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Objective. To present modern scientific information on the problem of venous thromboembolic complications (VTECs) following sco-
liosis surgery in children and adolescents.

Material and Methods. The search for scientific sources was carried out in the PubMed, GoogleScholar and eLibrary databases for the pe-
riod of 2012—2024. The content of 57 articles covering the issues of frequency, etiology, risk factors for the development of venous throm-
boembolic complications and thromboprophylaxis in the pediatric cohort as a whole and in the cohort of children and adolescents oper-
ated on for scoliosis was analyzed.

Results. The incidence of VTECs during surgical correction of scoliosis is insignificant and does not exceed 1.0 %. Etiology of VTEC
is multifactorial, since there is both genetic predisposition and acquired risk factors. For children and adolescents, the most important fac-
tors are patient age, family or personal thrombotic history, surgical site, duration of surgical intervention more than 120 minutes, repeat-
ed and complicated surgeries, blood loss, anemia, infections, immobilization for more than 48 hours, long hospital stay, and the presence
of chronic diseases or concomitant hemostatic disorder in the form of hypercoagulation. In adolescence, smoking, use of oral contracep-
tives and obesity are acquiring particular importance. It is recognized that the presence of four of these factors requires classifying the pa-
tient to a group with a high risk of developing venous thrombosis and embolic complications.

Conclusion. Given the low incidence of VTECs in scoliosis surgery, potential risks of using anticoagulant drugs, as well as effective post-
operative patient care through early activation and use of external compression devices, the drug prophylaxis in scoliosis surgery is not
recommended. At the same time, the lack of regulatory documents on screening and prevention of VTECs for this category of patients
is associated with difficulties in identifying those clinical cases where drug prophylaxis is absolutely indicated.
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bosis prevention.
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Venous thromboembolic complica-
tions (VIECs) are a generally recognized
complication following spine surgery in
adults. There are few data on the inci-
dence of VTECs in children and ado-
lescents after spine surgery, especially
during surgical correction of scoliosis.
Because of its extensiveness, traumatic
nature, duration, and blood loss volume,
such surgery is associated with the risk
of perioperative complications and
is an inherently risk factor for VTECs.
However, it is still not clear how often
complications happen in children and
adolescents with this condition, and
information on the necessity, efficacy,
and safety of thromboprophylaxis in
these cases is limited.

The objective of the review is to cov-
er the issue of venous thromboembolic

complications (VTECs) following scolio-
sis surgery in children and adolescents.

Material and Methods

The article is a review of scientific litera-
ture. The scientific sources were searched
in PubMed, Google Scholar, and eLibrary
databases for 2012-2024 using the fol-
lowing keywords and phrases: ortho-
pedic surgery, venous thrombosis in
children, postoperative complications
in scoliosis surgery, and thrombosis
prevention. Inclusion criteria: orthopedic
surgeries in children and adolescents;
presence of postoperative VTECs,
thrombosis prevention; access to full-text
sources of domestic and foreign authors.

Overall, 250 scientific sources were
found. According to the inclusion criteria,
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57 full-text journal articles in the form
of original studies and reviews covering
the incidence, etiology, and risk factors
of VTECs development and thrombo-
sis prevention in the pediatric cohort in
general and in the cohort of children and
adolescents who underwent scoliosis sut-
gery were selected for analysis.

Results

General information on the
incidence and etiology of VIECs

in children and adolescents

There is numerous scientific evidence
regarding the incidence and risks of
VTECs, which include venous throm-
bosis or pulmonary embolism (PE), in
children and adolescents. The findings
in pediatric studies suggest that the
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incidence of VTECs in children is lower
than in adults, ranging from 0.07 to 0.14
events per 10,000 children. Nevertheless,
the rate is higher in those children who
were admitted to the hospital, reaching
approximately 5.3 events per 10,000 chil-
dren [1-3]. Such complications are most
often recorded in the first year of life and
in adolescence [4, 5].

More recently, it is generally recog-
nized that the incidence is escalating,
especially in children with complex
chronic pathologies associated with mul-
tiple hereditary and acquired triggering
factors: infections, catheterization, inju-
ries, malignancies, and surgeries [5-7].
For instance, Baker et al. [8] estimated the
incidence of VTECs in pediatric orthope-
dics to be 10 per 10,000 pediatric hos-
pitalizations. According to Mulpuri et al.
[9,] the incidence of VTECs for patients
with pediatric orthopedic pathology is
higher — 17 events per 10,000 cases.

Only 5 % of all observed VTECs
events in children are considered idio-
pathic in etiology compared to 40 % in
adults. Moreovet, the etiology of VTECs
is multifactorial, as there are both genetic
predispositions and acquired risk fac-
tors [10-12]. Unprovoked thrombosis
in children is uncommon; however, 70%
of provoked thrombosis have shown a
considerable association with the pres-
ence of inherited thrombophilic risk fac-
tors [13, 14].

