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Abstract
Study Design: Retrospective cohort.

Objective: To understand which patient and surgical factors are predictive of an increased odds of undergoing an admission and a
prolonged stay >2 days in an intensive care unit (ICU) following corrective surgery for pediatric deformity.

Methods: The 2016 American College of Surgeons—National Surgical Quality Improvement Program (ACS-NSQIP) Pediatric
Spinal Fusion Procedure Targeted database records, merged with original 2016 ACS-NSQIP Pediatric file variables, were used for
this study. Univariate and multivariate analyses were used to identify independent risk factors associated with admission, as well as
a prolonged length of stay in the ICU following surgery.

Results: A total of 1398 (39.5%) patients required an ICU admission following the procedure—out of whom 416 (29.8%) stayed for
more than 2 days. Following adjusted analysis, patient and surgical factors independently associated with an ICU admission were black/
African American versus white race, anterior fusion, combined fusion, nonidiopathic scoliosis, preoperative ventilator dependence,
asthma, having structural pulmonary abnormality, developmental delay, having a neuromuscular disorder, requiring nutritional support
and a total operative time >270 minutes. The only significant factors associated with a prolonged length of ICU stay >2 days were
preoperative ventilator dependence, nutritional support requirement, and undergoing anterior or combined fusion.

Conclusions: This study is the first of its kind to identify significant patient- and procedure-level factors associated with an ICU
admission, and also explores predictors for a prolonged stay in the ICU. Surgeons can use this data to preoperatively counsel
families and ensure postoperative course of care is appropriately planned ahead of time.
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Introduction may be modified to reduce the overall cost burden of the
surgery.

Because of the prolonged operative time and the need for
adequate and appropriate pain control in the acute postopera-
tive period, a certain subset of pediatric deformity patients

Pediatric spinal deformities are often complex cases that pose
a major challenging task for an orthopedic/spine surgeon.
While conservative treatment remains the initial sought-out
management for these conditions, a significant proportion of
patient ultimately end up requiring corrective surgery, in the
form of spinal fusions, to alleviate the quality of life. With an
overall increase in the number of spinal fusions being per- ! The Ohio State University, Wexner Medical Center, Columbus, OH, USA
formed for management of pediatric scoliotic conditions,'* as .
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often require intensive care unit (ICU) admission/stay follow-
ing surgery. ICU stays can be costly,* and as the current health
care system moves toward a widespread adoption of value-
based approaches aimed to increasing the quality of care while
controlling unnecessary health care resource utilization,” there
is a need for identification of risk factors that may predispose
patients to a prolonged ICU stay following surgery for pediatric
spinal deformity.

Using a national surgical dataset of patients undergoing pedia-
tric spinal fusions, the current study aims to understand 2 major
objectives: (1) identification of patient- and operative-level risk
factors associated with an ICU admission following surgery for
pediatric deformity and (2) risk factors associated with a pro-
longed ICU stay of more than 2 days following spinal fusion.

Materials and Methods

Database

In 2016, the American College of Surgeons—National Surgical
Quality Improvement (ACS-NSQIP) released a Pediatric
Spinal Fusion Procedure Targeted Database. The Spinal Fusion
Procedure Targeted dataset is an enhanced subset of the larger
ACS-NSQIP database and contains granular clinical infor-
mation relevant to pediatric spinal fusions (CPT-22800, CPT-
22802, CPT-22804, CPT-22808, CPT-22810, and CPT-22812).
Complete details of the Spinal Fusion Procedure Targeted data-
set can be found elsewhere.® Using unique case IDs, the 2016
ACS-NSQIP Pediatric Spinal Fusion Procedure Targeted data-
set was merged with the larger 2016 ACS-NSQIP Pediatric
database to retrieve a complete list of variables that could be
analyzed as part of the study. The ACS-NSQIP Pediatric Spinal
Fusion Procedure Targeted dataset defines the length of stay in
the ICU as any part of a 24-hour period that a patient spends in
the ICU as defined by the program’s hospital acuity definition
on level of care. Any units that do not deliver ICU level of care
under the hospital’s definition of ICU would not qualify as ICU
admission in the database.

