperative mor-
bidity and mortality. Consistent with available 
guidelines [1], the current clinical trend is to treat 
severe degenerative mitral disease surgically in 
the early phase when patients are still asymptom-
atic. Earlier treatment makes preserving patient 
QoL a high priority and an important benchmark 
for procedural success.

Alongside a focus on postoperative QoL, car-
diac centers are increasingly opting for mini-
mally invasive surgical approaches as a way to 
minimize surgical risk. Recent strides forward in 
surgical technique have made fully endoscopic 
mitral valve repair/replacement a safe, common 
procedure that produces similar outcomes to the 

sternotomy approach in terms of morbidity and 
mortality. To this end, it is imperative to examine 
QoL as an additional important outcome of mini-
mally invasive and percutaneous procedures, as 
has been recently done for traditional surgical 
approaches.

 Methods for Assessing the Quality 
of Life

Several instruments are used to measure QoL 
after cardiac surgery. Generic tools (i.e., non- 
disease specific tools) include the Short-Form 
(SF) 36 [2], RAND SF-36 [3], SF-12 [4], Linear 
Analogue Scale Assessment [4], 6-Domain 
Australian QoL Index [5], Nottingham Health 
Profile Questionnaire [6], Patient Component of 
the Global Assessment [7], and the EuroQoL-5D 
[8]. Disease-specific tools include the Minnesota 
Living with Heart Failure Questionnaire 
(MLHFQ) [9], Kansas City Cardiomyopathy 
Questionnaire (KCCQ) [7], and Duke Activity 
Status index (DASI) [10]. These instruments can 
be used individually or in combination to assess 
QoL as an outcome of cardiac surgery.

The most widely used assessment among 
studies reported in the literature is the SF-36. 
Advantages of the SF-36 questionnaire include 
its brevity (on average, the survey takes no longer 
than 10 min to complete) and precision (validity 
and reproducibility). The 36 questions of the 
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SF-36 are subdivided into 8 different scales and 2 
indices that summarize physical and mental 
health. A higher score indicates better self- 
perceived health. With regard to disease-specific 
scales, the KCCQ is most widely used and is 
structured in 23 items representing 6 dimensions, 
with higher scores indicating better QoL.

 Negative Predictors of Quality of Life

In most studies, variables that negatively influ-
ence QoL after mitral valve surgery are female 
sex, older age, and higher New  York Heart 
Association (NYHA) class [11, 12]. Other fac-
tors such as coronary heart disease (and associ-
ated risk factors) and previous myocardial 
infarction also negatively impact QoL in this con-
text (Fig. 11.1).

In one study, Ay et al. [2] reported that preop-
erative atrial fibrillation, oral anticoagulation, 
peripheral vascular disease, and female sex nega-
tively influenced mental score. Similarly, 
Maisano et al. [13] identified preoperative atrial 
fibrillation, diabetes mellitus, high creatinine 
level, Euroscore, degree of mitral insufficiency 
(MI), and pulmonary artery pressure as negative 
predictors after mitral valve surgery.

 Quality of Life in Relation 
to Prosthesis Type and Surgical 
Approach

 Biological Versus Mechanical Heart 
Valve Replacement

In a study conducted by Molero Junior et  al. 
[14], QoL was assessed using the SF-36 in 36 
patients (16 men, mean age 51  years) who 
underwent mitral valve replacement surgery. 
The authors found that prosthesis type did not 
influence postoperative QoL after an average 
follow-up period of 32.5 months. In contrast, a 
recent study of 150 patients by Huang et  al. 
[15] found that mechanical mitral valve replace-
ment with the ATS valve (ATS Medical, Inc., 
Minneapolis, Minn) was associated with better 
QoL at discharge (determined using the Chinese 
version of the SF-36) compared to replacement 
with the Sorin and St. Jude Medical (SJM) 
valves, although this difference gradually 
decreased at 3 and 12  months of follow-up. 
Another study by the same group [16] com-
pared postoperative QoL after replacement 
with the Star GK (85 patients) and SJM (87 
patients) and found no significant difference 
between groups.

Predictors of Impaired HRQOL after mitral valve intervention

Patient factors Surgical factors

Higher NYHA Class Replacement instead of repair

Female Elevated trans-mitral gradient

Increasing age Residual mitral regurgitation

Previous myocardial infarction Use of mechanical instead of bioprosthetic valves

Atrial fibrillation

Higher EuroSCORE

Risk factors for CAD

Peripheral vascular disease

Diabetes

Predictors of impared health-related quality of life (HRQOL) improvement.

Fig. 11.1 Predictors of Impaired HRQOL after mitral valve intervention.
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 Conventional Mitral Valve 
Intervention (Surgical Repair or 
Replacement) Via Median 
Sternotomy

Several studies have reported the use of single 
assessment tools in patients undergoing conven-
tional mitral repair or replacement surgery with 
median sternotomy. In general, patients exhibit 
improvements in QoL during the postoperative 
period with scores similar to or even higher than 
the normal population, especially for the physical 
component [6, 17, 18]. Some studies illustrate 
this effect to be larger in patients undergoing 
repair rather than replacement [9, 19]. On the 
other hand, a prospective randomized study iden-
tified no significant difference in postoperative 
QoL after repair versus replacement, even in 
patients with moderate or severe MI at follow-up 
[10].

Hansen et al. [11] found that QoL improved in 
all patients (n  =  663) undergoing conventional 
valve repair surgery regardless of etiology. 
Moreover, patients treated for mitral degenera-
tion showed a higher physical well-being score 
than a population sample matched for age and 
gender. Patients with idiopathic dilated cardio-
myopathy had the worst QoL scores at follow-up, 
especially if they were women, despite higher 
comorbidities among men.

 Conventional Mitral Valve 
Interventions (Surgical Repair or 
Replacement) versus Minimally 
Invasive Approach

In two studies comparing patients undergoing 
conventional versus minimally invasive mitral 
valve surgery, QoL (assessed using the SF-12 and 
SF-36, respectively) was superior in patients 
undergoing minimally invasive surgery at short- 
term follow-up, but there was no difference dur-
ing long-term follow-up [20, 21]. Similarly, Suri 
et al. [20] identified a benefit of robotic surgery to 
conventional surgery during the first year of fol-
low- up, but observed no significant difference at 
12 or 24 months. Nasso et al. [21] conducted a 

randomized controlled trial in 160 patients with 
Barlow’s disease and found that patients under-
going minimally invasive mitral surgery had bet-
ter physical activity and general well-being at 
6  months, but there was no benefit in terms of 
SF-36 score at 1 year. Two other studies similarly 
detected no difference in QoL outcomes after 
conventional versus minimally invasive proce-
dures beyond the immediate postoperative period 
[4, 22]. These studies do however confirm the 
non-superiority of minimally invasive surgery to 
conventional surgery for postoperative QoL, sup-
porting the adoption of minimally invasive sur-
gery as the gold standard for mitral repair/
replacement at many cardiac surgery centers.

A recent study by Zhao et al. [23] compared 
QoL measured with the SF-12 at 30  days and 
6  months after mitral valve replacement with a 
robotic (da Vinci) versus conventional approach 
(47 patients in each group). In this study, QoL 
was initially better in the robotic group, but this 
difference diminished at 6 months. However, the 
robotic approach is less invasive, favors quick 
postoperative recovery, and has higher patient 
satisfaction.

Another study retrospectively compared the 
effect of fully endoscopic versus conventional 
mitral surgery on QoL in a population of 163 
patients using the Chinese version of the Medical 
Outcome Study (MOS) SF-36. At 3 months fol-
low- up, the authors noted a significant group dif-
ference in bodily pain and mental pain scores in 
favor of the minimally invasive group. In conclu-
sion, compared to median sternotomy, endo-
scopic surgery has a noninferior therapeutic 
effect and improves QoL with a better cosmetic 
effect and lower pain [5].

 MitraClip Implantation

Edge-to-edge percutaneous mitral repair signifi-
cantly reduces mitral regurgitation with a low 
complication rate in patients with severe MI 
who are not eligible for conventional surgery. 
Many studies in the literature have reported a 
significant improvement in QoL among patients 
receiving a MitraClip implant [24–26]. In a 
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study by Agata Krawczyk-Ożóg et al. [27], the 
MitraClip was compared to conventional con-
servative treatment in 33 patients with severe 
mitral regurgitation on a functional basis, as the 
efficacy and benefit of this procedure is not yet 
fully established. Compared to conservative 
treatment, MitraClip implantation improved the 
clinical condition of patients measured as sig-
nificant decrease in NYHA class; reduced the 
extent of regurgitation, effective regurgitant ori-
fice area of the vena contracta, regurgitation 
volume, and end diastolic left ventricular diam-
eter; and improved QoL measured on the 
EQ-5D-3L and SF-12v2 at a mean follow-up of 
8.0  ±  2.3  months. Other studies have reported 
no significant difference between the MitraClip 
implant and conventional surgery in this context 
[28, 29].

In a cohort study used by the Society of 
Thoracic Surgeons/American College of 
Cardiology Transcatheter Valve Therapy registry, 
Arnold et al. [7] analyzed data from patients with 
severe MI treated between 2013 and 2017 at 217 
US hospitals and measured changes in disease- 
specific health status (KCCQ-Overall Summary 
[OS] score; range 0-100 points, with higher 
scores indicating better health status) at 30 days 
and 1 year after the procedure. Risk factors asso-
ciated with 30-day KCCQ-OS were also evalu-
ated. KCCQ data were available from 81.2% of 
patients at baseline, 69.3% of survivors at 
30 days, and 47.4% of survivors at 1 year. Among 
4226 patients who underwent transcatheter mitral 
valve repair, KCCQ-OS increased from 41.9 
before the procedure to 66.7 at 30 days and scores 
remained stable to 1 year post-procedure. In the 
multivariable analysis, atrial fibrillation, perma-
nent pacemaker, severe lung disease, home oxy-
gen, in-hospital renal failure, and lower 
KCCQ-OS scores at baseline were independently 
associated with lower 30-day KCCQ-OS scores. 
In estimates calculated with inverse probability 
weighting, 54.2% of patients were alive and well 
at 1-year follow-up, 23.0% had died, 21.9% had 
persistently poor health status (KCCQ-OS <60 
points), 5.5% had a health status decline from 
baseline, and 4.6% had both poor health status 
and health status decline.

 Other Percutaneous Mitral Valve 
Interventions

With regard to other percutaenous interventions, 
studies have demonstrated improvements in QoL 
after implantation with the Carillon Mitral 
Countou System [8, 30].

The Viacor percutaneous transvenous mitral 
annuloplasty device was used in one study, but 
the trial was terminated prematurely due to peri-
operative complications and no observable 
improvement [31].

A study by Barth et al. [32] examined QoL at 
5  months after treatment with the PASCAL 
device in 31 patients: 63% had functional MI, 
29% had degenerative disease, and 9.7% had 
mixed etiology. Eighty-seven percent of the 
cohort completed follow-up including the KCCQ 
and EuroQoL5D. The authors detected postoper-
ative QoL improvements of 31 and 9 points, 
respectively, supporting safety and efficacy of the 
device. Another work by Lim et al. [33] used the 
same QoL measures and identified improvements 
of 17 and 10 points, respectively, in 62 patients at 
30 days after PASCAL device implantation.

Finally, a study by Okoh et al. [34] evaluated 
QoL in 15 patients undergoing transcatheter 
valve-in-valve implantation for previous biologi-
cal valve degeneration using the Sapien XT, 
Sapien, or Sapien S3 and reported QoL improve-
ment in 10 out of 11 patients evaluated at 30 days 
follow-up.

 Quality of Life After Tricuspid Valve 
Surgery

Severe tricuspid insufficiency is relatively com-
mon and higher severity is associated with higher 
morbidity and mortality. Treatments for isolated 
forms are limited. For most patients, both medi-
cal therapy and conventional surgery can be 
effective; however, transcatheter repair surgery 
has become a treatment of choice and produces 
significant improvements in QoL and mortality. 
Davidson et al. [35] reported outcomes of first- 
time treatment with the Cardioband device in US 
cohort of 30 patients and found that 75% of 
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patients were NYHA class I or II and showed a 
KCCQ score improvement of 16 points at 
30  days follow-up. Another study by Nickenig 
et al. [36] demonstrated an increase in follow-up 
KCCQ score of 14 points after the same 
procedure.

Guillem Muntanè-Carol et al. [37] described 
an initial experience with the FORMA device for 
transcatheter tricuspid repair in high-risk patients. 
Patients showed significant improvements in 
both heart disease symptoms and QoL. Positive 
results were also obtained with the TrialignTM 
device, which represents a new percutaneous tri-
cuspid annuloplasty technique for functional 
insufficiency [38]. The edge-to-edge transcathe-
ter technique has also been shown to be safe and 
effective for reducing tricuspid insufficiency and 
improves QoL by 16% [39].

Although there is considerable clinical experi-
ence with transcatheter repair in the literature, 
repair is not possible or may not optimally reduce 
the severity of tricuspid regurgitation in a large 
number of patients. A large coaptation gap 
(>6–8  mm) and non-central regurgitant jets are 
associated with poor procedural success. 
Moreover, the presence of calcification and 
immobile or severely retracted leaflets (espe-
cially the septal leaflet) with extensive tenting 
distances are also negative predictors of outcome 
after repair. Transcatheter replacement is the pre-
ferred treatment option in cases of moderate or 
severe tricuspid regurgitation after repair. Valves 
currently in use include orthotopic types 
(Cardiovalve, Evoque, Lux-Valve, Navigate, 
TriSol, Intrepid, TriCares) and heterotopic types 
(Sapien XT, TricValve, Tricento), both of which 
appear to positively influence QoL [40].
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12Quality of Life and Patient 
Reported Outcomes in Paediatric 
Cardiac Surgery Patients

Robyn Lotto, Amer Harky, and Attilio Lotto

 Introduction

This chapter provides an overview of the litera-
ture examining patient related outcome measures 
following paediatric cardiac surgery. The find-
ings are divided into five sections reflecting five 
dimensions of patient reported outcomes, 
namely: quality of life or more specifically health 
related quality of life, functional status, symp-
toms and symptom burden, patient experience 
and health behaviours.

 Background

Congenital heart disease (CHD) is the most fre-
quently occurring congenital anomaly, affecting 
around 0.8% of live births [1]. It is a heteroge-
neous group of cardiac anomalies ranging from 
innocent malformation to severe anomalies car-
rying significant risk of neonatal death if not rec-
ognized and managed appropriately [2, 3]. 
Annually, around 5500 operations are performed 
in the United Kingdom [4]. These may be classed 
as either corrective or palliative. Whilst correc-
tive surgery has traditionally been viewed as 
curative, palliative correction is directed to 
improving functional capacity, often requiring 
several operations or interventions during the 
patient’s lifetime.

Following the introduction of the cardiopul-
monary bypass machine in the early 1950s, car-
diac surgery quickly developed as a speciality 
[5]. Nonetheless, developments in CHD surgery 
lagged behind, with the majority of complex sur-
gical cases treated with palliative procedures, and 
few options for definitive surgery. As a result, 
many patients require multiple surgeries, often 
associated with high morbidity, and poor quality 
of life (QoL) [6]. The last two decades have wit-
nessed a significant reduction in both mortality 
and morbidity following CHD surgery, most 
noticeable in the treatment of complex, previ-
ously incurable conditions [7]. This has ulti-
mately led to an increased life expectancy for the 
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majority of patients; with most now surviving 
into adulthood [8].

The impact of a chronic disease, on a devel-
oping child and their family, is complex, and 
combined with underline pathology manage-
ment can have a significant effect on their QoL 

and their ability to psychologically adjust [9, 
10]. As mortality decreases, the need for a bet-
ter understanding of the long-term impact of 
QoL and other patient reported outcomes in 
patients following CHD diagnosis has 
increased (Table 12.1) [11].

Table 12.1 Summary of key systematic reviews in quality of life in cardiac patients

Study Focus of the study Summary of key findings
Parents and families
Tesson et al. [12] Review of psychological 

interventions for children, 
adolescents and adults with CHD 
and their family’s efficacy-wise. 
Four interventions involved 
adolescents and adults, five involved 
parents.

Patient focus interventions allowed for 
alleviation of anxiety and worry maternal 
mental health wise and better coping and 
family functioning.

11 studies included, involving 
nine interventions.

Gregory et al. [13] Review of how parental QoL may be 
affected with children diagnosed 
with CHD.

The main factors which affected parental 
QoL included: severity of illness, age at 
which child was diagnosed, perceived 
levels of support and financial resources 
available.

33 cross sectional or cohort 
studies included

Golfenshtein et al. [14] Parental stress and experience of 
raising children with CHD, pediatric 
cancer, and ASD.

Future research and assessment of 
parenting stress should account for the 
illness course and family needs should be 
addressed.

66 observational studies 
included

Vo et al. [15] Systematic review of the literature 
available on the psychosocial impact 
of 22q11 deletion syndrome.

Study found that a lot of complex and 
conflicting emotions were experienced by 
family members of those with 22q11 
deletion syndrome.

15 studies included
Narrative synthesis presented

Childhood
Clancy et al. [16] Psychosocial outcomes of infants 

and young children with CHD who 
had cardiac surgery early in life.

The study found a high prevalence of low 
severity emotional and behavioural 
dysregulation. Comorbidity was shown to 
increase impairment, with evident 
externalisation. The study encouraged 
assessment and monitoring of behaviour 
and social development to enable early 
detection and intervention.

28 studies included

Drakouli et al. [17] Assessing the QoL in children and 
adolescents with CHD.

QoL is determined by factors such as 
parental support, economic support, 
physical ability, and overall mental 
health.

32 studies included

Huisenga et al. [18] Developmental outcomes from 
infancy to adolescence with children 
with CHD who underwent surgery.

Children with complex CHD can beat 
increased risk of poorer developmental 
outcomes. Single-ventricle CHD has 
worse outcomes than two-ventricle 
CHDs. There is no constant association 
between preoperative factors and patient 
outcomes.

185 studies included

Lane et al. [19] Psychological interventions in 
children with CHD with depression.

Depression can exacerbate the physical 
impact of CHD. There has been no 
efficacy proven in non-pharmacological 
treatments.

Cochrane review.
No papers included
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Table 12.1 (continued)

Study Focus of the study Summary of key findings
Adolescents and adulthood
Journiac et al. [20] Psychosocial outcomes and 

experiences of young adult cardiac 
patients (18–55 years old).

In comparison to the general population, 
young adult cardiac patients 
demonstrated worse health behaviour 
profiles. Women were shown to have 
increased levels of depression, stress and 
distress and overall a lower QoL.

32 studies included

Kahr et al. [21] QoL in CHD patients (Mean age 24, 
with 84% of studies adult 
participants only)

QoL is impaired in moderate or complex 
CHD.Systematic review and meta 

analysis.
234 studies included with a 
total of 47,471 patients 
included in analysis
Schrøder et al. [22] QoL in adolescents and young 

adults.
Social functioning was found to be 
comparable, or better compared with 
controls. In some subdomains, patients 
appeared to have reduced QoL. Overall, 
adolescents and young adults do not have 
reduced QoL.

Systematic review and meta 
analysis.
18 studies included with 1986 
patients included in analysis

Xu et al. [23] Post-op effects of exercise training 
on QoL, biomarkers, exercise 
capacity and vascular function in 
CHD.

NT-proBNP levels were lower in 
individuals who engaged in exercise 
training. Exercise interventions were also 
shown to increase the score in QoL from 
the score prior to intervention.

Meta analysis of nine RCTs

Fteropoulli et al. [24] Relationship between disease 
severity and QoL in adult patients 
with CHD.

The QoL of adult congenital heart 
disease patients can be compromised in 
physical disease.

31 studies included

 Patient Reported Outcomes (PROs) 
and Patient Reported Outcome 
Measures (PROMs)

PROMS are tools used to measure outcomes that 
matter to patients; reflecting patients’ or caregiv-
ers’ perspective of the impact of the condition on 
their lives, including how illness is experienced 
[25]. An example could be ‘can I climb my 
stairs?’, rather than ‘has my cardiac output 
improved?’ The completion and compilation of 
PROMS by patients plays an important role in 
patient assessment, assisting clinical decision- 
making, and tracking patient progress. There is 
growing evidence to support the use of PROMS 
to improve care processes and outcomes in part 
through supporting communication between cli-
nicians and patients [26] as well as improve 
patient engagement and satisfaction with care 
[27]. PROs can be characterised into five dimen-

sions namely: functional status; symptoms and 
symptom burden; patient experience; health 
behaviours; and quality of life or more specifi-
cally health related quality of life [28]. Figure 12.1 
Despite the growing interest in PROMs, at the 
time of writing, no PROM for congenital heart 
disease in children [29], and one newly validated 
PROM for the adult congenital heart disease 
(ACHD) population [30] has been identified. 
Tools identified in the literature are presented in 
Table 12.2.

 Quality of Life

Quality of life is a multidimensional concept and 
focusses on the self-perceptions of an individu-
al’s current state of mind [31]. It consists of a 
combination of objective and subjective indica-
tors within a broad range of life domains, includ-
ing physical, psychological, social and 
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Table 12.2 Summary table of different assessment tools of quality of life

Tool Description Comments
TNO-AZL Adult’s 
Health Related Quality 
of Life (TAAQOL)

This survey is consisting of several questionnaires to 
enable a systematic and reliable description of 
Health-Related Quality of Life of people of 16 years 
and older. This is defined as a person’s health status, 
weighted by the emotional response of the person to 
his/her health status problems

Parents usually fill this out, 
however the child version can 
be filled out by the children 
who are able to express the 
reported questionnaire

Sickness Impact Profile 
(SIP)

A particular type of health assessment using 
behaviourally-based measure of health status in terms 
of the impact of the disease on physical and emotional 
functioning and it has two main domains: physical and 
psychosocial. It is usually used to assess a person’s 
perception of their health status with respect to their 
disease impact.

It is a general form and not 
specific to CHD.

World Health 
Organization Quality of 
Life-Bref 
(WHOQOL-Bref)

A WHO defined quality of life assessment tool using 
four key domains (1) Physical health, (2) 
Psychological, (3) Social relationships and (4) 
Environment

General quality of life 
assessment and not specific to 
CHD.

Subjective Quality of 
Life (SQoL)

This is usually used to refer to a person’s own 
assessment of self-well-being and satisfaction with 
life. It is a multidimensional concept involving various 
life domains using self-appraisal techniques.

Usually directed toward adults 
and not specific for CHD.

Linear Analogue Scale 
(LAS)

This is a self-assessment technique whereby a numeric 
lines with anchoring descriptions are placed and the 
patients is asked to mark their state on specific 
symptom on a scale level of 100 mm lines.

General assessment tool and 
not specific for CHD patients.

Functional
status

Symptoms

Patient
experience

Health
behaviours

Patient
reported
outcome
measures

Quality of
life

Fig. 12.1 Patient 
reported outcomes
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Table 12.2 (continued)

Tool Description Comments
Schedule for the 
Evaluation of Individual 
Quality of Life-Direct 
Weighting 
(SEIQoL-DW)

This assessment is an interview-based tool for the 
assessment of quality of life. This can be used for a 
variety of patient groups; however, its use is mostly 
limited to illnesses which impair cognitive functioning 
or motivational state.

General adults but can be used 
for children that can express 
or understand the form of the 
interview.

Congenital Heart 
Disease-TNO-AZL 
Adult’s Quality of Life 
(CHD-TAAQOL)

This is a similar tool of TAAQOL but devoted to 
patients with congenital heart disease with the domains 
being focused mostly on the CHD related outcomes. 
Including questions related to Symptoms, the Impact 
cardiac surveillance and Worries domains.

This is a CHD specific 
questionnaire of TAAQOL.

PedsQL 3.0 Cardiac 
Module PedsQL 4.0 
Generic Core Scales 
CHQ (Child Health 
Questionnaire)

A special, paediatric model used to measure the 
HRQOL in children who have health issues. This 
module has five scales related to symptoms, perceived 
physical appearance, treatment anxiety, cognitive 
problems, and communication.

Specific for paediatric age 
group, parents are used as 
proxy and children aged 8–18

TACQOL (Child 
Quality of Life)

This is mainly derived from the HRQoL with focused 
conceptualization of assessing the health of children 
aged 6–15 years using their parents as a proxy. This 
includes the assessment of feasibility and psychometric 
performance.

Specific for children but not 
CHD.

KINDL-R (health 
related quality of life 
for children and 
adolescents)

A German designed generic tool to assess quality of 
life in children and adolescent. It mostly involves 
psychometric testing in that age group.

Specific for children but not 
for CHD.

SF-36 and SF-36 
(36-Item Short Form 
Health Survey) PedsQL

It is a similar form of PedsQL but derived from 
36-Item Short Form Health Survey questionnaire 
(SF-36) and focuses on eight scales: physical 
functioning (PF), role physical (RP), bodily pain (BP), 
general health (GH), vitality (VT), social functioning 
(SF), role emotional (RE), and mental health (MH).

Specific for paediatric age 
group but not for CHD.

CBCL—internal/
external and total 
behaviour problems

This is a popular method, questionnaire that is 
currently used to assess the child’s behavioural and 
emotional problems. CBCL is now called Achenbach 
System of Empirically Based Assessment.

This is mediated through the 
parents as proxy and not 
specific for CHD patients.

The Vineland Adaptive 
Behavior Scales 
(VABS—social)

A special assessment tool used to assess the 
adaptability of children with specific diseases such as 
Autism Spectrum Disorders (ASD) without intellectual 
disabilities.

A disease specific assessment 
tool for paediatric age group 
but not specific for CHD 
patients.

TAPQoL A particular tool for pre-school children to assess their 
quality of life and see the impact of diseases and 
treatments on children’s life. It consists of 43 items to 
measure

This is for paediatric age 
group but not specific for 
CHD cohort.

KIDSCREEN This tool is used for children between the age of 
8–18 years old to subjectively assess their health and 
well-beings. It was developed as a self-reporting 
system for healthy and chronically ill children. It has 
three models of KIDSCREEN-52, -27 and -10.

This tool is filled out by the 
children and can be used in 
different formats of -52, -27 
or -10, depending on 
assessment level and 
components.

Manual for the child 
behavior checklist and 
revised child behavior 
profile

This is a specially designed questionnaire to 
understand the behaviour and behaviour profile of the 
children using different items to perform such 
assessments.

The test focuses mostly on 
behaviour pattern and profile 
of the child and how this 
affects the daily life.

Quality of life Child 
Health Questionnaire, 
parent form (CHQ-PF)

Generic questionnaire that is developed to assess the 
health-related quality of life in children between ages 
of 5–12 years old.

This assessment consists of 14 
domains and it is filled out 
using the parents as proxy

(continued)
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Table 12.2 (continued)

Tool Description Comments
Child Health 
Questionnaire, child 
form (CHQ-CF)

A designated child health questionnaire form which 
consists of 87-generic item related to paediatric 
health-related quality of life.

The questionnaire is usually 
conducted with different 
domains and scales to assess 
the health-related quality of 
life of the child.

Inventory for the 
Assessment of the 
Quality of life in 
Children and 
Adolescents (IQLC)

This assessment in consisting of nine items including 
subjective quality of life: school, family, other 
children, loneliness, health, humour/nerves, total 
quality of life, and, in addition to stress from illness 
and stress from therapy.

This assessment is generally 
for paediatric group of patients 
and used to measure many 
domains in the cohort

25-item Healthcare 
Needs Scale for Youth 
with Congenital Heart 
Disease—CHEN

A devoted tool for assessing quality of life for patients 
with congenital heart disease. This questionnaire is 
consisting of 25 items.

This questionnaire is targeting 
CHD patients and is mainly 
aimed at adolescence patients.

Health Behaviour Scale 
for CHD

This is a comprehensive tool that is measuring health 
compromising behaviors in children with congenital 
heart disease. This scale is consisted of 15 domains 
that has wide range of activities recorded.

The scale is specific for CHD 
patients and can be a useful 
tool to predict possible issues 
with quality of life of patients 
with CHD.

Bayley Scales of Infant 
Development

A comprehensive tool that is used to examine all the 
aspects of a child’s development through five key 
developmental domains of cognition, language, 
social-emotional, motor and adaptive behaviour.

This is usually done by using 
the parent as a proxy, the 
target age cohort is 
1–42 months old.

Baecke questionnaire This tool is mainly used to assess the physical activity 
of patient in relation to quality of life.

The questionnaire is not 
specific for CHD patients but 
rather overall paediatric 
patients

Leuven Knowledge 
Questionnaire for CHD 
(LKQCHD).

This is a special tool that is used to test the level of 
patient’s own knowledge of CHD. It is consisting of 
four main domains: (1) the disease and its treatment; 
(2) the prevention of complications; (3) physical 
activities; and (4) reproductive issues.

The study is filled out by the 
patients directly, however 
parents can be used as proxy if 
needed.

Consultation and 
relational Empathy 
(CARE) Measure

This study focuses on patients experience when they 
encounter health care service provision and how this 
affects them afterwards

This assessment is not specific 
for CHD but rather overall 
population of patients to 
assess the interpersonal 
quality of healthcare 
encounters mainly in primary 
care

Patient Perception of 
Patient-Centeredness 
(PPPC)

It measures the perception of the patient of patient- 
centered care during the last clinical visit. This tool has 
14 items using a 4-point Likert scale from completely 
to not at all, and no subscales.

A generic tool used mostly in 
primary care without 
specialization to CHD 
patients.

environmental factors, as well as incorporating 
individual values [32]. Translating this concept 
into empirical terms is not simple, and even less 
so when examining the concept within the paedi-
atric population [33]. Children’s perceptions and 
values are likely to differ from those of adults, 
but will also change as they move from childhood 
to adolescents and early adulthood [34]. In addi-

tion, the importance of contextual variables, such 
as family and peer support systems cannot be 
underestimated [35].

There are an increasing number of systematic 
reviews comparing QoL of CHD patients to 
healthy peers or siblings. These are presented in 
Table 12.2, and findings summarised in Fig. 12.2. 
CHD patients are heterogeneous in their presenta-
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Parents and Family Childhood Adolescence and
young adulthood

Physical Timing of diagnosis

Complexity of the 

anomaly

Comorbidities

Physical ability/ 

reduced exercise 

tolerance

Disease severity

Reduced exercise 

tolerance

Psychological Parental stress Depression Depression, stress and 

distress 

Poor body image Poor body image

Social Poor parental support

Social isolation Social isolation

Environmental Low income 

High deprivation

Low parental 

education levels

Low educational 

attainment

Fig. 12.2 Predictors of poor quality of life
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tion, with evidence highly conflicting. Findings 
from studies examining factors such as the com-
plexity of the underline anomaly, and the number 
of surgical interventions on QoL have come to 
differing conclusions [18, 23]. One recent study 
demonstrated a lower QoL in those with complex 
CHD compared with peers with moderate and 
simple cases [36]. However, another study 
reported impaired QoL in moderate and complex 
CHD patients only with no difference in simple 
CHD cases [21]. Other studies have demonstrated 
no difference in QoL between all cohorts of CHD 
patients when compared to their control peers 
[22]. However, others suggest that QoL is higher 
in girls with CHD during childhood, and boys and 
girls during adolescence, with severity of disease 
not shown to affect the overall outcomes [37].

Findings appear more consistent and nuanced 
across the limited evidence examining specific 
domains of QoL. A study by [11] focusing on QoL 
within the physical and psychosocial domains, 
reported impaired physical QoL during young 
adulthood, but no deficit in the mental and psycho-
logical domains. This was exacerbated when asso-
ciated with a lower physical exercise tolerance, 
female gender, reduced social support and lower 
educational level predictors of reduced overall QoL.

A number of reviews have compared QoL of 
specific subgroups of the CHD population, to 
peers. In a review by Dahan-Oliel et al. [38], dis-
ease complexity was associated with a poorer 
HRQoL.  However, this became particularly 
noticeable in the cohort of patients born preterm, 
as well as those with additional impairments. 
This difference remained the case for adolescents 
and young adults.

Social determinants such as parental unem-
ployed as a result of the child’s needs or families 
who experienced financial difficulties have also 
been associated with lower QoL, compared to of 
control groups [39].

Few studies have compared QoL of children 
with CHD to that of children with other chronic 
conditions. Again, findings are contradictory, with 
one study reporting that children with CHD after 
surgery experience a better proxy-reported QoL 
than other children with chronic disease [40] while 
the opposite was found in another study [41].

 Parents and Caregiver Prospective

Children with CHD, especially those with com-
plex underline pathologies, may need several 
operations, and often associated with prolonged 
hospital stays. This can have significant effect on 
the parental life, with parents suffering psycho-
logical, emotional and financial difficulties, in 
some instances resulting in post-traumatic stress 
disorder (PTSD) [42–44]. A recent study showed 
that up to 22% of the parents have persistent psy-
chological issues when they have a child with 
CHD, regardless of the complexity of the disease 
[45]. Therefore, maintaining the well-being of 
the parents can be significant contributing factor 
in promoting the long-term wellbeing and QoL 
of the child [46].

Timing of the diagnosis may also influence 
the impact on the family. Developments in ante-
natal testing and diagnosis has meant that many 
parents will have engaged with the clinical team 
prior to birth. This provides time to prepare both 
psychologically and physically for the arrival of 
a neonate who will require medical interven-
tion. Regular counselling and an understanding 
of the pathology and the requirement for inter-
vention can enables parents to prepare for the 
birth, and any immediate requirements for inter-
vention [47]. Ongoing counselling, parents and 
peer support, and external support can be of 
great help to reduce the burden on the parents 
[48]. The provision of comprehensive informa-
tion packs, group support, or individual sessions 
detailing the care needs of a child with CHD 
throughout their lifetime is therefore essential. 
Parental perception of QoL peri-operatively 
may also have an effect on their children’s QoL 
perception [49]. If parental mental health is 
affected by their children’s condition, it may in 
turn lead to poor engagement in ensuring that 
their children develop according to their mile-
stones,  segregation from others, as well as 
reduced social opportunities.

Whilst the psychological impact on parents is 
considerable, there is evidence to suggest it 
reduces over time (Bevilacqua et al. 2013; [44]). 
Nonetheless, such parental stress can have nega-
tive implications on the life of the child if not 
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addressed, with some parents becoming defen-
sive and overprotective of the child, resulting in 
barriers to interaction between the child and other 
children in the same family or at school [50]. 
Siblings add to the complexity of the family 
dynamics [47], affecting not only the relationship 
between parent and child, but between parents, 
with over 40% of parents reporting strains on 
their relationships as a result of caring for a child 
with CHD [51]. By maximizing children’s devel-
opmental stages, long term poor QoL outcomes 
may be prevented [52].

 Functional Status

Functional status refers to the ability of a patient 
to perform age specific activities of daily life 
[53]. Within the context of CHD, neurodevelop-
mental disability is the most common complica-
tion for survivors of surgery for congenital heart 
disease (CHD) [54], with the impact reflective of 
their functional status.

A limited number of prospective studies are 
reported in a systematic review addressing neuro-
developmental outcomes in young CHD patients. 
The included studies consistently revealed cogni-
tive and motor delay in children after cardiac sur-
gery during early infancy [55]. These findings 
were reflected in a subsequent large-scale inter-
national study involving over 1700 participants 
[56]. Primary outcome measures included were 
Psychomotor Development Index (PDI), and 
Mental Development Index (MDI). Findings sug-
gested that early neurodevelopmental outcomes 
have improved modestly over time, but only after 
adjustment for innate patient risk factors. Lower 
birth weight and genetic or extracardiac anoma-
lies were associated with reduced PDI and 
MDI.  Risk factors for lower PDI also included 
white race, and for MDI, male gender and lower 
maternal education.

In addition, age, supplemental tube feeding, 
longer cardiopulmonary bypass time, and shorter 
time since last hospitalization have been reported 
as significant predictors of developmental out-
comes [57]. Lower performance on intelligence 
and alertness assessment have also been reported, 

which may contribute to difficulties in daily life 
and school [58].

Heterogeneity in assessment methods, small 
sample sizes, and substantial heterogeneity in the 
group with CHD are likely to limit the interpreta-
tion and go some way to explain the different 
findings reported. The neurodevelopmental out-
comes of infants with single-ventricle CHD is 
generally reported to be inferior to those with 
two-ventricle CHD Similarly, those with com-
plex CHD are at increased risk of impaired devel-
opmental outcome [18].

Whilst literature around long term impact is 
generally lacking, there is some evidence to sug-
gest that children with two-ventricle CHD gradu-
ally grow out of their initial developmental 
impairment [18]. However, these are often still 
pertinent as the child commences school, with a 
range of developmental difficulties often present 
at school entry which enhance the risk of learning 
challenges and subsequent decreased social par-
ticipation [59].

 Symptom and Symptom Burden

Symptoms are defined as “the subjective evi-
dence of disease or physical disturbance observed 
by a patient” [60]. The negative nature of symp-
toms is implicit, as is the requirement for the 
symptoms to be observed and experienced by the 
patient and can only be known through patient 
reporting. Symptom burden captures the combi-
nation of both symptom severity and impact 
experienced with a specific disease or treatment 
[61]. The most commonly described symptoms 
in children with CHD are anorexia, difficulty in 
activities, palpitations, shortness of breath, weak-
ness, and fatigue [62]. Symptoms such as chest 
pain, fatigue, and breathlessness, have been 
described as living “at war with” and “against the 
body” ([63], p. 246). These symptoms impact on 
physical and educational development, with 
many experiencing concentration and memory 
difficulties at school [64, 65] This is exacerbated 
by hospital appointments and procedures that 
resulted in missed school and academic assess-
ments [66]. The impact of symptom burden is 
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clearly reflected within the patient experience 
discussed below.

 Patient Experience

Over the past two decades, patient satisfaction and 
experience have become a key dimension of 
patient-centered care [67]. They have been used as 
measures to reflect quality, inform patient choice, 
and drive change [68, 69]. Measurement of this 
concept is complex and relates to perceived needs, 
expectations as well as experience of care [70] 
Literature relating to patient experience of paediat-
ric congenital cardiac surgery patients is extremely 
limited. Of the papers available, the focus is pre-
dominantly on parental perceptions, with some 
literature around adolescents and young adult-
hood, in particular the transition period.

Becoming a parent of a child with CHD can be 
traumatic, with the need to manage a chronic 
condition, interspersed with acute medical crises 
[71]. Parents have to manage the long term impli-
cations of a CHD but also aspects of life- 
threatening treatments such as surgery followed 
by high-technology intensive care [72]. Research 
examining the lived experience of parents sug-
gests they encounter intense and fluctuating emo-
tions [73], with increased levels of distress 
leading up to surgery [74].

Parents, but particularly mothers, are at risk of 
psychological distress, presenting with symp-
toms of anxiety, depression, hopelessness, as 
well as posttraumatic stress symptoms [43, 75]. 
This may subsequently influence the mother’s 
responsiveness to her child [76]. Long term, most 
parents successfully adapt, but approximately 
40% report a need for psychosocial care [76], 
with around 30% of parents of children with criti-
cal CHD presenting with posttraumatic stress 
(PTS) symptoms [43]. In addition, parents face 
numerous additional physical, financial, and 
practical challenges [76], requiring the whole 
family to undergo a stressful adjustment process 
[77]. Parents describe financial costs as broader 
than monetary terms, including family burden 
and emotional burdens [78]. Disease complexity, 
as well as parental socioeconomic status appear 

to be linked to higher levels of financial cost, and 
associated emotional and family burden [78]. 
The difficulties experienced by parents following 
the birth of a child with CHD are widely docu-
mented. However, the degree of burden reported 
varies considerably. These inconsistency may 
again reflect different approaches to how and 
what to measure [79]. Indeed, reliance on quanti-
tative measures is drawn into question, where 
qualitative approaches have been shown to pro-
vide a ‘more complete’ picture [80].

A small, predominantly qualitative literature 
base was identified examining childhood experi-
ences. This included a recent narrative synthesis, 
drawing the studies together [66] The findings 
highlight the difficulties encountered by children, 
and is presented across six themes: disrupting 
normality; powerlessness in deteriorating health; 
enduring medical ordeals; warring with the body; 
hampering potential; and establishing one’s own 
pace. These themes highlight the vulnerability of 
the children as they oscillation between health 
and illness, burdened by physical symptoms, and 
traumatised by invasive interventions, whilst 
coping with treatment failure and preoccupation 
with mortality.

Many of these themes are reflected in the lit-
erature exploring the experiences of adolescents, 
particularly in relation to transition to adult ser-
vices, Qualitative literature discusses the ‘ambiv-
alence’ experienced by adolescents in relation to 
daily life and encounters with the health care sys-
tem [81]. Similar themes run through much of the 
literature, describing the needs of adolescents to 
strike a balance between being different and not 
being different; being sick and being healthy; 
revealing or hiding their congenital heart disease, 
and therefore living with a hidden handicap [81–
84]. Despite this, adolescents stressed the impor-
tance of “seeing possibilities instead of 
restrictions” [85].

 Health Behaviours

Data derived from health behaviour PROMs may 
serve several important clinical purposes. They 
enable clinicians to monitor risk behaviours and 
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intervene early, but also identifies areas for 
implementing (and subsequent evaluation of) risk 
reduction and health promotion interventions 
[28].

CHD is a chronic condition requiring life-
long follow-up, and as such, patients are at 
increased risk of a number of health concerns, 
such as cardiac related morbidities including 
coronary artery disease and heart failure, as 
well as endocarditis, stroke, and pregnancy 
complications [86]. In order to optimise long-
term outcomes, health- promoting behaviours 
are recommended [87]. However, few studies 
have examined health behaviours in young peo-
ple with CHD [88–92].

Those available have reported increased levels 
of ‘risky behaviour’ including frequent poor oral 
health care practices [88], relatively high rates of 
substance use [90, 92], and low levels of physical 
activity, particularly as patients age [89].

Physical activity (PA) is an important part of 
normal childhood development, promoting 
healthy growth and improving the child’s general 
fitness [93]. Even children who have undergone a 
Fontan procedure may obtain beneficial effects 
from PA participation and exercise interventions, 
with improvements in their cardiovascular fitness 
and quality of life [94–96]. However, children 
with CHD (regardless of the severity of their con-
dition) show lower PA levels and a higher propor-
tion of sedentary time compared to their peers 
[97], something that worsens with age and that 
especially affects girls, those with siblings, 
younger children, and those from areas of higher 
deprivation [97]. Maternal anxiety and depres-
sion negatively impacts the self-efficacy of these 
children with CHD, with consequential negative 
impact on their activity level [98]. Different bar-
riers to participation, such as social stigma and 
parental overprotection, make engaging this 
group of children and adolescents in physical 
activities more complex [94], and currently no 
consensus on what constitutes optimal PA levels 
in this population has been reached. However, as 
with other chronic diseases, it is likely that physi-
cal activity programmes require tailoring to indi-
vidual needs and abilities and are likely to change 
over the life-course.

 Tools and Measures

QOL has been increasingly studied amongst the 
CHD population, with notable heterogeneity of 
QOL scores [17, 99] Any QoL measures should 
conform to scientific standards, and should be 
reliable and valid, reflecting quality. In addition, 
they should reflect, or be combined to reflect, the 
multiple domains associated with QoL. There is 
some debate over the validity of adult based tools 
when examining the QoL in a paediatric popula-
tion, with specific paediatric tools perceived as 
preferable [9]. Rationale includes the potential 
failure of adult measures to explore specific 
aspects of QoL that are important to a child, but 
also the accessibility of adult based measures that 
impose considerable response burden for chil-
dren, in terms of length, reading skills and 
response scale [9]. Nonetheless, there is evidence 
to suggest that children are able to self-report of 
their QoL from as early as 5 years of age [100] 
Calls to improve the rigour and methodological 
approach to assessing QoL in the CHD popula-
tion have been made, with many of the studies 
assessed deemed to be of a poor quality or exhib-
iting methodological flaws [101, 102].

Whilst there is some debate within the wider 
literature around the validity of parental proxy 
measures [103, 104], evidence from cardiac 
based studies, supports the use of these tools, 
with patients and parents broadly in agreement 
on the impact of congenital heart disease on the 
QoL of children and adolescents [105].

A number of tools for measuring QoL and 
health related QoL (HRQoL) were identified 
within the literature. The majority of measures 
employed are generic QoL, reliant on parents to 
complete on behalf of the child. Only one CHD 
specific measure was identified, which could be 
completed by older children or adolescents [106]. 
The heterogeneity of the tools applied makes 
inter-study comparisons difficult. However, all 
the measure include some form of measure of a 
physical, mental and social component. Despite 
this, the lack of validated CHD specific measures 
is likely to impact on our understanding of the 
QoL of this population [39].

