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Effects of Low Molecular Weight Heparin, Alone or
Combined With Antithrombin IIl, on Mortality, Fibrin
Deposits and Hemostatic Parameters in
Endotoxin-Induced Disseminated Intravascular
Coagulation in Rabbits
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The effect of low molecular weight heparin (LMWH) with or without antithrombin III (AT III)
has been studied in a rabbit model of disseminated intravascular coagulation (DIC) in-
duced by continuous infusion of 100 pg/kg/hr of Escherichia coli endotoxin for 6 hr.
LMWH (5 and 10 1U/kg/hr/6 hr), alone or in combination with AT Il (20 U/kg/hr/6 hr), or
saline were administered simultaneously with endotoxin. Hemostatic markers at 0, 2, and

6 hr as well as kidney fibrin deposits and the mortality rate at 24 hr were determined.
Rabbits receiving only endotoxin showed an impairment in hemostasis, as well as high
kidney fibrin deposits and a high mortality rate. LMWH alone did not exert any effect. The
simultaneous infusion of LMWH and AT Il exerted a beneficial effect on the hemostatic
markers and reduced the kidney fibrin deposits as well as the mortality rate in a LMWH
dose-dependent manner. Fibrinogen and protein C consumption were significantly
higher and renal fibrin deposits more intense in the rabbits that had died in the first 24 hr.
There was also a significant positive correlation between kidney fibrin deposits and
platelets, fibrinogen, and protein C consumption, taking the whole rabbit population. It is
concluded that the simultaneous infusion of LMWH and AT Il is useful in this DIC model
and would make it possible to reduce significantly the AT Ill doses used when AT Il is
given alone. Am. J. Hematol. 60:6-11, 1999. © 1999 Wiley-Liss, Inc.
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INTRODUCTION (AT Ill) and protein C, the main coagulation inhibitors,

Disseminated intravascular coagulation (DIC) is a s&0Uld perpetuate fibrin generation [4,5], thus allowing
rious and frequent complication of gram-negative bactHl€ appearance of microvascular thrombi in various or-
rial sepsis [1]. Despite the use of potent antibiotics arfns and subsequent multiple organ failure (MOF) [6].
intensive supportive care, the mortality among patienid'erefore, treatment strategies aimed at keeping suitable
with sepsis-induced DIC remains close to 60% [2]. levels of the coagulation inhibitors could be an interest-

Gram-negative bacteria include in their outer mem-
brane a molecule called endotoxin or lipopolysaccharide.

Endotoxin leads monocytes ?nd endOthe“al cells to 9€ontract grant sponsor: DGICYT, Ministerio de Educacion y Ciencia
erate several cytokines that in turn activate coagulatiqpain); Contract grant number: PM92-0167.

mainly by the extrinsic pathway [3]. As a result, higher _ S
than normal amounts of thrombin are generated. Throﬁﬁ:_orrespondence to: E. Rocha, Hematology Service, University Cll_nlc
bin transforms fibrinogen into fibrin and stimulates plate:—roﬂﬁ\;gjr’]g/\_'gs Ra Xl s/n, P.0. 4209, Pamplona, Spain. E.mail
let aggregation, both actions leading to the formation of

stable microthrombi. The exhaustion of antithrombin llReceived for publication 25 January 1998; Accepted 12 August 1998
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ing approach to develop more efficient therapeutiofused with saline (10 ml/hr by both marginal ear veins
schedules. for 6 hr) as an additional control group.

