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Abstract

Aims Peripartum cardiomyopathy (PPCM) are more vulnerable to intracardiac thrombus than other types of cardiomyopa-
thies, although explicit anticoagulant strategy is not sure. Too aggressive anticoagulation therapy can lead to severe bleeding
events. Hence, we want to construct a risk stratification model for intracardiac thrombus in PPCM patients.

Methods and results A total of 159 suspected PPCM cases were initially screened, whereas 123 confirmed cases were en-
rolled in the final analysis. The study population was randomly assigned as derivation group (N = 83) and validation group
(N = 40). The derivation cohort was utilized to develop the model, and the validation cohort was used to internal validate
the discriminatory ability of the model. Formation of intracardiac thrombus was detected in 22 patients. After adjusted by
multivariable logistic regression analysis, left ventricle ejection fraction (LVEF, OR 0.772, 95% Cl 0.665-0.897, P = 0.001),
haemoglobin levels (OR 1.050, 95% ClI 1.003-1.099, P = 0.038), and thrombocyte counts (OR 1.018, 95% ClI 1.006-1.029,
P = 0.003) were identified as risk factors independently associated with intracardiac thrombus and were finally included in
the tentative risk stratification model with a C-indexes of 0.916 (95% Cl: 0.850-0.982, P < 0.001). A score of <7 was regarded
as low risk, 8-10 defined intermediate risk, and >11 defined high risk in our model. Internal validation showed good discrim-
inatory ability of the model with a C-indexes of 0.790 (95% Cl: 0.644—0.936, P = 0.017).

Conclusions In our retrospective study, impaired LVEF, elevated haemoglobin levels, and high thrombocyte counts were
regarded as independent risk factors for intracardiac thrombus in PPCM. A risk stratification model derived from these risk
factors, which was economic and easily applicable in clinical practice, could rapidly and accurately identify PPCM patients with
higher-risk of intracardiac thrombus.
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Introduction ventricle diameter. The epidemiology of PPCM varies

between different regions and countries, and the incidence

Peripartum cardiomyopathy (PPCM) is a specific and rare
form of cardiomyopathy occurring towards the end of
pregnancy or in the months following delivery, abortion,
or miscarriage, where no other aetiology of heart failure
(HF) is identified.® The clinical manifestation of PPCM is
characterized by impaired cardiac systolic function, reduced
left ventricle ejection fraction (LVEF), and dilated left

of PPCM is relatively low in China, at one in about 346-912
deliveries.>®

Compared with other types of cardiomyopathies or HF in-
duced by other aetiologies, higher incidence of intracardiac
thrombus, peripheral arterial and venous embolism has been
observed in PPCM.* According to data from the world registry
study on PPCM, the rate of thromboembolism events (TEEs)
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in PPCM is 6.8%, whereas the estimated incidence is only
2.7% patient-year in overall congestive HF population.>® As
for TEEs, intracardiac thrombus is the most important and
distinctive one for PPCM, which can lead to severe cardiovas-
cular and cerebrovascular events. During peripartum period,
the coagulation system tends to be hyper-coagulated for
the increase of various clotting factors, decrease of quantity
of anticoagulants, and hypofunction of fibrinolytic system.”
Besides, reduced LVEF, cardiac dilation, and endothelial dys-
function predispose PPCM to prothrombotic states, which
makes PPCM patients more vulnerable to TEEs, especially in-
tracardiac thrombus.

However, anticoagulate drug administration must be initi-
ated after deliberation of potential benefits weighed against
by haemorrhagic risk. Despites the recommendation pro-
posed by the European Society of Cardiology (ESC) study
group on PPCM that the prophylactic dose of oral anticoag-
ulation drugs or low molecule weight heparin should be ad-
ministrated in PPCM patients with reduced LVEF, aggressive
initiation of anticoagulant therapy will escalate haemorrhage
risk in individuals without TEEs. However, the firm indications
of anticoagulant therapy for PPCM patients are intracardiac
thrombus detected by echocardiograph as well as complica-
tion of atrial fibrillation.® Thus, identification of risk factors
for intracardiac thrombus is relatively important and practical
to discriminate individuals with higher risk of intracardiac
thrombus. The objective of our study is to construct a tenta-
tive simple integer risk score to discriminate PPCM patients
who are vulnerable to intracardiac mural thrombus.

Methods
Study population

The study was approved by the Ethics Committee of Qilu Hos-
pital of Shandong University (2020SDUCRCA009), and partic-
ipants’ clinical data were retrospectively reviewed without
written informed consent.

Inclusion criteria included (i) primary diagnosed PPCM with
clinical manifestation of heart failure with reduced ejection
fraction (HFrEF) occurring in the last month of pregnancy or
within 5 months after delivery, including orthopnoea, periph-
eral oedema, and paroxysmal nocturnal dyspnoea; (ii) left
ventricle dysfunction and reduced LVEF (less than 45%) vali-
dated by transthoracic echocardiography; and (iii) retrievable
necessary clinical data, including echocardiogram and labora-
tory tests. The major exclusion criteria included (i) other pre-
viously identifiable aetiologies of HF, such as coronary heart
disease, other types of cardiomyopathies, and congenital or
organic valvular heart disease; (ii) patients younger than
18 years; and (iii) malignant diseases such as neoplasm.

