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Abstract

Background Posterior spinal instrumentation and fusion
for correction of adolescent idiopathic scoliosis (AIS)
typically requires lengthy operating time and may be as-
sociated with significant blood loss and subsequent trans-
fusion. This study aimed to identify factors predictive of
duration of surgery, intraoperative blood loss and transfu-
sion requirements in an Irish AIS cohort.

Methods A retrospective review of 77 consecutive pa-
tients with AIS who underwent single-stage posterior
spinal instrumentation and fusion over a two-year period at
two Dublin tertiary hospitals was performed. Data were
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collected prospectively and parameters under analysis in-
cluded pre- and postoperative radiographic measurements,
intraoperative blood loss, surgical duration, blood products

required, laboratory blood values and perioperative
complications.
Results Mean preoperative primary curve Cobb angle

was 62.3°; mean surgical duration was 5.6 h. The periop-
erative allogeneic red blood cell transfusion rate was
42.8 % with a median requirement of 1 unit. Larger curve
magnitudes were positively correlated with longer fusion
segments, increased operative time and greater estimated
intraoperative blood loss. Preoperative Cobb angles greater
than 70° [Relative Risk (RR) 4.42, p = 0.003] and esti-
mated intraoperative blood loss greater than 1400 ml (RR
3.01, p = 0.037) were independent predictors of red blood
cell transfusion risk.

Conclusion Larger preoperative curve magnitudes in AIS
increase operative time and intraoperative blood loss;
preoperative Cobb angles greater than 70° and intraop-
erative blood loss greater than 1400 ml are predictive of
red blood cell transfusion requirement in this patient group.
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Introduction

Surgical intervention in adolescent idiopathic scoliosis
(AIS) aims to limit curve progression and achieve max-
imum permanent correction of the deformity [1]. Mul-
tilevel posterior spinal instrumentation and fusion (PSF)
has been well established as a means to attain these goals
[2-7]. Spinal fusion is a major procedure, often associated
with prolonged operating times and significant morbidity.

@ Springer


http://crossmark.crossref.org/dialog/?doi=10.1007/s11845-015-1306-5&amp;domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1007/s11845-015-1306-5&amp;domain=pdf

514

Ir J Med Sci

Operative time has been correlated with increasing patient
age and number of vertebral levels fused [8]. Although
perioperative blood loss has been demonstrated to be sig-
nificantly greater in correction of scoliosis where there is
an underlying neuromuscular disorder or associated poor
bone mineral density, particularly during insertion of
pedicle screws, patients with AIS may still lose large blood
volumes intraoperatively and require transfusion to main-
tain adequate end organ function [8—12].

Despite modern screening procedures and transfusion
practices, blood transfusion still presents some risks to the
patient including exposure to blood-borne pathogens, al-
tered levels of circulating clotting factors, haemodynamic
instability, immunological reactions and decreased cardiac,
pulmonary or renal function secondary to fluid shifts [12—
15]. Transfusion requirements are directly related to blood
loss in correction of paediatric spinal deformities which
may be determined by the severity of the preoperative
Cobb angle and the number of fused vertebral segments
relative to the patient’s weight; however, not all studies
have shown an increased risk of transfusion with greater
numbers of fused vertebrae [16, 17].

Many factors have been shown to influence blood loss in
spinal surgery and several techniques are employed to
minimise this. Methods of reducing intraoperative blood
loss with substantial supporting evidence include con-
trolled intraoperative hypotension, acute normovolaemic
haemodilution, intraoperative autologous blood salvage
and use of antifibrinolytic agents such as tranexamic acid
[18-23].

The ability to identify those patients at greatest risk of
blood loss sufficient to require transfusion may allow better
targeting of these techniques and also facilitate better
preoperative counselling of patients and their families. To
our knowledge, this is the first study of its kind in an Irish
context. The aim of this study was to identify factors
predictive of surgical duration, blood loss and transfusion
requirements in a relatively homogenous cohort of patients
with AIS undergoing PSF as a single-stage procedure.

