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Among the deadly complications of severe poisoning, pneumonia occupies a leading position, and therefore the search for new solutions
aimed at prevention and treatment of this complication is relevant.
To study the role of intestinal translocation in the pathogenesis of pneumonia in acute poisoning and to evaluate the contribution of
intestinal lavage to its prevention and resolution.

Here at the N.V. Sklifosovsky Research Institute for Emergency Medicine, we analyzed the outcomes of treatment of 1124
patients with severe oral poisoning: by psycho-pharmacological drugs (PPD) — 172 and corrosive substances (CS) — 325 people; with intravenous
administration of methadone (M) — 575, as well as 50 patients with alcoholic delirium (ALD) as a complication of PPD and CS poisoning.

In cases of PPD and M poisoning, the patients’ Glasgow Coma Scale (GCS) scores ranged from 3 to 5, with respiratory disorders requiring mechanical
ventilation.
The severity of CS poisoning was due to the 2nd-3rd degree chemical burn of the mucous membrane of the mouth, pharynx, esophagus and stomach. The
condition of patients with ALD was severe and corresponded to 29.0 (27.0; 30.0) points on the DELIRIUM RATING SCALE - R - 98.
In cases of PPD and CS poisoning, the state of the intestinal microbiocenosis, the permeability of the intestinal barrier, the endotoxin content of gram-
negative bacteria in the blood and integral indicators of intoxication were studied. Intestinal lavage (IL) was used in the observed groups (655). Patients
in the comparison groups (469) received standard therapy.
Initially detected: intestinal dysbiosis of II-Ill degree, increased permeability of the intestinal barrier — 3.8-4.9 times higher than normal, a
tenfold increase in the content of endotoxin in the blood and a 6-fold increase in the leukocyte index of intoxication.
It was established that intestinal lavage effectively cleanses the entire gastrointestinal tract, eliminates intestinal dysbiosis, reduces excessive
permeability of the intestinal wall, and is accompanied by a 2-fold decrease in the endotoxin content in the blood and the leukocyte index of intoxication.
As a result, pneumonia was registered in cases of PPD poisoning 2.1; M —1.9; CS — 2.4, and ALD — 9.8 times less often than in the comparison groups.
Mortality among the patients with PPD poisoning decreased by 7 times, and with M and CS poisoning, as well as with ALD, there were no deaths, while in
the respective comparison groups, the mortality rate for pneumonia was 5.1, 7.4, and 17.4%, respectively. The differences were statistically significant.
A pattern in the form of intestinal dysbiosis, excessive permeability of the intestinal barrier, and increased levels of endotoxin in the blood
may indicate that the source of the infectious-inflammatory process in the lungs during acute poisoning is the intestine; and the cause-and-effect
relationship between the sanitation of the gastrointestinal tract by intestinal lavage and a reduction in the incidence of pneumonia and mortality confirms
this hypothesis.
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AP — acute poisoning

BOS — bacterial overgrowth syndrome
CS — corrosive substances

CVS — cardiovascular system

DT — delirium tremens

ES - enteral solution

GCS — Glasgow Coma Scale

GIT— gastrointestinal tract

IFS — intestinal failure syndrome

IL — intestinal lavage

IMP — intravenous methadone poisoning
L — lactulose

LIT — leukocyte intoxication index

INTRODUCTION

The most common and life-threatening
complication of severe acute poisoning (AP) is
pneumonia. According to a number of authors, the
incidence of pneumonia, for example, in case of
poisoning by psychopharmacological drugs (PPD) is
25-49.4%, and the mortality rate reaches 60 % [1-4].
In this regard, the analysis of the causes of
pneumonia development as a complication of AP,
and the search for a new way to prevent it and reduce
mortality deserve special attention.

The onset of pneumonia, as a rule, coincides with
toxicogenic stage, and is fully manifested at the

LPS — lipopolysaccharide (endotoxin)

M — mannitol

MV — mechanical ventilation

NEA — normal enzymatic activity

NII — non-occlusive intestinal infarction

NSI —neutrophil shift index

PAMPs — Pathogen-associated molecular patterns (LPS,
bacterial DNA and RNA, flagellin, lipoteichoic
acid, lipopeptides, peptidoglycan, and (1—3)-f3-D-
glucan)PCS — poisoning by corrosive substances

PPD — psychopharmacological drugs

PPPD — poisoning by psychopharmacological drugs

SIR — systemic inflammatory response

somatogenic stage of AP [5]. Among the causes of
pneumonia in critical conditions, the most
commonly cited are: disorders of external respiration
and drainage function of the bronchopulmonary
system in disorders of consciousness (coma,
delirium), nosocomial infection, tracheal intubation
and prolonged mechanical ventilation (MV), as well
as catheter-related infections [6-8]. The routes of
infection into the lungs are bronchogenic,
hematogenous and lymphogenous ones [9].
Researchers consider disturbances in homeostasis
indicators (hemorrheology, lipid peroxidation and
antioxidant system, immunity, etc.) as components
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of the pathogenesis of pneumonia in acute poisoning
[10-14].

Along with generally accepted views on the
development of pneumonia, scientific publications
discuss the possibility of contamination of internal
organs, including the lungs, from the intestine due to
the translocation of microbial cells and their toxins
in case of pathologically increased permeability of
the intestinal barrier [15-19].

The leading role is given to gram-negative
intestinal bacteria that form an endotoxin-
lipopolysaccharide (LPS) — a structural component
of the cell wall that can have a cytotoxic and
immunosuppressive effect and trigger a cascade of
septic reactions in the body [20-22].

In case of severe poisoning, all conditions are
created (hemoperfusion disorders in the intestinal
wall, its paresis, etc.) for pathologically increased
permeability of the intestinal barrier and the
development of enterogenous toxemia [23, 24].