The risk of VTECs varies depend-
ing on the type of genetic mutation.
For example, heterozygosity for FVL
increases the risk of venous thrombo-
embolism by 945 times, PT20210A - by
3.17 times, and fibrinogen gamma-chain
mutation - by 1.5 times. The role of oth-
er genetic mutations, particularly MTHFR
and PAI-1, is controversial, whereas they
may further increase the risk of throm-
bosis, especially when combined with
other thrombogenic factors [15, 16]. For
instance, one study showed that a single
thrombophilic risk factor was detected
in 24.4 % of cases and combined throm-
bophilic factors — in 15.1% of cases [17].

Oncul et al. [5] performed a study
at the Department of Hematology and
Oncology, where 84 patients with VIECs
aged 0-18 years were tested for genetic

thrombophilic status. The frequency of
a single genetic risk factor in the etiol-
ogy of thrombosis among those exam-
ined was 20.2 %, and the frequency of
acquired risk factors in combination
with genetic risk factors was 33.3 %. The
authors found that the most common
mutations in patients with thrombo-
embolism were PAI-1 4G>5G, MTHEFR
C677T, and MTHFR A1298C mutations.
Moreover, at least one homozygous
mutation was found at a frequency of
44 %, whereas one heterozygous muta-
tion was found at a frequency of 65.4 %
[5]. Other researchers have also reported
on thrombogenic risk factors in children
and adolescents, including poor personal
and family history [18].

Among the acquired factors that are
most commonly considered as prognos-
tic risk factors for VIECs are patient age,
diagnosis, presence of cardiovascular di-
sease, obesity, and type and site of surgi-
cal intervention [9].

Among all pediatric VTECs, 20 %
occur in early infancy because of narrow
blood vessels, immaturity of the hemo-
static system, and more frequent use of
central venous catheters. Approximate-
ly 50% of VTEC cases occur in children
aged 11-18 years. The condition of the
hemostasis system in this age group
is quite comparable to that of adults.
Peak incidence in adolescents is associ-
ated with the presence of risk factors:
use of contraceptives, smoking, and
obesity [4, 19, 20].

According to previous studies, 95 % of
children with VTECs suffer from at least
one comorbid condition [10, 12]. For
example, pediatric patients with ortho-
pedic pathology had gastrointestinal,
renal, and hematological disorders; an
increased level of aspartate aminotrans-
ferase; abnormal partial thromboplastin
time; and hyponatremia [8]. Other study
indicates that risk factors for VIECs in
children and adolescents with orthope-
dic conditions are coagulopathy, spinal
cord injury, blood loss, anemia, external
fixation, obesity, and diabetes [11].

There are several publications report-
ing a risk of recurrent thrombosis, which
ranged from 6 % to 10% in children. It is
indicated that the recurrence rate is con-
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siderably higher in children with diag-
nosed hereditary thrombophilia and
increases in the presence of multiple risk
factors [21]. There is evidence that the
recurrence rate dependents on age recut-
rence rates and reaches 3 % in newborns
and can be as high as 21 % in children in
cases with unprovoked thrombosis [22].
An important role in recurrent VIECs in
children is attributed to the prothrombin
G20210A mutation, deficiency of protein
C, protein §, and antithrombin [23].

Frequency and nature

of VIECs in scoliosis surgery

Over the past decades, there has
been a progressive but obvious devel-
opment of surgical techniques used in
the treatment of scoliotic deformities of
different etiology in children and ado-
lescents. Meanwhile, idiopathic scoliosis
is the most frequent structural deformity
of the spine among children aged 10 to
18 years, with a prevalence of 0.5-5.2 %
in the population [24-20]. For cases
of severe or rapidly progressive spinal
deformity, surgery is the only effective
option for achieving correction and
stabilization of the existing deformity,
as well as for improving the quality of
life of patients [26]. Yet, spine surgeries,
because of their extensive, injury-relat-
ed nature and duration, are associated
with the risk of perioperative complica-
tions and are considered to be a risk fac-
tor for VIECs [27-29]. At the same time,
data from scientific sources show that
VTECs in scoliosis surgery are relatively
rare complications [30-32].

For example, Jain et al. [33] studied
the incidence of VTEC development
in pediatric surgical patients with idio-
pathic, congenital, and syndromic cases
of scoliosis, spinal injuries, and poste-
rior fusion. Over a decade-long time, the
authors recorded 21 complications per
10,000 fusions done, a rate of 0.21 %.
Depending on the age of the patients, the
incidence of venous thrombosis ranged
from 9.6 to 38.5 events per 10,000 sur-
geries, and the incidence of PE ranged
from 0 to 6 events per 10,000 surgeries
(mean two events per 10,000).

Vigneswaran et al. [32] used a five-
year database including 20,346 patients
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aged 0 to 21 years who were admitted for
surgical treatment of idiopathic scoliosis
to analyze the incidence of VTECs. The
authors reported the incidence of clini-
cally relevant venous thrombosis or PE to
be less than 1.0%, but they only studied
in-hospital events and did not consider
VTECs arising after discharge of patients
from the hospital.

In another study, it was mentioned
that the incidence of venous thrombo-
sis or PE in 36,335 adolescent patients
after surgical correction of scoliosis was
also not significant and was less than
0.2 % [34].

Erkilinc et al. [35] found that during
the treatment of 1,471 patients aged 1 to
18 years who underwent surgery for sco-
liosis, venous thrombosis was registered
only in two patients, which was 0.13 %,
and no cases of PE were registered.

