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Abstract

:

Introduction: Diagnosis of emergent intracranial lesions that require emergency treatment either medically or surgically in non-traumatic pediatric headaches is important. Red-flag signs and symptoms are commonly used as justification for neuroimaging; however, evidence on its diagnostic values is limited. The study aims to identify diagnostic values of red-flags and develop a clinical prediction score to help improve the diagnostic yield of neuroimaging. Methods: A retrospective review of 109 pediatric patients from 2006 to 2020 who presented with a non-traumatic headache was conducted. A clinical prediction score from red flags was developed using multivariate logistic regression. Discriminatory ability was examined using the area under the receiver operating characteristic curve. Results: A total of 51 patients were diagnosed with emergent intracranial lesions. Four potential clinical red flag predictors were identified: (1) acute onset (less than 3 months), (2) altered conscious state, (3) focal motor abnormality, and (4) and ocular/pupillary abnormality or squint. A clinical prediction score was developed with good discriminatory properties (0.84). Conclusions: Clinical predictor scores from these four red flags may play an important role in maximizing neuroimaging and proper management for pediatric patients with non-traumatic headaches. Future validation studies are needed and could guide referrals and optimize the use of neuroimaging for these patients.
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1. Introductions


Non-traumatic pediatric headache is a common chief complaint in the pediatric emergency department and in the out-patient department (OPD) [1,2,3]. This is a challenging issue for pediatricians and pediatric neurologists worldwide due to its diagnostic difficulties. Secondary headaches from intracranial lesions, such as tumors, even though rare, are the main concern among these patients. The differentiation of secondary headaches from benign primary headaches is critically important because their managements differ. A patient with intracranial abnormality requires admission for close monitoring, aggressive medical treatment, or emergency surgical consultation, whereas a patient with a primary headache can be treated conservatively as an OPD case.



Emergency neuroimaging (brain CT and MRI), within 24–48 h, has been the investigation of choice to exclude intracranial pathologies and has significant value in guiding the management [4]. However, there are some precautions regarding neuroimaging, which includes economic issue [2,5], radiation exposure [6], contrast media allergy, contrast-induced nephropathy [7], and risks from sedative drugs [8]. Clinical practice depends greatly on the clinical predictors, the so-called “red-flags”, to predict the likelihood of intracranial pathologies [3,7,9].



However, some red-flags, such as fever, are non-specific for intracranial lesions. Other red-flags, such as headache locations, the characteristics of the headache, and headaches aggravated by the Valsalva maneuver, can be unreliable due to potential communication issues in the pediatric population. Recent evidence, published in 2019, suggests that many children with headaches may be receiving unnecessary neuroimaging due to the high prevalence of non-specific red flag signs and low prevalence of clinically significant intracranial lesions [10].



In Thailand, the decision for imaging referral and level of emergency depends primarily on clinical judgment in individual cases. For primary care centers in Thailand, the differentiation of secondary headaches from primary ones by clinical information is crucial as they lack sophisticated equipment and easy access to neuroimaging [11].



While the presence of these red-flag signs is associated with intracranial pathologies, in order to optimize the use of neuroimaging, the study aims to evaluate the predictive values of each red-flag and develop a concise clinical prediction score from red-flags to help identify those children with non-traumatic headaches who are at risk of having an emergent intracranial lesion.




2. Methods


A retrospective review of electronic health records of all the pediatric patients (defined as age 15 or under in Thailand [12]) was conducted from January 2006 to December 2020 at Chiang Mai University Hospital. Chiang Mai University Hospital is the largest university referral Hospital in Northern Thailand. The only initial inclusion criteria were children who presented with a chief complaint of headache and underwent neuroimaging assessment during the period of review; however, our main exclusion criteria were those with a history of trauma, absence of clinical data, or poor image quality. A total of 208 patients were reviewed.



