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Abstract

Pulmonary thromboendarterectomy (PTE) is the current gold standard treatment
for chronic thromboembolic pulmonary hypertension (CTEPH) and is a viable
treatment option for chronic thromboembolic pulmonary disease (CTEPD). The
progressive nature of both diseases severely impacts health-related quality of life
(HRQoL) across a variety of domains. This systematic review was performed to
evaluate the impact of PTE on short- and long-term HRQoL. A literature search
was conducted on PubMed for studies matching the eligibility criteria between
January 2000 and September 2022. OVID (MEDLINE), Google Scholar,
EBSCOhost (EMBASE), and bibliographies of included studies were reviewed.
Inclusion of studies was based on predetermined eligibility criteria. Quality
appraisal and data tabulation were performed using predetermined forms. Results
were synthesized by narrative review. The structure of this systematic review
follows the PRISMA guidelines. This systematic review was prospectively
registered in the PROSPERO register (CRD42022342144). Thirteen studies (2184
patients) were included. Within 3 months post-PTE, HRQoL improved in both
CTEPD and CTEPH as measured by disease-specific and generic questionnaires.
HRQoL improvements were sustained up to 5 years postoperatively in patients
with CTEPH post-PTE. PTE remains the gold standard for treating CTEPH and
improving HRQoL. Residual pulmonary hypertension and comorbidities such as
COPD and coronary artery disease decrement HRQoL over time. The impact of
mPAP and PVR on HRQoL outcomes postoperatively remain ambiguous.
Pulmonary thromboendarterectomy remains the gold standard for treating
CTEPH and has shown to improve HRQoL outcomes at 3-month sustaining
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prospective register of systematic reviews; PTE, pulmonary thromboendarterectomy; PVR, pulmonary vascular resistance; RPH, residual pulmonary
hypertension; SF-36, 36-item short form survey; SGRQ, St. George Respiratory Questionnaire.

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial License, which permits use, distribution and reproduction in any
medium, provided the original work is properly cited and is not used for commercial purposes.

© 2024 The Author(s). Pulmonary Circulation published by Wiley Periodicals LLC on behalf of the Pulmonary Vascular Research Institute.

Pulmonary Circulation. 2024;14:€12407.
https://doi.org/10.1002/pul2.12407

wileyonlinelibrary.com/journal/pul2 1 of 19


http://orcid.org/0000-0001-9722-661X
mailto:duji.jayabalan@uwa.edu.au
https://onlinelibrary.wiley.com/journal/20458940
http://creativecommons.org/licenses/by-nc/4.0/

RAGURAGAVAN ET AL.

2ol 19 Pulmonary Circulation
KEYWORDS
INTRODUCTION
Rationale
Chronic thromboembolic pulmonary hypertension

(CTEPH)' and chronic thromboembolic pulmonary
disease (CTEPD)' represent a failure to resolve throm-
botic vascular obstruction in the pulmonary arteries.
CTEPH and CTEPD are characterized by differing
magnitudes of mechanical obstruction of the major
pulmonary arteries with fibro-thrombotic material and
concomitant microvascular arteriopathy.”* CTEPH and
CTEPD are two current indications for pulmonary
thromboendarterectomy (PTE).*°

Untreated, CTEPH typically progresses to right heart
failure and death,® with reported 3-year mortality of
30%-60%.” The progressive nature of the disease severely
impacts health-related quality of life (HRQoL) across a
variety of domains.” PTE is considered the gold standard
for all CTEPH patients eligible for surgery.® PTE
significantly increases long-term survival than medical
treatment alone.” The improvements yielded by PTE with
regard to survival, haemodynamic parameters, and
functional status in conjunction with the poor HRQoL
associated with CTEPH would suggest that the measure-
ment of HRQoL post-PTE occur frequently.>® However,
there have been limited attempts to report health-related
quality of life both in patients with CTEPH and following
PTE.> Recent advancements in medical treatment
options for PTE have demonstrated improvements in
HRQoL, and evaluation of postoperative HRQoL out-
comes remains vital in ensuring clinicians are able to
make up to date, evidence-based treatment decisions.?

