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Abstract

D-dimer is a biomarker of thrombosis and recently been considered to predict a poor outcome in patients with infectious
diseases. Plasma D-dimer levels were measured in critically ill patients to examine their relationship with the poor outcome. The
plasma D-dimer levels were markedly higher in the patients with various underlying disease especially venous thromboembolism
in comparison to those without severe underlying diseases. The plasma D-dimer levels in non-survivors were significantly higher
than those in survivors. In a receiver operating characteristic analysis, the area under the curve was high for the disseminated
intravascular coagulation (DIC) score, the D-dimer value, and the prothrombin time-international normalize ratio (PT-INR).
Adequate cut-off values for predicting the outcome were 3 as follows: DIC score, 3 points; D-dimer, 4.2 mg/L; and PT-INR, 1.08.

D-dimer, which is a biomarker for thrombosis, is increased in various underlying diseases and predicts a poor outcome.
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Introduction

Fibrin-related markers (FRMs) such as fibrinogen and fibrin
degradation products (FDPs), D-dimer and soluble fibrin (SF)
are considered useful for diagnosing thrombotic diseases such
as venous thromboembolism (VTE)"? and disseminated intra-
vascular coagulation (DIC).>* Although elevated FRM levels
can be used to predict the incidence of DVT after THA or TKA
without anticoagulants,” their utility in predicting postoperative
VTE is lost after the administration of fondaparinux or edox-
aban.®® FRM levels can also be used to diagnose VTE; how-
ever, adequate cut-off values for predicting thrombosis have
not been established. A D-dimer assay is used as an initial
screening test in the emergency department to exclude PE in
Europe and North America.” The purpose of this test, which has
a high negative predictive value (NPV), is to provide a fast and
cost-effective way to triage patients with suspected PE for
imaging tests.”' It was recently reported that mild D-dimer
elevation suggested an increased risk of subclinical and post-
operative VTE.® In addition, elevated D-dimer levels have been
reported to suggest massive bleeding in patients undergoing
major operations.®

Several studies''™"* on coronavirus disease 2019 (COVID-
19) reported that D-dimer elevation might be associated with a
high risk of a poor prognosis. As D-dimer elevation has
attracted attention as a prognostic biomarker for COVID-19
pneumonia'>'* and due to its association with thrombosis, ">
it has also been considered as a high-risk factor in critically ill
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Table I. Subjects.

