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ABSTRACT

Obijective: Cervical trauma is an important cause of morbidity and mortality, affecting 2% of patients admitted to emergency units. Therefore,
this study aims to compare the use of two clinical cervical spine evaluation algorithms, the Canadian C-Spine Rule (CCR) and the National
Emergency X-radiography Utilization Study (NEXUS). Methods: A descriptive study of the use of the two algorithms by medical residents in the
initial assessment of severely traumatized patients admitted to the regional emergency unit was conducted. The evaluation of the indication for
imaging tests and the positive predictive value of the algorithms were the parameters analyzed. Finally, the residents answered a questionnaire
evaluating the applicability, degree of confidence and advantages of both flowcharts. Results: There was no significant difference between the
number of indications for imaging or their predictive values. In the analysis of the questionnaires, the CCR proved to be more reliable and the
NEXUS more applicable, and the positive and negative points of applying each of them were highlighted. Conclusion: It is concluded that the
two methods are similar in detecting injuries and optimizing the use of imaging exams, being equally indicated to evaluate cervical trauma.
However, the technical specifics of each must be taken into account when deciding which to use. Level of evidence IV; Descriptive Study.

Keywords: Emergencies; Wounds, Nonpenetrating; Spinal Injuries; Algorithms.

RESUMO

Objetivo: O trauma cervical é uma importante causa de morbidade e mortalidade, com acometimento de 2% dos pacientes admitidos nas unidades
de emergéncia. Assim sendo, a pesquisa visa comparar a utilizagdo de dois algoritmos clinicos de avaliagdo da coluna cervical: Canadian C-Spine Rule
(CCR) e National Emergency X-radiography Utilization Study (NEXUS). Métodos: Foi realizado um estudo descritivo da utilizagdo dos dois algoritmos por
meédicos residentes na avaliagdo inicial de pacientes traumatizados graves admitidos na unidade de emergéncia regional. A avaliagéo da indicagéo de
exames de imagem e do valor preditivo positivo dos algoritmos foram os parametros analisados. Por fim, os residentes responderam a um questionario
de avaliagéo da aplicabilidade, grau de confianga e vantagens de ambos os fluxogramas. Resultados: N&o houve diferenca significativa entre 0s ndmeros
de indicagéo para imagem nem dos valores preditivos. Na analise do questionario, 0 CCR mostrou-se mais confiavel e o NEXUS foi mais aplicavel,
sendo destacados 0s pontos positivos e negativos da aplicagéo de cada um deles. Conclusées: Conclui-se que houve semelhanga na detecgéo de
lesées e otimizag&o da utilizagéo de exames de imagem entre os dois métodos, sendo igualmente indicados para avaliagéo de traumatismo cervical,
contudo cada um tem especificidades técnicas que devem ser levadas em conta no momento da escolha. Nivel de evidéncia IV; Estudo descritivo.

Descritores: Emergéncias; Ferimentos nao Penetrantes; Traumatismos da Coluna Vertebral; Algoritmos.

RESUMEN

Objetivo: El trauma cervical es una importante causa de morbilidad y mortalidad, con acometimiento de 2% de los pacientes admitidos en
las unidades de emergencia. Siendo asi, la investigacion tiene como objetivo comparar el uso de dos algoritmos clinicos de evaluacién de la
columna cervical: Canadian C-Spine Rule (CCR) y National Emergency X-radiography Utilization Study (NEXUS). Métodos: Fue realizado un estudio
descriptivo del uso de los dos algoritmos por médicos residentes en la evaluacion inicial de los pacientes traumatizados graves admitidos en la
unidad de emergencia regional. La evaluacion de la indicacion de examenes de imagen y del valor predictivo positivo de los algoritmos fueron
los parametros analizados. Finalmente, los residentes respondieron un cuestionario de evaluacion de la aplicabilidad, grado de confianza y ven-
tajas de ambos diagramas de flujo. Resultados: No hubo diferencia significativa entre los niimeros de indicacién para imagen ni de los valores
predictivos. En el andlisis del cuestionario, el CCR se mostré mas confiable y el NEXUS fue mas aplicable, siendo destacados los puntos positivos
y negativos de la aplicacién de cada uno de ellos. Conclusiones: Se concluye que hubo semejanza en la deteccion de lesiones y optimizacion
del uso de examenes de imagen entre los dos métodos, siendo igualmente indicados para la evaluacion de traumatismo cervical, aunque cada
uno tiene especificidades técnicas que deben ser llevadas en cuenta en el momento de elegir. Nivel de evidencia IV; Estudio descriptivo.

