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K CBEAEHUIO ABTOPOB!
[Ipu HampaBIeHUY CTAaTbH B PEAAKITHIO HEOOXOINMO COOITIOATh CISAYIONINE TIPABHIIA;

1. CraTps 1oyKHA OBITH MPECTABICHA B IBYX DK3EMILISIPAX, HA PYCCKOM MJIM aHTIIUHCKOM SI3bI-
Kax, HarleyaTaHHas yepe3 MoJITopa HHTepBaJjia Ha OHOIl CTOPOHE CTAHIAPTHOIO JIUCTA ¢ INMPHHOI
JIEBOTO NOJIsI B TPHM caHTHMeTpa. Mcnonb3yemblil KOMIIBIOTEPHBIH WPUQT U1 TEKCTa Ha PYCCKOM U
anruiickoM sizpikax - Times New Roman (Kupuaauima), Ui TekcTa Ha TPY3UHCKOM SI3BIKE CIIETyeT
ucnoip3oBath AcadNusx. Pasmep mpudra - 12. K pykornrcu, HaneyaraHHOW Ha KOMITBIOTEPE, JTOJDKEH
o51Th IprTO’keH CD co crarbeit.

2. Pa3mep craTbu 10TKEH OBITH HE MEHEE IECSTH 1 He OoJiee 1BaALaTH CTPaHUI] MAIIHOIINCH,
BKJIIOUAsl yKa3arellb JINTepaTypsl U Pe3loMe Ha aHIJIMIICKOM, PYCCKOM U IPY3HHCKOM SI3bIKaX.

3. B crarbe 10KHBI OBITH OCBEIIEHBI AKTYyaIbHOCTh JJAHHOTO MaTepHalla, METO/IbI U Pe3YIIbTaThI
UCCIIeIOBaHUS U MX 00CYKACHHE.

[Ipu npencTaBIeHNN B IIeYaTh HAYYHBIX SKCIIEPUMEHTAIBHBIX PA0OT aBTOPHI JOJIKHBI YKa3bIBATH
BHUJl U KOJIMYECTBO IKCIEPUMEHTANBHBIX KUBOTHBIX, IPUMEHSBIIHECS METOABl 00e3001MBaHUs U
YCBIMICHHUS (B XOJ€ OCTPBIX OIBITOB).

4. K crarbe JOIKHBI OBITH IPUIIOKEHBI KpaTKoe (Ha MOJICTPAaHUIIbI) Pe3OMe Ha aHIIIMICKOM,
PYCCKOM M I'PY3HHCKOM $I3bIKax (BK/IIOYAIOLIEE CIEIYIOLINE pa3aesbl: Lieb UCCIeI0BaHNs, MaTepHua U
METO/IBI, PE3YJILTAThI M 3aKIFOUSHHE) U CIIUCOK KITtoueBbIX ciioB (key words).

5. Tabnuupl HEOOXOIUMO NPECTABIATE B Ie4aTHOM hopme. DoTokonuu He TpuHUMaroTcs. Bee
nu¢poBbie, HTOTOBbIE H NPOLEHTHbIE JaHHbIE B Ta0JIMIaX J0JIKHbI COOTBETCTBOBATH TAKOBBIM B
TeKcTe cTaThbU. Tabiuibl U rpaduKu TOTKHBI OBITH 03aryIaBICHBI.

6. dotorpadun AOIKHBI OBITH KOHTPACTHBIMHU, (DOTOKOIHMHU C PEHTTEHOTPAMM - B HO3UTUBHOM
n300paxeHnH. PUCYyHKH, YepTeKU U IuarpaMmbl CIeLyeT 03arIaBUTh, IPOHYMEPOBATh U BCTABUTH B
COOTBeTCTBYIOIIEe MecTo TekcTa B tiff hopmare.

B noanucsix k MukpogotorpagusaM cieayeT yKa3bBaTh CTEIICHb YBEIMUCHHUS YePEe3 OKYISP HITH
00BEKTUB U METOJ] OKPACKU WJIM UMIPETHALIUH CPE30B.

7. ®aMUIIUU OTEYECTBEHHBIX aBTOPOB MIPUBOJATCS B OPUTHHAIBHON TPAHCKPUIILINH.

