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Platelet Drop and Fibrinolytic Shutdown in Patients

With Sepsis
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Objective: Thrombocytopenia is the most common hemostatic
disorder during sepsis and is associated with high mortality. We
examined whether fibrinolytic changes precede incident thrombo-
cytopenia and predict outcome in patients with severe sepsis.
Design: Nested study from the multicenter, randomized, controlled
trial on the efficacy of albumin replacement in severe sepsis or
septic shock (the Albumin Italian Outcome Sepsis trial).
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Setting: Forty ICUs in Italy.

Patients: Three groups of patients were selected: 1) patients
with platelet count less than or equal to 50x10%/L at study
entry (n = 85); 2) patients with baseline platelet count greater
than or equal to 100 % 10°%/L who developed thrombocytopenia
(< 50 x 10%/L) within 28 days (n = 100); 3) patients with platelet
count always more than or equal to 100 x 10%/L (n = 95).
Interventions: Fibrinolytic variables, including fibrinolysis inhibi-
tors and in vivo markers of plasmin generation, were measured
onday 1.

Measurements and Main Results: Patients with early thrombo-
cytopenia (group 1) and those who developed it later (group
2) had similar illness severity and 90-day mortality, whereas
patients without thrombocytopenia (group 3) had milder disease
and lower mortality. Fibrinolysis was markedly (and similarly)
depressed in groups 1 and 2 as compared with group 3. Major
fibrinolytic changes included increased levels of plasminogen
activator inhibitor 1 and extensive activation/consumption of
thrombin activatable fibrinolysis inhibitor. Most fibrinolytic vari-
ables were significantly associated with mortality in univariate
models. However, only thrombin activatable fibrinolysis inhibi-
tor level and in vivo markers of fibrinolysis activation, namely
plasmin-antiplasmin complex, and D-dimer, were independently
associated with mortality after adjustment for Simplified Acute
Physiology Score-Il score, sex, and platelet count. Furthermore,
the coexistence of impaired fibrinolysis and low platelets was
associated with an even greater mortality.

Conclusions: Impaired fibrinolysis, mainly driven by plasminogen
activator inhibitor-1 increase and thrombin activatable fibrinoly-
sis inhibitor activation, is an early manifestation of sepsis and
may precede the development of thrombocytopenia. Thrombin
activatable fibrinolysis inhibitor level, in particular, proved to be
an independent predictor of mortality, which may improve risk
stratification of patients with severe sepsis. (Crit Care Med
2018; 46:221-e228)

Key Words: fibrinolysis; septic shock; severe sepsis;
thrombocytopenia; thrombin activatable fibrinolysis inhibitor
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uring sepsis, there may be a wide spectrum of hemo-
D static alterations, ranging from subclinical to uncon-

trolled clotting activation with massive thrombin
formation and fibrin deposition in the microcirculation.
Thrombocytopenia is one of the most common hemostatic
disorders, with a prevalence as high as 50% (1). Not only its
early manifestation (2-5) but also its development during the
course of sepsis (4, 6, 7) is associated with increased mortal-
ity, implying that the identification of prognostic markers that
precede thrombocytopenia might improve risk stratification.

The current interpretation of sepsis is that an infectious
agent triggers an overwhelming host inflammatory response,
generating multiple inflammatory mediators. These, with the
micro-organism and its components, activate leucocytes, endo-
thelial cells and platelets, which then cooperate to promote
microvascular thrombosis by inducing excessive activation
of coagulation and impairment of physiologic anticoagulant
pathways (8-11).

Besides massive clotting activation, impaired fibrinolysis is a
major player in the pathophysiology of sepsis, as it contributes
to widespread microvascular thrombosis by preventing fibrin
removal (10-12). This is traditionally attributed to upregula-
tion of plasminogen activator inhibitor-1 (PAI-1) (12-15),
whose plasma levels show good prognostic performance in
septic patients (15-18). However, other factors may be impli-
cated in the downregulation of fibrinolysis during sepsis.
Thrombin-activatable fibrinolysis inhibitor (TAFI) is a plasma
procarboxypeptidase that, once activated by thrombin or plas-
min (TAFla), removes the plasminogen binding sites from par-
tially degraded fibrin, reducing plasmin generation and fibrin
degradation. It also inactivates bradykinin, anaphylatoxins C3a
and C5a, and osteopontin, functioning as an anti-inflamma-
tory agent (19, 20). In human sepsis, most studies have shown
a decrease in TAFI levels, due to extensive activation/consump-
tion (21-24). However, information on the clinical utility of
TAFI as a prognostic marker is still limited (23).

