(GEORGIAN
VIEDICAL
INNEWS

ISSN 1512-0112 NO 5 (374) Maii 2026

TBUJIMCHU - NEW YORK

EXEMECSUYHBIN HAYUHBIN )KYPHAJ

MennuuHckue HoBocTH I'py3uun
Logodmggmml Lsdgwoobm Losbemgbo



GEORGIAN MEDICAL NEWS

Monthly Georgia-US joint scientific journal published both in electronic and paper
formats of the Agency of Medical Information of the Georgian Association of Business Press.
Published since 1994. Distributed in NIS, EU and USA.

GMN: Georgian Medical News is peer-reviewed, published monthly journal committed to promoting
the science and art of medicine and the betterment of public health, published by the GMN Editorial
Board since 1994. GMN carries original scientific articles on medicine, biology and pharmacy, which
are of experimental, theoretical and practical character; publishes original research, reviews, commen-
taries, editorials, essays, medical news, and correspondence in English and Russian.

GMN is indexed in MEDLINE, SCOPUS, PubMed and VINITI Russian Academy of Sciences. The full
text content is available through EBSCO databases.

GMN: Meaununnckue HoBocTH I'py3un - exxeMecsuHbli pelieH3UpyEeMblil HayYHbIHN KypHal, U3AaéTcs
Penaxumonnoit komierueit ¢ 1994 roma Ha pPycCKOM W aHIJIMMCKOM SI3BIKaX B IIEJISIX TOIJEPIKKH
MEAMIIMHCKON HayKd M YIy4dlIeHHUs 30paBOOXpaHeHHs. B KypHase myOIMKYIOTCSI OpUTMHAJIbHBIE
Hay4HbIE CTaThbH B 00JIACTU MEIUIIMHBI, OMOJIOTUH U (papMaliy, CTaTbl 0030pHOT0 XapakTepa, HayuHbIe
cO0O011IeHNs, HOBOCTH METUIIMHBI U 3/ipaBooxpaHenus. XKypuan unnexkcupyercs B MEDLINE, orpaxén
B 0aze nanHbix SCOPUS, PubMed u BUHUTU PAH. IlonHOTEKCTOBBIE CTAThU KypHaia JTOCTYIHBI
yepe3 b/ EBSCO.

GMN: Georgian Medical News — Lo Jo®mggeoml bsdgoozobm Losbangbo — s@ols ymggemgoy@o
bodg(36096m LodgeoEobm M9396%0Mgdswo gy@bogno, aodmoigds 1994 Faowsb, [omdmswagbls
Lbodgosd@om gomagyoobs s 533-0l 39360909d0L, aobosmengdols, 0beyglE®ool, byermgbgdols
s 39bgd0ldgBYyggegdols Log@msdm@olim s3ogdool gOmmdaog godmgdsl. GMN-Fo Gyl
> 0baaoly® gbgody J3g9bwgds 9Jb3gM0dgbG o, mgm@oygmo s 3GsJBogyeo bobosmols
M®0y0bsayg®o  bsdgsbogdm LEsGogdo dgooi3obols, domamaools ©s @o®dsizool beyg®mdo,
dodmboagomo babosmol LEs@ogdo.

J9®bsao obpgdbodgdyamos MEDLINE-ol bsg@msdm@obem Lol gdsdo, sbsbygaos
SCOPUS-o0l;, PubMed-ols ws BUHUTH PAH-0ls dmbsgdms dobgddo. LRs@ogdols barygao @gjl@o
bgendolsfgmdos EBSCO-I dmbsigdms dsbgdowsb.

WEBSITE
www.geomednews.com



K CBEAEHHUIO ABTOPOB!
[Ipu HampaBIEeHUY CTAaTbH B PEAAKITUIO HEOOXOIUMO COOIONATh CISAYIONINE TIPABHIIIA;

1. CraTps nomkHa OBITH IPEJCTaBICHA B IBYX SK3EMIUIIPAX, HA PYCCKOM HMJIM aHTITUHACKOM SI3bI-
Kax, HaTrleyaTaHHas yepe3 MoJITopa HHTepBaJjia Ha OIHOI CTOPOHE CTAHIAPTHOIO JIUCTA € INMPHHOI
JIEBOTO NOJIsI B TPHM caHTHMeTpa. Mcnonb3yemblil KOMIIBIOTEPHBII WPUQT U1 TEKCTa Ha PYCCKOM U
aHnuickoM s3bikax - Times New Roman (Kupuiuna), 115 TeKcTa Ha TPy3UHCKOM S3BIKE CIIEAYeT
ucnoip3oBath AcadNusx. Pasmep mpudra - 12. K pykonrcu, HaneyaTaHHOW Ha KOMITBIOTEPE, JTODKEH
o5ITh IprtoskeH CD co crarbeit.

