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Abstract

Background Growing evidence implicates a pro-thrombotic state, caused by ADAMTS13 deficiency, in sepsis-
associated organ dysfunction, but pediatric data is limited. Our purpose was to evaluate association of ADAMTS13
with prognosis of pediatric sepsis.

Results This was prospective observational study, conducted on 70 children with sepsis and 18 healthy controls.
Patients were classified upon Pediatric Intensive Care Unit (PICU) admission into sepsis, severe sepsis, and septic shock
groups. Serum ADAMTS13 was measured within 24 h of admission. The primary outcome was all-cause PICU mor-
tality. ADAMTS13 was lower among patients than controls [median and interquartile range (IQR): 7.30 (0.88-3.13ng/
mL) vs. 6.00 (5.55-6.50 ng/mL); p < 0.001]. ADAMTS13 was lower in both severe sepsis and septic shock than sepsis
[median (IQR): 0.90 (0.80-1.75 ng/mL); 1.0 ng/ml (0.90-1.20); and 2.80 (1.00-3.85ng/mL), p=0.026 and 0.006 respec-
tively]. ADAMTS13 was lower among non-survivors compared with survivors [median (IQR): 0.9 (0.80-1.18 ng/mL) vs.
2.45(0.98-3.50 ng/mL); p < 0.001]. ADAMTS13 had area under Receiver Operating Characteristic Curve (AUC) of 0.77
for mortality prediction. Lower ADAMTS13 level was associated with mechanical ventilation; vasoactive medications;
acute respiratory distress syndrome; and multiple organ dysfunction syndrome. ADAMTS13 correlated with pediatric
Sequential Organ Failure Assessment (pSOFA) score (r,=-0.46, p < 0.001); vasoactive infusion days ((r,=-0.48, p < 0.001);

thrombospondin type 1 motif, 13

and vasoactive-inotropic score on day1 (r,=-0.43, p<0.001) and day?2 ((r,=-0.41, p<0.001).

Conclusion In pediatric sepsis, lower ADAMTS13 level is a risk factor for organ dysfunction and mortality, lending
theoretical foundations to therapeutic interventions aiming at reversing the pro-thrombotic state in sepsis.
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Background

Pediatric sepsis is a major health problem with signifi-
cant morbidity and mortality even in developed coun-
tries, where invasive infections, sepsis, and septic shock

*Correspondence:

Muhammad Said EI-Mekkawy

mekkawy55@gmail.com; mohamed.elmakawi@med.menofia.edu.eg
! Department of Pediatrics, Faculty of Medicine, Menoufia University,
Menoufia 32511, Egypt

2 Clinical Pathology Department, Faculty of Medicine, Menoufia
University, Menoufia, Egypt

@ Springer Open

account for 26.4% of pediatric deaths in intensive care
units [1].

Sepsis is commonly complicated by organ dysfunction
that may result from coagulation abnormalities. These
range from subtle activation of coagulation that can be
detected only by molecular assays, to more severe acti-
vation of coagulation, with thrombocytopenia and slight
elongation of global clotting assay times. In its most
extreme form, overt disseminated intravascular coagula-
tion (DIC) with widespread thrombosis and hemorrhage
take place [2].
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von Willebrand factor (VWF) plays a major role in this
process. VWF is a large multimeric glycoprotein that
mediates platelet adhesion and aggregation at sites of vas-
cular injury. Upon stimulation, endothelial cells and meg-
akaryocytes release VWEF, which is rich in ultralarge (UL)
multimers that are hyperactive, and capable of form-
ing very strong bonds with platelet glycoprotein recep-
tor complex. The UL multimers are normally cleaved on
the endothelial surface by a VWF-cleaving protease into
smaller and less active forms, preventing their entry into
the circulation and, avoiding development of thrombotic
microangiopathy [3].

This VWEF-cleaving enzyme is designated a disinteg-
rin-like and metalloprotease with thrombospondin type
1 motif, 13 (ADAMTS13). It is released principally by
hepatic stellate cells and endothelial cells [4, 5].

ADAMTS13 gene mutations or autoantibodies to
ADAMTSI3 lead to rise of plasma UL-VWF multimers
levels, with extensive deposition of VWF and platelet-rich
thrombi that cause tissue ischemia and organ dysfunction.
This classic presentation is termed thrombotic thrombo-
cytopenic purpura (T'TP) that is characterized by throm-
bocytopenia, microangiopathic hemolytic anemia, renal
dysfunction, and neurological abnormalities [6].

Furthermore, ADAMTS13 has been implicated in
other clinical conditions, including portal vein thrombo-
sis [7], myocardial infarction [8], and stroke [9].

In sepsis, secondary deficiency of ADAMTTS-13, with
thrombotic microangiopathy, has been reported as well
[10-12]. The mechanisms underlying ADAMTS13 defi-
ciency in sepsis include first massive release of ULVWF
multimers during inflammation leads to ADAMTS13
consumption. Second, cleavage of ADAMTS13 by throm-
bin, plasmin, and neutrophil elastase. Third, inhibition of
ADAMTSI13 synthesis and activity by pro-inflammatory
cytokines like interleukin-6, and interferon-y. Forth, com-
petitive inhibition of ADAMTSI13 binding to VWF by
thrombospondin-1. Fifth, decreased ADAMTS13 produc-
tion by stellate cells due to liver injury in sepsis [2, 13, 14].

Nevertheless, previous pediatric studies were few,
small, and inconclusive in terms of ADAMTS13 associa-
tion with prognosis. We, therefore, conducted the pre-
sent study for further elucidation of the role ADAMTS13
plays in pediatric sepsis.

