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A B S T R A C T

Background: Paralytic agents are occasionally used during the surgical treatment of type III (OTA 13A2) su-
pracondylar humerus fractures (SCHFx) in children depending on surgeon preference. Paralytic agents create a
neuromuscular blockade and therefore may potentially help with ease of fracture reduction. Controversy re-
garding the use of a paralytic agent as an adjunct to anesthesia exists due to potential associated adverse drug
reactions, including prolonged paralysis, cardiovascular effects, or electrolyte abnormalities.

The purpose of this study was to investigate intraoperative paralytic use in pediatric type III SCHFx and to
report survey responses of members of the Pediatric Orthopaedic Society of North America (POSNA) on paralytic
use in SCHFx management.
Methods: A retrospective chart review identified 319 type III SCHFx treated at our institution (January
2016–May 2019). Patients were assigned to 3 groups: group 1, surgical treatment without a paralytic agent
(n = 240); group 2, treatment with rocuronium (n = 43); group 3, treatment with succinylcholine (n = 36).
POSNA members were surveyed regarding paralytic use intraoperatively for type III SCHFx
(November–December 2021) on paralytic use frequency, request for paralytics, reversal agent use, average time
to surgery after injury and/or presentation, effect of time to surgery after injury and/or presentation on when to
use a paralytic, annual number of SCHFx surgeries performed, awareness of paralytic complications, and years of
surgeon experience. Statistical analysis was performed.
Results: Average patient age was 5.2 ± 2.2 years. Group 2 had significant increases in anesthesia duration,
surgical duration, fluoroscopic time, and radiation exposure compared to group 1. Group 2 had a higher con-
version rate to open reduction than other groups. No statistically significant difference was found among groups
in terms of sex, body mass index (BMI), laterality, radiographic measurements, or rates of open procedures or
complications. Survey results indicated 32% (24/76) routinely use paralytics during closed reduction man-
euvers; 71% (17/24) request administering paralytics at the beginning/before the case; and 33% (8/24) use
paralytics in all type III SCHFx.
Conclusions: Surgeons at our center reported paralytic use for closed reduction in 25% of patients; similarly,
one-third of POSNA survey respondents reported paralytic use during operative management. Although
paralytic agents are used during the treatment of supracondylar humerus fractures in children this study was
unable to demonstrate an association of advantageous outcomes, such as shorter surgical times. Routine
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paralytic use to facilitate closed reduction of supracondylar humerus fractures in children warrants further
study.
Key Concepts:

(1) Paralytic agents may be utilized in pediatric supracondylar humerus fracture (SCHFx) surgeries, but their
efficacy remains controversial due to associated adverse reactions.

(2) Administration of rocuronium during surgery was associated with prolonged anesthesia and surgical durations,
as well as increased fluoroscopic time and radiation exposure, suggesting potential drawbacks to its use.

(3) Despite common use, the study found no significant correlation between paralytic agent administration and
beneficial outcomes such as shorter surgical times.

(4) Survey responses revealed varying practices among orthopaedic surgeons regarding paralytic agent use
during closed reduction maneuvers for SCHFx.

(5) Understanding variations in paralytic agent use among orthopaedic surgeons underscores the importance of
future research to guide clinical decision-making.

(6) The study highlights the need for standardized protocols and evidence-based practices in the use of paralytic
agents for pediatric SCHFx.

(7) The findings underscore the need for further research to establish the efficacy and safety of routine paralytic
use in pediatric SCHFx surgeries and inform standardized protocols.

Level of Evidence: III, Retrospective chart review; Therapeutic study

Introduction

Supracondylar humerus fractures (SCHFx) are one of the most common
pediatric elbow fractures found in children less than 7 years of age, with 60.3
to 177 emergency department visits per 100,000 children annually [1–3].
SCHFx are often classified using the Wilkins modification of the Gartland
classification: type I, non-displaced fracture; type II, displaced fracture with
intact posterior cortex and variable angulation/rotation; type III, displaced
fracture without intact cortex [4,5]. It is estimated that 96–98% of SCHFx are
extension type, and 26% of those are Gartland type III variants [6]. Standard
treatment of type III SCHFx is an attempted closed reduction or open re-
duction when a closed reduction is not acceptable nor achievable, followed
by percutaneous smooth metal pin fixation for stability [7–11].

