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Risks of Radiation Versus Risks From Injury: A Clinical Decision

Analysis for the Management of Penetrating Palatal Trauma in

Children
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Objectives/Hypothesis: Penetrating palatal trauma in children presents a diagnostic dilemma regarding the small but
severe risk of injury to carotid vessels. Decisions regarding which children require computed tomography with angiography
must be balanced against the risk of radiation-induced malignancy. Our objectives were to compare outcomes between chil-
dren with and without computed tomography with angiography in the evaluation of palatal trauma and to identify thresholds
where the ideal strategy changes in the management of children with palatal trauma through sensitivity analyses.

Study Design: Decision analytic techniques were used to compare management strategies for penetrating palatal
trauma.

Methods: We assigned utilities to the following outcomes: 1) perfect health, 2) future malignancy, 3) carotid injury diag-
nosed by computed tomography with angiography, and 4) delayed diagnosis of stroke. We calculated outcomes when the risk
of stroke ranged from 0.01% to 5.0% for a hypothetical cohort of 10,000 injured children.

Results: Not obtaining computed tomography with angiography is the optimal strategy when the stroke risk is less than
4.5%. In two-way sensitivity analyses that consider a range of probabilities of radiation-induced malignancy and stroke, not
obtaining computed tomography with angiography on all patients dominates as a strategy until the risk of stroke exceeds
2.3%, and the risk of malignancy is under 0.24%. Routine imaging would introduce 20 additional malignancies for each addi-
tional stroke diagnosed.

Conclusions: Routine use of computed tomography with angiography for well-appearing children with palatal trauma
should be reconsidered, as the risk of radiation-induced malignancy may outweigh the benefit of identifying the rare carotid
injury.
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INTRODUCTION
Penetrating palatal trauma in children has the

potential to cause intimal damage to the carotid artery,
with the rare possibility of subsequent stroke.1–8 Con-
cerns for this rare but serious complication lead many
providers to obtain advanced imaging, and significant
variation in utilization of computed tomography (CT)
with angiography (CTA) has been reported for this group
of pediatric patients.9,10 Exposure to CTA harbors its
own risk of malignancy, especially in these young
patients.11–13 Given the rarity of cerebrovascular attack

from this injury, the benefits and risks of CTA must be
carefully considered.1,2,4,14–18

With increasing concerns about radiation-induced
malignancies, we sought to quantify the benefits of identi-
fying a rare event (stroke from palatal trauma) and the
risks of serious morbidity attributable to diagnostic test-
ing (radiation-induced malignancy from CTA). Because
the outcomes of interest are both uncommon, we used de-
cision analytic techniques to compare health outcomes
associated with two different emergency department
strategies for the management of well-appearing pediatric
patients with penetrating palatal trauma.

MATERIALS AND METHODS

Study Design
We evaluated two management strategies (obtain CTA

and do not obtain CTA) for a well-appearing child with pala-
tal trauma. Future malignancy, carotid injury diagnosed by
CTA, and delayed diagnosis of stroke were the main out-
comes (Fig. 1). Patients were considered in “perfect health” if
none of these outcomes was present. Data from a published
retrospective cohort study of 205 patients supplied the major-
ity of probabilities for the decision analysis.13 The Boston
Children’s Hospital institutional review board approved the
study.
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Case Definition
We used the following case definition: an otherwise well-

appearing child with palatal trauma, a normal neurologic exam,
and no foreign body, hematoma, ongoing bleeding, or need for
immediate operative intervention.13 We chose this case defini-
tion because it identifies the children who pose a diagnostic
dilemma regarding imaging, whereas a patient outside of this
definition, such as one with an abnormal neurologic exam, may
indeed require imaging.

Structure of the Model
The main decision node of the tree included two options:

1) obtain CTA for all patients or 2) do not obtain CTA on any
patients. These two pathways were chosen a priori based on the
most common management strategies encountered in the litera-
ture, in our institution, and through discussion with experts in
general pediatrics, pediatric otorhinolaryngology, pediatric radi-
ology, emergency medicine, and pediatric emergency medicine.