8. I[Ipu opopmnennn u HarpaBneHun crtared B kypHanm MHI nmpocum aBTOpOB cobmronars
NpaBuIIa, U3JI0KEHHBIE B « EMUHBIX TpeOOBaHUSAX K PYKOMHUCSM, IPEACTABISIEMBIM B ONOMEIUIIMHCKHUE
JKYpHAJIbD», TPUHATHIX MeXKIyHapOAHBIM KOMHUTETOM PEIaKTOPOB MEAMLMHCKUX JKYpPHAJIOB -
http://www.spinesurgery.ru/files/publish.pdf u http://www.nlm.nih.gov/bsd/uniform_requirements.html
B koHIe Kax /101 OPUTHHATIBHOM CTaThU MPUBOIUTCS OMOIHOrpadguyeckuii cucok. B cnmncok nurepa-
TYPBI BKJIFOYAIOTCSl BCE MaTepHalibl, HA KOTOPbIE UMEIOTCS CChUIKU B TeKcTe. CIHCOK COCTaBIsIeTCs B
andaBUTHOM MOpsAKEe U HymMepyeTcs. JIutepaTypHblii HCTOYHMK IPUBOAUTCS Ha sI3bIKE OpUrMHana. B
CIMCKE JINTEPATyPhl CHavYajIa MPUBOIATCS PaOOThI, HAIMCAHHBIE 3HAKAMU TPY3MHCKOTO anaBuTa, 3aTeM
KApuuien u naruauned. CChUIKM Ha IUTHUPYEMble pabOThl B TEKCTE CTATbH JAIOTCS B KBaIPaTHBIX
CKOOKax B BU/I€ HOMEPA, COOTBETCTBYIOLIETO HOMEPY JaHHOH pabOoThI B CIIMCKE TUTEPaTypbl. bonbmmh-
CTBO IIUTHPOBAHHBIX UCTOYHUKOB JOJKHBI OBITH 32 IMOCTETHNUE 5-7 JIET.

9. ns momydeHus MpaBa Ha MyONHMKALMIO CTaThs TOJDKHA MMETh OT PYKOBOIUTENSI pabOTHI
WIN YUPEXKJICHUS BU3Y U CONPOBOIUTEIBHOE OTHOILICHHUE, HAIMCAHHBIC WJIM HAlledaTaHHbIC Ha OJIaHKe
Y 3aBE€PEHHBIE MOJIHCHIO U NIEYaThIO.

10. B koHIe cTaThU NOJKHBI OBITH MOAMHCH BCEX aBTOPOB, MOJHOCTBIO MPUBEACHBI UX
(amuIMM, UIMEHAa U OTYECTBA, YKa3aHbl CIIy>KeOHBIH M JOMAIIHUI HOMEpa TeJIe(OHOB U agpeca MM
uHble KoopAuHaThl. KonmuuecTBo aBTOPOB (COABTOPOB) HE TOJHKHO MPEBBIIIATE IISITH YEJIOBEK.

11. Penakuus ocraBisieT 3a cOO0 MpaBo COKpallaTh U UCHPaBIATh cTarbi. Koppekrypa aBropam
HE BbICBUIAETCS, BCS paboTa U CBEpKa MIPOBOAUTCS 110 aBTOPCKOMY OPHTHHAILY.

12. HenomycTuMO HarpaBiieHHE B pefaklMIo padoT, MPeICTaBICHHBIX K MeYaTH B MHBIX
M3/1aTeIbCTBAX WIIM OMYOJIMKOBAHHBIX B APYTHX M3IAHUSX.

Hpﬂ HApyHI€HUU YKa3aHHbIX IPaBUJI CTATbU HE paCCMaTPUBAIOTCH.




REQUIREMENTS

Please note, materials submitted to the Editorial Office Staff are supposed to meet the following requirements:

1. Articles must be provided with a double copy, in English or Russian languages and typed or
compu-ter-printed on a single side of standard typing paper, with the left margin of 3 centimeters width,
and 1.5 spacing between the lines, typeface - Times New Roman (Cyrillic), print size - 12 (referring to
Georgian and Russian materials). With computer-printed texts please enclose a CD carrying the same file titled
with Latin symbols.

2. Size of the article, including index and resume in English, Russian and Georgian languages must
be at least 10 pages and not exceed the limit of 20 pages of typed or computer-printed text.

3. Submitted material must include a coverage of a topical subject, research methods, results,
and review.

Authors of the scientific-research works must indicate the number of experimental biological spe-
cies drawn in, list the employed methods of anesthetization and soporific means used during acute tests.

4. Articles must have a short (half page) abstract in English, Russian and Georgian (including the
following sections: aim of study, material and methods, results and conclusions) and a list of key words.

5. Tables must be presented in an original typed or computer-printed form, instead of a photocopied
version. Numbers, totals, percentile data on the tables must coincide with those in the texts of the
articles. Tables and graphs must be headed.

6. Photographs are required to be contrasted and must be submitted with doubles. Please number
each photograph with a pencil on its back, indicate author’s name, title of the article (short version), and
mark out its top and bottom parts. Drawings must be accurate, drafts and diagrams drawn in Indian ink
(or black ink). Photocopies of the X-ray photographs must be presented in a positive image in tiff format.

