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BACKGROUND: There are no published studies of hospitalist comanagement of
pediatric surgical patients.

OBJECTIVES: (1) To describe comanagement activities; (2) to determine the asso-
ciation of hospitalist comanagement with length of stay (LOS) following spinal
fusion surgery

DESIGN: Retrospective analysis of the surgeons’ log.

SETTING: Tertiary-care pediatric hospital.

PATIENTS: Patients who underwent initial spinal fusion surgery (n = 759) between
July 2000 and October 2005.

INTERVENTION: Hospitalist pre- and perioperative evaluation and management of
medically complex patients (from December 2004 to October 2005).
MEASUREMENTS: Log-transformed LOS and trend in LOS by piecewise regression
were measured, adjusting for patient covariates and clustering by surgeon.
RESULTS: After December 2004, 12% of all spinal fusion surgery patients (14 of 115)
were comanaged by a hospitalist. Nine-three percent (13 of 14) of comanaged
patients had neuromuscular scoliosis, and comanaged patients represented 37%
(13 of 35) of all neuromuscular patients. Mean LOS for all spinal fusion surgeries
decreased from 6.5 days (95% CI: 6.2-6.7) to 4.8 days (95% CIL: 4.5-5.1) after
December 2004. Mean LOS decreased more for neuromuscular patients (8.6 days
[95% CI: 8.0- 9.2] to 6.2 days [95% CI: 5.5-6.9]) than for idiopathic patients (5.2 days
[95% CI: 5.0-5.4] to 4.1 days [95% CI: 3.9-4.4]). Variability in LOS also decreased
significantly for both groups. Prior to hospitalist comanagement, there was no
change in adjusted LOS over time. After December 2004, there was a significant
decline in average adjusted LOS (neuromuscular slope = —0.23 to —0.31 days/
month, P = .0075; idiopathic slope = —0.10 to —0.12 days/month; P = .0007).
CONCLUSIONS: The introduction of selective hospitalist comanagement of
pediatric spinal fusion surgery patients was associated with significant
decreases in LOS and variability in LOS. Journal of Hospital Medicine 2007;2:
23-30. © 2007 Society of Hospital Medicine.
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s the field of pediatric hospital medicine has emerged, so too

has evidence that hospitalist management of pediatric medical
patients in the tertiary-care setting is associated with decreased
length of stay (LOS)." The American Academy of Pediatrics Com-
mittee on Hospital Care has recommended hospitalist consulta-
tion for pediatric surgical patients being managed by adult sur-
geons.” In one survey of pediatric hospitalists, 66% of community
hospitalists and 47% of academic hospitalists reported comanag-
ing surgical patients.” However, little work has been published on
the effect of hospitalist comanagement of pediatric surgical pa-
tients.
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Since June 2000 patients undergoing spinal fu-
sion surgery at the Children’s Hospital in Denver,
Colorado have been screened by a spine nurse for
medical complexity. Medically complex patients
undergoing preoperative multispecialty evaluation
and their perioperative care are coordinated by the
spine nurse.® Introduction of a general pediatric
hospitalist to aid with pre- and perioperative man-
agement of the most complicated patients in De-
cember 2004 provided us with an opportunity to
study hospitalist comanagement of medically com-
plex pediatric patients undergoing spine fusion sur-
gery.

Our objectives were (1) to describe comanage-
ment activities and (2) to determine the association
of hospitalist comanagement on LOS following spi-
nal fusion surgery. We hypothesized that by ad-
dressing a variety of pre- and perioperative medical
issues, hospitalist comanagement would be associ-
ated with a decreased LOS for medically complex
pediatric patients undergoing spinal fusion surgery.

