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ABSTRACT
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Dr. Noel S. Weiss, Professor

Department of Epidemiology

Objectives: To evaluate the effectiveness of the Pediatric Solid Organ Injury Pathway at
Harborview Medical Center (HMC): to determine what proportion of pediatric solid organ injury
patients qualify for care under this pathway by having isolated injury, and to determine whether
the proportion of patients receiving abdominal operative interventions, including splenectomy,
changed at HMC after institution of the pathway in 2005.

Design: Retrospective cohort study

Setting: Harborview Medical Center, Seattle, Washington

Intervention: None

Subijects: Pediatric (0-18 years) trauma patients at HMC with solid organ (liver or spleen) injury
during 2001-2012.

Methods and main results: Patients were identified in the Harborview Trauma Registry via ICD-
9 codes for the presence of liver and spleen injuries. Demographic information, clinical
characteristics and ICD-9 procedure codes were also obtained from the Harborview Trauma
Registry. A minority of patients had isolated organ injury (less than 30%,) and were thus eligible

for pathway care beginning in 2005.



The operative proportion was low before and after institution of the pathway in 2005; a slight
decrease in the operative proportion was observed after adjusting for the increase in Injury
Severity Score (ISS) observed over time. Among patients with isolated splenic injury, 3.1%
received splenectomy in 2001-2004 (5.6% adjusted for ISS,) compared to 3.3% in 2005-2012.
Among patients with isolated spleen or liver injury, 6.3% (adjusted for ISS; 6.1% unadjusted)
underwent a related abdominal surgery (exploratory laparotomy, spleen or liver repair, or
splenectomy) in 2001-2004, vs. 4.4% in 2005-2012.

Among patients with non-isolated splenic injury, who would not have been eligible for pathway
care but whose care may have been influenced by a general change in practice over time, 9.8%
(adjusted for ISS; 7.9% unadjusted) received splenectomy in 2001-2004, vs. 8.7% in 2005-
2012. In patients with non-isolated liver or spleen injury, 11.5% (adjusted for ISS; 11.0%
unadjusted) underwent abdominal surgery in 2001-2004, vs. 13.8% in 2005-2012.
Conclusions: The proportion of patients who had isolated splenic or hepatic injury, thereby
qualifying for pathway care, was relatively low. In both time periods, receipt of splenectomy
was infrequent, and appeared to meet nationally published guidelines for care of isolated
splenic injury. Patient severity of injury increased over time. Adjusting for ISS, slightly fewer

splenectomies occurred in the post-pathway period compared to the pre-pathway period.



BACKGROUND

The care of isolated solid organ injury to the liver and spleen has changed dramatically over the
past several decades, as nonoperative management has been repeatedly shown to be a safe
and successful approach to care in most cases. Review of this experience has led to the
publication of benchmarks for solid organ injury care, including a splenectomy frequency of no
more than 3% in patients with isolated splenic injuries, and of 5-11% in all children with splenic
injury (1). This goal appears to be achievable in a variety of pediatric care settings (2-4) without
subjecting patients to increased risk of transfusion, urgent surgery, late complications, or
mortality (4-12). In nonoperatively managed patients, subsequent efforts aimed to decrease
resource utilization showed that most may be successfully managed with relatively short ICU
stays, relatively short hospital stays, limited lab draws, and limited repeat imaging tests (5-7,13-

16).

A number of issues impact whether this approach to care is consistently provided to patients.
Questions remain about what measures should be undertaken to avoid operative interventions,
and variability exists in the types of nonoperative care that patients actually receive (17). One
aspect of this uncertainty is the criteria by which patients are deemed to “fail” nonoperative
management. Hemodynamic instability or “excessive transfusion” is often given as the reason
for failure, yet the magnitude of the operative risks versus the transfusion risks is unknown.
Nonoperative management has been shown to be successful in patients with initial hypotension,
if appropriate resuscitation is provided (3, 18). There is also variability in the amount of
transfusion deemed “excessive”: 30% of adult surgeons polled disagreed that any blood should
be transfused for hemodynamic instability before considering operative intervention (1). Adult
surgeons were also more likely than pediatric surgeons to consider any transfusion a “failure” of
nonoperative management (19). The volume of transfusion provided to patients with solid

