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Background: Women with peripartum cardiomyopathy (PPCM) are at an increased risk of arterial and
venous thromboembolic events. The review summarizes the evidence on the incidence of thromboembolic
complications in women with PPCM, diagnostic approaches, related outcomes, and effects of therapies that
have been used.

Methods: English articles were retrieved from Web of Science and PubMed using search terms to
capture studies related to PPCM (or postpartum cardiomyopathy) and all combinations of thrombosis-
and embolism-related keywords. A total of 347 articles from PubMed and 85 from Web of Science were
obtained, and after removing duplicates, 327 articles were screened for original data and classified into four
domains: epidemiology, risk factors, diagnosis, and therapy of thromboembolism in PPCM. Ultimately,
30 articles were included. Data were synthesized in summary tables for each domain.

Results: Studies in the United States and Europe reported varying incidence for thromboembolism
in PPCM, up to 14% in 6 months. Risk factors include elevated levels of coagulation factors, decreased
protein C and S activity, decreased fibrinolysis, and a low left ventricular ejection fraction (LVEF).
Cesarean delivery and post-operative status were correlated with a higher incidence of thromboembolic
complications. Diagnosis relied mostly on ultrasonography and magnetic resonance and depended on the
suspected location of thrombus. Anticoagulation has been used mostly for PPCM patients with a reduced
LVEFE, with the duration varying across guidelines and healthcare systems. Unfractionated heparin and low
molecular weight heparin (LMWH) were considered safe choices during pregnancy, while warfarin and
novel oral anticoagulants (NOACs) were used postpartum. The association of bromocriptine with risk of
thromboembolic complications remains debated.

Conclusions: There are important gaps in our understanding of the epidemiology, risk stratification, and
optimal secondary prevention of thromboembolism in PPCM. Larger prospective studies with detailed

phenotyping are required.
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Introduction

Peripartum cardiomyopathy (PPCM) is an uncommon,
idiopathic cardiomyopathy characterized by slowly
progressing left ventricular (LV) dysfunction late in
pregnancy, during delivery, or in the postpartum months of
women with no known cardiovascular disease (1,2). Most
women present after delivery with nonspecific symptoms of
heart failure (HF), including shortness of breath or ankle
swelling. Practitioners should have a high clinical suspicion
for PPCM, and appropriate diagnostic testing should be
ordered immediately.

Despite a better understanding of diagnostics, management,
and treatment of PPCM, mainly as a result of registry-based
work, uncertainties still exist about complications associated
with PPCM, especially thromboembolic events. At the
time of diagnosis of PPCM, there is an increased risk of
arterial and venous thromboembolic events compared to
those of the general female population of the same age (3).
Understanding the underlying pathophysiology and risk
factors for elevated thromboembolic risk is important
because of the significant morbidity and mortality associated

Highlight box

Key findings

¢ The incidence of thromboembolism in peripartum cardiomyopathy
(PPCM) varies worldwide, up to 14% in 6 months. Risk factors
include elevated coagulation factors, decreased protein C and S
activity, decreased fibrinolysis, and low left ventricular ejection
fraction (LVEF). Anticoagulation has been used mostly for PPCM
patients with a reduced LVEF, with varying therapy duration.
Guidelines are based on expert consensus (level of evidence C), as
high-quality studies are lacking.

What is known and what is new?

e Unfractionated heparin and low molecular weight heparin are
considered safe choices during pregnancy for secondary prevention,
although patient selection for anticoagulation is problematic and
evidence is limited. Besides established concomitant indications
(e.g., atrial fibrillation or left ventricular thrombus), the risk-
benefit profile for anticoagulation is unclear for the remaining
patients.

e Warfarin and novel oral anticoagulants can be used postpartum.
The association of bromocriptine with risk of thromboembolic
complications remains debated.

What is the implication, and what should change now?

e There are important gaps in our understanding of the
epidemiology, risk stratification, and optimal secondary prevention
of thromboembolism in PPCM. Larger prospective studies with
detailed phenotyping are required.
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with these complications. An unselected approach e.g.,
antithrombotic treatment, is also unreasonable for women
of reproductive age. Therefore, identifying women in need
of closer monitoring during and after pregnancy when
diagnosed with PPCM can help healthcare professionals
optimize management of these patients.

Generally, studies have shown age (>40 and <20 years),
antepartum diagnosis, non-Caucasian race, LV ejection
fraction (LVEF) <30%, LV end-diastolic diameter of
>60 mm, biventricular dysfunction, and delay of diagnosis
are risk factors for adverse outcomes (4). One dangerous
complication of PPCM is the increased risk of arterial and
venous thromboembolic events, which can eventually lead to
catastrophic maternal consequences [e.g., stroke, pulmonary
embolism (PE)] and potentially fetal demise. Prophylactic
anticoagulation can be considered in some high-risk
women, and in the presence of LV thrombus, therapeutic
anticoagulation should be started immediately. Long-term
antithrombotic therapy for prophylaxis, however, is unlikely
to be efficacious, due to the hazard of fetal toxicity and
bleeding with subsequent pregnancies. Also, compliance
would also be a problem because of these issues. Therefore,
risk stratification for thromboembolism after a diagnosis of
PPCM and patient selection for anticoagulation would be
important.

In this review, we summarize the evidence regarding the
incidence of thromboembolic complications in women with
PPCM, diagnostic approaches, related outcomes, and effects
of therapies that have been used. We present this article in
accordance with the PRISMA reporting checklist (available
at https://jtd.amegroups.com/article/view/10.21037/jtd-23-
945/rc).

Methods
Data source/search strategy

The search strategy aimed to identify studies in patients with
established or suspected PPCM (using the terms peripartum
cardiomyopathy or postpartum cardiomyopathy) in the
title or abstract. Patients may not have had an established
diagnosis of PPCM, but they were in the process of being
worked up. The search strategy also aimed to identify
articles which referred to the outcome of thromboembolism,
including both arterial and venous events.

Relevant articles in English language were retrieved from
Web of Science and PubMed queries using the following
search terms: (((((((peripartum) OR (period, peripartum
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Identification of studies via other methods

e Citation searching (n=8)

Y

Articles sought for retrieval Reports not retrieved:
(n=8) None

Y

Articles excluded:
e None

Articles assessed for
eligibility (n=8)

Figure 1 PRISMA flow diagram of study selection.

[MeSH terms])) OR (postpartum)) OR (postpartum
period [MeSH terms])) AND ((cardiomyopath*) OR
(cardiomyopathies [MeSH terms]))) OR (peripartum
cardiomyopathy)) OR (postpartum cardiomyopathy) AND
(English [Filter])) AND ((stroke) OR (thromb*) AND
(English [Filter])). This search was done from inception
until August 2022. Covidence (https://www.covidence.org/)
was used to collect, review, and select relevant articles.