METHODS

Design and Population

A retrospective analysis of the orthopedic surgeons’
log at the Children’s Hospital in Denver, Colorado,
a tertiary-care academic pediatric hospital serving
the Rocky Mountain region, was performed. Pa-
tients included were those underwent their first
episode of spinal fusion surgery between July 1,
2000, and October 1, 2005 (n = 759); exclusion
criteria included diagnoses of spondylolisthesis or
spondylolysis. The study was approved by the Col-
orado Multiple Institutional Review Board and ex-
empted from ongoing review, and informed con-
sent was not required.

Intervention: Pre- and Perioperative High-Risk Pathway

Since June 2000 medically complex patients under-
going spinal fusion surgery at the Children’s Hos-
pital in Denver, Colorado have been referred by
either the orthopedic surgeon or the rehabilitation
physician to the spine surgery nurse. This nurse, an
RN, BSN with more than a decade of experience
with spinal fusion patients, then coordinates pre-
operative multispecialty evaluation (Fig. 1, column
2). Patients are seen by a pulmonologist pre-oper-
atively, and undergo pulmonary function tests,
chest radiograph, venous blood gas, and, at times, a
polysomnogram and electrocardiography. A cardi-
ology consult is obtained for patients with muscle
disease. Gastroenterology and neurology may be
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consulted if there are significant feeding and/or
neurological issues that the primary care physician
needs assistance addressing preoperatively. Shortly
before the scheduled surgery, the patient is evalu-
ated at a discharge planning meeting by a nutrition-
ist, respiratory therapist, physical therapist, social
worker (at times), and the spinal surgery nurse for
discharge equipment planning. Immediately before
surgery, in addition to teaching, surgical consent
and a surgical history and physical are obtained, as
well as laboratory studies that include a complete
blood cell count, type, and cross, coagulation stud-
ies, and spine radiographs.® Medically complex pa-
tients are managed in the intensive care unit for at
least 24 hours after surgery. In addition, standard-
ized order sets developed in 2001 and edited in July
2005 are used to streamline management of the
intensive care unit and the orthopedic ward.

Since December 2004, a hospitalist has aided
pre- and perioperative evaluation and management
(Fig. 1, column 3). The patients seen and coman-
aged by the hospitalist have been those who have
significant medical issues in addition to neuromus-
cular disease, including multiple medications, sei-
zure disorders, nutritional concerns, and/or signif-
icant social concerns. Whereas patients with a
multitude of different diagnoses were referred to
the spinal surgery nurse for a variety of reasons,
patients comanaged by hospitalists were generally
children with multiple medical conditions who had
neuromuscular scoliosis.

Data Sources

The primary data source used was the surgeons’
log. The surgeons’ log is a record of patients under-
going spinal fusion surgery maintained concur-
rently by 2 individuals (the spine surgery nurse and
her assistant). From January 2000 on, patient data
were manually input into an Excel spreadsheet reg-
ularly and were cross-referenced weekly with the
surgery schedule. Data entered include: patient
name, medical record number, date of surgery, date
of discharge (from hospital admission information),
underlying diagnosis, type of procedure, primary
surgeon (from operative and/or discharge summa-
ries), and LOS (calculated from dates of discharge
and surgery). If either underlying diagnosis or type
of procedure needed clarification, the spine surgery
nurse discussed it with the primary surgeon. We
verified the completeness of the surgeons’ log for
first spinal fusion surgeries by cross-referencing
with billing records; of 572 surgeries performed by 5
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FIGURE 1. Multispecialty evaluation of patients undergoing spinal fusion surgery

surgeons, 571 were recorded (99.8%) in the sur-
geons’ log.

To perform the descriptive analysis of hospital-
ist activities, the first author (T.S.) performed a ret-
rospective review of the charts of patients she had
seen in her role as hospitalist from December 1,
2004, to October 1, 2005. Prepared in advance was a
checklist of pre- and perioperative activities, mod-
eled on prior work reporting clinical activities.” Ac-
tivities either mentioned in the daily progress note
or ordered were recorded as completed and entered
into an Excel spreadsheet.

