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Background: Although guidelines have recommended that patients with chronic thromboembolic pulmonary
hypertension (CTEPH) should be managed by a multidisciplinary team (MDT), there is a lack of clinical data
indicating that the MDT improves CTEPH management.

Objectives: The study aimed to identify the effect of an MDT on CTEPH management.

Methods: We divided the study period into pre-MDT and post-MDT eras and compared the implementation
rates of major diagnostic and therapeutic procedures.

Keywords: Results: Of 116 patients with CTEPH, 42 (36.2%) were diagnosed in the post-MDT era. The implementation
Chronic thromboembolic pulmonary hyper- rates of right heart catheterization (10.8% vs. 97.6%, p < 0.001) and pulmonary endarterectomy (32.4% vs.
tension

59.5%, p < 0.005) were significantly increased in the post-MDT era. Balloon pulmonary angioplasty was not
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Interdisciplinary communication
Pulmonary embolism
Pulmonary hypertension

performed in the pre-MDT era but was performed in the post-MDT era.
Conclusions: The MDT appears to be associated with improved CTEPH management.

© 2018 Published by Elsevier Inc.

Introduction

Pulmonary hypertension is a pathophysiological disorder defined
as an increase in the mean pulmonary arterial pressure (PAP) at rest
(=25 mmHg) and can complicate the majority of cardiovascular and
respiratory diseases.' The prevalence of the disease has been reported
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in 97 cases per million with a female to male ratio of 1.8, and the age-
adjusted mortality rate ranges from 4.5 to 12.3 per 100,000 popula-
tion.! Chronic thromboembolic pulmonary hypertension (CTEPH) is a
distinct subtype of pulmonary hypertension (group 4) characterized
by obstructive pulmonary artery remodeling resulting from major
vessel thromboembolism.' The prevalence and incidence of CTEPH
have been reported in 3.2 cases per million and 0.9 cases per million
each year, respectively, and the burden of the disease is expected to
increase over the next decade.*®

However, the timely and accurate diagnosis of CTEPH remains a
challenge due to non-specific signs and symptoms in the early phase
of the disease."” In addition, because of the complex nature of its
pathophysiology, diagnosis requires multi-stage procedures including
echocardiography, pulmonary function tests (PFTs), ventilation/perfu-
sion scanning (V/Q scanning), computed tomography (CT) or conven-
tional pulmonary angiography, and right heart catheterization (RHC).!
Therefore, recent guidelines and review articles have recommended
that patients should be referred to a CTEPH expert center with a mul-
tidisciplinary team (MDT) as soon as the disease is suspected.'®
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Although CTEPH may be treated by pulmonary endarterectomy
(PEA), the lack of well-defined criteria for PEA can lead to wide varia-
tions in the assessment of operability between centers with low vol-
umes and those with intermediate or high volumes, suggesting that
both the center's and the medical professional's level of expertise
may influence operability.” As PEA is the only definitive treatment
option for CTEPH, it has been strongly recommended that the patients
should be managed by an MDT of experts including experienced PEA
surgeons and CTEPH physicians.!®1°

Despite these theoretical advantages, there is a lack of clinical data
indicating that the establishment of an MDT improves CTEPH man-
agement. Therefore, this study was conducted to identify the effect of
an MDT on the management of CTEPH, especially on the implementa-
tion rates of major diagnostic and therapeutic procedures that are
essential for the management of the disease. Additionally, we ana-
lyzed the effect of an MDT on post-PEA outcomes.

Methods
Study design and population

The study was performed in a tertiary referral teaching hospital
with 2700 beds in Seoul, Korea. The data were retrospectively collected
from patients who were >18 years old and diagnosed with CTEPH
between December 1994 and October 2017. The hospital's CTEPH
expert center with an MDT was established on 1 November 2013. Based
on these dates, we divided the study period into two eras: pre-MDT
(from December 1994 to October 2013) and post-MDT (from November
2013 to October 2017). Patients were followed up until death, loss to
follow-up, or the end of the study period (31 December 2017).

