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ABSTRACT

Bone cement implantation syndrome in pediatric oncology patients remains poorly understood. A multimodal pathogenetic
model determines the existence of two distinct clinical and pathophysiological phenotypes of this condition: the anaphylactic
phenotype (distributive shock) and the embolic phenotype (obstructive shock). Both phenotypes are associated with coagulopa-
thy, with thrombotic catastrophes representing their most severe manifestation. The pathways of thrombotic complications
depend on the clinical and pathophysiological phenotype of this critical condition: in anaphylactic bone cement implantation
syndrome, they are primarily driven by microthrombogenesis, whereas in embolic bone cement implantation syndrome, both
microthrombogenesis and fibrinogenesis contribute to thrombosis. In the first clinical case, bone cement implantation syn-
drome developed through an anaphylactic mechanism. A boy with femoral osteosarcoma underwent bone cement spacer
implantation following tumor resection. We assume that sensitization occurred during this period. This is supported by the
presence of a periosteal reaction in the upper third of the right femur, as revealed by computed tomography (CT). During knee
endoprosthesis implantation, the patient developed severe hemodynamic instability, cardiac rhythm disturbances, and oxy-
genation impairment. Despite the characteristic microthrombogenesis mechanism of this pathophysiological phenotype, mul-
tiorgan failure and life-threatening thrombotic complications were successfully averted due to effective anti-shock measures
and early initiation of heparin therapy. Second clinical case illustrates the embolic phenotype of bone cement implantation
syndrome. A boy with tibial osteosarcoma experienced hypotension, tachyarrhythmia, desaturation, and hypocapnia following
bone cement application during endoprosthetic surgery. Postoperatively, desaturation persisted. CT revealed a mural defect in
the left pulmonary artery and segmental obstructions in multiple branches of both lungs, along with elevated D-dimer levels
and echocardiographic evidence of increased right heart pressure. By postoperative day 20, oxygen saturation normalized
(the patient was breathing ambient air). CT imaging showed resolution of the filling defect in the left pulmonary artery; how-
ever, signs of segmental pulmonary artery obstruction remained in the upper and middle lobes of the right lung and the lower
lobe of the left lung. Thus, the hemodynamic catastrophe in the embolic phenotype of bone cement implantation syndrome
represents a classic presentation of obstructive shock with subsequent thrombotic complications, driven by the combined
mechanisms of microthrombogenesis and fibrinogenesis. The proposed pathogenetic phenotyping of bone cement implanta-
tion syndrome allows for a targeted approach to the prevention and treatment of hemodynamic and thrombotic complications
in affected patients. This approach appears to be relevant and has the potential to reduce the incidence of adverse outcomes
and complications.
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AHHOTALMA