organ injury has also decreased over time, suggesting that providers have become more



comfortable with nonoperative management and permissive anemia (20-22). Even when
hemodynamic instability is not present, there is evidence that some providers continue to base
operative decision making on injury grade (23), despite other evidence that nonoperative
management is frequently successful in high-grade injuries (3, 5, 9, 24-25). These differences

suggest substantial variability in the care delivered to patients with solid organ injuries.

Management algorithms (also called pathways or clinical practice guidelines) are one measure
used to address system variability in providing care. Many management algorithms for solid
organ injury, some based on American Pediatric Surgical Association (APSA) guidelines and
some based on other criteria, have been published and studied. The published algorithms vary
widely in their patient selection and algorithmic goals, yielding different approaches to delivering

patient care for isolated solid organ injury.

Given the known provider variability in practices, particularly surrounding decisions to abort
nonoperative management and to use blood products in resuscitation, Harborview Medical
Center (HMC) developed a management pathway in 2005 to standardize care for pediatric
patients with isolated solid organ injury (hepatic and splenic injuries.) HMC is the only
designated pediatric Level | trauma center for the states of Washington, Alaska, Montana, and
Idaho. Compared to centers with smaller catchment areas, HMC cares for a high proportion of
severely injured patients, with high grades of solid organ injury and with a greater likelihood of
hemodynamic instability at presentation. Few published management pathways apply to this
patient population, as there is historically a high level of concern using nonoperative
management in hemodynamically unstable patients, or in those with high grades of injury. To

address these specific needs of injured patients at HMC, the HMC Solid Organ Injury Pathway



is based on existing published pathways (5, 6) which emphasize hemodynamic status as the

primary factor in decision making (Appendix).

Given the high proportion of trauma patients at HMC who suffer multiple injuries, it was unclear
how many patients the pathway would apply to, as it is designed to be used in patients with
isolated solid organ injury. It is possible that adopting this pathway—uwith its emphasis on
hemodynamic status and standardized operative decision-making— also influenced the care
provided to solid organ injury patients with multiple injuries, who on average have higher-grade
organ injuries and higher Injury Severity Scores (ISS). We examined the use of this pathway by
describing the patients who would be included in its care by having isolated solid organ injury,
and to examine its possible broader effect by evaluating the proportion of patients (with both
isolated and non-isolated injury) receiving operative interventions before and after 2005. We
hypothesized that improved fluid resuscitation efforts and standardized operative decision-

making would lead to a decrease in operative interventions over time.

METHODS

We conducted a review of the records of all pediatric patients (< 18 years of age) admitted to
Harborview Medical Center with solid organ injury (hepatic or splenic injury) from 2001-2012.
Solid organ injury was defined as having an ICD-9 code describing a hepatic or splenic injury
(864.00-864.05, 864.09-864.15, 864.19, 865.00-865.04, 865.09-865.14, and 865.19.) Patients
meeting this definition were identified by querying the Harborview Trauma Registry, and were
included regardless of the presence of additional injuries. 10 records had duplicate identical
entries, and one of each duplicate was deleted. Two additional duplicate HMC ID numbers

occurred; these represented two separate admissions for the same individual and were



included. No records were subsequently excluded. The University of Washington Institutional

Review Board approved this study, and the need for informed consent was waived.

From the trauma registry, demographic and injury-related information was obtained, including:
age, sex, ISS, emergency room vital signs, emergency room disposition, hospital length of stay,
mortality, discharge ICD-9 codes, organ injury Abbreviated Injury Scale (AIS) codes, and ICD-9
procedure codes, dates, and times. AIS codes were only available for the years 2005-2012.
Patients were classified as being “hemodynamically unstable” per the HMC solid organ injury
pathway if their vital signs in the emergency department (according to the trauma registry) were
outside the range delineated in the pathway (Appendix). Injuries were classified as high-grade if
they were grade IV or grade V by either ICD-9 criteria (26) or AlS scoring. 1SS was further

categorized into clinically relevant categories of <=9, 10-15, and >15.