To identify patient- and procedure-level characteristics of
patients being admitted to the ICU, the study cohort was
divided into 2 major groups for further analysis: (1) those who
were admitted to ICU following surgery versus (2) those who
were not admitted to an ICU following surgery. To analyze
predictors/risk factors associated with a prolonged ICU stay,
a separate subgroup analysis was carried out between (1)
patients staying in ICU for more than 2 days versus (2) patients
staying in the ICU for 1 to 2 days. The cutoff for a prolonged
length of stay of more than 2 days, was chosen arbitrarily based
on clinical fact that most pediatric deformity patients who get
admitted to the ICU stay for around 1 to 2 days.

Statistical Analysis

Univariate analyses, using Pearson chi-square tests, were used
to assess for unadjusted associations between clinical charac-
teristics of the study population and ICU admissions. Similar

unadjusted univariate comparisons were also carried out to
identify significant associations between patient/clinical char-
acteristics and a prolonged ICU stay. All variables with a P
value <.1 were added into a multivariate logistic regression
model to identify independent predictors associated with an
ICU admission, as well as prolonged ICU stay, following a
pediatric spinal deformity operation. To prevent multicolli-
nearity in our regression models, we ran collinearity diagnos-
tics to retrieve variance inflation factors (VIF) for variables. A
VIF > 2.5 was set as the cutoff for dropping variables from
regression model. None of our variables had a VIF > 2.5 and
were therefore retained in the final model. For all statistical
purposes, a P value of less than .05 was considered significant.
All statistical analyses were performed using SPSSv24 (IBM,
Armonk, NY).

Results

A total of 1398 (39.5%) patients required an ICU admission
following spinal fusion for pediatric deformity (Table 1).

Independent Risk Factors for an ICU Admission

Following adjustment in a multivariate logistic regression
model, independent predictors associated with an ICU admis-
sion following surgery were black/African American race ver-
sus white (odds ratio [OR] 1.28 [95% CTI 1.05-1.57]; P = .014),
undergoing an anterior-only versus posterior-only fusion (OR
2.03 [95% CI 1.05-3.93]; P = .036), undergoing a combined/
anterior-posterior versus posterior-only fusion (OR 2.52 [95%
CI 1.29-4.92]; P = .007), having congenital/structural scoliosis
(OR 1.35 [95% CI 1.01-1.79]; P = .042), kyphosis (OR 2.02
[95% CI 1.46-2.81]; P < .001), neuromuscular scoliosis (OR
2.33 [95% CI 1.68-3.24]; P <.001) or syndromic scoliosis (OR
2.14 [95% CI 1.39-3.29]; P = .001), being preoperatively ven-
tilator dependent (OR 2.83 [95% CI 1.48-5.39]; P = .002),
having asthma (OR 1.43 [95% CI 1.09-1.87]; P = .009), having
a structural pulmonary abnormality (OR 1.89 [95% CI 1.32-
2.71]; P = .001), diagnosis of developmental delay (OR 1.28
[95% CI 1.01-1.63]; P = .041), concurrent neuromuscular dis-
order (OR 1.37 [95% CI 1.07-1.76]; P = .014), requiring nutri-
tional support (OR 1.59 [95% CI 1.05-2.41]; P = .028), and a
total operative time >270 minutes (OR 1.91 [95% CI 1.64-
2.22]; P <.001) (Table 2).

Predictors of a Prolonged ICU Stay >2 Days

A total of 416 patients (29.8% of ICU patients) stayed for more
than 2 days. Unadjusted analyses of patient- and procedure-
level characteristics associated with a prolonged ICU stay >2
days can be seen in Table 3. Following adjustment in multi-
variate regression, independent risk factors associated with a
prolonged ICU stay >2 days were preoperative ventilator
dependence (OR 2.32; P = .004), nutritional support require-
ment (OR 1.83; P =.009), and undergoing anterior (OR 2.63; P
= .034) or combined (OR 3.67; P = .001) fusion (Table 4).
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Table I. Baseline Clinical Characteristics Between Intensive Care
Unit (ICU) and Non-ICU Stay Pediatric Deformity Patients: Long
Fusions (>4 Levels During Anterior Approach and >7 Levels
During Posterior Approach).

