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WHAT’S NEW: This is the first study of a pediatric hospital-
ist preoperative clinic. Pediatric hospitalists frequently
make significant recommendations for patients with neuro-
muscular scoliosis prior to spinal surgery, especially those
with medical complexity. Certain clinical criteria are statisti-
cally significantly associated with a hospitalist making a
preoperative recommendation.

OBJECTIVE: To assess (1) how frequently pediatric hospi-
talists make recommendations when evaluating preopera-
tive neuromuscular scoliosis patients in anticipation of
spinal fusion surgery and (2) evaluate if any clinical charac-
teristics are associated with a higher likelihood of hospital-
ists doing so.

METHODS: We performed a case series study using retro-
spective chart review of 214 patients scheduled for spinal
fusion surgery for neuromuscular scoliosis from November
2009 through September 2012.

RESULTS: We analyzed data for 214 patients aged 1 to 20
years (median, 13 years), of whom 155 (72%) received at

least 1 specific preoperative recommendation, whereas 59
patients (28%) were cleared for surgery without specific rec-
ommendations. Underlying diagnosis (P 5 0.024), nonambu-
latory status (odds ratio [OR]: 2.02, 95% confidence interval
[CI]: 1.09-3.74), and increased number of preoperative medi-
cations (OR: 1.19, 95% CI: 1.06-1.34) were statistically sig-
nificantly associated with an increased rate of receiving
preoperative recommendations from the hospitalist. Comor-
bidities such as seizure disorder (OR: 2.68, 95% CI: 1.29-
5.57) and gastrointestinal conditions (OR: 3.35, 95% CI:
1.74-6.45) were also statistically significantly associated
with specific presurgical recommendations being made by
the pediatric hospitalist.

CONCLUSION: A pediatric hospitalist preoperative program
for children with neuromuscular scoliosis in anticipation of spi-
nal fusion surgery is associated with a high rate of recommen-
dations being made, especially in children with certain clinical
characteristics. Journal of Hospital Medicine 2013;8:684–688.
VC 2013 Society of Hospital Medicine

Pediatric hospitalists are increasingly following their
adult counterparts’ lead in participating in comanage-
ment programs with surgeons. In the 2011–2012 Society
of Hospital Medicine survey of hospitalist practice mod-
els, 94% of adult hospitalists and 72% of pediatric hos-
pitalists reported comanaging surgical patients.1 Adult
patients comanaged postoperatively have shown equiva-
lent clinical outcomes with strong endorsement from
nurses and surgeons in 1 study2 and reduced morbidity,
mortality, and length of stay in other studies.3,4

One of the drivers of pediatric hospitalists comanag-
ing surgical patients may be the increased complexity
of hospitalized children.5–8 Two pediatric studies have
assessed hospitalist–surgeon comanagement of medi-
cally complex children in the postoperative period.
One study evaluating 14 patients undergoing spinal

fusion surgery for neuromuscular scoliosis showed an
association between pediatric hospitalist comanagement
and a decreased length of stay, with decreased variabil-
ity in postoperative length of stay.9 A study of 207
medically complex children undergoing spinal fusion
surgery for neuromuscular scoliosis suggested an associ-
ation between comanagement and reduced laboratory
studies and parenteral nutrition but an initial increase
in costs.10

Pediatric hospitalist programs have also followed
adult programs’ lead in evaluating surgical patients pre-
operatively. Studies of preoperative medical evaluations
for adult surgical patients have reported mixed results,
with improved use of recommended medical therapies,
length of stay, and mortality postoperatively in 1
study,11 whereas other studies have reported longer
lengths of stay and higher costs.12,13 One adult study
described a protocol-based approach in which hospital-
ists coordinated pulmonary and cardiac evaluations for
high-risk spine patients but did not report any out-
comes.14 A pediatric study from the Netherlands
described a multidisciplinary team approach to these
patients, including both preoperative and postoperative
evaluation, but did not include a hospitalist or general
pediatrician nor present data on outcomes.15

In 2009, we began a hospitalist preoperative evalua-
tion program for patients with neuromuscular
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scoliosis in anticipation of spinal fusion surgery. This
program was established by the hospital administra-
tion in response to 2 sentinel events. Hospitalists, who
had already begun comanaging surgical patients
postoperatively, were required to see patients with
neuromuscular scoliosis preoperatively. Hospitalists
were felt to be knowledgeable about postoperative
complications of spinal fusion surgery and were
thought to perhaps be able to prevent certain postop-
erative complications.

