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Abstract

Current predictors of clinical outcomes after pulmonary thromboendarterect-

omy (PTE) in patients with chronic thromboembolic pulmonary hypertension

(CTEPH) are largely limited to preoperative clinical characteristics. N‐terminal‐
pro‐brain natriuretic peptide (NT‐pro‐BNP), a biomarker of right ventricular

dysfunction, has not yet been well described as one such predictor. From 2017 to

2021, 816 patients with CTEPH referred to the University of California, San

Diego for PTE were reviewed for differences in NT‐pro‐BNP to predict

preoperative characteristics and postoperative outcomes up to 30 days post‐PTE.
For analysis, NT‐pro‐BNP was dichotomized to less than/equal to or greater

than 1000 pg/mL based on the mean of the study population. Mean NT‐pro‐BNP
was 1095.9 ±1783.4 pg/mL and median was 402.5 pg/mL (interquartile range:

119.5–1410.8). Of the 816 patients included, 250 had NT‐pro‐BNP> 1000 pg/mL.

Those with NT‐pro‐BNP> 1000 pg/mL were significantly more likely to have

worse preoperative functional class (III–IV) and worse preoperative hemo-

dynamics. Patients with NT‐pro‐BNP> 1000 pg/mL also tended to have more

postoperative complications including reperfusion pulmonary edema (22% vs.

5.1%, p< 0.001), airway hemorrhage (8.4% vs. 4.9%, p= 0.075), residual

pulmonary hypertension (11.9% vs. 3.1%, p< 0.001), and 30‐day mortality

(4.8% vs. 1.1%, p= 0.001). Even after adjusting for confounders, patients with

NT‐pro‐BNP> 1000 pg/mL had a 2.48 times higher odds (95% confidence

interval: 1.45–4.00) of reaching a combined endpoint that included the above

complications. Preoperative NT‐pro‐BNP> 1000 pg/mL is a strong predictor of

more severe preoperative hemodynamics and identifies patients at higher risk

for postoperative complications.
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INTRODUCTION

Chronic thromboembolic pulmonary hypertension (CTEPH)
is characterized by incomplete resolution of pulmonary
emboli leading to chronic organized obstruction of pulmo-
nary arteries. This may in turn lead to increased pulmonary
vascular resistance (PVR), progressively worsening right
ventricular (RV) failure and even death if untreated.1,2

However, CTEPH is potentially curable with pulmonary
thromboendarterectomy (PTE), a surgical procedure that
relieves pulmonary hypertension (PH) by mechanical
removal of the chronic thromboembolic material, and should
be considered for all CTEPH patients. Although a potential
cure, PTE surgery is associated with significant morbidity
and mortality even in experienced centers. Thirty‐day
mortality after PTE has been reported as high as 24.4%,
with a meta‐analysis suggesting mortality closer to 8.4%.3

Various nonfatal complications are also associated with PTE
including residual PH, severe hypoxemia secondary to
reperfusion lung injury and/or ventilation/perfusion mis-
match, and airway bleeding.4 As such, careful consideration
of the potential risks versus benefits of PTE is warranted
when evaluating treatment options for CTEPH. Currently,
predictors of surgical outcomes after PTE for CTEPH are
limited to clinical characteristics such as functional
status, 6‐min walking distance, comorbidities, as well as
preoperative hemodynamics, such as PVR.5–7 While these
variables are helpful in counseling patients about mortality
risks before offering surgery, additional information
is necessary to further risk stratify patients for other
postoperative complications.

N‐terminal‐pro‐brain natriuretic peptide (NT‐pro
BNP) is released from cardiac myocytes in response to
pressure and volume overload. Natriuretic peptides, such
as brain natriuretic peptide (BNP) and NT‐pro‐BNP, have
emerged as potential biomarkers for predicting outcomes
after PTE in CTEPH patients. Studies have demonstrated
that both NT‐pro‐BNP and BNP increase in response to
RV remodeling and dysfunction, which is commonly
observed in CTEPH patients.8 These biomarkers could
provide additional information for risk stratification and
potentially improve patient selection for PTE surgery.

