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Abstract

Introduction: The prognostic value of D-dimer (DD) in sepsis remains controversial. This study aimed to investigate the performance of DD for pre-
dicting sepsis mortality in the hospital and for identifying its potential correlates.

Materials and methods: The clinical and laboratory data of adult sepsis patients were extracted from the Medical Information Mart for Intensive
Care Il (MIMICIII, v1.4) database using the structured query language (SQL). The database contains critical illness admitted to the intensive care unit
at Beth Israel Deaconess Medical Center between June 2001 and October 2012. The association between DD and mortality was investigated with
receiver operating characteristic (ROC) curve, restricted cubic spline and logistic regression analysis. Subgroup analysis was also used for identifying
DD correlates.

Results: The study population consisted of 358 sepsis patients. Those who died during hospital stay (N = 160) had significantly higher DD values
than those who survived (N = 198). The area under the ROC curve (AUC) of DD was 0.59 (P < 0.010). In subgroup analysis, white blood cell (WBC)
count > 18 x10%/L and vasopressor therapy significantly decreased DD diagnostic performance. Categorical DD value was independently associated
with hospital mortality after sequential organ failure score (SOFA) and blood lactate adjustment. Restricted cubic spline analysis revealed a U-shape
relationship between DD and in-hospital mortality.

Discussion: We conclude that the accuracy of DD for predicting in-hospital sepsis mortality depends on WBC count and vasopressor therapy. Both

low and extremely elevated DD values are associated with higher risk of death.
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Introduction

Sepsis is @ major cause of morbidity and mortality
in patients admitted to the intensive care unit
(ICU). According to the Third International Consen-
sus Definitions for Sepsis and Septic Shock (Sep-
sis-3) definition, sepsis is now considered as a “life-
threatening organ or system dysfunction, caused
by a dysregulated host response to infection” (1).
Among all types of biological dysregulations, hae-
mostasis derangement is very frequent in septic
patients (2). Disseminated intravascular coagula-
tion (DIC) is a form of systemic blood clotting,
mostly characterized by widespread activation of
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both platelets and coagulation cascade, leading to
massive thrombin generation, eventually evolving
towards diffuse thrombosis and multiple organ
failure (MOF) (3). Recent evidence suggests that
the prevalence of acute DIC in patients with sepsis
may be comprised between 25-50%, and its onset
enormously magnifies the risk of death (4-7).

Unlike fibrin/fibrinogen degradation products
(FDP), D-dimer (DD) is a specific degradation prod-
uct of stabilized fibrin (8). Therefore, the presence
of increased value of this biomarker reflects both
thrombin generation, as well as fibrinolytic degra-
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dation. Several studies have addressed the poten-
tial prognostic value of DD in sepsis over the past
decades, providing quite inconsistent or even con-
troversial evidence. Although increased DD values
have been associated with worse clinical out-
comes in some studies, others failed to confirm
such findings, revealing that the prognostic value
of DD may be modest or poor in sepsis patients (9-
14). Notably, a recent study has also demonstrated
that sepsis patients with DD values within the nor-
mal reference range had a nearly 4-fold higher risk
of dying than those with DD concentration mod-
estly or markedly increased (15). Since confirmato-
ry evidence would be needed to define the puta-
tive prognostic significance of measuring DD in
patients with sepsis, as well as its potential clinical
and laboratory correlates in this setting, we per-
formed a retrospective study aimed to address the
diagnostic performance of this biomarker in pre-
dicting in-hospital sepsis mortality.

Materials and methods

Study design

This retrospective study was based on an analysis
of the Medical Information Mart for Intensive Care
I (MIMIC 1ll, v1.4) database. The structured query
language (SQL) was used to extract data from
MIMIC I, which is a freely accessible clinical data-
base, encompassing a total number of 46,520 pa-
tients and 58,976 ICU admissions (16,17). All pa-
tients were admitted to the ICU at Beth Israel Dea-
coness Medical Center between June 2001 and
October 2012. The database has been originally
developed by the Massachusetts Institute of Tech-
nology (MIT), and all included patients have been
de-identified to preserve their privacy. After hav-
ing passed a mandatory examination on the web-
site of the National Institutes Health (NIH), an au-
thor of this manuscript was allowed to obtain data
from MIMIC Il for research purposes. Informed
consent is inherently waived due to data availabil-
ity in form of the public database.
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Study population