Methods

Study design and ethical approval

This was a prospective observational study, conducted
from August 2019 to April 2021 in a 10-bed Pediat-
ric Intensive Care Unit (PICU) belonging to Menoufia
University Hospital, Menoufia, Egypt. Menoufia Uni-
versity Faculty of Medicine Research Ethics Committee
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approved the study protocol, and informed consents
were obtained from parents.

Patients and data collection

Patients aged 1 month—16 years with sepsis were eli-
gible for enrollment in the study. Another group of age
and sex-matched healthy children served as controls. The
sample size was calculated based on a previous pediat-
ric study that similarly evaluated ADAMTSI13 in sepsis,
severe sepsis, septic shock, and healthy controls [11]. We
utilized a sample size calculation spreadsheet, assuming a
power of 80%, an alpha error of 5%, and 95% confidence
interval. Exclusion criteria included failure to obtain
blood sample for ADAMTS13 measurement within 24 h
of PICU admission; preexistent bleeding or thrombotic
disorders; anti-platelet or anticoagulant therapy; and
chronic liver disease.

On admission, “sepsis” diagnosis was based on the
international pediatric sepsis consensus conference
guidelines [15], which require two systemic inflam-
matory response syndrome (SIRS) criteria, along with
proven or suspected infection. According to these
guidelines, "severe sepsis” is defined as sepsis associ-
ated with acute respiratory distress syndrome (ARDS),
cardiovascular system dysfunction, or two other organ
system dysfunctions. "Septic shock" is defined as sep-
sis plus cardiovascular organ dysfunction. Accordingly,
septic shock is subtype of severe sepsis. However, for
the purpose of the current study, we considered septic
shock a separate entity.

Pediatric Index of Mortality-2 (PIM2) was calculated
within one hour of PICU admission to predict mortality
[16]. The pediatric Sequential Organ Failure Assessment
(pSOFA) score was used for quantifying organ dysfunc-
tion at the end of the first 24 h [17]. Multiple organ dys-
function syndrome (MODS) was defined as simultaneous
dysfunction of >two organs systems, and was assessed at
the end of 1 and 3™ days.

Vasoactive-inotropic score [18] was calculated at the end of 1%
and 2™ days as follows: [Dopamine dose (ug/kg/min)]+ [Dob-
utamine  (pg/kg/min)]+ [Epinephrine  (pg/kg/min)x 100]+
Norepinephrine(ug/kg/min) x 100] + [Phenylephrine(ug/kg/
min) X 10]+[Vasopressin  (U/kg/min)x10,000] + [Milrinone
(1g/kg/min)x 10].

Septic shock was managed according to American Col-
lege of Critical Care Medicine guidelines [19].

Baseline laboratory tests, like complete blood count,
serum creatinine, and liver function tests, were obtained
on admission. Microbiological cultures were taken on
admission from blood, urine, cerebrospinal fluid (CSF),
and pleural fluid as clinically indicated. Diagnostic tests
for viral agents were not consistently performed. Other
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laboratory and radiological investigations were requested
as clinically indicated.

Blood samples for serum ADAMTSI3 antigen
measurement were obtained from controls and from
patients within 24 h of PICU admission, using Human
ADAMTS13 SunRed ELISA kits (Catalogue No:
201-12-5457), supplied by Shanghai SunRed Biologi-
cal Technology Co., Ltd (Shanghai, China) according to
manufacturer’s instructions. Only a single ADAMTS13
measurement was performed for each of the study par-
ticipants. Briefly, 2 ml of blood were withdrawn from
each patient in a plain tube. Blood was allowed to clot at
room temperature for 10-20 min. The clot was removed
by centrifugation at 2,000-3,000 rpm for 20 min, then
the sample was kept at -80°C until later testing. The assay
range is 0.08—-20 ng/mL. Intra-assay Coefficient of Vari-
ability (CV) is<10%. Inter-assay CV is < 12%.

Patients were monitored until discharge from PICU.
The primary outcome was “all-cause PICU mortality”.
Secondary outcomes included mechanical ventilation
use, vasoactive medication use, ventilator-free days, and
vasoactive-inotropic score.

Statistical methods

Categorical variables were presented as number (percent-
age). Continuous variables were summarized by median
and interquartile range (IQR). Mann—Whitney U test
was used to determine whether there is significant differ-
ence in median between two groups. For more than two
groups, we used Kruskal-Wallis test and pairwise com-
parisons by Dunn’s procedure. Chi-square test, or Fisher-
exact test, was used to evaluate associations between
categorical variables. Spearman’s rank correlation coeffi-
cient was calculated to evaluate the relationship between
continuous variables. All tests were two-sided, and a dif-
ference was considered statistically significant if p-value
was < 0.05.

Potential mortality risk factors that were significantly
different between survivors and non-survivors in the
2X2 table were included in univariate binary logis-
tic regression analysis. Calibration of ADAMTS13 was
evaluated by the Hosmer—Lemeshow goodness-of-fit test
which is used to determine whether there is agreement
between the estimated and the true risk of an outcome. A
p-value of 0.05 or more in the goodness-of-fit test implies
that the model is well calibrated.

Receiver Operating Characteristic (ROC) curve analy-
sis was utilized to evaluate performance of the admis-
sion quantitative variables (found to be associated with
mortality through logistic regression analysis and 2x2
table) in prediction of mortality. The area under the ROC
curve (AUC) represents whether a certain variable is able
to discriminate survivors from non-survivors. The best
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cutoff was chosen by calculating Youden index. Survival
analysis was performed by the Kaplan—Meier survival
curve. The log-rank test was used to test the null hypoth-
esis of no difference in survival between patients with
high, and those with low, ADAMTS13 level.

Statistical calculations were conducted by IBM SPSS
(statistical package for social science) version 23.