Heparin, which accelerates coagulation inhibition by Surviving rabbits were sacrificed 24 hr after the start
acting as a cofactor of AT lll, has not been as effectiviegy intravenous injection of 60 mg/kg Nembutal (Abbot
as expected when used as a treatment in endotoximaboratories, Abbot Park, IL). Kidneys were extracted
induced DIC [7]. The most likely explanation is that ATfrom all animals (survivors and nonsurvivors) for subse-
Il is consumed during DIC, thus rendering useless thguent histological studies.
subsequent administration of low molecular weight hep-
arin (LMWH). To our knowledge, there are no studiesaboratory Methods
describing the effects of LMWH on endotoxin-induced Blood samples were taken through a catheter inserted
DIC. However, LMWH has proved as efficient as uninto a femoral artery before starting the endotoxin infu-
fractionated heparin (UFH), or better, in other thrombotision, and 2 and 6 hr afterward. Blood samples (9 vol.)
disorders [8,9]. On the other hand, although the infusiamere collected in 3.2% citrate (1 vol.). Blood samples
of AT Il in experimental models of DIC has yieldedwere kept on ice no longer than 2 hr to determine fi-
promising results [10-14], this treatment has only bedminogen, AT Il and protein C activity. Platelet-poor
effective when supratherapeutic doses have been ugpéssma was obtained by centrifugation at 1,80@r 20
[15]. Therefore, a therapeutic approach that keeps plasma at 4°C in a Hermle Z 382 K centrifuge (Hermle
AT Il levels at a suitable concentration to allow the.abortechnik GmbH, Wehingen, Germany) and stored at
action of LMWH may be of interest. —=70°C until assay. Tubes containing;/EDTA were

The aim of the present work has been to evaluate thsed to collect blood for platelet counts.
effect of different doses of LMWH with or without AT  Platelets were determined in a Counter STKS auto-
Il in a rabbit model of endotoxin-induced DIC. Kidneymatic analyzer (Coulter Corp., Hialeah, FL). Fibrinogen
fibrin deposits and mortality have been assessed and the&s measured following the Clauss method [16]. AT llI
relationship to hemostatic parameters is reported. activity was measured by an amidolytic assay (Coamatic
Antithrombin 11, Chromogenix, Stockholm, Sweden)
MATERIALS AND METHODS [17]. Protein C activity was determined using a commer-

) cially available assay (Coamatic Protein C, Chromoge-
Experimental Model nix) [18].

Male New Zealand white rabbits (weight, 2—-3 kg) _ o
were used. Animals were anesthetized by an intramddstological Examination
cular injection of 30 mg/kg ketamin hydrochloride and 2 Kidney sections were fixed in formalin, embedded in
x 1073 mg/kg xylacine hydrochloride followed by intra-paraffin, stained with Masson’s trichrome and examined
muscular boosts of ketamin hydrochloride throughout ther the presence of fibrin microthrombi by a pathologist
experiment. DIC was induced in rabbits by 10§/kg/hr unaware of the experimental design. Tissue sections were
endotoxin Escherichia coli0111:B4, Difco Laborato- scored on a scale from 0 to 4 as previously described
ries, Detroit, MI) for 6 hr in 60 ml (10 ml/hr) saline given[14]. Briefly: (0) no fibrin; (1) partial fibrin deposits in
intravenously through the marginal ear vein. some glomeruli; (2) partial deposits in all glomeruli; (3)

Treatments were started simultaneously with endotobarge quantities of fibrin in all glomeruli; and (4) fibrin
in infusion through the contralateral marginal ear veitthrombi in glomerular capillaries and in noncapillary
Six different groups were established: 1. Low-doseessels.

LMWH group (n = 18) were given five anti-factor Xa )

international units (IU)/kg/hr Dalteparin (Pharmacia gPat@ Analysis

Upjohn, Sweden) for 6 hr in 60 ml (10 ml/hr) of saline; Results at 2 and 6 hr were converted to percentages
2. High-dose LMWH group (n= 16) were given 10 assuming a value of 100% for basal data, and expressed
anti-factor Xa IU/kg/hr Dalteparin for 6 hr in 60 ml (10as mean + SEM. The Student*¢est was used to look for
ml/hr) of saline; 3. Low-dose LMWH plus AT III group differences in hemostatic parameters between endotoxin
(n = 10) were given the lower Dalteparin dose (5 IUtontrol and saline control groups. One-way ANOVA for
kg/hr/6 hr) plus 20 U/kg/hr/6 hr AT III (Kybernin-P, multiple comparisons followed by the Tukey B test was
Centeon SA, Marburg, Germany) in 60 ml (10 ml/hr) oépplied to compare the hemostatic parameters between
saline; 4. High-dose LMWH plus AT Ill group (&= 10) endotoxin control and treatment groups. The Kruskal-
were given the higher Dalteparin dose (10 1U/kg/hr/6 hiVallis test followed by the Mann-Whitney U test was
plus 20 U/kg/hr/6 hr AT 11l in 60 ml (10 mi/hr) of saline; used to compare fibrin deposits between endotoxin con-
5. Endotoxin control group (= 10) was infused with trol and treatment groups. Differences in fibrin deposits
saline as placebo (10 mi/hr) for 6 hr; and 6. Ten rabbitetween survivor and nonsurvivor animals were assessed
that were given neither endotoxin nor treatment wefl®y the Mann-Whitney U test. Differences in mortality
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TABLE |. Hemostatic Parameters at Baseline in the Six Groups of Rabbits*

