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Abstract

Purpose Concerns about pain control in patients with

cerebral palsy (CP) are especially anxiety provoking for

parents, given the fact that spasticity, communication is-

sues, and postoperative muscle spasms are significant

problems that make pain control difficult in these patients.

A better understanding of the magnitude and quality of the

pain these patients experience after our surgical procedures

would better prepare the patients and their families. The

purpose of this study is to quantify the amount of postop-

erative pain in children with CP undergoing hip recon-

struction and spinal fusion. Specifically, the study will

compare pain scores and the amount of narcotics used

between the two groups.

Materials and methods This is a retrospective chart re-

view of a consecutive series of children with CP (GMFCS

levels IV and V) over a 5-year period undergoing hip re-

construction (femoral osteotomy, pelvic osteotomy, or

both) and posterior spinal fusion (PSF) at a tertiary-care

pediatric hospital. The primary end point was the total

opioid used by the patient during the hospitalization, by

converting all forms of narcotics to morphine equivalents.

The secondary end point was the documentation of pain

with standard pain scores at standard time points postop-

eratively. Adverse effects related to pain management were

documented for both groups. Student’s t-tests were utilized

to statistically compare differences between the groups,

with significance determined at p\ 0.05.

Results Forty-two patients with CP who underwent hip

reconstruction (mean age 8.8 years) were compared to 26

patients who underwent PSF (mean age 15.4 years). The

total opioid used, normalized by body weight and by days

length of stay (DLOS), in the hip group was 0.49 mg

morphine/kg/DLOS, compared to 0.24 for the spine group

(p = 0.014). The mean pain score for the hip group was

1.52, compared to 0.72 for the spine group (p = 0.013).

There were no significant differences in the occurrence of

adverse effects related to pain management between the

two groups.

Conclusion Patients with CP undergoing hip reconstruc-

tion surgery had significantly more pain, as exhibited by

requiring more narcotics and having higher pain scores,

than those patients undergoing PSF. The knowledge that

hip reconstruction is more painful than PSF for patients

with CP will better prepare families about what to expect in

the postoperative period and will alert providers to supply

better postoperative pain control in these patients.

Level of evidence III (case control series).
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Introduction

The assessment, impact, and treatment of pain in patients

with cerebral palsy (CP), especially those with cognitive

impairment and developmental delay, can be difficult, and

is an important concern for the practitioner, the family, and

the patient [1]. Concerns about postoperative pain control

in patients with CP are especially anxiety provoking, given

the fact that spasticity, communication issues, and
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postoperative muscle spasms are significant issues that

make pain control difficult in these patients [2–4].

More attention in the literature is being focused on the

presence of pain in patients with CP [5, 6]. However, most

of the recent reports have documented the high likelihood

of chronic pain in adolescents and adults with CP [7–9].

There has been very little investigation on the prevalence,

assessment, and control of acute, postoperative pain in

these disabled patients [10].

Patients with CP often need a variety of orthopedic sur-

gical interventions to improve their function, provide pain

relief, or prevent deterioration of themusculoskeletal system

that could negatively impact their future quality of life (QoL)

[11–13]. Frequently, patients with CP, especially those with

GMFCS levels IV and V, have progressive neuromuscular

hip dysplasia, requiring them to undergo hip reconstruction

(femoral osteotomy, pelvic osteotomy, and/or both).

Similarly, these same patients often develop neuromuscular

scoliosis, requiring posterior spinal fusion (PSF).

The concept of an interactive, mutual informed consent

process is now the mainstay in our relationships with our

patients. Part of the informed consent process is a de-

scription of the risks, benefits, and alternatives of the

proposed surgical procedure [14]. A discussion of the

postoperative period, including how much pain their child

may experience, is an expectation of parents [15, 16]. A

better understanding of the magnitude and quality of the

pain these patients experience after our surgical procedures

would better prepare the patients and their families [17–

20]. Furthermore, a better understanding of what to expect

postoperatively frequently leads to better patient satisfac-

tion ratings [21–23].

