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CURRENT CONCEPTS IN THE MANAGEMENT OF TETANUS

The study focuses on the problem of severe tetanus cases, which
continue to be reported worldwide. The population of countries with low
vaccination rates, including Ukraine, is particularly at risk. Despite the
increase in the level of DPT vaccination in our country among adults and
children, it remains insufficient, which leads to the registration of new
cases of tetanus.

The aim of the study was to analyze the main directions in the
treatment of tetanus. The authors searched for information in electronic
databases such as MEDLINE/Pub Med and Google Scholar for the last
20 years. The search was performed on such terms as tetanus, treatment,
benzodiazepines, tetanus immunoglobulin (medical topics). The main
components of modern treatment are analyzed in the paper, which
include removal of the pathogen by careful surgical treatment of
wounds, rational antibiotic therapy. Drugs of choice for the eradication
of vegetative forms of the pathogen are benzylpenicillin and
metronidazole, but can also be used antibacterial drugs of other groups
(macrolides, tetracyclines, cephalosporins). Specific immunotherapy
with tetanus immunoglobulin can neutralize the toxin that freely
circulates in the blood. Those who do not have vaccination data are also
indicated for the introduction of tetanus toxoid. Intrathecal
administration of anti-tetanus immunoglobulin remains a debatable
issue. In the treatment of convulsions, drugs of the benzodiazepine group
are preferred. Infusions of high doses of magnesium, dexmetomedin,
baclofen, propofol or their combination can also be used. In the case of
severe muscular rigidity, muscle relaxants of nondepolarizing action are
used. If the spasms are prolonged, botulinum toxin A may be
recommended as an injection into peripheral muscles. B-blockers
(esmolol), dexmetomedin, clonidine are used to overcome autonomic
dysfunction of the nervous system. Supportive therapy is important. It is
aimed at providing the patient with complete nutrition. Adequate
ventilation with early tracheostomy helps to avoid complications of
prolonged intubation.

The above methods can significantly reduce mortality from tetanus
from 100% (in the absence of treatment) to 109%—20%.
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Introduction

According to the European Center for the

CYYACHI KOHIENIIIT B IKYBAHHI ITPABIIS

JlocnipkeHHs IpUCBsiYeHe MPo0sIeMi MOIIUPEHHS BUIAAKIB BaKKUX
(hopm mpaBI, SKi POJOBKYIOTh PEECTPYBATHCS MO BChOMY CBITY. Oco-
ONMMBO CXWJIBHE IO PH3HKY 3aXBOPITH HACENCHHS KpaiH 3 HU3BKUM pPiB-
HEM BaKIMHALIi, BKIOYaoun i YkpaiHny. HesBakaroum Ha 3pocTaHHA
piBua BaknuHanii AK/IIl B Hamnii kpaiHi cepex mopocimx i JiTed, BiH
3aIUIIAETHCS HEIOCTATHIM, IO MIPU3BOANTE PEECTpAIlil HOBUX BHITAAKIB
HpaBLs.

