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Abstract

BACKGROUND

The timing of operative treatment for pediatric supracondylar humerus fractures
(SCHF) and femoral shaft fractures (FSF) remains controversial. Many fractures
previously considered to be surgical emergencies, such as SCHF and open
fractures, are now commonly being treated the following day. When presented
with an urgent fracture overnight needing operative treatment, the on-call
surgeon must choose whether to mobilize resources for a late-night case or to add
the case to an elective schedule of the following day.

AIM

To describe the effect of a program allowing an early operating room (OR) start
for uncomplicated trauma prior to an elective day of surgery to decrease wait
times for surgery for urgent fractures admitted overnight.

METHODS

Starting in October 2017, patients were eligible for the early slot in the OR at the
discretion of the surgeon if they were admitted after 21:00 the previous night and
before 05:00. We compared demographics and timing of treatment of SCHF and
FSF treated one year before and after implementation as well as the survey
responses from the surgical team.

RESULTS
Of the 44 SCHF meeting inclusion criteria, 16 received treatment before imple-
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mentation while 28 were treated after. After implementation, the mean wait time for surgery decreased by 4.8 h or
35.4% (13.4 h vs 8.7 h; P = 0.001). There were no significant differences in the operative duration, time in the post
anesthesia care unit, and wait time for discharge. Survey results demonstrated decreased popularity of the
program among nurses and anesthesiologists relative to surgeons. Whereas 57% of the surgeons believed that the
program was effective, only 9% of anesthesiologists and 16% of nurses agreed. The program was ultimately discon-
tinued given the dissatisfaction.

CONCLUSION

Our findings demonstrate significantly reduced wait times for surgery for uncomplicated SCHF presenting
overnight while discussing the importance of shared decision-making with the stakeholders. Although the
program produced promising results, it also created new conflicts within the OR staff that led to its discontinuation
at our institution. Future implementations of such programs should involve stakeholders early in the planning
process to better address the needs of the OR staff.

Key Words: Pediatrics; Trauma; Supracondylar humerus fractures; Operating room

©The Author(s) 2023. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: This study describes the effect of a program allowing an early operating room start for uncomplicated trauma prior
to an elective day of surgery to decrease wait times for surgery for urgent fractures admitted overnight. After imple-
mentation, the mean wait time for surgery decreased by 4.8 h or 35.4%. Survey results demonstrated decreased popularity of
the program among nurses and anesthesiologists relative to surgeons. Our findings demonstrate significantly reduced wait
times for surgery for uncomplicated pediatric supracondylar humerus fractures presenting overnight while discussing the
importance of shared decision-making with the stakeholders.
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INTRODUCTION

The timing of operative care for pediatric orthopedic injuries is a subject of controversy. Recent studies comparing early
vs delayed intervention for supracondylar humerus fractures (SCHF) in children have challenged the conventional
wisdom that postponing cases leads to unsatisfactory results[1-3]. Many fractures that were previously considered to be
surgical emergencies, such as SCHF and open fractures, are now commonly being treated the following day. This avoids
potentially inefficient provision of care by an on-call team who may not be as well-rested or as familiar with pediatric
orthopedic care as a day team[4,5]. Despite this shift away from overnight care, a safe and expeditious provision of care
remains in the best interest of the patient and family. The timely provision of care for urgent fractures thus presents a
logistical challenge to hospitals.

SCHF and femoral shaft fractures (FSF) are among the most common surgically treated pediatric fractures, with SCHF
accounting for 60% of pediatric elbow fractures and FSF being the most common diaphyseal fracture in children[6-10].
Given their high incidences, the timeliness of their treatment continues to be a metric used for United States News and
World Report’s ranking of children’s hospitals[8]. This presents a challenge for hospitals with moderate trauma volume
that is insufficient to justify a daily trauma room. When presented with an urgent fracture overnight needing operative
treatment, the on-call surgeon must choose whether to mobilize resources for a late-night case or to add the case to an
elective schedule of the following day.

Here we describe the effect of the 6 AM start quality improvement program implemented at a suburban level I trauma
center. This program was designed to decrease wait times for urgent trauma cases while minimizing surgeon fatigue,
thereby increasing the efficiency of care and improving compliance with United States News and World Report’s
standard for timely management.