Accurately numbered subtitles for each illustration must be listed on a separate sheet of paper. In
the subtitles for the microphotographs please indicate the ocular and objective lens magnification power,
method of coloring or impregnation of the microscopic sections (preparations).

7. Please indicate last names, first and middle initials of the native authors, present names and initials
of the foreign authors in the transcription of the original language, enclose in parenthesis corresponding
number under which the author is listed in the reference materials.

8. Please follow guidance offered to authors by The International Committee of Medical Journal
Editors guidance in its Uniform Requirements for Manuscripts Submitted to Biomedical Journals publica-
tion available online at: http://www.nlm.nih.gov/bsd/uniform_requirements.html
http://www.icmje.org/urm_full.pdf
In GMN style for each work cited in the text, a bibliographic reference is given, and this is located at the end
of the article under the title “References”. All references cited in the text must be listed. The list of refer-
ences should be arranged alphabetically and then numbered. References are numbered in the text [numbers
in square brackets] and in the reference list and numbers are repeated throughout the text as needed. The
bibliographic description is given in the language of publication (citations in Georgian script are followed
by Cyrillic and Latin).

9. To obtain the rights of publication articles must be accompanied by a visa from the project in-
structor or the establishment, where the work has been performed, and a reference letter, both written or
typed on a special signed form, certified by a stamp or a seal.

10. Articles must be signed by all of the authors at the end, and they must be provided with a list of full
names, office and home phone numbers and addresses or other non-office locations where the authors could be
reached. The number of the authors (co-authors) must not exceed the limit of 5 people.

11. Editorial Staff reserves the rights to cut down in size and correct the articles. Proof-sheets are
not sent out to the authors. The entire editorial and collation work is performed according to the author’s
original text.

12. Sending in the works that have already been assigned to the press by other Editorial Staffs or
have been printed by other publishers is not permissible.

Articles that Fail to Meet the Aforementioned
Requirements are not Assigned to be Reviewed.
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FATAL ACUTE ALIMINIUM PHOSPHIDE POISONING - CASE REPORT AND LITERATURE REVIEW
WITH REFERENCE TO CURRENT TREATMENT PROTOCOLS AND OUTCOME

"Petkovska L., 'Babulovska A., 'Simonovska N., 'Kostadinovski K., 2Brezovska J., *Zafirova B.

"University Clinic for Toxicology, Faculty of Medicine; *Institute of Medical and Experimental Biochemistry, Faculty of Medicine;
*Institute of Anatomy, Faculty of Medicine, Ss. Cyril and Methodius University in Skopje, Republic of North Macedonia

Aluminum phosphide (AIP) is a highly toxic fumigant pesti-
cide used to kill rodents and insects, commonly used for grain
preservation. Its use and abuse is growing, especially in devel-
oping countries because of its low price and market availability, but
also because of its properties, which are considered almost ideal
[1]. After deliberate oral ingestion AIP reacts with hydrochloric acid
in the stomach and releases phosphine gas (PH,) which is rapidly
absorbed from the gastrointestinal tract and inhibits mitochondrial
cytochrome oxidase and the supply of cells with oxygen, leading to
circulatory failure [2]. The number of suicide attempts with AIP has
been progressively increasing, especially in India and other eastern
countries. Mortality after deliberate AIP poisoning is particularly
high and 95% of patients die within the first 24 hours of poisoning
[3]. Mortality rate can reach more than 60% even in experienced
and well-equipped hospitals [1]. Due to its high human toxicity and
mortality, it is banned in many countries. Although AIP is on the
list of allowed pesticides in our country and has been on the market
since 2009 under the trademark Quickphos Pellets 56 GE (accord-
ing to data from the phytosanitary information system) so far no
AIP poisoning has been reported in our poison control center. We
report the first case treated in our institution as severe intentional
poisoning with AP, purchased in a neighboring country, which un-
fortunately had a fatal outcome. Mechanisms of toxicity, prognostic
factors for lethal outcome and therapeutic options are also targeted.