An additional factor that may influence fibrinolysis in
severe sepsis is cell-free DNA (cfDNA), which is released upon
cell activation or death, or by neutrophils as part of neutro-
phil extracellular traps (25). cfDNA inhibits plasmin-mediated
fibrin degradation (25, 26) and the increased levels of cfDNA
in sepsis were shown to predict mortality (27-29). The main
mechanisms of fibrinolysis inhibition in sepsis are summa-
rized in Supplemental Fig. S1 (Supplemental Digital Content
1, http://links.lww.com/CCM/D139).

In a large randomized trial, in which we tested the effec-
tiveness of albumin in patients with severe sepsis and septic
shock (ALBIOS) (30), we collected blood samples for subse-
quent investigations. One of the aims was to assess whether
fibrinolytic alterations could serve as early markers of sepsis
outcome. Therefore, in 280 selected patients, we measured sev-
eral fibrinolysis-related variables with the following aims: 1) to
investigate whether, in patients with normal baseline platelets,
the fibrinolytic changes precede a subsequent platelet drop; 2)
to evaluate the association between fibrinolytic markers and
90-day mortality.
e222
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METHODS

Patients
The ALBIOS trial is described in the Supplemental Digital
Content - Study design (Supplemental Digital Content 1,
http://links.lww.com/CCM/D139). From patients recruited in
the 40 centers participating in the biomarker substudy (31),
we selected 280 patients according to the following criteria.
Group 1 (n = 85) included all patients with baseline severe
thrombocytopenia (platelet count < 50X 10°/L). Group 2
(n = 100) included all patients with baseline platelet count
greater than 100X 10°/L, who developed severe thrombocy-
topenia (i.e., platelet count < 50x10°/L by day 28). Group
3 (n = 95) included patients (matched for sex and age with
Group 2) randomly extracted from the subgroup of patients
without thrombocytopenia throughout the study (platelet
count > 100x 10°/L). The study was approved by the institu-
tional review board of each participating center.

To investigate the relationships between fibrinolytic vari-
ables and outcome, the three groups were pooled.

Clinical and Physiological Variables

Organ dysfunction was assessed with the Sequential Organ
Failure Assessment (SOFA) score (32). The severity of sys-
temic illness was assessed using the Simplified Acute Physiol-
ogy Score (SAPS II) (33). Platelets were counted at study entry,
then from day 1 to day 28 (30).

Blood Collection and Assay of Circulating

Biomarkers

Venous blood was collected on day 1, centrifuged, and
plasma was shipped on dry ice to a central repository and
stored at —70°C. Biomarkers were assayed in a centralized
laboratory by trained personnel unaware of patients’ char-
acteristics. Commercially available enzyme-linked immuno-
sorbent assay kits were used for the assay of PAI-1, TAFIa/ai
(a combination of TAFIa and its inactive derivative, TAFIai),
plasmin-a -antiplasmin complex (PAP, a marker of in vivo
plasmin generation), and prothrombin fragment 1-+2
(F1+2, a marker of thrombin generation). D-dimer, a spe-
cific fragment derived from the lysis of fibrin, was measured
by a two-step immunoassay. TAFI zymogen was assayed by
a functional assay, plasma cf-DNA by a fluorometric assay
and plasma clot lysis, which reflects the overall fibrinolytic
capacity, by a turbidimetric assay (for details, see Supple-
mental Digital Content, Assays, Supplemental Digital Con-
tent 1, http://links.lww.com/CCM/D139).

Outcome Measures
Primary outcome measure was 90-day all-cause mortality.