In the current study, we sought to evaluate certain
outcomes associated with this preoperative program.
We hypothesized that evaluations for more complex
patients would be more likely to be associated with
preoperative changes. We evaluated how frequently
hospitalists make recommendations for changes
in patients’ medical regimens or request further diag-
nostic evaluations and if any clinical characteristics
were associated with hospitalists making these
recommendations.

METHODS
Setting/Program Structure

We conducted a retrospective chart review of all 214
patients with the diagnosis of neuromuscular scoliosis
who were seen for a preoperative evaluation by a
pediatric hospitalist at our institution from November
2009 through September 2012. Nemours/AI duPont
Hospital for Children is a 200-bed freestanding child-
ren’s hospital with 11 pediatric orthopedic surgeons,
5 of whom perform spinal fusion surgery on patients
with neuromuscular scoliosis. Our hospitalist group
consists of 6 hospitalists, all of whom rotate on the
medically complex comanagement service for 1 week
at a time. The hospitalist who was assigned to the
medically complex comanagement service for the
week saw both postoperative patients and an average
of 1 to 2 preoperative patients that week. All patients
with neuromuscular scoliosis who were scheduled for
spinal fusion surgery were seen preoperatively by a
hospitalist. These patients included any with an
underlying diagnosis of cerebral palsy, myopathy,
skeletal dysplasia, or syndrome such as neurofibroma-
tosis. Patients who were scheduled for spinal fusion
surgery were referred to the hospitalists via the ortho-
pedic scheduling department or perioperative services.
These patients were typically seen in the general
pediatrics outpatient area or in the outpatient ortho-
pedics area of the hospital 1 to 2 months prior to
surgery. The goal of the preoperative visit was to
ensure patients were evaluated thoroughly before
surgery. Hospitalists were given authority to delay or
even cancel surgery, though in no case in this study
was surgery cancelled. Hospitalists were responsible
for following up on consultations and further studies
obtained before surgery. Patients with a Cobb angle
of more than 90� were by policy referred to pulmo-
nology and cardiology for a preoperative evaluation.

Further testing in those domains, such as pulmonary
function testing or echocardiograms, was at the
discretion of the appropriate specialist.

Study Procedure

After receiving approval from the hospital institu-
tional review board, we performed a case series
study. Three investigators (D.R., S.C., and D.P.)
reviewed the preoperative visit note for each patient.
We identified all patients who had spinal fusion sur-
gery for neuromuscular scoliosis via International
Classification of Diseases, 9th Revision (ICD-9)
codes, including that for neuromuscular scoliosis,
and reviewed the patients’ charts for preoperative
visits. We used the preoperative note from the hospi-
talist as the definitive source for clinical information
about the patient such as underlying diagnosis or eti-
ology of the neuromuscular scoliosis. We used a
structured data abstraction form to collect data
regarding patient demographics, date of visit, time to
surgery, type of surgery, number of standing daily
(not as-needed) preoperative prescription medica-
tions, and dependence on medical technology. We
defined seizure disorder as present when a patient
was taking standing prescription medication for seiz-
ures or had been recommended to take standing
medication for seizures.

We recorded patient comorbidities related to the
gastrointestinal, cardiac, and pulmonary systems. Prior
to chart review, we agreed on standard definitions for
significant problems in these arenas. We defined a
significant problem as one in which a standing
prescription medication was required, medical technol-
ogy was required, or a subspecialist was consulted on a
regular basis. To establish inter-rater reliability using
this definition, the 3 investigators independently
reviewed an initial series of 5 charts. Inter-rater reliabil-
ity was established at 90%.

