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ABSTRACT

Objectives N-terminal pro-B-type natriuretic peptide (NT-
pro-BNP) is an unfavourable factor responsible for poor
outcomes in the cardiovascular diseases. Nevertheless, the
prognostic role of NT-pro-BNP in type B aortic dissection
(TBAD) remains unclear. The aim of the current study

was to investigate the relationship between NT-pro-BNP
levels and in-hospital and long-term adverse prognosis in
patients with TBAD.

Design A retrospective multicentre study.

Setting Liutie Central Hospital, Nanfang Hospital and
Huiyang Hospital in China.

Participants A total of 657 consecutive patients with
TBAD were enrolled in the study. NT-pro-BNP was
measured at admission and included patients were divided
into three groups according to the tertiles of NT-pro-

BNP (pg/mL): <95 (n=220), 95-312 (n=218) and >312
(n=219).

Primary and secondary outcome measures Long-term
mortality and in-hospital major adverse clinical events.
Results Overall, in-hospital death occurred in 27 patients
(4.1%), which was significantly higher in upper tertiles

of NT-pro-BNP (0.5% vs 4.1% vs 7.8%, p<0.001). The
incident of in-hospital major adverse clinical events
increased along with higher NT-pro-BNP (1.4% vs 11.5%
vs 15.5%, p<0.001). NT-pro-BNP >210 pg/mL had

81.5% sensitivity and 58.6% specificity for predicting
in-hospital death (area under the curve= 0.774, 95% Cl
0.692 to 0.855; p<0.001). After a median of 3.1 years of
follow-up, 97 (14.8%) patients died. The Kaplan-Meier
analysis indicated that the long-term cumulative mortality
was higher in patients with NT-pro-BNP >210 pg/mL
compared with patients with NT-pro-BNP <210 pg/mL
(log-rank=26.92, p<0.001). In multivariable Cox survival
modelling, NT-pro-BNP >210 pg/mL was independently
associated with long-term death (adjusted HR 2.47, 95% Cl
1.4510 4.22, p=0.001).

Conclusions NT-pro-BNP resulted as an independent
predictor of adverse prognosis in patients with TBAD, thus
could be used as a potential risk-stratification tool.

INTRODUCTION
Despite advances in diagnostic and ther-

Strengths and limitations of this study

» This study was the first to explore the role of
N-terminal pro-B-type natriuretic peptide (NT-pro-
BNP) in type B aortic dissection (TBAD) patients.

» This was a multicentre study with a relatively large
sample size.

» This study might provide a potential risk-stratifica-
tion tool in TBAD patients.

» It was limited in that it was a retrospective analy-
sis and residual risk factors may impact the present
results.

» The risk factors, which contributed to high NT-pro-
BNP levels, were not evaluated in this study.

condition." Based on the epidemiological
data, the in-hospital mortality of patients
with TBAD treated with open surgery has
been estimated to 32%, while for patients
treated with thoracic endovascular aortic
repair (TEVAR) itis 7% compared with 10%
in patients treated only with medication.”
Mortality continues to rise during long-term
follow-up, even after TEVAR.*> Therefore,
identification of patients with a high risk of
death is essential, and could assist clinicians
in making accurate therapeutic plans with
the aim of improving prognosis.

B-type natriuretic peptide (BNP) is a
prohormone secreted by the ventricular
myocardium in response to stretching,7 and
is used to diagnose and to determine the
severity of heart failure. N-terminal pro-BNP
(NT-pro-BNP) is a more powerful predictor
than BNP and has been reported as a prog-
nostic marker for several conditions.* "
Previous studies have indicated that patients
with acute type A aortic dissection (TAAD)
have significantly higher plasma NT-pro-BNP
levels compared with controls." Also, preop-

Dr Kuaifa Fang; apeutic techniques, type B aortic dissec- erative NT-pro-BNP levels have been asso-
gdfkf100@126.com tion (TBAD) remains a life-threatening ciated with increased risk of short-term
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adverse outcomes in patients with TAAD." '° Never-
theless, the small sample size of published studies (the
largest study included 104 patients) and their lack of
long-term follow-up data limit the evidence supporting
the value of NT-pro-BNP as a prognostic factor in patients
with aortic dissection. In addition, the prognostic value
of NT-pro-BNP in TBAD remains unknown. Therefore,
the aim of the present study was to investigate the rela-
tionships between NT-pro-BNP levels and in-hospital and
long-term adverse prognosis in patients with TBAD on a
relatively large sample size.

