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Abstract: Fever (t>38°C) developed in association with drug usage is rare but sometimes severe side effect (SE). It could
manifest as single symptom or as a part of such life-threatening syndromes like malignant hyperthermia (MH), serotonin
syndrome (SS), neuroleptic malignant syndrome (NMS). Fever could be caused by different therapeutic groups of drugs but
the leading positions are occupied by antibiotics (mainly beta-lactams), substances acting on central nervous system (CNS) and
chemotherapeutic agents. Main mechanisms are allergic and receptive. Curative measures include discontinuation of the
suspected drug, introduction of agents blocking the action of the trigger factor - dantrolene (MH), bromocriptine (NMS),
cyproheptadine (SS). Purpose of this review: to present the global and Russian data concerning fever as a drug-induced side
effect. To distinguish the groups of patients and drugs of the highest risk. To evaluate aid measures. Results: fever as
monosymptom of drug allergy is a difficult condition to be diagnosed and there are only few things that could help to
recognize it such as temporal association with the suspected drug use and manifestation of fever along with the following
resolution after suspected drug discontinuation and recurrence fever after suspected drug re-challenge. Among four syndromes
described in this review such as serum sickness-like reaction (SSLR), NMS, SS and MH just fever at MH is not only a sign
like in case of three others but it is significant and life-threatening manifestation and therefore requires additional curative
methods (in addition to pharmacological support with dantrolene) — rapid cooling measures: ice-water nasogastric and rectal
lavage, infusion of crystalloid solutions cooled up to 4°C, ice packs placing on main blood vessels and liver area, ventilatory
measurements.
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injury.

Drug-induced fever (DF) is abnormal pathological
phenomenon that coincides in time with the use of drug in
the absence of other reasons for its manifestation.

In accordance with data from Vigibase (2018) drug-
induced fever (t>38°C) was observed in 3,1% of children
with variables in frequency in different age groups, countries
[1-3], out-patient or in-patient practice where the intensity
and volume of drugs administration is higher.

Pharmacovigilance service of our hospital in 2006-2007
registered 22 cases of drug-induced fever (12,35% of all
adverse side effects) and 18 cases from those were registered

1. Introduction

Normal temperature of human body is usually balanced
around 37°C and its stability (temperature homeostasis) is
supported by two main mechanisms: central system —
anterior hypothalamus where “thermostat” is placed and
peripheral part — skin blood circulation, muscular tonus and
sweating.

In general understanding fever is an adaptive physiological
reaction that is resulted from synchronized response of
vegetative and neuroendocrinal systems for disease or other
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as a result of beta-lactam use (“beta-lactam fever”):
ceftriaxone, ceftazidime, meropenem, cefepime.

2. DF as Alone Manifestation of Drug
Intolerance

It’s considered that drug fever of this type does not have
any specific signs allowing to distinguish from fever of
another origin. However there are some landmarks which
could help to suspect drug-induced fever: onset of fever
coincides in time with prescription of the suspected drug,
absence of obvious sites of infection, relative bradycardia.
And the main argument in favor of drug-induced fever is its
termination after discontinuation of suspected drug
administration. In such a case the patient has to remain
afebrile during at least three days after normalization of the
temperature. Usually fever terminates in 48-72 hours but
sometimes later if the drug eliminates slowly like
amphotericin B that is eliminated during 3-5 days after first
infusion.

Next important evidence is recurrence of fever after
restarting (accidental or intentional) of offending drug.

However both evidences (drug discontinuation and re-
challenge) have restrictions: in the first case — due to possible
absence of the alternative treatment (in oncology, resistant
flora) and in the second case — due to ethical considerations
(as placebo effect in Naranjo scale).

Some patients (18-29%) have skin signs of
hypersensitivity like urticaria or maculo-papular rash and
eosinophilia in combination with fever that also could
support the diagnosis of DF. But presence of rigor, slight
increase of ESR and transaminases (less than two upper
normal values), leukocytosis could be misleading signs for
diagnosis of drug-induced fever [3, 4].