Study selection and classification

A total of 327 total articles were retrieved from PubMed
and 85 from Web of Science. Of those, duplicates were
removed, and the remaining 327 articles were screened and
then classified into 4 domains: epidemiology, risk factors,
diagnosis, and therapy of thromboembolism in PPCM.
Initially, 72 articles were retained as relevant to this review;
however, 49 were excluded because of lack of original data
(e.g., review articles, case reports, commentary, etc.). Of
the excluded articles, references were scanned for any other
articles that could be included; this yielded 8 additional
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articles in addition to the 22 original included articles. One
article was excluded due to being clearly outdated, leaving
a total of 30 articles for this review. The workflow of the
article selection process is summarized in Figure 1.

Study quality/data synthesis

Studies that met inclusion/exclusion criteria were included
in the systematic review. A summary table describing
baseline features for each study (study design, inclusion
criteria, definition of PPCM, mean age, number of subjects,
and follow-up period) was created for study comparison
purposes, summarized in 7able 1. The findings for the four
domains of interest (epidemiology, risk factors, diagnosis,
and therapy of thromboembolism in PPCM) were
summarized in corresponding tables. For thromboembolism,
we also reported subsequent mortality and persistent or
chronic thromboembolism. Risk was reported as hazard ratio
(HR), odds ratio, or relative risk, depending on the study.
Finally, therapy for thromboembolism was reported as % of
therapy used in each study with corresponding outcomes of

7 Thorac Dis 2024;16(1):645-660 | https://dx.doi.org/10.21037/jtd-23-945


https://www.covidence.org/

Radakrishnan et al. Thromboembolism in PPCM

648

(panurzuod) 1 Syqey,

wnyedisod syuow 9-G 1s.1} 8yl 01 dn pue

Aoueubaud jo Je1sewili] 1Se| 8y} usamiaq Bulund20 NDdd 40} euaO oisoubelp BOLY 1) ‘[zroz]
8. 9 /¥6¢C ‘ABojone pooysiepun Aljood yum 4H jo wio4 8y} pa||yiny oym pjo siesh /12 () Hoyodod  yYinos emsezeql|
311 A9 %Gp>
Aianiep Buimoljoy 43A1 (A1) ‘Aoueubaid Jo yjuow 1se| 810j8q
syuow ay1 ui Jo Aoueubaid Jo pus 8y} SpJemol aseas|p yeay a|geziubooal Jo asuasqe (]))
uonounysAp oljoishs A 03 Alepuooes 4H yum  uomuyep INOdd (Il) ‘Aoueubeid jo pus auy (e1) ‘[eroe]
tA4 68 2'GF0°/2 Bunussaid AyredoAwolpieo [eljiwey Jo olyredolp| spJemoy padojansp 4HD o swoldwAg () Hoyodo 4 Aayuny J9MeNg
wnyued)sod Aues Jisyy ul
Jo Aoueubaud Jiay} ul 81| uswom Ayyesy Ajsnoinaid INDdd jo Aioisiy sales (1)
9 Gt 0v-02 Bunosyje Japiosip oelpied Buluayealy) a4 Anwey ou (1f) ‘uomuiep NOdd ()  eseod  ellensny ‘[L10g] zuey
Aoueubaid o yuow 1se| sy 01 Joud asessip Leay
9|geJiSuowWap Ou pue ain|ie} oelpJed ay} 4o} ABojone
S|gBUILWLIBISP OU YUM AISAIBP JO SYUOW G UIYUM IO
AoueuBad jo yuow ise| 8y} Bulnp 4H o3 Buipes AW/WO 2'2< aa3and ‘%0e> SAN1 (kD) ‘[L1o2]
9¢ 9 0c-1Le uonounysAp A a1enes yim AyyedoAwolpied pareliqg ‘%G¥> 43N (1) uomuyep INOdd ()  Hoyoo Y elpuj [epuel
ain|le} OeIPJED JO BSNED B|qeIuap!
AJBNIIBp JolE Syluow G Jo 9ouasqe (A]) SNDdd 0 uom
ulyum Jo Aoueubaid Jo yuow ise| a8y} Buunp J0 swoidwAs [eoiulfo () ‘Aydesboinouiuen  |04U0D 1) ‘loroz]
8¢ VN 2'GFE9C aseas|p pesy Bunsixeald INOYIM UsWOm Ul 4H apljonuolpel 4o 311 %S¥S 43A7 (1) 8seD vsn Anuen
AJaAljep Jaye syluow G 1s.1y 8y Jo Aoueubaid Buunp 4H J0 @sned a|gelIuapl Jo souasqae (|||) (6) ‘[6002]
z8l GZF61 1762 $4N220 ey} 8SNED UMOUMUN JO AyedoAwolpied  fuomuyep INOdd (II) ‘3LL A9 %SH> 4aNT() Hoyodd  vsn puejon
Aisnljap Jeye syuow G uiyym 4o Aoueubeid 311 A9 9%Sy> 43N (1) ()
€e 9'8€¥G LY 1¥2e 4O yiuow 1se| 8y} Ul BuLLINODO 8in|ie} oelpIe) ‘uomuyep NOdd ()  Hoyoo 4 Aexuni ‘[goog] ueing
wnyed)sod
syjuow g 1sii4 8yl Buunp ul sejewsy Jueubeid uj 311 A9 %0t [euy
901 9 G'9¥8e $IN020 Jey} 8sned umouun Jo AyyedoAwolpied 40 437 (1) tuomuyap NOdd () [eao 4 euyd  (2) ‘[zooel nH
wnypedisod syuow G pue wyrhys snuis () ‘311
Aoueubaid jo yiuow 1se| 8y} USBMIS] INODO 4H JO A9 %0% 43A7 (A1) ‘uomuyep INOdd (1) eolyy (©)
00t 9 9'9¥9°LE swojdwAs yoiym ur AGojoie umouun Jo Jepiosiq ‘NI=ILVHAN (1) 'steah op—-91 By ()  Hoyodo 4 uyinos  ‘[9002] emils
wnued)sod syjuow G 03 dn Jo
Aoueubaid Jo yuow 1se| oy} Buunp jusned Ayyesy (9)
86 9 zee Aisnoinead ur 4H jo oueseadde paurejdxsun 311 U0 9%0€> SANT40 %S> 43A1() Hoyoo d  nieH ‘[s002] ned
(syuow) (s1eak) uBisap
i 4 !
N poLad dn-mojjo oby uolHuep INOdd BLIS}IIO UoISN|ou| Apms Aiunon [1eaf] Jjoyiny

saameay Apmis aurjasegq | S[qeL

7 Thorac Dis 2024;16(1):645-660 | https://dx.doi.org/10.21037/jtd-23-945

© Journal of Thoracic Disease. All rights reserved.