MATERIALS AND METHODS

Study population

This was a multicentre retrospective study, which
included patients with TBAD treated from January 2010
to December 2015 at three hospitals in China, including
Liutie Central Hospital, Nanfang Hospital and Huiyang
Hospital. TBAD was diagnosed according to multide-
tector CT scanning. The chronic aortic dissection (onset
of symptoms to treatment >90 days) was not analysed
in this study.' Patients were excluded if they had a clear
aetiology, including trauma, iatrogenic injury or Marfan
syndrome. Patients with a history of malignancy were
also excluded. Individuals with no available admission
NT-pro-BNP record were not included.

Laboratory examinations and data collection

Venous blood was collected on the admission and
NT-pro-BNP was measured using a chemiluminescent
immunoassay kit (Roche Diagnostics, Grenzach-Wyhlen,
Germany), with a normal range of 0-125 pg/mL. Routine
blood indices and serum creatinine were also tested. We
calculated estimated glomerular filtration rate (eGFR)
using the Chinese version of the four-variable Modifica-
tion of Diet in Renal Disease equation. The demographic
and clinical characteristics of study participants were
collected via an electronic case report by one researcher
and were randomly checked by another one. Transtho-
racic motion-mode, two-dimensional and Doppler echo-
cardiographic evaluations were routinely performed
within 24hours of admission. Left ventricular ejection
fraction (LVEF) was evaluated through the Simpson’s
biplane method.

Thoracic endovascular aortic repair

Thoracic endovascular aortic repair (TEVAR) was
performed for the patients with complicated TBAD,
who presented with recurrent or refractory pain, uncon-
trolled hypertension despite medical treatment, rapid
aortic expansion, malperfusion of the viscera or limbs,
signs of rupture (haemothorax, increasing periaortic
and mediastinal haematoma) or hypotension/ shock.!
Other factors, such as false lumen diameter, location of
the primary entry tear and retrograde component of the
dissection into the aortic arch, were also considered for
elective TEVAR. However, patients, who refused TEVAR

due to the potential risk or cost of surgery, were treated
with medication.

Patient and public involvement

Patients or public were not involved in the development
of the research question and study design or conducting
the present study.

Definition and endpoints

Acute TBAD was defined as time from symptom onset
to hospital admission <14 days." Anaemia was defined
as a haemoglobin value <120g/L in men or <110g/L
in women. After discharge, all survived patients were
followed up by the trained nurses via telephone inter-
views or visits to clinics from October 2016 to April 2017.
Long-term mortality was defined as all the death causes
that occurred during follow-up after a diagnosis of TBAD.
The occurrences of other events, such as in-hospital
death, stroke and dialysis, were also recorded. In-hospital
major adverse clinical events (MACEs) were a composite
endpoint, including in-hospital death, stroke and dialysis.

Statistical analyses

All data are presented as mean+SD or median (IQR)
for continuous variables, or as number (percentage) for
categorical variables. Continuous data were compared
using analysis of variance or Wilcoxon rank-sum tests,
while categorical data were evaluated using the ” test.
Predictive value was evaluated by generating receiver
operating characteristic (ROC) curves. Survival during
long-term follow-up was analysed using the Kaplan-Meier
curve method and compared among groups using the
log-rank test. Univariate Cox survival analysis was used to
determine risk factors for long-term mortality. Variables
with p<0.05 in univariate analysis were included in the
multivariable Cox survival model, and adjusted ORs and
95% CIs were calculated. A p<0.05 was considered statisti-
cally significant. Statistical analyses were performed using
SPSS V.13.0 (SPSS).

