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Introduction. Laboratory indicators of endotoxinemia in conjunction with the clinical
picture have been used as the criteria to diagnosticate sepsis for quite a long time. The
objective of the study is to analyze the prognostic significance of endotoxin activity indicator
in patients with sepsis that undergo treatment in conditions of surgical resuscitation and
intensive care at multidisciplinary hospital.

Materials and methods. One-center prospective study on the basis of ICU department
of the Republic Clinical Hospital (Ufa, Russia) during the period of 2015- 2016. We have
performed screening of 60 patients with sepsis and 15 healthy volunteers.

Results. The median of the value of endotoxin activity in group of patients with sepsis
amounted to 0.42 vs. 0.1 of group of healthy volunteers. It was found that the level of
endotoxin activity correlates with the severity of the disease: low scores on the scale of
the APACHE Il severity are consistent with low endotoxin activity (r=0.985, r2=0.971,
p=0.0001). Findings show that the median of sensitivity of the medical test corresponds
to 87.5% and that of specificity - to 32.6%. The prognostic value of a positive result
amounted to 27.5%, and the prognostic value of a negative result - 97.8%. The area under
the ROC-curve for the level of endotoxin activity is equal to 0.749+0.084, 95% confidence
interval (Cl) 0.620-0.852. Sensitivity-61.5% (54.8-86.0), specificity is 93.6% (82.4-98.6).
The optimum point of separation was 0.88. Positive predictive level amounted to 72.7%,
negative one - 89.8%.

Conclusions. The test to determine the level of endotoxin activity of blood has high
sensitivity and negative prognostic value, allowing you to use it as an effective screening
method to assess the probable invasion of gram-negative flora, days before the results of
bacteriological research are available.
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INTRODUCTION

Pyoinflammatory diseases

BBegeHwme. /labopaTopHas oLleHKa IHOTOKCUHEMMUM, COBMECTHO C KITMHUYECKOM Kap -
TVHOW, y>kKe OCTaTOYHO J4aBHO UCOMb3YeTCA B Ka4ecTBe KpuTepmeB AnarHOCTVIKI cencuca.
OfHako, Ha CeroaHALHNI AeHb HeAOCTaTOYHO AaHHbIX, MO3BOJISIOLMX OLLEHUTb MPOrHoC-
TMYECKYIO 3(heKTMBHOCTb TeCcTa aKTMBHOCTY 3HAOTOKCUHA. Llesb nccnenoBaHus - aHanm3
MPOrHOCTUYECKOM 3HAYMMOCTI 10Ka3aTess akKTUBHOCTU 3HOTOKCUHA Y NaLmMeHToB C cerl-
CUICOM, HaxXOASLUMXCA Ha JIEYEHNN B YCJIOBUAX OTAENEHUSA XUPYPIUYECKOWN peaHnMaLmm m
WHTEHCUBHOWV Tepaniuiy MHOrornpoguiibHOro CTaLmMoHapa.

Matepuanbl n MeToAbl. B pamkax ogHOLEHTPOBOro npocnekTUBHOIro NCCIefoBaHMS
Ha ba3se aHacTe3uonoro-peaHnMmaumornHoro oraeneHuns Ne1rb6Y3 PKb vm. .1 KysaTtoBa (r.
Yepa) B nepuron okta6pb 2015 - mari 2016 roga npoBeneH ckpuHUHI 60 naumeHToB ¢ cencu-
coM 1 15 310poBbIX JOOPOBOIbLIEB.

Pe3ynbTarbl. YCTaHOB/IEHO, HYTO MeAMaHa 3Ha4YeHusi aKTUBHOCTU SHOOTOKCUMHA B rpyn-
e 6osnbHbIX cencucom coctasuna 0,42 npotua 0,1 rpynel 340p0BbIX 4OOPOBO/LLEB. YPO-
BeHb aKTWUBHOCTU SHAOTOKCMHA KOPPENUPYET C TAXKECTbI0 3abosieBaHms: H13kue b6anbl no
wKane Taxectn coctosiHmnss APACHE |l cooTBeTcTBOBaIN HU3KMM MOKA3aTensiM akTUBHOCTU
sHgoTokcmHa (r=0.985, r2=0.971, p=0.0001). MeauaHa 4yBCTBUTENbHOCTI JNarHOCTYeC-
Koro Tecta cootBetcTByeT 87,5%, a cneunpudHoctn - 32,6%. [porHocTnyeckas LieHHOCTb
MOSIOXUTENILHOIO pe3ysbTata coctaBuna 27,5% (BepOoSTHOCTb HaNMYns MHBA3MM rPaMoT-
puLaTenibHOV iopkl y NaumeHTa C NofIOXUTEIbHBIM Pe3yibTaToM TecTa), a MporHoCTu-
yeckas LeHHOCTb oTpuLiaTeslbHOro pesynbtata — 97,8 % (BeposiTHOCTb OTCYTCTBUS MHBA3MMN
rpamMoTpULaTeNIbHONM (hIopbl y naumeHTa C oTpULATeIbHbIM Pe3yibTaToM TecTa). OLeHka
MPOrHOCTUYECKOM POJIV B Pa3BUTUM CEMNTMHECKOrO LLOKa IEMOCTPUPYET: naoLwaab nog ROC
— KpUBOW AN19 YPOBHS aKTUBHOCTY 3HAOTOKCMHA oka3sanack paBHow 0,749+0,084, 95%
ZoBepuTenbHbIN HTepsan ([M) 0,620 - 0,852. YyscteutenbHocts — 61,5% (54,8-86,0),
cneunguyHocTs — 93,6% (82,4-98,6). OntumMarnsHas To4dka pasgeneHums coctasmna 0,88.
lonoxuTernbHbIV Npencka3biBaloLLmMm YpoBeHb cocTaBm 72,7%, otpuuatenbHeiv 89,8 %.