Continued debates at our weekly fracture conference revealed that
some surgeons at the study institution were using paralytic agents to fa-
cilitate closed reduction when they treated patients with type III SCHFx
under the assumption that closed reduction would be achieved more
seamlessly. Typically, paralytic agents are used as an inductive agent at
the discretion of the anesthesiologist or as a neuromuscular blockade at
the request of the treating surgeon to assist closed reduction maneuvers.
There is a paucity of literature focused on routinely utilizing a paralytic
agent during the surgical treatment of type III SCHFx to ease closed re-
duction and if its use affects surgery in quantifiable measures.

The purpose of this study was 2-fold: first, to investigate the effect of
intraoperative paralytic administration on the surgical treatment of type III
SCHFx in children at our institution, and second, to survey members of the
Pediatric Orthopaedic Society of North America (POSNA) regarding their
use of paralytic agents in the management of these fractures.

We hypothesized that the administration of paralytic agents during
surgical treatment of type III SCHFx in children would result in less
complex procedures. We anticipated that quantifiable measures, such as
shorter surgical and anesthesia durations, reduced fluoroscopic ex-
posure and duration, lower rates of conversion to open reduction, and
fewer postoperative complications, would be observed in patients who
received paralytic agents compared to those who did not.

Additionally, we hypothesized that the rate of paralytic agent uti-
lization for closed reduction maneuvers in type III SCHFx surgeries, as
reported by survey respondents, would be comparable to the rate ob-
served among pediatric orthopaedic surgeons at our institution.

Materials and methods

Retrospective chart review

A retrospective Institutional Review Board (IRB)-approved review of
type III SCHFx treated from January 01, 2016, to May 22, 2019, at the

study institution was performed. No outside funding was received for
this work. The medical records of 534 children were identified using
International Classification of Diseases Tenth Revision (ICD-10) codes
S42.411 or S42.412 and Current Procedural Terminology (CPT) codes
24538 (Percutaneous skeletal fixation of supracondylar or transcon-
dylar humeral fracture, with or without intercondylar extension) and
24545 (Open treatment of humeral supracondylar or transcondylar
fracture, including internal fixation, when performed; without inter-
condylar extension). Inclusion criteria consisted of Gartland type III
SCHFx initially treated surgically with attempted closed reduction with
percutaneous pinning (CRPP), patient age 1–10 years, adequate radio-
graphs at the time of surgery to demonstrate a type III SCHFx pattern,
and follow-up to monitor changes in radiographic union, Baumann’s
angle, and lateral humerocapitellar angle. Children less than 1 year of
age or older than 10 years were excluded due to the increased com-
plexity of pediatric supracondylar fracture patterns with increasing age
[12,13]. Additional criteria for exclusion were flexion-type injury pat-
tern, incomplete anesthesia record, missing fluoroscopic information,
and loss of follow-up until radiographic union.

Inpatient notes, operative notes (including anesthesia and nursing
notes), and clinic notes were reviewed. Three groups of children were
established: group 1, treated surgically without use of a paralytic agent;
group 2, treated with rocuronium as the paralytic agent; group 3,
treated with succinylcholine as the paralytic agent. All children were
treated by 1 of 5 orthopaedic surgeons, 4 of whom were pediatric fel-
lowship trained; one was a general orthopaedic surgeon with experi-
ence treating pediatric fractures.

Data were collected on age, sex, body mass index, laterality, an-
esthesia duration (time inductive agent was introduced to time patient
extubated), surgery duration (time of procedure start defined as first
fracture reduction attempt to procedure conclusion, defined as com-
pletion of application of immobilization cast or splint), injury to oper-
ating time, emergency room to operating room time, identity of the
attending orthopaedic surgeon, conversion to open treatment, fluoro-
scopy time, fluoroscopic radiation exposure, pre-operative and post-
operative complications, and differences of the variables among the 5
surgeons performing the cases.

Times from injury and emergency room presentation to start of
operation were recorded to evaluate any effect prolongation to surgery
may have had on reduction difficulty, and thus, requiring the use, type,
or higher doses of paralytic agents.