The MDT met once or twice a week and consisted of CTEPH profes-
sionals including a pulmonologist, a cardiologist expert in pulmonary
hypertension, an interventional cardiologist for RHC and balloon pul-
monary angioplasty (BPA), a cardiothoracic surgeon for PEA, an experi-
enced chest radiologist, and a clinical nurse specialist. In the clinic, the
professionals reviewed patient medical records together and deter-
mined the best diagnostic and therapeutic strategies for the patients.

CTEPH was diagnosed based on the following criteria: (1) at least 3
months of effective anticoagulation prior to diagnosis, (2) >1 mis-
matched segmental perfusion defect on lung V/Q scanning with signs
suggesting CTEPH on conventional and/or CT pulmonary angiogra-
phy, and (3) a mean PAP of >25 mmHg with a pulmonary capillary
wedge pressure (PCWP) of <15 mmHg on RHC.! For patients without
RHC, pulmonary hypertension was assessed by echocardiography
based on the following criteria: (1) a peak tricuspid regurgitation
velocity (TRV) of >3.4 m/s or (2) a peak TRV of 2.9-3.4 m/s and the
presence of other signs of pulmonary hypertension on echocardiogra-
phy.! These signs included (1) a right ventricle/left ventricle basal
diameter ratio of >1.0, (2) a flattening of the interventricular septum,
(3) a right ventricular outflow Doppler acceleration time of <105 ms
and/or mid-systolic notching, (4) an early diastolic pulmonary regur-
gitation velocity of >2.2 m/s, (5) an inferior vena cava (IVC) diameter
of >21 mm with decreased inspiratory collapse, and (6) a right atrial
area (end-systole) of >18 cm.! Additionally, laboratory tests, PFTs,
lung V/Q scanning, chest radiography, and CT pulmonary angiogra-
phy were performed to discriminate CTEPH from other types of pul-
monary hypertension.

The study was approved by the institutional review board of our
hospital (2015-0516). Because of the retrospective nature of the
study, the requirement for informed consent was waived.

Data collection

Data on baseline characteristics were retrieved at the time of diag-
nosis, which included age, gender, body mass index (BMI), severity of

symptoms assessed by the World Health Organization (WHO) func-
tional class, comorbidities assessed by the Charlson comorbidity
index, and laboratory tests. For patients who underwent PEA, addi-
tional information was collected to evaluate post-PEA outcomes
including the occurrence of reperfusion pulmonary edema, reopera-
tion, in-hospital mortality, and residual pulmonary hypertension.
Residual pulmonary hypertension was assessed by echocardiography
after 3—6 months from PEA based on the outlined echocardiographic
criteria for pulmonary hypertension.'

Echocardiography was performed using the Philips echocardiog-
raphy system (Philips MEDICAL Systems, Eindhoven, the Nether-
lands), and the left ventricle ejection fraction (LVEF), left ventricle
end-diastolic diameter (LVEDD), and peak TRV were measured. The
trans-tricuspid pressure gradient was calculated using a modified
Bernoulli equation (AP=4v?), and the systolic PAP was estimated by
adding the trans-tricuspid pressure gradient to the right atrial pres-
sure (RAP). The RAP was 3 mmHg when an IVC collapses >50% (diam-
eter of <2.1 cm) with a sniff, and it was 15 mmHg when an IVC
collapses <50% (diameter of >2.1 cm) with a sniff or <20% with quiet
inspiration.’

For lung V/Q scanning, °°™Tc-Technegas and °°™Tc-macroag-
gregated human albumin were used, and >1 mismatched seg-
mental perfusion defect indicated the possibility of pulmonary
thromboembolism.!

CT pulmonary angiography was performed from 1997, and all
images were reviewed using the picture archiving and communica-
tion system (PetaVision, Asan Medical Center PACS, Seoul, Korea).
Ring-like stenosis, webs/slits, and chronic total occlusions such as
pouch or tapered lesions were considered as specific signs of CTEPH.'
Additionally, the diameters of the pulmonary artery (Pa) and aorta
(Ao) were measured at the level of the main pulmonary artery bifur-
cation, and the ratio of these diameters (Pa:Ao), a useful marker for
predicting the presence of resting pulmonary hypertension, was
assessed.!"1%17