Case report. A 35-year-old woman with a previous history of
epilepsy was admitted to the University Clinic for Toxicology
due to a suicidal attempt with ingestion of one 3-gram phostoxin
tablet (containing 56% of AIP) two hours earlier. Vomiting and
abdominal pain were the first symptoms. On admission she was
conscious and oriented, with 16 breaths per minute, pale skin,
blood pressure of 160/80 mmHg, pulse of 77 beats/min, oxygen
saturation of 97% on ambient air, and epigastric pain sensitivity.
The remaining status by systems was without significant chang-
es. The ECG showed sinus rhythm with inverse T-waves in D3,
AVF and left precordial leads. Early laboratory analyses showed
leukocytosis (15.3 x 10°/L), prolonged prothrombin time of 18.4
sec, and normal degradation products and enzyme status. De-
spite early medical treatment with single dose activated charcoal
and isotonic crystalloid fluids, arterial blood pressure started to
drop. So, bicarbonates, MgSo4, H2 blockers, electrolytes, do-
pamine, and hydrocortisone were added. The patient’s condi-
tion worsened with an increase in respiratory rate and a drop
in blood pressure. She was transferred to the intensive care unit
(ICU), still conscious, oriented, contactable, with blood pressure
80/40 mmHg and pulse rate of 120/min. A chest X-ray did not
show any abnormalities. Laboratory findings showed signs of
hepatic lesion, thabdomyolysis and renal failure (AST 2267.42
U/L, ALT 2102.26 U/L, CPK 1334.81U/L, blood urea nitrogen
23.03 mmol/L, creatinine 211.9 pmol/L, total protein 39 g/L,
albumin 26.19 g/L). Arterial blood gas analyses showed met-
abolic acidosis with marked base excess (pO2 9.6 kPa, pCO2
4.14 kPa, pH 7.15, bicarbonate 11 mmol/L, BE -15). She was
intubated and placed on mechanical ventilation for the next 24
hours, after which she was extubated and placed on an oxygen
mask. An arterial line was set up for invasive blood pressure
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monitoring. Hemodynamic instability was treated with isotonic
solutions and inotropic support (norepinephrine, dopamine and
adrenaline). The treatment also included: antibiotics, analgesics,
antithrombotic therapy, freshly frozen plasma, and parenteral 8.4%
sodium bicarbonate adjusted for gas analysis results and acid-base
status. Dopamine was replaced with phenylephrine, and furosemide
was added. One day later, due to respiratory evasion, she was again
intubated and placed on mechanical ventilation with sedation. De-
spite intensive treatment, the patient was still hemodynamically
unstable, with severe metabolic acidosis and anuria. On the third
day, cardiopulmonary insufficiency occurred several times. The
patient responded well to parenteral treatment (atropine sulphate 2
mg, adrenaline 2 mg, digoxin 0.25 mg, furosemide 40 mg, sodium
bicarbonate 150 ml, calcium gluconate 10 ml) and other cardiopul-
monary resuscitation measures the first two times. The third time,
cardiopulmonary resuscitation measures did not work and the pa-
tient had a lethal outcome.

Aluminum phosphide characteristics. AlP is a solid fumigant
pesticide, effective in destroying harmful insects and rodents
that damage the grain. It is cheap and easy to use, and hence widely
used in agriculture as well as for other non-agricultural purposes.
Its properties make it almost ideal for use: it does not affect the
viability of the seeds, it does not contain toxic residues and leaves
little allowed residue on the grains [1]. It can be found under vari-
ous trade names (Celphos, Phosfume, Phostoxin, Quickphos and
others) most commonly formulated as tablets, pellet, granules or
powder [4]. AIP is not toxic per se, but active pesticide component-
the toxic gas phosphine PH,, which is formed in contact with water,
acids or moisture, is responsible for its toxicity [5]. It is a colorless
highly toxic, extremely flammable gas with a specific garlic odor
and has a short half-life of 5-24 hours.

Mechanisms of toxicity. Although the exact mechanism of ac-
tion of phosphine is not well known, it is thought to inhibit mi-
tochondrial cytochrome oxidase and oxidative phosphorylation
[2]. This ability to inhibit cytochrome ¢ oxidase is more pro-
nounced in vitro, whereas in vivo phosphine shows much lower
activity. This results in a 70% reduction in oxidative respiration
and a decrease in mitochondrial membrane potential [6,7].

Other mechanisms are also involved in the occurrence of the
disruption of cellular respiration. The production of highly reac-
tive hydroxyl radicals in the presence of phosphine along with
the inhibition of the enzymes catalase and peroxidase lead to
subsequent cell damage through lipid peroxidation [7].

Clinical manifestations. Clinical signs and symptoms occur
shortly after ingestion of AIP. The main characteristic of AIP
poisoning is the presence of systemic toxicity, but the first and
most common signs are vomiting and abdominal pain. Cardio-
vascular involvement is due to the direct toxicity of phosphine
to myocytes and adrenal glands, as well as fluid loss [8]. Marked
hypotension, tachycardia, tachypnea, several ECG changes,
metabolic acidosis, acute renal failure and irreversible shock
are often described [8,3,7]. Although rare, ECG changes sug-
gestive of myocardial infarction have also been reported in as-
sociation with acute AIP poisoning [9,10]. Pulmonary edema,
either cardiogenic or non-cardiogenic, may also be present [7,8].
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Other less common manifestations of ALP poisoning are: he-
patic necrosis, disseminated intravascular coagulation and acute
tubular necrosis. There is conflicting evidence for magnesium
levels disorder [7]. Phosphines and phosphides also have direct
corrosive effects on tissues [11]. Although rare, local thermal in-
juries such as gastrointestinal ulcers, hemorrhages, and external
skin burns have been reported in patients with lethal outcome,
presumably caused by the use of potassium permanganate [12].
Such changes are internal and difficult to observe, therefore,
they could often remain unrecognized and undiagnosed, contrib-
uting to the unfavorable outcome of AIP poisoning [13].