No standard definition of isolated organ injury based on ICD-9 coding was identified in the
literature. Additionally, the pathway itself does not define isolated injury. For the purposes of
this investigation, patients were classified as having isolated organ injury if no ICD-9 codes were
present identifying either multiple solid organ injuries or any additional severe injuries. Severe
injuries were considered to include: cerebral edema (ICD-9 348-350), traumatic brain injury
(ICD-9 850-852 & 854-855), myocardial contusion or depression, or pulmonary vascular injury
(ICD-9 410-429), cerebral infarct (ICD-9 433-444), pneumo/hemothorax or penetrating thoracic
trauma (ICD-9 511-518, 860-863, 875-876, & 901-903), peritonitis or penetrating abdominal
trauma (ICD-9 567-568 & 868.1-868.19), intracranial hemorrhage or cerebral laceration (ICD-9
800.1-802, 852-854, & 803-805), spinal cord injury (ICD-9 806-807), and pelvic fracture or long-

bone fracture (ICD-9 808-809, 821-822, & 812-813.)



The primary operative outcome of interest was receipt of splenectomy (ICD-9 procedure code
41.5). An additional operative outcome of interest was defined as one or more of the following
abdominal surgeries: spleen surgery (ICD-9 41.5, 41.93, and 41.95), liver surgery (50.2, 50.22,
50.3, 50.6, 50.61, and 50.69), or exploratory laparotomy (54.11, 54.1, and 54.19), given that
many patients who receive splenectomy do so after an exploratory laparotomy is performed for

other indications (typically peritonitis, ongoing bleeding, or hemodynamic instability.)

Both ISS and AIS injury severity scores are typically reported, to describe overall severity of
injury as well as organ-specific injury severity. However, AIS scores were separately calculated
in the Harborview Trauma Registry only beginning in 2005, and so were only available for a
portion of the years under study. AIS scores have better specificity for injury grade than do ICD-
9 scores (26,) and the two were not comparable among records in our sample for which both
were available. We were therefore unable to evaluate the trend in high-grade injury over time.
Additionally, given that the ISS captures both injury grade and the severity of concomitant
injuries that may influence operative decision-making, we chose to use the ISS alone as an

indicator of severity of injury for the purposes of this evaluation.

Statistical analysis

The proportion of patients classified as having isolated injury was calculated by year and by
period. The proportion of both isolated and non-isolated injury patients classified as
hemodynamically unstable was calculated by period. Within these categories, the injured
population was described for the pre-pathway period (2001-2004) and the post-pathway period
(2005-2012) using descriptive statistics for age, gender, ISS, proportion of high-grade injury,

hospital length of stay (LOS), and mortality.



We evaluated the proportion of isolated and non-isolated solid organ injury patients receiving
splenectomy by period, and of isolated and non-isolated spleen injury patients receiving an
abdominal surgery of interest by period. From the descriptive statistics, ISS was noted to
increase over time, and higher ISS was also associated with the occurrence of both surgical
interventions. To address confounding by ISS over time, we calculated pre-pathway proportions
of splenectomy and abdominal surgery (among isolated and non-isolated populations) based on
post-pathway ISS quartiles, thereby adjusting the pre-pathway operative proportion for the post-

pathway level of severity. STATA SE 12 was used for all analyses.

RESULTS

We identified 890 patients who met the inclusion criteria. This included 303 from the pre-
pathway period (2001-2004) and 587 from the post-pathway period (2005-2012), with a range of
64 to 111 cases per year. (25 cases were present in the partial year of data in 2012). There
was no clear trend in the annual number of cases observed over the years studied, with an
average of 75.8 cases per year from the pre-pathway period and 80.3 cases per year from the

post-pathway period (excluding the partial year of data in 2012).

