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In 2015, the American College of Surgeons (ACS) created a new hospital improvement pro-
gram to enhance the performance of pediatric care in US hospitals. The Children’s Surgery
Verification (CSV) Quality Improvement Program is predicated on the idea that pediatric
surgical patients have improved outcomes when treated at children’s hospitals with optimal
resources. Achieving ACS level I CSV designation at pediatric trauma centers may lead to
greater benefits for pediatric trauma patients; however, the specific benefits have yet to be
identified. We hypothesize that achieving the additional designation of ACS level I CSV is
associated with decreased narcotic use perioperatively and improved efficiency when manag-
ing pediatric patients with femur fractures.

This study is a retrospective analysis of traumatic pediatric orthopaedic femur fractures treated
at a verified level I pediatric trauma center before and after CSV designation (2010 to 2014
vs 2015 to 2019). Efficiency parameters, defined as time from admission to surgery, duration
of surgery, and duration of hospital stay, and narcotic administration in oral morphine equiv-
alents (OMEs) were compared.

Of 185 traumatic femur fractures analyzed, 80 occurred before meeting ACS level I CSV
criteria, and 105 occurred after. Post-CSV, there was a significant decrease in mean wait time
from admission to surgery (16.64 hours pre-CSV, 12.52 hours post-CSV [p < 0.01]) and
duration of hospital stay (103.49 hours pre-CSV, 71.61 hours post-CSV [p < 0.01]). Narcotic
usage was significantly decreased in both the preoperative period (40.61 OMEs pre-CSV,
23.77 OME:s post-CSV [p < 0.01]) and postoperative period (126.67 OMEs pre-CSV, 45.72
OME:s post-CSV [p < 0.01]).

Achieving ACS level I CSV designation is associated with increased efficiency and decreased
preoperative and postoperative narcotic use when treating pediatric trauma patients. (J Am
Coll Surg 2023;236:476-483. © 2022 The Author(s). Published by Wolters Kluwer Health,
Inc. on behalf of the American College of Surgeons. This is an open-access article distributed
under the terms of the Creative Commons Attribution-Non Commercial-No Derivatives
License 4.0 (CCBY-NC-ND), where it is permissible to download and share the work pro-
vided it is properly cited. The work cannot be changed in any way or used commercially
without permission from the journal.)
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In 2015, the American College of Surgeons (ACS) created
a new hospital designation to improve the efficiency and
performance of care for children in American Children’s
hospitals. The level I Children’s Surgery Verification
(CSV) designation is achieved when a hospital system
demonstrates excellence in its infrastructure and in its
operations toward the pediatric-specific care of patients.
Several important elements include 24-hour, 7 days a week
availability of pediatric surgical subspecialties, pediatric
anesthesiologists, and qualified pediatric nurses; access to
pediatric intensive care beds; and children’s surgical quality
improvement programs. -

Tiered CSV is the result of the 2012 Task Force for
Children’s Surgical Care, which recognized that there are
specific resources and facilities necessary for optimized
delivery of surgical care for children." Improved out-
comes, decreased morbidity, and decreased mortality have
been shown for pediatric patients when treated at pedi-
atric centers for complex and routine conditions.*"" This
includes pediatric trauma patients, when multiple subspe-
cialists may be needed for the injured child, with desig-
nated pediatric trauma centers improving mortality and
specific functional outcomes.”"!

Orthopaedics plays a significant role in the care of
the injured child, with the majority of polytraumatized
patients presenting with musculoskeletal injuries.'”"” The
ACS previously outlined the best practice guidelines for
orthopaedic care.”” Although not explicit in a best prac-
tice for definitive timing, other studies have shown that
timely care of femoral shaft fractures decreases overall hos-
pital stays.'® The ACS best practice guidelines emphasize
the need for appropriate pain management guidelines for
those suffering from traumatic orthopaedic injury.””"
The appropriate preoperative and postoperative manage-
ment of pain using a pediatric-focused approach is of the
utmost importance.

The purpose of this study is to determine the impact of
the additional implementation of infrastructure and poli-
cies requisite for ACS level I CSV designation at an already
well established pediatric trauma center. We hypothesized
that achieving the additional designation of ACS level I
CSV will be associated with (1) increased efficiency in
treating pediatric patients with isolated femur fractures
as defined by time to operating room (OR), duration of
surgery, length of postoperative hospitalization, and total
duration of hospitalization and (2) decreased preoperative
and postoperative narcotic administration.

