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An open-label study of the role of adjuvant hemostatic support with protein C
replacement therapy in purpura fulminans—associated meningococcemia

Barry White, Wendy Livingstone, Ciaran Murphy, Andrew Hodgson, Marie Rafferty, and Owen P. Smith

Activated protein C (APC) is a natural
anticoagulant that plays a pivotal role in
coagulation homeostasis. Severe inher-
ited or acquired deficiency results in a
clinical syndrome called purpura fulmi-
nans. In addition, APC also appears to
have potent cytokine-modifying proper-
ties and is protective in animal models of
sepsis. The dual functional properties of
APC are particularly relevant to severe
meningococcemia, where acquired PC de-
ficiency is accompanied by multiorgan
failure and purpura fulminans. The au-
thors conducted an open-label prospec-
tive study assessing the efficacy of PC
replacement therapy in patients with se-

vere meningococcal septicemia, purpura
fulminans, and multiorgan failure. The
morbidity and mortality were compared
with predicted morbidity using the Glas-
gow Meningococcal Septicemia Prognos-
tic Score. Thirty-six patients with a mean
age of 12 years (range 3 months to 72
years) were enrolled in the study. The
mean
IU/mL. PC was significantly lower than
antithrombin or protein S and was also
significantly lower than PC levels in a
cohort of patients who developed menin-
gococcemia without multiorgan failure
and purpura fulminans. A total of 3 of 36
(8%) patients died, which compares favor-

+ SD for plasma PC was 18 *=7

ably with predicted mortality of 18 of 36
(50%). Amputations were required in 4 of
33 (12%) survivors and in 2 of 31 (6.5%)
patients who received PC within 24 hours
of admission into the hospital, in compari-
son with the predicted amputation rate of
11 of 33 (30%). In conclusion, PC replace-
ment therapy in severe meningococcal
septicemia was associated with a reduc-
tion in predicted morbidity and mortality.
The beneficial effect of PC replacement
may reflect both the anticoagulant and
anti-inflammatory properties of the PC
pathway. (Blood. 2000;96:3719-3724)

© 2000 by The American Society of Hematology

Introduction
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Meningococcemia in association with purpura fulminans arldim by bringing PC into close proximity to the thrombing
hemodynamic deterioration continues to have a mortality rate thrombomodulin complex and is quickly up-regulated in respor§,§e
excess of 50%:?2 In patients who survive the acute phase of theo endotoxin, a response that appears to be mediated by throrgbin
severe illness, mutilating complications and end-organ failure apecause it is blocked by hirudin thrombin inhibité#! These '§_
commont? Like other inflammatory response syndromes, menimbservations suggest that EPCR plays an important role in %e
gococcemia is associated with clinical and laboratory evidence ativation of PC and in the regulation of coagulation homeostasas
disseminate intravascular coagulation (DIC). However, the reduespecially in response to endotoxin.
tion in protein C (PC) activity is far more severe in this particular The activation of PC to APC represents an important h@st
sepsis syndrome than in other related conditth§he precise defense mechanism against excessive fibrin formation, and wien
reason circulating PC should drop to a greater extent than eithieis pathway fails, purpura fulminans ensues. This syndrom%is
antithrombin (AT) or protein S (PS) is not fully understood. What isharacterized by DIC and microvascular thrombosis in the derngs,
known, however, is that in meningococcemia there is a stromghich may ultimately result in renal failure, skin necrosis, gag-
correlation between the severity of the acquired PC deficiency, theene, and amputation. The 3 most common clinical situati@s
extent of the thrombotic skin lesions, and a negative clinicathere purpura fulminans is seen are severe menlngococcaldlscgase
outcomée®” homozygous PC or PS deficiency, and autoimmune PS or t?C
The PC anticoagulant mechanism functions in vivo to suppredsficiency. 2
thrombotic phenomena. This pathway is activated in the microcir- In addition to its anticoagulant properties, the PC pathw?:ly
culation, where activated PC (APC) is generated “on demandppears to negatively regulate a variety of proinflammatory mecga
from PC following the binding of thrombin to the endothelialtors. APC is protective in animal models of sepsis and dOV\El-
receptor thrombomodulihAPC in collaboration with its cofactor, regulates lipopolysacharide-induced tumor necrosis factor ('IE;NF?—
PS, which circulates free or complexed with the complemeand interleukin-B production in monocyte®¥14 This finding is
regulatory protein C4bBP (60%), inactivates 2 of the cofactoparticularly relevant to severe meningococcemia, where &NF-
critical for thrombin generation, factors Va and Vllla, and at thand interleukin-B appear to play a pivotal role in the development
same time promotes fibrinolysisA receptor for PC is located on of multiorgan failurel>17 Therefore, the acquired PC deficiency
the vascular endothelium and is called the endothelial proteint@at accompanies severe meningococcemia may not only result in
receptor (EPCRJ.EPCR augments PC activation on the endothgurpura fulminans but may also remove a potentially important
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negative regulator of the host inflammatory response and thigle 2. Glasgow Meningococcal Septicemia Prognostic Score 2!