Tools employed are presented in Table 12.2.
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 Summary and Conclusion

Overall, evidence remains extremely variable, with 
conflicting findings when examining the risk factors 
associated with QoL and PROs in children with 
CHD. Few studies examine the same risk factors, 
and heterogeneity of sample populations make 
comparisons difficult. This is compounded by the 
use of a number of different tools, most of which are 
not validated specifically within the CHD popula-
tion. Quality of papers has been criticized previ-
ously, further obscuring our understanding.

 Highlighted Conclusions

• CHD is the most common congenital 
anomaly

• The reduction in mortality associated with 
CHD has resulted in renewed efforts to better 
understand patient reported outcomes 
(PROMS) including Quality of Life

• Important to consider the wider domains of 
(PROMS) including functional status, symp-
toms and symptom burden, patient experience 
and health behaviours, alongside QoL to 
inform practice.

• Evidence reporting QoL within the CHD pop-
ulation is poor, with heterogeneity of partici-
pants and tools making comparisons difficult

 Future Research

• Development and validation of age- 
appropriate tools to assess PROMS including 
QoL within the CHD population

• Exploring practicalities in parents and patients 
involvements in developing PROMS

• Age specific studies examining specific 
PROMS and QoL indicators
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13Percutaneous Coronary 
Intervention

Adam Hartley and Sukhjinder Nijjer

 Introduction

Percutaneous Coronary Intervention (PCI), the 
catheter-based implantation of intra-coronary 
arterial stents of various types, has evolved rap-
idly since its inception as balloon angioplasty in 
1974 [1]. Whilst initially performed electively in 
patients with angina pectoris, it is now most fre-
quently performed in patients admitted into 
 hospitals with acute coronary syndromes  
(ACS). Importantly, when performed acutely for 
rupture of atherosclerotic plaque, it has proven 
prognostic benefit in those suffering ST-segment 
elevation myocardial infarction (STEMI), as well 
as in non-ST elevation myocardial infarction 
(NSTEMI) [2]. Advancing techniques have 
meant more complex coronary disease can be 
treated without a significant increase in proce-
dure associated morbidity and mortality rates [3].

In the elective setting, PCI is typically per-
formed to relieve angiographically-narrow, flow- 
limiting epicardial coronary stenoses, in the 
belief that improved blood flow will reduce 

patient symptoms. While some have hoped to 
find prognostic benefit here, there have been no 
contemporary studies that demonstrate any 
reduction in risk of ischaemic cardiovascular 
events or mortality over and above optimised 
modern medical therapy [4, 5]. There are specific 
subsets that may still have prognostic advantage. 
Revascularisation of the left main stem (the ini-
tial branch of the left coronary artery that sup-
plies ~80% of blood to the left ventricle in 
left-dominant coronary circulation [6]) may pro-
vide prognostic benefit. This patient subgroup is 
typically excluded from these trials and is com-
monly treated with coronary artery bypass graft-
ing (CABG) surgery when patient factors allow. 
Meta-analysis has also suggested that selected 
patients with chronic total occlusions (CTO)s, 
defined as total obstruction of a coronary artery 
lasting for at least 3 months, appear to have prog-
nostic advantage when successfully treated by 
PCI [7]. However, this specific intervention car-
ries greater procedural risks and is still largely 
performed for relief of clinical angina pectoris 
rather than for prognosis.

Given that PCI in the setting of stable coro-
nary artery disease (CAD) is performed primarily 
for symptomatic reasons, quantification of 
health-related quality of life (HRQOL) are essen-
tial. Utilisation of patient reported outcome mea-
sures (PROMs) goes hand-in-hand with a greater 
patient-centred focus and cost efficiency that is 
emphasised in modern healthcare. Additionally, 
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the use of PROMs has the ability to improve the 
overall quality of healthcare delivered [8].

This systematic review aims to provide an up- 
to- date analysis of all published literature exam-
ining HRQOL outcome measures in patients 
undergoing PCI in any setting. This permits the 
assessment of the real benefits of PCI as reported 
by patients, whilst also identifying recommenda-
tions for clinical practice and future research.

 Materials and Methods

 Search Strategy

This study was performed according to the 
‘Preferred Reporting Items for Systematic 
reviews and Meta-Analyses’ guidelines for stud-
ies that evaluate healthcare interventions [9]. A 
systematic search of EMBASE and MEDLINE 
databases was performed using the search terms 
‘quality of life’ AND (‘percutaneous coronary 
intervention’ or ‘PCI’) up until January 2020. 
Further suitable articles for inclusion were identi-
fied from hand-searching of selected papers.

 Inclusion and Exclusion Criteria

All articles were included that detailed patient 
reported quality of life outcome instrument 
scores in relation to PCI and a comparison group. 
Papers reporting PCI outcome measures but 
without a contemporaneous control group were 
excluded. In some instances, the comparison was 
a conventional control group undergoing medical 
therapy or placebo procedure, whilst in other 
studies PCI was compared to other techniques, 
for example CABG.  In addition, the PCI group 
had to be definable (i.e. PCI could not be a com-
ponent of a composite ‘invasive revascularisa-
tion’ approach), and outcome measures had to be 
reported at both baseline pre-intervention and at a 
minimum of one post-procedural timepoint. 
Papers were further restricted to research articles 
published in English.

 Outcomes of Interest and Data 
Extraction

Studies were analysed independently by two 
reviewers (A.H. and S.N.). Conflicts between 
reviewers were resolved through face-to-face 
discussion. Data extraction for each study 
included the following: author; publication year; 
geographical areas of participant inclusion; 
study design; purpose and setting of study; age; 
sex; number of study participants in both the PCI 
and comparator groups; duration of follow up 
and proportion that completed follow up; 
HRQOL instrument(s) used and scores at rele-
vant timepoints (ideally 3-, 6-, 12-months and 
3- and 5-years). If studies included both an inter-
ventional and non-interventional PCI compara-
tor, the non-interventional comparator was 
chosen for assessment. In some studies PCI out-
comes were split into different subsets for com-
parison, e.g. by age group; when possible these 
subgroups were combined to form a whole PCI 
cohort for analysis. In studies that utilised 
HRQOL instruments comprising various 
domains, the summary score was assessed if this 
was reported. The proportion of participants fol-
lowed up at the latest timepoint was taken as the 
follow up percentage when there were multiple 
follow up episodes.

 Quality Scoring

Included studies were assessed for quality of 
methodology and data reporting. Observational 
studies were assessed using the Newcastle- 
Ottawa Scale, which attributes stars based on 
three domains (participant selection, group com-
parability and outcome assessment) [10]. A 
score of five or less represents a high likelihood 
of bias, out of a maximum of nine points [11]. 
The quality of randomised studies was assessed 
using the Jadad score, a five-point scale assess-
ing randomisation, blinding and withdrawals or 
dropout. A score of less than three suggests poor 
quality [12].
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 Results

 Selected Studies

The literature search identified 3516 records and 
a further five records were added after reference 
review of selected papers. After duplicates were 
removed and the search was restricted to English 
language only, 2597 records were included for 
further assessment. 2341 articles were then 
excluded during screening, leaving 256 full-text 
articles to be evaluated. Following study 
 exclusion based on article-level analysis, 25 stud-
ies were included in the review [13–37]. Data 
from these studies were extracted and displayed 
in Tables 13.1, 13.2, 13.3, and 13.4. The search 
strategy is displayed in Fig. 13.1.

 Study Objectives, Design 
and Population

The 25 included papers covered a wide time 
period, with the earliest published in 1990, and 
the latest in 2019. In total, there were 16,482 
patients enrolled across all studies. The mean age 
of included participants was 64.3 (± standard 
deviation 3.5) years and were 24.7% female, 
although one study did not report sex [36] and 
one further study did not report any patient demo-
graphics [37]. Follow up was carried out for a 
median of 12 months (interquartile range (IQR) 
6, 12). The studies were evenly split between ran-
domised and non-randomised—13 (52%) were 
randomised controlled trials, whilst 12 (48%) 
were non-randomised observational studies.

The studies covered a wide geographical dis-
tribution, with six (24%) from North America, 
nine (36%) from Europe, three (12%) from both 
North America and Europe, four (16%) from 
Asia and three (12%) enrolled patients from three 
or more continents. 11 (44%) of studies reported 
100% patient follow up at the latest timepoint, 
with five of these being observational studies. 
Seven (28%) studies reported follow up of 
between 80% and 99.9%, whilst four (16%) 

reported 60–79.9% participants completed fol-
low up. Three (12%) studies did not report the 
number of participants that completed follow up.

The clinical setting that PCI was performed 
varied across the included studies. 11 studies 
included patients with CAD but did not specify 
further [17, 19–22, 26, 30, 32, 35–37]. Six stud-
ies included patients with stable CAD [14, 18, 
28, 31, 33, 34]. Five studies were performed in 
the setting of ACS, of which two were in NSTEMI 
[13, 25], one was in STEMI [23], whilst two did 
not specify further [27, 29]. Three studies were 
performed for CTOs [15, 16, 24].

 Quality of Included Studies

The studies varied in quality and risk of bias 
according to the assessment tools, although over-
all, were of a high standard. Of the randomised 
studies, 11/13 (84.6%) [13, 15–19, 23, 26, 30, 34, 
36] were assessed as being high quality with 
Jadad scores of three or more. The median score 
for randomised studies was three (IQR 3, 4). 
12/12 (100%) of the non-randomised studies 
scored six or more on the Newcastle-Ottawa 
Scale, and were therefore considered high quality 
with a low risk of bias. The median score for non- 
randomised studies was eight (IQR 8, 8).

 Health-Related Quality of Life 
Measures Used

Various HRQOL assessment instruments were 
utilised across the studies, amounting to a total of 
13 separate tools used. The average number of 
tools used per study was one (IQR 1, 2). The 
most widely used of these was a disease-specific 
tool, the Seattle Angina Questionnaire (SAQ), 
which is a patient-completed questionnaire con-
sisting of five domains (angina frequency, physi-
cal limitation, quality of life, angina stability and 
treatment satisfaction) relevant to CAD [38]. 
This instrument was used in 12 (48%) studies 
[16–21, 24–26, 31, 34, 35], of which only one 

13 Percutaneous Coronary Intervention
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Records identified through 
database searching

(n = 3516)

Additional records identified 
through other sources

(n = 5)

Records after duplicates removed
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Records after restriction to English language
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S
cr
ee

n
in
g

In
cl
u
d
ed

E
lig

ib
ili
ty

Id
en

ti
fi
ca

ti
o
n

Full-text articles excluded 
(n = 231)

No PCI comparator group:      156
Data not reported:                     31
Cannot define PCI subgroup:  23
Duplicate of paper with
conference abstract:                21

Fig. 13.1 PRISMA flow diagram

was performed in the setting of ACS [25]. 
However only four of these studies reported all 
five of the SAQ domains [16, 20, 24, 31] and one 
study reported one SAQ score only [21]. Other 
utilised disease-specific instruments include the 
MacNew Heart Disease HRQOL instrument [30, 
32, 33] and the Duke Activity Status Index [29]; 
both of which were designed for cardiovascular 
disease [39, 40]. The PHQ-8 (eight-item Patient 
Health Questionnaire depression scale) [41] was 
reported in one study [19], whilst the HADS 
(Hospital Anxiety and Depression Scale) [42] 
was also reported in one study [32]. Two studies 
[19, 26] reported the Rose Dyspnoea Scale [43], 

however this measure was not included in the 
final analysis due to the reporting of binary 
responses to four questions, and therefore being 
less quantifiable.

Generic HRQOL status instruments provide a 
comprehensive assessment of health status, per-
mitting their use across a variety of treatments or 
conditions at different time points, but with the 
trade-off of less sensitivity for detecting temporal 
change than disease-specific instruments. The 
most commonly used generic HRQOL instru-
ment was the SF-36 [15, 17, 21, 27, 30–32, 44]. 
Other generic tools used included the SF-36 
Mental Health Inventory 5 (SF-36 MHI 5) [45] (a 
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subscale of the broader SF-36) [29], and the 
Short Form 12 (SF-12, [46] an abridged version 
of the SF-36) [19]. One study combined two 
instruments (the Psychological General Well- 
being Index [47] and the McMaster Health Index 
Questionnaire [48]) to generate an overall quality 
of life score [36]. The earliest study that was per-
formed prior to the widespread use of other well- 
validated HRQOL instruments utilised the 
Functional Status Questionnaire [37, 49].

Preference-based HRQOL instruments were 
also reported, which focus primarily on health- 
related outcomes to an intervention. The 
EuroQOL-5D (EQ-5D) [50] is one such widely 
used measure which comprises two sections: the 
first is a health state description which has five 
dimensions (mobility, self-care, usual activities, 
pain/discomfort and anxiety/depression) and the 
second is a health state evaluation which is pro-
vided by the EuroQOL-Visual Analogue Scale 
(EQ-VAS) [51]. The EQ-5D was utilised in six 
studies [13, 14, 18, 19, 22, 24]. Other preference- 
based HRQOL instruments used include the 
15-D [23, 28, 52] and the Short Form 6D (SF-6D, 
a subclassification of the SF-36 and SF-12 for 
economic evaluation) [23, 53].

 PCI in Stable Coronary Artery Disease

PCI was performed in the setting of stable CAD in 
seven studies (Table 13.1). All studies were well-
matched at baseline for HRQOL scores. Of these, 
three studies utilised the SAQ tool and demon-
strated an early post-procedure improvement in 
the angina frequency domain with PCI versus 
medical therapy [18, 20, 31]. One study compared 
PCI to CABG in this setting and identified signifi-
cant improvements across most SAQ domains for 
both groups from baseline, with no significant dif-
ferences between revascularisation modalities 
[34]. A combined analysis of the FAME 1 and 2 
studies found PCI to have superior improvements 
in EQ-5D score that persisted out to 1 year versus 
medical therapy [14], but this was not replicated 
in the smaller, but blinded ORBITA study [18]. 
There were no other significant differences identi-
fied with the other HRQOL scores.

 PCI in Acute Coronary Syndromes

Five studies investigated differences in HRQOL 
scores in patients undergoing urgent revasculari-
sation for ACS (Table 13.2). Four studies com-
pared PCI to medical therapy. It is difficult to 
draw major inferences from the data in this 
cohort owing to the variety of HRQOL measures 
used. Moreover, follow up was relatively short, 
with no studies extending beyond 12  months. 
Only one study compared PCI to CABG, report-
ing greater improvements in SAQ score with car-
diothoracic surgery across all domains [25]. Of 
the studies comparing PCI to medical therapy, 
most revealed no substantial differences. There 
was also no difference demonstrated in SF-6D or 
15D scores in patients post-thrombolysis for 
STEMI randomised to either early PCI or medi-
cal therapy [23].

 PCI in Chronic Total Occlusions

Only three studies assessed PCI for CTOs 
(Table 13.3). These studies were performed more 
recently than other procedural indications, with 
the earliest study published in 2014 [24]. Two 
studies utilised the SAQ tool. The IMPACTOR- 
CTO trial reported large HRQOL improvements 
with CTO-PCI of the right coronary artery versus 
medical therapy [15], with similar findings 
reported in the EURO-CTO trial, which under-
took CTO-PCI of unselected coronary arteries 
[16]. However, an observational study comparing 
CTO-PCI to CABG found PCI to be inferior 
when compared to change from reference SAQ 
scores (although the CABG group had signifi-
cantly lower scores at baseline, suggesting some 
case selection bias) [24].

 PCI in Undifferentiated Coronary 
Artery Disease

A total of 11 studies comprised patients with 
CAD that was not defined further, and thus could 
include PCI performed in stable or unstable set-
tings (Table 13.4). These studies were generally 
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older, or involved patients with less common 
CAD subtypes, for example left main stem dis-
ease [17, 19], patients with prior CABG [22] or 
diabetic patients with multi-vessel CAD [20]. 
The majority (6/11, 55%) utilised the SAQ and 
only three (27%) had a non-interventional com-
parator [22, 32, 36]. In general, baseline HRQOL 
scores were well-matched between PCI and com-
parator groups, with the exception of lower scores 
for patients undergoing CABG in some observa-
tional studies [20, 37]. In the studies reporting 
SAQ scores, initial improvements were found in 
the PCI versus CABG groups in the physical 
 limitation and quality of life domains at 1 month 
[17, 19, 26, 35]. However, this discrepancy lev-
elled out by 6 months. At 5 years, the SAQ scores 
were generally even across all domains, except 
for perhaps a trend towards improved angina sta-
bility with CABG.  Other studies comparing 
HRQOL following PCI or CABG also generally 
demonstrated improved PCI scores early post-
procedure in the physical domains of SF-36 and 
EQ-5D, which again equalised by 6 months [17, 
19, 30].

 Discussion

This systematic review represents over 16,000 
patients undergoing PCI in a variety of clinical 
settings over a 30-year period with PROMs 
reported in PCI and comparator groups. 92% of 
the studies were assessed as being of high quality 
and a low risk of bias. Throughout this analysis 
there has been a notable increase in HRQOL 
measure reporting, as evidenced by 15 of the 
studies being published in the last 10  years (as 
opposed to ten studies in the preceding 20 years). 
Indeed, some of the included papers were pub-
lished as stand-alone quality of life sub-studies as 
prespecified secondary endpoints of large stud-
ies, further demonstrating the growing weight of 
PROMs in PCI.  Although many HRQOL mea-
sures were reported across the included studies, 
the SAQ was utilised widely and appears to be 
predominating. Figure 13.2 highlights key patient 
and procedural factors that predict poor quality of 
life outcomes with PCI.

As discussed above, the importance of symp-
tomatic improvement in PCI for stable CAD and 

Patient Factors

��Low angina frequency1

��Low socioeconomic status2

��Frailty4

��Chronic kidney disease5

��Diabetes mellitus6

��Obesity6

��Previous PCI6 Procedural Factors

��Acute myocardial infarction6

��Incomplete revascularisation8

��Earlier stent generations10,11

��? lack of intravascular imaging
  � for stent optimisation
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Fig. 13.2 Predictors of poor quality of life outcomes with PCI
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CTOs is paramount, and quantifiable HRQOL 
outcome measures are increasingly viewed with 
significance. It is with great interest therefore 
that we report a potential observed improvement 
in symptoms with PCI in stable CAD and CTO-
PCI versus medical therapy. However, this ben-
efit was often limited to a few domains of the 
HRQOL tools. In order to justify PCI in this set-
ting, with its associated cost and safety implica-
tions, the symptomatic gain needs to be 
significant. Thus, it is important to note that PCI 
was comparable to the more invasive and expen-
sive CABG surgery in many settings. However, 
the initial PROM gains seen in PCI versus CABG 
cohorts are likely related to the much more pro-
longed and intensive post-operative recovery of 
cardiothoracic surgery.

The International Study of Comparative 
Health Effectiveness with Medical and Invasive 
Approaches (ISCHEMIA) trial, a large multi- 
centre study of 5179 patients with moderate or 
severe ischemia who were randomised to either 
an initial invasive strategy (angiography and 
revascularisation when feasible), in addition to 
medical therapy, or to an initial conservative 
strategy of medical therapy alone, reported in 
2020. This critical trial demonstrated no effect of 
revascularisation (74% PCI, 26% CABG) on 
ischaemic cardiovascular events or all-cause 
mortality over a median of 3.2  years [4]. The 
quality of life substudy of ISCHEMIA confirmed 
the findings of this systematic review, reporting a 
modest increase in HRQOL outcomes with an 
invasive versus a conservative strategy. Of note, 
HRQOL benefits were greater in those with more 
severe angina at baseline (35% of patients were 
angina-free at baseline) [54].

When considering so-called ‘soft’ endpoints 
in clinical trials (unlike ‘hard’ endpoints such as 
mortality), the lack of blinding of the physician 
and participant potentially results in knowledge 
of the treatment allocation affecting outcomes. 
Of course, blinding the patient to an interven-
tional procedure is difficult to achieve; this is in 
comparison to giving a similar-looking placebo 
drug in a pharmaceutical trial. The absence of 
blinding in trials reporting PROMs may mean 

that if the patient ‘believes’ that the treatment 
they are receiving (be it PCI or CABG) is going 
to be more effective than the medical therapy 
they have already been taking (typically unsuc-
cessfully, as failure of anti-anginal medical ther-
apy is an indication for revascularisation), then 
the interventional arm may receive better 
HRQOL scores. This is as relevant in PCI versus 
medical therapy as it is to PCI versus CABG, 
where patient awareness to treatment allocation 
has the potential to affect the overall outcome. 
Blinding for CABG is especially challenging, as 
it would be unethical to perform a sternotomy 
without performing revascularisation. Moreover, 
after CABG, patients have a constant reminder of 
their operation with a scar and lifestyle modifica-
tions necessary for sternal healing. In contrast, 
after PCI, there may be no visible mark of the 
procedure.

In an attempt to remove these issues, meticu-
lous patient blinding was performed in the land-
mark ORBITA trial [18]. This was the first study 
to explore the use of a placebo procedure in PCI; 
patients with severe single vessel disease were 
randomised to either traditional PCI or sham- 
procedure. Patients were sedated and underwent 
an invasive procedure, but in those randomised to 
placebo, pressure wire assessment was performed 
as per protocol, but no PCI was performed. As 
reported here, the ORBITA trial demonstrated no 
substantial HRQOL improvement between the 
PCI and sham procedure arms when maximal 
medical therapy was delivered to both arms. This 
was also true for other markers of symptoms such 
as exercise time, albeit with follow up only to 
6 weeks. Conversely, more objective markers of 
ischaemia such as stress echocardiography were 
clearly improved by PCI. Thus, the overall impact 
of presence/absence of blinding on PROMs with 
PCI requires further investigation—the lack of 
PROM improvement in ORBITA raises some 
uncertainty over results in other randomised trials 
reported in this analysis, and their modest 
HRQOL improvements.

There are other potential sources of con-
founding in the use of PROMs with PCI.  For 
example, procedural factors may significantly 
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affect results. These include site of access for 
the procedure (radial versus femoral), use of 
sedation (which is not commonplace practice), 
length and complexity of the procedure as well 
as the presence of any procedural complica-
tions, which can all affect patient satisfaction 
and therefore PROM measures. The acute suc-
cess of the procedure is also a contributing fac-
tor. As PCI has near instant feedback on 
angiographic markers of technical success, this 
can contribute to PROMs. For example, in 
patients who are told that the procedure was less 
successful, PROMs are likely to be adversely 
affected regardless of actual patient symptoms. 
Other potential obstacles include the reason for 
PCI being undertaken—e.g. if a patient is under-
going a repeat procedure for stent failure or in-
stent restenosis, this will negatively affect their 
perceived HRQOL gains. In contrast, an emer-
gency procedure for ACS in which PCI can 
immediately alleviate the associated chest dis-
comfort may positively inflate the perceived 
benefits. Alternatively, as many patients do not 
experience angina prior to an ACS, and ACS- 
related chest pain may be short lived if success-
fully treated, long term HRQOL benefits may be 
under-reported in PROMs.

A further issue is that many patients do not 
like taking medications long term and in coun-
tries where medication costs are high—this can 
alter patient behaviours and preferences. PCI 
routinely predicates the use of dual antiplatelet 
agents for 6 months or more; in addition, multi-
ple anti-anginals and statins will be started 
which may alter patient perception of the treat-
ment. While procedural-related factors are more 
likely to influence outcomes closer to the time 
of procedure, longer term follow up may dem-
onstrate different results as patient preferences 
change. Longer-term follow up may also help to 
reduce the potential confounding, and moreover 
will give a fairer representation of the long-last-
ing effects of the intervention. Although lack of 
blinding is an issue with randomised trials, there 
are other major sources of potential bias in 
observational studies, including selection bias, 
indication bias and significant confounding 
variables.

 Study Limitations

Interpretation of this systematic review must be 
tempered with understanding of the limitations of 
the data synthesis and studies themselves. 
Inclusion was restricted to studies reporting raw 
baseline HRQOL outcome measures and at least 
one further timepoint. This significantly adds 
weight to the analysis, but does result in the 
exclusion of a large number of studies. In addi-
tion, not all studies reported spread of data ranges 
for all outcomes, limiting subsequent quantitative 
analysis. As above, there are inherent biases in 
PROM data, which also include reporter level 
bias, observer bias if interviews are used and self- 
selection bias if surveys are used for follow up.

Other limitations of this systematic review 
include the wide time span of included studies 
with significantly evolving technology and tech-
niques, which may restrict the generalisability of 
results to present day practice. Early studies did 
not utilise stents but relied upon balloon angio-
plasty alone, which is recognised to have poor 
longer-term outcomes, specifically requiring 
repeat procedures. Secondly, each of the studies 
have varying patient characteristics and comor-
bidities which can affect PROMs. Thirdly, with 
the observational studies in particular, baseline 
HRQOL scores were not always well-matched, 
and lastly, studies were included with either 
active (CABG) and passive (medical therapy) 
comparators, further limiting global evaluation.

 Suggestions for Future Research

PROMs in PCI have a growing importance which 
is set to continue. In order to maximise the poten-
tial of future research in this area it is important 
that investigators focus on a select few HRQOL 
tools to ensure optimal generalisability with pre-
vious and forthcoming studies. To this end, the 
SAQ appears to be gaining increasing use, which 
should be encouraged. Further studies investigat-
ing HRQOL outcomes with PCI, especially in the 
setting of stable CAD or CTOs where appropri-
ate, ideally in comparison to optimal medical 
therapy, should be endorsed and will help iden-
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Highlights

What we know already

PROMs are gaining mounting
significance in studies investigating

HRQOL benefits with PCI.

PROMs are especially important in the
management of stable coronary artery

disease, where PCI is performed
principally in the aim of symptomatic

benefit.

What this study adds

In this systematic review, HRQOL
outcome measures generally

demonstrate an improvement from
baseline scores pre-procedure with PCI.

However, the magnitude of HRQOL gains
appears to often be limited or short-
lived, especially when compared to
other methods of revascularisation.

Future outlook

Future studies should focus on a few
well-validated HRQOL tools.

Long term follow up and ideally a
placebo procedure would also increase
the value of PROMs in future studies.

Fig. 13.3 Study highlights

tify the true symptomatic benefit of elective 
PCI.  In addition, there is now consensus in the 
cardiology community on what constitutes a 
myocardial infarction [55] and major adverse 
bleeding [56] for reporting in clinical trials of 
PCI. However, no such consensus exists for qual-
ity of life outcomes. Thus, there is a real need for 
the formulation of an expert working group, aim-
ing to clarify issues and standardise practice on 
HRQOL reporting following PCI.

Separately, given that PROMs are ‘soft’ end-
points that can be affected by patient knowledge 
of treatment allocation, serious consideration 
should be given to the use of placebo procedures, 
or some other method of patient blinding, in 
future RCTs. Where this is not possible, or in the 
case of observational studies, long term follow up 
should be supported.

 Conclusions

PROMs are increasingly fashionable and gaining 
mounting significance in studies investigating 
potential HRQOL benefits with PCI. This is the 
case most pertinently in elective PCI procedures, 
predominantly carried out for symptomatic gains, 
where quantifiable improvements are both impor-

tant and necessary. In this study HRQOL out-
come measures with PCI generally demonstrate 
an improvement from baseline scores pre- 
procedure. However, the magnitude of these 
gains appears to be limited, and in some instances, 
relatively short-lived when compared to other 
methods of revascularisation or medical therapy. 
Future studies should focus on a few well- 
validated HRQOL tools, provide long term fol-
low up and ideally use a placebo procedure. 
Figure  13.3 highlights the key findings of this 
analysis.
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Reported Outcome Measures 
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Abbreviations

ACAS Asymptomatic carotid atheroscle-
rosis study

ACST The asymptomatic carotid surgery 
trial

CREST Carotid revascularisation endar-
terectomy versus stenting trial

ECST European carotid surgery trial
NASCET The North American symptomatic 

carotid endarterectomy trial
SAPPHIRE Stenting and angioplasty with pro-

tection in patients at high risk for 
endarterectomy trial

 Introduction

Stroke and transient ischemic attacks are a seri-
ous public health problem which commonly 
causes persistent disability and poor quality of 
life (QOL) [1–3]. A significant proportion of 
ischemic strokes (18–29%) are attributable to 
carotid artery disease [4, 5] and are preventable 
by revascularisation [6]. The benefit of carotid 
revascularisation by either carotid endarterec-
tomy (CEA) or carotid stenting (CAS) has been 
well established previously. However, these focus 
on technical outcomes such as morbidity, mortal-
ity, and stroke prevention. Whilst these are 
important, they provide only one aspect of the 
intervention outcome.

From the early 1990s the concept of QOL and 
patient reported outcomes measures (PROMS) 
were identified as an important assessment of 
post-operative outcomes [7]. In particular, QOL 
after surgery is a patient-focussed assessment 
that complements traditional outcome measures 
such as post-operative stroke and death [8].

This chapter summarises the available litera-
ture on QOL and PROMS after carotid artery 
intervention. The current literature provides 
mainly QOL outcomes after CEA or CAS in ath-
erosclerotic disease. This is therefore the focus of 
this chapter. Other indications and procedures are 
outside of the scope of this chapter.
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 Current Interventions 
on the Carotid Artery

 Carotid Endarterectomy

Several landmark trials have provided strong 
evidence for CEA in stroke prevention. The ben-
efit is greatest in symptomatic carotid stenosis as 
outlined in the NASCET and ECST trials [9, 10]. 
The ACAS and ASCT trials demonstrated that 
CEA is also beneficial in carefully selected 
asymptomatic patients with few comorbidities, 
good life expectancy, and low institutional peri-
operative stroke and mortality rates [11–14]. The 
combined peri-procedural mortality and stroke 
rate after CEA is 3.2–6.7% in symptomatic 
patients [10, 15–18] and 2.9–3.1% in asymptom-
atic patients [13, 19–21]. However, many of 
these trials are now outdated with changes in 
treatment algorithms. In particular, preoperative 
digital subtraction angiography is no longer rou-
tine and perioperative medical therapy is much 
improved.

 Carotid Stenting

Even though CEA is still the preferred method 
in most patients [17], the emergence of CAS has 
triggered key trials comparing CAS to 
CEA. CAS may be more appropriate for younger 
patients with favourable anatomy and symptom-
atic patients at high risk of complications from 
CEA [22]. The SAPPHIRE [23] and CREST 
[16] trials, and Carotid Stenting Trialist’s 
Collaboration meta-analysis [15] showed CAS 
prevents strokes and is not inferior to CEA in 
highly selected circumstances. The recent 
European Society for Vascular Surgery guide-
lines indicate that CEA should be the first con-
sideration in symptomatic patients with >50% 
carotid stenosis and average risk asymptomatic 
patients with >60% carotid stenosis and >5 years 
life expectancy [24].

 Quality of Life Instruments 
and Proms in Carotid Intervention

 Definition of Quality of Life and 
Patient Reported Outcome Measures

PROMS ask patients to assess elements of their 
own health, QOL, and functioning [25]. The aim 
is to understand the impact of a treatment and its 
recovery, allow comparison of different patients’ 
outcomes with the same intervention [25]. QOL 
is the major element of PROMS and is defined as 
a patient’s perception of health as assessed in 
multiple domains [26, 27]. The use of QOL 
instruments in carotid revascularisation have 
been previously described [28].

One of the important considerations in QOL 
assessment is the type of instrument used and the 
measurement time points and time frame within 
which these assessments will be made. Previous 
recommendations have been provided for core 
outcome sets and reporting in carotid interven-
tion [29, 30]. However, these documents provide 
very little detail on QOL measurement. Until 
these are specified in detail for QOL outcomes, 
investigators will need to use clinical judgment 
on the most appropriate methods of assessment.

 Commonly Used Quality of Life 
Instruments in Carotid Intervention

QOL can be assessed by study designed ques-
tionnaires, and disease-specific or generic instru-
ments. These instruments assess an individual’s 
physical, emotional and psychological health as 
well as social and functional status [26, 27].

Individual study designed questionnaires are 
constructed by study authors as arbitrary mea-
sures of QOL outcomes [31–33]. Disease-specific 
QOL instruments are validated QOL scoring sys-
tems that measure the effect of an illness or treat-
ment on a specific condition [27]. Generic QOL 
instruments are validated QOL scoring systems 
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that measure QOL in a broad range of health 
domains and allow comparisons with other con-
ditions and reference populations [27]. Generic 
scoring systems used by studies in this review are 
Medical Outcomes Short Form 36 (SF-36) and 
12 (SF-12) [34], Sickness Impact Profile (SIP) 
[35], Hospital Anxiety and Depression Scale 
(HAD) [36], Katz Index of Independence in 
Activities of Daily Living (ADL) [37], European 
Quality of Life EQ-5D Questionnaire (EQ-5D) 
[38], Multidimensional Index of Life Quality 
Questionnaire (MILQ) [39], and the World 
Health Organisation Quality of Life BREF 
(WHOQOL-BREF) [40]. These instruments are 
described in previous chapters.

 Quality of Life and Patient Reported 
Outcomes

There have been numerous randomised trials and 
meta-analyses on CEA and CAS in various sub-
groups of patients [11–16, 41], but these have 
focussed on technical outcomes of the procedure. 
Recent reviews have highlighted the importance 
of QOL outcomes [28, 42, 43]. This chapter 
assesses the currently available evidence. To date 
QOL is the primary method of PROMS.  Study 
characteristics and a brief quality appraisal is 
outlined in Table 14.1 and the QOL outcomes are 
summarised in Table 14.2. This section describes 
the key QOL findings.

Table 14.1 Study characteristics and quality appraisal

Original studies
Author

Patients
Study 
design

Patient 
demographics

Validated 
QOL 
instrument

QOL 
instruments 
used

Follow-up 
method 
reported

Response 
rateYear

Sirrka [31] 84 R Male: NR, Age: 66, 
Asymptomatic: 0%, 
Symptomatic: 
100%, Level 
stenosis: 
“significant”

No Study 
questionnaire

No 49%
1992

Study objectives: Long-term QOL and cognitive performance after CEA (CEA vs. non-operative 
group)

Martin [32] 200 R CEA Yes SF-36 Yes 83%
1998 Male: 61%, Age: 

65, Asymptomatic: 
0%, Symptomatic: 
100%, Level 
stenosis: >70%
Medical treatment
Male: 62%, Age: 
66, Asymptomatic: 
0%, Symptomatic: 
100%, Level 
stenosis: <70%

Study objectives: Short-term QOL after CEA (CEA vs. medical management in those 
inappropriate for CEA, CEA or medical therapy vs. general population)

Vriens [44] 86 P Male: 78.6%, Age: 
65 (44–82), 
Asymptomatic: 
34%, Symptomatic: 
66%, Level 
stenosis: NR

Yes SIP No 81.4%
1998

(continued)
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Table 14.1 (continued)

Original studies
Author

Patients
Study 
design

Patient 
demographics

Validated 
QOL 
instrument

QOL 
instruments 
used

Follow-up 
method 
reported

Response 
rateYear

Study objectives: To investigate whether QOL improves after CEA (preoperative vs. 
postoperative)
Does haemodynamic improvement have an impact

Dardik [45] 50 P Male: 78%, Age: 
67.1 (49–83), 
Asymptomatic: 0%, 
Symptomatic: 
100%, Level 
stenosis: >65%

Yes SF-36 No 100%
2001

Study objectives: Short-term QOL after CEA (preoperative vs. postoperative, postoperative vs. 
general population)

Middleton 
[46]

238 R RPAH Hospital Yes SF-36 Yes 90%

2001 Male: 72.8%, Age: 
82.4% <75, 
Asymptomatic: 
32%, Symptomatic: 
68%, Level 
stenosis: NR
CRGH Hospital
Male: 66.4%, Age: 
69.9% <75, 
Asymptomatic: 
32%, Symptomatic: 
68%, Level 
stenosis: NR

Study objectives: Mid-term QOL after CEA (CEA vs. general population)
Mortality rate and causes of death after CEA

Lloyd [47] 100 P Male: 64%, Age: 
69 (45–87), 
Asymptomatic: 
13%, Symptomatic: 
87%, Level 
stenosis: NR

Yes SF-36, HAD, 
EQ-5D

Yes 92%
2004

Study objectives: Short-term QOL and cognitive function after CEA (preoperative vs. 
postoperative)

Diethrich 
[48]

397 P CEA Yes MILQ No 48%

2005 Male: 63%, Age: 
71.4, Asymptomatic: 
67%, Symptomatic: 
33%, Level stenosis: 
89% patients >75% 
stenosis

CARESS CAS
Trial Male: 60%, Age: 

71.2, Asymptomatic: 
69%, Symptomatic: 
31%, Level stenosis: 
94% patients >75% 
stenosis
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Table 14.1 (continued)

Original studies
Author

Patients
Study 
design

Patient 
demographics

Validated 
QOL 
instrument

QOL 
instruments 
used

Follow-up 
method 
reported

Response 
rateYear

Study objectives: Short-term QOL after CEA and CAS (CEA vs. CAS)
Abelha [49] 63 P Male: 76%, Age: 70 

(44–84), 
Asymptomatic: 
21%, Symptomatic: 
79%, Level stenosis: 
all patients ≥65%

Yes SF-36, ADL Yes 76%
2008

Study objectives: Short-term QOL and independence with activities of daily living after CEA 
(preoperative vs. postoperative, postoperative vs. general population)

Stolker [50] 310 RCT CEA Yes SF-36, 
EQ-5D, LS

No 80%
2010 Male: 68%, Age: 

72, Asymptomatic: 
72%, Symptomatic: 
28%, Level stenosis: 
symptomatic >50%, 
asymptomatic >80%

SAPHHIRE CAS
Trial Male: 68%, Age: 

72, Asymptomatic: 
70%, Symptomatic: 
30%, Level stenosis: 
symptomatic >50%, 
asymptomatic >80%

Study objectives: Short-term QOL after CEA compared to CAS (CEA vs. CAS, preoperative vs. 
postoperative)

Attigah [51] 102 P Male: 68.6%, Age: 
70 (42–86), 
Asymptomatic: 
74.5%, 
Symptomatic: 
25.5%, Level 
stenosis: >70%

Yes HAD, EQ-5D Yes 100%
2011

Study objectives: Short-term QOL and satisfaction after CEA (preoperative vs. postoperative)
Cohen [52] 2502 RCT Male: 65%, Age: 

69, Asymptomatic: 
47%, Symptomatic: 
53%, Level 
stenosis: >85% of 
patients >70% 
stenosis

Yes SF-36, LS Yes 85%
2011
CREST trial

Study objectives: Short-term QOL after CEA compared to CAS (CEA vs. CAS, preoperative vs. 
postoperative)

Kazmierski 
[33]

102 P Male: 70.6%, Age: 
65.8 (34–84), 
Asymptomatic: 0%, 
Symptomatic: 
100%, Level 
stenosis: >50%

Yes SIP, LS No 100%

2012

(continued)
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Table 14.1 (continued)

Original studies
Author

Patients
Study 
design

Patient 
demographics

Validated 
QOL 
instrument

QOL 
instruments 
used

Follow-up 
method 
reported

Response 
rateYear

Study objectives: Short-term QOL after CEA (preoperative vs. postoperative)
Hsu [53] 61 P Male: 83%, Age: 

73.3, Asymptomatic: 
71%, Symptomatic: 
29%, Level stenosis: 
symptomatic >60%, 
asymptomatic >80%

Yes SF-36, LS No 66%
2014

Study objectives: QOL after CAS in patients with dizziness (preoperative vs. postoperative)
Kazmierski 
[54]

102 P Male: 71%, Age: 
65.8, Asymptomatic: 
0%, Symptomatic: 
100%, Level 
stenosis: >70%

Yes mRS, LS No NR

2014

Study objectives: Short-term QOL, neurological status and disability after CEA (preoperative vs. 
postoperative)

Yan [55] 65 P CAS Yes WHOQOL- 
BREF, 
HAM-D, 
HAM-A

Yes NR
2014 Male: 56%, Age: 

72.1, Asymptomatic: 
0%, Symptomatic: 
100%, Level 
stenosis: >70%
Medical treatment
Male: 48%, Age: 
73.1, Asymptomatic: 
0%, Symptomatic: 
100%, Level 
stenosis: >70%

Study objectives: Short-term QOL and cognition after CAS in elderly patients (preoperative vs. 
postoperative, CAS vs. medical treatment)

Carta [56] 46 P CEA Yes SF-12 Yes 87%
2015 Male: 57%, Age: 

71.6, Asymptomatic: 
69%, Symptomatic: 
31%, Level stenosis: 
symptomatic >50%, 
asymptomatic >70%
Medical treatment
Male: 80%, Age: 
72.1, Asymptomatic: 
64%, Symptomatic: 
36%, Level stenosis: 
symptomatic >50%, 
asymptomatic >70%

Study objectives: Short-term QOL, mood, cognition after CEA compared to medical treatment 
(preoperative vs. postoperative, CEA vs. medical treatment in those who 
refused surgery)

Hye [57] 53 RCT Male: 62%, Age: 
67, Asymptomatic: 
43%, Symptomatic: 
57%, Level stenosis: 
>85% of patients 
>70% stenosis

Yes SF-36, LS Yes 98%
2015
CREST trial
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Table 14.1 (continued)

Original studies
Author

Patients
Study 
design

Patient 
demographics

Validated 
QOL 
instrument

QOL 
instruments 
used

Follow-up 
method 
reported

Response 
rateYear

Study objectives: QOL after CEA in those who sustained cranial nerve injury
Reviews
Al-Damluji 
[42]

Review Total studies: 28, Studies on QOL: 2, Total patients in studies on QOL: 2812

2013
Study objectives: Periprocedural safety and long-term efficacy of CEA compared to CAS
Shan [28] Review Total studies: 12, Studies on QOL: 12, Total patients in studies on QOL: 4224
2015
Study objectives: QOL after CEA, QOL after CAS, QOL after CEA vs. CAS, QOL compared to 

reference populations
Chabowski 
[43]

Review Total studies: NR, Studies on QOL: NR, Total patients in studies on QOL: NR

2017
Study objectives: QOL in stroke survivors and after CEA

ADL activities of daily living, CaRESS carotid revascularization using endarterectomy or stenting systems trial, CAS carotid 
artery stenting, CEA carotid endarterectomy, CREST carotid revascularization endarterectomy versus stenting trial, HAD 
hospital anxiety and depression scale, QOL quality of life, MILQ multidimensional index of life quality, NA not applicable, 
NR not recorded, P prospective, R retrospective, RCT randomized control trial, SAPPHIRE stenting and angioplasty with 
protection in patients at high risk for endarterectomy, SF-36 medical outcomes survey short form 36 questions, SIP sickness 
impact profile, LS Likert scale, EQ-5D Euro-QOL 5 dimensions, mRS modified Rankin scale, HAM-D Hamilton depression 
rating scale, HAM-A Hamilton anxiety rating scale, WHOQOL-BREF World Health Organisation quality of life-BREF

Table 14.2 Quality of life results

Original studies
Author

Procedure Follow-up time

Peri-
operative 
mortality

Peri-
operative 
strokeYear

Sirrka [31] CEA 8–11 years NR NR
1992

Key 
findings:

QOL similar between CEA and non-operated groups at long-term follow-up
Non-operative patients who had a stroke had better physical condition than those 
who had CEA

Martin [32] CEA 1 year 3% 1%
1998

Key 
findings:

SF-36 scores similar between CEA and medical therapy group at 1 year across all 
domains
Superior improvement in self-perceived general health and treatment success after 
CEA compared to medical therapy.
Similar levels of anxiety over future strokes or TIAs
CEA and medical groups both have worse physical health domains at 1 year 
compared to general population, but mental health domains are similar

Vriens [44] CEA 3 months 0% 3%
1998

Key 
findings:

No significant change in QOL observed 3 months post-op based on SIP 
measurement
Significant QOL improvement after CEA limited to only patients with 
contralateral carotid occlusion.