METHODS

A retrospective analysis was performed on pediatric ortho-
paedic trauma patients with isolated femur fractures treated

at a busy, suburban academic center for two 5-year inter-
vals before (2010 to 2014) and after (2015 to 2019) the
implementation of policies and enhanced infrastructure
designed to meet the guidelines for ACS level I CSV desig-
nation. The hospital had continuous ACS level I Pediatric
Trauma Center Verification throughout the course of this
study (initially granted in 2005) and achieved additional
CSV designation in 2015. The patient population was
gathered from a relation database containing electronic
medical record data using a Structured Query Language
query of Current Procedural Terminology codes specific
to closed femur fractures. Inclusion criteria included all
patients 18 years or younger evaluated from January 1,
2010, to Decembe 31, 2019, with a traumatic isolated,
closed femur fracture (Abbreviated Injury Scale = 0)
who received operative treatment (Current Procedural
Terminology codes 27267, 27500, 27501, 27506, 27507,
27509, 27513, 27514, 27516, and 27519). Exclusion
criteria included patients greater than 18 years old, any
patients with abnormal bone pathology (i.c., osteogenesis
imperfecta, cerebral palsy, metabolic bone disease), and
patients with bilateral injuries or additional injuries of
the face, head or neck, chest, abdomen, or pelvic girdle.
Additional exclusion criteria included patients with con-
current fractures of the femoral neck, Salter—Harris frac-
tures, or knee involvement (i.e., accompanying anterior
cruciate ligament reconstruction).

Patient demographics were compiled to compare pre-
CSV and post-CSV populations. Each patient’s age,
weight, and sex at the time of surgery were noted, as well
as the surgical intervention (flexible nail vs intramedullary
nail vs submuscular plate) and mechanism of injury (fall
injury vs gunshot wound injury vs motor vehicle injury
vs recreational injury). Examples of motor vehicle injuries
included ATV accidents, automobile vs bicycle, automo-
bile vs skateboarder, automobile vs pedestrian, dirt bike
accidents, motorcycle accidents, and tractor rollover acci-
dents. Examples of recreational injuries included sports
injuries (such as while playing baseball, basketball, foot-
ball, rugby, soccer, softball, or wrestling), jet ski injuries,
skateboarding injuries, skiing injuries, wakeboarding inju-
ries, and farm injuries (such as crush injuries from a bull
or horse kick). Complete data on race and ethnicity was
not available for all patients and is outside the scope of
this study.

For each patient, efficiency parameters defined as time
from admission to surgery, duration of surgery, time elapsed
from OR exit to discharge, and duration of hospital stay
were compared between time periods. In addition, nar-
cotics administered preoperatively (defined as the time
between admission and surgery onset), intraoperatively
(defined as between incision start and incision close), and
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postoperatively (defined as the time between exit from the
OR and discharge). Custom software was implemented
to process queries from the electronic medical record. The
software used regular expression searches and the Pandas
Python library to extract narcotic name, narcotic route (i.e.,
oral, intravenous, subcutaneous, or intramuscular), and nar-
cotic dose. Basic arithmetic operations were used to calculate
standard oral morphine equivalent (OME) conversions.'®
The total OMEs were calculated for narcotics administered
preoperatively, intraoperatively, and postoperatively.

Prior to CSV designation, both adult and pediat-
ric surgeons performed indicated surgeries on pediatric
patients. However, after implementation of CSV guide-
lines, all skeletally immature patients received surgery
exclusively from pediatric specialty surgeons. Finally,
the listed discharge attending was used to differentiate
patients treated by services managed by pediatric subspe-
cialists, such as pediatric orthopaedic surgeons and pedi-
atric general surgeons, from services managed by adult
general surgeons. Next, the administered narcotics were
analyzed based on the presence or absence of advanced
pediatric training of the prescribing physician. OMEs
prescribed by physicians with advanced pediatric train-
ing (i.e., pediatric surgeons, pediatric anesthesiologists,
pediatric orthopaedists) were compared to OMEs pre-
scribed by physicians without advanced pediatric train-
ing (i.e., general trauma surgeons). Welch’s  tests and
chi-square analysis were used to compare data between
the two 5-year time intervals (2010 to 2014 and 2015
to 2019) to account for the difference in patient volume
between time periods.