We estimated that 28.8% of patients had isolated solid organ injury, based on the definition
above, with 32.3% in the pre-pathway period and 26.9% in the post-pathway period. There was

no clear trend in the proportion by year, ranging from 18.5% to 39.1%. (Table 1)

The proportion of patients qualifying as hemodynamically unstable, based on emergency room
vital signs and per the pathway guidelines, was extremely low among patients with isolated

organ injury (1% in the pre-pathway period, 0% in the post-pathway period.) The proportion of
non-isolated injury patients who qualified as hemodynamically unstable was also low, and this

was also similar over time (3.9% in the pre-pathway period, 4.7% in the post-pathway period.)



(Table 1) Hemodynamic instability was uncommon among those who ultimately received
splenectomy and/or abdominal operative intervention: 5 out of 36 patients (13.9%) who
received splenectomy and 10 out of 94 patients (10.6%) who underwent abdominal surgery
gualified as being hemodynamically unstable. However, those who were hemodynamically
unstable had a high likelihood of being severely injured; these patients had a mean ISS of 48.9
(range: 10-75) and a mortality of 48.3%. Among those with hemodynamic instability who
survived (n=15), mean ISS was 46.2, length of stay was an average 23 days, 40% required an

abdominal surgery, and 22% of those with spleen injury required splenectomy.

Descriptive statistics of the population studied are presented in Table 2. These were notable for
a higher average ISS in the post-pathway period for both isolated and non-isolated organ injury
groups (10.6 vs. 12.6 and 25.9 vs. 32.0, respectively). When ISS was categorized into three
clinically relevant levels of injury, a sizeable proportion of isolated injury patients were
“seriously” injured, with 35.4% having an ISS >15. The post-pathway period had a higher
proportion of patients in the moderate (10-15) and severe (>15) injury categories, consistent
with the observation that mean ISS was higher in the post-pathway period (Table 3.) In
evaluating severity of injury by organ injury grade, a substantial proportion of isolated organ

injury patients had high-grade injury in the post-pathway period (grade IV or V; 34%; Table 2.)

Among isolated spleen-injured patients, splenectomy occurred in 3.1% of patients in the pre-
pathway period, compared to 3.3% in the post-pathway period. Patients undergoing
splenectomy had a much higher average ISS than those who did not receive splenectomy (40.3
vs. 24.8.) The association of ISS with splenectomy as well as with time period raised a concern
for confounding; therefore, an estimate adjusted for ISS quartile was calculated. Adjusted for
post-pathway ISS quartile, 5.6% of isolated spleen-injured patients underwent splenectomy in

the pre-pathway period (vs. 3.1% unadjusted). Similarly, among isolated spleen- and liver-



injured patients, combined abdominal operations of interest (including spleen procedure, liver
procedure, or exploratory laparotomy) occurred in 6.3% (adjusted for ISS; 6.1% unadjusted) of

pre-pathway patients, vs. 4.4% of post-pathway patients.

Among non-isolated splenic injury patients, 9.8% (adjusted for ISS; 7.9% unadjusted) received
splenectomy in the pre-pathway period, vs. 8.7% in the post-pathway period. Among non-
isolated liver and spleen injury patients, combined abdominal operations of interest occurred in

11.5% pre-pathway (adjusted for ISS; 11.0% unadjusted), compared to 13.8% post-pathway.

Length of stay was similar among both injury groups pre- and post- pathway, but was
substantially longer among those with non-isolated injury (9.0 days vs. 3.0 days, post-pathway.)
Mortality was zero among patients with isolated organ injury; it was similar among those with

non-isolated injury pre- and post-pathway (10.8% vs. 8.1%.) (Table 2)

Discussion

This review evaluated abdominal operative frequency in 890 pediatric patients suffering spleen
and liver injuries who received medical care at HMC from 2001-2012. A minority of patients
present with isolated injuries at HMC, limiting the applicability of the HMC Pediatric Solid Organ
Injury Pathway. This pathway also aims to classify patients based on hemodynamic status to
help guide resuscitation and operative decision-making. However, very few patients qualified as
hemodynamically unstable, and very few patients requiring operative intervention were

hemodynamically unstable, limiting the clinical utility of this parameter as currently defined.