Meroto nocnipkeHHsT OyB aHai3 OCHOBHHMX HAINpsIMKIB B JIKYBaHHI
npaBiist. ABTOPH TPOBENM MOUIYK iH(pOpMallii B eleKTpoHHuX 0a3ax ja-
Hux, Takux sk MEDLINE/Pub Med i Google Scholar 3a ocranni 20 po-
KkiB. [Tomyk mpoBoauBCs 32 TAKMMH T€PMiHaMHU, SK IpaBellb, JTIKyBaHH,
OeH3o/ia3eniny, NPOTUIPABLEBHHA IMYHOTJIOOYINiH, MarHesii cynbdar,
TpaxeocToMis (MeOmIHi TeMaTHyHi pyOpukn). B poboti mpoanaxizoBaHo
OCHOBHI KOMIIOHCHTH Cy4aCHOTO JIKyBaHHs, SIKi BKIFOYAIOTh BUIAJICHHS
30yqHUKA MUITXOM PETEeNFHOI XipypridHoi 0OpoOKH paH, pallioOHANbHY
aHTHOIOTHKOTEpAarito. [IpenapaTamMu BUOOPY IUIS 3HUIICHHS BETCTATHUB-
HUX (opm 30ymHWKA € OCH3WINCHINWIIH 1 METPOHIA30J, aje TaKOoxXK
MOXYTb OyTH BHUKOPHCTaHI aHTHOAKTepiajbHI HpernapaTH IHIIUX TPy
(makpomigu, TeTpauukiiag, uedanocnopunn). Crnenudivaa iMyHoTEepa-
Iisl IPOTUIIPABIIEBUM IMYHOTJIOOYJIIHOM JI03BOJISIE HEUTpali3yBaTH TOK-
CHH, III0 BIJIBHO IUPKYIIO€ B KpoBi . Ocobam, siKi HE MalOTh JaHUX IPO
BaKIMHAIIi}0, TAKOX MOKa3aHO BBE/ICHHS MPABLEBOI0 aHATOKCUHY. Jluc-
KyCII{HUM IHTAaHHAM 3aJIMIIA€THCS IHTpaTeKaJlbHEe BBEICHHS MPOTHIIPA-
BIIEBOTO IMYHOTJIOOYITiHY. Y JIKyBaHHI CyIOM IlepeBary MaroTh Iperia-
patu rpynu OeH3oniazemnidiB. Takox MOXyTh OyTH BUKOpPHUCTaHI iHY3il
BHCOKHX JI03 MarHesii, mekcMeTomenina, 0akiodeHa, mpomodory adbo ix
koMmOiHatis. [Ipu BupakeHi M'S30Bilf PHUTIAHOCTI BHKOPHCTOBYIOTHCS
MIOpEJIAaKCAaHTH HEJCTONIAPU3YI0Y0i 1ii. Y pa3i PO3BUTKY TPHUBAJIOTO
crasmMy MOXe OyTH pEKOMEHIOBaHHH OOTYIOTOKCHH A y BHUIUISAIL 1H'€EK-
uii B nepudepuyni M's3u. s 60poThOM 3 aBTOHOMHOIO JUC(]YHKIIIEIO
HEPBOBOI CHCTEMHU 3aCTOCOBYIOThCS b-0510KaTOpHU (€CMOJION), JEKCMETO-
MeJliH, KJIIOHIIMH. BakiuBe 3HaueHHs Mae MiATPUMYrOYa Tepalrtisi, Crpsi-
MOBaHa Ha 3a0e3MeueHHs] XBOPOro MOBHOI[IHHUM Xap4yBaHHIM. AJEK-
BaTHA BEHTWJISALIS 3 POBEICHHSIM PaHHBOI TPAXEOCTOMII J03BOJISIE YHHU-
KHYTH yCKJIaJHEHb TPHUBAJIOI iHTYOAITI1.

[NepepaxoBaHi BHIIE METOIH JO3BOJISIFOTH iICTOTHO 3HU3HUTH JICTANb-
HicTh Bix npaBis 31 100% (y pasi BincyTHocTi nikyBauss) 1o 10%—-20%.

Karo4osi ciioBa: npasers, JiKyBaHHs, O€H30/Iia3emiHN, CyIb(ar Ma-
THIIO, TPOTHUIPABIEBUIT IMYHOTJIOOYIIiH, TPAXEOCTOMIsL.

ABTOp, BiinoBizasHuii 3a muctyBanns: Yy.tkachenko@med.sumdu.edu.ua

vaccinated with 3 doses of DTP vaccine. At the
same time, according to the Ministry of Health of
Ukraine in 2017, about half of children under 18

Prevention and Control of Disease in the European
Union, 82 cases of tetanus were recorded in 2017,
54% of cases were reported in Italy and Poland [1].
There were no reported cases of this disease in 10
countries: Germany, Belgium, Finland, etc., where
the level of vaccinated people ranged from 91 to
98%. In the world in 2017, 86% of infants were

months of age were not vaccinated against
diphtheria, pertussis and tetanus and less than half
of adults underwent routine booster vaccination
against the mentioned infections. And although by
2018 the total level of DTP vaccination among
adults and children in Ukraine has grown to 69%
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(in 2017 — 50%), cases of tetanus are regularly
recorded in the country. So in Ukraine in 2018, 17
cases of this disease were registered [2].

The seriousness of the problem lies in the high
mortality rate, which among infectious diseases is
second only to botulism and pulmonary plague.
Mortality cannot be reduced due to the
development of complications associated with the
action of the bacterial toxin. The overall incidence
of tetanus deaths varies between 10% and 70%,
depending on the treatment, age and general health
of the patient. Without hospitalization and intensive
treatment, mortality is almost 100% among elderly
and pediatric patients. When conducting the most
optimal treatment, mortality can be reduced to
10%-20% [3].

