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Abstract

Background: There has been a growing interest in using all pedicle screw construct in posterior spinal fusion (PSF) for
adolescent idiopathic scoliosis (AIS) surgery in recent years. However, studies focusing on perioperative outcome and
complications utilizing only pedicle screw system in AIS population are lacking. This study aims to evaluate
perioperative outcomes and to determine the prevalence of major and minor complications following single-staged
PSF for AIS.

Methods: In this retrospective study of prospectively collected data, 1057 AIS patients operated between 2012 and
2019 were included. Main outcome measures were operative time, intraoperative blood loss, allogeneic blood
transfusion rate, length of hospital stay after surgery, complication rate, and mean drop of haemoglobin (Hb) level. We
documented the number of fusion levels, screw density, and postoperative radiographic parameters.

Results: There were 917 females and 140 males. Majority were Lenke 1 curve type (46.9%). Mean age was 15.6 ± 3.7
years, with mean BMI of 18.6 ± 3.2 kg/m2. Mean operative time was 146.8 ± 49.4 min. Average intraoperative blood loss
was 952.9 ± 530.4 ml with allogeneic blood transfusion rate of 5%. Mean screw density was 1.27 ± 0.21 screws per
fusion level. Average hospital stay after surgery was 3.5 ± 0.9 days. Twenty-four complications were documented:
twelve superficial infections (1.14%), five transient neurological deficits (0.47%), two deep infections (0.19%), two
superior mesenteric artery syndrome, and one case each (0.09%) for massive intraoperative blood loss, intraoperative
seizure, and lung atelectasis.
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Conclusion: AIS patients treated with single-staged PSF using pedicle screw construct had a 0.95% rate of
major complications and 1.32% rate of minor complications. Rate of neurologic complication was 0.47% while
non-neurologic postoperative complications was 1.80% with infection being the leading complication at
1.32%.

Keywords: Adolescent idiopathic scoliosis, Perioperative outcome, Complication, Single-staged, Posterior spinal
fusion, Pedicle screw

Background
The overall complication rate for corrective surgeries in
adolescent idiopathic scoliosis (AIS) patients was 6.3%
with overall mortality rate of 0.014 [1] to 0.02% [2]. These
perioperative complications include intraoperative blood
loss, neurological deficit, infection, vision loss and death
[3], with excessive blood loss being one of the commonest
as reported by Carreon et al. [4] Risks of perioperative
complications such as massive haemorrhage requiring use
of allogeneic blood transfusion were higher in patients
with severe scoliosis [5, 6], prolonged duration of surgery
and usage of combined anterior-posterior approach or
when spinal osteotomies were performed [7–9]. The
prevalence of neurologic complications ranged from 0.3 to
2.6% [10, 11], whereas non-neurologic complications
ranged from 0 to 7.7% [12, 13]. The overall complication
rate for posterior spinal fusion (PSF) ranged from 1.4 to
5.2% [13, 14]. Most studies had heterogenous study popu-
lation with inclusion of patients who underwent anterior
and posterior spinal surgeries; patients who underwent
different instrumentation techniques (rods, hooks or
screws) and patients who were diagnosed as idiopathic
and non-idiopathic scoliosis [4, 15–18].
In recent years, there has been a growing interest in

using all pedicle screw construct in PSF for AIS surgery
[19, 20]. However, few studies have focused on peri-
operative complications utilizing only pedicle screw sys-
tem in the paediatric population, and even fewer, on AIS
patients only [21–25]. Therefore, the aim of this study
was to evaluate perioperative outcomes and to determine
the prevalence of major and minor complications follow-
ing single-staged PSF for AIS.

Materials and methods
This was a retrospective study of prospectively col-
lected data involving AIS patients who underwent
single-staged PSF in a tertiary academic centre be-
tween January 2012 and December 2019. This study
was approved by our institutional ethical board
(MREC: 2018913–6677). The inclusion criteria were
all AIS patients (all Lenke types) who underwent PSF
surgery between the ages of 10 and 30 years old.
From the proportion of patients who were operated
at the age > 18 years old, the diagnosis of idiopathic

scoliosis was made during the adolescent age. The ex-
clusion criteria were early-onset scoliosis, non-
idiopathic scoliosis, patients with incomplete data and
patients who underwent revision surgery or anterior
surgery. Operated patients whose diagnosis of idio-
pathic scoliosis was made after the age of 18 were ex-
cluded in our study.
Demographic data that were collected included

age, gender, height, weight, body mass index (BMI),
total body surface area and Lenke curve types [26].
Intraoperative and perioperative data such as number
of fusion levels, number of screws, screw density,
preoperative and postoperative radiographic parame-
ters, operative time, intraoperative blood loss, pre-
operative and postoperative haemoglobin (Hb) level,
use of allogeneic blood transfusion, length of hospital
stay after surgery and complication rate were also
documented.
In our study, total intraoperative blood loss was esti-

mated from the cell salvage system using the formula:

Total blood loss mlð Þ ¼
Final volume accumulated in the reservoirð Þ

- Total volume of anticoagulant citrate dextrose ACD½ �ð Þ
- Total fluid used for irrigation intraoperativelyð Þ

þ Total unfiltered bloodð Þ

The total volume of ACD and unfiltered blood (dif-
ference between weights of used and dry reservoir)
was calculated. Total irrigation fluid was measured in-
traoperatively. Massive blood loss was defined when
total blood loss > estimated body blood volume (cal-
culated based on Nadler’s formula) [27]. All major
and minor complications were reviewed and catego-
rized according to severity as proposed by Harms
Study Group [28]. A complication was defined as
major if the patient required reoperation, was consid-
ered life-threatening, or resulted in spinal cord or
nerve root injury. Any minor complication could be
reclassified as a major complication if it resulted in
prolonged hospitalization of > 2 days, required re-
admittance, or required another surgery [28]. Compli-
cations were defined as “perioperative” if they oc-
curred within 6 weeks following surgery.
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Surgical technique
All surgeries were performed by either two spine consul-
tants, or a combination of one spine consultant and an
orthopaedic surgeon undergoing spine surgical training.
Intravenous tranexamic acid was administered to all pa-
tients prior to skin incision. Controlled hypotensive an-
aesthesia was maintained during exposure. Patients were
kept normothermic throughout the surgery. Spinal cord
monitoring was used during the surgery. Three to four
screws were inserted as proximal and base anchors. Al-
ternate level screw placement was performed in between
the proximal and base anchors. Correction manoeuvre
consisted of rod translation and direct vertebral rotation.
Facetectomies were performed to increase the spinal
flexibility prior to correction as well as to assist the fu-
sion process. Autogenous bone graft was obtained from
the spinous processes, laminae, facet joints and trans-
verse processes were processed and distributed over the
fusion bed to augment the fusion process [29]. No allo-
graft or bone substitutes were used. A subfascial drain
was inserted prior to closure. Subcutaneous bupivacaine
was infiltrated before skin closure.

Postoperative protocol
Intravenous morphine delivered through patient-
controlled analgesia (PCA) was provided for a minimum
of 24 h after surgery and was discontinued once con-
sumption falls below 5mg/24 h. Oral celecoxib (Cele-
brex) 200 mg once or twice daily and acetaminophen
tablets 500 to 1000 mg 6 hourly were started once pa-
tients could tolerate orally. Oxycodone hydrochloride
(Oxynorm) capsule 5 mg was used to manage break-
through pain. Postoperative haemoglobin (Hb) level was
checked at 48 h after surgery. Allogenic blood transfu-
sion threshold was Hb level below 8 g/dL or when pa-
tient has symptomatic anemia. The suction drain was
clamped until 18 to 24 h after surgery. Upon release, a
maximum of 200 ml was drained and the drain was sub-
sequently removed. Postoperative drainage was not in-
cluded in the measurement of blood loss. Accelerated
recovery protocol was practiced [30].

Statistical analysis
All data were stored and analysed using the SPSS v 23.0
(IBM Corp., Armonk, NY, USA). Categorical variables
were expressed in number (n) and percentage (%) and
continuous variables were expressed in mean ± standard
deviation (SD). Year-over-year analysis was done using
one-way analysis of variance (ANOVA) to look for sig-
nificant change in the trend of mean correction rate,
mean duration of surgery and mean intraoperative blood
loss. All reported P-values were two-tailed and the cut-
off point of statistical significance was 0.05.