RESULTS

Baseline clinical characteristics

The final study population included 657 patients (mean
age, 57+11 years) with admission NT-pro-BNP records,
which were classified into three groups according to
tertiles of NT-pro-BNP levels (pg/mL): <95 (low; n=220),
95-312 (medium; n=218) and >312 (high; n=219). The
baseline clinical characteristics of the study population
are presented in table 1. Patient age increased with
increasing NT-pro-BNP level (53.7+9.7 vs 57.8+11.3 vs
59.5+12.1 years, in the low, medium and high group,
respectively; p<0.001). The rate of acute TBAD was
87.5%, which was higher in the upper tertiles. Admis-
sion systolic blood pressure (SBP), pulse pressure, heart
rate, white cell count and C reactive protein (CRP) were
significantly higher in patients with high NT-pro-BNP
levels, who also had lower haemoglobin, eGFR and LVEF
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Table 1

Baseline clinical characteristics according to the tertiles of NT-pro-BNP levels

NT-pro-BNP tertiles, pg/mL

Clinical variables T1 (<95, n=220) T2 (95-312, n=218) T3 (>312, n=219) P value
Age (years) 53.7+9.7 57.8+11.3 59.5+12.1 <0.001
Gender

Males, n (%) 189 (85.9) 187 (85.8) 179 (81.7) 0.390

Females, n (%) 31 (14.1) 31 (14.2) 40 (18.3)
Medical history, n (%)

Hypertension 179 (81.4) 188 (86.2) 193 (88.1) 0.119

Diabetes 15 (6.8) 26 (11.9) 18 (8.2) 0.155

Coronary heart disease 23 (10.5) 36 (16.5) 43 (19.6) 0.026

Stroke 6 (2.7) 14 (6.4) 15 (6.8) 0.107
Current smoke, n (%) 96 (43.6) 89 (40.8) 83 (37.9) 0.473
Acute type*, n (%) 182 (82.7) 192 (88.1) 201 (91.8) 0.016
Complicated TBAD, n (%) 135 (61.4) 148 (67.9) 159 (72.6) 0.042
Admission SBP (mm Hg) 133.1+19.7 136.4+21.6 140.7+22.6 0.001
Admission DBP (mm Hg) 79.0+13.1 79.6+12.9 80.0+14.0 0.740
Pulse pressure (mm Hg) 54.1£12.7 56.9+16.6 60.6+£16.0 <0.001
Heart rate (bpm) 75.8+11.4 76.3+11.8 81.6+13.7 <0.001
WCC count (*10%L) 10.4+3.3 10.9+3.7 11.7+4.4 0.001
Haemoglobin (g/L) 130.7+14.8 126.5+16.4 120.4+21.0 <0.001
Anaemia, n (%) 40 (18.2) 60 (27.8) 86 (39.4) <0.001
eGFR (mL/min/1.73m?) 85.8+26.5 78.8+29.9 62.8+34.0 <0.001
CRP (mg/L) 64.8 (14.2,97.1) 80.0 (32.5,122.0) 105.0 (61.0,157.0) <0.001
LVEF (%) 66.4+4.9 64.6+6.5 62.6+8.4 <0.001
LVEF <50% 0 7 (3.2 16 (7.3) <0.001
Artery affected

Coeliac axis 64 (31.5) 54 (25.8) 49 (28.9) 0.197

SMA 41 (20.2) 34 (16.3) 36 (17.7) 0.578

Right renal artery 49 (24.0) 47 (22.3) 42 (20.5) 0.692
Left renal artery 53 (26.1) 49 (23.4) 46 (22.5) 0.682
Pleural effusion, n (%) 87 (39.5) 100 (45.9) 127 (58.0) <0.001
TEVAR, n (%) 161 (73.2) 158 (72.5) 131 (59.8) 0.003

*Acute type was defined as onset of symptoms to treatment <14 days.

CRP, C reactive protein; DBP, diastolic blood pressure; eGFR, estimated glomerular filtration rate; LVEF, left ventricular ejection fraction;
NT-pro-BNP, N-terminal pro-B-type natriuretic peptide;SBP, systolic blood pressure; SMA, superior mesenteric artery; TBAD, type B aortic
dissection; TEVAR, thoracic endovascular aortic repair; WCC, white cell count.

values. In addition, there was a significantly higher preva-
lence of preexisting coronary heart disease, complicated
TBAD, anaemia, LVEF <50% and pleural effusion among
patients with levels of NT-pro-BNP in the upper tertiles.