Evidence of a successful tetanus control
program worldwide is a reduction in infant
mortality. If in 1988, 787 000 newborns died from
tetanus, then in 2015, 34 000 died, that is, mortality
due to large-scale vaccination decreased on 96%
[3].

Purpose: analysis of the main recommendation
devoted to the treatment of tetanus.

Methods: The authors searched for information
in electronic databases such as MEDLINE/Pub Med
and Google Scholar for the last 20 years. The
search was performed on such terms as tetanus,
management, benzodiazepines, tetanus
immunoglobulin, magnesium sulfate, tracheostomy
(medical topics).

Research results and discussion:

Tetanus treatment is supportive and in most
cases should be carried out in intensive care units.
The treatment strategy is based on the following
therapies principles:

- eradication of the pathogen to prevent further
secretion of the toxin;

- neutralization of the toxin outside the CNS by
specific immunotherapy;

- detoxification therapy to neutralize the toxin
that has already entered the CNS cells;

- therapy of muscle rigidity and convulsive
syndrome;

- reducing of autonomic dysfunction;

- other supportive measures of intensive care [4].

Etiopathogenetic treatment consists in thorough
primary surgical treatment of the wound, as well as
antibiotic eradication of Clostridium tetani.
Properly performed surgical treatment of wounds
leads to a significant elimination of the pathogen.
The debatable issue is the use of antibiotic therapy
to protect from vegetative forms. This type of

treatment is not primary, because the vegetative
form of bacteria multiplies locally and is not
disseminated through blood and lymph (as opposed
to a toxin). According to the recommendations of
the  European  protocols,  penicillin  and
metronidazole should be wused as antibiotic
prophylaxis and treatment, but tetracyclines,
macrolides, clindamycin, cephalosporins and
chloramphenicol can also be effective [5].
However, benzylpenicillin is a GABA antagonist
and enhances the action of tetanospasmin, causing
convulsions. Therefore, metronidazole has been
proposed as an alternative to the treatment [6].
According to studies by other authors, the use of
metronidazole, benzylpenicillin, and penicillin
benzathine was characterized by approximately the
same efficacy and prognosis [7].

Specific immunotherapy by the human anti-
tetanus immunoglobulin TIG is administered in the
treatment of tetanus (3,000 to 6,000 1U). TIG is also
indicated in the treatment of tetanus neonatorum
[8]. The antitoxin is given for inactivation any free
tetanus toxin. The toxin that has been taken up into
CNS is probably not available to the TIG. Anti-
tetanus serum can be used in the absence of specific
human anti-tetanus immunoglobulin; however, its
administration is often accompanied by severe
allergic manifestations. It is necessary to take into
account the presence of pyrogenic substances in
horse serum. In addition, anti-tetanus serum is
characterized by instability, which can lead to a
decrease in antitoxin levels during storage of the
drug [9, 10]. Anti-tetanus serum is recommended in
the dose 50,000 to 100,000 U. Also tetanus toxoid
(TT) is administrated for patients without a history
of primary vaccination in dose 0.5 ml by
intramuscular injection, a second dose 1-2 months
later, and a third dose 6-12 months after first
injection [8]. Human polyvalent intravenous
immunoglobulin is recommended only for
prophylaxis tetanus, not for treatment due to the
variable levels of tetanus antitoxin [11].

According to some authors, an intrathecally
administered epidural or subarachnoid drug anti-
tetanus immunoglobulin increased the survival of
patients with a generalized form of tetanus,
probably blocking the transmission of toxin within
the synapses. The benefits from receiving
intrathecal antitoxin are - decrease in mortality and
complications (nosocomial infection, myocardial
infarction, hyper- and hypotension), improvement
of long-term outcomes [12, 13, 14]. One of the
variants for specific treatment is the simultaneous
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administration of intramuscular (3000 I1U) and
intrathecal (1000 1U) TIG, which led to a decrease
in the severity of convulsive syndrome and a
decrease in the hospital stay [15]. Although,
according to other authors, the effectiveness of
intrathecal administration of  anti-tetanus
immunoglobulin has not been proven [16].

Another problem in treatment of tetanus is
associated with great difficulties related to muscle
spasms relief. Benzodiazepines are the standard
choice for the treatment of tetanus muscle spasms
due to their anticonvulsant, sedative and muscle
relaxant effects. For adults, diazepam is
administered intravenously with a gradual increase
in dose by 5 mg every 2-6 hours. In some cases,
large doses of up to 600 mg/day are required. The
initial dose of diazepam for children is 0.1-
0.2 mg/kg. Lorazepam may also be used in
increments of 2 mg [5].