Data Collection
The outcome measure was LOS, log-transformed
for analyses. Covariates included were: patient age,

underlying diagnosis, procedure type, and surgeon.
Underlying diagnoses were subdivided on the basis
of the manually input Excel spreadsheet entries
into 5 categories: idiopathic, congenital, neuromus-
cular, osteogenic, and other. The major diagnoses
in the idiopathic category were infantile, juvenile,
and adolescent idiopathic scoliosis; in the congen-
ital category were congenital scoliosis, congenital
kyphoscoliosis; in the neuromuscular category were
cerebral palsy, Duchenne’s muscular dystrophy,
spina bifida, brain injury, spinal cord injury, and
chromosomal anomalies; and in the osteogenic cat-
egory were Scheuermann’s kyphosis, trauma, tu-
mor, kyphoscoliosis, and bone disease. Procedures
were subdivided according to the manually input
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Excel spreadsheet entries into 3 categories: poste-
rior only, anterior/ posterior, and anterior spinal
fusion only.

After our initial analysis demonstrated a decline
in LOS after December 2004 in both idiopathic and
neuromuscular patients, we asked the orthopedic
surgeons and spine surgery nurse to determine
cointerventions that may have occurred around
December 2004. We attempted to contact each sur-
geon who performed surgery during the study pe-
riod and asked, “What changes did you make on or
around November 2004 in your management of
spinal fusion patients?” We received e-mail and
verbal responses from the spine surgery nurse and
from 6 surgeons who had performed 646 of the
procedures (78%) over the study period.

Increased use of intrathecal morphine was
raised as a possible confounding cointervention. To
characterize use of intrathecal morphine, we re-
viewed the charts of all the patients categorized as
idiopathic or neuromuscular patients who under-
went surgery after December 2004 and a random
sample of 20% of these patients who underwent
surgery before December 2004.

Analyses
All quantitative analyses (ie, those of the surgeons’

log) were performed in a blinded manner, whereas
the chart review was not blinded. Univariate anal-

14_ .........................................
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yses of hospitalist activities and univariate and bi-
variate analyses of the surgeons’ log were per-
formed using SAS 9.1. Mean LOS after log back-
transformation along with 95% confidence interval
is reported. The chi square test of equality of vari-
ance was used to analyze whether the variances
differed.

The multifaceted approach to the care of spinal
fusion patients is a tiered approach, with 3 major
patient groups (Fig. 1): (1) patients with scoliosis,
generally idiopathic, and no or minimal medical
conditions, who receive care by the usual pathway
and do not receive care by the high-risk pathway or
do not have a hospitalist; (2) patients with scoliosis
with any underlying diagnosis and some medical
conditions, who receive care by high-risk pathway;
and (3) patients with scoliosis, usually neuromus-
cular scoliosis, and multiple medical conditions,
who receive care by the high-risk pathway and have
hospitalist comanagement. Because of selection
bias in the receipt of hospitalist comanagement (ie,
the most complicated patients), we cannot reason-
ably compare hospitalist patients to nonhospitalist
patients after December 2004. Instead, we com-
pared all neuromuscular patients before and after
hospitalist comanagement with a control group of
idiopathic patients.

Initial examination of mean monthly LOS from
June 2000 to October 2005 (Fig. 2) suggested a pos-
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TABLE 1
Patient Characteristics

LOS Days (95% CI)

Postintervention
(December 2004-September 2005)

Hospitalist Comanaged
(December 2004-September 2005)

All Preintervention
Surgeries (July 2000-December 2004)
Number of surgeries 759 644
Age (years), mean (SD) 13.6 (34) 13.7 (34)
Diagnosis
Idiopathic 328 (43%) 277 (43%)
Neuromuscular 247 (32%) 212 (33%)
Congenital 66 (9%) 55 (8%)
Osteogenic 96 (13%) 81 (13%)
Other 22 (3%) 19 (3%)
Procedure
Posterior 470 (62%) 365 (57%)
Ant/post 227 (30%) 217 (34%)
Anterior 62 (8%) 62 (9%)
Intrathecal morphine use
Idiopathic 30750 (60%)