The model included four potential health outcomes: 1) per-
fect health, 2) future malignancy, 3) carotid injury diagnosed by
CTA, and 4) delayed diagnosis of stroke. For example, a patient
may undergo CTA, which is interpreted as normal, and have no
adverse outcomes (perfect health). Alternatively, another
patient may ultimately experience a radiation-induced malig-
nancy or stroke that significantly affects quality of life. The

decision tree was created using decision analysis software Data
4.0 (TreeAge, Williamstown, MA).

Model Assumptions and Estimates
Table I displays informed estimates and the range of

probabilities used in the sensitivity analyses, based on a com-
prehensive MEDLINE search.1,2,4,13–18 There are 32 case
reports of stroke in the literature; however, it is unclear and
unlikely that these patients met our case definition. Randall
and Kang estimated the stroke risk from this injury to be <1%,
and the incidence of stroke at our institution was zero for the
205 patients meeting our case definition during a 12-year pe-
riod.1,13 We therefore chose a baseline stroke risk of 1% based
on this review to err on the side of caution. In sensitivity analy-
ses, we examined a range for the risk of stroke from 0.01% up
to a maximum of 5%, which is likely an overly conservative but
prudent upper-bound estimation, given the gravity of missing a
stroke. Using these ranges, we account for the more realistic
lower probability of stroke as well.

We assumed the probability of stroke to be the same
regardless of CTA findings owing to the described lucid interval
that can occur with this injury and the paucity of data regard-
ing stroke incidence for this injury.1 We accounted for the
differences in patient outcomes through different utilities. For
example, a patient would have the same probability of stroke
regardless of whether a CTA was obtained but would have a
lower utility if CTA was not done to account for delay in
treatment.

Data from a published retrospective cohort study showed
that of the 44% of patients who underwent CTA, 10% had a pos-
itive finding.13 We tabulated outcomes that would occur when
all patients followed one single management strategy (obtain
CTA) and then compared these to the outcomes generated when
all patients were managed by the other strategy (do not obtain
CTA).

We defined a CTA as positive if it demonstrated thrombus,
hematoma, intimal tear, or edema around the carotid. A positive
CTA does not imply that the patient had a stroke. We estimated
a 0.2% additional risk of radiation-induced malignancy attribut-
able to a neck CTA above an individual’s baseline lifetime risk.
This estimate was derived by averaging the mean additional
lifetime risk of malignancy due to head CTA for males and
females (10/10,000 and 30/10,000, respectively) from Berrington
de Gonzalez et al.12,19 This estimate is for 15-year-old children

Fig. 1. Decision tree for management of children with palate
trauma. CTA 5 computed tomography with angiography.

TABLE I.

Summary of Probabilities Used in the Analysis.

Variable Probabilities Baseline Value Upper Range, % Source

P (CTA1) 10.0% Hennelly et al.13

P (stroke/CTA1) 0.01% 5.0 Hennelly et al.,13 Randall and Kang1

P (stroke/CTA2) 0.01% 5.0 Hennelly et al.,13 Randall and Kang1

P (stroke/no CTA) 0.01% 5.0 Hennelly et al.,13 Randall and Kang1

P (radiation-induced malignancy/CTA1) 0.2% 0.7 Berrington de Gonzalez et al.,12 Brenner et al.26

P (radiation-induced malignancy/CTA2) 0.2% 0.7 Berrington de Gonzalez et al.,12 Brenner et al.26

Utilities

Perfect health 1 Kaplan et al.20

Malignancy 0.5913 Kaplan et al.20

Carotid injury on CTA 0.72 Kaplan et al.20

Undiagnosed stroke 0.5364 Kaplan et al.20

CTA 5 computed tomography with angiography.
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and is likely to be higher for toddlers, but this specific estimate
is not available. We therefore ranged the malignancy risk up to
0.7%, the highest end of estimates for infants who undergo
head CT.19