In cases of severe spasms, it is possible to use
magnesium sulfate in the form of a continuous
infusion while maintaining the level of this
electrolyte in the blood from 2 to 4 mmol/l. The
smallest number of patients receiving magnesium
therapy needed mechanical ventilation. The
mechanism of action of magnesium sulfate is the
presynaptic blockade of nerve impulses and the
stabilization of the autonomic nervous system by
inhibiting the secretion of catecholamines and
reducing the sensitivity of receptors to their effects.
The recommended loading dose of magnesia for
adult patients is 40 mg/kg in 30 minutes, then a
maintenance dose of 2 g/hour [13, 17, 18].

To stop the convulsive syndrome, baclofen,
which is a centrally acting muscle relaxant, a
derivative of gamma-aminobutyric acid (GABA-b
stimulator), can also be used. It blocks polysynaptic
spinal reflexes, reducing muscle tension. Oral
administration of this drug is not effective (it does
not cross the blood-brain barrier). However, its
intrathecal administration can reduce muscle tone,
especially in combination with benzodiazepines.
The disadvantage of intrathecal administration of
baclofen is the risk of secondary infection of the
central nervous system and respiratory depression,
requiring respiratory support [13]. Endolumbally
administered  baclofen can be successfully
combined with epidurally administered fentanyl
and bupivacaine. Using this method, the authors
were able to reduce both pain and spasmodic
syndrome [19].

The use of a dexdor (dexmedetomidine) —
selective alpha-2 adrenergic agonist has not been

fully studied. Some authors provide observations of
a decrease in the frequency and severity of
convulsive syndrome and a decrease in the dosage
of sedation drugs when using it. In addition, it
successfully helps overcome autonomic
dysfunction, stopping the manifestations of arterial
hypertension and tachycardia. The development of
bradyarrhythmia, which requires a dose reduction,
may be a side effect [20, 21].

The combined use of propofol and dexdor,
described by a team of authors, also demonstrated
efficacy in the treatment of convulsive syndrome
and autonomic disorders without the use of muscle
relaxants and other anticonvulsants [22].

With the ineffectiveness of the above methods
of dealing with the convulsive syndrome, muscle
relaxants are  recommended.  Pancuronium,
traditionally used in such cases, can enhance the
dysfunction of the autonomic nervous system,
because it inhibits the reuptake of catecholamines,
leading to the development of tachyarrhythmias and
arterial  hypertension. At the same time,
pipecuronium and rocuronium are more preferable,
because they have a more prolonged effect and less
often cause autonomic disorders. Rocuronium at a
dose of 10 mg/kg/min in combination with
midazolam can be successfully used for obstinate
convulsion to benzodiazepines [20, 23].

Botulinum toxin A can also be used to treat
muscle stiffness and spasms, which inhibits
acetylcholine  release and skeletal muscle
hyperactivation. Injections into the temporalis and
masseter muscles were used to overcome trismus,
and in the cricopharyngeal muscles to stop
dysphagia. Botulinum toxin A was also
administrated to treat painful neck stiffness by
injecting it into the trapezius, levator scapula and
sternocleidomastoid muscle. These measures
prevented the development of aspiration
pneumonia, facilitated oral hygiene and food intake
[24, 25]. In addition the successful use of botulinum
toxin A to manage long-term joint deformities by
injection of this agent in peripheral muscle has been
reported too [26].

Autonomic dysfunction is characterized by
overactivity of the both sympathetic and
parasympathetic nervous system. It is manifested
through lability of pulse and blood pressure,
profuse sweating and hyperpyrexia. The use of
magnesium sulfate or morphine is recommended to
overcome vegetative instability. The prescription of
B-blocker esmolol is in priority. Propranolol is no
longer used due to the risk of hypotension and
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sudden death [5]. The antisympathetic effect of
dexmedetomidine is associated with blocking the
release of norepinephrine by stimulation of the
presynaptic a-2 receptor. It explains its efficacy in
maintaining hemodynamic stability [27, 28].
Clonidine (the central a-receptor agonist) decreases
peripheral arteriolar tone and has also been used to
manage cardiovascular instability [29].

Supportive care should be provided, including
keeping patients in a calm environment. A

Conclusions

For the management of generalized forms of
tetanus, the evidence favours the administration of
the human anti-tetanus immunoglobulin binding the
unbound toxin, use the benzodiazepines for
controlling muscle spasm, esmolol for autonomic
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