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Abstract
Purpose  More than half a million children experience non-accidental trauma (NAT) annually. Historically, NAT has been 
associated with an increased hospital length of stay (LOS). We hypothesized that in pediatric trauma patients, NAT is associ-
ated with longer hospital LOS, independent of injury severity, compared to accidental trauma (AT).
Methods  The Pediatric Trauma Quality Improvement Program (2014–2016) was queried for patients aged 1–16 years. 
Patients were stratified into two groups: AT and NAT. The median LOS for the entire cohort was identified and used in a 
multivariable logistic regression analysis.
Results  From 93,089 pediatric trauma patients, 417 (< 0.1%) were involved in NAT. Patients with NAT had a lower median 
age (3 vs. 9 years, p < 0.001) and higher median injury severity score (10 vs. 5, p  < 0.001), compared to patients with AT. 
After controlling for covariates, patients with NAT were associated with a longer hospital LOS (≥ 2 days), compared to those 
with AT (OR = 4.99 CI = 3.55–7.01, p < 0.001). In comparison to AT, NAT was also associated with a higher mortality rate 
(10.3% vs. 0.8%, p < 0.001).
Conclusion  Pediatric patients presenting after NAT have a prolonged hospital and ICU LOS, even after adjusting for injury 
severity. Furthermore, pediatric victims of NAT had a higher mortality rate compared to those presenting after AT.
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Introduction

In 2016, Child Protective Services (CPS) received an esti-
mated 4.1 million referrals for suspected non-accidental 
trauma (NAT) and neglect in pediatric patients, with approx-
imately 670,000 confirmed cases. While neglect represents 
the most common form of child abuse (75%), nearly 20% of 
victims experience physical abuse. NAT represents a lead-
ing cause of childhood traumatic injury, including serious 
injuries such as severe traumatic brain injury (TBI), major 
torso trauma, and traumatic injuries to the extremities. Fur-
thermore, NAT accounts for an estimated 1750 deaths annu-
ally in the United States [1, 2]. Although there have been 

increasing efforts to implement child protective services and 
screening methods to detect NAT, the number of admissions 
and deaths from NAT have not decreased since 1970 [3]. 
In fact, the number of NATs increased from 2011 to 2014, 
mainly due to improvements in screening and reporting 
[4]. However, many cases of NAT are still missed [4], with 
reports of up to 20% of NAT cases either not recognized 
[5], or diagnosed late [3]. Although many hospitals have 
protocols in place in attempts to identify NAT early, a recent 
survey of U.S. hospitals demonstrated significant variability 
in NAT screening practices [6].

When NAT is suspected, an extensive investigation, 
entailing an exhaustive screening process, interviews with 
family, witnesses, and/or caregivers, and a risk/safety assess-
ment is performed before a decision deeming the trauma to 
be a NAT is made. The inpatient hospitalization of a child 
suspected of abuse or neglect has long been recognized 
as necessary in the absence of specialized centers for the 
care of abused children, even if the patient does not warrant 
in-hospital care [7]. The investigation is time-consuming, 
with initial evaluations by a governmental agency (e.g. 

 *	 J. K. Livingston 
	 jklivin1@uci.edu

1	 Department of Surgery, University of California Irvine, 101 
The City Dr S, Orange, CA 92868, USA

2	 Department of Anesthesiology, Keck School of Medicine 
of the University of Southern California, 1450 San Pablo 
Street, Suite 3600, Los Angeles, CA 90033, USA

http://crossmark.crossref.org/dialog/?doi=10.1007/s00383-019-04482-5&domain=pdf


780	 Pediatric Surgery International (2019) 35:779–784

1 3

Department of Children and Family Services) lasting up to 
two or more days [8].