In this study, we investigated the use of NT‐pro‐BNP
levels as a preoperative biomarker to improve the predictive
power of post‐PTE outcomes in patients with operable
CTEPH.We retrospectively analyzed our database of patients
who underwent PTE at the University of California, San

Diego and evaluated whether elevated NT‐pro‐BNP was
predictive of surgical outcomes, including the risk for clinical
endpoints such as reperfusion pulmonary edema, airway
hemorrhage, residual PH, and death. Additionally, we
determined whether the predictive ability of NT‐pro‐BNP
was independent of other clinical variables known to predict
morbidity and mortality after PTE.

METHODS

Patients/study subjects

This study utilized data obtained from an Institutional
Review Board‐approved database of patients who had
previously received a diagnosis of CTEPH or chronic
thromboembolic disease and underwent PTE at the
University of California, San Diego between January
2017 and April 2021. A multidisciplinary team compris-
ing radiologists, pulmonary vascular medicine specialists,
and cardiothoracic surgeons assessed surgical eligibility
based on the presence of surgically accessible disease via
imaging, significant symptoms, and hemodynamic dys-
function attributed to CTEPH. Hemodynamic data was
collected via right heart catheterization both pre-
operatively (approximately 1 week before PTE) and
postoperatively (within the first 48–72 h after PTE).
Postoperative complications, including reperfusion pul-
monary edema (defined as new infiltrates in end‐
endarterectomized territories with PaO2:FiO2 < 150), air-
way hemorrhage (defined as any airway bleeding
requiring change in management, including holding
anticoagulation, use of bronchial blockers, or requiring
extracorporeal membrane oxygenation support), residual
PH (defined as PVR> 400 dynes s/cm5), and mortality
within 30‐days post‐PTE, were assessed in all patients.
Although these complications are rare in experienced
PTE referral centers like the University of California, San
Diego, they are among the most common associated with
PTE. The development of one or more perioperative
outcome was considered a “combined endpoint.”

NT‐pro‐BNP

Before PTE, peripheral blood samples were collected for
serum NT‐pro‐BNP during routine clinical evaluations. A
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standard assay with a cut‐off value of 50 pg/mL was used
for analysis. Serum creatinine levels were also measured
at the same time as serum NT‐pro‐BNP and served as a
surrogate for renal function. To compare outcomes, the
distribution of NT‐pro‐BNP was analyzed and then
dichotomized into values less than/equal to or greater
than 1000 pg/mL. As the data was rightward skewed, we
normalized the distribution of NT‐pro‐BNP by using a
logarithmic transformation with a base of 10 (Figure 1).
The cut‐off value of 1000 pg/mL was chosen for analysis
as it was the round number closest to the mean value of
NT‐pro‐BNP for the study population.

Statistical analysis

Statistical analysis was performed using SPSS version 28
by IBM. Differences in normally distributed, continuous
variables were assessed using t tests, while Fisher exact
tests were used to compare categorical variables. A
Pearson correlation was used to determine the relation-
ship between preoperative PVR and baseline NT‐pro‐
BNP. To determine the odds ratio for postoperative
complications, logistic regression was employed after

establishing the incidence of each component of the
combined endpoint. Given the right skew of the data, the
log NT‐pro‐BNP was analyzed first as a continuous
variable then was dichotomized to either less than/equal
to or greater than 1000 pg/mL. The forward likelihood
method was used to identify variables that may be
associated with the combined endpoint (e.g., hemo-
dynamics, use of PAH medications, sex, age, and body
mass index [BMI]) or could increase NT‐pro‐BNP (e.g.,
serum creatinine as a proxy for renal function), which
were included in the final models to allow for
adjustment.

