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ABSTRACT

Objective: Chronic thromboembolic pulmonary hypertension is surgically
treated through pulmonary endarterectomy. Although pulmonary endarterectomy
is the treatment of choice for chronic thromboembolic pulmonary hypertension in
terms of both functional outcomes and survival, many patients experience persis-
tent pulmonary hypertension after pulmonary endarterectomy. The study objec-
tive was to calculate the pooled estimates of outcomes after pulmonary
endarterectomy, including persistent pulmonary hypertension.

Methods: Meta-analyses were conducted on published studies reporting residual/
persistent/recurrent pulmonary hypertension in 4868 patients with chronic throm-
boembolic pulmonary hypertension after pulmonary endarterectomy. The rate of
persistent pulmonary hypertension and change in mean pulmonary artery pres-
sure, pulmonary vascular resistance, and 6-minute walk distance after pulmonary
endarterectomy were outcomes of interest.

Results: Twenty-five percent of patients with chronic thromboembolic pulmo-
nary hypertension were diagnosed with persistent pulmonary hypertension after
pulmonary endarterectomy. Pulmonary endarterectomy reduced mean pulmonary
artery pressure and pulmonary vascular resistance by approximately 21 mm Hg
(standardized mean difference, 1.75; 95% confidence interval, —1.62 to 1.88;
P <.00001) and 561 dyn.s.v'cm5 (standardized mean difference, 1.64; 95% confi-
dence interval, —1.58 to 1.70; P < .00001), respectively. Conversely, 6-minute
walk distance increased by 96 m (standardized mean difference, —0.83;95% con-
fidence interval, —0.91 to —0.76; P <.00001) after pulmonary endarterectomy.

Conclusions: Pulmonary endarterectomy is the gold standard treatment for
chronic thromboembolic pulmonary hypertension and provides immediate
correction of hemodynamic parameters in most patients. However, in up to one
quarter of operable cases, pulmonary hypertension persists after surgery. In those
patients with persistent pulmonary hypertension, continued medical management
with newer agents may be required to improve pulmonary hemodynamics and,
therefore, patient outcomes. (J Thorac Cardiovasc Surg 2018;156:1275-87)
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Forest plot of mPAP in patients with CTEPH after PEA.

Central Message

PEA is acommon treatment for chronic PH and
improved hemodynamic parameters and phys-
ical status. Medical management is required if
PH persists.

Perspective

PEA is the current gold standard for treating
CTEPH. Although PEA improves hemody-
namic outcomes and physical condition,
continued medical management is required in
patients with persistent PH after PEA. Our
study can help clinicians make a better
evidence-based informed decision on treating
patients with CTEPH.

See Editorial Commentary page 1288.

left untreated undergo fibrotic transformation, leading to

(CTEPH) is a pulmonary vascular disease resulting from
the chronic obstruction of major pulmonary arteries. The
disease typically results from unresolved thrombi that if
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mechanical obstruction of the pulmonary arteries.' Micro-
vessel remodeling comparable to the arteriopathy seen in
pulmonary arterial hypertension (PAH) is also believed to
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Abbreviations and Acronyms
CTEPH = chronic thromboembolic pulmonary

hypertension
df = degrees of freedom
mPAP = mean pulmonary artery pressure
PEA = pulmonary endarterectomy
PH = pulmonary hypertension
PVR = pulmonary vascular resistance
RPH = residual pulmonary hypertension

6MWD = 6-minute walk distance
WHO = World Health Organization
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significantly contribute to CTEPH pathogenesis.” Pulmo-
nary embolism (PE) is a common preceding condition to
CTEPH, and, as such, CTEPH is typically thought of as a
rare complication of PE. According to an international pro-
spective registry report, approximately 80% of patients
with CTEPH had a history of PE." In addition, recurrent
venous thromboembolism and idiopathic PE were both
found to be associated with an increased risk of CTEPH."
Although the true prevalence and incidence of CTEPH are
unknown, it is believed to occur in up to 5 individuals per
million population per year or in up to 9.1% of patients
within the first 2 years after an acute PE event.”™”

The typical diagnostic criteria for CTEPH are mean pulmo-
nary artery pressure (mPAP) of 25 mm Hg or more, pulmonary
capillary wedge pressure of 15 mm Hg or less after 3 or more
months of effective anticoagulation treatment in conjunction
with chronic occlusive emboli or thrombi in the pulmonary ar-
teries, and at least 1 segmental perfusion defect on ventilation/
perfusion lung scans.”” One major clinical challenge is
differentiating between CTEPH and PAH. However,
CTEPH has several distinctive features compared with PAH,
including nonhomogeneous distribution of the disease, an
episodic disease course, and more frequent occurrence of
hemoptysis. A definitive diagnosis can be established by
conventional or computed tomography (CT), pulmonary
angiogram, magnetic resonance angiography (MRA), and
right heart catheterization.”

Occlusion of the pulmonary arteries can result in an in-
crease in pulmonary vascular resistance (PVR), progressive
pulmonary hypertension (PH), and subsequent right heart
failure. Therefore, CTEPH is progressive and often fatal,
with a median survival in severe untreated CTEPH reported

to be as low as 10% to 20% after 2 to 3 years.”'" Early
diagnosis is critical for the proper management of this
disorder. Furthermore, CTEPH is potentially curable with
pulmonary endarterectomy (PEA) surgery. This surgical
procedure removes the impeding thromboembolic matter
and can result in significant symptomatic and prognostic
improvements in eligible palients.] ""The surgery is complex
and requires a technically skilled and experienced surgeon.
In addition, several important factors must be considered
before a patient is deemed eligible for PEA, including co-
morbidities, advanced age, the accessibility of thromboem-
bolic material, and the level of PVR.” Patients with less than
50% in PVR post-PEA and with PVR greater than
1200 dyn.s/cm® are ineligible for surgery.'” ' Expert
centers tend to have excellent success rates, with
periprocedural mortality rates of less than 2% to 5%. "

Although PEA is the gold standard treatment for CTEPH,
the disease process is complex, and several patients present
with persistent or residual pulmonary hypertension (RPH)
after PEA.""™ This can be explained by the 2-
compartment model proposed by Moser and Braunwald in
1973.%" In this model, patients with operable CTEPH may
develop a distal, secondary, small-vessel arteriopathy in
the nonobstructed vascular beds.” However, few centers
have comprehensively evaluated these patients, and the es-
timates of the number of patients with RPH after PEA vary
greatly from 5% to 35%.' " Therefore, the current meta-
analyses aimed to investigate the occurrence of RPH after
PEA and compare changes in mPAP, PVR, and 6-minute
walk distance (6MWD) after PEA.

MATERIALS AND METHODS
Data Sources and Search Terms

The search strategy was designed to identify full-length publications report-
ing RPH in patients with CTPEH. PubMed was searched using Medical Sub-
Heading terms using the term “pulmonary hypertension/surgery,” where
“pulmonary hypertension” was defined as “increased vascular resistance in
the pulmonary circulation, usually secondary to heart diseases or lung dis-
eases.” Embase and Medline databases were searched through Embase using
the EMTREE terms “endarterectomy,” “pulmonary hypertension,” and “re-
sidual pulmonary hypertension.” Filters were applied to select only English lan-
guage publications reported on human subjects to reduce publication bias
because of potential misinterpretation of research findings. Reference lists of
the reviews and research articles were manually screened to identify further ar-
ticles. Inclusion criteria included (1) studies reporting residual/persistent/recur-
rent PH in patients with CTPEH after PEA and (2) studies reporting change in
mean pulmonary artery pressure (mPAP), PVR, and 6MWD after PEA. Ab-
stracts, conference proceedings, posters, case series/reports, reviews, editorials,
and non-English publications were excluded, because these gray literature usu-
ally omit the reporting of many relevant outcomes and therefore might
contribute to reduced generalizability of research findings because of incom-
plete reporting of essential information for the analyses conducted in this study.

Study Selection

Any duplicate articles were removed. The titles and abstracts of the re-
maining articles were reviewed by 2 independent investigators (Figure 1)
(Kappa index: 0.932, 95% confidence interval [CI], 0.889-0.961:
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Full-text articles screened _ | Notfull-texts, duplicates,
for inclusion (n=39) | outofscope (n=1319)

Studies included in the Studies excluded for
analysis — insufficient data
(n=25) (n=14)
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FIGURE 1. PRISMA flow diagram of the steps followed in the selection
of studies per the inclusion criteria (Kappa index: 0.932; 95% CI, 0.889-
0.961; P <.001).

P <.001) who were responsible for determining whether the articles were
eligible for inclusion. To address any inconsistencies, the investigators
compared lists before they reviewed the full text of the studies identified
as eligible. When the final list of articles was complete, a third investigator
resolved final discrepancies.

Data Extraction and Meta-Analysis

A standardized custom Excel sheet (Microsoft Corp, Redmond, Wash)
was used to extract all the relevant and specific data on study characteristics,
patient characteristics, diagnostic methods, surgical interventions, and out-
comes. These data were extracted independently by 2 investigators
(Figure 1) (Kappa index: 0.932; 95% CI, 0.889-0.961; P < .001) and
compared to resolve discrepancies. To calculate the rate of RPH after PEA
and estimate the changes in mPAP, PVR, and 6MWD after PEA, 4 meta-
analysis models were constructed: Model 1, estimation of the pooled event
rate of residual PH after PEA; Model 2, post-PEA change in mPAP; Model
3, post-PEA change in PVR; and Model 4, post-PEA change in 6MWD.

Publication bias was qualitatively assessed via funnel plots and quanti-
tatively evaluated by the Egger test. A qualitative estimate of statistical het-
erogeneity between studies was assessed using the Cochrane Q test. For the
chi-square test, a P value of less than .05 was considered statistically sig-
nificant. In the presence of significant heterogeneity, the I* statistic was
used to quantify the level of heterogeneity. The 1* value was interpreted
on the basis of Hedges criteria, where 25%. 50%, and 75% correspond
to low, medium, and high heterogeneity, respectively. ™

Statistical heterogeneity. Forest plots, and publication bias were conduct-
ed with Comprehensive Meta-analysis software (Biostat, Englewood, NJ).
To accommadate between-study heterogeneity, the DerSimonian and Laird
random-effects model was used for all meta-analysis models.”” Effect size
was represented by the standardized mean difference (SMD),” which indi-
rectly reflects the difference between the interventions, in all included
studies, because these studies did not use the same outcome measures.

RESULTS
Study Selection and Characteristics of the Trials

The databases and manual search retrieved 1358 English
language journal articles. The titles and abstracts of these

articles were screened to eliminate 1319 studies that were
duplicates or abstracts, or studied different objectives. In
the next phase, 39 full texts of articles were obtained and
screened. Fourteen of these articles provided incomplete
data and, not to impair the generalizability of research
findings, were discarded from the articles assessed in this
meta-analysis. The remaining 25 articles were included
for meta-analysis.”' """ ***" The flow chart of the
studies evaluated is represented in Figure 1.

The characteristics of the included studies and their par-
ticipants, along with the methods for diagnosing CTPEH,
are summarized in Table 1. Six studies were conducted in
Japan, 3 each in the United Kingdom, Canada, Italy, and
Austria, 2 each in the Netherlands and China, and 1 each
in the United States and Germany. One study had subjects
from all over Europe. Twelve studies analyzed the patient
records retrospectively, 3 studies did not report the study
design clearly, and 10 studies recruited patients for a pro-
spective analysis. A total of 4686 patients’ data were avail-
able from these studies, with an average age range of 38 to
64 years with 22% to 85% male. Baseline and postsurgery
measurements of the patients, along with follow-up times,
are presented in Table 2.

Residual Pulmonary Hypertension After Pulmonary
Endarterectomy

Eighteen studies reported RPH after PEA in patients with
CTPEH. The heterogeneity between these studies was sta-
tistically significant (Cochran Q 300.4 [degrees of freedom
[df] = 17]; 2 94.3; P < .00001). A random effects model
showed that 25% (95% CI, 0.18-0.34) of the patients expe-
rienced RPH after PEA (Figure 2).

The funnel plot showed a likelihood of publication bias,
because more studies were plotted on the left side. Duvall
and Tweedie’s trim and fill imputed no possibly missing
studies. Egger’s test (B0 = —3.42; 95% CI, —6.49 to
—0.35; t = 2.36; df = 16; Pj.aitea = .02) showed that the
publication bias was statistically significant.

Mean Pulmonary Artery Pressure Before and After
Pulmonary Endarterectomy

Twenty-three studies reported changes in mPAP after
PEA in patients with CTPEH. The heterogeneity between
these studies was not statistically significant (chi-square
12.8 [df 11]; P 14%; P = .31). A random effects model
showed that mPAP reduced by an average of 21.42 mm
Hg after PEA (SMD, 1.75; 95% CI, 1.62-1.88). This reduc-
tion was statistically significant (P <.00001) (Figure 3).

