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Idiopathic Scoliosis Patients using Quality 
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INTRODUCTION
Scoliosis is a deformity of the spine noted 
by abnormal curvature. A normal spine is 
straight in the coronal plane, but when 
scoliosis occurs, the spine curves in a C 
or S shape. Approximately 1−3% of the 
US population is diagnosed with scolio-
sis.1 Eighty percent of those patients are 
diagnosed with idiopathic scoliosis, mean-
ing no identifiable cause.2 Observation and 

conservative management can treat most patients 
with idiopathic scoliosis; however, approxi-

mately 10% require surgical intervention.1

The most common surgery recommended 
is known as a posterior spinal fusion. This 
procedure is a reasonably complex sur-
gery where instrumentation corrects the 
deformity and prevents the curvature 
from progressing. Bone graft material, 

synthetic or allogenic, and autograft, is 
used during surgery to create a fusion mass 

along the vertebrae, allowing the spine to heal 
in its corrected position. Traditionally, patients 

undergoing posterior spinal fusions tend to have longer 
lengths of stay (LOS) than other elective orthopedic sur-
geries. Universal surgical techniques (eg, placing pedicle 
screws and correcting deformities) increase standardiza-
tion, which can lead to a decreased LOS.3

Before this QI initiative, our institution ranked 15 out 
of 16 amongst our Pediatric Health Information System 
(Children’s Hospital Association, Washington D.C.) peer 
group, with only 47% of our cases with an actual LOS 
compared with the expected LOS.4 Previous studies have 
reported lengths of stay in similar populations as approxi-
mately 3−5 days.5–8 The scope of our effort focused on the 
LOS between the spinal fusion procedure and discharge. 
At our institution, the LOS for patients with idiopathic 
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scoliosis was nearly 5 days. Longer LOS can increase the 
risk of postoperative complications and comorbidities.9 
To better align our LOS with the peer benchmarks and 
improve clinical outcomes, a quality improvement (QI) 
project was initiated. The QI effort aimed to increase the 
percentage of idiopathic scoliosis patients with a LOS less 
than or equal to 4 days after posterior spinal fusion from 
39.13% to 90%.

METHODS

Context
Our orthopedic department is part of a large, tertiary-care 
medical center. We have a Center for Comprehensive 
Spine Care where we strive to provide the best patient 
care in-line with industry standards and evidence-based 
practice. Our institution performs an average of 70 pos-
terior spinal fusion procedures for idiopathic scoliosis 
patients annually. Many disciplines manage each patient, 
including, but not limited to the pain team, orthopedics, 
physical therapy, inpatient nursing, occupational therapy, 
discharge planning, and child life. Although all of these 
disciplines are beneficial and necessary for the compre-
hensive treatment of each patient, our spine team recog-
nized we did not have a standard of care that guided the 
length of stay (LOS). More standardized pathways have 
proven to reduce the LOS.10 The electronic medical record 
system used is Epic (Epic Systems, Verona, Wis.)

Key Drivers and Interventions
Our team consisted of multiple orthopedic surgeons, the 
inpatient spine patient care coordinator (a nurse prac-
titioner, NP), the spine program coordinator (NP), pain 
team members (an anesthesiologist and NP), a QI strat-
egist, and other consultants from our institution. Team 
leaders also networked with providers from the University 
of Michigan and Children’s Healthcare of Atlanta11 and 
reviewed additional literature12,13 to learn from others’ 
successful protocols, which improved LOS. Our QI team 
developed key drivers and interventions utilizing process 
mapping and impact/effort analyses, as shown in the key 
driver diagram (Fig. 1). Every team member worked col-
laboratively and contributed expertise to each appropri-
ate intervention.

Staff Expectations of Pain Control
Interventions for this effort began by realigning staff 
pain control expectations, including the orthopedic spine 
team, pain team, registered nurses on the inpatient unit, 
and others who care for or educate patients and families 
throughout their spinal fusion journey. Project leaders 
emailed all groups with spinal fusion surgery information 
and provided education about expected pain levels at 
discharge using the Wong-Baker FACES scale.14 The pain 
scale includes patients rating their pain level from 0 to 10. 
A pain rating of <5 is acceptable for discharge.