Descriptores: Urgencias Médicas,; Heridas no Penetrantes; Traumatismos Vertebrales; Algoritmos.
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ALGORITHMS FOR CLINICAL ASSESSMENT OF THE CERVICAL SPINE IN PATIENTS WITH SEVERE TRAUMA: A MIXED-METHOD ANALYZIS

INTRODUCTION

The standardization of the care of patients who are victims of
severe traumatic injury has been well-established since 1980, when
the first edition of Advanced Trauma Life Support (ATLS) came out.
This course aims to organize such care, prioritizing the evaluation
and early treatment of the greatest threats to life. Within its care
protocol, placement of the cervical collar is the first step in the pre-
hospital care approach to these patients, justified by the prevention
of secondary injuries to this vertebral segment that can occur during
transport to the treatment location.1

Vertebral traumatism is an important cause of death or disability
in severely traumatized patients and is present in approximately 6%
of these patients, with 55% of these injuries to the cervical spine,
representing 2% of total traumas.?® Injuries of the higher levels can
affect the functioning of the brain stem, impairing vital functions and
injuries of the lower levels can lead to motor deficit in the lower limbs
and even to quadriplegia. For this reason, up until the previous version
of the ATLS, imaging examinations of the cervical spine, either by radi-
ography or computed tomography (CT), were among the mandatory
tests to be performed on admission to the treatment site.'#

However, American data from 2009 showed that of the one mil-
lion patients transported to the emergency room with suspected
cervical trauma that year, only 2% had some kind of fracture and
less than 1% developed neurological or motor deficits.?® In addition
to these epidemiological data, two other factors that corroborate this
clinical screening process are less exposure to radiation and lower
cost. Computed tomography (CT), the gold standard for diagnosis
of traumatic cervical injuries, brings with it these two characteristics
even more intensely than simple radiography, a method previously
used widely because it was more available. It contains a higher
dose of radiation and a higher cost, which makes screening via
clinical algorithms a less harmful and more cost-effective option,
especially when the underfunded national health scenario is ana-
lyzed.58 All these factors taken together evoked discussion about
the mandatory status of the imaging examination of this segment,
which ended up being removed from the most recent version of
the ATLS and replaced by the criterion of executing two clinical
screening algorithms.1

A clinical algorithm can be generically defined as “a clinical tool
that quantifies the individual contribution of various components of
the clinical history, physical examination and/or laboratory examina-
tions in a patient’s diagnosis, prognosis or response to treatment”.”

The well-established algorithms that assist the physician in the
decision to discontinue the cervical collar or evaluate it by imaging
methods are the Canadian C-spine Rule (CCR) and the National
Emergency X-Radiography Utilization Study (NEXUS).

The CCR is indicated for stable and alert victims of trauma with
a Glasgow coma scale (GCS) score of 15, where cervical injury is
suspected. It consists of three steps. The first is to eliminate any
high-risk factors for cervical trauma (age over 65 years old, danger-
ous trauma mechanism and/or paresthesia in the extremities), then
eliminate lower risk factors and, finally, assess the patient’s ability
to actively rotate the neck. The absence of any risk factors and the
ability to rotate the neck indicate that image evaluation of the cervical
spine is not necessary, and the collar can be discontinued (Chart 1).1

NEXUS is also indicated for severely traumatized patients with
suspected cervical injury. It consists of five criteria (tenderness in the
midline of the cervical spine, evidence of intoxication, low level of
consciousness represented by GCS <15, focal neurological deficit
and distracting painful injuries). Only the absence of all of them
allows the cervical collar to be discontinued and the presence of
any one of them is an indication for image evaluation (Chart 2)."8

When submitted to validation, both produced excellent results,
CCR and NEXUS having sensitivity of 99% and 100% and specificity
of 42.5% and 12.9%, respectively.®'® Even with a small difference
in the sensitivity and specificity values, both are highly effective in
predicting the risk of cervical injuries and are widely used in medical
practice worldwide.
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Chart 1. Canadian C-spine Rule (CCR).