CWHAPOM MMNNAHTaLMK KOCTHOTO LieMeHTa Y AeTell C OHKONOTMYeCKOi NaTonorveil M3yyeH HeflocTaToqHo XopoLwo. Mynbtu-
MoZasnbHas MoAesb NaToreHe3a AeTePMUHUPYET CYLLECTBOBaHWE ABYX KIIMHUKO-NATOhU3MON0rnyeckux GeHoTMnoB AaHHOro
COCTOAHMA: aHaPUNaKTUYeCcKoro (AMCTPUDYTUBHLIN LLIOK) M 3Mbonudyeckoro (00CTpYKTMBHLIA WoK). 06a deHoTMna cBA3a-
Hbl C Pa3BUTMEM KOarynonaTuu, KpailHUM BbIpaXKEHWEM KOTOpOW SIBNSETCA peann3aums TpoMBoTUYeckux Katactpod. Mytu
peanu3auum TPOMOOTMYECKUX OCOKHEHWA 3aBUCAT OT KIIMHMKO-NaTO(M3MONOrMYecKoro eHoTMna AaHHOro KpUTUYECKO-
o COCTOSIHMSA: NpU aHapUNaKTUYeCKoM (EHOTUME OHU CBA3aHbl C MPOLECCOM MUKPOTPOMOOreHe3a, a mpu 3MO6OMYECKOM
KaK ¢ MUKpoTpoMboreHe3oM, Tak U GubpuHoreHe3oM. B nepBoM KIIMHWYECKOM Cnyyae NpeACTaBAeHO pasBuUTME CHHAPOMa
UMMNNIaHTaLMM KOCTHOTO LiIeMEHTa Yepe3 MexaHu3M aHadunakcuu. Y Manbuuka bbin yCTaHOBMIEH LEMEHTHBIN cneicep nocne
NepBUYHOIO YAaNEeHNUs 0CTE0CapKOMbI BeapeHHON KocTW. Mbl NpeanonaraeM, yto B 3TOT Nepuoj BPeMeH! NpoM30LLNa CeH-
cebunusaumsa. 31oT GaKT NOATBEPIKAAETCA HaNMUMEM MPU3HAKOB PeaKLMM HaKOCTHMLbI B BEpXHel TpeTu npaBoi 6eapeH-
HOM KOCTW MO AaHHbIM KOMIbHOTEPHOI ToMorpaduu. Bo BpeMsi MpUMEHEHUS KOCTHOTO LiEMEHTa NpW 3HAOMPOTE3UMPOBaHMM
KONIEHHOr0 CycTaBa BO3HWKM BblpaXKEHHbIE PacCTPOICTBA reMOAMHAMUKY, CEPAEYHOr0 pUTMa WU oKcureHaumn. HecMotps
Ha XapaKTepHbli A AaHHOr0 NaTohuM3MoNornyeckoro GeHoTMna MexaHusM MUKpOTPOMBOreHesa, BblpaXKEHHOW Noavop-
raHHOW HeLOCTAaTOMHOCTM M Pean3aLMmv KU3HEYrPOKAIOLLMX TPOMOOTUHECKMUX OCMIOXHEHWI yaanock u3bexarb bnaroaaps
3¢ (HeKTUBHO NPOBELEHHbIM MPOTUBOLLOKOBLIM MEpONpUATUAM M paHHEMY Hayanly renapuHoTepanuu. BTopon KMHUYecKuit
CNydal WAMKOCTPUPYET 3MBONMYECKUI HEHOTUN CUHAPOMA UMNAHTALMKM KOCTHOTO LieMeHTa. Y ManbuuKa ¢ 0CTeoreHHo cap-
KOMo#i bonblUebepLIOBOi KOCTU NpY NPUMEHEHUM KOCTHOMO LiEMeHTa BO BPeMS 3HAONPOTE3MPOBaHNA BO3HUK 3MU30L rUMo-
TEH3UW, TaXMapUTMUK, flecaTypaumn U runokanHuu. Mocne onepauuy coxpaHseTca AecaTypauums U no AaHHbIM KOMMbOTep-
HO¥ ToMorpacdum BbisIBNEHbI NPUCTEHOYHDINA feeKT NeBoi BETBU JIErOYHON apTepuu U NpU3HaKM 00CTPYKLMM CerMeHTapHbIX
BETBEI JIEro4HbIX apTepuii 060MXx Nerkux, BbICOKMIA ypoBeHb D-anuMepa, 3X0NpU3HaKW YBENWYEHUS JaBNeHUs B NpaBblX OT-
fenax cepaua. Ha 20-e cyTku nocne onepauuv 0TMeYaeTCs HOPManu3aums caTypauuu npu AbixaHuu Bo3ayxoM. Mo faH-
HbIM KOMMbIOTEPHON TOMOrpaduu AedeKT 3anonHeHUA NEBOI IErO4YHOM apTepuW OTCYTCTBYET, HO COXPAHAKTCA MPU3HaKK
06CTpYKUMM BETBEM JIEFOYHOI apTepUM B BEPXHEN W CpefiHEN [oJie CNpaBa, B HUXKHEN Jone NeBOro nerkoro. TakuM obpasom,
reMoAMHaMKUyecKas KatacTpoda amMbonmyeckoro heHoTUNa CMHAPOMA MMMAHTaLMM KOCTHOTO LieMeHTa NpeAcTaBnseT coboii
KIaCCUYeCKYH KapTUHY 06CTPYKTMBHOTO LLIOKA C NOCNEAYIOLMM pa3BUTUEM TPOMOOTUYECKMX OCNOXHEHMIA, bnarofaps 06b-
eAMHEHUI0 MeXaHU3MOB MUKpOTpoMboreHesa u dubpuHoreHesa. lpeanoxeHHoe HaMKM NaToreHeTUYecKoe (eHoTUNMpPOBa-
HMe CMHAPOMA UMMNIaHTaLMW KOCTHOTO LieMeHTa No3BOJISieT pa3paboTaThb Liesib-OpUeHTUPOBaHHYH CTpaTervio NPOGUNaKTUKM
W NeYeHUs reMoMHAMUYECKUX M TPOMBOTUYECKUX NPOSBIEHMIA 3TOM0 COCTOAHMA. [JaHHbIA NOAXO0L NPeACTaBNSETCA aKTyaslb-
HbIM M CMOCOOHBIM CHU3UTL YacToTy HebNaronpUATHLIX UCXOAO0B U OCIOKHEHMIA.