RHC was mainly performed in the intensive care unit (ICU) using a
flow-directed balloon-tipped pulmonary artery catheter in the pre-
MDT era. On the other hand, it was performed in the cardiac catheter-
ization laboratory unit with fluoroscopic guidance in the post-MDT
era. Hemodynamic variables including systolic PAP, diastolic PAP,
mean PAP, RAP, PCWP, and arterial and venous oxygen saturation
were measured. Cardiac output (CO) was calculated using thermodi-
lution techniques. Pulmonary vascular resistance (PVR) was
expressed in Wood units and calculated using the following equation:
PVR =(mean PAP — mean PCWP)/CO.

For surgical treatment, we used the following general criteria to
assess operability: (1) patients who complained of symptoms with
WHO functional class >II, (2) patients who had surgically accessible
lesions, and (3) patients who did not have significant comorbidities.'
However, due to the lack of well-defined surgical criteria, operability
was largely determined by a PEA surgeon and/or a CTEPH physician
in the pre-MDT era and by an MDT of experts in the post-MDT era.
BPA was performed in the cardiac catheterization laboratory unit and
was performed only on patients who were inoperable or reluctant to
undergo PEA.

Statistical analysis

For continuous variables, the data are presented as mean =+ stan-
dard deviation (SD) or median (interquartile range), and an indepen-
dent t-test and Mann-Whitney U test were used for comparisons. For
categorical variables, data are presented as number (%), and chi-
square test, Fisher's exact test, and linear-by-linear association test
were used for comparisons. A p value of < 0.05 was considered statis-
tically significant. Statistical analyses were performed using SPSS
21.0 software (IBM Corporation, Armonk, NY, USA).
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Results
Baseline characteristics

From December 1994 to October 2017, a total of 116 patients were
diagnosed with CTEPH. The mean age was 53.3 £ 13.8 years, and 61
(52.6%) were male. Table 1 shows the baseline characteristics of the
study population. All patients complained of symptoms with WHO
functional class > II. The elevated peak TRV on echocardiography (4.3
+ 0.7 m/s), Pa:Ao ratio on CT pulmonary angiography (1.2 £+ 0.2), and
mean PAP on RHC (46 [37—54] mmHg) indicated the presence of pul-
monary arterial hypertension. All patients who underwent lung V/Q
scanning showed >1 mismatched segmental perfusion defect, which
indicated the possibility of pulmonary thromboembolism. Overall, 74
(63.8%) were diagnosed in the pre-MDT era, whereas 42 (36.2%) were
diagnosed in the post-MDT era. Baseline characteristics including
age, gender, BMI, symptoms, comorbidities, and physiologic findings
were not significantly different between the eras.

Major diagnostic procedures

Table 2 shows the implementation rates of major diagnostic pro-
cedures at the time of diagnosis. The implementation rates of echo-
cardiography (98.6% vs. 100.0%, p > 0.999) and lung V/Q scanning
(93.2% vs. 92.9%, p > 0.999) were not significantly different between
the pre-MDT and post-MDT eras. Considering its delayed introduc-
tion, the implementation rate of CT pulmonary angiography was also
not significantly different between the eras (94.0% vs. 100.0%,
p=0.158). However, those of conventional pulmonary angiography
(18.9% vs. 97.6%, p < 0.001) and RHC (10.8% vs. 97.6%, p < 0.001)
were significantly increased in the post-MDT era. Furthermore, there
were 12 additional cases of delayed performed conventional pulmo-
nary angiography and RHC in the post-MDT era, indicating that the
patients were diagnosed in the pre-MDT era, but the procedures
were performed in the post-MDT era.

Fig. 1 shows the number of annual cases of major procedures
including conventional pulmonary angiography and RHC. The num-
ber of annual cases of conventional pulmonary angiography and RHC

Table 1

was <3 until 2013, and it was sharply increased from 2014. The num-
ber for both conventional pulmonary angiography and RHC peaked at
20in 2016.