Of these, 94 patients were excluded due to a history of trauma, four patients were excluded due to absent clinical data, and one patient was excluded due to poor image quality. Finally, 109 patients were included in the study (Figure 1). Clinical data for red flag signs/symptoms were reviewed by a pediatrician (NW) and a family physician (CA), who were blinded from the neuroimaging findings, while neuroimaging findings (from Brain CT, CTA, and MRI images) were reviewed by a radiologist (AM) and a neuroradiologist (SA) blinded from the red-flag findings. From 109 patients, 112 scans were obtained from three different modalities (87 CT scans, one Brain CTA, and 24 MRI scans). Any disagreement between the reviewers was resolved by consensus.



2.1. Red-Flag Clinical Predictors


The variable was classified as the presence and absence of 23 red-flags (Table S4), which was adapted from the recently published criteria by Raucci et al. in 2019 [3]. These include severe vomiting, fever, focal motor abnormality, visual field deficiency, abnormal ocular movement, and seizures. In our study, we added “acute onset” (of less than three months) as another red-flag from the criteria by Raucci et al. This was because acute or sudden onset headache was considered as one of the red-flags in previously proposed criteria for both children and adults [13,14,15].




2.2. Emergent Intracranial Lesions


The definition for emergent intracranial lesions was the presence of intracranial lesions from neuroimaging that required emergency treatment either medically or surgically or admission for close monitoring, and if left untreated, the patient would rapidly deteriorate. By this definition, examples of positive results include large intracranial hemorrhage requiring surgical removal, ruptured intracranial aneurysm requiring surgical clipping, acute cerebral venous sinus thrombosis requiring medical thrombolysis, and brain abscess requiring antibiotic treatment. Negative results would include cavum septum pellucidum that does not require further treatment, benign lesions, such as small intracranial calcified granuloma or arachnoid cysts that do not require further management and incidental findings, such as a pineal cyst. A full list of conditions is provided as Supporting information Table S1.




2.3. Statistical Analyses


Descriptive statistics were used to describe the sample demographics, the prevalence of each red flag sign, and the final diagnosis. The association between the presence of each red flag and emergent intracranial lesions was tested using chi-square if the expected value for each cell was five or greater. Otherwise, Fischer’s exact was used. Multivariable logistic regression was used to derive the clinical prediction score. All candidate red flags signs significant in the univariable analysis were entered into the model (p < 0.10). At this stage in variable selection, using conventional p-value cut-offs (p < 0.05) may result in important predictors being excluded [16]. A backward stepwise approach was then used to reduce red-flag predictors to produce a final model. The backward stepwise approach is often the preference for stepwise selection as it starts with the full model [17].



As supported by the literature, the significance level for removal was set at 0.15, and the significance level for addition was set at 0.10 [18]. Dividing by the smallest log-odds coefficient in the final model and rounded to the nearest integer, weights were assigned to each coefficient. The final diagnostic score was derived from the sum of the weighted score of each red flag sign. The sensitivity, specificity, positive likelihood ratio, and negative likelihood ratio of the prediction score were calculated to examine the diagnostic accuracy of the score. The discriminatory ability was quantified using the area under the receiver operating characteristic curve (AuROC). The Hosmer–Lemeshow goodness of fit test was used to determine the model fit. All analyses were performed using STATA version 15.





3. Results


The mean age of the 109 pediatric patients with non-traumatic headaches was 10.6 (SD 3.4), and 46 (42%) were male. Only 5% of patients were younger than the age of five. The majority (80.7%) received a CT scan (80.7%), while 22% had an MRI performed. Two patients (1.8%) underwent both CT scan and MRI during the same event. The presence of comorbidities was present among 26 patients (23.8%). Common comorbidities include hematologic malignancy, systemic lupus erythematosus, HIV/AIDS, congenital heart disease, and thalassemia. Fifty-one patients (46.8%) were identified as having an emergent intracranial lesion. However, there were no significant differences in demographic characteristics between those with and without emergent intracranial lesions (Table 1).