Previous studies, many from over a decade ago, have 
demonstrated that when comparing NAT to accidental 
trauma (AT), NAT was associated with a longer hospital 
length of stay (LOS), and a higher mortality rate [2, 9–14]. 
However, these studies are limited by the fact that many 
are comprised of either single-center or two-institution 
study populations, thus, limiting the generalizability of 
these results. Second, these studies were performed prior to 
changes in our healthcare and trauma systems that led to the 
development of multidisciplinary teams, as well as the cer-
tification and utilization of child abuse pediatric specialists 
[15–18]. Since the implementation of the Affordable Care 
Act, a migration from fee-for-service to performance-based 
payment has occurred. In addition, the use of quality metrics 
to compare hospitals, such as LOS have become widespread. 
Prolonged LOS due to NAT may cause the performance 
review of these centers to be negatively impacted [19, 20].

We sought to perform a contemporary analysis comparing 
NAT to AT in pediatric patients, hypothesizing that NAT 
is associated with longer hospital LOS compared to AT. 
This may identify a potential area for improvement aimed 
at reducing unnecessarily prolonged hospital LOS, as well 
as healthcare costs in these patients. Furthermore, it may 
illuminate a potential flaw in utilizing LOS as an outcome 
metric to gauge hospital performance and compare the qual-
ity of care between trauma centers.

Methods

A retrospective analysis of the Pediatric Trauma Quality 
Improvement Program (TQIP) database was performed 
between January 2014 and December 2016. The study was 
approved by the institutional review board at University 
of California, Irvine. All patients 1-16 years of age were 
included. Those presenting after NAT were compared to 
those sustaining AT. NAT was defined by the following 
event-codes: 967–967.9 (Table 4). The primary outcome was 
total hospital LOS. Secondary outcomes included: intensive 
care unit (ICU) LOS, ventilator days, in-hospital compli-
cations (i.e. deep vein thrombosis (DVT), pneumonia, and 
acute kidney injury (AKI)), and in-hospital mortality.

Patient variables collected included age, gender, the low-
est systolic blood pressure (SBP) within 24-h of admission, 
massive-transfusion (defined by ≥ 6 units of red blood cells 
(RBC) transfused within 4 h of arrival, injury severity score 
(ISS), and the abbreviated injury scale (AIS) for the head, 
thorax, abdomen and lower extremity. Descriptive statis-
tics were performed for all variables. A Student’s t test or 

Mann–Whitney U test was used to compare continuous vari-
ables and Chi-square was used to compare categorical vari-
ables for bivariate analysis. Categorical data were reported 
as percentages, and continuous data was reported as medians 
with interquartile range or as means with standard deviation.

The median total hospital LOS was calculated for the 
entire dataset. A multivariable logistic regression model 
was then used to determine if NAT patients had risk for 
prolonged LOS compared to those with AT, while control-
ling for covariates including severe AIS of the head, thorax, 
abdomen, and lower extremity, ISS ≥ 25, and pneumonia. 
This was reported with an odds ratio (OR) with 95% confi-
dence intervals (CI). The analysis was performed based on 
the set of patients with complete data for all variables in the 
model. Differences with p < 0.05 were considered statisti-
cally significant. All statistical analyses were performed with 
IBM SPSS Statistics for Windows, Version 24. (Armonk, 
NY: IBM Corp).

Results

Patient demographics, characteristics, and primary 
outcome

From 93,089 pediatric trauma patients, 417 (< 0.1%) sus-
tained NAT. Compared to AT patients, NAT victims had a 
similar percentage of males (60.2% vs. 64.1%, p = 0.10) but a 
lower median age (3 vs. 9 years, p < 0.001). Those with NAT 
had a higher SBP (88 vs. 79 mm Hg, p = 0.001) and median 
ISS (10 vs. 5, p < 0.001) when compared to AT patients. 
Victims of NAT had a higher rate of high-grade injuries 
(AIS grade > 3) to the head (38.1% vs. 8.5%, p < 0.001) and 
abdomen (6.2% vs. 2.4%, p < 0.001). The NAT cohort had 
a similar percentage of high-grade injuries (AIS grade > 3) 
to the thorax (2.2% vs. 1.6%, p = 0.33) and lower extremity 
(0.5% vs. 0.4%, p = 0.78) when compared to the AT cohort 
(Table 1). Compared to AT, the NAT cohort had a longer 
median LOS (4 vs. 2 days, p < 0.001).

