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ABSTRACT

Background. Serotonin syndrome is a life-threatening condition that may be caused by an unanticipated interaction of
serotonergic drugs. Medications of this category are routinely prescribed during treatment of blast injury. Their effect on
serotonin receptors should be taken into account to prevent the development of serotonin syndrome.

Case description. A patient was transported from another hospital directly to the ICU to continue treatment of consequences
of multiple blast injuries of lower limbs and abdomen, complicated by wound infection and clinical depression. Treatment
with linezolid and duloxetine combined with repeated surgical interventions with opioid-based anesthesia has resulted
in development of the serotonin syndrome, manifesting as tremor and frequent clonic seizures. Complete revision of the
prescribed pharmacological therapy as well the approach to sedation and anesthesia has led to a complete resolution of
clinical symptoms of this complication.

Conclusion. In this case, improvement was achieved through discontinuation of fluoxetine and linezolid. All unfavorable
drug interactions must be taken into account in management of complex blast injury. Limiting opioid use through regional
anesthesia and prescription of sedative agents that do not promote serotonin accumulation may prevent the development of

serotonin syndrome in such patients.
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INTRODUCTION

Serotonin syndrome is a condition caused by
an accumulation of serotonin, commonly caused
by an excessive use of serotonergic medications,
either through overdose of a single drug or due to
an unanticipated interaction of multiple agents [1].
Its milder symptoms, such as tremor, hyperthermia,
hypertension, and mental status alteration often get
misattributed to other diseases, which may lead to both
initiation of inappropriate treatment and continuation
of serotonergic medications, eventually leading
to manifestation of severe complications: clonic
seizures, coma and life-threatening hyperthermia [2].
True incidence of serotonin syndrome is difficult to
estimate, with US-based studies reporting 0.07 %-0.19
% among patients receiving at least one serotonergic
agent with a decrease of prevalence during the study

period [3]. At the same time, overall incidence
is projected to increase with an increasing use of
serotonergic drugs in clinical practice [4]. A similar
trend may be expected in Ukraine, owing to the sharp
rise in psychological trauma caused by the experiences
related to war, often requiring prescription of serum
serotonin reuptake inhibitors.

Excessive stimulation of serotonin (5-HT) receptors
may occur through the following mechanisms:
increased serotonin synthesis, increased serotonin
release from the presynaptic vesicles, inhibited
serotonin metabolism, sensibilization of postsynaptic
receptors, effect of serotonin agonists [5]. It should
be noted that medications that produce such effects
are not necessarily used in clinical practice for
their serotonergic properties and may therefore go
unrecognized as a potential trigger. Such medications
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include, but are not limited to fentanyl, procaine,
linezolid, dextromethorphan, diphenhydramine.

No single laboratory test may confirm the
diagnosis of serotonin syndrome. An approach to
its identification is usually aimed at identification
of a potential cause (for example, detection of a
serotonergic agent in serum or markers of impaired
drug metabolism which may have resulted in
accumulation of a properly prescribed medication)
supplemented by an objective evaluation of the
patient. Multiple standardized tools have been
developed to confirm the diagnosis — Sternbach,
Radomski and Hunter criteria, with the latter being
the most prominent, although not necessarily
superior [6, 7].

Table 1. Hunter Serotonin Toxicity Criteria. One fulfilled
criterion confirms the diagnosis.

In the presence of a serotonergic agent:

1. Spontaneous clonus.

2. nducible clonus AND (agitation OR diaphoresis).
3. Ocular clonus AND (agitation OR diaphoresis).

4. Tremor AND hyperreflexia.
5

. Hypertonia AND temperature > 38°C AND (ocular
clonus OR inducible clonus).