The purpose of this study is to quantify the amount of

postoperative pain in children with CP undergoing hip re-

construction and PSF. Specifically, the study will compare

pain scores and the amount of narcotics (opioid) used be-

tween the two groups. The goal of the study is to provide

better objective information on postoperative pain in chil-

dren with CP, so that providers can better prepare their

patients and families.

Materials and methods

This is a retrospective chart review of a consecutive series of

children with CP over a 5-year period at a tertiary-care pe-

diatric hospital. Inclusion criteria included patients with di-

agnosis (ICD-9) codes for CP, with a GMFCS level IV or V,

who underwent procedures for hip dysplasia with recon-

struction (femoral osteotomy, pelvic osteotomy, or both) and

PSF identified by CPT codes for those procedures. An ad-

ditional inclusion criterionwas that themedical records of all

patients had to have documented complete pain assessment

scores during the first 3 days postoperatively. Exclusion

criteria were any child with CP who did not undergo those

specific procedures, or those patients who underwent the

procedures without a specific diagnosis of CP. Also, any

patients who had an anterior spinal release and/or fusion as

part of their spine treatment were also excluded from the

study. The study was reviewed and approved by the hospi-

tal’s Institutional Review Board (IRB).

All of the patients in the hip group underwent soft tissue

lengthening with adductor longus and gracilis tenotomy

with a fractional lengthening of adductor brevis, and varus

derotational osteotomies (VDRO). The VDROs were per-

formed through a standard lateral approach with a supine

position and all had a 2-cm femoral shortening performed

as a standard portion of the hip reconstruction to decrease

soft-tissue tension. Patients older than 7 years of age un-

derwent concomitant pelvic osteotomies with the VDRO if

there were any signs of acetabular dysplasia. All pelvic

osteotomies were performed with an anterior approach,

elevating the gluteal muscles off the outer table of the

pelvis; the inner table was not violated. The osteotomies

were lateral-based San Diego-type procedures, with the

graft being taken from the femoral shortening.

The primary end point was the total opioid used by the

patient during the hospitalization, by converting all forms

of narcotics (intravenous and oral) to morphine (MSO4)

equivalents. A normalized opioid value was then obtained

by dividing the total opioid used by the weight of the child

(in kg) and the number of days of hospitalization (nTOU)

(units of mg MSO4/kg-days). All of these patients re-

mained on the inpatient unit for at least 3 days postop-

eratively. The data from these two groups were then

analyzed to determine differences in TOU.

The secondary end point was the documentation of pain

with standard pain scores at standard time points postop-

eratively within the first three postoperative days. The pain

scores were assessed every 4 h for the first three postop-

erative days. Three days were chosen as a time point of

convenience, since some hip patients are discharged on

postoperative day 3. Two pain assessment tools were uti-

lized for patients included in the study. These are both

standard pain assessment tools used at our institution.

Older patients able to communicate verbally used the vi-

sual analog scale (VAS). For non-verbal children, the re-

vised face, legs, activity, cry, and consolability (FLACC)

behavioral tool was used [24, 25].

All patients received standard pain control postop-

eratively through on-demand intravenous narcotics and/or

a patient-controlled analgesia (PCA) pump. The standard

on-demand intravenous morphine dose at our institution is

0.05 mg/kg every 1 h; the standard morphine PCA dose is

0.02 mg/kg every 10 min, with a 1-h maximum of 0.1 mg/

kg. However, occasionally, a substitute opioid with
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equivalent dosing was used. All of the patients in the hip

group also received indwelling epidural catheters (with

local anesthetic) for the first 48 h postoperatively.

In addition, all patients in both groups also received

scheduled intravenous and oral diazepam (0.1 mg/kg every

6 h) and scheduled intravenous ketorolac (0.5 mg/kg every

6 h, maximum daily dose 60 mg) to assist with adjunctive

pain control. These adjunctive pain control modalities were

used in both groups, with standardized dosing regiments. In

these cohorts of patients, none of the spine group had any

additional adjunctive pain control methods, such as in-

trathecal injections or submuscular pain pumps.

The postoperative protocols for each group were similar,

with mobilization out of bed to their wheelchairs either as

soon as possible, typically on postoperative days 1 or 2.