One of recent studies with an analysis
of a database including 11,775 patients
with idiopathic scoliosis undergoing
surgical correction of spinal deformity
reported only 38 cases of VIEC, or 0.3%.
Meanwhile, 28 complications developed
within 30 postoperative days (0.2 %), and
another 10 (0.08 %) developed within 90
days of the postoperative period. Out of
28 complications that developed with-
in the first 30 days after surgery, four
patients were diagnosed with PE and 24
with deep vein thrombosis. The undoubt-
ed advantage of this study was the period
of postoperative follow-up that provided
the authors with more objective data on
the incidence of VTECs in patients with
idiopathic scoliosis who underwent sut-
gical correction of spinal deformity [30).

The accurate rates of mortality asso-
ciated with thrombosis in children are
unknown. A systematic review published
in 2024 and analyzing 506 scientific infor-
mation sources showed that only three
studies reported fatal outcomes in cases
of VTEC in pediatric orthopedics [9]. In
one of these studies, the mortality rate
associated specifically with a VIEC event
was found to be 54 % among a cohort of
pediatric orthopedic patients [12]. Simi-
lar information for patients operated on
specifically for scoliosis was not found in
the scientific information sources includ-
ed in this review.

Although in the context of the pre-
sented data it is obvious that the inci-
dence of VTECs during surgical treatment
of scoliosis is extremely low, knowledge
of risk factors for VTEC development is
required, both for patients with pediatric
orthopedic pathology in general and for
the cohort of patients with structural spi-
nal deformities requiring surgery.

Risk factors for the development

of VIECs in scoliosis surgery

It is known that extensive reconstruc-
tive procedures in various fields of sur-
gery, particularly in traumatology and
orthopedics, adversely affect the con-
dition of the hemostatic system and
increase the incidence of VTECs, in some
cases being fatal [11, 37, 38].

A group of Canadian authors, with the
involvement of external experts, unani-
mously adopted several risk criteria for
VTECs in orthopedic surgical patients:
age over 14 years, body mass index over
30, limited or altered mobility for more
than 48 hours, cardiovascular insufficien-
cy syndrome, blood flow abnormalities,
and metabolic syndromes. Since central
venous catheters are among the most
widely recognized risk factors for VIECs
in the pediatric literature, the presence of
a central venous catheter should be ma-
naged as a separate risk factor. According
to expert opinion, surgeries longer than
120 min, as well as repeated and complex
surgeries, were considered risk factors. It
has been recognized that the presence
of four of these factors requires a patient
to be considered at high risk of VTECs,
and a hematologist should be involved
to identify the need for and extent of
thrombosis prevention measures in the
perioperative period [39).

When studying risk factors for VTEC
development in patients with scoliotic
deformities, Jain et al. [33] found that
only the patient’s diagnosis was strong-
ly associated with the development of
complications. The incidence of VTECs
was considerably higher in children
with congenital and syndromic scoliosis
compared to idiopathic scoliosis (odds
ratios: 4.21, 7.14, and 12.59, respectively).
Besides the significance of the etiology
of the disease, the occurrence of VIECs
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was found to be associated with the age
of the patients: each year of life increased
the incidence by 1.37 times (p < 0.01).
The positive side of this study was the
attempt to identify predictors of VTEC
development in this category of patients;
the negative side was the absence of any
data on their prevention [33].

According to a systematic review of 42
scientific sources performed by Boulet et
al. [40], it was found that a positive fam-
ily history of thrombotic complications
increases the risk of complications 2.2
times, and the age over 16 years increases
the incidence of VTECs by 8 times com-
pared to children under 12 years. The
authors identified predisposing factors
associated with adolescence specifically:
smoking, use of oral contraceptives, and
obesity. At the same time, it is noted that
female adolescents who use oral con-
traceptives are 3-5 times more likely to
develop VTECs than male adolescents
are. Moreover, children with neurological
and hematological pathology and renal
and intestinal disorders should be includ-
ed in the high-risk group. Risk factors for
complications include immobilization for
more than 48 hours, extended hospital
stay, treatment in the intensive care unit,
and the installed central venous catheter.
[t has been highlighted that musculo-
skeletal infections combined with exces-
sive activation of the clotting cascade
by inflammatory mediators considerably
increase the risk of VIECs in children
and adolescents [40].

According to Rudic et al. [30], a se-
condary diagnosis of hypercoagulation
was most associated with the occurrence
of VTECs (odds ratio: 13.5; p < 0.0001).
[t was found that the presence of a con-
comitant hypercoagulation in patients
with idiopathic scoliosis was associat-
ed with a 14-fold increase in the risk of
complications in the postoperative peri-
od. The authors pointed out that 184 %
of patients with a pre-existing diagnosis
of hypercoagulation developed VTECs.
Patients aged 15 to 19 years, obese
patients, and patients who underwent
fusion of 13 or more segments were also
found to be at increased risk of com-
plications, although the overall risk of
VTECs in this category was less than 1.0 %.
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The mentioned risk factors for the devel-
opment of VTECs are certainly of clinical
importance for the identification of the
risk group and should be included in the
surgeon’s decision-making regarding the
need for drug thromboprophylaxis in the
postoperative period [36].