Consecutive patients (n = 159) suspectedly diagnosed as
PPCM at Qilu Hospital from January 2010 to December
2021 were screened in our retrospective and observational
case—control study. Thirteen patients with an LVEF ranged
from 45 to 50%, 9 patients with HF induced by other aetiol-
ogies, 11 patients missing necessary clinical data, and 3 pa-
tients with an age less than 18 years old were excluded. Fi-
nally, 123 eligible patients were enrolled in our analysis.
Among the participants, intracardiac mural thrombus was de-
tected in 22 PPCM patients (Figure 1).

Data collection

The data of the patients enrolled in the clinical trial, including
(i) obstetric information, including maternal age at presenta-
tion, parity, multifetal pregnancies, pregnancy complication
(such as gestational hypertension and diabetes), and percent-
age of postpartum presentation; (ii) echocardiography pa-
rameters, including LVEF, left ventricular end-diastolic dimen-
sion (LVEDD), right ventricular end-diastolic dimension
(RVEDD), left atrial diameter, and interventricular septum
thickness; (iii) routine laboratory testing, including complete
blood count, potassium, alanine aminotransferase, aspartate
aminotransferase, creatinine, and N-terminal B-type natri-
uretic peptide (NT-proBNP); (iv) physical examination infor-
mation, including blood pressure and heart rate measured
at the first day after admission and New York Heart Associa-
tion (NYHA) functional class, were collected.

Echocardiography examination

Transthoracic echocardiography was performed on patients
at their admission. Two-dimensional and targeted M-mode
echocardiography with Doppler colour flow mapping were
performed by Philips EPIQ7C system (Philips Ultrasound,
Bothell, WA, USA). Routine parameters, including LVEF,
LVEDD, and left atrial diameter, were measured by
echocardiograph according to the American Society of Echo-
cardiography and the European Association of Cardiovascular
Imaging guidelines. LVEF is calculated via biplane modified
Simpson’s method. Intracardiac thrombus was confirmed by
echocardiography. The presence of an echo-dense mass pro-
truding into the atrial and/or ventricular chamber with mar-
gins distinct from the atrial and/or ventricular wall, endocar-
dium, and papillary muscles was identified as intracardiac
thrombus (Figure 2). To avoid as far as possible the artefacts
or potential false positive findings, multiple views, including
apical four-chamber view and left parasternal long-axis view,
were explored. Each echocardiographic image was read and
checked by at least two experienced echocardiographic cardi-
ologists for internal controls.
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Figure 1 Study flow chart and cohort development. HF, heart failure; LVEF, left ventricular ejection fraction; PPCM, peripartum cardiomyopathy.

Suspected PPCM patients at screen period (N=159)

A total of 36 patients excluded:
-LVEF ranged from 45% to 50% (N=13)

- HF induced by other etiologies such as
hypertrophic cardiomyopathy and left ventricular
noncompaction (N=9)

-Missing results of echocardiogram and/or
laboratory testing (N=11)

- Age less than 18 (N=3)

A 4

Confirmed PPCM patients (N=123) were enrolled in final analysis
and randomly assigned 2:1

A 4

Derivation cohort (N=83) Internal validation cohort (N=40)
-Patients with intracardiac thrombi -Patients with intracardiac thrombi
(N=15) (N=7)

-Patients without intracardiac thrombi -Patients without intracardiac thrombi
(N=68) (N=33)

Figure 2 Transthoracic echocardiogram images of left ventricle (A) and right ventricle (B) intracardiac mural thrombus.
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Blood tests Statistical methods

The blood samples were all taken at the second day of admis- The data were analysed via IBM SPSS Statistics version 25,
sion. Laboratory examinations, such as complete blood count, 2017 (IBM, Armonk, New York), R (version 4.1.0) software,
potassium, alanine aminotransferase, and NT-proBNP, were and GraphPad Prism version 8, 2018 (GraphPad Software,
conducted in the clinical chemistry laboratories of Qilu Inc.). Continuous data are expressed as mean * standard de-
Hospital. viation (SD) or median and interquartile range (IQR) and cat-
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egorical data as frequencies (%). Chi-square test or Fisher’s
exact probability tests were conducted to investigate the
presence of differences between categorical variables,
whereas Kruskal-Wallis test or Mann—Whitney U test was
performed for continuous variables as appropriate.

To explore the consistency of the tentative risk stratifica-
tion score system, two-thirds of the whole study population
(n = 83), which included 15 patients with intracardiac
thrombi, was randomly allocated as a derivation cohort using
a random number generator, whereas the remaining 1/3
(n = 40) was utilized as internal validation cohort. For the der-
ivation group, univariable logistic regression analysis was con-
ducted to select potential candidate risk factors. Those with
statistical significance (P < 0.05) or potential statistical signif-
icance with a P value at 0.05 would be further enrolled in the
multivariable logistic regression to construct the risk stratifi-
cation model. Stepwise forward multiple-regression analysis
was performed to evaluate the odds ratio (OR) and 95% Cls
of intracardiac thrombus for all potential predictors sepa-
rately and together, adjusting for confounding factors. Thus,
candidate factors with most risk discriminated value for intra-
cardiac thrombus, which were selected and identified by mul-
tivariable logistic regression analysis, would be enrolled for
the model development.