1. Any high-risk factors that require radiographic examination?

- Age > 65 years

- Dangerous trauma mechanism (automobile vs. pedestrian; rollover/
ejection; fall > 1 meter)

- Paresthesia in the extremities

2. Any low-risk factor that allows a safe assessment of range of motion?
- Simple rear-end vehicle collision

- Seated or walking position

- Late onset neck pain

- Absence of feeling in the midline of the cervical spine

3. Unable to actively rotate the neck (45° to the right and left)?

An affirmative answer to any of the criteria indicates imaging of the cervical
spine.

Source: Advanced Trauma Life Support (10th Ed.)! - adapted.

Chart 2. National Emergency X-Radiography Utilization Study (NEXUS).
- Tenderness in the midline of the cervical spine
- Evidence of intoxication
- GCS <15
- Focal neurological deficit
- Distracting painful injuries
An affirmative answer to any of the criteria indicates imaging of the
cervical spine.
Source: Advanced Trauma Life Support (10th Ed.)! - adapted.

A third variable can also be used in the comparison — reduction
in the number of imaging examinations required for cervical evalua-
tion after its application.®!" An initial study in a Canadian emergency
center reported a reduction of 12.9% in the number of radiographs
when compared to pre-CCR implementation numbers.® Another
Canadian study was able to compare the radiography rate between
the two algorithms, showing a lower value for CCR (55.9%) than for
NEXUS (66.6%)."2

Although accurate, such algorithms can only guarantee a benefit
if they provide the same quality of patient care, less time spent by
physicians and reduced costs to the system, and this depends on
characteristics intrinsic to them more than on the accuracy that they
offer. Otherwise, using them becomes an obstacle.'

Due to the heavy use of the ATLS recommendation in the Re-
gional Emergency Unit of the Conjunto Hospitalar de Sorocaba/
SP (URE-CHS), both algorithms are widely used. This study aims
for a mixed evaluation of these algorithms, verifying their positive
predictive value, i. e. their ability to identify true positives among the
results indicated as positive, their efficiency in reducing the number
of cervical spine imaging examinations following severe trauma, and
the evaluation of the physicians in the service who use it in terms
of applicability and reliability. The objective of this analysis is to
certify whether one is superior to the other, as used in this regional
emergency unit in the state of Sao Paulo, Brazil.

METHODS

First part: determination of the values for the indication of an
imaging examination

A descriptive study was conducted using the algorithms in vic-
tims of blunt trauma wearing a cervical collar who were admitted to
the URE-CHS during the period from August 2019 to April 2020. The
two protocols were already routine and equally applied, being left
up to the attendant to choose between them. In the secondary initial
trauma care evaluation, the resident physician uses one of them,
CCR or NEXUS, left available in the emergency room for checking
the criteria for each patient, and notes the results in the specified
field for future analysis of the conducts. The Informed Consent Form
(ICF) was applied to everyone who agreed to participate in the study,
after approval of the project by the Institutional Review Board of the
Faculdade de Ciéncias Médicas e da Saude of the Pontificia Uni-
versidade Catolica de Sao Paulo as opinion no. 3.757.164 (CAAE:
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10498119.7.0000.5373). The results were organized into tables and
submitted to statistical analysis of the proportional distribution of
the data, using the Chi-squared test to compare the number of
radiographic examination indications between the two methods.