2. Pa3Mep craTbu TOTKEH OBITH HE MEHEe NeCsTH 1 He OoJiee 1BaALATH CTPAHUI] MAITHOIINCH,
BKJIIOYAsl yKa3areJlb JINTepaTypsl U Pe3loMe Ha aHIJIMIICKOM, PYCCKOM U IPYy3HHCKOM SI3bIKaX.

3. B crarbe 10KHBI OBITH OCBEIICHBI AKTyaIbHOCTh JAHHOTO MaTepHalla, METOIBI U PE3YIIbTaThI
UCCIIeIOBaHUs U X 00CYyKACHHE.

[Ipu npencTaBiIeHNHN B IIeYaTh HAYYHBIX SKCIIEPUMEHTAIBHBIX PA0OT aBTOPHI JOJIKHBI YKa3bIBATH
BHUJl U KOJMYECTBO SKCIIEPUMEHTANBHBIX KUBOTHBIX, IPUMEHSBIINECS METOABl 00e300MMBaHUS U
YCBHIJICHHUS (B XOJI€ OCTPBIX OIIBITOB).

4. K crarbe JOIKHBI OBITH MIPUIIOMKEHBI KpaTKoe (Ha MOJICTPAaHUIIBI) Pe3OMe Ha aHIIIUICKOM,
PYCCKOM M IT'PY3HHCKOM $I3bIKax (BK/IIOYAIOLIEE CIELYOLINE pa3aesbl: Liedb UCCIeI0BaHNs, MaTepHual U
METOJIBI, PE3YJILTATHI M 3aKIIFOUSHHE) U CIIUCOK KITtoueBBIX cioB (key words).

5. Tabnunp! HEOOXOIUMO NPENCTABIATE B Ie4aTHOH hopme. DoTokonuu He npuHUMaroTcs. Bee
nu¢poBbie, HTOTOBbIE H NPOLIEHTHbIE JaHHbIE B Ta0JIMIaX J0JIKHbI COOTBETCTBOBATH TAKOBBIM B
TeKcTe cTaThbU. Tabiuibl U rpaduKu TOJKHBI OBITH 03aryIaBIICHBI.

6. dotorpadun AOIKHBI OBITH KOHTPACTHBIMHU, (POTOKOIHHU C PEHTTEHOTPAMM - B IO3UTUBHOM
n300paxeHuH. PUCYyHKH, yepTeXu U IuarpaMmbl clIeoyeT 03ariaBUTh, IPOHYMEPOBATh U BCTABUTH B
COOTBeTCTBYIOIIEe MecTo TekcTa B tiff opmare.

B noanucsix k MukpogotorpadgusaM cieayeT yKa3plBaTh CTEICHb yBEIMUCHUS Yepe3 OKYISP HITH
00BEKTUB U METOJ] OKPACKU WJIM UMIIPETHALIMH CPE30B.

7. ®aMUIUU OTEYECTBEHHBIX aBTOPOB MIPUBOJAATCS B OPUTHHAIBHON TPAHCKPUIILIUH.

8. I[Ipu opopmnennu u HampaBneHun crared B xypHanm MHI mpocum aBTOpOB cobmronars
NpaBUIIa, U3JI0KEHHBIE B « EMUHBIX TpeOOBaHUSIX K PYKOMHUCSM, IPEACTABISIEMBIM B OMOMEIUIIMHCKHUE
JKypHAJIbD», TPUHATHIX MeXIyHapOAHBIM KOMHUTETOM PEIAaKTOPOB MEAMLMHCKUX KYpHAJIOB -
http://www.spinesurgery.ru/files/publish.pdf u http://www.nlm.nih.gov/bsd/uniform_requirements.html
B koHIIe Kax 101 OPUTHHATIBHOM CTaThU MPUBOAUTCA OnOIHOrpadguyeckuii cnucok. B cnmncok nurepa-
TYPBI BKJIFOYAIOTCSl BCE MaTepHalibl, HA KOTOPBbIE UMEIOTCS CCBUIKU B TeKcTe. CIHUCOK COCTaBIAETCs B
andaBUTHOM MOpsAKe U HymMepyeTcs. JIutepaTypHblii HCTOYHMK NPUBOAUTCS Ha sI3bIKE OpUrMHaia. B
CIMCKE JINTEPATyPhl CHavYajia IPUBOIATCS PabOThI, HAMCAHHBIE 3HAKaMU TPY3MHCKOTO andaBuTa, 3aTeM
Kupwuien u naruHuneidl. CChUIKM Ha IUTHUPYEMble pabOThl B TEKCTE CTAaTbH JAIOTCS B KBaIpPaTHBIX
CKOOKax B BUJI€ HOMEPA, COOTBETCTBYIOLIETO HOMEPY JaHHOH pabOoThI B CIIMCKE TUTEPaTypbl. bonbmmH-
CTBO IIUTHPOBAHHBIX UCTOYHUKOB JOJKHBI OBITH 3a IMOCTIEAHNUE S5-7 JIET.

