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Abstract: Objective: Postoperative intensive care unit (ICU) admission might be required in adolescent patients
following posterior fusion and instrumentation surgery for the treatment of scoliosis. We aimed to evaluate the
predictive factors for mechanical ventilation and the characteristics of the patients who required an ICU stay follow-
ing spinal surgery. Methods: We retrospectively reviewed the records of 85 children undergoing primary scoliosis
surgery at a university-affiliated general hospital from January 2010 and June 2020 by the same spinal surgeon.
The demographic data, pre- and peritoperative variables were collected and recorded. All patients underwent sur-
gery with a combined anesthesia protocol of fentanyl and remifentanil. Results: There were 31 males (36.5%) and
54 females (63.5%). In the postoperative period, 13 patients (15.3%) were admitted to the ICU, and six of them
required mechanical ventilation. Among these, three patients (50%) were extubated within the postoperative 0-12
hours, two (33.3%) within postoperative 12-24 hours, and one (16.7) after postoperative 24 hours. The major com-
plications included acidosis (4.7%), hemodynamic instability (1.2%), hypercapnia (1.2%), hypoxemia (1.2%), and de-
layed extubation (1.2%). Conclusions: A smaller bodyweight percentile, neuromuscular etiology, abnormal findings
in preoperative chest X-ray, additional comorbidities, and preoperative estimated risk for postoperative mechanical
ventilation were among the risk factors for postoperative ICU stay. The age, height, weight, degree of the curvature,
and the number of operated segments did not have an association with the postoperative outcomes.
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Introduction may lead to major complications. Thus, these
patients may need admission to the intensive
care unit (ICU) following surgery in order to
decrease morbidity and mortality, and provide

efficient recovery [4, 5].

Scoliosis is a lateral curvature of the spine of
10° or more, often with a rotational compo-
nent. The severe cases with a higher curvature
degree, which is defined with the Cobb angle,
require surgical reduction [1]. With the increas-
ing annual rate of recent cases in developing
countries, scoliosis surgery including spinal
fusion and instrumentation is one of the most
frequently performed operations in the adoles-
cent age group [2, 3].

The aim of this study is to define the demo-
graphic, structural, and systemic variables in
the patients who required ICU stay following spi-
nal surgery.

Materials and methods

The surgery for scoliosis includes the applica- We conducted a retrospective chart review of

tion of different types of instruments in order to
provide spine alignment. Surgical treatment of
scoliosis is related to a high level of blood loss
and prolonged operation time which can be a
cause of increased hospital stay, need for
intensive care, rampant medical costs, and

85 patients with scoliosis who underwent
spinal fusion and instrumentation in the
Orthopedics and Traumatology Clinic of Uludag
University Medical, School between January
2010 and June 2020 by the same spine
surgeon. The study was approved by the
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Institutional Review Board (2020-11/3), and
conducted in accordance with the Declaration
of Helsinki. Informed consent was signed by all
of the patients.

Inclusion criteria included a diagnosis of ado-
lescent idiopathic scoliosis and a posterior spi-
nal instrumentation and fusion surgery with
either idiopathic, neuromuscular, or congenital
etiology. Exclusion criteria included incomplete
radiographic and clinical data, recurrent sur-
gery, and an age of <10 and >18 years

The variables include age, gender, weight,
height, preoperative Cobb angle, etiology of
scoliosis, and comorbidities which were col-
lected and recorded. Patient records were fur-
ther scanned for additional pathological find-
ings in the preoperative examinations including
Gross Motor Function Test for neuromuscular
scoliosis, chest X-ray, magnetic resonance
imaging (MRI), electrocardiography (ECG), echo-
cardiography, spirometric evaluations, and any
anticonvulsive therapies. Intraoperative vari-
ables included the total number of instrument-
ed spinal levels, the use of thoracoplasty, intra-
operative neuromonitoring, and wake-up test.

All patients underwent surgery with a combined
anesthesia protocol of 2 mcg/kg of fentanyl for
induction, followed by a continuous infusion of
0.5 mcg/kg/min remifentanil. An intravenous
0.03 mg/kg morphine patient-controlled anes-
thesia (PCA) was started immediately before
wound closure after the operation.

The patients were subgrouped in terms of a
need for ICU admission following the surgery.
Among them, patients who required admission
to ICU were further classified into two groups
for the need for mechanical ventilation. The
study variables were compared between the
groups, and the risk factors were evaluated. We
also compared the study variables between the
patients who developed a major complication
in the postoperative course.

