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Abstract

INTRODUCTION: Septic shock is the most severe stage
of sepsis in children accompanied by a highest mortality.
OBJECTIVE: The aim of the work is to compare an informa-
tive significance of pSOFA, PELOD 2 scales and VIS as predic-
tors of mortality in children with septic shock. MATERIALS
AND METHODS: The design of the study is retrospective,
observational, single-center trial. The study was performed
in the Children's Regional Clinical Hospital of Krasnodar.
The inclusion criteria were children with septic shock from
9 months to 17 years old. The endpoint of trial was 28-day
mortality. Demographic and clinical characteristic were pre-
sented with median and average values, also interquartile
intervals were counted. Mann-Whitney U-test was used
for comparison data received. The discriminatory power, sen-
sitivity and specificity were defined with receiver operating
characteristic (ROC) analysis and determination of area under
ROC curve (AUC). RESULTS: No one of this trial's score pro-
vides a prediction of children’s survival with sepsis and shock
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Pegpepam

AKTYAJIbHOCTb: CenTuyecKkuii LWOK Yy AeTen — 3TO Hau-
6onee TaAXKenas cTagus cerncuca, CONPOBOXAAIOLLAACA MaK-
cuManbHon  netanbHocTbio.  LIEJIb MCCIEAOBAHWUA:
BbINONHWTL CPaBHUTE/IbHYIO OLEHKY MHPOPMALMOHHOWM 3Ha-
ymmocTu wran pSOFA, PELOD 2 n VIS B KayecTBe npeanKTo-
pOB MPOrHO3a NIeTa/IbLHOCTU NPU CENTUYECKOM LLOKE Y AeTeln.
MATEPUAJIbBI U METO/bI: [lnsanH nccnepgosanns — pe-
TPOCMeKTMBHOe, obcepBaLMOHHOe, OfHOLeHTpoBoe. Mc-
cnefloBaHme 6bII0 OCYLLECTBAEHO Ha 6a3e [leTcKol KpaeBol
KAMHWYeckon 6onbHuubl . KpacHoaapa. Kputepun BkAto-
4yeHnAa — AeTn B Bo3pacTe oT 9 Mec. Ao 17 neT, y KOTOPbIX
6bl1 AMArHOCTMPOBAH CENTUYECKMIA WOK. KoHeyHas Touyka
nccnefoBaHna — 28-gHeBHaA neTanbHOCTb. [eMorpaduye-
CKMe N KAVHUYeCKMe AaHHble NpeAcTaBeHbl B BUAE MejuaH-
HbIX 3HaYeHUIM C MeXKBapPTU/bHbIMU UHTEPBasIAMUN CPEHUX
W CTaHAAPTHbIX OTKAOHEeHWI. HenpepbiBHble MepeMeHHble
CpaBHMBa/IM C MCNO/Mb30BaHWeM U-tecta MaHHa—YWUTHMU.
JVCKPUMMHALMOHHYIO CMOCOBHOCTL LUKan onpeAensnmn ny-
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during first 24 hour PICU stay. PELOD 2 and pSOFA scores
allow to estimate a prediction from day 3 from PICU stay.
Furthermore PELOD 2 score shows a higher informative sig-
nificance. The VIS has an ability to predict survival on day 5
from admission. CONCLUSIONS: Only the PELOD 2 score
has a good discriminatory power regarding the prognosis
of survival in children with septic shock after 48 hours of in-
tensive care. The VIS scale allow to assess a severity of car-
diovascular dysfunction in children with refractory septic
shock with threshold critical value more than 21 points.
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Introduction