contribute to the mortality. Parameter Points
Recent case reports and one small series has suggested tha§ R pressure < 75 mm Hg systolic, age < 4y 3
replacement therapy is associated with a reduction in morbidity aggod pressure < 80 mm Hg systolic, age = 4y 3
mortality in patients with severe meningococcemia and purpusgin/rectal temperature difference > 3°C 3
fulminans!®-20We hypothesized that PC replacement in mening@lasgow coma score, modified coma scale score
coccemia would reverse purpura fulminans and at the same time 8, or deterioration of = 3 points in 1 hour 3
improve multiorgan failure associated with proinflammatory cytd?eteriorationin hour before scoring 2
kine production. We report the results of an open-label prospecti¢fgence of meningism 2
study assessing the efficacy of PC replacement therapy in patieif§"@nd Purpura or widespread ecchymoses .
with severe meningococcal septicemia, purpura fulminans, aaz;r:j;mst;r: 1;

multiorgan failure.

. . thrombus formation. We maintained the platelet count and fibrinogen levels

Patients, materlals, and methods above 50x 10%L and 2 g/L, respectively. A higher than normal threshold
was used for fibrinogen concentration because of the use of both hefgrin

and PC concentrate. §
Between January 1996 and June 1999, 36 consecutive patients (17 malesoagulation parameters were also measured in a control group o§23
19 females) with severe meningococcemia were treated with PC replacensecutive patients (12 males; 11 females) who developed meningocdgce-
ment therapy (Table 1, group ). The mean ag&D was 12+ 16.4 years mia without multiorgan failure or purpura fulminans (group Il). The meah
(range 3 months to 76 years). Patients were eligible to receive R@Qex SD of these patients was®8 14 years (range 3 months to 72 years%
replacement therapy if they had a presumptive diagnosis of meningococce-Ethical approval was obtained from the institutional review boarg.
mia with septic shock and purpura fulminans. Septic shock was definedlaformed consent was provided according to the Declaration of Helsinkiz
hypotension (systolic blood pressure below 75 mm Hg for patients younger
than 4 years of age and below 80 mm Hg for patients 4 years of age gmgtein C concentrate
older) that did not correct with fluid resuscitation and required ionotropic o 2
support. Purpura fulminans was defined as the presence of extensifie PC concentrate used in this study was manufactured by monocl@nal
purpuric coalescing skin lesions. The patients were classified by the prim&Rfibody purification of viral-inactivated prothrombin complex concentrae
physician at the time of initial consultation with the hematology servic®y Baxter Hyland Immuno (Vienna, Austria). This concentrate undergges
The Glasgow Meningococcal Septicemia Prognostic Score (GMSpg5al inactivation by solvent detergent and vapor-heating methods. A@r
(Table 2 and Table 3) was recorded on each patient prior to treatment wigi¢onstitution, the concentrate contains 125 |U/mL of PC. One unitgis
PC replacement therapy and used to predict morbidity and morthfpll  defined as the amount of PC in 1 mL of pooled normal plasma. The
patients were treated with conventional antibiotics and fluid resuscitati§Ancentrate was initially administered intravenously as a test dose $10
(40 mL/kg of body weight of colloid solution) and required ionotropic!Y/kg over 10 minutes) followed by a loading dose of 100 1U/kg and
support (with adrenaline, noradrenaline, or dobutamine) and assisf@ftinuous infusion of 10 1U/kg per hour. Thereafter, the dose was adjusfed
ventilation. Unfractionated heparin at a dose of 10 to 15 IU/kg per hour w&8 @ daily basis with the aim of maintaining a plasma PC level of 80 1U/ng.