Results

Characteristics of the study population

Seventy patients and eighteen age and sex-matched
controls were recruited. Regarding the control group,
8 (44.4%) were males; the median age and weight were
42 months (IQR 7.5-54) and 16.6 kg (IQR 8.6-18.5),
respectively.

Table 1 demonstrates patients’ characteristics. 41
patients (58.6%) were identified with sepsis; 14 (20%) had
severe sepsis; and 15 (21.4%) had septic shock. Notewor-
thy, the classifications “sepsis’, ‘severe sepsis’, and “septic
shock” were made on admission. Later, some patients
with “sepsis” or “severe sepsis” deteriorated and devel-
oped septic shock.

24 patients died, giving an overall mortality rate of
34.3%. The number of non-survivors was 6 (14.6%) in the
sepsis; 7 (50%) in the severe sepsis; and 11 (73.3%) in the
septic shock groups.

The source of infection was respiratory in 41 patients
(58.6%); central nervous system in 11 patients (15.7%);
renal in 3 patients (4.3%); gastrointestinal in 3 patients
(4.3%); and cardiac in one patient (1.4%). In 11 patients
(15.7%), sepsis was without focus.

Blood culture was positive in 17 patients (24.3%). Iso-
lated organisms included Staphylococcus aureus (4
patients), E-coli (3 patients), and Klebsiella pneumo-
niae (4 patients), Pseudomonas (2 patients), Enterococ-
cus (one patient), Coagulase negative staphylococcus (2
patients), and Candida albicans (one patient). Cultures
from other body fluids were negative.

ADAMTS13 in patients and controls
Median ADAMTS13 level was lower among patients com-
pared with healthy controls [1.30 (IQR: 0.88-3.13 ng/ml)
versus 6.00 (IQR: 5.55-6.50 ng/mL), p <0.001] (Fig. 1).
ADAMTSI13 had an AUC of 0.99 [95% confidence
interval (CI): 0.997-1.000] for discriminating patients
from controls (p<0.001). A cutoff <4.4 ng/mL had 97.1%
sensitivity and 100% specificity (Fig. 2).

ADAMTS13 and disease severity

Figure 1 shows that ADAMTS13 was significantly lower
in both severe sepsis and septic shock, compared with
sepsis sub-group. No significant difference was found
between severe sepsis and septic shock.
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Table 1 Demographic, clinical, and baseline laboratory data of
patients

Variable Patients (n=70)

General characteristics

Age, month 16 (5 - 60)
Male sex 31 (44.3%)
Weight, Kg 84(5.5-136)
Category
Sepsis 41 (58.6%)
Severe sepsis 14 (20%)
Septic shock 15 (21.4%)
Complex chronic condition' 26 (37.1%)
Malnutrition 35 (50%)
lliness severity
ARDS® 9 (12.9%)
Mechanical ventilation 30 (42.9%)
Ventilator-free days 5(28-9)
HAIP 18 (25.7%)
Vasoactive medications 21 (30%)
Vasoactive infusion days 00-2)
Vasoactive-inotropic score (day 1) 0(0-10)
Vasoactive-inotropic score (day 2) 0(0-63)
Need for renal replacement therapy 5(7.1%)
MODS* (day1) 20 (28.6%)
MODS (day 3) 16 (22.9%)
PICUC stay, days 7(5-123)
PIM2¢ mortality risk% 26(16-85)
pSOFA' score (1% day) 5(4-85)
Laboratory values on admission
CRP?, mg/dL 24 (6 - 66)
Hemoglobin, g/dL 102 (94-11.2)
WBC", 1000/ul 9.2 (49-14.1)
ANC/, 1000/uL 15 (8.4 -20.9)
Platelets, 1000/uL 312 (1583 -377.5)
Creatinine, mg/dL 0.6(04-0.8)
ALT, U/L 24 (16 - 48.8)
ADAMTS-13 ng/mL 130 (0.88 - 3.13)

Data is presented as median (interquartile range) or number (%)
2 Acute Respiratory Distress Syndrome

b Hospital-acquired infections

¢ Multiple Organ Dysfunction Syndrome

9 Pediatric Intensive Care Unit

€ Pediatric Index of Mortality2

f pediatric Sequential Organ Failure Assessment score

9 C-reactive protein

P White blood cell Count

" Absolute neutrophil count

J Alanine aminotransferase

ka disintegrin-like and metalloprotease with thrombospondin type 1 motif, 13

' Defined as chronic diseases that result in medical fragility, functional
limitations, and substantial health care needs
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Lower ADAMTS13 level was associated with vasoac-
tive medications, mechanical ventilation, ARDS, and
MODS on day 1 and 3 (Table 2).

ADAMTS13 was negatively correlated with vasoactive
infusion days and vasoactive-inotropic scores on dayl
and 2 (Table 5).

ADAMTS13 had an AUC of 0.74 (95% CI: 0.61-0.87,
p=0.002) for predicting MODS on dayl. At a cut-
off<1.25, ADAMTSI13 had 85% sensitivity and 66%
specificity.

ADAMTS13 had an AUC of 0.78 (95% CI: 0.68-0.89,
p=0.001) for predicting MODS on day3. At a cut-
off<1.15, ADAMTS13 had 87.5% sensitivity and 66.7%%
specificity.

ADAMTS13 and PICU mortality

Characteristics of survivors and non-survivors are shown
in Table 3. Non-survivors had significantly higher fre-
quency of severe sepsis, septic shock, ARDS, mechanical
ventilation, vasoactive medication use, hospital-acquired
infections, and MODS on day 1 and 3). Non-survivors
also had significantly higher vasoactive infusion days,
vasoactive-inotropic score (dayl and 2), pSOFA, and
PIM2 but significantly lower ventilator-free days and
platelet counts.

ADAMTS13 level was significantly lower among non-
survivors (median level 0.9 ng/mL) compared with survi-
vors (median levels 2.45 ng/mL); (p <0.001).