Sepsis is a one of the main cause of pediatric morbidity
and mortality over the world. There are annual over 80,000
admissions to pediatric hospitals in USA caused by sepsis
with mortality rate around 5,000 children a year. A 25-40 %
of children with sepsis have been suffering long-term compli-
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TeM BbluMcaeHua naowaan nog ROC-kpuson. PE3YJ/IbTA-
Tbl: B nepsble 24 4 rocnuTanunsaumm NporHo3 BbKMBaeMo-
CTU y fieTel C CencucoM U1 LWOKOM He crnocobHa obecneunts
HV OZIHa M3 aHA/IN3UPYEMbIX HaMU OLLeHO4HbIX cucTeM. Mo 3a-
BepLUEHUN 2 CYT MHTEHCMBHOW Tepanuu NporHo3 no3BoaaoT
ocylectsuTb WKanbl PELOD 2 1 pSOFA, npuyem nyyiien nH-
dbopMaLMOHHOM 3HaYMMOoCTbio obnagaet cuctema PELOD 2.
LLikana VIS cnocobHa NporHo3vMpoBaTh BbIXMBAEMOCTb /IMLLb
K 5-M CyT /le4eHna AeTel C cenTuyeckum woxkom. BbIBObl:
Tonbko wkana PELOD 2 nmeeT xopoLyto AUCKPUMUHALMOH-
HYI0 CMOCOBHOCTb OTHOCUTENBHO MPOrHO3a BbDKMBAEMOCTY
y AeTel C CeNTUYECKMM LIOKOM MO UCTeYeHUU 48 4 UHTeH-
cvBHoM Tepanuu. Wkana VIS MoxeT 6bITb MCNOAb30BaHa ANS
OLLEHKM TAXECTU CepAeHHO-COCYANCTON ANCHYHKLMN Y fe-
Tei ¢ pedpaKTEPHbIM CENTUYECKUM LLOKOM, ee MOpOroBoe
KpUTUYecKoe 3HadveHne > 21 6anna.

K/TFOYEBBIE CJIOBA: cencuc, LWOK, AeTw, LKabl, MPOrHO3
BbXMBAEMOCTM
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cations [1-4]. Children with sepsis have a highest risk of mor-
tality which is associated with septic shock. An occurrence
of septic shock might leads to mortality during first 24-72
hour in pediatric intensive care unit (PICU) [5-7]. The recent
multicenter trial showed that 35 % of surviving children with
sepsis had a health’s problem and a deterioration of life’s qual-
ity compared to original level in 12 month from admission [8].
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Septic shock is a most severe stage of sepsis which defined
as presence of cardiovascular disturbances despite an initial
fluid load. The diagnostic criteria of septic shock are an insuf-
ficient tissue perfusion and an arterial hypotension despite
a rescue of fluid load with applying of inotropes and vaso-
pressors for maintenance of arterial pressure. The evidence
of poor tissue perfusion should be an oliguria, increased
blood’s lactate level, a capillary refill time prolongation
and a metabolic acidosis [3]. Overall a septic shock has been
identified in pediatric practice as a sepsis with cardiovascular
dysfunction [3, 4, 8]. It would be perfect if the septic shock
will be recognized before arterial hypotension occurrence
and based on clinical features which includes hyper- or hypo-
thermia, disturbances of mental status, failed tissue perfusion
(“hot” or “cold” shock) [9]. The infusion of vasoactive drugs
is one of the basic direction of cardiovascular dysfunction’s
intensive care associated with sepsis and septic shock resis-
tance to fluid load [9, 14]. A refractory septic shock increases
the children’s mortality rate in several times [1, 3]. Currently
the following scales are recommended for evaluation of sepsis
severity in children: pSOFA (pediatric sequential organ fail-
ure assessment), PELOD 2 (pediatric logistic organ dysfunc-
tion). These scores include the variables of inotrope and va-
sopressor support with specific scoring sequence (dopamine/
dobutamine followed by epinephrine/norepinephrine). It dif-
fers from real practice when norepinephrine is the vasoactive
remedy of first line therapy [10]. The vasoactive — inotropic
score (VIS) presents as quantitative index of vasoactive sup-
port in children with cardiovascular dysfunction associated
with sepsis [11]. However the VIS application is very limited
in pediatric practice [12, 13]. There are a few pilot trials con-
cerning to informative significance of this score in children
with sepsis. Furthermore these trials have ambiguous estima-
tions about VIS score [14-17]. This fact leads us to necessi-
ty of further trials which would be focused on comparative
analysis of VIS and other tools of sepsis severity evaluation.
In this light it seems very important so previously recognition
of compensated septic shock would be prevent its transforma-
tion to refractory mode and decrease a mortality rate.