Temperature elevation is non-specific reaction and due to
understandable reasons drug-induced fever is the diagnosis of
exclusion that is remembered at the latest that is caused
among others by the known mistaken belief of health-care
professionals that fever could be only related to infection and
mainly bacterial requiring antibiotics (AB). In particular such
situation is wide-spread among pediatricians as far as the
requirements for AB indications in pediatrics are reduced in
addition to the fact that this class of drugs could cause fever
on its own.

2.1. DF Mechanisms

There are three mechanisms of DF caused by AB:

First mechanism is attributed to the properties of the drug
itself or to procedure of its administration.

a) It’s related mainly to the quality of the drug. Fever could
be caused by pyrogenic contaminants not removed during
manufacturing process like it was for vancomycin [5].

b) In case of infusion of amphotericin B and bleomycin
manifestation of pyrogenic reactions is resulted due to release
of endogenic pyrogens (interleukin-1 (IL-1), tumour necrosis
factor alpha (TNF-a) from granulocytes. Special

characteristic of such type of fever is its manifestation
usually during drug infusion.

¢) Fever could be caused by the injection itself in case of
subcutaneous administration, for instance dalteparin injection
(low-molecular heparin derivative) or as a result of phlebitis
after infusion of irritating solution like vancomycin,
cephalosporines, ciprofloxacin (local toxic reaction).
According to our observations mentioned above effect of
ciprofloxacin is related as well to infusion speed that is not
followed by phlebitis if becomes slower.

d) Vaccines and allergic extracts could cause fever because
both contain bacterial and virus pyrogens [6-8].

e) Treatment by interferons (in our hospital for laryngeal
and lungs papillomatosis) is predictably followed by high
fever.

f) Intrathecal
unpublished data).

Second mechanism is attributed to pharmacological effect
of AB for treatment of spirochetosis (syphilis, leptospirosis,
borreliosis) by penicillin or for treatment of abdominal
typhoid fever by chloramphenicol and release of pyrogens by
killed microbes. This type DF caused by bacteriolysis that
usually develops after 6-8 days from the beginning of AB
treatment. It’s considered that the role of pyrogen plays
endotoxin known as lipopolyssacharide being the part of cell
wall of killed microbes.

Anticancer drugs (bleomycin, vincristine, daunorubicin)
have similar mechanism of development. Fever followed its
administration is caused by release of pyrogens from the
destroyed cancer cells and their effect on hypothalamus.

Third mechanism (the most frequent) is immune, allergic
reaction of III type following by the formation of immune
complexes from drugs and its metabolites binding with
proteins. Immune-mediated reaction is followed by release of
endogenous pyrogens (IL-1, TNF-a) from leucocytes.

Leading positions in development of such reaction belong
to antibacterial agents first of all beta-lactams:
cephalosporins and ureidopenicillins [2, 4, 9].

introduction of cerliponase-a (own

2.2. Risk Factors and Risk Groups for DF of Allergic
Origin in Children

Risk factors:

a) allergic and autoimmune diseases in parents (especially
in mothers).

b) AB treatment by beta-lactams during pregnancy
followed by antenatal sensibilization.

c¢) perinatal disturbances (neurovegetative instability) and
early age (immaturity of center of temperature control).

d) gender characteristics: prevalence of drug-induced
allergy is higher in girls (3:1000) than in boys (2:1000).

e) compromised background: protein-overloaded food,
dysplasia of connective tissues, polypharmacy, irrational use
of AB.

There are some patient groups more susceptible to drug
allergy than others:

a) patients with cystic fibrosis due to their hyperimmune
status
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b) oncological patients who have seriously disturbed
immunological reactivity and consequently they are more
sensitive to drugs;

Allergic reactions for the injected AB could be urgent
(within 1 hour) considering the clinical signs progression rate
in particular the fever, sometimes even at first injection of
drugs such as streptomycin, cloxacillin, isoniazid.

Subacute or delayed allergic reactions with fever develop
in several hours or days and even weeks or months after AB
administration as for piperacillin / tazobactam, vancomycin,
tigecycline, minocycline, antituberculotics.

In addition to that the same drug, for instance isoniazid,
could cause the development of acute (already after the first
dose) as well as delayed fever response.