Results
One-thousand one-hundred and forty-six AIS patients
underwent PSF from January 2012 to December 2019.
One thousand fifty-seven patients fulfilled the inclusion
criteria and were included in the study. Eight hundred
eighty-three patients (83.5%) were aged ≤18 years before
operation. Nine hundred seventeen patients were female
(86.8%). The average age of patients was 15.6 ± 3.7 years
old. The mean height was 157.0 ± 7.8 cm with the
mean weight of 46.0 ± 9.0 kg. The body mass index
(BMI) distribution was positively skewed with most
patients having a low-to-normal BMI (mean BMI of
18.6 ± 3.2 kg/m2), and a long tail of patients with
greater BMI. The average total body surface area was
1.4 ± 0.2 m2. Majority were Lenke 1 curve type
(46.9%). The average preoperative serum Hb level
was 13.7 ± 1.2 g/dL. Majority of our patients were at
least Risser 4 (713 patients, 67.5%) (Table 1).
The mean preoperative and postoperative major curve

angles were summarized in Table 2. For thoracic curve,
the mean preoperative and postoperative major curve
angles were 67.9 ± 17.8° and 24.0 ± 12.1°, respectively,
with an average correction rate of 65.3 ± 11.7%. The
mean preoperative major curve angle for thoracolum-
bar/lumbar curve was 62.3 ± 13.9° while the mean post-
operative major curve angle was 20.8 ± 11.0°, with an
average correction rate of 67.4 ± 13.4%.
Perioperative parameters were described in Table 1.

The mean duration of surgery was 146.8 ± 49.4 min. The
average intraoperative blood loss was 952.9 ± 530.4 ml
with 53 patients (5%) required allogeneic blood transfu-
sion. Mean number of fusion levels per patient was
10.3 ± 2.2 levels. The average number of screws used in
each patient was 14.1 ± 2.4 screws, with screw density of
1.3 ± 0.2 screws per fusion level. The average hospital
stay after surgery was 3.5 ± 0.9 days. The mean Hb level
at day 2 postoperatively was 10.9 ± 1.5 g/dl with a mean
drop of Hb level of 2.8 ± 1.5 g/dl.

Perioperative complications
A total of 24 perioperative complications was ob-
served, giving an overall complication rate of 2.27%.
0.95% rate of major complications and 1.32% rate of
minor complications were recorded. Prevalence of
non-neurologic postoperative complications following
corrective surgery was 1.80% with infection being the
leading risk of complication at 1.32%. Superficial
surgical site infection occurred in 12 patients
(1.14%). Transient neurological deficit occurred in 5
patients (0.47%), followed by 2 cases (0.19%) of deep
infection, and superior mesenteric artery syndrome.
The remaining causes were singular events, which
included, massive intraoperative blood loss, intraop-
erative seizure, and lung atelectasis (0.09% each)
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Table 1 Demographic Characteristics and Operative Data

Demographics Age 10–18 Age 19–30 Total p-value

Sex, n (%)

Male 110 (10.4) 30 (2.8) 140 (13.2) 0.09

Female 773 (73.1) 144 (13.6) 917 (86.8)

Age (year) 14.3 ± 1.9 22.5 ± 3.2 15.6 ± 3.7 < 0.01

Menarche age (year) 12.3 ± 1.2 12.8 ± 1.2 12.4 ± 1.2 < 0.01

Distribution by Lenke type, n (%)

1 413 (39.0) 83 (7.9) 496 (46.9) 0.48

2 189 (17.9) 38 (3.6) 227 (21.5)

3 23 (2.2) 8 (0.8) 31 (2.9)

4 27 (2.6) 3 (0.3) 30 (2.8)

5 159 (15.0) 25 (2.4) 184 (17.4)

6 72 (6.8) 17 (1.6) 89 (8.4)

Height (cm) 156.4 ± 7.7 160.0 ± 8.1 157.0 ± 7.8 < 0.01

Weight (kg) 45.2 ± 8.8 50.0 ± 9.1 46.0 ± 9.0 < 0.01

Body mass index (kg/m2) 18.4 ± 3.1 19.5 ± 3.4 18.6 ± 3.2 < 0.01

Body surface area (m2) 1.4 ± 0.2 1.5 ± 0.2 1.4 ± 0.2 < 0.01

Preoperative haemoglobin (g/dL) 13.7 ± 1.2 13.6 ± 1.4 13.7 ± 1.2 0.10

Preoperative major curve Cobb angle (°) 66.7 ± 17.3 65.4 ± 16.5 66.5 ± 17.1 0.36

Risser sign, n (%) 3.3 ± 1.5 4.9 ± 0.6 3.6 ± 1.5 < 0.01

0 73 (8.3) 0 73 (6.9)

1 49 (5.5) 0 49 (4.6)

2 120 (13.6) 0 120 (11.4)

3 102 (11.6) 0 102 (9.6)

4 395 (44.7) 12 (6.9) 407 (38.5)

5 144 (16.3) 162 (93.1) 306 (28.9)