Postoperative immobilization for the hip group was either

with spica casts or with full-time hip abduction pillows and

knee immobilizers (Table 1). All patients were discharged

with adequate pain control with oral medications, and all

patients tolerated transfers from bed to wheelchair. Im-

mobilization for the hip group (either with spica cast or

with the hip abduction pillow) was continued full-time for

6 weeks. Physical therapy was not restarted until 6 weeks

postoperatively in both groups.

Adverse effects related to pain management were

documented for both groups. Student’s t-tests were utilized

to statistically compare differences in the normalized TOU

and the pain scores between the groups, with significance

determined at p\ 0.05.

Results

Our institution’s database search identified a consecutive

series of 68 patients with CP either undergoing hip re-

construction or PSF during the time period of the study

who met the full inclusion criteria for the study. Eight

patients were excluded from the study. Five patients in the

hip group were excluded, two due to incomplete medical

records and three for a diagnosis other than CP. Three

patients in the spine group were excluded, one for in-

complete medical records and two for a diagnosis other

than CP.

Forty-two patients with CP who underwent hip recon-

struction at a mean age of 8.8 years (range 4–21) were

compared to 26 patients who underwent PSF at a mean age

of 15.4 years (range 10–22). The differences in age were

statistically significant (p\ 0.000001). There were no

differences in the GMFCS level between the groups. The

patients in the hip group had a mean Reimer’s index of

68 % (range 40–100 %). The patients in the spine group

had a mean preoperative Cobb angle of 78� (range

50–120). The overall demographics of each group are de-

tailed in Table 1.

The primary end point of the study, the amount of opioid

used, was significantly higher in the hip group when

compared to the spine group. In the hip group, the TOU

was 0.49 mg morphine/kg/DLOS (range 0.02–2.32), com-

pared to 0.24 for the spine group (range 0.06–0.62)

(p = 0.014) (Fig. 1).

The secondary end point of the study, the mean pain

score, was also significantly lower in the spine group

compared to the hip group. The mean pain score for the hip

group was 1.52 (range 0.01–7.00), compared to 0.72 (range

0.0–2.29) for the spine group (p = 0.013) (Fig. 2).

There were no statistically significant differences in the

occurrence of adverse effects related to pain management

between the two groups. Furthermore, subgroup analysis of

the hip group showed no differences in TOU or pain scores

whether the patient was immobilized postoperatively with

a spica cast or with an abduction pillow.

Table 1 Patient demographics

Hip Spine

Males/females 17 males/25 females 16 males/

10

females

Mean age (years) 8.8 (range 4–21) 15.4 (range

10–22)

Length of stay (days) 4.0 (range 3–7) 5.28 (range

3–12)

Deformity (hip—Reimer’s

migration %; spine—

Cobb angle)

68 % uncovered (range

45–100)

78� (range
50–120)

Immobilization 18 spica cast/22 hip

abduction pillow and

knee immobilizer

n/a (no

TLSO

were

used)
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Fig. 1 Total opioid used (normalized by body weight and days length

of stay [DLOS])
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Discussion

Pain assessment and treatment in the CP population is

challenging for both medical providers and families. For

many patients, the lack of verbal skills makes it difficult for

caregivers to distinguish pain from other sources of dis-

comfort [8]. This patient population is especially vul-

nerable if family members or guardians are not present to

help the staff with patient communication and emotional

support [15]. Discussions revolving around pain assess-

ment and treatment are common in dedicated orthopedic

clinics [23]. Even with careful evaluation and optimal

family support, these issues can be difficult and frustrating.

We chose to compare hip reconstruction with spine fu-

sion for several reasons. First, these are very common

operations that patients with GMFCS levels IV and V CP

undergo. Secondly, families frequently note the significant

pain that hip reconstruction in the form of femoral and/or

pelvic osteotomy entails, many telling us that this was the

most painful procedure that their child has had to undergo.