2.3. Pharmacogenetic Mechanism of DF

Some groups of drugs (AB, NSAIDS, simple analgesics,
sulfonamides, malariacidal agents — totally more than 140
drugs) could cause hemolytic reaction in patients with G6PD
or glutathione deficiency (Greeks, Jews, Azerbaijaneses) that
is followed by release of endogenous pyrogens from
destroyed erythrocytes, fever manifestation and sometimes
development of hemolytic kidney and acute renal
insufficiency requiring hemodialysis (own unpublished data).

Another group of drugs could contribute to fever based on
two mechanisms: increase of heat production and (or) heat
loss reduction.

2.3.1. Neuroendocrine Mechanism

Levothyroxine is an example of drug that could directly
augment heat production through increasing the speed of
basal metabolism. Excitation occurring during the treatment
could play a role in the development of fever. Both effects of
levothyroxine are dose-dependent and partially mediated
through activation of sympathetic nervous system.

2.3.2. Neurovegetative Mechanism

Antimuscarinic effect is related mainly to two groups of
drugs - antiparkinsonian agents and tricyclic antidepressants
(TCA) in case of their overdose or long-term administration,
and as well it could happen in case of atropine-containing

drugs intoxication: it’s Belloidum in Russia (own
unpublished data).
But fever is related not to only TCA overdose.

Enchancement of cholinomimetic action could occur if TCA
and histamine-lytic agents of I generation or TCA and
amantadine are used in parallel (potentiative effect of
interaction).

Emergent fever in such a case is a result of decrease heat
loss with sweat and increase of heat production due to
patient’s excitation and increase of physical activity as well.

Some anticonvulsants like topiramate, valproic acid could
also cause intermittent fever due to disfunction of sweat
glands followed by hypohydrosis and decrease of heat loss.

Sympathomimetic effect caused by psychoactive agents
(amphetamine, MDMA) and hallucinogenics (LSD) is
attributable to adrenalin, noradrenalin, dopamine and

serotonin release. Fever manifestation in such a case is
related to significant stimulation of peripheral alpha-
adrenoreceptors followed by vasoconstriction and decrease
heat loss. In addition amphetamine and MDMA act like
exogenous pyrogens affecting «thermostat» in hypothalamus
causing temperature increase. And one else: increase of heat
production is caused by neuropsychic disturbances and
intensified physical activity [10].

3. Fever as a Part of Syndromes Caused
by Drug Use

3.1. Serum Sickness Like Reaction (SSLR)

SSLR as well as drug fever is caused by AB mainly by
beta-lactams and is developed following the same
mechanism — allergic reaction of III type. Main clinical signs
of SSLR (in addition to  hyperthermia) are
lymphoadenopathy, arthralgia (particularly in major joints),
myalgia (commonly in hands and feet), rash (urticaria or
morbilliform) and laboratory abnormalities (not constant) —
leukocytosis, increased transaminases, alkaline phosphatase
(AP) and lactic dehydrogenase (LDG) concentrations.

Prevalence of SSLR is nearly 0,2% but in children it’s
0,5% and in children younger than 5 years it’s 0,9% that is
related to more frequent AB use in children, first of all
these AB are cephaclor and ampicillin during long-term or
repeated courses [11-14].

However SSLR development is related not only to AB use.
We would like to pay attention to propranolol that is non-
selective beta-adrenoblocker (from the list of S. Wilson,
2018) and is used currently for three indications: as
antihypertensive agent, as antiarhythmic and since recently
for treatment of infantile angioma (IA) because propranolol
has as well antiangiogenic effect as it was revealed by French
investigators. However it seems that SSLR associated with
this beta-adreno-blocker is very rare complication because
there were no any such complication among hundreds of
patients with IA treated by propranolol in our hospital but the
only notification about it is related to 1993 [1, 13].

We could say the same about acetylcysteine (from the list
of S. Wilson, 2018) as a reason for SSLR. We have not
revealed such effect among many hundreds of patients have
been or being observed in Moscow center of mucoviscidosis
with the constant use of this mucolytic.

Management of SSLR is required (besides dicontinuation
of offending drug) the administration of histaminelytic agents
and in case of severe course — glucocorticosteroids (GCS). In
rare cases (if discontinuation of suspected drug is not
possible plasmapheresis is recommended.