No ICU ICU
Admission, Admissions,
Baseline Clinical Characteristics n (%) n (%) P
Age (years) <.001
<12 339 (15.8) 340 (24.3)
12-13 604 (28.2) 398 (28.5)
14-15 726 (33.9) 421 (30.1)
16-18 471 (22.0) 239 (17.1)
Gender .008
Male 637 (29.8) 475 (34.0)
Female 1503 (70.2) 923 (66.0)
Race 115
White 1507 (70.9) 976 (70.0)
Black or African American 342 (16.1) 253 (I8.1)
Asian 53 (2.5) 42 (3.0
American Indian/Alaska Native 6 (0.3) 1 (0.1)
Native Hawaiian/Pacific Islander 13 (0.6) 4 (0.3)
Unknown/Not reported 219 (10.3) 122 (8.8)
Body mass index (kg/m?) <.001
<20 881 (41.2) 711 (50.9)
20-30 1056 (49.3) 559 (40.0)
>30 203 (9.5) 128 (9.2)
Scoliosis <.001
Idiopathic 1626 (76.0) 684 (48.9)
Congenital/Structural 158 (7.4) 117 (8.4)
Kyphosis 93 (4.3) 92 (6.6)
Neuromuscular 189 (8.8) 433 (31.0)
Syndromic 46 (2.1) 60 (4.3)
Unable to classify 28 (1.3) 12 (0.9)
Preoperative ventilator 15 (0.7) 97 (6.9) <.001
dependence
Asthma 139 (6.5) 190 (13.6) <.001
Bronchopulmonary dysplasia 76 (3.6) 98 (7.0) <.001
Requiring oxygen support 12 (0.6) 41 (2.9) <.001
preoperatively
Tracheostomy 9 (0.4) 47 (3.4) <.001
Structural pulmonary abnormality 60 (2.8) 172 (12.3) <.001
Esophageal/Intestinal disorder 118 (5.5) 230 (16.5) <.00I
Prior cardiac surgery 59 (2.8) 83 (5.9) <.00I
Developmental delay 293 (13.7) 495 (35.4) <.001
Seizure disorder 90 (4.2) 223 (16.0) <.00I
Cerebral palsy 95 (44) 207 (14.8) <.001
Structural central nervous system 204 (9.5) 258 (18.5) <.001l
abnormality
Neuromuscular disorder 277 (12.9) 486 (34.8) <.001
Steroid use 14 (0.7) 20 (1.4) .021
Nutritional support 57 (27) 204 (14.6) <.00lI
Hematologic disorders 38 (1.8) 42 (3.0) .0l6
Inotropic support at time of 21 (1.0) 11 (0.8) .550
surgery
Cardiopulmonary resuscitation 0 (0.0 1 (0.1) 216

within 7 days prior to surgery
Childhood cancer .146

Current cancer 3(0.1) 4 (0.3)
History of cancer 12 (0.6) 15 (1.1)
No 2125 (99.3) 1379 (98.6)

(continued)

Table |. (continued)

No ICU ICU
Admission, Admissions,

Baseline Clinical Characteristics n (%) n (%) P

Total operative time (min) <.001
0-270 1256 (58.7) 550 (39.3)
>270 884 (41.3) 848 (60.7)

Approach <.001
Posterior 2107 (98.5) 1343 (%96.1)
Anterior 18 (0.8) 24 (1.7)
Combined 15 (0.7) 31 (2.2%)

Type 0.017
Primary 1956 (91.4) 1244 (89.0)
Revision 184 (8.6) 154 (11.0)

Length of fusion <.001
Long 1503 (70.2) 780 (55.8)

Short 637 (29.8) 618 (44.2)

Discussion

As evidenced in our findings, nearly 40% of pediatric defor-
mity patients are admitted to the ICU following a spinal fusion
procedure with nearly 30% of these patients staying for more
than 2 days. Providers can use this data to not only understand
the patient population who would require an ICU stay but also
launch optimization strategies aimed at minimizing the need
for a prolonged ICU stay, reduce the hospital length of stay and
subsequently curb costs associated with unnecessary health
care resource utilization.