Pre-operative fracture-associated injuries included nerve palsy,
vascular compromise (sluggish capillary refill of greater than 3 seconds
or absent radial pulse), or combined nerve and vascular compromise.
Post-operative complications included the same criteria as pre-opera-
tive complications as well as loss of functional range of motion, defined
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as any arc of passive motion less than 30°−130° by week 12 of follow-
up [14], and fracture displacement, both of which were used as mea-
sures of fracture reduction quality.

Post-operative skeletal alignment was measured on radiographs
using post-operative Baumann and lateral humerocapitellar angles
[15]. All radiographic measurements were performed by one ortho-
paedic surgery resident physician, who was in their fourth year of post-
graduate training.

Survey administered to the Pediatric Orthopaedic Society of North America

An IRB-approved survey about the use of paralytic agents during
closed reduction of type III SCHFx was administered to POSNA members
in October–December 2021 via e-mail link to Research Electronic Data
Capture (REDCap). Inclusion criteria for the survey were orthopaedic
surgeons who were members of POSNA and provided their informed
consent to participate in the survey. Incomplete surveys were excluded
from analysis. Survey questions were designed to assess the percentage of
surgeons who used paralytic agents to ease closed reduction maneuvers for
type III SCHFx during surgery and the details of their use, such as fre-
quency of paralytic agent use, request for specific paralytic agent(s), use of
a reversal agent, effect of time to surgery on the decision to use a paralytic
agent, time to surgery after injury and/or presentation, number of op-
erative SCHFx performed per year, awareness of complications after use of
a paralytic agent, and years of surgeon experience.

Statistical analysis

Data was analyzed by an independent statistician. Descriptive sta-
tistics were performed. Analysis of variance (ANOVA), Kruskal-Wallis,
Mann-Whitney, Yuen-Welch, Bonferroni and Chi-square tests were
performed to compare the above-mentioned groups and metrics. Post-
hoc comparisons were performed for significant main effects.
Continuous variables were analyzed and reported as mean ± standard
deviation. Assumptions of normality and homogeneity of variances
were evaluated prior to the use of parametric and nonparametric sta-
tistics. Analyses were performed using SPSS vs 25 (SPSS Statistics for
Windows, IBM Corp., Armonk, NY) and JASP 0.16.0 (jasp-stats.org),
with alpha set at P < .05 to declare significance.

Results

Retrospective chart review

A total of 319 children who met the study's inclusion criteria were
identified during the retrospective chart review. There were 240 chil-
dren in group 1 (no paralytic agent), 43 in group 2 (rocuronium) and 36
in group 3 (succinylcholine). Twenty-five percent of our study cohort
received a paralytic agent.

Overall, the average age of children with an extension type III
Gartland SCHFx was 5.2 ± 2.2 years (range, 1–10 years). The children
in the rocuronium group were significantly older than those in the no-
paralytic agent group (6.4 ± 2.2 years vs 5.0 ± 2.2 years, P < .001).
Mean age in the rocuronium group was greater than that in the succi-
nylcholine group (6.4 ± 2.2 years vs 5.4 ± 2.3 years, P = .242).

The rocuronium group received an average rocuronium dose of
0.43 ± 0.16 mg/kg (range, 0.20–1.00); the succinylcholine group
received an average succinylcholine dose of 1.18 ± 0.48 mg/kg
(range, 0.28–2.69). No children in the rocuronium group required a
second dose of the paralytic agent.

Time from presentation in the emergency room to the start of the
operation was shorter for those in the rocuronium group, compared to
those who received succinylcholine or no paralytic agent (6.2 vs 6.4
and 8.2 hours, respectively, P = .007).

Statistical significance was noted in the surgical duration among the
3 groups (P = .016). Surgical duration was longer for children in the

rocuronium group compared to those who received no paralytic agent
(30 vs 23 minutes, P = .013). Surgical duration was longer for children
who received succinylcholine (24 minutes) compared to those who
received no paralytic agent (P = .36). No significant difference was
observed between surgical duration for children who received rocur-
onium vs. succinylcholine (P = 1).

Children who received either paralytic agent had increased fluoro-
scopy time, compared to those who did not (no paralytic, 29.9 seconds;
rocuronium, 48.5 seconds; succinylcholine, 33.2 seconds; P < .001).
The rocuronium group had a statistically significant increase in
fluoroscopy time compared to the no-paralytic agent group (P < .001),
but no statistical difference was found between the rocuronium and
succinylcholine groups (P = .474).

