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Introduction

Injury is the leading cause of death and disability in children 
and young adults from ages 1–24 (1). Blunt trauma accounts 
for over 90% of traumatic mechanisms of injury in children. 
with blunt abdominal trauma accounting for approximately 
10–15% of all blunt mechanisms (2-4). Several anatomic 
features of the pediatric abdomen make it particularly 
vulnerable to injury including: proportionately larger solid 
organs; relatively higher, less ossified rib cage; and limited 
fat “protection” to absorb the energy of impact (4). The 
vascularity of the solid organs can contribute to significant 
hemorrhage when injured resulting in severe morbidity and 
death. Of the solid organs, the spleen is the most frequently 
injured by blunt mechanisms. The immunological functions 
of the spleen in childhood prioritize spleen preservation in 
this population.

Early guideline development

The seminal research of Douglas and Simpson in 1971 set 
into motion the practice of non-operative management 
for isolated spleen injuries (5). Over time, this practice 
extended non-operative management to all solid organ 
injuries resulting from blunt trauma. In the 2000 American 
Pediatric Surgery Association (APSA) guidelines, non-
operative management of liver and spleen injuries became 
the standard of care (6,7). The ASPA guidelines utilized the 
Grade of Injury as the guide for management. Application 
of the guideline in terms of outcomes has been reviewed 
and analyzed in several retrospective and prospective 
studies with the identification of hemodynamics as a more 

valuable indicator for management than grade (8,9). By 
implementing this strategy, significant cost savings could be 
realized by decreasing length of stay, earlier mobilization, 
and less lab resource utilization. Additionally, the focus 
could be placed on those patients requiring resources most 
urgently (6). Based on this evidence, our trauma program, 
located in a free-standing Level 1 academic pediatric 
hospital, developed the following guideline (Figure 1).

As part of the development, the new practice guideline 
underwent review by the Pediatric Surgery faculty and the 
institution’s Clinical Effectiveness Guidelines Committee 
prior to implementation. The final revision was placed on 
the institution’s website and incorporated into the Resident 
Orientation for Pediatric Trauma education. 

The presence of a guideline alone does not insure quality 
care delivery. Compliance with the guideline must be 
monitored to identify areas of weakness and opportunities 
for improvement. Review of compliance is required as part 
of the performance improvement process (PIPS) under 
the most current accreditation standards presented in the 
American College of Surgeons Committee on Trauma 
(ACS-COT) Resource for the Optimal Care of the Injured 
Patient (10). 

Lean Six Sigma definition

Performance improvement (PI) in trauma inherently 
implies repairing something that is broken whether it be 
on the patient, department, institution or system level. 
Equally important, however, is to view the concept of 
“improvement” as means to enhance value or excellence. 
One of the fundamental principles of an effective quality 
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program is to continually identify ways in which to improve 
care delivery and patient outcomes. The lean model of 
management, first developed by Toyota in the automotive 
industry, seeks ways to improve efficiency, limit waste 
and provide a positive customer experience (1). Lean 
management strategies can be successfully adapted in the 
healthcare environment as a PI tool to reduce variability 
and enhance quality, both of which add value and excellence 
to care delivery (11). Three major lean strategies are 
particularly applicable to patient management: decrease 
waste, reduce “waits” and monitor outcomes continuously. 
By conducting a systematic review of our solid organ injury 

patient management guidelines, we identified opportunities 
to reduce variability and costs while improving patient 
satisfaction.

Lean Six Sigma measurement 

All patients admitted in 2017 with an isolated spleen or 
liver injury (n=33) were reviewed for provider adherence 
to our guideline using the following metrics: hemoglobin/
hematocri t  (H/H) col lect ion every 8 hours ;  diet 
advancement and out of bed activity orders. Cases with 
deviations from the guideline were further reviewed for 

Figure 1 Solid organ injury guideline by hemodynamics. BP, blood pressure; HCT, hematocrit; NPO, nothing by mouth; PRBC, packed 
red blood cells; PRN, as needed; PICU, pediatric intensive care unit.