Age Sex (F: M) D-dimer (mg/L) APTT (seconds) PT-INR  PLT (x10°/L) CRP WBC (x10%L) Death
IFN 78.0 45:45 3.6%F 32.0% 1.09#** 21.1 9.7°%%% 10500+ 10
(63.0-83.0) (1.4-8.9) (28.5-36.0) (1.03-1.19)  (15.6-28.9) (3.3-17.0)  (7600-14700) (I1.1%)
CT 73.0 17:32 |.2%% 29.0 0.97 20.7 0.18 8000 3
(64.0-84.0) (0.5-2.1) (27.0-33.0) (0.92-1.01)  (17.8-36.0)  (0.06-0.56)  (6225-9375) (6%)
HF 80 11:21 3.6%% 31.0 .09k 18.3 0.54%%¢ 7400 2
(75.5-90.0) (1.3-8.0) (28.3-34.8) (0.99-1.07)  (15.0-29.4)  (0.19-2.49)  (5050-33325) (6%)
DD 68.5 8:18 |.6HFk 28.0* 0.98 243 0.29* 10100%* |
(54.0-83.0) (0.5-3.6) (25.0-30.0) (0.93-1.60)  (19.6-27.9)  (0.10-0.98)  (6700-12700) (4%)
HD 70.0 13:13 1.0* 30.5 1.02* 13,775 0.17 5000%* 0
(51.0-83.0) (0.5-2.4) (27.0-34.0) (0.94-1.07)  (5.5-19.1) (0.02-2.86)  (3800-7900) (0%)
HS 72.0 12:10 I.10% 29.0 0.97 242 0.33 7650 I
(42.0-88.0) (0.5-2.7) (27.0-31.3) (0.94-1.29)  (20.6-28.1)  (0.05-1.13)  (6100-10200) (5%)
Trauma 69.0 11:10 83w 28.0 0.96 24.0 0.44+* 10100* 2
(44.3-81.5) (3.6-41.8) (26.0-34.3) (0.92-1.07)  (16.1-32.0)  (0.15-1.22)  (6900-11525)  (10%)
AA 74.0 9:10 5.3 29.5 1.06%%* 19.2 0.29%* 8100 |
(54.5-78.8) (2.9-14.4) (26.9-40.0) (1.00-1.30)  (17.1-23.1) ~ (0.14-2.02)  (5200-9475) (5%)
sC 71.0 10:7 4.3k 31.0 1.09%* 20.9 2.56%%¢ 9100* 5
(51.8-78.0) (2.7-34.8) (27.3-37.8) (0.95-1.38)  (13.5-28.5)  (0.30-7.68)  (8350-11250)  (29%)
B 73.0 é:11 | .6Hk 27.0 0.99 22.9 0.18 9100 5
(51.8-82.5) (0.6-3.8) (25.0-33.5) (0.94-1.04)  (19.9-28.5)  (0.08-0.74)  (5800-16650)  (29%)
AMI 76.0 7:8 I.1* 320 1.03 19.1 0.65* 8300 |
(67.0-90.0) (0.5-2.7) (29.0-38.0) (0.94-1.18)  (14.0-24.9)  (0.08-1.51)  (5625-9875) (7%)
CPA 83.0 411 36.8%F* 58.0%%* | 49%%* 9.6%%F 0.59%* 10200* 14
(74.5-87.8) (11.0-74.7) (42.8-81.8) (1.24-1.65)  (6.7-15.0) (0.30-3.3)  (7000-14875)  (93%)
VTE 62.0 47 I W koo 34.0% |.05%* 232 0.90* 6400 0
(56.3-70.3) (0.9-15.8) (31.3-37.0) (0.98-1.12)  (19.2-26.4)  (0.07-6.01))  (6200-7925) (0%)
Others 66.0 34:41 |.6¥k 28.5 0.97 224 0.29* 8300 3
(38.3-81.0) (0.6-3.7) (27.0-31.0) (0.94-1.04)  (18.5-29.2)  (0.07-1.13)  (5475-10750) (4%)
NSUD 61.0 20:17 0.5 29.0 0.96 25.8 0.09 7000 0
(47.5-74.0) (0.5-1.1) (28.0-32.0) (0.94-1.00)  (20.3-29.0)  (0.04-0.32)  (6000-9225) (0%)

NSUD, no severe underlying disease; INF, infection; CT, cerebral thrombosis; HF, heart failure; DD, digestive disease; HD, hematological disease; HS; heat stroke;
AA, aortic aneurysm; SC, solid cancer; IB, intracranial bleeding; CPA, cardiopulmonary arrest.
¥ p < 0.001 in comparison with NSUD; **, p < 0.0l in comparison with NSUD; *, p < 0.05 in comparison with NSUD.

patients. Critically ill disease includes infectious disease,
trauma, heart failure, thrombotic disease such as cerebral
thrombosis, acute myocardial infarction (AMI), venous throm-
boembolism (VTE), intracranial bleeding, and other condi-
tions. The behavior of D-dimer levels in the above diseases is
interesting and predictive of the outcome.

In this study, plasma D-dimer levels were examined in cri-
tically ill patients with various diseases and the relationship
between D-dimer levels and the outcomes of critically ill
patients was investigated.

Material and Methods

The study population included patients with the following con-
ditions who were managed at Mie Prefectural General Medical
Center; no severe underlying disease (NSUD), n = 37; infec-
tious disease, n = 90; cerebral thrombosis, n = 49; heart fail-
ure, n = 33; digestive disease, n = 26; hematological disease,
n = 26; heat stroke, n = 22; trauma, n = 21; aortic aneurysm,
n 19; solid cancer, n = 17; intracranial bleeding, n = 17;
AMI, n = 15; cardiopulmonary arrest (CPA), n = 15; VTE,

n = 11; other diseases, n = 75 (Table 1). Cerebral thrombosis,
AMI and VTE were considered thrombotic diseases.

