Dexamethasone - Chemical Structure and Mechanisms
of Action in Prophylaxis of Postoperative Side Effects
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Dexamethasone is a synthetic glucocorticoid used for its anti-inflammatory and analgesic effect. In addition
to these therapeutic indications, it is also recommended for nausea and vomiting treatment which may
occur during the postoperative period, with impact on postoperative evolution, regarding the evolution of
wound healing and length of stay (LOS), with a reflection on the costs of hospital admission. Therefore, their
prevention is very important for both patients’ comfort and a good recovery.

Keywords: synthetic glucocorticoid, disodium salt, nuclear steroid receptors anti-inflammatory, postoperative

side effects, prevention

The increased prevalence in nausea and vomiting
(PONV) represent a stress factor for the patient who had
undergone surgery, and also a negative factor for
postoperative recovery process.

Inrecent years there have been published many studies
and articles which attempted to draw out some
multimodal strategies in order to prevent PONV, mainly
based on risk factors identification, and also an optimal
multimodal treatment with antiemetics.[1]

Recently, in 2014 the Society for Ambulatory
Anesthesiology published an article which lists the main
trigger factors of PONV, including the female gender, non-
smokers, patients with antecedents of PONV and the
postoperative administration of opioids, and also
recommendations regarding their pharmacological
management [2].

Antiemetics represent the main method to combat and
prevent PONV such as: corticosteroids (Dexamethasone),
butyrophenones, serotonergic antagonists, phenothiazines
and gastrointestinal prokinetics (Metoclopramide).

Dexamethasone is an adrenocortical steroid which has
an anti-inflammatory effect with prophylactic properties,
which was highly proven in several publications with a
great impact regarding medical statistics. The
recommended dose for a prophylactic treatment is an IV
dose of 4-5 mg in the immediate postinductionperiod [2].

The chemical formula (fig. 1) of dexamethasone is 9-
fluoro-11 (3, 17-dihydroxy-16a-methyl-21- (phosphonooxy)
pregna-1, 4-diene-3, 20-dione disodium salt [3].

It is a synthetic glucocorticoid which exerts its agonist
action by linking itself to specific nuclear steroid receptors.

- ©Ms Fig. 1. Chemical formula

of dexamethasone [3]

Dexamethasone is a synthetic glucocorticoid, formerly
used for its anti-inflammatory and antialgic effect [4].

In 1958, Taub synthetized the first B-substituted cortical
steroid derivatives and obtained 163 - methylprednisolone
acetate, considered to be, at that time, the most potent
steroidal anti-inflammatory agents [5,6].

So 16[3 - methylprednisolone acetate is dehydrated to
the 9,11 dehydro - derivative which will be converted in
9a bromo - 110 hydrin derivative, which will determine
the epoxide ring closure.

The formation of dexamethasone is made secondary
to a ring-opening reaction with hydrogen fluoride in THF
(tetrahydrofuran) [7] (fig. 2).

Currently, dexamethasone is administered per os,
intravenous, intramuscular, ophthalmic substances or
dermatological preparations, in shock treatment or
anaphylactoid reactions, exacerbations in multiple sclerosis
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Fig. 2. Synthesis reaction of dexamethasone from 16 - methylprednisolone acetate, to the 9,11 dehydro -derivative, and in the end to
dexamethasone [5]

(MSR) or cerebral edema, especially in paraneoplastic type,
and also in postoperative nausea and vomiting prevention.

It can also be administered during pregnancy, aiming to
increase fetal surfactant production in patients with
preterm delivery risk [8].

It has proven effective also in the administration by
nebulization in both bronchospasm remission, and
prophylactic in pain prevention (sore throat) secondary to
extubation - removal of the orotracheal tube (OTT) at the
end of the surgical procedure. [9]

The doses used vary depending on the purpose of the
administration.

Dexamethasone is metabolized by the cytochrome
P450 (CYP) 3A4 within the liver [10,11].

Its elimination occurs via renal excretion. It has a
biological half-life of 3 h.

Experimental part
Material and method

We conducted a clinical trial on 1121 patients who
underwent traditional or laparoscopic cholecystectomy
and all the patients received general anesthesia with
orotracheal intubation.