We have noticed that among patients with severe
oral poisoning, who underwent intestinal lavage (IL)
as part of treatment measures for the purpose of
enteral detoxification, complications of an
infectious-inflammatory nature, including
pneumonia, developed less frequently, which
prompted an in-depth study of this phenomenon in
acute poisoning.

Aim: to study the role of intestinal translocation
in the pathogenesis of pneumonia in acute
poisoning, and to evaluate the contribution of
intestinal lavage to its prevention and resolution.

MATERIAL AND METHODS

We analyzed the treatment outcomes of 1124
patients of various nosological forms from four
independent cohorts treated at the Department of
Acute Poisoning and Somatopsychiatric Disorders of
the N.V. Sklifosovsky Research Institute for
Emergency Medicine in 2012-2022, including 172
with  severe acute oral poisoning by
psychopharmacological drugs (PPPD), 325 with
poisoning by corrosive substances (PCS), 575 with
intravenous methadone poisoning (IMP), and 52
with delirium tremens (DT) complicating PPPD in 18
cases and PCS in 34 cases.

In the cohort with PPPD, out of 172 patients,
there were 39.5% men and 60.5% women, the mean
age being 39 (26.0:52.0) years. This type of severe
poisoning was characterized by depression of
consciousness — a Glasgow Coma Scale (GCS) score
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of up to 3-5, and mixed-type external respiration
disturbances.

Among 325 patients with PCS, 65.9% were men
and 34.1% were women. Of the total number, 35.7%
of patients were with acetic acid poisoning, and
64.3% - with alkali (sodium hydroxide) poisoning.
The mean age of the patients was 43 (33.0:56.0)
years. The condition of patients with PCS was severe
due to chemical burns of the mucous membrane of
the mouth, pharynx, esophagus and stomach of the
2nd-3rd degree according to the classification of S.V.
Volkov et al. (2005). Diagnosis of the burn and
subsequent monitoring of the condition of the
mucous membrane of the gastrointestinal tract (GIT)
was carried out using esophagogastroduodenoscopy.

The cohort with IMP included 575 patients with
poisoning as a result of an overdose during
intravenous administration of the drug for the
purpose of drug intoxication, which was
accompanied by depression of consciousness (a GCS
score of 5-7) and mixed breathing disorders with
periods of apnea. There were 83.8% men, 16.2%
women, their mean age was 32 (29.0: 36.0) years.

In the cohort of 52 patients with DT, there were
96.2% men and 3.8% women with mean age of 53
(40.0: 65.0) years; in 34.6% of cases DT developed
against the background of PPPD and in 65.4 % — PCS.
To assess the severity of delirium, the DELIRIUM
RATING SCALE - R - 98 was used, in order to
calculate the sum of points on 13 items [25]. When
choosing an answer option, in addition to data from
direct examination of the patient, information from
all available sources (medical staff, family, medical
documentation) was taken into account. At the peak
of clinical manifestations of delirium, the total score
in the study group was 29.0 (27.0: 30.0), and in the
comparison group - 28.0 (26.0: 29.0). In the absence
of signs of delirium, the patients' condition
corresponded to 5.0 (4.0: 6.0) points.

In order to study the state of intestinal
microbiocenosis, 50 patients (males - 76.0%, and
females - 24.0%) aged 42 (36: 52) years with PPPD
and PCS were examined, and the composition of the
fecal microflora was assessed. The microbial
composition of feces was determined by the
bacteriological method. The sample for the test was
taken from the first portion of feces during IL,
marking it as “initial”, and then on the 5th day during
spontaneous defecation. In patients of the
comparison groups, the fecal sample taken on the 1st
day was labeled as “initial”. The second sample for
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testing was also taken on the 5th day. Thus, 2
samples were taken from all the 50 patients, and 10
microorganisms were determined in each biosample.
A total of 1000 tests were conducted.

To assess the degree of disturbances in the
luminal microflora, we used the classification of
dysbiosis given in “Protocol for the management of
patients. Intestinal dysbacteriosis” industry
standard, according to which: grade I is characterized
by a decrease in the content of bifidobacteria to 108—
6 and/or lactobacilli to 107-6 CFU/g of feces, typical
Escherichia to 106-5 or an increase in the number of
E. Coli more than 108 CFU/g of feces; grade II: a
decrease in the content of bifidobacteria and
lactobacilli, the presence of opportunistic flora at a
concentration of 105 CFU/g of feces and higher, or
associations of opportunistic microorganisms in an
amount of 103-104 CFU/g of feces; grade III:
associations of opportunistic microorganisms in
high titers and a decrease in the content of
bifidobacteria and lactobacilli [26].

The results were assessed by comparing the
number of patients in the groups that had deviations
in the composition of certain microorganisms (their
specific gravity) before the start of treatment and on
the 5th day.

In order to study the state of intestinal barrier
permeability, 40 patients (67.5% women and 32.5%
men) were examined, of which 20 patients (Group I)
with PCS and 20 patients (Group II) with severe acute
oral PPPD.

The examination of intestinal wall permeability
was carried out using the following method. After a
single dose of a solution containing 1 g of lactulose
(L) and 5 g of mannitol (M) in 120 ml of water, their
concentration in a single portion of urine was
determined  using  high-performance liquid
chromatography with tandem mass spectrometry
(HPLC-MS/MS) using Agilent 1260 (a
chromatograph) and Sciex 6500+ (a MS/MS
spectrometer). L and M concentrations were
expressed in mg/L. The L/M concentration ratio was
calculated, the reference value of which according to
Simon D. Johnston et al. (2000) is 0.024 [27]. The
degree of permeability of the intestinal barrier was
assessed by the L/M value. A total of 80 tests were
performed. L. and M substances for the preparation of
the solution were of pharmacopoeial quality. The
trial points were: before the start of treatment and
after 5 days.

Translated by E.V. Trushina

To study the state of microbiocenosis and
intestinal permeability, the groups of patients (with
PCS and PPPD) were divided into two subgroups: I-a
and II-a; I-b and II-b respectively. In target
subgroups I-a and I-b, the patients received IL in
addition to standard treatment. In the comparison
subgroups - II-a and II-b, - the patients received only
standard therapy, and in subgroup II-b (PPPD), in
addition, hemodiafiltration was performed for the
purpose of detoxification.