MATERIALS AND METHODS

Implemented at our facility in October 2017, the 6 AM start program allowed the orthopedic surgeon on call overnight to
book an uncomplicated case for an early start in the operating room (OR) at 06:00 prior to the start of a typical elective
surgery weekday (Monday through Friday, excluding holidays) at 07:30. Patients with SCHF and FSF were eligible if they
were admitted to the ED after 21:00 the prior day and indicated for surgical treatment at the discretion of the surgeon.
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Surgeon-controlled time in the OR also had to be projected at less than 75 min.

We received IRB approval (IRB #46989) which granted a waiver of consent and assent. We queried our electronic
medical record system for all pediatric patients who underwent surgical fixation for closed isolated SCHF (CPT codes:
24538, 24545, 24546) or FSF (CPT codes: 27502, 27506, 27507) from October 2016 to October 2018. We included patients
who were admitted to the ED between 19:00 and 05:00 as the program was often applied to patients technically admitted
earlier than 21:00 who had a long wait for an orthopedic consult. Patients admitted on Friday or Saturday nights as well
as on the eve of a holiday were excluded. Those over age 12 for SCHF and eight for FSF were excluded since they were
more likely to have adult or transitional fracture patterns indicating fixation methods that exceed the projected-surgeon
control time of 75 min. Complicated cases including open fractures, threatened vascular status, concurrent ipsilateral
fractures, and pathological fractures were excluded.

Patient charts were screened for patient and fracture characteristics. The outcome measure of this study was the wait
time for surgery, defined as the time between ED admittance and the patient’s arrival at the OR. Balancing measures
included the operative duration (time between start and end of the procedure), post anesthesia care unit (PACU) length-
of-stay (LOS), time between arrival and departure from the PACU, and wait time for discharge (time between departure
from the PACU and discharge). Cases were further classified as overnight cases, 6 AM start cases, and add-on cases based
on their scheduled start time as more than 1.5 h prior, 1.5-1 h prior, and after the start of the elective surgery weekday,
respectively. The percentage of eligible cases that utilized the 6 AM start program served as the process measure for this
study.

For additional balancing measures, all OR staff received an anonymous electronic survey through the internal hospital
distribution lists. The survey asked respondents to score their level of agreement on a Likert scale with five statements
regarding the beneficiaries of the program and the effectiveness of the program. Additional text boxes allowed providers
to explain their responses and provide general feedback.

Statistical analyses were performed with RStudio (Boston, MA) using a two-sided level of significance of 0.05. Baseline
characteristics among groups were tested using two-sample -tests, Mann-Whitney U-tests, and Fisher’s exact tests. Wait
time for surgery, operative duration, PACU LOS, and wait time for discharge were compared between patients admitted
before and patients admitted after the implementation of the program using two-sample t-tests or Mann-Whitney U-tests.
The same outcome variables were compared among patients whose surgeries were scheduled at the three aforementioned
time points (overnight cases, 6 AM start cases, and add-on cases) using one-way ANOVA tests and Kruskal-Wallis tests,
with Tukey-adjusted P values and Dunn’s test for pairwise comparisons. For the survey analysis, responses to the five
survey items were compared between various roles in the surgical team using one-way ANOVA tests with Bonferroni-
adjusted P values for pairwise comparisons.

RESULTS

We initially identified 118 pediatric patients with SCHF and 23 with FSF treated during the study period. After applying
the exclusion criteria, 44 SCHF and six FSF were included in the study (Figure 1). For SCHF, 16 patients received
operative treatment before the program’s implementation and the other 28 were treated after. There were no significant
differences in patient and fracture characteristics between the two groups (Table 1). After the implementation of the 6 AM
start program, the mean wait time for surgery for patients presenting overnight with uncomplicated SCHF decreased by
4.8hor354% (13.4 h vs 8.7 h; P = 0.001). There were no significant differences in the operative duration, PACU LOS, or
wait time for discharge (Table 2). The before-implementation group for SCHF included one (6%) overnight case and 15
(94%) add-on cases. The after-implementation group was composed of four (14%) overnight cases, 14 (50%) 6 AM start
cases, and 10 (36%) add-on cases. Other than the significantly decreased wait time for surgery, the three subgroups in the

after-implementation group showed no differences in demographics and subsequent phases of patient care (Tables 3 and
4)

