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Introduction: Using plan-do-study-act (PDSA) cycles, this quality improvement (Ql) project aimed to standardize an anesthetic

protocol to optimize multimodal pain management for pediatric open inguinal hernia repair (OIHR). Methods: PDSA cycle 1: in
December 2017, we standardized the intraoperative OIHR anesthesia protocol by replacing transversus abdominis plane (TAP) or
ilioinguinal-iliohypogastric (Il) blocks and fentanyl with exclusively Il blocks and fentanyl. PDSA cycle 2: in January 2019, we used
an opioid sparing strategy, replacing Il blocks and fentanyl with Il blocks and dexmedetomidine. We used statistical process control
(SPC) charts to analyze data from the medical record. Outcome measures included the percent of patients requiring rescue morphine
in the postanesthesia care unit (PACU), maximum PACU pain score, PACU length of stay (LOS), and anesthesia preparation dura-
tion. Results: The team performed a total of 641 pediatric OIHRs between July 2015 and June 2021. The three groups included 203
patients in our baseline group, 127 patients in the PDSA cycle 1 group, and 311 patients in the PDSA cycle 2 group. Special cause varia-
tion (SCV) occurred for the percent of patients requiring rescue morphine, anesthesia preparation duration, and PACU LOS. The percent
of patients requiring rescue morphine showed improvement. Anesthesia preparation duration improved compared to baseline. There
was no SCV detected in the SPC chart for maximum PACU pain score. Conclusion: We implemented an opioid sparing anesthetic
protocol for pediatric OIHR utilizing Il blocks and dexmedetomidine without adversely affecting postoperative pain score or morphine
rescue rate over 6 years. (Pediatr Qual Saf 2022;7.:€548; doi: 10.1097/pg9.0000000000000548; Published online March 30, 2022.)

INTRODUCTION

Inguinal hernia is one of the most common sur- « SAF
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gical diagnoses in pediatrics. For open ingui- %\\V\ ‘ : 1011,
nal hernia repair (OIHR), ultrasound .° <, tric nerve terminations of the first lumbar
(U/S)-guided transversus abdominis plane 45/7 PEDIATRIC - nerve root of the lumbar plexus. The TAP
(TAP) and ilioinguinal-iliochypogastric & < block is a fascial plane block that targets
(I) blocks are both utilized for intraop- = = a more extensive plexus of nerves and
erative and postoperative analgesia.'? = = typically requires greater volumes of
Supplementation with intravenous (IV) %= & local anesthetic (LA) to obtain sufficient
opioids both intraoperatively and in the °, QUALITY & SAFETY »7 spread.’
postanesthesia care unit (PACU) is common ("34, \xﬁ Although several studies have compared
with both techniques.' Se ALiTynp » \_\&—\ﬂ"" the efficacy of the two techniques in pediat-
While the injectate of both TAP and II blocks rics, the results are conflicting.” Fredrickson
dissects the plane between the internal oblique and et al.* randomized 41 patients undergoing OIHR to
receive either TAP or II blocks. Thirty minutes to 2 hours
postoperatively, pain was more frequent and ibuprofen
use was higher in the TAP group; morphine consump-

transversus abdominis muscles, the intended target
nerves of each are different.* The II block involves
blockade of the ilioinguinal and iliochypogas-
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tion was similar between groups. Conversely, Sahin et al.
randomized 90 children into three groups: TAP, II, and
caudal.® The total amount of perioperative analgesic
consumption and pain scores at 1, 4, and 8 hours after
surgery were significantly higher in the II group than the
other two. The results of randomized controlled trials
(RCT) in adults comparing these two blocks for OTHR
are similarly mixed.**

At Seattle Children’s Bellevue Clinic and Surgery
Center (BCSC), approximately 100 OIHRs are performed
annually. Before 2017, BCSC anesthesiologists adminis-
tered either a TAP or II block, based on preference, for
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OIHR, with intraoperative IV fentanyl supplementation.
In December 2017, speculation on the utility of TAP
blocks for OIHR prompted BCSC anesthesiologists to
standardize their practice to perform II blocks exclusively
for OTHR.