Although PTE is considered the gold standard
treatment for CTEPH, the management of patients with
symptomatic CTEPD is less clear cut. PTE may impart
clinical and haemodynamic improvements at rest and
exercise.'® Understanding HRQoL changes in individuals
post-PTE is vital in elucidating the best practice for
clinicians and decision-makers.'®

This systematic review aims to: (i) summarize the
literature and clarify strengths and weaknesses of current
evidence on HRQoL outcomes post-PTE, (ii) demonstrate
and quantify the benefit post-PTE on HRQoL outcomes

improvements up to 5-year postoperatively. Residual pulmonary hypertension and
comorbidities hinder HRQoL outcomes post-PTE.

chronic thromboembolic pulmonary disease, chronic thromboembolic pulmonary
hypertension, outcomes, questionnaires

in patients with CTEPD or CTEPH, (iii) identify factors
influencing HRQoL post-PTE, and (iv) provide a
foundation for future research into HRQoL in CTEPD
or CTEPH patients.

METHODS

This systematic review followed the structure outlined by
the preferred reporting items for systematic reviews and
meta-analyses (PRISMA) guidelines''"* and aligns with
the methodology described by Grant and Booth.'* This
systematic review was prospectively registered in the
International prospective register of systematic reviews
(PROSPERO) register (CRD42022342144). As such this
systematic review, was conducted in accordance with
PRISMA and PROSPERO guidelines. Institutional review
board approval was not required as the data was
retrieved from publicly available databases and did not
involve collection of patient data.

Definition and measurement of health-
related quality of life

The US Food and Drug Administration'> define HRQoL
as “a multidomain concept that represents the patient's
overall perception of the impact of an illness and its
treatment.”’® The definition further continues, to state
regarding the measurement of HRQoL—“an HRQL
measure captures, at a minimum, physical, psychological
(including emotional and cognitive), and social
functioning.”**

Accurate HRQoL instruments account for a variety of
factors including the presence of symptoms, functioning,
affect, and personal relations.'®'” Best reflecting HRQoL
accounts for patients’ subjective perceptions and objec-
tive health status, effective HRQoL measurement instru-
ments must be reliable, valid, responsive, sensitive, and
cover all health domains.'® Pulmonary hypertension
(PH) specific HRQoL instruments such as the Cambridge
Pulmonary Hypertension Outcome Review (CAMPHOR)
have been validated in CTEPH and CTEPD.'® Disease-
specific instruments such as the Minnesota Living with
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Heart Failure Questionnaire (MLHFQ)'*° and the St.
George Respiratory Questionnaire (SGRQ),** the latter of
which having not been validated for CTEPH/CTEPD,*
are utilized in the literature. A commonly used generic
HRQoL instrument in thoracic surgery is the Medical
Outcomes Survey Short-Form 36 (SF-36).2>%*

Eligibility criteria

Studies considered for review had the following char-
acteristics: (i) adult patients post-PTE, (ii) disease-specific
and/or generic HRQoL data recorded using a validated
HRQoL assessment instrument, and (iii) postoperative
HRQoL scores of PTE patients compared to preoperative,
waitlisted/nonwaitlisted patients, general population,
and/or other medical management of CTEPD/CTEPH.
Studies were restricted according to the following report
characteristics: (i) publication date after January 2000,
(ii) English language, and (iii) original articles. Only
original search manuscripts published in peer-reviewed
journals were included. Randomized-control trials, retro-
spective studies, cross-sectional studies, prospective
studies, cohort-studies, and longitudinal studies were
deemed suitable for inclusion.

Information sources and search strategy

A preliminary literature search applying the eligibility
criteria outlined above (Figure 1) was conducted using
Medical Subject Headings (MeSH) keyword search on
PubMed (MEDLINE) in September 2022. Additionally,
OVID (MEDLINE), Google Scholar, and EBSCOhost
(EMBASE) were manually searched as well as a review of
the bibliographies of each included study to identify
studies which had not been retrieved in the preliminary
MeSH keyword search. All identified articles were
retrieved from the above referenced databases.

Study selection

A. R. and D. J. independently screened titles and
abstracts after MeSH keyword and manual searches.
Studies were excluded if they did not meet eligibility
criteria.

Data items and extraction

Data items for assessment of study quality (Table 1) and
study results (Table 2) were predetermined by A. R. and

Pulmonary Circulation
A. S. Data extraction was then performed by S. D. and D.
J. using standardized pilot forms.