Univariate logistic regression analysis revealed that
ADAMTS13 was negatively associated with mortality
[odds ratio (OR) and 95% confidence interval (95% CI):
0.38 (0.21-0.69), p=0.001]. Hosmer—Lemeshow good-
ness-of-fit test yielded a p-value of 0.28, indicating that
ADAMTS13 is well calibrated.

ROC curve analysis (Table 4, Fig. 3) revealed that
ADAMTS13 had an AUC of 0.77 (95% CI: 0.66-0.89),
while pSOFA had an AUC of 0.81 (95% CI: 0.69-0.92)
for mortality prediction. At a cutoff<1.25 ng/mL,
ADAMTS13 had 83.3% sensitivity and 69.6% specific-
ity. After subgrouping patients according to this cutoff,
Kaplan—-Meier survival curve showed a significant dif-
ference in cumulative survival between patients with
low ADAMTS13 (<1.25 ng/mL) and those with high
ADAMTSI13 (p<0.001) (Fig. 4).

PIM2 (AUC: 0.72) and platelet count on admission
(AUC: 0.67) were inferior to ADAMTS13 in predicting
mortality. ADAMTS13 was negatively correlated with
pSOFA and PIM2 scores (Table 5).

As regards other variables, platelet count was negatively
associated with mortality [OR: 0.996 (95% CI 0.993-1),
p=0.033]. The variables found to be positively associated
with mortality [and their OR (95% CI)] included mechan-
ical ventilation [28.8 (7.0-118.1), p<0.001]; ARDS [9.1



El-Mekkawy et al. Egyptian Pediatric Association Gazette (2023) 71:71 Page 5of 11

P<0.001
8.00] v J P<0.001 !
l P<0.001 l
l P=0.006
6.00 Y
-} .
£ P=0.026 P=0.95
< v vy v
[}
w
% 4.004 *72
47
[=}
< 3
36
57
2.00- ‘ *
.00 T T T T
Healthy controls Sepsis Severe sepsis Septic shock

Fig. 1 ADAMTS13 levels in various subgroups. ADAMTS13 median and interquartile range (IQR): all patients: 1.30 ng/ml (0.88 — 3.13); controls:

6.00 (5.55 - 6.50 ng/ml); sepsis: 2.80 (1.00 — 3.85 ng/ml); severe sepsis: 0.90 (0.80 — 1.75 ng/ml); septic shock: 1.00 (0.90 — 1.20 ng/ml). The bold

black lines in the boxplot represent the medians. The bottom and top of the box represent the 251 and 75" percentiles respectively (IQR). The
lower whisker boundary corresponds to the 25" percentile minus 1.5 times IQR. The upper whisker boundary corresponds to the 75 percentile
plus 1.5 times the IQR. Tiny circles represent "outliers" i.e, data values which are 1.5 times IQR larger than the 75" percentile or 1.5 times IQR smaller
than the 25 ™ percentile. Asterisks represent “extreme outliers”i.e, data values greater than 75™ percentile plus 3 times IQR
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Fig. 2 ROC curve analysis for discriminating septic patients from controls by ADAMTS-13. Note that because of the very large AUC (0.99), the ROC
curve can be seen only on the left upper corner of the figure (arrow)




El-Mekkawy et al. Egyptian Pediatric Association Gazette (2023) 71:71 Page 6 of 11

Table 2 ADAMTS-13 level and indicators of illness severity

Variable ADAMTS-13¢ (ng/ml) p- value
Variable present Variable absent

MODS 3, day 1 (n=20) 0.90 (0.80-1.18) 2.05(0.98 - 3.30) 0.002"

MODS, day 3 (n=16) 0.90 (0.80 - 1.08) 2.15(0.90 - 3.38) 0.002"

ARDS® (n=9) 0.8 (0.7 - 1.00) 1.60 (0.90 - 3.30) 0.001"

Thrombocytopenia (n=16) 1.55(0.80 - 3.42) 1.30(0.90 - 3.13) 0.59

Vasoactive medications (n=21) 0.90 (0.7 15) 2.20(0.95 - 3.55) <0.001"

Mechanical ventilation (n=30) 0.90 (0.80 - 1.70) 2.45(1.10 - 3.80) <0.001"

Data is presented as median (interquartile range) or number (%)
" Statistically significant
@ Multiple Organ Dysfunction Syndrome

b Acute Respiratory Distress Syndrome; € a disintegrin-like and metalloprotease with thrombospondin type 1 motif, 13

(1.7-48), p=0.010]; hospital-acquired infections [6.7
(2.1-21.6), p=0.002], MODS on dayl [9.3 (2.9-30.4),
p<0.001]; MODS on day3 [33.4 (6.4-173.5), p<0.001],
PIM2 [1.1 (1.0-1.2), p<0.001]; and pSOFA [1.46 (1.19—
1.8), p<0.001].

Discussion

Understanding the pathophysiology of sepsis appears to
be an unending task. Mounting evidence points to a role
of ADAMTS13 deficiency in inducing massive microvas-
cular thrombosis, with consequent tissue ischemia and
organ dysfunction in sepsis.

The main message given in present study is that
ADAMTS13 could play a role in pediatric sepsis sever-
ity, development of organ dysfunctions, and mortality.
ADAMTSI13 is, therefore, important for better under-
standing, and potentially reversing, sepsis pathophysi-
ology. Moreover, if its role is established, ADAMTS13
could be utilized for guiding sepsis management so that a
patient with lower ADAMTS13 levels would need closer
monitoring and more aggressive treatment.