Patients and methods
Study design

A retrospective review of data pertaining to a cohort of
patients with AIS who underwent PSF at two Dublin ter-
tiary hospitals [Our Lady’s Children’s Hospital Crumlin
(OLCHC) and the Blackrock Clinic (BRC)] from January
2010 to April 2012 was performed. Study eligibility criteria
included no prior spine surgery and the absence of complex
morbidities including diagnosed endocrine, cardiac, neu-
rological and psychiatric disorders. The ethics committees

@ Springer

of the respective hospitals approved this study prior to
commencement.

Outcome measures

Factors assessed included surgical duration, number of
fused vertebrae, estimated intraoperative blood loss (EBL)
and blood products required including the allogeneic red
blood cells (RBC), platelet and fresh-frozen plasma (FFP)
transfusions. These data were collated from the surgical
and anaesthetic records. Consultant surgeon and anaes-
thetist details were also noted. Socio-demographic (age at
surgery, gender, race) and anthropometric factors, patients’
preoperative co-morbidities and length of hospital stay
were collected from the hospital admission assessment and
medical charts and recorded.

The following immediate preoperative laboratory blood
values, all of which were complete for each case, were
ascertained: prothrombin time (PT), activated partial
thromboplastin time (APTT), platelet count, white cell
count (WCC) and haemoglobin.

Immediate pre- and postoperative anterior—posterior
radiographs were obtained and curve magnitude assessed
using the Cobb method. Data relating to curve type, pri-
mary and secondary curve magnitude, and number of fused
vertebrae were documented.

Independent variables

The definition of a perioperative (i.e. intra and post)
complication in the present study was broad and included
adverse events occurring within the initial 30 days after
surgery. Major perioperative complications included ad-
verse events necessitating longer hospital/intensive care
stay, or requiring further interventions. Minor perioperative
complications referred to any event producing only tran-
sient adverse effects without requiring further significant
intervention.

Statistical analysis

Analyses were performed using the Statistical Package for
the Social Sciences (version 19; SPSS Inc., Chicago, IL,
USA). Data are summarised using numerical descriptive
statistics including means with standard deviations (SD),
medians with interquartile range (IQR), or number of ob-
servations (%). Comparison of mean values between di-
chotomous variables was performed using Student’s ¢ test
or Mann—Whitney U test. The Chi-square test was used to
compare categorical variables. Relationships between
continuous variables were examined using the Spearman’s
rank (7g) correlation coefficient. Only the significant vari-
ables identified in the correlation analysis were retained for
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multivariate modelling; multiple linear regression models
were developed for each of the three principal dependent
variables.

To assess the factors predictive of >1 RBC transfusion
(vs. the non-RBC transfusion group), only the factors that
were significant in the univariate analysis were entered
singly into a stepwise binary logistic regression analysis.
The relative risk (RR) and 95 % confidence intervals (CI)
were calculated for each predictor factor in the final model.
Statistical significance was defined as p < 0.05.

Results

Patient characteristics are presented in Table 1. In total, 78
consecutive patients with AIS underwent PSF during the
study period; one case was excluded due to a diagnosis of
hypothyroidism—the remaining 77 cases successfully
completed follow-up. All 77 patients underwent a single-
stage PSF with multiple osteotomies and instrumentation
with pedicle screw-rod constructs to achieve curve cor-
rection. Three surgeons were involved in these cases;
however, over 80 % of patients were operated on by a
single surgeon. All received a bolus of tranexamic acid at
anaesthetic induction.

The mean preoperative primary Cobb angle was 62.3°
(SD 13.2). Severe curves (>70°) were noted in 21 patients

(27.3 %) (3 of these patients had curves >90°). Preop-
erative traction X-rays were used to assess curve flexibility
in a majority of patients; however, these data were only
complete for 50 individuals within the cohort. Within these
50 patients, mean major curve corrections of 35° and
lumbar curve corrections of 22° were attained on traction
films. No significant relationship between curve flexibility
and blood loss was noted.

Median duration of surgery and EBL were 5.6 h and
1012 ml, respectively. Thirty-six patients (46.8 %) re-
ceived a perioperative blood product transfusion; of these,
33 patients (42.8 %) received an allogeneic RBC transfu-
sion. The median RBC transfusion requirement for the
sample was 1 unit (IQR 1-2); 15 patients (19.5 %) in the
cohort required >2 RBC units.