This study identified five FSF cases treated before the program’s implementation and one case treated after. A case in
the former group had an incorrectly recorded time of discharge and was thus excluded from the calculation for the wait
time for discharge. All patients in the before-implementation group were add-on cases, while the one case in the after-
implementation group was a 6 AM start case. Although sample size precludes a meaningful statistical analysis, the 6 AM
start case had a shorter wait time for surgery by 4.2 h or 30.2% [13.9 (12.7-19.6) h vs 9.7 h] than the before-implementation
group. Otherwise, it had a longer operative duration (61 + 42 min vs 138 min), PACU LOS (1.6 £ 1.1 h vs 3.2 h), and wait
time for discharge [12.4 (4.4-42.9) h vs 51.1 h].

There were a total of 24 survey respondents which was composed of 11 (46%) anesthesiologists, seven (29%) surgeons,
and six (25%) nurses. 17 (70.8%) respondents directly participated in a 6 AM surgery while five (20.8%) respondents did
not; two (8.4%) respondents did not answer the prompt. Since many of the OR staff are involved in scheduling cases
without directly participating in the surgery or may have participated in other surgeries that were affected by the
program’s policy, all 24 respondents were included in the analysis.

Univariate analysis showed a significant difference in responses among anesthesiologists, nurses, and surgeons for all
five survey questions. Further pairwise comparisons revealed that anesthesiologists reported more dissatisfaction than
surgeons for all five items. Furthermore, nurses reported lower opinions on the program’s benefit to the patient, ease of
placing urgent trauma cases, and overall effectiveness than surgeons (Figure 2). Seven (29%) providers cited that the
program benefited patient care because of the efficiency, stating that “patients received surgical care more quickly”.
However, four (17%) providers disagreed as they “felt that the timing of the 6 AM cases typically did not end at an
appropriate time” and “caused delays for scheduled patients”. Regarding the program’s benefit to the staff, eight (33%)
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Table 1 Demographics of uncomplicated supracondylar humerus fractures treated before and after implementation of the 6 AM start

program

Total (n = 44) Before implementation (n = 16) After implementation (n = 28) P value
Female, % (1) 61 (27) 56 (9) 64 (18) 0.182
Age 5.1 5.1 5.1 0.912
Gartland classification, % (1) 0.686
Type I 0(0) 0 (0) 0 (0)
Type II 38.6 (17) 313 (5) 429 (12)
Type IIl 52.2 (23) 56.3 (9) 50 (14)
Type IV 9.09 (4) 125 (2) 7.14 (2)
Reduction, % (1) 0.732
Closed 95.5 (42) 100 (16) 92.9 (26)
Open 46 (2) 0 (0) 7.14 (2)

Table 2 Length of time within phases of patient care for supracondylar humerus fractures

Total (n = 44) Before implementation (n = 16) After implementation (n = 28) Pvalue
Wait time for surgery, h 10.4+93 13.4£8.6 8.6+79 0.001
Operative duration, min 31.5 (24.5-35.3) 30.5 (21.5-37.5) 31.5 (24.5-35.3) 0.817
PACU LOS, h 1.34 (1.2-1.6) 2116 14 (1.2-1.6) 0.060
Wait time for discharge, h 4.96 (3.59.7) 3(0.01-7.21) 5 (3.59.7) 0.924

PACU: Post anesthesia care unit; LOS: Length-of-stay.

