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Abstract
Recent reports have revealed a substantial morbidity burden associated with
“post-PE syndrome” (PPES). Cardiopulmonary exercise testing (CPET) has

s L o shown promise in better characterizing these patients. In this systematic
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review and pooled analysis, we aim to use CPET data from PE survivors to
understand PPES better. A literature search was conducted in PubMed, EM-
BASE, and Cochrane for studies reporting CPET results in post-PE patients
without known pulmonary hypertension published before August 1, 2023.
Studies were independently reviewed by two authors. CPET findings were
subcategorized into (1) exercise capacity (percent predicted pVO, and pVO,)
and (2) ventilatory efficiency (VE/VCO, slope and Vp/Vy). We identified 14
studies (n=3804), 9 prospective observational studies, 4 prospective case-
control studies, and 1 randomized trial. Pooled analysis demonstrated a
weighted mean percent predicted pVO, of 76.09 + 20.21% (n = 184), with no
difference between patients tested <6 months (n=76, 81.69+26.06%)
compared to >6 months post-acute PE (n =88, 82.55 + 21.47%; p = 0.817).
No difference was seen in pVO, in those tested <6 months (n=76,
1.67 + 0.51 L/min) compared to >6 months post-acute PE occurrence (n = 144,
1.75+0.57 L/min; p=0.306). The weighted mean VE/VCO, slope was
32.72 + 6.02 (n = 244), with a significant difference noted between those tested

Abbreviations: AT, anaerobic threshold; COPD, chronic obstructive pulmonary disease; CPET, cardiopulmonary exercise testing; CTEPH, chronic
thromboembolic pulmonary hypertension; CTPA, computed tomography pulmonary angiogram; DVU, deep venous ultrasound; ECMO,
extracorporeal membrane oxygenation; FEV1, forced expiratory volume in the first second; IVC, inferior vena cava; LMWH, low molecular weight
heparin; PPES, post-PE syndrome; PR, pulmonary rehabilitation; pvVO,, peak oxygen consumption; RVSP, right ventricular systolic pressure; SD,
standard deviation; tPA, tissue plasminogen activator; TTE, transthoracic echocardiogram; USAT, ultrasound-accelerated thrombolysis; Vp/Vr, dead
space to tidal volume ratio; VE/VCO,, ventilatory equivalent for carbon dioxide.
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INTRODUCTION

Recent data has brought to light a significant morbidity
seen in survivors of post-acute pulmonary embolism (PE),
establishing the basis of what is known as “post-PE syn-
drome” (PPES), which is present in up to 50% of patients
after acute PE." Currently, PPES encompasses a heteroge-
neous population ranging from nonspecific symptoms of
dyspnea, reduced quality of life, and impaired functional
status to the most severe cardiopulmonary dysfunction
secondary to chronic thromboembolic pulmonary hyper-
tension (CTEPH).> While CTEPH is well understood, it
accounts for less than 10% of all PPES patients.” The
remaining vast majority of PPES patients require further
investigation and increased understanding.

Cardiopulmonary exercise testing (CPET) evalu-
ates a patient's exercise capacity and ventilatory effi-
ciency by measuring their oxygen uptake, carbon
dioxide output, and ventilation on a breath-by-breath
basis. These measures allow the derivation of addi-
tional gas exchange parameters that reflect responses
to exercise.* CPET performance and interpretation are
well understood in the assessment of CTEPH, but
more recently, CPET is being utilized in the pheno-
typic characterization of all others with PPES as
well.>® Published data reporting CPET findings in
PPES patients suggests CPET can provide valuable
insights into the cardiopulmonary function, exercise
capacity, and overall cardiovascular fitness in such
patients.””® Notable findings in patients with acute PE
would include an elevated dead space to tidal volume
ratio (Vp/Vr) and ventilatory equivalent for carbon
dioxide (VE/VCO,) slope with a decreased peak oxy-
gen consumption (pVO,) and percent predicted
pV0,.'°'? This may prove crucial for further risk
stratification, prognostication, and tailored care
delivery. These studies were primarily single-center,
and although well performed, they were limited by
their small sample size.

<6 months (n=91, 36.52 + 6.64) compared to >6 months post-acute PE
(n=191, 31.99 + 5.7; p < 0.001). In conclusion, this study, which was limited
by small sample sizes and few multicenter studies, found no significant dif-
ference in exercise capacity between individuals tested <6 months versus
>6 months after acute PE. However, ventilatory efficiency was significantly
improved in patients undergoing CPET >6 months compared to those
<6 months from the index PE.

CPET, post-PE syndrome, pulmonary embolism

For CPET to become routinely utilized in all patients
with PPES, we must improve our understanding of its
role and interpretation. A unified, comprehensive syn-
thesis of literature examining pooled CPET findings from
all studies reporting these results in the post-acute PE
patient population can refine our overall understanding
of the physiological mechanisms behind PPES and
overcome sample size limitations from previously pub-
lished work.

This systematic review and pooled analysis combines
published studies that have reported CPET findings fol-
lowing acute PE. Each of these studies also conducted a
pooled analysis of CPET parameters. Systematically
assessing CPET parameters across studies makes re-
porting the range and variability of CPET findings after
acute PE possible, providing insights into this popula-
tion's functional status and cardiovascular adaptations
during exercise.

METHODS
Search strategy and selection criteria

PubMed, EMBASE, and Cochrane were searched for
studies reporting post-PE CPET results published before
August 1, 2023. Keywords used included “cardio-
pulmonary exercise,” “cardiopulmonary exercise testing,”
“exercise testing,” “stress testing,” “CPET,” “pulmonary
embolism,” “PE,” and “pulmonary thromboembolism.”
Inclusion criteria for this pooled analysis were (1) Man-
uscript publication in a peer-reviewed journal (abstracts
not followed by a complete manuscript publication were
excluded). (2) Studies reporting CPET findings in patients
following PE. (3) Reported CPET data included pVO,,
percent predicted pVO,, or VE/VCO, slope data. (4) The
patient population studied was >18 years old. Exclusion
criteria for this pooled analysis were (1) studies published
in any language other than English without available
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translation; (2) studies conducting CPET only for patients
with known pulmonary hypertension (PH); (3) ongoing
trials without complete data available; (4) studies con-
ducting CPET only for patients with known, chronic
thromboembolic pulmonary disease; (5) retrospective re-
views. This analysis was not registered and does not have
a published protocol.

Titles, followed by abstracts and complete studies, were
independently reviewed by two authors (G.V. and D.W.)
and selected based on inclusion and exclusion criteria using
Rayyan.” Discrepancies at each stage were resolved by
consensus or by a third author (V.A.) (Figure 1).