Grade 1–2 liver/spleen injury confirmed by 

CT no other injury requiring PICU

Hemodynamically stable*

• Admit to floor

• HCT at admission than 8 hours later

• NS at maintenance rate

• NPO

• Strict Bedrest overnight

• Monitor—VS Q4

• Serial abdominal exams—Q6–8 hours (resident/NP)

• Morphine sulfate 0.05–0.10 mg/kg IV Q2 hours PRN

• 10 mL/kg PRBC < age 3 years or <15 kg

• 10 mL/kg whole blood for patients ≥ age 3 years and ≥15 kg

• NPO/bedrest ×24 h

• HCT Q12 hour ×2

•	Regular Diet after 2nd HCT

•	Change to PO meds

•	Ambulate

•	Discharge if Hct stable, tolerating diet & abdominal 

pain controlled on oral pain medications

•	Follow-up in clinic in 4 weeks

•	Repeat above ×1

•	If HCT <21 after 48hrs, treat individually

HCT ≥21

HCT <21 HCT ≥21

No Yes

*Age-adjusted normal hemodynamic parameters

Age (years) Heart rate Systolic BP

0–2 130 70 mmHg

3–10 110 80 mmg

11–18 90 90mmHg



Journal of Emergency and Critical Care Medicine, 2019 Page 3 of 5

© Journal of Emergency and Critical Care Medicine. All rights reserved. J Emerg Crit Care Med 2019;3:39 | http://dx.doi.org/10.21037/jeccm.2019.08.03

the following metrics: unexpected transfer to the pediatric 
intensive care unit (PICU), complications (e.g., pleural 
effusion development) and hospital readmission. Patients 
who presented 24 hours or more after initial injury were 
also identified. The following issues were identified in the 
review:
	 Variations in collection times and frequencies of H/

H collection; 
	 Definition of “first” H/H collection; 
	 Definition of H/H stability in serial draws; 
	 Earlier diet advancement than recommended by 

guideline.

Lean Six Sigma analyze

Careful evaluation of patient outcomes in each case with 
an observed guideline variation identified the opportunity 
to decrease utilization by modifying the guideline in terms 
of frequency of phlebotomy draws and the definition of 
“stability” in serial H/H’s. Concurrent to these findings, 
additional pediatric trauma research was being conducted 
in which the relationship between hemodynamic stability 
and initial hematocrit was studied (12,13). Through several 
retrospective and prospective studies, an initial hematocrit 
of 35 was identified as the defining point for guideline 
direction (12,13). Our trauma program conducted a 
retrospective review of our institution’s isolated solid organ 
injury patients previously described utilizing an initial 
hematocrit of 35 as the criteria for guideline directives. 
We did not identify any fallouts from application of this 
parameter. As a result, the following practice guideline was 
developed (Figure 2). 

Lean Six Sigma improve

The proposed guideline was reviewed by both the Trauma 
Medical Director and the Associate Trauma Medical 
Director. The guideline has been reviewed and approved 
by UPMC Children’s Hospital Clinical Effectiveness 
Guideline Committee. Currently it is posted on our 
institution’s website and incorporated into the Resident 

Orientation for Pediatric Trauma education. This guideline 
will offer both patient and institution satisfiers without 
compromising quality care. In terms of the former, patients 
will undergo less phlebotomy experiences, be advanced to 
a regular diet earlier and have a decreased length of stay. 
Also, our institution’s catchment area covers a tri-state area; 
a decreased length of stay allows patients and their families 
to return to their homes sooner reducing time away from 
family and work commitments. In terms of the latter, the 
institution will have less lab costs and overall decreased 
length of stay. In current healthcare dollars, these changes 
could result in significant savings as identified in the table 
below (Table 1).