RESULTS

A total of 185 traumatic femur fractures met the inclu-
sion and exclusion criteria; 80 (43.2%) occurred before
the implemenctation of policies and infrastructure meeting
ACS level I criteria, and 105 (56.8%) occurred after, rep-
resenting a 31.3% increase in operative femur fractures.
Between the pre-CSV and post-CSV time periods, there
was no significant difference in average age (10.01 years vs
9.85 years), weight (38.77 kg vs 41.50kg), sex (15 females
vs 26 females; 65 males vs 79 males), or mechanism of
injury (fall injuries: 19 vs 29; gunshot wound injuries:
1 vs 1; motor vehicle injuries: 35 vs 46; or recreational
injuries: 25 vs 29). In both the pre-CSV and post-CSV
time periods, motor vehicle injuries were the most likely
mechanism of injury (43.8% of injuries pre-CSV and
43.8% of injuries post-CSV). There was a significant dif-
ference in the surgical intervention patients received after
CSV designation. More patients were treated with flexi-
ble nails post-CSV (27.5% pre-CSV vs 42.9% post-CSV)

and intramedullary nails (28.8% pre-CSV vs 37.1% post-
CSV), and fewer patients were treated with submuscular
plates (43.8% pre-CSV vs 21% post-CSV; Table 1).

In comparing the two 5-year time intervals, there was
a decrease in mean wait time for surgery from admis-
sion (16.64 hours pre-CSV and 12.52 hours post-CSV
[p < 0.01]), time elapsed from OR exit to discharge (84.60
hours pre-CSV and 56.64 hours post-CSV [p < 0.01]),
and total length of hospital stay (103.49 hours pre-CSV
and 71.61 hours post-CSV [p < 0.01]; Fig. 1). There was
no significant change in duration of surgery (1.99 hours
pre-CSV and 2.19 hours post-CSV [p = 0.15]; Fig. 1). The
30-day readmission rate was very low in both the pre-CSV
and post-CSV periods. Only 2 patients were readmitted
in the pre-CSV period, both from subsequent falls. Only
8 patients were readmitted in the post-CSV period, most
commonly for knee pain after flexible nailing and sub-
sequent falls, with one patient requiring readmission for
intractable nausea and vomiting and one patient requiring
readmission for changing a soiled cast due to not tolerat-
ing outpatient cast change.

Patients were administered significantly less narcot-
ics in both the preoperative and postoperative settings
after implementation of the ACS level I CSV criteria
(Fig. 2). Preoperatively, patients received an average of
40.61 OMEs pre-CSV and only 23.77 OMEs post-CSV
(p < 0.01). Postoperatively, patients received an average
126.67 OME:s pre-CSV and only 45.72 OMEs post-CSV

Table 1. Patient Demographics in the Pre-CSV (2010-
2014) and Post-CSV (2015-2019) Time Periods

2010-2014 2015-2019
(pre-CSV), (post-CSV),
Demographic n =80 n =105
Age, y, median 10.01 9.85
Weight, kg, median 38.77 41.50
Sex, n (%)
Female 15 (18.8) 26 (24.8)
Male 65 (81.3) 79 (75.2)
Treatment, n (%)
Flexible nail 22 (27.5)* 44 (42.9)*
Intramedullary nail 23 (28.8)* 39 (37.1)*
Submuscular plate 35 (43.8)* 22 (21)*
Mechanism of injury, n (%)
Fall 19 (23.8) 29 (27.6)
Gunshot wound 1(1.3) 1(1.0)
Motor vehicle 35 (43.8) 46 (43.8)
Recreational 25 (31.3) 29 (27.6)

*The value represents the statistical significance between pre-CSV and post-CSV time
periods based on chi-square analysis (p < 0.05).
CSV, Children’s Surgery Verification.
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Figure 1. Time elapsed from hospital admission to key time points during hospital encounter. Key time points included time of admission,
time of operating room (OR) entry, time of OR exit, and time of discharge. The average time elapsed between each key time point was cal-
culated and compared between the pre-Children’s Surgery Verification (CSV) and post-CSV periods. Standard error bars >1 are shown. *,

statistical significance based on Welch's t test (p < 0.05).
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Figure 2. Oral morphine equivalents (OMEs) administered per time period throughout hospital stay. The preoperative time period represents
OMEs administered between hospital admission and entry to operating room (OR). The intraoperative time period represents OMEs adminis-
tered between incision start and incision close. The postoperative time period represents OMEs administered between exit from the OR and
discharge. Standard error bars are shown. *, statistical significance based on Welch'’s t-test (p < 0.05); CSV, Children’s Surgery Verification.