Some domestic publications have
reported on hypercoagulable disorders,
particularly after surgical correction of
scoliosis, characterized by decreased val-
ues of activated partial thromboplastin
time and thrombin clotting time and
increased fibrinogen concentration [37,
41]. We have reported previously on the
presence of hemostatic system speci-
ficities in 80 % of cases in patients with
idiopathic scoliosis even in the preop-
erative period [42]. This data is clinically
significant due to the fact that more than
50.0 % of cases of VTEC development
occur in patients with a tendency to
hypercoagulation because of a situation-
al risk factor in the form of surgery [43].

Considering the contribution of
hypercoagulable disorders to the patho-
genesis of thrombosis and the insuffi-
cient informativity of routine labora-
tory tests, the diagnostic capabilities of
thromboelastography and thromboelas-
tometry are increasingly used in various
fields of surgery, providing the detection
both hypocoagulable and hypercoagu-
lable conditions [44—-46].

Despite the association of genet-
ic risk factors with VTECs, screen-
ing for thrombophilia in offspring
from thrombosis-prone families is
still controversial. Refusal of blinded
testing for thrombophilia in patients
with VTECs is listed in the Choosing
Wisely panel approved by many sci-
entific communities [47-49]. Most
researchers believe that testing for
thrombophilia in children should be
based on an individualized approach.
There is an opinion about the benefit
of diagnostic testing for thrombo-
philia in patients with the develop-
ment of VIECs after surgical correction
of scoliosis in the absence of a pre-exist-
ing diagnosis of hypercoagulation, in
patients with recurrent thrombosis, and
when thrombosis develops in an unex-
pected vascular site [36, 50, 51].

Thrombosis prevention

in scoliosis surgery

There are many risk factors for the
development of VIECs during spine sut-
gery. According to a number of previous
studies, it has been illustrated that drug
prophylaxis with anticoagulant drugs sig-
nificantly reduces the incidence in adults.
Nevertheless, it has also been shown in
studies that drug prophylaxis is associ-
ated with a higher development rate of
hematomas requiring repeated surgeries
and a higher rate of surgical site infec-
tion [52-54].

However, there is an opinion that
administration of anticoagulant drugs
one day before surgery and three days
after surgery is safe for patients even
at high risk of VTECs. The researchers
came to this conclusion by analyzing the
outcomes of elective spine surgeries in
6,809 patients receiving (n = 1,904) and
not receiving (n = 4,965) anticoagulant
drugs. The mean time to start drug pro-
phylaxis was 1.46 days postoperatively.
Epidural hematomas were recorded in
0.20 % (n =4) of cases in the anticoagu-
lant group and 0.18 % (n=9) of cases in
the group without drug prophylaxis (p =
0.022) [55].

Kochai et al. [56] provide data on the
outcomes of non-drug and drug pro-
phylaxis of VIECs in adolescents who
underwent elective surgery for idiopathic
scoliosis. There were three study groups:
Group A — administration of low-molec-
ular-weight heparin 8 hours after surgery;
Group B — administration of low-molec-
ular-weight heparin 24 hours after sur-
gery; and Group C — no drug prophylaxis.
The authors did not record VTECs in any
of the groups. The mean postoperative
drainage blood loss was 400 ml in Group
A, 450 ml in Group B, and 150 ml in
Group C (p < 0.001). Patients in groups
A and B had more wound discharge and
superficial infections, but without statisti-
cally significant intergroup differences in
these parameters. Meanwhile, statistically
significant differences were obtained for
the duration of hospital stay (p < 0.001).
The authors concluded that drug pro-
phylaxis is not essential for patients with
adolescent idiopathic scoliosis without
diagnosed additional risk factors. Early
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activation and the use of external com-
pression devices are appropriate preven-
tive measures in addition to the usual
postoperative management of patients
[56]. Other authors have also reported
that the use of drug thromboprophylaxis
enhances the overall incidence of hem-
orrhagic complications.

The authors of another study also
did not find evidence for the routine
use of anticoagulant drugs in this surgi-
cal cohort, convincingly demonstrating
the effectiveness of external compres-
sion devices, frequent repositioning of
the patient in bed, performance of leg
exercises, and early postoperative patient
activation [35]. Other researchers have
also reported that drug prophylaxis after
surgery for idiopathic scoliosis in pedi-
atric patients is not indicated because of
the very low incidence of VTECs since it
has more risks than benefits [8, 36].

Nevertheless, the use of drug prophylax-
is for VTECs after surgical correction of sco-
liosis is more frequently recommended for
patients with identified hypercoagulation
in high-risk cases. At the same time, chil-
dren with recurrent unprovoked venous
thromboembolism should have long-term/
lifelong prophylaxis [57).

Conclusion

Given the low incidence of VTECs
in scoliosis surgery, potential risks of
using anticoagulant drugs, as well as
effective post operative patient care
through early activation and use of
external compression devices, the
drug prophylaxis in scoliosis surgery is
not recommended. At the same time,
the lack of regulatory documents on
screening and prevention of VIECs for
this category of patients is associated
with difficulties in identifying those
clinical cases where drug prophylaxis is
absolutely indicated.

The study bad no sponsors. The authors declare
that they bave no conflict of interest.