(continued)
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Table 14.2 (continued)

Original studies
Author

Procedure Follow-up time

Peri-
operative 
mortality

Peri-
operative 
strokeYear

Dardik [45] CEA 3 months 0% 8%
2001

Key 
findings:

Perceived improved overall health after CEA
SF-36 scores in all domains similar at 3 months compared to baseline
Postoperative physical health similar to chronically ill general population
Postoperative mental health similar to healthy general population

Middleton [46] CEA NR 1.7% NR
2001

Key 
findings:

At 1 year, majority of patients consider overall health to be similar to pre-op
SF-36 scores higher in CEA cohort than population norms for Australian 
>55 years old who had experienced a stroke, but not compared to general healthy 
population

Lloyd [47] CEA 6 months 0% NR
2004

Key 
findings:

CEA did not cause deterioration of QOL at 6 months
Significantly less anxiety after the operation based on HAD scale
Significant improvement in QOL according to EQ-5D scale

CaRESS [48] CAS 30 days, 1 year 0.0% CAS vs. 
0.4% CEA

2.1% CAS vs. 
3.6% CEA2005 CEA

Key 
findings:

No significant differences between CEA and CAS groups in change of QOL and 
MILQ score
CAS experienced greater decline in QOL after intervention, but it was not 
statistically significant

Abelha [49] CEA 6 months 0% 4.8%
2008

Key 
findings:

Improved subjective perception of QOL
Higher levels of dependency in activities of daily living
Worse SF-36 scores compared to general population

Stolker [50] CAS 2 weeks, 1 month, 6 months, 12 months NR NR
2010 CEA
SAPPHIRE

Key 
findings:

Physical health domains decline at 2 weeks after CEA, and return to baseline by 
1 month
At 2 weeks, CAS patients had better scores in SF-36 physical scale compared to 
CEA
No significant difference in SF-36 scores at 1 month, 6 months, 12 months
Mental health scores similar at all time intervals
EQ-5D utility score similar
At 2 weeks CAS patients reported less difficulty eating, swallowing, difficulty 
driving and less neck pain. These differences resolved by the 1 month follow-up 
assessment

Attigah [51] CEA Baseline, 2 days 0% 0%
2011

Key 
findings:

Procedural satisfaction better in those who already have worse HADS scores

L. L. Shan et al.



257

Table 14.2 (continued)

Original studies
Author

Procedure Follow-up time

Peri-
operative 
mortality

Peri-
operative 
strokeYear

Cohen [52] CAS 2 weeks, 1 month, 1 year CAS 5.2% vs. 
CEA 4.5%

4.1% CAS vs. 
2.3% CEA2011 CEA

CREST
Key 
findings:

After CEA, physical and functional health domains of SF-36 worse at 2 weeks, but 
return to baseline or better by 12 months
After CEA, mental health domains of SF-36 continuously improve, including at 
2 weeks
Better SF-36 scores for CAS at 2 weeks compared to CEA (SF-36, disease specific 
scales, pain scale), but not after 1 month, and are the same at 1 year
LS scores for pain and function similar for both CEA and CAS at 1 year
Postoperative stroke has negative impact on QOL, but not myocardial infarct or 
cranial nerve injury

Kazmierski 
[33]

CEA 1 year NR NR

2012
Key 
findings:

Mean QOL after surgery increased 1 year after surgery
Before surgery: “poor” (more than half). After surgery “good” (86%).

Hsu [53] CAS Baseline, 1 month, 6 months 0% 0%
2014

Key 
findings:

All SF-36 domains similar to baseline at 1 month after CAS
At 6 months, physical and general health domains better, less pain, emotional and 
social function better
Asymptomatic patients maintain preoperative QOL

Kazmierski 
[54]

CEA Baseline, 1 year NR NR

2014
Key 
findings:

Majority of patients have significant functional improvement after CEA
Patient’s life quality improved in 67% patients

Yan [55] CAS Baseline, 1 month, 3 months, 6 months, 
12 months

0% 0%
2014

Key 
findings:

WHOQOL-BREF improved at 1 month, 3 months, 6 months, 12 months after 
CAS compared to baseline
HAM-D and HAM-A were better after CAS compared to medical therapy at all 
postoperative time points

Carta [56] CEA 6–7 months NR NR
2015

Key 
findings:

SF-12 score similar between CEA and medical treatment groups
Positive trend towards better QOL outcomes after CEA, but 6 months not enough 
to demonstrate this
No significant difference between preoperative and postoperative scores

Hye [57] CEA Baseline, 2 weeks, 1 month, 12 months NR NR
2015

Key 
findings:

No difference in QOL between patients with and without cranial injury after CEA
LS showed cranial nerve injury had some negative impact on functional status

(continued)
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Original studies
Author

Procedure Follow-up time

Peri-
operative 
mortality

Peri-
operative 
strokeYear

Reviews
Al-Damluji 
[42]

Key 
findings:

CAS patients have better QOL at 2 weeks postop compared to CEA patients, but 
no difference by 1 year

2013
Shan [28] Key 

findings:
CEA and CAS maintain preoperative QOL for at least 1 year

2015 Minimal differences between CEA and CAS
Chabowski [43] Key 

findings:
Early postoperative QOL after CEA declines, but returns to baseline at 1 year

2017 1 year QOL similar to chronically ill general population

ADL activities of daily living, BP bodily pain, CaRESS carotid revascularization using endarterectomy or stenting sys-
tems trial, CAS carotid artery stenting, CEA carotid endarterectomy, CREST carotid revascularization endarterectomy 
versus stenting trial, EQ-5D European quality of life questionnaire EQ-5D, GHP general health perception, QOL qual-
ity of life, ICU intensive care unit, MH mental health, MILQ multidimensional index of life quality, NA not applicable, 
NR not recorded, NS not significant, PF physical function, Post-op post-operative, Pre-op pre-operative, RE role emo-
tional/mental, RP role physical, SAPPHIRE stenting and angioplasty with protection in patients at high risk for endar-
terectomy, SF social functioning, SF-36 medical outcomes survey short form 36 questions, VAS visual analogue scale, 
VT energy/vitality

Table 14.2 (continued)

 Quality of Life After Carotid 
Endarterectomy (18 Studies)  
[28, 31–33, 42–52, 54, 56, 57]

The vast majority of QOL evidence pertains to 
CEA. Numerous studies demonstrate that patients 
maintain pre-operative QOL after CEA. The pat-
tern of recovery varies across different domains 
in different studies. There is a temporary decline 
in QOL at 2 weeks to 1 month especially in phys-
ical health and functional domains. This is only 
transient and is consistent with the expected ini-
tial postoperative decline after open surgery. 
However, by 6 months to 1 year, all domains are 
at least as good as pre-operatively.

The preservation of mental health is important 
after carotid intervention, particularly in prophy-
lactic procedures. Patients with carotid stenosis 
already have a baseline level of anxiety and poor 
perception of health related to overall poor car-
diovascular health [47]. Studies included in this 
chapter show that unlike the physical health 
domains, mental health domains did not demon-
strate the same pattern of initial decline after sur-
gery. Instead, QOL appears to be maintained 
throughout.

A major limitation of these studies should be 
highlighted here. There remains only one study 
with QOL data beyond 12  months [31]. This 
study is one of the earliest studies on QOL after 
CEA and is therefore limited because modern 
operative techniques and validated QOL instru-
ments haven’t been used. While it is difficult to 
draw strong conclusions, these authors demon-
strated that after 8–11  years’ follow-up, QOL 
remained similar between the CEA and non- 
operative groups with relatively similar response 
rates. This suggests a positive long-term QOL 
outcome after CEA.

 Quality of Life After Carotid Stenting 
(Seven Studies) [28, 42, 48, 50, 52,  
53, 55]

Overall, QOL does not appear to deteriorate after 
CAS.  Earlier studies show that although some 
health domains were temporarily worse, QOL at 
1 year is similar to baseline. Contemporary stud-
ies suggest that CAS patients have similar QOL 
by 1  month and may actually experience an 
improvement in their physical and general health 
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domains with better emotional and social func-
tion by 6 months. To date there is no data on QOL 
after CAS beyond 1 year.

 Quality of Life After Endarterectomy 
Compared to Stenting (Five Studies) 
[28, 42, 48, 50, 52]

CAS may be superior to CEA in the early post- 
procedure period in physical health domains 
from as early as 2 weeks. However, these differ-
ences were not present at 1 year. A similar pattern 
is observed in functional performance with no 
difference in walking, eating and driving ability 
by 1 year. Mental health domains do not appear 
to be impacted by the type of procedure. Based 
on these results where QOL is similar, the choice 
between CEA and CAS is likely to be influenced 
by other factors.

 Quality of Life Compared 
to Reference Populations (Seven 
Studies) [31, 32, 45, 46, 49, 55, 56]

Comparisons have been made between carotid 
intervention and medical treatment groups or the 
general population. It is clear that current data 
remains insufficient to be definitive. After CEA, 
there does not appear to a clear difference in 
QOL between intervention and medical treat-
ment groups at follow-up of up to 1 year, espe-
cially in physical health domains. Treatment 
satisfaction remains high, but anxiety over future 
strokes or TIA may remain. These anxieties 
appear to be lesser after CAS at short follow-up. 
CEA patients have worse physical health com-
pared to the general population, but mental health 
may be similar. The lack of benefit compared 
with medical treatment groups and the general 
population is largely due to the short term follow-
 up. Stroke prevention in carotid intervention is 
greater the longer the follow-up. Therefore, it is 
likely that there has not been enough time elapsed 
to identify a QOL benefit of intervention.

 Cognitive Function

There has been a greater interest recently in cog-
nitive outcomes after carotid intervention. A 
number of reviews and meta-analyses have been 
published on this subject, but definitive conclu-
sions have not been reached due to significant 
heterogeneity. CEA may be associated with both 
preservation and improvement of cognitive 
 function depending on the domain tested [58–
61]. This includes memory, attention, mini men-
tal state exams, and executive function. CAS may 
be associated with improved global cognition, 
memory, attention and psychomotor speed, 
although executive function and language may 
not change [62]. The difference between CEA 
and CAS remains unclear [61].

 Utility of Quality of Life Tools

 Importance of Quality of Life 
Assessment and PROMS

A recent review by the Australian Commission 
on Safety and Quality in Health Care has identi-
fied some key aspects of PROMS and QOL [25]. 
QOL and PROMS are used because patients are 
the best judges of the effect on their QOL and 
function. This allows a patient centered model of 
care and helps improve the quality and safety of 
various treatments. The effectiveness of different 
treatments can therefore be more accurately 
determined.

With carotid revascularisation, the inference 
previously has been that intervention prevents 
QOL deterioration due to stroke prevention. It is 
only recently that QOL outcomes have been for-
mally reviewed [28, 42, 43], showing the positive 
outcome of carotid revascularisation on QOL and 
PROMS.  There should be distinction between 
asymptomatic and symptomatic patients in order 
to use QOL in clinical practice.

QOL should not necessarily be expected to 
improve after revascularisation, particularly for 
previously asymptomatic patients who have pro-
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phylactic procedures. The outcome is positive if 
QOL is maintained after intervention because the 
intervention served to prevent a stroke. This is 
especially important in prophylactic procedures, 
especially if performed on asymptomatic patients 
who would otherwise not have had a detriment to 
their QOL as a result of the disease process. 
Similarly, because they were asymptomatic, they 
were unlikely to gain a great benefit from inter-
vention other than in mental health domains.

In symptomatic patients who have had a 
stroke, there may be a significant deterioration in 
QOL before intervention. Subsequent revascu-
larisation and resolution of symptoms in con-
junction with rehabilitation may then improve 
QOL. The recovery in QOL will then likely be 
longer than in asymptomatic patients. There will 
also likely be positive effects on mobility indices, 
Rankin score, and mini mental state, but these are 
yet to be elucidated in studies. Existing QOL 
studies do not make a distinction between tran-
sient ischemic attacks and stroke as the indication 
for carotid revascularisation. By definition, 
patients with transient ischemic attacks don’t 
have residual physical neurological deficits and 
therefore physical domains of QOL are much less 
impacted than a patient with stroke. Mobility and 
disability are also likely to be different. Fear of 
subsequent stroke is more likely to be a key fea-
ture in transient ischemic attacks, and this affects 
mental health domains much more.

With implementation of these guidelines, 
important and clinically relevant information 
would be obtained. This information provides 
improved patient-focused outcomes data which 
facilitates improved quality of care to patients and 
more accurate analysis of the effectiveness of an 
intervention. In addition, perhaps the greatest ben-
efit will be its use in policy making, cost- 
effectiveness analysis, and ultimately resource 
allocation. For example, CEA has been shown to 
be cost effective even in asymptomatic patients less 
than 75 years of age if a threshold of £20,000 per 
quality of life year and background stroke rate of 
less than 1% per year is used [63]. The cost effec-
tiveness of CAS compared to CEA is not so clear 
[64–66]. QOL and cognitive function have not yet 
been included in such cost- effectiveness analyses.

 Need for Further Research

There are several key issues identified from pre-
vious QOL studies that should be addressed in 
future studies [28].

Firstly, and perhaps most importantly, there 
needs to be investigation into the long-term QOL 
outcomes after carotid intervention. The benefit 
of stroke prevention is likely to be greater the 
longer the follow-up. This is especially important 
in asymptomatic carotid intervention. Current 
QOL outcomes are largely limited to 1 year, but 
these outcomes would be more even more rele-
vant if follow-up extended up to 5 years.

Secondly, there is a clear lack of evidence on 
the use of currently available QOL and PROM 
instruments after carotid revascularisation [67]. 
These disease-specific QOL instruments are use-
ful measures of change in QOL specific to a treat-
ment and disease process [27]. However, there 
are significant difficulties with developing such 
QOL instruments because there would need to be 
separation of symptomatic and asymptomatic 
patients, transient ischemic attack and stroke 
patients, as well as degree of stenosis. It may be 
better to apply the currently available neurologi-
cal QOL instruments and mobility and disability 
indices in carotid intervention.

Thirdly, there needs to be a standardised set of 
results that are reported to facilitate objective 
assessment with meta-analyses. Ideally a stan-
dardised common instrument should be used by 
all studies. QOL data should be expressed as 
mean  ±  standard deviation and results given at 
pre-determined follow-up time points including 
baseline and final follow-up, rather than a range 
or median of variable follow-up time points.

Fourthly, there was a relatively low response 
rate in previously conducted studies. High 
response rates are compulsory to minimise bias.

Fifthly, the distinction between symptomatic 
and asymptomatic patients for both CEA and 
CAS is unclear. These are markedly different 
subgroups of patients in regard to baseline QOL, 
expected QOL gains, and importantly the 
patient’s own expectations after intervention.

Finally, the effect of morbidity, frailty and dis-
ability as a variable for QOL outcomes is under-
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appreciated. The burden of comorbidities is a risk 
factor for frailty, which in turn predisposes to dis-
ability [68]. This is because frailty causes 
decreased reserve and less ability to deal with 
adverse outcomes [68]. Comorbidities, frailty 
and disability are therefore separate entities. 
They are important because they are increasingly 
prevalent with an ageing population, who are 
increasingly offered intervention. There are also 
specific stent technologies, stent brands, and 
adjuncts to improve procedural success of CAS 
in specific anatomical set ups. However, the 
impact of these on QOL outcomes have not been 
investigated.

With implementation of these guidelines, 
important and clinically relevant information 
would be obtained. The logistical challenges 
faced will be in the design of an instrument which 
is simple and thorough enough for patients to 
participate in, as well as the data collection which 
needs to be consistent and accurate without sig-
nificant loss to follow-up. The importance of this 
aspect of treatment is often underestimated as the 
traditional teaching heavily emphasises the 
importance of technical outcomes alone. This 
paradigm now needs to incorporate QOL out-
comes as a complement to technical outcomes as 
a routine part of clinical practice.

 Effect of Other Outcomes on Quality 
of Life and Proms

Predictors of QOL outcomes have been studied 
after CEA (Fig. 14.1) [43, 69]. Worse QOL is 
likely after severe stroke, older age, comorbidi-
ties, lack of proper treatment and rehabilitation, 
and poor socioeconomic factors [43]. Mental 
health domains of QOL after significantly 
affected by contralateral stenosis, dizziness 
improvement, and hoarseness [69]. This shows 
that although uncommon, vagus nerve injury 
should be avoided during CEA by meticulous 
dissection and avoidance of retractor injury.

The mortality, survival, morbidity and compli-
cations of CEA and CAS are well described in 
the literature. These are outside of the scope of 

this text. In order assess the relevance of QOL 
outcomes, it is more important to assess the 
reported morbidity and mortality in the studies 
that report QOL. Any patients who do not partici-
pate in QOL assessment or are lost to follow-up 
are more likely to have a worse QOL due to a 
greater burden of comorbidities and physical 
impairments [49, 50]. The difficulty in 
 interpreting QOL assessments is compounded by 
the fact that post-operative stroke and death ren-
ders it unlikely that such patients will complete 
QOL questionnaires. According to previous 
guidelines, a response rate of >85% (loss to fol-
low-up <15%) is considered ideal [70]. This rate 
is achieved in only eight studies in the literature 
[33, 45–47, 51, 52, 56, 57]. It is therefore possi-
ble that QOL outcomes are overestimated, at 
least in the shorter term. At the same time, the 
lack of adequate long- term follow-up may also 
underestimate the QOL benefit because the ben-
efit of CEA for stroke prevention is more appar-
ent the longer the follow-up duration. It is 
therefore important to assess the both the shorter 
and longer-term response rates to identify risk of 
bias in conjunction with the technical outcomes 
to put the QOL outcomes into perspective.

Older 
age

Severe 
stroke

Comorbidities

Inadequate 
treatment

Socioeconomics

Fig. 14.1 Predictors of poor QOL
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Statistical techniques to deal with missing data 
have been developed to resolve issues such as 
mentioned above. This includes multiple imputa-
tion which is a statistical method of dealing with 
missing data by combining the results of several 
different possible data sets [71]. There are particu-
lar biases that occur as a result of the missing data, 
depending on the reason why the data is missing. 
Multiple imputation may be helpful in both epide-
miological studies and randomised controlled tri-
als, but there are potential pitfalls that warrant 
input from a statistician [71, 72]. Future studies 
may benefit from incorporation of this technique.

Perioperative mortality and stroke was anal-
ysed in studies reporting QOL data. The peri- 
operative mortality and stroke rate are CEA was 
0.0–4.5% and 0–8.0%, respectively [32, 44–49, 
51, 52], while after CAS it was 0.0–5.2% and 
0–5.8%, respectively [48, 52, 53, 55]. Peri- 
operative myocardial infarction was 0.8–6.6% in 
CEA and 0.0–1.9% in CAS [16, 23, 48, 50, 52]. 
The 1-year stroke rates for CEA and CAS were 
7.7–9.8% and 5.5–5.8%, respectively [23, 48, 
50]. These results are reflective of the studies 
included which were not designed to evaluate 
stroke and mortality rates, with few randomised 
controlled trials and high quality studies in this 
regard. While the results don’t necessarily reflect 
that of currently accepted standards, they do pro-
vide an indication of how the QOL results from 
these studies can be interpreted. The mortality 
and stroke rates are in general higher, meaning 
QOL outcomes may be worse than if QOL data 
were derived from higher quality studies.

Few studies reported comprehensive morbid-
ity data. Patients in included studies experienced 
fewer stroke symptoms after CEA compared to 
CAS [33]. Symptoms including headache, leg 
pain were similar in CEA and CAS after 1 year 
[52], although there may be more neck pain with 
CEA [50]. Cranial nerve palsies occurred in 0.3% 
and 4.7% of CAS and CEA patients respectively 
[52]. However, cranial nerve injury does not 
appear to cause a detriment to overall QOL [57]. 
The effect of perioperative morbidity and com-
plications on QOL outcomes and PROMS 
remains unclear. Given the relatively low inci-

dence of complications in experienced centres, it 
may not be possible to demonstrate a statistically 
significant impact. However, clinically it would 
be prudent to avoid complications and improve 
morbidity to avoid a negative impact on QOL.

Cognitive function is a relatively new area of 
interest in carotid intervention. The reason for 
cognitive impairment from carotid disease and 
intervention may relate to brain injury which 
occurs due to embolism, thrombosis or hyperper-
fusion/hypoperfusion [73]. Atheroembolism in 
particular is associated with worse short and long 
term cognitive function [74, 75]. There is also a 
theory that the greater embolization rate during 
CAS may account for a worse cognitive outcome, 
but this is not yet confirmed [61]. Cognitive out-
comes following carotid revascularisation are 
important because these affect how a patient per-
ceives their QOL and also how they report their 
QOL. Furthermore, if a patient has severe cogni-
tive impairment, it may significantly limit their 
ability to accurately report on their own 
QOL.  Further research is necessary to identify 
the impacts of cognitive function on PROMS in 
these patients.

 Conclusion

Currently available studies show that CEA and 
CAS maintain pre-operative QOL for at least 
1 year (Fig. 14.2). Long-term data is lacking and 
there is insufficient evidence to differentiate CEA 
and CAS. QOL and PROMS are a critical aspect 
of outcomes assessment in modern surgical prac-
tice. This is particularly pertinent to preventative 
procedures such as CEA and CAS.  Significant 
limitations of the currently available literature are 
identified with the view that these be used as a 
guideline for future research. This information 
provides improved patient-focused outcomes 
data which facilitates improved quality of care to 
patients and more accurate analysis of the effec-
tiveness of an intervention. In addition, perhaps 
the greatest benefit will be its use in policy mak-
ing, cost-effectiveness analysis, and ultimately 
resource allocation.
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Conclusions

1.  QOL and PROMS are critical in contemporary outcomes assessment after carotid artery 

     intervention.

2.  CEA and CAS maintain pre-operative QOL for at least one year.

3.  Long-term data is lacking and there is insufficient evidence to differentiate CEA and CAS.

4.  Severe stroke, older age, comorbidities, lack of proper treatment and rehabilitation, and 

     poor socioeconomic factors are predictors of poor QOL after CEA.

5.  Future studies are needed to improve methods of QOL assessment and evaluate factors 

     that affect QOL outcomes especially after CAS.

Fig. 14.2 Conclusions
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Abbreviations

ADSORB Acute dissection: stent graft or 
best medical therapy

AJAX Amsterdam acute aneurysm 
trial

DREAM Dutch randomised endovascu-
lar aneurysm management

ECAR Endovasculaire ou Chirurgie 
dans les Anevrysmes aorto- 
iliaques rompus

EVAR-1 United Kingdom endovascular 
aneurysm repair trial 1

EVAR-2 United Kingdom endovascular 
aneurysm repair trial 2

IMPROVE Immediate management of 
patients with rupture: open ver-
sus endovascular repair

INSTEAD Randomised comparison of 
strategies for type B aortic dis-
section: the investigation of 
stent graft in aortic dissection

INSTEAD XL Randomised comparison of 
strategies for type B aortic dis-
section: the investigation of 
stent graft in aortic dissection 
with extended follow-up

OVER Open versus endovascular 
repair veterans affairs coopera-
tive study

 Introduction

Aortic aneurysms and dissection are important 
public health issues. Screening studies report a 
prevalence of abdominal aortic aneurysms 
(AAA) of 4–8%, with an annual incidence of new 
diagnoses at 0.4–0.67% in Western populations 
[1–5]. Unlike AAA where the diagnosis is 
increasingly being made during an investigation 
for another abdominal pathology, thoracic aortic 
pathology tends to be silent until the acute pre-
sentation. The prevalence of thoracic aortic aneu-
rysms (TAA) is estimated at 0.16–0.34%, with an 
annual incidence of up to 0.016% [6]. Forty 

L. L. Shan (*) 
St. Vincent’s Hospital Melbourne,  
Melbourne, VIC, Australia 

Department of Surgery, The University of Melbourne, 
Melbourne, VIC, Australia
e-mail: leonard.shan@unimelb.edu.au 

A. Saxena 
Department of Cardiothoracic Surgery and 
Transplantation, Fiona Stanley Hospital,  
Murdoch, WA, Australia 

A. H. Davies 
Charing Cross, London, UK 

St. Mary’s Hospital, London, UK 

Vascular Surgery, Department of Surgery and Cancer, 
Imperial College London, London, UK
e-mail: a.h.davies@imperial.ac.uk

© Springer Nature Switzerland AG 2022 
T. Athanasiou et al. (eds.), Patient Reported Outcomes and Quality of Life in Cardiovascular Interventions, 
https://doi.org/10.1007/978-3-031-09815-4_15

mailto:leonard.shan@unimelb.edu.au
mailto:a.h.davies@imperial.ac.uk
https://doi.org/10.1007/978-3-031-09815-4_15


268

 percent of TAA involves the descending thoracic 
or thoracoabdominal aorta [7]. The annual inci-
dence of aortic dissection is difficult to measure, 
but is estimated at 5–30 per one million people 
[8]. Even though the overall incidence of thoracic 
aortic pathology is relatively low, there is a sig-
nificant associated morbidity and mortality which 
is particularly poignant in the setting of rupture 
[1–6, 8, 9].

Endovascular intervention is often the pre-
ferred method of treatment for aortic patholo-
gies in relation to aneurysms and dissection. 
Simple endovascular procedures include 
abdominal endovascular aneurysm repair 
(EVAR) and thoracic endovascular aneurysm 
repair (TEVAR). Complex endovascular proce-
dures include fenestrated endovascular aneu-
rysm repair (FEVAR), chimney endovascular 
aneurysm repair (CHEVAR), branched endo-
vascular aneurysm repair (BEVAR), and custom 
made devices. Procedural outcomes for each of 
these are continually improving over time. The 
concept of quality of life (QOL) and patient 
reported outcomes measures (PROMS) has been 
introduced since the early 1990s as an important 
aspect of outcomes assessment [10], but it is 
only recently that these are being integrated into 
modern practice and management of aortic 
pathologies.

This chapter summarises the available litera-
ture on QOL and PROMS after percutaneous aor-
tic intervention for aortic aneurysms and 
dissection. However, aortic interventions are a 
broad set of procedures that can be categorised 
according to anatomical site, pathology, indica-
tion for surgery, and type of surgery. It is there-
fore necessary to differentiate between these 
groups in order to accurately report on QOL and 
PROMS outcomes.

Currently, evidence exists for QOL and 
PROMS after endovascular intervention for; (a) 
standard EVAR for AAA, (b) standard TEVAR 
for TAA and type B aortic dissection (TBAD), 
and (c) thoracoabdominal aneurysms (TAAA). 
There is currently no published data on QOL or 
PROMS after (a) complex endovascular repair of 
AAA (FEVAR, CHEVAR, BEVAR, custom- 

made devices), (b) endovascular repair of abdom-
inal aortic dissection, (c) endovascular repair of 
ascending aortic and aortic arch pathology (which 
still generally requires open surgery), and (d) 
complex endovascular interventions for TAA, 
TAAA, TBAD (FEVAR, BEVAR, custom-made 
devices). Hence, four key groups of patients are 
presented in this chapter: (a) standard EVAR for 
AAA, (b) standard TEVAR for TAA, (c) standard 
TEVAR for TBAD, and (d) endovascular repair 
of TAAA. These include both elective and emer-
gency procedures.

 Current Interventions on the Aorta

 Abdominal Aorta

 Abdominal Aortic Aneurysms
The endovascular treatment options for AAA 
include EVAR, FEVAR, BEVAR, CHEVAR, and 
custom-made devices. Evidence on QOL and 
PROMS are limited to standard EVAR and this 
forms the focus of this section. In contemporary 
practice, elective EVAR is often the preferred 
option in patients with suitable anatomy.

The outcomes and relative merits of EVAR 
and open AAA repair in the elective setting are 
well described in numerous trials and meta- 
analyses including EVAR-1, EVAR-2, OVER, 
and DREAM [11–18]. EVAR has a proven low 
perioperative morbidity and mortality which is 
the primary reason for it is use in AAA.  The 
trade-off is a greater rate of secondary reinterven-
tion compared to open AAA repair. The survival 
benefit of EVAR is also generally thought to be 
lost after 2–3  years. A recent study suggests 
EVAR may actually have a worse long-term mor-
tality compared to open AAA repair [19].

The ideal treatment for emergency cases is 
less clear. The IMPROVE, AJAX, and ECAR tri-
als, as well as meta-analyses of these trials show 
no difference in early outcomes after EVAR com-
pared to open AAA repair in the setting of rup-
ture [20–24]. However, mid-term results from the 
IMPROVE trial suggest a survival advantage in 
EVAR patients [25].
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 Thoracic Aorta

 Thoracic and Thoracoabdominal Aortic 
Aneurysms
The endovascular treatment options for TAA and 
TAAA include TEVAR, BEVAR, and custom- 
made devices. In contemporary practice, TEVAR 
is regarded as the preferred option in the majority 
of cases.

The preference for TEVAR over open repair 
for TAA and TAAA is based mainly on retrospec-
tive and observational studies coupled with anec-
dotal evidence and experience. Recent reviews 
and meta-analyses have supported this practice, 
demonstrating superior morbidity and mortality 
of TEVAR over traditional open repair techniques 
[26–28]. Evidence is still limited in regard to 
which method of repair is better for emergency 
cases, but TEVAR would still be preferred in 
most centres due to the much lesser invasiveness 
of TEVAR.

 Type B Thoracic Aortic Dissection
This chapter focusses specifically on TBAD as 
these are amenable to TEVAR.  When interven-
tion is required for the ascending aorta or aortic 
arch, some element of open repair is still required. 
TBAD can be classed as acute, subacute and 
chronic. Medical management was the traditional 
treatment paradigm for uncomplicated acute and 
subacute TBAD, with operative intervention 
reserved for complicated TBAD (refractory pain 
and hypertension, malperfusion, rupture). 
Treatment for chronic TBAD largely relates to 
aneurysmal dilatation and prevention of long- 
term rupture risk. In contemporary practice, 
TEVAR is the preferred treatment option in a 
large proportion of acute and chronic TBAD, 
with selected cases requiring FEVAR, BEVAR or 
custom made devices.

Most patients with complicated acute and sub-
acute TBAD will receive urgent treatment. In 
uncomplicated TBAD, the ADSORB, INSTEAD, 
and INSTEAD XL trials supported the use of 
TEVAR in the subacute setting in carefully 
selected patients to decrease long-term aneurysm 
related mortality [29–32]. Chronic TBAD is 
treated with similar techniques to TAA and 

TAAA as this is usually the primary indication 
for treatment. There is limited evidence on the 
best management of residual TBAD after repair 
of type A dissection.

 Quality of Life Instruments 
and Proms in Aortic Intervention

 Definition of Quality of Life 
and Patient Reported Outcome 
Measures

PROMS ask patients to assess elements of their 
own health, QOL, and functioning [33]. The aim 
is to understand the impact of a treatment and its 
recovery, allow comparison of different patients’ 
outcomes with the same intervention [33]. QOL 
is the major element of PROMS and is defined as 
a patient’s perception of health as assessed in 
multiple domains [34, 35]. QOL is also the most 
frequently used form of assessment and their use 
in aortic intervention has been previously 
described [36].

One of the important considerations in QOL 
assessment is the type of instrument used and the 
measurement time points and time frame within 
which these assessments will be made. There is 
currently no consensus on this. However, research 
is underway to help determine these with core 
outcome sets in AAA [37]. Until then, investiga-
tors will need to use clinical judgment on the 
most appropriate methods of assessment.

 Commonly Used Quality of Life 
Instruments in Aortic Intervention

QOL can be assessed by study designed ques-
tionnaires, and disease-specific or generic instru-
ments. These instruments assess an individual’s 
physical, emotional and psychological health as 
well as social and functional status [34, 35].

Individual study designed questionnaires are 
constructed by study authors as arbitrary mea-
sures of QOL outcomes. Disease-specific QOL 
instruments are validated QOL scoring systems 
that measure the effect of an illness or treatment 
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on a specific condition [35]. These include 
Aneurysm-Dependent QOL Questionnaire 
(AneurysmDQOL) [38], Aneurysm Symptom 
Rating Questionnaire (AneurysmSRQ) [38], and 
Aneurysm Treatment Satisfaction Questionnaire 
(Aneurysm TSQ) [38]. Generic QOL instruments 
are validated QOL scoring systems that measure 
holistic QOL in a broad range of domains and 
allow comparisons with other conditions and ref-
erence populations [35]. Generic scoring systems 
used by studies reviewed in this chapter are 
Medical Outcomes Short Form 36 (SF-36) and 
12 (SF-12) and 8 (SF-8) [39], Hospital Anxiety 
and Depression Scale (HAD) [40], European 
Quality of Life EQ-5D VASC Vascular 
Questionnaire (EQ-5D VASC) [41], and 
Nottingham Health Profile (NHP) [42]. These 
instruments are described in earlier chapters.

 Quality of Life and Patient Reported 
Outcomes

The aforementioned trials on the management of 
aortic aneurysms and dissection have focussed on 
technical outcomes after EVAR and 
TEVAR.  However, recent reviews have high-
lighted the importance of QOL outcomes [23, 36, 
43–47]. To date QOL has been the primary 
method of PROMS assessment. Study character-
istics and a brief quality appraisal is outlined in 
Table 15.1. Detailed study information and QOL 
outcomes are shown in Table 15.2. This section 
describes the key QOL findings. Some of this 
information has been described in prior reviews 
[36, 43, 45].

 Abdominal Aorta (29 Studies) [12, 16, 
18, 25, 38, 48–68, 70–72]

The vast majority of studies focus on elective 
standard EVAR [12, 16, 18, 38, 48–64, 67, 68, 
70, 72]. Broadly similar QOL outcomes have 
been reported across all the instruments used. 
There is an initial postoperative decline after 
EVAR.  Most health domains return to baseline 
levels between 1 and 4 months. Between 6 months 

and 2 years, QOL is maintained at preoperative 
levels. Within this time period, it should be noted 
that mental health has a distinct benefit. A num-
ber of studies describe mental health domains to 
be superior to preoperative levels. This is an 
important aspect of treatment benefit that is likely 
attributed to the alleviation of fear of rupture. 
After 2 years, there was a gradual, but progres-
sive age-related decline in all QOL domains up to 
8 years.

Compared to open AAA repair, EVAR has a 
more rapid recovery in QOL. This is particularly 
pertinent to physical health domains and is con-
sistent with the greater physical toll from open 
aortic surgery. However, this difference is 
resolved by 6 months and QOL remains similar 
up to 1 year. Functional status and participation 
in activities of daily living is also similar in both 
groups at 1 year. Patients perceive long-term sur-
veillance and secondary reintervention be more 
difficult after EVAR whereas early physical 
recovery is the difficulty after open AAA. This is 
an important concept because surveillance will 
tend to affect mental health domains more. The 
longer the surveillance occurs, the more likely 
there will be a detriment to mental health. This is 
an important trade-off for the early benefits of 
EVAR. There is also some evidence that EVAR 
has worse QOL compared to open AAA repair.

Recently, three studies have reported QOL 
after emergency intervention [25, 65, 71]. Early 
QOL is similar or slightly better after EVAR 
compared to open AAA repair. However, the 
advantages of EVAR are lost after 3–4  years, 
with one study suggesting there is a better QOL 
after open AAA repair. This mirrors the longer 
term technical outcomes and durability advan-
tage of open AAA repair.

The population is ageing with an ever increas-
ing life expectancy. Aneurysmal disease of the 
aorta becomes more prevalent with increased age 
and the patients being treated for AAA will be 
increasingly elderly. This is an important sub-
group because elderly patients have more comor-
bidities and are more likely to have EVAR over 
open AAA repair, yet they also have known 
increased anatomical challenges for EVAR com-
pared to their younger counterparts. Outcomes 

L. L. Shan et al.
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Table 15.2 Quality of life results in included studies

Original studies—abdominal aorta
Author

Procedure Follow-up time
Perioperative 
mortality

Major 
perioperative 
complications

Survival at 
time of QOL 
assessmentYear

Lloyd [48] EVAR Pre-op, 6 months EVAR: 8.8% NR EVAR: 82%
2000 Open AAA repair Open AAA 

repair: 4.2%
Open AAA 
repair: 90%

Key 
findings:

Most SF-36 domains maintained at preoperative levels
Significant worsening of physical function at 6 months for both EVAR and open AAA 
repair compared to pre-op
No significant difference between open AAA repair and EVAR at 6 months across all 
SF-36 domains

Malina 
[49]

EVAR Pre-op, 5, 30, 
90 days

EVAR: 4.8% NR EVAR: 95%

2000 Open AAA repair Open AAA 
repair 4.8%

Open AAA 
repair: 95%

Key 
findings:

Total NHP scores had an initial Day 5 decline after both open AAA repair and EVAR, but 
improved to better than baseline at 3 months post-op
No difference between open AAA repair and EVAR at any time point in all NHP domains
Functional status worse in some domains after open AAA repair compared to EVAR at 
1 month, but no difference at 3 months
EVAR patients perceive follow-up to be more difficult, open AAA repair patients found 
the recovery difficult

Aquino 
[50]

EVAR Pre-op. 1 week, 
4 weeks, 
8 weeks, 
52 weeks

EVAR: 0% EVAR: 0% EVAR: 96%

2001 Open AAA repair Open AAA 
repair: 0%

Open AAA 
repair: 0%

Open AAA 
repair: 92%

Key 
findings:

At 1 week post-op, physical function, social function, role physical, vitality worse than 
pre-op for both EVAR and open AAA repair. Open AAA repair had more severe decline
All domains return to baseline at 4 weeks after EVAR, and 8 weeks after open AAA repair
All domains maintained up to 1 year
All domains similar between EVAR and open AAA repair at 1 year

Arko [51] EVAR <6 months, 
>6 months

EVAR: 0.7% EVAR: 10.5% EVAR: 82%
2003 Open AAA repair Open AAA 

repair: 3.6%
Open AAA 
repair: 9.2%

Open AAA 
repair: 96%

Key 
findings:

At 3 months, 95% of EVAR patients felt completely recovered compared to 75% of open 
AAA repair
32 days to fully recovery after EVAR, 99 days for open AAA repair
5% after EVAR felt decreased activity level, 23% for open AAA repair
No significant difference in functional outcome after 6 months between EVAR and open 
AAA repair
No difference in ambulation, independent living, employment status before and after 
either treatment

Lederle 
[52]

Surveillance Pre-op, 
6-monthly to 
8 years

Surveillance: 
2.6%

NR Surveillance: 
78.4%

2003 Open AAA repair Open AAA 
repair: 3.0%

Open AAA 
repair: 74.9%

L. L. Shan et al.



287

Table 15.2 (continued)

Key 
findings:

All SF-36 scores declined over 8 year follow-up, physical health more than mental health, 
particularly after 2 years
No significant difference between surveillance and open AAA repair in most domains
Impotence was more common in open repair group
Maximum activity level similar between groups up to 5 years, thereafter open AAA repair 
group declined faster

Ballard 
[53]

EVAR Pre-op, 3 weeks, 
4 months, 1 year

EVAR: 0% EVAR: 4.5% EVAR: 95%

2004 Open AAA repair Open AAA 
repair: 0%

Open AAA 
repair: 9.3%

Open AAA 
repair: 98%

Key 
findings:

After EVAR, PCS significantly worse at 3 weeks, almost baseline at 4 months, baseline by 
1 year
After EVAR, MCS slightly worse at 3 weeks, slightly better at 4 months and 1 year
EVAR patients report average of 5.47 weeks to return to preoperative functional status
No difference in PCS or MCS for EVAR compared to open AAA repair at any time point
Return to functional status similar for both groups

Lottman 
[54]

EVAR Pre-op, 1 month, 
3 months

EVAR: 2% NR NR

2004 Open AAA repair Open AAA 
repair: 5%

Key 
findings:

At 1 month post-op, both EVAR and open patients had a decline in role and physical 
health domains and function compared to baseline, but these returned to baseline at 
3 months
At 1 month post-op, open patients had worse QOL than EVAR in role limitations, physical 
functioning, pain and level of usual activities. At 3 months, no difference between EVAR 
and open AAA repair

Prinssen 
[55]

EVAR Pre-op, 3 weeks, 
6 weeks, 
3 months, 
6 months, 
12 months

EVAR: 0% NR EVAR: 95%

2004 Open AAA repair Open AAA 
repair: 0%

Open AAA 
repair: 89%

Key 
findings:

3 weeks: Open repair had a significant decrease compared to baseline level on six of the 
eight SF-36 domains. EVAR group showed a significant decrease on five of the domains 
of the SF-36
6 weeks: EVAR group showed a significant decrease on five of the domains of the SF-36. 
The EVAR group had three of the five decreased domains return to baseline
3 months: Both groups recovered at least to baseline level on all domains. Significant 
increase in both groups on mental health
1 year: Open repair group showed a significantly higher QOL than the baseline level on 
three of the eight SF-36 domains. All other domains maintained at baseline. EVAR group 
showed a significant increase in mental health
EuroQOL: Significant decrease at 3 weeks. Both groups showed a completely recovery to 
baseline at 6 weeks
After 6 months, open AAA repair patients have superior QOL compared to EVAR

(continued)

Original studies—abdominal aorta
Author

Procedure Follow-up time
Perioperative 
mortality

Major 
perioperative 
complications

Survival at 
time of QOL 
assessmentYear
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Table 15.2 (continued)

EVAR-2 
[16]

EVAR Pre-op, 
0–3 months, 
3–12 months, 
12–24 months

7.8% 33% NR

2005

Key 
findings:

0–3 months:
• EQ-5D VASC score similar
• SF-36 PCS slightly decreased
• SF-36 MCS similar
3–12 months:
• EQ-5D VASC score superior to preoperatively
• SF-36 PCS slightly improved compared to 0–3 months
• SF-36 MCS slightly worse compared to 0–3 months
12–24 months:
• EQ-5D VASC score plateaus and remains superior to preoperatively
• SF-36 PCS continues to improve but still slightly worse than preoperatively
• SF-36 MCS becomes similar to preoperatively

EVAR-1 
[56]

EVAR Pre-op, 
0–3 months, 
3–12 months, 
12–24 months

EVAR: 1.7% EVAR: 35% EVAR: 58%

2005 Open AAA repair Open AAA 
repair: 4.7%

Open AAA 
repair: 8%

Open AAA 
repair: 58%

Key 
findings:

EQ-5D VASC and SF-36 scores similar across all time points after EVAR
After open AAA repair, physical health and EQ-5D VASC score decreased at 0–3 months, 
but returned to baseline afterwards
Physical health domains worse at 0–3 months for open AAA repair compared to EVAR, 
but results similar by 12–24 months

Soulez 
[57]

EVAR Pre-op, 1 month, 
3 months, 
6 months, 
12 months, 
24 months

EVAR: 0% EVAR: NR EVAR: NR

2005 Open AAA repair Open AAA 
repair: 0%

Open AAA 
repair: NR

Open AAA 
repair: NR

Key 
findings:

No difference between open AAA repair and EVAR groups at all time points on SF-36 
and Karnofsky score
Initial decline in SF-36 scores at 1 month, returned to baseline at 3 months
QOL maintained more after open surgery than EVAR at 2 years

Vogel [58] EVAR Pre-op, 
0–3 months, 
3–12 months

EVAR: 0% EVAR: NR EVAR: NR
2005 Open AAA repair Open AAA 

repair: 3.2%
Open AAA 
repair: NR

Open AAA 
repair: NR

Key 
findings:

Physical and mental health scores significantly better after EVAR compared to open AAA 
repair at 3 months. No difference after 6 months
Decrease in pre-op QOL at 3 months in both EVAR and open AAA repair, but all return to 
baseline

Aljabri 
[59]

EVAR Pre-op, 1 week, 
6 months

0% 30.2% 91%

2006
Key 
findings:

QOL deteriorates at 1 week and 1 month after both EVAR and open AAA repair. QOL 
returns to baseline at 6 months
Significant decrease in average SF-36 score at 1-week post-operatively, but by 6 months 
returns to baseline
QOL improves sooner after EVAR, but mean SF-36 score better after open AAA repair 
compared to EVAR at 6 months

Original studies—abdominal aorta
Author

Procedure Follow-up time
Perioperative 
mortality

Major 
perioperative 
complications

Survival at 
time of QOL 
assessmentYear

L. L. Shan et al.



289

(continued)

Table 15.2 (continued)

Dick [60] EVAR 58 ± 24 months EVAR: 4.4% EVAR: NR EVAR: 
72.1%

2008 Elective OR Elective OR: 
0.4%

Elective OR: 
NR

Elective OR: 
79%

Emergency OR Emergency 
OR: 10.1%

Emergency 
OR: NR

Emergency 
OR: 77.5%

Key 
findings:

All groups have good long-term QOL and all similar
All groups have similar QOL to a general population

Lederle [18] EVAR Pre-op, 1 year, 
2 years

EVAR: 0.5% EVAR: 4.1% EVAR: 93%
2009 Open AAA repair Open AAA 

repair: 3%
Open AAA 
repair: 4.6%

Open AAA 
repair: 90%

Key 
findings:

SF-36 and EQ-5D VASC scores are maintained 1 and 2 years, with similar levels to 
baseline in both mental and physical health
No significant difference between EVAR and open AAA repair

Kurz [61] EVAR Median 
34 months

<80 years old: 
0%

<80 years old: 
NR

<80 years 
old: 100%

2010 >80 years old: 
0%

>80 years old: 
NR

>80 years 
old: 92%

Key 
findings:

Patients >80 years old have similar postoperative scores in pain, sleep, emotional reaction, 
energy, and social isolation domains compared to patients <80 years old
Physical abilities were significant worse in those >80 years old

DeRango 
[62]

EVAR Pre-op, 6 months, 
>1 year

0.6% 3.4% 85.5%

2011
Key 
findings:

At 6 months, mean SF-36 scores increased in EVAR group, but stayed the same in 
surveillance group
Physical domains worsened in surveillance group at 6 months
Mental health domains improved in EVAR group at 6 months
At >1 year, both mental health and physical health domains were worse compared to 
baseline after EVAR or surveillance
EVAR had better physical and mental health domains at 6 months compared to 
surveillance, but similar at 1 year

Kisis [63] EVAR Pre-op, 1 month, 
1 year

EVAR: 0% EVAR: NR EVAR: NR
2012 Open AAA repair Open AAA 

repair: 0%
Open AAA 
repair: NR

Open AAA 
repair: NR

Key 
findings:

At 1 month, almost all SF-36 domains better in EVAR group compared to open repair 
group
At 1 year, mainly physical health domains better in EVAR group compared to open repair
After EVAR, PCS and MCS remains similar at 1 month and 1 year.
After open repair, PCS and MCS deteriorate 1 month, and are almost back to baseline at 
1 year

Lederle 
[12]

EVAR Pre-op, 1 month, 
6 months, 
12 months, yearly 
to 8 years

EVAR: 0% EVAR: 4.1% EVAR: 
67.1%

2012 Open AAA repair Open AAA 
repair: 3.0%

Open AAA 
repair: 4.6%

Open AAA 
repair: 66.6%

Key 
findings:

No significant difference between EVAR and open AAA repair groups at all time points in 
SF-36 PCS and EQ-5D VASC scores
Age related decline in QOL over long term follow-up in all domains
SF-36 MCS maintained up to 6 years. Open repair appears more durable than EVAR

Original studies—abdominal aorta
Author

Procedure Follow-up time
Perioperative 
mortality

Major 
perioperative 
complications

Survival at 
time of QOL 
assessmentYear
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Table 15.2 (continued)

Pol [64] EVAR Pre-op, discharge, 
30-days

<80 years old: 
1.3%

<80 years old: 
3.7%

<80 years 
old: 98.7%

2012 >80 years old: 
1.5%

>80 years old: 
5.5%

>80 years 
old: 98.5%

Key 
findings:

Patients >80 years old have worse scores in all EQ-5D VASC domains of mobility, 
self-care, usual activities, pain, and anxiety/depression at discharge
Mental health is similar or better at discharge in both groups
At 30 days, mobility, self-care and usual activities are improving, but still less than 
baseline. Pain and anxiety/depression are similar or slightly better
Patients >80 years of age recover slower than younger patients in all health domains, with 
worse mobility, self-care and usual activities, and similar pain and anxiety/depression
No difference in overall health state between age groups

AJAX [65] EVAR 30 days, 
3 months, 
6 months

EVAR: 21% EVAR: 32% EVAR: 72%
2014 Open AAA repair Open AAA 

repair: 25%
Open AAA 
repair: 37%

Open AAA 
repair: 69%

Key 
findings:

No difference between EVAR or open AAA repair after rupture on SF-36 and EQ-5D 
VASC

Pol [67] EVAR Pre-op, discharge, 
1 year

<80 years old: 
0%

<80 years old: 
9.9%

<80 years 
old: 93.8%

2014 >80 years old: 
0%

>80 years old: 
16.3%

>80 years 
old: 88.3%

Key 
findings:

Patients >80 years old did not have significant change in EQ-5D VASC index scores at 
discharge and 1 year postoperatively
Mobility, self-care, usual activities, and pain/discomfort scores were worse at discharge 
and improved by 1 year to almost baseline
Anxiety/depression score was improved at discharge and sustained to 1 year.
After 1 year, patients >80 years old still experience problems with mobility, self-care and 
usual activity compared to younger patients, with a slower recovery
Overall health care perception was worse in elderly patients at 1 year, but EQ-5D VASC 
index was similar

De Bruin 
[68]

EVAR Pre-op, 3 weeks, 
6 weeks, 
3 months, 
6 months, 
12 months, every 
6 months to 
60 months

EVAR: 1.2% EVAR: 3.5% EVAR: NR

2016 Open AAA repair Open AAA 
repair: 4.6%

Open AAA 
repair: 10.9%

Open AAA 
repair: NR

Key 
findings:

Initial postoperative decline in QOL after both EVAR and open AAA repair, worse after 
open repair
Physical functioning better with EVAR in first 6 weeks
QOL after both EVAR and open AAA repair returns to baseline between 6 weeks and 
3 months
After 3 months, open AAA repair is superior to EVAR especially in mental health 
domains
QOL is maintained in both groups after initial decline

Peach [69] EVAR Pre-op, 6 weeks, 
3 months, 
6 months, 
12 months, 
>12 months

NR NR NR
2016

Original studies—abdominal aorta
Author

Procedure Follow-up time
Perioperative 
mortality

Major 
perioperative 
complications

Survival at 
time of QOL 
assessmentYear
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(continued)

Table 15.2 (continued)

Key 
findings:

AneurysmDQOL:
•  Trend to worse QOL by 12 months, but after 12 months is superior to baseline, but not 

statistically significant
•  Friend/social life, doing things for others, household tasks, overall health, feelings about 

the future and physical discomfort are greatest contributors to negative QOL
AneurysmSRQ:
•  Similar level of symptoms at 6 months
•  Fewer symptoms at 12 months
•  After 12 months symptoms become more prevalent to affect QOL
AneurysmTSQ:
•  At 6 months, <10% patients report dissatisfaction
•  At 12 months, 15% patients report length of stay or side effects causing dissatisfaction
•  After 12 months, >15% had dissatisfaction due to scan results and 10% were dissatisfied 

due to need for long-term follow-up
Symptoms became progressively worse after EVAR, whereas impact on QOL was worse 
after open AAA repair

IMPROVE 
[25]

EVAR 0–36 months EVAR: 35.4% EVAR: NR EVAR: 43%

2017 Open AAA repair Open AAA 
repair: 37.4%

Open AAA 
repair: NR

Open AAA 
repair: 38%

Key 
findings:

Average EQ-5D VASC scores better after EVAR in the first year, but by 3 years similar in 
both groups

Kato [70] EVAR Pre-op, 1 month, 
6 months, 
12 months

EVAR: 0% EVAR: 12% EVAR: 96%
2017 Open AAA repair Open AAA 

repair: 0%
Open AAA 
repair: 0%

Open AAA 
repair: 100%

Key 
findings:

After EVAR, PCS worsened at 1 month, but was continually improving after until 
12 months. MCS improves steadily until 12 months.
After open AAA repair, PCS and MCS decreased 1 month and gradually improved 
3–6 months
Minimal difference in all domains when comparing EVAR and open AAA repair

Yildirim 
[71]

EVAR 46 months EVAR: 20% EVAR: 64% EVAR: NR

2017 Open AAA repair Open AAA 
repair: 34.7%

Open AAA 
repair: 72%

Open AAA 
repair: NR

Key 
findings:

Physical functioning, mental health, role emotional similar to general population in both 
groups
At long-term follow-up open AAA repair has either a significant or trend towards superior 
QOL in all domains compared to EVAR

Akbulut 
[72]

EVAR 30 ± 20 months EVAR: NR EVAR: NR EVAR: 71%

2018 Open AAA repair Open AAA 
repair: NR

Open AAA 
repair: NR

Open AAA 
repair: 87%

Key 
findings:

At 1 month, EVAR group had better SF-36 scores in all domains compared to open AAA 
repair. No difference at 6 and 12 months
EVAR patients maintained their QOL from 1 month onwards, whereas open AAA repair 
patients took longer to regain preoperative levels

Original studies—abdominal aorta
Author

Procedure Follow-up time
Perioperative 
mortality

Major 
perioperative 
complications

Survival at 
time of QOL 
assessmentYear
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Table 15.2 (continued)

Original studies—thoracic aorta
Author

Procedure Follow-up time
Perioperative 
mortality

Major 
perioperative 
complications

Survival at 
time of QOL 
assessmentYear

Dick [73] TEVAR 34 ± 18 months TEVAR: 8% TEVAR: NR TEVAR: 73%
2008 Open thoracic 

repair
Open thoracic 
repair: 9%

Open thoracic 
repair: NR

Open 
thoracic 
repair: 83%

Key 
findings:

No difference between TEVAR and open repair in all SF-36 domains and on HADS
Overall physical and mental health domains similar to general population after open repair
PF, RP, VT worse after TEVAR compared to general population, but other domains 
similar

Dick [74] Emergency 
TEVAR

27–31 months Emergency 
TEVAR: 12%

Emergency 
TEVAR: NR

Emergency 
TEVAR: 70%

2009 Elective TEVAR Elective 
TEVAR: 4%

Elective 
TEVAR: NR

Elective 
TEVAR: 72%

Key 
findings:

SF-36 scores similar after emergency and elective TEVAR
QOL is worse in both groups compared to a general population
Mental health on SF-36 and HADS score similar to general population

Klocker 
[66]

TEVAR 4 ± 4 months NR NR 57%

2014
Key 
findings:

Patency of the left subclavian artery does not affect SF-36 PCS and MCS
Overall traumatic aortic injury patients had better SF-36 scores compared to other 
indications

McBride 
[75]

TEVAR 3.5 ± 2 years 1.2% NR 93%

2015
Key 
findings:

Left subclavian artery coverage didn’t affect PCS, but MCS better after coverage
Left upper limb extremity symptoms and ability to return to activities same between both 
groups

Meltzer 
[76]

Endovascular 
repair TAAA

Pre-op, 1 month, 
6 months, 
12 months

4.5% NR NR

2017
Key 
findings:

PCS and MCS scores as well as 6 out of 8 domains individual domains worse at 1 month, 
but by 6 months all domains returned to baseline levels
Patients with complications had worse PCS and MCS

Bi [77] TEVAR 0–4 months, 
27 ± 7 months

2.5% NR 95%
2018

Key 
findings:

Physical health domains had significant improvements at the first follow-up, and was 
maintained until the second follow-up at levels better than baseline
Mental health domains were preserved throughout follow-up

Reviews
Peach [46] Key 

findings:
QOL deteriorates in the first few weeks after both EVAR and open AAA repair. QOL 
returns to baseline at 4 weeks after EVAR and takes longer after open AAA repair. By 
2–3 months QOL has returned to baseline

2012 QOL continues to be similar or better than baseline at 4–6 months
No significant difference between EVAR and open AAA repair after this point
Open AAA repair may have a more durable effect with longer term follow-up

Coughlin 
[43]

Key 
findings:

Significant deterioration in SF-36 PCS at 12 months after both EVAR and open AAA 
repair compared to baseline

2013 MCS starts to recover by 3 months, and returns to baseline at 12 months in both groups
No difference between EVAR and open AAA repair groups on PCS or MCS
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after EVAR in elderly patients have been shown 
to be worse compared to younger patients as is 
expected, but this increased risk is thought to be 
acceptable given the prolongation of life [78]. A 
recent review describes maintained QOL out-
comes after EVAR and open AAA repair in 
patients older than 75 years of age [36]. There is 
an expected postoperative decline in QOL after 
EVAR, with rapid recovery of mental health 
domains by 4–6 weeks. Physical health domains 
take longer to recover at up to 3  months. 
Importantly, patient are able to achieve and main-
tain their preoperative QOL up to at least 1 year.

 Thoracic Aorta (Five Studies) [73–77]

Evidence on TEVAR in thoracic aortic pathology 
is very limited and in general poorly reported. 

Four studies did not report on or differentiate 
between elective and emergency intervention 
[73, 74, 76, 77], two studies mixed aneurysmal 
disease and dissection [73, 74], two studies 
reported early outcomes [76, 77], and only one 
study had specific follow-up time points [76]. 
These are significant issues that make interpreta-
tion of QOL outcomes difficult.

Physical and mental health domains appear to 
be preserved at follow-up of up to 2 years after an 
initial decline in physical health domains, pre-
sumably due to postoperative recovery. One 
study suggests there may even be an improve-
ment in physical health domains. At follow-up of 
up to 3  years, QOL is similar after elective or 
emergent TEVAR and also similar between 
TEVAR and open repair. Though overall QOL is 
reported to be worse compared to the general 
population, mental health may be similar. In con-

Table 15.2 (continued)

Propper 
[47]

Key 
findings:

QOL declines initially after both EVAR and open AAA repair

2013 Recovery is more rapid after EVAR
Longer term durability of QOL better after open AAA repair compared to EVAR

Kayssi 
[45]

Key 
findings:

SF-36 general health scores higher for EVAR at 3, 6, and 12 months postoperatively.

2015 SF-36 physical functioning scores higher for EVAR at 6 months, not at 12 months
SF-36 social functioning scores higher for EVAR at 12 months
SF-36 PCS and MCS not significantly different
EVAR has better EQ-5D VASC score at 3, 6, and 12 months, but not at 24 months of 
follow-up

Jarral [44] Key 
findings:

Minimal data
2016 No clear difference in QOL between TEVAR and open repair
Badger 
[23]

Key 
findings:

Not enough studies to draw conclusion on QOL

2017
Shan [36] Key 

findings:
QOL declines in the early postoperative period after EVAR in elderly patients

2019 Physical health and function take up to 3 months to return to baseline
Mental health domains experience improvement as early as 4–6 weeks
Physical health domains recover slower than younger patients
Excellent patient satisfaction

NR not recorded, AAA abdominal aortic aneurysm, QOL quality of life, AneurysmDQOL aneurysm-dependent QOL 
questionnaire, AneurysmSRQ aneurysm symptom rating questionnaire, Aneurysm TSQ aneurysm treatment satisfaction 
questionnaire, SF-36 medical outcomes 36-item short-form health survey, SF-12 medical outcomes 12-item short-form 
health survey, NHP Nottingham health profile, EQ-5D VASC EuroQOL 5-dimensions; QOL quality of life, PCS physi-
cal component summary, MCS mental health component summary, OR open AAA repair; EVAR endovascular AAA 
repair

Original studies—thoracic aorta
Author

Procedure Follow-up time
Perioperative 
mortality

Major 
perioperative 
complications

Survival at 
time of QOL 
assessmentYear
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trast, the literature reports patients with chronic 
untreated TBAD have a similar overall QOL and 
functional status as a normal population [79]. 
One should not interpret this as a negative out-
come of TEVAR because those who are medi-
cally treated generally have increased risk of 
long-term aortic related morbidity and mortality. 
In addition, those who are untreated have a worse 
perception of their own health due to the anxiety 
of untreated disease [79, 80].

 Utility of Quality of Life Tools

 Importance of Quality of Life 
Assessment and PROMS

QOL and PROMS have become more important 
in aortic intervention because there is an increas-
ing understanding about the differences between 
the needs of patient and patient-centred outcomes 
as opposed to what surgeons perceive as impor-
tant [81].

A recent review by the Australian Commission 
on Safety and Quality in Health Care has identi-
fied some key aspects of PROMS and QOL [33]. 
QOL and PROMS are used because patients are 
the best judges of the effect on their QOL and 
function. This allows a patient centered model of 
care and helps improve the quality and safety of 
various treatments. The effectiveness of different 
treatments can therefore be more accurately 
determined.

It is only recently that QOL outcomes have 
been formally reviewed [23, 36, 43–47]. The pri-
mary purpose of any aortic intervention for aneu-
rysms or dissection is to prevent aortic-related 
mortality. While the technical outcomes of inter-
vention are important, this still needs to be bal-
anced against the postoperative QOL the patient 
is likely to experience. This is especially impor-
tant with prophylactic aortic procedures where 
the patient may be asymptomatic prior to inter-
vention. For example, if intervention achieved 
the aim of prolonging life, it may not have been 
worthwhile if as a result of the procedure the 
patient was bedridden and requiring full time 
nursing home care. In contrast, diseases which 

cause consistent symptoms are much more likely 
to derive significant improvement in QOL from 
intervention. Therefore, it is a positive outcome if 
baseline QOL is achieved and maintained after 
intervention, in addition to the survival benefit. 
This is largely supported by studies on EVAR. In 
particular, QOL should not necessarily be 
expected to improve after revascularisation, par-
ticularly for previously asymptomatic patients. 
When aneurysms are ruptured, intervention is a 
life or death decision. In these patients, QOL is a 
less important immediate consideration, but is an 
important long-term outcome indicator.

 Need for Further Research

There are several key issues identified from pre-
vious QOL studies that should be addressed in 
future studies.

Firstly, there is an obvious lack of evidence on 
QOL outcomes after TEVAR and any complex 
endovascular intervention on the thoracic, 
abdominal, or thoracoabdominal aorta. These are 
procedures that are increasingly performed and 
becoming mainstream. There are also specific 
stent technologies, graft types and adjuncts to 
improve procedural success in specific anatomi-
cal set ups. However, the impact of these on QOL 
outcomes have not been investigated.

Secondly, there is a clear lack of evidence on 
the use of currently available QOL and PROM 
instruments in aortic intervention. It is only 
recently that disease-specific aortic QOL instru-
ments are being developed [69, 82]. Further work 
is required as previously utilised QOL instru-
ments are not necessarily validated for use in aor-
tic pathology and intervention [83]. 
Aortic-specific QOL instruments would provide 
useful measures of change in QOL [35], with the 
ultimate goal of only using validated instruments 
for aortic intervention.

Thirdly, there needs to be a standardised set of 
results that are reported to facilitate objective 
assessment with meta-analyses. Ideally a stan-
dardised common instrument should be used by 
all studies. QOL data should be expressed as 
mean  ±  standard deviation and results given at 
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pre-determined follow-up time points including 
baseline and final follow-up, rather than a range 
or median of variable follow-up time points.

Fourthly, there was a relatively low response 
rate in previously conducted studies. High 
response rates are compulsory to minimise bias.

Finally, the factors that influence QOL out-
comes needs to be explored. In particular, the 
effect of comorbidities, frailty and disability on 
QOL outcomes is underappreciated. The burden 
of comorbidities is a risk factor for frailty, which 
in turn predisposes to disability [84]. This is 
because frailty causes decreased reserve and less 
ability to deal with adverse outcomes [84]. 
Comorbidities, frailty and disability are therefore 
separate entities. They are important because 
they are increasingly prevalent with an ageing 
population, who are increasingly offered inter-
vention. In addition, procedural outcomes such 
as endoleak and the need for reintervention are 
important. This is the Achilles heel of endovascu-
lar intervention for aortic aneurysms and their 
effect on QOL is still to be elucidated.

With implementation of these guidelines, 
important and clinically relevant information 
would be obtained. This information provides 
improved patient-focused outcomes data which 
facilitates improved quality of care to patients 
and more accurate analysis of the effectiveness of 
an intervention. In addition, perhaps the greatest 
benefit will be its use in policy making, cost- 
effectiveness analysis, and ultimately resource 
allocation.

The logistical challenges remain in the design 
of an instrument which is simple and thorough 
enough for patients to participate in, as well as 
the data collection which needs to be consistent 
and accurate without significant loss to follow-
 up. QOL after aortic intervention can also be eas-
ily overlooked especially where the procedure in 
performed in an emergent setting. The impor-
tance of this aspect of treatment is often underes-
timated as the traditional teaching heavily 
emphasises the importance of technical outcomes 
as the marker of treatment success. Changing this 
paradigm will take time and efforts to educate the 
health sector before it becomes part of routine 
practice.

 Effect of Other Outcomes on Quality 
of Life and Proms

In order assess the relevance of QOL outcomes, 
the reported morbidity and mortality in the stud-
ies that report QOL should be known. Any 
patients who do not participate in QOL assess-
ment or are lost to follow-up are more likely to 
have a worse QOL due to a greater burden of 
comorbidities and physical impairments [36, 85]. 
Post-operative complications and death will 
result in incomplete follow-up. According to pre-
vious guidelines, a response rate of >85% (loss to 
follow-up <15%) is considered ideal [86]. This 
response rate is only reported or achieved in eight 
studies in the literature [12, 49, 52, 54, 56, 60, 63, 
77]. Described QOL outcomes may be overesti-
mated. It is therefore important to assess the both 
the response rates to identify risk of bias, and also 
the technical outcomes to put the QOL outcomes 
into perspective.

Statistical techniques to deal with missing 
data have been developed to resolve issues such 
as mentioned above. This includes multiple 
imputation which is a statistical method of deal-
ing with missing data by combining the results of 
several different possible data sets [87]. There are 
particular biases that occur as a result of the miss-
ing data, depending on the reason why the data is 
missing. Multiple imputation may be helpful in 
both epidemiological studies and randomised 
controlled trials, but there are potential pitfalls 
that warrant input from a statistician [87, 88]. 
Future studies may benefit from incorporation of 
this technique.

The reported mortality rates after elective and 
ruptured EVAR are 0–8.8% (mostly <5%) [12, 
16, 18, 48–64, 67, 68, 70] and 20–35.4% [25, 65, 
71], respectively. These are greater than expected 
with contemporary practice in high volume cen-
tres, especially for elective intervention. This 
suggests that QOL outcomes could be even better 
than reported where perioperative complications 
are lower. After endovascular intervention on the 
thoracic aorta, mortality ranges from 4% to 12%, 
though with poor differentiation between elective 
and emergency procedures and the pathology 
involved [73–77].
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Conclusions

1.  QOL and PROMS are critical in contemporary outcomes assessment after
     endovascular aortic aneurysm repair.
2.  EVAR patients can expect to have positive QOL outcomes in the short to
     medium term.
3.  Evidence is greatly limited in TEVAR and complex endovascular aneurysm
     repair.
4.  Future studies are needed to improve methods of QOL assessment and
     evaluate factors that affect QOL outcomes.

Fig. 15.1 Conclusions

Fifteen studies reported total major complica-
tion rates after EVAR [12, 16, 18, 50, 51, 53, 56, 
59, 62, 64, 65, 67, 68, 70, 71]. However, the range 
is variable (0–64%) because the definition of 
major complications varies. No studies report total 
morbidity rates after endovascular interventions 
on the thoracic aorta. Overall, the effect of periop-
erative morbidity and complications on QOL out-
comes and PROMS remains unclear. Given the 
relatively low incidence of complications in expe-
rienced centres, it may not be possible to demon-
strate a statistically significant impact. However, 
clinically it would be prudent to avoid complica-
tions which have adverse impacts on both QOL 
and the cost-effectiveness of the procedure.

 Conclusion

QOL and PROMS are the new frontier of out-
comes assessment after endovascular aortic inter-
vention (Fig. 15.1). Currently available evidence 
demonstrates that EVAR patients can expect to 
have positive QOL outcomes in the short to 
medium term, especially in the elective setting. It 
is clear that evidence is greatly limited in 
TEVAR.  Furthermore, there is little to no evi-
dence on QOL after more complex endovascular 
interventions on either the thoracic, abdominal, 
or thoracoabdominal aorta. There is a need for 
more investment in this field with further research 
conducted with suggestions provided. This infor-
mation provides improved patient-focused out-
comes data which facilitates improved quality of 
care to patients and more accurate analysis of the 
effectiveness of an intervention. In addition, per-
haps the greatest benefit will be its use in policy 

making, cost-effectiveness analysis, and ulti-
mately resource allocation.
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16QOL and PROMS in Catheter 
Ablation of Cardiac Arrhythmia

Kathleen L. Withers, Helen Morgan, 
and Mauro Lencioni

 Introduction

Percutaneous ablation of cardiac arrhythmias is a 
relatively safe and effective method for the treat-
ment of sustained and paroxysmal heart rhythm 
disorders. It has evolved from open heart exci-
sion surgery that was used 60 years ago to directly 
ablate the AV junction, via the use of focused 
high-voltage energy burns to produce scar tissue 
in the targeted region without damage to sur-
rounding tissues and structures. The use of surgi-
cal cryoablation developed during the 1970s [1], 
and in 1981, the first successful catheter ablation 
was performed using DC ablation in a candidate 
who was unsuitable for surgical ablation, ulti-
mately leading to a decision to treat him with a 
catheter ablation [2]. Despite earlier experimen-
tal work using radiofrequency ablation, it was not 
until the late 1980s that its safety and efficacy 
was established [2] with catheter cryoablation 

subsequently coming into use in the 2000s [3]. 
Over the last decade catheter ablation has been 
used increasingly to treat even complex arrhyth-
mias, predominantly using radiofrequency and 
cryo-energy delivered through flexible catheters 
[4]. The success of these operations is highly 
dependent on the technical skill of the surgeon 
and experience in selecting patients that are likely 
to benefit from this treatment.

There are three broad categories of indications 
for catheter ablation: (1) definitive treatment of 
supraventricular tachycardia that includes nodal 
re-entrant, nodal dependant and focal arrhythmia 
substrates, (2) reduction in arrhythmia burden in 
symptomatic atrial fibrillation that is poorly con-
trolled on anti-arrhythmic medication and (3) 
definitive treatment of ventricular tachycardia in 
normal hearts or in structural heart disease where 
medication has failed in the latter [5, 6]. 
Technological advances in the field of AF abla-
tion over the last ten years have made this proce-
dure feasible and this in term has driven demand. 
Currently in the UK, catheter ablation for atrial 
fibrillation (AF) accounts for approximately 50% 
of these procedures [7].

A number of new advances are currently being 
cited as potentially further improving manage-
ment of patients with cardiac arrhythmias [8, 9], 
with strategies including electroporation (pulsed- 
field ablation), and ultra-low temperature cryoab-
lation being investigated. While the benefits of 
ultra-low cryoablation are still awaited [10], 
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studies using pulsed field ablation have shown it 
to be a safe and durable option [11]. However, 
quality of life outcomes have yet to be reported 
for this treatment strategy.

While atrial fibrillation is a major cause of 
stroke and heart failure [12], the vast majority of 
cardiac arrhythmias are not life threating but are 
responsible for considerable morbidity. 
Paroxysmal SVT’s produce anxiety due to the 
unpredictable initiation of attacks and disabling 
symptoms during episodes of arrhythmia. 
Sustained arrhythmias manifest with chronic, 
less dramatic but equally disabling symptoms 
[13–15].

Treatment is thus aimed at symptom control 
rather than risk reduction [16] as supported by a 
number of recent guidelines [17–19]. Additionally 
it is well recognised that there is a strong link 
between cardiac arrhythmias and anxiety and 
depression [20, 21], further exacerbating the det-
rimental effect on quality of life in this patient 
group. It is therefore essential that treatment suc-
cess is measured not only by objective parame-
ters but also considers the patients view, as 
changes in symptoms and quality of life (QoL) 
are areas which are best assessed by patients 
themselves. Due to this, the use of Patient 
Reported Outcome Measures (PROMs) in 
patients with cardiac arrhythmias has grown sig-
nificantly in recent years as their potential to 
measure effectiveness of care in this group has 
been recognised. This is reflected in the increas-
ing support for their use both in routine use and in 
clinical trials, as illustrated by the recent interna-
tional Task Force for quality indicators in atrial 
fibrillation publication which recommends their 
use, as developed with groups including the 
European Heart Rhythm Association (EHRA) of 
the European Society of Cardiology (ESC), the 
Heart Rhythm Society (HRS), the Asia Pacific 
Heart Rhythm Society (APHRS), and the Latin- 
American Heart Rhythm Society (LAHRS) [22]. 
Similarly, the International Consortium for 
Health Outcomes Measurement (ICHOM) atrial 
fibrillation group have developed a set of sug-
gested outcome measures for use in patients with 
AF [23]. These include clinical and procedural 
outcomes such as complications and long term 

consequences of the disease as well as suggested 
PROMs tools and their timings.

PROM tools in combination with clinical 
assessment are ideal at assessing effectiveness of 
arrhythmia treatment. At the clinical level, both 
patient and operator are able to quantify baseline 
health and quality of life issues and to review 
treatment outcome, while published PROMs out-
comes can allow patients to make informed deci-
sions about treating centres. Clinicians are also 
able to use PROM data to refine their selection 
criteria, offering treatment to patients that are 
most likely to improve their QoL as well as set-
ting patient treatment expectations. Aggregated 
PROM outcomes are useful at national level, 
used by commissioners to determine the value of 
the treatment and plan future investment. This is 
increasingly important as growing financial pres-
sures on health service provision means it is 
essential that the care provided is both effective 
and economically efficient. Using PROMs in 
these varied ways can drive improvement in treat-
ment quality and ultimately patient care.

As with other clinical areas, both generic 
PROMs tools and condition specific tools have 
been utilised to collect data from this patient 
group [5, 24, 25]. This chapter provides an over-
view of the tools which have been used to mea-
sure health related quality of life in studies 
involving patients treated with percutaneous 
catheter ablation in arrhythmia care.

 Search Strategy

A literature search was performed using 
EMBASE (Ovid); Medline (Ovid) including 
Medline in Process and Medline Epub Ahead of 
Print; Scopus (Elsevier); and Web of Science 
(Science Citation Index). The search strategies 
used a range of free text terms and, where appli-
cable, subject headings to describe cardiac 
arrhythmia, catheter ablation and tools used to 
measure quality of life and patient-reported- 
outcome measures in patients treated with cathe-
ter ablation. The Medline search strategy is 
available as supplementary material (Appendix). 
The search period was from 1st January 2010 to 
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18th December 2021 and limited to English lan-
guage publications.

 Inclusion and Exclusion Criteria

Studies in English which reported HRQoL in 
adults treated with catheter ablation for any 
 cardiac arrhythmias were included. Studies 
involving surgical approaches such as Cox-Maze 
procedures and thorascopic ablation, and studies 
focusing on patients with implantable devices 
were excluded as these will be dealt with in other 
chapters. Studies where the primary diagnosis 
was not arrhythmia and those using experimental 
techniques were also excluded. Due to the large 
number of studies available, this review focuses 
on those studies reporting disaggregated health 
related quality of life data at baseline and post 
ablation only.

 Data Extraction

Relevant articles were independently identified 
by two reviewers and conflicts discussed to reach 
agreement. Full texts were reviewed to identify 
whether they met the inclusion criteria. As for 
previous chapters the information extracted 
included the following: author and year of publi-
cation; study intent; total number of patients; age 
and gender of patients; length of follow up; 
instruments used and baseline and follow up 
patient reported outcome data.

 Quality Scoring

A quality assessment of the included studies was 
not conducted for this overview.

 Results

 Selected Studies and Their Objectives

The literature search identified 718 studies. 
Where abstracts and full text publications were 

available, only the full text paper was selected. 
Where more than one full text manuscript was 
available from a single study, all were included as 
part of the review into factors impacting on qual-
ity of life, but data extraction was limited to one 
paper. Ultimately, 77 papers reporting on 74 stud-
ies were selected for review. Kloosterman et al. 
[26] and Picini et  al. [27] both reported on the 
same study, as did Andrade et al., Samuel et al., 
and Yao et  al. [28–30]. For expediency, where 
study details are reported below, only 
Kloosterman et al. [26] and Andrade et al. [28] 
will be referenced. The data extracted from all 
identified studies is available to view in 
Table 16.1.

The studies identified included a total of 
20,118 patients with the largest study comprising 
2008 patients and the smallest 31 patients. Where 
the time period was specified the included studies 
enrolled or followed up patients between the 
years 1999 and 2020. The majority (n  =  38; 
51.35%) of the studies were conducted in Europe, 
including 4 from the UK. Others originated from 
Asia (n = 15; 20.27%), and North America (n = 9; 
12.16%), while a further 12 studies (16.22%) 
were inter-continental.

The included studies comprised twenty ran-
domised trials [28, 36, 43, 57, 60–63, 65, 66, 74, 
81, 84, 85, 88, 89, 93–96], and another six were 
studies of patients on clinical registries [32, 34, 
50, 51, 55, 67]. There were four retrospective 
studies [68, 69, 97, 98] while the remaining forty- 
four- studies consisted of prospective cohorts of 
patients [26, 31, 33, 35, 37–42, 44–49, 52–54, 56, 
58, 59, 64, 70–73, 75–80, 82, 83, 86, 87, 90–92, 
99–102].

Sixty studies focused only on patients treated 
for atrial fibrillation (AF) alone [26, 28, 32–39, 41, 
43, 45–47, 50–58, 60–62, 64–69, 71, 73–76, 78–
81, 84–91, 93–102] while two studies included 
patients with AF and other types of arrhythmia: 
Mohanty et al. [63] included patients with co-exis-
tent AF and atrial flutter while Evans et  al. [48] 
was a PROMs validation study which enrolled 
patients with a broad range of arrhythmia sub-
strates including AF, atrioventricular nodal re-
entry tachycardia (AVNRT), atrial flutter, 
accessory pathway and ventricular tachycardia. 
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Most of the remaining studies included patients 
with other types of supraventricular tachycardias 
(SVTs), with AVNRT and atrioventricular re-
entrant tachycardia (AVRT) being most common 
but also including patients with atrial tachycardia, 
accessory pathways, and Wolf Parkinson White 
[42, 44, 49, 59, 70, 83, 92]. Three studies [31, 72, 
82] included patients with ventricular arrhythmias 
including premature ventricular contractions 
(PVC’s) and ventricular tachycardia. Two studies 
[40, 77] only included patients with atrial flutter.

 Tools Used

A large number and variety of quality of life mea-
sures were used within the studies, with twenty 

seven different tools used. These broadly fit into 
three categories of generic health and quality of 
life PROMs tools; tools examining depression 
and anxiety, or sleep and exhaustion (i.e. mental 
wellbeing); and arrhythmia specific measures. 
The tools used and regularity of inclusion within 
the selected studies is detailed in Table 16.2.

Thirty nine studies used only one tool, while 
twenty six studies used two and the others used 
three or more, with one [102] using 7 different 
patient reported QoL measures. Within the iden-
tified studies, generic tools were widely used, 
particularly the SF-36 (used in 41 studies) and 
the EQ. 5D (used in 19 studies), three other 
generic tools were also used: the SF-12  in six 
studies, and the WHOQOL-BREF and Illness 
Intrusiveness scale each used in a single study. 

Table 16.2 Tools, category and frequency of use in the included studies

Tool Name Category of tool
No of studies 
using tool

AF6—Atrial Fibrillation 6 Arrhythmia specific 1
AFEQT—Atrial Fibrillation Effect on Quality-of-Life Arrhythmia specific 19
AFSC—AF Symptom Checklist Arrhythmia specific 4
AFSS—AF Severity Scale Arrhythmia specific 2
ASTA—Arrhythmia- specific questionnaire in tachycardia & arrhythmia Arrhythmia specific 3
AFQLQ—AF-specific QOL questionnaire Arrhythmia specific 3
BDI—Beck Depression Inventory Scale Mental wellbeing 2
C-CAP—Cardiff Cardiac Ablation PROM Arrhythmia specific 1
CCS-SAF—Canadian Cardiovascular Society Severity of Atrial 
Fibrillation

Arrhythmia specific 1

EQ5D (EQ5D-5L and EQ5D-3L) Generic 19
HADS—Hospital Anxiety and Depression Scale Mental wellbeing 3
II—Illness Intrusiveness Generic 1
MASQ—Modified arrhythmia-specific questionnaire Arrhythmia specific 1
MDI—Major Depression Inventory Mental wellbeing 1
PPAQ—patient perception of arrhythmia questionnaire Arrhythmia specific 1
SAS—Self-rating Anxiety scale Mental wellbeing 1
SCL—Symptom Checklist Arrhythmia specific 2
SDS—Self-rating depression scale Mental wellbeing 1
SF-12—Short Form 12 Generic 6
SF-36—Short Form 36 Generic 41
SVD—Sleep & Vegetative Disorder Mental wellbeing 1
SSQ—Symptom Severity Questionnaire Arrhythmia specific 1
STAI—Stait-Trait and anxiety inventory Mental wellbeing 4
U22 Arrhythmia specific 3
Vital Exhaustion Mental wellbeing 1
WHO-5 Wellbeing Index Mental wellbeing 1
WHOQOL-BREF—World Health Organisation Quality of Life Scale Generic 1
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Generic
n=31

Arrhythmia 
specific
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arrhythmia
specific & 
generic = 3 
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specific = 22

Fig. 16.1 Summary of 
tool use

Twelve studies did not use a generic quality of 
life tool at all [31, 32, 34, 43, 51, 55, 56, 67–69, 
79, 93]. The combinations of tools used is illus-
trated in Fig. 16.1.

The most commonly used wellbeing tool was 
the State—Trait Anxiety Inventory (STAI) which 
was used in four studies. The Hospital Anxiety 
and Depression Scale (HADS) and Beck 
Depression Inventory (BDI) were both used in 
two studies while the Major Depression Inventory, 
Self-rating Anxiety scale; Self-Rating Depression 
Scale Sleep & Vegetative Disorder survey; Vital 
Exhaustion tool and WHO-5 Wellbeing Index 
were all used in a single study.

Eleven different arrhythmia specific HRQoL 
measures were used, the most commonly used of 
which was the AFEQT (19 studies). The AF 
symptom checklist was used in 4 studies and the 
U22, ASTA, and AFQLQ were each used in 
three. The AS severity scale, and SCL were all 
used in two studies while the remainder (AF6; 
C-CAP, CCS-SAF, MASQ, PPAQ, and SSQ) 
were used in 1 study each. Notably, the inclusion 
of patient reported outcome measures appears to 
have increased in the last three years, as detailed 
in Fig. 16.2.

All of the included studies reported baseline 
HRQoL and the length of follow up ranged from 
2 months [49] to 75 months [40].

 Comparative Studies

Twenty-six of the studies compared different 
treatment strategies [28, 32, 36, 43–45, 57, 60, 
62, 63, 65–67, 71, 74–76, 78, 84, 85, 88–90, 94, 
96, 100]. Buist et al. [94] compared catheter abla-
tion to minimally invasive thorascopic pulmo-
nary vein isolation and left atrial appendage 
(MIPI) in a study of 52 patients. They found that 
both treatment options resulted in an improve-
ment in quality of life measures which were 
maintained at 24  months, although the patients 
treated with catheter ablation reported signifi-
cantly fewer physical problems and bodily pain 
at three months post treatment compared to those 
treated with MIPI. In their 2015 publication, Bai 
et  al. [32] described selected patients on the 
Chinese Atrial Fibrillation Register with a low 
stroke risk who had completed the AFEQT at 
baseline and six-months, matching 74 patients 
treated with radiofrequency ablation (RFA) to 
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148 who had not received RFA (treatment not 
specified for this group). QoL improved at six 
months for both groups with RFA showing only 
small superiority over no ablation treatment. 
However, as noted by the authors, patients who 
moved from the non-ablation to the ablation 
group were excluded which may result in some 
study bias.

 Catheter Ablation Versus Anti- 
arrhythmic Drugs

Fifteen comparative studies [36, 44, 45, 65, 
67, 71, 74, 76, 78, 84, 85, 88, 90, 96, 100] 
including a total of 4811 patients reported 
HRQoL in patients treated with catheter abla-
tion (CA) compared to patients taking anti-
arrhythmic drugs (AAD), with Spertus et  al. 
[78], carrying this comparison out as part of a 
PROM validation exercise for AFEQT. These 
studies found that patients treated with CA 
reported better post treatment quality of life 
than those treated with AAD, with the excep-
tion of Morillo et al. [65] which reported that 
quality of life was improved in both groups 
with no significant difference between the 
two. However, they did find that ablation 
resulted in a lower rate of arrhythmia recur-
rence than AAD treatment [65].

While Blandino et  al. [100] reported better 
quality of life outcomes and superior rhythm 
maintenance in those treated with catheter abla-
tion, they also found that treatment with CA 
increased the risk of embolic complications in 
elderly patients, particularly those who had suf-
fered a previous transient ischaemic attack or 
stroke.

 Comparative Studies of Different 
Ablation Strategies

Eight of the studies [28, 43, 57, 60, 62, 63, 66, 
89] compared different ablation strategies, using 
HRQoL as one of their outcome measures. Das 
et al. [43] compared patients treated with a single 
pulmonary vein isolation procedure using radio-
frequency ablation with those treated with a sec-
ond re-isolation procedure after two months 
regardless of symptoms. This study found that 
patients treated with the re-isolation procedure 
had improved freedom from recurrence, arrhyth-
mia burden and quality of life than those treated 
with the standard single procedure.

Mortsell et  al. [66] assessed patients treated 
with cryoballoon (CB) CA, comparing standard 
treatment of two consecutive CB applications 
with a single CB application in a randomised trial 
of 139 patients. Freedom from AF and quality of 
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life following treatment was the same for both 
groups, however, as well as a shorter treatment 
time in the single CB arm (99.4 ± 33.3 min vs. 
118.4 ± 34.3 min) there was a lower complication 
rate in the single CB group. A randomised study 
of 750 patients by Kuck et al. [60] directly com-
pared cryoballoon and radiofrequency ablation in 
a randomised controlled trial (RCT) to demon-
strate non-inferiority of CB ablation. The results 
suggested that while quality of life outcomes 
were improved in both groups, those treated with 
CB had significantly fewer repeat ablations, 
direct-current cardioversions, all-cause and car-
diovascular rehospitalisation during the follow-
 up period. Another multicentre RCT measured 
the effect of using of additional linear ablation 
lines compared to PVI alone, finding that the 
additional lines increased procedural time and 
radiation dose but provided no extra clinical ben-
efit to PVI alone. Another study of patients with 
co-existent atrial fibrillation and atrial flutter ran-
domised patients to receive AF ablation, atrial 
flutter ablation or ablation of both [63]. Patients 
treated with atrial flutter ablation alone had 
higher recurrence and lower QoL than those 
treated with AF ablation or ablation of both 
arrhythmia substrates.

Reporting on the Substrate and Trigger 
Ablation for Reduction of Atrial Fibrillation 
(STAR AF) trial, Mantovan et al. [62] compared 
three treatment strategies, randomising patients 
to receive complex fractionated electrogram 
ablation (CFE), PVI, or a combined approach 
(PVI with CFE). Procedural outcomes varied 
between the treatment groups with the combined 
PVI and CFE group having the highest freedom 
from arrhythmia at one year (88%) and CFE 
alone the lowest (38%). However, all three groups 
showed significant improvements in physical and 
mental health following ablation irrelevant of the 
ablation strategy, including in many of those 
patients with arrhythmia recurrence, although 
recurrence was a predictor of worse QoL out-
comes. Andrade et al. [28] assessed the quality of 
life outcomes and healthcare utilization in 346 
patients with paroxysmal AF treated with either 
contact force–guided radiofrequency ablation or 
cryoballoon ablation. There were no significant 

differences between the two groups, with both 
arms showing significant improvement in 
HRQoL and reduced numbers of cardioversions 
and emergency department visits. Kanda et  al. 
[57] reported on an RCT with 222 patients which 
compared the clinical outcomes of pulmonary 
vein isolation (PVI) alone with more intensive 
ablation in addition to PVI, including complex 
fractionated atrial electrogram and linear ablation 
(PVI plus). Although there was a significant 
improvement in QoL in both groups, the PVI plus 
group showed greater improvements than the 
PVI alone group.

 Between Group Comparisons

While other studies did not set out to compare 
ablation against other treatment options, some 
did have a comparative nature. Both Bulkova 
et al. [38] and Kato et al. [58] compared changes 
in QoL after PVI between patients treated for 
persistent atrial fibrillation and those with parox-
ysmal AF.  While these studies found that both 
patient groups reported some improvements, the 
patients treated for persistent AF had greater 
improvements in quality of life than those treated 
for paroxysmal AF.  In their 2015 study, 
Walfridsson et al. [83] sought to compare patients 
treated with radiofrequency ablation for paroxys-
mal supraventricular tachycardia with a normal 
population, finding that HRQoL scores were sim-
ilar 1  year after treatment. Risom et  al. [75] 
assessed 210 patients who participated in post 
ablation cardiac rehabilitation with those man-
aged with standard care only. While there was no 
between group difference in the mortality or hos-
pital admissions, a lower proportion of the 
patients in the cardiac rehabilitation group had 
high levels of anxiety than in the standard care 
group.