Group Platelets (x ) Fibrinogen (mg/dl) AT 1l (%) Protein C (%)
Saline 473.0+47.1 201.3+16.7 99.4+3.2 106.1+6.4
Endotoxin control 454.2 +40.8 2475+31.4 117.9+3.0 112.4+5.0
LMWH (5 IU/kg/hr) 501.4+35.9 217.5+29.6 101.4+6.5 85.8+6.8
LMWH (10 1U/kg/hr) 481.4+34.4 200.1+12.8 1189+7.4 98.7+5.3
LMWH (5 IU/kg/hr) + AT 1l (20 U/kg/hr) 407.5+21.3 224.0+25.1 113.7+3.7 112.6 +10.4
LMWH (10 1U/kg/hr) + AT Il (20 U/kg/hr) 435.0+£29.2 229.5+18.0 90.9+10.9 105.6 £11.3

*Data shown as mean + SEM. AT I, antithrombin Ill; LMWH, low molecular weight heparin.

TABLE Il. Hemostatic Parameters at Two and Six Hr After Endotoxin Infusion in the Endotoxin Control and Treatment Groups T
Group Platelets (%) Fibrinogen (%) AT 1l (%) Protein C (%)
Endotoxin control 2 hr 48.8+4.6 95.5+3.9 87.7+3.9 58.6 +5.2
6 hr 20.3+3.5 58.2+5.1 73.1+5.8 15.1+3.3
LMWH (5 1U/kg/hr) 2 hr 70.9 £ 5.0* 89.0+7.0 946+7.8 83.6 +11.3
6 hr 40.6 + 4.8* 65.5+7.5 72.7+4.7 274+6.4
LMWH (10 IU/kg/hr) 2 hr 65.7+£3.9 825+4.1 85.2+5.2 70.4+3.3
6 hr 41.0 £ 7.2* 50.0+4.8 76.9+5.2 18.2+5.7
LMWH (5 1U/kg/hr) + AT 11l (20 U/kg/hr) 2 hr 62.0+5.4 925+5.1 102.0 + 3.2** 722+4.2
6 hr 44.1 +5.4%* 83.5+5.7** 101.7 £ 5.5%* 40.7 £ 6.2*
LMWH (10 IU/kg/hr) + AT 1l (20 U/kg/hr) 2 hr 61.4+3.8 85.5+6.9 187.3+74.2* 85.6 + 3.6**
6 hr 47.6+4.7 76.1+7.4 227.6 + 84.4** 60.9 £ 6.0**

'Data shown as mean + SEM percent of the basal value. AT IIl, antithrombin 11l; LMWH, low molecular weight heparin.
*P <0.05.
** P <0.01 as compared with the endotoxin control group.

rate at 24 hr were assessed by Fisher's exact test. Qieécrease in platelets at 2 and 6 hr in the low-dose LMWH

ferences in hemostatic parameters between surviving ajrdup @ < 0.05).

nonsurviving animals were determined by the Student'sHowever, the simultaneous infusion of LMWH and

t-test. Possible correlations between kidney fibrin depoaT 11l remarkably improved the hemostatic profile in the

its and hemostatic parameters were analyzed by trabbits that received this treatment with respect to the

Spearman rank correlation test. endotoxin control group; in addition to an improve-
ment in platelets and fibrinogen, the AT Il levels
were kept at a level similar to baseline when low-dose