Major therapeutic procedures

Table 3 shows the implementation rates of major therapeutic pro-
cedures and the changes in the treatment of CTEPH between the eras.
The implantation rate of PEA was significantly increased in the post-
MDT era (32.4% vs. 59.5%, p=0.005). The time to PEA after diagnosis
was significantly decreased in the post-MDT era (42 [37-62] vs. 14
[11-17], p < 0.001). BPA was not performed in the pre-MDT era; it
was only performed after the establishment of the MDT (not available
vs. 35.7%). Furthermore, there were 6 and 13 additional cases of
delayed performed PEA and BPA, respectively.

Fig. 1 shows the number of annual cases of major procedures for
CTEPH, which demonstrated a marked increase in PEA and BPA after
the establishment of the MDT. The number of annual cases of PEA
and BPA peaked at 12 and 27, respectively, in 2017.

Post-PEA outcomes

Table 4 shows the post-hoc analysis of post-PEA outcomes. A total
of 55 PEAs were performed, and 31 (56.4%) were performed in the
post-MDT era. The percentages of patients who suffered from reper-
fusion pulmonary edema (29.2% vs. 12.9%, p=0.180), reoperation
(4.2% vs. 0.0%, p=0.436), in-hospital mortality (12.5% vs. 3.2%,
p=0.307), and residual pulmonary hypertension (41.7% vs. 29.0%,
p=0.328) were decreased in the post-MDT era; however, these
reductions were not statistically significant.

Discussion

Owing to the lack of clinical data, the recommendation to manage
CTEPH patients with an MDT of experts has been based solely on
experts’ opinions.'® Therefore, in this study, we aimed to investigate
the effect of an MDT on the management of CTEPH and found that
the MDT was associated with improved management by increasing

Comparison of the baseline characteristics of patients with CTEPH between the pre-MDT and post-MDT eras

Whole era Pre-MDT era Post-MDT era p value
n=116 n=74 n=42
Age, years 53.3(13.8) 53.9(134) 52.3(14.6) 0.543
Male 61(52.6) 40 (54.1) 21(50.0) 0.674
BMI, kg/m? 24.0(3.7) 23.6(3.0) 24.8 (4.5) 0.123
WHO functional class >0.999
Class | 0(0.0) 0(0.0) 0(0.0)
Class Il 62 (53.4) 40 (54.1) 22(52.4)
Class I1I 46 (39.7) 29(39.2) 17 (40.5)
Class IV 8(6.9) 5(6.8) 3(7.1)
Charlson comorbidity index 2(1-3) 2(1-3) 2(1-3) 0.206
Echocardiography n=115 n=73 n=42
LVEF, % 63.2(7.8) 63.1(9.0) 63.3(5.4) 0.887
LVEDD, mm 42.3(5.7) 42.7 (5.9) 41.6(5.2) 0314
Peak TRV, m/s 4.3(0.7) 4.2(0.7) 4.4(0.7) 0.154
CT angiography n=105 n=63 n=42
Pa diameter, mm 38.3(6.4) 38.6(5.8) 38.0(7.2) 0.653
Ao diameter, mm 32.8(5.1) 33.2(4.9) 32.2(5.5) 0.350
Pa:Ao ratio 1.2(0.2) 1.2(0.2) 1.2(0.3) 0.739
Hemodynamics by RHC n=61 n=20 n=41
Mean PAP, mmHg 46 (37-54) 45 (34-54) 46 (37-56) 0.639
Cardiac index, L/min/m? 24(1.9-2.9) 2.5(2.1-3.2) 2.3(1.8-2.7) 0.110
PVR, wood units 9.9(7.2-13.4) 7.3(4.5-14.4) 10.7 (8.5-13.4) 0.137

Values are presented as mean (SD), median (IQR), or number (%).