Neuromuscular 10/42 (24%)

115 14*

13.1(3.4) 12,6 (4.0)
51 (44%) 1 (7%)
35 (30%) 13 (93%)
11 (10%)
15 (13%)
3 (3%)
105 (91%) 13 (93%)
10 (8%) 1 (7%)
45/51 (88%) 0(0%)
21/35 (62%) 5/13 (38%)

*One patient described in hospitalist activities was not included here as it was not a first surgery.

sible decline in both mean LOS and variability in
LOS after December 2004, when hospitalist coman-
agement was initiated. To determine the trend in
LOS over time before and after December 2004, we
performed a mixed-effects piecewise Poisson re-
gression, adjusting for patient covariates (patient
age, underlying diagnosis, procedure type, and in-
trathecal morphine [for idiopathic and neuromus-
cular patients]) and clustering by surgeon (as a
random effect). We used the model to estimate 2
slopes to represent the linear trend before and after
December 2004 (when hospitalist comanagement
started). After regression modeling generated beta
coefficients for each covariate, the average covari-
ates were entered into the model to generate an
average adjusted LOS as shown in Figure 3.

RESULTS

A total of 759 patients underwent initial spinal fu-
sion surgery between July 1, 2000, and October 1,
2005—644 before and 115 after December 2004,
when hospitalist involvement started. After Decem-
ber 2004, 12% (14 of 115) of all spinal fusion surgery
patients were comanaged by a hospitalist. Most
comanaged patients (14 of 15, 93%) had neuromus-
cular scoliosis, and comanaged patients repre-
sented 37% (13 of 35) of all neuromuscular patients
(Table 1). Over the course of the study, the number
of more invasive and complicated anterior/poste-

rior spinal fusion surgeries declined, whereas the
number of posterior spinal fusion surgeries in-
creased significantly because of the introduction of
new technology (data not shown).

The 15 patients seen by the hospitalist received
a total of 60 visits by the hospitalist. The hospitalist
saw 9 patients preoperatively. Of the 15 patients
comanaged in the hospital, 5 (33%) were seen once,
8 (53%) were seen between 2 and 5 times, and 2
(14%) were seen more than 10 times. Patients were
seen both in the ICU and on the surgical ward.
Among the patients seen preoperatively, the hospi-
talist recommended nutritional interventions for 5
patients (33%), bowel regimens for 4 patients (27%),
and preoperative hospitalization for 1 patient for 5
days to optimize nutritional intake, address reflux,
and modify bowel regimen, as well as facilitate mul-
tispecialty evaluation. Postoperative involvement
generally addressed a variety of issues, but 20% of
patients had no changes in their management (Ta-
ble 2).

Initial examination of mean monthly LOS from
June 2000 to October 2005 suggested a possible
decline in both mean LOS and variability in LOS
after hospitalist comanagement was initiated (Fig.
2). Mean LOS for all initial spinal fusion surgeries
decreased from 6.5 days (95% CI: 6.2-6.7) to 4.8 days
(95% CI: 4.5-5.1) after December 2004. The stan-
dard deviation in LOS for all initial spinal fusion
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TABLE 2
Hospitalist Activities
Number of Patients (%)
Hospitalist Activity (n=15)
Care coordination
Updated family 11 (73%)
Coordinated discharge 8 (53%)
Updated PCP 7 (47%)
Transfer facilitated 4 (27%)
Consulted pulmonary 3 (20%)
Consulted GI 2 (13%)
Type of recommendation
Home medications reviewed 14 (93%
Nutritional (ie, feed changes) 11 (73%

Pain medications reviewed 11

(93%)

(73%)