Table 3 Demographics of supracondylar humerus fractures treated after the implementation of the 6 AM start program, stratified by

scheduled surgery time

Overnight cases (n = 4) 6 AM cases (n=14) Add-on cases (n=10) P value

Female, % (1) 100 (4) 571 (8) 60 (6) 0.271
Age 6 4 63 0310
Gartland classification, % (1) 0.514
Typel 0 (0) 0(0) 0(0)

Type Il 50 (2) 429 (6) 40 (4)

Type IIT 25 (1) 50 (7) 60 (6)

Type IV 25 (1) 7.1(1) 0(0)

Reduction, % (1) 0.210
Closed 75 (3) 100 (14) 90 (9)

Open 25 (1) 0(0) 10 (1)

providers commented that the early hours were an issue with reports of being “frustrated having to come back to the
hospital for a 6 AM start” and concluding that it was “a horrible time to do a case”. In the feedback section, seven (29%)
providers expressed their dislike of the program while seven (29%) providers liked the program as “it gave a time for
patients to be scheduled in a timely manner” and “benefited patient care”. Six (25%) providers suggested that either
“starting at 7:30 (or) having a bump room for quick ortho cases is preferred”. Regarding the program’s benefit to the
hospital, while four (17%) providers believed that the program positively impacts the United States News and World
Report scores, four (17%) staff members expressed that “the intangible negative effects on nursing and anesthesiologists
far outweighed any USNWR points it got (the hospital)”.
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Table 4 Length of time within phases of patient care for supracondylar humerus fractures, stratified by scheduled surgery time

Night cases (n = 4) 6 AM cases (n = 14) Add-on cases (n = 10) P value
Wait time for surgery, h 23+0.2 82+24 11.8+3.1 1.19e-06
Operative duration, min 30.5 (27.5-71.5) 335+£77 25.5 (19-35) 0.229
PACULOS, h 12403 14 (1.2-1.6) 15 (1.1-1.6) 0.681
Wait time for discharge, h 8.9+6.6 6.5+3.6 3.6 (0.9-3.9) 0.410

PACU: Post anesthesia care unit; LOS: Length-of-stay.

DISCUSSION

The provision of consistent and timely pediatric orthopedic trauma care can present logistical challenges when available
OR space and patient volumes render a daily trauma or add-on room inefficient. Our study evaluated the effectiveness of
a program that made available an earlier slot in the OR for uncomplicated fractures presenting to the ED overnight, thus
facilitating timely care without disrupting the daily elective schedule or mobilizing resources for an urgent case at night.
Before the implementation of this program, it was not uncommon for an urgent case presenting overnight to wait until
the end of a scheduled day of elective cases in the following afternoon or evening. Our findings suggest that the 6 AM
start program facilitated more timely care for patients with uncomplicated fractures presenting overnight without
significant consequences to subsequent phases of patient care.

The timeliness of operative treatment for SCHF and FSF continues to be in dispute in the medical community.
Furthermore, studies use different standards for what is considered early and delayed intervention[11-13]. For the
ranking of children’s hospitals, United States News and World Report defines timely management as the treatment for
SCHF and FSF within 18 h of presentation to the ED. For SCHF, hospitals receive one point for = 75% and < 90% of cases
that meet this definition and two points for = 90%; for FSF, hospitals are awarded one point for = 60% and < 80% of cases
and two points for =2 80%[8]. A review of the literature calls into question the wisdom of rewarding hospitals for
expedited care and in absence of literature support any improved patient outcomes with expedited care. For example, a
study in Texas of 399 SCHF demonstrated that a delay in surgery of greater than 24 h did not result in increased rate of
complications for type II SCHF[14].

At our own institution we previously published a review of 153 patients with SCHF and we found no significant
differences in outcomes among SCHF operated on overnight vs daytime surgery however surgery between midnight and
6 AM was associated with slightly a higher rate of malunion[15].

The treatment of type III SCHEF is perhaps more controversial. A retrospective review of 172 patients spanning different
severities of from the United Kingdom found no increasing complications when supracondylar fractures arriving after
hours are managed the following day vs overnight[16].

Similarly, a recent report from Japan including 244 patients found that delaying treatment more than 12 h did not affect
the rate of complications after surgery for Gartland type II or III SCHF[17]. A recent paper from Boston Children’s
Hospital demonstrated that at that institution 35% of type III and IV SCHF presenting overnight are operated on the night
they presented while the remainder were treated the following day. No difference in complication rate was found based
on timing of treatment. Based on their existing practice patterns they suggested that patients with potential neurovascular
compromise or displacement of any cortex by greater than 25 mm should be considered for treatment overnight[18].
Despite the lack of any clinically demonstrable threshold for a delay in care that predicts poor outcomes, expediting care
may have other benefits to families and patients. Furthermore timeliness of care continues to be a benchmark process
metric of quality.