The risk stratification model was developed according to
the beta coefficients and standard errors in the multivariable
logistic regression. Receiver operating characteristic (ROC)
was performed to assess the C-statistic, which reflects the
model discrimination ability. Sensitivity, specificity, positive
predictive value (PPV), and negative predictive value (NPV)
were also calculated to assess the diagnostic value of this
model. Hosmer—Lemeshow goodness-of-fit test statistic was
conducted to assess model calibration. Decision curve analy-
sis (DCA) was also performed to assess the net clinical bene-
fits of our risk stratification model. The discriminatory ability
of the model was tested in the internal validation group. All
tests were two tailed and a P value < 0.05 was considered
significant.

Results
Population characteristics

The clinical and laboratory characteristics of the whole cohort
summarized in Table 1. The median age at diagnosis was
30 years old. The patients presented with a median heart rate
of 110 bpm (IQR 87-113) and a median systolic and diastolic
blood pressure of 125 mmHg (IQR 110-143) and 82 mmHg
(IQR 70-96). The majority (86.2%) of patients had a NYHA
functional class Il or IV. For echocardiography parameters,
the median LVEF was 32% (IQR 22-40), and the median
LVEDD was 57 mm (IQR 53-62). For laboratory examination

results, the median haemoglobin was 115 g/L (IQR 102-
128), and the median thrombocyte count was 257 x 10° pL
(IQR 186-308). Besides, the median plasm NT-proBNP con-
centration at diagnosis was 2702 pg/mL (IQR 965-7372). All
patients were sinus rhythm and did not have atrial fibrilla-
tion. For HF therapy, angiotensin-converting enzyme (ACE) in-
hibitor, angiotensin receptor blocker (ARB) or angiotensin re-
ceptor/neprilysin inhibitor (ARNI) (78.9%), beta-blocker
(83.7%), and mineralocorticoid receptor antagonist (MRA)
(69.9%) were prescribed. No patient received bromocriptine
therapy.

Association of clinical characteristics and
intracardiac thrombus in PPCM

During their admission, intracardiac thrombus was observed
in 22 patients. Among the PPCM patients with intracardiac
thrombus, left ventricular (LV) thrombus was confirmed in
19 patients, right ventricular thrombus was detected in one
patient, and biventricular thrombi was identified in two pa-
tients. The anticoagulation therapy was immediately initiated
once intracardiac thrombi was confirmed. The anticoagula-
tion strategies varied from individuals. Warfarin was pre-
scribed in ten patients. Low molecular weight heparins were
administered in seven patients. Rivaroxaban was given in four
patients, whereas one patient received isolated anti-platelet
therapy without any anticoagulant administration for un-
known reason. No severe bleeding event was observed dur-
ing their hospitalization, whereas cerebral infarction was de-
tected in one patient with LV mural thrombus, and
pulmonary embolism was observed in one patient with
biventricular thrombi.

Compared with individuals without intracardiac thrombus,
those with intracardiac thrombus tended to be delay-onset
and postpartum presentation accounted for half (54.5% vs
25.7%, P = 0.008). Those with intracardiac thrombus tended
to have lower systolic blood pressure (median = 108 mmHg,
IQR 98-125 mmHg vs. median = 129 mmHg, IQR 114-
146 mmHg, P < 0.001) and diastolic blood pressure (median =
72 mmHg, IQR 60-84 mmHg vs. median = 85 mmHg, IQR 73—
99 mmHg, P = 0.003). Overall, patients with intracardiac
thrombus tended to have poor systolic function. Compared
with patients without intracardiac thrombus, lower LVEF (me-
dian = 22%, IQR 16-27% vs. median = 35%, IQR 25-40%,
P < 0.001) and larger RVEDD (median = 26 mm, IQR 23—
30 mm vs. median = 22 mm, IQR 20-25 mm, P < 0.001) were
also detected in patients with intracardiac thrombus, whereas
the LVEDD (median = 58 mm, IQR 53-68 mm vs.
median = 57 mm, IQR 53-62 mm, P = 0.191) was not statisti-
cally significant between two groups. Furthermore, intracar-
diac thrombus group had higher plasm NT-proBNP concentra-
tions (median = 7273 pg/mL, IQR 2956-10137 pg/mL vs
median = 2298 pg/mL, IQR 661-5022 pg/mL, P < 0.001) than
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Table 1 Clinical characteristics of PPCM patients with or without intracardiac mural thrombus