The funnel plot showed a likelihood of publication bias,
because all the studies were plotted on the right side of the
plot. Duvall and Tweedie’s trim and fill imputed no possibly
missing studies. Egger’s test of the intercept (B0 —0.74;
95% CI, —3.85 to 2.37; t = 0.49; df = 11; Pygika -31)
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TABLE 1. Study and patient characteristics of the included articles
Criteria for
Study Origin Design  Subjects Follow-up  Diagnostic methods RPH Age (y) Male (%)
Yin and colleagues,”* Chinese (with RTS 32 >12 mo ABG, CXR, EKG >30 mm Hg 38 46
1992 German data)
D’ Armini and Italy RTS 33 2y V/Q scan, CT, NR 48 55
colleagues, ol CTPA
2000
Nagaya and colleagues,”™®  Japan NR 34 NR ABG NR 49 38
2002
Zoia and cclleagues‘r‘ Italy PRS a8 2y RHC, PFT, ABG NR 51 50
2002
Ogino and colleagues,” Japan RTS 88 Sy V/Q scan, RHC, NR 52 40
2006 CTPA
Bonderman and Austria RTS 105 12 mo CXR, EKG, PFT, >25 mm Hg 52 47
colleagues, ABG, RHC,
2007 V/Q scan, CT,
CTPA
Condliffe and United Kingdom  RTS 236 3y CTPA, RHC, EKG NR NR NR
colleagues,'”
2008
Ishida and colleagues,””  Japan PRS 23 759 mo RHC NR 54 57
2009
Song and colleagues,’ China RTS 15 >2y V/Q scan, CTPA, NR 42 80
2010 CT, RHC
van der Plas and Netherlands RTS 54 ly CTPA, RHC >25 mm Hg 51 39
colleagues,” 2010
Mayer and colleagues,” Europe PRS 386 RHC, V/Q scan, =25 mm Hg 60 54
2011 CT, CTPA
Freed and colleagues,™ United Kingdom PRS 314 V/Q scan, CTPA >30 mm Hg 55 54
2011
van der Plas and Austria NR 96 >12 mo CTPA, RHC >25 mm Hg NR NR
colleagues,™ 2011
de Perrot and Canada RTS 58 25 mo V/Q scan, EKG, =25 mm Hg 56 43
colleagues, 3E 90k CTPA, RHC
Madani and (:':Jllcagucs‘j United States RTS 1500 60 mo CXR, EKG, >25 mm Hg 51
2012 V/Q scan, RHC,
CT, CTPA
Li and (x)lle.agues"'= 2013  China PRS 26 24 mo EKG, RHC =25 mm Hg 45 85
D’ Armini and Italy RTS 331 49 mo V/Q scan, CT, =25 mm Hg 61 39
colleagues, 2014 CTPA
de Perrot and colleagues,  Canada PRS 120 6 mo V/Q scan, EKG, =25 mm Hg 54 33
20157 CTPA, RHC
Shimura and colleagues,™  Japan RTS 9 NR CT, V/Q scan, (1) mPAP 54 22
2015 CTPA, ABG, 25 mm Hy
PFT, EKG and
(2) PVR >3.75
Wood units
Cannon and colleagues,”  United Kingdom  PRS 880 43y V/Q scan, CTPA >25 mm Hg 57 53
2016
Jujo and collcagucs,"‘ Japan PRS 17 1-2 mo RHC, V/Q scan, NR 64 29
2016 CTPA
(Continued)
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TABLE 1. Continued

Criteria for
Study Origin Design  Subjects Follow-up  Diagnostic methods RPH Age (y) Male (%)
Richter and Germany PRS 37 ly CXR, EKG, PFT, =25 mm Hg and 61 54
colleagues,'' 2016 ABG, RHC, V/IQ PVR =240
scan, CT, CTPA dyn.s/em’
Surie.”’ 2016 Netherlands PRS 55 NR PFT. EKG, V/Q scan, =25 mm Hg 52 a5
CTPA
Nierlich and Ristl,"” Austria RTS 161 NR V/Q scan, CT, RHC, NR NR 61
2016 CTPA, US, PFT
Leung and colleagues, i Canada PRS 38 29 V/Q scan, CT, RHC, =25 mm Hg 54 45
2016 CTPA, US, PFT

RPH, Residual pulmonary hypertension; RTS, retrospective: ARG, arterial blood gas; CXR, chest x-ray: EKG, electrocardiogram; V/Q, ventilation/perfusion; CT, computed
tomography; CTPA, computed tomography pulmonary angiography; NR, not reported; PRS, prospective; RHC, right heart catheterization; PFT, pulmonary function testing;
US, ultrasound. *Song G, Lin Y, Su P-x, Zhai Z-g, Yang Y-h, Wang C. Pulmonary andarterectomy for chronic thromboembolic pulmonary hypertension: preliminary exploration

in China. Chin Med J. 2010:123:979-83.

showed that the publication bias was not statistically signif-
icant (Figure 3).

Pulmonary Vascular Resistance Before and After
Pulmonary Endarterectomy

Nineteen studies reported change in PVR after PEA in
patients with CTPEH. The heterogeneity between these
studies was not statistically significant (chi-square 3.53
[df 9]; I 0%; P = .94). A random effects model showed
that PVR decreased by an average of 560.3 dyn.s/cm” after
PEA (SMD, 1.64; 95% CI, 1.58-1.70). This reduction was
statistically significant (” <.00001) (Figure 4).

The funnel plot showed a likelihood of publication bias,
because all the studies were plotted on the right side of the
plot. Duvall and Tweedie’s trim and fill imputed 8 possibly
missing studies. Egger’s test of the intercept (B0 4.19; 95%
CL —0.001t08.39;t=2.11;df =9; P|_41eq -33) showed that
the publication bias was not statistically significant
(Figure 4).

Six-Minute Walk Distance Before and After
Pulmonary Endarterectomy

Eleven studies reported improvements in 6MWD after
PEA in patients with CTPEH. The heterogeneity between
these studies was not statistically insignificant (chi-square
6.25 [df 6], T 4%: P = 40). A random-effects model
showed that 6MWD increased by an average of 95.7 m after
PEA (SMD = —0.83; 95% CI, —0.91 to —0.76). This
decrease was statistically significant (Figure 5).

The funnel plot showed a likelihood of publication bias,
because all the studies were plotted on the right side of the
plot. Duvall and Tweedie’s trim and fill imputed 2 possibly
missing studies. Egger’s test of the intercept (B0 0.43; 95%
CI,—0.52t0 1.38; t = 1.03; df = 6; P} _raitea - 17) showed that
the publication bias was not statistically significant
(Figure 5).

New York Heart Association/World Health
Organization III to IV Clinical Score Before and
After Pulmonary Endarterectomy

Six studies reported a significant reduction in the number
of patients with New York Heart Association/World Health
Organization (WHO) III to IV clinical scores after PEA in
patients with CTPEH. The heterogeneity between these
studies was statistically significant (chi-square 40.0 [df 5];
= 88%; P < .00001). The DerSimonian and Laird
random effects model indicated that the incidence of pa-
tients associated with New York Heart Association/WHO
II-IV decreased by an average of 41.2 after PEA (95%
CI, 9.2-184.6). This reduction was statistically significant
(P <.00001) (Figure 6). The asymmetry in the funnel plot
in Figure 6 (bottom) indicated a likelihood of publication
bias, because most of the studies were plotted on the left
side of the plot.

DISCUSSION

This study was conducted to estimate the incidence of
RPH after PEA in patients with CTEPH. The methodology
was limited to English language publications to reduce pub-
lication bias, perhaps at the cost of limiting the generaliz-
ability of the findings, despite the meta-analysis including
4686 patients with CTEPH. PEA aims to increase the
PVR, improve the ventilation/perfusion, and alleviate right
ventricular compromise. Although a curative operation for
many, 16.7% to 35% patients experience PH after
PEA.*"* This persistence is mainly due to the failure to
remove distal or chronic thromboemboli or to secondary
vascular pathologies. Our analysis provides a similar
estimate, because 25% of patients had RPH after PEA."”
Condliffe and colleagues'” investigated predictors of out-
comes in CTEPH, reporting that approximately 92% of pa-
tients with associated medical conditions experienced RPH,
whereas only 20% of patients who did not have associated
medical conditions experienced RPH. In addition, RPH was
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TABLE 2. Outcome characteristics of the included studies
NYHA/WHO Time from
mPAP, mm Hg PVR, dyn.s/cm® class E-IV (%) 6MWD, m surgery
Study Pre Post Pre Post Pre Post Pre Post (mo) RPH, (")

Yin and 53412 17+6 1045 +430 194 £ 75 100 43 NR NR NR 3
collcagucs,": 1992

D’ Armini and 50+10 16+£3 1056 +0 182 + 15 NR NR NR NR 24 NR
c:olleagues,:i 2000

Nagaya and e i L | NR NR NR NR NR NR 1 NR
colleagues, ™ 2002

Zoia and 50+12 26 £ 10 1067 £0 335 + 196 NR NR NR NR 3,12,24 NR
calleagues,z'-' 2002

Ogino and NR NR 1024 £ 10 320 =215 97 1 NR NR 36, 60 11
(:‘:)llc:agucs,2H 2006

Bonderman and 49+13 25+12 859 +NR 269 +222 18 NR NR NR 12,24 NR
colleagues, " 2007*

Condliffe and 48+ 11 27 £10 1028 + 120 464 + 215 88 12 275275 380+ 380 12,36 35
colleagues,”” 2008

Ishida and 47412 25+ 10 925+ 142 337 £260 60 14 NR NR 7,59 26
colleague:s.2U 2009

Song and 49+ 16 27+ 11 939+03 317 £ 153 100 0 308 £ 308 446 + 446 12,24 NR
colleagues, f 2010

van der Plas and 43+14 25+8 T69+£NR 430 + 175 NR NR 401 £401 506+ 506 12 32
colleagues," 2010

Mayer and NR NR 750 -5 247 +£ 10 81 NR 366 + 366 458 + 458 12 17
colleagues, " 2011

Freed and 48+12 26 £ 10 BOS5+0 301 +232 NR 269 +269 367+ 367 B 31
colleagues,™ 2011

van der Plas and 4+11 254+7 NR £ NR NR + NR NR NR NR NR 24, 36,48, 60 NR
colleagues,” 20111

de Perrot and 45+ 10 25+5  880+408 320+ 70 80 40 376+ 376 480 + 480 6,23 03
colleagues, 29011

Madani and 46+12 274+9 790 + N/A 274 + 176 90 NR NR NR 60, 120 NR
cnll(:agucs,'i 2012

Li and 55216 32+£15 944 £484 334+78 78 48 NR NR 3, 12,24 &
colleagues, 2013

D’ Armini and A3 B0 - 7 901 +£ 00 273 + 154 87 0 283 +283 395+ 395 312 5
colleagues, ™ 2014

de Perrot and HM+13 25+12 841+4 NR 91 365 £365 430+ 430 20, 60 38
colleagues,” 2015

Shimura and 50+5 34+3 NR NR 100 22 NR NR 6, 12 100
colleagues, " 2015

Cannon and 47+ 11 27+ 10 830 £NR3 317 £239 NR NR 260 +260 353+ 353 3.6, 12 NR
colleagues, 2016

Jujo and 45+ 11 26 £ 10 72542 319+ 170 NR NR NR NR 12 NR
colleagues, ™ 2016

Richter and 434+9 29+8 606220 328 £241 73 22 4054405 453+ 453 12 57
colleagues, 12016

Surie,” 2016 42414 24+ 7 644 +4 NR 87 397 + 397 497 4+ 497 3012 NR

Nierlich and Ristl,” 50413 32+ 10 794+9 303 + 171 NR NR NR NR 2,6 NR

2016
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TABLE 2. Continued
NYHA/WHO Time from
mPAP, mm Hg PVR, dyn.s/em® class HI-IV (%) 6MWD, m surgery
Study Pre Post Pre Post Pre Post Pre Post (mo) RPH, (%4)
Leung and 50+ 14 3247 12094132 500 (11 patients) 97 13 NR NR 6, 24, 36, 48 8

colleagues, 22016

mPAP, Mean pulmonary artery pressure; PVR, pulmonary vascular resistance: NYHA, New York Heart Association; WHO, World Health Organization; 6MWD, 6-minute walk
distance; NR. not reported. *mPAP and PVR values were calculated by merging subgroup data. {Song G. Liu Y, SuP-x, Zhai Z-g. Yang Y-h, Wang C. Pulmonary andarterectomy
for chronic thromboembolic pulmonary hypertension: preliminary exploration in China. Chin Med J. 2010;:123:979-83. {Postsurgery mPAP and PVR values are for 86 patients.

reported in 35% of patients after PEA in a British study.”
The increased morbidity and mortality associated with RPH
were historically a significant problem; however, the overall
perioperative mortality rate decreased from 27% between
1992 and 1995 to 15% between 1996 and 1999 and has
been at 5% since 2004.""

Successful PEA surgery can result in near complete
normalization of pulmonary hemodynamics, with immedi-
ate reductions seen in both mPAP and PVR and increases in
6MWD. The changes in mPAP, PVR, and 6MWD were
quantified using a pooled estimate meta-analysis, mPAP
and PVR of particular note because they are good predictors
of postoperative hospital mortality in patients with
CTEPH."

mPAP was reduced after PEA by approximately 21 mm
Hg (SMD = 1.75; 95% CI, —1.62 to 1.88; P < .00001).

Large-scale studies have shown that a postoperative
mPAP of greater than 46 mm Hg increases the probability
of in-hospital mortality. Thus, an mPAP of 46 to 50 mm
Hg has been considered a cutoff between high- and low-
risk patients."**” Historically, the 3-year survival for pa-
tients with an mPAP of greater than 30 mm Hg was as
low as 10%.'" However, the use of disease-modifying treat-
ments such as bosentan has greatly increased post-PEA sur-
vival, with a 1-year survival of 96% achieved with bosentan
in patients with persistent PH even with an mPAP of 51 mm
Hg_.ls

The average pooled estimate of reduction in PVR after
PEA was 561 dyn.suv’cm5 (SMD = 1.64; 95% CI, 1.58-
1.70), from 883 dyn.:w’cmS presurgery to 309 dyn.:w’cm5
postsurgery. A preoperative PVR greater than 1000 to
1150 dyn.sfc m® increased hospital postoperative mortality,

Study name
Event Lower Upper Relative
rate  limit  limit weight
Yin et al, 1992 0.03 0.00 0.9 2.72
Nagaya et al, 2002 032 0.19 0.50 5.73
Ogino etal, 2006 0.11 0.06 0.20 5.89
Bonderman etal, 2007 0.22 0.15 0.31 6.35
Condliffe etal, 2008 035 029 041 6.69
Ishida et al, 2009 026 012 047 5.15
van der Plas etal, 2010 0.31 0.21 0.45 6.10
Mayer etal, 2011 017 013 021 6.69
Freed etal, 2011 031 026 036 6.73
vanderPlas etal, 2011 031 023 041 6.41
Lietal, 2013 0.08 0.02 0.26 3.81
D'Armini etal., 2014 0.05 0.03 0.07 6.23
Pemotetal, 2015 038 029 046 6.53
Shimura et al, 2015 095 0.53 1.00 1.67
Cannon etal, 2016 0.51 048 054 6.83
Richter etal, 2016 0.57 041 0.72 5.91
Surie, 2016 031 020 044 6.10
Sang etal,, 2016 0.08 0.03 022 4.47

0.25 0.18 0.34

-0.50-0.25 0.00 0.25 0.50
Favours [Pre-op] Favours [Post-op|

FIGURE 2. Forest plot of residual PH after PEA in patients with CTPEH. Pooled event rates are estimated with a random effects model, which shows that