9. ns momydeHus MpaBa Ha MyONMKAIMIO CTaThs OJDKHA MMETh OT PYKOBOIUTENSI pabOTHI
WIN YUPEXKJCHUS BU3Y U CONPOBOIUTEIHHOE OTHOLLICHNUE, HAIMCAHHBIC WJIM HAlledaTaHHbIE Ha OJIaHKe
Y 3aBEPEHHBIE MOJIHCHIO U NIEYATHIO.

10. B koHIe cTaThU NOJKHBI OBITH MOAMHCH BCEX aBTOPOB, MOJHOCTBHIO MPUBEAEHBI UX
(amMuInM, UIMEHa U OTYECTBA, YKa3aHbl CIIy>KeOHBIN M AOMAIIHUI HOMEpa TeJIe(OHOB U agpeca MM
uHble koopAuHaThl. KomuuecTBo aBTOPOB (COABTOPOB) HE NOHKHO MPEBBIMIATH IISATH YEJIOBEK.

11. Penakuus ocraBisiet 3a cO00i MpaBo COKpaIaTh ¥ HCIPaBIATh cTarhi. Koppekrypa aBropam
HE BBICBUIAETCS, BCS paboTa U CBEpKa IPOBOAUTCS 110 aBTOPCKOMY OPHTHHAILY.

12. HemomycTuMoO HampaBiieHHE B pelaklMIo padoT, MpeICTaBICHHBIX K MeYaTH B MHBIX
M3/1aTeNbCTBAX WIIM OMYOJIMKOBAHHBIX B APYTHX U3JAHUSX.

Hpﬂ HApYHNIEHUH YKa3aHHBIX IPABUJI CTATbU HE PAaCCMAaTPUBAIOTCH.
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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
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3. Submitted material must include a coverage of a topical subject, research methods, results,
and review.
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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
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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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Abstract.

Background: Crush syndrome is a severe systemic condition
caused by prolonged compression of skeletal muscles, leading
to ischemia—reperfusion injury and traumatic rhabdomyolysis.
It is most commonly associated with natural disasters and
predominantly affects the lower extremities, whereas isolated
upper extremity involvement in non-disaster settings is rare.

Objective: To present a rare case of severe crush syndrome of
the upper extremity in a non-disaster setting and to evaluate the
effectiveness of early multimodal treatment.

Materials and Methods: A 28-year-old male developed crush
syndrome after 6-8 hours of prolonged compression of the
left upper extremity following loss of consciousness. Clinical,
laboratory, and instrumental data were analyzed. The patient
underwent early fasciotomy, intensive care management,
therapeutic plasma exchange (4 sessions), and renal replacement
therapy (5 sessions of hemodialysis).

Results: The patient developed severe rhabdomyolysis
(creatine kinase up to 93,994 U/L), acute kidney injury
(creatinine up to 740 umol/L), hyperkalemia, and multi-
organ dysfunction. Early fasciotomy revealed initially non-
viable muscle tissue with subsequent partial recovery of
viability. Combined treatment resulted in significant clinical
improvement, restoration of diuresis (up to 4800 mL/day), and
complete recovery of renal function.

Conclusion: Severe upper extremity crush syndrome in non-
disaster conditions can have a favorable outcome when managed
with early and aggressive multimodal therapy. Early surgical
decompression combined with therapeutic plasma exchange
and hemodialysis may significantly improve prognosis and
reduce mortality and long-term disability.

Key words. Crush syndrome, rhabdomyolysis, upper
extremity, fasciotomy, plasmapheresis, acute kidney injury.

Introduction.

Crush Injury (CI) is defined as ischemia, edema, and
rhabdomyolysis (muscle breakdown) of muscle tissue resulting
from prolonged and sustained compression of the extremities
or other parts of the body [1-4]. Such injuries are frequently
observed during natural disasters (earthquakes, landslides),
industrial accidents (mining disasters, explosions), as well as
man-made events — terrorist attacks and local armed conflicts
[3,5-7].

Severe crush injury can rapidly progress into a life-threatening
systemic condition known as Crush Syndrome (CS), which is
characterized by traumatic rhabdomyolysis and endogenous
intoxication [1-4,7]. According to recent meta-analyses and
comprehensive reviews, the incidence of crush syndrome
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following earthquakes ranges from 2% to 20% among casualties
(depending on the severity of the collapsed structures, duration
of compression, and the speed of rescue operations) [3,5].
Mortality rates with timely treatment range from 4.6% to 32%;
however, in untreated or delayed cases, mortality can reach
up to 40% [3-4,]. Crush syndrome remains the second leading
cause of death in earthquake victims after direct trauma [3,5].