Intracardiac thrombus group Non-intracardiac thrombus group

Variables Total (n = 123) (n =22) (n =101) P value
Maternal age at diagnosis, years 30 (25-34) 28 (24-34) 30 (26-34) 0.263
Postpartum presentation, n (%) 38 (30.9) 12 (54.5) 26 (25.7) 0.008
Primiparity, n (%) 52 (42.3) 11 (50.0) 41 (40.6) 0.418
Multifoetal pregnancies, n (%) 17 (13.8) 1 (4.5) 16 (15.8) 0.294
Gestational hypertension, n (%) 44 (35.8) 4(18.2) 40 (39.6) 0.057
Systolic blood pressure, mmHg 125(110-143) 108 (98-125) 129 (114-146) <0.001
Diastolic blood pressure, mmHg 82 (70-96) 72 (60-84) 85 (73-99) 0.003
Heart rate, bpm 110 (87-113) 100 (79-126) 100 (89-110) 0.992
NYHA function class, n (%) 0.246
Il 17 (13.8) 1(4.5) 16 (15.8)
1l 52 (42.3) 9 (40.9) 43 (42.6)
[\ 54 (43.9) 12 (54.5) 42 (41.6)
Echocardiogram parameters
LVEF 32 (22-40) 22 (16-27) 35 (25-40) <0.001
LVEDD 57 (53-62) 58 (53-68) 57 (53-62) 0.191
LAD 40 (37-43) 41 (38-46) 40 (37-43) 0.231
RVEDD 23 (21-26) 26 (23-30) 22 (20-25) <0.001
IVS 9 (8-10) 9 (7-9) 9 (8-10) 0.030
Laboratory results
White cell count, x10° pL 825 (592-1018) 870 (618-1211) 813 (577-990) 0.417
Haemoglobin, g/L 115 (102-128) 121 (111-139) 113 (100-127) 0.049
Platelet count, x10° uL 257 (186-308) 278 (229-398) 252 (177-306) 0.055
Alanine aminotransferase, 17 (10-33) 19 (14-34) 17 (10-32) 0.210
mmol/L
Total bilirubin, mmol/L 9.3 (6.0-16.0) 15.0 (11.0-26.4) 8.3 (5.5-13.2) <0.001
Albumin, g/L 33.7 (28.5-38.9) 32.8 (30.2-39.7) 34.0 (28.4-38.9) 0.882
eGFR, mL/min/1.73 m? 111.8 (96.1-121.6) 112.0 (98.4-123.4) 111.6 (94.1-121.6) 0.965
Potassium, mmol/L 4.06 (3.80-4.48) 4.10 (3.74-4.40) 4.06 (3.82-4.48) 0.682
NT-proBNP, pg/mL 2702 (965-7372) 7273 (2596-10137) 2298 (661-5022) <0.001
Medication, n (%)
RAASI/ARNI 97 (78.9) 17 (77.3) 80 (79.2) 0.840
B-Blockers 103 (83.7) 17 (77.3) 86 (85.1) 0.556
MRA 86 (69.9) 17 (77.3) 69 (68.3) 0.566

ANRI, angiotensin receptor/neprilysin inhibitor; eGFR, estimated glomerular filtration rate; IVS, interventricular septum; LAD, left atrium
diameter; LVEDD, left ventricular end-diastolic dimension; LVEF, left ventricular ejection fraction; MRA, mineralocorticoid receptor antag-
onist; NT-proBNP, N-terminal pro-B-type natriuretic peptide; NYHA, New York Heart Association; RAASI, renin-angiotensin—-aldosterone
inhibitors; RVEDD, right ventricular end-diastolic dimension.

P value indicated the difference between patients with or without intracardiac thrombus.

non-intracardiac thrombus group. For PPCM patients, those
judged to have intracardiac thrombus had a significantly
higher haemoglobin (median = 121 g/L, IQR 111-139 g/L vs.
median =113 g/L, IQR 100-127 g/L, P = 0.049) and total biliru-
bin (median = 15.0 mmol/L, IQR 11.0-26.4 mmol/L vs.
median = 8.3 mmol/L, IQR 5.5-13.2 mmol/L, P < 0.001) vs.
those without.

Risk factors of intracardiac thrombus for PPCM
patients

Table 2 showed the homogeneity between the derivation
cohort and internal validation cohort. No statistically signif-
icant difference was observed between two cohorts. The
development of risk stratification model was based on the
derivation cohort (N = 83). When univariate logistic regres-
sion analysis was conducted, as shown in Table 3, lower
systolic (OR 0.944, 95% Cl 0.911-0.978, P = 0.001) and dia-
stolic blood pressure (OR 0.948, 95% Cl 0.911-0.986,

P = 0.008), lower LVEF (OR 0.848, 95% ClI 0.778-0.926,
P < 0.001), larger RVEDD (OR 1.187 95% Cl 1.030-1.368,
P = 0.018), and higher thrombocyte count (OR 1.010, 95%
Cl 1.003-1.016, P = 0.004) were significantly associated
with the formation of intracardiac thrombus. Besides, high
haemoglobin levels (OR 1.031, 95% Cl 0.999-1.063,
P = 0.058) and history of gestational hypertension (OR
0.220, 95% CI 0.046-1.051, P = 0.058) were also candidate
risk factors for intracardiac thrombus in PPCM. For that the
variance inflation factors were less than 0.2 for all candi-
date risk factors, there was no multicollinearity examined
by multiple linear regression analysis was conducted to ex-
amine and eliminate.