649

Journal of Thoracic Disease, Vol 16, No 1 January 2024

(panurzuod) 1 S[qe],

AJaAljop Jo}E Syjuow sl

ABojoyred oeIpJed J8ylo SNOIAQO IO 9SESSIP

oy} ui Jo Aoueubaud jo pus sy} spiemo} uonounysAp  ueay jo Aioisiy ou (A) ‘311 U0 %Gy> 43T ¥2) ‘[z102]
9 2k €97/'Le  OlloisAs A7 yum asned umousun jo AyyedoAwolpred (1) :uomuyep INOdd (Il) :oBe jo sieah gL< () Hoyod Y rewusq llegs.i3
poued wnyedisod ul Aes Jo Aoueubeid (e2)
cll 43 e~ ul 93| 4H O1|03sAs [eulsiew o juswdoleasq uomuyep NOdd ()  Hoyoo d vsn  ‘[oLog] erem
AyredoAwoipied ojwayosiuou
J1yredolpl Yum Ju8lsisuod uopen(eas (||1)
‘Juswjoud JO Bl 8Y} B %G> 40 43AT (1)
‘oseas|p oelpJed jo Aloisiy snoiaaid ou (22 ‘[aroz]
/6 zL 9¥0¢ sisouBelp [ealul|D yum abe Jo sieak g| 1Ses| 1B USWOAA () HOYod 4 epeue) pseddays
%S¥> 4ANT yim
311 AQ passasse se uoiounysAp 91j01SAs AT yim (2%%0G6< 43aA1) Aenooal A7
AJBAIIBP JO Syuow G ulyum Jo Aoueubaud Buunp  paousiadxs oym NOdd Yum uoneussald  [0Ju0d (12) ‘[oroz]
LY VN 9FG'GE AyredoAwoip.ed olyredoipl jo yuswdopnsqg [eO1U1]O JOYB SYUOW Z| 1Sed| 18 USWOpN (1) asen VN puejon
aseas|p peay Buisixeaid ou yum
wnyed}sod Jo Aoueubaid Buunp uswom ul SINd20 311 U0 %0g> S4A1 40
] 43 9¥8¢ Jey} uibuio urepsoun Jo AyjedoAwolpieo paje|iq %Gb> 437 () ‘uomuyep INOdd ()  Hoyooy  euyd  (02) ‘[9Loel N
AyredoAwolpied ojwayosi-uou (A]) {311 uo
Kionijop soye syuow  9%GHS 4371 (l1l) ‘osessip oelpied jo Aoisiy (61)
86 kA 9¥F0¢ ay} ul Jo Aoueubaud ul a1e| 4H jo Juswdojanaq snoinaid ou (||) ‘obe jo sieah g| 1ses| 1y () Hoyoo Y vsSn ‘[91og] dweqg
AJBAI|op JBYe SYeaM €| UIYHM 9% G>
uswom Ayjeay asimiaylo ‘BunoA ui Ayjepow 43A7 (1) {4H o 8sneo s|geJisuowsp
pue AlpigJow a|geiapISuod Ul Buiynsal asneo JBY10 ou ([]) ‘Aianijep Jaye syoem ¢ (81) ‘[oroz]
00} AN VN umousjun Jo AyredoAwoipied pajeioosse-Aoueubaid ulyum Jo Aoueubaud jo yuow isej ul 4H () Hoyood d VSN 1omne|g
AJBAI|Op JBYE SYIUOW [BIBASS 1S} 311 U0 %0g> SAA
ay} Jo Aoueubaid Jo ped Jepe| 8y} Bunp uswom ‘06> 431 (111) ‘4H 0 8sned sjgeluapl 21)
6lLc've VN L¥€°0€ ur syussaud jeyy AyredoAwolpied paje|ip olyredolp|  JSUIOUE JO ddudsqe (||) ‘uouyep INOdd () Hoyood  vsn  ‘[rLoz] eNox
311 %S¥> 43A7 (AN) ‘Aoueubaid jo yuow
1Se| 8y} 01 JoLd aseasip Yeay a|qeziubooal
AJaA1jap 1O syuow G ulyim Jo Aoueubaid  Jo 9ouasqe (||]) ‘4H 9y} 40} 8Sned s|geiHuapl soles (91) ‘[eroz]
14 9 9Fv'L¢C 30 Yluowi ise| 8y} Ul uswiom sjosje jeyl 4H Jayjoue jo soussqe (||) ‘uomuyep NOdd (1) 8se)  uejishied ueyben
uonele|ip A7 YUM paleloosse sheme
J0U INg %GH> 43T B Ag pazuejoeleyd ‘punoy si 4H
10 8sned JBYlo ou uaym ‘Aisaijgp Buimoljos syuow uoluep  |OJU0D (s1) ‘[eroz]
GlLL €79 9¥e au3 ut Jo Aoueubaud ur uoisnjoxe Jo sisoubelq NOdd (I ‘311 A9 %GH> 43N () eseD  Aueuwusn enjiybeH
J(suuow) \(s1eah) ubisep £ I
N poued dn-mojo4 8By uomuep NDdd B1I8]IO UOISN|oU| Apms JunoD [1eaA] Joyiny

(panurzuod) 1 S[qey,

7 Thorac Dis 2024;16(1):645-660 | https://dx.doi.org/10.21037/jtd-23-945

© Journal of Thoracic Disease. All rights reserved.



Radakrishnan et al. Thromboembolism in PPCM

650

‘ABojoipJe) jo A1o100g ueadoing ‘ST ‘o|ge|ieA. 10U ‘YN ‘ein|ie} peay aAilsebuod YHD einduluaA Y| ] ‘4erewelp
0l|0}SBIP-PUS JBINDUIUBA Y| ‘AdIN] ‘DAl0adsoulal ‘Y ‘UoIIeIoossy UesH 3IOA MBN ‘VYHAN ‘ainjie} pesy 4H ‘Aydesboipiecoyos oloeioyisued) ‘J1 | ‘Buluspoys [euoloely
Je|nouiusA Y| ‘SJAT ‘UonORIY UoKOBfe JenoLiusA ¥a| 4IAT ‘eanoedsoid 4 ‘Ayredodwoipieo wnpedued ‘NOdd ebues 10 ‘QS F uesw ‘uesw se pajusseid ale ejep |