Patients with the following associated pathologies were
excluded:

-neoplasia

-segmental intestinal resection

-migraine syndrome

There were two study groups: one consisted of 59.8% of
patients medicated with dexamethasoneand a witness
group containing patients who did not receive the
corticosteroid.The witness group took partin a retrospective
cohort study and the study group consisted of patients in
whom cholecystectomy was indicated, and who did not
match the excluding criteria during 5 months.

Study design

The study fulfils the medical, ethical and deontological
criteria, according to the Romanian legislation, and
approved by the Faculty of Medicine and Pharmacy Ethic
Comissionof Dunarea de Jos University of Galati [12].

Aneshtesia

The induction of anesthesia was made with Fentanyl
(1-3ug/kg), Propofol (1-2.5mg/kg) and Atracurium (0.5 mg/
kg) and it was maintained with boluses of Fentanyl (2ug/
kg) andAtracurium (0.1 mg/kg).

Atropine (0.014mg/kg) and Neostigmine (0.04mg/kg)
were used for the reversal of the motor block and
awakening.The doses were used according to the
indications presented in Morgan and Mikhail’s Clinical
Anesthesiology [13].

Right before the induction, the study group was
medicated with Dexamethasone, a 2 mL ampoule, 4mg/
mL (Rompharm, Romania).
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Statistical analysis

The statistical analysis was made using the software
named IBM SPSS Statistics, version 21 (SPSS Inc. Chicago,
IL)

Regarding the analysis for the numeric scalar values,
we used the correlation coefficient, also referred to as
Pearson’s coefficient (r) which shows us that, whether or
not there is a relationship between two values, and also a
correlation coefficient. If the calculated probability (p-value)
is less than the significance level (a=0.05), both values
are accepted, as they are correlated. If p >a = 0.05,we
decide that the two variables are not correlated. The
Pearson (r) coefficientcan take a range of valuesbetween
+1 and-1. When the coefficient reaches +1 or -1, the
correlation coefficient takes a higher value, whether itisin
the same direction (+) or in the opposite one (-).The more
the coefficient reaches 0, the less the correlation between
the two series of variations. If r=0, there is no correlation.

Regarding the analysis of the nominal variables, we
calculated the values for the correlation coefficients at a
nominal leveld, C and V, and also the probabilities associated
with these values. If p < 0.05, we can state that there is a
correlation betweenthe variables.

We calculated the values for the correlation coefficients
1,, Kendall’s coefficient, y(Gamma) and Somer’s
coefficient of correlation (d), for the ordinal variables, and
also the probabilities associated to these values. If the
associated probabilities of these coefficients arep < 0.05,
we must admit that there is a correlation between the
variables in the analysis.

The Mann-Whitney Utest is used in order to test the
difference between independent groups for which the
dependent variable is expressed in ordinal values, or when
a parametric statistical test can not be made.

The x?test analyses the association between two
variables.

Results and discussions

Among the administrations of dexamethasone, the
most interesting one is its usage in postoperative nausea
and vomiting prevention, being known that these
manifestations are more disturbing for patients undergoing
surgical procedures, than postoperative pain itself.
Postoperative nausea and vomiting are complications
which may occur in 20-40% of patients undergoing surgical
procedures [2,14,15]. This type of complications affect
postoperative evolution by the risk of dehydration which
may occur, bleeding or belated wound healing, all of these
determining prolonged hospitalization.

Out of the total number of 1121 patients, 82.2 % were
women and 17.8% were men, between 24 and 85 years
old. We divided the patients into subgroups, depending on
the gender, BMI's value, age, surgical technique, using
dexamethasone for prophylaxis of PONVand the PONV’s
incidence (table 1).
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Frequency Percent
Gender Feminine a21 812%
Masculine 200 17 8%
Mormal Weight 198 17.7%
Obese 303 2T 0%
BMI Severely Obeze 146 1300
Morbidly Obese 55 4.9%
Orverweight 419 3IT4%
Table 1
DESCRIPTIVE STATISTICS

<30 423 37 T7%
Age >=50 698 62.3%
Cholecystectomy Classic 150 142%
Laparoscopic 851 34.8%
Dexamethasone Yes 670 39.8%
No 451 40 2%

PONV Ve 188 16.8% *PONV= Postoperatory Nausea and Vomiting;

BMI= Body Index Mass;

No 933 33 2%

The group of patients was analysed taking into account
the PONV’s incidence, depending on the patients’ age and
it was noticed that out of the total number of cases which
reported PONV, 58,82% were less than 50 years old and
for those under or over 50 years old, 41.18%, but this was
not statistically relevant (p = 0.064 >a = 0.05).