The study was approved by the local ethics commit-
tee of the institution.

All authors contributed significantly to the research
and preparation of the article, read and approved
the final version before publication.

SPINE DEFORMITIES



KHIRURGIYA POZVONOCHNIKA (RUSSIAN JOURNAL OF SPINE SURGERY) 2025;22(1):34-41

M.N. LEBEDEVA, AA. IVANOVA. VENOUS THROMBOEMBOLIC COMPLICATIONS IN SCOLIOSIS SURGERY

References

Lassandro G, Palmieri VV, Palladino V, Amoruso A, Faienza MF, Giordano P.
Venous thromboembolism in children: from diagnosis to management. Int J Envi-
ron Res Public Health. 2020;17:49-93. DOIL: 10.3390/ijerph17144993

Sherrod BA, McClugage SG 3rd, Mortellaro VE, Aban IB, Rocque BG. Venous
thromboembolism following inpatient pediatric surgery: Analysis of 153,220
patients. ] Pediatr Surg. 2019;54:631-639. DOL: 10.1016/j,jpedsurg.2018.09.017
Sharathkumar AA, Biss T, Kulkarni K, Ahuja S, Regan M, Male C, Revel-
Vilk S. Epidemiology and outcomes of clinically unsuspected venous thromboem-
bolism in children: a systematic review. ] Thromb Haemost. 2020;18:1100-1112.
DOI: 10.1111/jth.14739

Park ES, Choi HS, Lee KS, Kim SW, Lee JM. Venous thromboembolism
in children and young adults in Korea: analysis of the Korean health insur-
ance review and assessment service database. ] Korean Med Sci. 2019;34:E316.
DOI: 10.3346/jkms.2019.34.¢316

Oncul Y, Akyay A, Ozgen U. Thromboembolism in children. Indian J Pediatr.
2024;91:696-701. DOL 10.1007/s12098-023-04539-3

Kenet G, Limperger V, Shneyder M, Nowak-Gottl U. Risk factors for symp-
tomatic venous and arterial thromboembolism in newborns, children, and
adolescents —What did we learn within the last 20 years? Blood Cells Mol Dis.
2017;67;18-22. DOL 10.1016/j.bcmd.2016.12.003

Crous-Bou M, Harrington LB, Kabrhel C. Environmental and genetic risk
factors associated with venous thromboembolism. Semin Thromb Hemost.
2016;42:808-820. DOL 10.1055/s-0036-1592333

Baker D, Sherrod B, McGwin G Jr, Ponce B, Gilbert S. Complications
and 30-day outcomes associated with venous thromboembolism in the pediat-
ric orthopaedic surgical population. ] Am Acad Orthop Surg. 2016;24:196-2006.
DOI: 10.1055/5-0036-1592333

Mulpuri N, Sanborn RM, Pradhan P, Miller PE, Canizares MF, Shore BJ.
Pediatric orthopaedic venous thromboembolism: a systematic review investigat-
ing incidence, risk factors, and outcome. JB JS Open Access. 2024;9:E23.00107.
DOL: 10.2106/JBJS.0A.23.00107

. Connelly CR, Laird A, Barton JS, Fischer PE, Krishnaswami §,

Schreiber MA, Zonies DH, Watters JM. A clinical tool for the prediction of
venous thromboembolism in pediatric trauma patients. JAMA Surg. 2016;151:50-57.
DOI: 10.1001 /jamasurg.2015.2670

. Guzman D, Sabharwal S, Zhao C, Sabharwal S. Venous thromboembolism

among pediatric orthopedic trauma patients: a database analysis. J Pediatr Orthop B.
2018;27:93-98. DOI: 10.1097/BPB.0000000000000424

. Georgopoulos G, Hotchkiss MS, McNair B, Siparsky G, Carry PM,

Miller NH. Incidence of deep vein thrombosis and pulmonary embolism in
the elective pediatric orthopaedic patient. J Pediatr Orthop. 2016;36:101-109.
DOI: 10.1097/BP0O.0000000000000391

. Ishola T, Kirk SE, Guffey D, Voigt K, D Shah MD, Srivaths L. Risk factors

and comorbidities in adolescent thromboembolism are different than those in younger
children. Thromb Res. 2016;141:178-182. DOI: 10.1016/j.thromres.2016.03.021

. Nowak-Gottl U, van Ommen H, Kenet G. Thrombophilia testing in chil-

dren: What and when should be tested? Thromb Res. 2018;164:75-78.
DOL 10.1016/j.thromres.2018.02.136

. Simone B, De Stefano V, Leoncini E, Zacho J, Martinelli I, Emmerich J,

Rossi E, Folsom AR, Almawi WY, Scarabin PY, den Heijer M, Cushman M,
Penco S, Vaya A, Angchaisuksiri P, Okumus G, Gemmati D, Cima S, Akar N,
Oguzulgen KI, Ducros V, Lichy C, Fernandez-Miranda C, Szczeklik A, Nieto JA,
Domingo Torres J, Le Cam-Duchez V, Ivanov P, Cantu-Brito C, Shmeleva VM,

38

20.

21

22.

23.

353
o

20.

27.

28.

29.

30.