Risk of increased length of stay

The median LOS for all patients in the dataset was 2 days. 
In comparison to all patients involved in our pediatric 
trauma cohort, NAT was an independent risk factor for a 
LOS ≥ 2  days (OR 4.99, 95% CI 3.55–7.01, p < 0.001) 
after controlling for ISS ≥ 25, pneumonia, severe-AIS (AIS 
grade > 3) of the head, thorax, abdomen, and lower extrem-
ity (Table 2).
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Secondary outcomes and complications

Compared to AT patients, those presenting after NAT had a 
longer median ICU LOS (3 vs. 2 days, p < 0.001) and more 
ventilator days (4 vs. 2 days, p < 0.001), required a lower 
median number of transfused RBC units within 4 h (1 vs. 
1.7, p = 0.04), had a higher rate of AKI (1% vs. < 0.01%, 
p < 0.001) but had similar rates of DVT (0.5% vs. 0.1%, 
p = 0.06), and pneumonia (0.5% vs. 0.2%, p = 0.33). NAT 
was associated with a higher mortality rate (10.3% vs. 0.8%, 
p < 0.001) and a lower rate of patients discharged to home, 
compared to AT (74.6% vs. 95.9%, p = 0.001) (Table 3).

Discussion

We performed a review of a large trauma database, compar-
ing patient characteristics, injury-related properties, and out-
comes between pediatric NAT and AT victims. We reported 
that NAT victims had more severe injuries, longer hospital 
and ICU LOS, and higher mortality rates when compared to 
AT victims. These findings support previous studies report-
ing that NAT was associated with greater injury severity 
and higher mortality rates [9–13]. However, we are the first 
national study in more than a decade to report that NAT 
victims were nearly five times more likely to require a LOS 
of ≥ 2 days, independent of injury severity. The results of our 
study suggest there may be a need to investigate reasons for 
prolonged hospital stays in this patient population, to deter-
mine if NAT investigations may be a contributing factor to 
unwarranted hospitalizations, and if so, to potentially ques-
tion the use of LOS metrics in NAT patients when evaluating 
the quality of care delivered by a hospital.

A 10-year review of the National Pediatric Trauma Regis-
try from 1988 to 1997 by DiScala et al. identified more than 
18,000 pediatric trauma patients and reported that NAT vic-
tims (n = 1997) had LOS of 9.8 days compared to 3.8 days 
for AT (n = 16,831) [12]. Nearly a decade later, using the 
national Kids’ Inpatient Database (KID) (2003-2006), Lane 
et al. identified more than 4000 pediatric victims of abdom-
inal trauma and found NAT to the abdomen (n = 234) to 
be associated with longer hospitalization (7.9 vs. 6.4 days, 

Table 1   Demographics of pediatric trauma patients with and without 
non-accidental trauma

NAT Non-accidental trauma, IQR interquartile range, ISS injury 
severity score, SBP systolic blood pressure, AIS abbreviated injury 
scale

Characteristic − NAT + NAT p value
(n = 92,672) (n = 417)

Age, year, median (IQR) 9.0 (8) 3.0 (3) < 0.001
Male, n (%) 59,389 (64.1%) 251 (60.2%) 0.10
ISS, median (IQR) 5.0 (5) 10.0 (16) < 0.001
Lowest SBP within 24 h, 

median (IQR)
79.0 (85) 88.0 (21) 0.001

AIS (grade > 3), n (%)
 Head 7890 (8.5%) 159 (38.1%) < 0.001
 Thorax 1445 (1.6%) 9 (2.2%) 0.33
 Abdomen 2236 (2.4%) 26 (6.2%) < 0.001
 Lower extremity 364 (0.4%) 2 (0.5%) 0.78