KnioyeBble cnoBa: CMHAPOM MMMNAHTALMW KOCTHOMO LiEMEHTa; GeHOTUNbI NaToreHesa TpoMb03a; AeTH; UHTEHCUBHas Tepa-
M1S; OHKOMIOrMYeckue 3aboneBaHus; KIMHUYeCKue HabioaeHus.
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BACKGROUND

Bone cement is used in the surgical treatment of
bone cancer, to fill bone defects, to form temporary
endoprostheses, and to fix metal structures. In most
cases, bone cement is used in morbid bones, which require
uniform load distribution, good quality of prosthesis fixation,
and guaranteed reduction of the risk of periprosthetic
fractures. Liquid methyl methacrylate monomer and
powdered copolymer are the main components of bone
cement. When mixed together, the liquid and powder
undergo an exothermic reaction and solidify to form
polymethyl methacrylate. Bone cement often contains
various components such as antibiotics, radiopaque
agents, cell growth factors, antiinflammatory, and
anticancer agents [1]. Unfortunately, this fixation technique
is associated with the risk of bone cement implantation
syndrome (BCIS), which is characterized by hypoxemia,
hypotension, cardiac arrhythmias, and increased pulmonary
vascular resistance [2]. Circulatory arrest requiring
cardiopulmonary resuscitation is the most severe symptom
of this condition. This condition may occur at any stage of
endoprosthesis surgery, from prosthesis implantation to
rehabilitation [3].

BCIS is diagnosed in 26%-74% of cancer patients
over 18 years of age [4, 5]. It remains poorly understood
in pediatric practice, especially in children with cancer. In
2009, a severity classification for this complication was
proposed, which includes hypoxemic syndrome and systemic
hemodynamic disorder [6]. The classification is relevant, but
largely retrospective due to the actual diagnosis of clinical
symptoms. However, the BCIS pathogenesis is unclear and
is not considered in this classification.

This article aims to present the concept of pathogenetic
phenotyping of BCIS using pediatric cancer cases.

THE CONCEPT OF PATHOGENETIC
PHENOTYPING OF BONE CEMENT
IMPLANTATION SYNDROME

It is suggested that a combination of direct toxicity of
materials and/or activation of IgE-mediated and non-IgE-
mediated anaphylactic mechanisms may lead to BCIS. In
addition to mechanical obstruction, material embolization
associated with high intramedullary pressure during
prosthesis placement with subsequent endothelial damage
is considered another possible pathogenesis of BCIS [3].
Emboli of bone cement, fat, and bone promote the release
of endothelin-1, anaphylatoxins C3a and C5a, serotonin,
tissue thromboplastin, thrombin, thromboxane A2, platelet-
activating factor, adenosine diphosphate, platelet-derived
growth factor, and other vasoactive substances from the
endothelium of pulmonary vessels, resulting in pulmonary
vasoconstriction, a decrease in systemic vascular resistance,
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and, of course, a decrease in cardiac output [7]. In addition,
direct endothelial damage, complement activation, systemic
inflammatory response, platelet activation, dysregulation of
coagulation factor generation, and altered fibrinolysis induce
coagulopathy. Clinical manifestations may include micro- and
macrothrombotic complications.

Therefore, in addition to the potentially reversible
generalized hemodynamic catastrophe during surgery,
there is a high risk of local perfusion disorders during bone
cement use, which may lead to severe postoperative multiple
organ failure and fatal complications. This is supported by
scientific publications, with intraoperative mortality rate for
BCIS ranging from 0.16% to 0.68%, 30-day mortality rate
from 2.5% to 9.0%, and one-year mortality rate from 21.0%
to 94.1% [8].