Statistical analysis

The statistical analyses of the study data were
done using SPSS v.22.0 (IBM Corp, USA). The
demographic variables were presented as num-
ber and percentages. The continuous variables
for the comparison of study groups were pre-
sented as mean + standard deviation. The nor-
mality of the variables was tested using a
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Kolmogorov-Smirnov test, and the difference
between the study groups was calculated using
the student’s t-test. A p-value of <0.05 was
accepted as statistically significant.

Results

The study population included 85 adolescent
patients who underwent spinal instrumentation
surgery for scoliosis by a single surgeon within
a ten year period.

There were 31 males (36.5%) and 54 females
(63.5%). Eighteen patients (21.2%) had an
additional vertebral or spinal abnormality con-
comitant with the current condition. Forty
patients (47.1%) exhibited abnormal chest X-ray
findings, cardiology consultation revealed an
aberrant ECG pattern in seven (8.2%), and pre-
operative echocardiography revealed abnormal
results in 15 patients (17.6%). Eleven patients
(12.9%) were under medical treatment with
anticonvulsant agents due to their conditions,
and the number of cases with an ASA class of
-1V was five (5.9%).

Forty-one patients (48.2%) had additional
comorbidities including a forced vital capacity
(FVC) of <79%, congenital heart disease, car-
diomyopathy, arrhythmia, chronic renal failure,
epilepsy, hemorrhagic disease, and coagulopa-
thy. Demographic variables of the pediatric
patients who underwent spinal fusion and
instrumentation surgery for correction of scoli-
osis are presented in Table 1.

The preoperative evaluation estimated a post-
operative ICU admission need for 60 patients
(70.6%). The number of operated vertebral seg-
ments in the same session and the need for
thoracoplasty were presented in Table 2.
Seventy-three patients (85.9%) underwent
intraoperative neuromonitoring during the
surgery.

In the postoperative period, 13 patients (15.3%)
were admitted to the ICU, and six of them
required mechanical ventilation. Among these,
three patients (50%) were extubated within the
postoperative 0-12 hours, two (33.3%) within
postoperative 12-24 hours, and one (16.7)
after postoperative 24 hours (Table 3).

The characteristics of the patients who required
an ICU stay are presented in Table 4. Eight
cases (9.4%) experienced a major complication
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Table 1. Demographic variables of the pediatric pa-
tients who underwent spinal fusion and instrumenta-
tion surgery for correction of scoliosis

Number %

Gender

Male 31 36.5

Female 54 63.5
Etiology for scoliosis

Idiopathic 64 75.3

Neuromuscular 20 23.5

Congenital 1 1.2
Additional vertebral/spinal abnormality

Yes 18 21.2

No 67 78.8
Abnormal findings in chest X-ray

Yes 40 471

No 45 52.9
Intraoperative opioid type

Morphine 68 80.0

Remifentanyl 4 4.7

Fentanyl 13 15.3
Estimated postoperative need for ICU

Yes 60 70.6

No 25 29.4
ASA

| 55 64.7

Il 25 29.4

11 4 4.7

\% 1 1.2
Abnormal result in spirometer testing

Yes 1 1.2

No 4 4.7

Missing 80 94.1
Abnormal finding in ECG

Yes 7 8.2

No 77 90.6

Missing 1 1.2
Abnormal finding in Echocardiography

Yes 15 17.6

No 70 82.4
Anticolvulsant use

Yes 11 12.9

No 74 87.1
Gross Motor Function Score

1 63 74.1

2 6 71

3 5 5.9

4 5 5.9

5 5 5.9

Missing 1 1.2
Additional comorbidities

Yes 41 48.2

No 44 51.8
Type of the spinal curve

Kyphosis 10 11.8

Scoliosis 75 88.2
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during the early postoperative period. The
major complications included acidosis
(4.7%), hemodynamic instability (1.2%),
hypercapnia (1.2%), hypoxemia (1.2%),
and delayed extubation (1.2%).