RESULTS

During the study period, 816 patients underwent PTE. Of
these, 35 patients were excluded due to incomplete data for
preoperative serum NT‐pro‐BNP levels. Baseline demo-
graphics and preoperative characteristics of the remaining
patients are shown in Table 1. The mean age of the study
population was 54 years. The majority of patients were New
York Heart Association functional class III. Over 50% of the
patients were on pulmonary arterial hypertension‐targeted

FIGURE 1 Simple dot plot of preoperative NT‐pro‐BNP. Each circle represents one patient. Given the right‐skew, the NT‐pro‐BNP was
normalized by taking the log NT‐pro‐BNP. For the assessment of outcomes, an NT‐pro‐BNP of 1000 pg/mL was chosen as the cut point
because it was near the population mean (1095 pg/mL) and the center of the normalized curve of log NT‐pro‐BNP. NT‐pro‐BNP, N‐terminal‐
pro‐brain natriuretic peptide.
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medical therapies before surgery. The patients had a wide
range of PH with mean preoperative PVR of 522.3±
328.8 dyn s/cm5, right atrial pressure (RAP) of 9.5 ±
5.7mmHg, and mean pulmonary artery pressure (mPAP)
of 38.3± 13.7mmHg. There was no significant difference in
pulmonary artery wedge pressure (PAWP) between the two
groups (p=0.264). The mean preoperative NT‐pro‐BNP level
was 1095.9± 1783.4 pg/mL (Figure 1); the median NT‐pro‐
BNP level was 402.5 pg/mL (interquartile range: 119.5–
1410.8). Baseline NT‐pro‐BNP had a strong positive correla-
tion with preoperative PVR (r2 = 0.478) (Supporting Infor-
mation S1: Table 1). Adjusting for potential confounding
variables, including age, sex, BMI, preoperative PAH
medication use, preoperative PVR, and baseline creatinine,
the log(NT‐pro‐BNP) was associated with an odds ratio of
2.63 (95% confidence interval [CI]: 1.73–3.98, p<0.001) for
developing any of the components of the combined
endpoint.

After dichotomizing the patients into those with NT‐
pro‐BNP levels less than/equal to or greater than
1000 pg/mL, significant differences were observed in
baseline characteristics. Patients with preoperative NT‐
pro‐BNP levels > 1000 pg/mL had a lower BMI, higher
creatinine, and worse functional class preoperatively
(Table 2). However, there were no differences in risk
factors for the development of CTEPH. Patients with
preoperative NT‐pro‐BNP levels > 1000 pg/mL also had
worse preoperative hemodynamics, including lower
cardiac index, higher mPAP, higher PVR, higher RAP,
higher total pulmonary resistance, lower tricuspid annu-
lar plane systolic excursion, larger RV size, worse RV
function, and were more likely to have pericardial
effusion (Table 2).

Postoperatively, the patients with preoperative NT‐
pro‐BNP > 1000 pg/mL had significantly worse hemo-
dynamics compared to the low NT‐pro‐BNP group.
Though the mean PVR in patients with NT‐pro‐
BNP> 1000 pg/mL improved from 799.6 dynes s/cm5

preoperatively to 269.0 dynes s/cm5 postoperatively, this
was significantly higher compared to patients with NT‐
pro‐BNP ≤ 1000 pg/mL (Tables 2 and 3). Elevated pre-
operative NT‐pro‐BNP levels > 1000 pg/mL were also
associated with a higher incidence of postoperative
complications, including reperfusion pulmonary edema
(22.0% vs. 5.1%, p< 0.001), residual PH (11.9% vs. 3.1%,
p< 0.001) and 30‐day mortality (4.8% vs. 1.1%, p= 0.001)
compared to the ≤1000 pg/mL group (Table 4). Although
not statistically significant, there was a trend for patients
to have an increased risk of airway hemorrhage (8.4% vs.
4.9%, p= 0.075).

Using multivariate logistic regression analysis, we
calculated the odds ratio for the occurrence of a
combined endpoint that included reperfusion pulmonary
edema, airway hemorrhage, residual PH, and 30‐day
mortality. We compared patients with preoperative NT‐
pro‐BNP levels > 1000 pg/mL to those with levels
1000 pg/mL. Adjusting for potential confounding vari-
ables, including age, sex, BMI, preoperative PAH
medication use, preoperative PVR, and baseline creati-
nine, patients with preoperative NT‐pro‐BNP levels >
1000 pg/mL had 2.48 times higher odds of meeting a
combined endpoint compared to those with levels
≤1000 pg/mL (95% CI: 1.48–4.14, p< 0.001) (Table 5).