We suggest that the multimodal pathogenetic model
of BCIS implies two clinical and pathophysiological
BCIS phenotypes, including anaphylactic (distributive
shock) and embolic (obstructive shock). Both phenotypes
are associated with hypercoagulability syndrome,
with thrombotic catastrophes representing their most
severe manifestation. In the anaphylactic phenotype, the
endothelial layer is damaged, and microthrombogenesis
occurs via activation of unusually large von Willebrand
factor and platelets. In the embolic phenotype, damage
to both the endothelial and subendothelial layers activate
microthrombogenesis  (von  Willebrand-dependent
coagulation pathway) and fibrinogenesis (tissue factor-
dependent coagulation pathway). Both conditions may lead
to macrothrombosis, resulting in local and/or generalized
postoperative hemodynamic catastrophe [9]. This concept
is consistent with the publications on the pathophysiology
of BCIS and its generally accepted clinical classification
[1-10]. Fig. 1 shows our pathogenetic phenotyping
of BCIS.

CASE DESCRIPTION

Case description 1

A 12-year-old boy (weight 45 kg, height 147 cm) was
diagnosed with malignant neoplasm of lower limb long
bones, conventional osteosarcoma of distal epimetadiaphysis
of right femur, osteoblastic disease with bilateral metastatic
lung lesions T,N;M,., AJCC (American Joint Committee on
Cancer) stage IVA, and admitted for surgery in June 2023.
Medical history showed that the disease onset was in April
2022, when the child first complained of pain in the right
knee joint. Magnetic resonance imaging revealed a femur
lesion and effusion in the knee joint cavity. Puncture biopsy
showed conventional osteoblastic osteosarcoma. Positron
emission computed tomography with 18-fluorodeoxyglucose
demonstrated metabolically active tumor tissue in a mass
lesion of the distal epimetadiaphysis of the right femur, with
secondary changes in the right external iliac and inguinal
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Fig. 1. Pathogenetic phenotyping of bone cement implantation syndrome.
Puc. 1. NaToreHeTnueckoe eHOTUNMPOBaHUE CMHAPOMA UMMNAHTALMKU KOCTHOMO LieMeHTa.