Operative Data

Number of screws 14.1 ± 2.3 14.3 ± 2.4 14.1 ± 2.4 0.33

Number of levels fused 10.3 ± 2.2 10.3 ± 2.1 10.3 ± 2.2 0.84

Proximal level of fusion, median T3 T3 T3 –

Distal level of fusion, median L3 L2 L2 –

Screw density (screws/vertebral level) 1.27 ± 0.20 1.29 ± 0.24 1.27 ± 0.21 0.20

Duration of surgery (min) 143.9 ± 48.4 161.1 ± 52.0 146.8 ± 49.4 < 0.01

Postoperative haemoglobin (g/dL) 10.9 ± 1.5 10.9 ± 1.6 10.9 ± 1.5 0.96

Total blood loss (mL) 945.4 ± 535.7 990.5 ± 502.5 952.9 ± 530.4 0.31

Estimated blood volume (mL) 3103.0 ± 499.7 3376.1 ± 539.0 3148.0 ± 516.1 < 0.01

Total blood loss/estimated blood volume (%) 30.8 ± 17.4 29.9 ± 15.9 30.7 ± 17.1 0.51

Allogeneic blood transfusion n (%) 46 (4.3) 7 (0.7) 53 (5.0) 0.51

Length of stay (days) 3.4 ± 0.9 3.6 ± 1.2 3.5 ± 0.9 0.12

Estimated blood salvage (ml) 485.6 ± 305.6 505.5 ± 297.7 488.9 ± 304.3 0.43

Kwan et al. BMC Musculoskeletal Disorders          (2021) 22:413 Page 4 of 16



(Table 3). Within the perioperative period, we did
not encounter any cases of proximal junctional ky-
phosis, implant failure and revision surgeries.

Superficial SSI
All twelve patients presented with superficial infection
had superficial wound breakdown at the proximal aspect
of the wound. These patients underwent removal of sub-
cuticular and subdermal sutures and followed by daily
dressing for 5–7 days with antibiotics coverage. The
wound was later approximated using adhesive strips. All
wounds healed well without bringing the patients back
to operation theatre. Wound culture was negative in all
twelve patients (Fig. 1).

Deep SSI
Two patients developed deep wound infection. One pa-
tient developed deep infection at day 27 post-operative
and was treated successfully with early debridement with
removal of crosslinks within 24 h of presentation. Cul-
ture was methicillin-sensitive Staphylococcus aureus.
Intravenous Cefazolin and Gentamicin were adminis-
tered for 4 weeks followed by oral Cefazolin for 5
months. Implant was successfully retained (Fig. 2). The
second case of deep infection was a 12-year-old girl who
had Lenke 1B curve with the Cobb angle of 57°. She
underwent PSF from T3-T12. On postoperative Day 11,
she presented with redness over the proximal aspect of
the wound and had purulent discharge on postoperative
Day 14. She underwent wound debridement and the im-
plant was retained. The tissue culture grew Methicillin
Resistant Staphylococcus epidermidis (MRSE). After
wound debridement, she was given 3 days of IV vanco-
mycin and 19 days of Tab Linezolid. Subsequently, she
was covered with another 9 weeks of Tab Rifampicin
and Tab Bactrim. Both the wounds were well-healed 2
years after the debridement.

Transient neurological deficit
One patient developed transient neurological deficit
upon reversal of anaesthesia. Intraoperative neuromoni-
toring was normal. Urgent computed tomography (CT)
and magnetic resonance imaging (MRI) was suggestive
of spinal epidural hematoma (SEH) at T5 level. Fortu-
nately, she had spontaneous neurological recovery 3 h
after surgery after completed the imaging studies. She
regained a full ability to stand and walk and discharged
well after 7 days (Fig. 3). There were four patients who
developed postoperative radicular pain i.e. right L2, left
L2, right T10 and right T5 dermatomes. These radicular
pains lasted from 1 to 4 weeks duration and resolved

Table 2 Comparison of Radiological Parameters between Age Groups

Radiological; mean ± SD Age 10–18 Age 19–30 Total Mean difference p-value

Major thoracic

n (%) 663 (62.7) 136 (12.9) 798 (75.6)

Preoperative (°) 68.4 ± 18.2 65.4 ± 15.9 67.9 ± 17.8 3.0 ± 1.7 0.08

Postoperative (°) 23.6 ± 11.8 26.0 ± 13.2 24.0 ± 12.1 2.4 ± 1.1 0.04

Correction rate (%) 66.1 ± 11.6 61.6 ± 11.7 65.3 ± 11.7 4.5 ± 1.1 0.00

Major thoracolumbar/ lumbar

n (%) 220 (20.8) 38 (3.6) 258 (24.4)