Statistical Methods

Results are presented as proportion, median with inter-
quartile range or mean * sp, as appropriate. Groups were
compared by the chi-square test for categorical variables
and Kruskal-Wallis test or analysis of variance for con-
tinuous ones. Bonferroni method was used for multiple
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comparisons. The association between 90-day mortality
and each fibrinolytic marker was assessed by the Kruskal-
Wallis test or t test in the entire study population. Survival
estimates were calculated according to Kaplan-Meier and
compared with the log-rank test between 1) study groups;
2) groups divided according to median levels of relevant
biomarkers; 3) combinations of high/low platelets (median
split) and high/low fibrinolysis markers.

Unadjusted and adjusted Cox proportional hazard mod-
els were used to analyze the association between fibrinolysis
markers and 90-day mortality. The hazard ratios were calcu-
lated for 1 sp increase in marker levels.

Finally, we calculated the continuous net reclassification
improvement (cNRI) to assess the improvement in reclassifi-
cation of death risk by adding to the model each of the fibri-
nolytic markers that showed an association with mortality at
multivariate analysis. A two-sided p value of 0.05 was consid-
ered significant. Statistical analyses were done with SAS soft-
ware, version 9.4 (SAS Institute, Inc., Cary, NC).

RESULTS

Clinical Characteristics

Table 1 summarizes the main clinical and physiological charac-
teristics of the three groups at study entry. Patients with base-
line thrombocytopenia (group 1) and those who developed
thrombocytopenia during the study (group 2) had similar
clinical characteristics, physiological variables, and high mor-
tality. In contrast, patients without thrombocytopenia (group
3) were markedly different, with less impairment of physio-
logical variables and lower mortality. The survival curves of
the three groups are reported in Figure 1. No appreciable dif-
ferences were observed between patients admitted for medical
reasons or for emergency surgery (not shown).

Fibrinolytic Markers in Relation to Thrombocytopenia
Patients with early thrombocytopenia (group 1) and those
who developed it later (group 2) had higher levels of PAI-1,
TAFIa/ai, and cfDNA, lower levels of TAFI zymogen and longer
clot lysis time than patients without thrombocytopenia (group
3), indicating stronger inhibition of fibrinolysis (Table 2). As
regards the markers of clotting and fibrinolysis activation, only
D-dimer was higher in groups 1-2 than in group 3. Group 2
patients, who had a median platelet count of 104 x 10°/L on day
1, presented the same fibrinolytic changes as group 1, whose
median platelet count was four times lower (Table 1), suggest-
ing that the changes behind the fibrinolytic shutdown in sepsis
are independent of and may precede thrombocytopenia.

Fibrinolytic Markers and Survival

The levels of fibrinolytic markers in 90-day survivors and
nonsurvivors are reported in Supplemental Table S1 (Supple-
mental Digital Content 1, http://links.lww.com/CCM/D139).
Nonsurvivors had higher PAI-1 and TAFIa/ai and lower TAFIL.
They also had lower PAP and D-dimer, suggesting greater
impairment of in vivo fibrinolysis. Neither F1+2 nor ¢fDNA
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differed between survivors and nonsurvivors. Platelet count on
day 1 was significantly lower in nonsurvivors.

Kaplan-Meier curves for 90 day-mortality by median lev-
els of fibrinolytic markers and platelet count are shown in
Supplemental Fig. S2 (Supplemental Digital Content 1, http://
links.lww.com/CCM/D139).

In univariate Cox models, PAI-1, TAFIa/ai, TAFI zymogen,
D-dimer and platelets significantly predicted mortality (Fig. 2A).
However, after adjustment for SAPSII score and sex, only TAFI,
D-dimer and platelet count were associated with mortality
(Fig. 2B). To see whether the fibrinolysis-related biomarkers con-
tributed to risk prediction independently of platelets, we tested
them in a model that included platelet count on day 1, besides
SAPS 1II and sex. In this model not only TAFI and D-dimer,
but also PAP was significantly associated with 90-day mortality
(Fig. 2C). Furthermore, cNRI tests showed a 30% net improve-
ment in reclassification of the risk of death when TAFI was added
to the model (cNRI [95% CI], 0.29 [0.05-0.52]; p = 0.02) or
D-dimer (cNRI, 0.30 [0.06-0.53]; p = 0.01). Qualitatively similar
results were obtained when SOFA score was tested as covariate
in the Cox model instead of SAPS II and platelets or when the
models included also BMI and lactate, that is, the variables out-
side SOFA and SAPS II scores that showed a statistical difference
between survivors and nonsurvivors (not shown).