Treatment. Since there is no antidote for AIP poisoning, therapy
mainly consists of supportive measures which should start as early
as possible. Treatment protocols also vary from center to center.
Current protocols recommend the use of potassium permanganate
solution for gastric lavage because it oxidizes phosphine to non-
toxic phosphate, preventing further absorption, which is followed
by application of activated charcoal through a nasogastric tube. In
order to reduce stomach pain, acidity and further release of phos-
phine, the use of antacids, proton pump inhibitors and H2 blockers
is also recommended [3,14]. According to recent and contrary to
previous studies, the use of activated charcoal and potassium per-
manganate is useless and even harmful to AIP poisoning. Some au-
thors believe that the use of water-based solutions such as activated
charcoal and potassium permanganate leads to greater release of
phosphine-gas from the AIP [15]. In addition, AIP has a molecular
weight of only 58 Daltons, which is much less than the absorption
power of activated charcoal [16]. Cases of hemolysis and methe-
moglobinemia have also been reported in patients treated with po-
tassium permanganate, which is considered to be a strong oxidizing
agent [17]. Newer treatment protocols prefer the use of vegetable
oils and liquid paraffin rather than water-soluble substances, since
they prevent greater fumigation of phosphine and provide better
motility of the gastrointestinal tract. This has been confirmed by
some in vitro studies, as well as some case reports showing reduced
acute AlP toxicity following the use of vegetable oils [16].

The results of experimental and clinical studies suggest the
use of many other potential antidotes such as: glutathione, N-
acetylcysteine, vitamins C and E, boric acid, magnesium sulfate,
melatonin, L-carnitine and others, which are thought to reduce
harmful oxidative properties of AIP, but for most of them addi-
tional assessment is required [18].

Management of severe hypotension is still a current issue for
clinicians as it is a major factor affecting the severity and out-
come of poisoning. A retrospective study conducted in Ethio-
pia reported a lower mortality rate of about 31% in hypotensive
patients treated according to a protocol containing isotonic crys-
talloid solutions, dopamine, magnesium sulfate, hydrocortisone,
and calcium gluconate in addition to gastric lavage [19]. Other au-
thors believe that the usual treatment with high doses of crystalloid
isotonic solutions gives unsatisfactory results. Vasoactive amines
(dopamine, norepinephrine and phenylephrine) also give limited
success in shock resuscitation [20]. According to Marashi et al.,
the poor response to massive crystalloid administration and vaso-
active substances is due to insufficiency of the vessel wall integ-
rity and their increased permeability. They believe that congestion
of the organs and fluid transduction in the serous cavities is due
to increased permeability and is not associated with heart failure
[21]. Having this in mind, they suggest the use of high-molecular-
weight colloidal solutions as volume expanders and resuscitation
liquids. With this treatment they have successfully treated a pa-
tient with acute AIP poisoning [22]. Corticosteroids are still used
in the treatment of AIP poisoning to reduce the doses of vasoac-
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tive substances, to potentiate the body’s response to endogenous
and exogenous catecholamines and to prevent the development of
acute respiratory distress syndrome [23]. In order to find a solu-
tion for hemodynamic instability in patients with AIP intoxica-
tion, a single-centric randomized controlled trial was performed
for the use of intralipid emulsion as an adjuvant therapy. Half
of the patients received a continuous 20% intralipid emulsion
(ILE) along with supportive treatment, and the rest did not. The
benefits of ILE have been based on the known liposolubility of
phosphine (phosphorus trihydride) with the assumption that ILE
can counteract its toxic effects. The results of the study showed
that intralipid emulsion was an effective and safe therapy, but
the differences in mortality and mean systolic pressure between
the groups were insignificant, while the need for intubation and
mechanical ventilation were significantly smaller, confirming its
therapeutic effect [24,25].

The second major problem faced by clinical toxicologists is
the management of severe metabolic acidosis. Many authors use
intravenous sodium bicarbonate to overcome acidosis. Some
of those who corrected acidosis by intravenous administration
of sodium bicarbonate, guided by basal excess, did not find a
significant difference in pH and serum bicarbonate values be-
tween surviving and non-surviving patients [26]. There are also
authors who believe that intravenous sodium bicarbonate cannot
resolve metabolic acidosis, as HCO3- remains in the extracellu-
lar compartment, while intracellular acidosis worsens. Accord-
ing to them, generalized hypoperfusion is a major cause of se-
vere metabolic acidosis and suggest the focus of treatment to be
on management of hypotension with limited use of intravenous
bicarbonate only in cases with pH less than 7 [27].