ADAMTS13 between health and sepsis

Consistent with previous pediatric [11, 12] and adult
[20] studies, we found that ADAMTS13 level was sig-
nificantly lower among septic children compared with
healthy controls, suggesting a role for ADAMTS13 in
sepsis pathophysiology and a potential for being utilized
as a diagnostic biomarker for sepsis. However, the lat-
ter issue was ignored by previous literature in favor of
ADAMTS13 prognostic value.

ADAMTS13 and sepsis severity

We have also shown that ADAMTSI13 is associated
with illness severity as it was significantly lower among
patients with septic shock and those with severe sepsis
compared with those having sepsis, although the number

of patients in the former two groups was low. In compari-
son, another pediatric study found that ADAMTS13 level
was significantly lower in septic shock compared with
both sepsis and severe sepsis [11]. On the other hand, we
did not find a significant difference in ADAMTS13 level
between severe sepsis and septic shock, while previous
adult studies yielded conflicting findings [20, 21].

ADAMTS13 and organ dysfunctions

As expected from its biological action, ADAMTS13, in
the present study, was significantly lower among patients
with MODS and had negative correlation with the organ
dysfunction score, pSOFA. Similarly, other studies dem-
onstrated correlations of ADAMTS13 with other adult
and pediatric organ dysfunction scores like Pediatric
Logistic Organ Dysfunction (PELOD) score [10, 11, 21].

Of note, correlation of ADAMTS13 with pSOFA score
on admission was only moderate in our study, imply-
ing that ADAMTSI13 is not the only determinant of
organ dysfunction. It is also possible that consequences
of ADAMTS13 deficiency take some time to develop, as
suggested by our observation that admission ADAMTS13
level was slightly more accurate in predicting MODS on
day3 than on dayl, so ADAMTS13 deficiency could serve
as a red flag in sepsis.

Unlike its global association with organ dysfunction,
ADAMTS13, in the present study, was specifically asso-
ciated only with respiratory and cardiovascular dysfunc-
tion indicators, including mechanical ventilation and
vasoactive medication use; vasoactive infusion days; and
vasoactive-inotropic score.

Conversely, ADAMTS13 was not correlated with serum
creatinine, while previous adult studies gave conflict-
ing findings [20, 22]. Likewise, we failed to find correla-
tion between ADAMTS13 and alanine aminotransferase
(ALT) or serum albumin, although liver is the major
source of ADAMTS13 production. This is consistent with
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Table 3 Demographic, clinical, and baseline laboratory data of survivors and non-survivors

Variable Survivors (n=46) Non-survivors (n=24) p-value

General characteristics
Age, month 12 (4 -48) 18 (6.5-102) 0.19
Male sex 20 (44.4%) 11 (44%) 097
Weight, Kg 86(55-12.8) 8(63-21) 032
Category
Sepsis 35 (76.1%) 6 (25%) <0.001"
Severe sepsis 7 (15.6%) 7 (28%)
Septic shock 4 (8.9%) 11 (44%)

Complex chronic condition™ 15 (32.6%) 11 (45.8%) 028
Malnutrition 21 (45.7%) 14 (58.3%) 031

lliness severity
ARDS? 1(22%) 8 (32%) 0.001"
Mechanical ventilation 8(17.8%) 22 (88%) <0001
Ventilator-free days 7(45-10) 1(0-6) <0.001"
HAI® 6 (13.3%) 12 (48%) 0.001"
Vasoactive medications 4 (8.9%) 17 (68%) <0.001"
Vasoactive infusion days 0(0-0) 4(0-6) <0.001"
Vasoactive-inotropic score (day 1) 0(0-0) 10 (0-25) <0001
Vasoactive-inotropic score (day 2) 0(0-0) 20 (0 -30) <0.001"
Need for renal replacement therapy 2 (4.3%) 3(12.5%) 033
MODS* (day1) 6 (13.3%) 14 (56%) <0.001"
MODS (day 3) 2 (4.4%) 14 (56%) <0.001"
PICU¢ stay, days 7(5-115) 7 (4-20.5) 0.79
PIM2¢ mortality risk% 22(14-62) 71(1.8-21.1) 0.003"
pSOFA' score (1%t day) 4(3-58) 8(5-115) <0.001"

Laboratory values on admission
CRP?, mg/dL 24 (7.8-52.5) 32(6-875) 0.72
Hemoglobin, g/dL 103 (9.6 -11.3) 10 (8.8-10.8) 0.29
WBC", 1000/uL 15.7 (9.9 - 20.0) 13.1(4.1-224) 052
ANC, 1000/uL 89(59-135) 99(3-16.1) 097
Platelets, 1000/uL 349.5(175.5 - 424.5) 210.5 (82.8 - 346.5) 0.024"
Creatinine, mg/dL 0.55(04-0.7) 0.65(0.5-1.28) 0.14
ALT, U/L 21(15-393) 26.5 (18 -99.5) 0.13
ADAMTS-13F, ng/mL 245 (0.98 - 3.50) 0.9(0.80-1.18) <0.001"

Data is presented as median (interquartile range) or number (%)
2 Acute Respiratory Distress Syndrome

b Hospital-acquired infections

€ Multiple Organ Dysfunction Syndrome

9 Pediatric Intensive Care Unit

€ Pediatric Index of Mortality2

f pediatric Sequential Organ Failure Assessment score

9 C-reactive protein

P White blood cell Count

i Absolute neutrophil count

J Alanine aminotransferase

K a disintegrin-like and metalloprotease with thrombospondin type 1 motif, 13

" Statistically significant

* Defined as chronic diseases that result in medical fragility, functional limitations, and substantial health care needs
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Table 4 Receiver Operating characteristic (ROC) curve analysis for prediction of mortality
Variable AUCHY (95% CI®) P-value Cutoff Sensitivity Specificity
ADAMTS13? ng/ml 0.77 (0.66 - 0.89) <0.001" <125 83.3% 69.6%
PIM2P, mortality % 0.72 (0.58 - 0.85) 0.003" >34 70.8% 71.7%
PSOFA“ score 0.81 (0.69-0.92) <0.001" 265 70.8% 86.7%
Platelets, 1000/uL 0.67 (0.53 - 0.80) 0.0241 <3495 79.2% 50%
? a disintegrin-like and metalloprotease with thrombospondin type 1 motif, 13
b Pediatric Index of Mortality2
¢ pediatric Sequential Organ Failure Assessment score
d Area under the Receiver Operating Characteristic curve
€ Confidence interval
" Statistically significant
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Fig. 3 ROC curve analysis for discriminating non-survivors from survivors by A ADAMTS-13 and platelet count; B PIM2, and pSOFA score

