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Abstract

Purpose: Functional outcomes have been proposed for assessing quality of pediatric trauma
care. Outcomes assessments often rely on Abbreviated Injury Scale (AlS) severity scores to adjust
for injury characteristics, but the relationship between AIS severity and functional impairment

is unknown. This study’s primary aim was to quantify functional impairment associated with
increasing AlS severity scores within body regions. The secondary aim was to assess differences
in impairment between body regions based on AlIS severity.

Methods: Children with serious (A1S= 3) isolated body region injuries enrolled in a multicenter
prospective study were analyzed. The primary outcome was functional status at discharge
measured using the Functional Status Scale (FSS). Discharge FSS was compared (1) within each
body region across increasing AlS severity scores, and (2) between body regions for injuries with
matching AlS scores.

Results: The study included 266 children, with 16% having abnormal FSS at discharge. Worse
FSS was associated with increasing AIS severity only for spine injuries. Abnormal FSS was
observed in a greater proportion of head injury patients with a severely impaired initial Glasgow
Coma Scale (GCS) (GCS< 9) compared to those with a higher GCS score (43% versus 9%; p <
0.01). Patients with AIS 3 extremity and severe head injuries had a higher proportion of abnormal
FSS at discharge than AIS 3 abdomen or non-severe head injuries.

Conclusions: AlS severity does not account for variability in discharge functional impairment
within or between body regions. Benchmarking based on functional status assessment requires
clinical factors in addition to AlS severity for appropriate risk adjustment.

Level of evidence: 1 (Prognostic and Epidemiological).

Keywords

Pediatrics; Injuries and wounds; Trauma severity indices; Activities of daily living; Outcomes
assessment; Quality of life

1. Introduction

Although pediatric trauma care has evolved over the past four decades, the metrics used

to assess outcomes and quality of pediatric trauma care have not changed. Mortality and
inpatient complications have remained the primary metrics used for outcomes and quality
assessment [1-3]. Mortality has become uncommon after pediatric injury (< 2%) [4] and
now has limited utility as a single metric for benchmarking trauma center performance [5,6].
Functional limitations after injury are estimated to occur ten times more often than mortality
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and may serve as a more discriminative indicator for outcomes assessment [7-9]. Evaluation
of functional outcomes is especially relevant for injured children due to loss of potential
future development. For example, injury during critical developmental periods of childhood
can arrest or impair growth and maturation and lead to more substantial long-term disability
[10].

Traumatic brain injuries (TBI), spinal cord injuries (SCI), and extremity fractures are
associated with substantial long-term functional limitation [11-14]. In contrast to abdominal
injuries, these injuries contribute independently to functional outcome after injury [15].
supporting an association between body region injured and functional impairment. We

have shown differences in the functional impairment risk for children sustaining injuries to
different body regions, with a more than 1000-fold difference in impairment between the
lowest-risk and highest-risk body region injury types [16]. Current trauma mortality models
incorporate measures of injury severity for each body region to adjust for the variability in
predicted mortality across body regions [17,18]. Integrating functional metrics into trauma
center assessment will require similar adjustment for baseline risk across body regions.

The Abbreviated Injury Scale (AIS) was first proposed in 1969 to quantify tissue damage
and fatality risk after automobile crashes [19]. This classification of injury and its associated
severity coding is commonly used to adjust for injury profiles in outcomes studies and
risk-adjusted mortality models [20]. Body region-specific AlS severity scales are included
as covariates in the mortality and complication models used by the American College of
Surgeons (ACS) Trauma Quality Improvement Program (TQIP) — the largest program for
benchmarking trauma performance worldwide [21]. The anatomically-based AIS system
classifies individual injuries into nine body regions based on physical exam, initial imaging,
or operative findings. Each injury is also assigned a severity score using a six-point

ordinal scale that classifies injuries by increasing severity and threat to life [19]. The

risk of mortality associated with each ordinal value of AIS severity, however, is highly
variable between different body regions. It is not known whether similar variability occurs
between AlS severity scores and functional impairment across body regions. Establishing
this variability is needed before using AlS severity scores as covariates to quantify risk for
functional impairment in trauma center benchmarking models.

The purpose of this study was to quantify the risk of functional impairment associated with
AIS severity scores. Our primary aim was to assess the relationship between functional
impairment and ordinal AIS severity scores within each individual body region. Our
secondary aim was to assess for differences in functional impairment risk between body
regions with matched AIS severity. We hypothesized that functional impairment would be
more frequent for injuries with higher AIS severity scores within each individual body
region. Our secondary hypothesis was that functional impairment would not differ between
body region injuries with equal AlS severity scores.
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2. Materials and methods

2.1.