The inclusion criteria of this study were as follows:
(i) age > 18 years, (ii) definitive diagnosis of sepsis
based on the International Classification of Diseas-
es (ICD 9) code 995.92 (sepsis) and 785.52 (septic
shock), which are currently recommended by the
Sepsis-3, and (iii) at least one DD value measured
within 24 hours after ICU admission (in patients
with many sequential DD values available, the first
one measured at ICU admission was selected). The
plasma DD was assayed using HemosIL D-Dimer
HS 500 kit on the Instrumentation Laboratory ACL
TOP automated analyzer (Instrumentation Labora-
tory, Lexington, USA).

The following additional information was then ex-
tracted from the database: demographic charac-
teristics, results of laboratory testing and blood
gas analysis, severity scores, treatment modalities,
comorbidity, length of stay in the ICU, and out-
come (i.e., in-hospital death). All laboratory tests,
except DD, were collected in the first 24 hours of
patient admission. The sequential organ failure
score (SOFA) and simplified acute physiology score
(SAPSII) scores were calculated as previously de-
scribed (18,19).

Statistical analysis

The Kolmogorov-Smirnov test was used to verify
the normal distribution of continuous data. Nor-
mal distributed continuous variables were ex-
pressed as mean and standard deviation (SD), and
comparisons were made using Student’s t test.
Skewed data were instead expressed as median
(and interquartile range; IQR) and comparisons
were made using the Mann-Whitney U test. Cate-
gorical data comparison was performed with the
Chi-square test. The diagnostic accuracy of DD val-
ue for predicting in-hospital mortality was ana-
lysed with receiver operating characteristic (ROC)
curve analysis, by calculation of the area under the
curve (AUC) and its 95% confidence interval (95%
Cl), and with multivariate logistic regression mod-
els. A restricted cubic spline was used to analyse
the relationship between DD and in-hospital mor-
tality. All analyses were performed with R (version
3.5.0) and statistical significance was set at P<0.05.
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Results
Characteristics of the study population

The flowchart illustrating the population study se-
lection is shown in Figure 1. A total of 358 patients
could be included in this study, and their clinical
and laboratory characteristics are summarized in
Table 1. A 160/358 patients (44.7%) died during
hospitalization. Patients who died had significant-
ly lower values of white blood cell (WBC) count,
haemoglobin, platelets, and albumin. The values
of bilirubin, blood lactate, activated partial throm-
boplastin time (APTT), prothrombin time (PT), in-
ternational normalized ratio (INR), SOFA, and SAP-
Sl scores were also found to be significantly high-
er in patients who died. A larger prevalence of liver
disease and coagulopathy could also be observed
in patients who died, whilst the rate of patients
who received renal replacement therapy (RRT),
mechanical ventilation, and vasopressor therapy
was also higher in patients who died.

Performance of DD for predicting in-hospital
mortality

D-dimer values were found to be significantly
higher in patients who died during hospital stay
than in those who survived (Figure 2A). The ROC
curve analysis, performed for evaluating the accu-
racy of DD values for predicting in-hospital mor-
tality is shown in Figure 2B. The AUC of DD was
0.59 (95% Cl, 0.53-0.65; P < 0.010). The diagnostic
accuracy of DD for predicting in-hospital mortality

All patients in MIMIC Il v1.4
N = 46,520

ICD 9 code =995.92 or 785.52
N = 4085

was also studied in some subgroups of patients,
clustered according to their clinical characteristics,
as shown in Figure 3. The AUC of DD in patients
without vasopressor therapy was significantly
higher than that in those undergoing treatment
with these agents (0.75 vs. 0.55; P = 0.013). The pre-
dictive accuracy of DD was also higher in patients
with WBC < 18 x10%/L than in those with WBC > 18
x10%/L (0.65 vs. 0.51; P = 0.022).