In order to establish the fact of translocation of
intestinal microbial toxins, the content of LPS
(endotoxin) in the blood serum was determined in 23
patients with PPPD using a modified method of LAL
test (Evdokimova et al., 2009) [28].

The severity of endogenous intoxication in
patients with PPPD was assessed using the leukocyte
intoxication index (LII) according to Ya.Ya. Kalf-
Kalif (1941), and the neutrophil shift index (NSI)
(A.M. Kapitanenko, I.I. Dochkin, 1985).

The age and gender of the patients in the
comparison group corresponded to those of the
patients in the study group. The distribution of the
total number of patients by nosological forms and
comparison groups is presented in Table 1.

Table 1
Distribution of patients by nosological forms and
comparison groups

No. | Nosological Groups of Number of Total
form patients patients in number of
groups patients
Study 122
B PPPD Comparison 50 172
Study 330
2 IMP Comparison 245 375
Study 170
3 PCS Comparison 155 325
Study 33
4 ot Comparison 19 >2
Total: 1124

Notes: DT - delirium tremens; IMP - intravenous methadone poisoning;
PPPD — poisoning by psychopharmacological drugs; PCS - poisoning by
corrosive substances

All the patients underwent standard clinical,
laboratory and instrumental examination; including
for the purpose of monitoring lung function, all the
patients underwent repeated chest radiography.

Patients in the study groups (655), in addition to
the standard therapy, underwent IL using an enteral
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solution (ES) according to the method of V.A.
Matkevich (2012). For the patients with PPPD, IMP
and DT, the solution was heated to 37-38° C and
administered through a nasogastric dual-channel
tube in portions of 150-200 ml every 5 minutes. The
head of the bed for those patients was raised by 30—
45 degrees. After administration of 1.5-2.5 liters of
solution, loose stools appeared. In cases of absence
of spontaneous bowel movements after
administration of 2.5 liters of solution,
pharmacological stimulation of the gastrointestinal
tract was performed. IL was continued until the
rinsing water was clean, and the total volume of the
solution could range from 70-80 (for IMP and DT) to
500 ml/kg (for PPPD) of the patient’s body weight. To
collect intestinal secretions, a rectal probe with a
colostomy bag was installed. The IL procedure,
depending on the volume of ES, lasted 3-6 hours.

In patients with PCS, IL was started after the
administration of painkillers and antispasmodics and
gastric lavage. The ES temperature in these cases was
18-22 o C. The patients drank it in 200 ml portions
every 5 minutes. The total volume of the solution
used ranged from 3 to 4.5 liters. In cases where
patients, due to the severity of their condition, were
initially unable to take ES on their own, it was
administered through a nasogastric tube.

At the first signs of DT, the decision to perform IL
was made urgently. Before installing a nasogastric
two-channel tube for the ES introduction,
premedication was given: propofol (1.5-2.5 mg/kg of
the patient's body weight), atropine (0.5 mg),
listenone (100 mg), then, in order to prevent
aspiration of gastric contents, tracheal intubation
was performed, and the patient was transferred to
mechanical ventilation. Subsequently, mechanical
ventilation was continued according to indications.
Basic therapy - drug sedation (sodium thiopental,
100 mg/hour; propofol, 50 mg/hour), as well as
vitamin therapy, infusion and symptomatic therapy
- were carried out in accordance with clinical
recommendations.

Statistical processing of results

Statistical processing of the material was
performed using the IBM SPSS Statistics 26.0. The
normality of the data distribution was assessed using
the Shapiro-Wilk test (n<50). If the sample
distribution differed from normal, the median (Me),
25th and 75th percentiles were determined in the
form of Me (Q1; Q2). Categorical data are presented
as n (%). To compare medians between the groups,
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the Mann-Whitney U test (M-W test) was used
(independent groups). To compare qualitative data
between the groups, Pearson's 32 test and Fisher's
exact test were used. If the sample was normally
distributed, the Student's t-test was used. The level
of statistical significance was taken to be p<0.05.

RESULTS

The patients tolerated the IL procedure
satisfactorily; there were no adverse reactions or
complications.

In the group of patients with PPPD as a result of
IL, cleansing of the gastrointestinal tract occurred in
95% of cases within 3-6 hours; and in the
comparison group, stool was achieved due to
pharmacological stimulation of the intestine for 3
days in only 10% of patients. Moreover, the stool was
fecal in nature, which meant incomplete cleansing of
the intestines.

The period of restoration of clear consciousness
(GCS score of 15) in the study group was on average
34 hours, and the period of mechanical ventilation
relevance was 22.3 hours shorter than in the
comparison group with a statistically significant
difference (p<0.05).

In case of IMP, the use of IL ensured cleansing of
the gastrointestinal tract within 3-6 hours in 100%
of cases. In the comparison group, despite
pharmacological stimulation, it was not possible to
restore the propulsive function of the patients’
intestines during the first 24 hours. During IL and in
the immediate hours after it, the patients' condition
gradually improved, and the degree of confusion
decreased. Due to the emergence of attempts at
spontaneous breathing, the mechanical ventilation
modes were changed, followed by the transfer of the
patients to spontaneous breathing. The periods of
restoration of clear consciousness (GCS score of 15)
and the relevance of mechanical ventilation in the
study group were on average 13 hours shorter than in
the comparison group.

Patients with PCS tolerated the IL procedure
satisfactorily; no adverse reactions or complications
were observed.

The condition of patients with DT improved, and
regression of delirium symptoms began within 1 day
after IL. In the study group, the duration of DT was
2.0 (1.0: 2.5) versus 5.0 (3.0: 6.5) days in the
comparison group (p<0.05; M-W test).