Outcomes
Based on possible outcomes for each pathway, we consid-

ered four final health states: 1) perfect health, 2) carotid injury
diagnosed by CTA, 3) delayed diagnosis of stroke, or 4) radia-
tion-induced malignancy. We created different outcome-state
values for a carotid injury diagnosed in the obtain-CTA group
and for a carotid injury in the do-not-obtain-CTA group. We did
this to account for the fact that a carotid injury in the do-not-
obtain-CTA group would be a delayed finding because imaging
was not immediately obtained but would eventually present
itself. We made the assumption that a CTA positive for stroke
could not have an additional delayed stroke as there is no liter-
ature to support this. We did assign a lower value to the
delayed diagnosis subset based on an assumption that timely
knowledge of the injury might improve patient outcome (such
as anticoagulation or surgical repair), even though the litera-
ture does not provide a clear standard-of-care intervention for
this injury in children. We differentiated a delayed diagnosis of
stroke after a negative CTA from a CTA showing carotid injury
alone, as there is a described lucid interval where a CTA could
be initially normal with this injury.

We assigned utilities to these health states by mapping
each outcome to descriptions from a previously well-validated
quality-adjusted life expectancy scale (Table I).20–22 The utility
values for the health states range from zero (death) to one (per-
fect health). The utility value depends on how the particular
disease affects an individual’s quality of life, considering mobil-
ity, physical activity, and social activity. We extrapolated our
findings to calculate outcomes for a hypothetical cohort of
10,000 patients.

Sensitivity Analysis
Sensitivity analyses were performed to determine thresh-

olds where optimal management strategy would change. One-
way sensitivity analysis was performed, varying the probability
of stroke from injury from 0.01% to 5.0%, with a baseline stroke
risk of 1.0% in the model. We also performed a one-way sensi-
tivity analysis for radiation risk from 0.1% to 0.7%, with a
baseline risk of 0.2% in the model. Two-way sensitivity analysis
was performed to assess the interaction of risk from radiation-
induced malignancy versus risk of stroke from injury.12 The
95% confidence intervals (CIs) were calculated for available
data.

RESULTS

Health States
Table II displays the outcomes for hypothetical

cohorts of 10,000 patients when the risk of stroke is
0.01%, 0.1% and 1.0% in both the obtain-CTA and do-
not-obtain-CTA strategies. When the prior probability of
stroke is 0.01%, the do-not-obtain-CTA strategy results
in one stroke and no malignancies. Obtaining CTAs on
the entire cohort if the estimated stroke risk is 0.01%
results in one stroke and 20 radiation-induced malignan-
cies. When the risk of stroke increases to 0.1% and to
1%, the number of strokes increases equally in the
obtain-CTA strategy and do-not-obtain-CTA strategy, but

the obtain-CTA strategy results in more patients who
would experience radiation-induced malignancy.

Theoretically, there could be fewer strokes in the
do-not-obtain-CTA strategy, but we assumed the risk
would be the same for the model as there is no literature
on therapeutic intervention. The number of patients
with malignancy changed accordingly when we ranged
the risk of radiation. For example, with a malignancy
risk of 0.7%, 70 additional malignancies would be intro-
duced to the cohort.

One-Way Sensitivity Analysis
Probability of stroke from injury. The one-way

sensitivity analysis illustrates the threshold where the
preferred management strategy (obtain CTA or do not
obtain CTA) changes when varying the probability of
stroke due to penetrating palatal trauma from 0.01% to
5.0% (Fig. 2). When the risk for stroke from injury is
less than 4.5%, the do-not-obtain-CTA strategy is domi-
nant. This number is important because it is still above
the upper 95% CI level for the risk of stroke in our pub-
lished retrospective study, which showed a risk of stroke
of 0% (0/205; 95% CI, 0% to 2.5%). We examined a one-
way sensitivity analysis varying the probability of malig-
nancy due to CTA as low as 0.01% and as high as 0.7%
and still found the do-not-obtain-CTA strategy to be
dominant.