Statistically significant radiation exposure was found among the 3
groups (P < .001). Radiation exposure was higher in the rocuronium
vs no paralytic agent groups (1.20 vs 0.63 mGy, P < .001), but there
was no significant difference between the no-paralytic agent group and
the succinylcholine group (0.67 mGy, P = .378). There was no differ-
ence in radiation exposure between the rocuronium and succinylcho-
line groups (P = .139).

Anesthesia duration among the 3 groups was statistically significant
(P = .003). The rocuronium group had the longest anesthesia duration
(67 minutes) among the 3 groups; this duration was significantly longer
than in the no-paralytic agent group (55 minutes) (P < .001). There
was no statistically significant difference in anesthesia duration be-
tween the no-paralytic agent group and succinylcholine group
(57 minutes) (P = .132). No statistical significance was noted between
the rocuronium and succinylcholine groups (P = .307).

There was no significant difference between groups for time from
injury to the operating room (P = .15), sex (P = .63), body mass index
(BMI) (P = .72), injury laterality (P = .29), or post-operative radio-
graphic measurements (Baumann’s and lateral humerocapitellar angle
at approximately the 12-week mark (P = .117 and P = .436, respec-
tively). There were no significant differences in post-operative out-
comes among the orthopaedic surgeons who performed the procedure,
and no anesthesia-related complications in any of the 319 study parti-
cipants.

There was no statistically significant difference between the no-pa-
ralytic agent group and either rocuronium or succinylcholine groups
noted regarding pre-operative (P = .85) and post-operative (P = .64)
complications. Regarding preoperative complications, 10 children were
noted to have anterior interosseous nerve (AIN) palsy, 4 had posterior
interosseous nerve (PIN) palsy, 8 had sluggish capillary refill > 3 sec-
onds or absent radial pulse, and 2 had combined vascular/nerve palsies.
Only one patient who had vascular compromise required open reduc-
tion; this patient had no post-operative complications. Postoperatively,
8 additional children were found to have AIN palsy; the total number of
children with isolated AIN palsy was thus 18 (5.6%). Three children
were found to have PIN palsy postoperatively; the total number of
children with isolated PIN palsy was 7 (2.2%). Return of function was
achieved in all patients with AIN or PIN palsy. One patient developed a
valgus deformity with malrotation after fixation. The comparative
analysis for all 3 groups is depicted in Table 1.

When comparing groups with paralytic use vs no paralytic use
(Table 2), no statistical significance was found between groups re-
garding performing an open reduction (P = .909), preoperative com-
plications (P = .379), and postoperative complications (P = .228).
Statistical significance between paralytic agent use and no paralytic
agent use was found for anesthesia duration (P < .001), surgical
duration (P = .006), fluoroscopic duration (P < .001), and radiation
exposure (P < .001).

Statistical significance for paralytic agent use (49.0%, 29.4%,
23.7%, 20.9%, and 1.7% of cases) was found among the 5 attending
surgeons (P < .001). Overall, rocuronium was used in 13.3% of cases,
succinylcholine in 12.7% of cases, and no paralytic agents in 74% of
cases. The indication for paralytic agent use and/or specific paralytic
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agent use was not recorded. Three of the surgeons had been practicing
for 15–20 years (paralytic agent use: 49.0%, 29.4%, 23.7%) and 2
surgeons for 25–30 years (paralytic agent use: 20.9%, 1.7%). Surgical
duration among the 5 surgeons was statistically significant (P < .001).
Further analysis demonstrated the surgical duration for surgeon 4 had a
statistically significant difference compared to the other 4 surgeons
(P < .01) Table 3.