CASE DESCRIPTION

A 40-year-old male patient was transferred directly
to the ICU on June 24th, 2024, via medical evacuation
following battlefield injury on June 18th 2023.
Initial diagnosis — blast injury, gunshot wound of the
anterior abdominal wall, shrapnel injury and bilateral
perforating gunshot fractures of the middle third of
both femurs, external fixation devices, soft tissue
defects. Multiple surgical interventions, repeated
debridement and VAC placements were performed
during the following two months, with fentanyl being
the chief analgesic agent during interventions and
within the ICU. Changes in patient’s mood were noted
and he was evaluated using the Hospital Anxiety and
Depression Scale (HADS), scoring 16 points, which
warranted the prescription of duloxetine 60 mg daily
on July 30th, 2023. Wound infection was suspected
and confirmed via bacteriological examination of
an intraoperatively collected sample. A. baumannii,
K. pneumoniae susceptible to polymyxin E as well
as C. striatum susceptible to linezolid were isolated.
Antibiotic therapy prescribed on August 4th, 2023,
consisted of colistin 2g / day, rifampicin 2g / day and
linezolid 600 mg/day.

On August 6th, 2023, 20:40 an intention tremor
was noted, which has transitioned into a rest tremor
within an hour with no alteration in mental status.
Intravenous infusion of diazepam 10 mg has resulted in
a mild improvement in patient’s condition. Following
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examination by a neurologist has confirmed the
persistence of the intention tremor, polyneuropathic
sensitivity disorder, end-point nystagmus with no
other remarkable findings. Interpreting available
data, patient’s condition was initially attributed to
posttraumatic encephalopathy with focal seizures.

Similar seizures have then occurred on August 7th,
18:30 and 22:45, August 8th 2:00, each temporarily
treated with diazepam 20 mg and magnesium sulfate
25 % 10 ml. A multidisciplinary consilium was
conducted and serotonin syndrome was diagnosed
based on the presence of focal seizures, recent
initiation of treatment with SSRI and MAO inhibitors,
fulfillment of Sternbach and Hunter criteria. Duloxetine
and linezolid were immediately discontinued.

In the following three days, a total of 10 seizure
episodes were observed, some occurring consecutively
and lasting up to 20 minutes in total. Diazepam
was used to interrupt those episodes with thiopental
being supplemented in select cases. A continuous
intravenous infusion of dexmedetomidine 1 mcg/kg/
hr was initiated, titrated to maintain a RASS score
of -1/-2, resulting in a gradual regression in duration
and frequency of seizures, with the last episode
being registered on August 12th, lasting less than a
minute. Treatment of gunshot injuries was continued
with minimal use of opioid agents, now favoring
single-shot peripheral nerve blocks for surgical
interventions and on-demand analgesia within the
ICU. Additional diagnostic methods employed during
the period between 8th and 12th of August included:
psychiatrist’s consultation — PTSD suggested as an
additional diagnosis; CT scan — unremarkable; EEG —
disorganized bioelectrical activity, unspecific diffuse
slowing, diminished reactivity to afferent stimuli.
Absence of typical epileptiform activity.

DISCUSSION

The drugs that are not viewed primarily as
serotonergic are easy to dismiss as “minor” factors
in a problem, caused first and foremost using
antidepressants. Discontinuation of such secondary
triggering agents may in certain scenarios appear
unjustified when considering the risks and benefits (e.g.
an ongoing antibiotic therapy of a resistant bacterial
infection). In our report, we would like to highlight the
role of one of these miscellaneous drugs (linezolid) as
a likely major component in SS development. Similar
cases of rapid onset of SS shortly after the initiation of
linezolid treatment have been described [8], although
a broader analysis did not detect an increased risk
for this category of patients [9]. Another point of
concern is demonstrated by a delay in recovery in
our patient, with life-threatening seizures persisting
for several days despite an immediate and complete
discontinuation of all serotonergic agents following
diagnosis. Such possible clinical course must be
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considered when weighing the risks of selective or late
trigger withdrawal.

