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Abstract. The analysis of the incidence of acute poisoning of chemical etiology (data from the annual reports of the
FSBI NPTC of the FMBA of Russia) shows that 21.5 to 30.6 thousand children under the age of 18 seek specialized
medical care in the Russian Federation. According to statistical data of the Department of Toxicology of the N.F. Filatov
State Medical University of Moscow, an average of 104-116 children with a diagnosis of acute poisoning with cauterizing
substances are treated annually in the hospital. Among them, the cause of poisoning in 5-7% of cases is ingestion of
potassium permanganate crystals. Potassium permanganate (KMnO,) belongs to the category of cauterizing poisons,
causes severe chemical damage to tissues. It is a strong oxidizer, in the body it is converted to caustic alkali, atomic
oxygen, manganese dioxide. In addition to the cauterizing effect, manganese also has a neurotoxic effect due to the fact
that it freely penetrates the blood-brain barrier, has a high tropicity to the subcortical structures of the brain. The lethal
dose of potassium permanganate for adults when ingested is 0.3-0.5 g/kg. No data on lethal doses in children found.
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CLINICAL CASE

Pestome. AHanus 3aboneBaemocTi OCTPbIMI OTPABIEHUSMU XUMUYECKON 9TUONOMUM (LaHHbIE rOA0BbIX 0TYeTOB PIBY
HMNTL, ®MBA Poccum) nokasbiBaerT, YTo B TeyeHue roga B PO 3a cneynanu3ampoBaHHON MEAULMHCKON MOMOLLbIO NO
Npu4KMHE OCTPLIX 0TpaBneHnin obpawatotes ot 21,5 go 30,6 Thicay getelt B BodpacTe 4o 18 neT. Mo cTaTucTuyeckum
AaHHbIM oTaeneHns Tokcukonorun N'BY3 AMKb um. H.O. dunatosa r. MoCKBbI, €XXerogHo B cTauuoHape npoxoaat
nevenue B cpeaHem 104-116 geteit ¢ AnarHo3oM: OCTPOE OTpaBreHne NpuxmuraoLwMmm selecTsamu. Cpeau HUX
NPUYKHON OTPaBNEHNS B 5—7 % Cry4yaes SBASETCS NPUEM BHYTPb KPUCTANNOB NepMaHraHaTa kanus. lNepmaHraHart
kanus (KMnO,) 0THOCUTCS K KaTeropum NpuxX1ratoLLnx a40B, Bbi3bIBAET TSKENbIE XMMUYECKINE NOBPEXAEHNS TKa-
Hel. FABNAETCS CUMTbHBbIM OKUCTIUTENEM, B OpraHu3Me npeobpasyeTcs 4O €4KOM LLeroyn, aTOMapHOro KUCnopoaa,
MapraHLeBoit AByokucy. MomMMMo npukuratoLero AecTeus MapraHey 06nagaeT 1 HEMPOTOKCUMYECKUM 3PGheKTOM
B CBSA3M C TeM, YTO CBOOOAHO NPOHMUKAET Yepe3 reMaToaHLedanmyeckuin bapbep, 06nagaet BbICOKON TPOMHOCTbIO
K NOAKOPKOBbIM CTPYKTYypam rofloBHOrO Moara. fletanbHas 4o3a nepMaHraHata kanus 4ns B3poCnbIX npu npueme

BHYTPpb — 0,3-0,5 r/kr. laHHbIX 0 neTanbHbIX 403aX Y AETEN HE HAaRAEHO.

KntoueBble cnoBa: nepmMmaHraHat Kanud; oCTpoe oTpaBfieHNE; NpuXxuraroline BeLlecTsa, AeTn.

RELEVANCE

An analysis of the incidence of acute poisoning of che-
mical etiology shows that during the year in the Russian Fe-
deration, from 21.5 to 30.6 thousand children under the age
of 18 seek specialised medical care due to acute poisoning.
These statistics are confirmed by data from annual reports of
the Federal State Budgetary Institution “Scientific and Prac-
tical Toxicological Center of the Federal Medical and Biolo-
gical Agency of Russia”.