Survey administered to Pediatric Orthopaedic Society of North America

Seventy-six pediatric orthopaedic surgeons agreed to participate in
the POSNA survey. Twenty-four surgeons (32%) said they usually use
paralytic agents to ease the closed reduction of type III SCHFx while 52
surgeons (68%) said they do not utilize paralytic agents for type III
SCHFx. Of the 24 surgeons who use paralytic agents, only 1 requested a
specific paralytic agent (succinylcholine); none of the surgeons were
aware of post-paralytic agent–or post-reversal agent-related complica-
tions. A radiographic image of a type III SCHFx was shown to the 24
surgeons to understand their preference for a paralytic agent during
closed reduction of this fracture: 23 surgeons said they would use a
paralytic agent while 1 surgeon said the decision to use a paralytic
agent would be left to the discretion of the anesthesiologist (Fig. 1).
Table 4 further demonstrates details of the use of paralytic agents
during closed reduction of type III SCHFx by the 24 surgeons who use
paralytic agents routinely.

Of the 17/24 surgeons who used paralytic agents routinely and re-
quested medication administration at the beginning/before the case,

47% used paralytic agents in all cases while 35% used it in most cases.
Seventy-one percent (12/17) of those who use paralytics at the begin-
ning/before the case reported paralytic agent use does not depend on
time to surgery after injury and/or presentation.

Seven surgeons said paralytic agent use was dependent on the time of
surgery after injury and/or presentation; 0, 2, 4, and 1 surgeon operated
emergently, same day, next day, and within 2–3 days, respectively.

Thirty-eight percent of those who use paralytic agents routinely (9/24)
had been practicing for <10 years while the second highest group who
use paralytic agents routinely (6/24, 25%) had been practicing for >20
years. Five surgeons (5/24) who use paralytic agents had been practicing
for 10–15 years; 4 surgeons (4/24) who use paralytic agents had been
practicing for 15–20 years. Among those practicing <10 years and using
paralytic agents routinely, 78% used paralytic agents at the beginning/
before the case; 33% use paralytic agents in all cases vs 44% in most cases.
Among those practicing >20 years and using paralytic agents routinely,
33% use paralytic agents in all cases vs 67% in most cases. Thirty-three out
of 76 orthopaedic surgeons did not ever request paralytic agents for type
III SCHFx because they did not find its use necessary during closed re-
duction. One surgeon noted that he preferred open reduction if the frac-
ture did not reduce within 3 attempts.

Discussion

Supracondylar humerus fractures are one of the most common
fractures in the pediatric elbow [2] and account for two-thirds of all
pediatric elbow injury hospitalizations [16,17] with attempted closed

Table 2
Comparative analysis between no paralytics vs paralytics groups.

No paralytics Paralytics P-value

No. of patients 240 (75.2%) 79 (24.8%)
Female % 53% 49% .574
Age (years) mean± SD 5.0 ± 2.2 5.9 ± 2.2 .001
BMI mean± SD 18.7 ± 17.2 18.2 ± 9.9 .278
Left-sided injury % (vs right) 66% 55% .041
Anesthesia duration (minutes) median [Range] 55 [30-145] 60 [37-171] < .001
Surgery duration (minutes) median [Range] 23 [6-121] 23 [11-113] .006
Injury → OR (hours) Median [Range] 9.2 [6.4-14.1] 7.6 [3.4-96] .026
ED → OR (hours) median [Range] 8.2 [5.6-13.2] 6.5 [1.8-22.8] < .001
No. of Open reduction 6 (2.5%) 2 (2.5%) .909
No. of Preop Complication 17 (8%) 7 (9%) .379
No. of Postop Complication 33 (14%) 14 (18%) .228
Fluoroscopy time (sec) mean± SD 29.9 ± 27.3 45.2 ± 34.4 < .001
Radiation exposure (mGy) mean± SD 0.63 ± 0.74 1.05 ± 1.01 < .001
Bauman angle mean± SD 72.9 ± 5.5 74.9 ± 3.6 .092
Lateral humerocapitellar angle mean± SD 41.3 ± 7.8 43.0 ± 10.2 .833

Table 1
Comparative analysis among treatment groups.