Among patient-level factors, we noted that race/ethnicity
and higher comorbidity burden influenced the need for an ICU
stay following spinal fusion for pediatric deformity. Notably,
children of black/African American ethnicity, as compared
with white/Caucasian, were more likely to be admitted to an
ICU. This finding is similar to previously reported observa-
tions by Silber et al,” showing that black patients, as compared
with white patients, were more likely to have an ICU use.
Among other factors, patients with a concomitant neuromus-
cular disorder, asthma, preoperative ventilator dependency,
structural pulmonary abnormality were more likely to be
admitted to an ICU following the surgery. Neuromuscular
disorders are known to interfere with routine respiratory
mechanisms.®” Furthermore, pediatric patients are at marked
risk of developing hypoventilation after an invasive surgery
such as a complex spinal fusion for pediatric deformity. Given
the latter, it is likely that providers may be cautious and would
prefer having pediatric deformity patients with existing neu-
romuscular disorders to be admitted to an ICU, so that appro-
priate resources are available to immediately optimize and/or
mechanically ventilate the patient if a scenario may arise.
Concurrent pulmonary comorbidities such as asthma, preo-
perative ventilator dependence and having a structural pul-
monary abnormality may also influence a provider’s choice
in the same way.
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Table 2. Adjusted Risk Factors Associated With an Intensive Care
Unit Admission Following Corrective Surgery for Pediatric Spinal

Table 3. Univariate Analysis of Risk Factors Associated With a

Prolonged Intensive Care Unit (ICU) Length of Stay >2 Days.

Deformity.
Risk Factor Adjusted OR [95% ClI] P
Race
White Reference —
Black or African American 1.28 [1.05-1.57] 014
Asian 1.04 [0.66-1.63] .883
American Indian/Alaska Native 0.26 [0.03-2.39] 235
Native Hawaiian/Pacific Islander 0.41 [0.13-1.32] .135
Unknown/Not reported 0.90 [0.70-1.17] 423
Approach
Posterior Reference —
Anterior 2.03 [1.05-3.93] .036
Combined 2.52 [1.29-4.92] .007
Scoliosis
Idiopathic Reference —
Congenital/Structural 1.35 [1.01-1.79] .042
Kyphosis 2.02 [1.46-2.81] <.001
Neuromuscular 2.33 [1.68-3.24] <.001
Syndromic 2.14 [1.39-3.29] .001
Unable to classify 0.87 [0.42-1.78] .693
Preoperative ventilator dependence 2.83 [1.48-5.39] .002
Asthma 1.43 [1.09-1.87] .009
Structural pulmonary abnormality 1.89 [1.32-2.71] .001
Developmental delay 1.28 [1.01-1.63] .041
Neuromuscular disorders 1.37 [1.07-1.76] .014
Nutritional requirement 1.59 [1.05-2.41] .028
Total operative time >270 min 1.91 [1.64-2.22] <.001