Table 2 describes common final diagnoses among those with and without emergent intracranial lesions. The three most common final diagnoses among those with emergent intracranial lesions (n = 51) were brain tumors (25.5%), intracranial infections (25.5 and intracranial hemorrhage (13.7%). In non-emergent intracranial lesions (n = 59), the three most common final diagnosis were migraine (34.5%), inconclusive diagnosis (24.1%), and tension-type headache (10.3%). The patients who were classified as “inconclusive diagnosis” were those with unremarkable imaging findings and had no definitive cause of headache identified upon further investigations. These patients were treated conservatively. A detailed breakdown of specific diagnoses can be found in Supporting information Tables S2 and S3.



Acute onset, severe vomiting, and high-risk comorbidities were the three most common red-flags found among 72 patients (66.1%), 65 patients (59.6%), and 26 (23.8%), respectively (Table 3). Table 3 reports their association with emergent intracranial lesions. In the crude analysis, the red-flags that showed statistically significant relationships with emergent intracranial lesions include acute onset, focal motor abnormality, changes in mood or personality, altered conscious state, seizures, abnormal ocular movements, ataxia, and meningism.



Detailed analysis and predictive value of each of the 23 red flags can be found in Supporting Information Tables S4 and S5. However, from multivariable analyses, only four red flags demonstrated potential as significant predictors of emergent intracranial lesions: 1: acute onset (OR 5.24, 95% CI 1.60 to 17.1), 2: altered conscious state (OR 3.07, 95% CI 0.80 to 11.70), 3: focal motor abnormality (OR 10.06, 95% CI 2.32 to 43.22) and 4: abnormal ocular/pupillary movements (OR 19.87, 95% 3.54 to 111.6). The model fitted the data reasonably well (Hosmer–Lemeshow Chi-square = 2.34, p = 0.67). Based on the coefficients, these variables were assigned weights of one, one, two, and three, respectively. (Table 4).



The proposed clinical predictor score, which now ranges from 0 to 7, showed good discriminatory properties with an area under the receiver operating characteristic curve (AuROC) of 0.884 (95% CI 0.775 to 0.914) (Figure 2). Using a score of 2 as the cut-off for high risk of emergent intracranial lesions correctly identified 78% of cases, with a sensitivity of 68.6% and specificity of 86.2%. A score of at least 2 would increase the likelihood of having an emergent intracranial lesion by nearly five folds (LR + 4.98). A cut-off score of 3, while demonstrating lower sensitivity (51%), would provide greater specificity (93%) and a positive likelihood ratio of 7.39 (Table 5).




4. Discussion


While it is known that red flag signs and symptoms are associated with emergent intracranial lesions, their diagnostic values, especially for non-traumatic pediatric headaches, remain underexamined. The study provides detailed diagnostic and predictive values of red flag signs and symptoms. In addition, the study provides a clinical prediction scoring system based on four red flags (acute onset, altered conscious state, focal motor abnormality, and abnormal ocular/pupillary movements), which demonstrated good discriminatory properties.



The prevalence of emergent intracranial lesions in this study was 46.7%, much higher than the 4% prevalence of space-occupying lesions in childhood headaches that underwent imaging from a study by Medina et al. from the United States [19]. The higher incidence of a positive outcome in our study is likely due to the nature of our institution as a referral center for diagnostics and treatment. It is important to still note that the majority of intracranial lesions were brain tumors, infection, and intracranial hemorrhage, which was quite similar to the prevalence from the previous studies [19,20,21,22]. For non-emergent intracranial lesions, the most common diagnosis was a primary headache (23.9%), such as migraines, which was also similar to previous reports [19,20,21,22].



The lack of a clear consensus guideline on indicators for neuroimaging in Thailand was reflected in our study, where nearly 45% of patients with non-emergent lesions were diagnosed with primary headaches. The study of Rho et al. [23] also found that the rate of unnecessary imaging was high in pediatric headaches, and a large portion of patients undergoing imaging were those with recurrent headaches. Only 9.3% had abnormal findings on neuroimaging, and 0.71% required surgical excision. The authors also highlighted the need for rational guidelines for neuroimaging in pediatric headaches.