25% (95% CI. 0.18-0.34) of the patients experienced RPH after PEA.
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mPAP (mmHg) Pre-op mPAP (mmHg) Post-op Std. Mean Difference Std. Mean Difference
_StudyorSubgroup _ Mean  SD Total Mean  SD Total Weight IV, Random, 85% Ci IV, Random, 85% CI
Bonderman et al. 2007 493 13.02 105 2546 1247 105 13.0% 1.86 [1.54, 2.19] r
Cannon et al. 2016 47 1 880 27 10 880 0.0% 1.90 [1.79, 2.01)
Condiiffe et al. 2008 48 1" 236 27 10 236 225% 1.99[1.77,222] o
D'Armini et al. 2000 50 10 33 16 3 33 0.0% 4.55 [3.62, 5.49]
D'Armini et al. 2014 45 105 331 23 6.5 331 0.0% 2.52[2.31,272]
de Perrot et al. 2011 45 10 58 25 5 58  0.0% 2.51[2.02,3.00]
Freed et al. 2011 48 12 314 26 10 314 0.0% 1.99[1.80, 2.18]
Ishida et al. 2009 47 12 23 25 10 23 33% 1.96 [1.24, 2.67) r
Jujo et al. 2016 446 1.2 17 26.3 101 17 26% 1.68 [0.88, 2.47] r
Lietal. 2013 547 16 26 3186 146 26 42% 1.49[0.87,2.10]
Madani et al. 2012 458 1.5 1500 27.35 925 1500  0.0% 1.77[1.68, 1.85]
Nagaya et al. 2002 46 2 34 19 1 34 00% 16.88[13.92 19.84]
Nierlich and Ristl, 2016 4972 13.05 161 3172 1027 161 19.3% 1.53[1.28, 1.78] r
Perrot et al. 2015 4428 13.05 120 2545 11.76 120 0.0% 1.51[1.22, 1.80]
Richter et al. 2016 432 8.7 37 289 8.1 37 5.6% 1.68 [1.15, 2.22] r
Sang et al. 2016 499 14.2 38 32 73 38 5.9% 1.57 [1.05, 2.09]
Shimura et al. 2015 4986 504 9 34.25 259 9 00% 3.71[2.06, 5.36]
Song et al. 2010 494 18 15 26.8 105 15 24% 1.62[0.78, 2.47] r
Surie 2016 42 14 55 24 7 55 8.1% 1.61[1.18, 2.05] r
van der Plas et al. 2010 43 14 54 25 8 54  81% 1.57 [1.13, 2.00] r
van der Plas et al. 2011 437 10.9 96 246 72 96  0.0% 2.06 [1.71, 2.41]
Yi1992 53 12 32 17 6 32 0.0% 3.75[2.92, 4.58]
Zoia et al. 2002 50 12 38 26 10 38 49% 2.15[1.58,2.72]
Total (95% CI) 805 805 100.0% 1.75[1.62, 1.88] I

Heterogeneity: Tau? = 0.01; Chi* = 12.80, df = 11 (P = 0.31); I = 14%

Test for overall effect: Z = 25.91 (P < 0.00001) -100 -50 0 50 100

Favours [Pre-op] Favours [Post-op]

o SE(SMD) ;
01t 8
¢
0.2+ d‘
S (0]
0.3
©
041 o
©
o5 ) , ! , SMD,
100 50 0 50 100

FIGURE 3. Forest (top) and funnel (bottom) plot of standardized mean difference in mPAP in patients with CTEPH pre- and post-PEA. Standardized mean
differences are estimated with a random effects model, which shows that mPAP decreased by an average of 21.42 mm Hg after PEA (SMD = 1.75:95% CI.,
1.62-1.88: P <.00001). The funnel plot shows a likelihood of publication bias, as all the studies are plotted on the right side of the plot, although this was not
statistically significant by Egger’s test of the intercept (B, —0.74; 95% CI, —3.85t0 2.37; t = 0.49; df = 1 1; P\_,cq 0.31). mPAP, Mean pulmonary artery
pressure; SD, standard deviation; CJ, confidence interval; SE, standard error; SMD, standardized mean difference.

with a PVR of 645 dyn.s.’cm5 considered a preoperative cut- approximately 400 to 500 dyn.s.’crns. Although preopera-
off between high- and low-risk patients.’ Intervention with  tive high PVR is an important risk factor, postoperative
PEA typically will demonstrate a reduction in PVR of  PVR is more strongly linked to in-hospital mortality.
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-5
PVR (dyn's'cm ") Pre-oj
Mean Sllg 1':3'.!!

—5
PVR (dyn's'cm Post-o
Mean SE) 1Po1.al

Std. Mean Difference Std. Mean Difference

Study or Subgroup Weight IV, Random, 95% CI IV, Random, 95% CI
Bonderman et al. 2007 858.85  397.71 105 269.42 221.63 105 3.0% 1.82 [1.50, 2.15] "
Cannon et al. 2016 830 382 880 37 239 880 26.9% 1.61[1.50,1.72] o
Condliffe et al. 2008 1,028 421 236 464 215 236 7.0% 1.68[1.47,1.89]
D'Armini et al. 2000 1,056 344 a3 182 15 33 00% B74.00[756.52, 991.48)
D'Armini et al. 2014 901 3645 33 273 1535 331 0.0% 628.00 [585.39, 670.61)]
de Perrot et al. 2011 880 440 58 320 70 58 1.7% 1.77[1.33,2.20)
Freed etal. 2011 B80S 365 314 301 232 314 95% 1.65[1.48, 1.83]
Ishida et al. 2009 925 342 23 337 260 23  06% 1.90[1.20, 2.61]
Jujo et al. 2016 725 307 17 319 170 17 05% 1.60 [0.81, 2.38]
Lietal 2013 944 232 26 334 78 26 0.0% 610.00[515.92, 704.08]
Madani et al. 2012 7901 414.7 1500 2741 176.4 1500 45.7% 1.62[1.54,1.70] o
Mayer et al. 2011 750.25 36.1 386 247.25 9.53 386  0.0% 503.00 [499.28, 506.72]
Nierlich and Ristl, 2016 793.67  359.12 161 302.66 170.95 161 4.7% 1.74 [1.48, 2.00]
Ogino et al. 2006 1,024 400 88 320 215 88  0.0% 704.00 [609.12, 798.88]
Richter et al. 2016 605.5 228.7 a 3281 2414 37 0.0% 277.40[170.25, 384.55]
Song et al. 2010 9387 4641 15 3168 1533 15 04% 1.75[0.89, 2.61]
van der Plas et al. 2010 769 425 54 430 175 54  00% 339.00[216.41, 461.50)
Yi 1992 1,045 430 32 194 75 32 0.0% 851.00[699.77, 1002.23]
Zoia et al. 2002 1,087 378 38 338 196 38 0.0% 732.00[596.62, 867.38]
Total (95% CI) 3309 3309 100.0% 1.64 [1.58, 1.70]
Heterogeneity: Tau? = 0.00; Chi* = 3.53, df = 9 (P = 0.94); I = 0% F + + d
-100 -50 50 100
Test for overall effect: Z = 57.66 (P < 0.00001) Favours [Pre-op] Favours [Post-op]
SE(SMD)
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FIGUREA4. Forest (top) and funnel (botrom) plot of standardized mean difference of PVR in patients with CTEPH pre- and post-PEA. Raw differences in
means are estimated with a random effects model, which shows that PVR reduced by an average of 560.3 dyn. slem® after PEA (SMD = 1.64: 95% CI, 1.58-
1.70; P < .00001). The funnel plot shows a likelihood of publication bias, as all the studies are plotted on the right side of the plot, although this was not
statistically significant by Egger’s test of the intercept (B 4.19: 95% CI, —0.00 to 8.39; t = 2.11:df = 9; Py_41.4 0.33). PVR, Pulmonary vascular resistance;
SD, standard deviation; C/, confidence interval; SE, standard error; SMD, standardized mean difference.

Mortality rates were reported as 4% for patients with PVR
less than 900 dyn.s/cm”, 10% for patients with a PVR be-
tween 900 and 1200 dyn.s/cm”, and 20% for patients with
a PVR greater than 1200 dyn.s/cm’.'? Our meta-analysis
suggests that PEA drastically reduces the PVR. The reduc-
tion in PEA may increase the survival of patients.

The 6MWD is a useful test to assess functional outcome
after PEA and is reported to correlate with the

The Journal of Thoracic and Cardiovascular Surgery » Volume 156, Number 3

hemodynamic severity of the disease.” The pooled average
increase in 6MWD was 96 m, from 337 m presurgery (o
433 m after surgery.

Until recently, there were no approved treatments for
inoperable CTEPH or for patients with persistent PH.
Instead, PAH-specific pharmacologic agents were used
off-label. These drugs demonstrated variable clinical effi-
cacy and included inhaled iloprost, epoprostenol,
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Pre-op 6MWD (m) Post-op 6MWD (m) Std. Mean Difference Std. Mean Difference

Study or Subgroup Mean SD_Total Mean SD_ Total Weight IV, Random, 95% CI IV, Random, 95% ClI

Cannon et al. 2016 260 126 880 353 118 880 51.7% -0.76 [-0.86, -0.66] il

Condliffe et al, 2008 275 125 236 380 103 236 155% -0.92[-1.11,-0.73]

D'Armini et al. 2014 283 18 331 3945 1125 33 0.0% -0.98[-1.14, -0.82]

de Perrot et al. 2011 376 107 58 4795 1015 58 39% -0.99(-1.37, -0.60]

Freed et al. 2011 269 119 314 367 108 314 205% -0.86[-1.02, -0.70]

Mayer et al. 2011 36575 17.04 386 45775 952 386 0.0% -6.66 [-7.02, -6.30]

Perrot et al. 2015 36547 12841 120 42963 12494 120 0.0% -0.50 [-0.76, -0.25]

Richter et al. 2016 404.7 1484 37 4534 1268 37 00% -0.35[-0.81,0.11]

Song etal. 2010 308 96 15 446 87 15 09%  -147[-2.28, -0.65] |

Surie 2016 397 120 55 497 100 55 3.8% -0.90[-1.29, -0.51]

van der Plas et al. 2010 401 120 54 506 28 54 37% -0.95 [-1.35, -0.55]

Total (95% CI) 1612 1612 100.0% =0.83 [-0.91, -0.76]

Heterogeneity: Tau? = 0.00; Chi* = 6.25, df = 6 (P = 0.40); > = 4% oo e 3 = 00

Test for overall effect: Z = 21.24 (P < 0.00001)

_ SE(SMD)
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FIGURE 5. Forest (top) and funnel (botrom) plot of mean difference in 6SMWD in patients with CTEPH in pre- and post-PEA. Raw difference in means is
estimated with a random effects model, which shows that 6SMWD increased by an average of 95.7 m after PEA (SMD = —0.83; 95% CI, —0.91 to —(.76;
P <.00001). The funnel plot shows a likelihood of publication bias, as all the studies are plotted on the right side of the plot, although this was not statistically
significant by Egger’s test of the intercept (B0 0.43; 95% CI, —0.52 to 1.38; t = 1.03; df = 6; Pl-tailed 0.17). 6MWD, 6-minute walk distance; SD, standard
deviation; CI, confidence interval; SE, standard error; SMD, standardized mean difference.

treprostinil, sildenafil, and bosentan.”""" Recently,

riociguat, a soluble guanylate cyclase stimulator, was
approved by the US Food and Drug Administration for
the treatment of RPH and inoperable CTEPH. Riociguat
improves a range of hemodynamic parameters in both
inoperable patients and patients post-PEA surgery with
persistent PH, as supported by findings from recent clinical
trials.”' " Riociguat provides a similar benefit to PEA in
inoperable patients with CTEPH by improving PVR but
not 6MWD. " Although a promising therapy,
riocignat does not remove the obstructive lesions, and its
clinical benefit has not been ascertained in asymptomatic
patients with RPH.”" As such, balloon pulmonary angio-
plasty represents an additional treatment option that uses

telescoping catheters, wires, and balloons to mechanically
disturb chronic clot material. The efficacy of riociguat
versus balloon pulmonary angioplasty as a therapy for non-
operable CTEPH has not been reported; however, a clinical
trial investigating precisely this is currently under way
(Clinicaltrial.gov NCT02634203). Although balloon pul-
monary angioplasty seems to improve pulmonary hemody-
namics in inoperable, symptomatic patients with CTEPH,
further randomized controlled trials are needed to ascertain
its clinical benefit.”* There is currently no guideline on the
optimal medical management of patients with CTEPH un-
dergoing PEA to treat persistent PH.™” If completed, the re-
sults from this study will aid in the correct management of
patients with persistent PH and inoperable CTEPH.

1284 The Journal of Thoracic and Cardiovascular Surgery - September 2018



Hsieh et al

Thoracic: Pulmonary Embolus

S tudy name
Event Lower Upper Relative
rate  limit  limit weight
Bonderman et al, 2007 0.03 0.00 0.19 13.1
Condliffe et al, 2008 032 019 0.50 234
D'Armini et al., 2014 011  0.06 0.20 (g 23.8
Madani et al.,, 2012 022 015 031 133
Mayer et al, 201 035 029 04 O 13.3
Perrot et al, 2015 025 018 034 132
-0.50-0.25 0.00 0.25 0.50
Favours [Pre-op] Favours [Post-op]
Heterogeneity: Tau®= 2,39, Chi*= 40,00, df= 5 (P < 0.00001); F= 88%
Testfor overall effect. Z= 4.86 (P = 0.00001)
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FIGURE 6. Forest (rop) and funnel (botron) plot of New York Heart Association/WHO II-IV clinical scores in patients with CTEPH pre- and post-PEA.
Pooled event rates are estimated with a random effects model, which shows that the incidence of patients associated with New York Heart Association/WHO
HI-1V decreased by an average of 41.2 after PEA (95% CI, 9.2-184.6; P < .00001). The asymmetry in the funnel plot indicates a likelihood of publication
bias, as most of the studies were plotted on the left side of the plot. SE, Standard error.

Recent findings demonstrate the effectiveness of novel
pharmacologic treatments, including macitentan™™ and
subcutancous treprostinil,”’ in inoperable patients with
CTEPH and patients with RPH in addition to PEA. Of
note, a large randomized placebo-controlled clinical trial
(‘“MERIT-1""") performed from 2014 to 2016 demon-
strated that the use of macitentan led to a significant
improvement in PVR in patients with inoperable CTEPH
(n = 80).

Lang and colleagues’® analyzed clinical outcomes from
long-term subcutaneous therapy using treprostinil and
found that it improved exercise capacity, hemodynamics,
and symptoms in patients with inoperable CTEPH
(n = 23), as well as contributing to increasing their long-
term survival.”’ Skoro-Sajer and colleagues’’ confirmed
these findings in patients with severe inoperable CTEPH

The Journal of Thoracic and Cardiovascular Surgery - Volume 156, Number 3

(n = 56). Short-term venoarterial extracorporeal membrane
oxygenation has been suggested as an additional strategy
for the treatment of hemorrhage during PEA.”* "

One of the largest studies included in this article provided
a detailed analysis of long-term follow-up in 198 patients
with CTEPH who survived PEA."” Data from this study
provided a clear picture of outcomes after PEA. Of the
81% who survived PEA, 35% were diagnosed with persis-
tent PH. These patients had a significantly higher mPAP
(50.5 = 94 mm Hg vs 46.5 + 10.4 mm Hg) and PVR
(1144 + 475 dyn.s/fem® vs 934 + 344 dyn.s/cm’) scores
compared with those showing recovery. The 1-year (98%
vs 99%) and 3-year (94% vs 93%) survivals were compa-
rable between recovered and persistent PH groups. Patients
with persistent PH also showed improvements in terms of
the proportion of WHO class I or II subjects, which
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increased from 4% at baseline to 82% at 3 months postsur-
gery. However, the proportion of patients receiving
disease-modifying agents increased from 8% at 3 months
to 18% at 2 years after surgery.