DISCUSSION

The present study highlights the utility of preoperative
NT‐pro‐BNP levels as a tool for risk stratification in
patients with CTEPH undergoing PTE surgery. The
results suggest that patients with NT‐pro‐BNP levels >

TABLE 1 Population characteristics (n= 816).

Age (years) 54 ± 16

Sex (M:F) 394:421

Percent female 51.60%

BMI (kg/m2) 30.4 ± 7.5

Preop NYHA functional class

I 0.7% (n= 6)

II 19.6% (n= 160)

III 71.0% (n= 579)

IV 8.3% (n= 68)

History of DVT 346 (42.4%)

History of splenectomy 33 (4.0%)

Known coagulopathy 194 (23.8%)

IV device 45 (5.5%)

History of malignancy 95 (11.6%)

Preop PH medications 421 (51.6%)

Preop RA (mmHg) 9.5 ± 5.7

Preop mean PA (mmHg) 38.3 ± 13.7

Preop CI (L/min/m2) 2.4 ± 0.6

Preop PVR (dyn s/cm5) 522.3 ± 328.8

Preop TAPSE (cm) 1.9 ± 0.6

Preop NT‐pro‐BNP (pg/mL) 1095.9 ± 1783.4

Abbreviations: BMI, body mass index; CI, cardiac index; DVT, deep vein
thrombosis; F, female; IV, intravenous; M, male; NT‐pro‐BNP, N‐terminal‐
pro‐brain natriuretic peptide; NYHA, New York Heart Association; PA,
pulmonary artery; PH, pulmonary hypertension; Preop, preoperative; PVR,
pulmonary vascular resistance; RA, right atrial; TAPSE, tricuspid annular
plane systolic excursion.
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TABLE 2 Preoperative characteristics of CTEPH patients undergoing PTE stratified by degree of NT‐pro‐BNP elevation (n= 781).

Preoperative characteristic NT‐pro‐BNP ≤ 1000 pg/mL NT‐pro‐BNP> 1000 pg/mL p Value

Age, years (n= 781) 53.5 ± 15.7 55.4 ± 16.6 0.116

Sex, % female 50.1% (n= 266) 56.6% (n= 141) 0.081

BMI, kg/m2 (n= 726) 31.1 ± 7.5 28.9 ± 7.0 <0.001

Creatinine, mg/dL (n= 781) 1.0 ± 0.3 1.2 ± 1.0 0.001

Preop NHYA functional class <0.001

I 1.1% (n= 6) 0.0% (n= 0)

II 24.9% (n= 132) 8.8% (n= 22)

III 70.4% (n= 374) 75.6% (n= 189)

IV 3.6% (n= 19) 15.6% (n= 39)