The median preoperative PT and APTT values for the
sample were 13.9 and 31.5 s, respectively. A bleeding
disorder (Factor VII/Factor VIII deficiency) was identified
in 2 cases (2.6 %). Preoperative platelet counts were within
the reference range (150400 x 109/L) in all with the ex-
ception of one subject in whom it was 131 x 10°/L. Pro-
longed preoperative PT and APTT values were observed in
481 % (m=37) and 377 % (n=129) of cases,
respectively.

As shown in the correlation analysis in Table 2, larger
preoperative major curve Cobb angles were significantly
correlated with longer fusions (ry = 0.524, p < 0.0001),

Table 1 Patient characteristics

and baseline variables (n = 77) Factor

Male:female

5:72 (6.5 %:93.5 %)

White Caucasian 76 (98.7 %)
Age at the time of surgery (mean £ SD, years) 15 (1.89)
Admission
Weight (mean + SD, kg) 52 (10.83)
Corrected body mass index (mean, SD, kg/mz) 19.7 (3.45)
Preoperative major Cobb curve angle (mean =+ SD, °) 62.3 (13.2)
Preoperative haemoglobin (mean £ SD, g/L) 132.9 (8.6)

Preoperative prothrombin time (median, IQR, sec)
Preoperative APTT (median, IQR, sec)

Surgical duration (median, IQR, h)

Total estimated intraoperative blood loss (median, IQR, ml)
No. of fused vertebrae (median, IQR)

Minor perioperative complication rate

Major perioperative complication rate

Any perioperative blood product transfusion®

No. of allogeneic RBC units transfused (median, IQR)
Length of hospital stay (median, IQR, days)

13.9 (12.5-15.1)
31.5 (29.2-34.1)
5.6 (4.3-7)

1012 (791-1400)
12 (10-13)

57 (74 %)

4(52 %)

36 (46.8 %)

1 (1-2)

10 (8-11)

SD standard deviation, IQR interquartile range, kg kilograms, sec seconds, APTT Activated partial

thromboplastin time, RBC red blood cell

# Includes transfusions of allogeneic RBC (n = 33), fresh-frozen plasma (n = 10) and platelets (n = 3)
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Table 2 Correlation analysis between fused vertebrae frequency, duration of surgery and estimated intraoperative blood loss, and selected
variables

Variable No. of fused vertebrae Surgical duration Estimated blood loss
Correlation coefficient” Correlation coefficient® Correlation coefficient®

Age at the time of surgery —0.325%* —0.234* —0.223%

Preoperative major Cobb curve angle 0.524%%%* 0.474%** 0.371%**

No. of fused vertebrae N/A 0.633%3#:* 0.336%*

Total estimated intraoperative blood loss 0.336%* 0.407%*%* N/A

Surgical duration 0.633%%* N/A 0.407%**

No. of allogeneic RBC units transfused 0.237* 0.408%%** 0.533%%*

No. of platelet units transfused 0.043 0.171 0.257*

No. of FFP units transfused 0.207 0.134 0.28%*

Preoperative haemoglobin 0.095 0.177 —0.22

No. of minor perioperative complications —0.021 0.117 0.079

No. of major perioperative complications 0.096 0.095 —0.017

The following variables were non-significant in all models: length of hospitalisation, preoperative prothrombin time and activated partial
thromboplastin time

SD standard deviation, /QR interquartile range, RBC red blood cell, FFP fresh-frozen plasma, N/A not applicable
*p <0.05

** p <0.01

*** p < 0.0001

? The relationships between each of the three principal dependent variables (i.e. number of fused vertebrae, surgical duration and estimated
blood loss) and the independent variables were examined using Spearman’s rank (r,) correlation coefficient. A positive coefficient value means
when the independent variables increase, the dependent variable increases. A negative coefficient value means when independent variables

increase, the dependent variable decreases

increased surgical duration (ry = 0.474, p < 0.0001) and
greater EBL (r; = 0.371, p < 0.01). No significant corre-
lation between any of the dependent factors under analysis,
minor or major perioperative complications, or length of
hospitalisation, was observed.