Adjusted for ISS, the proportion of isolated organ injury patients undergoing splenectomy and
the proportion undergoing a related abdominal surgery (spleen/liver repair and/or exploratory

laparotomy) showed a slight decline after the introduction of a solid organ injury care pathway in



2005. The mean ISS of the isolated injury patients in this sample (12.6, with 35.4% having ISS
= 15) is higher than that reported in published literature evaluating similar pathways, which
report a mean ISS of between 7.7 and 11.6, and an ISS range of 4-26 (5-7, 13.) The proportion
of patients with grade IV and V injury among those with isolated injury (34%, post-2005) in the
HMC population is also higher than that reported in this literature; these studies include no more
than 13% grade IV and V injuries, with a mean organ injury grade of between 2.3 and 2.8 (5-7,

13))

Despite the fact that HMC cares for a population of isolated solid organ injury patients with
higher grades of injury and higher overall injury, the proportion who receive splenectomy and
related abdominal surgeries was low, and was close to published benchmarks (1). Studies
including patients with multiple trauma show a higher proportion of patients who receive
splenectomy; 15.1% in one study (3). The estimated frequency of splenectomy of 7.3% among
all pediatric splenic injury patients at HMC is comparable to these reports, and falls well within

published benchmarks of 5-11% in the non-isolated injury population (1, 27).

By basing our patient selection on ICD-9 codes from an established trauma registry, we
potentially missed cases that were mistakenly not entered into the registry or cases where the
ICD-9 code identifying the liver/spleen injury was entered incorrectly. To evaluate this, we
searched for AIS codes for liver and spleen injury among a population of patients with ICD-9
codes for renal injury, for the years 2005-2012. Only 10 patients were identified as having an
AIS code for spleen injury without a corresponding ICD-9 code (out of 522 total identified spleen
injuries), and 10 patients were identified as having an AIS code for liver injury without a
corresponding ICD-9 code (out of 478 total liver injuries.) This would suggest that the number

of missed cases should be small.



Using ICD-9 procedure codes to classify the outcome may also have led to bias by incorrect
coding or missing codes for procedures that were, in fact, done on patients. This is impossible
to estimate but is likely of low magnitude, given that ICD-9 codes allow the hospital to bill for
procedures that it performed; additionally, it should be nondifferential, as any such miscoding

should have not have happened selectively.

In summary, this review shows a slight decline in operative procedures for patients with isolated
solid organ injury, before and after institution of the Pediatric Solid Organ Injury Pathway at
HMC in 2005, despite our observation that the current pathway has limited applicability to the
patients encountered at HMC. This may represent an opportunity to expand pathway care to
the remainder of the HMC pediatric solid organ injury population, depending on the availability

of evidence to guide standard care for those with non-isolated and more severe injury.



TABLES

Table 1. Proportion of pediatric solid organ injury patients at Harborview Medical Center
qualifying for care under the Pediatric Solid Organ Injury Pathway, 2001-2012

Isolated
solid organ injury
(N=256, 28.8%)

Non-isolated
solid organ injury
(N=634, 71.2%)

Pre-pathway  Post-pathway
(2001-2004) (2005-2012)

Pre-pathway  Post-pathway
(2001-2004) (2005-2012)

Total cases 98 158
Hemodynamically 1/95 (1.1%) 0/157 (0%)
unstable*

205 429

8/203 (3.9%)  20/427 (4.7%)

*excluding 8 patients (0.9%) missing hemodynamic data.



