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ORIGINAL RESEARCH ARTICLE

Magnitude of Soluble ST2 as a Novel
Biomarker for Acute Aortic Dissection

Editorial, see p 270

BACKGROUND: Misdiagnosis of acute aortic dissection (AAD) can lead
to significant morbidity and death. Soluble ST2 (sST2) is a cardiovascular
injury—related biomarker. The extent to which sST2 is elevated in AAD and
whether sST2 can discriminate AAD from other causes of sudden-onset
severe chest pain are unknown.

METHODS: We measured plasma concentrations of sST2 (R&D Systems
assay) in 1360 patients, including 1027 participants in the retrospective
discovery set and 333 patients with initial suspicion of AAD enrolled

in the prospective validation cohort. Measures of discrimination for
differentiating AAD from other causes of chest pain were calculated.

RESULTS: In the acute phase, sST2 levels were higher in patients with
AAD than those with either acute myocardial infarction in the first case-
control discovery set within 24 hours of symptom onset or with patients
with pulmonary embolism in the second discovery set (medians of

129.2 ng/mL versus 14.7 with P<0.001 for AAD versus acute myocardial
infarction and 88.6 versus 9.3 with P<0.001 for AAD versus pulmonary
embolism). In the prospective validation set, sST2 was most elevated in
patients with AAD (median [25th, 75th percentile]: 76.4 [49.6, 130.3])
and modestly elevated in acute myocardial infarction (25.0 [15.5, 37.2]),
pulmonary embolism (14.9 [10.2, 30.1]), and angina patients (21.5
[13.1, 27.6], all P<0.001 versus AAD). The area under receiver operating
characteristic curve for patients with AAD versus all control patients
within 24 hours of presenting at the emergency department was 0.97
(0.95, 0.98) for sST2, 0.91 (0.88, 0.94) for D-dimer, and 0.50 (0.44, 0.56)
for cardiac troponin |, respectively. At a cutoff level of 34.6 ng/mL, sST2
had a sensitivity of 99.1%, specificity of 84.9%, positive predictive value
of 68.7%, negative predictive value of 99.7%, positive likelihood ratio of
6.6, and negative likelihood ratio of 0.01.

CONCLUSIONS: Among patients with suspected aortic dissection in

the emergency department, sST2 showed superior overall diagnostic
performance to D-dimer or cardiac troponin |. Additional study is needed
to determine whether sST2 might be a useful rule-out marker for AAD in
the emergency room.
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Clinical Perspective
What Is New?

¢ In the acute phase, soluble ST2 was most elevated
in patients with acute aortic dissection and mod-
estly elevated in patients with other causes of acute
chest pain.

e Soluble ST2 showed superior overall diagnostic per-
formance for acute aortic dissection over D-dimer
or cardiac troponin | within 24 hours of presenta-
tion to the emergency department.

e ST2 tests with levels <35ng/mL (measured by the
R&D Systems assay) appear to reliably rule out
acute aortic dissection in patients with suspicion of
this disease if used within 24 hours after symptom
onset.

What Are the Clinical Implications?

e Soluble ST2 could be a useful biomarker for aortic
dissection, which can discriminate acute aortic dis-
section from other diseases presenting with acute
chest pain.

e Soluble ST2 may provide fast and inexpensive diag-
nostic test to exclude early aortic dissection.