Study Limitations

The main limitation of this study lies in having assessed
only findings from nonrandomized trials because of the lack
of relevant data reported in the literature. Other limitations,
as discussed in the Materials and Methods section, included
the exclusion of gray literature and non-English studies,
which might have led to discarding potentially relevant
data and that, therefore, might have reduced the heterogene-
ity in the results. Moreover, the lack of a standardized defi-
nition of residual PH further contributes to impair the
generalizability of the results. However, the results obtained
in this study could be useful to help treat patients with resid-
ual PH if assessed similarly to the centers from the studies
included in this meta-analysis.

Our analysis shows that a quarter of patients with CTEPH
experience persistent PH after PEA. However, PEA pro-
vides drastic improvements in hemodynamic and exercise
function (Video 1). The literature shows that, despite the
high persistence of PH, PEA remains the best available op-
tion in patients with CTEPH.

CONCLUSIONS

Outcomes for patients with CTEPH have greatly
improved over the last 20 years. PEA is still the treatment
of choice in terms of both survival and functional improve-
ments; however, patients with persistent PH after PEA are
now also reported to have a good prognosis. In the current
meta-analysis, RPH was reported in 25% of patients with
CTEPH post-PEA surgery. In addition, PEA was seen to
significantly reduce hemodynamic parameters and improve

1286

the functional outcome as measured by an increase in
6MWD. Accurate diagnosis and assessment by experienced
surgical staff are vital for the management of this disorder.
For patients ineligible for surgery or with significant post-
PEA RPH. riociguat and balloon pulmonary angioplasty
represent viable therapeutic alternatives for symptomatic
patients with RPH.

Conlflict of Interest Statement
Authors have nothing to disclose with regard to commercial
support.

References

1. Fedullo PF, Auger WR, Kerr KM, Rubin LJ. Chronic thromboembolic pulmo-
5:1465-
ver BC, Ogo T, Matsubara H, Kurzyna M, Ghofrani HA,

2. Lang I, M 1. Balloon
pulmonary angioplasty in chronic thromboembolic pulmonary hypertension. Eur
Respir Rev. 2017:26.

3. May enkins D, Lindner I, D’ Amini A, Kloek J, Meyns B, et al. Surgical

management and outcome of patients with chronic thromboembolic pulmonary
hy pertension: results from an international prospective registry. J Thorac Cardi-
ovasc Surg. 2011;141:702-10.

=

SC, Noordegraaf AV, Delcroix M, Pruszczyk P,
ronic thromboemb

Mairuhu AT,
er acute pulmonary
ki tr Respir J. 2017;49.

5. Pepke-Zaba J, Delcroix M, Lang I, Mayer E, Jansa P, Ambroz D, et al. Chronic
on (CTEPH) clinical perspective: results
I.

ic mecha-

pulmonary hy

mbolism: a contemporary view of the published liter-

thromboembolic pulmenary hy pert

from an international prospective registry. Circulation. 2011;124:1973-8
. Lang IM, Pesavento R, Bonderman D, Yuan XZ. Risk factors and b:
nisms of chronic thromboembolic pulmonary hypertension: a current under-
standing. Eur Respir J. 2013:41:462-8.
Mehta S, Helmersen D, Provencher S, Hirani N, Rubens FD, De Perrot M, et al.
Diagnostic evaluation and mar ent of chronic thromboembolic pulmonary
hypertension: a clinical practice guideline. Can Respir 1. 2010; 01-34.
& N, Humbert M, Vachiery JL, Gibbs S, Lang I, Torbicki A, et al. 2015 ESC/
uidelines for the diagnosis and treatment of pulmonary hypertension: the

=

=~

joint task force for the diagnosis and treatment of pulmonary hypertension of

liclogy (ES
(ERS): endorsed by: Association for European Paediatric and Congenital Cardi-
ology (AEPC), International Society for Heart and Lung Transplantation
(ISHLT). Eur Heart J. 2015:37:67-119.

. Riedel M. Stanek V, Widimsky J, Prerovsky I. Long-term follow-up of patients
with pulmonary thromboembolism: late prognosis and evolution of hemody-
namic and respiratory data. Chesr. 1982;81:151-8.

10. Lewczuk J. Piszko P, Jagas I, Porada A, Sobkowicz B, Wrabec K, et al. Prog-
nostic factors in medically treated patients with chronic pulmonary embolism.
Chesi. 2001;119:818-23.

11. McNeil K, Dunning I. Chronic thromboembolic pulmonary hypertension

PH). Heart. 2007:93:1152-8.

le P, Fadel E, Mussot S, Chapelier A, Herve P. De Perrot M, ¢

Chronic thromboembolic pulmonary hypertension. Eur Respir J. 200:

the European Society of and the European Respiratory Society

=

cal and post-operative treatment of chronic thromboembolic pul-
monary hy sion. Eur Respir Rev. 2010;19:64-7.

14, Ozsu 8, Cinarka H. Chroni
treatment. Pulm Cire. 2013;3

> thromboembolic pulmenary hypertension: medical

/, Sakakibara N, Kerr KM, Kim NH, et 1
€ > Institution’s expy

7 4:97-103.

r P, Channick RN, Knowlton KU, Ben-Yehuda O, SH, et al

partitioning of pulmonary vascular resistance comelates with early

% in a sin|

of more
. Kim NH, F
Preopemative

=

outcome after thromboendarterectomy for chronic thromboembolic pulmonary
hypertension. Circularion. 2004;109:18-22,
17. Thistlethwaite PA, Kemp A, Du L, Madani MM, Jamieson SW. Outcomes of pul-
monary endal
hypertension. J Thorac Cardiovasc Surg. 2006:131:307-13.

omy for treatment of extreme thromboembolic pulmonary

The Journal of Thoracic and Cardiovascular Surgery - September 2018



Hsieh et al

Thoracic: Pulmonary Embolus

e

2

21

=

23.

24.

25.

26.

27.

2

2

¥

31

3

3.

34,

3

3

>

3

3

3

=

]

o,

©

=

3

o

ta

=

e

=

. Bonderman D, Skoro-Sajer N, Jakowitsch J, Adlbrecht C, Dunkler D, Taghavi S,

et al. Predictors of outcome in chronic thromboembolic pulmonary hypertension.
Circulation. 2007;115:2153-8.

. Condliffe R, Kiely DG, Gibbs JS, Corris PA, Peacock Al, Jenkins DP,

et al. Improved outcomes in medically and surgically treated chronic
thromboembolic pulmonary hypertension. Am J Respir Crit Care Med.
2008:;177:1122-7.

Freed DH, Thomson BM, Berman M, Tsui S8, Dunning J, Sheares KK, etal. Sur-
vival after pulmonary thromboendanerectomy: etfect of residual pulmonary hy-
penension. J Thorac Cardiovase Surg. 2011;141:383-7.

Moser KM, Braunwald NS. Successful surgical intervention in severe chronic
thromboembolic pulmonary hypertension. Chest. 1973:64:29-35,

Hedges LV. Distribution theory for Glass's estimator of effect size and related es-
timators. J Educ Star. 1981;6:107-28.

DerSimonian R, Laird N. Meta-analysis in clinical trials. Control Clin Trials.
1986;7:177-88.

Yin B, Iversen S, Oelert H. Pulmonary thromboendarterectomy for chronic
thromboembolic pulmonary hypertension: the experience of the University Hos-
pital of Mainz. Chin Circ J. 1992;7:312-4.

D’ Armini AM, Cattadori B, Monter C, Klersy C, Emmi V, Piovella F, et al.
Pulmonary thromboendarterectomy in patients with chronic thromboembolic
pulmonary hypertension: hemodynamic characteristics and changes. Eur J Car-
diothorac Surg. 2000;18:696-702.

Nagaya N, Ando M, Oya H, Ohkita Y, Kyotani S, Sakamaki F, et al. Plasma brain
natriuretic peptide as a noninvasive marker for efficacy of pulmonary thromboen-
darterectomy. Ann Thorac Surg. 2002:74:180-4.

Zoia MC, D’ammini AM, Beccaria M, Corsico A, Fulgoni P, Klersy C, et al. Mid
term effects of pulmonary thromboendarterectomy on clinical and cardiopulmo-
nary function status. Thorax. 2002;57:608-12.

Ogino H, Ando M, Matsuda H, Minatoya K, Sasaki H. Nakani .etal. Japa-
nese single-center experience of surgery for chronic thromboembolic pulmonary
hypertension. Amn Thorac Surg. 2006;82:630-6.

Ishida K, Masuda M, Tanaka H, Imamaki M, Katsumata M, Maruyama T, et al.
Mid-term results of surgery for chronic thromboembolic pulmonary hyperten-
sion. Interact Cardiovase Thorac Surg. 2009;9:626-9.

Gu 8, Liu Y, Su PX, Zhai ZG, Yang YH, Wang C. Pulmonary endarterectomy for
chronic thromboembolic pulmonary hypertension: preliminary exploration in
China. Chin Med J. 201(0;123:979-83,

van der Plas MN, Reesink HJ, Roos CM, van Steenwijk RP, Kloek JI, Bresser P.
Pulmonary endarterectomy improves dyspnea by the relief of dead space venti-
lation. Ann Thorae Surg. 2010:89:347-52.

de Perrot M, McRae K, Shargall Y, Pletsch L, Tan K, Slinger P, et al. Pulmonary
endarterectomy for chronic thromboembolic pulmonary hypertension: the Tor-
onto experience. Can J Cardiol. 2011:27:692-7.

van der Plas MN, Surie S, Reesink HJ, van Steenwijk RP, Kloek I, Bresser P.
Longitudinal follow-up of six-minute walk distance after pul monary endarterec-
tomy. Ann Thorac Surg. 201 1:91:1094-9,

Li YD, Zhai ZG, Wu YF, Yang YH, Gu 8, Liu Y, et al. Improvement of right ven-
tricular dysfunction after pulmonary endarterectomy in patients with chronic
thromboembolic pulmonary hy pertension: utility of echocardiography to demon-
strate restoration of the right ventricle during 2-year follow-up. Tiwomb Res.
2013;131:e196-201.

D’ Armini AM, Morsolini M, Mattiucci G, Grazioli V. Pin M, Valentini A, et al.
Pulmonary endarterectomy for distal chronic thromboembolic pulmonary hyper-
tension. J Thorac Cardiovasc Surg. 2014;148:1005-12.

. Jujo T, Sakao S, Ishibashi-Ueda H, Ishida K, Naito A, Sugiura T, etal. Evaluation of

the microcirculation in chronic thromboembolic pulmonary hypertension patients:
the impact of pulmonary arterial remodeling on postoperative and follow-up pulmo-
nary arterial pressure and vascular resistance. PLoS One. 2015;10:e0133167.

de Perrot M, Thenganatt J, McRae K., Moric I, Mercier O, Pierre A, et al. Pulmo-
nary endarterectomy in severe chronic thromboembolic pulmonary hypertension.
J Heart Lung Transplani. 2015;34:369-75.

Shimura N, Kataoka M. Inami T, Yanagisawa R, Ishiguro H, Kawakami T, et al.
Additional percutaneous transluminal pulmonary angioplasty for residual or
recurrent pulmonary hypertension after pulmonary endarterectomy. Inr J Car-
diol. 2015:183:138-42.

Cannon JE, Su L, Kiely DG, Page K. Toshner M, Swietlik E, et al. Dy-
namic risk stratification of patient long-term outcome after pulmonary end-
arterectomy: results from the UK National Cohort. Circulation. 2016;133:
1761-71.

The Journal of Thoracic and Cardiovascular Surgery - Volume 156, Number 3

4

42.

4

45,

47.

4

49.

)

=

5

5

a7

5

=

L

o

£

L

o

. Nierlich P; Ristl R. Perioperative extracorporeal membrane oxygenation bridging
in patients undergoing pulmonary endarterectomy. Interact Cardiovase Thorac
Surg. 2015;22:181-7.

Richter MJ, Milger K, Tello K, Stille P, Seeger W, Mayer E, et al. Hean rate
response during 6-minute walking testing predicts outcome in operable chronic
thromboembuolic pulmonary hy pertension. BMC Pulm Med. 2016;16:96.

Leung Wai Sang S, Morin JF, Hirsch A. Operative and functional outcome after
pulmonary endarterectomy for advanced thromboembolic pulmonary hyperten-
sion. J Card Surg. 2016;31:3-8.

Surie S. Idemificarion of High-Risk Patienis and Outcome in Chronic Throm-
boembolic Pulmonary Hypertension. Amsterdam: University of Amsterdam;
2016.

. Jamieson SW, Kapelanski DP, Sakakibara N, Manecke GR, Thistlethwaite PA,
Kerr KM, et al. Pulmonary endarterectomy: experience and lessons learned in
1,500 cases. Ann Thorac Surg. 2003:76:1457-64.

Freed DH, Thomson BM, Berman M, Tsui SS, Dunning J, Sheares KK, et al.
Survival after pulmonary thromboendarterectomy: effect of residual pulmonary
hypertension. J Therac Cardiovasc Surg. 2011;141:383-7.

Saouti N, Morshuis WJ, Heijmen RH, Snijder RJ. Long-term outcome after pul-
monary endarterectomy for chronic thromboembolic pulmonary hypertension: a
single institution experience. Eur J Cardiothorac Surg. 2009;35:947-52,

Hartz RS, Byrne JG, Levitsky S, Park I, Rich S. Predictors of mortality in pulmo-
nary thromboendarterectomy. Ann Thorac Surg. 1996:62:1255-60.

Hughes RJ, Jais X, Bonderman D, Suntharalingam J, Humbert M, Lang L et al.
The efficacy of bosentan in inoperable chronic thromboembolic pulmonary hy-
pertension: a l-year follow-up study. Eur Respir J. 2006;28:13843.

Jais X, D" Armini AM, Jansa P, Torbicki A, Delcroix M, Ghofrani HA, et al. Bo-
sentan for treatment of inoperable chrenic thromboembolic pulmenary hyperten-
sion: BENEFIT (Bosentan Effects in iNopErable Forms of chronlc
Thromboembolic pulmonary hypertension), a randomized, placebo-controlled
trial. J Am Coll Cardiol. 2008; 127-34.

Kim NH, D'armini AM, Grimminger F, Griinig E, Hoeper MM, Jansa P, et al.
Haemodynamic effects of riociguat in inoperable/recurrent chronic thromboem-
bolic pulmonary hypertension. Hearr. 2017;103:599-606.