Table 2. Descriptive statistics and outcomes for isolated and non-isolated solid organ
injury patients at Harborview Medical Center by time period, 2001-2012

Isolated solid organ injury

Non-isolated solid organ injury

Pre-pathway
(2001-2004)

Post-pathway
(2005-2012)

Pre-pathway
(2001-2004)

Post-pathway
(2005-2012)

N=98 N=158 N=205 N=429
Characteristics
Age, years (xSD) 11.8 (¢4.9) 11.2 (¢4.8) 13.9 (+4.9) 13.5 (#5.0)
% Male 75% 75% 62% 66%
Mean ISS (xSD) 10.6 (x6.1) 12.6 (x6.5) 25.9 (£13.0) 32.0 (£15.0)
High-grade solid - 34% - 36%
organ injury (IV-V)*
Outcomes
Splenectomy** 3.1% 3.3% 7.9% 8.7%
ISS-adjusted*** 5.6% - 9.8% -
Abdominal operation**** 6.1% 4.4% 11.0% 13.8%
ISS-adjusted 6.3% - 11.5% -
Hospital length of stay 3.7 days 3.0 days 8.7 days 9 days
Mortality 0.0% 0.0% 10.8% 8.1%

*AlS grades corresponding to grade of injury only available for years 2005-2012.
*Among patients with a spleen injury only.

***Pre-pathway proportions, adjusted for post-pathway ISS distribution (ISS quartile.)
****Combined outcome including at least one of: liver repair, spleen repair or splenectomy, or

exploratory laparotomy.



Table 3. Distribution of categorized ISS by isolated vs. non-isolated injury and time
period.

Isolated solid organ injury Non-isolated solid organ injury
Pre-pathway Post-pathway Pre-pathway Post-pathway
ISS (2001-2004) (2005-2012) (2001-2004) (2005-2012)
N=99 N=158 N=204 N=429
<10 56 (56.6%) 42 (26.6%) 24 (11.8%) 14 (3.3%)
10-15 15 (15.2%) 60 (38.0%) 21 (10.3%) 39 (9.1%)

>15 28 (28.3%) 56 (35.4%) 159 (77.9%) 376 (87.7%)




Appendix. Harborview Medical Center Solid Organ Injury Pathway

Solid Organ Injury Pathway for Pediatrics'”

f

OBECTIVE: Optimal management of isolated spleen and liver injuries,

PATHWAY:

1) Following initial assessment of the injured pediatric patient (age = 17 vears), isolated
liver and spleen injuries follow either the HEMODYNAMICALLY STABLE or
HEMODYMWNAMICALLY  UNSTABLE  pathway based on  hemodynamics.
Hemoedynamic instability is based on age inappropriste heart rate and hypotension (Refer
to Tablel ).

2) During the initial assessment appropriate management of the airway is maintained. In
patients with age inappropriate heart rate and hypotension then resuscitation is initiated
with both crystalloid and blood as indicated in the HEMODYNAMICALLY
LUMSTABLE algorithm with notification of the surgical attending. IT stabilization occurs
the patient is admitted 1o the PICU for management as indicated in the
HEMODYMNAMICALLY STABLE algerithm. I the patient has an inappropriate
response to initial resuscitation efforts or demonstrates any evidence of peritonitis
immediate operative intervention is to be taken.

1} For patients with hemodynamic stability or those thal obtain hemodynamic stability
following initial resuscitation with crystalloid and blood, the HEMODYNAMICALY
STABLE algorithm is followed. Initially in the PICU the patient is closely monitored
with serial HCT, hemodynamic assessment, and abdominal exams.

2. If the HCT drops below 21 the surgical attending is notified and the patient is
transfused with 10 mLkg PRBCs, if appropriate response occurs the patient is
watched for an additional 24 hours in the PICU with serial HCT. Prior to or
during transfusion, angicembolization or operative intervention may occur based
on surgeon discretion. TF stability continues the patient is transferred to the acute
care floor,

b, If the HCT remains below 21 or the patient demonstrate any evidemce of
hemodynamic instability the patient will undergo further care based on surgeon
dizcretion consisting of further ohservation in the [CU, angioembolization, or
operative intervention.