The common mechanism of fever development
predominantly through increasing muscle tonus is typical for
three other syndromes: neuroleptic malignant syndrome
NMS), serotonin syndrome (SS) and malignant hyperthermia
(MH).

Pathogenic similarity of these syndromes is supported by
the following facts:
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a) Possibility to have both MH and NMS for one patient;

b) Symptoms and signs of SS are similar to those in NMS;

¢) Antipsychotic drug risperidone could cause both NMS
and SS [1, 15].

3.2. Neuroleptic Malignant Syndrome (NMS)

This syndrome is called malignant not only due to severity
of clinical manifestations (coma, rhabdomyolysis) and high
mortality rate (in particular in patients with background
organic brain affections) but also due to severe neurological
deficiency that develops not rarely after NMS resolution.

NMS is characterized by symptoms tetralogy (fever,
muscle rigidity, impairment of consciousness, instability of
vegetative nervous system) and could be caused by any
antipsychotic agent with the frequency nearly 0,2-3,23%. It is
considered that early (typical) antipsychotics like
fluphenazine and haloperidol (most notably) could cause
NMS more frequently than later (atypical) antipsychotics like
risperidone and olanzapine.

3.2.1. Mechanism NMS

Mechanism of NMS is idiosyncratic reaction as a result of
dopamine receptors inhibition by antipsychotics in CNS and
most likely it has pharmacogenetic basis (taking into account
family cases) — predisposition to distored reactivity for
antipsychotics intake. Possibly that increased expression of
specific allele in gene of dopamine receptor D, plays a role in
this mechanism of NMS development [16].

Sometimes another genetic mechanism could be involved
in the development of NMS: higher occurrence of NMS as a
response for haloperidol and risperidone is related to
decrease activity of CYP 2D6 metabolizing these drugs (poor
metabolizer) with the resulted relative overdose. In this
relation it’s important to notify that the most polymorphic
isoenzyme of cytochrome P450 among all of them is namely
CYP 2D6 and the frequency of patients with genotypes of
slow metabolism in Russian population reaches 20-25% [17].

However NMS is a complex process and it is developed
possibly with the participation of the receptors of different
types and not only with dopamine receptors. So that in the
large list of S. Wilson [1] and L. Simon [16] there is
metoclopramide that blocks both dopamine and 5-HT;
serotonin receptors.

Unfortunately domperidone that replaced metoclopramide
for the treatment of functional constipation in children of early
age could cause NMS as well [1, 16]. It’s necessary to notify
that domperidone crosses insignificantly the blood-brain
barrier mainly acting for peripheral D,—dopamine receptors
because 66% of this drug is eliminated by intestinal tract.

However the effect of domperidone on CNS could be
increased under two conditions: a) long-term use of this drug;
b) concomitant use of inhibitors isoenzyme CYP 3A4 which
metabolizes domperidone (metronidazole, omeprazole,
macrolides, anti-fungal drugs of azole group).

It seems that even if NMS as a domperidone reaction is
developed very rare (we did not see any case during many
years of its usage) it’s necessary to be warned of its possible

manifestation and it additionally emphasizes the various
conditions and mechanisms of NMS development. This could
be confirmed by anticonvulsants presented in the list of drugs
causing NMS [1]. The principal effects of phenytoin and
lamotrigine are related to fast sodium channel blockade but
carbamazepine has in addition GABAergic system activation
effect (like valproates) and inhibition effect on neuro-
mediated amino acids excitability: glutamate and aspartate
[18].

However fever with NMS-like symptoms could develop
not only in case of dopamine receptors antagonists
administration but also at abrupt discontinuation of these
receptors agonists: levodopa, amantadine and bromocriptine.
NMS-like symptoms could be observed after sudden
discontinuation of baclofen treatment (centrally acting
muscle relaxant — GABA-derivative), especially when it’s
injected intrathecally [1].

NMS risk factors: 1) high start dose of the provocative drugs
or fast dose increase; 2) parenteral injection of antipsychotics; 3)
male gender; 4) poor nutrition (dystrophy); 5) hydropenia; 6)
ferrum deficiency; 7) background mental retardation; 8) sudden
interruption of dopaminergic drugs; 9) concomitant use of
lithium, cholinergic agonists, TCA [18]. TCA effect, in
particular amitriptyline, is increased to the extent of death if one
or two gene 2D6 alleles are not active [17].