. Ghofrani HA, D’ Amini AM, Grimminger F, Hoeper MM, Jansa P. Kim NH,
et al. Riociguat for the treatment of chronic thromboembolic pulmonary hyper-
tension. N Engl J Med. 2013;369:319-29,

Jenkins D, Madani M, Fadel E, D’ Armini AM, Mayer E. Pulmonary endarterec-
tomy in the management of chronic thromboembolic pulmonary hypertension.
Eur Respir Rev. 2017:26:160111.

Yandrapalli S, Tariq S, Kumar J, Aronow WS, Malekan R, Frishman WH, et al.
Chronic thromboembolic pulmonary hypertension: epidemiology, diagnosis, and
management. Cardiol Rev. 201826
Ghofrani HA, Simonneau G, D Armini AM, Fedullo P, Howard LS, Jais X, et al.
Macitentan for the treatment of inoperable chronic thromboembolic pulmonary
hypertension (MERIT-1): results from the multicentre, phase 2, randomised,
double-blind. placebo-controlled study. Lancer Respir Med. 2017:5:785-94.

. Torbicki A. Macitentan for treatment of CTEPH: why MERIT merits attention.
Lancer Respir Med. 201T:5:762-3.

Lang I, Gomez-Sanchez M, Kneussl M, Naeije R, Escribano P, Skoro-Sajer N,
et al. Efficacy of long-term subcutaneous treprostinil sodium therapy in pulmo-
nary hypertension. Chest. 2006;129:1636-43.

Skoro-Sajer N, Bonderman D, Wiesbauer F, Harja E, Jakowitsch J, Klepetko W,
et al. Treprostinil for severe inoperable chronic thromboeembolic pulmonary hy-
pertension. J Thromb Haemost. 2007;5:483-9.

Joyce DL. Is the venoarterial extracorporeal membrane oxygenation circuit your
frenemy? J Therac Cardiovasc Surg. 2018:155:641-2.

Cevasco M, Takayama H. Extracorporeal membrane oxygenation: A bleeding
patient’s best friend? J Thorac Cardiovase Surg. 2018;155:651-2.

Guth S, Wiedenroth CB. Wollenschlager M, Richter M, Ghofrani HA, Arlt M,
et al. Short-term venoarterial extracorporeal membrane oxygenation for massive
endobronchial hemorrhage after pulmonary endarterectomy. J Thorac Cardio-
vase Surg. 2018;155:643-9.

Key Words: chronic thromboembolic pulmonary hyperten-
sion, mean pulmonary artery pressure, pulmonary endarter-
ectomy, pulmonary thromboendarterectomy, pulmonary
vascular resistance

1287




pfehledné referaty 353

Chirurgicka lécba chronické tromboembolicke
plicni hypertenze

Matus Niznansky', David Ambroz?, Tomas Prskavec', Pavel Jansa?, Jaroslav Lindner’

Il chirurgickd klinika kardiovaskuldrni chirurgie 1. LF UK a VFN v Praze
“Il. interni klinika — klinika kardiologie a angiologie 1. LF UK a VFN v Praze

Souhrn

Chronicka tromboembolické plicni hypertenze (CTEPH) je onemocnéni charakterizované vzestupem stfedniho
tlaku v plicnim fecisti = 25 mm Hg na podkladé intraluminalné organizovanych trombd, sten6z a uzaveért jednot-
livych vétvi plicnice a periferni cévni remodelace. Jedna se o chronickou komplikaci akutni plicni embolie. Dlsled-
kem obstrukce plicnice je vzestup plicni cévni rezistence (Pulmonary Vascular Resistance — PVR) vedouci k zatizeni
pravé komory srdeni a k pravostrannému srdec¢nimu selhani. Metodou volby v 1é¢hé pacientl s CTEPH je chirur-
gicka endarterektomie plicnice (PEA), vykon provadény v hluboké hypotermii, v cirkula¢ni zéstavé. Jedinym cen-
trem specializujicim se na chirurgickou Ié¢bu pacient(i s CTEPH v CR je Kardiocentrum VFN a 1. LF UK v Praze, na
némz bylo v letech 2004-2017 operovéno 314 pacient( (v¢etné 50 pacient( ze Slovenské republiky, kde tato lé¢ba
dostupna neni). Pacienti s perifernim typem postizeni, u nichZ nalez neni operabilni, a zaroven pacienti po PEA s re-
zidualIni plicni hypertenzi, jsou indikovani ke specifické vazodilatacni terapii. V indikovanych pripadech se v |écbé
pacientl uplatiuje také balonkova angioplastika a transplantace plic.

Klicova slova: balonkova plicni angioplastika - chirurgicka technika - chronicka tromboembolicka plicni hyper-
tenze - moznosti lé¢by - plicni endarterektomie - riociguat

Surgical treatment of chronic thromboembolic pulmonary hypertension

Summary

Chronic thromboembolic pulmonary hypertension (CTEPH) is a disease characterized by a mean pulmonary artery
pressure that exceeds 25 mm Hg and is caused by intraluminal thrombi organisation, stenosis and occlusions of
pulmonary artery and its branches and peripheral vascular remodelation. It is a chronic complication of acute pul-
monary embolism. The obstruction of pulmonary artery branches increases pulmonary vascular resistance (PVR)
and this leads to the right ventricular overload and right-sided heart failure. The treatment of choice is surgical pul-
monary endarterectomy (PEA), a procedure that is performed in deep hypothermic cardiac arrest. The only center
that specializes into the surgical treatment of patients with CTEPH in the Czech Republic is the Complex Cardiovas-
cular Centre at the General Teaching Hospital in Prague. Between years 2004-2017 there were 314 patients opera-
ted (including 50 patients from Slovakia, where this treatment is not available). Patients with peripheral type of
CTEPH, who are not indicated for operation and also patients with residual pulmonary hypertension after PEA can
be indicated for specific vasodilatation therapy. In indicated cases the treatment may involve the balloon angio-
plasty or lung transplantation.

Key words: balloon angioplasty — chronic thromboembolic pulmonary hypertension - pulmonary endarterec-
tomy - riociguat - surgical technique - treatment options

Uvod rapie nevede ke kompletnimu rozpusténi trombotic-

Chronicka tromboembolicka plicni hypertenze (Chro-
nic Thromboembolic Pulmonary Hypertension - CTEPH)
je onemocnéni charakterizované vzestupem stfed-
niho tlaku v plicnim fecisti = 25 mm Hg a je tieti nej-
o chronickou komplikaci akutni plicni embolie u paci-
entd, u kterych trombolytickd anebo antikoagulacni te-

kych hmot a dochézi k jejich intraluminalni organizaci
s naslednym vznikem stendéz a uzavérl jednotlivych
vétvi plicnice. Zaroven dochazi k periferni cévni remo-
delaci a oba tyto mechanizmy vedou k vzestupu plicni
vaskularni rezistence. Metodou volby v 1é¢bé pacientt
s CTEPH je chirurgickd endarterektomie plicnice (Pul-
monary EndArterectomy — PEA). Dllezitym kritériem
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pro indikaci k PEA je lokalizace obstrukce plicniho fe-
¢isté. Zatimco proximalné lokalizované stendzy a uza-
véry jsou chirurgické lécbé pristupné a pomoci PEA
tedy dobre fesitelné, periferné lokalizované léze (dis-
talné od subsegmentarnich vétvi) chirurgicky pristupné
nejsou a pacienti s timto nalezem jsou proto povazovani
za technicky inoperabilni.

Patofyziologie, epidemiologie

Patofyziologie CTEPH souvisi s akutni plicni embolii,
tento vztah nicméné zatim nebyl zcela objasnén. Ab-
sence rozpusténi embolizovanych trombotickych hmot,
ke kterému jinak dochézi u vétsiny pacient(i po plicni
embolii, neni totiz jedinym vysvétlenim vzniku onemoc-
néni. Anamnéza plicni embolie neni pfitomna u vice
nez 20 % nemocnych s CTEPH [1]. Teorie opakovanych
embolizaci do plic rovnéz nejsou spolehlivym vysvétle-
nim vzniku CTEPH, jelikoz za recidivy plicni embolie jsou
¢asto mylné povazovany epizody dudnosti, coz je vét-
Sinou v rozporu se staciondrnim nalezem na plicni per-
fuzni scintigrafii.

Je tedy zfejmé, Ze v patofyziologii vzniku CTEPH se
musi kromé emboliza¢niho mechanizmu uplathovat
i mechanizmus neembolizacni, a to je rozvoj remode-
la¢nich zmén v oblasti zejména malych plicnich cév.
Akutni plicni embolie zde figuruje ziejmé jako inicia-
tor kaskady dalsich déjd, u kterych se uplatnuji lokalni
zanét, sekundarni in situ trombdza, ¢i geneticka dispo-
zice. U pacientli s CTEPH je zndmy vys3si vyskyt proko-
agulacnich stavdl (napf. vyssi hladina antifosfolipidovych
protilatek, pfitomnost lupus antikoagulans).

354 | Nizfiansky M et al. Chirurgicka lécba chronické tromboembolické plicni hypertenze

Incidence CTEPH neni pfesné znama, a to z davodu
jizzminéného nejasného vztahu s akutni plicni embolii.
Uvadi se, ze CTEPH se rozviji u 2-4 % pacientu po pro-
délané embolizaci do plic [2].

CTEPH je 3. nejcastéjsi pficinou chronické plicni hyper-
tenze a v klasifikaci plicni hypertenze se fadi do 4. sku-
piny (4.1), do niZ jsou zahrnuty i dalsi pfic¢iny obstrukce
plicnich cév (4.2.1 angiosarkom, 4.2.2 jiné intravaskularni
tumory, 4.2.3 arteriitidy, 4.2.4 vrozené stendzy plicnice,
4.2.5 parazitarni onemocnéni — hydatidéza) [1,3].

Klinicky obraz

Pfiznaky CTEPH se u pacient( po prodélané akutni plicni
embolii typicky zacinaji projevovat po bezpfiznakovém
obdobi, které muze trvat mésice aZ roky. U pacient(i bez
anamnézy plicni embolie jsou to pravé tyto pfiznaky,
které by mély vést k podezieni na onemocnéni a k dovy-
Setfeni. Symptomatologie pacientdl s CTEPH je identicka
jako u jinych forem chronické plicni hypertenze a zahr-
nuje zejména progredujici namahovou dudnost, tunavu,
presynkopy az synkopy, shizenou fyzickou vykonnost.
Mohou se objevit i bolesti na hrudi. V pokrodilém stadiu
onemocnéni dochézi k otokiim dolnich koncetin, zvy-
sené naplni krénich Zil a k cyanoze.

Diagnostika

Zakladni vysetiovaci metodou vedouci k podezieni na
CTEPH je echokardiografické vysetfeni, které prokaze
zndmky plicni hypertenze. Echokardiografie by méla
byt provedena u viech pacient(l na konci hospitalizace
pro akutni plicni embolii. P¥i prikazu plicni hypertenze

Obr. 1. Ventilacni a perfuzni scintigrafie plic u nemocného s chronickou tromboembolickou plicni hypertenzi
zobrazujici éetné defekty v pfitomnosti radiofarmaka na perfuznich scanech oboustranné
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je nutno nemocného opét vysetfit béhem 3-6 mésic(l.
Pokud nalez plicni hypertenze neni vysvétlitelny srdec-
nim nebo plicnim onemocnénim, mél by pacient pod-
stoupit ventilacné-perfuzni scintigrafii plic (obr. 1), jejiz
negativni nalez diagnézu CTEPH prakticky vylucuje [4].
V opacném pripadé by mél byt pacient referovan do
centra zabyvajiciho se diagnostikou a l1é¢bou plicni hy-
pertenze k dovysetieni. Podrobna vysetfeni se prova-
déji po nejméné 3mésiéni antikoagulaéni lé¢bé. Aktivni
vyhleddvani CTEPH u asymptomatickych pacientl po
plicni embolii neni obecné doporuceno.

V ramci definitivniho vysetfeni ve specializovaném
centru pacient podstupuje konvencni angiografii plicnich
tepen (obr. 2), ktera je nezbytna pro posouzeni lokalizace
obstrukci a stendz plicniho fecisté, a tedy i pro posouzeni
vhodnosti pacienta k chirurgickému fedeni. Angiografie
se provadi soucasné s pravostrannou srde¢ni katetrizaci
k posouzeni hemodynamickych parametr(l. Nezbytna je
rovnéz angiografie koronarnich tepen. Konvencni angio-
grafii doplruje CT angiografie (obr. 3), kterd umoznuje
viceprojekéni zobrazeni plicniho fecisté véetné rekon-
strukci. Pacienti dale podstupuji podrobné echokardio-
grafické vysetreni k posouzeni ev. pfidruzenych kardiochi-
rurgicky fesitelnych komorbidit, bodypletyzmografii, USG
krénich tepen, vysetieni infekénich fokust a podrobné in-
terni vy3etieni véetné genetického vysetfeni prokoagu-
la¢nich stavil.

Indikacni kritéria

U pacient( s diagnostikovanou CTEPH je indikovana dlou-
hodoba antikoagulacni terapie. Pokud v priibéhu 3 mésict
od nasazeni antikoagulace dojde ke zlepSeni hemodyna-
mickych parametrd a funkeni tfidy, je u oligosymptoma-
tickych a asymptomatickych pacientl bez plicni hyper-
tenze nebo s hranicnimi tlaky v plicnici indikovan vétsinou
konzervativni postup a pravidelna echokardiograficka
a klinicka monitorace. V opacném pfipadé prochazi pa-
cient indikacnim seminafem, na kterém je na zakladé

Obr. 2. Angiogram zobrazujici anatomicky operabilni
nalez u nemocného s chronickou
tromboembolickou plicni hypertenzi

vysledk( vy3etfeni hodnocena vhodnost pacienta ke
kauzalni terapii - k chirurgickému feseni [5]. Zasadni je lo-
kalizace obstrukce plicniho cévniho fecisté a tedy chirur-
gicka dostupnost |ézi, dale odhad pfitomnosti perifernich
remodelacnich zmén, které i po Uspésné provedené en-
darterektomii plicnich tepen mohou vést k vyznamné re-
zidudlni plicni hypertenzi. Dllezity je rovnéz biologicky
stav pacienta a piitomnost piipadnych komorbidit.

Technicky operabilnich je asi 60 % pacientti [6]. Hlavni
pficiny inoperability jsou chirurgicka nedostupnost trom-
botickych obstrukci, komorbidity a odmitnuti chirurgic-
kého vykonu ze strany pacienta [7].