Studies identified from literature search
(n=589)

Pulmonary Circulation

Open Access

Outcomes

Reported CPET findings were grouped under two broad
categories: (1) overall exercise capacity and (2) ventila-
tory efficiency. Exercise capacity assessment included
percent predicted pVO, and pVO,. Ventilatory efficiency
outcomes include VE/VCO, slope and Vp/Vr. To account
for heterogeneity driven by the timing of CPET per-
formed in relation to the index PE, we performed a
subgroup/sensitivity analysis by dividing our overall
cohort into two subgroups (1. CPET performed <6 m post
index PE; 2. CPET performed >6 months post index PE).

Duplicates excluded
(n=127)

Titles reviewed
(n=462)

Abstracts reviewed
(n=180)

Full text articles reviewed
=77)

9 duplicate data published from the same patient cohort
5 patient population only with chronic thromboembolic

2 non-English without translation available

Excluded studies
25 abstracts

pulmonary disease
6 review articles
3 protocol publications for ongoing trials
3 patient population with known PH

1 pediatric patient population
2 retrospective studies
7 without included CPET parameters

Studies included in final analysis
(n=14)

FIGURE 1 Flow chart for inclusion of studies in the review. Of the full-text articles reviewed (n = 77), 63 were excluded for only having

abstracts without full-text publications,"*>® duplicate patient data,
dlsease 47-51 10,52-56

translations available,

review articles,
63,64

cardiopulmonary exercise testing.

6,39-46

protocol publications for ongoing trials,
pediatric populations,®® retrospective studies,

patient populations with chronic thromboembolic pulmonary
37739 patients with known PH,%™%* studies without English
6667 and studies without included CPET parameters.®*”’* CPET,
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For studies that conducted CPET at multiple time points,
the first CPET performed >2 weeks post-PE was used for
total pooled analysis and analysis of CPET at <6 months
from acute PE. For studies that included results for both
VE/VCO, slope and VE/VCO, slope at anaerobic
threshold (AT), the results for VE/VCO, slope at AT were
included in the analysis.

Data extraction

Three authors (G.V., D.W., and D.R.) extracted infor-
mation on the study design, outcomes assessed, and
participant characteristics, and then the other two au-
thors independently reviewed data for accuracy.

Statistical analysis

Excel 2023 was used for statistical analysis. Weighted
means and pooled standard deviations were calculated
when available for continuous variables. Pooled median
and IQR were calculated for studies that reported these
values. Student t-tests were used for p-value calculations.
As complete data sets were unavailable for all studies, p
values for pooled medians are not included.

Ethical considerations

This study conforms to the Recommendations for the
Conduct, Reporting, Editing, and Publication of Scholarly
Work in Medical Journals (ICMJE Recommendations)
and the Strengthening The Reporting of Observational
Studies in Epidemiology (STROBE) and the Preferred
Reporting Items for Systematic reviews and Meta-
Analyses (PRISMA) guidelines.”>”’

RESULTS
Study characteristics

The pooled analysis comprised 14 studies that reported
post-PE CPET findings in 804 participants. All included
studies used noninvasive CPET, with only two not using
a cycle ergometer. Habedank et al. used treadmills for
3- and 6-month CPETs.”® Kahn et al. did not specify the
exercise type used for CPET.”® All included studies were
prospective observational studies, except Guo et al., Yan
et al., Milne et al., and Huang et al., which were case-
control study designs, and Stavrou et al., a randomized
trial. Stavrou et al. recruited patients (n=14; 21.43%

female; mean age 50.75 years) >6 months following PE
who exercised for <100 min/week from an outpatient
clinic. These individuals were then randomized into two
groups and underwent either supervised or unsupervised
pulmonary rehabilitation (PR) for 8 weeks. Cycle erg-
ometer CPET was conducted both before and after PR.
For our analyses, only the prepulmonary rehabilitation
CPET findings were used. Table 1 summarizes the key
characteristics of all included studies.

Exercise capacity

Percent predicted peak oxygen
consumption (pVO,¢)

The pVO,% predicted was reported as a mean +/— SD
by Guo et al., Huang et al., Knox et al., Samaranayake
et al., Boon et al., and Stadlbauer et al.,”?°®* and as a
median (IQR) by Farmakis et al., Boon et al., Held et al.,
Knox et al., and Albaghdadi et al.>”*'*%* The means
and medians were pooled and are reported separately.
Pooled analysis demonstrated a weighted mean percent
predicted pVO, of 76.90 + 20.21 (n =184) and a pooled
median percent predicted pVO, of 78.53 (28.37)
(n=1785). In patients undergoing CPET <6 months
from the acute PE occurrence (n=76), the weighted
mean percent predicted pvVO, was 81.69 + 26.06, which
was not significantly different from patients undergoing
CPET > 6 months from acute PE occurrence (n =88,
82.55+21.47;, p=0.817). In patients undergoing
CPET <6 months from acute PE occurrence, the
median percent predicted pVO, was 77.15 (28.59)
(n=405), compared to 79.99 (28.46) (n=333) in pa-
tients who underwent CPET > 6 months following acute
PE occurrence.

Peak oxygen consumption (pVO,, 1/min)

Mean (+/— SD) pVO, was reported by Milne et al., Kahn
et al., Guo et al., Huang et al., Knox et al., Samaranayake
et al, and Stavrou et al.®”°®*%5 while median (IQR)
pVO, was reported by Knox et al. and Albaghadadi
et al.'>"* Pooled analysis demonstrated a weighted mean
pVO, of 1.65 + 0.51 L/min (n = 240) and a pooled median
peak VO, of 2.22 (1.09) L/min (n = 42). In patients tested
<6 months from acute PE occurrence (n = 76), weighted
mean pVO, was found to be 1.67 +0.51 L/min, which
was not significantly different compared to patients un-
dergoing CPET > 6 months from acute PE occurrence
(n=144, 1.75 £ 0.57 L/min; p =0.306). Table 2 summa-
rizes these parameters from included studies.
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(Continued)

TABLE 1

Outcome

Time between
PE and CPET

Key participant
characteristics

measures

Exclusion criteria

Study population

Study design

Pulmonary Circulation

Open Access

Mean age:

<95%, unable to complete daily

therapy, who underwent

63.00 + 10.00

activities without check pain or

antithrombotic treatment for

shortness of breath, or with conditions
that would influence CPET testing.

2 weeks. All patients had RVSP
<45 mmHg while RA end-systolic
diameter and RV end-diastolic
diameter were in normal range.