One of the reasons for seeking medical attention is poi-
soning with substances with a cauterizing type of action —
organic and inorganic acids (acetic, oxalic, hydrochloric),
alkalis (drain cleaners, grease removers based on caustic
soda, ammonia) or oxidizers (perhydrol, potassium perman-
ganate). According to statistical data of the Department of
Toxicology of the Children’s City Clinical Hospital named af-
ter N.F. Filatov in Moscow, an average of 104-116 children
with a diagnosis of acute poisoning with cauterizing sub-
stances are treated annually in the hospital. Among them,
the cause of poisoning in 5-7% of cases is ingestion of po-
tassium permanganate crystals [1, 2]. Similar data are also
presented by foreign authors [3, 4, 5].

Thus, according to the American Association of Poison
Control Centers, only in 2008, there were more than 1,6 mil-
lion cases of poisoning in children, with alkali burns of the
esophagus recorded in 18-46% of cases after consuming
various household chemicals [6].

Potassium permanganate (KMnO,) is classified as a cau-
terizing poison and causes severe chemical injury to tissues.
It is a strong oxidizer and is converted in the body to caustic
alkali, atomic oxygen, and manganese dioxide. In addition
to its cauterizing effect, manganese also has a neurotoxic
effect due to the fact that it freely penetrates the blood-brain
barrier and high tropicity to the subcortical structures of the
brain. The lethal dose of potassium permanganate for adults

when ingested is 0.3-0.5 g/kg. No data on lethal doses in
children have been found. Manganese poisoning is possi-
ble when it enters the body through the respiratory tract (in
the form of dust) and gastrointestinal tract, or as an impurity
when using drugs [7].

When cauterizing substances are taken orally, a burn
disease (damage to the gastrointestinal tract) of chemical
etiology develops as a result of the local destructive effect
of substances on tissues, which is accompanied by severe
exotoxic shock. The trigger for the development of exotoxic
shock is usually a pain syndrome and state of relative or ab-
solute hypovolemia. The second key point in pathogenesis
of the disease is the formation of respiratory disorders (acute
respiratory distress syndrome, pneumonia). The causes may
be upper airway burn injury (laryngeal edema and stenosis),
aspiration of gastric contents or the cauterizing substance
itself, exotoxic shock (impaired blood rheology and microcir-
culation in the pulmonary circulation) [1, 8, 9].

According to a number of authors, the severity of damage
to the gastrointestinal tract and upper respiratory tract when
exposed to cauterizing substances largely depends on several
factors. These include the nature of chemical agent, its con-
centration and duration of contact with mucous membranes. It
is believed that the development of chemical burns is based
on tissue hypoxia [1, 10, 11]. Complications of chemical burns
of the upper gastrointestinal tract include the development of
cicatricial stenosis of the esophagus and stomach, early and
late bleeding, and esophageal perforation [12].

CLINICAL CASE

A child, 2 years 11 months old, was treated at the State
Budgetary Healthcare Institution Children’s City Clinical
Hospital named after N.F. Filatov in Moscow with the dia-
gnosis of severe poisoning with a cauterizing substance (po-
tassium permanganate). This disease was accompanied by
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the development of a number of complications: 2" degree of
exotoxic shock, type 1 and type 2 respiratory failure, 2"-3
degree of chemical burn of the pharynx, epiglottis, upper third
segment of the esophagus, stress ulcer of the stomach, gas-
trointestinal bleeding, severe posthemorrhagic anemia.

The boy was urgently taken to the hospital. It is known
from anamnesis that 1 hour before admission at home, the
child ate a large amount of potassium permanganate crys-
tals. At the prehospital stage, self-induced vomiting, refu-
sal to eat or drink, and anxiety were noted. The ambulance
crew administered 1,0 ml of fentanyl solution to the child
and performed gastric lavage through a tube.

