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BEYOND TTP: “ATYPICAL” TMAs FOR THE HEMATOLOGIST

Catastrophic antiphospholipid syn drome:  
a CAPS-tivating hema to logic dis ease
Brit tany M. Salter and Mark Andrew Crowther
Department of Medicine, McMaster University, Hamilton, Ontario, Canada

Catastrophic antiphospholipid syn drome (CAPS) is a rare but life-threat en ing form of antiphospholipid syn drome (APS) 
defined by the rapid onset of large and small ves sel throm bo sis occur ring simul ta neously across mul ti ple sites, resulting 
in multiorgan dys func tion. The pres ence of under ly ing immune dys func tion caus ing acti va tion of coag u la tion and, in 
many cases, abnor mal com ple ment reg u la tion pre dis poses these patients to throm botic events. CAPS is often pre ceded 
by trig ger ing fac tors such as infec tion, sur gery, trauma, anticoagulation dis con tin u a tion, and malig nancy. Given the 
high mor tal ity rate, which may exceed 50%, prompt rec og ni tion and ini ti a tion of man age ment is required. The detec-
tion of antiphospholipid antibodies and the his to path o logic iden ti fi ca tion of micro vas cu lar ische mia via tis sue biopsy 
are required to diag nose CAPS. However, these patients are often too unwell to obtain results and wait for them. As 
such, inves ti ga tions should not delay CAPS ther apy, espe cially if there is strong clin i cal sus pi cion. Management of CAPS 
requires “tri ple ther apy” with glu co cor ti coids, intra ve nous hep a rin, ther a peu tic plasma exchange, and/or intra ve nous 
immu no glob u lin. Treatment for refrac tory dis ease is based on poor-qual ity evi dence but includes anti-CD20 (rituximab) 
or anticomplement (eculizumab) mono clo nal antibodies and other immu no sup pres sant agents, either alone or in com-
bi na tion. The rar ity of this syn drome and the sub se quent lack of ran dom ized clin i cal tri als have led to a pau city of high-
qual ity evi dence to guide man age ment. Continued inter na tional col lab o ra tion to expand ongo ing CAPS reg is tries will 
allow a bet ter under stand ing of the response to newer targeted ther apy.

LEARNING OBJEC TIVES
 • Identify pat terns in clin i cal pre sen ta tion for cat a strophic antiphospholipid syn drome
 • Explain the approach to inves ti gat ing, clas si fy ing, and man ag ing cat a strophic antiphospholipid syn drome

CLINICAL CASE
A 35-year-old woman presented with sud den con fu sion, 
dyspnea, pro gres sive weak ness, and pur pura on her lower 
extrem i ties. She had sys temic lupus erythematosus (SLE). 
Initial find ings included hyp oxia, hyper ten sion, rest ing 
tachy car dia, and fever. Laboratory test ing revealed an ele-
vated D-dimer, throm bo cy to pe nia, pos i tive lupus anti co-
ag u lant (LAC), a mod er ate titer immu no glob u lin G (IgG) 
anticardiolipin (aCL) anti body, and a neg a tive anti–beta-2 
gly co pro tein I (aβ2GPI) anti body. Imaging stud ies showed 
bilat eral pleu ral effu sions and patchy splenic and renal 
infarcts, supporting a prob a ble cat a strophic antiphospho-
lipid syn drome (CAPS). Upon con sid er ation of the diag no sis, 
aggres sive man age ment included pulse- and main te nance-
dose cor ti co ste roids, daily ther a peu tic plasma exchange 
(TPE), and intra ve nous unfractionated hep a rin (UFH). Given 
the refrac tory nature of her con di tion, she addi tion ally 

received rituximab, intra ve nous IG (IVIG), and numer ous 
immu no sup pres sive agents, includ ing aza thi o prine and 
mycophenolate mofetil. Her dis ease course was com pli-
cated by dis sem i nated intra vas cu lar coag u la tion (DIC) and 
multiorgan fail ure, neces si tat ing inten sive care admis sion 
and mul ti dis ci plin ary involve ment, includ ing crit i cal care, 
rheu ma tol ogy, hema tol ogy, and nephrol ogy.

Introduction
CAPS is an acute and severe form of antiphospholipid syn-
drome (APS) marked by the rapid onset of mul ti ple organ 
dys func tion, usu ally driven by micro vas cu lar ische mia 
(Figure 1). Although patients may pres ent with simul ta-
neous large- and small-ves sel throm bo sis, its sine qua non 
is micro vas cu lar throm bo sis in mul ti ple organs.