Finally, the history of gestational hypertension, LVEF,
RVEDD, haemoglobin, and thrombocyte count were adopted
in the multivariable logistic regression analysis for further fil-
tration. After adjusted by multivariable logistic regression
analysis using stepwise regression, LVEF (OR 0.772, 95% CI
0.665-0.897, P = 0.001), haemoglobin levels (OR 1.050, 95%
Cl 1.003-1.099, P = 0.038), and thrombocyte counts (OR
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Table 2 Clinical characteristics and laboratory results between the derivation and validation cohorts
Variables Derivation group (n = 83) Validation group (n = 40) P value
Maternal age at diagnosis, years 0 (25-34) 29 (25-33) 0.269
Postpartum presentation, n (%) 5(30.1) 3 (32.5) 0.789
Primiparity, n (%) 2 (37.3) 1(52.5) 0.143
Multifoetal pregnancies, n (%) 0(12.0) 7 (17.5) 0.412
Gestational hypertension, n (%) 0 (36.1) 4 (35.0) 0.901
Systolic blood pressure, mmHg 127 (114-155) 117 (100-136) 0.089
Diastolic blood pressure, mmHg 5 (72-96) 80 (64-96) 0.231
Heart rate, bpm 100 (87-110) 104 (85-115) 0.880
NYHA function class, n (%) 0.521
I 11 (13.3) 6 (15.0)
n 38 (45.8) 4 (35.0)
[\ 34 (41.0) 0 (50.0)
Echocardiogram parameters
LVEF 33 (24-40) 29 (18-40) 0.192
LVEDD 57 (53-62) 59 (51-63) 0.570
LAD 40 (37-43) 41 (37-43) 0.970
RVEDD 22 (21-25) 24 (21-28) 0.082
IVS 9 (8-10) 9 (8-10) 0.056
Laboratory results
White cell count, x10° uL 825 (606-994) 803 (545-1021) 0.808
Haemoglobin, g/L 117 (100-130) 14 (107-124) 0.840
Platelet count, x10° pl 251 (178-307) 68 (222-319) 0.208
Alanine aminotransferase, mmol/L 17 (10-33) 19 (10-34) 0.300
Total bilirubin, mmol/L 4 (6.0-16.2) 9.1 (5.8-14.9) 0.852
Albumin, g/L 34 0 (28.4-38.8) 33.0 (29.2-39.1) 0.880
eGFR, mL/min/1.73 m? 109.3 (97.6-131.2) 113.7 (95.3-129.0) 0.873
Potassium, mmol/L 4.09 (3.79-4.49) 4.06 (3.90-4.38) 0.966
NT-proBNP, pg/mL 2698 (943-7174) 2736 (1210-8812) 0.574

eGFR, estimated glomerular filtration rate; IVS, interventricular septum; LAD, left atrium diameter; LVEDD, left ventricular end-diastolic
dimension; LVEF, left ventricular ejection fraction; NT-proBNP, N-terminal pro-B-type natriuretic peptide; NYHA, New York Heart Associa-

tion; RVEDD, right ventricular end-diastolic dimension.

Table 3 Univariable and multivariable analysis of risk factors for intracardiac thrombus in the derivation cohort (N = 83)

Univariable analysis

Multivariable analysis

Characteristics B-Coefficient OR (95% CI) P value B-Coefficient OR (95% CI) P value
Systolic blood pressure —0.058 0.944 (0.911-0.978) 0.001

Diastolic blood pressure —0.053 0.948 (0.911-0.986) 0.008

Gestational hypertension —1.515 0.220 (0.046-1.051) 0.058

LVEF —-0.164 0.848 (0.778-0.926) <0.001 -0.259 0.772 (0.665-0.897) 0.001

RVEDD 0.171 1.187 (1.030-1.368) 0.018

Haemoglobin 0.030 1.031 (0.999-1.063) 0.058 0.048 1.050 (1.003-1.099) 0.038
Platelet count 0.010 1.010 (1.003-1.016) 0.004 0.017 1.018 (1.006-1.029) 0.003

LVEF, left ventricular ejection fraction; RVEDD, right ventricular end-diastolic dimension.

1.018, 95% Cl 1.006—-1.029, P = 0.003) were statistically signif-
icant and included in the final risk stratification model
(Figure 3).

Development and internal validation of the risk
stratification model

The risk stratification model was developed according to the
beta coefficients in the multivariable logistic regression anal-
ysis (Table 4). The possible total points ranged from 0 to 20,
and patients with higher scores tended to have intracardiac
thrombus. The ROC curve was conducted to assess the dis-

crimination ability of the tentative risk stratification model.
The C-indexes, which is the area under the ROC, was 0.916
(95% ClI: 0.850-0.982, P < 0.001), which indicated an excel-
lent calibration performance (Figure 4A). The Hosmer—
Lemeshow goodness-of-fit test statistic was 2.717
(P =0.951), which demonstrated a good fitness of the model.

A score of 8 was the optimal cut-off score (sensitiv-
ity = 93.3%, specificity = 77.9%, PPV = 48.3%, NPV = 98.1%,
accuracy = 80.7%) for the risk stratification. Based on the risk
stratification model, the risk classification of intracardiac
thrombus was illustrated in Table 5. A score of <7 was
regarded as low risk, 8-10 defined intermediate risk, and
>11 defined high risk. The incidence of intracardiac thrombus
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Figure 3 Risk factors enrolled in the risk stratification model after adjusted by multivariable logistic regression analysis. ICT, intracardiac thrombus;

LVEF, left ventricular ejection fraction; OR, odd ratios.