A study of microbiocenosis in patients with PPPD
and PCS showed that deviations in the microbial
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composition of feces before the start of treatment
were of the same type. In each of the four subgroups,
some patients initially showed a two- to three-fold
decrease in the titer of bifidobacteria and lactobacilli,
increase in the titer of opportunistic flora to 105 CFU
and higher, and S. aureus in stool samples. A
comparative analysis of the rate and nature of
microbial composition disorders in the initial
samples of patients of the compared groups showed
that in some areas their deviations from the norm
were comparable, and in others they were
quantitatively different, but these differences were
not statistically significant.

Table 2 shows the composition of the intestinal
microflora of patients with PCS from I-a and II-a
subgroups.

As can be seen from the table, initially there were
qualitative and quantitative changes in the
composition of the microbiota in group I-a. The
proportion of patients with a several-fold reduced
titer of bifidobacteria in the initial samples was
58.3%; a decrease in the content of lactobacilli was
recorded in 4 cases (33.3%). In group II-a, the
proportion of patients in the same positions was
60%. At the subsequent stage of the study, the titer
of both bifidobacteria and lactobacilli was reduced in

Translated by E.V. Trushina

group I-a only in 16.7% of patients, that is, the
proportion of such patients was 3.5 and 2 times less,
respectively, than before IL; and in group II-a - in 40
and 50%, respectively, that is, the proportion of
patients with a reduced titer of bifidobacteria and
lactobacilli decreased only by 1.5 and 1.2 times
compared to the initial values. In group I-a, the titer
of Klebsiella spp. was initially elevated in 4
observations (33.3%). After 5 days, an increased
concentration of Kiebsiella was determined only in 2
(16.7%) cases. Staphylococcus aureus was found in
one patient during the first testing; subsequently,
after IL, it was absent. A similar situation was
observed when assessing the content of K
pneumoniae.

A decrease in the number of Escherichia coli with
normal enzymatic activity was initially detected in
41.7% of cases; the proportion of such patients after
5 days was only 16.7%, which is 2.5 times less than
the initial one. In the remaining patients, the
population of these microorganisms was restored to
normal numbers. An increased titer of Candida spp.
was initially noted in 33.3% of cases; at the
subsequent stages of the research, no patients with
excessive titers of these fungi were found.

Table 2
Results of bacteriological examination of feces in group I-a and II-a patients with poisoning by corrosive substances
No. Groups of patients, stages of research and proportion of observations
Microorganisms and their I1-a (n=12) I1-a (n=10)
quantitative characteristics Absolute number (%) Absolute number (%)
Initial Sth day A% Initial Sth day A%
1 | Bifidobacterium spp. 4 7 (58.3) 2(16.7) 714 6 (60) 4 (40) 333
2 Lactobacillus spp. & 4(33.3) 2(16.7) 50.0 6 (60) 5(50) -16.7
3| Kiebsiella spp. 4(33.3) 2(16.7) 50.0 5 (50) 3 (30) 40
4 S. aureus™ 1(8.3) - 2 (20) 1(10) -50
5 Enterococcus spp. - - - -
6 | K. pneumoniae T 1(8.3) - 2 (20) 1(10) -50
7 | E colic NEA* | 5 (41.7) 2(16.7) -60.0 4 (40) 4 (40) 0
8 E. coli lactose-negative T 2(16.7) - 2 (20) 2 (20) 0
9 | Proteus spp. T 1(8.3) - 1(10) -
10 Candida spp. T 4(33.3) - 3(30) 2 (20) -33.3
Notes: “—" normal values; | — titer is reduced relative to normal values; T — the titer is increased relative to normal values; * — E. coli with normal enzymatic

activity (NEA); ** — this does not normally occur
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Thus, as a result of assessing the quantitative and
qualitative =~ composition of the intestinal
microbiocenosis, it was revealed that group I-a
patients  initially had  dysbiotic  disorders
corresponding to grade II-III. On the 5th day after IL,
the content of bifidobacteria in feces reached normal
values in 71.4%, and lactobacilli - in 50% of patients
who had an initially reduced titer. While the initially
increased content of the representatives of
opportunistic flora decreased to normal values. This
dynamics indicated a positive effect of IL on the
composition of the luminal flora of the intestine.

An assessment of the state of the intestinal
microbiocenosis in patients of group II-a showed
that initially, they, just like patients of group I-a, had
dysbiotic disorders of varying degrees. The
proportion of patients with a reduced titer of
bifidobacteria and lactobacilli was 60%. After 5 days,
during a repeated study, a decrease in the
concentration of bifidobacteria was observed in 40%,
and lactobacilli - in 50% of patients. An increased
titer of Klebsiella spp. was detected initially in 50%
of cases, and after 5 days - in 30% of cases.
Staphylococcus aureus was isolated in 2 patients, and
after 5 days — in one. K. pneumoniae was also initially
detected in 2 cases, and upon re-examination — in

Table 3
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one patient. A decrease in the content of Escherichia
coli with normal enzymatic activity was initially
detected in 5 patients, and after 5 days - in 4. An
increased titer of lactose-negative Escherichia was
initially detected in 20% of cases; when repeated
after 5 days, the result remained the same. An
increased titer of Candida spp. was detected in 30%
of observations, after 5 days - in 20% of cases.

Thus, the results of the study showed that IL in
patients with PCS promotes the elimination of
opportunistic pathogens and the growth of
fermented milk flora, while standard therapy does
not have a significant corrective effect on the excess
of opportunistic pathogens and the lack of fermented
milk flora.

Table 3 shows the composition of the fecal
microflora in group I-b and II-b patients with PPPD.

As can be seen from the table, in group I-b there
was initially a decrease in the titer of bifidobacteria
in 50% of patients, and the content of lactobacilli in
66.7%. On the 5th day after IL, the proportion of
patients with a reduced titer of bifidobacteria and
lactobacilli was 16.7% and 22.2%, respectively, which
was 3 times less than the initial indicator with a
statistically significant difference (p<0.05).