NT-pro-BNP and clinical outcomes

Opverall, in-hospital death occurred in 27 patients (4.1%),
and both in-hospital death (low, medium, high groups,
0.5%, 4.1% and 7.8%, respectively, p<0.001; figure 1) and
in-hospital MACEs (low, medium, high groups, 1.4% vs
11.5% vs 15.5%, respectively, p<0.001) more commonly
occurred in patients with levels of NT-pro-BNP in the

upper tertiles; the observed differences were statisti-
cally significant. Analysis of the value of NT-pro-BNP for
predicting in-hospital death yielded an area under the
curve (AUC) of 0.774 (95% CI 0.692 to 0.855, p<0.001;
figure 2). Moreover, the optimal cut-off NT-pro-BNP
value was 210pg/mL, with 81.5% sensitivity and 58.6%
specificity. In addition, NT-pro-BNP had a similar power
with D-dimer in predicting in-hospital death (AUC: 0.774
vs 0.748, p>0.05).

Clinical outcome data were available for 594 patients
(90.4%), with a median follow-up duration of 3.1 years.
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Figure 1 Prevalence of in-hospital events. MACEs, major
adverse clinical events.

During the follow-up, 97 (14.8%) patients died. Kaplan-
Meier analysis indicated that the long-term cumulative
mortality was higher in patients with NT-pro-BNP >210 pg/
mL compared with patients with NT-pro-BNP <210pg/
mL (logrank=26.92, p<0.001; figure 3). In univariable
Cox analysis, eight variables were significantly associ-
ated with long-term mortality: NT-pro-BNP, age, female,
preexisting coronary heart disease, previous stroke,
pulse pressure, anaemia, eGFR <60mL/min/1.73 m?,
LVEF, superior mesenteric artery affected and receiving
TEVAR (table 2). In multivariable Cox survival model-
ling, log(NT-pro-BNP) was independently associated
with long-term mortality (adjusted HR 1.77, 95% CI
1.24 to 2.52, p=0.002). Similar results were found when
NT-pro-BNP >210pg/mL replaced log(NT-pro-BNP) as
a binary variable in model 2 (adjusted HR 2.47, 95% CI
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T T e e e
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Figure 2 ROC curves of NT-pro-BNP and D-dimer for

predicting in-hospital mortality. NT-pro-BNP, N-terminal

pro-B-type natriuretic peptide; ROC, receiver operating

characteristic.
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Figure 3 Cumulative mortality in the entire study cohort
according to NT-pro-BNP cut-off. NT-pro-BNP, N-terminal
pro-B-type natriuretic peptide.
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1.45 to 4.22, p=0.001, table 3). ROC curve analysis showed
that NT-pro-BNP had a higher predictive power for long-
term death than D-dimer (AUC: 0.694 vs 0.547, p<0.001).
In addition, subgroup analysis revealed that NT-pro-BNP
remained as a predictor for long-term death in patients
receiving TEVAR (AUC 0.682, 95% CI 0.609 to 0.754,
p<0.001) or in those receiving conservative treatment
(AUC 0.674, 95% CI 0.583 to 0.764, p<0.001).

DISCUSSION

The current study is the first to explore the prognostic
value of NT-pro-BNP in patients with TBAD using a rela-
tively large sample size. NT-pro-BNP was associated with
increased risk of in-hospital and long-term mortality.
In addition, NT-pro-BNP >210pg/mL was a significant
predictor of long-term mortality.

TBAD involving the descending aorta or the arch is a
catastrophic condition thatis most commonly treated with
TEVAR. Nevertheless, studies with long-term follow-up
have reported relatively high mortality rates. In this study,
the long-term mortality was 10.7% in patients receiving
TEVAR and 14% in those being treated only with drugs.
Many factors have been identified as responsible for high
mortality in these patients.'®'” However, high-risk patients
have remained indistinguishable due to the different
sensitivities of the previous markers. Therefore, finding
a novel and simple biomarker for risk stratification is of
utmost importance.