Chirurgicka technika

Operacni vykon je provadén v celkové anestezii, u paci-
entl je kromé standardni peropera¢ni monitorace sle-
dovén takeé tlak v plicnici pomoci Swanova-Ganzova ka-
tétru a saturace ve frontalnich lalocich mozku pomoci
NIRS (Near Infra Red Spectroscopy). Operacnim pristupem
je stredni sternotomie. Pacient je napojen na mimotélni
obéh (MO): arterialni kanyla do ascendentni aorty, 2 sa-
mostatné Zilni kanyly do horni a dolni duté Zily, venty
do kmene plicnice a cestou pravé horni plicni zily do
levé siné. Po spusténi MO je pacient uveden do hluboké
hypotermie, referencni je teplota v mocovém méchyfi,
v némz dosahuje 16-18 °C. Teplota je dale manitoro-
vana i z ¢idel v rektu a v jicnu. Doba chlazeni je indivi-
dualni, zavisi na hmotnosti a télesné konstituci pacienta,
vétiinou se pohybuje kolem 45-60 min. DodrZuje se pro-
tokol chlazeni pacienta s 10stupniovym teplotnim gradi-
entem. Na chlazeni se kromé mimotélniho obéhu podili
lujici tekutinou uloZena pod pacientem a selektivné je
chlazena také hlava a srdce pomoci specialniho oblozeni
s cirkulujici tekutinou. Po zchlazeni pacienta je na ascen-
dentni aortu naloZena pfi¢na svorka a do kofene aorty
pomoci Cooleyho jehly aplikovana studena krystaloidni

Obr. 3. CT angiogram zobrazujici objemny obtékany
trombus v pravé vétvi plicnice u nemocného
s chronickou tromboembolickou plicni
hypertenzi




kardioplegie (Custodiol) [8]. Za¢ina se endarterektomii
vpravo. Pomoci specidlniho rozvéracku (obr. 4) je odta-
Zena horni dutd Zila od aorty a je vypreparovana vidi-
telna ¢ast pravé vétve plicnice k hrané perikardu (obr. 5).
Je provedena podélna tomie tepny a zahajena endarter-
ektomie ve viditelném rozsahu.

Podstatou vykonu je skute¢na endarterektomie, niko-
livembolektomie. V prlibéhu endarterektomie je totiz od-
stranéna intimalni vrstva tepny s organizovanymi trom-
botickymi hmotami, na rozdil od embolektomie, u které
se zpravidla odstranuji cerstvé tromby. Provedeni kom-
pletni endarterektomie (obr. 5) ve spravné vrstvé je za-
kladni podminkou pro Uspesnost operace [9,10]. Vzhle-
dem k bohatému zastoupeni kolateral v bronchidlnim
obéhu plic je operacni pole znepfehlednovano neusta-
lym zaplavovanim krvi, z toho diivodu je nevyhnutelna
celkova cirkulacni zastava. Bezpecnost tohoto postupu je
zachovana diky hluboké hypotermii, ktera snizuje meta-
bolické naroky tkani, véetné mozku, a dobé trvani zastavy.
Ta by neméla prekrocit 30 min. Zarover je monitorovana
saturace kyslikem ve frontalnich lalocich pomoci NIRS,
jehoz hodnota by neméla klesnout pod 40 % - v opac-
ném piipadé musi byt obéh obnoven a pokracovat Ize az
po kratkeé reperfuzi.

Po zastaveni MO je pomoci nékolika manualnich de-
chovych exkurzi vytlacena rezidualni krev z plicniho
recisté. V nyni jiz prehledném operacnim poli mize
probéhnout samotna endarterektomie. Ta se provadi
everzni technikou pomoci specidlniho mikroraspatoria,
chirurgicky dostupné jsou vétsinou lobarni, segmen-
tarni a ¢astecné subsegmentarni vétve plicnice. Vzhle-
dem ke kalibru tepen a hloubce, ve které se nachazeji,
je potreba pouZivat specialni pinzety s kloubem, umoz-
fujici otevieni branZi i v Gzkém prostoru.

Po ukonceni endarterektomie je znovu spustén MO
za Ucelem reperfuze, kterd trva zpravidla 10-15 min.
V pribéhu reperfuze je provedena sutura arteriotomie
pomoci 6/0 polypropylenového stehu. Misto sutury je
zpevnéno pomoci tkanového lepidla.

Obr. 4. Specialni instrumentarium pouzivané
v pribéhu plicni endarterektomie
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Nasleduje endarterektomie vlevo, srdce se rotuje pomoci
specidlniho retraktoru, aby se vizualizovala leva vétev
plicnice, ktera je podéIné oteviena k okraji perikardu.
Obdobné jako vpravo se zacina bez zastavy obéhu v roz-
sahu, ktery zavisi na prehlednosti operacniho pole. Ta je
udrZovana 2 odsavackami odsavajicimi krev pfitékajici
z vétvi plicnice. Po zastavé obéhu pokracuje endarterek-
tomie standardnim zpidsobem, dokud neni kompletni
(obr. 6). Nasledné je spustén MO, je zahajeno ohfivani
pacienta, v pribéhu kterého je provedena sutura tepny
stejnou technikou jako na pravé strané. Ohfivani trva
1,5-2nasobek doby chlazeni za dodrzeni teplotnich gra-
dient(. V priibéhu ohfivéni pacienta je zaroven prostor
pro kombinované kardiochirurgické vykony, jako jsou
aortokoronarni bypassy, vykony na srde¢nich chlopnich,
MAZE, ¢i sutura defektu septa sini. Nasledné je odstra-
néna svorka z ascendentni aorty a zahdjena reperfuze
srdce spolecné s reperfuzi plic za trvalého odlehceni pri-
toku odsavanim plicnicovym ventem. Casné je zahajena
Setrna tlakova ventilace s nizkou frekvenci a dechovymi

Obr. 5. Operacni pole v pribéhu plicni endarterekto-
mie. Nastroj sméfuje do oteviené obturované
pravé vétve plicnice

Obr. 6. Endarterium odstranéné u nemocného
s tézkou tromboembolickou plicni hypertenzi
pii plicni endarterektomili (typ postiZeni I)
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objemy s PEEP. Tato opatieni snizuji riziko reperfuzniho
edému plic, ktery mize vést i ke krvaceni do dychacich
cest.

Po ohféti pacienta na 36 °C jsou zavedeny 2 sifiové
a 2 komorové docasné stimula¢ni elektrody, postupné
je ukoncen a dekanylovan MO. Diive uzivany levosi-
novy katétr k podavani noradrenalinu se v soucasnosti
jiz nepouziva. Nasleduje tprava koagulace, stavéni kr-
vaceni, do hrudniku je zaveden retrokardialni a retro-
sternalni drén, v pfipadé otevieni pleury také silasti-
kovy drén do pleuralni dutiny. Je provedena sutura
sternotomie po anatomickych vrstviach a pacient je
transportovan na pooperacni oddéleni. Zde je 4-6 hod
po operacnim vykonu v pfipadé pfiméfenych krevnich
ztrat zahajena antikoagulace heparinem, pacient je ex-
tubovén standardné po 12-16 hod. V priméru 3.-6. po-
operac¢niho den je pacient pfeloZzen na standardni od-
déleni, na némz je zahajena intenzivni rehabilitace. Po
odstranéni elektrod a drénu je pacient pieveden na per-
oralni antikoagulaci, preferen¢né na warfarin s cilovou
hodnotou INR 2,5-3,0.

Dal$i moZnosti lécby

Specificka farmakoterapie ovliviujici plicni cévni remo-
delaci je indikovéna u inoperabilnich pacientt a u paci-
entd s rezidudlni plicni hypertenzi po PEA [11].V soucasné
dobé jsou jedinou skupinou lékl specificky zasahuiji-
cich do remodelacnich zmén u CTEPH stimulatory gua-
nylatcyklazy. Mechanizmus plisobeni je v zesileni Uc¢inku
oxidu dusnatého na guanylatcyklazu a zaroven ve zvy-
Seni senzitivity guanylatcyklazy na nizkou hladinu NO.
Jedinym registrovanym pfipravkem pro |é¢bu inopera-
bilni CTEPH nebo rezidualni plicni hypertenze je per-
oralni preparat riociguat. Jeho ucinnost a bezpecnost
byla ovéfena v randomizované multicentrické place-

bem kontrolované klinické studii CHEST-1 [12] a v nava-
zujici studii CHEST-2 [13].

Balonkova plicni angioplastika (BPA) je metoda,
ktera se v |écbé CTEPH zacala uplatfiovat od roku 1988
[14], zpocatku pouze sporadicky, a ani v dnesni dobé
nicméné neni zcela béznou lé¢ebnou metodou a roz-
hodné neni alternativou PEA. Metoda nedosahuje ta-
kového zlepseni hemodynamiky jako u PEA. Jsou nutné
opakované intervence na fadé segmentu. BPA je rovnéz
zatizena fadou komplikaci, jako je krvaceni i reperfuzni
edém. Nezanedbatelna je také radiacni zatéz spojena
s vykonem [15]. BPA by méla byt indikovana v pfisné se-
lektovanych pfipadech u pacientll nevhodnych k PEA
pro vysoke riziko operace neho v pfipadé chirurgicky
nedosazitelného, nicméné k BPA vhodného nalezu. BPA
mize byt rovnéz kombinovana s PEA, a to jak formou
hybridniho, tak sekvencniho vykonu.

Transplantace plic pfichazi v Gvahu u nemocnych ne-
vhodnych k PEA po vycerpani moznosti |écby pomoci
farmakoterapie a BPA. Dalsi indikaci je selhani PEA. Dlou-
hodobé pieziti po transplantaci plic je horsi nez po PEA.

Vysledly
V kardiocentru VFN v Praze bylo od zahdjeni programu
chirurgické lé¢by CTEPH v roce 2004 do konce roku
2017 provedeno 314 endarterektomii plicnice, z toho
50 odoperovanych pacientd bylo ze Slovenské repub-
liky (graf). Primérny vék pacienta byl 59,7 let (nejmladsi
pacientce bylo 22 let, nejstarsimu 80 let), bylo odope-
rovano celkem 119 Zen a 195 muz(. Prdmérna délka
operace byla 380 min, délka cirkula¢ni zastavy 33 min
(17 min vpravo, 16 min vlevo) pfi télesné teploté 17,1 °C.
U 90 pacient( bylaPEA kombinovana s dalsim kardiochi-
rurgickym vykonem (sutura foramen ovale patens 34krat,
aortokoronami bypass 32krat, MAZE 16krat, implantace

Graf. Pocet plicnich endarterektomii provedenych v Kardiocentru VFN v Praze
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kardiostimulatoru 7krat, ndhrada aortalni chlopné 6krat,
vykon na mitralni chlopni 2krat, plastika trikuspidaini
chlopné 1krat, korekce anomalniho vyusténi plicnich Zzil
1krat). Ze zavaZznych komplikaci se u pacientt po PEA nej-
Castéji vyskytuji: reperfuzniedém (5,5 %), krvaceni/srdecni
tamponada s nutnosti chirurgické revize (4,5 %), krvaceni
do plic (4,1 %), neurologické komplikace (3,1 %), infekce
operaéni rany (2,4 %). Casna mortalita se pohybuje do 5 %.
Kardiocentrum VFN v Praze je jednim z 27 center zapoje-
nych do Evropského registru CTEPH a vysledky kardiocen-
tra jsou dlouhodobé srovnatelné se souhrnnymi vysledky
registru [16].

Jednoleté pieziti u operovanych pacientl je 89 %,
3leté 87 %, Sleté 82 % a 10leté 75 %. Naproti tomu ve
skupiné inoperabilnich nemocnych je pfezivani vyrazné
horsi a zavisi na vysi tlaku v plicnici [17,18].

Zavér

CTEPH je relativné vzacna chronickd komplikace akutni
plicni embolie s nepfiznivou progndzou u nelécenych pa-
cientdl. V diagnostice pacient(l s podezienim na CTEPH
hraje kli¢ovou roli echokardiografické vy3etfeni a ven-
tila¢né perfuzni scintigrafie plic. Metodou volby v te-
rapii CTEPH je endarterektomie plicnice, ktera je pro
vétdinu pacientd kurativni l1é¢bou. Prognosticky nej-
vyznamnéjsim faktorem pro ¢asnou i pozdni mortalitu
je hemodynamicky vyznamny pokles plicni cévni rezi-
stence (Pulmonary Vascular Resistance - PVR) po ope-
raci. U inoperabilnich pacienti a u pacientd s rezidualni
plicni hypertenzi po PEA je indikovana specificka |é¢ba
ovlivijici plicni cévni remodelaci. Dalsi moznosti Iécby
u inoperabilnich pacientd a u nemocnych s rezidualni
plicni hypertenzi po PEA je v selektovanych pfipadech
balonkova angioplastika. V pfipadé selhani téchto |é-
¢ebnych postupt prichazi v tvahu transplantace plic.
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Abstract

Objectives: This study aimed to retrospectively assess using computed tomography pulmonary
angiography (CTPA) for predicting residual pulmonary hypertension (RPH) in patients with
chronic thromboembolic pulmonary hypertension (CTEPH) after pulmonary endarterectomy
(PEA).

Methods: We retrospectively analyzed data of 13| patients with CTEPH who underwent PEA in
our center (2008-2015). Ve measured several diameters of the pulmonary artery and thoracic
aorta preoperatively. We evaluated the relationship between these measurements (and their
indices) and signs of RPH represented by pulmonary artery systolic pressure (PASP) estimated
by echocardiography.

Results: Significant correlations were observed between the aortopulmonary index and predic-
tion of any residual hypertension and moderate/severe hypertension | year after PEA, and any
residual hypertension and severe hypertension 2 years after PEA. The aortopulmonary index
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was significantly related to a reduction in PASP | year after the operation. A lower aortopulmo-
nary index (<0.88 for the ascending aorta and <0.64 for the descending aorta) predicted lower
RPH.

Conclusions: Preoperative CTPA parameters can be used to assess the risk of RPH after PEA.
The aortopulmonary index has significant predictive value for RPH and a reduction in PASP after
PEA. Lower values of the aortopulmonary index suggest a better outcome after PEA.