APS is an auto im mune dis or der char ac ter ized by 
throm bo sis and obstet ric mor bid ity in the pres ence of 
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per sis tent antiphospholipid antibodies (aPLs). The syn drome’s 
clin i cal and sci en tific foun da tions were first iden ti fied in the 
1950s.1 The 1980s marked the iden ti fi ca tion of aPL as a dis tinct 
path o log i cal phe nom e non, lead ing to the for mal rec og ni tion of 
APS as a unique clin i cal entity. Establishing APS as a syn drome 
has high lighted the com plex inter play between the immune 
sys tem and coag u la tion, resulting in sig nifi  cant advance ments 
in diag no sis and man age ment.

CAPS was dis tin guished in the med i cal lit er a ture in the 1990s 
when cli ni cians documented cases of APS patients expe ri enc ing 
sud den, severe, and wide spread throm botic events. This var i ant 
accounts for fewer than 1% of all  APS cases but is nota ble for its 
rapid pro gres sion and high mor tal ity rate, rang ing from 37% to 
48%.2,3 This clin i cal behav ior under scores the crit i cal role of early 
detec tion and aggres sive treat ment.

Clinical man i fes ta tions
Accumulating evi dence from the International CAPS Registry, 
which includes vol un tar ily reported cases and published case 
reports, has shown that CAPS com monly affects women in the 
first 4 decades of life; how ever, cases have been described across 
all  ages.3 There is great het ero ge ne ity in the clin i cal pre sen ta tion 
of CAPS. The pre dom i nant fea ture is the occur rence of throm-
botic events within the small ves sels over a short period at mul-
ti ple sites. This con trasts with APS, which pre dom i nantly affects 
large ves sels, with throm bo sis typ i cally lim ited to a sin gle site. 

The ste reo typ i cal man i fes ta tions of CAPS have been iden ti fied 
from a large inter na tional reg is try of patients known as the CAPS 
Registry.3 Diffuse throm botic microangiopathy (TMA) is char ac-
ter is tic of CAPS and can occur in vir tu ally every organ but most 
fre quently affects the kid neys (73%),4 lungs (60%),4 brain (56%),3,5 
and heart (50%).6 Less fre quently reported involve ment includes 
the skin (45%), liver (34%), and gas tro in tes ti nal tract (12%), as 
well as the bone mar row, spleen, and adre nal gland.3,7,8 Patients 
may also pres ent with intra cra nial, pul mo nary, or ret ro per i to neal 
bleed ing, which is, con fus ingly, due to under ly ing cere bral vein 
throm bo sis, pul mo nary micro vas cu lar throm bo sis, and adre nal 
vein throm bo sis, respec tively. In addi tion, throm bo cy to pe nia, 
microangiopathic hemo lytic ane mia, and DIC can occur but are 
non spe cific and seen with other hema to logic and nonhemato-
logic dis or ders (Tables 1 and 2).9

Although CAPS may occur with out an iden ti fi able pre cip i tant, 
most cases are asso ci ated with risk fac tors, includ ing infec tion, 
sur gery, trauma, malig nancy, estro gen use, preg nancy, vac ci na-
tion, active SLE, and many oth ers.8 Of note, approx i ma tely 50% 
of patients are diag nosed with CAPS as their first man i fes ta tion 
of APS, and 28% of patients are known to have a prior diag no sis 
of SLE.3,8 An impor tant and underestimated risk fac tor for CAPS is 
the dis con tin u a tion of anticoagulation in a patient with APS.8 For 
exam ple, we pre vi ously published a case of a 42-year-old man 
with APS who devel oped CAPS 3 weeks fol low ing the sud den 
dis con tin u a tion of long-term low-molec u lar-weight hep a rin.10 His 
case was severe, with evi dence of mul ti site micro vas cu lar throm-
bo sis in the skin (acral pur pu ric lesions), mes en tery, kid neys, 
cen tral ner vous sys tem, and heart, along with marked throm-
bo cy to pe nia. Given its sever ity, we main tain a strong clin i cal 
sus pi cion for CAPS in patients with a com pat i ble pre sen ta tion, 
par tic u larly those with prior APS or SLE and espe cially in the set-
ting of new-onset throm bo cy to pe nia.