Development of this syndrome is possible in any age
groups starting from infants [19]. Primary symptoms of
typical NMS are impairment of consciousness (from delirium
to coma) and muscle rigidity in 80% of cases (these
symptoms are responsible for temperature increase) and in
addition blood pressure and pulse instability.

It’s necessary to admit that timely diagnosing of NMS
could be quite complicated due to some objective reasons:
firstly due to delayed manifestation of NMS (sometimes after
several years) and secondly - due to atypical course of the
syndrome (for example absence of muscle rigidity) in case of
risperidone and paliperidone administration [1].

3.2.2. Management of NMS

Drug of first choice is bromocriptine (dopamine receptors
agonist) at starting dose 2,5 mg 3 times per day per os or per
nasogastric tube with dose increasing up to 45 mg per day.
Administration should be continued until onset of therapeutic
effect following by tapering dose (within one week) in order
to avoid recurrence of NMS [20].

Amantadine could be alternative drug (antiparkinsonian
medication) that blocks glutamate NMDA receptors and the
reduction of calcium delivery to the neurons decreasing
thereby excitement and rigidity. Dose for children is 5-9
mg/kg/day but no more than 150 mg per day.

In case of renal insufficiency amantadine dose should be
decreased as it’s completely eliminated by kidneys in
unchanged mode.

In addition to amantadine in case of significant muscle
rigidity another antiparkinsonian (combined) medication
could be administered (with caution) — levodopa/carbidopa
having the ability of dopamine receptors agonist.
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Dantrolene (myorelaxant) is recommended at temperature
more than 40°C, suspected rhabdomyolysis and dopamine
receptors agonists therapeutic failure. This drug blocks
calcium outflow from endoplasmic reticulum into myoplasm
that decreases the signs of rhabdomyolysis and heat
production. Starting dose is 1 mg/kg four times per day
intravenously up to onset of action or until cumulative dose is
achieved 10 mg/kg when it starts tapering dose to avoid
recurrence of NMS.

As soon as dantrolene has hepatotoxic effect it’s not
recommended to patients with liver disorders.

Besides this it has to be noted that there are doubts about
benefit and even safety of dantrolene use at NMS [19].

Diazepam (anxiolytic-tranquillizer of benzodiazepine
group) is used as adjuvant treatment. Besides sedative and
anticonvulsant effect diazepam has central myorelaxation
effect. Daily dose for children of early age is 0,5-2 mg and at
6-14 years old — 6-10 mg.

As soon as fever at NMS is not prostaglandin-dependent
it’s not recommended to use NSAIDs and acetaminophen for
temperature decrease.

3.3. Serotonin Syndrome (SS)

Any drug having serotonergic activity (directly or
indirectly) could cause SS in monotherapy or in combination
(more likely).

Four groups of drugs have such effect: monoamine oxidase
inhibitors (MOI), selective serotonin reuptake inhibitors
(SSRI), TCAs, L- triptophane (precoursor of serotonin) and
also prohibited psychoactive agents (MDMA, amphetamine).

Beyond that opioid analgesics (phentanyl and tramadol)
more likely inhibit serotonin reuptake as well and increase
SS risk in particular when they are combined with non-
selective inhibitor of MOI like linezolid [21-23].

SS risk factors - SS could develop in any age including
neonates whose mothers use antidepressants during
pregnancy and breast-feeding. Especially it concerns SSRI as
they are drugs of first choice for treatment depression in
pregnant women. Among all SSRI fluoxetine and its active
metabolite norfluoxetine having both long half-life 2-6 days
could cause SS more likely [24, 25].

In pediatric practice serotonergic medicines could be used
for treatment migraine, arterial hypertension, compulsive
disorders, pain reduction and depression (2-6% of children
and adolescents are suffered from depression that’s the third
cause of death at the age of 10-19) [19].

3.3.1. SS Mechanism

SS development depends from two conditions: a)
increased serotonin concentration (absolute or relative) in
presynaptic neurons in brain and vegetative ganglions; b)
pharmacological sensitivity of multiple types and sub-types
of serotonin receptors and functional and non-functional ratio
of its isomers.