The plasma D-dimer, fibrinogen and c-reactive protein
(CRP) levels, activated partial thromboplastin time (APTT),
prothrombin time (PT)-international normalized ratio (INR),
white blood cell (WBC) count, hemoglobin (Hb) and platelet
count were measured in 470 critically ill patients, when they
were admitted to the intensive-care unit or when outpatients
first arrived at our hospital. The D-dimer and fibrinogen levels
and APTT and PT-INR were measured using an automatic
coagulation analyzer (CS-5100, Sysmex, Kobe, Japan) using
LIASAUTO D-dimer Neo, Thrombocheck Fib (L) and Throm-
bocheck APTT-SLA T (Sysmex), and Thromborel S (Siemens
Healthcare Diagnostics Products GmbH, Malvern, USA).

The normal median (25th-75th percentile) value and nega-
tive predictive values for DVT of D-dimer were 0.30 pg/ml
(0.10-0.50 pg/ml) and 1.2 pg/ml, respectively.'®

The WBC count, Hb level and platelet count were measured
by a full automatic blood cell analyzer XN-3000 (Sysmex) and
CRP was measured using a Hitachi Labospect 006 (Hitachi,
Tokyo, Japan) using a CRP-Latex X2-Seiken (DenkaSeiken
Co, Niigata, Japan). The DIC score was determined using the
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scoring system established by the Japanese Ministry of Health,
Labor and Welfare (JMHLW).?

The study protocol (2019-K9) was approved by the Human
Ethics Review Committee of Mie Prefectural General Medical
Center, and informed consent was obtained from each partici-
pant. This study was carried out in accordance with the prin-
ciples of the Declaration of Helsinki.

Statistical Analyses

The data are expressed as the median (25th-75th percentiles).
The significance of differences between groups was examined
using the Mann-Whitney U test. P values of <0.05 were con-
sidered to indicate a statistically significance. All of the statis-
tical analyses were performed using the Stat-Flex software
program (version 6; Artec Co Ltd, Osaka, Japan). The cut-off
values were examined by a receiver operating characteristic
(ROC) analysis.

Results

The plasma D-dimer levels in patients with the following con-
ditions were significantly higher than those in patients with
NSUD: infectious disease (p < 0.001), thrombotic disease
(p < 0.001), heart failure (p < 0.001), digestive disease
(p < 0.001), hematological disease (p < 0.05), heat shock
(p < 0.05), trauma (p < 0.001), aortic aneurysm (p < 0.001),
solid cancer (p < 0.001), intracranial bleeding (p <0.001), CPA
(p < 0.001) and other diseases (p < 0.001) (Figure 1 and
Table 1). Among patients with thrombotic disease, the plasma
D-dimer levels in the patients with the following conditions
were significantly higher than those in patients with NSUD:
VTE (p < 0.001), cerebral thrombosis (p < 0.01) and AMI
(P <0.05) (Figure 2). The APTTs in patients with the following
conditions were significantly longer in comparison to those
with NSUD: CPA (p < 0.001), infectious disease (p < 0.05)
and VTE (p <0.05) (Table 1). The PT-INRs in patients with the
following conditions were significantly higher in comparison
to those with NSUD: infectious disease (p < 0.001), heart fail-
ure (p < 0.001), aortic aneurysm (p < 0.001), CPA (p <0.001),
VTE (p < 0.001), solid cancer (p < 0.01) and hematological
disease (p < 0.05). The Platelet counts in patients with hema-
tological disease (p < 0.001) and those with CPA (p < 0.001)
were significantly lower in comparison to those with NSUD.
The CRP levels in patients with the following conditions were
significantly higher than those in patients with NSUD: infec-
tious disease (p < 0.001), heart failure (p < 0.001), solid cancer
(p < 0.001), trauma (p < 0.01), aortic aneurysm (p < 0.01),
CPA (p < 0.01), digestive disease (p < 0.05), AMI (p < 0.05),
VTE (p < 0.05) and others (p < 0.05). The WBC counts in
patients with the following conditions were significantly
higher than those in patients with NSUD: infectious disease
(p < 0.001), digestive disease (p < 0.01), trauma (p < 0.05),
solid cancer (p < 0.05) and CPA (p < 0.05). In contrast WBC
counts in the patients with hematological disease and signifi-
cantly lower in comparison to those with NSUD (p < 0.01).
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Figure 1. Plasma D-dimer levels in various underlying diseases.
NSUD, no severe underlying disease; INF, infection; TH, thrombotic
disease; HF, heart failure; DD, digestive disease; HD, hematological
disease; Hs, heat stroke; AA, aortic aneurysm; SC, solid cancer; IB,
Intracranial bleeding; CPA, cardiopulmonary arrest. ** p < 0.001 in
comparison to NSUD; * p < 0.05 in comparison to NSUD.
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Figure 2. Plasma D-dimer levels in various underlying diseases.
NSUD, no severe underlying disease; CT, cerebral thrombosis; AMI,
acute myocardial infarction; VTE, venous thromboembolism; TH,
thrombotic disease. ***, p < 0.001 in comparison to NSUD; **,