Another intervention was developing a spine patient 
care coordinator NP position to manage each patient’s 
perioperative pathway. This pathway starts with a pre-
operative visit at least 30 days before surgery to educate 
patients and families and to assess a patient’s physical 
status. During this visit, the spine patient care coordina-
tor educates patients and families about what to expect 
during their hospital stay and reviews the daily checklist 
below (Fig. 4). This education helps set realistic expecta-
tions for hospital admission. The spine patient care coor-
dinator also collaborates with all other disciplines caring 
for the patient to follow agreed-upon pain control guide-
lines and expectations. Our team developed and imple-
mented this position in August 2020.

Best Practice Policy Development/Pain Medication 
Administration
One main contributing factor to an extended LOS was 
when patients were on a patient-controlled analgesia 
(PCA) pump. Baseline data revealed that our spinal fusion 
patients averaged 3.4 days connected to the PCA pump 
(Fig. 2). Therefore, we collaborated with the pain team 
and spine surgeons and referenced industry best practices 
to develop a new pain management protocol (Fig.  3), 
which underwent successful Plan-Do-Study-Act (PDSA) 
cycles following the model for improvement15 and was 
ultimately implemented in March 2018. The full protocol 
(Figure 3) is listed below, and a few highlights of this bun-
dle that proved successful are:

- Transitioning from basal to demand-only dosing of 
the PCA pump immediately postoperative through the 
postoperative day (POD) 1 with a lockout of 10−12 
minutes.

- Adding oral oxycodone to the patient’s regimen on the 
afternoon of POD 1.

- Discontinuing PCA pump on POD 2.
- Using ketamine and gabapentin.

○ Due to a national shortage of ketamine, we used 
gabapentin in the pre- and postoperative period in 
July 2018, which reduced the LOS. When ketamine 
was again available, we stopped the gabapentin 
and began using ketamine, but immediately our 
average LOS increased. Therefore, we halted ket-
amine and established gabapentin as the bundle 
standard.

- Adding intravenous (IV) ketorolac in the intraoper-
ative and postoperative periods. We transitioned to 
ibuprofen once the patient tolerated oral intake.

- Using lidocaine infusion in the intraoperative and 
postoperative period.

- Preventing/managing nausea: Utilizing preoperative 
scopolamine patch and aprepitant.

We also looked at mobility restrictions for our spine sur-
gery patients. When viewing LOS pathways at other insti-
tutions, it was evident that getting patients up and moving 
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quicker after surgery would lead to a shorter LOS. Therefore, 
we collaborated with physical therapy and began placing 
orders for patients to get up and sit on the side of the bed 
or in a chair with physical therapy on the evening of POD 
0 instead of waiting until the morning of POD 1. Further 
advancement to ambulation is then allowed on POD 1 as 
tolerated. In addition, a massage therapy consult was added 
to the protocol to further assist with pain management.

We updated our standard diet advancement guide-
lines to allow patients to begin a clear liquid diet on 

POD 0 instead of waiting until the morning of POD 1. 
In addition to diet advancement, we started chewing 
gum 3 times daily to stimulate the gastric system begin-
ning on POD 0.16 We continue to utilize a standardized 
bowel regimen to prevent common gastrointestinal 
complications.17,18

Epic Order Sets
We updated our Epic order sets in May 2018 to reflect 
the best practice changes we had implemented. These 

Fig. 1. Key driver diagram demonstrating the QI initiative’s aim, key drivers and interventions.

Fig. 2. X-bar chart indicating a decrease in patient days on a PCA pump after a spinal fusion procedure.



Reducing Postoperative LOS for Scoliosis using QI

4

Pediatric Quality and Safety

order sets guide providers to be compliant in following 
the new protocol. The changes included pain medication 
updates, mobility restrictions, and diet advancement 
adjustments. By aligning the order sets with the updated 
protocols, we increased provider compliance with the 
established guidelines, reducing LOS in this patient 
population.