Conditions and drugs affecting serotonin level in tissues:
long-term treatment bacterial infection by linezolid; slow
metabolizers of serotonergic medicines (for example increase

of fluoxetine toxicity in CYP 2D6 activity decrease);
excessive production of serotonin in case of treatment by L-
triptophane of different mood disturbances, combination of
sertraline and risperidone intake, prohibited agents abuse
(MDMA, amphetamine) that contribute to serotonin release
in presynaptic terminals [17].

Among all serotonin receptors SHT; and 5HT, types are
more affinitive for serotonin, they are wide-spread in CNS
and peripheral tissues (myocytes) and the status of these
receptors determine the development of SS.

The significance of reception for SS development is
described by H. Phan [26] in clinical case when 9-years old
child demonstrated SS development in 30 minutes after
single dose of sertraline (even increased dose) that
contributes to treatment stop. In this case side effect
developed before therapeutic effect. This case could be
considered as “first dose effect” that means increased
organism response at first drug intake as well as
hypersensitivity syndrome (like idiocrasy) that is not
dependent from drug concentration. It’s notably that
sertraline pharmacokinetic ability is slow accumulation
because of first pass metabolism and slow elimination (T 2
22-36 hours) and therefore more or less significant sertraline
concentration in brain is not reached during 30 minutes after
sertraline intake.

It is supported by data from S. Wilson list [1]: in 232
patients treated by TCAs (90% monotherapy) or in
combination with SSRI (10%) (that’s more important) there
were no SS cases that’s indicative of low sensitivity of
serotonin receptors to toxic effect of such drugs.

Thus within the spectrum of low-high sensitivity of
serotonin receptors SS variety could manifest: starting from
slight course up to life-threatening events with fatal outcome
(2-12%), cases with full-scale clinical picture of SS or
abortive course (without pyrexia and rhabdomyolysis); cases
with early and late onset.

Clinical presentations of SS include the signs in large
measure similar to those at NMS: consciousness disturbances
till coma, vegetative instability (fever, diaphoresis,
tachycardia, variability of pulse and BP), neuromuscular
hyperactivity (myoclonus, tremor, hyperreflexia).

Muscle rigidity presenting at both syndromes has some
special characteristics in case of SS: it’s less noticeable and
manifests itself mainly in low extremities.

Similarity of clinical signs of SS and NMS is not
occasional. It’s explained by closeness of serotonin and
dopamine subcortical nucleuses, the transmission of signals
pass by the same pathways. That is why some drugs
(risperidone and metoclopramide) having two directional
actions (serotonin and dopamine receptors blockage) could
cause both NMS and SS.

3.3.2. 8§ Diagnostics

Diagnostics in children in particular of early age is more
difficult than in adults as children could not verbally explain
exacerbation of their health status but the adolescents trend to
keep in secret psychoactive agents intake because they could
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be used on top of everything else for suicide attempts [28].

3.3.3. S8 Treatment

Besides discontinuation of offending (that could be enough
in case of slight course of the event) most commonly it’s
necessary to introduce specific pharmacotherapeutic
intervention for SS management.

Cyproheptadine — non-selective SHT,5-receptors blocker
in CNS and in periphery. Unfortunately, cyproheptadine like
others histaminolytics of first generation has antimuscarinic
activity and inhibits sweating that is compensatory reaction at
NMS. Dose for children is 0,25 mg/kg/day in 2-3 intakes per
os or by nasal gastric tube.

Chlorpromazine — neuroleptic agent with slight anti-
serotonin activity and own antipyretic effect. It is used in
case of cyproheptadine treatment failure, unresolved pyrexia
and behavior disturbances. Initial dose is 1| mg/kg every 6
hours and then up to 40-75 mg/day (age-dependent dose) if
necessary.

Benzodiazepine (oxazepam, lorazepam) in monotherapy or
in combination with propranolol (slight SHTs-receptors
blocker) or propofol (sedative agent) are used for significant
anxiety and excitation. However propofol is contraindicated
in children under 3 years old.

Despite of similarity of clinical picture and some
mechanisms of NMS and SS it’s considered mistaken to
administer bromocriptine for SS [1].