Synthesis of results

Qualitative analysis was performed per pre-existing
guidelines where scores from HRQoL tools were catego-
rized into physical, mental, and functional health
domains which were either generic or disease-specific.>**

Risk of bias

Qualitative analysis based on study quality was used to
assess the risk of bias in individual studies with data
tabulated in Table 1. Specific tools were not utilized to
assess bias within studies due to clinical heterogeneity
and unfeasibility of meta-analysis. Each study was
assessed for significant selection, performance, detection
or reporting bias; supported by the Cochrane guidelines
on systematic reviews.”> Assessment of bias was per-
formed according to the PRISMA guidelines.''™"* Levels
of evidence for individual studies were assessed using
previously outlined guidelines (NHMRC Evidence
Hierarchy).*

RESULTS
Study selection

Following a thorough literature search, 13 studies were
chosen to be included in this systematic review
(Figure 1). The studies demonstrated significant diversity
between comparison groups, used a wide variety of
HRQoL instruments, lacked preoperative data, and
occasionally did not express data as mean =+ standard
deviation. The lack of clinical, statistical, and methodo-
logical heterogeneity precluded meta-analysis and direct
comparison.

Study characteristics and risk of bias
within studies

A systematic review of all literature meeting the
eligibility criteria (Figure 1.) was employed to minimize
reporting bias. As reported in Table 1, systematic analysis
of the resulting studies was undertaken to determine the
strength of evidence. Scarcity of comprehensive results
and heterogeneity in data presentation precluded de-
tailed and direct comparison of the included studies.
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SEARCH ALGORITHM
11/09/2022

("Pulmonary
Embolism/complications"[Mesh]
OR "Pulmonary endarterectomy"

or "PEA" or "Pulmonary
thromboendarterectomy") AND
"quality of life"[MeSH Terms]
AND english[Language] AND
("2000"[PDAT]:"3000"[PDAT]I)
NOT "child"[MeSH Terms] NOT
"Tissue donors"[MeSH Terms]

68 ARTICLES IDENTIFIED

59 ARTICLES EXCLUDED
Do not meet eligibility criteria*

Not study type of interest (n=15)

No patients post PTE (n=35)
No validated HRQoL instrument

A4

(n=9)

9 ARTICLES SELECTED
(28, 32, 33, 35-39, 40)

PLUS Manual Search EMBASE,

MEDLINE, EBSCO databases,
Google Scholar AND

v

Bibliographies of all included
studies

13 ARTICLES SELECTED
(29-39, 41)

Being appropriate for this review
due to relevancy to this topic and
scientific accuracy of the reported

results

4 ARTICLES
(29-31, 34)

#Eligibility criteria outlined in methods section
. adult patients post-pulmonary thromboend

arterectomy (PTE)

disease-specific and/or generic QoL data recorded using a validated HRQoL

assessment instrument

. postoperative HRQoL scores of PTE patients compared to pre-operative,
waitlisted/non-waitlisted patients, general population, and/or other medical

management of CTED/CTEPH.

FIGURE 1 Search algorithm.

Variation in study design and statistical analysis addi-
tionally limited comparison of results. Preclusion of
direct and comprehensive comparison represents a
source of bias as heterogeneity between studies alters
the degree to which exact conclusions can be made.

Twelve studies® >***37 reported response rates
which ranged between 37.5% and 100%. Response rates
were variable and poorly reported. Patients who are
unable to respond may tend to be more unwell and as
such low response rates may skew data more positively.*'
Rates of follow-up varied between studies; length of
follow-up ranged between 12 weeks”’ to 5 years,>” most
studies did not report mean follow-up length with one
study not reporting follow-up entirely.**

All included studies were selected based on the use of
HRQoL instruments validated for patients’ post-PTE or

with a diagnosis of PH. Instruments were either
pulmonary specific, disease-specific, or generic. Nine
studies used generic questionnaires with all nine studies
using the SF-36.2>26%3%-3273¢ Eoyr studies used the PH
specific CAMPHOR questionnaire.?’?**"*” One study
used the pulmonary disease-specific SGRQ as well as the
heart failure specific MLHFQ.*