Second part: determination of the positive predictive value of
the algorithms

This part of the study was conducted in the same way as the
previous part. The filled-out protocol form was added to the evalua-
tion of the results of the patient’s cervical spine imaging examination,
when indicated. This phase took place during the period from Janu-
ary to April 2020. The difference from the previous step was that, in
the case of referral for image examination, the patient’s identification
number was recorded for future analysis of the tomography reports
in order to verify the existence or not of traumatic cervical injuries,
data necessary for the calculation of the positive predictive value
(PPV) of the algorithm test. This was done without using any other
personal patient information contained in their medical records,
which were not accessed. The results were organized in tables and
submitted to statistical evaluation of the proportional distribution
of the data, using Fisher’'s exact test to compare the number of
indications of radiography between the methods, since frequencies
less than five were found.

Third part: qualitative analysis of the applicability and reliability
of the algorithms

Finally, a virtual questionnaire was administered to all the resi-
dent physicians who participated in the study, seeking to assess
quantitatively (on a scale of zero to ten) the applicability (ease of
remembering and executing the algorithm in an emergency scena-
rio) and the degree of confidence (safety of performing the conduct
that they indicated) and qualitatively the positive and negative points
of each algorithm. Finally, they were asked to choose which of the
two methods they preferred to work with. The results were organized
into tables and submitted for quantitative statistical evaluation of the
proportional distribution of the data using the Student’s t test and
qualitative evaluation of the open questions using content analysis,
as recommended by Bardin.'

RESULTS

Emergency room protocol data

To determine the imaging examination indication values, 250
protocol usage forms were verified (n=250). Of these, 120 (48%)
were samples of the CCR algorithm and 130 (52%) of the NEXUS
algorithm. Sixty-six (55%) of the protocols performed using the CCR
algorithm indicated removal of the cervical collar and 54 (45%) in-
dicated the need for an imaging examination. Seventy-eight (60%)
of those performed using the NEXUS algorithm indicated cervical
collar removal and 52 (40%) indicated the need for an imaging exa-
mination. These data are presented in the following table. (Table 1)

The hypothesis test (Chi-squared) produced a value of p=0.424,
with no significant difference between the proportions analyzed,
which shows that the methods are equally effective in reducing the
number of imaging examinations.

To determine the PPV, 76 extended protocols were applied. Of
these, 33 (43.4%) indicated an imaging examination, 20 (60.6%) of
which were samples of the CCR algorithm and 13 (39.4%) of the
NEXUS algorithm. The cervical spine CTs performed showed that only
2 indications from the CCR algorithm and 3 from the NEXUS algorithm
were truly altered, PPV=10% and PPV=23%, respectively. (Table 2)

The traumatic injuries revealed were vertebral body fracture
(simple and with deviation), transverse process fracture, spinous
process fracture, arthrolisthesis and transection of the spinal canal.

The hypothesis test (Fisher's exact test) resulted in a value of
p=0.315, demonstrating no significant difference between the va-
lues analyzed, which shows that there is no relevant significant di-
fference between the positive predictive powers of the two methods.

Table 1. Description of the sample in terms of indications for imaging
examination.

Conduct/Algorithm
% horizontal CCR NEXUS Total
% vertical

66 78 144
Remove collar 45.83 54.17 100.0
55.00 60.00 57.60

54 52 106
Image 50.94 49.06 100.0
45.00 40.00 42.40

120 130 250
Total 48.00 52.00 100.0
100.0 100.0 100.0

Table 2. Description of the samples in terms of PPV.
Conduct/Algorithm
% horizontal CCR NEXUS Total
% vertical

18 10 28
Normal 64.29 36.71 100.0
64.29 76.92 84.85

2 3 5
Altered 40.00 60.00 100.0
10.00 23.08 15.15

20 13 33
Total 60.60 39.40 100.0
100.0 100.0 100.0

Resident physician questionnaire data

The questionnaire was answered by 13 residents physicians who
participated in the research (n=13). As for the degree of confidence
of each of the methods, CCR had a mean score of 9.15 + 0.68 and
NEXUS had a mean score of 7.77 = 0.59 points. The hypothesis test
resulted in a value of p<0.001, revealing that the CCR algorithm was
statistically more reliable than NEXUS. Regarding the applicability of
each method, CCR had a mean score of 6.85 + 1.21 and NEXUS
had a mean score of 9 + 0.81. The hypothesis test resulted in a
value of p<0.001, revealing that the NEXUS algorithm was statisti-
cally more applicable than CCR.