There are also conflicting opinions regarding cardiac toxicity.
Some authors consider myocardial injury to be the most likely
mechanism for cardiovascular toxicity and suggest digoxin, an
intra-aortic balloon pump, and trimetazidine to support cardiac
function [28], while others consider tissue hypoperfusion and
intracellular acidosis responsible for reduced cardiac function.
More recently, the application of extracorporeal membrane
oxygenation (ECMO) has been considered the most promising
technique for providing temporary cardiorespiratory support
[29, 30]. Some authors believe that high-dose insulin improves
carbohydrate energy utilization and may improve myocardial
contractility. They report that four out of five patients treated
with this hyperinsulinemia-euglycemic approach survived [31].

Another important part of treatment is the tracking and treat-
ment of electrolyte imbalances, which may be responsible for
cardiac dysfunction. Hypomagnesemia is often observed in
patients acutely intoxicated with AIP, especially in those with
hypotension and arrhythmia [32], but the therapeutic effects of
magnesium sulfate supplementation are contradictory. Some
studies have reported significantly fewer complications and re-
duced mortality in patients substituted for magnesium sulfate
[33,34]. Contrary to this, in another study, no hypomagnesemia
was observed, nor a significant difference in mortality between
patients treated with and without magnesium sulfate was detect-
ed [35]. Therefore, most authors believe that magnesium sulfate
should not be administered routinely, but only in patients with
proven low levels [36]. Ca gluconate due to its mild membrane-
stabilizing effects is given together with magnesium sulfate for
the treatment of ECG changes in patients acutely poisoned with
ALP [33,36]. A wide range of changes in potassium and calcium
levels can be expected. Their correction is strongly recommend-
ed together with the treatment of acidosis (for pH <7) that may
contribute to overcoming conduction disturbances [16].
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Prognostic markers. It is generally accepted that mortality de-
pends on the ingested dose, the severity of the poisoning, the du-
ration and irreversibility of the shock despite the application of
resuscitation measures. Although it is known that a dose of 150-
500 mg AIP is potentially lethal and that one tablet is sufficient
for fatal outcome [37], a rare case of survival after AIP poison-
ing with the same dose, the same formulation (Phostoxin), the
same time to hospitalization and the same supportive treatment
as ours has been described [38].

Numerous clinical and laboratory findings may serve as pre-
dictors of mortality in patients with AIP poisoning. According
to the results of one Iranian study that used multiple regression
analysis, systolic blood pressure, Glasgow coma score, urinary
output and serum bicarbonate had the highest predictive value
[39]. Variables such as systolic blood pressure, Glasgow coma
score, leukocyte number, glucose levels, urea, blood pH, elec-
trocardiogram changes, and number of ingested AIP tablets have
been shown to be useful prognostic parameters in another study
[40]. But the severity of the poisoning also depends on the form,
i.e., the activity of the consumed preparation that contains AlP.
Tablet consumption is associated with severe metabolic acidosis
and high mortality, because they contain a fresh and active com-
pound. Broken tablets or granular forms contain less active com-
pound and therefore cause milder hypotension, milder metabolic
acidosis and correspondingly lower mortality. Powdered forms
of tablets do not cause systemic effects because they are inactive
[3]. Arrhythmia is the most common cause of death in the first
24 hours, while in the following days death is usually due to the
presence of shock, acidosis, acute respiratory distress syndrome
and arrhythmia [32].

In this paper we presented the first case of AIP poisoning
treated in our Clinic after ingestion of a potentially fatal dose of
one tablet of phostoxin (containing 3 grams of AIP) by a young
woman. The diagnosis was made on the basis of medical history
and clinical presentation, while a confirmation test with silver
nitrate was not available at our institution. The patient received a
single dose of about 50 grams of medical charcoal orally, as it is
recommended up to 4 hours after poisoning with solid prepara-
tions of AIP in toxic doses, but in our case it proved to be insuffi-
cient to absorb this toxic substance. According to some authors,
this may be due to the low molecular weight of AIP [16]. Gastric
lavage was not performed because the patient vomited multiple
times and because of the possibility of increased AIP disintegra-
tion and increased toxicity with solutions composed of water
[32]. Since we had no experience with such poisonings, neither
potassium permanganate nor liquid paraffin was prescribed for
decontamination. Although stable on admission, she soon be-
came hypotensive and did not respond to standard supportive
treatment, most likely due to the severe metabolic acidosis she
developed. After she was transferred to the intensive care unit,
she developed signs of multiorgan involvement, pulmonary ede-
ma, and respiratory failure despite all resuscitation measures.
Signs of severe poisoning and prognostic factors for lethal out-
come were present in this patient soon after admission to the
hospital, and the lethal outcome occurred on the fourth day. The
failure of conventional treatment protocols in our and in many
other cases, and, in general, the high mortality from deliberate
poisoning with AIP preparations were our motive to conduct a
literature review and discover other therapeutic modalities that
would yield better results.