The boy’s condition at the time of admission to the depart-
ment was severe. Upon examination, the mucous membranes
of the oral cavity, pharynx and tongue were covered with a
dark brown coating of potassium permanganate crystals.
Crystal deposits were also noted on lips and skin of the face
around the mouth, neck and anterior chest surface (Fig. 1).

The voice is practically absent, expressed salivation is
observed due to a disorder of the act of swallowing. The
child is conscious, productive contact is difficult. When irri-
tated during the examination, the patient shows pronounced
psychomotor agitation. The child’s position is passive, the
facial expression is pained. The skin is pale. Breathing is
spontaneous through the natural airways with the participa-
tion of accessory muscles. Harsh vesicular breathing with
prolonged expiration is heard on auscultation, conducted to
all sections, conductive wheezing. Tachypnea up to 36 per
minute is noted. Oxygen saturation is 96 %.

Examination of the cardiovascular system revealed
tachycardia up to 160 beats per minute, a decrease in mean
arterial pressure to 60 mm Hg. A prolonged capillary refill is
noted, i.e. slow filling of skin capillaries after compression.
The skin of limbs is marbled, cool to the touch. The abdo-
men is accessible for deep palpation, there are no clinical
manifestations of gastrointestinal bleeding.

According to laboratory tests, metabolic acidosis was
present: base excess (BE) — 5.7 mmol/l (norm 2.5 to —
2.5), pH 7.31 (norm 7.35-7.45). The presence of tissue hy-
poperfusion was indicated by an elevated lactate level of
up to 2.9 mmol/l (norm 0.5-1.6). Also, at the time of admis-
sion, the child had relative stress-induced hyperglycemia of
up to 8.9 mmol/l (normal 3.9-5.8) [13]. When studying the
parameters of coagulation hemostasis, a tendency towards
hypercoagulation was noted, which is usually observed in
patients with poisoning by cauterizing substances in the first
48 hours of the disease [14].

Thus, the severity of the child’s condition upon admis-
sion was due to manifestations of exotoxic shock and res-
piratory failure against the background of a burn disease of
chemical etiology.

“dmmﬁﬁi\if 1 ;

Fig. 1.
Puc. 1.

The appearance of the child upon admission
BHewHwit BUA pebeHka npy nocTynneHum

At the time of admission, the child had leukocytosis up
to 15.8 x 109/ (4.0-9.0 x 109 cells/l), with a shift in the leu-
kocyte formula of the blood due to an increase in the level
of the relative number of granulocytes to 67 % (the norm
is 35-45%). The level of hemoglobin and red blood cells
remained normal.

In the department, after provisional analgesia and se-
dation therapy (tramadol at the rate of 2 mg/kg, sibazon
0.5 mcg/kg of body weight), the child’s accessible mucous
membranes, tongue, lips and skin were treated with an
ascorbic acid 5 % solution.

In acute poisoning with cauterizing poisons, exotoxic
shock is hypovolemic in nature with disturbances in the
patient's metabolic status from the point of view of patho-
physiology. Therefore, infusion of balanced salt solutions
was started immediately in order to maintain adequate wa-
ter balance and prevent capillary blood flow disorders. The
child was also prescribed the standard treatment, including
antibacterial and hormone, analgesic therapy, antacids and
proton pump inhibitors [1, 9, 14, 15].

Despite the treatment, 3 hours after admission, the child
showed negative dynamics in the form of increasing res-
piratory failure. Tachypnea up to 50 beats per minute, pro-
nounced participation of accessory muscles in the act of
breathing, cyanosis of the nasolabial triangle, desaturation up
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to 80% were observed. In this regard, a decision was made
to perform emergency intubation of the patient and transfer
to mechanical ventilation. During direct laryngoscopy, the
boy had potassium permanganate crystals in the laryn-
gopharynx. This required additional washing of the crystals
with a 5% solution of ascorbic acid. Crystals of potassium
permanganate were also obtained during sanitation of the
tracheobronchial tree.