lymph nodes. Mass lesions in lung parenchyma without A preoperative evaluation in June 2023 revealed no
contrast agent accumulation were also identified. Five abnormalities in standard laboratory tests. Hemostasis
cycles of neoadjuvant polychemotherapy were administered  parameters were within reference ranges. The patient
according to the EURAMOS protocol. did not have any other medical conditions except for
In September 2022 in “Dmitry Rogachev National grade | respiratory failure. Lung MSCT showed metastatic
Medical Research Center of Pediatric Hematology, lesions, total atelectasis of the left lower lobe, left
Oncology, and Immunology”, the patient underwent surgery  hydropneumothorax, and postoperative changes in the left
to remove the tumor of the distal right femur and replace  upper lobe. The pleural cavity was drained, and the pleural
the defect with a cement spacer. Histological examination  drainage was removed 6 days prior to surgery.
of the excised tumor revealed osteosarcoma with grade Il Surgical removal of the cement spacer followed by knee
therapeutic pathomorphism (necrosis and organization arthroplasty with the placement of a Mutars Implantcast
slightly over 60%). Chest multislice computed tomography ~ modular prosthesis was performed over 9 hours under
(MSCT) revealed multiple secondary parenchymal lesions  combined endotracheal anesthesia (including insufflation
in both lungs. Right thoracotomy, exploratory surgery of  of sevoflurane at 1 minimum alveolar concentration,
the right lung, atypical resection of the right lung, and infusion of fentanyl at 2 pg/kg/h and rocuronium bromide
partial removal of metastatic lesions were performed. at 0.3 mg/kg/h). Antibacterial prophylaxis included
Postoperative MSCT showed thrombi in the lumen of the cefuroxime at 50 mg/kg every 4 hours and vancomycin
right lower lobe pulmonary artery and its branches in  at 15 mg/kg every 6 hours. Tranexamic acid at 15 mg/kg
addition to the remaining small metastatic lesions. A total and omeprazole at 40 mg were administered before
of six HD | cycles of polychemotherapy were administered.  surgery. At the early stages of anesthesia, the fluid deficit
In December 2022, signs of periosteal reaction were  was replenished with 1500 mL, followed by 300 mL/h
found in the upper third of the right femur. In February infusion. The femoral artery was injured during isolation
2023, left thoracotomy was performed with exploratory  and removal of the cement spacer. Autovein was used to
surgery of the left lung and removal of the lesions from  restore its integrity. Blood loss was 900 mL, representing
the left lung. In May 2023, a bronchial blocker was placed  28.5% of the patient’s circulatory blood volume. Laboratory
in the left lower lobe bronchus, and left pleural drainage  monitoring showed a decrease in hemoglobin to 86 g/L.
was performed. During norepinephrine infusion at 0.05 pg/kg/min,
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hemodynamics were stable. Blood loss was replaced with
1000 mL of sterofundin and transfusion of 610 mL of red
blood cell suspension. Ultrasound showed arterial blood
flowing. Heparin was administered at 30 U/kg, followed by
infusion at 10 U/kg/h. Activated partial thromboplastin time
(APTT) of 190 seconds was achieved. A knee arthroplasty
was performed later during surgery. During bone cement
administration, the patient had hypotension of up to
30/28 mmHg, bradyarrhythmia with a heart rate of 20 bpm,
and desaturation up to 80%. Closed chest compressions
were performed. Adrenaline at 0.1 mg and dexamethasone
at 12 mg were administered intravenously. Volume support
was provided with 1000 mL sterofundin and 100 mL albumin.
Vasopressor therapy with norepinephrine was increased to
0.3 pg/kg/min. Mechanical ventilation with 100% oxygen
was performed. Therapy restored hemodynamics and
oxygenation within 3 minutes. APTT was re-measured and
was 41 seconds, so heparin infusion was increased to
15 U/kg/h. Arthroplasty was completed. Total blood loss
was 32% of the circulating blood volume (1000 mL). The
volume of intra-operative infusion and transfusion was
6500 mL. Intra-operative urine output ranged from 4 to
6 mL/kg/h, total urine output was 3450 mL.

After surgery, the patient was transferred to the intensive
care unit on mechanical ventilation with norepinephrine
infusion at 0.2 pg/kg/min, where he stayed in drug-
induced sleep for 24 hours. No increased bleeding from
the surgical wound or blood flow through the drainage
was observed. On Day 2, echocardiography showed no
decrease in myocardial contractility, creatine kinase MB
was 11.9 U/L, and lung radiography showed no changes
from the preoperative pattern. Vasopressor support was
discontinued, and the patient was removed from mechanical
ventilation and extubated. Ultrasound showed good femoral
blood flow in the operated limb. Limb saturation was
100% on air. APTT was 59 seconds with heparin infusion
at 12.5 U/kg/h.

On postoperative day 4, the patient was transferred
to a specialized unit. The level of respiratory failure was
similar to preoperative. No other signs of organ failure were
observed. On day 6, anticoagulant therapy with heparin was
discontinued. No antiplatelet therapy was used. On day 9,
lung MSCT was comparable to preoperative MSCT. No new
lesions (thrombi, emboli) were detected in the lung tissue and
vessels. On postoperative day 10, the patient was discharged
for further follow-up at the local healthcare facility.

In November 2023, the patient underwent left
rethoracotomy, subtotal pneumolysis, resection of the basal
pyramid of the lower left lung lobe, and atypical resection
of the Sé left lung at the Dmitry Rogachev National Medical
Research Center of Pediatric Hematology, Oncology, and
Immunology. The postoperative period was unremarkable.
Histological examination of the resected lung tissue showed
no bone cement particles. The patient is currently alive and
has no adverse effects caused by intra-operative BCIS.
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Case description 2