p < 0.0l in comparison to NSUD; *, p < 0.05 in comparison to NSUD.

Age (p <0.001), PT-INR (p < 0.001), WBC (p <0.01), and
the DIC score were significantly higher in non-survivors than
survivors. In non-survivors, the APTT (p < 0.001) was signif-
icantly longer, the D-dimer (p < 0.001) and CRP (p < 0.01)
levels were significantly higher, and the Hb levels (p < 0.01)
and platelet counts (p < 0.001) were significantly lower in
comparison to survivors (Table 2).

In a ROC analysis of non-survivors versus survivors, the
highest area under the curve (AUC) value was 0.903 in DIC
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Table 2. Hemostatic Markers in Survivors and Non-Survivors.

Survivors Non-survivors

Age (years) 71.0 (51.0-83.0) 79.0 (73.0-84.3) P < 0.001
Sex 193: 228 17: 32

APTT (sec) 30.0 (27.0-34.0) 36.0 (29.0-54.5) P < 0.001
PT-INR 1.00 (0.95-1.09) 1.19 (1.07-1.61) P < 0.001
Fibrinogen (g/L) 3 (2.48-3.73) 2.83 (1.85-3.57) Not significant
D-dimer (mg/L) 1.6 (0.6-4.7) 17.0 (4.20-39.6) P < 0.001
CRP 0.44 (0.09-3.54) 1.62 (0.29-8.86) P < 0.0l
White blood cell count (x I08/L) 83 (60-112) 97 (69-148) P < 0.05
Hemoglobin (g/L) 125 (111-143) 111 (968-136) P < 0.0l
Platelet count (x I09/L) 218 (171-283) 178 (99-230) P < 0.001
DIC score 1.0 (0.0-2.0) 5.0 (2.0-7.0) P < 0.001

Table 3. The Receiver Operating Characteristics Analysis of Several
Markers for Predicting a Poor Outcomes in Ciritically ill Patients.

Odds
Cutoff value AUC Sensitivity ratio
Age 77.0 years  0.661  0.630 2.926
APTT 31.2 seconds 0.685  0.646 3.238
PT-INR 1.08 0.749  0.721 6.651
Fibrinogen 2.77g/L 0.587  0.556 1.549
D-dimer 4.2 mg/L 0.803 0.729 7.369
CRP 0.909 0.623  0.604 2.342
White blood cell 90 x 10%L 0.606 0.583 2.162
count

Hemoglobin 121 0.625 0.608 2431
Platelet count 201 x 10°/L 0.671  0.590 2.082
DIC score 3 points 0.903  0.800 13.45