Objectives

To compare prognostic abilities of pSOFA, PELOD 2
scores and VIS as a predictors of mortality children with
septic shock.

Materials and methods

We performed retrospective observational single-cen-
ter analysis using data from Children’s Regional Clinical
Hospital (Krasnodar, Russia). The inclusion criteria were
children with septic shock from 9 months to 17 years

96

old. The septic shock was basically identified accord-
ing to the Project of Russian Clinical Recommendation
“Diagnostics and treatment of sepsis in children” [19].
The exclusion criteria were inborn errors of metabolism,
less than 24-hour staying in PICU, renal failure with request
of renal replacement therapy during first 6 hour after admis-
sion. All children had got a central venous catheter for fluid
load, inotropes and monitoring. A cardiovascular support
was performed according to the Clinical recommenda-
tions [19]. A restoration of tissue perfusion was determined
by following target endpoints: 1) good mental status; 2) ar-
terial pressure (systolic pressure no less than fifth percentile
for age); 3) adequate skin perfusion (capillary refill time
less than 2 seconds); 4) urine output more than 1 ml/kg
per hour. The endpoint of trial was 28-day mortality. A total
55 children had inclusion criteria, an average age 5.3 year.
There were 28 (51 %) females, median age 5.9 years (inter-
quartile interval (IQR) 6.5) and 27 (49 %) males, median
age 4.7 years (interquartile interval (IQR) 8.0). Nine chil-
dren had underlying diseases: six patients with spastic tetra-
paresis, one child with thrombophilia and congenital heart
disease, one child with inheritable immunodeficiency, one
patient with hermaphroditism. Twelve children deceased
(mortality rate 21.8 %). Among deceased children 5 follow-
ing had an underlying disease: four children had a spastic
tetraparesis and one child had a thrombophilia and con-
genital heart disease. The most frequent cause of sepsis
was a pneumonia (33 children, 60 %). Also children were
included in trial with other causes of sepsis: ten children
with peritonitis (18.2 %), five children with infection of soft
tissues and phlegmona (9.1 %), three children with infection
of ear, nose and trachea (ENT) such as otitis and pansinuitis
(5.5 %), two children with sepsis in result of multiple trau-
ma (3.6 %), one child had an haematogenous osteomyelitis
and one child had an urogenital infection. Among deceased
children seven patients had a pneumonia, two children had
a peritonitis, two children had an infection of soft tissues
and one of them had died with sepsis in result of multiple
trauma. All children underwent an assessment with use
pSOFA, PELOD 2 scores and VIS at the day of admission
in PICU and the day 3, day 5-7 and day 10-14. Also all chil-
dren underwent serial sampling of red blood, leukocytosis
and formula, acid-base status of arterial and central venous
samples, electrolytes, lactate, coagulolation sample, procal-
citonin, C-reactive protein, biochemistry samples, urine
samples, bacteriological profile. An X-ray examination
and computer tomography (if indications presented) were
performed. A respiratory mechanics were evaluated with
peak pressure, mean airway pressure, positive end-respira-
tory pressure, lung compliance and airways resistance, cap-
nometry and capnography. We used the PV-Tool for assess-
ment of respiratory mechanics in cases of acute respiratory
distress syndrome (Galileo Gold & G5, Hamilton Medical®).
Hemodynamic variables were measured for all patients ei-
ther with ultrasound using (HD 11 XE, Philips®) or invasive
technology of pulse index counter cardiac output (PICCO



Comparative assessment of the prognostic ability of paediatric Sequential Organ Failure Assessment (pSOFA) ...