Since a previous study reported that sepsis patients
with normal DD concentration had worse outcome
than those with increased values, we further com-
pared in-hospital mortality between patients with
normal (ie., < 500 pg/L), increased (ie., between
500 and 4000 pg/L) and extremely high (i.e., > 4000
pg/L) DD values (15). The corresponding mortality
rates in patients with normal, increased and ex-
tremely increased DD values were 0.60 (9/15), 37.3%
(60/161) and 50.0% (91/182), exhibiting a statistical
significance for trend (P = 0.029 by Chi-square test).
Notably, the risk of death was also higher in patients
with markedly increased DD values (ie., > 4000
pg/L) than in those with modestly elevated concen-
trations (i.e., 500-4000 ug/L, odds ratio (OD): 1.68;
95% Cl: 1.09-2.59; P = 0.020).

In addition, we used the restricted cubic spline
method to portray the relationship between DD
and in-hospital mortality risk. As shown in Figure
4, a clear U-shape relationship could be observed
between DD and the risk of in-hospital death. The

Excluded: N = 3727
- Aged < 18 years.

Study cohort
N =358

« Without D-dimer value.
« Readmission.

Ficugre 1. Flowchart of subjects’ selection. MIMIC Ill - Medical Information Mart for Intensive Care Ill. ICD 9 - International Classifica-

tion of Diseases.
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TasLE 1. Summary of the cohort

Total

Alive

Dead

Variables N =358 N=198 N =160 P
Age, years 64 (52-78) 64 (49-78) 64 (54-76) NS
Male, N (%) 196 (55) 100 (51) 96 (60) NS
White, N (%) 244 (68) 133 (67) 111 (69) NS
Emergency, N (%) 346 (97) 191 (96) 155 (97) NS
WBC, x10%/L 16.0 (8.6-24.0) 17.7 (11.2-26.1) 13.5 (5.8-21.1) <0.001
Haemoglobin, g/L 113 (101-127) 116 (105-131) 110 (98-123) 0.002
Platelet, x10%/L 160 (88-254) 182 (122-268) 128 (70-225) < 0.001
Albumin, g/L 28 (23-31) 28 (24-32) 27 (23-31) 0.049
Bilirubin, umol/L 22 (9-56) 15 (9-43) 33 (14-75) < 0.001
Creatinine, pmol/L 159 (106-248) 159 (97-265) 168 (115-239) NS
Lactate, mmol/L 39(2.2-6.7) 3.3(2.0-5.0) 5.2 (2.8-8.7) < 0.001
APTT. s (35.‘5:8.4) (33.46(3.5?8.4) (39?-;)4.0) <0.001
INR 1.9 (1.5-3.1) 1.7 (1.4-2.3) 2.3(1.7-3.7) <0.001
P, s (16.11?.205.2) (15.167-.231.3) (17.22?3?).3) <0.001
DD, pg/L 4098 (1683-7828) 3393 (1501-6835) 4580 (2039-8311) 0.006
SOFA 9(7-12) 8 (5-11) 11 (8-13) < 0.001
SAPSII 51.44 £ 16.85 45.28 £15.45 59.07 £ 15.35 <0.001
CHF, N (%) 135(38) 72 (36) 63 (39) NS
Cardiac arrhythmias, N (%) 139 (39) 79 (40) 60 (38) NS
Hypertension, N (%) 153 (43) 84 (42) 69 (43) NS
Chronic pulmonary, N (%) 63 (18) 35 (18) 28 (18) NS
Renal failure, N (%) 71 (20) 37 (19) 34 (21) NS
Liver disease, N (%) 110 (31) 40 (20) 70 (44) <0.001
Coagulopathy, N (%) 198 (55) 99 (50) 99 (62) 0.032
SO2, % 95 (91-98) 94 (91-97) 95 (93-98) NS
SPO2, % 98 (95-100) 98 (95-100) 98 (95-99) NS
PCO2, kPa 4.8 (4.0-6.0) 4.8 (4.1-5.9) 4.9 (3.6-6.1) NS
RRT, N (%) 40 (11) 12 (6) 28 (18) 0.001
Vasopressors, N (%) 293 (82) 149 (75) 144 (90) <0.001
Ventilation, N (%) 249 (70) 116 (59) 133 (83) <0.001
Days of ICU, days 4 (2-9) 5(3-9) 3(1-8) <0.001
Days of hospital, days 9 (5-16) 10 (7-18) 5(2-12) < 0.001
Severe sepsis, N (%) 328(92) 184 (93) 144 (90) NS
Septic shock, N (%) 259 (72) 144 (73) 115 (72) NS