Patients were compared to healthy
controls, who are not included in the

present analysis.

Note: “Data for all participants, or survivors in the case of Stadlbauer et al., is presented. Data for individuals who underwent CPET is not reported separately. "Age at the time of PE, not at the time of CPET, is

reported.

VANAKEN ET AL.

Abbreviations: CPET, cardiopulmonary exercise testing; CTPA, CT pulmonary angiogram; DVU, deep venous ultrasound; ECMO, extracorporeal membrane oxygenation; FEV1, forced expiratory volume in the

first second; IVC, inferior vena cava; LMWH, low molecular weight heparin; RVSP, right ventricular systolic pressure; tPA, tissue plasminogen activator; TTE, transthoracic echocardiogram; USAT, ultrasound-

accelerated thrombolysis.

Ventilatory efficiency
VE/VCO, slope

The mean VE/VCO, slope was reported by Boon et al,,
Milne et al., Habedank et al., Kahn et al., Huang et al.,
Samaranayake et al.,, Stadlbauer et al, and Yan
et al./®7879.81.83.8486 The median VE/VCO, slope was
reported by Farmakis et al., Boon et al., and Held
et al.>”” Pooled analysis demonstrated a weighted mean
VE/VCO, slope of 32.72+6.02 (n=244). In patients
tested <6 months from acute PE occurrence, the
weighted mean VE/VCO, slope was found to be
36.52+6.64 (n=91), which was significantly higher
compared to participants tested >6 months after acute PE
(31.99 + 5.71; n =191, p < 0.001) as shown in Table 3.

Dead space ventilation (Vp/Vr)

Knox et al., Samaranayake et al., Boon et al., and Milne
et al. reported mean VD/VT.”®¥%% Pooled analysis
demonstrated a weighted mean Vp/Vp of 0.20 +0.08
(n=176), as shown in Supporting Information S1: Table 1.

DISCUSSION

Noteworthy findings from this systematic review include
(1) CPET data from patients post-PE are predominately
available in smaller single-center observational cohort
studies, which makes the currently available data pool
for this topic very heterogeneous and limited. (2)
Exercise capacity, assessed by peak oxygen consumption,
was reduced following acute PE, and contrary to ex-
pectations, the reduction in exercise capacity was similar
at <6 months and >6 months post-acute PE (Figure 2).

In our analysis, overall ventilatory efficiency was
reduced in PE survivors. However, ventilatory effi-
ciency was notably poorer in individuals who under-
went CPET < 6 months post-acute PE than those who
underwent CPET >6 months post-acute PE. This
indicates that ventilatory efficiency may improve over
time, but additional studies that collect serial CPET
parameters in such patients over time are needed.
Interestingly, exercise capacity did not differ amongst
those tested <6 months post-PE and >6 months post-
acute PE. This may suggest a significant contribution
from skeletal muscle deconditioning towards lower
exercise capacity in such patients; it is also possible
that this skeletal muscle deconditioning was present
before the index PE event and persisted post-PE. One
could hypothesize that an early exercise intervention
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Data Source

Studies published between May 2016 to
July 2023 in North America, Europe,
Asia, and Australia.

Outcomes

(4 ‘ Exercise Capacity ‘

x Did not improve in patients tested
<6m vs >6m following acute PE.

Participants

804 pulmonary embolism survivors
who underwent cardiopulmonary
exercise testing following acute
pulmonary embolim.

vs >6m following acute PE.

‘ Ventilatory Efficiency ‘
ﬁ Improved in patients tested <6m

FIGURE 2 Central illustration.

may be beneficial in such patients who will otherwise
remain limited over time post-PE, even if there is an
improvement in their ventilatory efficiency. In
Albaghdadi et al., the investigators demonstrated no
significant change in the percent predicted pvVO2 at
1- and 6-months post-PE.'* Additionally, this analysis’
results align with findings from the studies by Boon,
Knox, and Kahn et al., who reported ventilatory effi-
ciency parameters stratified by those with percent
predicted pVO, <80% or >80%. In these analyses,
both Vp/Vt and VE/VCO, slope at AT were similar in
the pVO, < 80% cohort compared to the >80% cohort.
Limitations of our analysis include (1) The limited
number of multicenter studies included in this analysis.
(2) Farmakis et al. had the large majority of study par-
ticipants (n = 396), while most included studies had <50
participants to be analyzed. (3) Many of the included
studies excluded patients with specific disease states. (4)
In this analysis, time to CPET could not be treated as a
continuous variable, as individual patient data for each
study was unavailable. (5) There was a significant
amount of heterogeneity between the studies analyzed.
In conclusion, these results further refine our un-
derstanding of the physiological mechanisms behind
PPES and suggest a multifactorial explanation for
decreased overall exercise capacity in such patients.

AUTHOR CONTRIBUTIONS

Vikas Aggarwal and Gabriella VanAken conceived the
study. Gabriella VanAken, Daniel Wieczorek, and Drew
Rubick performed data extraction and analysis under the
guidance of Vikas Aggarwal. All authors discussed the
results and contributed substantially to the interpretation
and analysis of data.

ACKNOWLEDGMENTS

This research received no specific grant from any
funding agency in the public, commercial, or not-for-
profit sectors.

CONFLICT OF INTEREST STATEMENT
The authors declare no conflicts of interest.

ETHICS STATEMENT
IRB-Exempt.

ORCID

Gabriella VanAken
1425-5674

Vikas Aggarwal

http://orcid.org/0009-0005-
http://orcid.org/0000-0002-7736-3382

REFERENCES

1. Aggarwal V, Hyder SN, Kamdar N, Zghouzi M, Visovatti SH,
Yin Z, Barnes G, Froehlich J, Moles VM, Cascino T,
Agarwal P, Haft J, Rosenfield K, Qiang A, McLaughlin VV,
Nallamothu BK. Symptoms suggestive of postpulmonary em-
bolism syndrome and utilization of diagnostic testing. J Soc
Cardiovasc Angiogr Interv. 2023;2(6):101063. https://www.
jscai.org/article/S2772-9303(23)00554-9/fulltext

2. Klok FA, Ageno W, Ay C, Bidck M, Barco S, Bertoletti L,
Becattini C, Carlsen J, Delcroix M, van Es N, Huisman MV,
Jara-Palomares L, Konstantinides S, Lang I, Meyer G,
Ni Ainle F, Rosenkranz S, Pruszczyk P. Optimal follow-up after
acute pulmonary embolism: a position paper of the European
Society of Cardiology Working Group on Pulmonary Circula-
tion and Right Ventricular Function, in collaboration with the
European Society of Cardiology Working Group on Athero-
sclerosis and Vascular Biology, endorsed by the European
Respiratory Society. Eur Heart J. 2022;43(3):183-9.