Main Outcome Measures

We recorded whether the hospitalist made any preop-
erative recommendations. Recommendations were
categorized as: change in medication, changes in nutri-
tion, laboratory or imaging studies, other diagnostic
tests, or subspecialty referral. We defined a medication
change as any change that involved a new prescription
medication to be used on a standing basis, a change
in dosing to a standing prescription medication, or the
discontinuing of a standing prescription medication.
We did not include changes in medications used on an
as-needed basis. We also recorded whether the hospi-
talist made any recommendations regarding further
preoperative evaluation such as laboratory studies,
imaging studies, other studies, or consultation with a
subspecialist. We did not include laboratory studies
that are routinely obtained preoperatively such as
coagulation studies or blood count. We then recorded
whether the hospitalist contacted a subspecialist or
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requested that an evaluation be done by that subspe-
cialist prior to surgery.

Analysis

We used Stata 12 software (StataCorp, College Sta-
tion, TX) to conduct all analyses. We used frequencies
to describe categorical variables. Linear variables were
not normally distributed and were therefore described
using median and interquartile range. We calculated
the simple, unadjusted odds ratio (OR) (95% confi-
dence interval [CI]) of the hospitalist making a recom-
mendation during the preoperative visit based on each
variable. We defined statistical significance as a
P value <0.05.

RESULTS
Overall, 214 patients were included in our study.
Typical patients included those with cerebral palsy
scheduled to undergo posterior spinal fusion surgery.
Many had significant comorbidities, including seizures
and gastrointestinal (GI) disease, and were dependent
on medical technology.

Regarding hospitalist recommendations, overall 155
patients (72%) received at least 1 recommendation.
Types of recommendations are listed in Table 1. The
most common type of recommendation regarding the
patient’s current regimen was medication change
(82 patients, 38%). Recommendations for changes in
nutrition were made in 46 patients (21%). Subspecial-
ist input was elicited in 76 patients (36%); a subspe-
cialist appointment was suggested most commonly
(36 patients, 17%), whereas a telephone consultation
occurred in 15 patients (7%). Hospitalists also fre-
quently requested further diagnostic evaluation, espe-
cially laboratory studies (41 patients, 19%). Imaging
studies were requested less frequently (11 patients,
5.1%) as were other studies such as electrocardio-
grams and pulmonary function tests (6 patients,
2.8%, each). No patient received a preoperative hos-
pitalist recommendation to cancel or postpone
surgery.

Certain patient characteristics were associated with
a statistically significant increase in likelihood of a

preoperative intervention by the pediatric hospitalist
(Table 2). These included type of surgery (OR: 2.70,
95% CI: 1.22-5.97 for posterior spinal fusion), num-
ber of preoperative prescription medications (OR:
1.19, 95% CI: 1.06-1.34), and nonambulatory status
(OR: 2.02, 95% CI: 1.09-3.74). Underlying disease
also showed a statistically significant association with
recommendations being made; patients were more
likely to receive recommendations if they had cerebral
palsy (OR: 2.01, 95% CI: 1.03-3.92), spina bifida
(OR: 2.33, 95% CI: 1.90-3.48), and neuropathy
(all had recommendations). An underlying diagnosis
of skeletal dysplasia was statistically significantly asso-
ciated with a decreased rate of recommendations
being made (OR: 0.29, 95% CI: 0.14-0.61). Patients
with seizures (OR: 2.68, 95% CI: 1.29-5.57) or GI
comorbidity were more likely to receive a preoperative
recommendation made by the hospitalist (OR: 3.35,
95% CI: 1.74-6.45), but patients with cardiac and
pulmonary comorbidities were not.