Data with normal distribution were expressed as mean and standard deviation and compared by Student’s t test. Skewed data were
expressed as median (interquartile range) and compared by Mann-Whitney U test. Categorical data were expressed as absolute
number (percentage) and compared by Chi-square test. WBC — white blood cell. APTT - activated partial thromboplastin time. PT
- prothrombin time. INR - international normalized ratio. DD — D-dimer. SOFA - sequential organ failure score. SAPSII — simplified
acute physiology score. CHF — congestive heart failure. SO2 - oxygen saturation. SPO2 - pulse oximetry. PCO2 - partial pressure of
carbon dioxide. RRT - renal replacement therapy. ICU - intensive care unit. NS - non-significant.
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FiGure 2. D-dimer predicts hospital mortality. A) Patients without hospital mortality had lower DD than those with hospital mortal-
ity. B) Receiver operating characteristic curve of DD for hospital mortality. DD - D-dimer.

DD concentration with the lowest risk of in-hospi-
tal mortality was found to be approximately 2700

pg/L.

Multivariate analysis

The results of logistic regression models carried
out for evaluating the diagnostic accuracy of DD
values in predicting in-hospital mortality are sum-
marized in Table 2. Since some laboratory tests, es-
pecially platelet count and bilirubin, are included
in the SOFA score, multiple adjustments were only
carried out for SOFA and natural logarithm trans-
formed lactate in our multivariate analysis. Accord-
ing to this analysis, natural logarithm transformed
DD value was associated with in-hospital mortality
in univariate statistics, whilst such association was
lost in multivariate analysis. Next, we transformed
DD as a categorical variable (i.e., < 500 ug/L, 500-
4000 ug/L and > 4000 ug/L) (15). To facilitate re-
sults presentation, we set DD values 500-4000
ug/L as a reference. As shown in Table 2, the ODs
of high DD (> 4000 ug/L) and low DD (< 500 pg/L)
were larger than 1, suggesting that both increased
and decreased DD would be associated with a
higher risk of in-hospital mortality.

https://doi.org/10.11613/BM.2021.020709

Discussion

The identification of prognostic factors remains
crucial in the management of sepsis, whereby
treatment selection is currently considered the
largest variable influencing patient outcomes.
Some interesting findings have emerged from this
study. First, we observed a U-shape relationship
between DD values and in-hospital mortality in
sepsis patients. The prognostic value of DD was
found to be independent from the SOFA score, a
widely used tool for predicting the outcome of
sepsis. We then observed that the diagnostic accu-
racy of DD for predicting in-hospital sepsis mortal-
ity is largely dependent on WBC count and vaso-
pressor therapy, whereby the prognostic value of
this biomarker was higher in patients who did not
receive vasopressors and with WBC count < 18 x
10%/L. The results of this study hence seemingly
suggest that more intensive treatment strategies
would be necessary for patients with non-diag-
nostic (i.e., lower than the cut-off) or extremely el-
evated DD values. The most important conclusion
emerging from this finding is that diagnosing DIC
in sepsis patients using the criteria established by
the International Society on Thrombosis and He-
mostasis (ISTH) may be misleading, as suggested