Multiple linear regression analysis models are sum-
marised in Table 3. Increasing preoperative Cobb angle
(p = 0.008) and surgical duration (p < 0.0001) were both

significantly associated with fused vertebrae frequency
(Model 1; R* = 0.479). The only independent predictor of
surgical duration was increased number of fused verte-
brae—a factor that explained 47.4 % of the variance in
surgical duration (Model 2; R? = 0.474). After adjustment,
increased RBC transfusion frequency was the only factor
significantly associated with increased blood loss (Model 3;
R* = 0.426).

Table 3 Results of multiple
linear regression analysis

[B (p value)]

Variable

Model 1
No. of fused vertebrae

Model 2
Surgical duration

Model 3
Estimated blood loss

Age at surgery

Preoperative major Cobb angle
Surgical duration

No. of fused vertebrae

Estimated intraoperative blood loss

No. of allogeneic RBC transfusions

R2

0.283 (0.008) - -

0.48 (<0.0001) N/A -

N/A 0.485 (<0.0001) -

- - N/A

- - 4.9 (<0.0001)
0.479 0.474 0.426

B standardised coefficient; RBC red blood cell, N/A not applicable

Multivariate modelling was performed with multiple linear regression models, which were developed for
each of the three principal dependent variables with SPSS statistical software system (version 19.0). For
each of the models, all the variables that were significant in the correlation analysis were entered simul-
taneously into the model. The three models presented include only the statistically significant variables

A positive coefficient value means that when the independent variables increase, the dependent variable

increases
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In the univariate analysis, longer surgical duration,
greater estimated blood loss and larger preoperative major
Cobb curve angles were identified as the strongest and
most significant factors influencing RBC transfusion risk.
No significant difference in preoperative PT, APTT or
platelet count levels between the RBC and non-RBC
transfusion groups was found.

A significantly higher RBC transfusion rate in subjects who
attended OLCHC compared with BRC (69.7 vs. 30.3 %,
p = 0.008) was demonstrated. In a separate analysis, OLCHC
cases were identified as a more complex patient group, having
larger preoperative Cobb curve angles [mean 67.3° (SD 13.2)
vs. 57.2° (SD 11.2), p = 0.001] and higher number of fused
vertebrae (median 13 [IQR 11-14] vs. 10 [IQR 8.75-12],
p < 0.0001) with subsequent longer surgical duration (median
7h [IQR 6-7.1] vs. 43 h [IQR 3.8-4.9], p < 0.0001) and
increased intraoperative blood loss (median 1215 ml [IQR
950-1550] vs. 945 ml [682-1254], p = 0.012) (Table 4).

In view of the greater surgical complexities of patients
who attended OLCHC, and to limit confounding, ‘hospital
site’ as a dichotomous variable (i.e. OLCHC vs. BRC) was
excluded from the regression analysis. There was no dif-
ference in the same intraoperative protocol between the
two sites. After adjustment in the final binary logistic re-
gression model, preoperative Cobb curve angles greater
than 70° (RR 4.42, 95 % CI 1.95-5.82, p = 0.003) and
total EBL greater than 1,400 ml (RR 3.01, 95 % CI
1.07-5.79, p = 0.037) independently predicted risk of pe-
rioperative RBC transfusion (Table 5).

Discussion
This is the first Irish study to evaluate the impact of

available preoperative predictive factors on the duration
of surgery, extent of blood loss and transfusion

requirements in a cohort of patients with AIS. The cur-
rent cohort was relatively homogenous as all included
patients with AIS were otherwise healthy. Those with
other forms of scoliosis or significant medical co-mor-
bidities were excluded, and all patients underwent sin-
gle-stage PSF procedures. There are no previously
published studies evaluating these factors in an Irish
cohort; however, our findings are largely consistent with
reported international findings in other populations.
Mean EBL was 1012 ml (interquartile range
791-1400 ml) in our study, which is comparable to mean
EBLs of 750 ml to 1500 ml reported in other studies of
paediatric spinal fusions [12]. This mean EBL of
1012 mL represents a substantial blood loss in an ado-
lescent population and, unsurprisingly, just over 40 % of
patients (n = 33 patients, 42.8 %) received an allogeneic
RBC transfusion. Within this group, 15 patients required
2 or more units, which conferred added costs and asso-
ciated risks. It is also notable that significantly increased
intraoperative blood loss was observed in those who
received a RBC transfusion vs. the non-RBC group
(1305 vs. 947 ml, p < 0.0001).