The pathogenesis of crush syndrome is based on traumatic
rhabdomyolysis caused by prolonged ischemia of muscle
tissue. Disruption of the continuity of rhabdomyocyte
membranes leads to cell lysis, massive release of intracellular
components (myoglobin, potassium, phosphate, and other toxic
metabolites) into the systemic circulation, and subsequent
endogenous intoxication [1-2,4,8-10]. This process results in
electrolyte disturbances (hyperkalemia, hyperphosphatemia,
hypocalcemia), myoglobinuria, and ischemia—reperfusion
injury [9-10,3- 4].

In the acute phase, patients typically develop hypovolemia,
life-threatening arrhythmias, and acute kidney injury (AKI)
[1,5]. Despite aggressive fluid resuscitation and renal
replacement therapy, patients with crush syndrome frequently
develop systemic inflammatory response syndrome (SIRS)
and may progress to the often-fatal multiple organ dysfunction
syndrome (MODS) [1,3-5].

Crush syndrome was first described in 1941 by British
physicians Eric Bywaters and D. Beall in victims of the London
Blitz during the Second World War [11]. However, research on
this condition remains limited to this day due to ethical and safety
constraints that prohibit large-scale human experimentation
[3,8,12]. As a result, despite significant efforts by the medical
community, knowledge regarding the pathophysiology and
clinical management of crush syndrome is still incomplete [3-4].

Currently, there is a scientific consensus that the
pathophysiological mechanisms of crush injuries primarily
involve two key components: ischemia—reperfusion injury and
ischemia—reperfusion-induced rhabdomyolysis [3-4,8-10].

Clinically, crush syndrome is characterized by a clear traumatic
history and visible signs of compression on the affected limbs.
Myoglobinuria typically develops rapidly after decompression.
Laboratory tests (creatine kinase (CK), serum potassium level,
and myoglobin (Mb)) play a crucial role in diagnosis and
severity assessment [2,13]. Nevertheless, standardized clinical
criteria for the objective assessment of the severity or prognosis
of crush syndrome are still lacking.

Case Presentation.

A 28-year-old male contract soldier from Military Unit N
(born 02.02.1996) was urgently hospitalized on May 30, 2024,
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in the Resuscitation Department of the Central Clinical Military
Hospital. He was transferred by ambulance from [jevan Medical
Center in a state of inhibited consciousness.

The patient had no significant past medical history, was not
taking any regular medications, and had no known allergies.

On admission, the patient had difficulty establishing contact,
answered questions with delay but according to the essence,
and did not remember some things. According to the history,
the previous evening he had experienced prolonged loss
of consciousness and had remained lying on his left side for
approximately 6—8 hours, compressing the left upper extremity.

Additional diagnostic evaluation was performed to determine
the etiology of the patient’s prolonged loss of consciousness,
which lasted 6 to 8 hours. Toxicological screening revealed a
high serum ethanol level with no evidence of other intoxicants
or illicit substances. Electroencephalography (EEG) and
comprehensive neurological assessment showed no epileptic
activity or focal neurological deficits. Cardiovascular evaluation,
including continuous electrocardiographic monitoring, did not
demonstrate any clinically significant arrhythmias or acute
cardiac abnormalities. The patient had no prior history of
neurological, psychiatric, or cardiovascular disease.

Although the cause of loss of consciousness was initially
classified as “unknown etiology,” after thorough investigation,
exogenous alcohol intoxication leading to prolonged
immobilization was determined to be the most probable
precipitating factor for the development of crush syndrome of
the left upper extremity, severe rhabdomyolysis, compartment
syndrome, and subsequent acute kidney injury.

Physical examination:

The external coverings were pale. Respiration was spontaneous,
respiratory rate 22/min, SpO2 95%. On the right lung vesicular
breathing was heard, on the left — weakened vesicular breathing.
Heart sounds were muffled, pulse 100 bpm, regular, soft, of
moderate filling. Blood pressure 90/60 mmHg. The abdomen
was soft and painless, liver and spleen not enlarged. Diuresis
was adequate but meat-wash-like in appearance.

The left upper extremity was markedly swollen in the shoulder
joint and arm region, with pastosity at the wrist level, skin
darkening and cyanotic tint.

Preliminary diagnosis:
Loss of consciousness of unknown etiology, prolonged crush
syndrome of the left upper extremity, polyorgan failure.

Investigations:

Doppler examination of the left upper extremity showed that
the main and superficial veins were patent, blood flow was
MarucTpaibHbEI but slowed, no thrombi were present. There
was pronounced edema of the subcutaneous tissue and muscular
system.