Results of bacteriological examination of feces in group I-b and II-b patients with poisoning by

psychopharmacological drugs

Groups of patients, stages of research and proportion of observations
No. Microorganisms and their I-b (n=18) 11-b (n=10)
quantitative characteristics Absolute number (%) Absolute number (%)
Initial 5th day A% Initial 5th day A%
1 Bifidobacterium spp. 4 9 (50) 3(16.7) 1 -66.7 6 (60) 5(50) -16.7
2 Lactobacillus spp. 4 12 (66.7) 4(22.2)? -66.7 8 (80) 6 (60) -25
3 Klebsiella spp. T 3(16.7) 1(5.6) -66.7 5 (50) 3(30) -40
4 S. aureus™* 3(16.7) - 4 (40) 3 (30) 25
5 Enterococcus spp. 1(5.6) - - -
6 K. pneumoniae T 1(5.6) - 5(50) 2 (20) -60
7 E. coli c NEA* { 2(11.1) 1(5.6) 50.0 6 (60) 5 (50) 16.7
8 E. coli lactose-negative T 2(11.1) - 3(30) 2 (20) -33.3
9 | Proteus sp. T 1(5.6) 1(5.6) 0 1(10) -
10 | Candida spp. T 1(5.6) _ 3(30) _

Notes: statistical significance of the difference with the original indicator (* — p<0.05 according to the y? criterion; > — according to the Fisher exact probability

criterion). “—" normal values; | — titer is reduced relative to normal values; T — the titer is increased relative to normal values; * — E. coli with normal enzymatic

activity; ** — this does not normally occur. ¢ NEA* — normal enzymatic activity

Russian Sklifosovsky Journal of Emergency Medical Care. 2024;13(2):212-225.

https://doi.org/10.23934/2223-9022-2024-13-2-212-225

213



@)eva0 |

The titer of Klebsiella spp. was initially increased
in 16.7% of cases. On the 5th day, it remained
elevated in only 5.6% of the same patients. An
increased titer of K. pneumoniae before IL was
determined in one patient. 5 days after IL it
decreased to normal values.

It should be noted that S. aureus, initially isolated
in 16.7% of cases, was not detected after IL.
Enterococcus spp. was detected before IL in one
patient; at the next stage of the research, there was
no increased growth of these microbes.

A decrease in the content of E. coli with normal
enzymatic activity upon admission to the hospital
was noted in 2 patients. After IL, in one patient the
number of E. coli reached normal values, while in the
other it remained reduced.

The content of lactose-negative E. coli was
initially increased in 11.1% of patients; on the 5th
day they were not detected. Contents of Candida spp.
was initially elevated in one patient, and on the 5th
day their titer was normal.

Thus, as a result of examination of the state of
intestinal microbiocenosis in patients with PPPD,
grade II-III dysbacteriosis was found. The data
obtained showed that IL had a corrective effect on
the quantitative and qualitative composition of the
intestinal microbiocenosis. The proportion of
patients with an initially reduced number of
bifidobacteria and lactobacilli decreased by 3 times
on the 5th day after IL; and the proportion of patients
with an initially elevated titer (105 CFU/g feces and
higher) of opportunistic flora for some types of
microorganisms (Klebsiella spp.) decreased by 3
times; and for other species, except Proteus spp.,
there was a normalization of quantitative and quality
composition.

Initially, in patients of group II-b, just as in group
I-b, abnormalities were identified that indicated the
presence of dysbacteriosis. Upon admission of the
patients to the hospital, there was a several-
fold decrease compared to the norm in the titer of
bifidobacteria in 6 (60%) and lactobacilli in 8 (80%)
cases. During repeat examination after 5 days, the
proportion of patients with reduced concentrations
of bifidobacteria and lactobacilli remained virtually
unchanged. Thus, the proportion of patients with a
reduced titer of bifidobacteria on the 5th day was
50%, and 60% of patients had a low content of
lactobacilli. In 50% of group II-b patients, an
increase in the titer of Klebsiella spp. was detected;
upon repeated testing, their titer was high in 30% of

Translated by E.V. Trushina

patients. Staphylococcus aureus was detected in 40%
of patients from this group. After 5 days it was re-
detected in 30% of patients. A decrease in the
concentration of Escherichia with NEA was detected
initially in 60% of observations, and at the next stage
of the research - in 50% of cases. Overgrowth of
Candida spp. during the first testing was observed in
3 patients; subsequently, they did not have elevated
titers of yeast-like fungi.

Thus, the results of the research showed that
patients of all the groups, both with PCS and PPPD,
initially showed signs of dysbiosis, manifested in a
two-three-fold decrease in the content of lactic acid
flora and typical Escherichia in fecal samples, and an
increase in titers of opportunistic species above 105
CFU/g. In addition, in 8-40% of cases in various
groups, S. aureus was detected, which should not be
normally present. The identified changes in the
microbial composition of feces corresponded to
grade II-III according to the classification of
dysbiosis [26].

In the groups of patients who underwent IL, on
the 5th day a significant decrease in the initially
increased titer of opportunistic microorganisms was
recorded until their complete disappearance. Along
with this, on the 5th day after IL, the proportion of
patients who initially had a reduced titer of lactoflora
decreased by 50-71.4% in PCS, and by 66.7% in
PPPD. Therefore, in this part of the patients, the
content of normal microflora increased during the
5 days after IL and reached normal values.

The results of the study of intestinal permeability
showed that in all observed patients with PCS and
PPPD, the L/M ratio before the start of treatment was
increased relative to the reference value: in
subgroups I-a and II-a (PCS) this excess was 4.3 and
4.4 times, and in subgroups I-b and II-b (PPPD) - 3.8
times and 4.9 times, respectively. On this basis, it can
be concluded that intestinal permeability was
significantly increased with a statistically significant
difference compared to the reference value (p < 0.05).