3aknoyeHue. Takim 06pPas3oM, YCTaHOBIIEHO, YTO BbICOKUI YPOBEHb 3HAOTOKCUHE-
MWW ABNAETCA MPEAVNKTOPOM Pa3BUTUS TAXKENOro cencmca,/centm4eckoro LLoka, opraHHbIX
ANCHYHKLMM, BbICOKOV NI€TasibHOCTU. TeCT onpeneneHus ypoBHS aKTUBHOCTY 3HOTOKCUHA
KpoBu 06/1a71aeT BbICOKOU YYBCTBUTENIbHOCTBIO M HEraTUBHOM MPOrHOCTUHECKOU LIEHHOC-
Th10, HTO MO3BOJIAET UCMOMIb30BATb €0 B KaYeCTBE 3(hPEKTUBHOIO CKPUHUHIOBOro METOAA
OLIEHKIM BEPOSITHOM MHBA3MM rpaMOoTprLaTeNIb HOM (Iopbl 40 MOMYHEHUS Pe3yibTaToB bak-
TEPMONOrNHECKUX MCCIEOBAHUNM.

KntodeBble crioBa: nurornonicaxapud A, 3HOOTOKCUHEMMS, Cerncuc, CEenTuyeckmni
LLIOK, MpeamnKTop

Ans untnposaHus: 3onotyxuH K.H., KpoHgpensaHep ., Camopogos A.B. OueHka
MPOrHOCTUYECKOM 3Ha4YMMOCTU MOKa3aTesnsl akTMBHOCTW SHAOTOKCUMHA KPOBU Y NaLMeHTOB
¢ cencucom. KpeatvsHas xvpyprusi u oHkonoruvs. 2017;7(4):43-47. DOI:10.24060,/2076-
3093-2017-7-4-43-47.

causes activation of the blood clotting system, that leads
of the abdominal as the result to the development of septic process [6, 7].

cavity and, as a consequence, the resulting abdominal
sepsis, remain challenging medical problem and today
continues to be one of the leading causes of mortality,
duration of treatment and disability [1]. The number of
deaths from abdominal sepsis varies every year, from
30% to 90% [2,3]. According to [4,5], frequency of
gram-negative sepsis is 40% of the cases. Endotoxin or
lipopolysaccharide A is an obligate component of the
outer cell membrane of gram-negative bacteria and the
primary product of gram-negative bacteria responsible
for septic shock. High level of endotoxin in blood causes
changes in the expression of more than 300 genes,
activated macrophages, neutrophils, endothelial cells,

Laboratory indicators of endotoxinemia in conjunction
with the clinical picture have been used as the criteria
to diagnosticate sepsis for quite a long time [8]. In
recent years, upon evaluation of the concentration
of endotoxin researchers have been using analysis of
Endotoxin Activity Assay (EAA) (Spectral Diagnostics
Inc., Canada). However, to date, there are insufficient
data to evaluate the predictive efficacy of EAA test [9].

The objective of the study is to analyze the
prognostic significance of endotoxin activity indicator
in patients with sepsis that undergo treatment in
conditions of surgical resuscitation and intensive care
at multidisciplinary hospital.
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MMIATERIALS AND MIEETHODS

Design.

One-center prospective study on the basis of ICU
(intensive care unit) department of the Republic Clinical
Hospital named after G.G. Kuvatov (Ufa, Russia)
during the period of October 2015- May 2016. We have
performed screening of 60 patients with sepsis and
15 healthy volunteers. The specialists of the University
Hospital Regensburg (Regensburg, Germany) provided
advice in the organization and planning of this study.
The work has been approved by the local Ethics
Committee of the Republic Clinical Hospital (Ne. 212
dated 11.09.2015).