RESULTS LMWH was used and significantly increased when this
Effects of LMWH and LMWH Plus AT Il on treatment was applied with high-dose LMWH (Fig. 1A).
Endotoxin-Induced Changes in Coagulation Moreover, a remarkable reduction in the protein C con-

i . sumption was assessed (Fig. 1B), such effect being more
Table | shows the baseline plasma levels of the diffefs5rked again when LMWH was given at high doBe<(

ent coagulation parameters in the saline control, end9p1 at 2 and 6 hr) than when low dose was ugee (
toxin control, and treated groups. In the control group @f o5 4t hr).

rabbits without endotoxin, no changes in the analyzed
parameters were observed (not shown). _ Histological Findings
Table Il shows the plasma levels, expressed in per-
centages with respect to the basal value which is assumethtense fibrin deposits were detected in the endotoxin
to be 100%, of the different coagulation parameters anaentrol group, even in noncapillary vessels. The average
lyzed throughout the experiment in the endotoxin contreklue according to the scale described above was 2.61 +
and treated groups. 0.34, which is significantly highe = 0.0078) than the
Infusion of endotoxin into rabbits caused a significantalue obtained in rabbits given saline without endotoxin
decrease, with respect to the saline group, in platelets gadore 0). Low-dose LMWH plus AT Il significantly
protein C at 2 hr < 0.01) and in platelets, fibrinogen,reduced fibrin deposits in kidneys (score 0.65 + 086,
protein C P < 0.001) and AT IlIl £ < 0.05) at 6 hr. = 0.005). At high-dose LMWH plus AT lll a dramatic
Infusion of both low and high LMWH doses had littleimprovement in renal deposits was found, and no fibrin
effect on coagulation parameters, showing only a loweras detected in any rabbits (scoreF0< 0.001). How-
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Fig. 1. A: AT Ill activity in plasma before and 2 and 6 hr
after endotoxin infusion in endotoxin control rabbits ( A),
and in rabbits receiving low ( 4) and high ( ) LMWH plus AT
Ill. Values are expressed as the mean + SEM percent of the
initial value before endotoxin infusion. * P < 0.05 and **P <
0.01 as compared with the endotoxin control group. B: Pro-

tein C activity in plasma before, and 2 and 6 hr after, endo-
toxin infusion in endotoxin control rabbits ( A), and in rab-
bits receiving low ( 4) and high ( ) LMWH plus AT Ill. Values
are expressed as the mean + SEM percent of the initial value
before endotoxin infusion. * P < 0.05 and **P < 0.01 as com-
pared with the endotoxin control group.
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Mortality Rate

Seven of 10 rabbits (70%) died in the first 24 hr fol-
lowing endotoxin infusion in the endotoxin control
group, whereas none of the saline control group animals
died. Both LMWH doses infused alone did not remark-
ably reduce the mortality rate: Nine of 18 rabbits (50%)
died at low dose and seven of 16 rabbits (44%) died at
high dose; however, when AT Il and LMWH were si-
multaneously infused, mortality decreased to 30% (three
of 10 rabbits) at low LMWH dose and 20% (two of 10
rabbits) at high LMWH dose, the latter not reaching sta-
tistical significance with respect to the endotoxin control
group P = 0.06), probably due to the relatively low
number of animals studied.

Taking again all the animals together except the saline
control group, a significantly more pronounced decrease
was found in plasma protein C activity at 6 hr in animals
that died (n= 28) with respect to survivors (&= 36)
(22.0 + 4.3 vs. 37.3 + 4.5? < 0.05); platelet drop and
fibrinogen consumption were also higher at 6 hr in non-
surviving rabbits (32.5 £ 3.5 vs. 44.5 + 3B< 0.05 and
55.0 £ 2.9 vs. 76.9 + 4.4P < 0.001, respectively); as
expected, nonsurvivors showed significantly more in-
tense renal fibrin deposits (2.75 + 0.36 vs. 1.59 + OR9,
< 0.001).

DISCUSSION

AT Ill consumption in patients with shock and DIC
seems to play an important pathological role, and the
benefits of a substitution therapy with AT Il in these
patients have been accurately reviewed [19]. In this study
we report the effect of LMWH given alone or together
with AT Ill on endotoxin-induced DIC in rabbits. Ad-
ministration of endotoxin in our model resulted in severe
DIC as shown by the marked decrease in platelets, fi-
brinogen, AT Ill, and protein C, which is in agreement
with previous clinical and experimental studies. More-
over, intense renal fibrin deposition and a high mortality
rate were assessed as a result of the endotoxin infusion.