The comparison of variables between the
patients with or without postoperative
adverse events is presented in Table 5.
The age, height, weight, preoperative Cobb
angle, and the number of operated seg-
ments did not differ between the groups
with or without major complications (P =
0.21, P=0.42, P =094, P=0.75, P =
0.83, respectively), postoperative need for
ICU(p=0.72,P=0.52,P=0.81,P=0.79,
P = 0.89, respectively), postoperative
need for mechanical ventilation (P = 0.60,
P=0.72, P =0.92, P = 0.30, P = 0.06,
respectively), and postoperative need for
mechanical ventilation among ICU inter-
nalized patients (P = 0.88, P = 0.78, P =
0.38, P =0.74, P = 0.83, respectively).

Although the number of operated seg-
ments was higher in the overall patient
group who required a postoperative ICU
stay, the difference did not reach statisti-
cal significance (13.17+2.79 vs 11.25%
2.82; P =0.06).

ICU admission correlated significantly with
lower body weight percentile [odds ratio
(OR), 2.02 95%; confidence interval (Cl)
1.96-2.04], neuromuscular etiology (OR,
1.21; 95% Cl 1.10-1.32), an abnormal find-
ing in chest X-ray (OR, 1.52; 95% CI 1.41-
1.65), additional comorbidities (OR, 1.96;
95% CI 1.78-2.19), estimated postopera-
tive need for ICU in the preoperative evalu-
ation (OR, 2.74; 95% Cl 2.38-3.06) (Table
6; Figure 1).

There were no deaths nor cases of read-
mission to the ICU in the studied patient

group.

Discussion

Adolescent patients who undergo spinal
fusion and instrumentation for scoliosis
may experience high rates of postopera-
tive complications which may require
admission to an ICU and a need for
mechanical ventilation. The recent data
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Table 2. Intraoperative variables of the pediatric pa-
tients who underwent spinal fusion and instrumenta-

tion surgery for correction of scoliosis

sis [6]. However, as reported in our study,
15.3% of the patients admitted to the ICU,
and 7.0% of them were intubated. All intu-

Number of operated segments

5 2
6 4
7 2
8 6
9 4
10 10
11 16
12 14
13 8
14 3
15 8
16 8
Thoracoplasty
Yes 6
No 78
Missing data 1
Intraoperative Neuromonitoring
Yes 73
No 12

2.4
4.7
2.4
71
4.7
11.8
18.8
16.5
9.4
3.5
9.4
9.4

71
91.8
1.2

85.9
141

bated patients except one with hypoxemia
were extubated within postoperative 24
hours. Also, the ages of the patient groups
in their cohort were younger than our
patients, being 8.1+2.1 years for growth
rod insertion, 12.9+1.7 years for anterior
release procedures, and 14.2+2.2 years
for posterior fusion and instrumentation.
The mean age of our cases who required
an ICU stay was 15.58+1.75 years in our
study group. Furthermore, all cases in our
cohort underwent posterior instrumenta-
tion and fusion for scoliosis treatment.

Among patient-related variables, we noted
that a high ratio of the patients (10/13)
who required a postoperative ICU stay
had additional comorbidities including a
decreased FVC, congenital heart disease,
cardiomyopathy, arrhythmia, chronic renal
failure, epileptic seizures, and hematologi-
cal conditions. Furthermore, six out of thir-

Table 3. Postoperative variables of the pediatric pa-
tients who underwent spinal fusion and instrumenta-

tion surgery for correction of scoliosis

teen ICU patients had an abnormal chest
X-ray finding prior to the surgery. On the
other hand, we found that the ASA score
was not a predictive factor in our study
group, and none of the patients with an

Postoperative need for ICU

Yes 13

No 72
Postoperative need for mechanical ventilation

Yes 6

No 7
Time for extubation

0-12 hours 3

12-24 hours 2

>24 hours 1
Major complication

Yes 69

No 16

15.3
84.7

46.2
53.8

50
33.3
16.7

81.2
18.8

ASA score of IlI-IV required an ICU stay fol-
lowing the surgery. Also, one out of seven
patients, an epileptic male patient with
regular use of anticonvulsants with an
aberrant ECG pattern during the preopera-
tive evaluation studies was followed-up in
the ICU without extubation.

It is widely accepted that patients with
developmental delay are more prone to
ICU admission in the postoperative period
[7]. Among our cases, six out of thirteen
ICU patients had a body weight and height
of less than the 5th percentile, and three

available on the characteristics of patients who
required an ICU admission following scoliosis
surgery is limited.