Of the 23 red-flags explored in our study, four had promising predictive values, which included ocular motor/pupillary abnormality or squint, altered conscious state, focal motor abnormality, and the acute onset of headache. Acute onset of headache (headache of fewer than three months) was statistically related to significant intracranial lesions in our study. This is likely because common intracranial lesions that require close medical attention, such as intracranial hemorrhage, cerebral infection, and stroke, usually present in an acute form. On the other hand, chronic recurrent headaches tend to be associated with primary headaches, such as migraine or tension-type headaches. The American Academy of Neurology and the Child Neurology Society guidelines also suggested that neuroimaging is not indicated in children with recurrent headaches and a normal neurologic examination [24].



Focal motor abnormality was a significant sign according to our study. This is similar to previous studies [19,23]. The existence of space-occupying lesions, such as a tumor, bleeding, brain abscess, and infarction, often cause a motor deficit, especially when located adjacent to the corticospinal tract. The advantages of this sign are that it is simple and reliable.



Motor power examinations can also help differentiate hemiplegic migraine from true intracranial lesion because the motor function is usually preserved in hemiplegic migraines. Ocular movement/pupillary abnormality also had a great predictive value with an odds ratio of 19.9 in our study. The literature supports that it is one of the most commonly found signs in cases of serious neurologic conditions [25]. Unlike the more invasive eye-ground examination for papilledema, the ocular/pupillary examination can be considered superior in aspects of its noninvasiveness, readily available without requiring sophisticated equipment, and can be performed in nearly all age groups. Our last prediction of the four red-flags predictors, alteration of the mental status, had the lowest odds ratio. This is concordant with the clinical situation that other extracranial causes, such as sepsis, hypovolemia, and electrolyte imbalance, may also induce mental status changes in children [26].



A number of red flags were not significantly associated with emergent intracranial lesions in our study. Some signs and symptoms can be found in many different conditions and thus, are less specific. Severe vomiting, for example, may occur in patients with migraine or post-chemotherapy. Headache with fever can be found in a wide variety of systemic diseases and infections, which is much more common than intracranial pathology. Some red flags, such as changes in mood or personality, are quite subjective and depend greatly on the perception of the parents and the attentiveness of their children’s monitoring.



The occipital location of the headache was also not statically significant in our study. The recently updated red flags criteria by Raucci et al. considered the occipital headache as a “relative” red flag [3]. Moreover, some studies even proposed that the location of the headache may not be correlated with a significant intracranial lesion [27]. Lastly, other red-flag signs, such as worsening pain with cough or Valsalva maneuver, headache character, and headache location, in young children are potentially difficult due to communication boundaries. Thus, these red-flags may be less specific and have a low interobserver agreement, resulting in lower diagnostic values.



In our study, only six patients were younger than five years of age. The cut-off point of 5 years did not reach statistical significance, likely from the small number of patients in this age group. However, we found that most of them were diagnosed with brain tumors, such as ependymoma, medulloblastoma, and pilocytic astrocytoma. This suggests that emergent intracranial lesion is still a matter of concern for patients presenting with non-traumatic headaches at an extremely young age.



One red-flag that did not exist in our patient population was “change in the character/pattern of headache in patients previously diagnosed with a primary headache”. One study found that “change in the type of headache” demonstrated low predictive yield in children with recurrent headaches, and the author even suggested removing “change in the type of headache” from the official guidelines for children [23].



In non-traumatic adult headaches, clinical prediction scores have proven to be beneficial in guiding high-risk patients for neuroimaging with an ability to exclude serious intracranial pathologies [28,29]. Our study developed a similar clinical prediction score for non-traumatic headaches in pediatrics using four red-flags. The score ranged from 0 to 7 with an AuROC of 0.84, demonstrating good discriminatory and diagnostic probabilities. A validated clinical prediction score could serve as a rational, quantitative and evidence-based tool on the basis of available history taking and physical examination to facilitate the clinician’s referral judgment [30].



This situation is of importance in the context of Thailand and other low-to-middle-income countries, where the ratio of CT or MRI units per population is rather suboptimal [31]. As radiological investigations are capital- and labor-intensive, the CT or MRI units are available only at some secondary or tertiary care centers in these countries. The capability in diagnosis and treatment depends greatly on the referral system and requires locally generated evidence on patterns and the likelihood of emergent intracranial lesions.