Finally, we tested whether the combination of low plate-
lets and impaired fibrinolysis was associated with a worse
outcome. As markers of altered fibrinolysis, we used the levels
of TAFI, PAP, and D-dimer, that is, the fibrinolytic variables
that predicted mortality independently of platelets in mul-
tivariate Cox analysis (Fig. 2C). After dividing the patients
according to median levels of biomarkers (referred to as low
and high, respectively), we evaluated the survival curves of
patients with different combinations of platelets and each of
the three fibrinolytic markers. Patients in whom low plate-
let count was associated with low TAFI (Fig. 3A) or low PAP
(Fig. 3B) displayed a markedly higher mortality than patients
with low platelets and high level of either fibrinolytic marker
(HR, 1.69 [95% CI, 1.05-2.73]; p = 0.03 for low TAFI and HR,
2.01 [95% CI, 1.27-3.19]; p = 0.003 for low PAP). On the con-
trary, in patients with high platelets, the level of TAFI or PAP
had no appreciable influence on mortality (data not shown).
Furthermore, the survival of the two high-platelets groups
was not different from that of patients with low platelets and
high TAFI or PAP. The combination of D-dimer and plate-
lets showed a progressive increase in mortality moving from
high platelets-high D-dimer to low platelets-low D-dimer
(Fig. 3C). However, the difference in mortality between low
and high D-dimer was not significant in neither low or high
platelets groups (data not shown).

DISCUSSION

In this study, we show that 1) in patients with sepsis, most of
the changes underlying the fibrinolytic shutdown precede the
onset of clinically relevant thrombocytopenia which, once
established, is associated with a marked increase in mortality;
2) some fibrinolytic markers, that is, TAFI, D-dimer and PAP,
e223
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TABLE 1. Main Clinical Characteristics of Study Groups

Group 1: With

Group 2: Developing
thrombocytopenia

Group 3: without

Thrombocytopenia thrombocytopenia

Clinical Variables

(n =85)

(n=100)

(n=95)

Age (yr) 65.0 [69.0-75.0] 72.0 [63.0-775] 72.0 [63.0-78.0] 0.03
Female sex, n (%) 34 (40.0) 46 (46.0) 42 (44.9) 0.71
Body mass index (kg/m?) 95.3+49 262+45 26.5+4.9 0.079
Reason for admission to ICU, n (%)
Medical 65 (76.5) 52 (562.0) 55 (5679) 0.0087
Elective surgery 3(3.5) 12 (12.0) 7 (74)
Emergency surgery 17 (20.0) 36 (36.0) 33 (34.7)
Sequential Organ Failure Assessment score 11 [9-13] 8 [6-10]° 6 [4-8]° < 0.0001
Simplified Acute Physiology Score Il score 55.0£18.7 53.8+£13.3 449+ 14.0° < 0.0001
Shock, n (%) 58 (68.2) 75 (75.0) 41 (43.2)° < 0.0001
Mechanical ventilation, n (%) 61(71.8) 87 (870)* 70 (73.7) 0.022
Randomized to albumin arm, n (%) 46 (54.1) b5 (65.0) 45 (47.4) 051
Positive blood culture, n (%) 47/78 (60.3) 29/90 (32.9) 20/84 (23.8) < 0.0001
90-day mortality (no. events/no. at risk (%)) 47/82 (57.3) 60/99 (60.6) 26/94 (27.7)° < 0.0001
Physiological/laboratory variables
Heart rate (beats/min) 108+18.6 108+20.3 99.0+20.6° 0.002
Mean arterial pressure (mm Hg) 73.0+16.8 709+£12.7 742+13.6 0.26
Central venous pressure (mm Hg) 104+45 99+5.1 95+t49 0.49
Pao,/Fio, 201 [142-303] 175 [110-246] 188 [132-268] 0.10
Urine output (mL/hr) 50.0 [20.0-100] 50.0 [20.0-94.0] 60.0 [30.0-100] 0.10
Lactate (mmol/L) 3.8 [2.4-5.7] 3.9 [2.0-6.9] 2.0[1.2-3.0] < 0.0001
Serum albumin (g/L) 25.7+59 21.8+5.92 243+6.3" 0.0003
Hemoglobin (g/dL) 105+1.8 11.0£20 109+£1.9 0.27
Serum creatinine (mg/dL) 2.0[1.3-29] 1.8[1.1-2.7] 1.4 [0.9-2.3] 0016
Serum bilirubin (mg/dL) 1.5 [1.0-2.6] 0.7 [0.6—1.7] 0.7 [0.5-1.3] < 0.0001
White blood cells (103/mm?) 8.0[22-14.9] 8.4 [2.7-179] 156.1[9.9-219]> < 0.0001
Platelet count (10%/L)
At study entry 30.0 [20.0-42.0] 152 [125-204]* 228 [175-314]° < 0.0001
Day 1 24,0 [14.0-39.0] 104 [76-148]* 203 [163-295]° < 0.0001
Day 7 60.5 [31.0-103] 79 [60.0-113] 271 [202-313]° < 0.0001