After 5 days, in patients after IL, intestinal
permeability in PCS (subgroup I-a) decreased by
15.4%, and in PPPD (subgroup I-b) - by 19.8%. At the
same time, in patients with PCS (subgroup II-a) who
received standard treatment, excess intestinal
permeability decreased by only 1%, and in case of
PPPD (subgroup II-b), this figure continued to
increase and after 5 days exceeded the initial value
by 11.4%.
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As a result of studying intestinal translocation, it
was found that the concentration of endotoxin in the
blood of patients with PPPD exceeded the norm by
more than 10 times (Fig. 1). During IL and on the
following days, a 2-fold decrease in this indicator was
noted (p<0.05). The results obtained showed that
intestinal lavage is accompanied by a significant
drop in the level of endotoxin in the blood.
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Fig. 1. Dynamics of endotoxin concentration in the blood of
patients with combined poisoning by psychopharmacological drugs
during intestinal lavage (n=23)

Notes: * — statistically significant difference from the original
indicator (p<0.01, according to the Wilcoxon test); ** — normal
values up to 0.06 EU/ml

The results of studying the effect of IL on the
state of hematological intoxication indices in PPPD
are presented in Table 4.

Table 4 shows that the initial levels of LII and NSI
exceeded the norm by 6.3 and 2.4 times, respectively.
After IL, there was an improvement in the integral
indexes of intoxication (decrease in LII and NSI
values by more than 52% and 70%, respectively),
which indicated a decrease in the severity of
endogenous intoxication.

Table 5 shows the dynamics of integral indexes of
intoxication in the comparison group with severe PPPD.

Table 4

Translated by E.V. Trushina

Table 5

Dynamics of integral indexes of intoxication (LII and
NSI) at the stages of examination of the comparison
group of patients with severe combined poisoning by
psychopharmacological drugs (n=50)

Research stages Indexes

LIl A% NSI A%

(norm 1.0%0.5 (norm 0.060.02
rel. units) rel. units)

Initial 6.1+1.1! 510 0,13%0,04* 117
After 1 day 7.4%1.6 640 0,18+0,05 200
After 3 days 5.2£0.8 420 0,17+0,07 1833
After 5 days 3.5+0.4’ 250 0,12+0,03 100

Notes: * — statistically significant difference between the initial indicator
and the norm; 2 — statistically significant difference from the original
indicator (p<0.05 according to Student’s test); A,% — compared to the
norm. NSI —neutrophil shift index; LIl — leukocyte intoxication index

As can be seen from the table, the initial LII
value in the group exceeded the norm by 6 times.
Over the next 24 hours, this figure continued to
grow. Only on the 3rd day did a tendency towards
its decrease appear, and on the 5th day it became
1.7 times lower in relation to the initial state with a
statistically significant difference in the indicators
(p < 0.05). The initial value of the NSI in the
comparison group exceeded the norm by more than
2 times. After one day, this indicator increased by 3
times, and then it began to decrease to the initial
value by the 5th day.

Thus, in severe PPPD, the initially high values of
integral indexes of intoxication significantly
decreased by the time IL ended, while in case of
standard treatment, similar dynamics were observed
only by the 5th day.

Table 6 presents a comparative description of the
incidence of pneumonia and mortality associated
with it in the groups of patients.

Dynamics of integral indexes of intoxication (LII and NSI) against the background of intestinal lavage in severe

poisoning by psychopharmacological drugs (n=102)

Indicator values before and after intestinal lavage
Indexes Norm
before IL A% after IL A%?
LIl rel. units 1.0%0.5 6.3%0.7 530 3%0.6% -524
NSI, reL.units 0.06%0.02 0.1430.03* 138,3 0.042+0.009* -70.6

Notes: ! — statistically significant difference between the initial indicator and the norm; 2 — statistically significant difference from the original indicator (p<0.05
according to Student’s test); A, %' — compared to the norm; A,%? — compared to the original indicator. NSI —neutrophil shift index; IL — intestinal lavage; LIl —

leukocyte intoxication index
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Table 6
Incidence of pneumonia and mortality in the researched nosological forms in the study and comparison groups
. . Number of Incidence of pneumonia Mortality in pneumonia
Nosological form Groups of patients patients (abs) % p (abs) % p
PPPD Study 122 (32) 26,2 0,001* (2) 6,25" 0,000"
Comparison 50 (27) 54,0 (12) 44,4
IMP Study 330 (28) 8,5 0,006™ 0 -
Comparison 245 (39) 15,9 (2) 5,1
PCS Study 170 (12)7,1 0,006" 0 -
Comparison 155 (27) 17,4 (27,4
DT Study 33 (3)9,1 0,004" 0 -
Comparison 19 (17) 89,5 (3) 17,6

Notes: * — statistically significant difference from the indicator of the comparison group (p<0.05 according to the Fisher exact probability criterion; ** — according
to the 2 criterion. DT — delirium tremens; IMP — intravenous methadone poisoning; PPPD — poisoning by psychopharmacological drugs; PCS — poisoning by

corrosive substances

It follows from the table that the inclusion of IL,
which ensures total cleansing of the gastrointestinal
tract, in the complex of treatment of the patients
helps reduce the incidence of pneumonia in case of
PPPD by 2.1; IMP - by 1.9; PCS - by 2.4 times, and
DT - by 9.8 times. Differences in the incidence of
pneumonia in the observed and corresponding
comparison groups were statistically significant. It is
noteworthy that in case of PPPD, the mortality rate
in the observed group was more than 7 times lower
than in the comparison group, with a statistically
significant difference. As for PCS, IMP, and DT, there
were no deaths from pneumonia in the observed
groups of patients, while in the comparison groups
the mortality rate from pneumonia was 5.1 IMP), 7.4
(PCS) and 17.6% (DT).

DISCUSSION OF RESULTS

Pneumonia, as a complication of acute poisoning,
develops in the period from several hours to 5-7 days
after ingestion of poison [5].