Diagnosis
The diag no sis of CAPS relies heavily on clin i cal pre sen ta tion, 
imag ing, his to path o log i cal evi dence (where avail  able), and 

Positive Antiphospholipid antibodies

Thrombotic APS

CAPS

Figure 1. The overlap of CAPS and thrombotic antiphospholipid 
syndrome. The presence of aPLs and complement gene abnor-
mality fosters a procoagulant and proinflammatory environment, 
which increases the risk for macrovascular (venous and arterial) 
thrombotic events in APS. Approximately 1% of patients with APS 
develop a severe picture of catastrophic APS (CAPS). The “2-hit” 
theory suggests that the presence of additional precipitating 
factors (including infection, inflammation, pregnancy, surgery, 
trauma, etc) leads to a domino effect that results in activation 
of the complement system, endothelium, and coagulation cas-
cade, as well as immune cell activation, which are key contribu-
tors to the pathogenesis of CAPS.

Table 1. Differential diag no sis for CAPS

Nonobstetric dif fer en tials

• Heparin-induced throm bo cy to pe nia * Variants
• Primary TMA:

○ Thrombotic throm bo cy to pe nia pur pura
○ Complement-medi ated TMA
○ Drug-induced TMA
○ Shiga-toxin–induced hemo lytic ure mic syn drome

• DIC
• Sepsis, includ ing rare dis or ders such as hem or rhagic viral infec tions
• Malignancy
• Malignant hyper ten sion (ie, sclero derma renal cri sis)
• Drug-related microangiopathic syn dromes
• Antineutrophil cyto plas mic auto an ti body–asso ci ated vas cu li tis
• Endocarditis
• Purpura fulminans
•  Systemic rheu matic dis ease (ie, sys temic lupus ery them a tous,  

sclero derma, antiphospholipid syn drome, etc)

Obstetric dif fer en tials (which include all  of the above)

• Preeclampsia and eclamp sia
• HELLP
• Acute fatty liver of preg nancy
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 lab o ra tory test ing, includ ing aPL. The clas si fi ca tion cri te ria for 
CAPS have been pre vi ously pro posed by the inter na tional con-
gress on aPL in 2003 (Table 3).11 CAPS should be con sid ered in 
a patient presenting with involve ment of 3 or more organs or 
sys tems, an acute onset within 1 week, and con fir ma tion of small 
ves sel ische mia either on his to pa thol ogy or appro pri ate imag-
ing.11 Best prac tices for diag nos ing and man ag ing CAPS were 
artic u lated in a clin i cal prac tice guide line published in 2018.12 
The guide line recommended that patients with suspected CAPS 
have a tis sue biopsy to con firm micro vas cu lar involve ment. 
However, the low sen si tiv ity of the biopsy, in com bi na tion with 
the com plex ity of obtaining the sam ple (bleed ing risk related 
to anticoagulation and/or throm bo cy to pe nia, iden ti fi ca tion of a 
site to biopsy, and poten tial impact on delaying empiric treat-
ment) reduces its util ity for “real-time” man age ment.

In our prac tice we con sider the his to path o log i cal exam i na-
tion unnec es sary in the set ting of typ i cal radio log i cal find ings 
and if obtaining an appro pri ate sam ple would inter rupt or delay 
defin i tive ther apy.

For lab o ra tory eval u a tion, the panel recommended using aPL 
to con firm the diag no sis of CAPS with out delaying empiric treat-
ment, which is fre quently required before lab o ra tory test results 
have returned.12 The panel fur ther suggested that test ing be car-
ried out as per accepted guide lines, with con sid er ation for the 
appro pri ate tim ing of sam ple col lec tion (ie, before ini ti at ing anti-
coagulation or TPE).13-15 aPL test ing involves the assess ment of 
aCL, aβ2GPI, and LAC. As per the 2020 International Society of 
Thrombosis and Haemostasis guide lines, the LAC assay should 
involve a 3-step pro ce dure with 2 test sys tems, includ ing diluted 
Russell’s viper venom time and sil ica clot ting time.13 aCL and 
aβ2GPI are mea sured by solid-phase assays via enzyme-linked 
immu no sor bent assay or auto mated sys tems tech niques.14 Cau-
tion should be exer cised when interpreting the pos i tiv ity or neg-
a tiv ity of aPL. Various clin i cal fac tors can influ ence aPL test ing and 
result in a false pos i tive, includ ing infec tion, inflam ma tion, TPE, 
and anti co ag u lant treat ment (ie, war fa rin and direct oral anti co-
ag u lants).13,16-18 In con trast, acute throm botic events can result in 
falsely neg a tive aPL.19,20 Unsurprisingly, how to inter pret these 