Impact of pulmonary
thromboendarterectomy on HRQoL
in patients with CTEPH

Eleven studies of 2065 patients compared HRQoL scores
of patients post-PTE with preoperative HRQoL
scores.”>?*?873337 Nine reported®>2*3°2*73>37 outcomes
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= S 2 for patients with CTEPH, whilst two reported CTEPD
) .
g o g =8¢ patients.”®?! Eight studies utilized the generic SF-36
L = . — . g
£ RS £ £ £ 5578 HRQoL instrument,*>?*3%3273> one in addition to the
Eo8 S g s |z g+
g = :‘ g E g 23 SGRQ and the MLHFQ.” Three studies investigated
2, =% 3} 8 . . .
E27 E £ £ o=l changes in HRQoL using CAMPHOR.?**"*7 All studies
= 55 2 it = E § £ established that HRQoL was improved by PTE in patients
5 8 S E E 2575 p y p
B cw 6 8 S 4 5 B with either CTEPH or CTEPD, the extent and domains of
2= 8 = E= =) s g
88 B g Bg Sg|g e improvement varied between studies.>>*%*%73537 Three
(=9 (=9 (=¥ o p
B85 52 58 c2|ZEE studies by Kamenskaya et al.’*>** show some degree of
@M Z B Z B Z ®w|5E> ) >
5 = y 2 8 population overlap recruiting participants between Sep-
5 T R tember 2011 and February 2016.
s %E g § . . .
g =5 @ A S *§ = Six studies compared HRQoL scores preoperativel
28 3L T o 2 p preop y
< =08 3 55 2 with scores within the first year post-PTE using the
=0 y p g
5 = gelg &g SF-36. At 3 h i i ignificantl
5 Z g 2§ . months patients experience significantly
o= < 98|35 85 R .
g % g % En § 5 % improved mental and physical SF-36 composite scores
= 15 o— = N op . .
S 2 © PHElEE & compared to their preoperative state.”>** At 1 year two
=% . .
< . < § y & studies presented improvements across all domains of
=0 . .
. - . €38 the SF-36.°°? Two studies determined a lack of
N o B . . . .
3 o o 0 g z2 & improvement in mental health, preoperative scores in
n S A @ S p preop
= Q;g these studies were reported to show no significant
wn [ . . .
kS o S5 2 difference from normative population scores.”>~>° Per
| = =2 RIS p
g 2 z =22 Kamenskaya and colleagues, by the first year, all
2@ ' g domains of HRQOL i d excludi I health
S 1 5 S 2 % SR omains o QoL increased excluding general health,
ﬁ g o T i @ g - £ 55 reatest improvements were seen in bodily pain, vitality,
< g do duo H 5 < g P yp y
§ Es T ks £ 3 RS E f s role physical, and mental health.® A study examining
g @ E’ 22 exg= GHl g2 invasive management of CTEPH at 1-year postinterven-
&l L5 9E R2ED Sc|§E§ : ) :
238 5 tion, which combined results of balloon pulmona
5£ 3 p Ty
5 8 = g = angioplasty (BPA) and PTE, identified that invasive
o (=] . .
% :?:s’ 2 9 é management improved HRQoL across all domains
— — ]
H o = = 2 ‘éé H excluding bodily pain.>* Preoperative results were not
= Sl § provided for comparison.
g 3 g T 3 Yoshimi et al.*® described HRQoL beyond the first
o el . . . .
‘é o R g REES N ggg year, stating that physical function, role physical,
] é S8 88 SE[E »§ vitality, social functioning, and mental health domains
ee e .o ee e o = @
g § ¥ ¥ =& gl of HRQoL improved immediatel ost-PTE  with
AR AN &R A 224 p y P
o . .
v Eg & improvements sustained up to 3 years, regardless of
0 o g g 8 E o the distribution of thromboembolic disease.
s o & ©5 2 35 . . .
2% § = <2t1 2= g Kamenskaya et al.”> determined sustained improve-
— O @ .
a&E 3 ! © S £ = ments across all SF-36 domains from 1 year up to
‘é f{ S ? 3 years postoperatively. A singular study investigated
23 g %’ gs HRQoL post-PTE utilizing a PH specific instrument,
g gé @ @ ?;g CAMPHOR.?” Post-PTE patients derive statistically
o m & &4 2 ! %ﬂ 5 2 significant improvements in symptoms, activity, and
g 5 g p ymp y
z B g s quality of life.>” All improvements in CAMPHOR score
23 g2 exceeded the minimum clinically important difference
h T o~ o o Eg & y 1mp
o 2 §§§ defined for the instrument.’’” Pre-PTE CAMPHOR
§ § ~ s &Z g scores reduce significantly, representing an improve-
= 5 = < = = -
g 28 3 b 2285 ment, by 1 year and reduce further by 2-years from
£ é < = which the CAMPHOR score is sustained to 5 years.”’
- $ é» = o § g% Using pulmonary disease and heart failure specific
3 § s | B ;:: R instruments Petrucci et al.>* demonstrate improvements
s, 3 “, ¥ g . . . .
ﬁ € ET E S g =2 in MLHFQ and SGRQ scores in patients undergoing
B M~ s = “o |2 Ex PTE at 3- and 12-month postoperatively.
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Impact of pulmonary
thromboendarterectomy on HRQoL
in patients with CTEPD