Study subjects

suoneoign

used to maintain the patency of dialysis circuits and to inhibit microvascult 120 1U/mL. §
5
Antithrombin concentrate 3
Table 1. Summary of clinical data from patients with severe §
meningococcemia and purpura fulminans who were AT concentrate (Atenativ, antithrombin Ill, Kiba Pharmacia, Stockholrg,
treated with PC concentrate Sweden) was used in 2 patients who had AT levels below 0.30 IU/mL. Te
Parameter Results AT concentrate was heat treated and purified by affinity chromatograph)gon
heparin-Sepharose gel. 5
Mean age (range) 12 (3 months-72 years) @
Sex 17 males; 18 females %
Mechanical ventilation 35/36 Table 3. Glasgow coma score as used in the GMSPS 2
lonotropic support 36/36 2
PC replacement therapy 36/36 Modified coma scale A 3
) parameter Points =
Mean time to PC therapy (range) 12 (2-72 hours)
Antithrombin 11l replacement therapy 2136 Eyes open
Unfractionated heparin 26/36 Spontaneously 4
Continuous venovenous hemodiafiltration 19/36 To speech 3
Peritoneal dialysis 2136 To pain 2
Mean GMSPS = SD (range) 12 = 2 (8-15) None 1
Predicted mortality 18/36 (50%) Best verbal response
Actual mortality 3/36 (8%) Oriented 6
Predicted amputation rate 11/33 (30%) Words 4
Actual amputation rate 4/33 (12%) Vocal sounds 3
Amputation rate in patients who received PC Cries 2
within 24 hours of admission 2/31 (6.5%) None 1
Skin grafting only 2/33 (13%) Best motor response
Chronic renal failure requiring dialysis 1/33 Obeys commands 6
Ischemic stroke 1/33 Localizes pain 4
Severe meningoencephalopathy 1/33 Moves to pain 1
Full recovery with no complications 26/36 (72%) None 0
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Laboratory investigations 70

Venous whole blood was collected into 0.109-mol/L sodium citrate 60 4 f
(Sarstedt Monovette 9NC/3mL) tubes and the plasma separated by centrifu-

gation at 3809 for 10 minutes. PC and PS were measured by clotting 50 |

assays (Instrumentation Laboratory, Lexicon, MA). AT was measured by ha

chromogenic assay (Instrumentation Laboratory, Milan, Italy). The refer-
ence ranges in our laboratory for PC, PS, and AT were 80 to 130 IU/mL, 80
to 140 IU/mL, and 70 to 120 IU/mL, respectively. D-dimers were measured
by latex agglutination (Fibronsticon, Organon Teknika, Boxtel, The Nether-

40

30 _} L *

U/dL

lands), and a normal value was defined as less thaq.g0@L. Fibrinogen ] I I

was determined by Klauss method (Thromboscreen Pacific Haemostasis) 2

with a reference range of 1.5 to 4 g/L. Plasminogen-activator inhibitor-1

(PAI-1) antigen was measured by bioimmunoassay (Chromolize PAI-1, 107 i
Biopool International, Sweden). The reference range for this assay in our o
laboratory was 4 to 43 ng/mL. o <500 500-1000  1000-2000  2000-4000  >4000

D-Dimers pg/mL

Figure 2. The relationship between the concentration of PC and D-dimers in
meningococcemia. Plasma PC and D-dimers were measured at diagnosis in all
patients who developed meningococcemia with or without multiorgan failure or
A diagnosis ofNeisseria meningitidisvas made in all patients by purpura f:"{.“i”i‘”s (groups '3;‘: . ?'dimefs were metazuﬁetd ZY?STmiqua”tita‘tixe
. . . . atex a utination assay, an e patients were separated Into distinct groups on the
either pe“pheral blood p0|ymerase chain reaction, blood CU|IUI’% 3is ogf?:)—dimervalues.)/The meanp: SDPC conce%trations for patientsgwithpD-dimer
or skin scrapping3: Plasma PC and AT were significantly lower invaiues of less than 500 pg/mL, 500 to 1000 pg/mL, 1000 to 2000 pg/mL, 2000 to
patients who developed multiorgan failure (group ) than in th4900 wg/mL, and more than 4000 pg/mL were 43.8 = 14.35 1U/dL, 38.3 = 9.5 1U/dL,

cohort patients who had meningococcemia without multiorg .5+ 9.7 IU/L, 21.7 £ 3.3 IU/dL, and 17.76 = 8.5 IU/dL, respectively. Although
the concentration of PC was inversely proportional to the D-dimer values, patients

failure or purpura fulminans (group ”)- The mearSD for PC was with a normal D-dimer assay (< 500 p.g/mL) still had significant reduction in PC. This
18+ 7 IU/mL versus 41.6- 13.3 IU/mL, P < .001; for AT, suggests that consumptive coagulopathy is not solely responsible for acquired PC

53+ 16 IU/mL versus 81+ 20 IU/mL, P< .001; and for PS, deficiency and that other mechanisms must also be involved.