Preoperative (°) 61.7 ± 12.9 65.5 ± 18.4 62.3 ± 13.9 3.8 ± 3.1 0.23

Postoperative (°) 19.8 ± 9.9 27.0 ± 14.9 20.8 ± 11.0 7.2 ± 2.5 0.01

Correction rate (%) 68.5 ± 13.1 60.9 ± 13.1 67.4 ± 13.4 7.6 ± 2.3 0.00

Values are expressed in mean ± SD

Table 3 Perioperative complications of AIS surgery based on
Harms Study Group Complication Categories

Complications Overall
(n = 1057)

%

Major

In-hospital death 0 0

Transient neurological deficit

Spinal Cord 1
4

�
5 0:09

0:38

�
0:47

Nerve Roots

Deep infection 2 0.19

Superior mesenteric artery
syndrome

2 0.19

Massive blood loss 1 0.09

Minor

Superficial infection 12 1.14

Intraoperative seizure 1 0.09

Lung atelectasis 1 0.09

Overall complication rate 24 2.27
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with conservative management with the help of neuro-
pathic medications.

SMA syndrome
Two patients (one Lenke 6C and one Lenke 2AR
curve), with Cobb angle of 49° and 132°, and low
BMI of 16.4 kg/m2 and 16.3 kg/m2 respectively, pre-
sented with SMA syndrome following PSF T2-L3
with complaints of recurrent bouts of vomiting and
weight loss. Abdominal radiographs showed distended
gastric shadow. Computed Tomography Angiography
(CTA) abdomen showed decreased Aortomesenteric
angle and SMA-aorta distance. Principles of manage-
ment involved gastric decompression with nasogastric
tube, correction of electrolytes imbalance and nutri-
tional support with low volume, high calorie nutri-
tional supplement. Both patients were then started
with small but frequent meals. Both patients were
treated successfully with conservative management
and discharged at day 24 and day 26 respectively
(Figs. 4 & 5).

Massive blood loss
One patient had massive intraoperative blood loss of 6.0
l. Blood was replaced with blood salvaged from the cell
saver system. Additionally, patient received allogeneic
blood transfusion. The patient required inotropic sup-
port during surgery and was admitted to intensive care
unit postoperatively for 1 day.

Intraoperative seizure
One patient with Lenke 6C curve developed general-
ized tonic-clonic seizure, which occurred 1 h into
surgery, lasted for 1 min and aborted spontaneously.
Postoperatively, there was no neurological deficit.
MRI of the brain, intraoperative electrolytes and

calcium levels were normal. No acidosis or
hypothermia was documented.

Lung atelectasis
One patient developed lung atelectasis at day two post-
operatively. Chest radiograph showed atelectasis of right
middle and lower lobes. Her condition improved after
intensive chest physiotherapy and oxygen supplementa-
tion and was discharged well at day six postoperatively
(Fig. 6).

Trend analysis
Annual complication rate ranged from 0.88% (Year
2017) to 4.29% (Year 2016). The overall complication
rate increased marginally from 1.89% (n = 475) during
2012 to 2015 to 2.57% (n = 582) during 2016 to 2019.
One-way ANOVA analysis revealed insignificant
change with regards to year-over-year (2012 till 2019)
mean difference in terms of correction rate (p ≥ 0.05).
In contrast, the mean duration of surgery improved
throughout the study period (189.9 ± 60.9 min, year
2012 to 123.0 ± 39.3 min, year 2019) with a plateau
between 2014 to 2017 (Fig. 7). The mean intraopera-
tive blood loss, although fluctuated by year, also
showed improvement from 1263.6 ± 621.6 ml for year
2012 to 762.3 ± 360.3 ml for year 2019 (Fig. 8). When
we sub-analyzed between age groups (younger: 10–18
years old (n = 883) vs older: 19–30 years old (n =
174)), we found that the duration of surgery was
higher in the older age group (mean difference:
17.2 ± 4.1 min, p < 0.001), whereas total blood loss and
number of fusion levels were similar between the
groups (mean difference: 45.1 ± 44.0 ml, p ≥ 0.05;
0.04 ± 0.2 level, p ≥ 0.05 respectively). Pre-operatively,
there were no significant difference in curve angles
between the age groups amongst those with major

Fig. 1 Superficial wound infection (a). The wound was approximated with adhesive strips (b)
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thoracic curve (mean difference: 3.0 ± 1.7°, p ≥ 0.05)
and major thoracolumbar/lumbar curve (mean differ-
ence: 3.8 ± 3.1°, p ≥ 0.05). Post-operatively, correction
rate was higher in the younger age group for both
major thoracic (mean difference: 4.5 ± 1.1%, p < 0.01
and major thoracolumbar/lumbar curve groups (7.6 ±
2.3%, p < 0.01) Out of 24 reported complications, one

patient in the older age group (19–30 years) had
superficial infection.