Two-Way Sensitivity Analysis
Figure 3 displays the two-way sensitivity analysis

varying two parameters simultaneously: the probability
of stroke from injury and the probability of radiation-
induced malignancy. Two-way sensitivity analysis studies
the impact of varying two critical variables in a model
and the subsequent effect on expected value. Obtain CTA
becomes the dominant strategy when the risk of stroke
exceeds 2.3%, provided that the risk of malignancy
remains less than 0.24%. When the probability of

TABLE II.
Health States Resulting From Two Strategies for the Management

of 10,000 Hypothetical Patients With Palatal Trauma.

No. of Patients
WithPerfect Health

No. of Patients
WithMalignancy

No. of Patients
WithStroke

Risk of stroke 5 0.01%

No CTA 9,999 0 1

Obtain CTA 9,979 20 1

Risk of stroke 5 0.1%

No CTA 9,990 0 10

Obtain CTA 9,970 20 10

Risk of stroke 5 1%

No CTA 9,900 0 100

Obtain CTA 9,880 20 100

As the probability of stroke increases, fewer patients are in the per-
fect health category, and there is a consistent risk of malignancy.

CTA 5 computed tomography with angiography.
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malignancy from CTA exceeds 0.24%, the do-not-obtain-
CTA strategy dominates (has a higher expected value).

DISCUSSION
Advances in diagnostic imaging techniques over the

past two decades have allowed clinicians and patients to
achieve higher levels of certainty when evaluating
patients for rare but catastrophic outcomes. Unfortunately,
these diagnostic techniques carry their own risks and
implications regarding side effects, efficiencies, and cost of
care. CTA of the neck for pediatric patients with pene-
trating palatal trauma is one example of how clinicians
must weigh the risks and benefits of using an invasive
technique to search for a rare but serious outcome.

Our results demonstrate that a management path-
way that includes CTA for well-appearing children with
palatal trauma exposes pediatric patients to the possibil-
ity of future radiation-induced malignancies, while
providing minimal benefit for patient outcomes given
the rarity of stroke as a complication of this injury.
Weighing the benefits obtained and the risks introduced,
it is optimal to forego a CTA if the stroke risk is less
than 4.5%. Although an incidence of 4.5% may seem
higher than acceptable in clinical practice, this guideline
makes sense from a public health perspective. In addi-
tion, we believe a 4.5% risk of stroke is significantly
higher than the true risk of stroke from palatal trauma
in well-appearing children based on a retrospective
cohort showing the upper-bound 95% CI to be 2.5%
(with an incidence of zero strokes in 205 patients).13

Trade-offs between health states are difficult to
quantify, especially when the outcomes occur at different

times. The ability of establishing or “ruling out” an im-
portant diagnosis in the setting of trauma in the
emergency department often assumes priority over the
long-term consequences of morbidity associated with the
diagnostic test. For example, head CT is readily availa-
ble in the emergency management of minor head injury,
and prediction models have been developed to help clini-
cians avoid exposing patients to unnecessary radiation.23

In lieu of large, multicentered investigations for palatal
trauma, decision analysis is helpful in providing esti-
mates about trade-offs between current and future
health outcomes given its relative rarity.

Penetrating palatal trauma presents a diagnostic
dilemma to pediatric providers, and the optimal manage-
ment strategy remains unclear. Recently published
pediatric references suggest all patients with ongoing
bleeding, expanding hematoma, or diminished pulses
should undergo imaging, but they do not offer definitive
instruction on the more typically encountered well-
appearing child that meets our case definition.10 Our
retrospective cohort and decision analysis should result
in reconsideration of management of well-appearing chil-
dren with palate lacerations when considering risks and
benefits and apparent lack of intervention with positive
CTA findings.