Biochem Med (Zagreb) 2021,31(2):020709
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Variable N Alive Died AUC (95%Cl) P value
All 358 198 160 0.59 (0.53 -0.65) —a—
Male 196 100 96 0.63(0.55-0.70) —_— . 0.136
Female 162 98 64 053(044-0.63) «—B——
Age <= 65 years 183 100 83 0.62(0.54-0.71) —_— 0.162
Age > 65 years 175 98 77 0.54(045-0.63) ——— @& —
White 244 133 111 0.58 (0.51 - 0.65) —a— 0.706
Others 114 65 49 0.60(0.50-0.71) =
CHF (+) 135 72 63 0.59 (0.50 - 0.69) & 0.872
CHF (-) 223 126 97 0.58(0.51-0.66) —_—a—
Liver disease (+) 110 40 70 0.60(0.49-0.71) = 0.472
Liver disease (-) 248 158 90 0.55(0.48-0.63) —_—
Renal failure (+) 71 37 34 0.51(0.37 - 0.64) = 0.181
Renal failure (-) 287 161 126 0.61(0.54 —0.68) —_——
Arrhythmias (+) 139 79 60 0.53(0.44 -0.63) 0.179
Arrhythmias (-) 219 119 100 0.62(0.54 - 0.69) —_—
Coagulopathy (+) 198 99 99 0.60(0.52-0.68) —_— s 0.515
Coagulopathy (-) 160 99 61 0.56 (0.47 — 0.65) =
Ventilation (+) 249 116 133 0.56 (0.49 - 0.63) —_—a— 0.183
Ventilation (-) 109 82 27 0.65(0.54 -0.77) =
RRT (+) 40 12 28 0.54 (0.34-0.75) L 0.726
RRT (-) 318 186 132 0.58 (0.52 - 0.65) —_—
Vasopressors (+) 293 149 144 0.55(0.48-0.62) —_ 0.013
Vasopressors (-) 65 49 16 0.75(0.61-0.88) |
ED admission 346 191 155 0.59 (0.53 - 0.65) —a— 0.830
Others 12 7 5 0.63(0.28-0.98) =
SOFA <=9 190 134 56 0.59(0.50-0.68) — 0.452
SOFA>9 168 64 104 0.54 (0.45-0.63)
SAPSII <= 51 184 132 52 0.61(0.52-0.71) 0.386
SAPSII > 51 174 66 108 0.56 (0.47-0.65) ———@——
INR <=1.9 195 133 62 053(044-062) «—B#—— 0.082
INR >1.9 160 64 96 0.64 (0.55-0.72) _
PT<=19s 181 122 59 0.56(047-064) ——W—— 0.438
PT>19s 174 75 99 0.60(0.52-0.69) —_—
APTT <=45s 177 119 58 0.57 (0.48 - 0.66) L 0.785
APTT >45s 178 78 100 0.59 (0.51-0.68) —_—
WBC <= 18 x 109/L 207 103 104 0.65(0.58-0.73) —_— . 0.022
WBC > 18 x 109/L 150 95 55 0.51(0.41-0.60) «—@#—
Platelet <= 160 x 10%9/L 179 83 96 0.59 (0.50 - 0.67) —_— 0.661
Platelet > 160 x 109L 179 115 64 0.56 (0.47 — 0.65) —_—
Lactate <= 3.9 mmol/L 174 117 57 0.57 (0.47 - 0.66) 0.804
Lactate > 3.9 mmol/L 172 75 97 055(046-0.64) ——— B——
Severe sepsis 328 184 144 0.59 (0.53-0.65) — e 0.450
Non-severe sepsis 30 14 16 0.51(0.29-0.72) &
Septic shock 259 144 115 0.61(0.54-0.68) —_—— 0.443
Non-septic shock 99 54 45 0.56 (0.44 - 0.67) L
S02 <= 95% 35 20 15 0.66 (0.46 — 0.86) L 0.545
SO2 > 95% 27 14 13 0.57 (0.33-0.80)
SPO2 <= 98% 93 54 39 0.53(0.41-0.65) = 0.273
SPO2 > 98% 51 32 19 0.64 (0.48 -0.80)
SPCO2<=36 mmHg 156 82 74 0.57 (0.48 - 0.66) i 0.767
SPCO2 > 36 mmHg 154 79 75 0.59 (0.50 - 0.68)
[ T T T T T T T T T T T 1
045 05 055 06 065 07 0.75

Area under curve

FiGuRre 3. Forest plot display the area under curve of DD for hospital mortality. CHF — congestive heart failure. RRT - renal replace-
ment therapy. ED — Emergency Department. SOFA - sequential organ failure score. SAPSII — simplified acute physiology score. INR
- international normalized ratio. PT - prothrombin time. APTT - activated partial thromboplastin time. WBC — white blood cell. SO2

- oxygen saturation. SPO2 - pulse oximetry. PCO2 - partial pressure of carbon dioxide.
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FIGURE 4. Restricted cubic spline reveals a U-shape relationship between DD and in-hospital mortality. OD - odds ratio. SOFA - se-

quential organ failure score.