In this study, the percentage of cases with wait times for surgery within 18 h of ED admittance increased from 81% to
100% for SCHF and 56% to 100% for FSF after the implementation of the program. This translates to an additional award
of two points to achieve the maximum of four points in this category. These findings support the 6 AM start program as
an effective alternative to designated trauma rooms for reducing wait times for operative treatment for uncomplicated
fractures, benefiting both patients and the institutions that do not have the OR space or trauma volume to render a
trauma room cost-effective.

However, the survey responses highlight issues to address for future attempts at implementation of similar programs.
The survey uncovered a significant disparity in opinions about the program amongst the staff, in particular those of
surgeons vs those of anesthesiologists and nurses. This is partly attributed to the time of transition from overnight calls to
daytime shifts at our institution. Surgeons typically take a home call followed by a clinic or OR day. In contrast, the on-
call anesthesiologist has a 24-h shift from 07:00 to 07:00, making the 6 AM start case the 24™ h of their shift. Nurses also
change shifts at 07:00. Thus surgeons would take on the 06:00 fracture cases as their first or only surgery of the day while
overnight anesthesiologists and nurses would have to either come in from home or stay until the last hour of their shift.
This led nurses and anesthesiologists to feel that the program took advantage of OR staffing to facilitate the surgeon’s
schedule. Several nurses and anesthesiologists voiced concerns that the elective schedule was often delayed if the 06:00
case did not start on time or ran over the expected time. The nursing staff also felt that mobilizing for an urgent case at
06:00 was inefficient because the 06:00 h is typically spent preparing the following day’s cases. Several nurses questioned
the logic of waiting until 06:00 if the OR and staff were available to do the case sooner.
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A Pediatric supracondylar humerus fractures
(n = 118)
Excluded
(n = 50)
Admitted before 19:00 or after 05:00
Screened
(n = 68)
Excluded
(n = 24)
Admitted on a Friday or Saturday night (15)
Open fracture (3)
Vascular asymmetry (3)
Included 1(=Ion;:urrer;t and ipsilateral upper extremity
(n = 44) racture (2)
Older than age 12 (1)
v ¥
Before implementation of the 6 AM start program After implementation of the 6 AM start program
(n = 16) (n = 28)
Overnight Add-on Overnight Add-on
(n=1) (n = 15) (n =4) (n =10)
6 AM start
(n = 14)
B Pediatric femoral shaft fractures
(n = 23)
Excluded
(n=7)
Admitted before 19:00 or after 05:00
Screened
(n=16) Excluded
(n = 10)
Admitted on a Friday or Saturday night (13)
Pathological fracture (3)
Older than age 8 (2)
I?:I:dse)d Open fracture (1)
Polytrauma (1)
Before implementation of the 6 AM start program After implementation of the 6 AM start program
(n=5) n=1)
Add-on 6 AM start
(n =5) (n=1)

DOI: 10.5312/wjo.v14.i7.516 Copyright ©The Author(s) 2023.

Figure 1 Flow chart of the inclusion and exclusion criteria for supracondylar humerus fractures patients. A: Pediatric supracondylar humerus
fractures; B: Pediatric femoral shaft fractures.

While the 6 AM start program was effective in reducing wait times for surgery, it was ultimately discontinued at our
institution after one year, based in large part on the aforementioned inefficiencies and the extreme unpopularity of the
program with non-surgeons. This outcome could potentially have been mitigated had anesthesiologists, nurses, and
surgical technologists been invited earlier to plan and facilitate the implementation of the program. Many authors have
stressed the importance of multidisciplinary teams in the success of quality improvement initiatives[19]. We recommend
other institutions consider adopting similar programs to engage stakeholders early in the planning process to minimize
the risks of unintended consequences and customize the program to best fit the structure of each institution.