3. Valerio L, Mavromanoli AC, Barco S, Abele C, Becker D,
Bruch L, Ewert R, Faehling M, Fistera D, Gerhardt F,
Ghofrani HA, Grgic A, Griinig E, Halank M, Held M,
Hobohm L, Hoeper MM, Klok FA, Lankeit M, Leuchte HH,
Martin N, Mayer E, Meyer FJ, Neurohr C, Opitz C,
Schmidt KH, Seyfarth HJ, Wachter R, Wilkens H, Wild PS,
Konstantinides SV, Rosenkranz S. Chronic thromboembolic
pulmonary hypertension and impairment after pulmonary
embolism: the FOCUS study. Eur Heart J. 2022;43(36):
3387-98.

4. Malhotra R, Bakken K, D'Elia E, Lewis GD. Cardiopulmonary
exercise testing in heart failure. JACC: Heart Failure.
2016;4(8):607-16.

25UB0 17 SUOLWILIOD BAER.D 3 eeatdde aU} Ad PauBAD 8.2 Sao1LE VO 8N JO SB[ 10y ARIIT UIIUD AB]1A U (SUOIPLD-pUE-SWLB) w00 A |1 AeIq1pu U0/ 'SdL) SUOTIPUOD) PUE SWLB | aU1 95 *[¥Z20Z/ZT/TT] U0 AXeiiTaulluo Aa1iM ‘WersAS YdSOH 8|11AUseID Ad TSZT 'ZING/Z00T OT/10p/wioo" 8| AeIqipuluo//Sdy WoJy pepeojumod ‘v ‘420z ‘068502


http://orcid.org/0009-0005-1425-5674
http://orcid.org/0009-0005-1425-5674
http://orcid.org/0000-0002-7736-3382
https://www.jscai.org/article/S2772-9303(23)00554-9/fulltext
https://www.jscai.org/article/S2772-9303(23)00554-9/fulltext

12 of 15

10.

11.

12.

13.

14.

15.

16.

17.

VANAKEN ET AL.

Pulmonary Circulation

Open Access

Zhu H, Sun X, Cao Y, Pudasaini B, Yang W, Liu J, Guo J.
Cardiopulmonary exercise testing and pulmonary function
testing for predicting the severity of CTEPH. BMC Pulm Med.
2021;21(1):324.

Farmakis IT, Valerio L, Barco S, Alsheimer E, Ewert R,
Giannakoulas G, Hobohm L, Keller K, Mavromanoli AC,
Rosenkranz S, Morris TA, Konstantinides SV, Held M,
Dumitrescu D. Cardiopulmonary exercise testing in the follow-up
after acute pulmonary embolism. Eur Respir J. 2023;8:2300059.
Boon GJAM, Janssen SMJ, Barco S, Bogaard HJ, Ghanima W,
Kroft LJM, Meijboom LJ, Ninaber MK, Nossent EJ, Spruit MA,
Symersky P, Vliegen HW, Noordegraaf AV, Huisman MV,
Siegerink B, Abbink JJ, Klok FA. Efficacy and safety of a
12-week outpatient pulmonary rehabilitation program in Post-
PE Syndrome. Thromb Res. 2021;206:66-75.

Milne KM, James MD, Smyth RM, Vincent SG, Singh N,
D'Arsigny CL, de-Torres JP, de Wit K, Johri A, Neder JA,
O'Donnell DE, Phillips DB. Neurophysiological mechanisms
of exertional dyspnea in post-pulmonary embolism syndrome.
J Appl Physiol. 2023;134(3):667-77.

Held M, Pfeuffer-Jovic E, Wilkens H, Giider G, Kiisters F,
Schifers HJ, Langen HJ, Cheufou D, Schmitt D. Frequency
and characterization of CTEPH and CTEPD according to the
mPAP threshold >20 mm HG: retrospective analysis from
data of a prospective PE aftercare program. Respir Med. 2023;
210:107177.

Morris TA, Fernandes TM, Channick RN. Evaluation of
dyspnea and exercise intolerance after acute pulmonary em-
bolism. Chest. 2023;163(4):933-41.

Manier G, Castaing Y, Guenard H. Determinants of hypoxe-
mia during the acute phase of pulmonary embolism in hu-
mans. Am Rev Respir Dis. 1985;132(2):332-8.

Albaghdadi MS, Dudzinski DM, Giordano N, Kabrhel C,
Ghoshhajra B, Jaff MR, Weinberg I, Baggish A. Cardio-
pulmonary exercise testing in patients following massive and
submassive pulmonary embolism. J Am Heart Assoc.
2018;7(5):¢006841.

Ouzzani M, Hammady H, Fedorowicz Z, Elmagarmid A.
Rayyan—a web and mobile app for systematic reviews. Syst
Rev. 2016;5(1):210. https://link.springer.com/epdf/10.1186/
$13643-016-0384-4

Liu J-M, Chen S, Guo J, Zhao Q, Wang L, Yang W, Gong S,
Rong J. Cardiopulmonary exercise test in pulmonary embo-
lism. Am J Respir Crit Care Med. 2019;195:A2013.

King KB, Ashraf O. Cardiopulmonary exercise testing
(CPET) as a diagnostic tool in the evaluation of topiramate
induced dyspnea: a case report. Am J Respir Crit Care Med.
2021;203(9):A2394.

Held M, Grun M, Kaiser R, Holl R, Hiibner G, Karl S, Kolb M,
Schafers HJ, Wilkens H, Jany B. Cardiopulmonary exercise
testing detects pulmonary hypertension in patients with sus-
pected chronic thromboembolic pulmonary hypertension and
normal echocardiography. Am J Respir Crit Care Med.
2013;187:A3339.

McCabe C, Deboeck G, Mackenzie R, Harvey I,
Pepke-Zaba J. Cardiopulmonary exercise testing in patients
with chronic thromboembolic disease (CTED) following
acute pulmonary embolism. Am J Respir Crit Care Med.
2013;187:A3312.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Mounsey LA, Witkin AS, Hardin CC, Wong A, Kowal A,
Hoenstine C, McGinnis S, Malhotra R, Lewis GD, Hardin CC,
Rodriguez-Lopez J. Cardiopulmonary exercise testing in pa-
tients with persistent dyspnea after pulmonary embolism.
Ann Am Thorac So. 2023;120:1528-30.