Keywords

Chronic thromboembolic pulmonary hypertension, pulmonary endarterectomy, computed
tomography angiography, residual pulmonary hypertension, aortopulmonary index, pulmonary
artery systolic pressure
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Introduction

Chronic ~ thromboembolic  pulmonary
hypertension (CTEPH) is a disease charac-
terized by a pulmonary artery mean pres-
sure (PAMP) that exceeds 25mmHg.
CTEPH is caused by organization of intra-
luminal thrombi, stenosis and occlusions of
the pulmonary artery and its branches, and
peripheral vascular remodeling. CTEPH is
a chronic complication of acute pulmonary
embolism. Obstruction of pulmonary artery
branches increases pulmonary vascular
resistance (PVR), and this leads to right
ventricular overload and right-sided heart
failure. The treatment of choice for indicat-
ed patients is surgical pulmonary endarter-
ectomy (PEA), which is performed in deep
hypothermic cardiac arrest.'” A total of
25% of patients with CTEPH are diagnosed
with residual pulmonary hypertension
(RPH) after PEA.*> RPH is defined by the
presence of increased pulmonary artery
pressure and PVR 6 months after PEA.
RPH is a predictor of an unfavorable out-
come after surgical treatment in the early
postoperative period during the first year
of follow-up and it also increases the risk

of periprocedural complications. Prediction
of RPH may play a major role in the indi-
cation of patients to undergo PEA or to
provide them with some additional treat-
ment after PEA*

This study aimed to determine an easy,
non-invasive tool to predict RPH after
PEA., represented by pulmonary artery sys-
tolic pressure (PASP) estimated by echocar-
diography, by using computed tomography
pulmonary angiography (CTPA) images of
the pulmonary artery and its branches.
Some previous studies described the use of
CTPA in association with pulmonary
hypertension® ? and even proposed some
scoring systems,'” but none of these systems
has been accepted into broader practice yet.

Patients and methods

Study population

This retrospective study included consecu-
tive patients from the Czech Republic who
underwent PEA in our center between May
2008 and December 2015. The PEA pro-
gram started in our center in 2004, and
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since then, 393 patients were operated on
with an overall 30-day mortality rate of
7.6%. Since 2018, the 30-day mortality
rate was 3.8%. The 5-year survival of
patients who are operated on in our center
is 82.2%." We excluded patients from
other countries owing to a lack of detailed
follow-up data and patients who died
within the first 6 months after surgery
because they did not have any required
follow-up data. The study was approved
by the General University Hospital Ethics
Committee (Protocol No. 1141/20 S-TV).
Informed consent was not required because
of the retrospective nature of the study. All
patients were indicated to have a surgical
procedure by a multidisciplinary team (pul-
monary hypertension specialist, cardiac or
thoracic surgeon experienced in PEA, and
radiologist) after undergoing a cardiovascu-
lar examination with clinical, functional,
and hemodynamic assessment. This assess-
ment  included  echocardiography, a
ventilation-perfusion lung scintigraphy
scan, right-sided heart catheterization, con-
ventional pulmonary angiography, and
CTPA.

Data sampling

Clinical and hemodynamic data were col-
lected retrospectively from our database.
We collected data on the patients’ age,
weight, height, body mass index (BMI),
body surface area (BSA), preoperative
New York Heart Association (NYHA)
functional class, 6-minute walking test (6-
MWT) distance, and PASP estimated by
echocardiography.  Continuous  wave
Doppler of the tricuspid regurgitation
(TR) trace was used to measure the differ-
ence in pressure between the right ventricle
and right atrium. The simplified Bernoulli
equation P =4[TRmax)” was used to calcu-
late this pressure difference using peak TR
velocity. PASP was then calculated by

adding the estimated right atrial pressure.'”
Additionally, the following right heart cath-
eterization preoperative data were collect-
ed: PASP, PAMP, PVR, and the cardiac
index (CI). The follow-up data included
PASP estimated by echocardiography,
which was recorded at 1, 2, and 3 years
after the operation.

A CTPA scan was performed in all
patients as a standard examination before
PEA. Multidetector computed tomography
(CT) scans with multiplanar reconstruction
and the volume rendering technique were
performed from 2008 to 2012 using the
Siemens Somatom Sensation 16 Cardiac
CT scanner (Siemens AG, Munich,
Germany). CTPA was obtained with the
patient in the supine position after intrave-
nous injection of 80 mL of contrast medium
(Optiray 350; Guerbet, Princeton, NJ, USA
or lomeron 350, Bracco Imaging
Deutschland GmbH, Konstanz,
Germany). Contrast medium was adminis-
tered into the antecubital vein at a rate of
4.0 mL/using a mono-syringe power injec-
tor (EnVision CT EDU 700; MedRad,
Pittsburg, PA, USA). Scanning was auto-
matically started with a postinjection delay
of 6 s by bolus tracking in the main pulmo-
nary artery (PA) with a threshold of 100
HU. One rotation was per 0.5 s. CT scans
were obtained with the setting of 100 mAs
and 120 kV. CT images were performed
using the reconstruction kernel B20f or
B30f. From 2012 to 2015, multidetector
CT scans were performed on the Philips
Brilliance iCT 256 Essential Cardiac CT
scanner (Koninklijke Philips Electronics
N.V.. Amsterdam, The Netherlands). The
protocol used was similar to that used in
2008 to 2012 with only a few of the follow-
ing differences: there was a lower volume of
contrast medium applied (50-60 mL), and
contrast medium was administered at a rate
of 4.0 mL/s, followed by 60 mL of saline
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solution at a rate of 5.0 mL/s. using a
double-syringe power injector (Stellant;
MedRad). The bolus tracking threshold
was 130 HU. The tube voltage was 100
kV and the planned tube time-current was
180 mAs. CT images were reconstructed
using filter B and the iterative reconstruc-
tion technique iDose at level 6.

CT images were analyzed using
Dicompass Gateway WebViewer software
(Medoro Ltd., Pardubice, Czech Republic)
by a single surgeon from our CTEPH team
who was trained in CTPA analysis. Images
were then reanalyzed in random order by
two experienced radiologists, who were
blinded to the patients’ clinical and
hemodynamic data, but were aware of
the patients’ diagnosis of CTEPH.
Discrepancies were resolved by consensus.

We measured the diameter of the main
pulmonary artery (PA), right pulmonary
artery (RPA) and left pulmonary artery
(LPA), and the ascending (Ao) and
descending (DAo) aorta. We also calculated
the following indices using these measure-
ments: Ao/PA, DAo/PA, PA/BSA, PA/
BMI. RPA/BSA, RPA/BMI, LPA/BSA,
and LPA/BML

The diameter of the PA was measured at
the level of its bifurcation, perpendicular to
its long axis, on an axial slice. The diameter
of the Ao was also measured at the level of
the bifurcation of the pulmonary trunk
(Figure 1) and the diameter of the DAo
was measured at the diaphragmatic hiatus
(Figure 2A). RPA and LPA diameters were
measured at their widest part after bifurca-
tion of the pulmonary trunk (Figure 2B and
2C respectively).

Data analysis

We analyzed the relationships between the
diameters of the PA, RPA, and LPA or
their indices (indexed to the diameter of
the Ao and DAo, BMI, and BSA) and
RPH characterized by PASP. We analyzed

the postoperative data of patients at 1, 2,
and 3 years after the operation.

RPH was defined by a value of
PASP > 35mmHg as estimated by echocar-
diography. We divided patients into four
groups on the basis of their RPH depending
on postoperative PASP estimated by echo-
cardiography (group 0 [GO]: no hyperten-
sion, G1: mild hypertension, G2: moderate
hypertension, and G4: severe hypertension)
(Table 1). We then used the Cox regression
model to compare the effect of CT measure-
ments/indices on pulmonary hypertension.
We attempted to evaluate whether we could
predict — any  residual  hypertension
(PASP > 35mmHg) by comparing G0 with
Gl +G2+G3. We also wished to deter-
mine whether we could predict moderate
and severe hypertension
(PASP >45mmHg) by comparing
G1+G2 with G2+ G3, and whether we
could predict severe hypertension only
(PASP > 60mmHg) by comparing GO+
G1 + G2 with G3.

Because the Ao/PA and DAo/PA indices
appeared to be significant in several of the
tests, we decided to set cut off values for
risk stratification regarding RPH. The cut
off values were set by the distribution of
data (lower quartile, median, and upper
quartile). We analyzed the distribution of
patients with and without RPH 1 year
after PEA within these intervals. We used
the chi-square test to analyze the distribu-
tion of cut off values.

Statistical methods

All statistical analyses were performed
using STATISTICA 12 software
(StatSoft CR  Ltd., Prague, Czech
Republic). Two-tailed p values of <0.05
were considered statistically significant.
Summary statistics (mean + standard devi-
ation) were calculated. The Cox regression
model of proportional risks for investigat-
ing the effect of several variables on the



Niznansky et al. 5

Figure |. Computed tomography images showing measurement of the diameters of the main pulmonary
artery and ascending aorta.

Figure 2. Computed tomography images showing measurement of the a) descending aorta diameter,
b) right pulmonary artery diameter, and c) left pulmonary artery diameter.

time a specified event takes to occur was the relationships between the Ao/PA and
used to analyze the effect CT measure- DAo/PA indices and the difference
ments/indices on postoperative PASP. between preoperative and postoperative
Scatter plot graphs were used to evaluate = PASP.
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Table |. Residual pulmonary hypertension groups

Table 3. Characteristics of CT measurements

Pulmonary
Group hypertension PASP (mmHg)
GO None <35
Gl Mild 3645
G2 Moderate 4660
G3 Severe >60

CT measurements n=13l

Main PA (mm) 372454
RPA (mm) 292+39
LPA (mm) 28.1 +33
Ao (mm) 340+43
DAo (mm) 260+3.6

PASP, pulmonary artery systolic pressure.

Table 2. Patient preoperative characteristics

Patient characteristics (n=131)
Age (years) 61 11
Male sex 78 (60)
Weight (kg) 83+ 15
Height (cm) 172 £9
BMI (kg/m?) 28+4
BSA (m?) 20402
Right-sided heart catheterization:

PASP (mmHg) 83+t17
PAMP (mmHg) 50+t11
PVR (dyn.s.cm™ 766 -+290
Cl (L/minute/m?) 22405
NYHA functional classification 29+04
NYHA class | 0(0)
NYHA class Il 17 (13)
NYHA class Il 106 (81)
NYHA class IV 8 (6)
6-MWT (m) 370+ 116
PASP — estimated by ECHO (mmHg) 82+20

Data are mean =+ standard deviation or n (%).

BMI, body mass index; BSA, body surface area; PASP,
pulmonary artery systolic pressure; PAMP, pulmonary
artery mean pressure; PVR, pulmonary vascular resis-
tance; Cl, cardiac index; NYHA, New York Heart
Association; 6-MWT, 6-minute walking test; ECHO,
echocardiography.

Results

Patient characteristics

The study included 78 men and 53 women,
with a mean age of 61+ 11 years (range:
29-80 years). Details of the patient

Data are mean -+ standard deviation.

CT, computed tomography; PA, main pulmonary artery;
RPA, right pulmonary artery; LPA, left pulmonary artery;
Ao, ascending aorta; DAo, descending aorta.

characteristics are shown in Table 2. CT
measurements are shown in Table 3.

The postoperative hemodynamic charac-
teristics at 1, 2, and 3 years after PEA are
shown in Table 4. The mean NYHA func-
tional class was 1540.5 at 1 and 2 years
after PEA and 1.6 £0.6 3 years after PEA.
The mean 6-MWT distance is also shown in
Table 4.

PASP analysis

There was a significant relationship
between the Ao/PA index and postopera-
tive PASP. Therefore, we were able to pre-
dict the presence of any RPH
(PASP >35mmHg) | year after the opera-
tion (p=0.033), the presence of moderate
and severe hypertension
(PASP >45mmHg) | year after the opera-
tion (p=0.032), and severe hypertension
(PASP > 60 mmHg) 2 years after the opera-
tion (p=0.033). There was also a signifi-
cant relationship between the DAo/PA
index and postoperative PASP, where we
could predict any RPH 1 year after the
operation (p=0.010), moderate and severe
hypertension 1 year after the operation
(p=0.044), and any RPH (p=0.025) and
severe hypertension (p=0.026) 2 vyears
after the operation. Furthermore, the PA/
BMI index showed a significant predictive
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Table 4. Postoperative hemodynamic and clinical characteristics

One year after PEA

Two years after PEA Three years after PEA

PASP < 35 mmHg 54 (48)
PASP 3645 mmHg 25 (22)
PASP 46—60 mmHg 19 (17)
PASP > 60 mmHg 15 (13)
NYHA functional class 1.510.5
6-MWT (m) 483 + 100

49 (54) 41 (64)
20 (22) 10 (16)
9 (10) 8 (12)
12 (13) 5 (8)
1.5+ 06 1.6+£06
478+ 139 481 196

Data are mean =+ standard deviation or n (%).

PEA, pulmonary endarterectomy; PASP, pulmonary artery systolic pressure; NYHA, New York Heart Association;

6-MWT, 6 minute walking test.

Table 5. Prediction of PASP at I, 2, and 3 years after the operation

One year Two years

Three years

PASP >35mmHg >45mmHg >60mmHg >35mmHg >45mmHg >60mmHg >35mmHg >45mmHg >60mmHg

PA 0.199 0.216 0.443 0.559
Ac/PA  0.033 0.032 0210 0.137
DAc/PA 0.010 0.044 0.330 0.025
PA/BSA 0312 0.495 0638 0.648
PA/BMI  0.981 0.577 0335 0.194

0.832 0.096 0.726 0.781 0.408
0.320 0.033 0.601 0.507 0.072
0416 0.026 0.737 0.840 0.193
0.208 0.283 0.621 0810 0.331
0.021 0728 0.302 0.366 0.765

Data are shown as p values.

PASP, pulmonary artery systolic pressure; PA, main pulmonary artery; Ao, ascending aorta; DAo, descending aorta; BSA,

body surface area; BMI, body mass index.

value of moderate or severe hypertension 2
years after the operation (p=0.021,
Table 5).

We did not aim to evaluate the presence
or degree of RPH only, but also wished to
determine the effect of the operation on a
reduction in PASP, regardless of its exact
value. We used scatter plot graphs to eval-
uate the relationships between the Ao/PA
and DAo/PA indices (which were signifi-
cant in the previous evaluation) and the
difference  between preoperative and
postoperative PASP estimated by echocar-
diography. There were significant negative
correlations between the difference in
PASP before and after the operation and
the Ao/PA index (p<0.001, Figure 3)
and with the DAo/PA index (p<0.001,
Figure 4).

Aortopulmonary index analysis

The cut off values of the Ao/PA and DAo/
PA indices were set by the distribution of
data (lower quartile, median, and upper
quartile). The chi-square test showed a sig-
nificant distribution of the cut off values of
the Ao/PA index (p=0.0098), but not for
the DAo/Pa.

The lower quartile values of the aorto-
pulmonary index (<0.88 for the Ao and
<0.64 for the DAo) were related to a
lower PASP after PEA (72.3% for Ao/PA
and 68.3% for DAo/PA as shown by no
RPH 1 year after the operation) (Table 6).