LMWHSs, which are mixtures of structurally and func-
tionally heterogeneous polysaccharide chains, are antico-
agulants broadly used in different human clinical condi-
tions related to thrombotic phenomena, which exert their

ever, neither low nor high LMWH doses without AT lll action by enhancing the inhibitory capacity of AT llI
had any significant effect on the extent of fibrin deposiagainst factor Xa and thrombin [20]. When LMWH was

tion (score 2.02 + 0.34 and 1.71 + 0.31) (Fig. 2).

infused without AT Il there were no beneficial effects

Taking all the animals together except the saline corither on hemostatic parameters or on renal fibrin depo-
trol group (n = 64), a significant positive correlationsition or mortality. These results concur with those of
between protein C consumption at 2 and 6 hr and kidngyevious studies showing that UFH alone is useless in the
fibrin deposition was observed & 0.29,P < 0.05 and same model of endotoxin-induced DIC [14]. The marked
r = 0.56, P < 0.001, respectively). There was also AT lll decrease, mainly due to consumption during com-
positive correlation between kidney fibrin deposits anplex formation with activated clotting factors but also to

the decrease in platelets and fibrinogen at 6 he(0.33

and r = 0.36,P < 0.001).

inactivation by proteolytic enzymes from polymorpho-
nuclear granulocytes (e.g., PMN-elastase), could explain
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ATl (20 UKgrh) AT 11l (20 UKg/h) trol group.

the uselessness of this treatment [21,22]. The results ppgher hand, the lower protein C consumption could be
sented in a randomized study that compared the efficagyplained in the light of the diminished thrombin forma-
of heparin vs. AT Il in patients with DIC due to sepsigion; the lower amount of thrombin-thrombomodulin
or septic shock [23] would support our hypothesis, sin@mplexes would prevent the rapid protein C activation
these authors obtained a much better outcome in the pad subsequent exhaustion observed in the nontreated
tients who were treated with AT Ill, especially in therabbits. It seems to be clear that the reported decrease in
most severe cases, thus drawing attention to the uselels-kidney fibrin deposits, with the remarkable total ab-
ness of heparins when AT Il stocks are exhausted. sence of fibrin in the group of high dose LMWH and AT
However, the simultaneous addition of AT Il andll, is a consequence of the improvement in the hemo-
LMWH improved the hemostatic profile (platelets, fi-static profile. On one hand, this finding would be com-
brinogen, protein C, AT Ill) as well as the renal fibrinpatible with our previous studies [14] in which both the
deposits in a LMWH dose-dependent manner. An earlisimultaneous infusion of UFH and AT IIl and the ad-
study performed in our laboratory in the same modefinistration of a supratherapeutic dose of AT Il suc-
showed that AT IIl given alone at the dose used in theeeded in reducing the kidney fibrin deposition, presum-
current study (20 U/Kg/hr/6 hr) had no beneficial effecably as a consequence of maintaining suitable AT IlI
on renal fibrin deposition [14]. Nevertheless, the sanievels. A recent study in a guinea pig DIC model would
study showed that a much higher AT Ill dose did succeediso support this idea, although it must be noted that the
in reducing the intensity of kidney fibrin deposits, incausal agents were gram-positive bacteria [24]. On the
agreement with other models of endotoxin-induced DI6ther hand, the strong correlation obtained between pro-
that have reported a beneficial effect of AT Ill alonetein C and renal fibrin deposition would suggest an im-
again at much higher doses than ours [10-13]. Therefopartant pathophysiological role for this inhibitor. A re-
the improvement observed in the current study seemsdent study in our laboratory infusing r-hirudin in endo-
be due to the simultaneous infusion of both LMWH antbxin-induced rabbits also showed a strong positive
AT Ill. On the other hand, the treatment with UFH (1Qorrelation between protein C consumption and renal fi-
IU/Kg/hr/6 hr) and AT 11l (20 U/Kg/hr/6 hr) in the same brin deposits [25]. Moreover, an acquired protein C de-
earlier study [14] did not improve either the platelets diciency correlated positively with the extent of the skin
the fibrinogen and, although a decrease in the kidnéssion, in turn reflecting the severity of microvascular
fibrin deposits was achieved in such conditions (score ®rombosis, has been reported in human septic patients
* 0.8), this reduction was less pronounced than the of#6]. Taking these findings together, it is tempting to
currently being assessed when LMWH and AT Il argpeculate that protein C plays an etiologic role in micro-
used at the same doses (score 0). Moreover, it musttheombosis development, although the possibility that
remembered that the end point in the UFH and AT lihis molecule is merely a sensitive and reliable DIC
experiments was at 8 hr instead of at 24 hr. UFH and Afarker cannot be excluded.
Il also decreased mortality, although again the endpointMortality decreased in rabbits treated simultaneously
was at 8 hr. From these data, LMWH seems to be mondéth LMWH and AT IIl in a LMWH dose-dependent
efficient than UFH in this model. manner with respect to control animals. The fact that this
When AT IIl was given with the low-dose LMWH the decrease was not statistically significant could be ex-
plasma AT 1l levels did not decrease with respect tplained by the relatively low number of animals included
baseline. Furthermore, when this treatment was admin-the study. Nevertheless, the decrease from 70% to 20%
istered at high-dose LMWH the AT Il levels were conshows a tendency to an improved survival in the treated
tinuously increasing through the experiment. On thebbits.