With regard to CTEPD, two studies utilizing CAMPHOR
identified that PTE resulted in a statistically significant
improvement in HRQoL.*®*' At 6 months post-
operatively, patients experienced improved scores in the
domains of activity, symptoms, and quality of life.”® The
improvement in scores was maintained up to 1-year post-
PTE across all three domains.”**! Minimum clinically
important differences were not reported.

Impact of PTE compared to other
treatment modalities

Yoshimi et al.*® compared PTE to medical treatment with
beraprost sodium, bosentan, sildenafil, or epoprostenol,
with all patients treated with warfarin and home oxygen
therapy. Patients were further separated into having a
relatively peripheral distribution of thromboembolic
disease or a more central distribution, defined by central
disease score less than or equal to one and greater than
one, respectively. Patients receiving medical treatment
for relatively peripheral disease experienced improve-
ments in the domains of role physical and vitality.?
Comparatively, surgical management resulted in
improvements in physical function, role physical, vitality,
social functioning, and mental health.?® In patients
defined as having central disease, seven of eight domains
saw improvement post-PTE, while too few medically
managed patients survived for comparison.*® Surgically
management also resulted in a lower proportion of
patients requiring home oxygen therapy.*®

Patients who did not undergo surgical management
after propensity matching revealed significantly worse
CAMPHOR scores across all domains.?” Reasons for not
undergoing PTE included distal, surgically inaccessible
disease, comorbidities, declined operation, and a combi-
nation of these factors or limited disease/symptoms.>’

Factors impacting HRQoL post-PTE

Ten studies investigated factors influencing postoperative
HRQoL in patients with CTEPH,>*27-2%:30:32737

Residual pulmonary hypertension (RPH) was investi-
gated by four studies.’***>” Regardless of the presence
of RPH, CAMPHOR scores were significantly improved
over baseline.”” Patients without RPH sustained greater
HRQoL over the 5-year follow-up period than patients
with RPH, who had a negative trend in CAMPHOR score
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from years 3-5.7 The correlation between RPH and
decremented HRQoL domain scores is appreciable at
1- and 3-year post-PTE.’***?°> When stratified, patients
with increased postoperative mean pulmonary arterial
pressure (mPAP) or pulmonary vascular resistance (PVR)
experienced worsening CAMPHOR scores.*®***” Per-
centage decrease in postoperative PVR was correlated
with improvements in physical functioning, bodily pain,
general health perceptions, vitality, social functioning,
and mental health for all PTE patients.”® There is
contention as to whether age, and preoperative mPAP
or PVR influence HRQoL improvements post-
PTE.?*%332537 The studies commenting on the impacts
of RPH on HRQoL outcomes post-PTE do not provide
insight into whether patients with RPH received further
medical or interventional management.>**3

Patients with reduced time to treatment from initial
symptom onset experienced significantly greater scores
in physical functioning, role physical, vitality, mental
health, and in the overall physical component score.*
The early group of patients underwent invasive therapy,
BPA or PTE, at 12.3 months compared to 72.1 months for
the late group.®

Patients undergoing 3 weeks of in hospital exercise
and respiratory training followed by 19 weeks of home
training, achieved significant gains in the domains of
physical functioning, role physical, bodily pain, and
social role functioning.®® A significant improvement in
the physical component score was also observed.*® There
were no significant improvements in the other domains
of HRQoL. Diagnosis of COPD, prolonged ventilation,
neurological complications, atrial fibrillation, heart
failure, or coronary artery disease hampered improve-
ments in HRQoL.****

There is no significant minimum clinically important
difference with regard to CAMPHOR score between
patients who undergo PTE using deep hypothermic
circulatory arrest median or antegrade cerebral perfusion
at the timepoints 12 weeks or 1-year post-PTE.**
Moderate hypothermic circulatory arrest did not result
in neuropsychological complications.**

Studies of patients with CTEPD post-PTE did not
investigate factors influencing HRQoL.