Concurrently, a local and national shortage of IV opi-
oid medications in 2017-2018 caused BCSC providers
to explore opioid sparing pain management strategies to
conserve the opioid supply.”® One methodology utilized
dexmedetomidine, a highly selective alpha-2 agonist with
both sedating and analgesic properties that binds to recep-
tors in the spinal cord and locus coeruleus.’ In the current
pediatric literature, dexmedetomidine is used for pre-
operative anxiety,' procedural sedation,'’'? emergence
delirium,"*"* and intensive care unit sedation.’ There are
a few reports of intraoperative use for pain control.’'# A
quality improvement (QI) project centered on tonsillec-
tomy and adenotonsillectomy surgeries at BCSC showed
that replacing intraoperative morphine and acetamin-
ophen with dexmedetomidine and ketorolac resulted in
similar pain scores and PACU length of stay (LOS). At the
same time, nausea and vomiting rescue rates improved.'$
RCTs on dexmedetomidine use, specifically in pediatric
OIHR, are limited to its use as an adjuvant for regional
techniques."”

Based upon the BCSC T&A QI project findings, the
BCSC facility expanded the use of dexmedetomidine in
its protocols, minimizing intraoperative opioids for multi-
ple pediatric ambulatory surgeries in a phased manner to
track effectiveness.'®?? In January 2019, the team replaced
fentanyl with dexmedetomidine in the OTHR protocol.

We aimed to standardize an anesthetic protocol to
optimize pain management using a multimodal approach
for pediatric OIHR over 6 years. We selected maximum
PACU pain score and the percent of patients requiring
postoperative rescue morphine as primary outcome mea-
sures and PACU LOS and anesthesia preparation dura-
tion as balancing measures.

METHODS

BCSC is an ambulatory outpatient facility where clini-
cians incorporate evidence-based standardized anesthe-
sia protocols into their practice to optimize delivery of
patient care. Anesthesiologists and certified registered
nurse anesthetists (CRNAs) can track the adoption and
effectiveness of protocol changes due to the healthy
patient population, low-acuity, high-volume caseload,
and the informatics infrastructure built to capture
electronic medical record (EMR) data, which began in
2015.

In this QI project, we included American Society of
Anesthesiologists class 1-2 patients 3-18 years of age
undergoing OIHR at BCSC from July 1, 20135, through
June 30, 2021. We chose this time frame to allow pro-
viders time to adhere to multiple protocol changes at the
BCSC facility.
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Before December 1, 2017, both TAP and II blocks were
performed in children aged 3-18 years, depending on the
anesthesiologist’s preference. The techniques for perform-
ing TAP and II blocks at BCSC mirror those described
by the New York School of Regional Anesthesia.’ All
regional blocks are performed immediately following
induction.

PDSA Cycle 1

The BCSC anesthesia team standardized their practice on
December 1, 2017, to perform II blocks exclusively for
patients 3—18 years of age undergoing OIHR. Adjunctive
intraoperative analgesics included in the protocol during

this time period included fentanyl (0.5-1 pg/kg) and
ketorolac (0.5 mg/kg).

PDSA Cycle 2

This cycle began January 1,2019, in which dexmedetomi-
dine (0.5-1 pg/kg) replaced intraoperative fentanyl (0.5-1
pg/kg) in the OTHR protocol.

Percent of patients requiring postoperative rescue
morphine was one of the primary outcome measures
used to assess protocol effectiveness. PACU nurses often
administer oral acetaminophen for mild pain (score 1-3).
Morphine is the first-line rescue analgesic for moderate
(score 4-6) to severe (score 7—10) pain in our PACU.

PACU maximum pain score was also a primary out-
come measure. PACU nurses record pain scores using
assessment tools at their discretion. For patients <3
years old, the nurses typically use the Faces, Legs,
Activity, Cry, Consolability scale (FLACC; validity r =
0.41-0.8, reliability 69%-91%, kappa = 0.52-0.82).%!
For patients 3-6 years old, the nurses favor the Faces
Pain Scale-Revised (FPS-R; validity = 0.84-0.99, inter-
rater correlations = 0.84-0.99).?2 The nurses commonly
use the numerical 0-10 visual analog scale (validity =
0.61-0.90, reliability 0.41-0.58, interrater correla-
tion 0.28-0.72) for patients 7 years of age and older.??
Statistical scores presented above are from references;
we do not have interrater reliability scores for staff. We
converted each pain assessment tool into an 11-point
(0-10) score for the analyses.