ortic aneurysm and dissection results in 10000
Adeaths in the United States annually.” As a life-
threatening cardiovascular disease, acute aortic
dissection (AAD) is a rapidly fatal clinical emergency,
with an untreated mortality of =1% to 2% per hour af-
ter symptom onset.? Immediate early diagnosis is crucial
and lifesaving for appropriate management of the con-
dition.> One of the main challenges for a definitive di-
agnosis is to distinguish AAD from other sudden-onset
severe chest pain diseases, especially acute myocardial
infarction (AMI) and pulmonary embolism (PE), because
these patients show similar symptoms but require dif-
ferent treatments. Misdiagnosis of AAD as myocardial
infarction or PE often results in catastrophic hemor-
rhage or an exacerbation of AAD, especially when
thrombolytic drugs are inappropriately used.*® Howev-
er, ECGs and chest x-ray films lack sensitivity and speci-
ficity in these circumstances.” Definitive confirmatory
investigation (eg, computed tomography and magnetic
resonance imaging) may be limited or not available in
the emergency room. It is reported that variation in the
presentation of AAD can result in misdiagnosis, with
<40% of cases being established only at postmortem.&°
To accelerate the diagnosis of AAD, which is a dis-
ease of the aortic medial layer, the search for potential
biomarkers has focused on those markers associated
with injury to vascular smooth muscle (smooth muscle
myosin),' vascular interstitium (calponin),’ elastic lami-
nae of the aorta (soluble elastin fragments),’? or endo-
thelial turnover (CD40 ligand)'® and markers associated
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with exposure of blood to nonintimal vascular surfaces
(D-dimer).* At present, only D-dimer has a clinically
relevant role in suspected aortic dissection (AD).'41>
However, low specificity was reported for D-dimer in
patients with false lumen thrombosis, less extensive dis-
ease, and younger age groups.'® Although significantly
elevated D-dimer levels were reported in patients with
AAD compared with AMI, D-dimer cannot discriminate
patients with AAD from those with PE. A biomarker
that can provide additional information to help in early
diagnosis and to either reliably include or exclude AAD
as a diagnostic possibility would be valuable, particu-
larly if it can be assessed at the time of presentation.

ST2 is an interleukin (IL)-1 receptor family member
with transmembrane (ST2L) and soluble (sST2) isoforms.
sST2, a soluble truncated form of ST2L, is secreted into
the circulation and functions as a decoy receptor for
IL-33. Blood concentrations of sST2 increase in many
inflammatory diseases and heart diseases,'”'® emerging
as a clinically useful prognostic biomarker in patients
with heart failure.’®?* However, the extent to which
sST2 is elevated in AAD is unknown.

We measured plasma concentrations of sST2 in pa-
tients with aortic dissection and other acute chest pain
diseases (eg, AMI, PE, or angina). We then compared
them with healthy participants to evaluate the diagnos-
tic performance of different levels of sST2 at discrimi-
nating AAD from other diagnoses and assess whether
sST2 is a potential novel biomarker for AAD under dif-
ferent circumstances.

METHODS
Study Sample

The overall study design is shown in Figure 1. The study com-
prised a retrospective discovery set and a prospective valida-
tion cohort. The data that support the findings of this study
are available from the corresponding author on reasonable
request. The detailed study design and population samples
of the discovery set are described in Appendix | and Figure IA
in the online-only Data Supplement. In short, 2 case-control
sets were established to evaluate the diagnostic performance
of sST2 for discriminating AAD from AMI or PE, respectively.
The reason for setting up 2 separate case-control groups
was mainly the consideration of time from symptom onset
and number of patients available. To discriminate AAD from
AMI, all patients with AAD within 24-hour symptom onset
were enrolled and frequency matched with patients with AMI
within the same time frame. Because of the limited number
of PE cases within 24-hour symptom onset, we established
the second retrospective case-control study set, including all
patients with AAD or PE available within 14-day symptom
onset, to evaluate the diagnostic performance of sST2 at
discriminating AAD from PE. All patients were subject to the
same exclusion criteria described in Appendix | in the online-
only Data Supplement. All patients with AAD in the study set
for AAD versus AMI were also eligible and included in the
study set for AD versus PE.

Circulation. 2018;137:259-269. DOI: 10.1161/CIRCULATIONAHA.117.030469
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e Discovery Set* Validation cohortt
Y (n=1027: 677 AD + 234 AMI + 49 PE + 67 Healthy control) (n=333)
AD cases Non-AD controls AD cases Non-AD controls
i <
AAD vs AMI (Time onset < 24 hours) AAD n=114
AAD n=245
AMI n=234
AMI n=72
. AAD vs PE (Time onset < 14 days)
Study population AAD =443 PE n=24
PE n=49
Angina n=54
Additional subjects for sST2 distribution
AD (time onset > 14 days) n=234 Others n=69
Healthy control n=67
Study design Retrospective Prospective

Figure 1. Overall study design.