a previous adult study [22], and suggests that decreased
ADAMTS13 synthesis is less important than other mech-
anisms causing its deficiency in the setting of sepsis.

Similarly, we found no correlation between
ADAMTS13 and platelet count, possibly because throm-
bocytopenia in sepsis arises not only from platelet
consumption but from other mechanisms like immune-
mediated platelet destruction, platelet sequestration in
liver, drug-induced thrombocytopenia, and hemodilution
[23]. However, previous studies divided over the correla-
tion of ADAMTS13 with platelet count; some confirmed
it [10, 21, 24], while others did not [20, 22].

The above-mentioned discrepancies among studies
might arise from differences in sample size (most studies
were small), sepsis etiology, or illness severity. Moreover,
ADAMTS13 measurement was inconsistent ("antigen”,
"activity", or both) although ADAMTSI13 activity may
decrease without concomitant decrease in antigen due

to inactivation by various inhibitors [22]. What is more,
ADAMTS13 activity is under genetic influences e.g. a
single nucleotide polymorphism in ADAMTSI13 gene
results in a transition of Pro 475 to Ser, with lower
ADAMTSI13 activity [20, 25].

ADAMTS13 and mortality
Organ dysfunction portends death, and this was the
case in our study where ADAMTS13 was independent
predictor of mortality. This finding is consistent with
some adult [21] and pediatric [11] studies, although oth-
ers failed to replicate this association [12, 20, 24]. These
studies are generally small and none can provide conclu-
sive evidence alone.

Additionally, ADAMTS13 was negatively correlated
with PIM2 score, which is consistent with previous adult
[21] and pediatric [10, 11] studies showing correlations
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Survival Functions
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Fig. 4 Kaplan—-Meier survival curve showing a significant difference in cumulative survival between patients with low ADAMTS13 (< 1.25 ng/mL)

and those with high ADAMTS13 (> 1.25 ng/mL), p<0.001

with other mortality predictive scores like Pediatric Risk
of Mortality.

The ability of ADAMTS13 to predict mortality in our
study was fair, with an AUC of 0.77, which was equal to
that reported by another study [11]. This moderate per-
formance is plausible; certainly, there is a role for other
molecules involved in coagulation and other factors hav-
ing direct impact on organ function, including hypoxia,
acidosis, toxins, electrolyte imbalance, and metabolic
abnormalities.

Importantly, it is oversimplification to assume that
lower ADAMTSI13 activity leads inevitably to clinical
consequences. In fact, there is a role for factors caus-
ing endothelial injury. In one study, complete lack of
ADAMTS13 in mice produced a pro-thrombotic state
but was not sufficient alone to cause TTP except after
injection of collagen and epinephrine [26]. Other endog-
enous molecules can enhance or inhibit thrombosis. For
instance, during inflammation, high-density lipoprotein,
which possesses antithrombotic properties, decreases
while low-density lipoprotein, which possesses pro-
thrombotic properties, increases [6]. Consequently,
thrombosis is the net effect of many endogenous and
exogenous factors, rather than ADAMTS13 alone.

Therapeutic prospects

Association of ADAMTS13 with prognosis has therapeu-
tic implications. Recombinant ADAMTS13 could be a
future strategy for patients with sepsis and ADAMTS13

deficiency [27]. It is also possible to target ADAMTS13
inhibitors, like IL-6, by such medications as Tocilizumab.
Nonetheless, ADAMTS13-based therapies are not
entirely experimental; the commonly available antiplate-
let agents, particularly aspirin, reduced sepsis-associated
mortality in adults according to a recent met-analysis
[28]. Of note, antiplatelets not only inhibit thrombus for-
mation but also dampen inflammation triggered by acti-
vated platelets [29].

A biological role for therapeutic plasma exchange
(TPE) seems particularly plausible in children with sepsis
and thrombocytopenia-associated multiple organ failure
(TAMOF), in which disseminated microvascular throm-
bosis occurs. In TAMOF, TPE aims at removing ULVWE
and ADAMTS13 inhibitors and restoring ADAMTS13
activity. However, because of limited evidence, the recent
surviving sepsis campaign guidelines was not able to
make a recommendation for or against TPE in TAMOF
[30].

Noteworthy, we found that ADAMTS13 cutoff that dis-
criminated septic from normal children was much higher
than that which predicted organ dysfunction or mortal-
ity, suggesting that mild ADAMTS13 deficiency is well
tolerated and that ADAMTS13-based therapies should
be offered only to patients with severe deficiency who are
more liable to complications.