(73%)
Bowel regimen 10 (67%)
New medical issues* 10 (67%)
Pain medications modified 9 (60%)
Foley removed 7 (46%)
Unnecessary medication removed 6 (40%)
Central line removed 4 (27%)
No changes in management 3 (20%)
TPN 2 (13%)
Harmful medications removed 0 (0%)

*Other medical issues included: new labs (6), new medications (5), pulmonary equipment (5), new
radiology (4), swallow study (2), sleep study (1).

surgeries decreased from 1.64 to 1.39 days (P
< .0001; Table 3). In the 52 months prior to hospi-
talist comanagement, there was no change in ad-
justed LOS over time (slope = —0.009 days/month,
P = .3997). After December 2004, there was a sig-
nificant decline in average adjusted LOS (slope
= —0.2 days/month; P < .0001).

Mean and adjusted LOS of patients in the 2
main diagnostic categories, idiopathic and neuro-
muscular scoliosis, decreased. The absolute mean
LOS decreased more for neuromuscular patients
(8.6 days [95% CI: 8.0-9.2] to 6.2 days [95% CI:

TABLE 3

5.5-6.9]) than for idiopathic patients (5.2 days [95%
CL: 5.0-5.4] to 4.1 days [95% CI: 3.9-4.4]). The stan-
dard deviation in LOS decreased more for the neu-
romuscular patients, from 1.70 to 1.41 days (P
=.002), as shown in Table 3. In the 52 months prior
to hospitalist comanagement, there was no change
in adjusted LOS over time (neuromuscular slope
= —0.024 to —0.027 days/month, P = .49; idio-
pathic slope = —0.0005 days/month, P = .96). After
December 2004, there was a significant decline in
average adjusted LOS (neuromuscular slope
= —0.23 to —0.31 days/month, P = .0075; idio-
pathic slope = —0.10 to —0.12 days/month; P
= .0007), as demonstrated in Figure 3. A survey of
the orthopedic surgical staff demonstrated no
known specific changes in surgical or postoperative
management initiated around December 2004
other than intrathecal morphine use. Some sur-
geons performed fewer surgeries, particularly of id-
iopathic patients.

DISCUSSION

The introduction of hospitalist comanagement to
ongoing multispecialty evaluation for medically
complex spinal fusion surgery patients was associ-
ated with a decrease in mean LOS among all pa-
tients undergoing initial spinal fusion surgery. A
greater magnitude of decline in LOS was seen
among children with neuromuscular scoliosis, who
were often comanaged, than among children with
idiopathic scoliosis, who were rarely comanaged.
Variability in LOS also decreased following initia-
tion of hospitalist comanagement, particularly in
the more complex patients. The decreases in LOS
persisted after adjustment for patient age, diagno-
sis, procedure type, intrathecal morphine use, and
surgeon. This study provides support for the hy-
pothesis that selective hospitalist comanagement of

Mean Length of Stay (LOS) and Standard Deviation in LOS For Spine Fusion Surgery Patients, Before and After Hospitalist Comanagement

Before Hospitalist 7/00-12/04

After Hospitalist After 12/04

n=644 n=115 p value
LOS Days (95% CI)
All Initial Spinal Fusion Surgeries 6.5 (6.2-6.7) 4.8 (4.5-5.1)
Idiopathic 5.2 (5.0-5.4) 4.1(3.9-4.4)
Neuromuscular 8.6 (8.0-9.2) 6.25 (5.5-6.9)
Standard Deviation Days
All Initial Spinal Fusion Surgeries 1.64 1.39 <0.0001
Idiopathic 1.35 1.26 0.03
Neuromuscular 1.70 141 0.002
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pediatric surgical patients in the tertiary-care set-
ting is associated with decreased LOS and de-
creased variability in LOS.