DISCUSSION

Summary of evidence and interpretation
The key findings of this review include (i) PTE results in
increased HRQoL within the first postoperative year for

patients with CTEPH or CTEPD, (ii) there exists evidence
to show that PTE confers significant HRQoL benefits up



16 of 19 Pulmonary Circulation

RAGURAGAVAN ET AL.

Open Access

to the fifth year postoperatively for patients with CTEPH,
(iii) PTE confers significant HRQoL benefits up to a year
postoperatively for patients with CTEPD, (iv) PTE results
in greater improvements in HRQoL for patients with
CTEPH than nonsurgical management, both BPA or
medical management, and (v) clinical factors including
time to treatment and RPH, postoperative exercise
therapy, and patient demographics modulate HRQoL in
patients post-PTE.

Impact of pulmonary
thromboendarterectomy on HRQoL
in patients with CTEPH

In addition to poor HRQoL compared to the general
population,® patients with CTEPH experience signifi-
cantly poorer survival, and functional and haemody-
namic outcomes.” Poor HRQoL in CTEPH is considered
the result of several factors including difficulty managing
the physical burden of disease, unclear prognosis, high
cost of treatment, unemployment, financial uncertainty,
and impaired social relationships.? CTEPH patients
report markedly reduced physical and mental HRQoL,
with inferior physical functioning, bodily pain, and
general health, in addition to poor mental health, vitality,
and social functioning.*>"°

PTE results in a significant improvement in HRQoL
for patients diagnosed with CTEPH. A finding consistent
across all included studies.*>**%3*3273537 In generic,
disease-specific, and PH specific HRQoL instruments
patients showed improved physical and mental HRQoL
as well as reduced symptoms and greater activity levels
compared to  preoperative  scores.?>*®2%303273537
Improvement occurred within 3 months and was
sustained up to 5 years.””**?’ The improvements
recorded exceeded the minimum clinically important
difference throughout the 5-year period, as such, repre-
senting a tangible improvement in HRQoL, an outcome
of substantial importance to patients.’’ The interpreta-
tion of SF-36 outcomes post-PTE must be taken at the
readers discretion as the studies published by
Kamenskaya et al.*>** exhibit a level of overlap and as
such represent increased power with regard to the
outcomes in favor of PTE.

Previous reviews have discussed the improvements in
functional and haemodynamic outcomes, as well as
survival imparted on patients by PTE,” however there is
currently no systematic review investigating changes in
HRQoL. HRQoL represents an important insight that
offers valuable information for patients diagnosed with
CTEPH. Furthermore, HRQoL is an important patient-
reported outcome (PRO) that has been recommended to

be included in PH trials by the World Symposium on
Pulmonary Hypertension.**

When investigating HRQoL in patients with pulmo-
nary hypertension the SF-36 has been shown to have
high ceiling effects, poorer test-retest reliability, with
only two of the eight SF-36 domains meeting adequate
psychometric criteria for use in research on patients with
pulmonary hypertension.** Comparatively, three of three
CAMPHOR scales met criteria.*’ Evidence also exists to
show that the SGRQ is limited in its assessment of
HRQoL in patients with pulmonary hypertension.** It is
recommended that HRQoL be measured using pulmo-
nary hypertension specific measures such as the CAM-
PHOR,* however, only one study assessing HRQoL post-
PTE in patients with CTEPH utilized the PH specific
CAMPHOR instrument. Future studies assessing CTEPH
would find value in reporting PROs such as HRQoL and
should utilize validated PH specific instruments.

The evidence comparing PTE to BPA or medical
therapy is limited as remains reserved for patients who
are either inoperable, have persistent CTEPH, or are
undergoing bridging therapy.** However, Yoshimi and
colleagues revealed that although patients undergoing
medical therapy received mildly improved HRQoL, the
extent of the improvement was significantly less than
that of the cohort of patients who underwent PTE.?®
Regardless of whether patients were diagnosed with
relatively peripheral or central distribution of CTEPH,
individuals who underwent PTE experience both greater
HRQoL as well as reduced need for oxygen therapy.*
Similarly, Newnham and colleagues identified that
propensity matched patients who were not operated on
experienced significantly lower HRQoL at up to 2 years
postintervention.37 The analysis, however, was consid-
ered exploratory.’” These findings substantiate PTE as
the guideline recommended intervention for CTEPH.
There are limited findings that utilize PROs in investi-
gating the impacts of medical management compared to
PTE. There is new evidence suggesting the efficacy of
BPA in the treatment of CTEPH, BPA patients may have
higher survival rates and fewer complications than
patients who underwent PTE.*> However, there is no
evidence comparing BPA and PTE reporting HRQoL, and
as such, indicating a key point for future research.

