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Abstract

Introduction: Surgical correction of adolescent idiopathic scoliosis is inevitably accompanied by blood loss. About 37-85% of patients
undergo allogeneic transfusions associated with a risk of serious complications. Prediction of the expected blood loss volume remains a
topical problem. In this regard, there is a need to clarify predictors of increased blood loss.

Aim: To assess the effect of vertebrectomy on the intraoperative blood loss volume during surgical correction of adolescent idiopathic
scoliosis.

Materials and methods: A retrospective study included 511 adolescents who underwent posterior correction of spinal deformity.
Two groups were allocated: Group I consisted of 303 patients who underwent multilevel transpedicular fixation; Group II included 208
patients who underwent multilevel transpedicular fixation combined with Smith-Peterson osteotomy.

Results: Intergroup comparisons revealed significant differences in the number of transpedicular fixation levels and the volume of
blood loss, which were higher in Group II. After aligning the groups by the number of transpedicular fixation levels using the Propensity
Score Matching method, no statistically significant difference was observed. We derived formulas for calculating the expected blood loss
volume in Groups I and II. Comparison of the formulas revealed that the formula for Group II predicted a significantly lower volume
of blood loss, by 2.51%, while the formula for Group I predicted a significantly higher volume of blood loss, by 3.27%. In our opinion,
application of the formula that overestimates expected intraoperative blood loss is most reasonable due to a possibility of the worst case
scenario during surgery; therefore, the formula for Group I approaches a universal model for use.

Conclusion: Smith-Peterson osteotomy did not affect the amount of blood loss during surgical correction of adolescent idiopathic
scoliosis, considering the number of transpedicular fixation levels.
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INTRODUCTION

Adolescent idiopathic scoliosis (AIS) is a complex ortho-
pedic pathology that often requires surgical correction of
existing spinal deformity. Surgery is often accompanied by
intraoperative blood loss due to injury to the soft tissue and
bone structures of the spine.!”® In such cases, patients with
low body weight are at risk of significant blood loss due to
a smaller circulating blood volume (CBV).*> According to
the literature®’, donor blood components have been used to
compensate for blood loss in 37-85% of patients undergoing
posterior instrumented correction of spinal deformity. Ho-
wever, real risks of serious complications associated with al-
logeneic blood transfusions have remained to date.®? Almost
all researchers agree that a number of factors can significant-
ly affect the amount of bleeding in the surgical site tissue. In
particular, these include: the intra-abdominal pressure, du-
ration of surgery, severity of deformity, used instrumentati-
on, hemodynamic features, and anesthesia technique. Some
researchers have identified a close relationship between the
factors and the amount of intraoperative blood loss!%-12, but
others have found similar relationships only with the exten-
sion and duration of surgery.!® Earlier, we demonstrated the
main factors underlying the amount of blood loss during
AIS correction were a change in the abdominal pressure in
the patient being in the prone position, the number of tran-
spedicular fixation (TPF) levels, and baseline deviations in
the hemostatic system. In this case, the main statistically sig-
nificant predictor of increased blood loss was found to be
the number of TPF levels, which is consistent with opinions
of other authors.!>!* In some cases, to achieve more spine
mobilization, surgeons perform vertebrectomy, which is a
resection of posterior spinal elements at one or several levels.
Information obtained from published papers indicates that
application of vertebrectomy increases the intraoperative
blood loss volume to a significant level. Some publications
have reported the effect of the number of vertebrectomy le-
vels on the blood loss volume.!>17 However, the authors have
also indicated difficulties in accounting for the volume of lost
blood at this stage of surgery, which is associated with an in-
significant duration of the stage (90-120 s per level).?

Given the fact that a particular problem in AIS surgery
is prediction of the expected blood loss volume, it seems
interesting to evaluate the effect of vertebrectomy on the
intraoperative blood loss volume and the possibility of its
prediction for clinical cases where multilevel TPF is com-
bined with vertebrectomy.

AIM

The study purpose was to evaluate the effect of vertebrecto-
my on the intraoperative blood loss volume during surgical
correction of adolescent idiopathic scoliosis.