Variables OR 95%Cl
£ Platlet count 1.018  (1.006-1.029)
—-— Hemoglobin 1.050 (1.003-1.099)
' LVEF 0.772  (0.665-0.897)
T T
0.6 0.8 1.0 1.2
invulnerable to ICT vulnerable to ICT
Table 4 Intracardiac thrombus risk stratification model Intracardiac thrombus in PPCM
development and corresponding risk scores
Variables Scores _ Variables Scores PPCM is a speuﬁc cardlomyopza_thy with |<_)w morbidity, afp-
proximately one in 1000 deliveries worldwide. PPCM can in-
LVEF, % 110-129 2 .9
36-44 0 130-149 3 crease the pregnancy-related mortality.” The maternal
28-35 2 >150 4 mortality of PPCM, which extremely depends on local peri-
3
%g—% g P';Beéet count, X107 pL o natal healthcare levels and economic conditions, correlates
<1_2 8 ;00_320 2 with the prevalence and varies in different countries. The
Haemoglobin, g/L 320-440 4 highest mortality was found in Nigeria, at 814 in per 100
<90 440-660 6 000 live births. The lowest mortality of four in per 100 000
90-109 1 >660 8

LVEF, left ventricular ejection fraction.

in different risk categories was similar in the internal valida-
tion group (Table 5). This model showed a good discrimina-
tory ability with a C-indexes of 0.790 (95% CI: 0.644-0.936,
P = 0.017; Figure 4B). For the potential for clinical decision
making of our risk stratification model, significant clinical
net benefits could be achieved in both derivation and valida-
tion group as shown by DCA curves (Figure 4C,D).

Discussion

The highlight of our study was that we tentatively develop a
risk stratification model to assess the cumulative risk of intra-
cardiac thrombus in PPCM patients. To our knowledge, this is
the first retrospective observational study concerning intra-
cardiac thrombus in PPCM patients, and no other study has
focused on the risk assessment and stratification for intracar-
diac thrombus formation in PPCM before our research.

deliveries was found in Sweden.? Intracardiac thrombus
were more prevalent in PPCM patients than any other types
of cardiomyopathies, which had been validated by numerous
multicentral studies. On the one hand, peripartum period is
inclined to a state of hypercoagulability. To maintain the nor-
mal function of utero-placental unit and to minimize the
bleeding risk and maternal blood loss during delivery, nu-
merous coagulation factors (including factors VIII, X, and
Xll) and fibrinogen increase during pregnancy and puerpe-
rium. Furthermore, the quantity of natural anticoagulants
(including tissue pathway factor inhibitor, protein C, and pro-
tein S), thrombocyte count, and fibrinolysis decrease for the
parturient.”'° Thus, the risk of thromboembolism surges
during peripartum period. On the other hand, there is a pre-
disposition to high TEEs risks for patients with HFrEF. Cardiac
systolic dysfunction, cardiac chambers dilatation, distur-
bance of intracardiac haemodynamics, decreased myocardial
compliance, and increased blood viscosity facilitate the
clotting propensity in HFrEF patients. Besides, chronic oxida-
tive stress, endothelial injury, relative hypoxia states, and
proinflammatory changes also contribute to the pathophysi-
ological change.' Multifactorial pathophysiology changes
promote the formation of intracardiac thrombus in PPCM
patients.
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Figure 4 ROC curve and DCA curve in the derivation cohort and validation cohort. (A) and (C) for derivation group, (B) and (D) for validation group.
AUC, area under curve; DCA, decision curve analysis; ROC, receiver operating characteristic.
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Table 5 The risk classification for intracardiac thrombus based on
the risk stratification model according to the proportion of patients
with intracardiac thrombus in each risk group

Group Low risk  Intermediate risk  High risk
Cumulative risk scores <8 8-10 >10
Derivation group, n (%) 1(1.9) 9 (39.1) 5(83.3)
Validation group, n (%) 2 (8.0) 3(30.0) 2 (40.0)
Despites that the explicit incidence of intracardiac

thrombi has not been unequivocally demonstrated, various
clinical trials have validated that PPCM patients were more
vulnerable to intracardiac thrombus. In a PPCM registry
study in Nigeria (PEACE Registry), cardiac mural thrombus
was detected in 26 (6.4%) patients.”®> In a nationwide
population-based study in the USA, which recruited a total
of 34219 patients, the incidence of thromboembolism, the

most common serious complication, was 6.6%.1% In some
sporadic small-scale clinical studies, intracardiac thrombi
were more prevalent. For example, in a German PPCM co-
hort study, thrombotic events were detected in nine
(13.6%) patients.™® In a forward-looking study enrolled 33
PPCM patients in Senegal, the incidence of intracardiac
thrombi could go as high as 30%.3 Besides, scattered
case about intracardiac thrombus in PPCM have been
reported. Whereas for common HF patients, based on the
database of Veterans Affairs Vasodilator-Heart Failure
Trials (V-HeFT | and Il), the average rate of all thromboem-
bolic events was only 2.7% patient-year.® In our retrospec-
tive study, the incidence of intracardiac thrombi was
22.4%, which was some higher than previous studies,
which may be due to the limited population in our study.