It could be concluded that after many years each piece of the
puzzle called acute AIP poisoning remains unsolved, including the
main mechanism of toxicity. It is obvious that the management of
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acute oral poisoning with AIP is a challenging problem that clini-
cians still encounter. New knowledge is needed to answer the exact
toxokinetic and toxodynamic mechanisms, as well as additional
randomized trials on the effectiveness of newer therapeutic modali-
ties. In the absence of antidote and consensus on treatment, until
newer and more successful therapeutic strategies are developed, the
key to treatment is rapid decontamination and prompt resuscitation
and initiation of supportive measures. In the meantime, to reduce
mortality in general, it is advisable for governments to restrict the
easy availability of this pesticide.
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SUMMARY

FATAL ACUTE ALIMINIUM PHOSPHIDE POISONING
- CASE REPORT AND LITERATURE REVIEW WITH
REFERENCE TO CURRENT TREATMENT PROTO-
COLS AND OUTCOME

Petkovska L., 'Babulovska A., !Simonovska N.,
'Kostadinovski K., 2Brezovska J., 3Zafirova B.

"University Clinic for Toxicology, Faculty of Medicine, *Institute
of Medical and Experimental Biochemistry, Faculty of Medi-
cine; 3Institute of Anatomy, Faculty of Medicine; Ss. Cyril and
Methodius University in Skopje, Republic of North Macedonia

Aluminum phosphide (AIP) has been known for more than
80 years as an effective pesticide for grain protection, but also
as a suicidal agent used for human self-poisoning. Phosphine
gas released in contact with stomach acid after oral ingestion
of AIP is responsible for its toxicity. The poison affects all
systems, so the mortality rate is quite high, especially after
deliberate ingestions. We report the first case of severe AIP
poisoning seen in our institution with a fatal outcome and fur-
thermore, we present literature review on existing and newer
treatment options.

A 35-year-old woman with a history of epilepsy was admit-
ted to the University Clinic for Toxicology in Skopje two hours
after deliberate ingestion of one tablet of phostoxin (AIP). The
first signs of poisoning were vomiting and abdominal pain, leu-
kocytosis, prolonged PT, as well as inverted T waves in D3, AVF
and left precordial leads on ECG. After developing respiratory
failure and hypotension she was transferred to the intensive care
unit (ICU). Her blood pressure was 80/40 mmHg, pulse rate 120/
min. Laboratory findings showed signs of hepatic lesion, rhab-
domyolysis and renal failure (AST 2267.42 U/L, ALT 2102.26
U/L, CPK 1334.81U/L, blood urea nitrogen 23.03 mmol/L,
creatinine 211.9 pmol/L). Arterial blood gas analyses showed
metabolic acidosis (pO, 9.6 kPa, pCO, 4.14 kPa, pH 7.15, bicar-
bonate 11 mmol/L, BE -15). The patient was placed on mechani-
cal ventilation. Despite fluid supplementation, intensive therapy
and inotropic support, hemodynamic instability worsened and
cardiopulmonary resuscitation was performed three times. Un-
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fortunately, the patient had a fatal outcome on the fourth day of
intoxication.

Solid formulations of AIP are very toxic. One tablet of phostoxin
containing 3 grams of AIP is sufficient for the progression of life-
threatening symptoms and fatal outcome. In the absence of antidote
and elucidated mechanisms of toxicity, the key to treatment is rapid
decontamination and initiation of resuscitation measures.

Keywords: aluminum phosphide, phosphine, toxicity, treat-
ment protocols, outcome.

PE3IOME

CMEPTEJIBHOE OCTPOE OTPABJIEHUE ®OC®PU-
JOM AJIIOMUHUS - OTYHET O CJIYYAE U OB30P
JIMTEPATYPbI CO CCBLJIKOM HA TEKYIIHE IPO-
TOKOJIbI JIEYEHUS U PE3YJIBTATBI

TerkoBckas JI., 'BadyinoBckas A., 'Cumonosckas H.,
'Kocragunosckasi K., 2bpesosckas k., *3apuposa b.