Levels of NT-pro-BNP or BNP, which are already used
as prognostic factors for cardiovascular diseases, and even
for some non-cardiac conditions,s_12 could be potentially
used for risk stratification. To the best of our knowledge,
Sbarouni et alwere the first to apply NT-pro-BNP in aortic
dissection. Their study included 18 patients with TAAD

Luo C, et al. BMJ Open 2019;9:2029885. doi:10.1136/bmjopen-2019-029885



Table 2 Univariable COX survival analysis of factors
associated with long-term mortality

Table 3 Multivariable COX survival analysis of factors
associated with long-term mortality

Clinical variables HR 95% CI P value Clinical variables HR 95% CI P value
Age 1.04 1.02to 1.06 <0.001 Model 1
Female gender 1.64 1.01 to 2.67 0.044 log(NT-pro-BNP) (pg/ 1.77 1.24 t0 2.52 0.002
Hypertension 108  060t01.93  0.809 mL)
Diabetes 123 06610230  0.521 Age (year) 103  1.01t01.05 0014
Pre-existing CAD 2.02 1.26t03.23  0.003 Female gender 143  080t02.55  0.233
Previous stroke 234  121t04.49  0.011 PTG (CAD) 2 A 2 I
Current smoke 1.78 0.78 to 4.06 0.173 Previous stroke 1.01 0.39 to 2.60 0.989
Acute TBAD 1.04 0.56 to 1.95 0.902 Pulse pressure 0.97 0.96 to 0.99 0.001
Complicated TBAD ~ 1.21  0.77t01.90  0.406 Anaemia 130 077t0221 0327
Admission SBP 0.99 0.98t01.00  0.110 SlEl A el 137 082t02.30  0.236

min/1.73m
Admission DBP 1.00 0.98 to 1.01 0.769

LVEF 1.23 0.44 to 3.46 0.701
Heart rate 1.00 0.99 to 1.02 0.780

SMA affected 1.96 1.10 to 3.48 0.022
Pulse pressure 0.98 0.97 to 1.00 0.028

TEVAR 0.72 0.43to 1.21 0.212
WCC count 1.02 0.97 to 1.07 0.524 NI

ode
Anaemia 1.91 1.28 to 2.86 0.002
eGFR <60mL/ 030 15510346  <0.001 NT-pro-BNP >210pg/  2.47 1.451t0 4.22 0.001
. . . . mL

min/1.73m?

Age (year) 1.03 1.00 to 1.05 0.026
log(NT-pro-BNP) 2.21 1.73t02.83 <0.001

Female gender 1.54 0.87t02.73 0.142
NT-pro-BNP >210pg/ 2.94 1.92t04.50 <0.001 o
mL Pre-existing CAD 1.21 0.67 to 2.22 0.527
LVEF 0.97 0.94 to 0.99 0.010 Pulse pressure 097 0.96t00.99 <0.001
Coeliac axis affected  0.93 057to1.52  0.779 Anaemia 143  0.86102.37 0.173
SMA affected 166  1.02t02.70  0.041 CElR ey sl BEmass s

; min/1.73m

Right renal artery 1.34 0.83t0 2.16 0.229
affected LVEF 1.04 0.37 t0 2.96 0.942
Left renal artery 124  0.77t02.00 0.368 SMA affected 2.01  113t03.57 0018
affected TEVAR 0.61 0.37 to 1.00 0.051
Pleural effusion 1.20 0.81t0 1.79 0.371 CAD, coronary artery disease; eGFR, estimated glomerular
TEVAR 0.50 0.34t0 0.75 0.001 filtration rate; LVEF, left ventricular ejection fraction; NT-pro-BNP,

CAD, coronary artery disease;CRP, C reactive protein; DBP,
diastolic blood pressure; eGFR, estimated glomerular filtration
rate; LVEF, left ventricular ejection fraction; NT-pro-BNP, N-terminal
pro-B-type natriuretic peptide; SBP, systolic blood pressure; SMA,
superior mesenteric artery;TBAD, type B aortic dissection; TEVAR,
thoracic endovascular aortic repair; WCC, white cell count.