Overall No paralytics Rocuronium Succinyl-choline P-value

No. of patients 319 240 (75.2%) 43 (13.5%) 36 (11.3%) –
Female % 53% 53% 58% 47% .63
Age (years) mean± SD 5.2 ± 2.2 5.0 ± 2.2 6.4 ± 2.1 5.4 ± 2.3 < .001
BMI mean± SD 18.6 ± 15.9 18.7 ± 17.2 19.7 ± 13.4 16.6 ± 2.9 .72
Left-sided injury % (vs right) 64% 66% 54% 61% .29
Anesthesia duration (minutes) median [Range] 57 [30-171] 55 [30-145] 67 [37-171] 57 [37–91] .003
Surgery duration (min) median [Range] 24 [6-121] 23 [6-121] 30 [13–113] 24 [11–59] .016
Injury → OR (hours) Median [Range] 8.3 [5.5-13.8] 9.2 [6.4-14.1] 7.7 [4.7-11.8] 5.8 [3.9-11.9] .15
ED → OR (hours) median [Range] 7.5 [5.2-12.7] 8.2 [5.6-13.2] 6.2 [4.3-11.0] 6.4 [4.7-12.3] .007
No. of Open reduction 8 (2.5%) 6 (2.5%) 2 (4.7%) 0 (0%) .43
No. of Preop Complication 24 (9%) 17 (8%) 4 (11%) 3 (9%) .85
No. of Postop Complication 47 (15%) 33 (14%) 8 (20%) 6 (17%) .64
Fluoroscopy time (seconds) mean± SD 32.8 ± 28.4 29.9 ± 27.3 48.5 ± 33.1 33.2 ± 23.6 < .001
Radiation exposure (mGy) mean± SD 0.71 ± 0.80 0.63 ± 0.74 1.20 ± 1.00 0.67 ± 0.66 < .001
Bauman angle mean± SD 73.5 ± 5.1 72.9 ± 5.5 75.6 ± 3.6 75.1 ± 2.3 .117
Lateral humerocapitellar angle mean± SD 41.8 ± 8.3 41.3 ± 7.8 41.7 ± 9.1 44.8 ± 11.1 .436

P-value ≤ .05 statistically significant.
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reduction and percutaneous pinning as the standard of care for type III
SCHFx [18]. Goals for surgical treatment of SCHFx are to restore
alignment typically by closed reduction methods and utilize techniques
that would decrease the need for conversion to an open procedure that
may lead to more cases with increased time to union, increase in wound
dehiscence, and worse Flynn functional results [15]. Much of the
available literature speaks to using anesthesia and analgesics effectively
for pediatric fracture reductions as reducing the awareness and pain felt
by the patient will induce some relaxation [19-21]. However, occa-
sionally, a paralytic agent is used by some surgeons to provide a neu-
romuscular blockade to relax the muscles to ease the closed reduction
maneuver of a type III SCHFx. Theoretically, the subsequent result of
the ease of closed reduction maneuvers would decrease surgical time,
fluoroscopic time, radiation exposure, and the need to convert to an
open procedure. Typically when a paralytic is requested by a treating
surgeon at our institution, the request is made prior to anesthesia in-
duction as the choice of airway management may be affected (en-
dotracheal intubation versus laryngeal mask airway in the setting of
paralytic agent administration). Thus, paralytic agents in our study
were likely to be used based on anticipated difficulty with reduction
maneuvers rather than reduction difficulty experienced during the
procedure.

Although the reason for using paralytic agents - whether it was for
the ease of closed reduction or surgeon preference - was not recorded,
our study did not demonstrate an advantageous effect of paralytic agent
use on the variables studied. Therefore, we reject our hypothesis that

children who received a paralytic agent would have a shorter an-
esthesia duration, shorter surgical duration, shorter fluoroscopy time,
decreased radiation exposure, increased use with pre-operative frac-
ture-associated injuries, and lower rates of conversion to an open re-
duction when compared to those children that underwent treatment
without the use of a paralytic agent.

Interestingly, patients treated perioperatively with rocuronium did
have a statistically significant longer anesthesia duration, increased
fluoroscopic time, and increased radiation exposure compared to the
succinylcholine and no-paralytic agent groups. Surgical duration was
significantly longer in the rocuronium and succinylcholine groups when
the 3 groups were assessed among each other; the rocuronium and
succinylcholine groups also had surgery performed sooner than the no-
paralytic group. This may signify that the paralytic groups had more
difficult reductions compared to the no-paralytic group. The conversion
rate from closed to open reduction was found to be 2.5% overall, which
is similar to that reported in other studies [22,23]. Although not sta-
tistically significantly different, patients without any administered pa-
ralytic agent had a conversion treatment rate of 2.5% (6/240) while the
rocuronium group had a rate of 4.7% (2/43). This is likely due to the
increased difficulty encountered during closed reduction maneuvers.
Similar results between the succinylcholine group and no-paralytic
agent group may have occurred due to the short duration of action of
approximately 4–6minutes of succinylcholine, making it a less effective
paralytic agent compared to rocuronium for difficult and lengthy re-
ductions [24].