With this study’s retrospective design, we were also unable to ensure adherence to the protocol of scheduling eligible
cases and starting the case on time which influenced the opinions of some OR staff. Factors other than the imple-
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Figure 2 Survey responses on 6 AM start program effectiveness. A: The 6 AM start program benefited patient care; B: The 6 AM start program benefited
my service; C: The 6 AM start program made it easier to place urgent trauma cases; D: Supracondylar humerus fractures benefited from the 6 AM Start program; E:
The 6 AM start program was an effective way to manage uncomplicated elbow and femur fractures presenting at night.

mentation of the early start time may influence the amount of time it takes for child to get to the OR. For example,
individual decision making of attendings and residents on-call. By sampling patients for 1 year before and after we hope
to have a good distribution of attendings and residents to eliminate individual decision making is a significant
confounder. There are also large scale time variations that affect volume of these type of fractures. By using a sample size
of 1 year before and 1 year after the implementation of the policy we hope to eliminate the effect of seasonal variation in
volume and fracture type/saverity on the timing of surgical treatment. This study is also limited by its smaller sample
size, in particular, the FSF given that they are often complicated by polytrauma or pathology. The 6 AM start program

was discontinued at our institution after a year, thus we were unable to expand the time window to capture more cases
for the study.
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CONCLUSION

We have demonstrated that our 6 AM start program was effective in reducing the wait time for operative treatment for
uncomplicated SCHF presenting overnight. This is of interest and benefit to institutions as United States News and World
Report uses timeliness of operative treatment for SCHF and FSF as a metric for ranking children’s hospitals. Although the
program produced promising results, it also created new conflicts within the OR staff that led to its discontinuation at our
institution. This information may be useful to surgeons and hospital administrators as they undertake quality
improvement programs to enhance the timeliness of care. Future implementations of such programs should involve
stakeholders early in the planning process to better address the needs of the OR staff.

ARTICLE HIGHLIGHTS

Research background
This study describes the effect of a program allowing an early operating room (OR) start for uncomplicated trauma prior
to an elective day of surgery to decrease wait times for surgery for urgent fractures admitted overnight.

Research motivation
The timing of operative treatment for pediatric supracondylar humerus fractures (SCHF) and femoral shaft fractures
(FSF) remains controversial.

Research objectives

We present the impact of the quality improvement program initiated at a suburban level I trauma center, aiming to
enhance the efficiency of care and adhere to United States News and World Report’s standard for timely management.
The program specifically focuses on reducing wait times for urgent trauma cases and mitigating surgeon fatigue by
implementing a 6 AM start.

Research methods

From October 2017 onwards, patients admitted between 21:00 the previous night and 05:00 were considered for the early
slot in the OR, subject to the surgeon’s judgment. To evaluate the effects of this change, we analyzed the demographic
characteristics and treatment timelines of patients with SCHF and FSF, comparing data from one year before and one year
after the implementation. Additionally, we gathered survey responses from the surgical team for further insights.

Research results

Out of the 44 SCHF cases that met the inclusion criteria, 16 underwent treatment prior to the program’s implementation,
while 28 received treatment afterward. Following the implementation, the average wait time for surgery decreased by 4.8
h or 35.4% (from 13.4 h to 8.7 h; P = 0.001). However, no significant differences were observed in operative duration, post
anesthesia care unit stay, or discharge wait time. Survey responses indicated a decline in the program'’s popularity among
nurses and anesthesiologists compared to surgeons. While 57% of surgeons believed the program was effective, only 9%
of anesthesiologists and 16% of nurses shared the same opinion. Due to the overall dissatisfaction, the program was
eventually discontinued.

Research conclusions

The results of our study highlight a significant decrease in surgery wait times for uncomplicated SCHF cases admitted
overnight. Additionally, we emphasize the significance of engaging stakeholders in shared decision-making. While the
program yielded promising outcomes, it also gave rise to conflicts among the OR staff, ultimately leading to its discon-
tinuation at our institution. Moving forward, it is essential to involve stakeholders early on during the planning phase of
similar programs to effectively address the OR staff’s requirements and concerns.

Research perspectives

Surgeons and hospital administrators engaging in quality improvement initiatives to improve the timeliness of care can
find value in this information. It is recommended that future implementations of such programs involve stakeholders
from the outset of the planning process to ensure better alignment with the needs of the OR staff.
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