MATERIALS AND METHODS

The study was based on a retrospective analysis of case re-
cords of 511 AIS patients for the period between 2012 and
2017. The inclusion criteria were as follows: AIS and first
posterior correction of spinal deformity. The exclusion cri-
teria included: posterior spinal fusion, multi-stage surgery,
radical spinal osteotomy (PSO, pVCR), and blood disea-
ses. The criterion for group formation was the amount of
surgery. Two groups were allocated: Group I consisting of
303 patients operated on using a multilevel TPF technique;
Group II including 208 patients operated on using the mul-
tilevel TPF technique in combination with Smith-Peterson
osteotomy (SPO) involving resection of part of the poste-
rior spinal elements: at two levels in 125 patients, at three
levels in 72 patients, and at four levels in 11 patients.

Most patients were females. The gender ratio was 5:1 in
Group I and 4:1 in Group II. In all cases, general anesthesia
was used based on combination of sevoflurane, fentanyl,
clonidine, and subanesthetic doses of ketamine with me-
chanical ventilation. All patients underwent surgery under
complete decompression of the anterior abdominal wall
on a Jackson table. Intraoperative blood loss was evaluated
using the gravimetric technique and measuring the volume
of blood aspirated from the wound. During the study, we
analyzed the age, gender, body weight, duration of surgery,
number of TPF levels, number of osteotomy levels, and vo-
lume of intraoperative blood loss in mL and % of CBV. To
calculate the CBV, we used the formula: CBVd = P*q, where
P is the patient’s body weight (kg); q is the amount of blood
per 1 kg of body weight (80 mL/kg in children aged 6 to 12
years and 70 mL/kg in children over 12 years and adults).

All statistical calculations were performed using the lan-
guage R!8 in the RStudio software version 1.1.463.'° Veri-
fication of the data distribution normality using the Sha-
piro-Wilk criterion revealed that the distribution of most
indicators was not normal; therefore, to compare conti-
nuous parameters in the groups, we used a nonparametric
unpaired Mann-Whitney U-test and calculation of a distri-
bution shift with construction of a 95% confidence interval
(CI) for the shift. Descriptive indicators are presented as
the median (M), interquartile range between the first and
third quartiles (IQR) for continuous indicators, quantity,
and percentage (95% confidence interval) calculated by
the Wilson formula. Predictors of intraoperative blood loss
were identified by constructing univariate and multivariate
linear regression models.

RESULTS

Intergroup comparison of the studied indicators revea-
led statistically significant differences. The patient’s body
weight, duration of surgery, number of TPF levels, and vo-
lume of blood loss (% of CBV) were higher in Group IL. The
differences approached the level of statistical significance
only for one indicator - the volume of blood loss expressed
in mL (Table 1).

504

Folia Medica | 2020 | Vol. 62 | No. 3



Smith-Peterson Osteotomy and Blood Loss in Idiopathic Scoliosis surgery

Table 1. Distribution of the main studied indicators in the groups

Group I Group II Mann-Whitney U-test
Indicator N =303 N =208 Difference

M [IQR] M [IQR] [95% CI] p value
Duration of surgery, min 150 [130; 185] 180 [155; 205] 20 [15; 30] <0.001%
Body weight, kg 51 [46; 56] 49.5 [44; 56] ~2 [4;-1] 0.007*
Number of TPF levels 4 [3;5] 7 [5; 12] 3[3; 4] <0.001%
Blood loss, mL 500 [400; 650] 535 [400; 665] 50 [0; 50] 0.059
Blood loss, % of CBV 14 [11; 18] 16 [12;21] 2 [1;3] <0.001*

* — statistically significant difference

Table 2. Distribution of the main studied indicators in the groups after PSM

Group I Group II Mann-Whitney U-test
Indicator N=99 N=99 Difference

M [IQR] M [IQR] (95% CI] p value
Duration of surgery, min 160 [140; 190] 160 [145; 185] 0 [-10; 10] 0.911
Body weight, kg 51 [45.5; 55] 50 [42.5; 56] 2[4 1] 0.157
Number of TPF levels 5 [4; 6] 5 [4; 6] 0[0; 0] 0.836
Blood loss, mL 450 [350; 550] 500 [400; 600] 20 [=20; 50] 0.317
Blood loss, % of CBV 13 [11; 16] 14 [10.5; 18.5] 1[0; 3] 0.116