*Detailed population information and the corresponding objectives in the discovery set are shown in Appendix | in the online-
only Data Supplement. tDetailed population information of the validation cohort is shown in Figure | in the online-only Data
Supplement. AAD indicates acute aortic dissection; AD, aortic dissection; AMI, acute myocardial infarction; PE, pulmonary

embolism; and sST2, soluble ST2.

To further evaluate the diagnostic value of sST2, we
designed a validation cohort, including all consenting patients
with a suspicion of acute AD within the first 24 hours of pre-
sentation to the emergency department at Anzhen Hospital
(Beijing, China). Patients with initial suspicion of having AAD
were prospectively enrolled in the validation cohort between
October 2016 and March 2017. From the total 3618 chest
pain patients presenting in the emergency department, we
excluded patients in whom there was little or no suspicion
of a life-threatening disease (1386 patients), patients with
confirmed AMI when presenting (656 patients, eg, those
transferred from other hospitals or diagnosed by ECG), con-
firmed angina (974 patients), confirmed PE (30 patients),
confirmed AAD (126 patients), and those whose symptoms
were clearly not related to AD (113 patients, eg, pleurisy,
pneumonia, acute abdominal diseases) (Figure | in the online-
only Data Supplement). Exclusion of these patients was based
on the guidelines on the diagnosis and treatment of aortic
diseases.?>?’ The remaining 333 patients (ie, suspected AAD
or AAD not immediately ruled out) were finally eligible and
included for the validation cohort without further selection
of patients based on the final diagnosis. Patients suspected
to have heart failure were included. The suspicion of AAD
generally causes clinicians to order a D-dimer test, which is
currently recommended in the Chinese clinical guidelines for
diagnosing AAD?” and implemented in our hospital emer-
gency department, although this practice may not be routine
in other countries. All patients in our validation cohort had
confirmatory medical imaging examination regardless of the
result of the D-dimer test.

For all participants, whole blood was drawn into sodium
citrate tubes, processed immediately into plasma, and stored
at —80°C. Blood samples were handled using the same proce-
dures for the different case-control groups. We used the first

Circulation. 2018;137:259-269. DOI: 10.1161/CIRCULATIONAHA.117.030469

blood sample from participants after they entered the hos-
pital and before surgery. Baseline characteristics and surgical
information of patients were collected from medical records
and confirmed by the study physicians.

The study was approved by the Beijing Anzhen Hospital
Ethics Review Board. All patients provided written informed
consent. For patients with AAD with sudden death soon after
admission or diagnosed at autopsy, consent was obtained
from family members.

Outcome

All patients with AD had image information from ECGs
and computed tomography to confirm the final diagnosis.
D-dimer was not used for confirmation of the final diagnosis
of AD. Patients with AD were classified according to the site
of the intimal tear or the part of the aorta affected, irrespec-
tive of the position of the tear. Anatomic classification was
made using the Stanford system. Patients with AD were clas-
sified as having acute dissection if their time from onset of
symptoms was <14 days. In unusual circumstances, in which
the time of symptom onset was unclear, acuteness of dis-
section was determined from other clinical features, such as
the characteristics of the dissecting membrane on imaging
and the appearance of the aortic wall during the operation.
Patients were diagnosed with AMI if they had chest pain
lasting >20 minutes, diagnostic serial ECG changes compris-
ing new pathological Q waves or ST-segment and T-wave
changes, and a plasma creatine kinase-myocardial band ele-
vation more than twice the normal level or cardiac troponin
I (cTnl) level >0.1 ng/mL. Diagnosis of PE was confirmed by
positive spiral computed tomography or pulmonary angi-
ography, a high probability on ventilation perfusion scintig-
raphy, or a proximal deep vein thrombosis documented on
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compression ultrasonography or angiography. Patients with
AMI with suspected heart failure were based on the Killip
classification, where Killip class >1 indicates patients with
certain clinical signs of heart failure. Patients with PE with
the ratio of right over left ventricle =0.9 implies the presence
of right ventricle strain.