History of PE 96.0% (n= 510) 96.0% (n= 240) 0.976

History of thrombolysis 15.2% (n= 25) 10.9% (n= 7) 0.400

History of thrombectomy 11.1% (n= 4) 10.5% (n= 2) 0.947

History of DVT 57.3% (n= 304) 58.4% (n= 146) 0.762

History of upper extremity DVT 4.5% (n= 24) 4.8% (n= 12) 0.862

History of IV device 5.3% (n= 28) 6.4% (n= 16) 0.524

History of splenectomy 4.9% (n= 26) 2.4% (n= 6) 0.101

History of known coagulopathya 23.7% (n= 126) 22.4% (n= 56) 0.682

Preop pulmonary hypertension meds 55.0% (n= 292) 50.4% (n= 126) 0.230

Preop hemodynamics

Preop RA, mmHg 8.2 ± 4.6 12.6 ± 6.8 <0.001

Preop mean PA, mmHg 35.5 ± 11.5 45.1 ± 14.4 <0.001

Preop PAWP, mmHg 12.2 ± 4.4 11.8 ± 5.4 0.264

Preop CO, L/min 5.3 ± 1.3 4.0 ± 1.3 <0.00

Preop CI, L/min/m2 2.6 ± 0.6 2.0 ± 0.5 <0.001

Preop PVR, dyn s/cm5 394.9 ± 225.1 799.6 ± 346.1 <0.001

Preop TPR, dyn s/cm5 588.4 ± 249.5 1051.0 ± 392.0 <0.001

Preop S′, cm/s 0.135 ± 0.179 0.114 ± 0.139 0.115

Preop TAPSE, cm 2.08 ± 0.56 1.61 ± 0.63 <0.01

Preop LVEF, % 64.7% ± 7.8% 64.3% ± 9.3% 0.505

Preop LA volume index, mL/m2 24.5 ± 7.8 23.0 ± 9.6 0.057

Preop RV size <0.001

Normal 20.2% (n= 98) 0.8% (n= 2)

Mild 36.8% (n= 179) 6.0% (n= 15)

Moderate 26.1% (n= 127) 18.4% (n= 46)

Severe 16.0% (n= 78) 74.4% (n= 186)

Preop RV function <0.001

Normal 56.4% (n= 274) 7.6% (n= 19)

Reduced 42.6% (n= 207) 91.6% (n= 229)

(Continues)
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1000 pg/mL are more likely to have worse hemo-
dynamics pre‐ and postoperatively, and are at an
increased risk for postoperative complications, including
reperfusion pulmonary edema, residual PH, and mortal-
ity within 30 days post‐PTE. These findings remained
significant even after adjusting for confounding variables

such as preoperative hemodynamics, use of PAH
medications, sex, age, BMI, and renal function. There-
fore, NT‐pro‐BNP may be a valuable tool in identifying
high‐risk patients who may require closer postoperative
monitoring or alternative management strategies to allow
for preoperative optimization.

TABLE 2 (Continued)

Preoperative characteristic NT‐pro‐BNP ≤ 1000 pg/mL NT‐pro‐BNP> 1000 pg/mL p Value

Preop pericardial effusion <0.001

None 89.1% (n= 433) 61.6% (n= 154)

Trivial 8.6% (n= 42) 26% (n= 65)

Small 1.4% (n= 7) 10.4% (n= 26)

Moderate 0.2% (n= 1) 0.8% (n= 2)

Large 0.0% (n= 0) 0.8% (n= 2)

Note: All categorical variables compared using a χ2 test. t test used for continuous variables.

Abbreviations: BMI, body mass index; CI, cardiac index; CO, cardiac output; CTEPH, chronic thromboembolic pulmonary hypertension; DVT, deep vein
thrombosis; IV, intravenous; LA, left atrial; LVEF, left ventricular ejection fraction; NT‐pro‐BNP, N‐terminal‐pro‐brain natriuretic peptide; NYHA, New York
Heart Association; PA, pulmonary artery; PAWP, pulmonary artery wedge pressure; PE, pulmonary embolism; Preop, preoperative; PTE, pulmonary
thromboendarterectomy; PVR, pulmonary vascular resistance; RA, right atrial; RV, right ventricle; S′, tissue doppler velocity; TAPSE, tricuspid annular plane
systolic excursion; TPR, total pulmonary resistance.
aFactor V Leiden, antithrombin III, protein S or protein C deficiency, lupus anticoagulant, or anticardiolipin antibodies.

TABLE 3 Postoperative hemodynamics of CTEPH following PTE stratified by degree of NT‐pro‐BNP elevation (n= 781).