DISCUSSION
This is the first large study to examine the role of the
pediatric hospitalist in preoperative evaluation of
complex surgical patients. Our program developed as
an evolution of a postoperative program that we have
described previously.10 The postoperative component
of our comanagement program began in 2003, and
the preoperative aspect was added in 2009. We
believe that the preoperative component to our pro-
gram contributed in some degree to the decrease in
utilization of certain aspects of postoperative care
over time such as parenteral nutrition. This change
may have occurred because of improved bowel
management perioperatively, for instance. Although
the preoperative hospitalist evaluation program was
instituted by our hospital administration, we felt a
preoperative hospitalist evaluation represented a
standardized, comprehensive way to evaluate patients
before surgery. By 2009, the hospitalists at our hospi-
tal had already developed some expertise in managing
patients after undergoing spinal fusion surgery.

The fact that hospitalists made recommendations
for changes in medications, nutritional management,
or diagnostic tests at such a high rate (72%) is inter-
esting. We were not surprised by this finding based on
anecdotal evidence because we feel that many of these
patients may receive somewhat fragmented care
because they often see multiple medical specialists.
The high rate of interventions noted in our study may
result from the fact that hospitalists who comanage
these patients frequently after spinal fusion surgery
were attempting to prevent postoperative complica-
tions that they see after this type of surgery. Many
pediatric hospitalists have developed significant expe-
rience in caring for medically complex children and
thus may feel more comfortable making preoperative
recommendations than other general pediatricians.

TABLE 1. Types of Preoperative Recommendations
Made by the Hospitalist

Type of Recommendation n (%)

Changes in regimen
Medication change (start new, discontinue, change dose) 82 (38%)
Nutrition modification 46 (21%)

Further diagnostic evaluation
Laboratory studies 41 (19%)
Imaging studies 11 (5%)
Pulmonary function tests 6 (3%)
Electrocardiograms 6 (3%)

Referral to or contacted subspecialist 76 (36%)

NOTE: Some patients received multiple recommendations.
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We were not surprised to find that hospitalists
made preoperative recommendations more frequently
in children who had seizures, significant GI comorbid-
ity, and who were nonambulatory. We also noted a
statistically significant increased rate of recommenda-
tions when patients were on more preoperative medi-
cations. We believe that these variables suggest a
population that is more medically complex. The
importance of selecting medically complex patients for
hospitalist comanagement has been noted previ-
ously.16 Therefore, comanagement programs looking
to maximize patient benefit for a preoperative hospi-
talist evaluation program might limit these visits to
those who are most medically complex. We found a
particularly low yield in evaluation of patients with
skeletal dysplasia for example and may discontinue
seeing these patients preoperatively.

We found the lack of statistically significant change
in rate of hospitalist recommendations among patients
with cardiac and pulmonary comorbidities interesting.
Whether this was related to the mandatory preopera-
tive pulmonology and cardiology visits is not certain.
We hope to study the impact of these preoperative
visits in the future as we continue to evaluate our
perioperative program.

Several limitations of this study deserve note. This
study was performed at 1 institution with 1 group of
hospitalists and 1 group of orthopedic surgeons. Two
of the study authors (D.R. and D.P.) were among the
hospitalists involved with the clinical program. The
study was retrospective and nonrandomized. We did
not contact primary care physicians as a rule for fur-
ther information about these patients. In this study,
we did not specifically study the impact of hospitalist

TABLE 2. Relationship Between Baseline Characteristics and Unadjusted Odds of a Recommendation for Patients
Who Were Seen by a Hospitalist Preoperatively in Anticipation of Spinal Fusion Surgery (N 5 214)

Characteristics Number (%) or Median (IQR)

Recommendations?

Yes, n 5 155 No, n 5 59 Odds of Recommendation, OR (95% CI)

Demographics
Gender, female 106 (50%) 77 (60%) 29 (49%) 0.97 (0.53-1.78)
Age, y 13 (10–16) 13 (10–16) 12 (10–16) 1.05 (0.98-1.12)

Year of visit
2009 41 (19%) 32 (21%) 9 (15%) Ref
2010 65 (30%) 47 (30%) 18 (30%) 0.73 (0.29-1.84)
2011 64 (30%) 43 (28%) 21 (36%) 0.58 (0.23-1.42)
2012 44 (21%) 33 (21%) 11 (19%) 0.84 (0.31-2.31)