In light of increasing concern about radiation-
induced malignancies, providers need to consider the
risks from injury compared to risks from imaging. Some
estimates suggest that up to 2% of all cancers may be at-
tributable to CT scans in the United States.12 One of the
first steps in reducing pediatric exposure to radiation is
to determine whether a CT is indeed necessary. Younger
patients have increased radiosensitivity of certain

Fig. 2. One-way sensitivity analysis
on probability of stroke from injury.
CI 5 confidence interval; CT 5

computed tomography.
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tissues, experience a larger radiation dose, and have a
longer duration of time for a radiation-induced malig-
nancy to occur.12,19,24–27 These factors should be closely
considered when deciding whether patients with palatal
trauma warrant CTA.

Previous studies of pediatric palatal trauma show
the rarity of stroke from this injury.1,2,4,7,13–15,17,18 De-
spite the rarity of this serious outcome, published data
demonstrate the increased use of CTA over time. Our
data from the decision model support the assertion that
the future risk of malignancy from CTA should be
strongly considered against the immediate risk of stroke
from the injury itself.

The decision to obtain imaging often brings with
it further decision steps and actions including
consideration of sedation and hospitalization. All of
these decisions bring potential risks to the patient in
evaluating for the rare, yet serious, outcome of
stroke.1–8,14–18,28,29 Our model shows that a significant
number of sedations and associated adverse events
would accrue from CTA management of this injury.

The results of this study offer an opportunity to
substantially decrease radiation exposure in children.
The findings also provide an opportunity to decrease
health-care utilization for this particular problem, specif-
ically hospital days and procedural sedation events that
introduce additional risk to the child. The recent federal
emphasis on comparative effectiveness offers opportuni-

ties to identify practice patterns where health-care
utilization does not improve the health of patients.30

Our analysis suggests that guidelines regarding CTA for
well-appearing children after penetrating palatal trauma
should be reconsidered; an observation strategy with
close, reliable follow-up similar to current head injury
management is perhaps optimal.

One limitation of our study is that our probabilities
are estimates from the literature and a single retrospec-
tive cohort, and practice may be different in other
institutions. Also, our malignancy estimates are likely not
precise but are derived from the best estimates in the liter-
ature. However, varying these probabilities by sensitivity
analysis attenuates this limitation. Although our esti-
mates are based on relatively limited numbers, they are
derived from the largest descriptive study on pediatric pal-
atal trauma to date. Decision analysis as a methodology
also carries some inherent limitations, including the
assumption of independent probabilities and the assump-
tion that assigned health status measurements are fixed
and do not vary between individual patients.

It is also important to note that this analysis is based
on well-appearing patients with normal neurologic exams.
We do not suggest or believe that CTA for penetrating pal-
atal trauma should never be used but rather that it should
be carefully reconsidered in patients meeting our specific
case definition. Patients with large, gaping lacerations or
foreign bodies, for example, may require imaging.

Fig. 3. Two-way sensitivity analysis on probability of malignancy from computed tomography with angiography against probability of stroke
from injury. CT 5 computed tomography; p 5 probability.
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Finally, our model does not factor in risks of sur-
gery or anticoagulation that would potentially be
introduced. These risks were excluded as there are few
data supporting the idea that these patients routinely
undergo surgery or anticoagulation. We chose to simplify
the model and focus on our two main risks of interest:
stroke and malignancy.

CONCLUSION
The use of CTA as a diagnostic screen in well-

appearing children with penetrating palatal trauma may
introduce more harm than benefit, as the risk of malig-
nancy from obtaining CTA outweighs the risk of stroke
from injury from a public health perspective. Current
management of penetrating palatal trauma requires
reconsideration, given the minimal benefit and potential
harm from CTA.
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