Despite its rarity, SS is relatively well understood,
with a wide range of data on high-risk populations
easily available. A new category of vulnerable patients
is now emerging in Ukraine, where a unique mixture
of conditions facilitates the creation of a perfect
scenario for iatrogenic SS development. These are:
the nature of a protracted ground invasion, inevitably
contributing to a large amount of complex blast injury
susceptible to infection and pain chronification; liberal
and often uncoordinated use of antibiotics and opioids
on all stages of medical evacuation; prevalence of
psychoneurological disturbances that are now being
treated with widely available antidepressants. While
this blend of risk factors is being commonly observed
in wounded Ukrainian soldiers, reports of SS are
extremely rare, possibly owing to misattribution of
mild symptoms to other diseases, particularly PTSD,
cranial injury, sepsis, and substance withdrawal. In-
depth research involving this group of patients is
hardly feasible in current conditions, but individual
vigilance in serotonergic drug prescription may still
improve patient outcomes.
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MPOKONB MM, , CONAPK C.O., BOLIAK JT. O., OPEJTM A, PPAHK M.C,
KMIHIYHUIA BUNALOK CEPOTOHIHOBOIO CUHOPOMY Y BINCbKOBOCY>XBEOBLA M YAC JIIKYBAHHA

MIHHO-BUBYXOBOI TPABMU

HavioranbHmi megmaHni yHisepcuteT iMeHi O.O. boromosbLs

Pesiome

Bctyn. CepOTOHIHOBUI CUHOPOM € »KUTTE3Arpo3/IMBMM CTaHOM, L0 MOXE BMHVKHYTW YHACNIAOK HenependadeHoi B3aeMo/lii CEpOTOHi-
HepridHyx npenaparis. MegnkameHT L€l KaTeropii pyTVHHO MpU3Ha4atoTbCA MpK NiKyBaHHI MIHHO-BMOYXOBOI TpaBMK Yy pamKax CTaH-
[apTHOI Tepanii. YpaxyBaHHs iX BIMBY Ha CEPOTOHIHOBI PeLenTopy MOXXE A03BOINTM NONepeamT PO3BUTOK CEPOTOHIHOBOIO CUHOPOMY
y MauieHTiB BUCOKOro puamky. Ommc sunagky. [MaujeHTt 6y goctasneHwin y BAIT ons NpOAOBXKEHHS NIKyBaHHSA HACTIOKIB MHOXUHHNX
MIHHO-BUOYXOBMX YparKeHb HUKHIX KIHLIBOK Ta YepeBHOI CTiHKK, YCKnagHeHnx iHdbekLieto Ta nposisaMmn aenpecii. Ha Tni npusHa4eHoi aH-
TnbaKTepiabHOI Ta aHTUAENPECAHTHOI Tepanii B yMOBax YacTiX MOBTOPHMX XiPYPridHMX BTPyHaHb 3 OMiOiAHMM 3HEOONEHHAM, Y nauieHTa
PO3BUHYBCHA CEPTOHIHOBUI CUHAPOM, LLIO NEPEBAKHO MPOSIBNSABCS SIK TPEMOP Ta KIOHIYHI cyaomMu. [oBHUIM nepernag, hapmaxkoTepanii
Ta nigxopy A0 cefaui Ta aHecTesii CnprsB MOBHOMY PO3PILLEHHIO KITIHIYHKX MPOSIBIB LipOro YCKNagHEeHHs. BUCHOBKK. Y onmcaHomy Bu-
nagky [0 nokpalleHHs CTaHy nprasena BigMiHa dnyokceTiHy Ta niHesonigy. Mpu noBrotpreanomMy nikyBaHHI HacniakiB 6ooBMX TpaBm
Crig, BpaxoByBaTW yCi MOTEHLjNHI HebarkaHi B3aeMOgji NikapCbkunx 3acobiB. OOMEXEHHS BUKOPUCTaHHS OMioifiB 3a paxyHOK perioHapHO!
aHecTesil Ta HajaHHs NepeBarv cefaTBHUM 3acobaM, LLO He CNPUSiOTb HAKOMUYEHHIO CEPOTOHIHY MOXKYTb MOMepeanT PO3BUTOK Ce-
POTOHIHOBOIO CUHAPOMY Y MaLlEHTIB LIET KaTeropii.

Knio4oBi cnoBa: CEpOTOHIHOBUWIA CUHOPOM, MiIHHO-B1OYX0Ba TpaBma, cefallist, oilyoKCeTiH, NiHe30ig, CyaoMu.
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