 Anxiety and Depression

Perhaps unsurprisingly due to the number of 
PROMs tools used within the studies linked to 
anxiety and depression, and the link between 
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arrhythmia and anxiety, seven of the studies 
involving a total of 1178 patients closely focused 
on collecting patient reported anxiety and depres-
sion data within their QoL outcomes [46, 63, 70, 
76, 92, 99, 102]. While improved health and 
quality of life related to successful ablation was 
reported in all of these studies, interestingly in a 
small study of 41 patients Efremidis et  al. [46] 
found that patients with higher baseline anxiety 
and depression were linked to higher recurrence 
rates.

 Exercise Performance

Changes in exercise performance were measured 
by Mohanty et al. [64] and Yagishita et al. [91] in 
studies of patients with asymptomatic persistent 
AF treated with catheter ablation. These studies, 
including a total of 95 patients, both found that 
successful ablation improved quality of life and 
exercise performance.

 Healthcare Utilisation

Five studies focused closely on both QoL 
improvements and resource utilisation. Biviano 
et al. [34] was a multicentre registry study includ-
ing over 700 patients treated for paroxysmal AF 
and sought to identify differences in QoL and 
healthcare utilisation between younger and older 
cohorts (≥65 vs. <65  years). This study found 
that QoL improvements were similar between the 
two groups, with healthcare cost lower or not sig-
nificantly different for older patients. Similar out-
comes were assessed by Farkowski et  al. [49], 
however this study of 82 patients focused on dif-
ferences between genders following catheter 
ablation for RFA for AVNRT or AVRT.  While 
there were no differences in healthcare resource 
use or HRQoL, women did report higher severity 
of symptoms than men at the two-month follow 
up. Quality of life, socioeconomic parameters 
and costs of conventional therapy were assessed 
in a 2012 study by Bulkova et al. [39] in a study 
of 160 AF patients who were followed up for two 
years post ablation. As well as seeing significant 

improvements in quality of life, decreased hospi-
tal bed days and incapacity, there was a three-fold 
reduction in costs of conventional therapy (e.g. 
examination costs, cardioversion, antiarrhythmic 
drugs etc.) following ablation. Reduction in costs 
and improvement in quality of life were also 
reported by Gupta et  al. [52] in a study of 329 
patients treated with guided ablation where a 
42% reduction in cardiovascular hospitalisations 
was recorded. Similarly, Lo et al. [61] recorded a 
55% reduction in annualised event rates of car-
diovascular healthcare utilisation in a study of 
223 patients treated with RF ablation.

 Cryoballoon Ablation

As well as the studies by Andrade et  al. [28], 
Kuck et  al. [60] and Mortsell et  al. [66] previ-
ously detailed, Boveda et  al., Chun et  al. [95], 
Jain et al. [97], and Su et al. [37, 80, 95, 97] also 
reported on studies assessing QoL following 
cryoballoon ablation. Boveda et  al. [37] treated 
101 patients with persistent AF, with findings 
indicating 61% procedural success at 12 months 
together with significant reductions in symptoms 
and an improvement in quality of life. Similar 
results were reported by Jain et al. [97] in their 
study of 335 patients treated with cryoballoon 
ablation for paroxysmal AF, and Su et  al. [80] 
who reported 54.8% freedom from AF and sig-
nificant QoL improvements in a study of 165 
patients with persistent AF.  Andrade et  al. [28] 
reported a significant improvement in HRQoL 
and decrease in cardioversions, emergency 
department visits and hospitalisations following 
both cryoballoon ablation and contact force–
guided radiofrequency ablation.

 Cavotricuspid Isthmus Ablation

As noted, studies by Seara et  al. [77] and 
Cabanos-Grandios et al. [40] focused on patients 
with atrial flutter treated with cavotricuspid isth-
mus ablation. These both reported improvements 
in QoL, however there are a number of similari-
ties within the two studies which suggest that the 
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same patient cohort may be included by both 
authors, with Cabanas-Grandio reporting data 
after a longer follow up period. At over six years 
after ablation, predictors of long term QoL 
included recurrence of atrial flutter, basal QoL 
history of diabetes mellitus and AF.

 Predictors of Success

Two of the included studies [50, 99] specifically 
explored the factors predictive of CA success. 
Barmano et  al. [99] identified several factors 
affecting outcomes in patients with AF treated 
with CA including gender, diabetes, heart failure, 
left atrial volume and frequency of AF attacks 
prior to ablation. In a study of patients with long-
standing persistent atrial fibrillation Fiala et  al. 
[50] found that younger male patients gained 
most benefit, while delayed or non-improved left 
atrial appendage outflow reduced post-ablation 
functional improvement.

 Other Study Aims

Four studies identified [35, 44, 54, 78] collected 
data as part of PROM validation or evaluation 
studies, although QoL data for the patients treated 
with catheter ablation is also available from these.

 Predictors of Poor Quality of Life

Although few studies set out specifically to identify 
the predictors of success, many authors did report 
on factors which influenced poor quality of life 
with 60 of the 77 papers identifying predictors of 
poor quality of life. These were mainly linked to 
recurrence of arrythmia following ablation / non-
maintenance of sinus rhythm (reported in 27 
papers), high or continued arrhythmia burden 
(reported in 15 papers), and non-ablation treatment 
(e.g. AAD therapy, reported in 11 papers). Other 
authors reported a range of factors including gen-
der (reported in eight papers), age, low baseline 
QoL, depression and anxiety, warfarin use, family 
history of AF, and co-morbidities including prior 

stroke, obesity, and diabetes. Figure 16.3 is a Venn 
diagram illustrating predictors of poor outcomes as 
reported in the included texts.

 Limitations of the Included Studies

A large number of tools were used in the studies 
and this may mean that comparison across studies 
is difficult. This is particularly true when the out-
come measures used were not validated tools, and 
others were collecting and reporting data as part of 
a validation study meaning that they may not be 
robust and reliable. Some of the studies were very 
small and in some cases quality of life data was 
reported at just two or three months post ablation. 
A “blanking period” of three months is often 
referred to following ablation for atrial fibrillation, 
and is the time period during which early recur-
rence of arrhythmias can occur due to transient 
inflammatory pro-arrhythmic changes. While 
some of the studies reporting at 3 months or less 
included other arrhythmia substrates, results for 
AF patients utilising data collected before this 
time may be misleading depending on the window 
of PROMs collection. Additionally, a number of 
included studies are from authors within the same 
institution and there is a possibility that some of 
the studies have presented data on the same 
patients, leading to double reporting. Only a small 
number of RCTs were included and many studies 
were single cohort. Registry data although argu-
ably providing meaningful “real world” feedback, 
does come with its own limitations, specifically 
lack of standardised treatment protocols and thus 
inevitable variation in treatment.

As for any other field, Patient Reported 
Outcome Measures are subjective and can be 
influenced by many variables including method 
of collection, and intentional/unintentional clini-
cian bias.

 Critique of the Different Tools 
Available

The benefits of using generic tools such as the 
EQ5D and SF-36 as discussed previously include 
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Fig. 16.3 Predictors of poor Quality of Life

the ability to compare between different condi-
tions and also, in some cases, the added benefit of 
supporting economic evaluations. However, often 
for arrhythmia patients they are too insensitive to 
measure the full impact of cardiac arrhythmias on 
patient quality of life, and similarly unable to 
measure the benefits of treatment including 
ablation.

As is the case for other disorders, the use of 
more sensitive condition specific PROMs tools 
provides the ability to ensure that all aspects of 
the condition which are relevant to arrhythmia 
patients are explored. However, as this group of 
studies suggests, there is a wide range of poten-
tial tools available and currently there appears to 

be no consensus on a preferred tool, although 
AFEQT was the most widely used. The addi-
tional use of measures of anxiety and depression 
within the included studies reflects the suggested 
link between arrhythmias and anxiety, and may 
serve to identify issues that may otherwise be 
missed in this patient group.

 Comparison to Other Outcomes

Clinical outcomes as traditionally measured via 
mortality, morbidity and clinical complications 
are crude and in reality assess failure and not suc-
cess. In many hospitals, patients are not seen post-
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ablation procedure and therefore success is 
assumed and only patients with difficulties are 
seen at a later stage. Investigations to confirm 
whether ablation has been successful are not rou-
tine, and in addition they are expensive and 
resource intensive, an important factor in an era 
where resources are already stretched. Patient 
reported outcomes offer an accessible and afford-
able method of comprehensively assessing quality 
of life before treatment, not only to facilitate mea-
surement of clinical success following treatment, 
but also to more fully involve patients in their care 
and to understand what matters most to them at all 
stages of their treatment. As quality of life tools 
are becoming increasingly common in clinical 
practice and not just as a research tool, the data 
they collect can be used to support clinical deci-
sion making, patient selection and to identify 
good practice, potentially driving improvement.

Some patients with arrhythmia remain asymp-
tomatic despite their diagnosis. However, even in 
these groups there is evidence as supported by 
the studies by Mohanty et al. [64] and Yagishita 
et al. [91] to suggest that ablation improves qual-
ity of life in these patients, supporting their use as 
a clinical tool even in asymptomatic patients.

 Conclusions

As the focus of catheter ablation is often to reduce 
or abolish symptoms it seems that HRQoL tools 
are an ideal measure of procedural success. The 
studies included in this overview suggest that it 
has a high success rate with good outcomes that 
are maintained during long-term follow up. These 
outcomes compare favourably to anti-arrhythmia 
drug therapy which has been the traditional main-
stay of treatment. Several ablation strategies were 
also considered by these studies in different 
arrhythmia types, all with good clinical and 
patient outcomes.

The use of anxiety and depression tools may 
reflect an area of health and quality of life 
which is not covered by some generic or condi-
tion specific tools. Those collecting HRQoL 
data from patients with arrhythmia should be 
aware of this aspect of health and ensure it is 
not overlooked.

In summary, the studies identified suggest:

• The evidence suggests that catheter ablation is 
successful at improving quality of life in peo-
ple with arrythmias

• Comparative studies show that patients treated 
with ablation have better quality of life 
improvements than those treated with anti- 
arrhythmic drugs

• Economic data suggests that ablation is a cost 
effective method of treating arrythmia, reduc-
ing related hospital visits

• Recurrence of arrythmia and high arryth-
mia burden are predictors of poor quality of 
life

• Clinical trial data focuses on QoL outcomes in 
AF, QoL following ablation of other arryth-
mias is less well reported

• Use of PROMs tools in clinical trials includ-
ing patients with arrythmias appears to be 
increasing

• There is no consistent approach to the QoL 
data currently collected with no Gold Standard 
approach

 Appendix

 Medline Search Strategy

 1. exp. Arrhythmias, Cardiac/
 2. arrhythmia*.tw.
 3. ((atrial or ventricular) adj1 fibrillation).tw.
 4. ((atrial or ventricular) adj1 flutter).tw.
 5. (tachycardia or bradycardia or tachyarrhyth-

mia or bradyarrhythmia).tw.
 6. (“sick sinus syndrome” or tachybrady).tw.
 7. (“heart block” or “atrioventricular block” or 

“AV block”).tw.
 8. AVNRT.tw.
 9. ((long or short) adj QT).tw.
 10. “Wolff-Parkinson-White syndrome”.tw.
 11. “atrial premature complexes”.tw.
 12. (“carotid sinus syndrome” or “carotid sinus 

hypersensitivity”).tw.
 13. (cardiac adj5 channelopath*).tw.
 14. (“QT syndrome*” or LQTS or SQTS).tw.
 15. 1 or 2 or 3 or 4 or 5 or 6 or 7 or 8 or 9 or 10 

or 11 or 12 or 13 or 14
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 16. Catheter Ablation/
 17. Radiofrequency Ablation/
 18. High-Intensity Focused Ultrasound Ablation/
 19. ablation techniques/
 20. laser therapy/
 21. exp. Arrhythmias, Cardiac/su [Surgery]
 22. (catheter adj5 (ablat* or isolat*)).tw.
 23. (transcatheter adj5 (ablat* or isolat*)).tw.
 24. (atrial adj5 ablat*).tw.
 25. (electric* adj5 ablat*).tw.
 26. ((radiofrequency or RF) adj5 ablat*).tw.
 27. (ccryosurg* or cryoablat*).tw.
 28. cauteri*.tw.
 29. (laser adj5 ablat*).tw.
 30. “pulmonary vein isolation*”.tw.
 31. “high intensity focused ultrasound”.tw.
 32. or/16-31
 33. (HR-PRO or HRPRO or HRQL or HRQoL 

or QL or QoL or “health index*” or “health 
indices” or “health profile*”).tw.

 34. (“quality of life” adj2 (assessment* or index 
or indices or instrument or instruments or 
measure or measures or questionnaire* or 
profile or profiles or scale or scales or score 
or scores or status or survey or surveys)).tw.

 35. Health Status/
 36. (patient adj reported adj outcome*).tw.
 37. HeartQoL.tw.
 38. (“Atrial Fibrillation Effect on QualiTy-of- 

Life” or AFEQT).tw.
 39. (“Quality of Life questionnaire for Patients 

with Atrial Fibrillation” or AF-QOL18).tw.
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17Patient Reported Outcomes 
and Quality of Life following 
Percutaneous and Surgical 
Intervention for Subclavian Artery 
Disease

Lydia Hanna and Richard Gibbs

 Introduction

Subclavian artery disease describes a condition 
whereby a high-grade stenosis in the subclavian 
artery (SA) narrows the vessel wall (subclavian 
artery stenosis, SAS [Fig. 17.1a]). SAS occurs in 
2% of the general population and 7% of patients 
who have peripheral arterial disease (PAD) [1]. 
The presence of PAD is associated with a fivefold 
increase risk of having SAS.  Other risk factors 
include smoking, hypertension and lower level of 
high-density lipoprotein (HDL) cholesterol [1]. 
SAS is also associated with increased total mor-
tality, cardiovascular disease mortality and an 
increased risk of cerebrovascular ischaemic 
events [2].

More than 90% of SAS cases are the result of 
steno-occlusive atherosclerotic plaque. Other 
causes include arteritis, inflammation, radiation 
exposure, compression syndromes, fibromuscu-
lar dysplasia, and neurofibromatosis [1]. The Left 
SA (LSA) is three-times more likely to be 
affected by flow-limiting disease than any of the 
other supra-aortic vessels due to the acute angle 
between the origin of the LSA and ascending 

aorta that can lead to increased flow turbulence 
and atherogenesis [3, 4].

While most patients are asymptomatic, a hae-
modynamically significant stenosis in the SA can 
compromise flow to the axillary, vertebral and 
internal mammary artery and may eventually 
result in reversal of blood flow known as ‘steal’ 
phenomenon, leading to end-organ ischaemia in 
downstream tissues (Tables 17.1 and 17.2). 
Broadly speaking, management centres around 
best medical therapy with an antiplatelet and a 
statin to reduce disease progression and cardio-
vascular risk profile for all patients.

Intervention is reserved for symptomatic 
patients and for asymptomatic patients undergo-
ing planned surgical bypasses that require preser-
vation of inflow (eg LIMA grafts) [5, 6]. 
Endovascular intervention involves percutaneous 
transluminal angioplasty (PTA) and stent inser-
tion whereby wires and catheters are used to 
cross the lesion, followed by dilatation of the 
lesion with a balloon and insertion of a stent to 
maintain patency (Fig. 17.1b) [7]. Surgical revas-
cularisation consists of bypassing the lesion with 
a prosthetic graft that connects the carotid artery 
to a more distal and healthy part of the subclavian 
artery (carotid-subclavian bypass, CSB, 
Fig. 17.1c). Other less commonly used bypasses 
include axillo-axillary, carotid-axillary or 
carotid-carotid bypass. The subclavian artery can 
also be surgically disconnected from the arch and 
anastomosed onto the carotid artery (subclavian 
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a b c

Fig. 17.1 (a) Stenosis in subclavian artery. (b) Balloon angioplasty. (c) Carotid-subclavian artery bypass

Table 17.1 Grades of severity of vertebral artery haemo-
dynamic disturbance in subclavian

 •  Grade I (pre-subclavian steal): reduced antegrade 
vertebral flow

 •  Grade II (intermittent/partial/latent): alternating 
flow—antegrade flow in the diastolic phase and 
retrograde flow in the systolic phase

 •  Grade III (permanent/advanced): permanent 
retrograde vertebral flow

Table 17.2 Clinical features of Subclavian artery 
Stenosis (SAS)

Upper limb ischaemia
   Arm claudication (pain and fatigue on exertion)
   Cool
   Paraesthesia
   Digital necrosis
Vertebrobasilar symptoms
   ‘Drop attacks’
   Diplopia
   Dizziness
   Tinnitus
   Hearing loss
Coronary symptoms
   Angina
   Myocardial infarction
   Heart failure

artery transposition, SCT)) thereby avoiding a 
prosthetic graft [8, 9].

The 2017 European Society of Cardiology in 
collaboration with the European Society of 

Vascular Surgery Guidelines state that in symp-
tomatic patients, both revascularisation options 
should be considered [5]. Most intervention stud-
ies report high technical and clinical success as 
their end-points with both techniques [10, 11], but 
it is imperative to also understand the physical, 
psychological and social impact of these interven-
tions to determine if a minimally invasive inter-
vention offers higher risk patients further 
advantage in terms of patient-centred outcomes.

This chapter aims to undertake a systematic 
appraisal of the literature regarding quality of life 
(QOL) and patient related outcome measures 
(PROMS) following percutaneous and surgical 
intervention of subclavian artery disease.

 Material and Methods

 Search Strategy

This study was performed in accordance with the 
guidelines for the ‘Preferred Reporting Items for 
Systematic reviews and Meta-Analyses’ (PRISMA) 
[12]. A systematic search of OVID, Embase and 
Pubmed databases was undertaken up to March 
2020 using the following search terms: (‘quality of 
life’ or ‘patient related outcomes’) AND (‘subcla-
vian artery disease or stenosis or occlusion or 
steal’) AND (‘percutaneous’ or ‘endovascular’ or 
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‘angioplasty’ or ‘stent’ or ‘surgery’ or ‘bypass’). 
Reference lists of selected papers were also hand 
searched to check for suitable articles.

 Inclusion and Exclusion Criteria

Studies in English reporting QOL and PROMS 
outcomes with validated tools in adults undergo-
ing intervention percutaneous and surgical revas-
cularisation of the subclavian artery for SAS 
were included Subclavian artery disease:material 
and methods. Studies focusing on management 
of steal symptoms or upper limb ischaemia in 
relation to traumatic injury or because of LSA 
coverage during thoracic aortic endovascular 
repair (TEVAR), were excluded. Studies report-
ing outcomes for SAS in addition to disease of 
other supra-aortic vessels were included only if 
the outcomes for SAS could be extracted.

 Outcomes of Interest and Data 
Extraction

Two reviewers (LH and RG) first screened titles and 
abstracts Subclavian artery disease:material and 
methods, and papers of interest were retrieved and 
reviewed to check if they met the above criteria. A 
consensus was reached if discrepancies were 
observed. Data was extracted according to an agreed 
proforma and included author, year of publication, 
surgical center location, research type, period of 
data collection, intervention (percutaneous vs surgi-
cal revascularisation), number of subjects, key 
patient characteristics as reported by authors, QOL/
PROMS instrument used, data of preoperative and 
postoperative QOL/PROMS assessment, follow-up 
period, follow-up completion rates, key non-QOL/
PROMS outcomes as reported by authors.

 Quality Scoring

The methodological quality of included studies 
was assessed using scoring system based on a 
standardized checklist of 10 items. Studies scor-
ing ≥8 were considered to be of ‘high quality’, a 

score in the range 5–7 ‘moderate quality’ and <5 
‘poor quality’ [13, 14].

 Results

 Selected Studies

The literature search identified 1831 manuscripts. 
The abstracts for all identified studies were 
reviewed. Despite this only one study met the 
inclusion criteria (Fig. 17.2) [15].

 Studies Focusing on Percutaneous 
Intervention

Only one study met the inclusion criteria. Qureshi 
et  al. [15] investigated the short-term treatment 
effects of percutaneous intervention on QOL of 
patients with stenotic disease affecting the supra- 
aortic vessels using pre and postoperative 
European Quality of Life Five Dimension Five 
Level Scale (EQ-5D-5L) and the European 
Quality of Life Visual Analog Scale (EQ-VAS). 
Angioplasty and/or stent placement was under-
taken in ten patients, but only two patients under-
went intervention in the right SA for a 
combination of left hemiparesis, vertigo, ataxia, 
nausea, and vomiting. Both patients reported 
improvements following intervention, defined as 
a difference of at least 0.074 or more in the 
EQ-5D utility index and an improvement of 10 
points or greater on EQ-VAS.

 Studies Focusing on Surgical 
Revascularization

The search strategy did not identify any manu-
scripts that formally assessed QOL using PROMs 
following surgical revascularization.

 Quality of Included Studies

According to the checklist, the only included 
study scored a 4.
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1831 potentially

relevant articles

identified using

the search strategy

56 potentially

relevant articles

were identified

after abstract

analysis

1775 excluded after abstract

review due to

•  Not in English 4

•  Topic other than subclavian

   artery disease 1771

29 excluded due to 

no HRQOL

assessment

1 article included

in review

30 full text

articles for more

detailed

evaluation and

reference list

search

Fig. 17.2 Search 
Strategy. HRQOL: 
health related quality of 
life

 Discussion

This study attempted to identify articles that 
report health related quality of life or patient 
related outcomes measures in patients who have 
undergone percutaneous and surgical revasculari-
sation of subclavian artery disease. Despite a sys-
tematic and thorough search through the major 
databases, there is a significant lack of patient 
reported outcome measures for this group of 
patients. Overall, the search identified only one 
study that investigated the impact of the disease 
and subsequent intervention on the quality of life 
from a patients’ perspective. This observational 
study however is limited to the experience of only 
two patients with SAS who underwent percutane-
ous intervention together with preoperative and 

1  month post-procedure assessment with the 
EQ-5DL and VAS QOL validated tools [15]. 
While the short follow-up period in this study also 
prevents an understanding of long-term outcomes, 
the results overall suggest an improvement in 
health-related outcomes following endovascular 
management of SAS.  There were no QOL/
PROMs studies in patients undergoing surgical 
revascularisation and there were no comparator 
studies measuring PROMs between surgical 
revascularisation and PTA. Similarly, there were 
no articles exploring the predictors of impaired 
HRQoL in the management of  subclavian artery 
stenosis. In Fig. 17.3, we have attempted to sum-
marise these potential predictors.

More detailed evaluation of the articles 
retrieved in the search revealed that most of the 
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Potential predictors of impaired HRQoL in the management of subclavian Artery Stenosis

Patient-related

•  Increasing Age

•  Co-morbidities

•  Higher degree of stenosis

•  Lack of collateral circulation (incomplete
   Circle of Willis)

•  Previous surgery

•  Symptomatic disease and steal Syndrome

•  Procedural complications (eg. Stroke)

•  Poor technical success

•  Need for re-do procedures/surgery 

•  Lack of resolution of symptoms despite
   intervention

Procedure-related

Fig. 17.3 Potential predictors of impaired HRQOL in the management of subclavian artery stenosis

published studies in this area focused on ‘proce-
dural success’ through reporting of ‘technical 
success’, ‘patency rates’ of restenosis or re- 
occlusion, and difference of blood pressure 
between the upper limbs post-treatment. Health 
assessment was mainly through more traditional 
outcomes such as mortality, morbidity (peripro-
cedural complications and in particular, neuro-
logical deficit), survival analysis and ‘clinical 
success’ (symptom improvement or recurrence). 
Aside from the latter, these outcomes differ con-
siderably from patient-related outcomes as they 
provide data detectable only by clinicians.

While the reporting of ‘clinical success’ is 
somewhat dependent on the patient’s perception 
of their health status before and after treatment, it 
fails to capture the effect this has on their func-
tional, emotional and social status that may in 
turn impact activities of daily living and quality 
of life. An assessment of these outcomes can only 
reliably be obtained from patients with validated 
tools that serve to standardise the interview and 
data reporting process. This subsequently allows 
the efficacy of a treatment to be determined for a 
cohort of patients affected by the same disease 
process, and for an individual patient by com-
parison of patient reported data before and after 
treatment. Furthermore, a patient who has com-

plete resolution of symptoms may still experi-
ence impairment in any of the above domains and 
therefore experience a poor quality of life.

While surgical revascularisation is considered 
the gold standard treatment of occlusive disease 
of the subclavian artery, PTA revascularisation of 
the subclavian artery, like most minimally inva-
sive endovascular procedures is generally consid-
ered the less invasive option for elderly co-morbid 
patients, without any clear evidence of the direct 
benefit this has for patients. The high technical 
and clinical success, that can be obtained with 
both interventions, in addition to their similar 
adverse profile [8, 9, 16–22], provides further 
need for the use of additional patient-centred out-
comes to enable informed and individualised 
decision making for both clinicians and patients.

Due to the paucity of data in this setting, use-
ful insights can be gained from studies compar-
ing open and endovascular interventions in other 
revascularisation procedures. For instance, a 
randomised study comparing QOL in patients 
undergoing open infrarenal aneurysm repair to 
endovascular aneurysm repair (EVAR) has dem-
onstrated significant health-related quality of life 
benefits with EVAR in comparison to open 
repair. The lessened surgical insult of EVAR is 
thought to account for the significantly improved 
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physical functioning, role limitation, vitality, 
and pain scores on SF-36 questionnaires, and 
significantly better scores on the EuroQoL Usual 
Activities item [22]. Furthermore, there appears 
to be a faster recovery of postoperative HRQOL 
scores to baseline with EVAR than open repair 
[23]. Conversely, a comparative observational 
study has found no difference in perceived 
HRQOL between EVAR and open repair and has 
attributed this to the necessary need for surveil-
lance and reintervention during a patient’s life-
time [24].

Similarly, in carotid artery revascularisation, 
the CREST (Carotid Revascularization 
Endarterectomy Versus Stenting Trial) and 
SAPPHIRE (Stenting and Angioplasty with 
Protection in Patients at High Risk of 
Endarterectomy) have both demonstrated that 
patients undergoing CAS had better HRQOL for 
measures of overall physical function, pain and 
driving, and fewer limitations relating to eating 
and neck discomfort using the SF-36 EuroQol 
(EQ-5D), during early post-operative period, 
which the authors attribute to the less invasive 
nature of CAS.  Furthermore, health status at 
1-year was impaired among those who experi-
enced periprocedural stroke in comparison to 
those who did not, an event that occurred most 
commonly following CAS [25, 26].

The implication of the findings in this review 
are significant when considering individual 
patient preferences. On the one hand, some 
patients may value the quicker physical recovery 
and immediate comfort of minimally invasive 
interventions, whereas others may place greater 
value on the long-term impact of impact of con-
tinued hospital visits for ongoing surveillance, 
likely need for reintervention, and procedure spe-
cific periprocedural complications and health 
related sequalae. QOL assessment tools provide a 
unique opportunity to identify which domains of 
QOL are perceived to be most important to indi-
viduals affected by a certain disease process, and 
those domains most likely to be affected follow-
ing (open and minimally invasive) intervention to 
develop preventative strategies and to better sup-
port the needs of patients [27].

 Conclusion

There is a significant lack of literature that mea-
sures PROMs in percutaneous and surgical revas-
cularisation for subclavian artery disease. At this 
time, this data is critically needed to quantita-
tively highlight those issues of greatest impor-
tance to patients that may affect their quality of 
life following these interventions.
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18QoL and PROMS Following 
Percutaneous and Surgical 
Intervention for Renal Artery 
Disease

Ankur Thapar and Phillip Puckridge

Isolated renal artery intervention is performed in 
adults mainly for atherosclerosis and fibromuscu-
lar dysplasia. Indications for treatment include 
acute ischaemic nephropathy, transplant renal 
artery stenosis and multi-drug resistant severe 
hypertension, particularly in the setting of a soli-
tary functioning kidney. 

The authors searched Pubmed from inception 
to 15 November 2019 using the keywords “renal 
artery” and “angio*” or “stent*” or “surgery” or 
“endarterectomy” or “bypass” or “reimplanta-
tion”. This resulted in quality of life data from 
three studies.

In atherosclerotic disease a single randomised 
controlled trial of medical therapy with or without 
renal artery angioplasty showed no difference in 
quality of life over a 12 month follow-up period. 
An age and gender matched cross-sectional sur-
vey of different patients pre and post renal artery 
stenting reported higher physical scores on the 
SF-36 instrument between the groups, with a key 
driver being the side effects experienced with 

antihypertensive medications. A single arm cross- 
sectional study evaluated quality of life and well-
being 5 years post stenting. There was no control 
group, however reasonable quality of life and 
wellbeing scores were recorded. There was no 
data on quality of life for surgical correction of 
atherosclerotic renal artery stenosis.

In fibromuscular dysplasia there was no data 
on quality of life, however multiple case series 
suggest that hypertension is curable in 30–50% 
of patients.

In conclusion there is limited data on the quality 
of life benefits for intervention for atherosclerotic 
renal artery stenosis, unless dialysis is imminent. In 
fibromuscular dysplasia, angioplasty has a higher 
chance of curing hypertension and thus avoiding 
the side effects of long-term polypharmacy.

Future studies should focus on patient reported 
outcomes in patients with fibromuscular dyspla-
sia or those with a solitary kidney.

Renal artery intervention is performed in 
adults for 3 main pathologies, namely atheroscle-
rosis, fibromuscular dysplasia (FMD) and aneu-
rysmal disease. In addition it is performed as part 
of the treatment of complex aortic pathologies 
such as type B dissection and thoracoabdominal 
aortic aneurysm. This chapter will focus on two 
commonly treated isolated renal pathologies, 
namely atherosclerosis and FMD.

Renal artery stenosis is found in upto 32% of 
hypertensive patients [1]. Key indications for 
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treatment include a >60% stenosis in the follow-
ing settings [2, 3]:

• Acute ischaemic nephropathy with normal 
kidney size, especially with a solitary func-
tioning kidney from plaque rupture

• non-anastomotic, transplant renal artery 
stenosis

• multi-drug resistant severe hypertension 
(sBP>180 mmHg)

• acute kidney injury leading to flash pulmonary 
oedema and the requirement for imminent 
dialysis

• fibromuscular dysplasia with poorly con-
trolled hypertension

Quality of life outcomes are important as the con-
dition is asymptomatic until its late stages and is 
detected through either hypertension, declining 
renal function, or on imaging. This field has been 
revolutionised by the introduction of percutane-
ous angioplasty and stenting, performed under 
local anaesthetic (Fig.  18.1a, b) [4]. This has 
largely superseded the older techniques of aortic 

endarterectomy, aorto, ilio, spleno or hepatorenal 
artery bypass and renal artery reimplantation 
(auto-transplantation). These are still used in 
selected cases and in the paediatric population. In 
addition, new drug therapies to manage renal 
artery stenosis have emerged such as ACE and 
ARB2 inhibitors, that target the renin- angiotensin- 
aldosterone axis, the primary driver in renovascu-
lar hypertension. A small subset of patients 
experience deteriorating renal function when 
these drugs are commenced. These patients may 
also be considered for renal artery intervention.

The American Heart Association recommends 
collection of quality of life information in new 
renal artery revascularisation trials [5]. This can 
be performed using the generic SF-36 or Euro- 
QoL instruments.

 Search Strategy

Pubmed was searched from inception to 15 
November 2019 using the keywords “renal artery” 
and “angio*” or “stent*” or “surgery” or “endar-

a b

Fig. 18.1 Left renal angiograms of a patient with fluid 
overload and progressive ischaemic nephropathy (base-
line eGFR 15  ml/min/1.73m2) due to severe left renal 
artery stenosis in a single functioning kidney (eGFR pre 
procedure 7 ml/min/1.73m2). (a) Shows severe left renal 

artery stenosis. (b) Shows appearances post left 6 × 18 mm 
Abbott Herculink Elite bare metal stent (GFR post- 
procedure 48 ml/min/1.73 m2). The patient avoided long- 
term dialysis
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terectomy” or “bypass” or “reimplantation”, using 
the limits of human studies in English. Studies 
were required to focus on adults  undergoing pri-
mary treatment for renal artery stenosis, fibromus-
cular dysplasia or transplant renal artery stenosis. 
Case reports, studies with <10 patients, letters and 
review articles were excluded. Renal denervation 
studies were not considered, as they focussed on 
hypertension not renal artery stenosis. Concomitant 
renal stenting for aortic aneurysm, renal aneu-
rysm, renal transplant, mid-aortic syndrome or 
trauma was excluded as the outcome of these 
pathologies were more likely to influence quality 
of life. Studies that presented quality of life or 
PROMs were included in the final analysis.

 Search Results

Please see PRISMA diagram (Fig. 18.2).

 Atherosclerotic Renal Artery 
Stenosis: Endovascular Trials

Seven published randomised controlled trials 
were found that reported on endovascular treat-
ment for hypertensive patients with atheroscle-
rotic renal artery stenosis [6–12]. One trial was 
unpublished. Inclusion criteria from these trials 
required equipoise between medical therapy and 
intervention, namely that patients did not have 
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Fig. 18.3 Risk of bias assessment of randomised controlled trials in renal artery angioplasty or stenting [13]. Key 
 = low risk of bias,  = unknown,  = high risk of bias

rapidly deteriorating or severely impaired renal 
function or severe hypertension. Most trials 
excluded patients with a single functional kidney. 
Only one trial reported quality of life outcomes 
[6] and none presented patient reported out-
comes. No clinically important difference in 
blood pressure or renal function was reported in a 
meta- analysis of these trials [13].

The risk of bias was assessed using the 
Cochrane Collaboration method (Fig.  18.3). A 
single trial documented quality of life outcomes 
[10]: the assessors were unblinded and there was a 
22/50 (44%) rate of crossover from medical to sur-
gical treatment for three drug resistant diastolic 
hypertension (>95 mmHg) or a 0.2 mg/dl eleva-
tion in serum creatinine concentration. These 
angioplastied patients were analysed in an inten-
tion-to-treat fashion, which may negate effects 
seen between the medical and angioplasty groups.

 Quality of Life Outcomes 
in Atherosclerotic Renal Artery 
Stenting

Quality of life outcomes were examined in a 106 
patient sub-study of the DRASTIC randomised 
controlled trial [14]. Quality of life was reported at 
baseline and 3 and 12  months after renal artery 
angioplasty. Instruments used were the 
Hypertension specific physical symptoms ques-
tionnaire, along with the generic EURO-QoL and 
the MOS General Health Survey. There were no 
significant differences at any time point up to 

12 months using any of these scales. Importantly 
crossover patients were excluded from this analy-
sis. Crossover patients had uncontrolled hyperten-
sion and received an unplanned angioplasty for 
hypertensive complications or worsening renal 
function. This represents a potential group where 
there may be clinical or quality of life benefits to 
angioplasty which were masked by the trial analy-
sis. This would be particularly important if they 
suffered side effects from introduction of a fourth 
drug or if they commenced dialysis. For example, 
deterioration from stage 4 to stage 5 chronic kid-
ney disease is particularly associated with “role-
emotional” impairment to perform work and 
mental composite summary scores [15].

Two additional non-randomised studies exam-
ined quality of life after renal artery stenting.

The first was a cross-sectional US study exam-
ining age and gender matched pre (n-30) and post-
stenting (n = 56) groups [16]. The participants all 
received the SF-36 questionnaire, physical distress 
symptom index, social participation index, life sat-
isfaction index, work performance and satisfaction 
index and sleep dysfunction scale. The only signifi-
cant finding between those that had received a stent 
was that their physical component SF-36 score was 
higher (37 SD ± 9 stented versus 31 SD ± 9 non-
stented). The key drivers were the number of anti-
hypertensive medications, in particular the use of 
 alpha- adrenergic antagonists. This study was a par-
tially matched cross-sectional study and had a sub-
stantial risk of bias from unknown confounders. In 
addition, baseline quality of life was unknown in 
the stented patients (Table 18.1).
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Table 18.1 Key messages

In the only randomised controlled trial of renal artery 
angioplasty for multidrug resistant hypertension there 
was no difference in generic or hypertension specific 
quality of life at 1 year
Patients who have a solitary kidney and who can avoid 
dialysis stand the most to gain from renal intervention
In young patients with fibromuscular dysplasia 
hypertension can be cured in a large proportion with 
renal artery angioplasty but pre and post procedure 
quality of life data are needed
There is no data on quality of life before and after 
surgery for renal artery stenosis

Table 18.2 Activity levels 5  years post renal artery 
angioplasty for hypertension [16]

Activity level % of patients
Indoor activity 7
Short outdoor walking 38
Unrestricted physical activity 36
Active physical training 12
Active physical exercise training 7

The second was a cross-sectional study of 81 
Swedish patients who had undergone renal angio-
plasty (± selective stenting) 5 years earlier [17]. 
These patients self-rated their activity level 1 
(indoor activity only)–5 (jogging 3 times/week) 
(see Table 18.2). In addition they self-rated their 
physical, social and mental wellbeing on a 5 
point Likert scale (see Fig. 18.4).

These data suggested reasonable physical 
functioning scores after renal artery stenting and 
good mental and social scores. This study did not 
have a control group and participants were highly 
selected on the basis of longevity and perceived 
benefit of stenting. Therefore it is difficult to 
comment on the benefit of the intervention itself, 
as patients who were receiving ongoing medical 
treatment may over time have also seen quality of 
life benefits. Again baseline quality of life was 
unknown in this study.

 Atherosclerotic Renal Artery 
Stenosis: Surgical Trials

There were 2 randomised controlled trials of sur-
gery for renal artery stenosis. Neither trial 
included quality of life or PROMs.

The first was a pilot randomised trial of sur-
gery (mainly trans-aortic endarterectomy, n = 25) 
versus angioplasty and selective stenting (n = 25) 
[18]. This trial showed no significant difference 
in blood pressure reduction or mortality. However 
there appeared to be a small benefit in terms of 
renal function in the endovascular group. This 
study was unblinded with small numbers with 
important differences such as a higher number of 
solitary kidneys in the endovascular arm, which 
may have explained the benefits in renal function 
seen in this group.

The second trial was again a pilot study of sur-
gery (again mainly transaortic endarterectomy, 
n  =  29) versus angioplasty (n  =  29) [19]. This 
trial showed no significant difference in blood 
pressure reduction or renal function between the 
two strategies at 2 years. In this trial it was noted 
that 14% of patients in the angioplasty group 
came to surgery and 21% required a second 
angioplasty. This trial was also unblinded, with 
small numbers.

 Fibromuscular Dysplasia: 
Endovascular

This non-inflammatory, non-atherosclerotic dis-
ease of medium sized arteries, responds extremely 
well to angioplasty alone. No randomised con-
trolled trials were found for the treatment of renal 
FMD. In a recent meta-analysis of case series, 
one-third of hypertensive patients were cured 
with renal artery angioplasty [20]. The cure rate 
is proportionate to age, with patients in their 20s 
approaching cure rates of 50%.

 Fibromuscular Dysplasia: Surgery

There were no randomised controlled trials of 
surgery in FMD. There were 4 case series specifi-
cally reporting outcomes in renal FMD. The first 
single centre case series consisted of 40 patients 
with severe uncontrolled hypertension [21]. 
These patients received mainly aortorenal great 
saphenous vein bypass. Eleven patients had a sig-
nificant complication which delayed hospital stay 
and one returned to theatre for haemorrhage con-

18 QoL and PROMS Following Percutaneous and Surgical Intervention for Renal Artery Disease
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trol. There were no deaths upto a mean of 
29 months follow up. One third of patients were 
cured of hypertension, with younger patients 
more likely to be cured.

The second case series was of 26 patients 
receiving again mainly aorto-renal bypass [22]. 
The median intensive care stay was 2  days. 
Primary patency of the reconstructions was 89% 
at 2 years. 10% of patients experienced a signifi-
cant complication extending hospital stay. Again 
one-third of patients were cured of hypertension 
in this case series.

The third case series reported 28 patients with 
severe uncontrolled hypertension treated mainly 
with aortorenal bypass with either vein or inter-
nal iliac artery as a conduit [23]. There was a 3% 
restenosis rate and 97% of patients had improved 
blood pressure at follow up.

The fourth case series reported 72 patients 
treated for hypertension or chronic kidney dis-
ease, mainly with kidney ex-vivo renal arterial 
reconstruction and autotransplantation [24]. 
Patients were followed a mean of 11  years. 
Immediate surgical complications including 

Fig. 18.4 Self- reported physical, social and mental well-
being scores in 88 patients (81 atherosclerosis, 7 fibro-
muscular dysplasia [FMD]) treated with renal artery 

angioplasty at 5 year follow up [17]. Scores range from 
1 = very poor to 5 = very good
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 arterial thrombosis occurred in 2%. Mean blood 
pressure was 176/108  mmHg pre-operatively 
versus 146/89  mmHg post-operatively. Mean 
eGFR was 59  ml/min/1.73m2 pre-operatively 
versus 78 ml/min/1.73m2 post-operatively.

 Quality of Life in Fibromuscular 
Dysplasia

There was one study, described earlier that 
reported outcomes in 7 highly selected FMD 
patients treated with renal angioplasty for 
hypertension at 5 years [17]. This reported out-
comes that were slightly better, or at least com-
parable to those with atherosclerotic renal artery 
stenosis (see Fig. 18.4). In addition, 5 year sur-
vival was 100% in FMD versus 83% for those 
with atherosclerosis. Again no baseline mea-
surements or control group was available for 
comparison.

 Effect of Regular Dialysis on Quality 
of Life

It is clear that in general terms there is very lim-
ited evidence for quality of life benefits for 
patients with renal artery stenosis. However, in 

the setting of imminent dialysis, there may still 
be quality of life benefits to successful renal 
artery revascularisation, if dialysis can be averted. 
Quality of life on dialysis has been examined in a 
large scale cross-sectional study, using the 
Karnofsky performance scale and the Global 
Score of Sickness Impact [25]. This demon-
strated that 26% of those on either haemo or peri-
toneal dialysis had a severe quality of life 
impairment (Global SSIP >20 or <60 on 
Karnofsky scale). Areas of life particularly 
effected were work, recreation and pastimes, 
home management and sleep and rest.

 Effects of Procedural Complications 
on Quality of Life

There are no quality of life data on open surgery 
but it is clear that a laparotomy and intensive care 
stay will have a larger impact on short term qual-
ity of life than local anaesthetic daycase percuta-
neous renal artery intervention.

In large endovascular series the rate of haemo-
dialysis in the post-procedure period was 2% 
(usually due to renal infarction from emboli) 
[26]. Restenosis occurred in 21% of patients at 
one year, however not all of these required rein-
tervention [27].

Mental Scores

Atherosclerosis

nu
m

be
r 

of
 p

at
ie

nt
s

1
0

5

10

15

20

25

30

35

2 3 4

FMD

5

Fig. 18.4 (continued)

18 QoL and PROMS Following Percutaneous and Surgical Intervention for Renal Artery Disease



358

Preoperative
Atherosclerotic 

disease

Postoperative
Dialysis

Operative
Open surgery

Renal 
infarction

Fig. 18.5 Negative quality of life predictors following 
treatment of renal artery stenosis

 Conclusion

There is limited quality of life data post renal 
artery intervention. Factors affecting quality of 
life post-revascularisation are summarised in 
Fig.  18.5. Key messages are summarised in 
Table 18.1. The only randomised comparison of 
quality of life outcomes after renal artery angio-
plasty and selective stenting for renovascular 
hypertension showed no quality of life differ-
ences up to one year. There is no data for pri-
mary stenting or surgery. However important 
messages were that side effects of multiple anti- 
hypertensive drugs, negatively impact quality of 
life as does commencing dialysis. Social and 
mental functioning scores in selected patients 
treated with stenting were good 5  years post-
procedure, however studies providing similar 
data for medically managed control patients are 
lacking. Quality of life and survival in fibromus-
cular dysplasia are poorly studied but appear at 
least as good if not better than in atherosclerotic 
disease and around a third of FMD patients are 
cured of hypertension.

An important gap in the literature is the com-
parison of quality of life of patients with fibro-
muscular dysplasia or a solitary kidney managed 
with revsacularisation or medication alone. 