Our results also found that patients with developmental
delay were more likely to be admitted to an ICU. Given that
these patients are complex, and require higher acuity care, this
finding is not surprising. However, it is imperative to highlight
that recent literature has shown that pediatric individuals with
developmental delay are at higher risk of developing delir-
ium.'® Enhanced care pathways aimed at optimizing outcomes
for patients with developmental delay may be an effective way
of mitigating the need for an ICU admission while maintaining
the quality of care. Anterior-only and/or combined fusions are
largely invasive procedures, as compared to posterior-only
fusions, and have been shown to be associated with significant
morbidity in adults'"'? and pediatric patients.'*'* It is likely
that the invasiveness of the approach may guide the choice of
an ICU admission in these patients. We also noted that per-
forming spinal fusions on all types of nonidiopathic scoliosis
was also associated with higher odds of ICU admission, and it
is probable that the higher comorbidity burden seen in conge-
nital/neuromuscular/syndromic scoliotic types may be playing
a role. In addition, the varying complexity and/or invasiveness
of the spinal fusion employed in different types of scoliosis
may also be responsible for the higher odds of ICU admissions
seen in these high-risk patients. Last, spinal fusions exceeding
an operative time of more than 270 minutes was associated
with higher risk of ICU admission. Increasing operative time
has been shown to be associated with poor 30-day outcomes in
adult spinal deformity surgery.'>'” An increasing operative

ICU Length ICU Length
of Stay -2 of Stay >2
Baseline Clinical Characteristics ~ Days, n (%) Days,n (%) P
Age (years) <.001
<12 205 (20.9) 135 (32.5)
12-13 285 (29.0) 113 (27.2)
14-15 322 (32.8) 99 (23.8)
16-18 170 (17.3) 69 (16.6)
Gender .007
Male 312 (31.2) 163 (39.2)
Female 670 (68.2) 253 (60.8)
Race 125
White 691 (70.7) 285 (68.5)
Black or African American 184 (18.8) 69 (16.6)
Asian 28 (2.9) 14 (3.4)
American Indian/Alaska Native 1 (0.1) 0 (0.0)
Native Hawaiian/Pacific Islander 4 (0.4) 0 (0.0)
Unknown/Not reported 74 (7.5) 48 (11.5)
Body mass index (kg/m?) <.001
<20 460 (46.8) 251 (60.3)
20-30 424 (43.2) 135 (32.5)
>30 98 (10.0) 325 (7.2)
Scoliosis <.001
Idiopathic 551 (56.1) I33 (32.0)
Congenital/Structural 83 (8.5) 34 (8.2)
Kyphosis 70 (7.1) 22 (5.3)
Neuromuscular 228 (23.2) 205 (49.3)
Syndromic 40 (4.1) 20 (4.8)
Unable to classify 10 (1.0) 2 (0.5)
Preoperative ventilator 29 (3.0) 68 (16.3) <.001
dependence
Asthma 115 (11.7) 75 (18.0)  .002
Bronchopulmonary dysplasia 39 (4.0) 59 (14.2) <.001
Requiring oxygen support I (1.1) 30(7.2) <.00I
preoperatively
Tracheostomy 16 (1.6) 1 (7.5) <.00l
Structural pulmonary abnormality 80 (8.1) (22.I) <.001
Esophageal/Intestinal disorder 127 (12.9) |03 (24.8) <.001
Prior cardiac surgery 56 (5.7) 27 (6.5) .569
Developmental delay 277 (28.2) 218 (524) <.001
Seizure disorder 110 (11.2) 3 (27.2) <.00lI
Cerebral palsy I (11.3) 96 (23.1) <.001
Structural central nervous system 155 (15.8) 103 (24.8) <.001
abnormality
Neuromuscular disorder 264 (26.9) 222 (53.4) <.001
Steroid use 13 (1.3) 7 (1.7) .605
Nutritional support 81 (8.2%) I23 (29.6) <.001
Hematologic disorders 25 (2.5) 7 (4.1) 123
Inotropic support at time of 4 (0.4) 7 (1.7) 014
surgery
Cardiopulmonary resuscitation 0 (0.0) 1 (0.2) 124

within 7 days prior to surgery
Childhood cancer 934

Current cancer 3(0.3) 1 (0.2)
History of cancer 10 (1.0) 5(1.2)
No 969 (98.7) 410 (98.6)
Total operative time (min) .001
0-270 413 (42.1) 137 (32.9)
>270 569 (57.9) 279 (67.1)