Although those therapeutic lines are theoretically
appealing, large randomized controlled trials (RCTs)
are indispensable. It is prudent not to be too optimistic
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Table 5 Spearman correlations between ADAMTS-13 level and
other variables

(2023) 71:71

Variable ADAMTS-13"

r,! p-value
Age 0.12 0.34
Height 0.04 0.77
Weight 0.10 0.40
Vasoactive-inotropic score, day1 -043 <0.001"
Vasoactive-inotropic score, day2 -041 <0.001"
Vasoactive infusion days -0.48 <0001
Ventilator-free days 0.16 0.20
PICU? stay -0.11 037
PIM2° -0.25 0.048"
PSOFA® 046 <0.001"
Hemoglobin 0.04 0.73
wac? 0.08 051
ANC® 0.008 0.95
Platelet count 0.15 0.21
CRP' -0.05 071
Serum creatinine -0.20 0.10
ALTY -0.21 0.08
Serum albumin 0.084 049

2 Pediatric Intensive Care Unit

b Pediatric Index of Mortality2

¢ Pediatric Sequential Organ Failure Assessment score

4 White blood cell Count

€ Absolute neutrophil count

f C-reactive protein

9 Alanine aminotransferase

Pa disintegrin-like and metalloprotease with thrombospondin type 1 motif, 13
i Spearman correlation coefficient

" Statistically significant

since the outcome of sepsis is the final product of intri-
cate interplay of many pathways and molecules, with lim-
ited contribution of each to the whole scene. This makes
it unlikely that benefits from any specific therapy, apart
from antimicrobials, will be dramatic.

Strengths and limitations

Overall, the present study adds a new evidence to the
limited pediatric literature on the role ADAMTS13
plays in sepsis. Notwithstanding, it has some limita-
tions: the sample size was small. However, prior sample
size calculation predicted that a large patient or control
group is not needed to demonstrate significant differ-
ences. Additionally, we did not compare ADAMTS13
between septic and non-septic critically ill children.
Furthermore, we did not repeat ADAMTS13 meas-
urement serially. Undoubtedly, analyzing ADAMTS13
in the subset of patients with sepsis who deteriorated
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to severe sepsis or septic shock would have shed more
light on the role of ADAMTS13 but this was not pos-
sible for financial reasons and this can be the subject
of future studies. Finally, the mortality rate in our study
was high, which could be explained by the limited
resources that precluded taking some necessary diag-
nostic and therapeutic measures. So, some of the cur-
rent findings might not hold in other settings.

Conclusion

ADAMTSI13 is associated with mortality and illness
severity, including the presence of severe sepsis and
septic shock on admission; development of multi-
ple organ dysfunction syndrome; and requirement for
mechanical ventilation and vasoactive medications.
We have not shown that these associations are causal.
However, they raise the question of whether therapeu-
tic interventions targeting restoration of ADAMTS13
activity or antagonizing the consequences of its defi-
ciency can improve sepsis prognosis.

Abbreviations

ADAMTS13 A disintegrin-like and metalloprotease with thrombos-
pondin type 1 motif,13

ALT Alanine aminotransferase

ARDS Acute respiratory distress syndrome

AUC Area under the curve

cl Confidence interval

CSF Cerebrospinal fluid

cv Coefficient of Variability

DIC Disseminated intravascular coagulation

ELISA Enzyme-linked immunosorbent assay

IQR Interquartile range

MODS Multiple organ dysfunction syndrome

PELOD Pediatric Logistic Organ Dysfunction

PICU Pediatric Intensive Care Unit

PIM2 Pediatric Index of Mortality-2

pSOFA Pediatric Sequential Organ Failure Assessment score

RCT Randomized controlled trial

ROC curve Receiver Operating Characteristic curve

SIRS Systemic inflammatory response syndrome

TAMOF Thrombocytopenia-associated multiple organ failure

TPE Therapeutic plasma exchange

uL Ultralarge

ULVWF multimers  Ultralarge von Willebrand factor

VWF Von Willebrand factor

Acknowledgements
None.

Authors’ contributions

MSE: designed the study, evaluated the patients, analyzed the results, and
wrote the manuscript; MFE recruited the patients and analyzed the results;
SME: Performed the laboratory analyses and analyzed the results. All authors
reviewed the results and approved the final version of the manuscript.

Funding
No funding or grants were received for conducting this study.

Availability of data and materials
Not applicable.



El-Mekkawy et al. Egyptian Pediatric Association Gazette (2023) 71:71

Declarations

Ethics approval and consent to participate
Approval was given by the ethical committee of Faculty of Medicine, Menou-
fia University: approval number: 19919PEDI47.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Received: 13 February 2023 Accepted: 16 September 2023
Published online: 20 December 2023

References

1. Schlapbach LJ, Straney L, Alexander J et al (2015) Mortality related to
invasive infections, sepsis, and septic shock in critically ill children in
Australia and New Zealand, 2002-13: a multicentre retrospective cohort
study. Lancet Infect Dis 15:46-54

2. LeviM, Scully M, Singer M (2018) The role of ADAMTS-13 in the coagu-
lopathy of sepsis. J Thromb Haemost 16:646-651

3. Bernardo A, Ball C, Nolasco L et al (2004) Effects of inflammatory
cytokines on the release and cleavage of the endothelial cell-
derived ultralarge von Willebrand factor multimers under flow. Blood
104:100-106

4. Uemura M, Tatsumi K, Matsumoto M et al (2005) Localization of
ADAMTS13 to the stellate cells of human liver. Blood 106:922-924

5. Shelat SG, Ai J, Zheng XL (2005) Molecular biology of ADAMTS13 and
diagnostic utility of ADAMTS13 proteolytic activity and inhibitor assays.
Semin Thromb Hemost 31:659-672

6. Chen J,Chung DW (2018) Inflammation, von Willebrand factor, and
ADAMTS13. Blood 132:141-147

7. Mikuta T, Koztowska J, Stariczak W et al (2018) Serum ADAMTS-13 Levels
as an Indicator of Portal Vein Thrombosis. Gastroenterol Res Pract
2018:3287491

8. Maino A, Siegerink B, Lotta LA et al (2015) Plasma ADAMTS-13 levels and
the risk of myocardial infarction: an individual patient data meta-analysis.
JThromb Haemost 13:1396-1404