Discussion

PEA is the method of choice for treating
CTEPH because it is the only curative
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Ao/PA v.s. PASP difference

AolPA

06

05
-20 0 20 40 60 80 100 120

PASP difference (preoperative - postoperative)
(mmHg)

Figure 3. Relationship between the aortopulmonary index (Ao/PA) and the difference in PASP preoper-
atively and postoperatively. p < 0.001
PASP, pulmonary artery systolic pressure; Ao, ascending aorta; PA, main pulmonary artery.

DAo/PA v.s. PASP difference

DAo/PA

04

03
-20 0 20 40 60 80 100 120

PASP difference (preoperative - postoperative)
(mmHg)

Figure 4. Relationship between the aortopulmonary index (DAo/PA) and the difference in PASP preop-
eratively and postoperatively. p < 0.001
PASF, pulmonary artery systolic pressure; DAo, descending aorta, PA, main pulmonary artery.
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Table 6. Aortopulmonary index (Ao/PA and DAo/PA) cut off values

Without residual
hypertension n (%)

With residual
hypertension n (%)

Ao/PA interval (p=0.0098)

Ao/PA < 0.88 34 (72.3) 13 (27.7)
Ao/PA >0.88 and <1.03 26 (43.3) 34 (56.3)
Ao/PA > 1.03 12 (50) 12 (50)
DAo/PA interval (p = 0.08)

DAo/PA < 0.64 28 (68.3) 13 (31.7)
DAo/PA > 0.64 and <0.82 34 (51.5) 32 (48.5)
DAo/PA > 0.82 10 (41.7) 14 (58.3)

Ao, ascending aorta; PA, main pulmonary artery; DAo, descending aorta.

option for operable patients that provides
improvement in survival, symptoms, and
hemodynamic parameters.”'* '® Prediction
of surgical success in the individual
patient is still challenging. There are
some methods that can be used to predict
RPH, but they are either invasive (right-
sided heart catheterization and analysis of
pulmonary artery pressure and pulmonary
capillary wedge pressure curves, and vaso-
dilatation testing) or are not sufficiently
accurate (e.g., echocardiography). Several
studies focused on prediction of hemody-
namic improvement after PEA using non-
invasive imaging. Scholzel et al.'® ana-
lyzed data of 52 patients with CTEPH
and found that the preoperative PA diam-
eter indexed for BSA was the only inde-
pendent predictor for hemodynamic
improvement after PEA. Heinrich et al.'”
reported that the diameter of the PA and
the ratio of the PA and the diameter of
the Ao were correlated with preoperative
PAMP. Postoperative PVR was negatively
correlated with the presence and extent of
central thrombi and dilated bronchial
arteries observed on preoperative CT
scans. Leone et al.'” performed detailed
radiological evaluation of 145 patients
with CTEPH. These authors proposed a
new CT score, which included distribution
of disease, diameter of the PA, the

presence of mosaic perfusion, and the
degree of tricuspid regurgitation.

We analyzed data of patients in our
center to evaluate the possibility of using a
non-invasive imaging method to predict the
outcome of patients after PEA. Our study
showed that CTPA was useful for not only
in preoperative anatomical description of
the pulmonary arteries, but also in provid-
ing a predictive value for RPH after PEA.

As an outcome parameter, we chose
PASP estimated by echocardiography
because this is monitored once a year
during the follow-up period for all patients
in our center. With an increasing time after
PEA, there was a higher incidence of miss-
ing follow-up data and this is why we chose
a 3-year follow-up. The most complete
follow-up data were in the first year after
PEA. This might be one reason for fewer
significant results being obtained in the
second and third years.

This study has some limitations.
Incomplete follow-up data was one of the
main limitations of this study (PASP was
recorded in 86% of patients | year after
PEA, in 69% of patients 2 years after
PEA, and in 48% of patients 3 years after
PEA). Further limitations are the retrospec-
tive nature of the study, the limited number
of patients, and the monocentric form of
this research.
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The aortopulmonary index, including
the Ao/PA and DAo/PA, appears to be
the best predictor of outcome after PEA.
Although there has been considerable
improvement in understanding of the natu-
ral history of CTEPH post-PEA.'® the clin-
ical relevance of RPH remains unclear. This
lack of clarity is why we chose to use the
Cox regression model to test for three dif-
ferent degrees of hypertension (>35mmHg,
>45mmHg, and >60mmHg). The aorto-
pulmonary index showed a significant pre-
dictive value not only for RPH, but also for
a decrease in PASP, regardless of the abso-
lute value. This finding is important for the
assessment of surgical success in patients
who have an extremely high or low PASP
before PEA. This is because the degree of
residual hypertension after PEA does not
provide an adequate answer to whether
the procedure was successful in these
patients, and therefore, whether the indica-
tion for their operation was appropriate
(mild residual hypertension is a perfect
result for a patient who has a preoperative
PASP of 120 mmHg, but questionable for a
patient who has a PASP of 45mmHg).

In our study, lower quartile values of the
aortopulmonary index corresponded to a
lower PASP after PEA. This finding sug-
gests that patients with dilatation of the
PA before PEA have a better outcome
after the operation. Dilatation of the PA
is generally considered as a risk factor for
patients with pulmonary hypertension.'® *!
However, this is mainly an issue in patients
with primary pulmonary hypertension and
inoperable CTEPH, where the risk is asso-
ciated with compression of the left main
coronary artery, or rupture or dissection
of the PA with cardiac tamponade. One of
the explanations for a better result of PEA
in patients with dilatation of PA is as fol-
lows. Dilatation of the PA might be associ-
ated with more proximal disease due to
organization of thrombotic materials in
the central part of the pulmonary artery.

However, patients with more peripheral dis-
ease, who typically have a poorer outcome,
do not develop such dilatation. This possi-
bility requires further research and we are
already investigating the relationship of
histological characteristics of pulmonary
thromboendarterectomy specimens with
dilatation of the PA.

Despite the promising role of the aorto-
pulmonary index as a predictor of outcome
after PEA, we are aware that this is only
one factor in a complex situation in patients
with CTEPH. We would like to emphasize
that all characteristics and results of
patients with CTEPH should be considered
and that all patients should be evaluated by
surgeons and teams with expertise in PEA.

RPH remains a challenge for those who
treat patients with CTEPH. With the prom-
ising results of specific medical therapy for
patients with CTEPH,***% efforts for pre-
dicting RPH are no longer focused only on
the appropriate indication for PEA, but
also to properly identify patients who
might requires some additional therapy
after PEA and to follow these patients
closely. Apart from specific pharmacother-
apy, balloon pulmonary angioplasty ***
and the developing method of pulmonary
denervation are also methods for treating
RPH.? Despite these methods of RPH
treatment, its prediction will remain impor-
tant because of the association of RPH with
the risk of periprocedural complications.

Conclusion

Preoperative CTPA parameters can be used
to assess hemodynamic improvement after
PEA. The aortopulmonary index has signif-
icant predictive value for RPH and for a
reduction in PASP after PEA. Lower
values of an aortopulmonary index (<0.88
for the Ao and <0.64 for the DAo) appear
to predict a better outcome after PEA.
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Abstract

Chylous pericardial effusion is a rare complication of cardiac surgery. We report a case of a patient who underwent pulmonary endarterectomy
for chronic thromboembolic pulmonary hypertension and was diagnosed with chylopericardium after the procedure. We present the surgical
management of this condition, which included bilateral pedal lymphangiography followed by ligation of injured lymph vessel.

Keywords: Pulmonary endarterectomy « Chylopericardium - Lymphangiography + Chronic thromboembolic pulmonary hypertension

INTRODUCTION

Pulmonary endarterectomy is a treatment of choice for patients
with chronic thromboembolic pulmonary hypertension (CTEPH)
[1]. Chylopericardium is a rare complication of cardiac surgery, first
reported by Thomas and McGoon in 1971 [2]. We have found no
reports of this complication after pulmonary endarterectomy. The
methods of treatment can be conservative or surgical. Surgical
treatment commonly requires thoracic duct ligation and is consid-
ered to be curative [3]. However, thoracic duct ligation can be asso-
ciated with the risk of malnutrition, immunological deficits and
metabolic complications. We report thoracic duct-saving surgical
treatment, which included bilateral pedal lymphangiography fol-
lowed by ligation of the injured lymph vessel.

CASE REPORT

We report a case of a 48-year old female patient with progressive
dyspnoea (NYHA Il) after two episodes of pulmonary embolism. She
was diagnosed with severe CTEPH (PAMP 57 mmHg, PVR 14 Wood
units, Cardiac index 1.7 l/min/m?, multiple occlusions bilaterally on
pulmenary angiography and multiple perfusion defects in both lungs
on V/P scan) and was indicated for pulmonary endarterectomy.
After median sternotomy, we established cardiopulmonary
bypass and the patient was cooled down to 16.9°C. We cross-
clamped aorta and achieved cardiac arrest using crystalloid cardi-
oplegia. We performed bilateral pulmonary endarterectomy from
the right and left pulmonary incisions during three circulatory
arrests (22 +15 + 21 min)with ~10 min reperfusion periods between

individual circulatory arrests. The perioperative findings were in
accordance with Jamieson class IIl (Fig. 1A). Weaning from the
bypass was uneventful.

The patient was extubated on Day 1 and was haemodynamic-
ally stable with sufficient cardiac output. On Day 3, milky pericar-
dial effusion in mediastinal drain (50 ml/h) appeared. The fluid
analysis demonstrated triglycerides of 420 mg/dl, white blood
cell count of 880/ul (95.6% lymphocytes), and total proteins of
4.5 g/dl.

On Day 5, we started conservative treatment. We inserted
peripherally inserted central catheter line and began total paren-
teral nutrition to reduce fat input. The milky effusion turned to
serous effusion; however, the amount of fluid production
remained high (500-1000 ml/day). The chest X-ray was in accord-
ance with normal postoperative image. On Day 15, the drain got
obstructed and the patient started to show signs of cardiac tam-
ponade. We inserted a pigtail catheter which immediately drained
40 ml of serous liquid and the patient’s vital functions improved
rapidly. Within 2 weeks after operation, the patient lost almost
12 kg of weight.

We indicated surgical treatment. We first performed pedal
lymphangiography which showed normal thoracic duct, no aber-
rant lymph vessels and collection of contrast liquid in the superior
mediastinum (Fig. 2). However, we did not identify the exact
leakage point. On Day 20, we performed operation to treat the
leaking lymph vessels. Three hours before the procedure, we
applied lipids containing vitamin Avia jejunal tube to increase the
effusion. After median sternotomy, we found collection of cloudy
fluid in the pericardium. We inspected surrounding tissues and in
the left lobe of thymus we found the injured lymph vessel (2 mm
in diameter), with the lymph leaking (Fig. 1B). We ligated the

© The Author 2015. Published by Oxford University Press on behalf of the European Association for Cardio-Thoracic Surgery. All rights reserved.
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Figure 1: (A) Specimens collected from the pulmonary endarterectomy. (
the thymus.

Figure 2: (A) Arrows point to the thoracic duct and collection of contrast fluid in the mediastinum. (B) Computed tomography lymphangiography (3D reconstruction),

arrow points to the thoracic duct.

vessel and we also sutured and ligated the whole left lobe of
thymus and sealed it with tissue glue (Fig. 1C). There were no signs
of lymphatic effusion. The patient was transported in a haemo-
dynamically stable condition to the ICU.

After the procedure, there was minimal pericardial effusion. The
drain was extracted on the first postoperative day and we started
enteral nutrition. The patient was stable and was discharged from
hospital 12 days after the lymph vessel ligation, 32 days after the
pulmonary endarterectomy.

CONCLUSION

Chylous pericardial effusion can occur as a primary condition;
however, most often it is secondary to heart surgery, radiation
therapy, trauma, malignancy, infection or pancreatitis [4].
Chylopericardium after cardiac surgery is rare, because the thor-
acic duct and its main tributaries are not typically in the operative
field during median sternotomy procedures [3].

In order to avoid effusion from lymph vessels in the anterior
mediastinum, we recommend ligation or suture of thymic tissue,
if preparation is being done in this area. Coagulation may not
be sufficient to avoid postoperative lymphatic effusion. Tissue
glue may be applied in case small lymph vessel damage is
suspected.

Patients with chylopericardium are at risk of cardiac tamponade
if the fluid is not drained properly—either by drainage tubes or by
pericardial window. If the fluid is drained properly, there is yet
another complication, especially if the effusion is prolonged. The
loss of substances normally transported in chyle results in malnu-
trition, immunological deficits and metabolic complications.

Conservative treatment, based on fat input reduction and total
parenteral nutrition, is meant to decrease the chyle production,
reduce chyle flow via the thoracic duct and therefore decrease the
chylous effusion.

When it fails, surgical treatment is indicated. The most common
technique is thoracic duct ligation. We, however, were aware of pos-
sible complications after this procedure. In case, there is no lymph
vessel substituting the function of thoracic duct, its ligation may lead
to malnutrition, immunological deficits or metabolic complications.

We performed lymphangiography before the operation.
Lymphangiography is not a standard procedure to treat chyloperi-
cardium [4] because it rarely helps to identify the leaking vessel,
and the resolution is not high enough. However, it can show the
anatomy of thoracic duct and its tributaries and reveal an atypical
position of the duct or presence of any aberrant vessels.

Because chylopericardium truly is not common in cardiac
surgery, there are not many described cases and therefore not
enough evidence for individual treatment methods. Our strategy
was curative, it did not require thoracic duct ligation and led to
successful treatment of our patient's condition.

1Z0Z Iudy 90 Ue 15enb Aq 91 £/9.//SZ/Z/LZ/PPIE/SIAOI0 dNaolWepeos// sdfy Wol papeojumad



M. Niznansky et al. / Interactive CardioVascular and Thoracic Surgery 259

Conflict of interest: none declared.

REFERENCES

[1] Kim NH, Delcroix M, Jenkins DP, Channick R, Dartevelle P, Jansa P et al. Chronic
thromboembolic pulmonary hypertension. ] Am Coll Cardiol. 2013;62(25
Suppl)}D92-9.

121

13

[

Thomas CS, McGoon DC. lIsolated massive chylopericardium fol-
lowing cardiopulmonary bypass. ] Thorac Cardiovasc Surg 1971;61:
945-8.

Mundra V, Savage EB, MNovaro GM, Asher CR. Delayed chylous
pericardial effusion after aortic valve replacement. Tex Heart Inst ] 2011;38:
431-2.

Dib C, Tajik AJ, Park §, Kheir ME, Khandieria B, Mookadam F.
Chylopericardium in adults: a literature review over the past decade (1996~
2006). ) Thorac Cardiovasc Surg 2008;136:650-6.

E
o
a
w
=
w
“
3

0 150n6 AQ 91 £/9./// SE/Z/LZ/OPIE/SIN0IAL00 AN OIS PEoE// SARY WOl pepeojumeq