and 8 healthy subjects, and NT-pro-BNP levels were signifi-
cantly higher in patients with TAAD." Subsequently,
Zhang et al explored the prognostic value of NT-pro-BNP
in 67 patients with TAAD and suggested that it should
be considered as a predictor for in-hospital mortality.'”
Another study on 104 patients with TAAD undergoing
emergency surgery showed that increased preoperative
NT-pro-BNP levels were associated with higher risk of
short-term adverse events'®; yet, the small sample sizes
and lack of long-term follow-up data in previous reports
limit the evidence supporting the prognostic value of
NT-pro-BNP in patients with aortic dissection. If these

N-terminal prohormone brain natriuretic peptide; SMA, superior
mesenteric artery; TEVAR, thoracic endovascular aortic repair.

findings were relevant to patients with TBAD remained
unclear. The current study revealed that NT-pro-BNP is
an independent predictor for in-hospital and long-term
mortality in patients with TBAD.

Although the mechanism underlying the association
of NT-pro-BNP levels and prognosis in TBAD remains
unclear, the following factors may account for this finding.
First, increased levels of NT-pro-BNP are a marker of renal
dysfunction due to decreased excretion from the kidneys.
In studies on aortic dissection, renal impairment on
admission has been associated with increased risk of post-
operative renal failure and with in-hospital and long-term
mortality."® ' In the present study, a linear correlation
was observed between N'T-pro-BNP and admission serum
creatinine; however, this cannot be the only contributing
factor, because the effect of NT-pro-BNP on long-term
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mortality was not eliminated by including renal dysfunc-
tion into multivariate Cox analysis. Second, aortic dissec-
tion is defined as the separation between the layers of the
aortic wall, resulting in luminal stenosis and decreased
blood supply to organs. The latter, and consequent sharp
pain, further activate the sympathetic nervous and renin-
angiotensin systems.”” All of these factors could cause
increased blood pressure and strain on the left ventricular
myocardium, leading to elevated secretion of NT-pro-BNP.
Refractory hypertension has been associated with adverse
outcomes in acute aortic dissection.?' # In our analysis,
we identified a significant positive association between
admission SBP and increasing NT-pro-BNP concentra-
tion. NT-pro-BNP levels may reflect this high pressure
load, thus indicating poor prognosis. Third, a previous
study has shown that inflammation is an important risk
factor in aortic dissection.* Changes in systemic inflam-
matory markers, such as interleukin-6, CRP, tumour
necrosis factor-a and matrix metalloproteinase-9, are
associated with acute-phase reactions in aortic dissection,
even when stenting has been performed.** Inflammatory
cytokines may also have direct effects on BNP transcrip-
tion and translation in cardiomyocytes.”” In this anal-
ysis, we observed a trend towards a positive association
between CRP and increasing NT-pro-BNP levels. Higher
NT-pro-BNP was an indicator of inflammation, which
contributes to poor prognosis. Finally, increased BNP also
has direct adverse effects. Zhang et al have demonstrated
that high BNP expression levels promote cardiomyo-
cyte apoptosis by activating the caspase-1/interleukin-1B
signalling pathway.*® BNP can also enhance mild hypox-
ia-induced cardiomyocyte apoEtosis by downregulating
the expression of Bcl2 mRNA.*

However, several limitations should be considered
when seeking to generalise the results of the present
study. First, though multivariable analysis was performed
to eliminate possible confounding effects, residual risk
factors may impact the present results due to the inherent
weakness of the retrospective study design. Second, we
did not evaluate the risk factors which contributed to
high NT-pro-BNP levels. Third, the definite mechanism
underlying the adverse effects of NT-pro-BNP in aortic
dissection remains unclear and requires to be further
studied. Finally, the effect of NT-pro-BNP was explored
only in patients with acute and subacute TBAD; thus,
it remains to be seen whether it can be extrapolated to
other groups.

CONCLUSION

In this study, we explored the prognostic value of
NT-pro-BNP levels in patients with TBAD. Increased
NT-pro-BNP was associated with high risk of in-hos-
pital and long-term mortality. These results support the
routine application of NT-pro-BNP as a risk-stratification
tool for patients with TBAD, while in patients with high
NT-pro-BNP, it should be given additional attention.
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