aStatistically different from group 1 (Bonferroni method).
bStatistically different from group 2.

For continuous variables, if normally distributed, data are shown as mean * sp and p-values derived by analysis of variance; if not normally distributed, data are
shown as median[Q1-Q3] and p values derived by Kruskal-Wallis test. For categorical variables, p value derived by chi-square test.

are independent predictors of death; 3) the combination of low
platelets and strong fibrinolysis impairment greatly enhances
the mortality risk.

We first examined the effect of the timing of thrombocy-
topenia on sepsis severity and outcome and the relationship
between fibrinolytic changes and thrombocytopenia. Patients
who presented with thrombocytopenia (group 1), and those

e224 www.ccmjournal.org

who developed it later (group 2), had similar illness sever-
ity (SAPS 1II score at baseline). The fibrinolytic alterations on
day 1 were also similar in these two groups, suggesting that
the fibrinolytic shutdown may occur independently of or
earlier than thrombocytopenia. In contrast, patients without
thrombocytopenia had milder clinical abnormalities and less
marked fibrinolytic alterations. Accordingly, 90-day mortality
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Figure 1. Kaplan-Meier curves for 90-day survival in the three groups.
Information on 90-day mortality was not available for five patients who
were excluded from this analysis (3, 1, and 1 from thrombocytopenia,

developing thrombocytopenia, and no thrombocytopenia, respectively).

was much higher in groups 1 and 2 than in group 3. These
data suggest that patients with early or late thrombocytopenia
belong to the same cohort, the only possible difference being
the time when they were observed. A platelet count higher
than 100x 10°/L does not mean that the process of platelet
consumption with microthrombi formation has not already
started. However, the finding that patients with normal platelet
count do present marked fibrinolysis inhibition could indicate
that platelets will drop in the subsequent days and that the out-
come is likely to deteriorate.

Next, we examined the relation of fibrinolytic biomarkers
with mortality, after grouping the patients in a single cohort.
In univariate Cox models, most fibrinolytic markers, including
PAI-1 and TAFI-related variables, predicted mortality. After
correction for SAPS II score, which is a well-established score
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to predict mortality in critically ill patients (33), and platelet
count on day 1, which was also significantly associated with
mortality (Fig. 2), we found that TAFI, D-dimer and PAP were
still independently associated with mortality, whereas PAI-1
and TAFIa/ai were not. The results were still consistent in a
fully adjusted analysis, which also included sex, serum lactate,
and body mass index (not shown). These findings suggest that
fibrinolysis impairment, as reflected by low levels of PAP and
D-dimer and extensive TAFI consumption, is a clinically rel-
evant marker of disease severity, and this may further improve
the risk stratification of patients with severe sepsis, as inferred
from NRI analysis. Our data also suggest that the platelet drop
and the fibrinolytic shutdown may occur independently of
each other and that the combination of the two is associated
with a poorer outcome. We did in fact find that patients who
had both low platelets and low fibrinolysis (i.e., low PAP or low
TAFI) had a much higher mortality than patients who had low
platelets but milder fibrinolysis impairment. Interestingly, the
latter group did not differ from patients who had high plate-
lets, no matter what their fibrinolytic status was, suggesting
that both conditions (i.e., low platelets and low fibrinolysis)
must coexist to worsen the outcome.