Given the fact that the number of TPF levels was signifi-
cantly higher in Group II and the known information about
the influence of the number of TPF levels on the amount of
intraoperative blood loss, the groups were aligned for the
number of TPF levels using the PSM method (Propensity

Score Matching)® to achieve the reliability of the results
and the validity of the conclusions (Table 2).
As can be seen from the data presented in Table 2, the-
re were no statistically significant differences between the
groups after their alignment for the number of TPF levels.
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Figure 1. Univariate linear regression models of the blood loss volume for patients operated on using vertebrectomy. o
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Based on the data obtained after PSM, calculations were
performed for univariate and multivariate models in order
to generate a mathematical model for predicting the expec-
ted blood loss volume in patients who were planned to un-
dergo multilevel TPF in combination with vertebrectomy
(Fig. 1).

The statistical calculations were used to derive a formu-
la for determining the volume of expected intraoperative
blood loss in AIS patients who were planned to undergo
multilevel TPF in combination with vertebrectomy (for-
mula 1):

% of CBV = 0.66 x number of TPF levels - 0.17 x body
weight + 19.84 + 4.15,

where 0.66 and 0.17 are linear regression coefficients; 19.84
is the base; 4.15 is an estimate of random residuals of the
model.

In our earlier study, we proposed a formula for predic-
ting the intraoperative blood loss volume for cases of mul-
tilevel TPF alone (formula 2):

% of CBV = 0.34 x number of TPF levels - 0.19 x body
weight + 25.88 + 6.67,

where 0.34 and 0.19 are linear regression coefficients; 25.88
is the base; 6.67 is a random residual of the model.

We compared the formulas. Upon comparison of the re-
siduals, the Mann-Whitney U-test was -3.27 [-6.71; 0.33]
and -0.46 [-4.15; 2.95], respectively; the shift was 2.51
[1.63; 3.38], which indicated a statistically significant dif-
ference (p<0.001).

Therefore, we have found that formula 1 predicts a sta-
tistically significantly lower volume of intraoperative blood
loss, by 2.51% [1.63; 3.38], compared to formula 2 that
overestimates, by 3.27% [-6.71; 0.33], a predicted volume
of blood loss expressed as % of CBV. Therefore, we have
concluded that some overestimation of expected intraope-
rative blood loss is most reasonable for increasing the level
of patient safety due to readiness for the worst case scenario
during surgery.

DISCUSSION

SPO osteotomy at one or several levels is a surgical stage,
the inevitable consequence of which is additional injury to
the intervertebral ligaments and muscles as well as to the
bone elements at each spinal motion segment level. Given
the available literature data and the technique for perfor-
ming this stage, it was logical to assume that vertebrecto-
my might affect intraoperative blood loss. Comparison of
the obtained data revealed that the blood loss volume was
significantly higher in Group II where patients underwent
vertebrectomy. However, it was noteworthy that the num-
ber of operated TPF levels in Group II was also statistically
significantly higher. Because our previous studies demon-
strated that the number of TPF levels was a significant pre-
dictor of intraoperative blood loss, we decided to align the

groups for the number of TPF levels using the PSM me-
thod, which revealed no statistically significant differences
between the groups.

In surgery for AIS, the problem of preoperative predicti-
on of the blood loss severity remains topical for personifying
preoperative preparation, optimizing infusion-transfusion
support, and, thereby, increasing the safety level of opera-
ted patients. The authors of some studies have proposed
formulas for predicting the volume of expected blood loss
for posterior correction of AIS. For example, Ialenti MN et
al. reported a formula accounting for the duration of sur-
gery, magnitude of kyphotic spinal deformity in degrees,
and gender of patients.?! Chao Li et al. studied predictors
of increased blood loss and proposed a formula for deter-
mining its expected value, which included the data on de-
formity stiffness/mobility, determined based on functional
X-rays of the spine; values of the Risser test that positively
correlated with age, body weight, circulating blood volume,
and skeletal maturation; fibrinogen indicators; APTT and
the number of levels involved in the posterior fusion area.
The authors reported that 1 unit of the fusion level caused
an increase in intraoperative blood loss by 53.470 units.!?