These patients are not studied in trials. 
Avoidance of dialysis and the complications of 
severe hypertension (e.g. stroke) are the poten-
tial key quality of life benefits for renal artery 
intervention.
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19Health-Related Quality of Life 
Outcomes for Endovascular 
and Open Surgical Interventions 
in Aortoiliac and Femoropopliteal 
Steno-Occlusive Arterial Disease

Jimmy Kyaw Tun, Stefan Lam, 
Mohammed Rashid Akhtar, and Ounali Jaffer

Abbreviations

ABPI Ankle-brachial pressure index
BMT Best medical therapy
CD-TLR Clinically-driven target lesion revas-

cularisation
CERAB Covered endovascular repair of aor-

tic bifurcation
CLTI Critical limb-threatening ischaemia
DCB Drug-coated balloon
DES Drug-eluting stent
EQ EuroQoL
HRQOL Health-related quality of life
ICQ Intermittent claudication question-

naire
MCID Minimal clinically important differ-

ence
OCT Optical coherence tomography

PAD Peripheral arterial disease
PAQ Peripheral arterial questionnaire
PTA Percutaneous transluminal angio-

plasty
QALY Quality-adjusted life year
RCT Randomised controlled trial
SF Short form
SFA Superficial femoral artery
SET Supervised exercise therapy
WIQ Walking impairment questionnaire

 Introduction

There is an impending epidemic in peripheral 
arterial disease (PAD), largely due to an aging 
population and increased rates of obesity and dia-
betes, with the condition currently prevalent in 
5.6% of the adult population worldwide.

Sufferers of PAD often experience a decreased 
quality of life and reduced functional indepen-
dence. The symptoms experienced depend on 
disease severity and range from limited walking 
distance in claudicants, to rest pain and tissue 
loss with risk of major amputation in those with 
critical limb-threating ischaemia (CLTI) [1]. The 
quality of life in those with PAD is often further 
degraded by concomitant related disorders 
including hypertension, dyslipidaemia, diabetes 
and nephropathy [2].
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There is an ever-increasing armamentarium 
available for lower limb revascularisation, par-
ticularly in terms of endovascular treatment with 
the advent of drug-coated balloons (DCB) and 
drug-eluting stents (DES) to atherectomy and 
lithotripsy; but these innovations also come with 
significantly increased costs. It is therefore nec-
essary to evaluate both clinical effectiveness and 
health economics of these interventions. 
Conventionally, studies evaluating lower limb 
interventions have focused on physician- 
orientated outcome measures such as technical 
success (e.g. successful revascularisation of an 
occluded artery), patency rates, ankle-brachial 
pressure index (ABPI), freedom from clinically- 
driven target lesion revascularisation (CD-TLR) 
and freedom from amputation [1]. However, 
these measures alone do not take into account the 
patient’s perspective. For instance, vascular clini-
cians generally consider major amputation to be 
an adverse outcome in PAD, yet it has been 
shown that health-related quality of life (HRQOL) 
can improve following major amputations [3]. A 
systematic review comparing primary amputa-
tions and revascularisation in CLTI found insuf-
ficient evidence to support one treatment over 
another in terms of HRQOL outcomes [4].

There is an increasing recognition for the need 
to evaluate HRQOL outcomes for intervention in 
PAD to take into account the patient’s perspective 
to better inform treatment decisions [5]. This is 
emphasised by the use of quality-adjusted life 
years (QALYs) by the National Institute for 
Health and Clinical Excellence (NICE) for health 
technology assessment. In order to generate 
QALYs, health utilities (or HRQOL weights) are 
needed. As such, the measure is reliant on both 
the quality and the quantity of the life lived in 
order to determine health outcomes and therefore 
health economics.

The focus of this study is to present a system-
atic review of the current evidence of HRQOL 
outcomes in relation to endovascular and open 
surgical treatment of aortoiliac and femoropopli-
teal steno-occlusive disease. A review of the evi-
dence for intervention in infrapopliteal disease is 
presented in Chap. 20.

 Materials and Methods

 Search Strategy

This systematic review was conducted according 
to PRISMA (Preferred Reporting Items for 
Systematic Reviews and Meta-Analyses) guide-
lines. The initial search strategy focused on iden-
tifying papers based on specific interventions 
(e.g. iliac angioplasty, aortoiliac bypass graft). 
However, on manual review of the references of 
several key systematic reviews, it was evident 
that this search strategy omitted some relevant 
papers. Therefore, a much broader search strat-
egy was employed as follows.

A systematic search using Embase (Including 
Embase Classic) (1947 to February 2020), 
Medline (1946 to February 2020) and PsycINFO 
(1950 to February 2020) was conducted. The 
search terms used were as follows: “quality of 
life” AND (“peripheral arterial disease” OR 
“peripheral vascular disease” OR “intermittent 
claudication” OR “critical limb ischaemia” OR 
“critical limb ischemia”).

 Inclusion and Exclusion Criteria

Studies published in the English language report-
ing HRQOL outcomes in adults undergoing inva-
sive intervention—i.e. both open and 
endovascular surgery—for steno-occlusive dis-
ease in the aortoiliac and femoropopliteal seg-
ments were sought. Although the primary focus 
of this review was to evaluate the outcomes of 
invasive interventions, studies comparing non- 
invasive treatments such as supervised exercise 
therapy (SET) and best medical treatment (BMT) 
to invasive interventions were also included.

Studies were only included if they presented 
results specific to an anatomical segment. Papers 
which included patients treated across a range of 
anatomical segments were excluded if outcome 
data specific to an anatomical segment (aortoiliac 
or femoropopliteal) was not available. If the 
study included distal (below knee) intervention 
and/or distal bypass surgery, then these were also 
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excluded. Studies were excluded if they had less 
than 6 months follow-up data.

 Study Selection and Data Extraction

The broad search criteria yielded an initial exten-
sive list of abstracts. Therefore, one researcher 
(JKT) performed an initial screening of abstracts 
to remove articles that were clearly irrelevant. A 
second stage review of the full texts of the 
remaining articles was then performed by JKT 
and MRA and where there was uncertainty or dif-
ference in opinion, adjudication was performed 
by a third reviewer (OJ).

Data obtained included: author, year of publi-
cation, study objective, study type, number of 
patients, study centre location, HRQOL out-
comes, follow-up period and completion rates.

The methodological quality of the studies was 
assessed by SL and MRA using a 10-point scor-
ing system described by Mols et al. [6] Studies 
scoring ≥8 were considered to be of ‘high qual-
ity’, those scoring between 5 and 7 were deemed 
to be of a ‘moderate quality’ and <5 were catego-
rized as ‘poor quality’ (Appendix).

 Results

The literature search initially identified 3284 
abstracts (reduced from 4893 following dedupli-
cation and limiting to English language studies in 
adult humans). In total, 89 papers remained after 
the initial screening process. Two additional 
studies were added following the review of refer-
ence lists of published related systematic reviews. 
Following the second stage review, 38 papers 
were included in this study (Fig. 19.1).

 Study Objectives, Design 
and Population

Of the 38 papers selected for review, there were 
four pairs of papers which reported the longer 
and shorter term follow-up outcomes of the same 

studies, and thus were merged for analysis (34 
studies in total) [7–14].

The study period ranged from 1993 to 2017, 
with the majority of included papers published 
after 2000 (33 out of 34). The clinical study 
design of the 34 studies included 15 randomised 
controlled trials (RCTs), 17 prospective cohort 
studies and two retrospective cohort studies. 
Eight studies were related to intervention in the 
aortoiliac segment, 25 studies were related to 
intervention in the femoropopliteal segment, 
and one additional paper studied interventions 
in both the aortoiliac and femoropopliteal 
segments.

 Health-Related Quality of Life 
Outcome Measures

A total of nine different QOL instruments were 
used (Table 19.1). Five generic QOL instruments 
were used including: EuroQol (EQ)-5D-3L, 
EQ-5D-5L, RAND-36, Short form (SF)-36, 
SF-12, SF-8. Four disease specific QOL instru-
ments were used including: Walking Impairment 
Questionnaire (WIQ), Peripheral Arterial 
Questionnaire (PAQ), VascuQOL and Intermittent 
Claudication Questionnaire (ICQ).

Many papers reported using the EuroQOL 
instrument but did not specify which variant was 
used, e.g. EQ-5D-3L versus EQ-5D-5L.

 Studies Focused on Aortoiliac Steno- 
Occlusive Disease

Nine studies were identified which focused on 
surgical and/or endovascular interventions for 
aortoiliac steno-occlusive disease. Details of out-
comes are shown in Table 19.2.

One prospective multicentre observational 
study investigating outcomes of patients who had 
undergone endovascular intervention (angio-
plasty and/or stenting) for Rutherford 2–4 aor-
toiliac disease demonstrated significant 
improvements in HRQOL outcome at the 
12-month follow-up compared to baseline [16].

19 Health-Related Quality of Life Outcomes for Endovascular and Open Surgical Interventions…
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(n = 38)
Full-text articles excluded 

(n = 53)
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Studies included in 
systematic review

(n = 34)

Same studies with 
different follow-up times 

merged for analysis
(n = 4)

Studies on femoropopliteal 
interventions

(n = 25)

Studies on interventions 
at both segments

(n = 1)

Studies on aortoiliac 
interventions

(n = 8)

-  No outcome data specific 
   to segments of interest
-  Inclusion of distal (below 
   knee) intervention and/or 
   distal bypass surgery
-  Less than 6 months of 
   follow-up data 

Fig. 19.1 Flow diagram of literature review

A further three multicentre prospective cohort 
studies specifically investigated the use of 
 primary stenting with bare metal stent for aor-
toiliac disease [17–19]. All three demonstrated an 
improvement in HRQOL measures at follow-up.

An RCT published in 2015 compared three 
treatment arms: BMT, stenting with BMT, and 
SET with BMT.  The study demonstrated that 
patients who received either stenting or SET had 

significantly better HRQOL than those whom 
received BMT alone at both the 6- and 18-month 
follow-up timepoints [14]. No significant differ-
ence in HRQOL outcomes was seen between the 
SET and stenting group. Another RCT compar-
ing percutaneous transluminal angioplasty (PTA) 
combined with SET and BMT to BMT combined 
with SET demonstrated better HRQOL outcomes 
in the PTA group at 24-month follow-up [22].
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Table 19.1 Description of health-related quality of life instruments utilised by included studies

Health-related quality of life 
(HRQOL) instrument Description
Short Form Health Survey 
(SF-36, SF-12, SF-8)

SF-36—A 36-item, patient- reported survey of patient health status consisting of eight 
domains: Vitality, Physical functioning, Bodily pain, General health perceptions, 
Physical role functioning, Emotional role functioning, Social role functioning and 
Mental health (summarised physical and mental component scores are also 
calculated). Each domain is scored on a 0–100 scale, with a lower score representing 
greater disability.
SF-12 and SF-8—Shortened versions of SF-36 with 12 and 8 items respectively, 
evaluating the same eight domains.

Walking Impairment 
Questionnaire (WIQ)

A subjective measure of patient- reported walking performance in patients with 
peripheral arterial disease consisting of three domains: Walking distance, Walking 
speed and Stair-climbing ability (a total mean score is also calculated). Each domain 
is scored from 0% to 100%, with a lower percentage representing a poorer walking 
performance.

EuroQol Five Dimensions 
(EQ-5D)

A self-reported, standardized instrument for measuring generic health status 
consisting of five dimensions: Mobility, Self-care, Usual activities, Pain/discomfort, 
and Anxiety/depression—each dimension is rated on a three-level (EQ-5D-3L) or 
five-level (EQ-5D-5L) scale based on severity. An evaluation of overall health is done 
on the day of questionnaire completion using a Visual Analogue Scale (EQ-VAS)—
this is indicated on a vertical scale from 0 to 100.

RAND 36-item Health 
Survey (RAND-36)

This instrument utilises the same 36-item questionnaire as SF-36 and evaluates the 
same eight domains with minor differences in scoring the General health perceptions 
and Bodily pain scales.

Peripheral Artery 
Questionnaire (PAQ)

A 20-item, patient-reported peripheral artery disease-specific HRQOL questionnaire 
consisting of six domains (Physical limitation, Symptoms, Symptom stability, Social 
limitation, Treatment satisfaction and Quality of life) and a summary score. Each 
domain is scored on a 0–100 scale, with higher scores indicating less functional 
limitation, fewer symptoms, better treatment satisfaction, higher social functioning, 
and better health status.

Vascular Quality of Life 
Questionnaire (VascuQoL)

VQ-25—A 25-item patient- reported peripheral artery disease-specific HRQOL 
questionnaire consisting of five domains (Activities, Symptoms, Pain, Social life, 
Emotions) and an overall (mean) score. Each item is scored on a 7-point response 
scale, with higher scores indicating better HRQOL.
VQ-6—A 6-item, short form of VQ-25 evaluating the same domains except on a 
4-point response scale.

Intermittent Claudication 
Questionnaire (ICQ)

A 16-item self-administered intermittent claudication-specific HRQOL instrument 
evaluating severity of pain, limitations on activities of daily living, emotional impact 
and interference with activities. Each item is assessed on a 5-point adjectival scale 
and scored between 0 and 100 (0 = worst, 100 = best).

One paper presented a direct comparison of 
two endovascular procedures within an RCT 
study design. The trial compared stenting to PTA 
and demonstrated improvement in HRQOL out-
comes in both groups at 24-month follow-up, but 
no significant difference between the two groups 
[20]. Of the remaining two papers relating to 
intervention in the aortoiliac segment, one pro-
spective cohort study demonstrated improved 
HRQOL measures at 6 months following laparo-

scopic aorto-bifemoral bypass surgery [15]; 
while the other retrospective observational 
study—which compared stenting to aorto- 
bifemoral bypass surgery—demonstrated no sig-
nificant difference in HRQOL outcomes between 
the groups [21]. However, subgroup analysis did 
reveal significantly improved outcomes in the 
endovascular group compared to the surgical 
group in one item of the WIQ questionnaire (dif-
ficulty in walking 150 m).

19 Health-Related Quality of Life Outcomes for Endovascular and Open Surgical Interventions…
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 Studies Focused on Femoropopliteal 
Steno-Occlusive disease

Twenty-six articles were identified which focused 
on surgical and/or endovascular interventions for 
femoropopliteal steno-occlusive disease. Details 
of outcomes are shown in Table 19.3.

A three-arm RCT which evaluated PTA, SET, 
and a combination of PTA and SET demonstrated 
some improvement in both generic and disease 
specific HRQOL measures when compared to 
baseline, although no significant difference was 
seen between the three treatment groups [35]. 
Another two-arm RCT which compared BMT, 
smoking cessation therapy and SET to BMT, 
smoking cessation, SET and PTA demonstrated 
no significant difference in SF-36 scores [22].

Four multicentre prospective cohort studies 
investigated outcomes of femoropopliteal angio-
plasty with DCBs, all of which demonstrated 
improved HRQOL measures when compared to 
baseline [12, 36, 37, 39]. Two of these were con-
ducted by the same research group studying the 
effectiveness of a DCB (IN.PACT Admiral, 
Medtronic) on shorter (<15  cm) and longer 
(>15  cm) femoropopliteal lesions [12, 36]. An 
additional cohort study investigating the use of 
DCB in in-stent restenosis demonstrated a trend 
towards improvement in HRQOL outcomes, 
although no statistically significant difference 
was seen [38].

Five multicentre RCTs compared the use of a 
specific DCB device to standard PTA (four dif-
ferent DCB devices studied in total). All of the 
studies demonstrated improved HRQOL mea-
sures for both the PTA and DCB treatment groups 
at 12-month follow-up compared to baseline [7, 
40–43]. One of these studies by Rosenfield et al. 
demonstrated statistically significant better out-
comes with DCB when compared to PTA in one 
item of the HRQOL measures obtained (‘Walking 
distance’ item of the WIQ) [40]. No significant 
difference in HRQOL outcomes between DCB 
and PTA were found in the other four studies.

In total, eight studies investigated HRQOL 
outcomes of femoropopliteal artery stenting. One 
retrospective cohort study and four prospective 
cohort studies evaluated HRQOL outcomes fol-

lowing self-expanding nitinol bare metal stenting 
for femoropopliteal disease [30–34]. All studies 
demonstrated significantly improved HRQOL 
outcomes when compared to baseline. Of these 
studies, Han et al. specifically looked at gender 
difference in HRQOL outcomes post stenting. 
Although HRQOL measures improved for both 
men and women, there was less sustainability of 
HRQOL outcomes for women at 3 years.

Two of the eight studies were multicentre 
RCTs which compared different stents. One of 
the studies compared a covered self-expanding 
nitinol stent to a bare metal self-expanding niti-
nol stent [28]. Both stents demonstrated poor 
primary patency rates, however, a sustained 
improvement in HRQOL scores was demon-
strated at 3 years for both groups. The authors 
did not present a statistical comparison of the 
HRQOL outcomes between the treatment 
groups, though the outcomes appear to be simi-
lar. The other study compared two different self- 
expanding bare metal nitinol stents placed in the 
femoropopliteal segment. No difference was 
identified in HRQOL outcomes between the two 
stents at 24  months, but an improvement was 
seen for each stent compared to the baseline 
[29].

The final study was a multicentre RCT which 
compared primary stenting of superficial femoral 
artery (SFA) lesions to BMT. This demonstrated 
significant improvement in HRQOL outcomes in 
the stenting group, but no improvement in the 
BMT group [9].

Two of the studies identified were RCTs that 
compared stenting to PTA in the femoropopliteal 
segment. The first study by Laird et al. demon-
strated a significant improvement in HRQOL 
outcomes at 12  months in both groups [44]. 
Primary patency was significantly higher in the 
stent group, but no significant difference in 
HRQOL measures was seen between the groups. 
A subgroup analysis of the WIQ scores did, how-
ever, find significantly better outcomes with 
respect to claudication pain in the stent group. 
The other RCT study by Chalmers et  al. also 
demonstrated improved HRQOL measures post 
intervention, but no difference between the 
groups. A significantly worse HRQOL outcome 
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was found in patients who developed lesion 
restenosis [26].

A prospective cohort study investigating long- 
term outcomes (up to 10 years) following use of 
two bypass graft materials (PTFE and Dacron) 
demonstrated that HRQOL outcomes were not 
directly correlated to bypass patency in the long 
term [25]. Higher WIQ scores were observed in 
the Dacron group but no differences were found 
in the other HRQOL measures.

A RCT which compared femoropopliteal sur-
gical bypass to primary stenting using a Heparin- 
bonded covered self-expanding stent 
demonstrated significantly better HRQOL mea-
sures in the endovascular group at early follow-
 up (1 month) [27]. At 12 months, there was an 
overall significant improvement in HRQOL mea-
sures from baseline in both groups. No signifi-
cant difference in overall HRQOL measures at 
12 months was observed between the two groups; 
subgroup analysis did demonstrate compara-
tively better outcomes in the endovascular group 
for the given HRQOL questionnaire items 
(Table 19.3).

Two prospective cohort studies which investi-
gated the use of endovascular atherectomy were 
identified: one using directional atherectomy in 
the popliteal segment and another using optical 
coherence tomography (OCT)-guided atherec-
tomy in the femoral and popliteal segments [23, 
24]. Both studies demonstrated improved 
HRQOL outcomes post intervention when com-
pared to baseline.

 Quality of Included Studies

The methodological quality of the studies in 
terms of QOL assessment ranged from 5 to 10 
(median = 8) according to the scoring system [6]. 
Eighteen papers scored 8 or above.

 Timing and Completion of Follow-Up

The response rate ranged from 36% to 100%. 
QOL was a primary outcome measure in six stud-
ies and secondary outcome measure in 28 stud-

ies. Follow-up period ranged from 6  months to 
11  years. Twenty-nine studies had a follow-up 
period of 2 years or less.

The methods of HRQOL questionnaire admin-
istration were as follows: office visit in one study, 
telephone interview in one study, self- 
administered in five studies (of which two papers 
stated the availability of optional help from a 
research assistant) and unstated in 27 studies.

 Discussion

This systematic review provides a current evi-
dence base on HRQOL outcomes following inva-
sive intervention for aortoiliac and 
femoropopliteal steno-occlusive disease. The 
range of interventions include PTA, use of DCB, 
stenting, atherectomy and bypass surgery.

The follow-up period in the majority of stud-
ies is short (2 years or less). In general, all inter-
ventions, whether endovascular or surgical, in 
both the aortoiliac and femoropopliteal segment 
disease resulted in improved HRQOL outcomes 
in the short term. None of the studies in this 
review compared the HRQOL outcomes at 
medium or long-term follow-up to baseline 
measures.

A study by van Hattum et  al. which is not 
included in this review (as it included patients 
with crural and pedal bypass surgery) demon-
strated a deterioration in HRQOL, particularly in 
physical parameters, following peripheral bypass 
surgery in the long term regardless of bypass 
patency [45]. The HRQOL further worsens in 
patients who have had a subsequent adverse vas-
cular event. This reflects the fact that PAD is only 
one manifestation of the more general atheroscle-
rosis disease spectrum and with time these 
patients’ general health and resultant HRQOL is 
likely to decline. It also stresses the importance 
of secondary prevention as well as lifestyle and 
health optimisation. From the perspective of 
 conducting longer term HRQOL research, this 
study also highlights an issue with measuring 
HRQOL in PAD patients in that general deterio-
ration is likely to be expected in the long term, 
particularly in those with multiple risk factors. As 
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such, we feel this should be factored in when 
measuring effectiveness of an intervention in 
those with PAD.

There were nine studies which investigated 
HRQOL outcomes following the use of DCB for 
SFA disease, all of which demonstrated improved 
HRQOL outcomes post intervention [8, 12, 36–
42]. Five of these were RCTs comparing PTA to 
various Paclitaxel DCB devices, each with 
slightly different properties in terms of drug dose 
and delivery. Only one of these demonstrated a 
significant difference in an HRQOL outcome 
(one item in the WIQ) between the two interven-
tions; the rest did not demonstrate any significant 
difference in HRQOL outcomes. There were, 
however, significantly higher primary patency 
and lower reintervention rates in the DCB group 
in comparison to PTA.  The authors in some of 
these papers posited DCB to be the superior 
intervention tool compared to PTA, as it achieves 
the same HRQOL outcomes whilst requiring 
fewer interventions. However, of concern, a 
recent and controversial meta-analysis by 
Katsanos et al. demonstrated an increased risk of 
mortality amongst patients with intermittent 
claudication or rest pain treated with Paclitaxel 
DCBs when compared to PTA [46]. Whilst there 
is ongoing debate as to whether this observed 
increased mortality is directly caused by 
Paclitaxel administration, it does raise serious 
questions of whether DCBs should be used in 
such patients, given that there has been no 
reported significant HRQOL benefit over PTA.

On review of other studies which compared 
different treatment modalities, they suggest that 
the improvement seen in terms of patency out-
comes does not uniformly translate to HRQOL 
outcomes. For example, a large multicentre RCT 
by Laird et al. which compared primary stenting 
to PTA for SFA disease showed significantly 
improved freedom from CD-TLR rates, though 
the HRQOL outcomes are variable. In this study, 
the stent group had significantly better WIQ 
scores, however, no significant differences were 
observed in all other the HRQOL measures eval-
uated [44]. When comparing invasive revascu-
larisation of a stenosed or occluded vessel over 
non-invasive approaches, the evidence is also 

unclear as to which leads to better HRQOL out-
comes. One multicentre RCT which compared 
iliac stenting to SET demonstrated no significant 
difference in the HRQOL outcomes [14]. Two 
RCTs by Greenhalgh et  al. and Marazi et  al. 
which compared SET to PTA for femoropopliteal 
disease did not demonstrate any difference in 
HRQOL outcomes [22, 35]. Interestingly, the 
study by Greenhalgh also compared iliac PTA to 
SET which did demonstrate significantly better 
HRQOL outcomes in the PTA group, though the 
SET group did still demonstrate significant 
improvement from baseline. The latter does raise 
the need to consider what degree of HRQOL 
improvement one should aim for when deciding 
on treatment options. For example, a patient may 
prefer a less invasive treatment to an invasive 
treatment if it sufficiently improves their HRQOL 
without the risk of surgical complications. Some 
studies have been conducted to determine the 
minimally clinically important difference 
(MCID) for the VascuQol in PAD patients [47, 
48]. Conjin et al. found that an improvement in 
overall VascuQol score by between 1.19 and 1.66 
is clinically relevant to patients. However, to the 
best of our knowledge, no such studies have been 
conducted for the other HRQOL tools in this 
review in relation to PAD.  Future studies are 
required to determine the MCID for any existing 
or indeed any future tools used to measure 
HRQOL in PAD.  This will allow for a more 
meaningful interpretation of HRQOL outcomes 
following PAD intervention.

An interesting finding within this review is 
that in some of the comparative studies (e.g. stent 
versus PTA), even if a significant difference in 
conventional outcomes measures (e.g. patency 
rate) is seen, there is often no significant differ-
ence seen in HRQOL outcomes. No justification 
for this observation is posited by the studies 
reviewed, however, there are some possible 
explanations. First, by taking the study results at 
face value, it may simply be that clinically the 
comparative, improved patency rates alone (such 
as for DCB over PTA) may not directly translate 
to increased HRQOL outcomes. Second, it is 
possible that the studies are insufficiently pow-
ered to detect a difference in HRQOL between 
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the different interventions. As stated earlier, in 
most studies, HRQOL was a secondary outcome 
measure and studies may have only been suffi-
ciently powered to the primary outcome mea-
sures (i.e. patency rates). Third, it may be that 
there are inherent issues with the psychometric 
properties of the HRQOL tools, resulting in them 
being insufficiently sensitive or accurate in 
detecting differences in patient outcomes. As an 
example, a study evaluating the VascuQoL-6 
questionnaire demonstrated poor test-retest reli-
ability (<70%) [49]. A recent in-depth study eval-
uating VascuQol demonstrated a number of 
significant flaws including nine ‘weak’ question-
naire items. On interviewing patients and clini-
cians, a number of items identified were 
considered irrelevant to the majority of patients 
such as Item 2: “I have been worried that I might 
injure my leg”; others were only relevant to a sub-
group of PAD patients with CLTI such as Item 
17: “Ulcers or sores on my leg (or foot) have 
caused me pain or distress”. These findings sug-
gest the need for more robust HRQOL measures 
which take in to account the symptoms of differ-
ent types of PAD patients, i.e. claudicants who 
primarily suffer from limited walking distance 
and CLTI patients who may have rest pain and 
tissue loss.

Interestingly, there remains a difference in 
opinion as to the best tools to measure HRQOL 
in PAD. Vries et al. compared the disease specific 
VascuQol to the generic HRQOL questionnaires 
(SF-36 and EuroQol-5D) and demonstrated that 
VascuQoL was better at discriminating a large 
versus a small change in disease severity [50]. 
Another study by Petersohn et  al. of generic 
HRQOL questionnaires suggested that EQ-5D 
may be superior to SF-36 and VAS [5]. A recent 
systematic review by Poku et al. which looked at 
the properties of seven disease specific and six 
generic HRQOL tools, did not demonstrate the 
superiority of one over the other [51]. Whilst a 
recent consensus paper strongly recommended 
the inclusion of HRQOL outcomes within a trial 
design, no expert statement has been published to 
date which either addresses the issues with the 
current methods of measuring HRQOL or how 

best to incorporate them into studies [52]. Given 
this, further research on how best to measure 
HRQOL outcomes both for research and clinical 
practice would seem prudent.

Although the increasing inclusion of HRQOL 
outcomes in PAD studies is encouraging, a 
number of issues should first be addressed. As 
stated, for most of the studies in this review, 
HRQOL outcomes were included as a second-
ary outcome measure. As such, these are likely 
to be insufficiently powered and therefore mak-
ing interpretation of the results in such instances 
challenging. The approach to measuring 
HRQOL outcomes was also highly variable. 
Most studies did not describe the method of 
administering the HRQOL questionnaires, e.g. 
whether it was performed in clinic, via post, and 
with or without assistance from the research 
team. However, the method of administration 
could have an effect on both the validity and 
reliability of the questionnaire. The rationale for 
why specific HRQOL questionnaires were used 
was also not always evident. Many studies used 
a combination of HRQOL questionnaires. 
However, when many of these questionnaires 
were originally designed, they were tested for 
their psychometric properties as standalone 
tools. Administering multiple questionnaires in 
combination may potentially result in uninten-
tional bias. For example, a question in Tool A 
may inadvertently influence a patient’s response 
to a question in Tool B.  Combining question-
naires may also have the inadvertent effect of 
causing response fatigue due to the increased 
length of time spent by the respondents [53]. 
These are some issues that warrant more consid-
eration in future HRQOL studies in PAD.  In 
particular, we argue for the need for a stan-
dardised approach to HRQOL assessment in 
order to improve the quality, consistency and 
comparability of future studies.

In addition to the issues with measuring 
HRQOL outcomes in PAD intervention, this 
review also highlighted some areas relating to the 
interventions and surgical procedures that require 
future research. For example, there is no study at 
present comparing techniques such as covered 
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endovascular repair of aortic bifurcation 
(CERAB) to conventional aortoiliac bypass. 
There is also a relative paucity of studies evaluat-
ing HRQOL outcomes of surgical bypass com-
pared to the number of endovascular studies.

The reasons for poor HRQOL outcomes fol-
lowing endovascular intervention or surgery 
remain poorly understood, but are likely complex 
and multifactorial. Procedure-related outcomes 
of interventions including failed revascularisa-
tion and lesion recurrence may contribute to poor 
HRQOL outcomes [54, 55]. However, as men-
tioned, the relationship between primary patency 
and HRQOL has not been definitively demon-
strated. Equally, whilst there is some suggestion 
that avoidance of major limb amputation by 
means of revascularisation may lead to improved 
HRQOL, other studies have demonstrated that 
HRQOL can significantly improve after amputa-

tion because of an elimination of pain, as well as 
CLTI induced complications such as ulceration 
and infection [56, 57]. HRQOL outcomes fol-
lowing amputation were also found to be depen-
dent on several patient factors, including family 
support and age. Patient factors may also contrib-
ute to poorer HRQOL outcomes following revas-
cularisation interventions; type D personality 
(i.e. tendency towards negative affectivity) and 
baseline frailty have both been demonstrated to 
be associated with worse HRQOL outcomes [58, 
59]. Socioeconomic deprivation has been shown 
to negatively impact clinical outcomes and may 
also play a role in HRQOL [60]. Further research 
to better understand patient-related predictors of 
poor HRQOL outcomes is necessary to guide 
appropriate patient selection. An overview of 
possible predictors of poor HRQOL outcomes 
following intervention is presented in Fig. 19.2.

Predictors of poor 
quality of life post 

intervention or 
surgery

Procedure Factors
•  Failure to revascularize
•  Restenosis/reocclusion

Patient Factors (Physical)
•  Co-morbidities
•  Cardiovascular Risk
•  Background Frailty

Patient Factors (Psychosocial)
• Type D Personality

• Socioeconomic status 

Fig. 19.2 Possible predictors of poor HRQOL outcomes following surgery and intervention for peripheral vascular 
disease
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Highlighted Conclusions

•  There is increasing recognition for the need to assess HRQOL outcomes following 

    invasive interventions for peripheral arterial disease.

•  In general, invasive interventions for aortoiliac and femoropopliteal steno-occlusive 

    artery disease can lead to an improvement in HRQOL outcome

•  Due to issues with research methodology, the inferences that can be drawn from 

    current research in HRQOL outcomes are limited.

•  The approach to measuring HRQOL outcomes in existing studies is inconsistent and 

    highly variable.

•  Further research is required to determine how best to measure HRQOL outcomes 

    both for research and clinical practice

Fig. 19.3 Highlighted 
conclusions

Recent developments and trends in conduct-
ing “big data” research by mining data collected 
through routine clinical care may hold great 
potential for HRQOL research in PAD interven-
tion. Such an approach would provide a large 
volume of data from real-world practice and may 
overcome some of the limitations observed in 
existing RCTs and cohort studies previously 
mentioned. To facilitate this big data research, it 
is important for vascular clinicians to adopt eval-
uation and standardised documentation of 
HRQOL measures into routine clinical practice.

In this systematic review, we purposefully 
identified studies which where specific to pre-
defined anatomical segments, i.e. aortoiliac and 
femoropopliteal. However, as a result, we 
excluded many studies which included interven-
tions across different anatomical segments and 
did not provide segment specific sub-analysis of 
the results; this is a potential limitation to this 
review.

In conclusion (Fig.  19.3), this systematic 
review demonstrated that in general, invasive 
interventions for aortoiliac and femoropopliteal 
steno-occlusive artery disease can lead to an 
improvement in HRQOL outcomes. However, 
the possibility to ascertain further clinically 
meaningful inferences are limited due to the clear 
methodological constraints within the current lit-
erature. Perhaps the most pertinent limitations 
are that HRQOL are often secondary outcome 
measures and therefore likely to lack statistical 
power; the highly variable selection and use of 

HRQOL tools also make it impossible to com-
pare outcomes of different studies. To overcome 
these limitations, adequately powered studies, 
along with a standardised approach to measuring 
HRQOL outcomes, is required to improve the 
quality of future research and allow more patient- 
centric decision making.

 Appendix: Scoring Criteria to Assess 
Methodological Quality of Included 
Papers

• Socio-demographic and medical data are 
described (e.g. age, race, etc.)

• Inclusion and/or exclusion criteria are 
formulated

• The process of data collection is described 
(e.g. interview or self-report)

• The results are compared between two groups 
or more (e.g. healthy population groups with 
different treatment or age)

• Participation and response rates for patient 
groups must be described as >75%

• Information is presented about patient/disease 
characteristics of respondents and 
non-respondents

• A standardized or valid QOL questionnaire is 
used

• Results are not only described for QOL but 
also for the physical, psychological and social 
domains
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• Mean, median, standard deviations or percent-
ages are reported for the most important out-
come measures

• Patients signed an informed consent form 
before study participation

1 point is awarded for each criterion met.  
Maximum achieveable score = 10.
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20Infrapopliteal Arteries (Classical 
and Percutaneous)

Richard Anthony Meena and Olamide Alabi

 The Emergence and Importance 
of QOL and PROMS for Peripheral 
Artery Disease

Peripheral artery disease (PAD) is defined by 
chronic, atherosclerotic disease in arterial beds 
outside of the heart or brain. Arterial occlusive 
disease of the lower extremities is the third most 
common manifestation of systemic atherosclero-
sis behind heart disease and stroke, and this con-
dition affects over ten million cases nationwide 
and over 200 million people worldwide [1]. Risk 
factors associated with PAD include multiple 
standard cardiovascular risk factors including 
tobacco abuse, diabetes mellitus, hypertension, 
dyslipidemia, hyperhomocysteinemia, male sex, 
age, and renal insufficiency. PAD manifests along 
a clinical spectrum from asymptomatic patients 
to tissue loss in the foot and carries a significant 
risk of cardiovascular morbidity and mortality. 
This condition is associated with three times the 
average risk of cardiovascular events and mortal-
ity [2] and carries a high risk for major amputa-
tion with over 185,000 major amputations taking 

place each year in the United States [3]. The 
prevalence of PAD in the general population 
increases dramatically with age [4], and the num-
ber of interventions provided to those with PAD 
has demonstrated a steady increase over time [5].

As more patients with PAD present to vascular 
specialists for medical attention, the necessity 
and timing of intervention(s) have become a topic 
of important inquiry. Lower extremity revascu-
larization is often a temporizing measure because 
established goals include symptom improvement 
or resolution, wound healing, and limb preserva-
tion; however, there are no curative medical or 
surgical therapies available to date. Given the sig-
nificant morbidity associated with vascular inter-
ventions and sequelae of potentially poor 
outcomes, vascular specialists are faced with 
even more complex decisions when formulating 
a plan of care for patients with PAD.

Whether or not to intervene on a patient with 
significant lower extremity PAD can be a difficult 
decision to make. Traditionally, outcomes such 
as revascularization patency, readmission, limb 
loss, and mortality are frequently reported after 
lower extremity revascularization [6–8]. 
Although these outcomes are critical metrics to 
evaluate after operative intervention, for the 
interventionalist and healthcare system, they do 
not always embody what the individual patient 
values most. Therefore, providers have begun to 
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Predictors of poor quality of life

Low or borderline ABI(12) Wu A, et al.

Tissue loss(13) Duff S, et al.

Rest pain(13) Duff S, et al. 

Poor cognitive status(14) Gardner AW, et al.

Lack of therapeutic options(15) Sprengers RW, et al.

Fig. 20.1 Predictors of poor quality of life in patients with peripheral artery disease

incorporate patient-reported outcome measures 
(PROMS), including quality of life (QoL) assess-
ments, as part of their decision-making algo-
rithm. In the 1960s and 1970s, clinicians began to 
use QoL assessments to evaluate the utility of 
new technologies in patient care [9]. Vascular 
interventionalists paralleled medicine as a whole 
in that early QoL metrics centered on cost effec-
tiveness, such as quality-adjusted life years 
(QALYs). For example, a landmark vascular 
trial, Asymptomatic Carotid Artery Stenosis 
(ACAS), was re-analyzed under the scope of 
QALYs in 1997 [10]. Since 2000, these analyses 
extend far beyond cost effectiveness and have 
begun to incorporate patient-reported outcomes 
as guidance to proceed with and/or defer specific 
vascular interventions for some patients.

Measuring QoL on a larger scale has been 
shown to directly impact clinical medicine. 
Norman et  al. demonstrated that minimally 
important difference estimates for QoL assess-
ments only approach half a standard deviation. 
Therefore, even small shifts in QoL metrics could 
significantly impact patient care [11].

Several studies have suggested certain factors 
that may predispose patients to a lower quality of 
life in peripheral artery disease (Fig. 20.1). Lower 
ankle-brachial index alone has been associated 
with worse patient-reported outcome measures 
[12]. Chronic limb-threatening ischemia, as 
defined as rest pain or tissue loss, further has 

been associated with lower quality of life end-
points [13]. Finally, poor cognitive status in 
patients with peripheral artery disease may fur-
ther lead to a worse quality of life [14]. These 
known risk factors serve as a foundation on 
which providers can tailor care discussions with 
their patients.

 Assessing QoL and PROMS 
in Peripheral Artery Disease

In both the intermittent claudication (IC) and 
chronic limb threatening ischemia (CLTI) popu-
lations, intervention has not clearly demonstrated 
improved or worsened QoL. This is in large part 
due to the non-binary nature of QoL measure-
ments. As QoL has become an increasingly 
important topic of research, particularly with 
such a morbid disease process and overwhelm-
ingly elderly patient population, great strides 
have been made to qualify these shades of gray, 
rather than black-and-white, outcomes.

Questionnaires have long been the primary 
tool used to assess QoL in surgical research, as 
they allow patients to express their opinions 
while maintaining a standard form from which 
researchers can capture data. Created in the late 
1980s, the 36-item Short Form Health Survey 
(SF-36) sought to capture adult patients’ percep-
tions regarding their health and wellbeing. This 

R. A. Meena and O. Alabi



409

instrument assesses eight domains, including 
physical function as it relates to one’s health, 
limitations related to physical and emotional con-
cerns, social functioning, bodily pain, and gen-
eral and mental health; the instrument has since 
been validated in the general population and gen-
eral chronic disease states [16]. The European 
Quality of Life 5 Dimension scale (EQ-5D) simi-
larly uses domains to assess quality of life in a 
general population. This tool’s prior iteration, the 
EuroQol instrument, was found to have relatively 
poor validity when compared to the SF-36 and 
with evidence of being less sensitive at the ceil-
ing [17]. The instrument was further refined to a 
five-domain scale, the EQ-5D. EQ-5D domains 
include assessment of mobility, self-care, usual 
activities, pain/discomfort, and anxiety/depres-
sion. Clearly, patterns can be appreciated when 
comparing SF-36 and EQ-5D; physical and men-
tal health, as well as “usual activities” and pain, 
all can be drawn from when assessing general 
QoL in health care.

Though useful, both SF-36 and EQ-5D are 
fairly generic tools used to assess a general popu-
lation regarding QoL. The ability to provide such 
generalizable results is undoubtedly why these 
questionnaires have become so useful in health 
services research. However, it became evident 
that tools specific to PAD would provide a more 
appropriate assessment in this population. The 
Vascular Quality of Life questionnaire (now 
referred to VascuQoL-25) captures data using a 
25 question review of five domains—symptoms, 
pain, activities, social life, and emotional state—
and a 7-point response scale [18]. When compar-
ing the generalized questionnaires and 
VascuQoL-25 in the assessment of patients suf-
fering from PAD, de Vries et al. suggested that 
the VascuQoL-25 should become the primary 
questionnaire when creating any future studies 
evaluating QoL in PAD given that this instrument 
provides a better description of the unique strug-
gles vascular patients with chronic conditions 
experience daily [19].

Over time, it became evident that patient com-
pliance with lengthy questionnaires was not sus-
tainable. In the PREVENT III trial, for example, 
patient compliance with questionnaires was doc-

umented to decline significantly over time, from 
92% at the start of the study, to 61% at 3 months, 
and ultimately to 52% at 1 year [20]. To combat 
patient fatigue with questionnaires yet still 
obtaining accurate disease-specific measure-
ments of QoL, these lengthy questionnaires have 
been modified. VascuQoL-25 has been limited to 
VascuQoL-6, cutting the length of the question-
naire by nearly 75% [21].

Measurement of QoL in those who suffer 
from vascular disease is extremely important 
given associated burden including severe symp-
toms, high morbidity either from their chronic 
disease state, risk of limb loss, and/or death, 
resource utilization from family members and 
healthcare facilities, and financial costs associ-
ated with their care. Over the years, clinicians 
have struggled with determining the best inter-
vention, if any, for patients suffering from PAD 
just as investigators have attempted to refine their 
methods of assessing vascular intervention qual-
ity and outcomes. What has traditionally been 
lacking in the literature is the voice of the patient 
and what matters most to them and their families. 
Many have met this charge with beginning to 
describe and better understand how patients with 
PAD view the quality of the lives they lead with 
or without PAD intervention.

 QoL and PROMS in Intermittent 
Claudication (IC)

Patients with IC have a significantly reduced 
QoL.  In a 1995 multicenter study from the 
Scottish Vascular Audit Group, 201 patients with 
IC completed SF-36 health status questionnaires 
and, compared to the general population, had 
worse QoL in all domains [22]. Severity of dis-
ease, defined as walking distance prior to onset of 
symptoms, was a significant predictor of all 
parameters except mental and emotional wellbe-
ing, as per QoL evaluations with the SF-36 form. 
The authors recommended that for IC, the goal 
should be improved QoL; therefore, use of these 
QoL assessments in clinical practice (as opposed 
to just within the confines of research) may assist 
PAD interventionalists in their decision making 
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with the PAD patient with IC. Malgor et al. pub-
lished a systematic review compiling data on 
treatment in patients with intermittent lower 
extremity claudication symptoms [23]. They con-
cluded that both endovascular and open interven-
tion as well as exercise therapy improved QoL 
compared to medical management alone. They 
also acknowledged that procedures can beget 
complications and many procedures have limited 
long term durability in this population.

Multiple randomized controlled trials, such as 
the OBACT trial, MIMIC, and others, have com-
pared the benefit of intervention in the setting of 
IC and included QoL comparisons in their cohorts 
[24–26]. The MIMIC trial reviewed 93 patients 
with IC on best medical therapy and participating 
in a supervised exercise program [25]. They were 
enrolled to a treatment arm with percutaneous 
transluminal angioplasty (PTA) versus no 
PTA.  Using the SF-36, they found that those 
enrolled in the PTA treatment arm did not dem-
onstrate improvement in QoL compared to no 
PTA. This was dissimilar to the CLEVER trial in 
that stent angioplasty conferred an improvement 
in reported QoL compared to supervised exercise 
programs [27]. Given IC as the symptomatology 
at the time of presentation in these studies, the 
majority of these interventions are targeting ves-
sels above the level of the knee. Thus, while it is 
important to understand the body of literature 
regarding QoL effects after lower extremity 
revascularizations, this is not the focus of this 
chapter. As well, OBACT, a single center study 
following patients with IC for 2 years and used 
the SF-36 as well as CLAU-S (a claudication spe-
cific QoL questionnaire), found that patients with 
IC undergoing early peripheral intervention with 
medical therapy compared to patients on optimal 
medical therapy alone, had improved functional, 
hemodynamic, and QoL outcomes [24].