Table 2. Distinguishing fea tures of microangiopathic hemo lytic dis or ders

Clinical and lab 
fea tures CAPS TTP ST-HUS CM-TMA HIT DIC

PMHx Prior diag no sis of  
APS, SLE

Previous TTP  
(hered i tary or  
immune)

Hereditary  
CM-TMA

Trigger Infection, sur gery, 
trauma, malig nancy, 
preg nancy, SLE, 
anticoagulation  
dis con tin u a tion,  
estro gen expo sure

Pregnancy, infec tion,  
drugs, estro gen  
expo sure

Shigella  
or E. coli 
0157:H7  
infec tion

Pregnancy,  
trans plant,  
drugs, malig nant  
hyper ten sion

Heparin  
expo sure,  
sur gery

Sepsis, sur gery, 
trauma,  
malig nancy, 
obstet ric  
com pli ca tions

Multiorgan  
involve ment

+ + + + + +

Predominant  
organ sys tem 
involve ment

Renal, resp, car diac, 
CNS

CNS, car diac, GIT,  
renal

Renal, GIT Renal, GIT, CNS Renal, lungs, skin

Disease course Within 1 wk Days Days Days Days Days

Vessel involve ment Small and large Small Small Small Small and large Small and large

Laboratory tests

DAT (−) hemo lytic 
ane mia

+/− + + + +/− +/−

Schistocytes +/− + + + +/− +/−

Thrombocytopenia Moderate/severe Moderate Moderate Moderate Moderate Moderate/severe

Fibrinogen Normal Normal Normal Normal Normal Low

aPTT Normal/prolonged Normal Normal Normal Prolonged Prolonged

Serum fer ri tin Elevated Elevated Elevated Elevated Elevated Elevated

D-dimer Elevated Elevated Elevated Elevated Elevated Elevated

Distinguishing  
lab o ra tory tests

+aPL micro vas cu lar 
ische mia on tis sue 
biopsy

Low ADAMTS13 Positive Shiga 
toxin/STEC

Elevated  
com ple ment 
lev els (C3, C4, 
CH50, C5–9a), 
com ple ment 
muta tions

Positive  
anti-PF4  
anti body and 
SRA

Reduction of all  
clot ting fac tors

CM-TMA, com ple ment-medi ated throm botic microangiopathy; CNS, cen tral ner vous sys tem; DAT, direct anti gen test; GIT, gas tro in tes ti nal tract; HIT, 
hep a rin-induced throm bo cy to pe nia; PMHx, past med i cal his tory; STEC, Shiga toxin–pro duc ing E coli; SRA, sero to nin release assay; TTP, throm botic 
throm bo cy to pe nic pur pura.
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tests and how much weight they should bear in such a high-
stakes sit u a tion with an acutely unwell patient can be unclear. 
Although aPL pos i tiv ity is required to estab lish the diag no sis of 
CAPS,12 based on our prac tice we sug gest that in rap idly dete ri-
o rat ing patients, a pre sump tive clin i cal diag no sis can be made, 
and empiric treat ment may be ini ti ated before receipt and inter-
pre ta tion of aPL results.

The devel op ment of the 2023 Amer i can College of Rheuma-
tology (ACR)/Euro pean League Against Rheumatism (EULAR) 
cri te ria has resulted in a fun da men tal change in how phy si cians 
clas sify APS.15 Notable lab o ra tory changes include the fol low ing: 
1) defin ing a clin i cally sig nifi  cant aCL or aβ2GPI as a titer greater 
than or equal to 40 based on the enzyme-linked immu no sor bent 
assay and 2) asserting that an iso lated IgM APL no lon ger con fers 
suf fi cient points within the lab o ra tory domain for clas si fi ca tion. 
Several impor tant clin i cal cri te ria changes have also occurred, 
includ ing the deprioritization of venous throm bo sis embolism 
with a high-risk venous throm bo sis embolism pro file and arte rial 
throm bo sis with high-risk car dio vas cu lar dis ease. These afore-
men tioned changes may lead to the incor rect use of these cri te-
ria and result in patients being reclassified as “non-APS” with the 
dis con tin u a tion of anticoagulation, which may inad ver tently trig-
ger CAPS. In con trast, the cri te rion has expanded to the clin i cal 
domain for micro vas cu lar throm bo sis. We sus pect that includ-
ing micro vas cu lar events in the 2023 ACR/EULAR clas si fi ca tion 
cri te ria will likely have sig nifi  cant, yet unre al ized, future impli ca-
tions for approaching APS. On the one hand, these clas si fi ca tion 
cri te ria may help facil i tate APS iden ti fi ca tion, espe cially in crit i-
cal sit u a tions. However, the inclu sion of micro vas cu lar events as 