Participating centers and patient selection

This study was a planned secondary analysis of the “Assessment of Functional

Outcomes and Health-Related Quality of Life after Pediatric Trauma” study, a prospective
observational cohort of 427 seriously injured children (< 15 years old) treated at seven

US pediatric trauma centers [16]. This subgroup analysis included patients with an isolated
serious (defined by AIS post-dot severity score of 3 or greater) injury to a single body
region, as defined by site-specific research coordinator review and trauma registry injury
codes. Informed consent was obtained from the primary caregiver and assent from the
child when appropriate. Patients were incentivized with gift cards at enroliment. All study
protocols were approved locally at each site and centrally through the University of Utah
Institutional Review Board.

2.2. Outcome measures

The study’s primary outcome was functional status at discharge measured by the Functional
Status Scale (FSS). The FSS is a validated tool for rapidly assessing functional status in

six domains (mental status, sensory, communication, motor, feeding, and respiratory). Each
domain is scored from normal (1) to severe dysfunction (5) with total FSS scores ranging
from 6 to 30.[22—24] Site-specific research coordinators administered the FSS at the time of
discharge using chart review or caregiver interview. FSS total scores were dichotomized to
‘normal’ (6 or 7) or ‘abnormal’ (> 7) [25].

2.3. Baseline patient and injury characteristics

Trauma registry data from each site were obtained and linked to enrolled patients.
Demographic data abstracted included patient age and sex. Age was categorized as < 1
year, 1 to 4 years, 5 to 9 years, and 10 to 14 years. Mechanism of injury was classified as
blunt or penetrating based on International Classification of Diseases 10th edition (ICD-10)
external cause codes. Initial emergency department systolic blood pressure and heart rate
were dichotomized to normal or abnormal using age-normalized z-scores [26-28]. AIS
post-dot severity scores for each injury were abstracted according to AIS-05 definitions.
Injuries in the upper and lower extremity body regions were grouped as ‘extremity’ injuries.
Patients with multiple injuries to a single body region were classified based on the injury
with the highest AIS severity score. TBI patients were stratified based on initial Glasgow
Coma Scale (GCS) scores into ‘not severe’ (GCS total = 9) or ‘severe’ (GCS total <9 or
GCS motor < 5) subgroups. Patients with missing GCS scores were assigned to the ‘severe’
category based on the associations between missing GCS scores and moderate to severe TBI
[25].

2.4, Statistical analyses

Data were summarized by body region and AIS level using frequencies and percentages.
Categorical variables were compared between groups using Fisher’s exact test. Inverse
probability weighting and multiple imputation for missing data were implemented using
techniques described in the parent study [16]. Logistic regression was first used to
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predict abnormal functional status at discharge between body regions with AIS 3 injuries,
controlling for age, GCS, abnormal initial systolic blood pressure, and abnormal initial
heart rate. A second logistic model evaluated the stratification of TBI into ‘severe’ and
‘non-severe’ on functional status at discharge between body regions with AIS 3 injuries.
This model stratified head injuries based on GCS while controlling for age, abnormal initial
systolic blood pressure, and abnormal initial heart rate. We defined significance at p < 0.05.
All analyses were analyzed using SAS V9.4 (Cary, NC).

3. Results

3.1. Study sample characteristics

The initial cohort of 427 patients included 266 patients with isolated single-body region
injuries (Fig. 1). The distribution of injuries by AIS severity included 65% (N =174) AlS

3 injuries, 25% (V= 67) AIS 4 injuries, and 9% (/N = 25) AIS 5 injuries. Specific isolated
body region injuries included 31% (/N = 82) head, 7% (/N = 18) thorax, 25% (/N = 66)
abdomen, 5% (N = 12) spine, and 33% (/= 88) extremity injuries. Based on admission
GCS, 83% (N = 68) had non-severe TBI and 17% (/N = 14) severe TBI. Head injuries were
more frequent in younger patients, and chest, abdomen, and spine injuries in older patients.
Patients were more commonly male (62%, N = 166) and less commonly infants (15%, N =
41). Pre-existing chronic conditions were present in 14% (/N = 38) of patients. Most patients
were injured by a blunt injury mechanism (91%, N = 243). Initial physiological derangement
was uncommon, with 4% (/= 10) having an abnormal initial systolic blood pressure, 32%
(N = 85) having an abnormal initial heart rate, and 7% (/N = 19) having an abnormal initial
GCS motor score. Physiological derangement on presentation was most common among
TBI patients (Table 1).

3.2. Association between functional impairment and AIS severity within body regions

Functional impairment at discharge was observed in 16% (/N = 42) of patients. Abnormal
functional status was not correlated with ordinal AIS severity scores within any body region
except the spine (Fig. 2). The only patients with abnormal discharge FSS for isolated
abdominal or isolated thoracic injuries were in the AIS 3 categories. In contrast, abnormal
FSS scores after spine injury were observed in only the AIS 4 and 5 categories. An
association between head AlS and functional impairment was not observed. Functional
impairment was higher in the severe TBI group (6/14, 43%) compared to 9% (6/68) in the
not severe TBI group (p< 0.01). No AIS 4 or 5 severity extremity severity patients were in
the study cohort, precluding comparisons within this body region.