From a pathophysiological perspective, it appears that plate-
let activation plays a major role in dictating the overall severity,
as it contributes to the formation of thrombi in the microcir-
culation, while the inhibition of fibrinolysis adds a further hit
by preventing or delaying the clearance of these microthrombi.

The relation between impaired fibrinolysis and unfavorable
outcome in septic patients is supported by numerous studies
(reviewed in reference (12). However, while there is ample evi-
dence of the role of high PAI-1, it is not clear whether TAFI
activation/consumption is a marker of sepsis severity. Clinical
studies are inconsistent (2224, 37, 38), very likely because of
heterogeneous patient populations, relatively small sample and
different assay methods (12). Our patients with severe sepsis
showed a significant association with 90-day mortality for both

TABLE 2. Fibrinolysis-Related Markers in the Three Study Groups

Group 1: With Group 2: Developing Group 3: Without
Thrombocytopenia Thrombocytopenia Thrombocytopenia
Marker (n =85) (n=100) (n=95) Normal Values
Plasminogen activator 213 [103-527] 194 [110-428] 148 [80-244] 0.0012 56.7 [41-70]
inhibitor-1 (ng/mL)
TAFI (%) 452 [29.9-74.9] 485 [28.5-71.8] 70.6 [45.9-99.4) < 0.0001 99 [86-110]
TAFla() (ng/mL) 76.6 [49.2-112.6] 675 [43.56-94.9] 58.5 [39.2-74.3]7 0.0035 225 [19-25]
Lysis time (min) 376 [97-800] 260 [93-800] 103 [80-166]* < 0.0001 78 [72-93]
D-dimer (ng/mL) 5,139 [2,415-15516] 5,356 [2,308-11,807] 3,458 [1,565—-6,254] 0.0045 167 [105-276]
Plasmin-antiplasmin 1,949 [1,045-5,093] 1,508 [659-2,962] 1,689 [1,087-3,184] 0.13 22 [19-27]
complex (ng/mL)
F o (pM) 334 [218-626] 476 [261-749] 349 [240-571] 0.14 209 [167-287]
Cell-free DNA (ug/mL) 0.91 [0.4-3.0] 0.95 [0.5-1.9] 0.66 [0.4-1.1] 0014 0.45 [0.38-0.49]

TAFI = thrombin-activatable fibrinolysis inhibitor.