a clin i cal domain may increase the diag no sis of APS and thus 
increase the clin i cal con sid er ation of CAPS when com pat i ble 
man i fes ta tions occur. Conversely, misusing 2023 ACR/EULAR 
cri te ria as a diag nos tic tool instead of clas si fi ca tion cri te ria may 
increase the incor rect label ing of APS cases. The cri te ria were 
designed to pri or i tize spec i fic ity for homog e nous research 
cohorts of true APS patients rather than be lit er ally employed as 
strict clin i cal diag nos tic cri te ria. We want to empha size that the 
2023 ACR/EULAR cri te ria should be used to explic itly clas sify 
APS and not inter change ably to diag nose CAPS. To pre vent spu-
ri ously rul ing CAPS in or out, it is impor tant to use the diag nos tic 
cri te ria spe cific to CAPS and to asses APS sep a rately.

Management
Management requires a mul ti fac eted approach to mit i gate life-
threat en ing throm botic events by addressing the hyper co ag-
u la ble state, reduc ing inflam ma tion, and remov ing cir cu lat ing 
autoantibodies and coag u la tion com po nents. The McMaster 
RARE-Bestpractices clin i cal prac tice guide line empha sizes the use 
of “tri ple ther apy” first-line treat ment, which includes high-dose 
glu co cor ti coids, anticoagulation, and TPE and/or IVIG (Figure 2).12

We admin is ter a glu co cor ti coid pulse involv ing meth yl pred-
nis o lone at 0.5 to 1  g/d intra ve nously for 3 days, followed by main-
te nance with oral pred ni sone at 1  mg/kg/d (or equiv a lent) until 
clin i cal improve ment, after which it can be slowly tapered over 
4 to 6 weeks. Concerning anticoagulation, the agent of choice is 
intra ve nous UFH at ther a peu tic dos ing, followed by a tran si tion 
to war fa rin (INR 2-3) indefi  nitely once clin i cally sta ble. In patients 
with prolonged acti vated pro throm bin time (aPTT) at base line 
due to the pres ence of the LAC anti body, we rec om mend mon-
i tor ing anti-Xa lev els as opposed to aPTT for ther a peu tic mon i-
tor ing of UFH. To date, no ran dom ized tri als have com pared TPE 
to IVIG. TPE and IVIG are gen er ally not given at the same time. 
However, IVIG can be given fol low ing TPE, and the deci sion to 
use one over the other should be based on indi vid ual fac tors.10 
In those with TMA, TPE is recommended over IVIG, whereas IVIG 
may be con sid ered in patients with major bleed ing with severe 
throm bo cy to pe nia and poor access.12 TPE is typ i cally performed 
once daily for 5 days but can be given lon ger in patients with 
refrac tory dis ease. TPE will typ i cally involve a 1 to 1.5 plasma vol-
ume exchange per ses sion. There is no con sen sus on the ideal 
replace ment solu tion dur ing TPE; sol vent-deter gent plasma and 
a 5% albu min solu tion have been pro posed.21 At our cen ter we 
typ i cally use sol vent-deter gent plasma as the replace ment fluid, 
based on the hypoth e sis that the removal of inhib i tors of coag-
u la tion can pre dis pose CAPS patients to fur ther throm bo sis and 
vice versa, that the removal of coag u la tion fac tors may add to 
the poten tial bleed ing risk in throm bo cy to pe nia. Concerning 
IVIG, despite the lack of high-qual ity evi dence the gen eral dos-
ing is 2  g/kg/d for 2 to 5 days or 400  mg/kg for 5 days.12 Moni-
toring for treat ment response typ i cally involves daily blood work 
with a com plete blood count and hemo lytic mark ers and basic 
met a bolic param e ters reflec tive of end-organ func tion.

The role of adjunc tive treat ments such as antiplatelet agents 
is unclear; although they are widely used, good-qual ity evi dence 
is lacking to guide this. When used in com bi na tion with sys temic 
anticoagulation, they pose a sig nifi  cant risk of bleed ing.16 Their 
use requires indi vid u al ized risk assess ment and mon i tor ing. 
We sug gest that antiplatelet ther apy could be con sid ered in 
patients in whom anticoagulation is contraindicated.