Discussion
The reported overall perioperative complication rate for
AIS surgery ranged from 3.6 to 27.3% [2, 4, 10–12, 15,
16, 18, 31–34]. However, most literatures included both

Fig. 2 A patient developed deep surgical site infection 3 weeks postoperatively; a showed preoperative swelling and redness over surgical site; b
was post-debridement intraoperatively). c & d were preoperative and e was postoperative AP radiograph. She was treated successfully with early
debridement and removal of crosslinks within 24 h of presentation (f & g)
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idiopathic and non-idiopathic scoliosis [2, 18, 35] util-
izing different approaches (anterior, posterior or com-
bined anterior-posterior) [4, 15–17]. The Scoliosis
Research Society reported that overall complication
rates were similar for anterior (5.2%) versus posterior
approaches (5.1%) [11]. However, combined anterior-
posterior procedures demonstrated twice as high

(10.2%) complication rates [11]. Some authors be-
lieved that AIS patients that underwent combined
procedures were at higher risk of complication as
they tend to have more severe spinal curves [11]
which predisposed to more comorbid conditions [16].
In our study, the overall complication rate of poster-
ior approach in this cohort of AIS patients was 2.27%

Fig. 3 One patient (preoperative x-ray – a & b, postoperative AP x-ray – c) developed transient neurological deficit upon reversal of anesthesia.
Urgent computed tomography (CT) myelography demonstrated cessation of contrast at T5 pedicle level in the sagittal view (dashed line in d)
and axial view (e). Axial view at 5 mm (f) and 10 mm (g) below T5 level showed a thin layer of contrast within the thecal sac. Magnetic resonance
imaging (MRI) showed epidural hematoma with spinal cord compression at T5/6 level (h). The spinal cord was visible at 15 mm below T5/6 level
(i). Clinical assessment, MRI whole spine and CT thoracolumbosacral did not show any secondary causes for scoliosis

Fig. 4 One case with superior mesenteric artery (SMA) syndrome after scoliosis surgery (preoperative x-ray – a & b, postoperative AP x-ray – c).
Sagittal (d) and axial (e) of computed tomography angiography (CTA) of the abdomen revealed aortomesenteric angle of 10°, SMA-aorta distance
of 3.2 mm and constriction of 3rd part of duodenum by the branches of the SMA
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Fig. 5 Another case with superior mesenteric artery (SMA) syndrome after scoliosis surgery (preoperative x-ray – a & b, postoperative AP x-ray – c) Erect
abdominal radiograph (d) showed double bubble sign (white arrows). Sagittal (e) and axial (f) of CTA of the abdomen revealed an Aortomesenteric
angle of 10° and SMA-aorta distance of 2.6mm. Clinical assessment, MRI whole spine and CT thoracolumbosacral did not show any secondary causes
for scoliosis

Fig. 6 A 13-year-old girl with severe rigid scoliosis with preoperative Cobb angle of 117° (a & b) underwent PSF from T2 to L2. Postoperative
Cobb angle was 60° and correction rate was 48.7% (c). She developed lung atelectasis of right middle and lower lobes at postoperative day 2 (d)
which resolved at postoperative day 6 with non-invasive oxygen supplementation and chest physiotherapy
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with major complication rate < 1%. The summary of
the previous literatures which include only AIS pa-
tients who underwent scoliosis corrective surgery is il-
lustrated in Table 4.
Wound complications carry significant morbidity to

patients and increase health-care costs because of longer
hospital stay, surgical debridement, and washout proce-
dures, and the potential need for removal of spinal im-
plants [41]. Direct comparisons are difficult to make due
to wide variations in age groups, surgical approaches
and aetiologies reported in many studies. SSI rates from
the SRS Morbidity and Mortality database series varied
between 0.17 and 1.37% [1, 2, 11]. Most recent and lar-
gest multi-centre analysis involving 84,320 cases of AIS

surgeries in the SRS database reported an overall SSI
rate of 0.52% [1]. Tipper et al. [42] proved that adoption
of a standardized protocol resulted in significant reduc-
tion of SSI risk in pediatric scoliosis surgery.
Intraoperative blood loss in our series was comparable

with other studies, which ranged from 822 to 1212ml
[4, 7, 15, 17, 25, 39], with a reported 5% incidence of
allogeneic blood transfusion. Although our mean dur-
ation of surgery did not differ much year-over-year des-
pite the involvement of different assistants throughout
the study period, the volume of blood loss per level
fused had shown a slow progressive decline from 2012
to 2019. Operative time is a major factor that correlated
with estimated blood loss. However, there were other