Stegnar M, Ogunyemi D, Eid SS, Nicolotti N, De Feo E, Ricciardi W, Boccia S.
Risk of venous thromboembolism associated with single and combined effects of Fac-
tor V Leiden, prothrombin 20210A and Methylenetethraydrofolate reductase C677T:
a meta-analysis involving over 11,000 cases and 21,000 controls. Eur J Epidemiol.
2013;28:621-647. DOL: 10.1007 /s10654-013-9825-8

. Crous-Bou M, Harrington LB, Kabrhel C. Environmental and genetic risk factors

associated with venous thromboembolism. Semin Thromb Hemost. 2016;42:808-820.
DOL 10.1055/5-0036-1592333

. Serbic-Nonkovic OM, Kuzmanovic MB, Rakicevic LB, Djordjevic VJ,

Veljkovic DK, Prijic SM, Kovacevic GS, Rakonjac ZM, Lj Kosutic J, Vujic DS,
Micic DV, Jankovic BZ, Radojkovic DP. Risk factors for thrombosis in Serbian chil-
dren. Blood Coagul Fibrinolysis. 2014;25:25-32. DOIL 10.1097/MBC.0b013¢328364c217

. Mamot AP, Taranenko IA, Tsyvkina LP. Thrombotic state of readiness — the pos-

sibilities of modern diagnostics and prospects. Medical Alphabet. 2013;1(3):20-23.
DOL: 10.18411/d-2016-062

. Mahajerin A, Croteau SE. Epidemiology and risk assessment of pediatric venous

thromboembolism. Front Pediatr. 2017;5:68. DOL 10.3389/fped.2017.00068

Citla Sridhar D, Abou-Ismail MY, Ahuja SP. Central venous catheter-
related thrombosis in children and adults. Thromb Res. 2020;187:103-112.
DOI: 10.1016/j.thromres.2020.01.017

Mahajerin A, Betensky M, Goldenberg NA. Thrombosis in children: approach
to anatomic risks, thrombophilia, prevention, and treatment. Hematol Oncol Clin
North Am. 2019;33:439-453. DOL 10.1016/j.h0c.2019.01.009

Kenet G, Limperger V, Shneyder M, Nowak-Géttl U. Risk factors for symp-
tomatic venous and arterial thromboembolism in newborns, children and adoles-
cents — What did we learn within the last 20years? Blood Cells Mol Dis. 2017;67:18-22.
DOL 10.1016/j.bcmd.2016.12.003

Kenet G, Nowak-Gottl U. Venous thromboembolism in neonates and children. Best
Pract Res Clin Haematol. 2012;25:333-344. DOL 10.1016/j.beha.2012.07.001

. Jada A, Mackel CE, Hwang SW, Samdani AF, Stephen JH, Bennett JT, Baaj AA.

Evaluation and management of adolescent idiopathic scoliosis: a review. Neurosurg
Focus. 2017;43:E2. DOIL: 10.3171/2017.7.FOCUS17297

. Konieczny MR, Senyurt H, Krauspe R. Epidemiology of adolescent idiopathic sco-

liosis. J Child Orthop. 2012;7:3-9. DOL 10.1007/s11832-012-0457-4

Aghdasi B, Bachmann KR, Clark D, Koldenhoven R, Sultan M, George J,
Singla A, Abel MF. Patient-reported outcomes following surgical intervention
for adolescent idiopathic scoliosis: a systematic review and meta-analysis. Clin Spine
Surg. 2020;33:24-34. DOL 10.1097/BSD.0000000000000822

Cloney MB, Hopkins B, Dhillon ES, Dahdaleh NS. The timing of venous throm-
boembolic events after spine surgery: a single-center experience with 6869 consecu-
tive patients. J Neurosurg Spine. 2018;28:88-95. DOL 10.3171/2017.5.SPINE161399
Olinger CR, Gardocki RJ. Deep venous thrombosis and pulmonary embo-
lism after minimally invasive transforaminal lumbar interbody fusion: report
of 2 cases in 315 procedures. Orthop Clin North Am. 2020;51:423-425.
DOL 10.1016/j.0¢1.2020.02.006

Tominaga H, Setoguchi T, Tanabe F, Kawamura I, Tsuneyoshi Y, Kawabata N,
Nagano S, Abematsu M, Yamamoto T, Yone K, Komiya S. Risk factors
for venous thromboembolism after spine surgery. Medicine (Baltimore). 2015;94:E466.
DOIL 10.1097/MD.0000000000000466

Lykissas MG, Jain VV, Nathan ST, Pawar V, Eismann EA, Sturm PF,
Crawford AH. Mid- to long-term outcomes in adolescent idiopathic scoliosis after
instrumented posterior spinal fusion: a meta-analysis. Spine. 2013;38:E113-E119.
DOI: 10.1097/BRS.0b013¢31827ae3d0

SPINE DEFORMITIES



KHIRURGIYA POZVONOCHNIKA (RUSSIAN JOURNAL OF SPINE SURGERY) 2025:22(1):34-41

3L

32.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

4.

45.

46.