Analysis of a nationally representative data set
demonstrated that 4504 children with idiopathic
scoliosis and 1570 children with neuromuscular
scoliosis underwent spinal fusion surgery in the
United States in 2000.® The average LOS for chil-
dren with neuromuscular scoliosis was 9.2 days
versus 6.1 days for those with idiopathic scoliosis.
The LOS of both our patient populations, those
before hospitalist comanagement and those after
hospitalist comanagement, was less than the na-
tional estimates. Multidisciplinary management
strategies with or without hospitalist comanage-
ment may be associated with decreases in LOS for
neuromuscular scoliosis patients undergoing spinal
fusion surgery.

The hospitalist performed a variety of activities
in comanaging the medically complex pediatric or-
thopedic patients. Hospitalist comanagement may
have been associated with reduction in LOS for
several reasons: preoperative prevention of medical
problems, early postoperative identification of and
intervention on medical complications, improved
coordination of care, or simply consistency of post-
operative medical care.

These findings are consistent with the pediatric
nonsurgical literature, which suggests that hospital-
ist management of pediatric medical patients in the
tertiary-care setting is associated with decreased
LOS.'® Hospitalist comanagement of adult ortho-
pedic patients has been better studied than has
been comanagement of pediatric patients. Elderly
patients undergoing elective hip or knee arthro-
plasty were randomized to hospitalist care versus
traditional orthopedic care after surgery. Both sets
of patients were managed by the same nursing staff
according to standardized care pathways. The
mean LOS did not differ between the 2 groups, but
the adjusted LOS was lower in the group that re-
ceived hospitalist care.” When the same center ex-
amined outcomes in hip fracture patients before
and after implementation of a hospitalist care
model, there was a decrease in LOS and no change
in readmission or deaths.'® As in these studies, spi-
nal fusion surgery management is highly standard-
ized in our center. Nonetheless, hospitalist coman-
agement still was associated with a decreased LOS.

This study found a decline in LOS among all
patients undergoing spinal fusion surgery, even
among children with idiopathic scoliosis, of whom
only 1 was comanaged. This finding may suggest
hospitalist comanagement had a global, or indirect,
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effect on the management of all postoperative pa-
tients. However, the time-series design could have
been biased by a cointervention implemented at
the same time as hospitalist care. Some surgeons
performed fewer surgeries on their idiopathic pa-
tients over the course of the study; however, we
adjusted for that surgeon in our analysis. Intrathe-
cal morphine use is the only known change in post-
operative management that may have affected care
starting in December 2004; we also adjusted for
intrathecal morphine use in our analysis. There
may be other changes of which we are unaware.
Nonetheless, the decline in LOS seen in the idio-
pathic population was exceeded by the decline in
LOS in the comanaged neuromuscular population.

Unlike earlier reported studies, which exam-
ined hospitalist management among pediatric
medical patients, this study did not assess compli-
cations (such as pneumonia, respiratory failure,
urinary tract infection, gastric ulcers, pathologic
fractures, poor wound healing, nutritional compro-
mise, and readmission),”'"'? costs, or patient and
provider satisfaction with hospitalist comanage-
ment.' This assessment is critical to defining the
value of these services to patients and providers. In
addition, because we did not collect information on
severity of disability, we were unable to control for
disability. These are other covariates and outcomes
of interest that should be assessed in future studies.
Furthermore, there was potential bias introduced
by having the lead author both conducting the
study and performing the intervention; this was
minimized by having different individuals respon-
sible for primary data collection and having the
analyses performed in a blinded fashion. In addi-
tion, although this study provided promising initial
evidence that selective hospitalist comanagement
along with multispecialty evaluation of spinal fu-
sion surgery patients may lead to a significant de-
crease in LOS, this evidence needs to be replicated
in other surgical patient populations and hospital
settings. Ideally, the impact of hospitalist coman-
agement should be more fully evaluated in a ran-
domized controlled trial. Hospitalist comanage-
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ment is a promising technique for improving the
care of children undergoing spinal fusion surgery,
particularly those with complex medical condi-
tions.
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