During the first day of the disease, the child had hyper-
thermia, high lactate blood levels from 2.5 to 3.3 mmol/l
remained, leukocytosis increased to 18.7 x 10/, the he-
moglobin level and color index remained normal. Hyper-

glycemia was kept within 9.2 mmol/l. The boy also had
lymphopenia up to 10 % (normal 26-60 %). According to
X-ray data, pulmonary plethora is determined and intersti-
tial tissue edema is pronounced.

During esophagogastroduodenoscopy, the base of the
epiglottis, tonsils, posterior pharyngeal wall, entrance of the
esophagus and upper third of the esophagus are visualised,
completely covered with a black coating (Fig. 2).

From the upper to the middle third of the esophagus,
deposits in the form of spots and stripes are determined,
further there is no deposit of crystals. The arytenoid car-
tilages are glassy edematous, the epiglottis is swollen,

Fig. 2.
Puc. 2.

Esophagogastroduodenoscopy before mucosal treatment with ascorbic acid solution
J3ocharoracTpogyoaeHockonus [0 06paboTKkM CIM3NUCTLIX 060M0YeK pacTBOPOM ackop6UHOBOI KUCNOTbI

Fig. 3.
Puc. 3.

Esophagogastroduodenoscopy after mucosal treatment with ascorbic acid solution
33odparoractpoayoaeHockonums nocne o6paboTkn CNM3NCTLIX 060M04eK PACTBOPOM aCKOPOMHOBOI KNCNOTbI
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the mucous membrane except for the base is unchanged.
Manually under the control of laryngopharyngoscopy, the
mucous membrane was cleaned of crystals with an ascor-
bic acid 5% solution. During the control examination, the
mucous membrane of the tongue, pharynx, esophagus is
without deposits of crystals, with multiple superficial ero-
sions (Fig. 3). There is no bleeding.

After 48 hours, the patient's condition showed sharp
negative dynamics in the form of gastrointestinal bleeding
(gastric contents mixed with coffee grounds, black stool,
hemodynamic destabilisation in the form of arterial hypo-
tension with the need for vasopressor support). Progressive
reduction of hemoglobin level to 50 g/l (normal 115-125 g/l)
was noted. According to the coagulogram, INR increased to
1.68, and the tendency toward hypercoagulability persisted
on other indicators. Hemostatic therapy, transfusion of red
blood cells and fresh frozen plasma were initiated.

An emergency repeat esophagogastroduodenoscopy
was performed. Delicate fibrin deposits on the back wall
of the pharynx were found during the procedure. Circular
shallow erosions covered with fibrin upper third of the eso-
phagus were also observed. Along the lesser curvature of
the stomach, an erosion covered with a blood clot was
noted. A fixed blood clot, covering an area of 1.5x 1.0 cm,
was determined on the wall in the middle third of the duo-
denum.

Thus, the available clinical, laboratory and instrumental
data indicate the development of complications of the dis-
ease in the child. Stress ulcer of the stomach and 2"-3
degree of chemical burn of the pharynx, epiglottis, upper
third segment of the esophagus were detected. This subse-
quently creates high risks for the development of cicatricial
stenosis of the esophagus and, accordingly, long-term sur-
gical treatment [16-20].

Subsequently, the child continued complex drug therapy
aimed at treating the chemical burn, which included a course
of antibacterial therapy for up to 10 days, hormone therapy
(dexamethasone 0.5 mg/kg of body weight), and gastropro-
tective therapy. For the purpose of gastroprotection, we used
antacids (aluminum phosphate gel 20%, 5 grams 3 times a
day 40-50 minutes after meals and 1 time before bedtime),
which have acid-neutralising and enveloping effect. The child
was also prescribed proton pump inhibitors (omeprazole in-
fusion 10 mg 2 times a day as intravenous infusion). These
drugs inhibit the H */K*-ATPase enzyme (proton pump) in the
parietal cells of the stomach and thereby block the final stage
of hydrochloric acid synthesis.

Against the background of the treatment, the child
showed positive dynamics in the form of complete regene-
ration of the mucous membranes of the oral cavity and
pharynx, epiglottis, an upper third segment of the esopha-
gus, normalisation of laboratory parameters (Table 1).