An 11-year-old boy (body weight 51.5 kg, height
142 cm) was diagnosed with conventional fibroblastic
osteosarcoma of the upper third of the left tibia, stage
T,NM,, IV A according to AJCC and admitted for surgery
in June 2023. Medical history revealed that the patient
received treatment for a tibia fracture following a sports
injury in March 2022. In August 2022, he received medical
care for a recurrent tibial fracture. In September 2022,
an extended in-hospital evaluation with limb MSCT found
an osteolytic lesion with soft tissue and intraosseous
components in the upper third of the left tibia. Positron
emission tomography revealed a hypermetabolic mass
lesion with evidence of osteodestruction in the upper
third of the left tibia. The lesion was biopsied. Histological
examination revealed high-grade fibrosarcoma. Chest CT
confirmed metastases in S3, Sé, S9, S10 of the right lung
and S2, S8 of the left lung. Since October 2022, 6 cycles
of polychemotherapy have been performed according to
the EURAMOS protocol. In January 2023, the tumor was
removed from the proximal left tibia, and the defect was
repaired with a cement spacer. The histological diagnosis
was confirmed. The patient experienced an allergic rash
after receiving cefuroxime and vancomycin. Since February
2023, 5 additional cycles of polychemotherapy have been
performed according to the EURAMOS protocol. Bilateral
thoracotomy and metastasectomy were performed in May
2023. In June 2023, the patient was stable, and standard
preoperative laboratory tests showed no evidence of
multiple organ failure, coagulopathy, or abnormal major
vessel flow. Preoperative hemoglobin was 92 g/dL.

During 4-hour surgery, the cement spacer in the left
tibia was removed, and knee arthroplasty with a Stanmore
JTS extendable prosthesis was performed. Prolonged
epidural anesthesia (morphine at 0.05 pg/kg during catheter
placement, then prolonged infusion of 0.2% ropivacaine
at 0.2 mg/kg/h) and combined endotracheal anesthesia
(insufflation with a minimum alveolar concentration
of sevoflurane, infusion of fentanyl at 0.5 pg/kg/h and
rocuronium bromide at 0.3 mg/kg/h) were administered.
Antibacterial prophylaxis included clindamycin at 10 mg/kg
and amikacin at 15 mg/kg. Tranexamic acid at 15 mg/kg
and omeprazole at 40 mg were administered before
surgery. At the initial phase of anesthesia, hypovolemia was
treated with infusion of norepinephrine at 0.05 pg/kg/min.
The fluid deficit was replenished with 1200 mL, followed
by infusion at 300 mL/h. During knee replacement and
cement placement, the patient experienced hypotension
of up to 70/40 mmHg, tachyarrhythmia with a heart rate
of 132-135 per minute, hypocapnia of up to 30 mmHg,
and desaturation up to 85%. Mechanical ventilation
was performed with 100% oxygen. Volume support
included 1000 mL sterofundin. Vasopressor therapy with
norepinephrine was increased to 0.15 pg/kg/min. Therapy
restored hemodynamics and oxygenation within 5 minutes.
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Arthroplasty was continued. Intra-operative blood loss
was 170 mL (5% of the patient’s circulatory blood volume).
A transfusion of 320 mL red blood cell suspension was
performed. After transfusion, hemoglobin was 115 g/L.
The volume of intra-operative infusion and transfusion was
3400 mL. Intra-operative urine output ranged from 5 to
6 mL/kg/h, total urine output was 1300 mL. When surgery
was completed, vasopressor support was discontinued, and
the patient was removed from mechanical ventilation and
extubated. Hemodynamics were stable, and spontaneous
respiration was adequate. With oxygen support of 6 L/min,
saturation was 100%. On air, desaturation was up to 88%-
94%. The patient was transferred for MSCT, which showed a
parietal defect in the left pulmonary artery, contrast defects
in the segmental branches of the right and left pulmonary
arteries (Fig. 2), and peribronchial infiltration of the right
lung with evidences of lymphostasis (interstitial edema).
The patient was transferred to the surgical unit, where
oxygen support was continued for 3 days. An examination
revealed D-dimer level of 2610 ng/ml, antithrombin 11l level
of 78%, APTT of 26.5 seconds. Ultrasound of the inferior
vena cava and deep and superficial veins of the lower
limbs showed no patency or blood flow abnormalities.
Thrombolysis was not performed due to the patient’s
stable condition. Anticoagulant therapy was prescribed with
enoxaparin sodium 5000 U subcutaneously every 12 hours.
On postoperative day 2, echocardiography showed normal-
sized heart chambers, the left ventricular ejection fraction
by the Teichholz method of 63.1%, and a tricuspid annular
plane systolic excursion of 24 mm (above the reference
value of 18.3 mm for the age of 11 years). The major
vessels were patent, the valves were unchanged, and the
septa were intact. Desaturation up to 88%-94% on air
maintained for four days. On postoperative day 3, D-dimer
level was 660 ng/mL, anti-Xa factor activity was 0.49 IU/mL.