Table 2   Multivariable logistic regression analysis for risk of 
increased length of stay (≥ 2 days)

AIS Abbreviated injury scale, ISS injury severity score

Mechanism OR CI p value

Non-accidental trauma 4.99 3.55–7.01 < 0.001
Severe-AIS head 2.96 2.78–3.16 0.001
Severe-AIS thorax 3.26 2.73–3.88 < 0.001
Severe-AIS abdomen 9.71 8.06–11.70 < 0.001
Severe-AIS lower extremity 5.68 3.91–8.26 < 0.001
ISS ≥ 25 2.65 2.32–3.03 < 0.001
Pneumonia 55.03 7.67–394.54 < 0.001

Table 3   Clinical outcomes in pediatric patients with and without non-
accidental trauma

NAT Non-accidental trauma, LOS length of stay, IQR interquartile 
range, ICU intensive care unit, PRBC packed red blood cells, ARDS 
acute respiratory distress syndrome

Outcome − NAT + NAT p value
(n = 92,672) (n = 417)

LOS, days, median (SD) 2.0 (2) 4.0 (8) < 0.001
ICU, days, median (SD) 2.0 (2) 3.0 (5) < 0.001
Ventilator, days, median 

(SD)
2.0 (4) 4.0 (5) < 0.001

PRBC transfusion units 
within 4 h, median 
(IQR)

1.7 (2) 1.0 (1) 0.04

Complications, n (%)
 Acute kidney injury 42 (< 0.01%) 4 (1.0%) < 0.001
 Deep vein thrombosis 124 (0.1%) 2 (0.5%) 0.06
 Pneumonia 227 (0.2%) 2 (0.5%) 0.33

Discharge home, n (%) 889,092 (95.9%) 311 (74.6%) 0.001
Mortality, n (%) 703 (0.8%) 43 (10.3%) < 0.001



782	 Pediatric Surgery International (2019) 35:779–784

1 3

p < 0.01) and higher hospital charges ($24,343 vs. $19,341) 
compared to AT (n = 4200) [9]. Developments such as the 
introduction of multidisciplinary teams, as well as the cer-
tification and utilization of child abuse pediatric specialists, 
were intended to enhance decision making in the best inter-
est of the abused child and to improve outcomes such as cost 
and LOS [15–18]. Although we demonstrated shorter LOS 
among NAT victims compared to previous studies, the LOS 
for NAT victims remains significantly longer compared to 
AT patients.

We reported a NAT mortality rate of 10.3%, which is 
the highest to be reported in nearly two decades, and dem-
onstrated that NAT victims are 13-times more likely to die 
in the hospital compared to children who sustained AT 
[12]. The increased mortality of NAT compared to AT may 
be partially explained by the association of higher injury 
severity, in particular, high-grade injuries to the head and 
abdomen. Additionally, victims of NAT were younger (3 
vs. 9 years old) than children who sustained AT. Previous 
authors have suggested that the young age of NAT victims 
may contribute to increased mortality as they are unable to 
protect themselves, escape, or report abuse [10, 12]. Our 
findings are similar to previous studies which reported that 
pediatric NAT victims were younger and had higher mortal-
ity than AT victims [2, 9–13]. Our findings affirm that NAT 
is a continued public health epidemic, and requires further 
intervention.