e, If the HCT remains above 21 for 24 hours on the acute care floor and no
evidence of peritonitis or hemodynamic instability cceurs the patient is started on
a regular diet, ambulated, and discharge home. A follow up phone call in the
next week will be performed with appropriate re-enforcement of activity
restrictions for the next 6 weeks. Additionally, the patient will follow up in 4
weeks with either hisher primary care physician or surgeon (Please refer to
discharge sheet),

' Mehall JR, Ennis JS, Saltzman DA, et al, Prospective results of a standardized algorithm based
om hemodynamic status for managing pediatric solid organ injury, JACS 194(33;30945, 2001,

¥ MeVay M, Kokoska ER, Jackson RJ, Smith SD. Throwing out the “grade” book: management
of isolated spleen and liver injury based on hemodynamic status. J Ped Surg. In press.



Tahle 1: m&ers for hemodynamic instability.
Age Maximum Pulse * Minimum SBP Respirations
{bpm] (mmHg) {/min}
0 =13 months < 160 60 a0 - B0
1- 5§ years <130 70 24 - 40
6—11 years <110 &0 18 - 34
12 -17 years =100 a0 12 -30

* with pain and anxlety treated,

HEMODYNAMICALLY
UNSTABLE

[ 40 mLKg LR and 10-20 mKg PREC |

Wo response or

Hemodynamic
perilanits

stabilization

STABLE Pathway
In FiCU

"Hemodynamically unstable is defined as age inappropriate HR and BF,

HEMQD‘(H&M]P&LLY

STABLE'

Admdl te PICU
NP Bedrest for 24 hours
HET &l 6, 12 and 24 haurs

HCT=21 HCT =21
Transber lo acule care floor HCT =21 [ 10 mLikg PREC
far 24 hours cbsenvabion NP, Bedrest for additional 24 hours
Regutar diet l HCT at 6, 12 and 24 hours®
Arrsbulabe
r r

Hoame iF HCT slable, olerating diet, and no abdomina! pain. Repaat above X 1

Fill phore call in 1 week by Trauma Coordinator IFHCT remains less than 21
Fillin clinic or primary care physician in 2 weeks individualize treatmant’
Fietum 1o full sctivilies in & weaks

'Hemudynamln instabilily requires paflway change 1o UNSTABLE. Stable is defined a5 age approprisle HR and BP,
*Consider further obsersation. angisembolization, or oparstive therapy.



REFERENCES

1. Bowman SM, Bulger E, Sharar SR, Maham SA, Smith SD. Variability in pediatric splenic
injury care: results of a national survey of general surgeons. Arch Surg. 2010;145(11):1048-
1053.

2. Mooney DP, Rothstein DH, Forbes PW. Variation in the management of pediatric splenic
injuries in the United States. J Trauma. 2006; 61(2):330-333.

3. Potoka DA, Schall LC, Ford HR. Risk factors for splenectomy in children with blunt splenic
trauma. J Pediatr Surg. 2002; 37(3):294-299.

4. Powell M, Courcoulas A, Gardner M, et al. Management of blunt splenic trauma: significant
differences between adults and children. Surgery. 1997; 122(4):654-660.

5. McVay MR, Kokoska ER, Jackson RJ, Smith SD. Throwing out the "grade" book:
management of isolated spleen and liver injury based on hemodynamic status. J Pediatr Surg.
2008; 43(6):1072-1076.

6. Mehall JR, Ennis JS, Saltzman DA, et al. Prospective results of a standardized algorithm
based on hemodynamic status for managing pediatric solid organ injury. J Am Coll Surg. 2001;
193(4):347-353.

7. Leinwand MJ, Atkinson CC, Mooney DP. Application of the APSA evidence-based guidelines
for isolated liver or spleen injuries: a single institution experience. J Pediatr Surg. 2004;
39(3):487-490.

8. Nwomeh BC, Nadler EP, Meza MP, Bron K, Gaines BA, Ford HR. Contrast extravasation
predicts the need for operative intervention in children with blunt splenic trauma. J Trauma.
2004, 56(3):537-541.