Table 3. The clas si fi ca tion cri te ria for CAPS

Classification cri te ria for CAPS:
1. Rapid onset, usu ally in less than one weeka

2. Involvement of 3 or more tis sues, organs, or organ sys tems
3.  Presence of antiphospholipid antibodies (aPL), oth er wise  

meet ing cri te ria for the diag no sis of APSb

4. Histopathological con fir ma tion of micro vas cu lar ische mia

Definite CAPS:
All 4 cri te ria

Probable CAPS:
• All 4 cri te ria with 2 site involve mentc

• All 4 cri te ria with out con fir ma tion of serial aPL pos i tiv ity
• All cri te ria except for cri te ria num ber 4
•  Progression over more than a week, par tic u larly in the face of  

anticoagulation ther apy
aThe diag no sis of CAPS is fre quently delayed, and as such the diag no sis 
itself may occur more than 1 week after onset; how ever, a review of the 
med i cal record should dem on strate the ini tial pre sen ta tion with a rapid 
crescendo of new clin i cal man i fes ta tions.
bGiven the neces sity to insti tute ther apy promptly, serial pos i tiv ity, as 
required by APS clas si fi ca tion cri te ria,14 will not be avail  able at the ini tial 
diag no sis, but if the patient sur vives, it should be con firmed more than 
12 weeks after the ini tial test. Note that inter rup tion of anti co ag u lant 
ther apy is prob lem atic in many patients and may negate the abil ity to 
repeat the LAC test ing.
cAn imag ing review with a radi ol o gist expe ri enced in this area is 
warranted as sub tle evi dence of mul ti ple tis sue involve ment is often 
found on sec ond ary imag ing reviews. For exam ple, many patients have 
involve ment of the adre nal glands, which is fre quently overlooked on 
ini tial review.
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Refractory CAPS is exceed ingly chal leng ing to man age and 
is defined as the lack of improve ment or wors en ing in clin i-
cal sta tus despite tri ple ther apy. Rituximab has been used in 
patients with either refrac tory dis ease or con cur rent auto im-
mune con di tions like SLE. Its inclu sion in treat ment pro to cols 
reflects a grow ing inter est in targeting the under ly ing auto-
im mune mech a nisms of APS. However, the evi dence to guide 
its use is very anec dotal.12,22-25 High-qual ity evi dence is unlikely 
to become avail  able given the rar ity of this con di tion and the 

acu ity of the patients suf fer ing from it. There is no cur rent con-
sen sus on the ideal dos ing reg i men.12 We gen er ally use a dose 
of 375  mg/m2 once weekly for 4 weeks. Alternatively, 500 to 
1000  mg can be given twice, sep a rated by 7 or 14 days.23 Given 
the observed abnor mal i ties in com ple ment reg u la tory path-
ways within APS path o gen e sis, com ple ment acti va tion may be 
a fun da men tal pre cip i tant in some patients.26 Anticomplement 
agents, includ ing eculizumab, have been pro posed for refrac-
tory CAPS. The evi dence for eculizumab in CAPS is based on 

Strong suspicion for
CAPS?

Yes

Initiate Triple Therapy

Glucocorticoids:
• Methylprednisolone

pulse 0.5-1g IV x 3
days

• Prednisone 1
mg/kg/day until
clinical
improvement,
followed by slow
taper over 4-6
weeks (or longer)

Anticoagulation:
• Unfractionated

heparin preferred
initially

• Transition to
warfarin (INR 2-3)
once clinically stable

• Continue indefinitely

Plasma
Exchange:
• Daily sessions

until clinical
improvement
(or longer in
refractory)

IVIG:
• 2 g/kg daily x

2 to 5 days
• 400 mg/kg for

5 days

First-Line
Therapy

Refractory disease?