uonounysAp o1joisAs A7 03 Arepuooss (¥¢) ‘[eeoe]
986'cY siesh || 1¥0¢ 4H yum Bunussaid AyredoAwoip.ies oiyiedolp) sisoubBelp NOdd (Il) ‘sieeh gL< () Hoyood  vSn By
puUNO} SEM 4H JO 9SNED JBY10 OU adaym (e¢) ‘[12oz]
Kianijep Buimoj|o} syuow sy} ul Jo Aoueubaud ZoIMaIINZe |\
L ch 6'G¥G°0€ 40 pus 8y} spsemo} Bupusseid AyredoAwolpied uomuyep NOdd ()  Hoyoo d  puejod -exhned
9SBasIp Yeay [BINjoNnJls UMouy|
Ajsnoinaid 1noypm uewom e Ul AIsAllep Jaye syjuow
ay1 ul Jo Aoueubaud Jo pus sy} psemol Bunuasaid (ze) ‘[1eoz]
514 9 6'¢¥r'Se %S> Allensn 43A7 € yum AyyedoAwolpied abe o sieak gL< (||) luomuyep INOdd ()  Hoyoo 4 elpu ueliy Iney
uonuyep INOdd (N
‘4H JO SOsNed aAjeUIS}E JO UOISN|OXD (A])
‘311 U0 %GHS 43aAT () ‘4H Jo swoldwiAs  ojuod (1e) ‘[Leoel
25/ 9 9FG0¢ AyredoAwoipied paonpul 4H Jo/pue subis (])) ‘ereis wnueduad (|) asen adoung uosxoer
Aianjjep Jaye sypuow el 1811} 8L Ulyim Jo Aoueubeid 311 U0 %GH> 4ANT (IIl) :4H 4o sesned (0¢e) ‘Treoel
Ge ch 6'G¥0°0€ 4O pu 8U} Spsemo} 4H pajeloosse Aoueubeid paiuapl J8y3o ou (||) ‘uomuyep INOdd ()  HOyod 4 Bdljy  UUBW|SAS0H
-4H O sesneo Jayjo JO uoisnjoxa (Al)
‘311 Aq %SH= 437 (1) *4H o swodwis (62) ‘[+e0ze]
9 9 8'9F|'2¢ (Apn1s [enioe ay1 ul paulap 10u) sisoubelp [eolulD Jo/pue subis (]]) ‘e1eis wnueduad () Moyoo ¢ bey ueyleq
uouisp INOdd
(A) ‘4H Jo sasneo Jsy3o Jo uoisnjoxa (A])
Ksenijep Buimoljoy syuow 1311 U0 %Gp> 431 (Ill) ‘4H 40 swoldwAs (82)
(0)73 9 9FLE a3 ul Jo Aoueubsid syj o pus By} SpJemo} 4H Jo/pue subis (||) ‘oyess wnpedued ()  Hoyoo d oWy ‘[0202] BMIS
uoniuyep NOdd (A ‘AuredoAwoipied jo
pouad wnyuedisod Apes ayi sa160jo118 a1euls}e papnoxa (A]) (311 uo
ul Jo Aoueubaid Jo pus 8y} 18 BulINd20 uoiouNISAp 9% GH> 43AT (111) ‘eseasip oeipaed Buikspun eouswy  (22) ‘[6102]
00k 2L 9¥F0¢ 211018As AQ payJsew AyredoAwoipied pale|iq Jo @ouasqe (||) ‘ebe jo sieak g2 () Hoyodo 4  YHUON BiagbiuoH
uewom Ayyeay Ajsnoinaid e ul Alanljep Jeye
uoos Jo Aoueubaid Jo pus sy} piemoy Bunussaid (92) ‘[6102]
z8 4! 9162 %G¥> 43N yum AyredoAwoipied psurejdxeun INOdd yum plo siesk g|< () Hoyooy  Aexny Jojzi3g
Kianijep Buimojjol syuow sy} ul Jo Aoueubaud S911JUN0d
JO puS 8y} SPJ/eMO} UoIIoUNISAp AT 01 Alepuodss 4H A|leoiuljo uoisnjoxe 0S3-uou (52
00S 9 ¥'9%¥2°08  uum Bupuesaid AyredoAwolpied jo wioy olyjedolp| BIA NDdd Yum pesoubelp sjusiied ()  Hoyoo d pue 0S3 ‘[2102] emIS
J(Sypuow) \(sseak) ubisep £ "
N pouad dn-mojjo4 oby uoiuyep NOdd BlI8}IIO uoIsn|ou| Apms Junon [JeaA] Joyiny

(ponurzu0d) 1 S1qey,

7 Thorac Dis 2024;16(1):645-660 | https://dx.doi.org/10.21037/jtd-23-945

© Journal of Thoracic Disease. All rights reserved.



Journal of Thoracic Disease, Vol 16, No 1 January 2024

Table 2 Epidemiology of thromboembolism in PPCM
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Author [year] Incidence

Outcomes’

Mandal [2011], (11)

(8 central, 2 peripheral)
Laghari [2013], (16) 2.4% with LV clot on admission
8.8% with stroke on admission

Kolte [2014], (17) No noted admission events

Li [2016], (20) 3% with DVT on admission
3% with acute PE on admission
Farhan [2021], (29)

Jackson [2021], (31) No noted admission events

14% thromboembolic events on admission

4.7% thromboembolic events on admission

14% mortality died due to various causes (2 from CVA, 1 from
CVA and intractable HF and 2 from pump failure) at 6 months

0% mortality at 6 months

Major adverse events in 13.5% patient
1.3% in hospital mortality
6.6% thromboembolism (most common complication)

0% mortality at 12 months

4.7% mortality due to SCD, torsades, or HF at 6 months

Mortality: 6.5% for PPCM-no HTN; 1.2% for PPCM-HTN;
6.9% for PPCM-PE at 6 months

Thromboembolism: PPCM-no HTN: 6.9%; PPCM-HTN: 7.3%;
PPCM-PE: 9.0% at 6 months

T, outcomes noted such as mortality, persistent/chronic VTE/chronic thromboembolic/pulmonary HTN at X months. PPCM, peripartum
cardiomyopathy; CVA, cerebrovascular accident; HF, heart failure; LV, left ventricular; DVT, deep vein thrombosis; PE, pulmonary embolism; SCD,

sudden cardiac death; HTN, hypertension; VTE, venous thromboembolism.

thromboembolic events.

Risk of bias

No formal assessment for risk of bias was done, as each
study had widely different types of effect estimates.

Results
Epidemiology of thromboembolism in PPCM

Although the incidence of PPCM is well documented,
the incidence of thromboembolism is not. Through our
literature search, we were able to find only a few articles
with documentation of thromboembolism and their
outcomes. In one of the earliest prospective cohort studies
based in the United States, of 27 patients with PPCM,
approximately 30% experienced PE and 4% experienced
systemic emboli within a 20-year period (35). In a more
recent United States-based retrospective cohort study of
34,219 patients with PPCM, in-hospital thromboembolism
was a significant and frequent complication presenting
in 6.6% of patients during late pregnancy and early
postpartum along with cardiac arrest (2.1%), acute
pulmonary edema (1.8%), cardiogenic shock (2.6%) (17).
Globally, rates of thromboembolism were similar if not
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higher. In a prospective cohort study based on the European
Society of Cardiology (ESC) EURObservational Research
Programme (EROP) PPCM registry of 735 women, about
6% of overall patients presented with thromboembolism
within 6 months of PPCM diagnosis (31). Using the EORP-
PPCM registry approach, in 64 PPCM patients from Iraq,
4.1% presented with thromboembolism within 6 months.
Interestingly, among participants from Pakistan, 16% of
patients were administered anticoagulation prophylactically,
significantly greater than that of the global registry, and may
also explain Pakistan’s comparatively lower thromboembolic
rate (29). In a retrospective cohort study conducted in
India, among 36 patients with PPCM, 14% presented with
thromboembolic events (three central and two peripheral)
within 4-6 months of PPCM diagnosis. The study also
reported a 14% mortality rate with a significant portion
due to cerebrovascular accidents, despite all patients with
thromboembolism receiving therapeutic anticoagulation (11).
Similarly, a 10-year case series in Pakistan with 45 PPCM
patients reported that 13% of patients had either LV clot
or thromboembolism (16). Lastly, in China, a retrospective
study of 71 PPCM patients reported a deep vein thrombosis
(DVT) rate of 3% and acute PE rate of 3% with 0%
mortality by at least 12-month follow-up (20). Findings are
summarized in Tizble 2.
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Risk factors for thromboembolisim in PPCM

Increased levels of factor VII, VIII, X, fibrinogen, and
von Willebrand; decreased protein C and S activity;
and decreased fibrinolysis render PPCM patients more
susceptible to thromboembolic events (27,31,36).