We examined PACU LOS and anesthesia prepara-
tion duration as balancing measures because the lit-
erature suggests that II blocks are more technically
challenging and more time consuming than TAP blocks.?
Dexmedetomidine can also delay arousal and increase
time to discharge,” which is not preferable in a high
turnover ambulatory surgical center. Anesthesia prepara-
tion start time begins with induction and ends after the
anesthesia provider completes the peripheral nerve block.
PACU LOS begins with the handoff from an anesthesia
provider postoperatively and ends with patient discharge
from PACU to home. Patients and families were dis-
charged directly from PACU to home once they returned
to their preoperative baseline or met discharge criteria
based upon the Aldrete scoring system.??
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AdaptX OR Advisor (AdaptX, Seattle) software system
extracts continuously updated, aggregated, and de-iden-
tified health information from the hospital’s electronic
medical record. It presents the data as statistical process
control (SPC) charts.'®

This QI project used P-charts to display the percent
of patients requiring postoperative rescue morphine and
X-bar charts to display maximum pain score, PACU LOS,
and anesthesia preparation duration.”*** Every X-bar
chart has a paired S-chart. Control limits were set at
three-sigma above and below the mean. Standard SPC
chart rules were used to detect common cause and special
cause variation (SCV).**

We submitted this QI project to the Seattle Children’s
Institutional Review Board. The board considered this QI
work and not human subjects research, so there was no
further review.

RESULTS

There were 203 patients in the baseline group, 127 in
the PDSA cycle 1 protocol group, and 311 in the PDSA
cycle 2 protocol group. Before December 1, 2017, TAP
blocks were performed for 38% of OIHR cases (78/203),
whereas II blocks were performed for 62% of OTHR cases
(125/203) (baseline group). From December 1, 2017, to
December 31, 2018 (PDSA 1 group), 4% of OIHR cases
received a TAP block (5/127) and 96% of OIHR cases
received an II block (122/127), whereas 69% of OIHR
cases received intraoperative fentanyl (88/127). From
January 1, 2019, to June 30, 2021 (PDSA 2 group), 96%
of OIHR cases received intraoperative dexmedetomidine
(298/311), whereas only 5% of OTHR cases received intra-
operative fentanyl (14/311). Table 1 lists demographic
data during the PDSA cycles. Table 2 shows changes over
time in the anesthesia OIHR protocol. Figures 1-4 dis-
play SPC results. In the X-bar charts, months in which
three or less procedures were performed do not display
control limits as standard deviations could not be calcu-
lated. Some control charts have discontinuous control
limits because there were months with low case numbers,

Table 1. Patient Demographics
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making it inappropriate to calculate three-sigma limits.
For example, during the COVID-19 pandemic, BCSC was
closed temporarily in the spring of 2020 per CDC guide-
lines for elective surgery.

Figure 1 P-chart, displays the percent of patients requir-
ing postoperative rescue morphine. The centerline mean
indicates that 12.32% of patients required morphine in
the PACU between July 2015 and June 2021. PDSA inter-
ventions are annotated on the charts. There is a single
point above the upper control limit (UCL) in the baseline
group, though the rest of this time period is stable. There
is a run of nine points below the centerline mean after
PDSA cycle 2, denoted in green, indicating special cause
variation and decreased morphine rescue rate. The center-
line mean for the run of nine points was 1.18%.

Figure 2 X-bar chart, displays the maximum PACU pain
scores. The centerline mean is 2.92, and the measure is sta-
ble throughout both PDSA cycles (no SCV signals detected).
The accompanying S-chart shows a SD mean of 2.82.

Figure 3 illustrates the X-bar chart for PACU LOS. The
X-bar centerline mean is 69.67 minutes and the chart
demonstrates process stability except in PDSA group 2—a
breach in the UCL in December 2019. The accompanying
S-chart shows a SD mean of 20.18 minutes.

Figure 4 depicts the X-bar chart for anesthesia prepa-
ration duration. The centerline mean at baseline is 13.37
minutes and the data in this time period are stable.
Beginning in September 2017, there is a decreasing trend
in anesthesia preparation time, with a shift down from
November 2017 to June 2018. This results in a new cen-
terline at 11.75 minutes. After implementation of PDSA
cycle 2, there is one breach above the UCL in July 2019.
Then, in September 2020, there is an upward shift with
a new centerline mean of 12.60 minutes. The accompa-
nying S-chart shows a SD mean of 3.61 minutes over the
entire period.