Table 1. Comparison of score's informative significance in children with septic shock on different terms of PICU stay
Score Survivors Non-survivors P AUCROC
M/m (IQR),n=43 M/m (IQR),n=12

pSOFA (Day 1) 6/6.2 (4), 43 8/7.8 (4.5),12 0.242 0.607
PELOD 2 (Day 1) 4/43 (3), 43 5.5/6.6 (3.5),12 0.082 0.667
VIS (Day 1) 5/7.6 (8), 43 5/8.1(12.5),12 0.582 0.563
pSOFA (Day 3) 7/6.3 (5), 43 9/8.5 (4), 11 0.036 0.708
PELOD 2 (Day 3) 4/3.8(3), 43 7/7.1(6), 11 0.0035 0.789
VIS (Day 3) 7.5/10.7 (20), 43 10/11.8 (10), 11 0.528 0.569
pSOFA (Day 5-7) 5/5.1(6), 39 12/11.1(2), 10 0.00014 0.894
PELOD 2 (Day 5-7) 3/3.1(3), 39 11/10.4 (6), 10 0.00001 0.926
VIS (Day 5-7) 5/5.6 (10), 39 20/215 (17.5),10 0.00058 0.856
pSOFA (Day 10-14) 3/3.3(4),26 13/14.2 (9), 6 0.0003 0.984
PELOD 2 (Day 10-14) 118 (3), 26 16/15.3 (10), 6 0.00018 1.0

VIS (Day 10-14) 0/2.5 (5), 26 27.5/26.25 (5), 6 0.00016 1.0

plus, Pulsion®) and both of them. Demographic and clini-
cal characteristic were presented with median and average
values, also interquartile intervals were counted. Mann-
Whitney U-test was used for comparison data received.
The statistical significance was confirmed if p was less than
0.05. The discriminatory power, sensitivity and specificity
were defined with receiver operating characteristic (ROC)
analysis and determination of area under ROC curve (AUC).

Results

All children admitted to PICU later than 24 hour
from start of disease. A 8 (14.5 %) children were delivered
on 2 day, 21 (38.2 %) children — from 49 till 96 hours and 26
(47.3 %) — later than 4 days. Probably it caused by a 50 of 55
(90.9 %) patients were transferred from other hospitals.
We analyzed score’s values to compare this data between
survivors and non-survivors (Table 1). Children were eval-
uated with these scores on day 1 (day of admission), day 3,
day 5-7 and day 10-14 staying in PICU.

It shows that PELOD?2 values of children with sepsis
and cardiovascular dysfunction were inside of range of un-
certainty at the day of admission according to Mann-Whitney
U-test (p > 0.05), also the data of pSOFA score and VIS did
not show a statistical significant difference between survivors
and non-survivors group. Furthermore our assumption re-
garding to pSOFA and PELOD 2 values on day 1 had being
confirmed with ROC analysis and determination an AUC.
We had got the statistical significant difference of pSOFA
and PELOD 2 values on day 3 between comparable chil-
dren’s groups of survivors and non-survivors. VIS values did

not show statistical significant difference on day 3 again. Also
it was confirmed with ROC analysis (Figure 1). Data of all
scores demonstrated statistical difference between groups
only on day 5-7 and day 10-14 of children’s staying in PICU.
Moreover we found the accomplished informative signifi-
cance for all scores. Thus we can conclude that no one score
has reliable information regarding to risk level of mortality
of children with septic shock on day of admission in PICU.
We can quite accurately estimate and predict patient’s mor-
tality with PELOD 2 and pSOFA score assessment after
48 hour of staying in PICU. From day 5 all scores have a high
predictive significance. Furthermore probably VIS value > 21
demonstrates a high risk of mortality of children with septic
shock. We estimated the area under ROC curve for pSO-
FA, PELOD 2 and VIS values on day 3 of staying in PICU
for more accurate determination of informative significance.
The comparison of scale’s discriminatory power is presented
on Figure 1.