Target of research.

Does the Result of the Endotoxin Activity Assay
correlate with the severity of disease and severitiy of
infection in patients getting treated in an intensive care
unit in comparison with healthy volunteers?

To monitor the patient’s disease severity and extent of
organ dysfunctions, we measured biochemical indicators,
coagulation values , levels of endotoxin and procalcitonin
daily (along with combined intensive therapy.)

Combined intensive therapy of sepsis in all
patients was conducted in accordance with the
recommendations of the Russian Association of
Surgical Infection Specialists and The Third International
Consensus Definitions for Sepsis and Septic Shock
[10]. Bacteriological researches were carried out on
the first day of hospitalization, on the 7th day of
stay at the intensive care unit and, if necessary, were
repeated depending on the clinical situation. The
average duration of bacteriological research with
determination of sensitivity of microorganisms to the
applied antibacterial medicines was 5 days.

Endotoxin activity analysis was conducted using
standard sets of EAA (Spectral Diagnostics Inc.,
Canada) according to the manufacturer’s instructions.
According to the manufacturer the Endotoxin Activity
Assay uses spezific Immunoglobulin M (IgM) which
binds to Lipopolysaccharide A. The developing immune
complex activates neutrophils to trigger an oxidative
burst. Luminol responds to those released reactive
oxygen species with emitting light, which is then
detected with a chemiluminometer. Each examination
has to be done with two controls.

The patient’s blood sample, stabilized with EDTA, was
placed into three test tubes from the set. Tube 1 measured
the basal activity in the absence of specific antiendotoxic
antibodies (IgM) to determine the activity of neutrophils
in the patients whole blood at the specific time without
an additional trigger. Tube 3 measured the maximum
oxidative burst of neutrophils of the patient in response
to an excess amount of exogenous endotoxin to display
the maximal activity of neutrophils and luminescence
for the patient. Test tubes 1 and 3 were used as internal
control. Tube 2 measured the level of activity in the sample
in the presence of endotoxin-antibody (specific IgM). The
Emission of light from those three tubes was detected by
a chemiluminometer. The EAA is a semi quantitative test
to stratify the Endotoxin level. The device calculates the
endotoxin activity level and displays the results in the form
of activity of endotoxin or EAA units.

Statistical analysis.

The findings are processed using the statistical
package Statistica 10.0 (StatSoft Inc, USA). The
normality of the distribution of actual data was checked
by using the criterion of Shapiro-Wilk. The groups were
described using the median and interquartile interval.
Variance analysis was performed using the criterion
of Kruskal-Wallis test (for independent observations)
and Friedman (for repeated observations). Critical
level of p significance for statistical criteria was taken
equal to 0.05. The prognostic value of the activity level
of endotoxin in the development of severe sepsis/
septic shock and lethality was assessed with ROC-
analysis (Receiving Operating Characteristics), taking
into account the true-and false-positive results and
calculating the area under the ROC-curves and consent
criterion (goodness-of-fit).

RESULTS AND DISCUSSION
Based on laboratory evaluation of the endotoxic
load the patients were distributed in 3 groups. (table 1).
The 1-st group comprised patients with low EBA <0,4;
the 2-nd group included patient with intermediate
value of EAA which is equal to 0,4-0,6; the 3-rd group
had patients with high level of EAA>0.6.
Table 1- Clinical and demographic
characteristics of patients

Characteristic | Group I, n | Group I, n| Grouplll, | Total, n =
=20 =119 n=21 60

Age + SD, 53,7+7,9|58,1+8,4 [ 558+7,1 [57,9+8,5

years

Male (%) 11 (85,00 |19(47,4) [11(52,4) |31 (51,6)

The severity at the time of hospitalization = SD

APACHE Il 13,4+3,7 116,8+4,3 [ 20,9+5,1 [ 17,4+5,2

SOFA 23+18 |55+2,7 [13,8+3,1(7,3+3,1

Diagnosis upon haspitalization, n (%)

Pancreato- 11 (55,00 | 10(52,6) |13 (61,9) |34 (56,7)

necrosis

Respiratory 2(10,00 1301590 |18 6 (10,0)

infection

Peritonitis 7350 |6(031,8) [7(333) [20(33,3)

Infectious agent 1, n (%)

Gram-positive | 6 (30,00 |4 (21,1 |[5(23,8) |15(25,0)

flora

Gram-negative | 11 (55,0) | 6(31,5) |[7(33,3) |24 40,0)

flora

Phungi 210,00 113 3(14,3) |6010,0)

Mixed infection | 1 (5,0) 8(42.1) |6(28,6) |15(250)

Lethality 2, n 210,00 |13015,7) |[8(38,1) [13(21.7)

(%)

Laboratory indicators at the time of hospitalization, Me (25-75)

Body 38.1 38.2 38.1 38.1

temperature, (37,2- (37,7- (37,4- (37,2-
38,9) 38,6) 38,8) 38,9)

Leukocytes, x | 16.7 13.7 17.9 15.4

109/ (11,7- (9,1-15,2) | (14,7- (10,2-
19,4) 23,9 19,1)

Creative surgery and oncology. 2017;7(4):L3—47
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Note: 1- according to the results of bacteriological researches made on
the first day of hospitalization in the INTENSIVE CARE UNIT, 2 - 28-day
mortality.