Fig. 7 Graph of Mean Duration of Surgery by Year

Fig. 8 Graph of Mean Intraoperative Blood Loss by Year
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subjective factors that could not be measured such as
the amount of effort taken to secure haemostasis (from
soft tissue and from the bone). These could have a sig-
nificant effect on the intraoperative blood loss independ-
ent of the operative time.
Preoperatively, patients’ haemoglobin were optimized

to ensure better physiologic reserve (mean preoperative
haemoglobin of 13.7 ± 1.2 g/dl). As part of the acceler-
ated recovery protocol, patients were prescribed oral
Iberet Folic 500 (multivitamins and minerals) 1 tablet
once a day 1 month prior to operation [30]. Multivariate
analysis by Liang et al. [43] in 110 operated scoliosis pa-
tients demonstrated that higher preoperative haemoglo-
bin (OR: 0.901, p = 0.001) predicted lower allogeneic
intraoperative transfusion rates. In their study, mean
preoperative haemoglobin values were higher in patients
without transfusion than in those with transfusion
(13.70 g/dL versus 12.75 g/dL, p = 0.000). Fernandez
et al. [44] also reported lower probability of transfusion
with higher preoperative haemoglobin. Apart from that,
usage of cell salvage system resulted in reduced need for
blood transfusion [45]. Our study reported mean post-
operative haemoglobin level of 10.9 ± 1.5 g/dl with a
mean drop of haemoglobin of 2.8 ± 1.5 g/dl and an aver-
age 51.4% return of EBL. This coincides with a study by
Bowen et al. [46] who reported an average of 53% return
of EBL as cell salvage system transfusion with a greater
than 5-fold reduction in the allogeneic transfusion rate
in the cell salvage system group. Preoperative optimisa-
tion of patients’ haemoglobin and nutritional status and
usage of cell saver, along with other blood conservation
strategies, help obviate the need for blood transfusion in
our patient population. Usage of prophylactic intraven-
ous tranexamic acid also reduce blood loss [47, 48] and
its possible complications.
In addition, an accelerated recovery protocol following

PSF for AIS patients was adopted in our centre. It com-
prised of preoperative regime, preoperative day of sur-
gery counselling, intraoperative strategies to shorten the
duration of operation and to minimize blood loss and an
accelerated postoperative rehabilitation and pain man-
agement strategies [30]. Adoption of this accelerated re-
covery protocol had led to a short average length of
hospital stay of 3.5 ± 0.9 days in our patients. Recently
published data on the development and implementation
of standardized care pathways showed that these path-
ways are effective in lowering postoperative pain scores,
perioperative transfusion requirement and postoperative
length of stay without an increase in postoperative com-
plications [49–51].
The mean operation time of our study was 146.8 ±

49.4 min with mean total fused level of 10.3 levels. This
was comparatively lower than previous reports which
ranged from 139 to 365min [4, 25, 33]. Basques et al.

[33], in his retrospective database review of 733 AIS
patients who underwent PSF, reported a higher average
operative time of 275 ± 90 min, with 108 patients (14.7%)
having had operative time exceeding 365min. However,
the longer operative time may be influenced by variabil-
ity in surgical technique and number of procedures per-
formed as it is multicentre study involving different
surgeons and institutions. Yilmaz and colleagues [25], in
a comparative study of 105 AIS patients who underwent
posterior corrective surgery, reported a significantly lon-
ger mean operation time of 5.85 h among the pedicle
screw group (screw density: 1.4 ± 0.24) than the other
groups (hook and hybrid construct). The authors cited
that these cases were performed early in the authors’ ex-
perience with thoracic pedicle screws. Roberts et al. [13]
reported a mean operation time of 139min in a retro-
spective cohort of 72 patients. However, the patient
population was of Lenke type-5C thoracolumbar/lumbar
AIS subtype that was treated by PSF using a unilateral
convex segmental pedicle screw technique which re-
quired lower number of fused segment (mean: 6.2 levels
fused). Carreon et al. [4] found that prolonged posterior
surgery time, total anaesthesia time, and increased op-
erative blood loss were associated with higher rates of
non-neurologic complications. The authors determined
that a cut-point of 775 ml of blood loss and 368 min of
total anaesthesia time best discriminates between pa-
tients with and without complications.
Wide heterogeneity in implant density exists