Abbreviations: Ao, aorta; BMI, body mass index; CT, computed tomography; CTEPH, chronic thromboembolic pulmonary hypertension; LVEDD, left ventricle end-diastolic diameter;
LVEF, left ventricle ejection fraction; MDT, multidisciplinary team; PAP, pulmonary arterial pressure; Pa, pulmonary artery; PVR, pulmonary vascular resistance; RHC, right heart

catheterization; TRV, tricuspid regurgitation velocity; WHO, World Health Organization.
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Table 2
Comparison of the implementation rates of major diagnostic procedures for CTEPH
between the pre-MDT and post-MDT eras

Table 3
Comparison of the implementation rates of major therapeutic procedures for CTEPH
between the pre-MDT and post-MDT eras

Whole era Pre-MDT era Post-MDT era p value Wholeera Pre-MDTera Post-MDTera pvalue
n=116 n=74 n=42 n=116 n=74 n=42
Echocardiography 115(99.1) 73(98.6) 2(100.0) >0.999 PEA 49 (42.2) 24(32.4) 25(59.5) 0.005
V/Q scanning 108 (93.1) 69 (932) 9(92.9) ~0.999 BPA? 15(35.7) NA 15(35.7) NA
CT angiography 105 (96.3)? 63 (94.0)° 42 (100.0) 0.158 Both PEA and BPA? 3(7.1) NA 3(7.1) NA
Pulmonary 55(47.4) 14(18.9) 1(97.6) <0.001 Medical treatment only 55 (47.4) 50 (67.6) 5(11.9) < 0.001
angiography val ted ber (%
RHC 49 (42.2) 8(10.8) 41(976)  <0.001 alues are presented as number (%).

Values are presented as number (%).
Abbreviations: CT, computed tomography; CTEPH, chronic thromboembolic pulmo-
nary hypertension; MDT, multidisciplinary team; RHC, right heart catheterization; V/Q
scanning, ventilation/perfusion scan.

2 Because of the delayed introduction of CT pulmonary angiography, the total num-
ber of patients in the whole era and pre-MDT era is 109 and 67, respectively.

the implementation rates of major diagnostic and therapeutic proce-
dures recommended by guidelines.'? To the best of our knowledge,
this is the first study to demonstrate the clinical effect of an MDT on
the management of CTEPH. Our findings suggest that patients with
CTEPH should be managed by an MDT of experts.'

In our hospital, CTEPH experts such as pulmonologists, cardiolo-
gists, and thoracic surgeons treated patients independently in the
pre-MDT era. On the other hand, after the establishment of the
MDT, the professionals regularly met once or twice a week and
actively communicated with each other. This led to an improve-
ment in patient management in the post-MDT era, which may be
attributed to increased collaboration and inter-departmental com-
munication. For example, although it is well known that fluoros-
copy-guided RHC is more convenient and safer than conventional
flow-directed balloon-tipped pulmonary artery catheterization,'® it
was rarely performed in the pre-MDT era because it was difficult
for the pulmonologists and thoracic surgeons to form a team that
can provide fluoroscopic guidance in the cardiac catheterization
laboratory unit. On the other hand, in the post-MDT era, it could be
performed under fluoroscopic guidance in the cardiac catheteriza-
tion laboratory unit following increased inter-departmental coop-
eration, which improved patient safety and procedure quality.

Abbreviations: BPA, balloon pulmonary angioplasty; CTEPH, chronic thromboembolic
pulmonary hypertension; MDT, multidisciplinary team; NA, not available; PEA, pulmo-
nary endarterectomy

¢ BPA was not performed in the pre-MDT era.

Moreover, the implementation of RHC in the cardiac catheterization
laboratory unit led to the introduction of BPA for CTEPH treatment
in the post-MDT era.

In this study, the baseline characteristics (age, gender, BMI, sever-
ity of symptoms, and comorbidities) were not significantly different
between the eras. The equal gender distribution is in agreement with
the results of previous studies.®®'°->> However, the mean age was
5-10 years younger than that in previous studies, particularly studies
performed in Western countries.®*'9?> Considering the relatively
younger age distribution in the studies performed in Asia and Aus-
tralia,>>%° regional, cultural, and/or racial factors may cause the dif-
ferences in age distribution. Therefore, further studies are required to
investigate the association between these factors and the findings.

A comparison of the diagnostic procedures indicated that the
implementation rates of conventional pulmonary angiography and
RHC were significantly different between the eras. These procedures
are essential especially for discriminating CTEPH from other types of
pulmonary hypertension; however, they were less frequently per-
formed in the pre-MDT era. This suggests that these vital procedures
might be overlooked or improperly performed in the pre-MDT era.
Considering that the disease can be treated, some patients might lose
the chance of proper treatment because of the absence of an MDT.