A recent study by Chhabra et al reported that
post-operative ventilation may be required in
20-35% of patients undergoing various correc-
tion procedures for the management of scolio-
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of them were intubated. Noteworthy is that

the common etiology for intubation was
acidosis in these patients, and five had con-
comitant morbidity.

The patients with a neuromuscular etiology are
in the high-risk group for ICU admission, the
requirement of mechanical ventilation, delayed
extubation, and postoperative complications,
given the weakness of muscles in respiratory
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Table 4. Characteristics of the cases that required ICU stay following the surgery

Patient #1 Patient #2 Pa:;”t Pa::”t Pa;ﬁ”t Pa:g”t Patient #7  Patient #8 Pa:;”t Patient #10 Patient #11  Patient #12 Pitfs”t
Age 18 14 18 14 15 13 15 17 13 12 18 17 16
Gender M F M F M F M F F M M F M
Body weight percentile 58 86 31 <1 <1 <1 58 9 <1 <1 96 2 61
ASA 2 2 1 1 1 1 2 3 3 2 2 2 2
Etiology of scoliosis Congenital/  Idiopathic  Idiopathic Idiopathic Idiopathic Idiopathic Neuromuscular Neuromuscular Idiopathic Neuromuscular Neuromuscular Neuromuscular Idiopathic

Structural
Spinal cord abnormality Yes No No No No Yes No No No No No Yes No
Preoperative Cobb angle 50 52 45 45 48 51 50 52 45 45 48 51 50
Abnormal finding in chest Yes No No No No Yes No No Yes Yes Yes Yes No
X-ray
Preoperative estimation for Yes No Yes Yes Yes Yes No Yes Yes Yes Yes Yes Yes
postoperative ICU stay
ICU condition Extubated Intubated  Intubated Intubated Intubated Extubated Extubated Extubated Intubated Extubated Intubated Extubated Extubated
Time of extubation - 0-12 h 12-24h  12-24h 0-12 h - - - >24 h - 0-12 h - -
Aberrant ECG pattern Yes No No No No No No No No No No No No
Abnormal echocardiogram Yes N/A* Yes N/A N/A Yes Yes Yes N/A N/A N/A N/A N/A
Anticonvulsant use Yes No No No No No No Yes No No No No No
Gross Motor Function Score 1 1 1 4 1 2 1 1 1 3 1 1 1
Operated levels T12-S1 T2-T12 T2-L.3 T12-L3  T2T12 T2-L3 T2-S1 T2-L5 T2-S1 T2-L4 T4-L5 T9-L4 T2-L3
IONM** Yes No No No Yes Yes Yes No Yes Yes Yes Yes No
Additional comorbidity Yes No No Yes No Yes Yes Yes Yes Yes Yes Yes Yes
Major complication Implant  Hemodynamic Acidosis Acidosis  Acidosis None Hypercapnia Delayed Hypoxemia None Hypotension None Acidosis

failure instability extubation

*N/A: Echocardiogram was not performed. **Intraoperative neuromonitoring.

5390

Am J Transl Res 2021;13(5):5386-5394



ICU risk for pediatric scoliosis surgery

Table 5. Comparison of variables between the patients with or without postoperative adverse events

Yes No p value
Major complications Age (years) 16.06+1.84 15.43+1.78 0.21
Height (cm) 143.75+20.25  148+20.2 0.42
Weight (kg) 40.81+14.86 42.33+17.66 0.94
Preoperative Cobb angle (°) 46.13+8.80 44.9+7.28 0.75
Number of operated segments 12.25+3.64 11.33+2.84 0.83
Postoperative need for ICU Age (years) 15.58+1.75 15.38+2.10 0.72
Height (cm) 147.6+20.68 145+17.56 0.52
Weight (kg) 42.43+17.44 39.92+15.47 0.81
Preoperative Cobb angle (°) 45.28+7.72 44.31+6.72 0.79
Number of operated segments 12.92+3.68 11.25+2.82 0.89
Postoperative need for mechanical Age (years) 15.5+1.75 15.33+2.16 0.60
ventilation Height (cm) 147.6+20.68 145.6+16.7 0.72
Weight (kg) 42.43+17.44 41+16.14 0.92
Preoperative Cobb angle (°) 45.28+7.72 42.5+8.31 0.30
Number of operated segments 13.17£2.79 11.25+2.82 0.06
Postoperative need for mechanical Age (years) 15.5+1.75 15.28+2.74 0.88
ventilation among ICU internalized  Heijght (cm) 147.6420.68 144.4+19.55 0.78
patients Weight (kg) 42.43+17.44 3941610  0.38
Preoperative Cobb angle (°) 45.28+7.72 45.86+5.18 0.74
Number of operated segments 13.17+£2.79 12.71+4.54  0.83