Measurements of sST2 and D-Dimer
Circulating sST2 was measured using a DuoSet ELISA kit
(DY523B-05; R&D Systems) according to the manufacturer’s
instructions.?®=? The limit of detection for sST2 is 0.019 ng/
mL, with mean intraassay coefficient of variation of <6.0%
and mean interassay coefficient of variation of <9.5%.
Detailed procedures as well as the comparison between assay
methods for sST2 are described in Appendix Il and Figure IB
in the online-only Data Supplement). Levels of D-dimer were
measured using the commercially available automated latex-
enhanced immunoturbidimetric assay (HemoslL D-dimer
HS; Instrumentation Laboratory). The limit of detection for
D-dimer is 21 ng/mL, with mean intraassay coefficient of vari-
ation of <8.3% and mean interassay coefficient of variation
of <11.0%. Technicians were blind to the settings of the dif-
ferent case-control groups.

Statistical Analysis

Demographic and medical information of AAD and other
chest pain diseases were summarized by mean (SD) or median
(interquartile range [IQR)] for skewed variables (eg, sST2 and
D-dimer). A 2-sample t test was used to compare mean lev-
els of log-transformed sST2 or other continuous risk factors
(log-transformed where appropriate) by different disease
outcomes. The %2 test was used for assessing difference in
distribution of a categorical variable by different disease out-
comes. For the time course of sST2 levels according to the
time from symptom onset, we fit the linear regression model
on log-sST2 with the continuous time from symptom onset. A
linear trend test was used to test the association. Compared
with D-dimer, the diagnostic performance of sST2 for distin-
guishing AAD from all other diseases, AMI, PE, or angina was
assessed using receiver operating characteristic curve (ROC)
analysis. The area under the ROC, sensitivity, specificity, accu-
racy, 2 likelihood ratios suggested by Choi* for positive and
negative test results, positive predictive value, and negative
predictive value were calculated. Nonparametric ROC analy-
ses were performed using only a continuous variable of sST2,
D-dimer, or cTnl without the adjustment of other risk factors.
The Wald test was used to assess the significance of the dif-
ference between areas under the ROC. Because the preva-
lence of AD in patients presenting with a suspicion of AD is
poorly understood, to ease the generalization of our estima-
tions, we used 25% (ie, 1 in 4 patients) for calculating posi-
tive predictive value and negative predictive value, as applied
in other studies with similar study design for D-dimer.™ The
optimal cutoff point from the study was the threshold lead-
ing to the maximum summation of sensitivity and specificity
(ie, the Youden index).>* The recommended predefined cutoff
point for D-dimer was 500 ng/mL, which is widely used in the
published literature.* Analyses were made using Stata (ver-
sion 14.0) software (Stata Statistical Software). All P values
were 2-tailed and have not been adjusted for multiple testing.
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A P value <0.05 was considered statistically significant. Two-
sided P values and 95% confidence intervals were used.

RESULTS

Patient Demographics and sST2
Distribution

In the discovery set, data were available for 1027 par-
ticipants, including 677 AD cases (443 acute AD cases),
234 AMI cases, 49 PE cases, and 67 healthy control par-
ticipants (Figure 1). In the first case-control set to dis-
criminate AAD from AMI within 24 hours of symptom
onset, baseline characteristics of patients are shown
in Table | in the online-only Data Supplement. There
were 245 patients with AAD and 234 patients with
AMI. Both sST2 and D-dimer were significantly higher
in patients with AAD compared with AMI. Levels of
sST2 in patients with AMI were also higher than those
of healthy participants (Figure 2a). sST2 levels were el-
evated at 129.2 ng/mL (median, IQR: 71.3-197.5) in
patients with AAD compared with 14.7 ng/mL (median,
IQR: 9.9-23.3) in patients with AMI (P<0.001). Of 234
patients with AMI, 184 had Killip class I, which indi-
cated no sign of heart failure, and 50 patients had Killip
class Il, 1ll, or IV. The sST2 concentration was higher in
patients with AMI with Killip class >1 at 23.9 (median,
IQR: 15.6-44.7) than those with Killip = 1 at 13.3 (me-
dian, IQR: 8.6-19.8) (P<0.001). However, both were
significantly lower than those with AAD (both P<0.001
versus AAD). sST2 concentrations positively correlated
with D-dimer concentrations. Pearson’s correlation
coefficients were highest at 0.39 in patients with dis-
section and 0.27 in patients with AMI (Figure Il in the
online-only Data Supplement). Meanwhile, sST2 con-
centrations were positively correlated with brain natri-
uretic peptide in patients with AMI but not in patients
with AD (Figure lll in the online-only Data Supplement).
Pearson’s correlation coefficients were 0.30 in patients
with AMI and only -0.04 in patients with AD.