Previously, using statistical regression analysis, we de-
veloped mathematical models for predicting intraoperative
blood loss in posterior spinal fusion surgery involving the
multilevel TPF technique, which accounted for different
technological capabilities of clinics, i.e. the availability of a
Jackson table and the possibility of preoperative examina-
tion of the hemostasis system using low-frequency piezoe-
lectric thromboelastography.'4

The present study did not reveal a significant effect of
vertebrectomy on the volume of intraoperative blood loss.
This fact once again indicates that it is the number of TPF
levels that is an indicator that may be used as a prognos-
tic one. The previously proposed mathematical model for
predicting intraoperative blood loss in posterior correction
of AIS using the multilevel TPF technique, which includes
the main significant a priori predictor of blood loss - the
number of TPF levels (% of CBV = 0.34xnumber of TPF le-
vels — 0.19xbody weight + 25.88+6.67), approaches, in our
opinion, a universal model and may be successfully used in
daily practice.!*

CONCLUSION

Smith-Peterson osteotomy did not affect the amount of
blood loss during surgical correction of adolescent idio-
pathic scoliosis, considering the number of transpedicular
fixation levels.

Author's Contribution

AL setting and processing of material, development of de-
sign of research, writing of article;

MM: scientific consulting;

VN: setting of clinical material, participation in the review

506

Folia Medica | 2020 | Vol. 62 | No. 3



Smith-Peterson Osteotomy and Blood Loss in Idiopathic Scoliosis surgery

of publications on the topic of the article;

AV: setting of clinical material, participation in the review
of publications on the topic of the article;

VL: statistical analysis of the material;

ML: scientific guidance, editing of the article

REFERENCES

Mikhailovsky MV, Fomichev NG. [Surgery of Spinal Deformities]
Novosibirsk: 2011: p. 592 [In Russian].

Lebedeva MN, Ageenko AM, Novikov VV, et al. [Retrospective
analysis of intraoperative blood loss in idiopathic scoliosis surgery.]
Spinal surgery 2012;2:70-8. [In Russian]

Wahlquist S, Wongworawat M, Nelson S. When does intraoperative
blood loss occur during pediatric scoliosis correction? Spine defor-
mity 2017;5(6):387-91.

Tse YW, Cheung WY, Kwok FJ, et al. Reducing perioperative blood
loss and allogeneic blood transfusion in patients undergoing major
spine surgery. J Bone Joint Surg Am 2011;93(13):1268-77.

Jain A, Sponseller PD, Newton PO, et al. Smaller body size increases
the percentage of blood volume lost during posterior spinal arthrod-
esis. J Bone Joint Surg Am 2015;97 (6):507-11.

Bess RS, Lenke LG, Bridwell KH, et al. Wasting of preoperatively
donated autologous blood in the surgical treatment of adolescent id-
iopathic scoliosis. Spine (Phila Pa 1976) 2006;31:2375-80.

Joseph SA Jr, Berekashvili K, Mariller MM, et al. Blood conser-
vation techniques in spinal deformity surgery: a retrospective re-
view of patients refusing blood transfusion. Spine (Phila Pa 1976)
2008;33:2310-5.

Lieberman L, Maskens C, Cserti-Gazdewich C, et al. A retrospective
review of patient factors, transfusion practices, and outcomes in pa-
tients with transfusion-associated circulatory overload. Transfus Med
Rev 2013;27:206-12.

Minhas SV, Chow I, Bosco J, et al. Assessing the rates, predictors, and

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

complications of blood transfusion volume in posterior arthrodesis
for adolescent idiopathic scoliosis. Spine 2015;40:1422-30.

Verma K, Lonner B, Dean L, et al. Reduction of mean arterial pressure
at incision reduces blood loss in adolescent idiopathic scoliosis. Spine
Deformity 2013;1:115-22.

Thompson ME, Kohring JM, McFann K, et al. Predicting excessive
hemorrhage in adolescent idiopathic scoliosis patients undergoing pos-
terior spinal instrumentation and fusion. Spine J 2014;14(8):1392-8.
Li C, Yang M, Wang C, et al. Preoperative factors predicting intraop-
erative blood loss in female patients with adolescent idiopathic scolio-
sis. Medicine (Baltimore) 2015;94:1-5.