The sex of the patient is one of the risk factors in PONV,
proposed by Aphel in creating a risk scale of PONV [16].

Moreover, it was thought that the main reason why the
female gender is frequently associated with postoperative
nausea and vomiting is the hormonal variation, mostly the
estrogen, to which many women are exposed during the
immediate postoperative period [17].

Regarding the sex and the incidence of the PONV, among
the studied group, it was noticed that all the patients who
reported PONV were females.

Statistically, the values of the correlation coefficients
for a nominalj level, C and V, and also the probabilities
associated to these values were following: = -0.209, C
=0.205 and V = 0.209, p = 0.035 <a= 0.05.

By analysing these values, we can conclude that there
is a correlation between the postoperative nausea and the
patient’s sex but the correlation is a weak one.

Many articles share different views regarding the
influence of the BMI in PONV, also several research papers
suggest that a lower BMI value was associated with a higher
incidence in PONV but there are also many clinical trials
which disprove this correlation [18].

Regarding the patients distributed depending on the BMI
and PONV, there was no significant statistical correlation
for our research. By applying the Mann-Whitney and
Wilcoxon tests we obtained: p = 0.586 >a= 0.05 (the
significance level) which means that there is no connection
between between the presence of postoperative nausea
and BMI.
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Due to complex pathogenesis, which represents the
main cause of the PONV syndrome, the prophilaxis must
be quickly initiated, before the occurrence of PONV.

Considering the presented thesis, in 54.90 % of cases
the prophylaxis for PONV was made by intraoperative
administration, postinduction of 4-8 mg IV of Dexa-
methasone. By analyzing this subgroup, we noticed a
decrease in the PONV incidence, in comparison with the
subgroup where no antiemetic prophylaxis was initiated.
Out of the total number of patients who were medicated
with Dexamethasone, only 10% reported PONV, by
statistically analyzing this statementwe noticed that the
value obtained at the x*test was 4.928 and the probability
associated to this value is: p = 0.026 <a = 0.05, and this
result proves that there is a relationship (correlation)
between the administration of Dexamethasone and the
presence of postoperative nausea.

At a nominal level, the values of the ¢ correlation
coefficients, C and V, and also the probabilities associated
to these obtained values are:¢p=0.221, C = 0.216 si V =
0.221 and the associated probabilities are: p = < 0.026
<a= 0.05.

By analyzing these values we can admit that there is a
correlation between the administration of dexamethasone
and the presence of postoperative nausea and vomiting .

The mechanism of PONV

The mechanism of postanesthetic nausea and vomiting
is not completely understood.

The area of the brain involved in this mechanism is
located in the solitary nucleus (nucleus tractus solitarius -
NTS), receiving information from chemoreceptors via
neurons which belong to area postrema. Neuro-
transmission from NTS travels to the hypothalamus, the
ventral medulla, and also to a central pattern generator
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(CPG), which represents the area where emesis behavior
is coordinated [4].

Trigger areas of the chemoreceptors contain many
dopaminergic, serotonin 5-hydroxytryptamine type 3 (5-
HT3), opioids and neurokinin 1 receptors [19-21].

A great number of neurokinin-1, 5-HT3, acetylcholine,
histamine, enkephalin, and glucocorticoids receptors are
also found in the NTS, where afferent pathways of the vagus
nerve, from the abdominal viscera, are being projected.
[22, 23]

The most emetogenic substances used during general
anesthesia are volatile anesthetics, nitrous oxide and
opioids.

Halogenated inhalational anesthetics have an emetic
effect which is directly proportional to the duration of their
usage. The stimulation of chemoreceptors depends on the
plasmatic concentration of the anesthetics, resulting in
stimulation of the NTS and enzyme production [24].

There have been incriminated various mechanisms by
which opioids determine the occurrence of PONV:

-paralytic ileus (delayed gastric emptying)

-higher vestibular sensitivity

-direct effect on the trigger area of the chemoreceptors
[25].

The action mechanism of dexamethasone in PONV
prevention

The action mechanism of dexamethasone aiming to
prevent PONV is not completely known.