Swietlik EM, Taboada D, Ruggiero A, Bales E, Harlow L,
Fletcher A, Cannon J, Sheares K, Jenkins D, Pepke-Zaba J,
Toshner M. Chronic thromboembolic disease without pul-
monary hypertension-a single surgical centre's experience.
Am J Respir Crit Care Med. 2017;195:A2832.

Famous KR, Wright C, Vlahakes G, Channick RNL. Chronic
thromboembolic pulmonary hypertension in a woman with
normal resting pulmonary artery pressures but abnormal
cardiopulmonary exercise testing. Am J Respir Crit Care Med.
2012;185:A6189.

Liu J, Chen S, Yang W, Guo J. Clinical usefulness of the
oxygen uptake efficiency in pulmonary embolism. Eur Respir
J. 2014;44:P2168.

Cotrim C, Miranda R, Loureiro MJ, Almeida S, Lopes L,
Almeida AR, Fernandes R, Simoes O, Cordeiro A, Cordeiro P,
Carrageta M. Echocardiography during treadmill exercise testing
for evaluation of pulmonary artery systolic pressure: advantages
of the method. Revista Portuguesa De Cardiologia: Orgao Oficial
Da Sociedade Portuguesa De Cardiologia = Portuguese J Cardiol:
Off J Portuguese Soc Cardiol. 2008;27(4):453-61.

George PM, Fagerbrink S, Meehan S, Murphy K, Davies RJ,
Howard LS. Effects of pulmonary embolism on medium term
cardiopulmonary physiology: a prospective cohort study. Am
J Respir Crit Care Med. 2015;191:A4861.

Swietlik EM, Taboada D, Ruggiero A, Bales E, Harlow L,
Fletcher A, Cannon JE, Sheares K, Jenkins DP, Pepke-Zaba J,
Toshner M. P27 evaluation and baseline characteristics of
patients with chronic thromboembolic disease in a single
referral centre. Thorax. 2016;71:A97-8.

Liu J, Huang D, Guo J, Yang W, Wang L, Zhao Q, Gong S.
Improvement of exercise capacity and ventilatory efficiency in
patients with pulmonary embolism after anticoagulant ther-
apy. Am J Respir Crit Care Med. 2019;199(9):A2116.

Insel M, ElAini T, Rischard FP. Invasive cardiopulmonary
exercise testing in patients following submassive and massive
pulmonary embolism with post pulmonary embolism dysp-
nea. Am J Respir Crit Care Med. 2021;203(9):A3719.
Fernandes T, Strozza D, Crabb B, Faulkner G, Salcido A,
Money BG, Wiglesworth RM, Morris TA. Non-invasive car-
diopulmonary exercise testing to screen patients after pul-
monary embolism for chronic thromboembolic disease. Am
J Respir Crit Care Med. 2018;197:A6338.

Soles EO, Lee M, Mcsurdy K, Lakhter V, Bashir R, Auger W,
Vaidya A, Forfia P. Obesity blunt gas exchange evidence of
ventilatory inefficiency in patients with chronic thromboem-
bolic disease. ] Am Coll Cardiol. 2022;79(9):1679.

LiuJ, Chen S, Yang W, Guo J, Liu H. Oxygen uptake efficiency
slope, a objective submaximal parameter in evaluating ex-
ercise capacity in pulmonary thromboembolism. Am J Respir
Crit Care Med. 2016;193:A5646.

Kostrubiec M, Sadowska K, Kuch M, Labyk A, Braksator W,
Pedowska-Wloszek J, Pacho S, Dluzniewski M, Pruszczyk P.
Pulmonary embolism impairs physical capacity despite proper
6-month anticoagulation. Cor et Vasa. 2010;52(Suppl 1):97.

25UB0 17 SUOLWILIOD BAER.D 3 eeatdde aU} Ad PauBAD 8.2 Sao1LE VO 8N JO SB[ 10y ARIIT UIIUD AB]1A U (SUOIPLD-pUE-SWLB) w00 A |1 AeIq1pu U0/ 'SdL) SUOTIPUOD) PUE SWLB | aU1 95 *[¥Z20Z/ZT/TT] U0 AXeiiTaulluo Aa1iM ‘WersAS YdSOH 8|11AUseID Ad TSZT 'ZING/Z00T OT/10p/wioo" 8| AeIqipuluo//Sdy WoJy pepeojumod ‘v ‘420z ‘068502


https://link.springer.com/epdf/10.1186/s13643-016-0384-4
https://link.springer.com/epdf/10.1186/s13643-016-0384-4

PULMONARY CIRCULATION

Pulmonary Circulation 13 of 15

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Claeys M, Claessen G, Willems R, Petit T, Belge C, Gerche AL,
Bogaert J, Delcroix M, Claus P. Pulmonary vascular reserve
and right ventricular contractile reserve in patients with
chronic thromboembolic disease without pulmonary hyper-
tension at rest: an exercise cardiac magnetic resonance study.
Circulation. 2016;134:A17944.

Wen-Wen Y, Le-Min W, Lin C, Hao-Ming S, Jin-Fa J,
Jia-Hong X, Yu-Qin S, Qi-Ping Z. Quantitative evaluation of
cardiopulmonary functional reserve in pulmonary embolism
patients after treatment. Heart. 2011;97:A224.

Boon GJAM, Janssen SMJ, Bogaard HJ, Kroft LIM,
Meijboom LJ, Ninaber MK, Nossent EJ, Symersky P,
Vliegen HW, Vonk Noordegraaf A, Huisman MV, Abbink JJ,
Klok FA. Results of a dedicated diagnostic work-up of patients
with post-pe syndrome. Res
2020;4(Suppl 1):1107-8.

Held M, Hesse A, Holl R, Romen T, Walter F, Huebner G,
Jany B. Symptom-related telephone monitoring and cardio-
pulmonary exercise testing in the pulmonary embolism
follow-up for early detection of chronic thromboembolic pul-
monary hypertension (CTEPH). Eur Respir J. 2013;42:P2602.
Baird A, Bukhari S, Fabrizio C, Hickey G, Risbano M. Thro-
moembolic disease: one of many common post-covid-19
complications coming soon to an emergency room near you.
Chest. 2021;160(4):A2240-1.

Soles EO, Mcsurdy K, Pietrowicz R, Lakhter V, Bashir R,
Auger W, Vaidya A, Forfia P. Use of shape-hf system for point-
of-care cardiopulmonary exercise testing of patients with
CTEPH and CTED; a preliminary analysis. ] Am Coll Cardiol.
2022;79(9):1666.