9. Kohn JS, Clark DE, Isler RJ, Pope CF. Is computed tomographic grading of splenic injury
useful in the nonsurgical management of blunt trauma? J Trauma. 1994; 36(3):385-389.

10. Jen HC, Tillou A, Cryer HG, Shew SB. Disparity in management and long-term outcomes
of pediatric splenic injury in California. Ann Surg. 2010; 251:1162-1166.

11. Tataria M, Nance ML, Holmes JH 4th, et al. Pediatric blunt abdominal injury: age is
irrelevant and delayed operation is not detrimental. J Trauma. 2007; 63(3):608-614.

12. Holmes JH 4™, Wiebe DJ, Tataria M, et al. The Failure of Nonoperative Management in
Pediatric Solid Organ Injury: A Multi-Institutional Experience. J Trauma. 2005; 59(6):1309-1313.

13. Gandhi RR, Keller MS, Schwab CW, Stafford PW. Pediatric splenic injury: pathway to play?
J Pediatr Surg. 1999; 34(1):55-58.

14. Stylianos S. Compliance with evidence-based guidelines in children with isolated spleen or
liver injury: a prospective study. J Pediatr Surg. 2002; 37(3):453-456.



15. St Peter SD, Sharp SW, Snyder CL, et al. Prospective validation of an abbreviated bedrest
protocol in the management of blunt spleen and liver injury in children. J Pediatr Surg. 2011;
46(1):173-177.

16. Stylianos, S. and the APSA Trauma Committee. Evidence-Based Guidelines for Resource
Utilization in Children with Isolated Spleen or Liver Injury. J Ped Surg 2000. 35(2):164-169.

17. Petrosyan M, Guner YS, Emami CN, Ford HR. Disparities in the delivery of pediatric trauma
care. J Trauma. 2009; 67(2 Suppl):S114-119.

18. Goan YG, Huang MS, Lin JM. Nonoperative management for extensive hepatic and
splenic injuries with significant hemoperitoneum in adults. J Trauma. 1998; 45(2):360-364.

19. Sims CA, Wiebe DJ, Nance ML. Blunt solid organ injury: do adult and pediatric surgeons
treat children differently? J Trauma. 2008; 65(3):698-703.

20. Shafi S, Gilbert JC, Carden S, et al. Risk of hemorrhage and appropriate use of blood
transfusions in pediatric blunt splenic injuries. J Trauma. 1997; 42(6):1029-1032.

21. Partrick DA, Bensard DD, Moore EE, Karrer FM. Nonoperative management of solid organ
injuries in children results in decreased blood utilization. J Pediatr Surg. 1999; 34(11):1695-
1699.

22. Bond SJ, Eichelberger MR, Gotschall CS, Sivit CJ, Randolph JG. Nonoperative
management of blunt hepatic and splenic injury in children. Ann Surg. 1996; 223(3):286-289.

23. Li D, Yanchar N. Management of pediatric blunt splenic injuries in Canada--practices and
opinions. J Pediatr Surg. 2009; 44(5):997-1004.

24. Yang JC, Sharp SW, Ostlie DJ, Holcomb GW 3rd, St Peter SD. Natural history of
nonoperative management for grade 4 and 5 liver and spleen injuries in children. J Pediatr
Surg. 2008; 43(12):2264-2267.

25. Jim J, Leonardi MJ, Cryer HG, et al. Management of high-grade splenic injury in children.
Am Surg. 2008; 74(10):988-992.

26. Moore EE, Cogbill TH, Jurkovich GJ, Shackford SR, Malangoni MA, Champion HR. Organ
injury scaling: spleen and liver (1994 revision.) J Trauma. 2005; 38 (3): 323-324.

27. Bowman SM, Sharar SR, Quan L. Impact of a Statewide Quality Improvement Initiative in
Improving the Management of Pediatric Splenic Injuries in Washington State. J Trauma. 2008;
64(6):1478-1483.