In the second case-control set to discriminate AAD
from PE, baseline characteristics of 443 patients with
AAD and 49 patients with PE are shown in Table Il in the
online-only Data Supplement. Levels of D-dimer were
similar among patients with both AAD and PE (medi-
an: 1431 versus 1594, P=0.19). sST2 was significantly
elevated in patients with AAD compared with PE (me-
dian: 88.6 versus 9.3, P<0.001) regardless of whether
patients underwent a type A or type B dissection (Fig-
ure 2b). sST2 levels in patients with PE were also higher
than those in healthy participants. Pearson’s correlation
coefficients in patients with PE were 0.14 for sST2 with
D-dimer and 0.21 for sST2 with brain natriuretic pep-
tide, respectively (Figures Il and Il in the online-only Data
Supplement). Among 49 patients with PE, 12 (24.5%)
had right ventricle/left ventricle >0.9, which indicated

Circulation. 2018;137:259-269. DOI: 10.1161/CIRCULATIONAHA.117.030469
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Figure 2. Distribution of sST2 according to disease status.
A, AAD vs AMI in the discovery set. *Including 189 patients with type A AAD, 53 patients with type B AAD, and 3 patients
with acute abdominal AAD. Analysis included all patients within 24 hours of time of onset. B, AAD vs PE in the discovery set.
*Including 327 patients with type A AAD, 112 patients with type B AAD, and 4 patients with acute abdominal (Continued)
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C Distribution of sST2 according to disease status in the validation cohort
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Figure 2 Continued. AAD. Analysis included all patients within 14 days of time of onset. C, Distribution of sST2 according to
disease status in the validation cohort.Medians of sST2 concentrations were 25.0 ng/mL (IQR: 15.5-37.2) in all patients with
AMI and 14.9 ng/mL (IQR: 10.2-30.1) in all patients with PE. AAD indicates acute aortic dissection; AMI, acute myocardial
infarction; IQR, interquartile range; LV, left ventricle; PE, pulmonary embolism; and RV, right ventricle.

the presence of right ventricle strain. Similar to patients
with AMI with Killip class >1, sST2 concentrations were
higher in patients with PE with right ventricle/left ven-
tricle 20.9 at 18.1 (median, IQR: 6.8-27.9) than others
at 9.0 (median, IQR: 7.2-14.3) (P=0.006). Again, both
were significantly lower than those with AAD (both
P<0.001 versus AAD). The additional dissection patients
in the AAD versus PE set were generally comparable to
those in the AAD versus AMI set, except that levels of
both sST2 and D-dimer were slightly lower, probably be-
cause of the longer time from symptom onset of these
patients (Table Il in the online-only Data Supplement).

Time course was examined in the discovery set us-
ing box plot analysis according to time from symptom
onset. Of the 677 patients who underwent dissection,
the peak level of sST2 was within 24 hours from symp-
tom onset. A moderate decline was observed over time
(linear trend test P<0.001) (Figure 3).

The validation cohort consisted of 333 patients,
including 114 with AAD and 219 with different final
diagnoses. Of the non-AD controls, 72, 24, 54, and

264  January 16,2018

69 patients had AMI, PE, angina, and other diseases,
respectively (Figure 1). Baseline characteristics of pa-
tients are shown in Table IV in the online-only Data
Supplement. sST2 levels were elevated in AAD at 76.4
ng/mL (median, IQR: 49.6-130.3). These were 3-fold,
5-fold, 3.6-fold, and 4-fold higher than levels for AMI
(median at 25.0 ng/mL), PE (median at 14.9 ng/mL),
angina (median at 21.5 ng/mL), and other diseases (me-
dian at 18.6 ng/mL), respectively (Figure 2c). Similar to
the results in the discovery set, 22% of patients with
AMI (n=16) had Killip class >1, and 25% of patients
with PE (n=6) had right ventricle/left ventricle >0.9. Al-
though sST2 levels were higher in those patients with
suspected heart failure than other patients, they were
still lower than those patients with AAD (Figure 2¢).