3.3. Differences in functional impairment between body regions matched for AlS severity

Only 67 patients had an AIS 4 injury and only 25 had AIS 5 injury, with no AIS 4 or 5
injuries in the extremity region. Only 12 children had an isolated spine injury and only 18
had an isolated thorax injury. For these reasons, adjusted comparison of impairment between
patients with injuries of equal AlS severity in different body regions was limited to AIS 3
injuries for head, abdomen, and extremity. Overall, there was a relationship between injury
group and new domain morbidity in patients with AIS 3 (p=0.057). Univariate comparisons
of discharge FSS for patients with AIS 3 injuries showed a greater frequency of abnormal

J Pediatr Surg. Author manuscript; available in PMC 2023 June 06.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Evans et al.

Page 6

status at discharge for extremity injuries (25% abnormal FSS) compared to non-severe TBI
(6.1% abnormal, p=0.02). Differences in functional impairment were not observed among
patients with AIS 3 abdomen (11% abnormal FSS), thorax (8% abnormal FSS), and spine
(no abnormal FSS) injuries. The patients with AIS 3 severe TBI (V= 6) had the highest
frequency of abnormal FSS (33%).

Multivariable analysis comparing AIS 3 injuries showed unstratified head injuries to have

a lower risk for functional impairment at discharge than abdomen or extremity injuries
(Table 2a). After stratification of AIS 3 head injuries into severe and not severe based on
GCS category, a second multivariable analysis showed severe head and extremity injuries to
have the highest level of impairment (Table 2b). Abdomen injuries were associated with a
lower risk for functional impairment than either severe head injury or extremity injury, and
non-severe TBI had a lower risk of impairment than any other region (Table 2b).

3.4. Assessment of abdominal injury characteristics and associations with outcome

metrics

We performed a post hoc analysis to assess the relationship between abdominal injury

AIS severity and additional clinical features, including the number of organs injured, type

of organ injured, and need for laparotomy. The distribution of AIS 3, 4, and 5 injuries

was similar between patients with single abdominal organ injury and those with multiple
injured intra-abdominal organs. Two of the three patients with abnormal FSS at discharge
had multiple intra-abdominal injuries. The only patient with a single abdominal injury

with functional impairment at discharge had a hollow viscus injury (Table 3). In the
non-operatively managed group, 58% (/= 28) of children had a high-grade AIS 4 or 5
injury. Five of the seven (71%) patients who underwent laparotomy had a lower-grade AIS 3
injury. Patients undergoing laparotomy (/= 7) had a higher rate of functional impairment at
discharge (29%) than those who did not require laparotomy (2%, p= 0.04).

4. Discussion

This analysis showed that the AIS injury severity score alone does not reliably quantify the
risk of functional impairment at hospital discharge. We observed that body region-specific
clinical qualifiers, such as the GCS score for TBI and the need for laparotomy for abdominal
injuries, need to be considered as modifiers of risk for functional impairment. Differences in
mortality associated with ordinal AlS severity scores have previously been shown to differ
by body region [17,29-33]. This finding may be explained by deriving these scores using
expert opinion rather than a data-driven approach. Our findings are consistent with previous
studies reported in the adult literature [34] and support that AIS severity scores alone are
insufficient for risk-adjustment. The approach to severity adjustment should account for
injuries on a level more granular than body region. The calculation and derivation of specific
risk ratios for impairment associated with individual injuries is an example of this type of
approach.

We observed that the association between functional impairment and AlS severity within
individual body regions was heterogeneous. Our finding that increasing frequency of
impairment with greater AIS severity among patients with spine injuries is expected. AlS 3
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spine injuries by definition have no neurological impairment, and more severe injuries (AlS
4 or 5) are defined by the presence of a SCI. In this way, the level of functional impairment
is embedded into the AIS spine severity score lexicon [35]. In other body regions, AlIS
severity scores do not have an ordinal association with impairment at discharge, showing
that injuries of higher AIS severity (AlS 4 or 5) do not predict abnormal FSS at discharge or
worse functional outcomes.