Patient/Family Education and Expectations
To align patients’ and families’ expectations during spi-
nal fusion postoperative care, we created a daily checklist 
for spinal fusion (Fig. 4). Families receive the checklist at 
their preoperative appointment and during their inpatient 
stay. They can use this checklist to follow along with daily 
care, hold the clinical team accountable to the guidelines 

Fig. 3. Newly implemented spinal fusion pain management protocol.
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and anticipate the next steps in their care. This check-
list underwent multiple PDSA cycles throughout protocol 
development, and the expected LOS decreased.

Measures and Analysis
For the outcome metric, we monitored the percentage of 
patients in the target population discharged in less than or 
equal to 4 days from the end of the spinal fusion proce-
dure to discharge. In addition, we measured and tracked 
actual LOS between the procedure’s end and the hospital 
discharge time. Process metrics included the patient’s time 
on a PCA pump and PDSA-related measures, including 
the average LOS based on the medications given preoper-
atively and postoperatively. We used a p-chart for the per-
cent of patients meeting the 4-day LOS and an x-bar chart 
to measure the average LOS in days. Finally, to ensure that 
patients were not enduring unmanaged pain because of a 
shorter LOS, the balancing metric tracked the volume of 
patients returning to the hospital (ED visit or readmission) 
due to pain after a posterior spinal fusion procedure.

Ethical Issues
This QI project focused on the perioperative care of 
pediatric surgical patients with idiopathic scoliosis. Our 
institutional guidelines on QI work on human subjects 
did not require IRB approval. Quality improvement team 
members accessed medical records as part of routine job 
functions.

RESULTS
Three hundred fifty-six patients with idiopathic scoliosis 
underwent posterior spinal fusion during the 61-month 
study period. Before any intervention, only 39.13% of 
the population met the target of 4 days from the pro-
cedure to discharge, with an average LOS of 4.93 days 
(Fig. 5,6). Throughout the project, we achieved multiple 
statistically significant shifts19 (determined using statis-
tical process control charts and 2-sample t tests) in the 
average LOS from the baseline of 4.93 days, ultimately 
achieving an average LOS of 2.59 days (P ≤ 0.001) 

Fig. 3. Continued.



Reducing Postoperative LOS for Scoliosis using QI

6

Pediatric Quality and Safety

(Fig. 6). The initial shift to 4.26 days (P = 0.047) occurred 
after implementing a new pain management protocol in 
March 2018. Implementing gabapentin in the pre- and 
postoperative periods alongside the new pain manage-
ment protocol likely caused an additional shift to 3.77 
days (P = 0.005). The final shift to an average LOS of 
2.59 days (P ≤ 0.001) occurred after adding the Spine 
Patient Care Coordinator and updating the protocol 
(Fig. 6). These interventions collectively led to a reduc-
tion in the LOS for this patient population. Ultimately, 
our outcome measure of the percent of patients with LOS 
≤ 4 days increased from 39.13% to 93.48% (P ≤ 0.001)
(Fig. 5).

In identifying key process indicators involved with 
our outcome measure, the leading key process indica-
tor for success was whether the patients were off the 
PCA pump on postoperative day (POD) 2. At the proj-
ect’s inception, only 13.64% of the patient population 
were removed from PCA pumps on POD 2, with an 
average time on PCA pumps of 3.41 days. We knew 
that if most patients were still receiving IV pain med-
ications on POD 3, achieving a discharge aligned with 
our goal would be unattainable. Patients would need to 
be transitioned to oral pain medications much earlier 

than previously done. After implementing the pain man-
agement protocol, which included pre-/postoperative 
gabapentin, 40.74% of patients were off pain pumps 
on POD 2 with an average time of 2.55 days. The per-
centage moved in an undesirable direction to 18.97% 
when the surgical teams started using ketamine and 
stopped using gabapentin in May 2019. However, with 
the updates to the pain management protocol, including 
the re-introduction of gabapentin, and the addition of 
the inpatient spine NP in the Fall of 2020, the mean 
shifted back up and sustained 97.75% of patients off 
PCA pumps on POD 2 with an average of 1.79 days on 
the PCA pump. As a balancing measure, we measured 
readmissions related to postoperative pain in our target 
population. We did not find any statistically significant 
increase in readmissions or ED visits during the dura-
tion of this project.