Liu J, Chen S, Yang W. Ventilatory efficiency during exercise
in the convalescent patients with pulmonary thrombo-
embolism. Am J Respir Crit Care Med. 2013;187:A3334.
Huertas Nieto S, Segura De La Cal T, Ropero Cristo MIJ,
Flox Camacho A, Perez Olivares C, Velazquez Martin MT,
Sarnago Cebada F, Jimenez Lopez Guarch C, Cruz Utrilla A,
Manerio Melon N, Berenguer J, Arribas Ynsaurriaga F,
Escribano Subias P. Ventilatory inefficiency predicts abnormal
hemodynamic response to exercise in chronic thromboem-
bolic disease. Eur Respir J. 2022;60:1898.

Held M, Hesse A, Gott F, Holl R, Hiibner G, Kolb P, Langen HJ,
Romen T, Walter F, Schifers HJ, Wilkens H, Jany BA. A
symptom-related monitoring program following pulmonary
embolism for the early detection of CTEPH: a prospective
observational registry study. BMC Pulm Med. 2014;14:141.
Kahn SR, Hirsch A, Beddaoui M, Akaberi A, Anderson D,
Wells PS, Rodger M, Solymoss S, Kovacs MJ, Rudski L,
Shimony A, Dennie C, Rush C, Geerts WH, Hernandez P,
Aaron S, Granton JT. Brain natriuretic peptide, troponin and
D-dimer levels in relation to long-term functional outcome
after a first episode of pulmonary embolism: results from the
E.L.O.P.E. study. Blood. 2015;126(23):649.

Kahn SR, Hirsch A, Beddaoui M, Akaberi A, Anderson D,
Wells PS, Rodger M, Solymoss S, Kovacs MJ, Rudski L,
Shimony A, Dennie C, Rush C, Geerts WH, Hernandez P,
Aaron S, Granton JT. Dyspnea, quality of life and walking
capacity during 1 year follow-up after a first episode of pul-
monary embolism: results of the E.L.O.P.E. study. Blood.
2015;126(23):750.

Pract Thromb Haemost.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

Open Access

Kahn SR, Hirsch A, Beddaoui M, Akaberi A, Anderson D,
Wells PS, Rodger M, Solymoss S, Kovacs MJ, Rudski L,
Shimony A, Dennie C, Rush C, Geerts WH, Hernandez P,
Aaron S, Granton JT. A randomized double-blind control
study of early intra-coronary autologous bone marrow cell
infusion in acute myocardial infarction: the REGENERATE-
AMI clinical trial. Eur Heart J. 2016;37:256-63.

Kahn SR, Hirsch A, Beddaoui M, Akaberi A, Anderson D,
Wells PS. post-pulmonary embolism syndrome” after a first epi-
sode of pe: results of the E.L.O.P.E. study. Blood. 2015;126(23):650.
Kahn S, Akaberi A, Hirsch A, Granton J. Predictors of quality
of life, dyspnea, and walking distance during 1 year follow-up
after a first episode of pulmonary embolism: extended results
of the E.L.O.P.E. study. Blood. 2016;128(22):3530.

Kahn SR, Akaberi A, Granton JT, Anderson DR, Wells PS,
Rodger MA, Solymoss S, Kovacs MJ, Rudski L, Shimony A,
Dennie C, Rush C, Hernandez P, Aaron SD, Hirsch AM.
Quality of life, dyspnea, and functional exercise capacity fol-
lowing a first episode of pulmonary embolism: results of the
ELOPE cohort study. Am J Med. 2017;130(8):990.9-990.e21.
Ma KA, Kahn SR, Akaberi A, Dennie C, Rush C, Granton JT,
Anderson D, Wells PS, Rodger MA, Solymoss S, Kovacs MJ,
Rudski L, Shimony A, Hernandez P, Aaron SD, Pena E,
Abikhzer G, Hirsch AM. Serial imaging after pulmonary em-
bolism and correlation with functional limitation at
12 months: results of the ELOPE study. Res Pract Thrombosis
Haemostasis. 2018;2(4):670-7.

Larsen TR, Ball TC. Chronic pulmonary embolism in a young
athletic woman. Baylor Univ Med Center Proc. 2015;28(3):
371-4.

Mahadevan K, Silverman LM, Becker DM. Chronotropic
incompetence precedes silent pulmonary embolism. Curr
Sports Med Rep. 2014;13(2):72-4.

Christiansen D, Baillie T, Mak S, Granton J. Dyspnea after
pulmonary embolism. Ann Am Thorac Soc. 2019;16(7):914-9.
Claeys M, Claessen G, La Gerche A, Petit T, Belge C, Meyns B,
Bogaert J, Willems R, Claus P, Delcroix M. Impaired cardiac
reserve and abnormal vascular load limit exercise capacity in
chronic thromboembolic disease. JACC: Cardiovasc Imaging.
2019;12(8):1444-56.

McCabe C, Deboeck G, Harvey I, Ross RM, Gopalan D,
Screaton N, Pepke-Zaba J. Inefficient exercise gas exchange
identifies pulmonary hypertension in chronic thromboem-
bolic obstruction following pulmonary embolism. Thromb
Res. 2013;132(6):659-65.

Dharmavaram N, Esmaeeli A, Jacobson K, Brailovsky Y,
Raza F. Cardiopulmonary exercise testing, rehabilitation, and
exercise training in postpulmonary embolism. Intervent
Cardiol Clin. 2023;12:349-65.

Ware LB. Clinical year in review I: interstitial lung disease,
pulmonary vascular disease, pulmonary infections, and car-
diopulmonary exercise testing and pulmonary rehabilitation.
Proc Am Thorac Soc. 2009;6(6):487-93.

Lang IM, Artner T. FOCUS on sequelae of acute pulmonary
embolism: does it pay off? Eur Heart J. 2022;43(36):3399-401.
Kovacs G, Olschewski H. Screening in pulmonary hypertension.
Screening Auf Pulmonale Hypertonie. 2017;14(3):153-9.

Klok FA, van der Hulle T, den Exter PL, Lankeit M,
Huisman MV, Konstantinides S. The post-PE syndrome: a new

25UB0 17 SUOLWILIOD BAER.D 3 eeatdde aU} Ad PauBAD 8.2 Sao1LE VO 8N JO SB[ 10y ARIIT UIIUD AB]1A U (SUOIPLD-pUE-SWLB) w00 A |1 AeIq1pu U0/ 'SdL) SUOTIPUOD) PUE SWLB | aU1 95 *[¥Z20Z/ZT/TT] U0 AXeiiTaulluo Aa1iM ‘WersAS YdSOH 8|11AUseID Ad TSZT 'ZING/Z00T OT/10p/wioo" 8| AeIqipuluo//Sdy WoJy pepeojumod ‘v ‘420z ‘068502



57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

14 of 15

VANAKEN ET AL.