Tom 15, N° 1, 2025

Poccuiickui BECTHUK LETCKOW XMUpYPruu,
aHecTe3nooru1 U peaHuMaTonoruu

On day 5, saturation was 97% on air. The patient was
transferred to the oncohematology unit for 6 cycles of
polychemotherapy according to the EURAMOS protocol. On
postoperative day 20, there was no evidence of respiratory
failure, and the patient was considered stable. Lung MSCT
showed resolution of the previously identified defect in
contrast enhancement of the left pulmonary artery.

In January 2024, negative changes were observed,
including multiple metastatic lesions in the lung parenchyma.
The patient received anti-relapse therapy and specific
polychemotherapy. In June 2024, left thoracotomy was
performed with removal of left lung lesions. Histological
examination showed a metastatic lung lesion with the
osteosarcoma substrate, without evidence of therapeutic
pathomorphism. At some sites, resection margins were
tumor-positive. Bone scintigraphy with Tc99 suggested
a lesion of contrast agent accumulation in the posterior
left third rib with periosteal reaction. The prognosis was
considered unfavorable considering failure of surgical
remission. The patient qualified for palliative care.

DISCUSSION

The presented clinical cases demonstrate two possible
pathogenetic phenotypes of BCIS.

In the first case, prior to development of BCIS, blood
loss was completely compensated, hemodynamics were
stable, and no arrhythmia or desaturation was observed.
After the use of bone cement, hemodynamic, arrhythmic,
and oxygenation disorders occurred, which are typical for
this grade 3 anaphylactic BCIS according to the Donaldson
classification [6]. We suggest that sensibilization occurred
during the initial use of bone cement, which is indirectly
confirmed by the signs of periosteal reaction in the upper third
of the right femur on the pre-arthroplasty CT scan. Repeated

Fig. 2. Comparison of computed tomographic pulmonary angiography images before (a) and after surgery (b). Arrow indicates the
segmental branch of the left pulmonary artery without a filling defect and with a filling defect following pulmonary embolism.

Puc. 2. CpaBHeHwe 1306paeHNU KOMMbIOTEPHOMN aHr1orpaduyeckon ToMorpadum nerkux o (a) v nocne onepauum (b). Crpenkoii nokasa-
Ha cerMeHTapHas BETBb JIeBOM IeroyHoit apTepun 6e3 aedekTa 3anonHeHus U ¢ LedeKTOM 3anoIHeHUs nocse aMBOSMM JIero4HoI apTepum.

DOl https://doi.org/10.17816/psaic1885

97



98

CASE REPORT

contact with cement components led to the release of
vasoactive mediators such as histamine, serotonin, bradykinin,
eicosanoids, anaphylatoxins C3a and C5a, endothelin-1, etc.
into the bloodstream. These mediators caused a decrease
in peripheral vascular resistance, pulmonary and coronary
vasoconstriction, bronchospasm, decreased venous
return and, consequently, cardiac output [11, 12]. Clinical
manifestations of this condition included severe hypotension,
bradyarrhythmia, and desaturation. Unfortunately, blood
tryptase was not monitored.

The sharp decrease in APTT from 190 to 41 seconds
during heparin infusion should also be mentioned. This
suggests a potentially thrombogenic situation. Despite
cancer with lung lesions, history of potentially thrombogenic
thrombotic damage to the pulmonary blood flow and
hemodynamic catastrophe, MSCT showed no new lesions
(thrombi, emboli) in the lung tissue and vessels. This may
be explained by effective and rapid treatment of distributive
shock and early initiation of heparin therapy. This combination
of factors in the anaphylactic phenotype of BCIS may reduce
the risk of significant thrombotic events. However, there is
another opinion. A retrospective study performed by Garcia-
Mansilla et al. [13] in a cohort of adult patients after total
hip arthroplasty found that intraoperative administration
of unfractionated heparin increased the risk of BCIS by 17-fold
and did not reduce the risk of thromboembolic complications
within 30 days post surgery. Heparin may increase the risk
of fat embolism, but in this case there was no evidence of
postoperative thromboembolic complications [14]. Cases of
anaphylaxis were reported with heparin, but the patient had
previously received heparin therapy several times, and no
such reactions were reported [15].