The clinical score can help primary care physicians select the proper patient to be referred to the higher center for specialist consultation and further neuroimaging [32]. On the other hand, in the context of tertiary care centers, the score assists emergency physicians, pediatricians, and pediatric neurologists in classifying headache patients according to their likelihood of having an intracranial lesion. The higher score urges the clinician to seek emergency neuroimaging and intensive management. The implementation of the score also reduces the variability in management among clinicians, moreover, optimizes the use of neuroimaging resources, and maximizes the predictive value of brain scans.



In our study, a cut-off of 2 had high specificity (86.2%) and was able to classify most patients without emergent lesions correctly. This cut-off point also correctly classified 78% of all patients, was able to identify nearly 70% of positive cases, and yielded a positive likelihood ratio of almost 5. A cut-off point of 3 had higher specificity (93.1) but had low sensitivity (51%). Given the potential severity of undetected emergent lesions, the cut-off point of 2 could be a useful starting point for future studies in similar settings.



There are several limitations to this study. As the study had a retrospective design, and all signs and symptoms were reviewed from recorded data. Some signs may be under-evaluated, thus, limiting its diagnostic potential. The study was conducted from a single study center in Thailand, which could also limit its generalizability. With no clear consensus guideline for neuroimaging in non-traumatic pediatric headaches in Thailand, coupled with limited accessibility of neuroimaging and pediatric neurologists to only large referral centers; this resulted in a small pool of patients over the 15-year period. Further multicenter prospective studies would be valuable in validating the diagnostic values of red-flags and improving the efficacy of the clinical predictor scores.




5. Conclusions


Pediatric patients are more fragile to under- and over-investigation. Among non-traumatic pediatric headaches, there is a lesser amount of research information concerning clinical predictors of emergent intracranial lesions. Our study suggests that clinical predictor scores from four red flags: (1) acute onset (less than 3 months), (2) altered conscious state, (3) focal motor abnormality, and (4) and ocular/pupillary abnormality or squint may play important roles in maximizing neuroimaging and proper management for those patients in Thailand. Future validation studies are needed and could guide referrals and optimize the use of neuroimaging for pediatric patients with non-traumatic headaches in Thailand and other countries where the burden and distribution of causes of non-traumatic headaches may be similar.








Supplementary Materials


The following supporting information can be downloaded at: https://www.mdpi.com/article/10.3390/children9060863/s1, Table S1: List of emergent and non-emergent intracranial lesions. Table S2: Final Diagnosis of Pediatric Patients with non-traumatic headaches. Table S3: Breakdown of top three emergent intracranial lesion. Table S4: Association between red flags and emergent intracranial lesions. Table S5: Discrimination and Diagnostic value for each red flag.





Author Contributions


A.M., S.A. and N.W. made contribution to the concept of the work. A.M., S.A., N.W. and C.A. were involved in data acquisition. S.K., W.S. and C.A. were involved in analysis. A.M., S.A. and C.A. were involved in the interpretation of the data. A.M., S.A. and C.A. drafted the manuscript. S.K., N.W. and W.S. critically reviewed the manuscript. All authors have read and agreed to the published version of the manuscript.




Funding


This research was partially supported by Chiang Mai University (S.A. and C.A.). The funder had no role in the design, analysis, write up, or decision to publish.




Institutional Review Board Statement


This study (RAD-2562-06343) was approved by the Faculty of Medicine, Chiang Mai’s University Ethics Review Board (No. 281/2019). Written informed consent was waived due to the retrospective nature of the study. All methods were carried out in accordance with relevant guidelines and regulations (The Declaration of Helsinki).




Informed Consent Statement


Not applicable.




Data Availability Statement


Data cannot be shared publicly because it was not formally approved by the Ethics Committee. Anonymized Data are available from the Faculty of Medicine, Chiang Mai University Research Administration Office (contact via researchmed@cmu.ac.th) for researchers who meet the criteria for access to confidential data.