Overall, intracardiac thrombus in PPCM is a noticeable
problem.
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Risk factors for intracardiac thrombus in PPCM

In our study, LVEF, hemoglobin, and thrombocyte count were
finally included in the tentative risk stratification model after
adjusted by multivariable logistic regression analysis. The ev-
idence that severe cardiac systolic dysfunction is strong pre-
dictor for intracardiac thrombus has been validated by vari-
ous studies. Reduced LVEF strongly correlates to TEEs in HF
patients, which may attribute to the relatively low-flow states
induced by impaired cardiac output. The Studies of Left Ven-
tricular Dysfunction (SOLVD) illustrated that decreased LVEF
was associated with higher vascular TEEs risk in women (rel-
ative risk per 10% decrease in ejection fraction 1.53, 95% ClI
1.06-2.20, P = 0.02). In the retrospective case—control study
conducted by Sharma et al., patients with LV thrombus had
lower LVEF (17.5 £ 5.5 vs. 20.0 £ 6.9, P = 0.08) compared with
those without. Besides, the proportion of patients with a
LVEF <20% was higher in patients with LV thrombus than
those without (57.1% vs. 36.2%, P = 0.04)™ In addition, Al
Rawabhi et al. had observed that HF is predictor for left atrial
appendage thrombus (OR, 2.2; 95% Cl, 1.0-4.7).¢

Decreased LVEF is the direct manifestation of impaired
cardiac systolic function, whereas reduced systolic blood
pressure is the indirect form. In our study, in the univariable
analysis, both systolic blood pressure and diastolic blood
pressure correlated to intracardiac thrombus. Patients with
lower systolic blood pressure tend to have impaired myo-
cardial contractility and lower cardiac output, which
aggravate the blood stasis in cardiac chamber and chaos
of intracardiac haemodynamics. Thus, intracardiac thrombus
generated more easily in individuals with lower blood pres-
sure. However, considering that the value of blood pressure
was single measurement, neither the average of three mea-
surements in a row nor the continuous monitoring data
during hospitalization could be obtained, which may cause
inevitable bias and made it hard to manipulate the model
in the clinical practice. Under this circumstance, blood pres-
sure should not be considered as a good independent
parameter for our risk model. Thus, blood pressure was
not enrolled in our multivariable logistic regression analysis
despite its statistical significance in univariable logistic
analysis. Besides, blood pressure could be influenced by nu-
merous factors including medication and transient hypovo-
lemia, which can lead to misinterpretation of our results.
Considers these factors, we did not adopt blood pressure
as an independent parameter to construct our final model.
The correlation of blood pressure and intracardiac throm-
bus should be explored in well-designed prospective
studies.

Platelet abnormalities are also commonplace in HF and
have been elaborated in previous literature. For HF patients,
Platelet is over-activated via various substances such as p-
selectin, beta-thromboglobulin, and platelet/endothelial cell
adhesion molecule-1.>" Furthermore, platelet is itself an im-

portant member in the physiopathologic mechanism of coag-
ulation. Elevated thrombocyte counts escalated both blood
viscosity and platelet—vessel wall adhesion; thus, higher risk
of intracardiac thrombus will be observed in patients with
high platelet count.

Although few study pay attention on the relationship of
haemoglobin concentration and intracardiac thrombus in HF
patients, researches in other fields have demonstrated the
strong correlation between elevated haemoglobin and in-
creased risk of arterial vascular events. A large-scale clinic
study in Sweden and Denmark which recruited 1538019
blood donors has illustrated that the risk of myocardial infarc-
tion and ischaemic stroke surges as haemoglobin concentra-
tions elevated (HR = 3.52, 95% Cl 2.85-4.36 for myocardial in-
farction, HR = 2.36, 95% Cl 1.63—3.43 for ischaemic stroke).*®
The explicit mechanism behind the haemoglobin-associated
thrombotic risks is still ambiguous. Blood low-flow states, in-
creased blood viscosity, and increased platelet—vessel wall
adhesion may partly elucidate the aetiologies.

Bromocriptine, a potent efficient drug for PPCM, may ag-
gravate abnormality of coagulation during peripartum pe-
riod. In vitro and vivo experiments, hyperprolactinaemia
may induce hypercoagulability by enhanced ADP-stimulated
platelet activation and increased platelet aggregation. Ele-
vated plasm fibrinogen and antithrombin Il concentrations
may also exacerbate the coagulation disorder induced by
hyperprolactinaemia.*>*° However, the influence of bromo-
criptine on TEEs is still controversial. Mon et al. found
the neutral impact of dopaminergic treatment on TEEs,
whereas several case reports revealed the potential correla-
tion between bromocriptine therapy and atrial/venous
thromboses.?*™*® The underlying mechanism is still unclear.
However, significant variances of bromocriptine administra-
tion exist worldwide. The highest prescription rate of
87.5% was found in Europe, whereas in North America,
Africa, and the Middle East, the prescription rates of bromo-
criptine have been as low as 0-20%.%* Different to medical
centres in Europe, bromocriptine has not been widely pre-
scribed for PPCM patients in China for lack of large-scale
clinical trials, which explained no use of bromocriptine in
our study. Considering that the prescription rate of
bromocriptine varies greatly between different countries
and bromocriptine is widely prescribed in European coun-
tries based on the positive results of several clinical trials
and ESC recommendation, for PPCM populations receiving
bromocriptine treatment, the risk factors for intracardiac
thrombus may should be adjusted, and further evaluation
is indispensable.>* For the limited sample size in our
retrospective study, lack of population on bromocriptine
treatment was an inescapable limitation. For further
studies involved bromocriptine administration, essential
comparation should be conducted, and the relationship
between bromocriptine and intracardiac thrombus in PPCM
should be explored.
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Risk stratification model and its pros and cons