Postoperative hemodynamics NT‐pro‐BNP ≤ 1000 pg/mL NT‐pro‐BNP> 1000 pg/mL p Value

RA, mmHg 8.0 ± 3.2 8.3 ± 3.8 0.401

mean PA, mmHg 21.5 ± 6.1 25.8 ± 8.4 <0.001

CO, L/min 5.7 ± 1.3 5.4 ± 1.2 <0.002

CI, L/min/m2 2.8 ± 0.5 2.8 ± 0.5 0.316

PVR, dyn s/cm5 199.6 ± 98.5 269.0 ± 131.9 <0.001

TPR, dyn s/cm5 317.8 ± 119.0 399.4 ± 167.6 <0.001

ΔPVR, dyn s/cm5 203.8 ± 198.2 528.2 ± 337.3 <0.001

ΔTPR, dyn s/cm5 276.8 ± 230.3 648.4 ± 390.5 <0.001

Note: Comparison using t test.

Abbreviations: CI, cardiac index; CO, cardiac output; CTEPH, chronic thromboembolic pulmonary hypertension; NT‐pro‐BNP, N‐terminal‐pro‐brain
natriuretic peptide; PA, pulmonary artery; PTE, pulmonary thromboendarterectomy; PVR, pulmonary vascular resistance; RA, right atrial; TPR, total
pulmonary resistance.

TABLE 4 Primary outcomes of patients stratified by degree of NT‐pro‐BNP elevation (n= 781).

NT‐pro‐BNP ≤ 1000 pg/mL NT‐pro‐BNP> 1000 pg/mL p Value

Reperfusion pulmonary edema 5.1% (n= 27) 22% (n= 55) <0.001

Airway hemorrhage 4.9% (n= 26) 8.4% (n= 21) 0.075

Residual pulmonary hypertension 3.1% (n= 15) 11.9% (n= 27) <0.001

30‐day mortality 1.1% (n= 6) 4.8% (n= 12) 0.001

Note: Comparison using χ2 test.

Abbreviation: NT‐pro‐BNP, N‐terminal‐pro‐brain natriuretic peptide.
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The ability to prognosticate postoperative complica-
tions is currently limited to clinical variables. There is
extensive literature suggesting preoperative hemo-
dynamics are a crucial factor driving postoperative
complications, especially perioperative mortality and
postoperative residual PH.5,6,9 Reperfusion pulmonary
edema (also referred to as reperfusion lung injury) is
associated with longer, more complicated intensive care
unit stays and higher mortality.10,11 The incidence may
be decreasing in more recent series but still affects about
10% of patients.12 Preoperative hemodynamics, especially
RAP and PVR, appear to increase the risk for reperfusion
pulmonary edema13 and for postoperative airway hem-
orrhage.14 Airway hemorrhage is also increased in those
with preoperative hemoptysis. Finally, comorbid medical
condition, age, and sex may also influence postoperative
morbidity and mortality.5,15,16

Aside from the preoperative hemodynamics, we have
little else that can be used for prognostication. NT‐pro‐BNP
is a marker of atrial and myocardial stress that correlates
with volume overload of the right and left ventricles (LV); it
is widely established as a biomarker that increases in
response to ventricular remodeling/dysfunction and
increased ventricular filling pressures. Others have evaluated
left atrial pressures in CTEPH and saw higher NT‐pro‐BNP
levels in the group with LV filling pressures> 15mmHg.17

However, in the current analysis, while there were
differences in PVR and mean PA pressure between the
groups with NT‐pro‐BNP less than/equal to or greater than
1000 pg/mL, there were no differences in the PAWP. This

suggests the elevated NT‐pro‐BNP levels are due to RV
dysfunction. In the European Society of Cardiology/
European Respiratory Society guidelines for PH, NT‐pro‐
BNP is used as part of a three‐strata risk assessment tool to
estimate initial prognosis in pulmonary arterial hyper-
tension. Specifically, patients with NT‐pro‐BNP of
300−1000 and >1100 ng/L (pg/mL) are associated with
intermediate and high‐risks strata, suggesting estimated 1‐
year mortality risks of 5%–20% and >20%, respectively. Risk
strata for CTEPH are not yet defined, but our findings
suggest a potential use of preoperative NT‐pro‐BNP to
develop similar risk assessment tools.18 While NT‐pro‐BNP
correlated with preoperative PVR in this study, it explained
less than half of its variation. Patients may frequently present
with discordance between the PVR and NT‐pro‐BNP. Some
of this discordance may be due to co‐morbidities such as
renal failure which has been shown to increase NT‐pro‐
BNP.19 Furthermore, PVR may be lowered by the use of
PAH‐targeted medical therapies. In the CHEST study of
patients with inoperable or recurrent CTEPH after PTE,
treatment with riociguat was associated with a 291 pg/mL
reduction in NT‐pro‐BNP after 16 weeks,20 highlighting the
effects of medical therapy on NT‐pro‐BNP in CTEPH.