DISCUSSION

This project consisted of baseline data and the imple-
mentation of two anesthesia protocols via two PDSA

Baseline (N = 203)

PDSA 1 (N = 127) PDSA 2 (N = 311)

Sex (N/%)

Male 126 (62.1%)
Female 77 (37.9%)
Age in Years (mean/range) 6.8 (3-18)
BMI in kg/m? (mean/range) 16.5 (12.6-28.9)
ASA score (N/%)
1 147 (72.4%)
2 56 (27.6%)
Race (N/%)
White or Caucasian 112 (55.2%)
Black/African American 7 (3.4%)
Asian 26 (12.8%)
Hispanic 21 (10.3%)
Other 27 (13.3%)
Patient refused 10 (5.0%)

71 (55.9%) 214 (68.8%)
56 (44.1%) 97 (31.2%)
6.6 (3-18) 5.6 (3-17)
16.3 (12.7-27.4) 16.7 (12.5-31.2)
93 (73.2%) 203 (65.3%)
34 (26.8%) 108 (34.7%)
70 (55.1%) 164 (52.7%)
2 (1.6%) 4 (1.3%)
15 (11.8%) 41 (13.2%)
10 (7.9%) 40 (12.9%)
15 (11.8%) 45 (14.5%)
15 (11.8%) 17 (5.4%)

ASA, American Society of Anesthesiologists classification; BMI, body mass index.
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Table 2. Anesthesia Protocols
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Baseline, N = 203

PDSA 1, N =127

PDSA 2, N = 311

July 1, 2015-November 30, 2017

December 1, 2017-December 31, 2018

January 1, 2019-June 30, 2021

Induction—Sevoflurane 8%/oxygen/nitrous oxide
Propofol 1-2mg/kg IV for LMA placement
Maintenance —Sevoflurane 0.8-1.3 MAC/<30% oxygen/air
Dexamethasone 0.15mg/kg IV (max 8 mg)
Ondansetron 0.15mg/kg IV (max 4 mg)
Antibiotics, if necessary
Ketorolac 0.5mg/kg IV (max 30mg) once surgery complete

I block,
0.5% ropivacaine,

TAP block vs Il block, 0.5% ropivacaine,
0.2-0.3ml/kg immediately following induction

0.1-0.2 ml’kg immediately following induction
Fentanyl 1-2 pg/kg IV PRN

Fentanyl 1-2 pg/kg IV PRN

I block,

0.5% ropivacaine,

0.1-0.2 ml’kg immediately following induction
Dexmedetomidine 0.5 pg/kg IV bolus at induction,
additional 0.5 pg/kg PRN

ETT, endotracheal tube; lI, ilioinguinal-iliohypogastric; IV, intravenous; LMA, laryngeal mask airway; max, maximum; MAC, minimum alveolar concen-

tration; PRN, pro re nata (as needed); TAP, transversus abdominis plane.

cycles, assessing the effectiveness of multimodal OTHR
care over 6 years. There was a reduction in the per-
cent of patients requiring rescue morphine in PACU
after implementation of PDSA cycle 2, with no nota-
ble changes to PACU maximum pain score, indicating
improvement with our opioid sparing II block and dex-
medetomidine protocol.

PACU LOS remained stable with the exception of
two signals after implementation of PDSA cycle 2. The
breach in December 2019 was due to extended PACU
stays for several patients. One patient experienced post-
operative nausea and vomiting, leading to an extended
PACU stay. Three other patients had PACU stays >120
minutes, though there wasn’t any clear documentation
regarding why. The May—June 2021 signal may indicate
an improvement in our PACU LOS for OIHR patients,
though more data need to be collected to determine if this
trend continues.

Anesthesia preparation duration showed several sig-
nals. The decreasing trend noted in September 2017

PACU Rescue Morphine Rate
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35
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25

204

Percent of Cases

15+

and shift downward starting in November 2017 may
be related to increasing comfort and efficiency with II
blocks, which were becoming more commonplace during
this time, even though the official change from TAP to II
blocks did not occur until December 2017. This improve-
ment with the adoption of II blocks lasted over two and
a half years during PDSA cycles 1 and 2, but was not
sustained. Starting in September 2020, there was a shift
upward from the prior mean—this increase is likely due
to hiring of several new nurse anesthetists at this time.
However, even with this minor shift up (mean 12.60
minutes), the anesthesia prep time remained lower than
the baseline group (mean 13.37 minutes), suggesting no
real change. Of note, the breach of the UCL in July 2019
was due to two cases where “Anesthesia Start Time” was
charted erroneously.