The cut-off points was set as the points at which the sensitivity and specificity
curves crossed according to a receiver operating characteristics analysis.
APTT, activated partial thromboplastin time; PT, prothrombin time; CRP,
C-reactive protein; DIC, disseminated intravascular coagulation; AUC, area
under the curve.

score, 0.803 in D-dimer and 0.749 in PT-INR. The sensitivity
and odds ratio were also high for the JMHLW DIC score,
D-dimer, and PT-INR (Table 3). The sensitivity and odds
ratio were low for the platelet count and fibrinogen levels.
The following cut-off value were considered adequate:
JMHLW DIC score, 3 points; and D-dimer, 4.2 mg/L according
to the ROC analysis (Figure 3). The distribution of plasma
D-dimer levels between survivors and non-survivors is
shown in Figure 4. These data showed little overlap with
D-dimer > 4.2pg/ml between survivors and non-survivors.

Discussion

The plasma D-dimer levels in patients with NSUD were 0.5
(0.5-1.1) (mg/L) and not markedly increased; thus, these values
could be used as a control for the comparison of patients with
various underlying diseases or conditions. The plasma D-dimer
levels were significantly high in patients with the following
conditions: infection and thrombotic disease, trauma, aortic
aneurysm, heart failure and CPA. Infection, trauma, aortic
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Figure 3. The receiver operating characteristics analysis of the DIC
score (A) and D-dimer levels (B) for predicting the outcomes in cri-
tically ill patients. DIC, disseminated intravascular coagulation; AUC,
area under the curve. The cut-off point was set as the point at which
the sensitivity and specificity curves crossed according to a receiver
operating characteristics analysis. The DIC score was determined
using the scoring system established by the Japanese Ministry Health
Labor and Welfare.
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Figure 4. Distribution of plasma D-dimer levels between survivors
(A) and non-survivors (B).

aneurysm and CPA were frequently associated with DIC'”'%;
elevated D-dimer levels were previously reported to be associ-
ated with these diseases.'”?° Heart failure is not usually asso-
ciated with DIC; however, elevated D-dimer levels were
observed in patients with heart failure in the present study and
in previous studies.”' The mechanism of D-dimer elevation in
patients with heart failure was reported to involve hemostatic
abnormality and to predict a poor outcome. In this study, there
were many trauma patients without organ failure who only had
simple bone fracture. These findings suggest that D-dimer ele-
vation might be caused by bone fracture. Although D-dimer
elevation has been reported in patients who received major
orthopedic surgery,®® elevated D-dimer levels may not only
be caused by hemostasis and thrombosis due to surgery, but
D-dimer may also be released from operated bone. Thus, the
evaluation of D-dimer elevation for the diagnosis of DIC or
venous thrombosis may be difficult for patients with heart fail-
ure or bone fracture.

Although the D-dimer levels were high in patients with
thrombotic diseases, these levels were not high in patients with
AMI and varied in the patients with cerebral infarction. As
most AMI*? caused by the rupture of atheromatous plaques
due to activation of platelets or spasm, plasma D-dimer levels
were not markedly increased in the patients with AMI. As

cerebral thrombosis is caused by several mechanisms, includ-
ing the rupture of atheromatous plaques, thrombophilia or
embolism from the heart, the D-dimer levels varied among
patients with cerebral thrombosis, suggesting that the detection
of elevated D-dimer levels may be useful for the adaptation of
anticoagulant therapy in some patients with cerebral
thrombosis.

D-dimer elevation was not included in the scoring system to
diagnose sepsis-induced coagulopathy.?**** However, in this
study, the D-dimer levels were significantly higher in patients
with infectious diseases. The DIC score showed the strongest
relationship with the outcome, followed by the D-dimer level.
As FRMs including the D-dimer level, are the most important
markers in the scoring of DIC, critically ill patients who
demonstrated elevated D-dimer levels may therefore have a
poor outcome due to the association of DIC.

In conclusion, D-dimer is increased in various underlying
diseases, and elevated D-dimer levels predicts a poor outcome
in critically ill patients.
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