When all the rabbits were divided into two groups,
survivors at 24 hr and nonsurvivors, significantly more
intense renal fibrin deposits as well as a significantly”
higher consumption of platelets, fibrinogen, and protein
C in the nonsurvivor animals were reported. Among the.
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activated protein C, a thrombin-dependent anticoagulant enzyme.
Blood 1982;59:1067.

6. Robboy SJ, Major MC, Colman RW, Minna JD. Pathology of dis-

seminated intravascular coagulation (DIC). Analysis of 26 cases. Hum
Pathol 1972;3:327.
Bone RC. Modulators of coagulation. A critical appraisal of their role

latter, the difference assessed in the protein C levels mustin sepsis. Arch Intern Med 1992;152:1381.

be underlined once more.
Finally, we want to say that the benefits of the simul->

taneous infusion of LMWH and AT Ill seem to be similarng.

to those obtained after the administration of r-hirudin in

the same rabbit DIC model [25]. u

CONCLUSIONS

In conclusion, simultaneous infusion of AT Il and!2
LMWH improves the hemostatic profile and decreases
the renal fibrin deposits and mortality rate in this mode|
of endotoxin-induced DIC in rabbits. The fact that simi-
lar doses of LMWH infused alone do not have beneficial
effects shows that, in our model, LMWH needs an ex4
ogenous support of AT Ill to exert its action. On the other
hand, given that infusion of AT Il alone at the currentg
dose had previously proven to be ineffective, it seems to

8. Hirsh J, Levine MN. Low molecular weight heparin. Blood 1992;79:1.

Rocha E, Pamo JA, Sarrd. Heparinas de bajo peso molecular. Med
Clin 1993;100:620.

Triantaphyllopoulos DC. Effects of human antithrombin IIl on mor-
tality and blood coagulation induced in rabbits by endotoxin. Thromb
Haemostasis 1984;51:232.

Emerson TE Jr, Fournel MA, Leach WJ, Redens TB. Protection
against disseminated intravascular coagulation and death by anti-
thrombin 1l in the Escherichia coliendotoxemic rat. Circ Shock
1987;21:1.

Taylor FB Jr, Emerson TE Jr, Jordan R, Chang AK, Blick KE. Anti-
thrombin 11l prevents lethal effects dEscherichia coliinfusion in
baboons. Circ Shock 1988;26:227.

|3. Dickneite G, Pgues EP. Reduction of mortality with antithrombin Il

in septicemic rats: a study dflebsiella pneumoniaenduced sepsis.
Thromb Haemostasis 1993;69:98.

Ganmez C, Peamo JA, Colucci M, Rocha E. Effect of heparin and/or
antithrombin 11l on the generation of endotoxin-induced plasminogen
activator inhibitor. Thromb Haemostasis 1989;62:694.