Additionally, a LVEF <35% has been associated with
a high risk of thromboembolism (37). A retrospective
review of 182 patients with PPCM showed that 46 patients
(25%) presented with >1 major adverse event, including
thromboembolic complications. All of them had LV
thrombus, three had a cerebrovascular accident (plus PE
in one), and two had leg ischemia requiring amputation. In
these patients, significant predictors of major adverse events
were LVEF fraction <25% [HR, 4.20; confidence interval
(CI): 2.04-8.64] and non-Caucasian background (HR,
2.16; CI: 1.17-3.97), with the extent of initial myocardial
insult as indicated by decreased LVEF at time of diagnosis
being the most powerful one. In addition, 84% of major
adverse events occurred during the first year after diagnosis
of PPCM. The higher likelihood of major adverse events
among non-Caucasian women aligns with previous studies
that have highlighted a higher relative risk of unfavorable
outcomes in African American women, compared to non-
Hispanic white women (9). Indeed, a retrospective cohort
study of all admissions with PPCM as the primary diagnosis
from the Nationwide Inpatient Sample database over an
11-year-period showed a higher incidence of LV thrombus
in African American patients with PPCM compared to
Caucasian Americans (50.7% vs. 28.8%). The study also
reported a higher prevalence of LV thrombus in patients
with smoking, complicated diabetes, peripheral vascular
disease, coagulopathy, and drug abuse with respect to
patients without LV thrombus (34).

Cesarean delivery and post-operative status after cesarean
section have also been correlated with a higher incidence
of thromboembolic complications (DVT, stroke, and PE)
in women with PPCM, with endothelial injury, immobility,
and ventricular dilatation representing other potential
contributors (4,38).

Furthermore, the expression of certain plasminogen
activator inhibitor-1 (PAI-1) promoter variants has been
reported to be higher and more prevalent in PPCM patients
compared to healthy controls, and has been associated
with a higher risk of thromboembolic complications,
miscarriages, and mild pre-eclampsia (39).

Interestingly, 30 cases of stroke and 9 cases of myocardial
infarction have been reported among postpartum women
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taking bromocriptine, most at higher dosages (40,41).

Finally, estrogen-containing preparations carry an
increased risk of thrombosis, therefore they should be avoided
in patients with PPCM (42). Findings are summarized in
Table 3.

Diagnosis

Two-dimensional (2D) and three-dimensional (3D)
echocardiography are valuable tools for evaluation of
intraventricular thrombi (43). Considering the evidence
linking thromboembolic complications to a LVEF of <0.30 at
the time of PPCM diagnosis, recent studies suggest that earlier
diagnosis, when cardiac function is more likely to be preserved,
is important for preventing thromboembolism (44).

In a retrospective study using surgical confirmation as
the gold standard, contrast-enhanced magnetic resonance
imaging (MRI) demonstrated higher sensitivity and
specificity in diagnosing such thrombi compared to
transthoracic echocardiography (T'TE) and transesophageal
echocardiography (TEE). However, its adoption in clinical
practice is limited due to the time required for the study
and high cost (37,43).

When there is suspicion of lower extremity DVT,
manifesting as extremity pain or swelling, the recommended
initial diagnostic test is compression ultrasonography of
the proximal veins. If there is still a suspicion of iliac vein
thrombosis despite negative results, further evaluation with
non-gadolinium-enhanced magnetic resonance venography
is advised (45).

"The initial evaluation of PE should include electrocardiogram,
chest X-ray, and blood tests, while D-dimer testing for the
exclusion of PE remains controversial. To establish a conclusive
diagnosis, imaging techniques such as lung scintigraphy
(ventilation/perfusion scan) or coronary tomographic
angiography are necessary. Recently, pregnancy-adapted
decision algorithms have shown promising preliminary data,
but their effectiveness needs to be validated in larger-scale
studies (46). Findings are summarized in 7able 4.

Therapy

In an American Heart Association (AHA) scientific
statement for the diagnosis and treatment of specific dilated
cardiomyopathies, anticoagulation is recommended for
patients with PPCM who present with a LVEF <30% (47). In
a guidance for the care of acute PPCM, the ESC recommends
anticoagulation with heparin to avoid cardio-embolic
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Table 3 Risk of Thromboembolism in PPCM

Author (year)

Risk factor

Risk (HR, OR, or RR)

Fett [2005], (5)

Hu [2007], (7)

Duran [2008],
®)

Goland [2009],
©)

Sliwa [2006], (6)

Gentry [2010],
(10)

Tibazarwa
[2012], (14)
Haghikia
[2013], (15)

Blauwet [2016],
(18)

Damp [2016],
(19

Goland [2016],

1)

Sheppard
[2016], (22)

Baseline echo
features

cTnT concentration

Baseline echo
features

Non-Caucasians

Low baseline LVEF

Delay of diagnosis

Inflammatory
markers (FAS/APO)

African American women
HTN
Not married

Multiparity

T-wave abnormalities

Baseline LVEF
LVEDD
RV FAC

Relaxin-2

sFIt1

VEGF
sFIt1

African American
GNB3 TT gene

28% patients with LVEF >50%

Deceased vs. survivors: LVEDD 6.2 vs. 5.8 cm (P=0.08), LVEF 22% vs. 25% (P=0.12),
LVFS 16% vs. 15% (P=0.46)

2/15 deaths caused by thromboembolic events

cTnT >0.04 ng/mL more persistent LV dysfunction (84.8% vs. 31.5%, OR =12.17, 95% ClI:
4.17-35.57, P=0.0001)

24.2% with recovered LVEF

LVESD 5.5 cm (sensitivity 100%, specificity 76%, PPV 57%, NPV 100%), LVEF >27%
(sensitivity 100%, specificity 80%, PPV 62%, NPV 100%)

10% death (50% due to SCD)

Predictors of MAE: LVEF <25% (HR =4.20, Cl: 2.04-8.64), non-Caucasian background
(HR =2.16, Cl: 1.17-3.97)

Predictors of death or HTx: LVEF <25% (HR =5.38, CI: 1.87-15.50), non-Caucasian
background (HR =4.78, Cl: 1.81-12.66), delay of diagnosis =1 week (HR =5.51, Cl: 1.21-25.04)

7% death (27% due to SCD)
4 patients with thromboembolic events all developed LV thrombus
3 severe embolic complications including PE, CVA, leg ischemia