The Figure 1 shows that PELOD 2 score demonstrat-
ed more significant discriminatory power concerning
prognosis to survive than pSOFA score on day 3 of PICU
stay. VIS did not have a predictive significance at the same
term. Also we determined a threshold of VIS score value
associated with increasing of mortality at the time of oc-
currence a predictive significance (= 5 day from admission
to PICU). We found twenty-one children had a VIS value
more than 5 points. Among them twelve children had sur-
vived and nine had deceased. We performed the comparison
of mortality rate according to VIS values in different inter-
quartile range (IQR). The Figure 2 presents results.

The diagram shows a huge increasing of mortality
range (more than twice) in 4% IQR. The values of VIS di-
vided in following order: 1t IQR — 5-10 points, 22 IQR —
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> 10 points, 3{IQR — > 15 points, 4t IQR — > 21 points.
Thus it is possible to assume that VIS value > 21 predicts
a mortality of children with sepsis on day 5-7 of PICU stay.

ROC analysis of mortality on Day 3
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PELOD-2 0.789 0.656; 0.888
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VIS 0.569 0.427;0.703

Fig. 1. Determination of area under ROC curve of studied scores
in children with septic shock on 3 day of ICU admission

Discussion

This trial presents the retrospective analysis concern-
ing a correlation between VIS value and outcomes of septic
shock in children. Main results of this study are comparative
assessments of PELOD 2, pSOFA scores and VIS abilities
as predictors of septic shock outcomes. As known, an as-
sociation sepsis with cardiovascular dysfunction impedes
a prediction of outcome using current tools of status assess-
ment. Vasoactive-inotropic score (VIS) is a quantitative
index of vasoactive support required for patients. We tried
to determine had VIS values correlated with deterioration
of sepsis outcomes in pediatric patients during first 48—
76 hour vasoactive drugs therapy. We found in this trial that
no scales could be predictable in early stages (first 24 hour
PICU stay) of surviving in children with sepsis and cardio-
vascular dysfunction. PELOD 2 and pSOFA scores allowed
to realize it after 2 days of PICU stay. Furthermore PELOD
2 score showed a higher informative significance. Our data
demonstrate that VIS had an ability to predict surviving
of children with sepsis and cardiovascular dysfunction only
to 5 day PICU stay. Indeed VIS has validity in case of re-
fractory septic shock. Previously the large randomized trial
of L. Morin et al. had already noted it [20]. Although a few
trials had found that first 48 hour VIS value correlated with
length of stay in hospital, length of mechanical ventilation
and mortality of children with sepsis [16, 17]. Probably VIS
mostly reflects a severity of cardiovascular failure in chil-
dren with sepsis, while pSOFA and PELOD 2 scores contain
an integral assessment of multiorgan dysfunction. For exam-
ple recent trial of K. Pshenisnov et al. reported that a pre-
diction of sepsis outcomes caused no by only systemic hy-
poperfusion but depended on level of hypoxia and metabolic
disturbances [21].

Our trial results showed VIS value > 21 points could
be used as a predictor of hospital mortality of children with
septic shock. Such identification would help to modify an in-
tensive care tactics based on risk of mortality stratification.
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Fig. 2. Interquartile range mortality of children with septic shock associated with VIS value
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The similar position (VIS value > 20 points as a threshold)
was recently reported by P. Shah et al. [22]. Although some
authors consider higher VIS value associated with mortality
among children with shock [16, 17].

Our trial has a few limitations. It was completed as a ret-
rospective trial. We enrolled very heterogeneous population
of children with sepsis and shock. Not all the children had
an isolated septic shock. It could have influenced on require-
ment and duration of vasoactive support. Furthermore an-
other direction of intensive care (such as mechanical venti-
lation and extracorporeal haemocorrection) could also have
influence on cardiovascular dysfunction leading to modifi-
cation of titration/using vasoactive drugs. This assumption
causes a necessity to continue of investigation and further
analysis with involving greater quantity of patients.

Conclusion

1. VIS, pSOFA and PELOD 2 scores are not capable
to predict an outcome of septic shock evidently on day of ad-
mission in PICU.
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