A comparison of the therapeutic procedures revealed that the
implementation rate of PEA was significantly increased in the
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Fig. 1. Annual cases of major diagnostic and therapeutic procedures for CTEPH. Abbreviations: BPA, balloon pulmonary angioplasty; CTEPH, chronic thromboembolic pulmonary
hypertension; MDT, multidisciplinary team; PA, pulmonary angiography; PEA, pulmonary endarterectomy; RHC, right heart catheterization.
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Table 4
Comparison of the clinical outcomes of pulmonary endarterectomy between the
pre-MDT and post-MDT eras

Whole Pre-MDT  Post-MDT  p value

eran=55 eran=24 eran=31
Reperfusion pulmonary edema 11(20.0) 7(29.2) 4(129) 0.180
Reoperation 1(1.8) 1(4.2) 0(0.0) 0.436
In-hospital mortality 4(7.3) 3(125) 1(3.2) 0.307
Residual pulmonary hypertension 19 (34.5) 10(41.7) 9(29.0) 0.328

Values are presented as number (%).
Abbreviations: MDT, multidisciplinary team.

post-MDT era. The number of annual cases of PEA was rapidly
increased after the establishment of the MDT and peaked at 12 in
2017. Furthermore, the time to PEA was significantly decreased in the
post-MDT era, suggesting improved patient management. In addition,
the in-hospital mortality rate after PEA was decreased from 12.5% to
3.2% in the post-MDT era (not statistically significant). These findings
are consistent with the results of an international CTEPH registry,
which showed that the in-hospital mortality rates for centers that
performed >50, 1150, and 110 PEAs per year were 3.4%, 4.5%, and
8.8%, respectively.'! Considering that the recently proposed criteria
in CTEPH management that emphasizes an in-hospital mortality rate
of <5.0% following PEA,'® both the increased implementation rate of
PEA and the decreased in-hospital mortality rate in the post-MDT era
indicated that our hospital's level of expertise was improved after the
establishment of the MDT.

Balloon pulmonary angioplasty (BPA) is an emerging treatment
modality for CTEPH, which may be considered for patients with tech-
nically inoperable.' In this study, BPA was not performed in the pre-
MDT era and was only performed after the establishment of the MDT.
BPA was first performed in 2016 when the center's volume reached
an intermediate level (11-50 PEAs per year). These findings are in
agreement with recent recommendations indicating that BPA should
be performed in an experienced center.?’

This study has several limitations. First, it is a retrospective
before/after study performed at a single center, which has inherent
limitations in terms of selection and assignment biases. Moreover,
as we were unable to control possible confounding factors that have
changed over time, the changes in the management of CTEPH in this
study might be affected not only by the establishment of an MDT
but also by other factors, such as temporal changes in available
treatments and recommended management by guidelines. Although
the similar baseline and demographic characteristics between the
ears, which are also similar to those of previous studies,®%!°2° sug-
gest that the possible selection and assignment biases may be mini-
mal in this study, our findings need to be confirmed by larger,
prospective, randomized studies. Second, although RHC is manda-
tory for the diagnosis of CTEPH, only a small number of patients
underwent RHC in the pre-MDT era, indicating that the diagnosis
might be inaccurate. Nevertheless, we believe that the low imple-
mentation rate of RHC in the pre-MDT era itself is meaningful since
it demonstrates a possible scenario without the MDT. Furthermore,
potential errors in the diagnosis of CTEPH would be minimal since
we referred to well-established echocardiographic criteria, which
indicate a high probability of pulmonary hypertension.' Third, we
were unable to compare the mortality rates between the eras due to
the small number of patients. However, both the well-established
long-term clinical outcomes of PEA and the increased implementa-
tion rate of the procedure in the post-MDT era suggest that the
establishment of an MDT could contribute to improved long-term
clinical outcomes.

In conclusion, the establishment of an MDT appears to be associ-
ated with improved CTEPH management by increasing the imple-
mentation rates of major diagnostic and therapeutic procedures.

Therefore, the establishment of an MDT should be encouraged for the
proper management of CTEPH.
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