As shown in the results of our study, patients with intracar-
diac thrombus tended to have worse cardiac systolic function,
which reflected by lower LVEF and more dilatated cardiac
chambers. Thus, poor prognosis may be observed in individ-
uals with intracardiac thrombi. Besides, the presence of car-
diac mural thrombus increases the risk of systemic thrombo-
embolism. Effective and accurate anticoagulate therapy are
relatively significant for PPCM patients. The definite indica-
tion of anticoagulate therapy is still unclear. According to
the position statement from the Heart Failure Association
of the ESC on PPCM, prophylactic dose of low molecular
weight heparin or oral anticoagulation is recommended for
PPCM patients with reduced LVEF. But therapeutic anticoag-
ulation is firmly endorsed in those with intracardiac thrombus
validated by imaging or evidence of systemic embolism, as
well as in patients with paroxysmal or persistent atrial
fibrillation.® However, overly aggressive anticoagulant ther-
apy may increase bleeding risk, which may result in cata-
strophic adverse events. Anticoagulate drug potential bene-
fits must be initiated after thorough consideration of
haemorrhagic risk and potential benefit.

To our knowledge of current literature, no risk stratification
model for intracardiac thrombus has been established to
guide anticoagulate therapy before our study. Our work inno-
vatively constructed a tentative risk evaluating model, which
enrolled several risk predicting factors, to assess the cumula-
tive risk for intracardiac thrombi in PPCM patients. Through
our study, we provided additional value to timely identify
high-risk patients who may suffer intracardiac thrombus. Indi-
viduals who have an accumulative score >8, especially for
those with scores >11, are more susceptible to intracardiac
thrombus. For the cons of our model, the enrolled population
in our study had numerous limitations for our study was just a
small sample retrospective study. As described hereinbefore,
compared with other researches, no patient in our cohort re-
ceived bromocriptine therapy. Besides, for culture differ-
ences, no patient in our cohort had smoking, alcohol abuse,
and drug abuse history, which may cause bias in result inter-
pretations. To sum up, our stratification model was not fully
suitable to influence and guide clinical practice for that our
study was just a retrospective study in specific population
with limited clinical characteristics. For the pros, the discrimi-
nation ability of our model is superb, and the clinical parame-
ters enrolled in our model were easily accessed by clinicians.
Furthermore, our method was economic, simple, and practi-
cable, which was the highlighted advantage in our study.

Study limitations

First, our study was just a single-centre retrospective study,
and the sample size of study population was limited. The con-

clusion of our study was drawn based on the patients with
limited clinical characteristics, and the criteria of >10 events
per variable did not be met when multivariable logistic re-
gression was conducted. Second, neither LV opacification
techniques with contrast agents, cardiac magnetic resonance
imaging, nor cardiac computed tomography was applied in
the diagnosis of intracardiac mural thrombus. False positive
findings and diagnosis bias were inevitable in our retrospec-
tive study. Third, although laboratory parameters indicative
of increased coagulation is important to assess the formation
of intracardiac thrombus, we did not include these bio-
markers, such as fibrinogen and D-dimer, into our risk strati-
fication model for that coagulation status is different for
antepartum and postpartum patients to some extent. Be-
sides, some obstetricians empirically administrated anticoag-
ulation agents to pregnant women before PPCM was con-
firmed, even in those without intracardiac thrombus or
embolic events, which would influence the accuracy of fac-
tors indicating coagulation. Fourth, for no access of databases
of pervious international studies, internal validation rather
than external validation was used in our study. Confounders
factors and bias are inevitable on this occasion. Overall, this
is just an exploratory study to construct a tentative risk strat-
ification model for intracardiac thrombus in PPCM patients.
We will conduct large-scale multicentre study to externally
validate the efficiency of the risk stratification model.

Conclusions

In our retrospective study, impaired LVEF, elevated
haemoglobin levels and high thrombocyte counts were
regarded as independent risk factors for intracardiac throm-
bus in PPCM. A risk stratification model integrates these
readily available clinical variables into a neat and simple-to-
use scale to estimate the risk of intracardiac thrombus for
PPCM patients. This tentative risk stratification model can
stratify the risk of intracardiac thrombus into low-risk, inter-
mediate-risk, and high-risk categories, which will help clini-
cians identify PPCM patients with high risk of intracardiac
thrombus more easily.
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