Chest X-ray showed no focal infiltrative changes. Abdominal
ultrasound revealed a small amount of free fluid around
both kidneys. Right kidney 11.8x6.2x7.4 cm, parenchyma
2.3 cm, calyceal width 0.8-1.1 cm. Left kidney 12x6.2x7.8
cm, parenchyma 2.3-2.4 cm, calyceal width 0.8-0.9 cm.
Corticomedullary differentiation was preserved. Parenchyma
was diffusely changed on both sides. No urine outflow was
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recorded from either side at the time of examination. There was
50-60 ml of urine in the bladder around the urinary catheter.

Echocardiography showed no myocardial hypertrophy or
chamber dilatation. Interventricular septum 10 mm. Diffuse
decrease in left ventricular contractility, ejection fraction 43—
35%. Right ventricular function normal (TAPSE 17 mm). No
pericardial fluid. Trivial TR and MR.

ECG showed sinus rhythm 93 bpm with mild ST-segment
elevation in V1-V3 leads.

Non-contrast CT ofthe head and chestrevealed hypoventilation-
hyperperfusion foci in the lungs and infarct-pneumonia in the
left lingular segments.

Laboratory findings:

Tables 1-3 and Figure 1.
Clinical diagnosis:

Exogenous intoxication of unknown origin with loss of
consciousness; prolonged crush syndrome of the left upper
extremity with rhabdomyolysis; polyorgan failure (acute kidney
injury in oliguric stage, subclinical hepatitis, myocarditis,
encephalopathy); compartment syndrome of the left upper
extremity, arm and shoulder girdle.

Treatment and clinical course:

On May 30, 2024, under general endotracheal anesthesia,
fasciotomy of the shoulder girdle, arm and forearm was
performed. Approximately 0.8 L of serous-hemorrhagic fluid was
obtained. At the beginning of the operation the biceps and triceps
muscles were non-viable with a “cooked meat” appearance.
Reflex contractions were absent during electrocoagulation. At
the end of the operation viability was assessed as satisfactory
and reflexes were restored. Wound sanitation and drainage were
performed.

Along with drug therapy (detoxification, albumin 20% 100 ml
IV, furosemide, ceftriaxone, pantoprazole, heparin 20,000 IU,
actrapid, glucose, venoruton, heptal, tramadol) four sessions of
therapeutic plasma exchange were performed:

* May 30, 2024 — 760 ml plasma removed, replaced with 3

packs of fresh frozen plasma.

* May 31, 2024 — 900 ml removed, replaced with 4 packs.

o June 1, 2024 — 1,820 ml removed (2 sessions), replaced
with 7 packs.

+ June 2, 2024 — 910 ml removed, replaced with 4 packs.

* On June 3, 2024, due to progressive acute kidney injury,
the patient was transferred to the specialized nephrology
department. Under ultrasound guidance, a dialysis catheter
was inserted into the right internal jugular vein using the
Seldinger technique, and five sessions of hemodialysis
were performed. Positive dynamics were observed with
restoration of diuresis (1,500-2,300—4,000—4,800 ml).

Serial laboratory monitoring demonstrated a marked and
progressive decline in rhabdomyolysis markers following
therapeutic plasma exchange (TPE) and hemodialysis. On
admission, creatine kinase (CK) was extremely elevated at
93,994 U/L and myoglobin level reached 1,575.3 ng/mL. After
sequential TPE sessions, CK levels progressively decreased to
7,927 U/L, 4,707 U/L, 807 U/L, and finally 479 U/L. Myoglobin
levels showed a parallel decline from 1,575.3 ng/mL to 936.5 ng/
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Figure 1. Serial decline in creatine kinase (CK) levels following therapeutic plasma exchange and hemodialysis.

Table 1. Urinalysis Results During Hospitalization.

Parameter Results Normal Reference Range Unit of Measurement
Admission Day 2 Week 1 End of Treatment

Specific Gravity 1020 1005 1010 1.015-1.025 1020

PH 5.0 7.0 7.0 5-7 6

Protein 5.9 0.75 0.75 <0.10 0.25g/1

Glucose 3.0 0 0 <0.84 0 mmol/L

RBC 250 250 250 - 0 /hpf

Table 2. Complete Blood Count (CBC) Results During Hospitalization.

Parameter Result Reference Range Unit of Measurement
Admission Week 1 End of Treatment

WBC 259 18.5 12.1 g:gji:g x10°% uL

LYM% 5.8 8.8 11.2 ﬂ:ijg:i %

NEUT% 90.5 87.4 76.8 :;i:%i %

LYM# 15 1.6 1.4 é:gjé x10°% uL

NEUT# 234 16.2 9.2 i:g:;:i x10°/ uL

RBC 5.4 4.38 3.08 i:gi:g:% x10% uL

HGB 17.9 14.0 9,70 g'ﬂ‘é_‘; g/dL

HCT 51.1 503 283 gg:;:g;:g %

MCV 94.3 93.4 91.9 2222:;2?9 fL

MCH 33.0 32.1 31.5 ;g:gj}:? pg

MCHC 35.0 34.4 343 g?:gjgé g/dL

PLT 316 260 130 gg:‘;;g x10°% uL

RDW-SD 458 428 42.6 oo L

RDW-CV 135 12.6 13.1 H:‘S‘:ig:; %
5.0-15.0

ESR 140 130 100 2.0-10.0 17 mm/h
30
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Table 3. Selected Blood Biochemistry Parameters During Hospitalization.