Diagnostic Performance
for Discriminating AAD

In the prospective validation cohort, the area under the
ROC for 114 patients with AAD versus all non-AD con-

Circulation. 2018;137:259-269. DOI: 10.1161/CIRCULATIONAHA.117.030469
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Figure 3. Levels of sST2 according
. to the time after onset in patients
546 2 with dissection in the discovery
set.
I sST2 indicates soluble ST2.
L}
7.4 2 4 -
[ ]
Time after onset <6 hours  6-12hours  12-24 hours 24-48 hours 48-72 hours 4-14 days >14 days
No. of patients 18 64 163 30 57 111 234

trol patients within 24 hours presenting at the emer-
gency department were 0.97 (0.95, 0.98) for sST2,
0.91 (0.88, 0.94) for D-dimer, and 0.50 (0.44, 0.56) for
cTnl, respectively (Figure 4a). For different control dis-
eases, the area under the ROC of sST2 to discriminate
AAD were 0.92 (0.88, 0.96) from patients with AMI,
0.96 (0.91, 1) from patients with PE, and 0.995 (0.990,
1) from patients with angina, respectively (Figure 4b).
Thus, sST2 showed superior overall diagnostic perfor-
mance compared with D-dimer and cTnl when all these
conditions with sudden-onset severe chest pain were
present in the emergency department.

Classification of Patients Using Levels
of sST2

In the validation cohort, sST2 at cutoff levels of 34.6
ng/mL and D-dimer at 323 ng/mL were the thresholds
leading to the maximum summation of sensitivity and
specificity in discriminating AAD from all other control
diagnoses (Figure 4 and Table). Corresponding sensi-
tivities were 99.1% for sST2 and 93.9% for D-dimer,
and specificities were 84.9% for sST2 and 78.5% for
D-dimer, resulting in 89.8% of patients for sST2 and
83.8% of patients for D-dimer being correctly classi-
fied. Although predictive values are widely used from a
clinical perspective, their estimations relied on a known
prevalence in the tested population (ie, proportion of
confirmed AD in all patients with suspicion of AAD).
Assuming 1 in 4 patients would have AD as used in
other studies,™ positive and negative predictive values
for sST2 at 34.6 ng/mL were 68.7% and 99.7%, re-
spectively. Positive and negative likelihood ratios for
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sST2 were 6.6 and 0.01, respectively. Negative predic-
tive value was >90% and negative likelihood ratio was
<0.1, indicating that sST2 at =35 ng/mL was a good
rule-out tool for AAD. Moreover, higher cutoff values
were associated with higher positive predictive values.
For an sST2 of 40 ng/mL, sST2 had the highest accu-
racy of 90.1% with sensitivity of 87.7%, specificity of
91.3%, positive predictive value of 77.1%, negative
predictive value of 95.7%, positive likelihood ratio of
10.1, and negative likelihood ratio of 0.13. Diagnostic
performance of sST2 at 34.6, 36, or 40 ng/mL was also
superior to D-dimer at a predefined cutoff level of 500
ng/mL.

DISCUSSION

This study analyzed data from 1360 participants, includ-
ing 1027 participants in the retrospective discovery set
and 333 patients with initial suspicion of having AAD
in the prospective validation cohort. Several promising
results suggest that the sST2 may be a potential novel
biomarker for discriminating AAD from other severe
chest pain diseases, and therefore it might help in the
early diagnosis of AAD.