Along with the generally accepted point of view on
the etiopathogenesis of pneumonia as a complication
of critical conditions, there exists a hypothesis
according to which contamination of internal organs,
including the lungs, can occur from the intestine due
to increased permeability of its wall for pathogenic
formations.

The digestive tract, being a link between the body
and the external environment, performs not only
digestive and transport, but also protective functions,
and acts as a selective barrier to the flow of chemicals
from the gastrointestinal tract into the internal
environment. The ability to pass beneficial substances
into the blood and lymph and block harmful ones is

realized thanks to the complex anatomical and
functional system of the intestinal barrier, the state of
which is characterized by “physiological intestinal
permeability”. The “intestinal barrier” consists of
three morphofunctional systems: preepithelial,
epithelial and postepithelial barriers. An increase in
the permeability of the intestinal wall means the
transition of the mass exchange process from a
physiological to a pathological state, in which massive
translocation of microbial cells, their fragments and
other pathological agents - PAMPs (pathogen-
associated molecular structures: lipopolysaccharide
(LPS), bacterial DNA and RNA, flagellin, lipoteichoic
acid, lipopeptides, peptidoglycan, and (1—3)-3-D-
glucan) from the intestine into the internal
environment [29-32]. This phenomenon was named
and is widely used in foreign literature as “leaky gut
syndrome” [33]. R.D. Berg (1985) defined the
translocation as the migration of viable bacteria from
the gastrointestinal tract through the mucous
membrane into the lymph and blood, and then into
the internal organs of the macroorganism, for
example, mesenteric lymph nodes, liver, spleen, etc.
[34].

Intestinal barrier dysfunction is often reported in
case of intestinal failure syndrome (IFS), as well as
immunosuppressive states of the body [35, 36]. The
key elements of IFS are gastrointestinal paresis and
bacterial overgrowth syndrome (BOS) of opportunistic
microflora against the background of the elimination
of normal flora (bifidumbacteria and lactobacilli). The
causes of IFS are multifactorial. Nonspecific factors
include ischemia of the intestinal wall and hypoxia of
epithelial cells with the formation of non-occlusive
intestinal infarctions (NIIs) and damage to the
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architectonics of the intestinal mucosa [37]. According
to the literature, the pathogenesis of NIIs is associated
with vasospasms, including those caused by iatrogenic
hypercatecholemia, a decrease in perfusion pressure
in the intestinal arterial system, hypovolemia and
hemoconcentration [38, 39]. NIIs account for 44% of
all vascular lesions of the intestine [23].

In places where epithelial cells are damaged, the
mechanism of selective exchange of substances
between the enteral and internal environments is
disrupted, that is, the function of the pre- and
epithelial barriers is impaired. In cases of
immunodeficiency, the third (post-epithelial, or
lymphocytic) barrier also fails, resulting in an
uncontrolled by the macroorganism flow of PAMPs of
“intestinal origin” into the lymph and blood. As a
consequence, biologically active substances, including
endotoxin of gram-negative bacteria, entering the
bloodstream, trigger a systemic inflammatory
response (SIR), which results in organ infectious and
inflammatory processes with the subsequent
development of multiple organ failure [16].

Under conditions of intestinal failure and changes
in the intestinal microenvironment, shifts occur in the
composition of the intestinal microbiota, which are
characterized primarily by a decrease in the number of
lactic acid bacteria and a simultaneous increase in the
number of opportunistic and  pathogenic
microorganisms, which, by sending and perceiving
signal molecules, are “able” to determine the size of
their population [40]. When the number of
opportunistic bacteria such as Proteus, Escherichia coli,
Klebsiella, Clostridia, etc. reaches a certain value, their
qualitative characteristics change: virulence and
invasiveness increase by rearranging their genes [40].
Increased aggressiveness and expansiveness, on the
one hand, and weakening of the intestinal barrier, on
the other hand, allow pathogens to overcome the
colonization resistance of the mucosal flora and break
into the bloodstream of the portal vein. If they manage
to overcome the next barrier in the form of liver
macrophages, they enter the capillary network of the
lungs, where they meet pulmonary macrophages.

The lungs, being one of the barriers in the
intestine-systemic blood flow axis and acting as a
physiological filter, naturally delay pathological
substances on the path of their translocation from the
intestine by the activation of pulmonary macrophages
and a sharp increase in the pool of free radicals and
pro-inflammatory cytokines - factors that cause
damage and inflammation of lung tissue [39, 41]. The
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risk of developing such a process increases against the
background of ventilation, hemodynamic and
hemorheological disorders.

Figure 2 shows a diagram of the cause-and-effect
relationship in the pathogenesis of pneumonia in

critical conditions.
HapyweHrua
romeocrasa

DyHKUMOHANbHBIE
HapylleHua cucrem
(Abixanusa, CCC, KT)

ATPECCHBHBIA
DAKTOP
(TXKENBIE 00)

MHeBMoHus

CHUBP
TPAHCNOKALMA
cBP

Fig. 2. Cause-and-effect relationships in the pathogenesis of
pneumonia in critical conditions associated with exo- and
endotoxicosis

Notes: OO — acute poisoning, CCC — cardiovascular system,
JKKT — gastrointestinal tract, CUBP — bacterial overgrowth
syndrome, CBP — systemic inflammatory response

The figure shows that among the causes
influencing the development of pneumonia, there are
such factors as: functional disorders of external
respiration, circulatory system, and gastrointestinal
tract (paresis and leaky gut syndrome). Based on this,
it becomes apparent that to prevent pneumonia and
resolve it, it is necessary to take into account all the
factors contributing to its development.