Table 3
Comparative analysis among the 5 orthopaedic surgeons.

Surgeon Years of experience Number of cases with paralytic agent use/Total cases performed Surgical duration (minutes)

1 15-20 14/59 17.8 ± 5.2
2* 25-30 1/57 25.9 ± 18.1
3 25-30 14/67 20.0 ± 8.9
4 15-20 25/85 33.8 ± 15.9
5 15-20 25/51 22.4 ± 12.0

* Did not complete a pediatric orthopaedic surgery fellowship.

Figure 1. Pre-operative radiographs demonstrating a Gartland type III supracondylar humerus fracture. (A) Anteroposterior radiograph. (B) Lateral radiograph.
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No anesthetic complications were documented for any of the 319
children included in this study. Despite any documented anesthetic
complications, paralytic and paralytic reversal medications have re-
ported risks. Succinylcholine has had rare reports of acute rhabdo-
myolysis with hyperkalemia followed by ventricular dysrhythmias,
cardiac arrest, and even death in apparently healthy children who were
subsequently found to have an undiagnosed skeletal muscle myopathy
[25]. Rocuronium has documented reports of adverse reactions in-
cluding anaphylaxis, malignant hyperthermia, cardiac arrhythmias, and
prolonged paralysis requiring a reversal agent [26,27]. If reversal is
needed, sugammadex is typically used, which can be costly and has
inherent risks including but not limited to anaphylaxis, marked bra-
dycardia, and the need for respiratory function monitoring. The safety
and effectiveness of sugammadex has not been established in children
less than 17 years of age [28].

When comparing the 5 surgeons included in this study, there was
wide range of paralytic agent use among the surgeons although there
were similar years of experience. Interestingly, the surgeons with 15–20
years of experience had longer surgical durations compared to the
surgeons practicing for 25–30 years. This may indicate a difference in
training between the generations of surgeons. One surgeon with 15–20
years of experience was found to be an outlier and had a statistically
significant increased surgery duration compared to the other 4.
However, this surgeon did perform more surgical cases for type III
SCHFx which increases the likelihood of more difficult cases. The dif-
ficulty of the cases was not recorded for any of the surgeons.

Our institutional rate of 25% administration of a paralytic agent
during the treatment of type III SCHFx in children, which was similar to
that of the POSNA survey results in which a third of surgeons requested
paralytic agents for reduction of type III SCHFx. This poses the ques-
tion: why do two-thirds of orthopaedic surgeons not use paralytic
agents or deem it unnecessary in the setting of closed reductions for
type III SCHFx? Of the 24 surgeons who usually request paralytic

agents, only 29% of surgeons requested paralytic agent administration
intraoperatively due to the difficulty of the closed reduction compared
to other respondents administering paralytic agents before surgical in-
cision. Also, nearly half of the survey responders who requested pa-
ralytics before the start of the case use them in all their cases. Future
studies are warranted to determine if paralytic agents are necessary
without having attempted closed reduction of the fracture and knowing
the actual difficulty of the reduction. The high percentage of those
using paralytic agents who had been in practice for < 10 years and
>20 years indicate that factors other than experience may dictate the
routine use of paralytic agents when reducing type III SCHFx, such as
orthopaedic surgical training or institutional biases and cultures.

Strengths of our study include a large cohort of children treated by
orthopaedic surgeons at a large metropolitan children’s hospital, which
is an American College of Surgeons level I trauma and regional tertiary
referral center. Study limitations include no clear specification as to
why a specific paralytic agent was chosen and by whom. Indications for
use of a paralytic agent include difficulty in reducing a posteromedial or
posterolateral type III SCHFx, suspicion of a type IV supracondylar
humerus fracture, the size of the patient regarding a muscular or lean
arm or attending and/or resident experience. The patients receiving
paralytic agents had shorter times from the emergency department to
the operating room, longer operative times, longer anesthesia dura-
tions, and greater fluoroscopic use compared to those who did not re-
ceive paralytic agents. These factors appear to be reflective of the an-
ticipated severity or complexity of the cases, rather than the outcomes
of paralytic agent use itself. That said, multiple of these indications
could have played a role in the decision of the surgeon and/or an-
esthesiologist in a given case. The use of paralytic agents did not have a
significantly higher complication rate, though need for a higher power
study could have contributed to this.