Yes

Additional Options

Anti-Complement
Therapy:
• Eculizumab:

• Loading: 900
mg weekly x 4
weeks

• Maintenance:
1200 mg q2
weeks until
clinical
improvement

Immunosuppressants (*):
• Mycophenolate
• Tacrolimus
• Anakinra

Anti-CD20 Therapy:
• Rituximab:

• 375 mg/m2

weekly x 4
weeks

Second-Line
Therapy

Do they have SLE?
Add-on therapy:
• Cyclophosphamide

Figure 2. Recommended approach to managing CAPS. The following figure outlines our recommended approach to managing 
patients with CAPS. If there is a strong suspicion of CAPS, including characteristic clinical features and acute onset (within 1 week), 
then initiation of triple therapy may be warranted prior to confirmation of CAPS with histopathological or laboratory findings (ie, 
antiphospholipid antibodies). Triple therapy involves management with glucocorticoids, plasma exchange, and/or IVIG, as well as 
anticoagulation (preferably heparin). If there is a lack of clinical response (ie, progressive multiorgan failure, additional thrombotic 
events, or lack of improvement in complete blood count and hemolytic markers), then consider additive therapy with second-line 
options, including anti-CD20 (rituximab) or anticomplement (eculizumab) therapy or other immunosuppressive agents (either alone 
or in combination). If the patient has systemic lupus erythematous (SLE), in addition to the standard of care with hydroxychloroquine 
the use adjunct therapy with cyclophosphamide could be considered. If the patient remains refractory despite second-line therapy, 
then experimental agents or clinical trials would be warranted.
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low-qual ity evi dence with small case series and the CAPS Reg-
istry but could be con sid ered in patients with a TMA phe no-
type with severe renal involve ment.27-31 Although not for mally 
assessed in clin i cal tri als, the cur rently pro posed reg i men is 
load ing with 900  mg/wk for 4 weeks, followed by main te nance 
with 1200  mg once every 2 weeks until clin i cal improve ment. 
The ongo ing eval u a tion of mul ti ple com ple ment-mod u lat ing 
ther a pies in a spec trum of seem ingly unre lated dis eases (eg, 
par ox ys mal noc tur nal hemo glo bin uria, atyp i cal hemo lytic ure-
mic syn drome) pro vi des an inter est ing per spec tive on this dis-
or der’s biol ogy and poten tial man age ment.

Other forms of sin gle-agent or com bi na tion immu no sup pres-
sion can be uti lized for refrac tory dis ease or for those who do not 
respond quickly to TPE. In these cir cum stances we have reached 
for calcineurin inhib i tors (tacrolimus), antinucleotide agents 
(aza thi o prine, mycophenolate mofetil), or an anti–inter leu kin-1 
mono clo nal anti body (anakinra). Other bio log ics and immu no-
sup pres sive agents have been pro posed in the lit er a ture for 
APS, includ ing mTOR inhib i tors (sirolimus),32 anti-CD20 (obinu-
tuzumab),33 anti-CD38 (daratumumab),34 and anti–tumor necro-
sis fac tor (TNF; adalimumab) mono clo nal antibodies,35 but there 
is lit tle sup port ive evi dence for their use in CAPS. Defibrotide 
has been shown to mod u late endo the lial func tion, resulting in 
antithrombotic, anti-ische mic, and anti-inflam ma tory effects.36,37 
It has dem on strated antineutrophil extra cel lu lar traps activ ity in 
APS.36,37 Patients with SLE and CAPS may ben e fit from cyclo phos-
pha mide,7,38 hydroxychloroquine,39 or the anti–B-cell-acti vat ing 
fac tor mono clo nal anti body belimumab.40 Whether the ther a-
pies men tioned above pro vide mean ing ful clin i cal ben e fit is dif-
fi cult to esti mate given the crit i cal ill ness expe ri enced by these 
patients and the fact that, in most cases, mul ti ple simul ta neous 
inter ven tions are implemented to save a patient’s life. Teasing 
out which of these inter ven tions have pro vided ben e fits usu ally 
proves impos si ble. Ongoing treat ment is usu ally char ac ter ized 
by a sequen tial with drawal of inter ven tions, with those likely to 
be most toxic or most com plex to admin is ter with drawn first as 
the patient’s con di tion improves.