Statistically different from groups 1 and 2 (Bonferroni test). Normal values from references (34-36).
Markers were measured on day 1. Data are median [Q1-Qg]. °, p value from Kruskal-Wallis test.
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A pai —_— 1,25 [1.07 - 1.46]
TAFI —_— 0.78 [0.64 - 0.94]
TAFla ai —_——— 1.21 [1.04 - 1.39]
Lysis Time T 1.18 [0.99 - 1.40]
D dimer —— 0.89 [0.81 - 0.99]
PAP —_— 0.85 [0.69 - 1.04]
F1+2 —_— 1.05 [0.90 - 1.23]
cfDNA —_ 1.06 [0.91 - 1.23]
Platelets —_—— 0.73 [0.59 - 0.91]
0.50 0.75 1.00 1.25 1.50
HR [95% CI]
PAI-1 o s c— 1.16 [0.94 - 1.33]
TAFI —_—— 0.76 [0.63 - 0.92]
TAFla ai — 1.07 [0.91 - 1.26]
Lysis Time —_— 0.98 [0.80 - 1.19]
D dimer: —_— 0.89 [0.79 - 0.98]
PAP —_— 0.87 [0.72 - 1.05]
F1+2 —_— 1.05[0.89 - 1.22]
cfDNA —_— 0.97 [0.82 - 1.14]
Platelets —_—— 0.80 [0.64 - 0.99]
0.50 0.75 1.00 1.25 1.50
HR [95% CI]
PAI-1 —_—t 1.07 [0.90 - 1.28]
TAFI —_—— 0.80 [0.66 - 0.97]
TAFla ai —_— 1.02[0.85-1.21]
Lysis Time —_— 0.97[0.79 - 1.19]
D dimer —_— 0.85 [0.76 - 0.95]
PAP —_— 0.82 [0.67 - 0.99]
F1+2 —_—— 0.99 [0.83 - 1.19]
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Figure 2. Fibrinolysis-related markers and 90-day mortality. Cox
proportional hazard models for the relationship between fibrinolysis-
related markers and 90-day mortality. A, Univariate model. B, Adjusted
for Simplified Acute Physiology Score (SAPS II) and sex. C, Adjusted

for SAPS |l, sex, and platelet count on day 1. Data shown as hazard

ratios (HR) (95% ClI). cfDNA = cell-free DNA, PAI-1 = plasminogen
activator inhibitor-1, PAP = plasmin-antiplasmin complex, TAFI = thrombin
activatable fibrinolysis inhibitor.

high levels of TAFIa/ai and low levels of TAFI zymogen, which
suggests extensive TAFI activation (24). While on the one hand
this may contribute to suppressing fibrinolysis, on the other,
the sustained TAFI activation may eventually lead to its exces-
sive consumption, with the consequent loss of a major inhibi-
tor of inflammatory mediators, such as C3a and C5a, which
have been implicated in human and experimental sepsis (39).
At variance with several reports (27-29, 40), we did not find
any significant association between cfDNA levels and outcome.
The reason is not clear, but it might be related to the time and
type of assay and/or the length of follow-up. In fact, in a study
of 255 septic patients, cfDNA was found to be independently
associated with ICU mortality but not with hospital mortality
(40). Furthermore, contrary to Rodelo et al (41), we found a
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Figure 3. Kaplan-Meier curves of 90-day survival for the combinations of
platelet count (PLT) with either thrombin activatable fibrinolysis inhibitor
(TAFI) (A), plasmin-antiplasmin complex (PAP) (B), or D-dimer (C). Low
and high denote below and above the median, respectively.

greater mortality in patients displaying low rather than high
levels of D-dimer. The apparent discrepancy may be explained
by the type of patients and illness severity. Indeed, the study by
Rodelo et al (41) included patients with suspected infection or
sepsis (median SOFA = 3), whereas we studied patients with
severe sepsis (median SOFA = 8). Being circulating D-dimer
influenced by both fibrin formation and fibrinolysis, it is
likely that, in a sample including patients with and without
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(moderate) sepsis, elevated D-dimer is principally a marker
of hypercoagulability, as in patients with venous thromboem-
bolism (42). On the contrary, in patients with severe sepsis, a
less marked elevation of D-dimer may reflect the inability to
degrade the microthrombi.

Our study presents some limitations. First, because of the
study design, patients with moderate thrombocytopenia (50—
100x 10°/L) were not included. Second, the study, although
planned in the original ALBIOS trial, has a retrospective
design. Third, no information is available on the time course
of fibrinolytic biomarkers or how their trajectories correlate
with clinically relevant outcomes.

CONCLUSIONS

Our study shows that fibrinolysis suppression, mainly driven by
increased PAI-1 and TAFI activation, is an early event in patients
with severe sepsis and is associated with disease severity and sur-
vival. TAF], in particular, proved to be an independent predic-
tor of mortality that might facilitate clinical decision making.
Among the numerous treatments aiming to interfere with the
pathophysiology of sepsis (anti-inflammatory, anti-cytokine,
anticoagulant drugs) a specific intervention to correct the inhi-
bition of fibrinolysis has never been attempted in man.
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