DISCUSSION
This QI initiative focused on decreasing the postproce-
dure LOS of pediatric spinal fusion patients with idio-
pathic scoliosis. Over the last 3 years, we collaboratively 
worked with our pain team, orthopedics spine team, and 

Fig. 4. Spinal fusion daily checklist developed for patients and families.
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inpatient care team members to develop an LOS protocol 
that included changes in pain management and improve-
ments to the mobility and dietary advancement pathway. 
As a result, we now approach each patient’s spine surgery 
and admission through a focused lens that follows a path-
way to reduce LOS while appropriately managing pain 
for this population of spinal fusion patients.

Our target population included patients with idio-
pathic scoliosis who underwent an initial posterior spi-
nal fusion by orthopedic surgeons between January 
2017 and January 2022. The project team also chose to 
include patients with idiopathic early onset scoliosis who 
underwent initial insertion of growing rods as a part of 
the same clinical pathway. Excluded from this study were 

Fig. 5. P-chart showing the percentage of idiopathic spinal fusion patients discharged in less than or equal to 4 days after the 
procedure.

Fig. 6. X-bar chart indicating the length of stay (LOS) for idiopathic spinal fusion patients between procedure and discharge.



Reducing Postoperative LOS for Scoliosis using QI

8

Pediatric Quality and Safety

patients with neuromuscular scoliosis, as comorbidities 
can complicate their treatment course and require multi-
disciplinary care from other subspecialties throughout the 
healthcare system. In addition, we excluded patients with 
syndromic scoliosis, scoliosis associated with other med-
ical conditions, kyphosis, spondylolisthesis, or patients 
who had a fusion completed by another service, such as 
Neurosurgery. Also excluded were patients who under-
went growing modality lengthening and revision surgeries.

Many spine institutions worldwide have developed 
effective LOS pathways to send patients home sooner. 
Reducing LOS by more than 2 days for each patient 
can significantly impact a hospital’s infrastructure in the 
finance and workforce realms and the overall cost to the 
individual families. In addition, reducing LOS minimizes 
resources which, when allocated elsewhere, reduces the 
overall burden on the healthcare system. Due to the sig-
nificant reduction in LOS with the implemented interven-
tions, we have since updated the checklist to remove POD 
4, with expected discharge on POD 3.

One project limitation is the need to individualize each 
patient’s treatment plan when circumstances arise. For 
example, social situations that impact discharge planning 
can negatively impact LOS outcome measures. We found 
that extensive preoperative planning is crucial to limit the 
possibility of unexpected situations arising. For unantici-
pated aspects of a patient’s care, such as response to pain 
medication, the patient’s overall well-being always takes 
priority over meeting the items on the discharge checklist.

Another limitation is patients and families feel “pushed” 
toward discharge as we follow the checklist. Families have 
expressed concern as we use the “ready for discharge” 
language. They voice that our attention is sometimes on 
the discharge day, not their perceived medical needs. We 
have taken these concerns seriously and now explain that 
our generalized expectations can differ for every patient 
throughout the perioperative process.

CONCLUSIONS
In conclusion, we successfully reduced the LOS after pos-
terior spinal fusion for patients with idiopathic scoliosis 
and have sustained this reduction throughout our spine 
program. In addition, we have received positive feedback 
regarding increased communication and expectations 
from patients, families, and inpatient and outpatient 
staff. With protocols and interventions in place, all care 
team members have the resources to continue successfully 
implementing this work.

With the knowledge obtained through this project, 
we assess how to apply these same principles to patients 
with other types of scoliosis and kyphosis. Although 
standardizing a pathway for patients with comorbidities 
has proven challenging, we hope to tailor this project’s 
interventions to other patient populations and continue 
to reduce LOS.
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