Analysis of the qualitative content of the CCR algorithm confir-
med its positive points (the number of repetitions in parentheses)
as follows: breadth of scope (4), consideration of the mechanism of
trauma (3), high sensitivity (3), safety (2), and clarity/objectivity (1).
The negative points reported were difficult to memorize (5), takes
time to execute (4), low specificity (2) and complexity (1).

Analysis of the qualitative content of the NEXUS algorithm confir-
med its positive points as follows: simplicity (4), easy to execute (3),
easy to memorize (3), practicality (3) and speed of execution (3). The
negative points reported were low sensitivity (4), no consideration
of the mechanism of trauma (2) and no consideration of age (2).

Finally, when asked which algorithm they preferred to use in
practice, 10 responded that they preferred NEXUS (76.9%) and 3
that they preferred CCR (23.1%). These results are shown in Table 3.

DISCUSSION

The first data resulting from this study refers to the value of the
imaging indication for the CCR and NEXUS protocol analysis, being
45% and 40%, respectively, with no significant difference between
them. This comparison between CCR and NEXUS has already been
made by Stiell et al., revealing values of 55.9% and 66.6%, and by
Ala et al. in 2017, revealing values of 57.5% and 47.5%, respecti-
vely.'2'5 These researchers used the same methodology in their
studies, the first having a significantly larger sample and an outcome
that differs from the one found here, which is closer to that of the
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Table 3. Description of the results obtained from the questionnaire.

Question analyzed CCR NEXUS P
Degree of 9.15 7.77 <0.001
confidence
Applicability 6.85 9.0 <0.001

Breadth of scope Easy to execute

Consideration of

) Easy to memorize
mechanism of trauma

Positive points

Practicality
Speed of execution

High sensitivity
Safety
Clarity/objectivity

Difficult to memorize Low sensitivity

' No consideration of
) ) Takes time to execute
Negative points age

No consideration of the
mechanism of trauma

Low specificity

Complexity

How many prefer to

0
use it 3 (23.1%)

10 (76.9%)

second study. Such concordance may be related to the sample size
and the epidemiological characteristics of the trauma mechanism,
which are similar to those of this study.

Studies of standalone protocols were also able to demonstrate
their ability to reduce imaging examination indications when compa-
red to non-systematic clinical judgements. A randomized controlled
clinical trial conducted by Stiell et al., demonstrated a 12.8% reduc-
tion in cervical imaging examination in severe traumatisms using
the CCR, a fact also evidenced by an Australian non-randomized,
before-and-after clinical trial.""'® As for NEXUS, a retrospective ob-
servational study conducted by Griffith et al. that compared the
clinical versus radiological database information of trauma victims
found that 23.9% of the images were taken unnecessarily for not
using this protocol.'” However, another study conducted by Dearden
and Hughes reported no difference between the use of the NEXUS
algorithm and non-systemic clinical evaluation in an emergency ser-
vice, which can be justified by clinical judgement trained according
to ATLS recommendations.'8 In this study, retrospective intervention
data were not collected to confirm whether or not there was an
effective reduction in the number of imaging tests.

The second result of this research is the positive predictive
value of each algorithm, 10% and 23% for CCR and NEXUS, res-
pectively. These values are well above those found in the literature,
which range from 3% to 6.03% for the CCR and from 2.7% t0 9.1%
for NEXUS, but they still reflect the relative superiority of NEXUS
in predicting a positive imaging examination result.®'%%° The pros-
pective cohort studies conducted by Duane et al., discuss which
of the variables included in these algorithms can be considered
good individual predictors of a fracture when analyzed under the
lens of the gold standard for these cases, cervical spine CT, in
order to formulate a new algorithm derived from them with greater
specificity without losing sensitivity. The significant factors in this
predictive model were tenderness in the midline of the cervical
spine and GCS<15 (common to both algorithms), age equal to
or greater than 65 years, paresthesia, rollover/ejection from the
vehicle and not being able to assume the sitting position (present
only in the CCR)."®2° Even with a greater number of predictive
factors, the CCR was not superior in terms of the PPV due to the
large number of clinical criteria with low predictive power that it
also includes, which reduces its specificity. An evaluation of each
individual criterion was not performed in the present study.