Days from visit to surgery 34 (14–45) 35 (17–47) 27 (8–41) 1.02 (1.00–1.03)
Type of surgery*

PSF 184 (86%) 139 (90%) 45 (76%) 2.70 (1.22-5.97)
Growing rod 9 (4.7%) 6 (4%) 3 (5%) 0.75 (0.18-3.11)
Cervical fusion 17 (7.9%) 9 6%) 8 (13%) 0.39 (0.14-1.07)
Halo, then PSF 4 (1.9%) 1 (0.6%) 3 (5%) 0.12 (0.01-1.19)

Underlying disease*
Cerebral palsy 78 (36%) 63 (41%) 15 (25%) 2.01 (1.03-3.92)
Neuropathy 4 (2%) 4 (3%) 0 (0%) All had recommendations
Myopathy 19 (9%) 16 (10%) 3 (5%) 2.14 (0.60-7.66)
Metabolic disorder 6 (3%) 4 (3%) 2 (3%) 0.75 (0.13-4.23)
Skeletal dysplasia 38 (18%) 19 (12%) 19 (32%) 0.29 (0.14-0.61)
Spina bifida 7 (3%) 6 (4%) 1 (2%) 2.33 (1.90-3.48)
Genetic disorder (including osteogenesis imperfecta) 40 (19%) 28 (18%) 12 (20%) 0.86 (0.41-1.84)
Other 22 (10%) 15 (10%) 7 (12%) 0.79 (0.31-2.06)

Number of preoperative prescription medications 2 (1–5) 3 (1–5) 1 (0–3) 1.19 (1.06-1.34)
Institutionalized 9 (4.2%) 6 (4%) 3 (5%) 0.75 (0.18-3.11)
Nonambulatory 114 (54%) 90 (59%) 24 (41%) 2.02 (1.09-3.74)
Dependence on technology*

Feeding tube 89 (41.6%) 66 (43%) 23 (39%) 1.16 (0.63-2.14)
Baclofen pump 20 (9.3%) 18 (12%) 2 (3%) 3.74 (0.84-16.67)
Ventriculoperitoneal shunt 24 (11.2%) 18 (12%) 6 (10%) 1.16 (0.44-3.08)
Vagal nerve stimulator/deep brain stimulator 8 (3.7%) 6 (4%) 2 (3%) 1.15 (0.22-5.85)
Tracheostomy 13 (6.1%) 9 (6%) 4 (7%) 0.85 (0.25-2.86)
Home mechanical ventilation (not BiPAP) 6 (2.8%) 5 (3%) 1 (2%) 1.93 (0.22-16.90)
Home oxygen, BiPAP, or CPAP 25 (11.7%) 22 (14%) 3 (5%) 3.09 (0.89-10.73)

Seizure disorder 70 (33%) 59 (38%) 11 (19%) 2.68 (1.29-5.57)
Significant GI comorbidity 102 (48%) 86 (55%) 16 (27%) 3.35 (1.74-6.45)
Significant cardiac comorbidity 37 (17.3%) 26 (17%) 11 (19%) 0.88 (0.40-1.92)
Significant pulmonary comorbidity 78 (36.4%) 57 (37%) 21 (36%) 1.05 (0.56-1.97)

NOTE: Abbreviations: BiPAP, bilevel positive airways pressure; CI, confidence interval; CPAP, continuous positive airway pressure; GI, gastrointestinal; IQR, interquartile range; OR, odds ratio; PSF, posterior spinal fusion.

*Simple, unadjusted OR is presented for the odds of recommendation for the presence versus absence of each individual condition.
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preoperative evaluations on postoperative outcomes,
although the preoperative component represented an
important aspect of the more systematic intervention
described elsewhere.10

CONCLUSIONS
A preoperative program for pediatric hospitalists to
see children in anticipation of spinal surgery for neu-
romuscular scoliosis leads to a high rate of recommen-
dations for changes in medical management or
diagnostic evaluation. Certain patient characteristics
are more highly associated with hospitalists making
these recommendations prior to surgery.
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