Yu X, Xiao H, Wang R, et al. Prediction of massive blood loss in sco-
liosis surgery from preoperative variables. Spine 2013;38(4):350-5.
Lebedeva MN, Ivanova AA, Mikhaylovskiy MV, et al. [Mathematical
models for predicting blood loss in surgery for idiopathic scoliosis.]
Siberian Scientific Medical Journal. 2017;37(6):38-45. [In Russian].
Hyun SJ, Rhim SC. Clinical outcomes and complications after pedicle
subtraction osteotomy for fixed sagittal imbalance patients: a long-
term follow-up data. ] Korean Neurosurg Soc 2010; 47(2): 95-101.
Shah SA, Dhawale AA, Oda JE, et al. Ponte osteotomies with pedicle
screw instrumentation in the treatment of adolescent idiopathic sco-
liosis. Spine Deformity 2013;1(3):196-204.

Sciubba DM, Yurter A, Smith JS, et al. A comprehensive review of
complications rates after surgery for adult deformity: a reference for
informed consent. Spine deformity 2015;3(6):575-94.

R Core Team. R: A language and environment for statistical comput-
ing. R Foundation for Statistical Computing, Vienna, Austria. 2019.
URL https://www.R-project.org/

RStudio Team. RStudio: Integrated Development for R. RStudio, Inc.,
Boston, MA. 2019. URL http://www.rstudio.com/

Ho D, Imai K, King G, et al. MatchIt: Nonparametric Preprocess-
ing for Parametric Causal Inference. Journal of Statistical Software
2011;42(8):1-28.

Talenti MN, Lonner BS, Verma K, et al. Predicting operative blood
loss during spinal fusion for adolescent idiopathic scoliosis. ] Pediatr
Orthop 2013;33(4):372-6.

Folia Medica | 2020 | Vol. 62 | No. 3

507

Folia Medica



Folia Medica

A. lvanova et al

BnuaHue octeotomumn Cmuta-ferepcoHa
Ha KPpOBOMOTEPIO NPU XUPYPruuecKoim Koppekumm
NoApOCTKOBOro ugnonaTtnyeckoro ckosamosa

Amnacracus Vsanoal, Muxaun Muxarinoscknit!, Bauecnas HoBukos!, Anekcanzp Bacropal,
Buranuit Jlykunos?, Mas Jle6enenal

! Hosocubupckuil HayuHo-uccnedo8amenvckuil uncmumym mpasmamonozuu u opmoneduu, Hosocubupck, Poccust

2 Mncmumym sorvucnumensHoii mamemamuxu u mamemamudecroil zeodpusuxu CO PAH, Hogocubupck, Poccust

Appec ans KoppecnoHaeHunn: Anacracus Vsanosa, HoBocnbmupckuit HayqHO-MCCIeR0BATEbCKIIT MHCTUTYT TPABMATONOTHY M OPTOTIE/NM, YII.

®pynse Nel17, HoBocnbupck, 630091 Poccust; E-mail: aivanova.nsk@yandex.ru.

[arta nonyyeHus: 30 okrsa6ps 2019 ¢ lata npuemku: 27 anpens 2020 ¢ Aata nyénukaummn: 30 cearsbps 2020

O6pasel, UMTUPOBaHUA: Ivanova A, Mikhaylovskiy M, Novikov V, Vasyura A, Lukinov V, Lebedeva M. The effect of Smith-Pe-
terson osteotomy on blood loss during surgical correction of adolescent idiopathic scoliosis. Folia Med (Plovdiv) 2020;62(3):503-8.
doi:10.3897/folmed.62.e47790.

Pe3tome

BBepeHue: Xypyprudeckas KOPPEKIViA IOAPOCTKOBOTO MANONATIYECKOTO CKOIM03a HeM306€KHO COMPOBOXIAETC KPOBOIIOTEPEIl.
Oxorno 37-85% maIeHToB IIOABEPTralTCsA a//IOTeHHbIM IIePeIMBAHNAM, CBA3AHHBIM C PUCKOM CepbE3HBIX 0c/oKHeHmit. [Tpornosn-
poBaHIe 06BEMa 0XKMTAeMOIl KPOBOIIOTEPU OCTACTCS aKTyaIbHOI TPo6/IeMoit. B cBA3Y ¢ 9TUM BO3HMKaeT HEOOXONUMOCTD YTOYHUTD
HPEeAVMKTOPLI IIOBBIIIEHHO KPOBOIIOTEPH.