functions, and relevant pulmonary and system-
ic conditions [8-11]. A retrospective study of
adolescent patients undergoing scoliosis sur-
gery reported that the incidences of delayed
intubation, pulmonary complications of both
major and minor types, and major complica-
tions as 45%, 46.6%, and 45%, respectively in
the neuromuscular disease group [12]. Of our
patients, 25% (5/20) with a neuromuscular
condition required an ICU stay, and only one of
them was intubated due to hemodynamic insta-
bility and received inotropic agents. The ratio of
patients who required an ICU stay in the early
postoperative period is higher in the neuromus-
cular disease group compared to the subjects
without the condition, similar to previously pub-
lished worldwide data.

Pediatric patients are more prone to developing
hypoventilation after scoliosis surgery, and
patients with a neuromuscular disease require
higher acuity care and advanced management
of pulmonary functions [7]. Furthermore, due to
the severe and progressive behavior of their
condition, patients with neuromuscular dis-
ease may require a more aggressive treatment
strategy of instrumentation of multiple spinal
levels in one session [13].
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Posterior fusion procedures are associated
with a lower rate of pulmonary complications
and a shorter duration of ICU stay. Previous
global studies reported an ICU stay of 3.5-4.9
days in posterior-only procedures, and this peri-
od was longer in patients who underwent com-
bined anteroposterior correction surgery [14,
15]. In our study group, the interval for ICU stay
was 1.9-3.0 days including the time under
mechanical ventilation for intubated cases.

According to our data, the predictive factors for
an ICU admission after spinal instrumentation
surgery are impaired physical development,
neuromuscular etiology, abnormal result in
chest X-ray, additional comorbidities, and an
predicted ICU stay in the preoperative assess-
ment by the anesthesiology team. Our findings
did not support that a greater Cobb angle was
associated with a postoperative ICU stay. A
possible explanation is that the number of
patients with a Cobb angle >60° was five in our
study group, and this is lower than the previ-
ously published data [16-19]. In addition, since
the total operation time has a major influence
on the hospital length of stay and ICU admis-
sion, these variables are strongly correlated
with the number of the operated segments in
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Table 6. Cox regression analysis of variables asso-
ciated with ICU stay in pediatric patients following

scoliosis surgery

segments to be fused, and only 13 patients
required admission to the ICU. This might
be a consequence of the management of

ICU stay
OR (95% Cl)

anesthesia procedures during the surgery
which minimized the need for ICU internal-

Gender
Female
Male

Body weight percentile
>35th percentile
<35th percentile

Etiology of scoliosis
Idiopathic
Neuromuscular
Congenital

Additional vertebral/spinal abnormality
No
Yes

Abnormal findings in chest X-ray
No
Yes

Estimated postoperative need for ICU
No
Yes

Cobb angle
>90°
<90°

Anticolvulsant use
No
Yes

Intraoperative opioid type
Fentanyl/Remifentanyl
Morphine

Additional comorbidities
No
Yes

1.00 (reference)
1.67 (1.55-1.77)

1.00 (reference)
2.02 (1.96-2.04)

1.00 (reference)
1.21(1.10-1.32)
1.02 (0.97-1.08)

1.00 (reference)
1.79 (1.69-1.89)

1.00 (reference)
1.52 (1.41-1.65)

1.00 (reference)
2.74 (2.38-3.06)

1.00 (reference)
1.32(1.22-1.43)

1.00 (reference)
1.67 (1.48-1.86)

1.00 (reference)
1.29 (1.12-1.46)

1.00 (reference)
1.96 (1.78-2.19)

ization and mechanical ventilation.

Although remifentanil is a better-tolerated
anesthetic agent with a favored potential
for decreasing the incidence of ICU admis-
sion in comparison to opioids, the intraop-
erative anesthesia protocol was similar in
our patient group, hence the effect of
agents used for the induction and continu-
ation of the sedation on ICU stay could not
be further evaluated in our study group.