We examined clinical factors within body regions that may account for differences in
functional impairment not accounted for by AIS severity. Severely abnormal GCS was a
predictor of functional impairment independent of AIS severity within the head region,
consistent with previous evidence supporting GCS and other features as measures of head
injury severity [25,36]. Although we were not able to evaluate AIS 4 or 5 extremity injuries,
others have shown that the presence of vascular injury in the extremity is associated with
mortality independent of AIS severity score [37]. Our post hoc analysis of abdominal
injuries suggests that operative intervention is a stronger predictor of abnormal functional
outcomes at discharge than AlS severity scores. Among 48 children with abdominal injuries
who did not undergo laparotomy, all but one (98%) had a normal FSS at discharge, despite
over half having severe (AIS 4) or critical (AIS 5) injuries. About 1/3 of the children

that did require laparotomy had an abnormal FSS at discharge, despite 70% having less
severe injuries. Most hollow viscus injuries are designated AlS 3 severity but often needed
operative repair. Laparotomy is associated with postoperative pain and gastrointestinal
symptoms that impact functional status at discharge. Patients with non-operatively managed
high-grade solid organ injuries do not have postoperative pain and are less likely to

have gastrointestinal symptoms at discharge despite having AIS 4 and 5 injuries. These
clinical factors such as GCS, the need for laparotomy, and presence of associated vascular
injury suggest that injury-specific factors may be more strongly associated with functional
impairment than AIS severity alone.

We found differences in impairment risk between isolated AIS 3 injuries in the head,
abdomen, and extremity body regions. Similar to within-region comparisons, the inclusion
of stratification based on admission GCS for head injuries impacted our findings. Without
this stratification, head injuries have a lower risk of impairment at discharge than extremity
or abdominal injury. After GCS-based stratification, AIS 3 severe TBI has the highest risk
for functional impairment, while non-severe TBI has the lowest. In unadjusted analyses,
patients with TBI had only a 15% rate of observed functional impairment at discharge
—similar to AIS 3 thorax and abdomen patients. Patients with AIS 3 ‘severe’ (based on
GCS) TBI, however, had a 33% rate of functional impairment. This observation shows the
limitations of AIS severity for accounting for impairment risk across body regions.

Our findings that AIS severity scores do not consistently correlate with functional outcomes
align with studies that show a weak association between mortality and AIS severity [29,38-
40]. Incorporation of clinical qualifiers in addition to AIS severity score have been proposed
for addressing variability of AlS severity score when used as a predictor of mortality [41-
46]. Recognizing that not all injuries of the same AIS severity score confer the same risk

of mortality, the ACS pediatric TQIP program has incorporated survival risk ratios for each
specific AIS injury code into risk-adjusted benchmarking models [20]. These risk ratios are
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calculated for each combination of pre-dot anatomic injury code and post-dot severity code
to incorporate the specific anatomic organ injured and the severity of each injury into the
models. Recent TQIP models now include survival risk ratios from the three worst injuries
—even if from the same body region [47]. A similar difference in risk for disability has

been associated with injury groupings in adults using ICD-10 diagnosis codes. It is unclear if
ICD-10-based injury groupings are sufficiently granular or if the specific injury and severity
coding associated with the AIS system are adequate for risk adjustment [48]. Functional
impairment risk ratios based on more granular injury groupings rather than body-region
severity scores alone will likely improve the quality of risk-adjusted discharge functional
status.

Our study has several limitations. First, the inclusion of injuries isolated to a single body
region limited our analysis to a small cohort of patients. We also did not quantify the

utility of AIS severity scores in the context of the multiple injuries. Second, the sample
size for injuries with higher AIS severity scores and the event rate for abnormal FSS at
discharge limited the statistical power of several aspects of our analyses. Third, while FSS
is a validated metric for morbidity [24,49,50] assessments across multiple centers may be
biased. We attempted to mediate any effect related to interrater reliability with standardized
training for research coordinators. Our results may not be valid outside of a controlled
research study in the absence of standardized rater training. The validity and reliability of
FSS outside of a controlled research study needs to be determined.

In conclusion, AlS severity scores are not sufficient for quantifying the risk for functional
impairment within body regions. Injuries of similar AIS severity have different levels of
impairment across body regions. Specific injury characteristics (such as admission GCS
and injuries associated with the need for laparotomy) may be more reliable predictors of
functional outcome than AIS severity alone. Deriving risks ratios for functional impairment
associated with specific individual injuries may improve risk stratification. Future studies
analyzing a larger cohort with a higher proportion of high-grade injuries are needed to
define clinical qualifiers, risk ratios associated with individual injuries, and their effects on
functional impairment at discharge.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Table 2a

Adjusted odds ratios for risk of abnormal functional status at discharge by body region for all patients with
serious (AIS Severity 3) Injuries.

Reference Category

Abdomen Extremity

Comparison Category Head (All) 0.32(0.13,0.77) 0.17 (0.11, 0.28)
Abdomen 0.54 (0.25, 1.17)

Data presented as odds ratio (95% confidence interval) after adjusting for age, Glasgow Coma Scale, abnormal initial systolic blood pressure, and
abnormal initial heart rate.
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