9.  Beltrami-Moreira M, DeSancho MT (2022) Delayed diagnosis of congeni-
tal thrombotic thrombocytopenic purpura in a patient with recurrent
strokes. J Thromb Thrombolysis 53:734-738

10. NguyenTC, Liu A, Liu L et al (2007) Acquired ADAMTS-13 deficiency in
pediatric patients with severe sepsis. Haematologica 92:121-124

11. LinJJ,Chan OW, Hsiao HJ et al (2016) Decreased ADAMTS 13 Activity is
associated with disease severity and outcome in pediatric severe sepsis.
Medicine (Baltimore) 95:e3374

12. Bongers TN, Emonts M, de Maat MP et al (2010) Reduced ADAMTS13 in
children with severe meningococcal sepsis is associated with severity
and outcome. Thromb Haemost 103:1181-1187

13. Zeineddin A, Dong JF, Wu F et al (2021) Role of Von Willebrand factor after
injury: It may do more than we think. Shock 55:717-722

14. Hugenholtz GC, Adelmeijer J, Meijers JC et al (2013) An unbalance
between von Willebrand factor and ADAMTS13 in acute liver fail-
ure: implications for hemostasis and clinical outcome. Hepatology
58:752-761

15. Goldstein B, Giroir B, Randolph A (2005) International pediatric sepsis
consensus conference: definitions for sepsis and organ dysfunction in
pediatrics. Pediatr Crit Care Med 6:2-8

16. Slater A, Shann F, Pearson G (2003) PIM2: a revised versionof the Paediat-
ric index of mortality. Intensive Care Med 29:278-285

17. Matics TJ, Sanchez-Pinto LN (2017) Adaptation and Validation of a
pediatric sequential organ failure assessment score and evaluation of the
sepsis-3 definitions in critically ill children. JAMA Pediatr 171:2172352

18. Nguyen HV, Havalad V, Aponte-Patel L et al (2013) Temporary biventricu-
lar pacing decreases the vasoactive-inotropic score after cardiac surgery:

Page 11 of 11

a substudy of a randomized clinical trial. J Thorac Cardiovasc Surg
146:296-301

19. Davis AL, Carcillo JA, Aneja RK et al (2017) American college of critical
care medicine clinical practice parameters for hemodynamic support of
pediatric and neonatal septic shock. Crit Care Med 45:1061-1093

20. Kremer Hovinga JA, Zeerleder S, Kessler P et al (2007) ADAMTS-13, von
Willebrand factor and related parameters in severe sepsis and septic
shock. J Thromb Haemost 5:2284-2290

21. Martin K, Borgel D, Lerolle N et al (2007) Decreased ADAMTS-13 (A dis-
integrin-like and metalloprotease with thrombospondin type 1 repeats)
is associated with a poor prognosis in sepsis-induced organ failure. Crit
Care Med 35:2375-2382

22. OnoT, Mimuro J, Madoiwa S et al (2006) Severe secondary deficiency of
von Willebrand factor-cleaving protease (ADAMTS13) in patients with
sepsis-induced disseminated intravascular coagulation: its correlation
with development of renal failure. Blood 107:528-534

23. Ghimire S, Ravi S, Budhathoki R et al (2021) Current understanding and
future implications of sepsis-induced thrombocytopenia. Eur J Haematol
106:301-305

24. Karim F, Adil SN, Afag B et al (2013) Deficiency of ADAMTS-13 in pediatric
patients with severe sepsis and impact on in-hospital mortality. BMC
Pediatr 13:44

25. Kokame K, Matsumoto M, Soejima K et al (2002) Mutations and common
polymorphisms in ADAMTS13 gene responsible for von Willebrand
factor-cleaving protease activity. Proc Natl Acad Sci USA 99:11902-11907

26. Banno F, Kokame K, Okuda T et al (2006) Complete deficiency in
ADAMTS13 is prothrombotic, but it alone is not sufficient to cause throm-
botic thrombocytopenic purpura. Blood 107:3161-3166

27. Levy B, Lacolley P, Regnault V (2007) ADAMTS-13 (A disintegrin-like and
metalloprotease with thrombospondin) and endothelial dysfunction in
sepsis: marker or culprit? Crit Care Med 35:2453-2454

28. OuyangY,Wang, Liu B et al (2019) Effects of antiplatelet therapy on
the mortality rate of patients with sepsis: a meta-analysis. J Crit Care
50:162-168

29. Nicolai L, Gaertner F, Massberg S (2019) Platelets in host defense: experi-
mental and clinical insights. Trends Immunol 40:922-938

30. Weiss SL, Peters MJ, Alhazzani W et al (2020) Surviving sepsis campaign
international guidelines for the management of septic shock and
sepsis-associated organ dysfunction in children. Pediatr Crit Care Med
21:e52-e106

Publisher’s Note

Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Submit your manuscript to a SpringerOpen®
journal and benefit from:

» Convenient online submission

» Rigorous peer review

» Open access: articles freely available online
» High visibility within the field

» Retaining the copyright to your article

Submit your next manuscript at » springeropen.com




	ADAMTS13 in pediatric sepsis: a prognostic biomarker with potential therapeutic implications
	Abstract 
	Background 
	Results 
	Conclusion 

	Background
	Methods
	Study design and ethical approval
	Patients and data collection
	Statistical methods

	Results
	Characteristics of the study population
	ADAMTS13 in patients and controls
	ADAMTS13 and disease severity
	ADAMTS13 and PICU mortality

	Discussion
	ADAMTS13 between health and sepsis
	ADAMTS13 and sepsis severity
	ADAMTS13 and organ dysfunctions
	ADAMTS13 and mortality
	Therapeutic prospects
	Strengths and limitations

	Conclusion
	Acknowledgements
	References