On the 14th day of the disease, the boy was discharged
under outpatient observation of a gastroenterologist and
pediatrician.

CONCLUSION

The presented clinical observation demonstrates the multi-
faceted nature of the pathogenesis of the disease in acute poi-
soning with potassium permanganate crystals. The response
to chemical trauma is caused not only by the direct destructive
action of the poison, but also by the development of dysfunc-
tion of cardiovascular and respiratory systems against. It is
necessary to note the tension in the work of stress-realizing
body systems, which is indirectly pointed by the indicators of
glycemia, lymphopenia in our patient and the development of
a stress ulcer. So, it becomes obvious that in order to provide

Tabnuua 1
MoHuTOpMHr naGopaTopHbIX NokKasaTenen y pebeHka c oTpaBneHue NnepMaHraHaToM Kanus
Table 1
Monitoring of laboratory parameters in a child with potassium permanganate poisoning
NabopatopHblii nokasatens/ | HopmanbHble 3Hayenus / | Moctynnenune / | 1-e cyTkm / | 2-e cytkn/ | 3-ucyTkm/ | 7-e cytkm / | 14-e cyTkm /
Laboratory indicator Normal values Entrance 1 day 2 day 3 day 7 day 14 day
C-peakTuBHbI Genok B 0-5r/n 6 18 48 36 12 4
CcbIBOpOTKE KpoBw / C-reactive
proteinin blood serum
['ntoko3a B CbIBOPOTKE KPOBY / 3,4-6,1 mmonb/n 8,9 9,1 7,6 6,5 5,6 54
Glucose in blood serum
l'emorno6uH / Hemoglobin 110-140r/n 18 98 50 95 12 116
OputpouuTsl / Red bloodcells 3,5-4,5x10"%kn/n 4,1 34 29 3,2 39 4,1
Newnkouutsl / White blood cells 4,0-9,0 x 10%n/n 15,8 18,7 16,8 13,1 12,0 9,5
Hewtpodounbl / Neutrophils 0o 70% 69 83 81 76 71 63
TNumdpoumTsl / Lymphocytes 26-60% 31 20 10 " 21 34
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highly effective care for children with poisoning by cauterizing
substances, hospitalisation in a multidisciplinary hospital which
has experience in treating this pathology is necessary, with the
possibility of emergency endoscopy. It should also be noted
that thorough cleansing of the affected skin and accessible mu-
cous membranes with weak acid solutions (ascorbic acid) is re-
quired when providing specialised medical care at the prehos-
pital stage in case of poisoning with potassium permanganate
crystals. This significantly reduces the destructive effect of the
crystals on tissues and thereby lowers the risk of developing
complications of the disease.
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AOMNOJIHUTENIbHAA NHOOPMALIUA

Bknap aBTopoB. Bce aBTOPbI BHECHN CYLLECTBEHHDIN
BKnag B pa3paboTKy KOHLenuuwW, NpoBeLeHNe uccneaosa-
HWS 1 MOATOTOBKY CTaTby, NPOYNMW 1 0806PUNN UHANBHYIO
Bepcuio nepeg nybnvkauuen.

KoHnukt uHTepecoB. ABTOpbI JeknapupytT OTCyT-
CTBME SBHbIX W NOTEHLMANbHbIX KOHMUKTOB MHTEPECOB,
CBSI3aHHbIX C NyBrmkaLmen HacTosLWEN CTaTbi.

UcTouHuk cpuHaHcupoBaHmA. ABTOpPbI 3asBNSOT 06
OTCYTCTBUM BHELIHErO (hMHAHCMPOBaHKS NPK NPOBEAEHNN
“ccnegoBaHms.

WHhopmmpoBaHHOe cornacue Ha myonukaumio. As-
TOPbI NONYYNIN MMCbMEHHOE COrnacKe 3aKOHHOro npeacTa-
BUTENS Ha Nybrukaumio MeAULIMHCKNX AaHHBbIX.
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