Among the patients included into the 3 groups
there were no observed differences in terms of age,
gender and body weight. The severity of the disease
of the studied patients was assessed by using the
APACHE 1l score, which reached an average of 17
points, and the degree of organ failure associated
with sepsis, according to the SOFA scale reached an
average of 7 points.

Figure 1represents the level of activity of endotoxin
in patients and healthy volunteers. The level of activity
of endotoxin of patients is in the range 0.1-0.9, with
maximum activity of endotoxin in 95% of healthy
volunteers does not exceed 0.1. The median of the
value of endotoxin activity in group of patients with
sepsis amounted to 0.42 vs. 0.1 of group of healthy
volunteers.

154
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EAA level

(3]
1

0.000.100.200.300.400.500.600.700.800.90
Patients, %

EAA level

0.000.010.020.030.040.050.100.200.300.40
Healthy volunteers, %

Figure 1- Indicators of activity of endotoxin in groups of
patients with sepsis (a) and healthy volunteers (b).

It was found that the level of endotoxin activity
correlates with the severity of the disease: low scores
on the scale of the APACHE Il severity are consistent
with low endotoxin activity (r = 0.985, r2 = 0.971, p
= 0.0001). Patients with severe sepsis and septic shock
are predominantly in the group with a high level of
endotoxin activity.

The next step was to assess prognostic value of
high level of blood endotoxin activity as a criterion for
gram-negative invasion flora (table 2) and predictor of
developing of severe sepsis/septic shock (table 3).

Table 2 - Evaluation of the prognostic value of
endotoxin activity of blood in diagnosis of invasion of
gram-negative flora

Indicator Value
87,5 (76,5-96,7)
32,6 (21,2-44,3)
27,5 (24,3-35,1)

Diagnostic sensitivity,%

Diagnostic specificity,%

Prognostic value of a positive
result,%

Prognostic value of a negative 97,8 (95,2-98,3)

result,%

Findings show that the median of sensitivity of
the medical test corresponds to 87.5% and that of
specificity - t032.6%. The prognostic value of a positive
result amounted to 27.5% (probability of infestation
of gram-negative flora in a patient with a positive test
result), and the prognostic value of a negative result -
97.8% (probability of no infestation of gram-negative
flora in a patient with a negative test result). On the
first day of hospitalization at the intensive care unit
among 60 surveyed patients 8 patients showed high (>
0.60) EAA level values without development of severe
sepsis. However, within the next 48 hours 13 patients
of Group Il showed: shock (n = 4), hypoxemia (n
= 8), chronic renal insufficiency (n = 4), repeated
restoration operations (n = 13). It should be noted that
most patients showed combination of these conditions.

Table 3 - Risk of severe sepsis/septic shock during
the first 48 hours, depending on the level
of endotoxin activity of blood

Group Development of RR % values; r

Severe sepsis/
septic shock,%

Group |, 56

n=20

Group I, 8.7 2.0 5.2, r<0.01

n=19 [1,57; 2,61]

Group Il 17.2 3.5 9.7;r<0.01

n=21 [1,8; 3,62]

ote: RR-relative risk with the calculated confidence intervar.

The study was completed with analyzing the
interrelation of mortality to the level of endotoxin
activity. Mortality from severe sepsis and septic shock
within 28 days after being hospitalized in the ICU
surveillance was 32.4% in the group with high level and
11.9% in the group with low level of endotoxinemia. The
area under the ROC-curve (W) for the level of endotoxin
activity is equal to 0.749 £+ 0.084, 95% confidence
interval (Cl) 0.620-0.852. Sensitivity-61.5% (54.8
-86.0), specificity is 93.6% (82.4 -98.6). The optimum
point of separation was 0.88. Positive predictive level
amounted to 72.7%, negative one - 89.8%.
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Figure 2 - The distribution of the deceased and survivors
and ROC-curve of endotoxin activity.

Thus, the findings show that the high level of
endotoxinemia is a predictor of severe sepsis/septic
shock, organ dysfunction and high letality. The test
to determine the level of endotoxin activity of blood
has high sensitivity and negative prognostic value,
allowing you to use it as an effective screening method
to assess the probable invasion of gram-negative flora,
days before the results of bacteriological research are
available.
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