In the current study, longer duration of surgery, in-
creased estimated blood loss and larger preoperative Cobb
angles (>70°) were identified as the most important de-
terminants of RBC transfusion risk among the factors
analysed here. Larger preoperative curve magnitudes were
also associated with longer fusion segments and increased
operative time. These findings are consistent with other
studies showing greater blood loss with higher numbers of
fused vertebrae and longer duration of surgery, particularly
when more osteotomies are performed [8, 16, 24-27].
Overall, the current study’s findings strongly indicate that
the severity of the deformity (measured by the preoperative
Cobb angle) is predictive of the need for perioperative
blood transfusion.

Table 4 Comparisons between perioperative allogeneic RBC transfusion (>1 unit) and non-transfused groups according to covariates

Factor RBC transfusion given (n = 33) No RBC transfusion (n = 44) p value
Age at the time of surgery (mean £ SD, years) 14.5 (1.96) 15.4 (1.77) 0.046
Hospital site, (n, %)

OLCHC 23 (59) 16 (41)

Blackrock Clinic 10 (26.3) 28 (63.7) 0.008
Preoperative major Cobb curve angle (mean + SD, °) 68.4 (13.28) 57.7 (11.33) <0.0001
No. of fused vertebrae (median, IQR) 12 (11-14) 11 (10-13) 0.025
Total estimated intraoperative blood loss (median, IQR) 1305 (991-1952) 947 (562-1226) <0.0001
Surgical duration (median, IQR, h) 6.5 (5-7) 4.8 (4-6) <0.0001
Preoperative haemoglobin (mean + SD, g/L) 130 (7.8) 135 (8.7) 0.02
Length of hospital stay (median, IQR, days) 9 (8-10) 10 (8-11) 0.704

The following variables were non-significant: preoperative weight, corrected body mass index, gender, the presence of a bleeding disorder,
preoperative prothrombin time, activated partial thromboplastin time and platelet count

RBC red blood cell, SD standard deviation, /QR interquartile range, OLCHC Our Lady’s Children’s Hospital, & hours
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Table S l?redlctors Of. Predictor variable Relative risk 95 % CI p value

perioperative allogeneic red

blood cell transfusion (=1 unit)  pregnerative Cobb curve angle >70° 442 1.95-5.82 0.003

using multivariate binary . . .

logistic regression analysis Total estimated intraoperative blood loss >1400 ml 3.01 1.07-5.79 0.037

n=177) Preoperative haemoglobin <133 g/L 1.31 0.73-1.83 0.299
Age at the time of surgery: >16.5 years 1.22 0.32-2.75 0.726
Gender (female) 1.06 0.73-1.09 0.424

The continuous variables, preoperative curve severity and age, were categorised according to their re-
spective percentiles (i.e. <25th, >25th—75th and >75th). Preoperative Cobb angle: <52, >52-70 and >70°;
age group: <13.5, >13.5-16.5, >16.5 years. The 75th percentile as a cut-off point was used to define total
estimated intraoperative blood loss (<1400 and >1400 ml). Mean preoperative haemoglobin level was used
to define the haemoglobin category (>133 and <133 g/L)

CI confidence interval

Other factors may also influence the duration of surgery
and overall blood loss such as curve flexibility, vertebral
rotation and preoperative kyphosis and surgeon experience;
however, this study did not address these factors [25, 28].
Longer surgical duration is of course multifactorial and not
always predictable; however, it is important where possible
to recognise in advance those cases which are likely to be
of greater duration.