M.N. LEBEDEVA, A.A. IVANOVA. VENOUS THROMBOEMBOLIC COMPLICATIONS IN SCOLIOSIS SURGERY

Murphy RF, Mooney JF. Complications following spine fusion for ado-
lescent idiopathic scoliosis. Curr Rev Musculoskelet Med. 2016;9:462-469.
DOL 10.1007/s12178-016-9372-5

Vigneswaran HT, Grabel ZJ, Eberson CP, Palumbo MA, Daniels AH. Sur-
gical treatment of adolescent idiopathic scoliosis in the United States from 1997
to 2012: an analysis of 20,346 patients. ] Neurosurg Pediatr. 2015;16:322-328.
DOL 10.3171/2015.3.PEDS14649

. Jain A, Karas DJ, Skolasky RL, Sponseller PD. Thromboembolic com-

plications in children after spinal fusion surgery. Spine. 2014;39:1325-1329.
DOI: 10.1097/BRS.0000000000000402

De la Garza Ramos R, Goodwin CR, Abu-Bonsrah N, Jain A, Miller EK,
Huang N, Kebaish KM, Sponseller PD, Sciubba DM. Patient and operative fac-
tors associated with complications following adolescent idiopathic scoliosis surgery:
an analysis of 36,335 patients from the nationwide inpatient sample. ] Neurosurg Pedi-
atr. 2016;25:730-736. DOL 10.3171,/2016.6.PEDS16200

Erkilinc M, Clarke A, Poe-Kochert C, Thompson GH, Hardesty CK, O’'Malley N,
Mistovich RJ. Is there value in venous thromboembolism chemoprophylax-
is after pediatric scoliosis surgery? A 28-year single center study. J Pediatr Orthop.
2021;41:138-142. DOL 10.1097/BP0.0000000000001746

Rudic TN, Moran TE, Kamalapathy PN, Werner BC, Bachmann KR. Venous
thromboembolic events are exceedingly rare in spinal fusion for adolescent idiopathic
scoliosis. Clin Spine Surg. 2023;36:E35-E39. DOI: 10.1097/BSD.0000000000001353
Ezhevskaya AA, Ovechkin AM, Prusakova ZhB, Zagrekov VI, Leontiev AV. The
influence of epidural anesthesia on hemodynamics and the hemostasis system during
scoliosis correction surgeries. Surgical practice. 2012;(4):19-23.

Nogaro MC, Abram SGF, Alvand A, Bottomley N, Jackson WFM, Price A. Pae-
diatric and adolescent anterior cruciate ligament reconstruction surgery. Bone Joint J.
2020;102-B:239-245. DOL: 10.1302/0301-620X.102B2.B]]-2019-0420.R2

Padhye K, El-Hawary R, Price V, Stevens S, Branchford B, Kulkarni K. Devel-
opment of a perioperative venous thromboembolism prophylaxis algorithm for
pediatric orthopedic surgical patients. Pediatr Hematol Oncol. 2020;37:109-118.
DOL: 10.1080/08880018.2019.1695030

Boulet M, Langlais T, Pelet S, Belzile E, Forsythe C. Incidence of venous throm-
boembolism in pediatric orthopedics: a systematic review. Orthop Traumatol Surg Res.
2024:103830. DOL 10.1016/j.0t51.2024.103830

Ezhevskaya AA, Prusakova ZB. Clinical and biochemistry aspects of the endoctine-
metabolic stress-response and hemostasis disorders in high intencity spinal surgery.
Fundamental research. 2012;(4-1):53-56.

Lebedeva MN, Ivanova AA, Elistratov AA, Vasyura AS. Pathogenetic foundations
for prevention of increased blood loss in surgery for idiopathic scoliosis. Russian Jour-
nal of Spine Surgery (Khirurgiya Pozvonochnika). 2017;14(3):100-112. DOL 10.14531/
$62017.3.100-112

Bande BD, Bande SB, Mohite S. The hypercoagulable states in anaesthesia and criti-
cal care. Indian J Anaesth. 2014;58:665-671. DOL: 10.4103/0019-5049.144682
Lebedeva MN, Tereshchenkova EV, Ageenko AM, Ivanova AA. The first expe-
rience of using the method of low-frequency piezothromboelastography in scoliosis
surgery. Clinical Anesthesiology Intensive Care. 2015;(1):37-44.

Wikkelso A, Wetterslev J, Moller AM, Afshari A. Thromboelastography (TEG)
or thromboelastometry (ROTEM) to monitor haemostatic treatment versus usual care
in adults or children with bleeding. Cochrane Database Syst Rev. 2016;2016:CD007871.
DOI: 10.1002/14651858.CD007871.pub3

Yuan WH, Liu HC, Zeng LK, Liu XY, Zhao LX, Mo LX. [Change of thrombe-
lastography in children’s DIC and analysis of its sensitivity and specificity for diag-
nosis of DIC]. Zhongguo Shi Yan Xue Ye Xue Za Zhi. 2017;25:847-852. In Chinese.
DOL 10.7534/jissn.1009-2137.2017.03.039

39

47.

48.

49.

51.

53.

54.

55.

56.

57.