3.4. Malignant Hyperthermia (MH)

MH - idiosyncratic (pharmacogenetic) reaction for
inhalation anesthetics (most frequently for halothane and
except nitrous oxide) in combination (or without it) with
succinilcholine (depolarizing neuromuscular relaxant of short
action) that increases risk and severity of MH and shortens
time until symptoms manifestation as well.

In addition to that MH is not only idiosyncratic reaction
being a result of enhanced individual patient’s sensitivity to
toxic action of anesthetics and neuromuscular relaxants but at
the same time MH is a paradoxical reaction for medications
because not expected myorelaxation is manifested in
succinylcholine administration but muscular rigidity.

Unfortunately, since Denborough’s description of MH in
1960 the list of triggered drugs was enlarged [27]: non-
polarizable neuromuscular relaxant D-tubocurarine, local
anesthetics ropivacaine and lidocaine, narcotic non-inhaled
agent ketamine having myotoxic effect.

MH risk groups - MH manifests more often (sometimes in
the absence of inhalation anesthetic use) in children under 15
years old (52,18%) with frequency 1:8000-1:15000 [1], in
accordance with other data with frequency 1:10000-1:250000
with 2:1 prevalence in male. Besides age other risk factors
include operations in the area of head and neck, background
diseases of muscular system and high level of stigmatization
[29]. In Russia in accordance with spontaneous reporting
data covering 2009-2014 8 cases of MH were registered in
children 3-12 years old with 3:1 prevalence in male [30].

By the way there was no any case of MH during 35 years

since our hospital foundation. Our anesthesiologists are
aware of such kind of complications and they have
dantrolene at their disposal.

Mechanism: MH is rare inherited disturbance of calcium
metabolism in skeletal muscles that has latent course and
could be revealed only during (or after) surgical intervention,
strenuous exercises or high temperature of the environment
and also after emotional stress [27-29].

The main hypothesis relates MH development with genetic
defect of ryahodine receptors RYR1, RYR2, RYR3 with the
major significance of RYR1 that presents mainly in skeletal
muscles. Receptors work like intracellular calcium channels
in sarcoplasmic reticulum of skeletal muscles and support
calcium  homeostasis. Abnormal receptors (RYRI-
«sleeping» gene) could support such balance only at low
level. Thus calcium metabolism could be disturbed as a result
of provocative factors, calcium is accumulated inside the cell
due to its coming out of sarcoplasmic reticulum into
myoplasm following by catabolic reactions and production of
big amount of heat resulted in hyperthermia, rhabdomyolysis,
acute renal insufficiency, acidosis, hypercarbia. There are
two types of testing for MH: genetic test and contracture test
(gold standard).

3.4.1. Clinical Presentations

First symptoms (rigidity of m. masseter and sustained
hypercarbia are typical for children) could manifest already
in several minutes or hours since the surgical intervention
start or after its completion, these symptoms aggravate
rapidly resulting in brain, renal, lung and heart insufficiencies
with high mortality rate (hyperkalemic heart arrest) in the
absence of timely medical aid: before dantrolene appearance
in clinical practice — 84%, with the use of dantrolene — 9%
[31, 32].

However full-scale clinical picture of MH is not always
present that makes diagnosis more difficult if halothane-
caffeine contracture test in vitro or genetic investigation
(RYR mutation search) were not organized before. Variability
of clinical manifestations takes place not rarely — from light
course till fulminant forms with incomplete set of signs (for
example absence of pyrexia) or presence of m. masseter
spasm instead of wide-spread muscle rigidity, MH with fatal
outcome or rapid recovering without dantrolene
administration, manifestation of MH during first or repeated
surgical operations [31, 33].

To our opinion such variability of MH manifestations is
conditioned by many circumstances.

First of all it’s explained by the fact that different alleles of
RYR1 gene and its combinations display significant
variability of expression and therefore variable sensitivity to
toxic effect of anesthetics and muscular relaxants.

In addition it’s important to take into account different
degrees of family history of MH, type of anesthetics used
(general - local) and muscular relaxants (succinylcholine -
tubocurarin chloride), type of surgical intervention (MH
manifests more often in case of head or neck surgical
intervention), background diseases of muscular system,
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patient’s gender (male — female) and age (early childhood —
adolescence).