Pulmonary Circulation

Open Access

concept for chronic complications of pulmonary embolism.
Blood Rev. 2014;28(6):221-6.

NL9615. A randomized trial to evaluate a home-based standard-
ized exercise training program for preventing post-pulmonary
embolism syndrome. Available from: https://trialsearch.who.int/
Trial2.aspx?TrialID=NL9615 [Internet] 2021; Available from:
https://www.cochranelibrary.com/central/doi/10.1002/central/
CN-02330557/full

NCT04920695. Inhaled Nitric Oxide (iNO)
Pulmonary Embolism (Post-PE). [Internet]. Available from:
https://clinicaltrials.gov/show/NCT04920695https://www.
cochranelibrary.com/central/doi/10.1002/central/CN-
02278309/full

ChiCTR2100042617. The safety and efficacy of exercise-based
rehabilitation training in treating venous thromboembolism: a
randomized clinical trial. https://trialsearch.who.int/Trial2.
aspx?TrialID=ChiCTR2100042617 [Internet]. 2021; Available
from: https://www.cochranelibrary.com/central/doi/10.1002/
central/CN02280949/full

Botelho AD, Tercé G, Stervinou-Wemeau L, Robin S,
Wallaert B. Effets de la thromboendartériectomie pour
hypertension pulmonaire post-embolique sur I'espace mort
physiologique & l'exercice. Rev Mal Respir. 2011;28(3):
377-80.

Pott J, Grifin Zu Reventlow P, Simon M, Steurer S, Harbaum L,
Henes FO, Klose H. Intimal pulmonary sarcoma: a case report of a
rare differential diagnosis of chronic thromboembolic pulmonary
hypertension. Pneumologie. 2022;76(9):633-8.

Hemnes AR, Pugh ME, Newman AL, Robbins I, Tolle J,
Austin ED, Newman JH. End tidal carbon dioxide: pulmonary
arterial hypertension versus pulmonary venous hypertension
and response to treatment. Am J Respir Crit Care Med.
2011;183(1):A2012.

Zhao Z, Liu Z, Gu Q, Luo Q, Zhao Q, Xiong C, Ni X. Appli-
cation of cardiopulmonary exercise testing in patients with
chronic thromboembolic pulmonary hypertension. Zhonghua
Yi Xue Za Zhi. 2013;93(22):1687-90.

Castellani W, Viroli L, Cecchini P, Grifoni S, Brancato A,
Pesciullesi E, Panuccio P. Physical exercise in the thrombo-
embolism of the pulmonary artery. Annali Italiani Di
Medicina Interna: Organo Ufficiale Della Societa Italiana Di
Medicina Interna. 1996;11(4):247-53.

Parker M, Zia A, Babb T, Nelson MD. Hemodynamic and
ventilatory responses during exercise in pediatric patients with
pulmonary embolism. Blood. 2020;136:9-10.

Topilsky Y, Hayes CL, Khanna AD, Allison TG. Cardio-
pulmonary exercise test in patients with subacute pulmonary
emboli. Heart Lung. 2012;41(2):125-36.

Fernandes TM, Alotaibi M, Strozza DM, Stringer WW,
Porszasz J, Faulkner GG, Castro CF, Tran DA, Morris TA.
Dyspnea postpulmonary embolism from physiological dead
space proportion and stroke volume defects during exercise.
Chest. 2020;157(4):936-44.

Xi Q, Zhao Z, Liu Z, Ma X, Luo Q, Liu W. The lowest VE/
VCO, ratio best identifies chronic thromboembolic pulmonary
hypertension. Thromb Res. 2014;134(6):1208-13.

Flood-Page P. High prevalence of persistent breathlessness
following sub-massive pulmonary embolism in patients

in Post-

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

presenting to a large regional hospital in South Wales. Turkish
Thoracic J. 2020;21(6):367-70.

Sharma G, Folland ED, McIntyre KM, Sasahara AA. Long-
term benefit of thrombolytic therapy in patients with pulmo-
nary embolism. Vasc Med. 2000;5(2):91-5.

Ciurzynski M, Kurzyna M, Bochowicz A, Lichodziejewska B,
Liszewska-Pfejfer D, Pruszczyk P, Torbicki A. Long-term effects
of acute pulmonary embolism on echocardiographic Doppler
indices and functional capacity. Clin Cardiol. 2004;27(12):693-7.
Klok FA, Van Kralingen KW, Van Dijk APJ, Heyning FH,
Vliegen HW, Huisman MV. Prevalence and potential de-
terminants of exertional dyspnea after acute pulmonary em-
bolism. Respir Med. 2010;104(11):1744-9.

Helmers RA, Zavala DC. Serial exercise testing in pulmonary
embolism. Chest. 1988;94(3):517-20.

Jervan @, Haukeland-Parker S, Gleditsch J, Tavoly M, Klok FA,
Steine K, Johannessen HH, Spruit MA, Atar D, Holst R,
Astrup Dahm AE, Sirnes PA, Stavem K, Ghanima W. The effects
of exercise training in patients with persistent dyspnea following
pulmonary embolism. Chest. 2023;164:50012369223006438.
ICMIJE | Recommendations [Internet]. [cited 2024 Mar 9].
Available from: https://www.icmje.org/recommendations/
Cuschieri S. The STROBE guidelines. Saudi J Anaesth.
2019;13(Suppl 1):31.

Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC,
Mulrow CD, Shamseer L, Tetzlaff JM, Akl EA, Brennan SE,
Chou R, Glanville J, Grimshaw JM, Hroébjartsson A, Lalu MM,
Li T, Loder EW, Mayo-Wilson E, McDonald S, McGuinness LA,
Stewart LA, Thomas J, Tricco AC, Welch VA, Whiting P,
Moher D. The PRISMA 2020 statement: an updated guideline
for reporting systematic reviews. BMJ. 2021;372:n71.
Habedank D, Opitz C, Karhausen T, Kung T, Steinke I,
Ewert R. Predictive capability of cardiopulmonary and ex-
ercise parameters from day 1 to 6 months after acute pulmo-
nary embolism. Clin Med InsightsCirc Respir Pulm Med.
2018;12:1179548418794155.