Independent predictors of death: FAS/APO-1 (OR =3.56, 95% ClI: 1.35-9.42, P=0.01)

African American compared to other races: OR =15.7, 95% Cl: 3.5-70.6, P<0.001

HTN: OR =10.8, 95% CI: 2.6-44.4, P=0.001

Unmarried: OR =4.2, 95% CI: 1.4-12.3, P=0.009

Multiparity: OR =2.9, 95% Cl: 1.1-7.4, P=0.025

African American ethnicity multivariable predictor of PPCM: OR =31.5, 95% ClI: 3.6-277.6, P=0.002

Presence of major T-wave changes associated with 9% (95% CI: 1-16%; P=0.03) reduction in
LVEF compared to those without T-wave changes

NIMP had lower LVEF compared to IMP (17%+5% vs. 28%+9%, P<0.0001)
NIMP has greater LVEDD compared to IMP (70+8 vs. 59+7 mm, P=0.002)
RV FAC independent predictor of:

(I) Adjusted HR for lack of LV recovery or unfavorable clinical event (0.95, 95% CI: 0.92-0.99,
P=0.02)

(1) Adjusted HR for persistent LVEF <35% or unfavorable clinical event (0.93, 95% ClI:
0.87-0.99, P=0.04)

Elevated relaxin-2 associated with higher LVEF (P=0.01) and LVSD (P=0.006) at 2 months
postpartum

Elevated sFlt1 associated with more severe NYHA (P=0.01) and women who died or required
LVAD support during first year postpartum (P=0.03)

Patients with post-PPCM have significantly higher plasma sFlt1 concentration (P<0.001)
with a trend of somewhat higher levels of VEGF (P=0.1) and significantly decreased
VEGF/sFIt1 ratio (P=0.01)

GNBS3 TT genotype had lower LVEF at 6 months (P=0.007) and 12 months (P=0.001) from
GNB3 CT and GNB3 CC at 6 months (P=0.02) and 12 months (P=0.008)

Table 3 (continued)
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Table 3 (continued)
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Author (year) Risk factor Risk (HR, OR, or RR)
Ware [2016], TTN gene At 1-year follow-up patients with TTN had lower EF compared to those without 44+17 vs.
(23) 54+8, P=0.005

Ersbell [2017],
(24)

Ekizler [2019],
(26)

Honigberg
[2019], (27)

Farhan [2021],
@9

Hoevelmann
[2021], (30)

Jackson [2021],
@31

Ravi Kiran
[2021], (32)

Luthra [2022],
(34)

Baseline LVEF

Cabergoline
HDP

Positive T-waves
in avRk

EKG abnormalities
(LAA)

Baseline LVEF
GLS

NT-proBNP

HTN

LAVi

RV FAC

Smoking history

Pregnancy related HTN

CHF

Anemia

LVEF: (OR =1.05, 95% CI: 0.97-1.14, P=0.244), cabergoline: (OR =4.64, 95% Cl: 1.18-18.24,
P=0.028), HDP: (OR =2.66, 95% CI: 0.75-9.43, P=0.129)

14.8% suffered a major adverse event with 3.3% mortality, 8.2% mechanical circulatory
support requirement and/or heart transplantation, and 4.9% persistent severe HF

Positive TaVR independent predictor of primary composite endpoint (cardiac death, arrhythmic
event, or persistent LV systolic dysfunction) (OR =6.21, 95% CI: 1.45-26.51, P=0.014)
Thromboembolic events (OR =1.86, 95% CI: 0.330-10.209, P=0.475)

Stroke (OR =0.51, 95% ClI: 0.155-1.675, P=0.267)

LAA associated with lower LVEF at 6 months (44% vs. 52%, P=0.02) and 12 months
(46% vs. 54%, P=0.03)

LAA predicted decreased event-free survival at 1 year (P=0.008). Six women experienced
9 major events: 4 deaths, 4 LVAD implantations, and 1 cardiac transplantation

LVEF =50%: 36.7% patients and GLS <-17%: 33.3% patients
4.7% patients with SCD, torsade de pointes, or HF
4.1% patients with Thromboembolic events

Baseline NT-proBNP =900 pg/mL multivariate predictor of failure to recover LVEDD (OR =0.22,
95% CI: 0.05-0.95, P=0.043) and LVEF (OR =0.20, 95% CI: 0.04-0.89, P=0.035)

Greater likelihood of LVEF >50% in women with PPCM-PE vs. women with PPCM-noHTN
(adjusted OR =2.08, 95% Cl: 1.21-3.57)

2.2% stroke in PPCM-noHTN, 2.5% PPCM-HTN, 2.8% PPCM-PE (P=0.93)
6.9% thromboembolism PPCM-noHTN, 7.3% PPCM-HTN, 9.0% (P=0.72)

Multivariate predictors of composite endpoint (rehospitalization for HF decompensation,
all-cause mortality, and poor recovery):

(I) LAVi: OR =1.18, 95% CI: 1.1-1.9, P=0.04
(I RV FAC: OR =0.7, 95% ClI: 0.5-0.9, P=0.02

0% thromboembolic events

Multivariate predictors of LVT:
(I) Smoking history: OR =2.22, 95% CI: 1.12-4.04, P=0.01
(I Pregnancy related HTN: OR =0.21, 95% CI: 0.09-0.43, P<0.001
(1) CHF: OR =1.86, 95% CI: 1.19-2.94, P=0.01
(IV) Anemia: OR =2.05, 95% Cl: 1.21-3.37, P=0.01

CVA in PPCM with LVT: 10.17%

CVA in PPCM without LVT: 1.24%

PPCM, peripartum cardiomyopathy; HR, hazard ratio; OR, odds ratio; RR, relative risk; LVEF, left ventricular ejection fraction; LVEDD, left
ventricular end-diastolic diameter; LVFS, left ventricular fractional shortening; cTnT, cardiac troponin T; LV, left ventricular, Cl, confidence
interval; LVESD, left ventricular end-systolic dimension; PPV, positive predictive value; NPV, negative predictive value; SCD, sudden
cardiac death; MAE, major adverse events; HTx, heart transplantation; PE, pulmonary embolism; CVA, cerebrovascular accidents; HTN,
hypertension; NIMP, non-improvers; IMP, improvers; LAVi, left atrial volume index; RV FAC, right ventricle fractional area change; LVSD,
left ventricular systolic dysfunction; NYHA, New York Heart Association; LVAD, left ventricular assist device; HDP, hypertensive disorder in
pregnancy; HF, heart failure; aVR, aortic valve replacement; TaVR, transcatheter aVR; EKG, electrocardiogram; LAA, left atrial appendage;
GLS, global longitudinal strain; NT-proBNP, N-terminal prohormone of brain natriuretic peptide; LVAI, indexed left atrial volume; LVT, left
ventricular thrombus; CHF, congestive heart failure.
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Table 4 Diagnosis of thromboembolism in PPCM
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Author [year]

Baseline features

Diagnostic method

Yield

Renz [2011], Median EF: 22.5% CMR
(12) (IQR, 26.3%)

Median LVEDD:

29.8 mm/m? (IQR, 8.3)
Tibazarwa Mean LVEF: 30.5%+9% EKG
[2012], (14) Mean LVEDD: 5.8+0.7 cm

90% NSR EKG
Honigberg Mean LVEF: 34%+10% EKG
[2019], (27)

Abnormal EKG in 51%

of patients
Petryka- Mean LVEF: 35.9%+13.7% CMR
Mazurkiewicz
[2021], (33) Mean LVEDVI for PPCM:

138.3+50.1 mL/m?
Mean LVESVI for female

Patients showing LGE, persistent elevation of T2 ratio, and EGER
had a non-favorable clinical course

PPCM patients showed elevated T2 which decreased to normal
values during follow up except for one patient

Presence of major T-wave changes associated with 9%
(95% CI: 1-16%; P=0.03) reduction in LVEF compared to
those without T-wave changes

LAA associated with lower LVEF at 6 months (44% vs. 52%, P=0.02)
and 12 months (46% vs. 54%, P=0.03)

LAA predicted decreased event-free survival at 1 year (76% vs.
97%, P=0.008)

ST depression correlated with decreased LV recovery at 6 months
(LVEF 40% vs. 52%, P=0.003) and 12 months (45% vs. 54%, P=0.025)

“Normal EKG” predicted greater LVEF at 6 months (53% vs. 48%,
P=0.02) and associated with recovery to an LVEF >50% by 12 months
(84% vs. 49%, P=0.001)

LV stroke volume index (50.3+11.8 vs. 44.5+10.5 mL/m?, P=0.04)

Higher right atrial minimal and pre-systolic volumes (47.2+16.0 vs.
37.2+8.2 mL, P<0.01 and 68.7+18.3 vs. 58.4+13.9 mL, P=0.02)

RA EF (42.4+10.0 vs. 48.6+9.8 mL, P=0.02)

DCM: 101.3+£39.1 mL/m?

PPCM, peripartum cardiomyopathy; EF, ejection fraction; IQR, interquartile range; CMR, cardiovascular magnetic resonance; LGE,
late gadolinium enhancement; EGER, early gadolinium enhancement ratio; LVEDD, left ventricular end-diastolic diameter; EKG,
electrocardiogram; Cl, confidence interval; LVEF, left ventricular ejection fraction; NSR, normal sinus rhythm; LAA, left atrial abnormality;
LV, left ventricular; LVEDVI, left ventricular end-diastolic volume index; LVESVI, left ventricular end-systolic volume index; DCM, dilated

cardiomyopathy; RA, right atrial.

complications in patients with LVEF <35% or treated with
bromocriptine (if no contraindication exists) (48). The level
of evidence for these recommendations is C (i.e., expert
consensus), as higher quality evidence is scarce. Some
experts suggest starting anticoagulation and continue until
8 weeks postpartum in all women with PPCM (27,41).
In contrast, in some healthcare systems anticoagulation
is administered only to PPCM patients with a definite
indication for anticoagulation, such as atrial fibrillation
or LV thrombus (49). Therapeutic anticoagulation should
be administered to patients with intracardiac thrombus
identified through imaging or those presenting with
systemic embolism, as well as to those experiencing
paroxysmal or persistent atrial fibrillation (40).

Some experts suggest continuing anticoagulation therapy
until full recovery of LV function. Therefore, regular
assessments of LVEF should be conducted over a period

© Journal of Thoracic Disease. All rights reserved.

of 6 to 12 months (41). Although a full recovery is usually
achieved within 2 to 6 months from diagnosis, a potential
delay up to 5 years has been reported (50). A cohort study
of 36 patients with PPCM [100% with ejection fraction
(EF) <45% and 75% with EF <35%] not on prophylactic
anticoagulation, showed that, during the 2-year follow-up
period, 5 (14%) thromboembolic complications occurred
and 2 patients with stroke died. The authors concluded that
prophylactic anticoagulation should be given at least for the
first 6 months after delivery (41).

Both unfractionated heparin and low molecular weight
heparin (LMWH) represent safe choices in pregnancy since
they do not cross the placenta (49). Some evidence suggests
subcutaneous heparin (5,000 IU twice daily), especially
in patients presenting with a LVEF <35% (51). Although
warfarin is contraindicated during pregnancy because of its
teratogenic potential, it is recommended in the postpartum
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period (especially in the first several months) in patients
with LVEF <30% or in the presence of other indications,
such as atrial fibrillation, DVT or PE, or LV thrombus.
Anticoagulation for other conditions is based on clinical
experience. Data on use of novel oral anticoagulants
(NOAC:s) in PPCM are scarce (52).

Finally, bromocriptine, a dopamine agonist that inhibits
the release of prolactin, has demonstrated a high rate
of full LV recovery in PPCM (50). Although some case
reports suggested that bromocriptine is associated with
thromboembolic complications, two prospective cohort
studies in ESC and non-ESC countries reported no
difference in thromboembolic events with bromocriptine
compared [5 events in 84 patients (6%) on bromocriptine
vs. 26 events in 463 patients (6%) not on bromocriptine;
P=0.802] (2,28). Most experts recommend anticoagulation
with heparin (LMWH or unfractionated heparin), at
least in prophylactic dosages, in PPCM patients receiving
bromocriptine (53). Findings are summarized in Table 5.

Discussion

Thromboembolic complications in women with PPCM
pose a significant clinical challenge, with potential life-
threatening consequences. In this systematic review, we
summarized the epidemiology, risk factors, diagnosis,
and therapy of thromboembolic complications in PPCM
patients, shedding light on the current understanding of this
important clinical issue.

The epidemiology of thromboembolism in PPCM is not
extensively studied, and the available literature provides
limited information. Our review identified several studies
reporting on the incidence of thromboembolic events
in PPCM patients across different geographical regions.
Although the incidence varied, ranging from 3% to
16%, it was consistently higher than that observed in the
general population. These findings highlight the need for
heightened awareness and monitoring for thromboembolic
complications in women with PPCM.

Several risk factors have been associated with thromboembolic
complications in PPCM patients. Hormonal changes during
pregnancy contribute to a hypercoagulable state, which
can persist for several weeks after delivery, rendering these
patients more susceptible to thromboembolic events (27,36).
LV systolic dysfunction, which characterizes PPCM, further
contributes to blood stasis and the formation of intracardiac
thrombi and subsequent systemic embolism, potentially
leading to cerebrovascular events and other arterial embolic
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events, and venous thromboembolic events and PE.

Our review identified LVEF <35% as a significant risk
factor for thromboembolism in PPCM patients. Non-
Caucasian background and the extent of initial myocardial
insult were also identified as predictors of major adverse
events, emphasizing the importance of considering individual
patient characteristics when assessing thromboembolic risk
in PPCM and, therefore, highlighting the need for targeted
risk factor modification in these high-risk groups (34).