A third variable that could interfere with algorithm use is interob-
server variability, which can be defined as the ability to reproduce the
same result when applied by two different observers.?' However, when
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analyzed, both CCR and NEXUS have a k value considered to reflect
good concordance, estimated at 0.75 and 0.73, respectively.?223

When we analyzed the subjective assessment made by the resi-
dent physicians in this study on algorithms, we noticed a clear prefe-
rence for using NEXUS (76.9% vs. 23.1%), which can be explained by
its being easier to apply, despite the lower confidence they have in it.

The most reliable method from the residents’ point of view was
the CCR (9.15% vs. 7.77%). Seeking to infer something from this
variable, a study checked how many times the CCR and NEXUS
protocol indications for each examination were respected by those
who applied it, estimating a reliability of 91.2% and 96.8%, respec-
tively,2* showing the opposite of the data found here, possibly due
to the measurement technique used. Two other Canadian studies
that evaluated only the CCR protocol when used by nurses found
reported reliability of 95.2% and 98.7% in two different years 2526

Objectively, the degree of confidence is relatively associated
with the sensitivity of the test, which is close to 100% for both tests.
However, some variables absent in NEXUS may be responsible for
decreasing the degree of confidence in its indications, namely, no
consideration of the mechanism of trauma and no consideration of
the patient’s age, both factors with high predictive value.'

NEXUS was considered to be the most easily applicable algorithm
(9% vs. 6.85%). The factors encountered in the open responses that
support this prevalence are its speed, practicality, and ease of memo-
rization as compared to the other. A study conducted with emergency
service physicians in the USA showed that 56% use NEXUS more than
75% of the time versus 10% who use CCR in this same proportion.
When each of these groups was questioned about memorization of
the algorithm, 62% of those who preferred NEXUS remembered it
completely, as opposed to only 33% of those who preferred CCR.?

CONCLUSION

Epidemiological, clinical and economic factors led to the re-
moval of the ATLS requirement to perform imaging examinations
for all seriously injured patients before removing the cervical collar,
replacing it with clinical screening. The two suggested validated
algorithms, the Canadian C-spine Rule (CCR) and the National
Emergency X-Radiography Utilization Study (NEXUS), are widely
used due to their safety.

Through the data of this study it was possible to verify that there is
no predominance of either of the algorithms over the other in their ability
to reduce the number of imaging examinations, where both are equally
effective. Nor was there any such superiority in the positive predictive
value of either of them, a value that was considered low, both lacking
methods to increase their specificity. The assessment of the resident
physicians who use the algorithms in the emergency service demons-
trated statistically significant superiority of NEXUS in terms of both de-
gree of confidence and applicability. CCR is more complex to execute
and a has a higher number of lower-precision variables, while NEXUS
lacks data about the trauma mechanism and patient age, which would
increase its safety, even though it is easier to execute. The study also
demonstrated the physicians’ preference for NEXUS in daily practice.

Among the limitations of this study, which made it impossible to
better elucidate how these tools are used in emergency scenarios
in Brazil, with their epidemiological specifics, is the technological
inability to calculate the sensitivity and predictive negative value
of the algorithms, which would only be possible by submitting all
research patients to image study. In addition, another disadvantage
was not to have observed each variable of the algorithms individually
in order to better characterize them.

Finally, the study corroborates the data in the literature indicating
that both algorithms are equally safe for clinical screening of cervical
trauma, each of them having its own peculiarities that may influence
the personal choice of a physician to use it or not.

All authors declare no potential conflict of interest related to
this article.
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