Fourrier F, Chopin C, Huar J-J, Runage |, Caron C, Goudemand J.
Double-blind, placebo-controlled trial of antithrombin Il concentrates

be clear that the inhibitor, when given at such dose, needsin septic shock with disseminated intravascular coagulation. Chest

an exogenous support of its cofactor to succeed effi-
ciently in improving the hemostatic profile. Moving to*®:
the human therapeutical field, we suggest that the simyl-
taneous infusion of LMWH and AT Il would reduce the
amount of the inhibitor needed to be efficient, which is
interesting from the cost benefit point of view. Finally,

the observed correlations between fibrin deposits and Hé-
mostatic parameters as well as the comparison of sugh
parameter between nonsurvivor and survivor rabbits sug-

gest that protein C could play an important role in theo.
pathogenesis of endotoxin-induced DIC, although further

studies are required to assess this point. o1

ACKNOWLEDGMENTS

We acknowledge the technical assistance of Merced&s

Fernandez and Yolanda Azcona.
23.

REFERENCES
24,

Bick RL. Disseminated intravascular coagulation. Hematol Oncol Clin

N Am 1992;6:1259.

. Kreger BE, Craven DE, McCabe WR. Gram-negative bacteremia. IV.
Reevaluation of clinical features and treatment in 612 patients. Ampg.
Med 1980;68:344.

. Warr TA, Mohan Rao LV, Rapaport Sl. Disseminated intravascular
coagulation in rabbits induced by administration of endotoxin or tissue
factor: effect of anti-tissue factor antibodies and measurement 26.
plasma extrinsic pathway inhibitor activity. Blood 1990;75:1481.

. Fenton JW. Thrombin. Ann NY Acad Sci 1986;485:5.

5. Marlar RA, Kleiss AJ, Griffin JH. Mechanism of action of human

1.

N

1993;104:882.

Clauss A. Gerinnungs physiologishe schnell methode zur bestimmug
des fibrinogens. Acta Haematol 1957;17:237.

Andersson EN, Menschik M, van Voorthuizen H. New chromogenic
AT Il activity kit which is insensitive to heparin cofactor Il and
designed for use on automated instruments. Thromb Haemostasis
1991,65:766.

Vinazzer H, Pangraz U. Protein C: comparison of different assays in
normal and abnormal plasma samples. Thromb Res 1987;46:1.
Vinazzer H. Antithrombin IIl in shock and disseminated intravascular
coagulation. Clin Appl Thromb/Hemostasis 1995;1:62.

Holmer E, Mattson C, Nilson S. Anticoagulant and antithrombotic
effects of heparin and low molecular weight heparin fragment in rab-
bits. Thromb Res 1982;25:475.

Seitz R, Wolf M, Egbring R, Havemann K. The disturbance of hemo-
stasis in septic shock: role of neutrophil elastase and thrombin, effects
of antithrombin Ill and plasma substitution. Eur J Haematol 1989;43:
22.

Hellgren M, Egberg N, Eklund J. Blood coagulation and fibrinolytic
factors and their inhibitors in critically ill patients. Intensive Care Med
1984;10:23.

Blauhut B, Kramar H, Vinazzer H, Bergmann H. Substitution of an-
tithrombin 1Il'in cases of shock and DIC: a randomized study. Thromb
Res 1985;39:81.

Kessler CM, Tang ZC, Jacobs HM, Szymanski LM. The supraphar-
macologic dosing of antithrombin concentrate 8aphylococcus au-
reusinduced intravascular coagulation in Guinea pigs: substantial re-
duction in mortality and morbidity. Blood 1997;89:4393.

Hermida J, Montes R,"Ramo JA, Rocha E. Endotoxin-induced dis-
seminated intravascular coagulation in rabbits: effect of recombinant
hirudin on hemostatic parameters, fibrin deposits and mortality. J Lab
Clin Med 1998;131:77.

Fijnvandraat K, Derkx B, Peters M, Bijlmer R, Sturk A, Prins MH, van
Deventer SJH, ten Cate JW. Coagulation activation and tissue necrosis
in meningococcal septic shock: severely reduced protein C levels pre-
dict a high mortality. Thromb Haemostasis 1995;73:15.