Similarly, because spine fusion can be such a significant

medical event, it is natural that some families assume that

spine fusion MUST be at least as painful (if not more

painful) than hip reconstruction. Because of that, many

families delay the spine fusion significantly. We designed

this study to evaluate the pain that patients experience with

spine fusion, relative to the amount of pain experienced

with hip reconstruction.

In this retrospective series, patients with CP undergoing

hip reconstruction surgery had significantly more pain, as

exhibited by requiring more narcotics and having higher

pain scores, than those patients undergoing PSF. These

findings confirm the subjective opinions of many providers

that care for these patients, as well as the observations of

many patients and their families who have undergone both

procedures. The results of this study are not surprising;

immobilization generally leads to better pain control, and

the immobilization from the spine fusion may be one sig-

nificant cause in the difference in pain generation when

compared to the mobility of a hip that has undergone os-

teotomy and reconstruction.

While recent reports have focused on the difficulty in

assessing pain in patients with CP, we feel that the com-

parisons made in this study are valid [6, 26]. While as a

group the patients with CP may present difficulties in

assessing postoperative pain adequately, the two groups in

our analysis were very homogeneous [24]. There were no

significant differences in GMFCS level, and the patients

were treated at the same institution during the same time

period. Furthermore, for the purposes of this study, all the

patients included had adequate pain assessments.

The focus on family-centered care is shifting our treat-

ment priorities away from isolated clinical outcomes, such

as postoperative radiograph findings, and focusing more on

patient-centric outcomes. Certainly, the ability to provide

adequate postoperative pain control is central to many

patients’ and families’ concerns when considering a sur-

gical procedure [16, 20]. A better understanding of the

magnitude and the quality of the pain these patients ex-

perience after our surgical procedures would better prepare

the patients and their families [22]. Also, the realities of

modern healthcare are shifting towards a higher focus on

patient satisfaction [17]. Indeed, in the future, reimburse-

ment and credentialing may be directly tied to our patients’

satisfaction scores [21]. A better understanding of what to

expect postoperatively has been shown to lead to better

patient satisfaction ratings [18, 19].

In addition to better patient and parent education, we

feel that another very real, practical benefit may come from

the findings in these studies. Most hip reconstructions for

patients with CP are typically done at an earlier age when

compared to the age for PSF, as is shown in our mean age

data for each group. A common complaint we hear from

our families is how difficult the postoperative period after

hip reconstruction can be. For those patients who originally

need hip surgery, the authors have observed hesitancy for

those families to agree to undergo PSF in a timely fashion.

These families often point to the severe postoperative pain

after the hip surgery for their delay in seeking treatment for

the scoliosis, thinking the spine surgery must be ‘‘at least as

painful’’ as the hip surgery. In our experience, this delay

has caused some children’s scoliosis to progress severely,

thus making the ultimate surgical treatment more difficult,

with a concordant higher risk of postoperative

complications.

Our study has several limitations. The retrospective

nature of the review lends the study to be subject to a

variety of bias-related errors. Secondly, the previously

mentioned difficulty in assessing and treating postoperative
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Fig. 2 Pain scores for patients undergoing posterior spinal fusion

(PSF) or hip reconstruction
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pain in patients with CP could be a significant confounding

variable [26]. Thirdly, a single pain score may not fully

represent the overall pain management for a patient over a

postoperative course. We chose to use a single, averaged

score to make a more simplified comparison between the

two groups. By using an average pain score, our reported

scores in this paper were relatively low, because at many

time points, the clinical pain score was zero: the preferred

patient outcome when measuring pain. There were sig-

nificantly high pain scores at times during the course of

treatment in each group; the differences in the mean values

demonstrate that the overall pain control was better, with

lower pain scores, in the spine group compared to the hip

group. Finally, our results only include patients from our

institution; however, we believe that our deficiencies with

pain management in CP patients occur commonly in many

centers that treat these patients.

In conclusion, patients with CP undergoing hip recon-

struction surgery had significantly more pain, as exhibited

by requiring more narcotics and having higher pain scores,

than those patients undergoing PSF. The knowledge that

hip reconstruction is more painful than PSF for patients

with CP will better prepare families about what to expect in

the postoperative period and will alert providers to provide

better postoperative pain control in these patients.
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