A previous single-center retrospective study performed 
by Lee et al. evaluated the hospital costs associated with dis-
charge delays in children hospitalized for abuse and neglect 
[21]. A majority of medically cleared NAT victims with dis-
charge delays were in CPS custody and did not necessarily 
warrant inpatient hospitalization. Although we were unable 
to identify NAT victims who stayed beyond medical clear-
ance in our study, the increased LOS independent of injury 
severity in NAT compared to AT suggests NAT victims 
experienced discharge delays for reasons not influenced by 
the quality of trauma care provided. Similar to the study by 
Lee et al. these victims likely experienced discharge delays 
due to the time required for child abuse investigations and 
appropriate placement. These findings demonstrate there is a 
need to develop alternative caregiving arrangements by staff 
other than physicians and nurses, especially in the inpatient 
hospital setting, who can provide a safe environment at a 
lower cost while a medically cleared NAT child is awaiting 
placement. Future studies should evaluate the feasibility and 
cost effectiveness of this type of caregiving arrangement, 
including out-of-hospital facilities or specific departments 
within the hospital. Other methods that may reduce NAT 

altogether, include increasing funding for child abuse pre-
vention programs, foster care, and child protective services. 
Multiple studies have demonstrated that child abuse preven-
tion programs resulted in significant subsequent reductions 
in NAT rates, which may be associated with lowering over-
all healthcare costs [22–27]. For instance, Foster et al. esti-
mated the costs associated with a population-wide parent-
ing program aimed at reducing child mistreatment, could be 
recovered in a single year, with just a 10% reduction in the 
rate of overall child maltreatment [27]. Increasing funding 
to foster care programs may represent another cost-effective 
approach to reducing the healthcare costs associated with 
hospital LOS in victims of NAT. In fact, the Children and 
Youth Services Review recently found that foster care reim-
bursement rates are far lower than would be expected to meet 
children’s basic needs [28]. The low reimbursement rates 
may be contributing to the increased LOS of NAT by reduc-
ing the availability of foster homes for immediate placement 
of these victims.

There are a number of limitations to this study, includ-
ing those inherent to a retrospective database such as input 
bias and missing data. Pertinent data variables missing 
from the database include hospital charges, hospital LOS 
after medical clearance, prior admissions for NAT, socio-
economic factors, time to identifying NAT and obtaining 
a child abuse specialist and/or CPS consult, as well as time 
from consult to the time of final determination of the child’s 
disposition. Furthermore, our analysis is limited by the rela-
tively small size of NAT victims (n = 417) compared to all 
pediatric trauma patients (n = 93,089) in our study popula-
tion. There are a few factors that may have contributed to 
the limited number of NAT victims. Specifically, our study 
only includes NAT victims that presented to one of the 
approximately 125 trauma centers enrolled in the Pediatric 
TQIP. Additionally, inclusion in the pediatric TQIP database 
requires victims to present as a trauma admission and have 
a AIS > 1, signifying that only those with significant trauma 
are included within the database. Therefore, victims who 
did not warrant evaluation and admission as a trauma patient 
or were later discovered to have minor traumatic injuries 
were not included in this study. The study is further limited 
by the absence of a hospital cost analysis providing more 
information about potential differences in hospital charges 
of NAT compared to AT. Additionally, definitive diagnosis 
of NAT and AT can be challenging since it is often based on 
clinical suspicion. Therefore, it is possible that some patients 
identified as AT were actually victims of NAT. Despite these 
limitations, our study adds to the existing body of literature 
on pediatric NAT, a continued national crisis associated 
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with high rates of mortality and increased LOS and calls 
to action further research and injury prevention efforts for 
this epidemic.

Conclusions

Our national database study demonstrated that pediatric 
victims of NAT were more severely injured and had higher 
mortality rates compared to children sustaining AT. We 
reported NAT was associated with an increased LOS when 
compared to AT, independent of injury severity. Future stud-
ies should explore the factors contributing to longer hospi-
talizations in this patient population, as well as determine 
the incidence of patients who were medically cleared but 
awaiting NAT work-up before they could be discharged. In 
addition, the feasibility of alternative caregiving arrange-
ments to the inpatient hospitalization of victims of NAT who 
are medically cleared but awaiting a safe disposition merits 
evaluation. Finally, when evaluating quality of care metrics 
such as mortality and LOS, NAT should be considered, as 
this may unfairly adversely affect centers seeing and/or iden-
tifying a higher volume of NAT patients.
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