It so happens that traditionally, in critical
conditions, attention is first paid to eliminating
disorders of vital systems - respiratory and
cardiovascular, which is certainly justified. However,
along with this, emergency medical measures to
restore gastrointestinal tract functions in critical
conditions have not yet become a generally accepted
norm, much less a standard. On the one hand, this is
due to the wunderestimation of the role of
gastrointestinal disorders in the etiopathogenesis of
pneumonia, and, on the other hand, until now there
has been no available effective means of sanitation of
the entire intestine. Long-term use of IL for AP proves
its suitability as a remedy even in conditions of
gastrointestinal paresis. The work by O.B. Lukyanets et
al. (2022) presented the results of the effective
resolution of IFS — restoration of the barrier function
of the intestine, as well as digestive-transport, motor-
evacuation processes of the gastrointestinal tract, and
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normalization of microbiocenosis using IL in patients
in chronic critical condition [42].

A multi-faceted research of the mechanisms of
therapeutic effects of IL over many years has made it
possible to establish that it causes a number of
sanogenetic effects, of which the most significant, in
the context of the topic under discussion, include the
following: cleansing the intestinal cavity - removing a
mass of toxicants and biologically active substances,
that causes a decrease in the flow of PAMPs into the
systemic circulation in the immediate period after IL
(before the first meal); correction of water-electrolyte
and acid-base imbalances, hemodilution,
improvement of central hemodynamics and
microcirculation [43]; restoration of the propulsive
function of the gastrointestinal tract with the
elimination of BOS, a decrease in the permeability of
the intestinal wall and the flow of pathological agents
into the systemic circulation in the postprandial period
5 days after IL.

Figure 3 shows a diagram of the sanogenetic
mechanism of IL in the prevention and treatment of
pneumonia.

Koppekuua
CHUEBEP

Peaykuma
TPAHCNOKALMK
PAMPs w CBP

MpogmnakTuka
nu6o paspeluenne
NHEBMOHWH

Koppekuua
DYHKUMOHANBHBIX
HapylweHWit
W nokasareneii
romeocTasa

Penyxkuus 3x3zo-
W 3HAOTOKCHKO3a

Fig. 3. Sanogenetic mechanism of intestinal lavage in the
prevention and treatment of pneumonia as a complication of acute
poisoning

Notes: KJI — intestinal lavage, CUBP — bacterial overgrowth
syndrome, CBP — systemic inflammatory response, PAMPs —
Pathogen-associated molecular patterns

The figure shows that IL triggers a cascade of
sanogenetic processes. First of all, these include
eliminating the root cause of all disorders in the body -
exotoxicosis. Of primary importance in this cascade is
the cleansing of the intestines from toxicants and
PAMPs, including LPS. We found that the initially high
concentration of LPS in the blood of patients with
PPPD sharply decreases after IL — by 52% of the initial
level. Along with this, correction of microbiocenosis
disorders occurs by eliminating opportunistic and
pathogenic flora while simultaneously restoring the
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pool of normal flora by means of its mucosal part, the
number of which increases after IL, which means its
colonization resistance increases, blocking the growth
and translocation of opportunistic flora. Elimination of
endotoxin from the blood and its producer -
opportunistic gram-negative flora - from the
gastrointestinal tract as a result of IL most likely
contributes to the reduction of SIR, and, consequently,
lowering the risk of developing pneumonia.

CONCLUSION

Our own observations and analysis of literary
sources showed that in various nosological forms of
acute poisoning, the most common complication is
pneumonia. We found that despite the difference in
the chemical nature and characteristics of such
nosological forms of poisoning as PPPD and PCS, their
common manifestation was intestinal dysbiosis and
increased permeability of the intestinal wall above
normal. At the same time, endotoxin of gram-negative
bacteria was found in the blood (of patients with PPPD)
in a concentration ten times higher than the norm.
These processes were accompanied by an increase in
hematological intoxication indices.

Under these conditions, the use of IL contributed to
the elimination of intestinal dysbiosis by removing
regional microflora together with opportunistic flora
from the gastrointestinal tract, reduction of
pathological permeability of the intestinal barrier, and
a sharp decrease in the concentration of endotoxin in
the blood and hematological intoxication indices.
There is an associative connection between these
processes, as well as with the fact of a decrease in the
incidence of pneumonia and the severity of its course.
It is noteworthy that in patients of the comparison
groups, we did not observe such pronounced positive
changes in the studied indicators, the differences of
which in the study and comparison groups were
statistically significant. Thus, we can conclude that the
development of pneumonia during poisoning has a
close connection with functional disorders of the
gastrointestinal tract, and IL interrupts this connection
and, as a result, ensures the prevention or resolution of
pneumonia.

By this research, the authors hope to attract the
attention of the scientific community to the emergence
of a new paradigm in the pathogenesis of infectious
and inflammatory complications of acute poisoning
and accompanying endotoxicosis. Looking at the
problem from a new perspective allows us to effectively
prevent and combat this kind of complications.
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FINDINGS

1. In case of poisoning by
psychopharmacological drugs and corrosive
substances, intestinal dysbiosis develops in the form
of a decrease in the population of lactic acid bacteria
by 1-2 orders and an increase in opportunistic flora
over 105 CFU. As a result of intestinal lavage, the
normal number of intestinal microflora is restored:
the proportion of patients with poisoning by
corrosive substances with an initially reduced titer of
fecal bifidobacteria and lactobacilli decreases on the
5th day after intestinal lavage by 3.5 and 2 times,
respectively; whereas in the comparison group for the
same period, these indicators are only 1.5 and 1.2
times lower compared to the initial values. The
proportion of patients with poisoning by
psychopharmacological drugs, who have an initially
reduced titer of bifidobacteria and lactobacilli,
decreases by 3 times on the 5th day after intestinal
lavage with a statistically significant difference in
indicators (p <0.05). In the comparison group for the
same period, these same indicators are only 1.2 and
1.3 times lower compared to the initial values.

2. Poisoning by psychopharmacological drugs
and corrosive substances is accompanied by a
pathological statistically significant (p <0.05)
increase in the permeability of the intestinal barrier
by 3.8-4.9 and 4.3-4.4 times, respectively. Intestinal
lavage provides effective cleansing of the
gastrointestinal tract (to clean rinsing water) and
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