CAPS dur ing preg nancy accounts for approx i ma tely 6% of 
all  cases and rep re sents a life-threat en ing sit u a tion with a high 
mor tal ity rate for both mother (46%) and fetus (54%).41 Patients 
at risk for CAPS have been shown to have APS or the pres ence of 
aPL.41,42 The hyper co ag u la ble state of preg nancy itself may pose 
a trig ger for CAPS, but addi tional trig gers have been hypoth-
e sized, includ ing infec tion, flare in SLE, and anticoagulation 
with drawal dur ing deliv ery.41,42 Every effort should be made to 
reduce poten tial trig gers for CAPS dur ing preg nancy, includ ing 
infec tion. Of note, hemo ly sis ele vated liver enzymes and low 
plate let (HELLP) syn drome has been shown to pre cede CAPS, 
with a delay of days to weeks.42 Patients with a his tory of APS 
who develop HELLP syn drome should receive care ful mon i tor-
ing in the post par tum period for signs of CAPS. Further, anti-
co ag u lants should be resumed promptly in the post par tum 
period, even in those with throm bo cy to pe nia, to reduce the risk 
of CAPS. For women with APS or a his tory of CAPS, the impli ca-
tions for sub se quent preg nan cies are sig nifi  cant. Pregnancy in 
APS patients is con sid ered high risk due to the increased poten-
tial for mater nal throm bo sis and adverse obstet ric out comes, 
includ ing recur rent mis car riage, pre term birth, pre eclamp sia, 
and fetal growth restric tion. Careful prepregnancy plan ning and 
mul ti dis ci plin ary man age ment dur ing preg nancy are cru cial. 

Treatment typ i cally involves low-dose aspi rin and ongo ing anti-
coagulation, usu ally with low-molec u lar-weight hep a rin. Fre-
quent mon i tor ing through out preg nancy, with atten tion to both 
throm botic and obstet ric risks, is essen tial for opti miz ing mater-
nal and fetal health, and such mon i tor ing involves obstet ri cal 
ultra sounds to mon i tor pla cen tal blood flow and fetal health. In 
patients in which there is a high sus pi cion of active CAPS, treat-
ment with tri ple ther apy should be ini ti ated. In addi tion, care ful 
atten tion should be given to the well-being of the fetus, and 
deliv ery should be preplanned and strongly con sid ered if the 
mother has refrac tory dis ease.

Prognosis
The out comes for CAPS are poor, with an over all mor tal ity of 
36%. Triple ther apy pro vi des the best chance of sur vival and has 
been shown to sig nifi  cantly reduce mor tal ity com pared to no 
treat ment (ie, 28.6% vs 75% mor tal ity, respec tively).43 In patients 
who do sur vive a first epi sode of CAPS, recur rence is rel a tively 
rare, but when it occurs, it pres ents sim i larly to the ini tial epi-
sode, with wide spread throm bo sis and the poten tial for severe 
multiorgan dys func tion and death. The risk of recur rence under-
scores the impor tance of con tin ued anticoagulation ther apy 
tai lored to the patient’s risk pro file. Patients with recur rent dis-
ease fre quently pres ent ear lier than their ini tial pre sen ta tion, so 
ther apy can be implemented more rap idly. Enabling patients to 
access advanced care, rather than seek ing care through their 
usual care path way, will mit i gate avoid  able com pli ca tions.

The long-term impli ca tions of APS and CAPS neces si tate a com-
pre hen sive, patient-cen tered approach to care that addresses 
the dis ease’s phys i cal and psy cho log i cal impacts. For patients 
with a his tory of CAPS, this includes indi vid u al ized risk assess-
ment for recur rent dis ease and throm bo sis, the man age ment 
of long-term com pli ca tions, and spe cial ized care dur ing sub-
se quent preg nan cies to min i mize risks to both the mother and 
fetus. Continuous research and advances in under stand ing APS 
and CAPS are key to improv ing out comes for these patients.

CLINICAL CASE (con tin ued)
Ultimately, after a rocky 6-week stay in the inten sive care unit, 
includ ing a below-knee ampu ta tion, the patient recov ered. She 
even tu ally came off dial y sis but con tin ued to suf fer from chronic 
renal insuf fi ciency, per sis tent and var i able throm bo cy to pe nia, 
and flares of her SLE. Repeat APS test ing revealed high-titer IgG 
aCL, whereas LAC test ing was not repeated to avoid inter rup-
tion in anti co ag u lant ther apy. During a sub se quent preg nancy, 
she devel oped severe hyper ten sion and microangiopathic ane-
mia with wors en ing renal func tion. An elec tive cesar ean birth 
at 29 weeks’ ges ta tion was required. She even tu ally recov ered 
with the use of TPE and pulse cor ti co ste roids. Tubal liga tion 
was performed at the time of the cesar ean deliv ery, and long-
term anticoagulation was maintained.

Conflict-of-inter est dis clo sure
Brit tany M. Salter: no com pet ing finan cial inter ests to declare.
Mark Andrew Crowther: research funding/advi sory board/ 
hon o raria: Bayer, Astra Zeneca, Pfizer, Hemostasis Reference 
Laboratories, Eversana.



220 | Hematology 2024 | ASH Education Program

Off-label drug use
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