To account for the multiple conditions that could
affect NT‐pro‐BNP levels in the present study, we
adjusted for known potential confounders including
age,21 sex,22 BMI,23 renal function,19 preoperative PAH
medication use,20 and preoperative PVR.8 Despite these
adjustments, we still observed a statistically significant
association between preoperative NT‐pro‐BNP levels >
1000 pg/mL and the combined endpoint of reperfusion
pulmonary edema, airway hemorrhage, residual PH, and
30‐day mortality.

The present study represents the largest investigation
to date exploring the utility of NT‐pro‐BNP in predicting
post‐PTE surgical outcomes including both morbidity
and mortality in patients with CTEPH. However, our
study had several limitations including its retrospective
nature and the lack of long‐term follow‐up beyond 30
days post‐PTE. Additionally, the study was conducted at
a single center with expertise in CTEPH with a
postoperative mortality rate much lower than other
published registries. We have developed an expertise in
selecting appropriate patients for surgery, including
those at higher risk, operating on technically difficult
cases, and managing various complications; thus, these
results may not be generalizable to other centers with
differing experience levels. In a recent meta‐analysis,
postoperative morbidity and mortality were noted to
decrease as the volume of PTE cases at a center
increased.3 Future studies may seek to validate our
findings at a multicenter level, with varying surgical
volumes and experience.

TABLE 5 Odds of CTEPH patient meeting combined endpoint
within 30 days post‐PTE (n= 781).

Exposure
Odds ratio
(95% CI) p Value

NT‐pro‐BNP ≥ 1000 pg/mL 2.48 (1.48–4.14) <0.001**

Age (per year) 1.02 (1.00–1.03) 0.014*

Sex 2.10 (1.33–3.29) 0.001**

BMI (per kg/m2) 1.01 (0.98–1.04) 0.435

Preop use of PAH
medications

1.54 (0.99–2.40) 0.053

Preop PVR (per 1 dyn s/cm5) 1.00 (1.00–1.00) <0.001**

Creatinine (per 1 mg/dL) 0.84 (0.51–1.41) 0.516

Abbreviations: BMI, body mass index; CI, confidence interval; CTEPH,
chronic thromboembolic pulmonary hypertension; NT‐pro‐BNP, N‐
terminal‐pro‐brain natriuretic peptide; PAH, pulmonary arterial
hypertension; Preop, preoperative; PVR, pulmonary vascular resistance;
PTE, pulmonary thromboendarterectomy; TPR, total pulmonary resistance.

*p< 0.05 comparison between patients not meeting combined endpoint and
meeting combined endpoint.; **p< 0.01 comparison between patients not
meeting combined endpoint and meeting combined endpoint.
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CONCLUSIONS

In summary, our study showed that preoperative NT‐pro‐
BNP levels greater than 1000 pg/mL were associated with
poor baseline hemodynamics, worse postoperative hemo-
dynamics, and high risk for postoperative morbidity and
mortality in patients with CTEPH who underwent PTE.
Our results suggest that NT‐pro‐BNP can be a useful tool
in assessing the risk of adverse outcomes and predicting
hemodynamic improvements in CTEPH patients under-
going PTE. Altogether, NT‐pro‐BNP is a widely accessible
and cost‐effective tool that can be obtained pre-
operatively to improve prognostication of postoperative
risks and predict improvements in hemodynamics in
CTEPH patients being considered for PTE.
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