The second clinical case represents embolic BCIS of
grade Il according to the Donaldson classification [6].
The patient did not experience respiratory failure, thrombotic
complications, or coagulopathy, although he had cancer
with metastatic lung disease and underwent preoperative
polychemotherapy. During the surgery, emboli (particles
of cement, bone tissue, fat, or air) were thought to enter
the blood stream through damaged bone tissue structures
due to increased intramedullary pressure during cement
placement. The emboli reached the heart and pulmonary
circulation. Pulmonary vasoconstriction, increased
pulmonary artery and right ventricular pressures, decreased
left ventricular inflow, left ventricular compression by the
right ventricle, decreased cardiac output, and decreased
coronary blood flow resulted in hypoxia, hypotension, and
arrhythmias [3, 6]. Deterioration of regional circulation,
damage to the endothelium and subendothelial layers
by the embolus, activation of the hemostasis system
and platelets resulted in thrombotic occlusion at the site
of embolus dislocation [10]. This fact was confirmed
by CT performed immediately after the bone cementing
surgery. It showed a defect in contrast enhancement
of the left pulmonary artery with contralateral edema
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of the right lung, as well as smaller defects in contrast
enhancement of the segmental branches of the right
and left pulmonary arteries. In addition, the patient had
postoperative air desaturation, high D-dimer levels, and
echo evidence of increased pressure in the right chambers
of the heart.

Therefore, the hemodynamic catastrophe in the embolic
BCIS represents classic obstructive shock with subsequent
thrombotic complications.

CONCLUSION

BCIS can manifest as two clinical and pathophysiologic
phenotypes—anaphylactic (distributive shock) and embolic
(obstructive shock). The risk of thrombotic catastrophe
in BCIS depends on the pathogenesis of this critical
condition. In the anaphylactic phenotype, the risk is driven
by microthrombogenesis, and both microthrombogenesis
and fibrinogenesis are involved in the embolic phenotype.
The proposed pathogenetic phenotyping of BCIS allows
for a targeted approach to prevent and treat hemodynamic
and thrombotic complications in affected patients.
This approach appears to be relevant and has the
potential to reduce the incidence of adverse outcomes and
complications.
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AOMO/JHUTE/IbHAA UHOOPMALIUA

Bknap astopoB. H.[1. JleoHoB — aHecTe3uonoruyeckoe obecne-
UeHWe BO BPEMS XMPYPrYeCKUX BMELLIATENbCTB, pa3paboTumK KOH-
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B.A. JleoHoBa — cbop KNAMHWMYeCKoro Matepuana, paspaboTumk
KOHLenumu, 0630p nuTepatypel, Hanucaxwe Tekcta; B.B. LLykuH —
KOOpAMHMPOBaHWe paboTbl aHeCTE3MONOrMYecKom cryxbbl, pas-
paboTKa KoHLenumuu, cbop MHGOpMaLIMK, peaaKT pOBaHUE TEKCTa;
A WepbakoB — aHanu3 ganHblx MCKT-uccneposanwms, nogro-
TOBKa M30bpaxeHmnsa K nybamkaumu; M., MagoHos, B.B. Jlazapes,
E.A. CnupnpoHoBa — aHanwm3 v 0606LLeHMe Mofy4YeHHbIX pesynbTa-
TOB NybMMKaLmMK, peaaKT1poBaHue TeKcTa nybnnKkaLum, paspabotka
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paboThl, pa3paboTke KOHLENUMK, GUHAHCMPOBaHWe U3LaHus, pe-
[aKTVpoBaHMWe TeKcTa NybnvKaumm, HayyHoe pyKoBOACTBO. ABTOPSI
of0bpnnn Bepcvio Ans NybnMKaumm, a TakKe COrnacuimnch HeCTu
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