Lean Six Sigma control

The potential for improved patient satisfaction and cost 
reduction must not occur at the risk of patient safety 
and quality outcomes. As part of the lean philosophy of 
management scheduled monitoring of the guideline via 
case review will be conducted to insure compliance as well 
as to identify variations in practice that impact patient 
safety. Additionally, as part of the monitoring process, the 
current literature will be reviewed to insure currency with 
best practice. Ultimately, the goal is the development of a 
clinical pathway which is an evidence- and consensus-based, 
standardized patient care plan intended to reduce variability 
in practice and treatment (14).

Conclusions

The management of pediatric blunt abdominal trauma 
has undergone a significant evolution in the past decades. 
Pediatric trauma surgery set the standard for non-operative 
management of solid organ injuries without compromising 
patient outcomes. Over time, the focus has transitioned to 
the evaluation of hemodynamics and ultimately hematocrit 
trigger points to determine management. By combining 
evidenced based practice and lean management principles, 
this approach can result in improved patient and institution 
satisfaction without compromising quality outcomes.
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Figure 2 Solid organ injury guideline by initial hematocrit. BP, blood pressure; HCT, hematocrit; NPO, nothing by mouth; PRBC, packed 
red blood cells; PRN, as needed; PICU, pediatric intensive care unit; IVF, intravenous fluids.

Grade 1–2 liver/spleen injury confirmed by 

CT no other injury requiring PICU

Hemodynamically stable*

• Admit to floor

• HCT at admission

Admission HCT ≥35

Admission HCT <35 but >21

No

No

No

Yes

Yes

Yes

•	10 mL/kg PRBC < age 3 years or <15 kg

•	10 mL/kg whole blood for patients ≥ age 3 years and 

≥15 kg

•	NPO

•	IVF @maintenance

•	Bedrest ×24 hours

•	HCT Q8 hour ×2

•	Serial abdominal exams Q6 hour (NP/resident)

•	Pain management considerations

o	IV tylenol-see note below

o	Morphine sulfate 0.05–0.10 mg/kg IV Q2 hour PRN

•	NPO

•	IVF @maintenance

•	Bedrest ×24 hours

•	HCT Q8 hour ×1

•	Serial abdominal exams Q6 hour (NP/resident)

•	Pain management considerations

o	IV tylenol-see note below

o	Morphine sulfate 0.05–0.10 mg/kg IV Q2 hour PRN

•	Observe ×24 hours

•	Monitor VS Q4 hour

•	Abdominal exams ×6

•	Regular diet (as tolerated)

•	PO meds

•	Ambulate

•	Discharge

o	Tolerating diet 

o	Abdominal pain controlled on 

oral pain medications

•	Follow-up in clinic in 4 weeks 

•	Transfuse as above ×1

•	Consider OR and/or IR

•	If HCT <21 after 48 hours, treat individually

HCT >21

*Age-adjusted normal hemodynamic parameters

Age (years) Heart rate Systolic BP

0–2 130 70 mmHg

3–10 110 80 mmHg

11–18 90 90 mmHg

Note: IV tylenol dosing

Infants and children <2 years: limited data available: 7.5 to 15 mg/kg/dose every 6 hours; maximum daily dose: 60 mg/kg/day (Wilson-Smith, 2009).

Children ≥2 years and adolescents: <50 kg: 15 mg/kg/dose every 6 hours or 12.5 mg/kg/dose every 4 hours; maximum single dose: 15 mg/kg up to 

750 mg; maximum daily dose: 75 mg/kg/day not to exceed 3,750 mg/day.
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Table 1 Impact on cost of care

Test Cost Pre-guideline Post-guideline

Hemoglobin/hematocrit $2.00/test $6.00 (minimum) $2.00

IVF $2.33 per Liter $9.32 $0–$2.33

Bed charge $3,200/day $9,600 (3 day stay) $3,200 (1-day LOS)

Total – $9,615.32 $3,204.33

LOS, length of stay ; IVF, intravenous fluids. 