(continued)
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Table 3. (continued)

ICU Length ICU Length
of Stay 1-2  of Stay >2

Baseline Clinical Characteristics  Days, n (%) Days, n (%) P

Approach <.001
Posterior 958 (97.6) 385 (92.5)
Anterior 12 (1.2) 12 (2.9)
Combined 12 (1.2%) 19 (4.6)

Type .057
Primary 884 (90.0) 360 (86.5)
Revision 98 (10.0) 56 (13.5)

Length of fusion <.001
Long 592 (60.3) 188 (45.2)

Short 390 (39.7) 228 (54.8)

Table 4. Multivariate Analysis Showing Risk Factors for a Prolonged
Length of Stay in the Intensive Care Unit >2 Days.

Risk Factor Adjusted OR [95% CI] P
Preoperative ventilator dependence 2.32[1.31-4.10] .004
Nutritional support 1.83 [1.17-2.86] .009
Approach
Posterior Reference —
Anterior 2.63 [1.08-6.44] .034
Combined 3.67 [1.65-8.17] .001

time may be considered a proxy of case-complexity or the
occurrence of certain intraoperative complications thus requir-
ing these patients to continued care in a high-acuity surveil-
lance environment such as in the ICU.

While the aforementioned factors were associated with an
ICU admission, it is important to relate that the only significant
predictors for a prolonged ICU stay of more than 2 days were
preoperative ventilator dependence, nutritional support, and
undergoing an anterior and/or combined fusion. These results
support the fact that most patients only stay in the ICU for a
short time, and the equipment of other alternative acuity-care
level units (where overhead charges and/or costs are not high)
with appropriate care providers would be an effective way for
reducing costs associated with ICU stay. Construction of
enhanced care pathways, involving preoperative optimization
in patients requiring nutritional support, for instance, would
also be an operational approach toward avoiding needless pro-
longed ICU stays. It is important to consider that appropriate
selection of patients and enhancing perioperative pain proto-
cols'® may significantly alleviate the usage and costs associ-
ated with an ICU admission. This is particularly essential in the
cases of invasive anterior and/or combined fusions where pain
may be higher as compared to conventional posterior fusions.
Abu-Kishk et al'® conducted a retrospective single institution
review of children undergoing primary scoliosis surgery and
concluded that, similar to our findings, young, healthy idio-
pathic scoliosis children undergoing posterior fusions could
be successfully managed in regular wards in the acute

postoperative period. While the study also went on to discover
that the use of long-acting opioids was associated with
increased odds of ICU admission, the lack of adjunct anes-
thetic/pain protocols and/or granular clinical data with regard
to anesthetic medications in the NSQIP dataset prevents us
from analyzing this possible aspect. The NSQIP dataset also
lacks differentiation between other postoperative care units
such as high-acuity units, high-dependency units, and/or gen-
eral wards. It is also vital to deliberate that while the NSQIP
dataset takes into account a number of comorbidity and
surgical-related variables, it still lacks clinical data about the
severity of scoliosis and radiographic parameters such as
the Cobb’s angle, which may be useful in including as part
of the analysis.

Conclusion

Despite the limitations, the study is the first of its kind to use a
relatively large sample size from a national validated surgical
dataset of pediatric spinal fusions and identify a number of
patient- and operative-level risk factors associated with an ICU
admission and a prolonged ICU stay. Nearly 70% of ICU
patients stayed for fewer than 2 days. Identification and/or risk
stratification of individuals in this group can allow providers
and care-givers to tailor and construct suitable care pathways,
aimed at optimizing the outcome of these high-risk patients in a
routine surgical ward setting, rather than having these patients
undergo care in an expensive high-acuity setting such as the
ICU. Meaningfully, the only patients who would ultimately
require a prolonged intensive care and/or may benefit from
an ICU admission were those with preoperative ventilator
dependence, nutritional support requirement, or undergoing
an anterior/combined fusion.
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