RPH significantly decremented HRQoL outcomes
post-PTE.**>*3>37 RPH resulted in significantly worse
HRQoL up to 5 years postoperatively.>’ These findings
are also made apparent when stratifying patients by
postoperative mPAP and PVR.>**%*” Although patients
with RPH maintained a statistically significant improve-
ment in HRQoL compared to baseline preoperative
states, patients lost their minimum clinically important
difference as HRQoL began to decline after 3 years.>’ As
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patients without RPH maintained their minimum
clinically important difference over the 5 years,*’
treatment of RPH represents an interesting opportunity
to improve HRQoL in a large proportion of patients, with
current estimates of the incidence of RPH at 25%.%°

The evidence regarding whether preoperative PVR
and mPAP impact HRQoL post-PTE is contentious.**"’
Studies included in this review indicate that preoperative
mPAP and PVR represent physiologic outcome measures
that influence postoperative HRQoL.**> Newnham and
colleagues argues that PVR and mPAP have limited
impact on HRQoL, and as such reflect the notion that
improved physiological and functional outcomes may not
be deemed as important to patients as outcomes such as
HRQoL.?” Further investigation is needed to consolidate
the findings posed by Newnham and colleagues.

Nagel and colleagues identified the utility of exercise
training in patients with CTEPH as early follow-up
treatment after PTE in improving several physical
domains of HRQoL as well as social functioning.*® The
study was limited as a parallel group design was not
feasible. Further investigation into the benefits of
exercise rehabilitation is imperative to validating its
efficacy in improving HRQoL of patients post-PTE.

Impact of pulmonary
thromboendarterectomy on HRQoL
in patients with CTEPD

The evidence discussing the impact of PTE on patients
with CTEPD was limited. As CTEPD represents a rare
indication for PTE, the evidence evaluating HRQoL
outcomes postoperatively was restricted to two studies.*
HRQoL post-PTE was improved in patients with
CTEPD.*®*! Further investigation is required to compare
HRQoL outcomes following PTE as opposed to other
treatment methods and to investigate clinical, physiolog-
ical, and functional factors which modulate HRQoL.

Review limitations

The clinical heterogeneity of the studies included limited
this systematic review. Furthermore, only 13 studies met
the eligibility criteria for inclusion, and these studies
retain significant bias. Furthermore, given the complex-
ity of PTE surgery, large cohort trials are often limited to
a few specialist centers, as such studies reviewed were
limited by considerable overlap of patient cohorts.
However, this review represents the only evidence
available thus far and reflects the state of current
available data. Thus, this systematic review adds to the
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literature for patients being considered for, and currently
having had PTE and builds upon the conclusions of pre-
existing nonsystematic reviews. Large prospective trials
are required to identify long-term HRQoL outcomes in
PTE patients.

Variation in age of recipient, surgical expertise,
cohort size, and disease severity impact the clinical
picture, as such, literature evaluating the outcomes of
PTE is inconsistent. Due to the clinical heterogeneity of
the studies included, the potential for significant bias
should be accounted for in the interpretation of these
findings. Studies of HRQoL outcomes post-PTE aim to
guide clinicians with surgically relevant recommenda-
tions regarding patient outcomes.

Conclusion

The main finding of this review is that in PTE,
improvements in HRQoL from baseline states are
obtained at 3 months postoperatively and retained up
to 5 years. The improvements are apparent in both PH
specific and generic HRQoL measurement tools across all
domains measured. PTE represents the gold standard for
managing CTEPH, as reflected by the findings of this
systematic review. As other interventional and medical
management options evolve constant evaluation of PTE
must occur, with emphasis placed on PROs such as
HRQoL measured with PH specific instruments. RPH
presents a major detriment to HRQoL post-PTE, repre-
senting a point of future management. Other pre-
operative and postoperative factors require further
research, as do outcomes beyond 5 years. The findings
presented should enable surgeons to better understand
HRQoL outcomes post-PTE when evaluating patients for
surgery and when advising patients regarding their
expectations.
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