We found that the magnitude of elevated sST2 can
distinguish patients with AAD from patients with AMI
within 24 hours after symptom onset. When aortic
dissection occurs, disruption to the aortic media im-
mediately changes aorta hemodynamics, with intra-
mural hemorrhage leading to propagation (especially
when the intimal layer is also disrupted) and tracking of
blood within the media. Vascular smooth muscle cells
are directly exposed to blood flow, shear stress, and lo-
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Figure 4. Receiver operating characteristic curves of sST2 in the validation cohort.
A, AAD vs all control patients comparing with D-dimer and cTnl. B, AAD vs each of the control diseases. AAD indicates acute

aortic dissection; AMI,

acute myocardial infarction; AUROC, area under the receiver operating characteristic curve; Cl, confi-

dence interval; cTnl, cardiac troponin I; PE, pulmonary embolism; and sST2, soluble ST2.

cal inflammation.*® In patients with dissection, smooth ~ suggested that the degree of the elevation of sST2 lev-
muscle cell stretch and vascular injury occurred in the  els is associated with the different magnitudes of vas-
large area of the aorta, the largest artery, which may  cular injury among AAD, AMI, and PE. In fact, although
induce higher levels of sST2 in the circulation than in  sST2 levels were higher in patients with AMI or PE with
the small or medium vessels of AMI or PE. Our results  suspected heart failure, they were still lower than that
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Table. Diagnostic Performance of Patients With AAD Versus Others Using sST2 Compared With

D-Dimer in the Validation Cohort

Threshold Sensitivity, % | Specificity, % | Accuracy, % ‘ PLR ‘ NLR ‘ PPV, %% | NPV, %%

Patients (n=333, with AAD n=114)
sST2, ng/mL 34.6* 99.1 84.9 89.8 66 | 0.01 68.7 99.7
36 93.0 88.1 89.8 78 | 008 723 97.4
40 87.7 913 90.1 101 | 013 77.1 95.7
50 74.6 95.0 88.0 163 | 027 832 91.8
Y?;rinrier' 323 93.9 785 838 44 | 008 59.3 97.5
(recomi?eondedﬁ 87.7 822 84.1 49 | 015 622 953

AAD indicates acute aortic dissection; NLR, negative likelihood ratio; NPV, negative predictive value; PLR positive likelihood ratio; PPV,

positive predictive value; and sST2, soluble ST2.

*Optimal threshold value obtained from the data, which was the threshold leading to the maximum summation of sensitivity and specificity

(ie, the Youden index).

tPredefined threshold values based on information from previous literature.
$Because the prevalence of aortic dissection in patients presenting with suspicion of aortic dissection is poorly understood, to ease the
generalization of our estimations, we used 25% (ie, 1 in 4 patients) as suggested in the previous literature.

in patients with AAD in our study, suggesting that the
increment of sST2 in AAD may mainly be a result of
smooth muscle cell stretch and vascular injury rather
than myocardial strain.

Besides AMI, we discovered that the magnitude of
elevated sST2 can distinguish patients with AAD from
patients with PE, whereas D-dimer, as a fibrin degrada-
tion product present in the circulation after fibrinolysis
of thrombus, was found to be significantly increased
similarly in a number of diseases, including both PE and
AAD. Currently, D-dimer aids clinical diagnosis for PE
only as a rule-out tool when the test result is negative.

In contrast, sST2 is not considerably elevated in
patients with PE. This observation suggests that sST2
could be a potential biomarker for discriminating AAD
from PE, providing additional valuable information be-
yond that provided by D-dimer. This is strongly support-
ed by our results from the prospective validation cohort,
which included all patients with suspected of AD with
acute chest pain within the first 24 hours of presenting
to the emergency department. A high proportion of pa-
tients with PE would limit the performance of D-dimer
for evaluation of AAD but cause no influence on sST2.

In addition, we found that using sST2 at around 35
ng/mL can exclude aortic dissection with a negative
likelihood ratio <0.1 and a negative predictive value of
>90%. It is noted that the cutoff point of 35 ng/mL for
sST2 was also recommended in the emergency depart-
ment for heart failure. However, this value for heart fail-
ure is proposed using the Presage assay, currently rec-
ommended by the US Food and Drug Administration.
The Presage assay was not used in our study because it
is not validated with our retrospective citrated plasma.
We therefore compared sST2 plasma concentrations
measured with the R&D Systems assay versus the Pres-
age assay in the evaluation set with 67 patients avail-
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able (Appendix Il in the online-only Data Supplement).
The 35 ng/mL using the R&D Systems assay was equiva-
lent to 71 ng/mL using the Presage assay in our evalua-
tion set. Furthermore, higher cutoff values of sST2 were
associated with higher positive predictive values. sST2
at 40 ng/mL had the highest accuracy of 90% in our
study with positive predictive value of 77% and positive
likelihood ratio of 10. Therefore, sST2 could be a prac-
tical and promising tool to guide the need for further
imaging diagnoses of AAD.