 QoL and PROMS in Chronic Limb- 
Threatening Ischemia (CLTI)

Chronic limb-threatening ischemia (CLTI) repre-
sents the most severe manifestation of lower 
extremity PAD. The TransAtlantic Inter-Society 

Consensus for the Management of Peripheral 
Artery Disease (TASC II) guidelines define as 
chronic ischemic rest pain or ischemic skin 
lesions. CLTI is associated with significant mor-
bidity and mortality [2]. Due to the associated 
burden of high morbidity with or without inter-
vention, high resource utilization, and associated 
excess healthcare costs, investigators have now 
begun to look toward patient-reported outcome 
measures (PROMs) and QoL measures early on 
when determining an appropriate plan of care for 
these patients.

Initial studies regarding QoL after LE open 
surgical bypass reviewed patients’ pre- and post-
operative functional status. In 1996, Abou- 
Zamzam et  al. reviewed functional status after 
infrainguinal bypasses [28]. Five hundred thir-
teen patients in this patient underwent infraingui-
nal bypass at a single center over 15 years. All 
included patients had ischemic rest pain or tissue 
loss and over 90% of the patients reviewed had a 
distal bypass target below the level of the knee. 
Of those patients who ambulated with assist 
devices preoperatively, 97% were found to main-
tain this level of function at 6 months postopera-
tively. Independent living status was assessed; of 
those patients living independently preopera-
tively, 99% maintained their independence at 
6  months after surgery. A similar review of 
patients with CLTI retrospectively looked at 334 
patients who underwent 419 infrainguinal 
bypasses at two institutions over a 7-year period 
[29]. Sixty-two percent of these bypasses had a 
distal target located below the knee. Limb sal-
vage was reported as 85% at 1 year, with only a 
6% drop over the course of the next 2 years; how-
ever, the authors emphasized that one-quarter of 
their patients had not achieved wound healing at 
1 year, nearly one-fifth had lost ambulatory sta-
tus, and 5% were no longer living independently. 
These studies clearly demonstrate the juxtaposi-
tion of excellent provider-specific outcomes 
alongside poor/failing PROMs.

Markers of functional status, including inde-
pendent living and ambulatory status, are not 
age-independent, as increasing age certainly 
impacts both the pathophysiology underlying 
CLTI and the potential risk of morbidity and 
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mortality with interventions. Pomposelli et  al. 
evaluated octogenarians undergoing open lower 
extremity arterial revascularization at a single 
center, with approximately 287 patients undergo-
ing intervention for CLTI, and with 80.6% of 
those patients having a tibiopedal distal target 
[30]. Ninety-two percent of patients in this study 
cohort were ambulatory preoperatively, and after 
undergoing intervention, roughly one-half 
required assist devices. Unfortunately, approxi-
mately 5% of the patients were non-ambulatory 
12  months after their procedures, and less than 
half were alive at 5 years, emphasizing the impor-
tance of risk stratification in a population with 
increased age, varying levels of function, and 
high mortality within 5 years. Taylor et al. evalu-
ated 841 patients with CLTI undergoing suprain-
guinal bypasses, infrainguinal bypasses, and 
endovascular repair (1000 total operations) [31]. 
Of note, over 70% of these procedures were 
infrainguinal and likely with distal targets given 
the presence of multilevel disease. Overall, 71% 
of their patients maintained their ambulatory sta-
tus, and 81% maintained their independent living 
status at 5 years of follow up.

PREVENT III was a large multicenter trial 
exploring the use of edifoligide in those who 
undergo lower extremity bypass for PAD [32]. 
They also evaluated this cohort of patients with 
the VascuQoL-25 QoL assessment. PREVENT 
III explored PROMs in the setting of open surgi-
cal lower extremity revascularization for CLTI 
and the results related to QoL were favorable 
[20]. The authors reported improved global scor-
ing on the VasculQoL-25 questionnaire from a 
baseline mean score of 2.8–4.7 at 3 months and 
5.1 at 12  months. This QoL improvement was 
noted to be statistically significant and seen 
across all domains.

Published in 2005, the BASIL trial explored 
452 patients who underwent open or endovascu-
lar lower extremity revascularization for “severe 
limb ischemia” (referring to patients with CLTI) 
manifesting as ischemic rest pain or tissue loss) 
and reviewed QoL and PROMS in their analysis 
utilizing the SF-36, VascuQol-25, and EQ-5D 
QoL instruments [33]. No difference was found 
between revascularization methods (bypass sur-

gery versus angioplasty) for amputation-free sur-
vival or generic or disease specific health related 
QoL. Interestingly, though, when the team looked 
at those patients who lived 2 or more years after 
randomization, they found that those patients 
who underwent a bypass operation had improved 
overall survival and trended toward improved 
amputation-free survival. A plateau effect was 
noted after the first 3 months for all generic- and 
disease-specific health related QoL scores for 
both bypass and endovascular revascularization 
types in this cohort.

There are few studies that focus their investi-
gation on quality of life in patients who undergo 
below-knee interventions via endovascular 
means. Dua et al. reviewed tibial and pedal endo-
vascular interventions in patients with CLTI [34]. 
This single center reviewed outcomes after lower 
extremity endovascular revascularizations that 
included tibiopedal revascularization between 
2016 and 2017. Some of these patients also have 
more proximal endovascular interventions in the 
same procedure. They reported low subsequent 
major amputation rates (4% at 6 months) and no 
adverse events in 30  days after procedure. Of 
note, QoL scores improved over time after endo-
vascular tibiopedal revascularization with higher 
Stark QoL scores at 1, 3, and 6  months post- 
revascularization. It is important to note that the 
Stark QoL questionnaire was assessed at every 
post-procedure visit with high respondent rates 
likely owing to the fact that the questionnaire 
contains primarily pictures and minimal words, 
and it takes, on average, less than 5 min to com-
plete [35]. As well, the multicenter, randomized 
Comparing Angioplasty and DES in the 
Treatment of Subjects With Ischemic 
Infrapopliteal Arterial Disease (ACHILLES) trial 
reviewed endovascular infrapopliteal interven-
tions for CLTI using either sirolimus eluting 
stents (SES) or balloon angioplasty (BAP) [36]. 
QoL was assessed using EQ-5D in the 200 
enrolled patients and found improvement in most 
domains in during the study period. These 
improvements were noted primarily within the 
first 6 weeks after revascularization, and notably 
the domains of self-care and activity did not 
improve. No significant difference was noted 
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Conclusions

Peripheral artery disease (PAD) is a serious diagnosis, with associated increased risks of 
cardiovascular morbidity, mortality, and lower extremity amputation. 

While outcomes in PAD are often evaluated on technical terms, patient reported quality of life 
measures are critical outcomes that need increased emphasis in the literature. 

For patients with intermittent claudication, supervised exercise therapy with or without 
therapeutic intervention appears to confer increased quality of life compared to medical 

therapy alone. 

For patients with chronic limb-threatening ischemia, intervention appears to improve patient 
reported quality of life measures, without definitive differences in type of revascularization 

(endovascular versus open). 

There is a lack of comparative evidence on new technologies such cutting balloons and drug-
eluting balloons and their impact on patient reported quality of life measures.

Fig. 20.2 Summary of conclusions

between the SES group compared to the BAP 
group, however. This was similar to the multi-
center, single blind, randomized, concurrently 
controlled Lutonix-BTK trial that reviewed pacli-
taxel coated balloons to BAP for below-the-knee 
revascularizations [37]. They found no difference 
between treatment groups in terms of QoL as 
assessed on the 5Q-ED or the Walking Impairment 
Questionnaire.

Another interesting cohort that is less well 
studied regarding QoL are patients with CLTI 
who have no revascularization options. One study 
sought to gain more information on this cohort by 
reviewing 47 patients with no-options CLTI with 
SF-36 and EQ-5D QoL questionnaires [15]. The 
authors found that patients with no-option CLTI 
scored low on all SF-36 domains (Fig.  20.2). 
Physical-related SF-36 domains remained low 
when compared to other patients with mild PAD 
as well as patients with cardiovascular risk fac-
tors only. No-option CLTI patients also scored 
low on the pain and discomfort domains of the 
EQ-5D.

 Limitations/Future Directions

The future of PAD research should shift away 
from the heavy focus on metrics related to both 
optimal medical therapy with or without inter-
vention and provider-reported outcomes. As Dr. 

Tsai addresses in his editorial to the Journals of 
American College of Cardiology: Cardiovascular 
Interventions, by emphasizing technical aspects 
more than quality of life metrics, our studies may 
be highlighting less important end points for the 
patient [38].

Additionally, as new technologies emerge, 
particularly in the endovascular space, providers 
and researchers should assess the technologies’ 
impact on patient-reported outcome measures, 
not just on technical outcomes. Limited data exist 
today describing these newer technologies’ 
impact on patient quality of life. One new tech-
nology that has emerged for patients with periph-
eral artery disease is footplate neuromuscular 
stimulation electrical stimulation (NMES). This 
technology could potentially augment or replace 
supervised exercise programs, which often suffer 
from poor patient compliance. By releasing elec-
trical energy, NMES promotes active muscle 
contraction in an attempt to aid lower extremity 
circulation. Early data demonstrate improved 
patient reported outcome measures for these 
patients, as calculated from the EQ-5D and 
Intermittent Claudication Questionnaire assess-
ment [39]. NMES can serve as an example of the 
importance of using patient-reported outcome 
measures as a part of the validation algorithm for 
new technologies.

It is vital that we begin to find the balance of 
technical measures to patient-reported outcome 

R. A. Meena and O. Alabi



413

measures that directly impact the patient’s qual-
ity of life, whether that be domains such as physi-
cal, emotional, and/or mental health or other 
facets of QoL as assessed by the SF-36, 
VascuQoL-25, and other generic and disease spe-
cific health related QoL instruments. More recent 
investigations and study design have only begun 
to scratch the surface. There is a great deal that 
we can learn by listening to our patients and 
understanding how they perceive and accept the 
interventions we offer as well as how those inter-
ventions affect their quality of life. This holistic 
approach is necessary to provide better quality, 
patient centered care in such a vulnerable patient 
population (Fig. 20.2).
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21Quality-of-Life (QOL) 
and Patient- Reported Outcome 
Measures (PROMs) Following 
Intervention for Chronic Venous 
Disease

Kosmas I. Paraskevas, Andrew N. Nicolaides, 
and George Geroulakos

 Introduction

Lower extremity chronic venous disease affects a 
considerable percentage of the population. 
Approximately 25 million people in the United 
States have varicose veins and the annual preva-
lence of venous thromboembolism (including 
both deep vein thrombosis and pulmonary embo-
lism) is approximately one million people [1]. 
Although the majority of patients with lower 
extremity chronic venous disease are asymptom-
atic, a number of serious complications can 
occur, including venous leg ulcers, acute and 
chronic venous thromboembolism (that can cause 
pulmonary embolism), chronic thromboembolic 
pulmonary hypertension and death [2].

A serious and common complication/manifes-
tation of lower extremity chronic venous disease 
is the formation of venous leg ulcerations. Venous 
leg ulcers affect approximately 600,000 individu-
als in the United States and place a burden on 

patients in terms of quality of life (QoL), pain 
and social isolation [3, 4]. In addition to the psy-
chosocial consequences of these complications, 
lower extremity chronic venous disease is associ-
ated with high costs, which are estimated between 
$150 million and $1 billion per year in the United 
States [3, 4].

The management of chronic venous disease 
may be conservative/non-invasive and invasive. 
Graduated compression stockings and a number 
of venotropic drugs (e.g. flavonoids [e.g. daflon], 
naftidrofuryl, naftazone, hydroxyethylrutosides 
[e.g. venoruton], etc.) have been shown to be 
effective in the control of venous disease (reduc-
tion of pain and swelling) [1, 2]. The traditional 
surgical management (high venous ligation and 
stripping in combination with ambulatory/transil-
luminated powered phlebectomies) has been 
largely replaced by the endovenous techniques 
(endovenous laser ablation [EVLA], radiofre-
quency ablation [RFA], liquid/foam/glue sclero-
therapy, cyanoacrylate embolization and 
mechanochemical ablation) [1–3]. A description/
comparison of the various techniques available is 
beyond the scope of this article and is presented 
in greater detail elsewhere [5].

Non-invasive hemodynamic measurements 
and ultrasonic anatomic evaluation can be used to 
objectively assess the effect of intervention on 
venous insufficiency (such as venous filling index 
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[as measured by air-plethysmography] that mea-
sures the global venous reflux) [1–3]. Besides 
these objective outcomes, however, there is also 
the perceived satisfaction/symptom relief as 
experienced by the patient. Patient-reported out-
come measures (PROMs) provide a means by 
which the impact of varicose veins or their 
 treatments can be measured on the patient’s QoL 
[6]. Several questionnaires have been developed 
to assess the impact of chronic venous disease 
and venous leg ulcers. The items in these ques-
tionnaires aim to capture the patient’s experience 
using psychometric analyses and to explore their 
relationship with each and their overall ability to 
detect change [6]. The effect of venous interven-
tions on quality of life can be assessed by general 
and specific assessments. Disease-specific 
quality- of-life instruments can be divided in 
PROMs and physician-reported outcome 
measurements.

The reliability of a PROM is its ability to pro-
duce the same results when measurements are 
repeated in populations with similar characteris-
tics [6]. PROMs commonly use more than one 
item to measure a single dimension that is impor-
tant to the patient [6]. These items need to be reli-
able, valid and internally consistent [6]. A brief 
description of the available PROMs to assess 
chronic venous disease is presented.

 PROMs to Assess Chronic Venous 
Disease

Five questionnaires have been developed for 
patients with venous leg symptoms or signs, but 
without ulcers (Table 21.1), namely:

 1. The Freiburg Life Quality Assessment 
(FLQA) questionnaire [7]: The FLQA con-
sists of 93 items and differentiates between 
limitations in QoL in seven scales: physical 
complaints, everyday life, social life, emo-
tional status, treatment, satisfaction and gen-
eral health [7].

 2. The Specific Quality of life and Outcomes 
Response—Venous (SQOR-V) question-
naire [8]: This questionnaire consists of 46 

items with special attention to the patients’ 
main complaints with relevance for venous 
disorders [8].

 3. The ChronIc Venous Insufficiency 
Questionnaire (CIVIQ) [9]: This is a 20-item 
questionnaire which explores four dimen-
sions: psychological, physical, social func-
tioning and pain [9].

 4. The Aberdeen Varicose Vein Symptom 
Severity (AVVSS) Score or Aberdeen 
Varicose Vein Questionnaire (AVVQ) [10]: 
This questionnaire is devoted exclusively to 

Table 21.1 Available questionnaires with patient- 
reported outcome measures (PROMs) to assess chronic 
venous diseases

Questionnaire Dimensions (number of items)
Freiburg Life 
Quality Assessment 
questionnaire [7]

Physical complaints (14), 
everyday life (10), social life 
(6), emotional status (9), 
treatment (4), satisfaction (7), 
VAS General Health (1), VAS 
Skin condition (1) and VAS 
Quality of Life (1)

Specific Quality of 
life and Outcomes 
Response—Venous 
questionnaire [8]

Discomfort, Appearance, 
Restriction of movements, Risk, 
Emotional Problems, Physical 
impact, Psychosomatic impact, 
Global Score

Chronic Venous 
Insufficiency 
Questionnaire 
(CIVIQ) [9]

Physical repercussions (e.g. 
standing/squatting/kneeling, 
walking quickly/climbing stairs, 
travelling), psychological 
repercussions (e.g. anxiousness, 
tiredness, embarrassment), pain 
repercussions (e.g. pain, 
interference with work/sleep), 
social repercussions, overall 
quality of life score

Aberdeen Varicose 
Vein Questionnaire 
[10]

Functional status (physical/
social functioning, role 
limitations attributed to 
physical/emotional problems), 
wellbeing (mental health, 
energy/fatigue, pain), overall 
evaluation of health 
(interference with work/leisure, 
concern)

Venous 
insufficiency 
epidemiological 
and economic 
study on quality of 
life [11]

Symptoms (10), limitations in 
daily activities (9), time of 
greatest intensity (1), change 
over the past year (1), 
psychological impact (5)

VAS visual-analogue scale
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the QoL measurement of patients suffering 
from varicose veins. It includes information 
on four important health factors: pain and 
dysfunction, cosmetic appearance, extent of 
varicosity and complications [10].

 5. The VEnous INsufficiency Epidemiological 
and Economic Study on Quality of Life 
(VEINES-QoL) [11]: This is a scientifi-
cally sound, patient-reported outcome score 
that evaluates quality of life and symptoms 
across a range of conditions (e.g. telangiec-
tasias, varicose veins, edema, skin changes, 
leg ulcers) in chronic venous disorders of 
the leg [11].

Besides these five questionnaires, there are 
another four scales dedicated to patients with 
venous leg ulcers, namely:

 1. The Venous Leg Ulcer Quality of Life 
(VLU-QoL) questionnaire [12]: This ques-
tionnaire consists of 34 items on three 
domains: Activities (12 items), Psychological 
(12 items) and Symptom Distress (10 items). 
This questionnaire is a useful tool to assess 
the outcomes of treatment from the patients’ 
point-of-view [12].

 2. The Leg and Foot Ulcer Questionnaire of 
Hyland (LFUQ) [13]: This questionnaire 
measures functional limitations and emo-
tional reactions to quantify QoL deficits. 
Functional limitations and emotional reac-
tions are inter-correlated to evaluate the effect 
of venous leg ulcers on the patient’s global 
QoL [13].

 3. The Sheffield Preference-based Venous leg 
Ulcer Questionnaire with five Dimensions 
(SPVU-5D) [14]: This is a questionnaire con-
sisting of 16 disease-specific items and life- 

satisfaction questions. It assesses the level of 
pain and discomfort, as well as the psycho-
logical effects of venous ulcerations [14].

 4. The Charing Cross Venous Leg Ulceration 
Questionnaire (CCVUQ) [15]: This ques-
tionnaire assesses four important health 
domains: social function, domestic activi-
ties, cosmetic appearance and emotional 
status [15].

Finally, the Short Form 36-Item (SF-36) and 
12-Item (SF-12) health surveys [6] are tools that 
assess QoL in association with:

 1. The Venous Clinical Severity Score (VCSS) 
[16]: VCSS assesses venous disease severity 
using several characteristics, including pain, 
varicose veins, edema, pigmentation, inflam-
mation, induration, number and size of ulcers, 
ulcer duration and use of compression 
(Table 21.2) [16].

 2. The Clinical, Etiologic, Anatomic, 
Pathophysiologic (CEAP) score [17]: The 
CEAP classification for chronic venous disor-
ders was developed in 1994 by an interna-
tional ad hoc committee of the American 
Venous Forum. The CEAP classification pro-
vides a descriptive classification of chronic 
venous disease (Table 21.2) [17].

The above-mentioned questionnaires and PROMs 
have been used to compare the various interven-
tions for the treatment of chronic venous diseases 
and assess their efficacy from the patient’s per-
spective. A comparison of the various methods 
used in randomised controlled trials with respect 
to the QoL of the patient using PROMs is pre-
sented in Table 21.3. The different comparisons 
that have been assessed are presented below.

Table 21.2 Available questionnaires to assess quality-of-life in patients with chronic venous diseases

Questionnaire Dimensions (number of items)
Venous Clinical Severity Score 
[16]

Absent/Mild/Moderate/Severe classification in pain, varicose veins, venous 
edema, skin pigmentation, inflammation, induration, number and size of active 
ulcers, ulcer duration, compression

Clinical, Etiologic, Anatomic, 
Pathophysiologic score [17]

Clinical classification (8), Etiologic classification (4), Anatomic Classification 
(4), Pathophysiologic classification (4)

21 Quality-of-Life (QOL) and Patient-Reported Outcome Measures (PROMs) Following Intervention…



418

Table 21.3 A list of all randomized controlled trials, questionnaires used and outcomes

Study (year)
# 
Limbs

Follow-up 
(month) Instrument Design Comparison Outcome

Lurie (2003) 
[18]

86 4 CIVIQ2- 
QoL

Prospective 
multicenter 
RCT

44 RFA vs. 36 
L&S

Global score (72 h): 13.3 
(SE: 3.1) vs. −3 (2.3); 
p < 0.0001 Global score 
(1 week): 3.7 (2.5) vs. −9.2 
(2.3); p < 0.0001

Lurie (2005) 
[19]

65 24 CIVIQ2- 
QoL

Prospective 
multicenter 
RCT

36 RFA vs. 29 
L&S

Global score at 1 and 
2 years; p < 0.05

Subramonia 
(2010) [20]

88 1 AVVSSS Prospective 
2-center 
RCT

47 RFA vs. 41 
L&S

Mean improvement in 
global QoL score: −9.12 vs. 
−8.24; p = 0.532

Rasmussen 
(2013) [21]

580 36 AVVSSS Prospective 
2-center 
RCT

148 RFA vs. 144 
EVLA vs. 144 
UGFS vs. 142 
L&S

RFA AVVSSS: 18.74 (8.63) 
to 4.43 (6.58); p < 0.0001 
EVLA AVVSSS: 17.97 
(9.00) to 4.61 (5.8); 
p < 0.0001 UGFS AVVSSS: 
18.38 (9.07) to 4.76 (5.71); 
p < 0.0001 L&S AVVSSS: 
19.3 (8.46) to 4.00 (4.87); 
p < 0.0001

Rasmussen 
(2007) [22]

137 6 VCSS, 
SF-36, 
AVVSSS

Prospective 
2-center 
RCT

69 EVLA vs. 68 
L&S

EVLA VCSS: from 2.8 
(1–8) to 0.4 (0–7); p < 0.001 
EVLA L&S: from 2.4 
(2–12) to 0.2 (0–2); 
p < 0.001

Rasmussen 
(2011) [23]

580 12 VCSS, 
SF-36, 
AVVSSS

Prospective 
2-center 
RCT

148 RFA vs. 144 
EVLA vs. 144 
UGFS vs. 142 
L&S

The VCSS, AVVSSS and 
SF-36 all improved 
significantly after the 
procedure (p < 0.001) with 
no significant difference 
between them

Christenson 
(2010) [24]

200 24 VCSS, 
SF-36, 
AVVSSS

Prospective 
single- 
center RCT

100 L&S vs. 100 
EVLA

The VCSS, AVVSSS and 
SF-36 all improved 
significantly after each 
procedure with no 
significant difference 
between the groups

Biemans 
(2013) [25]

223 12 CEAP, 
CIVIQ, 
EuroQoL

Prospective 
2-center 
RCT

78 EVLA vs. 77 
UGFS vs. 68 
L&S

The CIVIQ and EuroQoL 
improved in all groups at 
3 months and showed no 
significant difference 
between the groups.

Pronk (2010) 
[26]

130 12 CEAP, 
EuroQoL

Prospective 
single- 
center RCT

62 EVLA vs. 68 
L&S

Although pain scores were 
higher after EVLA up to 
Day 14 (p = 0.01), no 
differences were noted 
between the procedures at 
1 year (p = 0.87)

Flessenkamper 
(2013) [27]

449 42 CEAP Prospective 
multicenter 
RCT

159 L&S vs. 142 
EVLA vs. 148 
EVLA + L&S

The CEAP classification 
improved in all groups 
already at 2 months and 
showed no significant 
difference between the 
groups.
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Table 21.3 (continued)

Study (year)
# 
Limbs

Follow-up 
(month) Instrument Design Comparison Outcome

Mozafar (2014) 
[28]

65 18 CEAP, 
AVVSSS

Prospective 
single- 
center RCT

30 EVLA vs. 35 
L&S

The CEAP classification 
improved in both groups 
significantly and showed no 
between-group difference.

Roopram 
(2013) [29]

175 1.5 AVVSSS, 
EuroQoL

Prospective 
2-center 
RCT

118 EVLA vs. 
57 L&S

Both groups showed 
significant improvement 
(p < 0.001) with no 
between-group difference.

Brittenden 
(2019) [30]

595 60 AVVSSS, 
EuroQoL

Prospective 
multicenter 
RCT

162 EVLA vs. 
219 UGFS vs. 
214 L&S

The AVVSSS and EuroQoL 
improved in all 3 groups and 
showed no difference 
between the groups.

Carradice 
(2011) [31]

280 12 VCSS, 
SF-36, 
AVVSSS

Prospective 
single- 
center RCT

140 EVLA vs. 
140 L&S

The VCSS, SF-36 and 
AVVSSS improved in both 
groups with no between- 
group difference.

Samuel (2013) 
[32]

106 12 VCSS, 
SF-36, 
AVVSSS

Prospective 
single- 
center RCT

53 EVLA vs. 53 
L&S

The VCSS, AVVSSS and 
SF-36 improved in all 
groups with no significant 
between-group difference

Darwood 
(2008) [33]

80 3 AVVSSS, 
VCSS

Prospective 
single- 
center RCT

54 EVLA vs. 26 
L&S

The VCSS and AVVSSS 
improved in both groups 
with no significant 
between-group difference

Bountouroglou 
(2006) [34]

60 3 AVVSSS, 
VCSS

Prospective 
single- 
center RCT

30 UGFS vs. 30 
L&S

The VCSS and AVVSSS 
improved in both groups 
with no significant 
between-group difference

Campos (2015) 
[35]

58 12 AVVSSS, 
VCSS, 
VDS

Prospective 
single- 
center RCT

29 UGFS vs. 29 
L&S

The VCSS, VDS and 
AVVSSS improved in both 
groups with no significant 
between-group difference

Shadid (2012) 
[36]

430 24 VCSS, 
EuroQoL

Prospective 
3-center 
RCT

230 UGFS vs. 
200 L&S

The VCSS and EuroQoL 
improved in both groups 
with no significant 
between-group difference

Michaels 
(2006) [37]

217 24 SF-36, 
EuroQoL

Prospective 
2-center 
RCT

160 L&S vs. 57 
UGFS

The SF-36 and EuroQoL 
improved in both groups 
with no significant 
between-group difference

Wozniak 
(2015) [38]

102 36 VCSS Prospective 
single- 
center RCT

52 thermal 
ablation vs. 50 
L&S

The VCSS scores improved 
significantly (p < 0.05) in 
both groups with no 
between-group difference

Lattimer (2013) 
[39]

90 15 AVVSSS, 
VCSS, 
STS

Prospective 
single- 
center RCT

44 EVLA vs. 46 
UGFS

The AVVSSS, VCSS and 
STS were all reduced from 
baseline (p < 0.0005) with 
no between-group difference

Shepherd 
(2015) [40]

110 6 AVVSSS, 
VCSS

Prospective 
single- 
center RCT

54 EVLA vs. 56 
RFA

The VCSS and AVVSSS 
improved in both groups 
with no significant 
between-group difference

(continued)

21 Quality-of-Life (QOL) and Patient-Reported Outcome Measures (PROMs) Following Intervention…



420

Table 21.3 (continued)

Study (year)
# 
Limbs

Follow-up 
(month) Instrument Design Comparison Outcome

Nordon (2011) 
[41]

159 3 AVVSSS, 
EuroQoL

Prospective 
single- 
center RCT

80 EVLA vs. 79 
RFA

The AVVSSS and EuroQoL 
improved in both groups 
with no significant 
between-group difference

Carradice 
(2009) [42]

50 12 AVVSSS, 
VCSS

Prospective 
single- 
center RCT

25 EVLA alone 
vs. 25 EVLA 
plus 
phlebectomies

VCSS and AVVSSS were 
lower in EVLA plus 
phlebectomies vs. EVLA 
alone in 3 months (for both, 
p < 0.0001) but at 1 year 
there were no differences

Liu (2011) [43] 134 60 CEAP Prospective 
single- 
center RCT

74 EVLA vs. 60 
EVLA + stab 
avulsions

There was no difference in 
pain between groups after 
Day 5 onwards.

Theivacumar 
(2008) [44]

68 3 AVVSSS Prospective 
single- 
center RCT

23 EVLA AK vs. 
23 EVLA ABK 
vs. 22 EVLA 
BK + UGFS

There was significant 
improvement in AVVSSS 
(p < 0.001) in all groups 
with no difference between 
groups at 3 months

van den Boss 
(2014) [45]

227 3 VCSS, 
AVVSSS

Prospective 
single- 
center RCT

110 EVLA vs. 
117 thermal 
ablation

The VCSS and AVVSSS 
improved in both groups 
with no significant 
between-group difference

Morrison 
(2015) [46]

222 3 AVVSS, 
EuroQoL, 
VCSS

Prospective 
single- 
center RCT

108 
cyanoacrylate 
embolization vs. 
114 RFA

VCSS, AVVSS and 
EuroQoL improved 
significantly (p < 0.01) for 
both procedures with no 
between-group difference at 
3 months.

Gibson (2018) 
[47]

222 24 AVVSS, 
EuroQoL, 
VCSS

Prospective 
single- 
center RCT

108 
cyanoacrylate 
embolization vs. 
114 RFA

VCSS, AVVSS and 
EuroQoL improved 
significantly (p < 0.01) for 
both procedures with no 
between-group difference at 
24 months.

L&S ligation and stripping, RFA radiofrequency ablation, EVLA endovenous laser ablation, UGFS ultrasound-guided 
foam sclerotherapy, AVVSSS Aberdeen varicose vein symptom severity score, VCSS venous clinical severity score, VDS 
venous disability score, STS saphenous treatment score, AK above-knee, ABK above-below-knee, BK below-knee, 
VSDS venous segmental disease score, CXVUQ disease specific ulcer questionnaire

 Comparison of Surgical vs. 
Endovenous Interventions

These include the following comparisons: (a) 
high ligation and stripping vs. RFA, (b) high 
ligation and stripping vs. EVLA, (c) high liga-
tion and stripping vs. sclerotherapy, and, (d) 
high ligation and stripping vs. thermal 
ablation.

 High Ligation and Stripping vs. RFA

One randomised controlled trial (RCT) measured 
quality of life using the CIVIQ-2 score at base-
line, 1-week and 2-year follow-up [18]. There 
was a marked difference in perceived pain already 
at 72  h in favour of RFA compared with high 
ligation and stripping (−1.77 ± 0.6 vs. 2.9 ± 0.7, 
respectively; p  <  0.0001). This difference 
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persisted at 1 week postoperatively (−2.4 ± 0.6 
vs. 1.2 ± 0.7, respectively; p < 0.0001) and was 
 coupled with a significantly better global QOL 
(pain, physical, social and psychological) score 
(−9.2 ± 2.3 vs. 3.7 ± 2.5, respectively; p < 0.0001) 
[18]. The differences in pain and global QOL 
scores disappeared at 3 weeks after treatment, but 
then surprisingly reappeared in favour of the RFA 
group at 1 year postoperatively and remained sig-
nificant at 2 years [19].

Two RCTs compared QoL after RFA vs. sur-
gery using the AVVSS score [20, 21]. The first 
RCT showed improvement in QoL after both sur-
gery and RFA, with no difference between the two 
groups [20]. The second RCT similarly showed no 
difference between the two groups at 3  days, 
1 month, 1 year and 3 years [21]. This RCT also 
reported less pain on the visual analog scale (VAS) 
in the RFA group at 10 days post- operatively com-
pared with the high ligation and stripping arm 
[21]. In conclusion, it appears that there may be an 

early advantage with RFA compared to the tradi-
tional open surgery in QoL that in subsequent 
assessments is no longer measurable.

 High Ligation and Stripping vs. EVLA

Three studies including a total of 780 patients 
compared high ligation and stripping vs. EVLA 
[22–24]. All three studies used the AVVSS score, 
the VCSS and several domains of the Medical 
Outcomes Study Short Form-36 QoL scores [22–
24]. The AVVSS score, VCSS and Short Form-36 
scores improved after both procedures. None of 
the studies found any significant difference in 
any of the clinical severity scores and QoL 
between groups (Fig. 21.1). Similarly, when the 
CEAP score was used (n  =  4 studies; 867 
patients), no difference could be demonstrated at 
12 months following the intervention (Fig. 21.2) 
[25–28]. Another four studies reported AVVSS 

Study name Statistics for each study Std diff in means and 95% CI

Favors Surgery Favors EVLT

Std diff
in means

Rasmussen, 2017 0.000 –0.621 0.621 0.000 1.000

0.062 –0.293 0.417 0.344 0.731

0.000 –0.281 0.281 0.000 1.000

0.021 –0.186 0.229 0.201 0.840

Christenson, 2010

Rasmussen, 2011

Lower
limit

Upper
limit Z-Value p-Value

–1.00 –0.50 0.50 1.000.00

Fig. 21.1 Forest plot of long-term VCSS effects for high ligation and stripping vs. EVLA

Study name Statistics for each study Std diff in means and 95% CI

Favors Surgery Favors EVLT

Std diff
in means

Biemans, 2013 0.168 –0.167 0.503 0.984 0.325

0.029 –0.333 0.309 0.155 0.877

0.019 –0.207 0.245 0.163 0.871

0.090 –0.398 0.577 0.360 0.719

0.090 –0.096 0.219 0.760 0.447

Flessenkamper, 2013

Mozafar, 2014

Pronk, 2010

Lower
limit

Upper
limit Z-Value p-Value

–1.00 –0.50 0.50 1.000.00

Fig. 21.2 Forest plot of CEAP effects for high ligation and stripping vs. EVLA
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and EuroQoL-5D scores at various time-points 
post-intervention [25, 29–31]. Once again, 
disease- specific QoL did not differ between sur-
gery and EVLA up to 5 years post-procedurally 
[25, 29–31].

Finally, six studies (n = 663 patients) evalu-
ated long-term QoL using the AVVSS score 
(Fig. 21.3) [23, 24, 28, 31–33]. Like before, after 
the periprocedural period no long-term differ-
ence was found between the two treatment strate-
gies. The early benefits associated with EVLA as 
demonstrated with PROMs were virtually abol-
ished after the first month following the interven-
tion [23, 24, 28, 31–33].

 High Ligation and Stripping vs. 
Sclerotherapy

Five studies reported VCSSs at various time after 
high ligation and stripping vs. sclerotherapy [23, 
30, 34–36]. One of these studies reported a sig-
nificant improvement in mean scores from base-
line to 1-year follow-up for both sclerotherapy 
(from 12.26 ± 3.05 to 4.26 ± 3.05, respectively; 
p  <  0.001) and surgery (from 12.5  ±  1.64 to 
3.39 ± 1.57, respectively; p < 0.001), but without 
any significant difference between groups [35]. 
Another study reported a significant improve-
ment from baseline to 6-month VCSS scores for 
both treatment groups (sclerotherapy: from 
4.9 ± 2.6 to 1.6 ± 1.7, respectively; p < 0.001; sur-

gery: from 5.1 ± 2.5 to 1.4 ± 1.7, respectively; 
p  <  0.001) without between-group difference 
[30]. The other three studies also reported 
improvements in VCSS scores at different time 
points [23, 34, 36]. One of these three studies 
demonstrated an additional improvement in 
CEAP score, as well [34].

Three of these five studies also reported 
AVVSS scores at various time points ranging 
from baseline to 3  years post-intervention [23, 
30, 35]. All three studies showed decreased 
scores at 3 years, thus indicating an improvement 
in symptoms, but no difference between groups. 
Finally, three studies (n = 900 patients) explored 
the long-term change in QoL as measured by 
EuroQoL-5D (Fig.  21.4) [25, 30, 37]. Once 
again, these studies did not demonstrate any dif-
ference between the two modalities. The early 
advantage in pain and discomfort with foam 
sclerotherapy compared with open surgery was 
abolished completely at 1  month following the 
procedure.

 High Ligation and Stripping vs. 
Thermal Ablation

Only one study reported VCSS scores after endo-
venous thermal (steam) ablation (n = 52 patients) 
vs. high ligation and stripping (n = 50 patients) 
[38]. This study showed that the mean VCSS 
scores were reduced from 7.25 to 1.78  in the 

Study name Statistics for each study

Std diff
in means

Rasmussen, 2011 –0.058 –0.333 0.216 –0.417 0.677

0.000 –0.255 0.255 0.000 1.000

–0.139 –0.417 0.139 –0.978 0.328

0.602 0.104 1.101 2.368 0.018

0.188 –0.207 1.583 0.933 0.351

0.318 –0.461 1.098 0.800 0.424

0.063 –0.122 0.247 0.666 0.505

Carradice, 2011

Christenson, 2010

Mozafar, 2014

Samuel, 2013

Darwood 2008

Lower
limit

Upper
limit Z-Value p-Value

–1.00 –0.50

Favors Surgery Favors EVLT

0.00 0.50 1.00

Std diff in means and 95% CI

Fig. 21.3 Forest plot of long-term AVVSS score effects for high ligation and stripping vs. EVLA
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Study name Statistics for each study Difference in means and 95% CI

Favors Sclerotherapy Favors Surgery

Difference
in means

Brittenden,2014 –0.005 –0.036 –0.026 –0.318 –0.751

–0.040 –0.149 –0.229 –0.414 –0.679

–0.030 –0.054 –0.114 –0.720 –0.483

–0.000 –0.028 –0.029 –0.007 –0.994

Michales, 2006

Biemans, 2013

Lower
limit

Upper
limit Z-Value p-Value

–1.00 –0.50 0.50 1.000.00

Fig. 21.4 Forest plot of QoL effects for high ligation and stripping vs. sclerotherapy

endovenous thermal ablation group and from 
8.28 to 2.2 in the surgical group (for both inter-
ventions, p  <  0.05), but without any between- 
group difference in QoL [38]. The conclusion 
reached was that endovenous thermal ablation is 
safe and comparable with surgery.

 Comparison Between Different 
Endovascular Interventions

 Sclerotherapy vs. EVLA

Three RCTs reported information on QoL fol-
lowing EVLA vs. endovenous foam sclerother-
apy [23, 30, 39]. These studies provided AVVSS 
scores at 6 weeks [30], 3 months [39], 6 months 
[30], 15 months [39] and 3 years [23] for each 
group. In one study, there was a statistically sig-
nificant between-group difference regarding 
effect size in the adjusted data for AVVSS scores 
at 6  weeks in favour of the EVLA group 
(p = 0.032) [30]. However, this difference did not 
persist beyond the 3  months. In another study 
from the Imperial College, London, UK [39], 
both the VCSS and AVVSS scores were 
 significantly reduced compared to baseline 
(p  <  0.0005), but without any statistical differ-
ence between the groups [39].

 RFA vs. EVLA

Two RCTs reported AVVSS scores for EVLA vs. 
RFA [40, 41]. At 6  weeks the mean between- 
group change of AVVSS scores was 0.2  in the 
EVLA group and −0.3 in the RFA group [40]. At 
3  months the mean within-group change of 
AVVSS scores was −11.2  in the EVLA group 
and −10.3 in the RFA group [41]. There was no 
statistically significant between-group difference 
(p  =  0.12), but AVVSS scores improved within 
each group at 3 months [41].

Despite the lack of difference in AVVSS 
scores, these studies showed that there was a sta-
tistically significant between-group difference 
with regards to the 10-point VAS pain scores at 7 
[41] and 10 [40] days. The first study reporting 
median pain scores at 7 days showed a statisti-
cally significant difference in favor of the RFA 
group with a median pain score of 13.5  in the 
EVLA group and 0 in the RFA group (p = 0.001) 
[41]. In the other study, the RFA group similarly 
reported better improvement in the pain score 
compared with the EVLA group at 10 days (12.3 
vs. −6.3, respectively; p = 0.01) [40]. However, 
with the introduction of the higher frequency 
laser equipment (1470-nm), there are no longer 
any differences in pain scores at 3 and 10 days, 
1 month and 1 year [48].
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 RFA Plus Phlebectomies vs. EVLA Plus 
Phlebectomies

One good-quality RCT [22] (n = 762 patients) 
reported comparisons of EVLA plus phlebec-
tomies vs. endovenous RFA plus phlebecto-
mies. Patients in the RFA group reported 
significantly less postoperative pain than those 
in the EVLA group (Mean ± SD: 1.21 ± 1.72 
vs. 2.58  ±  2.41; p  <  0.001) [23]. The scores 
improved significantly in both groups from 
1 month after the procedure, with no difference 
between groups thereafter. The mean AVVSS 
scores at 3 years presented in the RCT did not 
differ between groups (4.61 vs. 4.43, for the 
EVLA plus phlebectomies vs. the RFA plus 
phlebectomies groups, p  =  not significant) 
[23]. The same applied to the mean VCSS 
scores (0.34 vs. 0.44, for the EVLA plus phle-
bectomies vs. the RFA plus phlebectomies 
groups, p = not significant) [23].

 EVLA vs. EVLA Plus Phlebectomies

Two RCTs compared EVLA vs. EVLA plus 
phlebectomies [42, 43]. In the first RCT, the 
VCSS at 3 months was lower with EVLA plus 
phlebectomies compared with EVLA alone (0 
vs. 2, respectively; p < 0.001) [42]. The AVVSS 
scores were also lower for the EVLA plus 
phlebectomies group at 6 weeks (7.9 vs. 13.5, 
respectively; p < 0.001) and 3 months (2.0 vs. 
9.6, respectively; p  =  0.015). However, there 
were no differences in either VCSS or AVVSS 
scores at 1 year [42].

The second RCT reported the number of 
patients with pain at 1 and 4  weeks for each 
group [43]. The EVLA alone group reported 
fewer patients with pain compared with the 
EVLA plus phlebectomies group at 1 week (11 
vs. 22 patients, p  =  0.002). However, no 
patients in either group reported pain at 
4 weeks [43].

 EVLA vs. EVLA Plus Sclerotherapy

One small single-centre RCT from the UK 
reported a comparison of EVLA above the knee 
(n = 23 patients) vs. EVLA above and below the 
knee (n = 23 patients) vs. EVLA above the knee 
plus foam sclerotherapy (n  =  22 patients) [44]. 
The median AVVSS scores improved signifi-
cantly in all groups. There was a significant 
between-group difference in terms of patient sat-
isfaction at 6 weeks in favor of EVLA above the 
knee plus foam sclerotherapy (p = 0.015) [44].

 EVLA vs. Thermal Ablation

One RCT reported a comparison of EVLA vs. 
endovenous thermal (steam) ablation in 237 
patients with symptomatic lower extremity chronic 
venous insufficiency/reflux and varicose veins 
[45]. Both groups showed improvement in AVVSS 
scores at 12 weeks postprocedure, but no statisti-
cally significant between-group difference was 
noted [45]. Similarly, VCSS scores improved in 
both groups but the improvement in between- group 
comparison was not significant (p = 0.242) [45].

 Cyanoacrylate Embolization vs. RFA

One multicentre (n  =  10) RCT from the U.S. 
reported a comparison of cyanoacrylate emboli-
zation vs. RFA using AVVSS scores on 242 
patients with symptomatic lower extremity 
chronic venous insufficiency/reflux and varicose 
veins [46]. At 1 month, AVVSS scores improved 
significantly both in the cyanoacrylate group and 
in the RFA group, without any statistically signifi-
cant between-group difference [46]. There was 
also no difference in postoperative pain between 
the two groups according to the 10-point VAS 
score (p = 0.36) [46]. In the subsequent report of 
the 2-year results, there was once again no differ-
ence in patients’ QoL through 24  months [47]. 
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The conclusion reached was that both cyanoacry-
late embolization and RFA of the great saphenous 
vein are safe and durable up to 2 years [47].

 Recurrence Rates Following 
Different Interventions

A key parameter in selecting the appropriate 
intervention for the management of lower extrem-
ity chronic venous disease is recurrence rates. In 
the earlier mentioned RCT comparing EVLA vs. 
RFA vs. ultrasound-guided foam sclerotherapy 
vs. surgical stripping, there was no difference in 
varicose vein recurrence rates at 3 years between 
the procedures (20% vs. 14.9% vs. 19.1% vs. 
20.2%, respectively; p = 0.66) [21]. There were 
more patients in the sclerotherapy group present-
ing with reflux in the groin compared with the 
other groups (p  =  0.34) and more reoperations 
performed in the sclerotherapy group compared 
with the EVLA, RFA and surgical groups (31.6% 
vs. 12.5% and 11.1% and 15.5%, respectively; 
p  <  0.0001). However, patients undergoing 
sclerotherapy were only give a single injection of 
foam and were not seen again [21]. This is an 
inadequate method to offer foam sclerotherapy, 
as approximately 20–30% of patients require 
additional foam in tributaries at 6 weeks to com-
plete their treatment. Nevertheless, the VCSS, 
SF-36 and AVVSS QoL scores all improved sig-
nificantly in all the groups with no difference 
between the various procedures [21].

Other RCTs similarly demonstrated no sig-
nificant difference in recurrence rates between 
the various modalities despite a slightly higher 
incidence of great saphenous vein reflux [39, 49, 
50]. Nevertheless, this slightly higher reflux rate 
was not related to deterioration in QoL indicating 
that this reflux was largely asymptomatic [39].