The selection bias in this study arises from the non-random assign-
ment of patients to receive paralytic agents versus no paralytic agents.
The decision to use paralytic agents was likely influenced by the sur-
geon's perception of the anticipated difficulty of the fracture reduction,
rather than being randomly assigned. This means the paralytic agent
groups were selectively enriched with more complex or challenging
fracture cases, as evidenced by their shorter times to the operating room
from the emergency department.

This selection bias can significantly impact the validity and inter-
pretation of the study results. The longer operative times, increased
fluoroscopy use, and other factors observed in the paralytic agent
groups may not be due to the paralytic agents themselves, but rather
the inherent complexity and severity of the fracture cases selected to
receive paralytic agents. Without random assignment, it becomes dif-
ficult to disentangle the true effect of the paralytic agents from the
confounding influence of fracture severity.

Additionally, the reason for the specific request for the use of ro-
curonium or succinylcholine by the orthopaedic surgeon was not re-
ported in operative notes, nor the precise time when the paralytic was
administered. Increased anesthetic duration, fluoroscopic duration, and
radiation exposure can be attributed to a difficult reduction which
could be the reason for paralytic agent use. These various limitations of
the retrospective study may be answered with a prospective study
where the criteria for paralytic agent use can be set prior to the start of
the study as well as anesthesia records. To our knowledge, this is one of
the first orthopaedic research papers investigating the role of paralytic
agents in the treatment of type III SCHFx in children. Although without
a matched cohort or randomization within this study, this study more
accurately highlights the variation in paralytic use for these fractures
and the current lack of high-quality data to guide evidence-based
practice. The limitations underscore the need for a prospective, ran-
domized controlled trial, because only such a rigorously designed
prospective could potentially overcome issues of selection bias and
confounding to generate more solid evidence regarding if and how
paralytic agents should be utilized for these fractures.

Table 4
Pediatric Orthopaedic Society of North America (POSNA) survey results.

When paralytic agent is requested
Beginning/Before case 17 (71%)
During case when fracture is too difficult to reduce
without muscle relaxation

7 (29%)

Frequency for request of use of a paralytic agent
All the time 8 (33%)
Most cases 10 (42%)
Some cases 6 (25%)

If request use of a specific paralytic agent
Yes 1 (4%)
No 23 (96%)

If aware of use of reversal agent
Yes 4 (17%)
No 20 (83%)

If time to surgery after injury and/or presentation affects
decision to use a paralytic agent

Yes 8 (33%)
No 16 (67%)

Average time to surgery after presentation of uncomplicated
type III SCHFx

Emergent 2 (9%)
Same day 7 (30%)
Next day 13 (57%)
Within 2-3 days 1 (4%)

Number of SCHFx treated operatively per year
0-25 5 (21%)
25-50 16 (67%)
50-75 3 (12%)
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Paralytic agents to facilitate closed reduction of extension type III
SCHFx did not correlate with shorter surgical times or other advantageous
outcomes. However, the variables used to measure the ease and effec-
tiveness of closed reduction with paralytic agents do not answer the
question of why paralytic agents were administered to the patient. We
recommend that further investigation is needed in determining the role of
paralytic agents in type III SCHFx with a prospective randomized con-
trolled trial utilizing similar variables that were measured in this study
along with the reason for the administration of the paralytic agents.
Further prospective randomized studies are needed to better understand
the role of paralytic agents in the surgical treatment of type III SCHFx in
children. By highlighting the current variability in practice and limitations
of a retrospective analysis, this study provides the motivation and foun-
dation to conduct future prospective, randomized research. Such studies
would provide higher quality evidence to better guide clinical decision-
making around the use of paralytic agents for type III supracondylar hu-
merus fractures in children. The current investigation is an important first
step towards resolving this unresolved clinical question.
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