(p < 0.01). Intraoperatively, there was no significant dif-
ference in OMEs administered pre-CSV compared to
post-CSV (42.02 OMEs vs 58.65 OMEs [p = 0.26]).
Throughout the entire hospital stay, there was a signifi-
cant reduction in narcotic administration (209.30 OME:s

pre-CSV vs 128.14 OMEs post-CSV [p < 0.01]; Fig. 2).
Summaries of the measured efficiency parameters and
administered narcotics are shown in Tables 2 and 3.
When analyzing narcotic administration based on
pediatric or nonpediatric care providers, there was a
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Table 2. Time Elapsed from Hospital Admission to Key Time Points during Hospital Encounter

Pre-CSV Post-CSV
Time period Mean, h Standard error Mean, h Standard error p Value
Admission to OR 16.64 1.08 12.52 0.54 <0.01
Duration of operation 1.99 0.10 2.19 0.11 0.15
OR exit to discharge 84.60 5.91 56.64 3.05 <0.01
Admission to discharge 103.49 5.97 71.61 3.15 <0.01

Key time points include the time of admission, time of OR entry, time of OR exit, and time of discharge. Statistical significance was calculated using Welch’s  test to compare the
average hours elapsed in the pre-CSV period compared to the post-CSV period.
CSV, Children’s Surgery Verification; OR, operating room.

Table 3. OMEs Administered in Key Time Periods during Hospital Encounter

Pre-CSV Post-CSV
Time period Oral morphine equivalent Standard error Oral morphine equivalent Standard error p Value
Preoperative 40.61 3.90 23.77 1.71 <0.01
Intraoperative 42.02 2.84 58.65 14.41 0.26
Postoperative 126.67 19.25 45.72 4.57 <0.01
Total 209.30 22.43 128.14 15.54 <0.01

Key time points include the time of admission, time of OR entry, time of OR exit, and time of discharge. The preoperative time period represents OMEs administered between
hospital admission and entry to OR. Intraoperative time period represents OMEs administered between incision start and incision close. Postoperative time period represents OMEs
administered between exit from the OR and discharge. Statistical significance was calculated using Welch’s # test to compare average OMEs administered in the pre-CSV period
compared to the post-CSV period.

CSV, Children’s Surgery Verification; OME, oral morphine equivalent; OR, operating room.

statistically significant increase in patients managed
by pediatric services (14 of 80 [17.50%] pre-CSV and
44 of 105 [41.90%] post-CSV [p < 0.01]). Analysis of
narcotics administration in these groups showed signif-
icant decreases in narcotic use for patients managed by
pediatric services in the post-CSV period (Fig. 3). In
the pre-CSV period, patients receiving pediatric spe-
cialty care experienced a significant 43.37% reduction
in administered narcotics throughout the duration of
hospital stay compared to patients receiving care from
adult specialty teams (128.25 OMEs vs 226.49 OMEs
[p < 0.01]). Similarly, in the post-CSV period, patients
receiving pediatric care were given 56.63% less narcot-
ics during their hospitalization than patients treated by
adult specialty teams (72.87 OMEs vs 168.01 OMEs
[p < 0.01)).

DISCUSSION

The American College of Surgeons established the
pilot program for the Children’s Surgery Verification
in 2014~ in response to the concern that the care of
high-risk pediatric patients was being delivered in non-
specialized environments.”"" The goal of the program
was to optimize the delivery of children’s surgical care
and better align hospital resources with patient needs.'”
The ultimate vision of the program was the creation of
“a system that allows for a prospective match of every

child’s individual surgical needs with a care environment
that has optimal pediatric resources” for every infant and
child in the US."”

Of surgical patients, pediatric trauma patients repre-
sent a unique high-risk population for whom improved
outcomes have been repeatedly shown when cared for at
pediatric trauma centers.”"" Verified trauma centers have
stringent guidelines and require resources that are unique
to the care of trauma patients. Our study confirms our
hypothesis and identifies significant improvement in time
to operation, overall length of stay, and decreased opi-
oid administration with the addition of ACS level I CSV
designation, suggesting that the policies and infrastructure
required to achieve CSV leads to additional improvements
in the care of pediatric trauma patients beyond trauma
level verification.

We attribute these specific improvements to the com-
mitment of human resources, the establishment of a for-
malized perioperative infrastructure as well as requiring a
structured performance improvement process. Level | CSV
requires 24-hour, 7-day a week availability of surgeons,
anesthesiologists, and nurses with specialized pediatric
training. In our institution, this allowed for the creation
of a dedicated operating room for all urgent pediatric cases
to allow for expeditious care of all conditions requiring
acute surgical intervention. Prior studies show that the cre-
ation of an urgent operating room reduces delays in care
for acute orthopaedic injuries.'”*
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Figure 3. Oral morphine equivalents (OMEs) administered by adult care teams and pediatric care teams throughout the duration of hospital
stay. OMEs administered by adult services were compared to OMEs administered by pediatric services before and after American College of
Surgeons level | Children’s Surgery Verification. Standard error bars are shown. *, statistical significance based on Welch’s t test (p < 0.05).