amongst surgeons in AIS surgery with mean implant
density varying from 1.06 to 2.0 implants per level
fused which can achieve mean percentage of major
curve angle correction from 64 to 70% [52]. Our im-
plant density (mean: 1.27 ± 0.21) was considered low
as defined by various published studies [53–55]. With
this implant density, we had achieved correction rates
of 65.3 ± 11.7% for thoracic curves and 67.4 ± 13.4%
for thoracolumbar/lumbar curves. In addition, no pos-
terior column osteotomies were performed, and spinal
mobilization was achieved only with facetectomy. We
believed that the relatively low implant density and
obviating the need for posterior column osteotomies
in this cohort may account for shorter operation time
and lesser intraoperative blood loss.
Published literature showed significant reduction in

operative time [56, 57] and blood loss [53, 56] in low-
density group (LD) group. Shen et al. [56] reviewed 62
consecutive Lenke 1 AIS patients who underwent pos-
terior spinal arthrodesis using all-pedicle screw instru-
mentation and found that LD group (< 1.61 screws/level)
reported shorter operating time (278.4 vs. 331.0 min, p =
0.004) and lower blood loss (823.6 vs. 1010.9 ml, p =
0.048). Kemppainen et al. [57] reviewed 52 AIS patients
and found that LD group not only achieved comparable
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sagittal alignment, coronal balance, and translation of
the major apical vertebra when compared with HD
group, but also reduced operative time (267 vs. 309 min,
p < 0.01) and estimated direct cost ($16,126 vs. $21,967,
p < 0.01). The authors found significantly less blood rein-
fused by the cell saver in the LD group (254 vs. 352 mL,
p = 0.042) using volume of reinfused cell saver blood as
a more accurate surrogate for blood loss. Since low-
density constructs are shown to be safe and clinically
equivalent to higher density constructs, fewer pedicle
screws could be used, which will reduce cost of
hospitalization [55], operative time, blood loss, radiation
and risk of screw malposition [52].
There were several limitations in our study. The study

was designed to report on the perioperative outcome for
AIS patients. As such, long-term results (loss of correc-
tion) and late complication rates (delayed infections, non-
unions, instrumentation failure, crankshaft phenomenon,
etc.) were not reported in this study. The different Lenke
types, flexibility of the curves and skeletal maturity of pa-
tients may influence surgical strategy and level selection
for fusion. This may affect the outcomes and potential bias
may occur if there is a need to infer to certain subgroups.
This study categorized the major and minor complications
based on complication categories as proposed by Harms
Study Group [28] and therefore is only comparable with
other studies which uses this classification. This study
spanned over 8 years duration. Over this duration, there
may be variations in surgical strategy and technique that
could influence the outcome. Blood loss recorded was best
estimates with unaccountable blood loss on patients’
drapes, surgeon gloves, and instruments. We did not as-
sess screw accuracy on postoperative radiographs and did
not analyse the changes of screw accuracy over the years.
We did not perform a comparison between low-density
(LD) construct and high-density (HD) construct in our
retrospective study as our mean implant density was
largely low-density at 1.27 ± 0.21 screws/level. We did not
assess the postoperative restoration of kyphosis and rota-
tional correction of patients. In our institution, we did not
perform immediate post-op lateral view. The reason, we
would like to reduce unnecessary radiation since the pa-
tient has already had many radiographs taken prior to sur-
gery. Our first postoperative lateral view radiograph will
be taken at 8–12 weeks follow up. Previous studies have
been inconsistent in demonstrating effect of screw density
(low-density versus high-density) on postoperative ky-
phosis [58, 59]. Future studies are warranted to further ex-
plore these issues.

Conclusion
AIS patients treated with single-staged PSF in this co-
hort using alternate pedicle screw construct with low
implant density demonstrated an optimum correction

rate of 65.3% for thoracic curves and 67.4% for thoracol-
umbar/lumbar curves, with 0.95% rate of major compli-
cations and 1.32% rate of minor complications. The
prevalence of non-neurologic postoperative complica-
tions following corrective surgery was 1.80% with infec-
tion being the leading risk of complication at 1.32%.
These findings should guide surgeons in their preopera-
tive counselling with patients and practice vigilance in
wound follow-up. Alternate level pedicle-screw place-
ment after the creation of stable proximal and distal
foundations leads to lower implant density and its asso-
ciated lower cost of surgery without sacrificing safety.
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