Lenb: Ouennts BIMsAHME BepTeOPIKTOMUM Ha 00bEM MHTPAOIEPALMOHHON KPOBOIOTEPU IIPU XMPYPIrUYecKoil KOPPEKLUM HOf-
POCTKOBOTO MJMONATNYECKOTO CKOIMO3a.

Matepuasnbl 1 MeTOAbI: B 5TOM peTpOCIeKTHBHOM UCCIeLOBAHNY IIPUHATIO yYacTye 511 MofpoCcTKOB, KOTOPBIM ObITa IPOBefieHa
KOppeKLus 3afgHeit fedbopMariy II03BOHOYHMKA. Dbl BbIIeIeHb! iBe IPYIIIBL: 1-51 IpyIna cocTosiia 13 303 MalueHTOB, HePeHECIIX
MHOTOCTYIIEHYaTyI0 TPaHCIEe[UKYIAPHYIO ¢ukcanuio; B rpymmy 2 Bomrio 208 MalMeHTOB, MEePeHECIINX MHOTOCTYIEHYATYIO
TPaHCIEAUKYIAPHYIO GUKCALINIO B cCOdeTaHNN ¢ ocTeoToMuelt Cvura-Iletepcona.

Pe3ynbraTtbl: Mexrpynnosple CpaBHEHNUSA BBIABWIM CYLIECTBEHHbIE Pas3nyuusA B KOMMYECTBE YPOBHEN TPaHCHENUKYIAPHOM
¢brkcanmy u 06béMe KpOBOIOTEpH, KOTOpble ObUIM BbIlle B rpymme 2. Ilocae BBIpaBHUBAHMA TPYII IO KOMMYECTBY YPOBHEN
TPAHCIENVKY/IAPHON QUKCAIMU C UCIONb30BAaHUEM MeTOJA OLeHKM BosfieiicTBusA (MeToy comocTapieHys 6amIoB CKIOHHOCTH),
CTaTMCTUYECK) 3HAYMMOJI PasHMIIBI OOHAPY>KeHO He 6bI10. MBI BbIBe/ GOPMYIIBI /I pacyéTa 06bEMa OXKIJIAeMOl KPOBOIIOTEPH
B rpynmnax 1 u 2. CpaBHeHue $popMys1 HoKasaso, 4To GopMyna B Ipymie 2 MpeicKasplBajla 3HAYNTETbHO MEHBIIYI0 KPOBOIOTEPIO —
Ha 2.51%, B TO BpeMs Kak (opMysia JyId IPYIIIbl 1 IpefcKasbiBaia 3HAYMTENbHO O0jiee BBICOKMIT 00BEM KpoBomoTepu — Ha 3.27%.
ITo HaleMy MHEHNIO, IIpUMeHeHVe GOPMYJIbI, KOTOpas IePeolieHNBAET OXKILAEMYI0 MHTPAOIIEPAIVIOHHYI0 KPOBOIIOTEPIO, ABJIACTCA
Pa3yMHBIM ¥3-32 BO3MOXKHOCTY CILieHap¥s HAauXYJIIEro BapuaHTa BO BpeM:A omnepauym. CiefoBaTenbHO, GopMyna Ui IPYIIIbL 1
HaIlOMJHAeT YHUBEPCATbHYIO MOJIENb IIPU/IOXKEHM.

3akntoueHune: Ocreoromusa Cvuta-IlerepcoHa He BN Ha KOMYECTBO KPOBOIIOTEPY IIPYU XUPYPrUUECKOl KOPPEKLUM ITOAPOCT-
KOBOTO MAMOIATINYEeCKOTO CKO/INO03a, YINUTBIBASI KOTMYECTBO yPOBHEI TPAHCIEAVNKY/LIPHOI GUKCALNIL.

KnwoueBble cnoBa

HOAPOCTKOBBIIT MAVMOMATNYECKIUIT CKOII03, KPOBOIIOTEPsI, TPAHCIeAMKYIApHasA GMUKCALNsA, BEpTeOPIKTOMMA
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