The antiemetic effect may be the consequence of:

-the anti-inflammatory effect of membrane stabilization
[25];
-the inhibition of pro-inflammatory mediators: C-reactive
protein, tumor necrosis factor (TNF), interleukins [26];

-the inhibition in production of inflammatory autacoids;
autacoids are represented by eicosanoids (derived from
membrane lipids, such as PG-type (prostaglandins),
prostacyclin, leukotrienes, thromboxane) histamines,
somatomedins [27], serotonin-neurotransmitter involved
in the occurrence of emesis [28]. Dexamethasone
determines tryptophan depletion, which is a precursor for
serotonin synthesis. [29] This way, stimulation of
serotoninergic receptors decreases;

-inhibition in the release of endomorphins.

Dexamethasone dose usages, according to the studies, in
PONV prevention

Literature data report that two preoperative IV doses of
dexamethasone were studied in PONV prevention: a low
dose (4 - 5 mg) and a high dose (8 - 10 mg).

Several studied have been conducted, taking into
consideration multiple factors: The Apfel Score (patient
risk factors in the occurrence of PONV), type and duration
of the surgical procedure, type of the anesthetics,
dexamethasone dosage, dexamethasone efficiency, in
single administration or in combination with other
antiemetics.

Patient risk factors for PONV (The Apfel Score) [30]:

-female gender

-nonsmoking status

-age < 50 years

-antecedent motion sickness

-postoperative analgesia with opioids.

Therefore, in 2004, Apffel et al. organized six batches of
study to which he administered preoperative IV
dexamethasone 4 mg, odansetrone 4 mg, droperidol 1.25
mpg, each of those reported to a batch to which he used the
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placebo effect. He noticed that all 3 active drugs, in analyzed
doses, had similar efficiency in PONV [31].

Buck et al. have proven the efficiency of dexamethasone
administration in preoperative IV dose of 8 mg and 10 mg,
in plastic surgery, a study published in 2006 [32,33].

Sistla et al. analyze the effect of dexamethasone in
preoperative IV dose of 8 mg in patients who underwent
laparoscopic cholecystectomy, where they notice
reduction in the necessity of postoperative administration
of antiemetics (0.56 mg vs. 2.24 mg; P=0.02) [34].

Karanicolas etal., using literature data reported between
1966 and 2007, and 4 bibliographic databases (Web of
Science, Embase, Medline, The Cochrane Central Register
of Controlled Trials) noticed that the efficiency of the
antiemetic effect of dexamethasone gets better by using
higher doses (16 mg), compared with its lower doses (2-5
mg) [35]. -

In 2013, a study conducted by De Oliveira et al,
contradicts Karanicolas’s study and shows that there were
no different results regarding PONV in doses of 4 - 5 mg,
compared with the usage of 8 -16 mg [36].

Nevertheless, recent studies evaluated the efficiency of
dexamethasone administered in a dose of 8 mg, noticing
clear efficiency in PONV prevention, compared with the
placebo effect [37,38].

Adverse effects of dexamethasone administration

Due to its anti-inflammatory and immunosuppressant
effect, dexamethasone is used in dermatology, oncology,
surgery, rheumatology, endocrinology, pneumology,
ophthalmology etc. [39-44]. Being a broad-spectrum drug,
adverse effects have been known for a long time. They
depend on the root of administration, especially on its
duration [42, 45, 46].

In PONV prevention, it was pursued the potential
occurrence of dizziness and headache.

Studies have shown that dexamethasone administered
in PONV prevention did not determine adverse effects,
whether higher doses, of 8-10 mg or those of 4-5 mg, were
administered [35, 36].

Contraindications of dexamethasone administration
The two most important contraindications of
dexamethasone administration are [37]:
-Hypersensitivity to dexamethasone
-Fungal infections

Conclusions

Studies have shown the efficiency of IV dexamethasone
in PONV, and the most commonly used dose is 4 mg.
However, there were no reports on dexamethasone-related
adverse effects, whether higher doses, of 8 - 10 mg or
those of 4 - 5 mg, were administered. Even for these doses,
and also for single administration, the contraindications
for dexamethasone administration shall be maintained.

The analysis of our studies group has proven the fact
that the indicence of PONV was frequent in female patients,
young patients who were less than 50 years old and also in
cases of laparoscopic cholecystectomy.GanMoreover, we
noticed a decrease in the PONV frequence for the subgroup
in which patients were medicated with Dexamethasone
as a prophylactic method for PONV.

Positive statistical correlations were made between the
presence of PONV and the female gender, and also
between prophylactic administration of Dexamethasone,
according to the existing protocols and the incidence of
PONV.
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