Two isoforms, sST2 and ST2L, are produced from
a dual promoter system through differential mRNA
processing.>” Both ST2 forms are expressed in vascular
cells and thoracic aorta tissues, with sST2 residing in
the extracellular matrix of the integumentary system.3#
ST2 mRNA expression is induced by mechanical strain,
tumor necrosis factor, IL-1a, and IL-1f. With stress
and proinflammatory stimuli, the proximal promoter
(active sST2), not the distal promoter (active ST2L), is
responsible for transcriptional activation. Therefore,
sST2, and not ST2L, is highly upregulated in the first
hour. sST2 is rapidly secreted into the circulation and
functions as a decoy receptor for IL-33. It then inhibits
IL-33/ST2L signaling, which represents a crucial pro-
tective mechanism in case of mechanical overload. In
this way, sST2 may extend the dissection and perhaps
leads to further release.”” These findings raise the
possibility that the IL-33/ST2 system could be a po-
tential pathophysiological mediator of dissection and
includes the involvement of sST2 and ST2L in several
different cellular processes, including cell alignment
and differentiation, migration, survival or apoptosis,
vascular remodeling, and cell-mediated inflammatory
reactions in dissection progression. The role of sST2
and ST2L in these specific pathologies remains to be
addressed in future studies.
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To our knowledge, this study provides the first evi-
dence that sST2 is associated with aortic dissection
and could be a novel biomarker for AD in the acute
phase. One strength of this study is that we discovered
and validated the diagnostic performance of sST2 for
AAD. We simultaneously measured D-dimer and sST2
for direct comparison to enhance the validity of our
estimates of the diagnostic performance. The relatively
large numbers of patients also allowed us to evaluate
the corresponding results according to different clini-
cally relevant subgroups (eg, patients with AMI or PE
with or without suspected heart failure). This study had
some limitations. Although this study had a relatively
large number of patients to examine AAD, it was a
single-center study. Although the prevalence of 1 in 3
suspected patients with AAD in our validation cohort
was comparable to several published studies for D-di-
mer with similar study designs,'* it may still be enriched
compared with the Western population in general clini-
cal practice (ie, not large referral centers). Therefore, we
excluded patients transferred from other hospitals with
confirmed disease outcomes (Figure | in the online-only
Data Supplement). A comparable prevalence of disease
(ie, 25% used in other studies) was applied in the es-
timation of positive and negative predictive values to
avoid inflation. However, the area under the ROC and
the positive and negative predictive values observed in
our study are likely exaggerated by the design of our
derivation and validation cohorts. In particular, our vali-
dation cohort is not an all-comers cohort of patients
with undifferentiated chest pain. Future validation
studies evaluating sST2, and comparing sST2 with D-
dimer, are thus needed. As a single-center study, the
generalizability of our findings should also be verified
by a large prospective multicenter study to confirm the
diagnostic efficacy and accuracy of this novel assay. The
absolute values for the concentrations of sST2 may be
varied according to the assay method used, which may
affect the cutoff levels proposed. Calibration across
different assay methods could be applied where ap-
propriate. Finally, other diseases (eg, acute respiratory
distress syndrome) can also cause the elevation of sST2
levels,* although they may not often be confused with
AD according to the symptoms of the disease. Further
medical image-based confirmatory diagnoses are still
essential in clinical practice.

Conclusions

sST2 showed superior overall diagnostic performance
for acute AD over D-dimer or cTnl in patients with sus-
pected AD in the emergency department. sST2 might
be a useful rule-out marker for AAD, but the utility of
a positive prediction is less clear. Therefore, sST2 could
be a sensitive candidate that may provide fast and cost-
effective diagnostic testing to determine early AAD.
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