749+ 18.8 IU/mL versus 87.4- 14.1 |U/mL, P = ns. In addi-

tion, plasma PC was significantly reduced in comparison with Algroup ) than those with milder disease (group I1), 1222.9319

and PS within both group®, < .01 (Figure 1). While the reduction ng/mL versus 185 296 ng/mL,P = .02 (Figure 3). i3

in PC in all patients was inversely proportional to the concentration pc concentrate was commenced within 18 hours in 35 of 37

of D-dimers, it was still significantly reduced in patients with &atients. The mean interval to commencement of PC was 12 hgurs

normal D-dimer assay (Figure 2). This suggests that the reductigAnge 2 to 72). Nineteen patients underwent continuous vefio-

in PC does not solely reflect increased consumption. PAI-1 levelsnous hemodiafiltration, and 2 patients underwent peritongal

were significantly higher in patients with severe meningococcemigalysis. Heparin was administered to 26 patients. The reasoniﬁor
not using heparin in the remaining patients was either physic;&n

Results
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Figure 1. PC, PS, and AT in meningococcemia.  This diagram represents PC, AT,

and PS values obtained at the time of diagnosis in patients with meningococcemia
who developed multiorgan failure and purpura fulminans (group I) and patients who
did not develop multiorgan failure and purpura fulminans (group Il). PC was
significantly lower than AT and PS in patients within group | and group Il (P < .001
and P < .001, respectively). In addition, PC and AT levels were significantly lower in
group | than group Il (P < .001 and P < .001, respectively). Statistical analysis was
performed using a Mann-Whitney test.

Figure 3. The concentration of PAI-1 levels in patients with meningococcemia.
PAI-1 levels were measured by immunologic assay at the time of diagnosis in patients
with meningococcemia who developed multiorgan failure and purpura fulminans
(group 1) and patients who did not develop multiorgan failure and purpura fulminans
(group I1). PAI-1 was higher in group | (mean =+ SD of 1222.9 = 1319 ng/mL) than in
group Il (185 * 296 ng/mL), *P = .02. Statistical analysis was performed using a
Mann-Whitney test.
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preference or failure to correct the coagulation parameters priorltaver than previous published data on cohorts of patients that
death. No patient who received heparin developed hemorrhagicluded those with mild, moderate, and severe dis&&%é2°
complications. AT concentrate was administered to 2 patients in It is unlikely that PC replacement had either a positive or
whom the AT level was below 30 IU/mL. Both patients made a futhegative impact on the outcome of the patient who died from
and uneventful recovery. cerebral edema secondary to meningoencephalopathy or the one
The mean+ SD GMSPS was 12 2, which predicted a who survived with the severe neurologic deficit presumed second-
mortality of 18 of 36 (50%5? The actual mortality was 3 of 36 ary to meningoencephalopathy or anoxic injury. In addition, PC
(8%). One patient died from cerebral edema secondary to meningéplacement was ineffective in the patient who was premorbid on
encephalopathy. One patient died within 1 hour of admission to tR@mission to the hospital, which suggests that this therapeutic
hospital from refractory hypotension. The remaining patient dieghtion may fail to salvage patients who are in the terminal phase of
from intracerebral hemorrhage. The PC and fibrinogen levels wefg sepsis syndrome. Intracerebral hemorrhage has been previously
undetectable at diagnosis in this patient, and hemorrhage occur,r@lgorted in meningococcal infectif33 Although the mechanism
despite replacement therapy with PC concentrate, cryoprecipitidg this complication is unclear, it is likely that the severe
(2 units per 10 kg of body weight of cryoprecipitate), fresh frozeggficiency of fibrinogen was an important contributing factor in the
plasma 40 (mL/kg), and platelets (postplatelet counk900’/L).  atient in this study. The correction of PC to within the normal
The fibrinogen and PC levels were not measured after replacem(%{?{ge would not normally be expected to increase the riskSof
therapy and before the intracerebral hemorrhage. This patient gilgeding. However, it is possible that PC replacement disturbe? a

not receive heparin because fibrinogen and platelet counts Wﬁﬁ%ly balanced equilibrium between severe deficiencies of natl%al

below the threshold level at the time of death. One patie hi . .
- . ) . . ticoagulants and procoagulant and thereby increased the risk of
recovered but suffered irreversible brain damage. This most Ilkg%é g P 9 y s%{