The Finnish Venous Study was a randomized 
trial comparing the effect of ultrasound-guided 
foam sclerotherapy vs. EVLA with phlebecto-
mies vs. surgery on the QoL of patients receiving 
treatment for great saphenous varicose veins 

[49]. It showed significant improvement in 
AVVSS QoL scores postoperatively in all groups, 
with no significant differences between them 
[49]. In contrast, a similar randomized trial from 
the Netherlands and Belgium [50] demonstrated 
a significant deterioration in CIVIQ scores in the 
sclerotherapy group compared with the EVLA 
group (p  =  0.013). However, the CIVIQ scores 
for the conventional surgery group did not differ 
from those in the EVLA and the sclerotherapy 
group, and the EuroQoL-5D scores improved 
equally in all groups [50]. The extended 5-year 
results of the Finnish Venous Study similarly 
showed a sustained improvement in AVVSS 
scores from baseline for all procedures, with no 
significant difference in terms of QoL between 
the procedures at 5 years [51].

 Conclusions

The effect of several procedures on QoL has been 
extensively investigated for patients with lower 
extremity chronic venous disease (Fig. 21.5).

Although no long-term difference is seen in 
effectiveness between RFA and high ligation and 
stripping, RFA is associated with less periproce-
dural pain, faster improvement in symptom 
scores and QoL.  Among patients undergoing 
endovenous interventions, RFA, EVLA and 
sclerotherapy all demonstrate improvement in 
QoL and standardized symptom scores. When 
compared with patients offered EVLA, those 
treated with foam sclerotherapy had significantly 
less periprocedural pain, while patients treated 
with RFA had significantly less periprocedural 
pain but also less short-term improvement in 
VCSS. Patients treated with foam sclerotherapy 
demonstrate significant improvement in stan-
dardized symptom scores and QoL compared 
with placebo. Similarly, patients treated with 
high ligation plus stripping demonstrate improved 
long-term symptoms and QoL compared with 
those patients managed with compression ther-
apy alone. Endovascular techniques have a sig-
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Quality-of-life (QOL) and Patient-Reported Outcome Measures (PROMs) 
following intervention for Chronic Venous Disease 

•  Venous leg ulcers affect patients in terms of quality-of-life(QoL), pain and 
   social isolation
•  Patient-reported outcome measures (PROMs) provide a means by which the 
   impact of varicose veins or their treatments can be measured on the patient’s 
   QoL
•  PROMs explore several dimensions in patients’ QoL, including psychological 
   effects, physical effects, social well-being, pain and cosmetic appearance 
•  Radiofrequency ablation has an early advantage over high ligation and 
   stripping but this disappears at 3-4 weeks after treatment
•  Endovenous laser ablation, thermal ablation and sclerotherapy have no 
   significant difference in PROMs compared with surgery
•  There is no difference in varicose vein recurrence rates between any 
   procedures

Fig. 21.5 Summary and 
concluding remarks

nificant early improvement of the quality of life 
in patients who are treated for chronic venous 
insufficiency compared to open traditional sur-
gery (saphenofemoral ligation and saphenec-
tomy). This early advantage is lost with 
intermediate and long-term follow-up compared 
to the quality of life in patients treated with 
saphenofemoral ligation and long saphenous vein 
stripping. As the long-term results are compara-
ble irrespective of the technique that is used for 
the management of the patient, the choice of the 
intervention will depend on patient’s preference, 
local expertise, the configuration of the varicose 
vein and the diameter of the saphenous trunk.

References

1. Eberhardt RT, Raffetto JD.  Chronic venous insuffi-
ciency. Circulation. 2014;130(4):333–46.

2. Kearon C, Akl EA, Comerota AJ, Prandoni P, 
Bounameaux H, Goldhaber SZ, et al. Antithrombotic 
therapy for VTE disease: antithrombotic therapy and 
prevention of thrombosis, 9th edn., American College 
of Chest Physicians Evidence-Based Clinical Practice 
Guidelines. Chest. 2012;14(2 Suppl):e419S–96S.

3. Korn P, Patel ST, Heller JA, Deitch JS, Krishnasastry 
KV, Bush HL, et al. Why insurers should reimburse 
for compression stockings in patients with chronic 
venous stasis. J Vasc Surg. 2002;35(5):950–7.

4. Smith JJ, Garratt AM, Guest M, Greenhalgh RM, 
Davies AH. Evaluating and improving health-related 
quality of life in patients with varicose veins. J Vasc 
Surg. 1999;30(4):710–9.

5. Nicolaides AN, Kakkos SK, Baekgaard N, Comerota 
A, De Maessener M, Eklof B, et  al. Management 
of chronic venous disorders of the lower limbs. 

Guidelines according to scientific evidence. Part 
II. Int Angiol. 2020;37:181.

6. Poku E, Aber A, Phillips P, Essat M, Buckley Woods 
H, Palfreyman S, et al. Systematic review assessing the 
measurement properties of patient-reported outcomes 
for venous leg ulcers. BJS Open. 2017;1(5):138–47.

7. Augustin M, Dieterle W, Zschocke I, Brill C, Trefzer 
D, Peschen M, et al. Development and validation of 
a disease-specific questionnaire on the quality of life 
of patients with chronic venous insufficiency. Vasa. 
1997;26(4):291–301.

8. Guex JJ, Zimmet SE, Boussetta S, Nguyen C, Taieb 
C. Construction and validation of a patient-reported 
outcome dedicated to chronic venous disorders: 
SQOR-V (specific quality of life and outcome 
response – venous). J Mal Vasc. 2007;32(3):135–47.

9. Launois R, Reboul-Marty J, Henry B.  Construction 
and validation of a quality of life questionnaire in 
chronic lower limb venous insufficiency (CIVIQ). 
Qual Life Res. 1996;5(6):539–54.

10. Garratt AM, Macdonald LM, Ruta DA, Russell IT, 
Buckingham JK, Krukowski ZH.  Toward measure-
ment of outcome for patients with varicose veins. 
Qual Health Care. 1993;2(1):5–10.

11. Lamping DL, Schroter S, Kurz X, Kahn SR, Abenhaim 
L. Evaluation of outcomes in chronic venous disorders 
of the leg: development of a scientifically rigorous, 
patient-reported measure of symptoms and quality of 
life. J Vasc Surg. 2003;37(2):410–9.

12. Hareendran A, Doll H, Wild DJ, Moffatt CJ, Musgrove 
E, Wheatley C, et  al. The venous leg ulcer qual-
ity of life (VLU-QoL) questionnaire: development 
and psychometric validation. Wound Repair Regen. 
2007;15(4):465–73.

13. Hyland ME, Ley A, Thomson B. Quality of life of leg 
ulcer patients: questionnaire and preliminary findings. 
J Wound Care. 1994;3(6):294–8.

14. Palfreyman S. Assessing the impact of venous ulcer-
ation on quality of life. Nurs Times. 2008;104:34–7.

15. Smith JJ, Guest MG, Greenhalgh RM, Davies 
AH.  Measuring the quality of life in patients with 
venous ulcers. J Vasc Surg. 2000;31(4):642–9.

K. I. Paraskevas et al.



427

16. Passman MA, McLafferty RB, Lentz MF, Nagre SB, 
Iafrati MD, Bohannon WT, et al. Validation of Venous 
Clinical Severity Score (VCSS) with other venous 
severity assessment tools from the American Venous 
Forum, National Venous Screening Program. J Vasc 
Surg. 2011;54(6 Suppl):2S–9S.

17. Eklof B, Rutherford RB, Bergan JJ, Carpentier PH, 
Gloviczki P, Kistner RL, et  al. American Venous 
Forum International Ad Hoc Committee for Revision 
of the CEAP Classification. Revision of the CEAP 
classification for chronic venous disorders: consensus 
statement. J Vasc Surg. 2004;40(6):1248–52.

18. Lurie F, Creton D, Eklof B, Kabnick LS, Kistner 
RL, Pichot O, et  al. Prospective randomized study 
of endovenous radiofrequency obliteration (closure 
procedure) versus ligation and stripping in a selected 
patient population (EVOLVeS Study). J Vasc Surg. 
2003;38(2):207–14.

19. Lurie F, Creton D, Eklof B, Kabnick LS, Kistner RL, 
et  al. Prospective randomised study of endovenous 
radiofrequency obliteration (closure) versus ligation 
and vein stripping (EVOLVeS): two-year follow-up. 
Eur J Vasc Endovasc Surg. 2005;29(1):67–73.

20. Subramonia S, Lees T.  Randomized clinical trial of 
radiofrequency ablation or conventional high ligation 
and stripping for great saphenous varicose veins. Br J 
Surg. 2010;97(3):328–36.

21. Rasmussen L, Lawaetz M, Serup J, Bjoern L, Vennits 
B, Blemings A, et al. Randomized clinical trial com-
paring endovenous laser ablation, radiofrequency 
ablation, foam sclerotherapy and surgical strip-
ping for great saphenous varicose veins with 3-year 
follow-up. J Vasc Surg Venous Lymphat Disord. 
2013;1(4):349–56.

22. Rasmussen LH, Bjoern L, Lawaetz M, Blemings 
A, Lawaetz B, Eklof B.  Randomized trial compar-
ing endovenous laser ablation of the great saphe-
nous vein with high ligation and stripping in patients 
with varicose veins: short-term results. J Vasc Surg. 
2007;46(2):308–15.

23. Rasmussen LH, Lawaetz M, Bjoern L, Vennits B, 
Blemings A, Eklof B. Randomized clinical trial com-
paring endovenous laser ablation, radiofrequency 
ablation, foam sclerotherapy and surgical strip-
ping for great saphenous varicose veins. Br J Surg. 
2011;98(8):1079–87.

24. Christenson JT, Gueddi S, Gemayel G, Bounameaux 
H.  Prospective randomized trial comparing endove-
nous laser ablation and surgery for treatment of pri-
mary great saphenous varicose veins with a 2-year 
follow-up. J Vasc Surg. 2010;52(5):1234–41.

25. Biemans AA, Kockaert M, Akkersdijk GP, van 
den Bos RR, de Maeseneer MG, Cuypers P, et  al. 
Comparing endovenous laser ablation, foam sclero-
therapy, and conventional surgery for great saphenous 
varicose veins. J Vasc Surg. 2013;58(3):727–34.

26. Pronk P, Gauw SA, Mooij MC, Gaastra MT, Lawson 
JA, van Goethem AR, et  al. Randomised controlled 
trial comparing sapheno-femoral ligation and strip-
ping of the great saphenous vein with endovenous 

laser ablation (980 nm) using local tumescent anaes-
thesia: one-year results. Eur J Vasc Endovasc Surg. 
2010;40(5):649–56.

27. Flessenkamper I, Hartmann M, Hartmann K, Stenger 
D, Roll S. Endovenous laser ablation with and with-
out high ligation compared with high ligation and 
stripping in the treatment of great saphenous varicose 
veins: initial results of a multicenter randomized con-
trolled trial. Phlebology. 2013;28(1):16–23.

28. Mozafar M, Atgjaee K, Haghighatkhah H, Taheri 
MS, Tabatabaey A, Lotfollahzadeh S.  Endovenous 
laser ablation of the great saphenous vein versus 
high ligation: long-term results. Lasers Med Sci. 
2014;29(2):765–71.

29. Roopram AD, Lind MY, Van Brussel JP, Terlouw- 
Punt LC, Birnie E, De Smet AA, et al. Endovenous 
laser ablation versus conventional surgery in the treat-
ment of small saphenous vein incompetence. J Vasc 
Surg Venous Lymphat Disord. 2013;1(4):357–63.

30. Brittenden J, Cooper D, Dimitrova M, Scotland G, 
Cotton SC, Elders A, et al. Five-year outcomes of a 
randomized trial of treatments for varicose veins. N 
Engl J Med. 2019;381(10):912–22.

31. Carradice D, Mekako AI, Mazari FA, Samuel N, 
Hatfield J, Chetter IC.  Randomized clinical trial of 
endovenous laser ablation compared with conven-
tional surgery for great saphenous varicose veins. Br J 
Surg. 2011;98(4):501–10.

32. Samuel N, Carradice D, Wallace T, Mekako A, 
Hatfield J, Chetter I.  Randomized clinical trial of 
endovenous laser ablation versus conventional sur-
gery for small saphenous varicose veins. Ann Surg. 
2013;257(3):419–26.

33. Darwood RJ, Theivacumar N, Dellagrammaticas D, 
Mavor AI, Gough MJ. Randomized clinical trial com-
paring endovenous laser ablation with surgery for the 
treatment of primary great saphenous varicose veins. 
Br J Surg. 2008;95(3):294–301.

34. Bountouroglou DG, Azzam M, Kakkos SK, 
Pathmarajah M, Young P, Geroulakos G. Ultrasound- 
guided foam sclerotherapy combined with sapheno- 
femoral ligation compared to surgical treatment 
of varicose veins: early results of a randomised 
controlled trial. Eur J Vasc Endovasc Surg. 
2006;31(1):93–100.

35. Campos W Jr, Torres IO, da Silva ES, Casella IB, 
Puech-Leao P.  A prospective randomized study 
comparing polidocanol foam sclerotherapy with 
surgical treatment of patients with primary chronic 
venous insufficiency and ulcer. Ann Vasc Surg. 
2015;29(6):1128–35.

36. Shadid N, Ceulen R, Nelemans P, Dirksen C, Veraart 
J, Schurink GW, et  al. Randomized clinical trial of 
ultrasound-guided foam sclerotherapy versus surgery 
for the incompetent great saphenous vein. Br J Surg. 
2012;99(8):1062–70.

37. Michaels JA, Campbell WB, Brazier JE, Macintyre 
JB, Palfreyman SJ, Ratcliffe J, et  al. Randomised 
clinical trial, observational study and assessment 
of cost-effectiveness of the treatment of varicose 

21 Quality-of-Life (QOL) and Patient-Reported Outcome Measures (PROMs) Following Intervention…



428

veins (REACTIV trial). Health Technol Assess. 
2006;10(3):1–196.

38. Wozniak W, Mlosek RK, Ciostek P.  Assessment 
of the efficacy and safety of steam vein sclerosis 
as compared to classic surgery in lower extremity 
varicose vein management. Wideochir Inne Tech 
Maloinwazyjne. 2015;10(1):15–24.

39. Lattimer CR, Kalodiki E, Azzam M, Makris GC, 
Somiayajulu S, Geroulakos G.  Interim results on 
abolishing reflux alongside a randomized clinical 
trial on laser ablation with phlebectomies versus foam 
sclerotherapy. Int Angiol. 2013;32(4):394–403.

40. Shepherd AC, Ortega-Ortega M, Gohel MS, Epstein 
D, Brown LC, Davies AH. Cost-effectiveness of radio-
frequency ablation versus laser for varicose veins. Int 
J Technol Assess Health Care. 2015;31(5):289–96.

41. Nordon IM, Hinchliffe RJ, Brar R, Moxey P, Black 
SA, Thompson MM, et al. A prospective double-blind 
randomized controlled trial of radiofrequency versus 
laser treatment of the great saphenous vein in patients 
with varicose veins. Ann Surg. 2011;254(6):876–81.

42. Carradice D, Mekako AI, Hatfield J, Chetter 
IC.  Randomized clinical trial of concomitant or 
sequential phlebectomy after endovenous laser ther-
apy for varicose veins. Br J Surg. 2009;96(4):369–75.

43. Liu P, Ren S, Yang Y, Liu J, Ye Z, Lin F. Intravenous 
catheter-guided laser ablation: a novel alternative for 
branch varicose veins. Int Surg. 2011;96(4):331–6.

44. Theivacumar NS, Dellagrammaticas D, Mavor AI, 
Gough MJ. Endovenous laser ablation: does standard 
above-knee great saphenous vein ablation provide 
optimum results in patients with above- and below- 
knee reflux? A randomized controlled trial. J Vasc 
Surg. 2008;48:173–8.

45. Van den Boss RR, Malskat WS, De Maeseneer 
MG, de Roos KP, Groeneweg DA, Kockaert MA, 
et  al. Randomized clinical trial of endovenous 

laser ablation versus steam ablation (LAST trial) 
for great saphenous varicose veins. Br J Surg. 
2014;101(9):1077–83.

46. Morrison N, Gibson K, McEnroe S, Goldman M, King 
T, Weiss R, et al. Randomized clinical trial comparing 
cyanoacrylate embolization and radiofrequency abla-
tion for incompetent great saphenous veins (VeClose). 
J Vasc Surg. 2015;61(4):985–94.

47. Gibson K, Morrison N, Kolluri R, Vasquez M, Weiss 
R, Cher D, et  al. Twenty-four month results from a 
randomized trial of cyanoacrylate closure versus 
radiofrequency ablation for the treatment of incom-
petent great saphenous veins. J Vasc Surg Venous 
Lymphat Disord. 2018;6(5):606–13.

48. He G, Zheng C, Yu MA, Zhang H.  Comparison of 
ultrasound-guided endovenous laser ablation and 
radiofrequency for the varicose veins treatment: an 
updated meta-analysis. Int J Surg. 2017;39:267–75.

49. Venermo M, Saarinen J, Eskelinen E, Vahaaho S, 
Saarinen E, Railo M, et  al. Finnish Venous Study 
Collaborators. Randomized clinical trial com-
paring surgery, endovenous laser ablation and 
ultrasound-guided foam sclerotherapy for the treat-
ment of great saphenous varicose veins. Br J Surg. 
2016;103(11):1438–44.

50. van der Velden SK, Biemans AA, De Maeseneer 
MG, Kockaert MA, Cuypers PW, Hollestein LM, 
et al. Five-year results of a randomized clinical trial 
of conventional surgery, endovenous laser ablation 
and ultrasound-guided foam sclerotherapy in patients 
with great saphenous varicose veins. Br J Surg. 
2015;102(10):1184–94.

51. Vahaaho S, Halmesmaki K, Alback A, Saarinen E, 
Venermo M.  Five-year follow-up of a randomized 
clinical trial comparing open surgery, foam sclero-
therapy and endovenous laser ablation for great saphe-
nous varicose veins. Br J Surg. 2018;105(6):686–91.

K. I. Paraskevas et al.



429

A
Abdominal aorta, 268
Abdominal aortic aneurysms (AAA), 267, 268
Aberdeen varicose vein symptom Severity  

(AVVSS), 416
ACHD catheter interventions, 181
Acute coronary syndromes (ACS), 233
Adolescents, 219
Adult congenital heart disease (ACHD), 176–177, 219

novel transcatheter and surgical techniques, 171
quality of care in, 172
quality of life

after percutaneous procedures, 179
assessment tools, 174
indicators, 172
research, 173, 174
tools, 175, 179, 180

in surgical and percutaneous techniques, 171
ADVANCE trial, 11
Anchor-based methods, 3
Ankle-brachial pressure index (ABPI), 362
Anxiety, 332
Aortic stenosis (AS)

quality of life, 110
surgical aortic valve replacement, 110
transcatheter aortic valve implantation  

(TAVI), 110
Aortic valve surgery, 198–201
Aortoiliac steno-occlusive disease, 366–373
Area under the curve (AUC), 4
Atherectomy, 362, 398
Atrial flutter, 303
Atrioventricular nodal re-entry tachycardia  

(AVNRT), 303

B
Balloon angioplasty (BAP), 411
Beck depression inventory (BDI), 330
Best medical therapy, 362
Biventricular assist device (BiVAD), 9
Branched endovascular aneurysm repair  

(BEVAR), 268
Bridge to heart transplantation (BTT), 9

C
Cardiac arrhythmia, 301, 302, 335
Cardioband implantation, 163
Cardiopulmonary reserve, 42
Cardiovascular trials, 172
Carillon Mitral Contour system, 164–165
Carotid endarterectomy (CEA), 249, 250
Carotid stenosis, 250
Carotid stenting, 249, 250
Carotid-subclavian bypass, 343
Catheter ablation, 301, 303, 331, 333
Cavotricuspid isthmus ablation, 333
Charing cross venous leg ulceration questionnaire 

(CCVUQ), 417
Chimney endovascular aneurysm repair (CHEVAR), 268
Chronic limb-threatening ischemia (CLTI), 408, 410, 411
Chronic venous disease, 415

classification of, 417
complications, 415
cyanoacrylate embolization vs. RFA, 424–425
endovenous techniques, 415
EVLA

vs. EVLA plus phlebectomies, 424
vs. EVLA plus sclerotherapy, 424
vs. RFA, 423
vs. sclerotherapy, 423
vs. thermal ablation, 424

intervention, 425
management of, 415
PROMs, 416–420
quality-of-life in patients, 417
surgical vs. endovenous interventions, 420–423
venous leg ulcers, 417

Chronic venous insufficiency questionnaire (CIVIQ), 416
CINAHL, 186
Cochrane, 186
Congenital heart disease (CHD), 217, 225
Conventional medical interventions, 9
Coronary artery bypass grafting (CABG), 17, 19, 41–43, 

233
Coronary artery disease (CAD), 233
COVID-19 pandemic, 120
Cryoballoon ablation, 333
Cyanoacrylate embolization, 425

Index

© Springer Nature Switzerland AG 2022 
T. Athanasiou et al. (eds.), Patient Reported Outcomes and Quality of Life in Cardiovascular Interventions, 
https://doi.org/10.1007/978-3-031-09815-4

https://doi.org/10.1007/978-3-031-09815-4


430

D
Data extraction, 303
Depression, 332
Drug-coated balloons (DCB), 362
Drug-eluting stents (DES), 362

E
ELEVATE registry, 12
EMBASE, 186
Endovascular aneurysm repair (EVAR), 268
Endovenous laser ablation, 415
ENDURANCE clinical trial, 12
EQ5D/EuroQOL, 44
European carotid surgery trial (ECST), 250
European Quality of Life 5 Dimension scale (EQ-5D), 

409
European Quality of Life Visual Analog Scale 

(EQ-VAS), 345
EuroQoL, 363
EuroQol 5 dimensions questionnaire (EQ-5D), 10
EuroQol Group, 112
EuroQol-5D, 111
EuroSCORE II cardiac risk factors, 18, 187
Extracorporeal devices, 13, 14

F
Femoropopliteal steno-occlusive disease, 374
Fenestrated endovascular aneurysm repair (FEVAR), 268
Fibromuscular dysplasia (FMD), 351

endovascular, 355
quality of life, 357
surgery, 355

Flavonoids, 415
FREEDOM study, 43
Freiburg life quality assessment questionnaire, 416

G
GARY registry, 119

H
Healthcare utilisation, 333
Health related quality of life (HRQOL), 1, 41, 155, 227, 

233, 346, 348, 362, 374, 398–400
defined, 18
healthcare benefactors, 185
outcomes, 41
patient factors, 43
patient health perceptions, 44
PCS vs. MCS, 204
post-surgery, 41, 205
post-surgical complications, 44
questionnaires, 111
scores, 102
study inclusion criteria, 186
tools, 41

HeartMate II DT trial, 11

Heart transplantation
comparative studies, 84–87, 101
life-expectancy, 83
longitudinal studies, 93–100, 102, 103
mental well-being post-transplant, 104, 105
physical activity post-transplant, 104
pre-operation and post-operation intervals, 90–92
study selection, 84

I
Inclusion criteria, 18
Infrainguinal bypass, 410, 411
Interagency Registry for Mechanically Assisted 

Circulatory Support (INTERMACS) analysis, 
10

Interagency Registry for Mechanically Assisted 
Circulatory Support (INTERMACS) report, 12

Intermittent claudication (IC), 408, 412
36-item Short Form Health Survey, 188

K
Kansas City Cardiomyopathy questionnaire (KCCQ), 10, 

111, 112
KCCQ scores, 11, 119, 164, 165

L
Left ventricular assist device (LVAD), 9
Leg and Foot Ulcer Questionnaire of Hyland (LFUQ), 

417
Life orientation test (LOT-R), 178
Long-term survivors, 84

M
Marfan’s syndrome, 56
Mechanical circulatory support devices (MCSD), 9
MEDLINE, 186
Mental component score, 104
Mental development index (MDI), 225
Minimal clinically important difference (MCID), 399

employment and implementation of, 2
implementation in cardiac surgery, 6
pitfalls, 5
statistical and methodological concepts

anchor-based methods, 3
consensus (Delphi) methods, 4
distribution methods, 3
limitations of, 4

Minimally invasive surgery, 213
Minnesota Living with Heart Failure Questionnaire 

(MLHFQ) score, 111, 112
Mitraclip, 156–161
MitraClip implantation, 214

conservative management, 162
conventional surgery, 162
high-risk/frail patients, 162, 163
miscellaneous studies, 163

Index



431

Mitral regurgitation (MR), 155
Mitral valve (MV), 155, 211, 214

repair, 211, 214
replacement, 212
surgery, 202–203, 211, 212

Multivariate logistic regression, 43
Myocardial infarction (MI), 42

N
National Adult Cardiac Surgery Audit (NACSA), 109
Neuromuscular stimulation electrical stimulation 

(NMES), 412
New York Heart Association (NYHA), 174
Newcastle–Ottawa scale, 18, 41
Newcastle scoring system, 188
North American registry, 12

O
Open/semi-structured interviews, 175
Optical coherence tomography, 398
Optimal medical management (OMM), 11

P
Paediatric series, 10
PARTNER-1 trial population, 119
PARTNER-3 trial, 119
PASCAL repair system, 165
Patent foramen ovale (PFO), 178, 179
Patient Health Questionnaire-9 (PHQ-9), 10
Patient reported outcome measures (PROMs), 172, 180, 

181, 219, 233, 344, 408, 416
Percutaneous coronary intervention (PCI), 17, 233, 

243–245
acute coronary syndromes, 242
chronic total occlusions, 242
coronary artery disease, 242
HRQOL assessment, 235, 241, 242
materials and methods, 234
quality of included studies, 235
results, 235
undifferentiated coronary artery disease, 242

Percutaneous MV Intervention, 166
Percutaneous pulmonary valve implantation, 175
Percutaneous transluminal angioplasty (PTA), 410
Peripheral arterial disease (PAD), 361, 407, 408, 412

aortoiliac steno-occlusive disease, 363, 365
femoropopliteal steno-occlusive disease, 374, 398
materials, 362, 363
study objectives, 363

Phenotype, 188
Physical activity (PA), 227
Physical competency post sternotomy, 41
Physical component score, 104
Poor quality of life, 334
Post-LVAD-implantation, 84
Post-operative intervals, 84

Post-transplant management, 83
Post-traumatic stress disorder (PTSD), 224, 226
Preferred Reporting Items for Systematic Review and 

Meta-Analyses (PRISMA), 18, 186
Proximal thoracic aorta

aortic root replacement/repair, 50
type A dissection repair, 56

PubMed, 186
PubMed database, 84
Pulmonary vein isolation (PVI), 332
Pulsatile flow technology, 10

Q
Quality assessment, 18
Quality of life (QoL), 9, 110, 181, 186, 198–203, 211, 

234, 251–258, 260, 261, 294, 295, 302, 
304–328, 344, 352, 357, 408, 409, 413, 415, 
416

cardiac patients, 218–219
carotid intervention, 250, 251
children, 224
cognitive function, 259
coronary artery disease, 204
ejection fraction, LV function and NHYA class, 205
female gender, 204
functional status, 225
health behaviours, 226, 227
healthcare utilisation, 333
heart failure, 84
incision factor, 206
instruments, 269
limitations, 207
methods, 211
mitral regurgitation, 204
multidimensional concept, 219
negative predictors, 212
outcomes, 261, 262, 295, 296
patient experience, 226
patient reported outcome measures, 219, 250, 251, 

258, 259, 270, 293, 294
post-surgery, 204
predictors of, 204
in pre-transplant patients, 103
prosthesis type, 212–214
surgery of, 206
surgical interventions, 224
symptoms, 225
tools and measures, 227
in transplant, 103
tricuspid valve surgery, 214, 215
type of prosthesis, 205
utility, 259, 260
valve QoL study selection, 187

Quality of Life Index proportional scores, 102
Quality of Life Index studies, 105
Quality scoring, 234, 303
Quality-adjusted life years (QALYs), 408
Questionnaires, 408

Index



432

R
Randomised controlled trial (RCT), 332, 420
RAND-36 questionnaire, 42
RCT trial, 198–201
Receiver operating curves (ROCs), 4
Renal artery intervention, 351

aneurysmal disease, 351
atherosclerosis, 351, 353–355
fibromuscular dysplasia, 351, 355–357
quality of life, 354

REporting of studies Conducted using Observational 
Routinely collected health Data (RECORD) 
guidelines, 6

Right ventricular assist device  
(RVAD), 9

ROADMAP study, 11

S
Sense of coherence, 173
Sheffield Preference-based Venous leg Ulcer 

Questionnaire with 5 Dimensions  
(SPVU-5D), 417

Short Form 36 Health Survey Questionnaire (SF-36), 
103, 104, 111, 112, 179, 186

Short Form-12 questionnaire, 102, 111
Sirolimus eluting stents (SES), 411
Stent or surgery (SOS), 42
Stents, 374
Subclavian artery disease, 343, 346, 347

clinical features, 344
endovascular, 343
material and methods, 344, 345
results, 345
stenosis, 343

Superficial femoral artery (SFA), 374
Supervised exercise therapy (SET), 362
Supraventricular tachycardias (SVTs), 329
Surgical aortic valve replacement, 110
SUSTAIN-IT trial, 101
Sutureless bioprostheses, 110
Synergy between PCI with Taxus and Cardiac Surgery 

(SYNTAX), 42

T
Thoracic aorta, 269
Thoracic aortic aneurysms (TAA), 267
Thoracic aortic aneurysms quality of life (TAAQOL), 

175, 178
Thoracic aortic surgery

aortic surgery, in elderly, 69
endovascular interventions, 63
neurological outcomes and cerebral protection, 69, 76
proximal thoracic aorta, 50, 63

Thoracic endovascular aneurysm repair (TEVAR), 268
Thoracoabdominal aortic aneurysms (TAAAs), 63, 268
Total arterial revascularisation (TAR), 43
Total artificial heart (TAH), 9
Transcatheter aortic valve implantation (TAVI), 109, 110, 

181
vs. general population, 119
indications, 112
registries, 118

Transcatheter mitral valve interventions, 167
Transcatheter mitral valve procedures

Cardioband implantation, 163
Carillon Mitral Contour system, 164, 165
MitraClip implantation, 155, 162, 163

Trans-caval access, 110
Transfemoral access, 118

V
Valvular surgery, 188
Venoarterial extracorporeal membrane oxygenation 

system (VA ECMO), 9
Venous clinical severity score (VCSS), 417
Venous leg ulcer quality of life (VLU-QoL), 417
Viacor percutaneous transvenous mitral annuloplasty 

device, 165
Visual analog scale (VAS), 10, 175, 180

W
Walking impairment questionnaire (WIQ), 363
WHOQOL-BREF studies, 105
World Health Organisation’s (WHO), 17

Index


	Preface
	Contents
	1: Unveiling the Concept of Minimal Clinically Important Difference (MCID) in Cardiac Surgery
	Introduction
	The Purpose of Employing the MCID
	Statistical and Methodological Concepts Regarding MCID
	Distribution Methods
	Anchor-Based Methods
	Consensus (Delphi) Methods
	Limitations of the MCID Methods

	Potential Pitfalls to Consider When Evaluating Results Based on MCIDs
	Real Life Examples of MCID Implementation in Cardiac Surgery
	Conclusions
	References

	2: Quality of Life Following the Use of Mechanical Circulatory Support Devices
	Introduction
	Methods
	Durable Mechanical Circulatory Support
	Extracorporeal Devices
	Conclusions
	References

	3: What Factors Predict an Improved Quality of Life Outcome Following Coronary Artery Bypass Graft Surgery? A Systematic Review
	Aim
	Introduction
	Materials and Methods
	Inclusion Criteria
	Study Quality Scoring

	Results
	Study Design
	Quality of Studies
	HRQOL Tools
	Outcomes

	Discussion
	Surgical Factors
	Patient Factors
	Post-surgical Complications
	Patient Health Perceptions
	Limitations

	Conclusions
	References

	4: Thoracic Aortic Surgery
	Introduction
	Proximal Thoracic Aorta
	Aortic Root Replacement/Repair
	Other Proximal Aortic Operations
	Type A Dissection Repair

	Thoracoabdominal Aortic Aneurysm Repair
	Endovascular Interventions on the Thoracic Aorta
	Aortic Surgery in the Elderly
	Neurological Outcomes and Cerebral Protection
	Discussion
	Study Limitations
	Suggestions for Future Research

	Conclusions
	References

	5: Patient Reported Outcomes and Quality of Life following Heart Transplantation
	Introduction
	Methods
	Literature Search
	Study Selection
	Study Classification

	Results
	Comparative Studies
	vs. LVADs
	vs. Medical Therapy
	vs. Waiting-List

	Longitudinal Studies
	Immediate Long-Term Follow-Up (5–10 Years Post-HTx)
	Mid Long-Term Follow-Up (10–20 Years Post-HTx)
	Extreme Long-Term Follow-Up (>20 years Post-HTx)


	Discussion
	Challenges in QOL Assessment in Transplant
	Baseline QOL in Pre-transplant Patients
	Physical Activity Post-transplant
	Mental Well-Being Post-transplant


	References

	6: QOL and PROMS Following Transcatheter Aortic Valve Implantation
	Introduction
	Summary of Interventions (Surgical, Endovascular/Minimally Invasive) for Aortic Stenosis
	Analysis of the Utility of Different QOL Tool
	Methods

	Discussion
	TAVI Registries Reporting on QoL
	TAVI vs. General Population
	TAVI vs. sAVR Short and Intermediate Term Outcomes – Results from Randomised Controlled Trials (Industry Supported Studies)

	Conclusions
	References

	7: Patient-Reported Quality of Life After Stand-Alone and Concomitant Arrhythmia Surgery: A Systematic Review and Meta-Analysis
	Highlighted Conclusions
	Introduction
	Patients and Methods
	Literature Search
	PubMed
	Cochrane
	Study Selection and Risk of Bias
	Endpoints
	Statistical Analysis

	Results
	Study Selection
	Risk of Bias
	Study Population
	Arrhythmia Surgery
	Primary Endpoint: QOL Following Stand-Alone Arrhythmia Surgery
	Primary Endpoint for Concomitant Procedures
	Follow-up
	Secondary Endpoint: QOL Sub-Analyses Using Other Questionnaires

	Discussion
	Overall Effect on QOL Following Arrhythmia Surgery for AF
	Primary Endpoint: Concomitant AF Surgery and QOL
	Primary Endpoint: Standalone AF Surgery and QOL
	Techniques and Lesion Sets in Concomitant and Stand-Alone AF Ablation

	Limitations
	Conclusion
	References

	8: Transcatheter Mitral Valve Procedures
	Introduction
	MitraClip Implantation
	Studies Comparing Against Conventional Surgery
	Studies Comparing Against Conservative Management
	Studies Considering High-Risk or Frail Patients
	Miscellaneous Studies

	Cardioband Implantation
	Carillon Mitral Contour Device
	Studies Including Other Percutaneous MV Interventions

	Discussion
	Study Limitations

	Suggestions for Further Research
	Conclusion
	References

	9: Percutaneous Interventions in Adult Congenital Heart Disease
	Introduction
	Quality of Care in Adults with Congenital Heart Disease
	Why use Quality of Life Indicators in Adults with Congenital Heart Disease?
	Challenges in Quality of Life Research in Adults with Congenital Heart Disease
	Quality of Life Assessment Tools in ACHD

	Methods
	QoL Tools in ACHD Interventions: Review of Existing Literature

	Results
	Summary of Interventions
	Percutaneous Pulmonary Valve Implantation
	Percutaneous Atrial Septal Defect Closure
	Patient Foramen Ovale Closure (Post-Stroke)

	Discussion
	QoL After Percutaneous Procedures in ACHD
	The Utility of Different Quality of Life Tools in the Setting of Percutaneous Procedures in Adult Congenital Heart Disease
	Comparison of PROMs with Other Established Health Outcomes

	Concluding Remarks
	References

	10: The Impact of Valve Surgery on the Health-Related Quality of Life of Elderly Patients: Systematic Review
	Introduction
	Method
	Data Sources and Search
	Study Inclusion Criteria
	Evaluation of Quality and Risk of Bias

	Results
	Discussion
	Frailty Factor
	HRQOL Outcome: PCS vs. MCS
	Predictors of Quality of Life
	Female Gender
	Mitral Regurgitation
	Coronary Artery Disease
	Ejection Fraction, NYHA and LV function

	Other Determinants of Quality of Life
	Type of Prosthesis
	Type of Surgery

	Incision Factor
	Limitation
	Conclusion
	References

	11: Quality of Life After Mitral Valve and Tricuspid Valve Surgery
	Quality of Life After Mitral Valve Surgery
	Introduction
	Methods for Assessing the Quality of Life
	Negative Predictors of Quality of Life

	Quality of Life in Relation to Prosthesis Type and Surgical Approach
	Biological Versus Mechanical Heart Valve Replacement
	Conventional Mitral Valve Intervention (Surgical Repair or Replacement) Via Median Sternotomy
	Conventional Mitral Valve Interventions (Surgical Repair or Replacement) versus Minimally Invasive Approach
	MitraClip Implantation
	Other Percutaneous Mitral Valve Interventions
	Quality of Life After Tricuspid Valve Surgery

	References

	12: Quality of Life and Patient Reported Outcomes in Paediatric Cardiac Surgery Patients
	Introduction
	Background
	Patient Reported Outcomes (PROs) and Patient Reported Outcome Measures (PROMs)
	Quality of Life
	Parents and Caregiver Prospective

	Functional Status
	Symptom and Symptom Burden
	Patient Experience
	Health Behaviours
	Tools and Measures
	Summary and Conclusion
	Highlighted Conclusions
	Future Research
	References

	13: Percutaneous Coronary Intervention
	Introduction
	Materials and Methods
	Search Strategy
	Inclusion and Exclusion Criteria
	Outcomes of Interest and Data Extraction
	Quality Scoring

	Results
	Selected Studies
	Study Objectives, Design and Population
	Quality of Included Studies
	Health-Related Quality of Life Measures Used
	PCI in Stable Coronary Artery Disease
	PCI in Acute Coronary Syndromes
	PCI in Chronic Total Occlusions
	PCI in Undifferentiated Coronary Artery Disease

	Discussion
	Study Limitations
	Suggestions for Future Research

	Conclusions
	References

	14: Quality of Life and Patient Reported Outcome Measures Following Carotid Artery Intervention
	Introduction
	Current Interventions on the Carotid Artery
	Carotid Endarterectomy
	Carotid Stenting

	Quality of Life Instruments and Proms in Carotid Intervention
	Definition of Quality of Life and Patient Reported Outcome Measures
	Commonly Used Quality of Life Instruments in Carotid Intervention

	Quality of Life and Patient Reported Outcomes
	Quality of Life After Carotid Endarterectomy (18 Studies) [28, 31–33, 42–52, 54, 56, 57]
	Quality of Life After Carotid Stenting (Seven Studies) [28, 42, 48, 50, 52, 53, 55]
	Quality of Life After Endarterectomy Compared to Stenting (Five Studies) [28, 42, 48, 50, 52]
	Quality of Life Compared to Reference Populations (Seven Studies) [31, 32, 45, 46, 49, 55, 56]
	Cognitive Function

	Utility of Quality of Life Tools
	Importance of Quality of Life Assessment and PROMS
	Need for Further Research

	Effect of Other Outcomes on Quality of Life and Proms
	Conclusion
	References

	15: Quality of Life and Patient Reported Outcome Measures Following Percutaneous Aortic Intervention for Aortic Aneurysms and Dissection
	Introduction
	Current Interventions on the Aorta
	Abdominal Aorta
	Abdominal Aortic Aneurysms

	Thoracic Aorta
	Thoracic and Thoracoabdominal Aortic Aneurysms
	Type B Thoracic Aortic Dissection


	Quality of Life Instruments and Proms in Aortic Intervention
	Definition of Quality of Life and Patient Reported Outcome Measures
	Commonly Used Quality of Life Instruments in Aortic Intervention

	Quality of Life and Patient Reported Outcomes
	Abdominal Aorta (29 Studies) [12, 16, 18, 25, 38, 48–68, 70–72]
	Thoracic Aorta (Five Studies) [73–77]

	Utility of Quality of Life Tools
	Importance of Quality of Life Assessment and PROMS
	Need for Further Research

	Effect of Other Outcomes on Quality of Life and Proms
	Conclusion
	References

	16: QOL and PROMS in Catheter Ablation of Cardiac Arrhythmia
	Introduction
	Search Strategy
	Inclusion and Exclusion Criteria
	Data Extraction
	Quality Scoring

	Results
	Selected Studies and Their Objectives
	Tools Used
	Comparative Studies
	Catheter Ablation Versus Anti-arrhythmic Drugs
	Comparative Studies of Different Ablation Strategies
	Between Group Comparisons
	Anxiety and Depression
	Exercise Performance
	Healthcare Utilisation
	Cryoballoon Ablation
	Cavotricuspid Isthmus Ablation
	Predictors of Success
	Other Study Aims
	Predictors of Poor Quality of Life
	Limitations of the Included Studies
	Critique of the Different Tools Available
	Comparison to Other Outcomes

	Conclusions
	Appendix
	Medline Search Strategy

	References

	17: Patient Reported Outcomes and Quality of Life following Percutaneous and Surgical Intervention for Subclavian Artery Disease
	Introduction
	Material and Methods
	Search Strategy
	Inclusion and Exclusion Criteria
	Outcomes of Interest and Data Extraction
	Quality Scoring

	Results
	Selected Studies
	Studies Focusing on Percutaneous Intervention
	Studies Focusing on Surgical Revascularization
	Quality of Included Studies

	Discussion
	Conclusion
	References

	18: QoL and PROMS Following Percutaneous and Surgical Intervention for Renal Artery Disease
	Search Strategy
	Search Results
	Atherosclerotic Renal Artery Stenosis: Endovascular Trials
	Quality of Life Outcomes in Atherosclerotic Renal Artery Stenting
	Atherosclerotic Renal Artery Stenosis: Surgical Trials
	Fibromuscular Dysplasia: Endovascular
	Fibromuscular Dysplasia: Surgery
	Quality of Life in Fibromuscular Dysplasia
	Effect of Regular Dialysis on Quality of Life
	Effects of Procedural Complications on Quality of Life
	Conclusion
	References

	19: Health-Related Quality of Life Outcomes for Endovascular and Open Surgical Interventions in Aortoiliac and Femoropopliteal Steno-Occlusive Arterial Disease
	Introduction
	Materials and Methods
	Search Strategy
	Inclusion and Exclusion Criteria
	Study Selection and Data Extraction

	Results
	Study Objectives, Design and Population
	Health-Related Quality of Life Outcome Measures
	Studies Focused on Aortoiliac Steno-Occlusive Disease
	Studies Focused on Femoropopliteal Steno-Occlusive disease
	Quality of Included Studies
	Timing and Completion of Follow-Up

	Discussion
	Appendix: Scoring Criteria to Assess Methodological Quality of Included Papers
	References

	20: Infrapopliteal Arteries (Classical and Percutaneous)
	The Emergence and Importance of QOL and PROMS for Peripheral Artery Disease
	Assessing QoL and PROMS in Peripheral Artery Disease
	QoL and PROMS in Intermittent Claudication (IC)
	QoL and PROMS in Chronic Limb-Threatening Ischemia (CLTI)
	Limitations/Future Directions
	References

	21: Quality-of-Life (QOL) and Patient-Reported Outcome Measures (PROMs) Following Intervention for Chronic Venous Disease
	Introduction
	PROMs to Assess Chronic Venous Disease
	Comparison of Surgical vs. Endovenous Interventions
	High Ligation and Stripping vs. RFA
	High Ligation and Stripping vs. EVLA
	High Ligation and Stripping vs. Sclerotherapy
	High Ligation and Stripping vs. Thermal Ablation

	Comparison Between Different Endovascular Interventions
	Sclerotherapy vs. EVLA
	RFA vs. EVLA
	RFA Plus Phlebectomies vs. EVLA Plus Phlebectomies
	EVLA vs. EVLA Plus Phlebectomies
	EVLA vs. EVLA Plus Sclerotherapy
	EVLA vs. Thermal Ablation

	Cyanoacrylate Embolization vs. RFA
	Recurrence Rates Following Different Interventions
	Conclusions
	References

	Index