A recent study on the National Inpatient
Sample (NIS) database of the United
States revealed that intraoperative neuro-
monitoring (IONM) was utilized in only 18%
of the pediatric spinal fusion surgeries,
and the ratio of postoperative complica-
tions was higher in the patients IONM was
not used. In addition, although there was
not reported mortality among the patients
in the IONM group, 0.2% of the patients in
the non-INOM group died [20]. In our study,
the ratio of the patients who had an IONM
was 85.9%, and eight out of thirteen
patients in the ICU group received an
IONM. We did not experience death in our
study group either for the IONM, or the
non-IONM group within ten years duration.
Since we measured Gross Motor Function
Score in patients with a neuromuscular
deficit, IONM was not further employed in
this patient group with a higher neurologi-

Cl, confidence interval; OR, odds ratio.

the scoliosis surgery. The number of the oper-
ated segments in the same session was similar
between the groups, and we did not notice a
higher incidence of ICU stay in the patients with
a more extended operation area. However, our
patient group consisted of adolescents who
underwent primary surgery and were not previ-
ously operated on, and secondary cases with
multiple previous procedures might yield differ-
ent outcomes. On the other hand, preoperative
evaluation by the anesthesiology team estimat-
ed an ICU stay for 60 cases with a neuromuscu-
lar etiology and a higher number of planned
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cal burden, since further iatrogenic dam-
age during surgery was not expected.

Reports suggest that hypotension is a common
postoperative incident after scoliosis surgery
independent of the patient or surgery-related
factors [21, 22]. However, we observed hypo-
tension in only one of our patients and he was
extubated within 0-12 hours of the intubation.
Since the risk factors and management meth-
ods have advanced within the ten years of our
study duration, we did not experience an inci-
dent of acute renal injury, rhabdomyolysis, car-
diac or hemodynamic instability in our study
group, which were previously reported by vari-
ous articles in the literature.

Am J Transl Res 2021;13(5):5386-5394
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Gender (male)

Body weight percentile (<35th percentile)
Etiology of scoliosis (Neuromuscular)
Etiology of scoliosis (Congenital)

Additional vertebral/spinal abnormality (Yes)
Abnormal findings in chest X-ray (Yes)
Estimated postoperative need for ICU (Yes)
Cobb angle (<90°)

Anticolvulsant use (Yes)

Intraoperative opioid type (Morphine)

Additional comorbidities (Yes)

tional comorbidities, and esti-
mated risk for postoperative
mechanical ventilation in the
preoperative anesthesiology
visit are among the risk fac-
tors for admission to the ICU
following a spinal fusion and
instrumentation surgery. Fur-

-— ther studies with stratified

- groups and homogenous pop-
ulations would provide a bet-
ter understanding of the at-
risk populations for an ICU
stay, and optimize the man-
ageable conditions for these
patients.

|

0,1

QOdds Ratio

10
Disclosure of conflict of inter-

est

Figure 1. The odds ratio distribution of the variables, gender, body weight
percentile, etiology of scoliosis, additional vertebral/spinal abnormality, ab- None.
normal findings in chest X-ray, estimated postoperative need for ICU, Cobb

angle, anticonvulsant use, intraoperative opioid type, and additional comor-

bidities in the preoperative evaluation.

One limitation of our study is its retrospective
nature and heterogeneous nature of the study
population. In addition, we did not conclude the
intraoperative variables including total blood
loss, need for transfusion, and total operation
time. However, those are the variables that
were studied with large patient groups for
decades, and we aimed to evaluate different
variables in order to launch optimization strate-
gies and define the risk groups depending on
novel criteria. On the other hand, this is a rela-
tively large cohort from a single surgeon during
a decade, and the operative methods, technol-
ogy, spinal instrumentation system equipment
have been evolved over time alongside the
experience of the operating surgeon. Hence,
simultaneous developments in the area of
intra- and postoperative care, as well as the
preoperative identification of patients who
would require an ICU stay allow the anesthesi-
ologists to determine their postoperative care
strategies tailored for each individual patient.

In conclusion, despite the limitations, this sin-
gle-center study specifically considers the fac-
tors for an ICU admission and intubation follow-
ing a spinal fusion and instrumentation surgery
in a pediatric population from the perspective
of the anesthesiology. Our data indicate that a
smaller bodyweight percentile, neuromuscular
disease, abnormal findings in chest X-ray, addi-
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