; N ._tremorrhage. =
=3

resglted from menlngoen(_:ephalopathy or anoxic injury su_stalne We have demonstrated a lower than expected amputation ra& of
during a prolonged cardiac arrest, which occurred at time ﬂf 2

o . . . .
admission prior to PC replacement. No hemorrhage was identiﬁedof 33 (12/.0) n patlgnts with severe meningococcemia ad
on comouted tomoaranhy scan of the brain purpura fulminans. This compares favorably with prewoui;y
Fourpof the 33 ?:)atii)erilts who survived tlhe acute phase of tr%lblished data where 30% to 50% of survivors with similar disease

i i i 2,25 i @

illness required amputation (12%). This compares favorably Wiﬁ]eve.rlty reqmred.amputanoﬁé. Furthe'r more,. 2 patients th;m
the predicted risk of amputation of 33% (11 of 38%:2425Two of _re_q_ulred amputations already had nonvnabl_e ||_mbs at the tlmggof
the patients who required amputation had nonviable limbs prior pytiation of PC, 48 and 72 hours after admission to the hospil,

the initiation of PC 48 and 72 hours after admission to the hospité?sumng in an amputation rate for patients treated with PC wittan

One of these patients also suffered an ischemic stroke. Thg hours of admission to the hospital of 2 of 31 (6.5%). Thes¢ 2

amputation rate for patients treated within 24 hours of admission$gSeS demonstrate that early PC replacement may fail to prevengthe
the hospital was 2 of 31 (6.5%). In both cases, PC was commendBgrbidity associated with purpura fulminans. It is possible that tids
within 5 hours after hospital admission. One of the remaining Zgilure reflects the b'9|09'cal properties of PC, Wh'Ch P”maf@
survivors underwent skin grafting, and another patient requirdievents clot formation rather than lyse established thrompi.

chronic hemodialysis. A total of 26 of 36 (72%) of the patients fulljiowever, it is likely that the absolute level of PC is not the s
recovered with no complications. arbiter in determining either the development of purpura fulminafis

or response to therapy. This is supported by the absence of purfiura
fulminans in patients with similar reduction in PC associated wggh
inherited deficiency staté$3>Furthermore, although patients witre
severe meningococcemia and purpura fulminans (group I, Fig%re
CZaF.) have significantly lower PC levels than those patients wih
disease is a worldwide public health probléhiocalized out milder disease (group I, Figure 2.1), thgre 'S con&dergblg overap
breaks in Ireland, which has one of the highest incidences l?ﬁtween the 2 groups. Therefore, additional dEf?CtS within the ;ifc
thway may contribute both to the pathophysiology of purpusa

Europe, continues to cause serious alarm as a result of ) 4 the effecti £ PC repl
fulminant pattern of disease and higher incidence among childr@ﬂm'nans an the effectiveness o - ep af:ement. ) ]
e function of the PC pathway in meningococcemia may Be

and adolescents. Several scoring systems have been used to predia-lh

mortality and morbidity for meningococcemia. We selected tH&"ther compromised by increased C4B binding proteiesulting
GMSPS (Table 2, Table 3}.This score contains several clinical decreased free protein S or by a decreased endogenous activation

values plus the base deficit, is quick and easy to perform in m&§tPC due to doyvn-r.egulation of endothelial thromboquulin or
clinical settings, and has been retrospectively valid&ethe EPCR. A reduction in free PS has not been reported in severe
GMSPS is an accepted scoring system for meningococcal disegtg@hingococcal disease, and we only detected mild reduction in PS
and has been used in the recent evaluation of novel treatmbfthg a clotting-based assay that should be sensitive to free PS.
strategies in this conditio?f:28In the initial series, a score above gHowever, in vitro studies have demonstrated that endotoxin
predicted 100% mortality. More recent reports describe survival @@wn-regulates endothelial thrombomodulin, and EPCR expres-
higher scores, with a mortality of 30% and 50% for scores of 8 argion has been shown to be reduced in biopsies taken from the
12, respectivelg? In addition, a score of 10 or greater appears to beurpuric skin lesions of patients with meningococcefii&.The
associated with a 30% risk of amputat®nThe mean+ SD possibility that patients who develop purpura fulminans harbor an
GMSPS in the patients who received PC concentrate was 22 inherited thrombophilic predisposition was recently investigéted.
which predicted a mortality of 18 of 36 (50%). The actual mortalityr he prevalence of the genetic risk factors for thrombosis was found
in this cohort was only 3 of 36 (8%). These patients were treatedtimbe no higher than expected on the basis of their prevalence in the
8 different hospitals and therefore do not reflect the experience of@neral population (PS deficiency, PC deficiency, AT deficiency,
single highly resourced center. Furthermore, the mortality is f&PC resistance, factor V Leiden mutation). Other studies have