Parameter Result

Admission Day 2
Glucose 10.9 8.67
Total Protein 70.5 51.8
Albumin 349 30.1
Total Bilirubin 7.5 6.2
Urea 15.02 24.9
Creatinine (M/F) 242 412
AST (Aspartate Aminotransferase) (M/F) 535 559.1
ALT (Alanine Aminotransferase) (M/F) 161 180
CRP (C-Reactive Protein) 112 75.5
Potassium (K* 6.41 6.48
Sodium (Na*) 128 128.6
Ionized Calcium 0.969 0.686
Prothrombin Index 90.1 87.2
Prothrombin Time 11.0 11.2
INR 1.06 1.12
APTT (Activated Partial Thromboplastin Time) |22.3 459
Fibrinogen (Factor I) 3.7 4.5
Creatine Kinase (CK) 93994 7927
Creatine Kinase MB (CK-MB) 1229.4 33
Myoglobin 1575.3 936.5
Procalcitonin
Troponin 405 365
D-Dimer 0.71 2.30
eGFR (Estimated Glomerular Filtration Rate) 8 11

Week 1 End of Treatment

Unit of Measurement

6.3 4.5 3.88-6.38 mmol/L

46.7 45.0 64-85 g/L

29.5 29.8 34-48g/L

54 - 17 pmol/L

25.3 31.8 21 14 8 1.7-8.3 mmol/L

490 740 539 276 |117 62-106/44-80 umol/L

228 172 116 19 up to 37/31 U/L

122 143 12.6 up to 42/32U/L

37 23.1 182 7.5 <5 mg/L

4.1 3.5-5.3 mmol/L

138 135-148 mmol/L

1.1 1.13-1.32 mmol/L

90.1 82 109.4 73-111%

10.4 15.2 9.9 9.9-11.8"

1.06 1.00 1.14 095 1-2

47.5 28.9 357 224 23.2-34.7"

2.5 4.5 2.55 1.8-3.5g/L

4707 807 479 99-336U/L
7-25U/L

478.7 2523 794 23-72ng/mL

180 32.0 10.0 40 ng/mL

1.80 0.30 0.50 ng/mL

25 59 69 mL/min/1.73 m?

mL, 478.7 ng/mL, 252.3 ng/mL, and 79.4 ng/mL, respectively.
This biochemical improvement coincided with restoration of
diuresis, improvement of renal function, and overall clinical
stabilization.

From August 16 to September 2, 2024, the patient received
physiotherapy at Alfa-Beta Medical Center for mixed-type
contractures of the left elbow and wrist joints and postoperative
median nerve neuropathy. Pain syndrome decreased and range
of motion in the left elbow joint improved.

Outcome. Positive clinical and laboratory dynamics were
observed with restoration of renal function.

Discussion.

The presented clinical case describes severe prolonged crush
syndrome (CS) in a 28-year-old male, which developed due to
6-8 hours of sustained compression of the left upper extremity
following loss of consciousness while lying on his side. This
case is notable in several aspects: it is unrelated to mass
disasters, occurred solely in the upper limb (which accounts
for only ~10% of CS cases, while lower limbs comprise 74%),
and was accompanied by severe rhabdomyolysis (creatine
kinase up to 93,994 U/L), acute kidney injury (creatinine up
to 740 pmol/L), hyperkalemia, and multi-organ dysfunction,
yet resulted in complete renal function recovery thanks to
aggressive multimodal treatment [3-6].

Compared with the literature, the patient’s clinical picture
fully corresponds to the classic pathophysiology of CS, based
on ischemia-reperfusion injury with rhabdomyocyte lysis and
massive release of intracellular toxins into the circulation
[14-16,22-25]. Laboratory findings (CK up to 93,994 U/L,
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myoglobin 1,575.3 ng/mL) confirm severe rhabdomyolysis,
a clear marker of CS severity, and align with contemporary
reviews [3,6].

For comparison, in the 2023 Tiirkiye earthquake, the mortality
rate among 128 patients with CS was 4.6% (Onan et al., 2024),
rising to 14.2% in those with acute kidney injury [15,]. Our
patient’s survival and full renal recovery (diuresis restored
to 4,800 mL/day) demonstrate that timely intervention can
significantly reduce mortality to the 4.6—15% range reported in
UpToDate and Akrivos et al. (2025) [3,6].