Kahn SR, Hirsch AM, Akaberi A, Hernandez P, Anderson DR,
Wells PS, Rodger MA, Solymoss S, Kovacs MJ, Rudski L,
Shimony A, Dennie C, Rush C, Geerts WH, Aaron SD,
Granton JT. Functional and exercise limitations after a first
episode of pulmonary embolism. Chest. 2017;151(5):1058-68.
Guo J, Chen S, Pudasaini B, Zhao Q, Yang W, Wang L, Gong S,
Liu J. Oxygen uptake efficiency slope, an objective submaximal
parameter in evaluating exercise capacity in pulmonary
thromboembolism. Am J Med Sci. 2016;351(5):485-91.

Huang D, Guo J, Yang W, Liu J. Exercise capacity and ven-
tilatory efficiency in patients with pulmonary embolism after
short duration of anticoagulation therapy. Am J Med Sci.
2020;359(3):140-6.

Knox MF, Langholz DE, Berjaoui WK, Eberhart L. Preservation
of cardiopulmonary function in patients treated with ultrasound-
accelerated thrombolysis in the setting of submassive pulmonary
embolism. J Vasc Interv Radiol. 2019;30(5):734-41.
Samaranayake CB, Upham J, Tran K, Howard LS, Nguyen S,
Lwin M, Anderson J, Wahi S, Price LC, Wort S, Li W,
McCabe C, Keir GJ. Right ventricular functional recovery
assessment with stress echocardiography and cardio-
pulmonary exercise testing after pulmonary embolism: a pilot

25UB0 17 SUOLWILIOD BAER.D 3 eeatdde aU} Ad PauBAD 8.2 Sao1LE VO 8N JO SB[ 10y ARIIT UIIUD AB]1A U (SUOIPLD-pUE-SWLB) w00 A |1 AeIq1pu U0/ 'SdL) SUOTIPUOD) PUE SWLB | aU1 95 *[¥Z20Z/ZT/TT] U0 AXeiiTaulluo Aa1iM ‘WersAS YdSOH 8|11AUseID Ad TSZT 'ZING/Z00T OT/10p/wioo" 8| AeIqipuluo//Sdy WoJy pepeojumod ‘v ‘420z ‘068502


https://trialsearch.who.int/Trial2.aspx?TrialID=NL9615
https://trialsearch.who.int/Trial2.aspx?TrialID=NL9615
https://www.cochranelibrary.com/central/doi/10.1002/central/CN-02330557/full
https://www.cochranelibrary.com/central/doi/10.1002/central/CN-02330557/full
https://clinicaltrials.gov/show/NCT04920695https://www.cochranelibrary.com/central/doi/10.1002/central/CN-02278309/full
https://clinicaltrials.gov/show/NCT04920695https://www.cochranelibrary.com/central/doi/10.1002/central/CN-02278309/full
https://clinicaltrials.gov/show/NCT04920695https://www.cochranelibrary.com/central/doi/10.1002/central/CN-02278309/full
https://trialsearch.who.int/Trial2.aspx?TrialID=ChiCTR2100042617
https://trialsearch.who.int/Trial2.aspx?TrialID=ChiCTR2100042617
https://www.cochranelibrary.com/central/doi/10.1002/central/CN02280949/full
https://www.cochranelibrary.com/central/doi/10.1002/central/CN02280949/full
https://www.icmje.org/recommendations/

PULMONARY CIRCULATION

15 of 15

84.

85.

86.

prospective multicentre study. BMJ Open Respir Res.
2023;10(1):e001637.

Stadlbauer A, Philipp A, Blecha S, Lubnow M, Lunz D, Li J,
Terrazas A, Schmid C, Lange TJ, Camboni D. Long-term
follow-up and quality of life in patients receiving extra-
corporeal membrane oxygenation for pulmonary embolism
and cardiogenic shock. Ann Intensive Care. 2021;11(1):181.
Stavrou VT, Griziotis M, Vavougios GD, Raptis DG, Bardaka F,
Karetsi E, Kyritsis A, Daniil Z, Tsarouhas K, Triposkiadis F,
Gourgoulianis KI, Malli F. Supervised versus unsupervised pul-
monary rehabilitation in patients with pulmonary embolism: a
valuable alternative in COVID era. J Funct Morphol Kinesiol.
2021;6(4):98. https://pubmed.ncbi.nlm.nih.gov/34940507/

Yan WW, Wang LM, Che L, Song HM, Jiang JF, Xu JH,
Shen YQ, Zhang QP. Quantitative evaluation of cardio-
pulmonary functional reserve in treated patients with pul-
monary embolism. Chin Med J. 2012;125(3):465-9.

Pulmonary Circulation
SUPPORTING INFORMATION
Additional supporting information can be found online
in the Supporting Information section at the end of this
article.

How to cite this article: VanAken G, Wieczorek
D, Rubick D, Jabri A, Franco- Palacios D, Grafton
G, Kelly B, Osinbowale O, Ahsan ST, Awdish R,
Aronow HD, Shore S, Aggarwal V.
Cardiopulmonary exercise testing following acute
pulmonary embolism: systematic review and
pooled analysis of global studies. Pulm Circ.
2024;14:e12451. https://doi.org/10.1002/pul2.12451

25UB0 17 SUOLWILIOD BAER.D 3 eeatdde aU} Ad PauBAD 8.2 Sao1LE VO 8N JO SB[ 10y ARIIT UIIUD AB]1A U (SUOIPLD-pUE-SWLB) w00 A |1 AeIq1pu U0/ 'SdL) SUOTIPUOD) PUE SWLB | aU1 95 *[¥Z20Z/ZT/TT] U0 AXeiiTaulluo Aa1iM ‘WersAS YdSOH 8|11AUseID Ad TSZT 'ZING/Z00T OT/10p/wioo" 8| AeIqipuluo//Sdy WoJy pepeojumod ‘v ‘420z ‘068502


https://pubmed.ncbi.nlm.nih.gov/34940507/
https://doi.org/10.1002/pul2.12451

	Cardiopulmonary exercise testing following acute pulmonary embolism: Systematic review and pooled analysis of global studies
	INTRODUCTION
	METHODS
	Search strategy and selection criteria
	Outcomes
	Data extraction
	Statistical analysis
	Ethical considerations

	RESULTS
	Study characteristics
	Exercise capacity
	Percent predicted peak oxygen consumption (pVO2%)
	Peak oxygen consumption (pVO2, l/min)

	Ventilatory efficiency
	VE/VCO2 slope
	Dead space ventilation (VD/VT)


	DISCUSSION
	AUTHOR CONTRIBUTIONS
	ACKNOWLEDGMENTS
	CONFLICT OF INTEREST STATEMENT
	ETHICS STATEMENT
	ORCID
	REFERENCES
	SUPPORTING INFORMATION