Middeldorp S. Inherited thrombophilia: a double-edged sword. Hematology Am Soc
Hematol Educ Program. 2016;2016:1-9. DOL 10.1182/asheducation-2016.1.1
Stevens SM, Woller SC, Bauer KA, Kasthuri R, Cushman M, Streiff M,
Lim W, Douketis JD. Guidance for the evaluation and treatment of heredi-
tary and acquired thrombophilia. ] Thromb Thrombolysis. 2016;41:154-164.
DOL: 10.1007/s11239-015-1316-1

Colucci G, Dimitrios A Tsakiris DA. Thrombophilia screening revisit-
ed: an issue of personalized medicine. ] Thromb Thrombolysis. 2020;49:618-629.
DOI: 10.1007 /s11239-020-02090-y

. Baglin T, Gray E, Greaves M, Hunt BJ, Keeling D, Machin S, Mackie I,

Makris M, Nokes T, Perry D, Tait RC, Walker I, Watson H. Clinical guide-
lines for testing for heritable thrombophilia. Br ] Haematol. 2010;149:209-220.
DOL 10.1111/1.1365-2141.2009.08022.x

Nakashima MO, Rogers HJ. Hypercoagulable states: an algorithmic approach to lab-
oratory testing and update on monitoring of direct oral anticoagulants. Blood Res.
2014;49:85-94. DOL: 10.5045/br.2014.49.2.85

. McLynn RP, Diaz-Collado PJ, Ottesen TD, Ondeck NT, Cui JJ, Bovonratwet P,

Shultz BN, Grauer JN. Risk factors and pharmacologic prophylaxis for
venous thromboembolism in elective spine surgery. Spine J. 2018;18:970-978.
DOL: 10.1016/j.spinee.2017.10.013

Zeng XJ, Peng H. Prevention of thromboembolic complications after spine surgery
by the use of low-molecular-weight heparin. World Neurosurg. 2017;104:856-862.
DOL: 10.1016/j.wneu.2017.05.050

Lu J, Zhang W, Jiang G, Luo K, Cai K, Zhang K, Lu B. Risk factors for spi-
nal subdural hematoma after minimally invasive transforaminal lumbar interbody
fusion (MI-TLIF): a multivariate analysis. BMC Musculoskelet Disord. 2023;24:939.
DOI: 10.1186/512891-023-06902-

Dhillon ES, Khanna R, Cloney M, Roberts H, Cybulski GR, Koski TR, Smith ZA,
Dahdaleh NS. Timing and risks of chemoprophylaxis after spinal surgery: a single-
center experience with 6869 consecutive patients. ] Neurosurg Spine. 2017;27:681-693.
DOL 10.3171/2017.3.SPINE161076

Kochai A, Cicekli O, Bayam L, Turker M, Sariyilmaz K, Erkorkmaz U. Is phar-
macological anticoagulant prophylaxis necessary for adolescent idiopathic scoliosis
surgery? Medicine (Baltimore). 2019;98:¢16552. DOL 10.1097/MD.0000000000016552
Monagle P, Cuello CA, Augustine C, Bonduel M, Brandao LR, Capman T,
Chan AKC, Hanson S, Male C, Meerpohl J, Newall F, O’Brien SH, Raffini L,
van Ommen H, Wiernikowski J, Williams S, Bhatt M, Riva JJ, Roldan Y,
Schwab N, Mustafa RA, Vesely SK. American Society of Hematology 2018 guidelines
for management of venous thromboembolism: treatment of pediatric venous throm-
boembolism. Blood Adv. 2018;2:3292-316. DOL 10.1182/bloodadvances.2018024786

Address correspondence to:

Lebedeva Maya Nikolayevna

Novisibirsk Research Institute of Traumatology and Orthopaedics
n.a. YaL. Tsivyan,

17 Frunze str, Novosibirsk, 630091, Russia,

MLebedeva@niito.ru

Received 13.01.2025
Review completed 08.02.2025
Passed for printing 14.02.2025

SPINE DEFORMITIES



KHIRURGIYA POZVONOCHNIKA (RUSSIAN JOURNAL OF SPINE SURGERY) 2025;22(1):34-41
M.N. LEBEDEVA, A.A. IVANOVA. VENOUS THROMBOEMBOLIC COMPLICATIONS IN SCOLIOSIS SURGERY

Maya Nikolayevna Lebedeva, DMSc, Head of Research Department of anesthesiology and reanimatology, Novisibirsk Research Institute of Traumatology and Ortho-
paedics n.a. Ya.L. Tsivyan, 17 Frunze str., Novosibirsk, 630091, Russia, ORCID: 0000-0002-9911-8919, MLebedeva@niito.ru;

Anastasia Aleksandrovna lvanova, MD, PhD, anesthesiologisi-intensivist, Research Department of anesthesiology and reanimatology, Novosibirsk Research Institute
of Traumatology and Orthopaedics n.a. Ya.L. Tsivyan, 17 Frunze str., Novosibirsk, 630091, Russia, ORCID: 0000-0002-7815-8487, Alvanova.nsk@yandex.ru.

40

SPINE DEFORMITIES



KHIRURGIYA POZVONOCHNIKA (RUSSIAN JOURNAL OF SPINE SURGERY) 2025:22(1):34-41

M.N. LEBEDEVA, A.A. IVANOVA. VENOUS THROMBOEMBOLIC COMPLICATIONS IN SCOLIOSIS SURGERY

41

SPINE DEFORMITIES