We were able to minimize intraoperative opioids in
PDSA cycle 2 by utilizing II blocks and dexmedetomidine
in our protocol, while maintaining low rates of moderate
to severe pain in our OIHR population. Dexmedetomidine
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Fig. 1. P chart, postoperative morphine rescue rate in PACU. I/D, ilioinguinal-iliohypogastric block/dexmedetomidine; I/F, ilioingui-
nal-iliohypogastric block/fentanyl; T/F, transversus abdominal plane block/fentanyl.
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Fig. 2. X-bar chart, mean maximum pain score in PACU. I/D, ilioinguinal-iliohypogastric block/dexmedetomidine; I/F, ilioinguinal-ilio-
hypogastric block/fentanyl; T/F, transversus abdominal plane block/fentanyl.

has been well established as an analgesic adjunct and can
reduce the need for opioids.'*!® This study demonstrated
similar results within a pediatric OIHR patient popula-
tion. A study of 60 children undergoing OTHR random-
ized to receive II block = adjunctive dexmedetomidine
found prolonged duration of analgesia, lower pain scores,
and less rescue analgesic requirements during the first 24
hours postoperatively in the group receiving dexmedeto-
midine.” While this study supports the use of II block +
dexmedetomidine for OIHR versus II block alone, it does
not include an assessment of II block + fentanyl, as was
done in our QI study.

Prior pediatric literature suggests that II blocks are
more technically challenging and time consuming than
TAP blocks.? At first glance, our results seem to differ, as
anesthesia preparation duration time actually improved
for several years when II blocks became the standard for
OIHR. However, before PDSA cycle 1, most of our OIHR

patients were already receiving II blocks (62%)—our
reduced preparation time may thus be due to improved
skill and efficiency as providers performed this block
more frequently.

Dexmedetomidine has the potential to prolong emer-
gence and PACU LOS in the perioperative period.'
However, stability in our PACU LOS X-bar chart indi-
cated no deterioration in this measure once dexmede-
tomidine was instituted in the protocol. This may be
because dexmedetomidine is common in several other
protocols at BCSC and our practitioners and nurses are
already comfortable with the use and pharmacokinetics
of this medication.

This study has several limitations. First, despite the
implementation of prescribed OIHR protocols in PDSA
cycles 1 and 2, we did not have complete uptake of each
of the relevant protocol changes by our team (process
measure), possibly leading to less clear results. Second,
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Fig. 3. X-bar chart, mean PACU length of stay. I/D, ilioinguinal-iliohypogastric block/dexmedetomidine; I/F, ilioinguinal-iliohypogastric

block/fentanyl; T/F, transversus abdominal plane block/fentanyl.

though there is correlation between pain scores from dif-
ferent pain assessment tools, we converted scores from
three different pain assessment tools into an 11-point
(0-10) scale in a nonvalidated manner.?® This is not ideal
since pain may be assessed differently depending on who
evaluates the patient’s pain level.”” However, when sepa-
rating patients by age (3, 3-6, and 7-18 years) and thus
grouping patients with similar pain assessment tool use,
we found no SCV within any of the age groups for maxi-
mum PACU pain score over the 6-year project. We believe
this is consistent with our combined pain scale results.
Third, we did not examine hemodynamic data, such as
hypotension and bradycardia (common side effects of
dexmedetomidine) to determine potential limitations with
its use in the pediatric population. However, ephedrine,
glycopyrrolate, and atropine administration can be used
as proxies for treatment of hypotension and bradycardia.

In our baseline group, PDSA 1 group, and PDSA 2 group,
2%, 0%, and 5% received ephedrine, whereas 1%, 2%,
and 1% received glycopyrrolate, respectively. One patient
received atropine in the PDSA 1 group. Last, a limitation
of many QI projects is that, while validated at their home
institutions, they are not necessarily generalizable. Our
team has extensive experience with anesthesia protocol
implementation, dexmedetomidine administration, opi-
oid minimization, and regional blocks, and access to a
software program that extracts and displays continuously
updated data from the hospital’s EMR in the form of SPC
charts—these factors may not be the norm at other insti-
tutions. Regardless, this study serves as an example of
how readily accessible EMR data can support QI work,
encourage adoption of standardized clinical protocols,
and reduce variation in practice to improve the quality
of clinical care.
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Fig. 4. X-bar chart, mean anesthesia preparation duration. I/D, ilioinguinal-iliohypogastric block/dexmedetomidine; I/F, ilioinguinal-il-
iohypogastric block/fentanyl; T/F, transversus abdominal plane block/fentanyl.

CONCLUSION 2.

By leveraging PDSA cycles, real-time EMR data, and
SPC charts, we optimized an anesthesia protocol for
OIHR surgery utilizing II blocks and dexmedetomidine
that minimized the need for intraoperative opioids while

decreasing the percent of patients requiring postopera- 4

tive rescue morphine. Anesthesia preparation duration
improved compared to baseline data. Further research,

such as a multicenter, randomized controlled trial is 5.

needed to determine if our findings are relevant for other
institutions.
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