TABLE 2. Prognostic value of DD with logistic regression models

Univariate Multivariate
OR (95% CI) OR (95% CI) P
Ln (DD) 1.34 (1.09-1.66) 0.010 1.00 (0.79-1.29) NS
<500 ug/L 2.53(0.87-7.86) NS 4.87 (1.46-17.23) 0.010
500-4000 pg/L 1 (Reference) NA 1 (Reference) NA
> 4000 pg/L 1.68 (1.10-2.60) 0.020 1.05 (0.64-1.74) NS

OR - odds ratio. Cl — confidence interval. NS - non-significant. NA — not applicable. Factors adjusted in multivariable logistic
regression model are SOFA score and natural logarithm transformed lactate. DD - D-dimer.

by Semeraro and colleagues since we also ob-
served that patients with non-diagnostic DD con-
centration may have up to 80% higher risk of
death compared to those with values exceeding
the diagnostic threshold (15,20). Considering the
retrospective nature of this study, characterized by
modest sample size, future studies with prospec-
tive design and large sample size would be need-
ed to validate our findings as well as those earlier
published by Semeraro et al. (15).

https://doi.org/10.11613/BM.2021.020709

Some hypotheses can also be brought in support
of our findings. For example, the risk of mortality
may be substantially enhanced in patients with
prevalently thrombotic DIC subtypes, where fi-
brinolysis inhibition is exceptionally high, thus lim-
iting thrombus (and fibrin) degradation, increasing
disseminated thrombotic injuries, and ultimately
preventing the increase of DD values in the blood-
stream (15).

Biochem Med (Zagreb) 2021,31(2):020709
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This study has strength compared with previous
investigations. First, the sample size (N = 358) was
higher than that of previous studies which have
also attempted to define the prognostic value of
DD in sepsis. Then, many earlier studies did not
adequately address the potential clinical and labo-
ratory correlates of DD, which can ultimately influ-
ence its prognostic value. Notably, in the subgroup
analysis carried out in our study, WBC count and
vasopressor therapy were found to have an impor-
tant impact in influencing the prognostic value of
DD. The majority of previous studies also hypoth-
esized the existence of a linear relationship be-
tween DD and sepsis mortality, whereby DD have
been frequently associated with worse outcome.
Nevertheless, in our additional analysis, where pa-
tients were stratified according to their DD values
upon ICU admission as being normal (< 500 pg/L),
modestly increased (500-4000 pg/L) or markedly
elevated (> 4000 pg/L), we found that patients
with very low DD values paradoxically had the
highest overall risk of death, up to 60%.

These original findings can partially explain the
heterogeneous evidence that emerged from pre-
vious studies which have also addressed the prog-
nostic value of DD in sepsis. The vast majority of
these previous investigations compared DD values
in patients who died or survived, and then as-
sessed its prognostic accuracy with ROC curve
analysis (9-14). These two statistical methods
would only be useful for biomarkers displaying a
linear relationship with clinical outcome, since DD
values distribution in cohort studies may have a
remarkable influence on results. Moreover, the
heterogeneous findings reported by previous
studies may also be attributed to a lack of adjust-

Biochem Med (Zagreb) 2021,31(2):020709

ment of final mortality analysis for WBC count and
vasopressor treatment, which were instead impor-
tant determinant of DD predictive accuracy in our
study.

This study has some limitations, the first of which
is the retrospective design. Then, DD value was
unavailable for some sepsis patients within the
first 24 hours upon ICU admission, and these sub-
jects were hence excluded from our study. Finally,
two ICD 9 codes (995.92 and 785.52) were used for
identifying sepsis patients, which are highly spe-
cific, but less sensitive, for sepsis (21).

We could hence conclude that DD value may be
an independent prognostic factor for in-hospital
mortality in sepsis patients, and its prognostic ac-
curacy is influenced by vasopressor therapy and
WBC count. According to our data, a U-shape rela-
tionship can be postulated between DD values
and in-hospital mortality. Both normal (i.e., < 500
pg/L) and extremely elevated (i.e., > 4000 pg/L)
concentrations were associated with higher in-
hospital mortality. Considering that this is a retro-
spective single center study, further prospective,
multicenter studies with a large sample size and a
broader spectrum of sepsis patients would be
needed to validate our findings.
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