Higher frequency of MH in male patients is related to
more developed muscular mass than in women.
Differentiation in muscular mass between boys and girls
starts since prepubertal period (8-9 years). That is why it’s
supposed that starting from this age MH risk is higher in
male besides young athletes whose MH risk is likely to be
the same for boys and girls.

3.4.2. MH Management

For MH management (besides discontinuation of
triggering agents) dantrolene is used as antidote which is
specific RYRI-receptors antagonist blocking calcium
outcome from endoplasmic reticulum into myoplasm of
skeletal muscles that contributes to reduction of muscular
rigidity and therefore heat production.

Dantrolene infusion starts within 10 minutes after first
signs of MH. Starting dose is 1 mg/kg each 4 hours.
Dantrolene infusion could be interrupted or the intervals
between infusions increased (each 8-12 hours) if the central
temperature decreases up to 38°C, muscular rigidity
disappears, creatine phosphokinase and myoglobinuria
continue to decrease, respiratory acidosis and hypercapnia
are compensated [34].

However dantrolene is not registered in all countries that is
why the object of great value is the possibility to treat MH
without this antidote with the use mainly non-specific
cooling measures [35, 36].

While managing arrhythmia developing at MH it’s
recommended to avoid administration of slow calcium
channel blockers (verapamil, nifedipine) as these drugs could
cause hyperkaliemia and even cardiac arrest with a
background of dantrolene use [31].

Fever at MH is not simply a symptom but it’s determined
the prognosis. The most dangerous sign is its extremely rise,
in particular it’s important to control temperature below
critical level of 42°C at which it’s impossible to save the
patient’s life. Therefore fever is required individual and
aggressive treatment including pharmacological therapy —
antipyretics (acetaminophen, NSAID) and cooling measures:
invasive (ice water nasogastric, rectal, peritoneal lavage,
infusion of crystalloid solution (4°C) and noninvasive (ice-
packing neck, groins and axillae, special cooling blankets,
ice-cold water immersion), 75% medical alcohol wiped on
body surface.

In addition in case of refractory course of MH it’s
recommended to use benzodiazepines, opioid narcotic
analgesics, chlorpromazine as soon as these drugs have
antipyretic effect as well.

It’s necessary to notify that there are reasonable doubts in
relation to rational use of antipyretics (acetaminophen, NSAID)
for MH management as fever in this context is not attributable
by prostaglandin-dependent mechanism [37-39].

Cooling of body should be stopped if the body temperature
decreases below 38°C [40, 41].

4. Conclusion

As is evident from the foregoing the list of drugs able to
cause fever like alone manifestation or in the complex of
syndromes is quite large.

Upon that SS, NMS and MH are distinguished among
others by their consequences (not rarely fatal). Thus, in 5 out
of 8 cases registered in Russia had fatal outcome in children
of 3-12 years old [30].

However statistical accounting of evidenced MH cases is
not organized in Russia, there is no center for diagnostics and
consultation of suspected MH cases and therefore dantrolene
is not registered.

But along with that it’s necessary to hope that the last
amendments to Federal Law “About circulation of drugs”
related to orphan drugs will contribute to the earliest entry to
the pharmaceutical market of dantrolene that helps to
increase effectiveness of MH treatment [30].

The appearance of linezolid in the list of drugs caused SS
couldn’t be not alerting for health care professionals as well.

Linezolid is non-selective inhibitor of MOI used initially
for treatment of depression but at present time widely used in
clinical practice for treatment of S. aureus, E. faecalis and E.
faecium resistant to vancomycin.

But it seems that own capacities of linezolid to cause SS is
not too high: we did not observe any case of SS during long-
term antibiotics use in our clinical practice. Therefore, this
syndrome is developed more likely in case of concomitant
treatment of linezolid and other serotoninergic drugs
(principally SSRI).

Thus, fever manifestation in the course of the treatment of
infection by antibiotics (associated with improving health
state) and in case of treatment by psychotropic medications
or surgical intervention with inhalation anesthesia has to alert
doctors of drug-induced hyperthermia.
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