Cesarean delivery and the post-operative period have
been associated with a higher incidence of thromboembolic
complications in women with PPCM. Endothelial injury,
immobility, and ventricular dilatation likely contribute to
the increased risk observed in these patients. Furthermore,
elevated circulating levels of PAI-1 in some PPCM patients,
due to genetic variability, may play a role in increased
thrombotic susceptibility. However, further studies are
needed to establish the precise relationship between PAI-1
levels and thromboembolic complications in PPCM (39).

Despite its current indication for treatment of PPCM, it
has been postulated that the use of bromocriptine has been
associated with high risk of thromboembolic complications,
most at higher dosages. Whether concomitant anticoagulation
should be given remains an open question.

Timely diagnosis of thromboembolic events is crucial
for appropriate management. However, there is limited
evidence regarding the diagnostic methods used to assess
thromboembolic events in PPCM. MRI has shown higher
sensitivity and specificity compared to echocardiography for
intracardiac thrombi, but its use is limited due to cost and
time requirements. Compression ultrasonography and non-
gadolinium-enhanced MRI are recommended for diagnosing
DVT. Diagnosis of PE remains challenging and requires a
high index of suspicion, since one-third of patients do not
present symptoms, with imaging techniques such as lung
scintigraphy or coronary tomographic angiography being
necessary for definitive diagnosis.

Despite the high rate of thromboembolic events in
women with PPCM, the decision of anticoagulant therapy
remains a subject of ongoing debate and there is limited
evidence to guide management options as well as duration of
therapy in these patients. Also, practice varies substantially
across healthcare systems. The debate also concerns the
decision of therapeutic vs. prophylactic anticoagulation in
these patients, as evidence is limited (4). Current guideline
statements address the use of anticoagulation in patients with
PPCM. However, they primarily rely on expert opinions
rather than conclusive empirical evidence. Therefore, which
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Author [year] Therapy used

Outcome

Biteker [2012], 100% diuretics, 93.8% BB, 81% ACEI/ARB, 35.7%
(13) digoxin, 0% bromocriptine use

Sliwa [2017], 83.6% diuretics, 78.8% ACEI, 79.9% BB, 21.2%
(25) bromocriptine, <10% ivabradine, <560% MRA

Significant differences in prescribing pattern of those
medications in ESC vs. non-ESC countries (P<0.001)

More common among ESC vs. non-ESC: AC
(27.9% vs. 15.9%, P=0.022), BB (91.9% vs. 70.3%),
ivabradine (17.1% vs. 1.4%)

More common among non-ESC vs. ESC:
bromocriptine (32.6% vs. 7.1%), diuretics (91.3%
vs. 68.8%), digoxin (37.0% vs. 18.0%)

Sliwa [2020],

the Middle East 4%, P<0.001)

85% with ACEI, 81% betablockers, 45% MRA, 21%

digoxin, 74% diuretics

Farhan [2021],
(29) AC, 8.2% digoxin, 8.2% bromocriptine

Hoevelmann
[2021], (30)

94.3% BB, 80% ACEI/ARB, 45.7% ARB, 91.4%
diuretic, 41.1% bromocriptine

15% received bromocriptine with significant regional
(28) variation (Europe 15%, Africa 26%, Asia-Pacific 8%,

91.8% BB, 73.5% ACEI/ARB, 40.8% MRA, 22.45%

47.6% recovered EF

23.8% died (5 due to HF progression, 5 due to SCD)
30% with early recovery, 70% with delayed recovery
28.6% with persistent left ventricular dysfunction

0% LV thrombus in early and delayed recovery patients vs.
18.2% PLVD patients had a thrombus (P=0.184)

Early recovery: normalization of LVSF at 6 months post-diagnosis

At 1-month, persistent symptomatic HF more common in
non-ESC vs. ESC countries (92.3% vs. 81.3%, P<0.001)

Within 1 month, 2.4% died mostly due to HF, some due
to stroke, and cardiac death

After 1 month, PPCM with HF higher in non-ESC
(92.3% in non-ESC vs. 81.3% in ESC, P<0.001)

6.8% of patients with thromboembolic events, CVA, arterial
embolism (no significant differences between ESC vs. non-ESC)

46% recovered EF [commonly in Asia-Pacific (62%),
and least commonly in the Middle East (25%)]

42% HF death, 30% sudden death

Thromboembolism occurred in 7% by 6 months
(highest in Europe)

Stroke occurred in 3% of patients

36.7% recovered EF

4.7% died due to SCD, torsades de pointes, or HF
4.1% with thromboembolic events

51.4% recovery of EF

PPCM, peripartum cardiomyopathy; BB, beta-blockers; ACEI, angiotensin-converting enzyme inhibitors; ARB, angiotensin receptor
blockers; EF, ejection fraction; HF, heart failure; SCD, sudden cardiac death; LV, left ventricular; PLVD, persistent left ventricular
dysfunction; LVSF, left ventricular systolic function; MRA, mineralocorticoid receptor antagonists; ESC, European Society of Cardiology;

AC, anticoagulant; CVA, cerebrovascular accidents.

women with PPCM necessitate anticoagulation remains
controversial.

The decision to initiate anticoagulation is often based on
LVEF thresholds, ranging from <30% to <35%. Prophylactic
anticoagulation may be considered for all PPCM patients,
especially during the first 6 months after delivery, while
therapeutic anticoagulation is recommended for patients
with intracardiac thrombus or systemic embolism. There

© Journal of Thoracic Disease. All rights reserved.

is no consensus on the duration of anticoagulation
therapy, with some experts suggesting continuation until
clinical and echocardiographic recovery (41). Factors
such as patient compliance, the severity of HF, and other
clinical considerations should be taken into account when
determining need for anticoagulant treatment (50).
Bromocriptine, a dopamine agonist which inhibits the
release of prolactin, continues to be studied for the treatment
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of PPCM and results about whether it is associated with an
increased risk of thromboembolic events is controversial.
Therefore, the question remains whether anticoagulation
should be administered in women with PPCM treated with
bromocriptine (41,50).

Conclusions

In conclusion, thromboembolic complications in women
with PPCM represent a significant clinical challenge.
Thromboembolism in PPCM is consistently higher than
in the general population of pregnant women, emphasizing
the need for increased awareness. Risk factors include LV
systolic dysfunction and individual patient characteristics
such as non-Caucasian background. Cesarean delivery
and the post-operative period are associated with a higher
risk of thromboembolism in PPCM, along with other
factors like endothelial injury, immobility, ventricular
dilatation, and genetic variability affecting PAI-1 levels.
Diagnosis of thromboembolic events in PPCM remains
challenging, with limited evidence for specific diagnostic
methods. The decision regarding anticoagulant therapy in
PPCM is subject to ongoing debate and lacks conclusive
empirical evidence. Guidelines primarily rely on expert
opinions, and the decision to initiate anticoagulation is
often based on LVEF thresholds, presence of intracardiac
thrombus or systemic embolism. The duration of therapy
and the use of anticoagulation in PPCM patients treated
with bromocriptine remain controversial. Overall, further
research is needed to better understand the epidemiology,
risk factors, diagnosis, and optimal management of
thromboembolic complications in women with PPCM.
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