The treatment approach fully complies with current guidelines
and has important specific features. Early fasciotomy
(performed on the first day of hospitalization) was carried out
for compartment syndrome and resulted in muscle viability
restoration without amputation. Data from the 2023 Tiirkiye
earthquake confirm that fasciotomy performed <24 hours
prevent amputation and reduces the volume of muscle excision,
whereas delayed fasciotomy (>48 hours) is associated with a
significantly higher amputation risk (Demir et al., 2025) [17].

Particular attention should be paid to the use of four sessions
of therapeutic plasma exchange (TPE) as a detoxification
measure. The literature shows that TPE is safe and effective for
myoglobin clearance in severe rhabdomyolysis when standard
therapy is insufficient (Boparai et al., 2023) [18].

The decision to initiate early therapeutic plasma exchange
(TPE) was based on several high-risk clinical and laboratory
findings. The patient presented with extremely elevated creatine
kinase levels (CK 93,994 U/L), exceeding the threshold
commonly associated with severe rhabdomyolysis, together
with markedly increased myoglobin levels (1,575.3 ng/mL),



indicating a high risk of myoglobin-induced acute kidney
injury. In addition, progressive oligoanuria, worsening renal
dysfunction despite aggressive fluid resuscitation, severe crush
syndrome-associated muscle injury, hyperkalemia, and the risk
of systemic complications supported the need for aggressive
multimodal treatment. TPE was therefore initiated early as an
adjunctive detoxification strategy aimed at accelerating the
clearance of myoglobin and other intracellular toxic metabolites
in combination with hemodialysis and standard supportive
therapy.

In our case, serial laboratory monitoring demonstrated a rapid
and marked decline in both CK and myoglobin levels following
sequential TPE sessions and hemodialysis. CK decreased
from 93,994 U/L on admission to 479 U/L, while myoglobin
declined from 1,575.3 ng/mL to 79.4 ng/mL. These findings
provide objective evidence supporting the potential role of TPE
in accelerating clearance of myoglobin and other intracellular
muscle breakdown products in severe crush syndrome-
associated rhabdomyolysis [4,19].

The favorable outcome (renal function recovery and
improvement of neuropathy and contractures with
physiotherapy) underscores the importance of timely diagnosis
and a multidisciplinary approach. This case adds to the
limited literature on non-traumatic upper-extremity CS and
demonstrates that even with extreme laboratory changes (CK
>90,000 U/L), aggressive treatment can prevent death and
permanent disability [4,20].

Limitations.

This is a single case report without standardized protocols for
therapeutic plasma exchange in crush syndrome. Although serial
CK and myoglobin measurements demonstrated significant
biochemical improvement following TPE, larger studies are
required to objectively evaluate the efficacy and optimal
indications for TPE in severe rhabdomyolysis-associated crush
syndrome. Clinical photographs and Doppler ultrasonography
images were not available for publication due to patient
confidentiality considerations and institutional limitations.

In conclusion, the presented case confirms the
pathophysiological mechanisms of CS and shows that
timely, individualized treatment (early fasciotomy + TPE +
hemodialysis) can dramatically improve prognosis even in
severe cases. This experience is valuable for Armenian and
regional medical institutions where similar injuries may occur
not only in disasters but also in everyday life.

Conclusion.

The presented clinical case clearly demonstrates that even
severe prolonged crush syndrome (CS), developed under non-
traumatic conditions (6—8 hours of sustained compression of
the upper extremity following loss of consciousness), can have
a favorable outcome with timely and aggressive multimodal
treatment, avoiding death or permanent severe disability.

In our patient, extreme rhabdomyolysis (creatine kinase up
to 93,994 U/L), acute kidney injury in the oligoanuric phase
(creatinine up to 740 umol/L), and multi-organ dysfunction
were successfully managed through early fasciotomy, four
sessions of therapeutic plasma exchange (TPE), hemodialysis,
and intensive pharmacotherapy. This combined approach led to
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complete restoration of renal function and significant clinical
improvement.

In comparison with the literature, this case confirms that
early fasciotomy (<24 hours) substantially reduces the risk
of amputation and the volume of muscle excision, aligning
with conclusions drawn from the 2023 Tiirkiye earthquake
experience. Although the role of therapeutic plasma exchange in
severe rhabdomyolysis remains controversial and lacks support
from large randomized trials, in our case it was applied safely
and contributed to rapid clinical dynamics, particularly in non-
traumatic “found-down” type CS.

This case emphasizes that the prognosis of CS depends not
only on the severity of injury and laboratory parameters, but
primarily on the speed of diagnosis, a multidisciplinary approach,
and individualized intensive therapy. Such non-disaster-related
cases, although rarely reported in the literature, hold significant
practical value for Armenian and regional healthcare systems,
where similar conditions may occur in everyday life (loss of
consciousness, prolonged immobility).