Discussion

First described by Vieusseaux in 1805, invasive meningococ



BLOOD, 1 DECEMBER 2000 « VOLUME 96, NUMBER 12 PROTEIN CAND SEVERE MENINGOCOCCEMIA 3723

looked at the possible role of the fibrinolytic pathway in meninganvestigation especially in those patients with extending purpura
coccemia. PAI-1 levels appear to correlate with TdEencentra- fulminans despite PC replacement.

tions and were found to be approximately twice as high in PC was reduced to a far greater extent than the other natural
nonsurvivors at a similar TNe-concentratiort This is supported anticoagulants, which is consistent with previously published data
by data from the current study in which PAI-1 levels wergFigure 1) and suggests that it does not solely result from increased
significantly higher in patients with severe disease in compariseBnsumption. This is supported by the fact that PC was reduced in
with those with milder disease (Figure 3). Increased PAI-1 levelgme patients despite the presence of a normal D-dimer assay
have been associated with the 4G to 5G polymorphism within ”ﬂPigure 2). Recent data suggest that T&Rahibits the transcrip-
promoter region of PAI-1 gene, and recent data suggest that this of PC in liver cell$ and that PC inhibitors are increased in
polymorphism is associated with an adverse outcome in sevegg,qi«6 The disproportionate reduction in PC may also result from
meningococcal infectioft:*? Therefore, the development of pur i, eased binding to the endothelial PC receptor or mono-

pura fulminans in meningococcemia is likely to result from failur% es?45-99Therefore, the cause of PC deficiency in meningococce
of the PC pathway because of a combination of interactive factoF%/.,t may involve consumptive coagulopathy, loss from the intravas-

including a_ctivation of the coa_gulatior_1 cascad_e d_ue _to inc_reasg ar space due to capillary leak, decreased hepatic synthesis
monocyte tissue factor expressita rapid reduction in circulating increased binding to PC inhibitors, and increased ligand binding
PC, impaired PC activation due to a decreased concentration oﬁ . : o .
: . - . following up-regulation of PC binding sites on mononuclegr
endothelial thrombomodulin or EPCR, hypofibrinolysis secondargv " dql | endotheli 5
to increased PAI-1, and poor tissue perfusion due to septic sho Qagocy €s and large-vessel endothefium. 5

D
which may be exacerbated by protracted use of potent vasoconstri(:-There are always hazards in comparing a nonrandomife

tive agents. The development of purpura fulminans in oth&pnical trial with contemporary and historical controls. Neverth§-
conditions is associated with failure of the PC pathway because'®$S: these data suggest that PC replacement therapy redzices
severe inherited or acquired PC or PS deficiéde demonstra  Morbidity and mortality in severe meningococcal septicemia.
tion that PC is reduced in meningococcemia and that the levelA4hough PC is not the sole determinant of purpura fulminans, EC
predictive of outcome, together with the reduction in predictetgPlacement therapy may provide a safe and effective meang of
mortality associated with replacement therapy, strongly sugge§@Tecting a critical component in the pathophysiology of thgs
that acquired PC deficiency plays a important role in the develogendition. In addition, the anti-inflammatory properties of the FC
ment of purpura fulminans in these patients. However, in sonp@thway may negatively regulate the host inflammatory respogse
patients APC may be more effective at preventing the complicand improve multiorgan failure and survival. Further work g
tions associated with purpura fulminans because it does not requigguired to confirm the benefits of PC infusion in severe menin@o-
endogenous activation. Although this treatment strategy is likely twccemia and to identify more effective treatment strategies gor

/

be associated with increased bleeding complications, it does meuatients who fail to respond to replacement therapy. 8
S
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