'Vuueepcumemckas KIUHUKA MOKCUKOLO2UU, MEOUYUHCKULL (a-
Kynomem; *Hucmumym meouyuncKol u dKCNnepumMeHmanbHol
ouoxumuu, meduyunckuil gpaxyromem, SUncmumym anamomuu,
Mmeduyunckutl (pakynemem Ynusepcumema um. Kupunna u Me-
¢oous ¢ Cronve, Pecnyonuxa Cesepras Makedonus

Dochun amomunus (AlP) nzsecten He TONbKO Kak dddex-
TUBHBIN MECTHUIM JJIsI 3AIIUTHI 3¢PHA, HO U KaK CIOCo0 camoy-
ouiictsa. ['a3000pa3ublit GochuH, BBIASISIOMMIACS IPU KOHTAKTEe
C HKeITyI0YHOM KHUCIIOTOH Hocute niepopasibHoro mpreMa AlP, oteer-
CTBEHEH 32 er0 TOKCHYHOCTb. ST IopakaeT BCe CUCTEMBI, TI0ITOMY
CMEPTHOCTB JIOBOJIBHO BBICOKAsl, 0COOCHHO IOCJIe IIPHeMa BHYTPb.
Coobruaercs o ciryuae Tshkesioro orpasieHust AP co cmeprenbHbIM
HCXOZIOM; NIPEJICTaBIICH 0030p JIUTEPATYPhI ¥ CHOCOOBI JICUCHHSL.

35-neTHsis JKEHILMHA ¢ JITUIIeTICHEil B aHaMHe3e ObLia rOCIH-
TaJU3UPOBaHA B YHUBEPCUTETCKYIO KJIMHHUKY TOKCHKOJIOTUHU B
CKormbe Yepe3 JiBa 4yaca IMocje mpreMa OJHOW TabneTku ¢oc-
TokcuHa (AlP) ¢ nenbio camoybwuiicTsa. [lepBriMu npr3HaKaMu
OTpaBJICHUS ObLTH PBOTA U OOJU B JKHBOTE, JICHKOIIUTO3, JJIH-
tenbHas 1T, a Taxoke uHBepTHpOoBaHHbIe BoiHbI T B D3, AVF
W JIeBBIX NpeKkopauanbHbix orBeneHusx Ha DKI. [locne pa3su-
THA ):[leaTeJ'[bHOFI HEOAOCTAaTOYHOCTU U I'MIIOTCH3HUHU HaI_IHeHTKy
NepeBesid B OTACJIICHHME WHTEHCHUBHOU Tepanuu. [laBieHue
- 80/40 MM pr.ctT., yacToTa myisca - 120 B munyty. Jlabopa-
TOPHBIC NAHHBIC ITOKa3ajk MPU3HAKU IOPAXKECHUA IEYCHH, CO-
HPOBOXKIAEMOI0 PabJOMUOIN30M U MOYSYHOW HEIOCTATOUHO-
creio (ACT 2267,42 En/n, AJIT 2102,26 En/n, KOK 1334,81
En/n, a3ot moueBuHbI kKpoBu 23,03 MMoib/i, kpeatiuauH 211,9
MKMOJIb/JT). AHAJIM3 ra30B apTepHalbHON KPOBH IOKa3all MeTa-
Oonmyeckuit anunos (PO, 9,6 xIla, pCO, 4,14 xlIla, pH 7,15,
oukapoonar 11 mmons/n, BE - 15). [lanueHT mepeBeneH Ha
UCKYCCTBEHHYI0 BEHTHIALMIO Jerkux. CepredHo-nerodHas
peaHuManusi mpoBefeHa TpHwkabl. HecMmorps Ha noGaBieHne
JKUIKOCTH, I/IHTeHCI/IBHyI'O TCparuro 1 I/IHOTpOl'IHyI'O NOAJACPIKKY,
reMoJMHaMUYecKasi HeCTaOMIbHOCTh ycuimmiack. K coxkane-
HHIO, Yy IMalueHTa Ha '-[eTBeprII\/'l JC€Hb MHTOKCHUKALIUH HaCTyl'll/IIl
JIETAJILHBIA UCXO/I.

Teepapie coctaBbl AIP BecbMa TOKcHYHBL. OnHON TaOICTKH
(docrokcuna, conepskaiieii 3 rpamma AlP, noctarouHo st mpo-
rpeCCUPOBAHKA ONACHBIX JJI )KU3HU CUMIITOMOB U JICTAJIbHOI'O
ucxoaa. B OTCyTCTBI/Ie MNPOTUBOAANA U BbIICHECHHBIX MEXaHU3-
MOB TOKCHUYHOCTH KJIFOUOM K JICYHCHHIO SABJISICTCSA 6blCTpa$[ Jae-
3aKTHUBalLMs U Ha4YaJl0 p€aHMMAallMOHHBIX MepOl’[pMﬂTHﬁ.
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