Future research should focus on developing standardized
indications for TPE and early surgical intervention in non-
traumatic CS, which will help improve outcomes for such
patients in the future.
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AHHOTAIIVA

BBenenue:
CHHIIPOM)

CHHIpOM JIUTENHHOTO CHABICHHS (Kpari-
Npe/CTaBIsieT  co0oi  TsHKENoe  CUCTEMHOE
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COCTOSIHME, BO3HHUKAIOLEE B PE3yNbTaTe MPOAODKUTEIHHOTO
CHABJIEHHS CKEJIETHBIX MBIIIL, YTO MPUBOANUT K MIIEMHUYECKH-
peniepdy3HOHHOMY — IOBPEXKICHHIO U TPaBMAaTHYECKOMY
pabgomuonusy. Haubonee wacTo OH accouuupyercs ¢
MIPUPOJHBIMU KaTacTpopaMH M IPEUMYIIECTBEHHO ITOpPaKaeT
HIDKHHE KOHEYHOCTH, B TO BpeMs Kak H30JIMPOBAHHOE
TopaXCHUe BerHeﬁ KOHCUYHOCTH B YCJIOBUAX, HC CBA3aHHBIX
CO CTUXMIHBIMU OEJICTBUSIMH, BCTPEUAETCS KpaiiHe pelKo.

Heab: [IpencraButh peakuii cinydai TKENIOro Kpal-cHHApOMa
BEpXHEH KOHEYHOCTH B HEKaTacTpPO(YUUECKUX YCIOBHUSIX
U OHEHUTHh A(P(EKTUBHOCT, paAHHETO MYJBTUMOJAIBLHOTO
JICYCHUSL.

Marepuanbsl U MeToabl : Y mamueHTa 28 1T pa3BHiICA
Kpal-CUHAPOM Tocie 6—8 4YacoB  MPOAOKHUTEIBHOTO
CHABJICHHSl JIEBOIl BepxHEHl KoHeYHOCTH Ha (hoHE mOTEpH
coszHaHus. [IpoaHanmn3npoBaHbl KIMHUYECKHE, TaOOpaTOpHBIE
U UHCTPYMCHTAJIBHBIC JTaHHBIC. BOHBHOMy ObLIa BBIMTOJIHEHA
paHHss HacMOTOMUS, THTEHCHBHAS TEPAIHS, TEPAIleBTUUECKUH
razmadepes (4 ceanca) U 3aMeCTUTENbHAsT TOYEYHAs TEPATHs
(5 ceaHncoB remoguanmsa).

Pesyabrarbl: Y nanueHTa pa3BuiIcs TSDKENBIA pabroMuonn3
(xpearundocdokunaza o 93 994 EJ1/n), octpoe moBpexieHne
moyek (KpeaTHHHH 10 740 MKMONB/T), TUNEpKATHEMHUS U
nonuopranHas guchynkuus. Ilpu pannedt dacumoromun
BBISBJIEHBl TEPBOHAYAIBHO HEKU3HECTIOCOOHBIC MBbIIICYHBIC
TKaHH C TIOCJIEAYIONIMM YacTHYHBIM BOCCTaHOBICHHUEM
XKHU3HecnocoOHocTH. KoMmmuiekcHoe nedeHne NpUBENO K
3HAYUTEIILHOMY KIMHUYECKOMY YITy4IIEHHIO, BOCCTAHOBIICHHIO
maype3a (mo 4800 Mmi/cyT) WM TOJHOMY BOCCTAHOBIICHHIO
(YHKINH TTOYEK.

3aku04yeHue: Tsoxénbrit Kpal-CHHIPOM BEpXHeH
KOHEYHOCTH B YCIIOBHSIX, HE CBS3aHHBIX CO CTHXHHHBIMH
OeACTBUAMH, MOXKET HMETh OJarompHATHBIA HCXOH HpHU
MPOBECACHUN PAHHETO MW arp€CCUBHOIO0 MYJIBTUMOJAAJIBHOTO
neyeHus. PaHHsS XUpypruyeckast AEKOMIIPECCHUsI B COUYETaHUH
C TEpareBTUYECKUM IIIa3Madepe3oM M TeMOJHAIN30M MOXKET
CYIIECTBEHHO YIYYIINTh NPOTHO3 U CHU3UTDH JIETAIBHOCTD U
WHBAJIMIU3ALHIO B OTAAIEHHOM TIEPHOIE.

KaioueBbie caoBa: CHHIPOM JUIMTENBHOTO —CHABICHHS,
pabnomuonms, BEepXHSAS  KOHEYHOCTb, (actmoromus,
wiasMadepes, 0CTpoe IOBPEKICHUE TOUEK.
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