To better exemplify what effect these changes had on
pediatric trauma patients, we examined the outcomes
of isolated pediatric femur fractures, which represents
the highest level of care provided to pediatric trauma
patients,”'" and further research may show similar
improvements for other isolated orthopaedic, neurosur-
gical, urologic, or general surgical injuries. Compared to
pre-CSV, there was a significant increase in the number of
cases post-CSV, potentially reflecting an improved ability
to accommodate a higher volume of cases with subsequent
post-CSV changes in referral and transfer patterns and
regionalization of specialty care.""’

The results of our study show a significant improve-
ment in the ability to get urgent patients to the operating
room, demonstrating a 24.80% improvement in admis-
sion to OR time, with greater provider commitment and
improved resources for access to care. The significant
decrease in average length of stay from 4.3 days to 3.0 days
is multifactorial. First, earlier time to operation allows for
earlier recovery and discharge to home. Second, with the
addition of more pediatric providers, there was a shift in

surgical intervention, with more patients treated with flex-
ible nails and intramedullary nails rather than submuscu-
lar plates post-CSV. This is possibly explained by pediatric
providers having a better understanding of the indications
for flexible nails, which include age, weight (the generally
accepted threshold is <50kg), and injury pattern”*’ and
the benefits of flexible nailing in this population.”®* In
addition, it is also likely that pediatric-trained surgeons are
more comfortable placing flexible nails and intramedullary
nails in this population.

In addition, after CSV designation, there was a shift
in postoperative care of patients to pediatric providers
(17.50% increased to 41.90% between the time periods
pre-CSV and post-CSV). It is our belief that pediatric
providers may use more multimodal oral analgesics, which
can be used more easily at home, further supported by the
decreased opioid administration in the post-CSV period.
Third, increasing resources such as the use of child life
therapy for nonpharmacologic pain management and the
increased allocation of pediatric occupational and physical
therapists may allow for earlier discharge home.”*
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Opioid administration decreased not only in the post-
operative period but also preoperatively in the postverifica-
tion era. A larger decrease in the total OMEs compared to
reduction of hospital stay, 38.78% compared to 30.80%,
suggests that not all of this reduction can be attributed to
length of stay. Potential explanations include (1) pediatric
anesthesiologists effectively using multimodal pain pro-
grams including regional anesthesia even in very young
children,” (2) pediatric orthopaedic providers being more
likely to use NSAIDs than their adult colleagues,””" and
(3) nonpharmacologic management of pain through child
life therapy. Also, changing national, state, and local laws
and regulations about the use of narcotics may contrib-
ute to less opioid use during an acute hospitalization.”**
However, further investigation is needed to identify the
specific cause of these changes in narcotic trends.

A limitation of this study is that some institutional
changes implemented over the long course of the study
period may not have been captured. For example, we
excluded operative management with spica cast placement,
because early in the study period (approximately 2010 to
2013), spica casts were being performed in the emergency
department and not in the operating room, representing
an institutional change independent from the verification
process. Additionally, there were significant institutional
changes in the use of pediatric anesthesia providers during
the study period; however, these changes did not completely
align with the timeline of the verification process. Therefore,
clear associations between pediatric anesthesia providers and
intraoperative medication use are difficult to make.

Regarding our findings on hospital narcotic use, the over-
all decrease in opioid use during the study period may in
fact be largely due to an overall national trend to move away
from opioid administration vs a true association with the
verification process. Given the study design, we were una-
ble to capture outcomes such as psychosocial well-being and
prevention of stress for which a pediatric center may be bet-
ter equipped due to the environment, specialty training, and
use of child life therapists. These patient-reported outcomes
represent a rich area for further research. Last, these findings
represent a large-volume academic center where the pediat-
ric hospital is located within the physical space of the adult
hospital, making these results potentially generalizable only
within this unique type of setting. Future studies should also
investigate home narcotic prescription and usage following
discharge, the use of perioperative regional anesthesia, and
long-term outcomes in this unique trauma population.

CONCLUSIONS

The findings of this study are novel and significant. They
demonstrate that implementing hospital infrastructure

and policies requisite for ACS level I Children’s Surgery
Verification is associated with significantly increased effi-
ciency and decreased narcotic use in treating pediatric
trauma patients. ACS level I CSV was associated with
decreased overall hospitalization and duration of time from
emergency department to operating room. Additionally,
preoperative and postoperative narcotic use was reduced
in the post-CSV period.
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