Several investigators have identified abnormal co-
agulation profiles at higher than expected frequencies in
both adolescent idiopathic and neuromuscular scoliosis
[29, 30]. Although prolonged preoperative PT and APTT
values were present in 48.1 and 37.7 % of patients, re-
spectively, these abnormalities did not significantly influ-
ence RBC transfusion risk in this study. High preoperative
values may be characteristic in this population (as shown
previously [29]); however, clinically, these data suggest
that such high values do not appear to be clinically relevant
in relation to blood loss or transfusion requirement.

Routine use of blood conservation measures can de-
crease the need for allogeneic blood transfusion [18]. These
techniques are varied and include intraoperative controlled
hypotension (directly reducing the volume of blood lost)
and acute normovolaemic haemodilution which reduces the
proportion of red cells lost intraoperatively [18, 31, 32].
Infusion of antifibrinolytic drugs such as tranexamic acid
can also decrease the need for allogeneic blood transfusion
by competitive inhibition of the activation of plasminogen
to plasmin [22, 33]. The evidence for the clinical benefit
and cost-effectiveness of intraoperative blood salvage is
more variable, with many studies showing a decreased
need for transfusion with its use [18]. However, Weiss
et al. [34] demonstrated no benefit in use of a cell saver
when comparing 95 consecutive patients undergoing PSF
for scoliosis correction. It is notable, however, that the
aforementioned study included patients with all types of
scoliosis, and not AIS exclusively. In the present cohort,
intraoperative blood salvage and regular on-table hae-
moglobin analysis were used to allow a real-time
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assessment of intraoperative blood loss. Intraoperative
blood loss approaching 20 % of estimated blood volume
(weight in kg x 70 mls/kg) coupled with intraoperative
haemoglobin of 8 g/dL or less, prompted the administra-
tion of a second bolus of tranexamic acid (all patients
having received a first bolus at induction), and transfusion
of one RBC unit. Additional newer techniques such as use
of ultrasonic bone scalpels for facetectomies and Ponte
osteotomies also show promise in reducing blood loss,
although there are limited clinical data to date [35-37].
Ultrasonic bone cutters were not in routine use in our in-
stitutions during the period of this study.

The current study’s findings are valuable for preop-
erative planning, and in particular, when counselling pa-
tients and their families regarding the risks associated with
surgical intervention for AIS. The increased RBC transfu-
sion risk associated with a preoperative Cobb angle greater
than 70° is noteworthy, given the progressive nature of
scoliosis and the prolonged waiting times many of our
patients endure between referral, assessment and surgery. It
may be the case that these patients would benefit from
intervention at an earlier stage while their deformities are
still of a lower magnitude. This also has economic impli-
cations as correction of more severe curves may result in
greater utilisation of healthcare resources through these and
other factors [38]. In addition, the identification of ‘greater
than 1400 ml EBL’ as an independent predictive factor for
transfusion risk is of practical clinical importance in the
management of these patients in the perioperative period,
highlighting the need for careful postoperative monitoring
and intervention when necessary. While these findings
have not changed surgical technique, they have affected the
type of information conveyed to patients and families
during preoperative counselling regarding risks of inter-
vention, particularly for those with very large curves.

This study has some limitations including the moderate
sample size and predominantly female cohort. Male gender
has been shown to be predictive of higher intraoperative
blood loss in PSF for AIS; however, our cohort did not
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contain a sufficient number of males to perform a mean-
ingful gender comparison [25]. In addition, assessment of
intraoperative blood loss is based on estimation of losses
incurred rather than direct measurement. Another limiting
factor is the lack of detailed data regarding the number of
vertebral osteotomies performed in each case as this has
previously been shown to significantly affect the total EBL
[27].

In conclusion, this is the first Irish study to examine
potential predictors of operative time, blood loss and
transfusion requirements in a cohort of patients with AIS.
Intraoperative EBL >1400 ml and preoperative Cobb an-
gles greater than 70° were independently predictive of
perioperative transfusion requirements. These findings
have practical implications when planning for surgery and
counselling patients with AIS and their families, par-
ticularly for those patients with more severe deformities.
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