Conflicts of Interest


The authors declare that they have no competing interest.




Abbreviations


AIDS: acquired immune deficiency syndrome, AuROC: area under the receiver operating curve, CT: computed tomography, CTA: computed tomography angiography, HIV: human immunodeficiency virus, MRI: magnetic Resonance Imaging, and OPD: out-patient department.




References


	



Scheller, J.M. The history, epidemiology, and classification of headaches in childhood. Semin. Pediatr. Neurol. 1995, 2, 102–108. [Google Scholar] [CrossRef]

	



Alfonzo, M.J.; Bechtel, K.; Babineau, S. Management of headache in the pediatric emergency department. Pediatr. Emerg. Med. Pract. 2013, 10, 1–25. [Google Scholar] [PubMed]

	



Raucci, U.; Della Vecchia, N.; Ossella, C.; Paolino, M.C.; Villa, M.P.; Reale, A.; Parisi, P. Management of childhood headache in the emergency department. Review of the literature. Front. Neurol. 2019, 10, 886. [Google Scholar] [CrossRef] [PubMed]

	



Alexiou, G.A.; Argyropoulou, M.I. Neuroimaging in childhood headache: A systematic review. Pediatr. Radiol. 2013, 43, 777–784. [Google Scholar] [CrossRef] [PubMed]

	



Medina, L.S.; Kuntz, K.M.; Pomeroy, S. Children with headache suspected of having a brain tumor: A cost-effectiveness analysis of diagnostic strategies. Pediatrics 2001, 108, 255–263. [Google Scholar] [CrossRef]

	



Smith-Bindman, R.; Lipson, J.; Marcus, R.; Kim, K.P.; Mahesh, M.; Gould, R.; De González, A.B.; Miglioretti, D.L. Radiation dose associated with common computed tomography examinations and the associated lifetime attributable risk of cancer. Arch. Intern. Med. 2009, 169, 2078–2086. [Google Scholar] [CrossRef]

	



Roser, T.; Bonfert, M.; Ebinger, F.; Blankenburg, M.; Ertl-Wagner, B.; Heinen, F. Primary versus secondary headache in children: A frequent diagnostic challenge in clinical routine. Neuropediatrics 2013, 44, 34–39. [Google Scholar] [CrossRef]

	



Uffman, J.C.; Tumin, D.; Raman, V.; Thung, A.; Adler, B.; Tobias, J.D. MRI utilization and the associated use of sedation and anesthesia in a pediatric ACO. J. Am. Coll. Radiol. 2017, 14, 924–930. [Google Scholar] [CrossRef]

	



Trofimova, A.; Vey, B.L.; Mullins, M.E.; Wolf, D.S.; Kadom, N. Imaging of children with nontraumatic headaches. AJR Am. J. Roentgenol. 2018, 210, 8–17. [Google Scholar] [CrossRef]

	



Tsze, D.S.; Ochs, J.B.; Gonzalez, A.E.; Dayan, P.S. Red flag findings in children with headaches: Prevalence and association with emergency department neuroimaging. Cephalalgia 2019, 39, 185–196. [Google Scholar] [CrossRef]

	



Ratanakorn, D.; Keandoungchun, J.; Sittichanbuncha, Y.; Laothamatas, J.; Tegeler, C.H. Stroke fast track reduces time delay to neuroimaging and increases use of thrombolysis in an academic medical center in Thailand. J. Neuroimaging 2012, 22, 53–57. [Google Scholar] [CrossRef] [PubMed]

	



Areemit, R.; Manaboriboon, B. Adolescent health in Asia: Insights from Thailand. Int. J. Adolesc. Med. Health 2016, 28, 315–319. [Google Scholar] [CrossRef] [PubMed]

	



Gofshteyn, J.S.; Stephenson, D.J. Diagnosis and management of childhood headache. Curr. Probl. Pediatric Adolesc. Health Care 2016, 46, 36–51. [Google Scholar] [CrossRef] [PubMed]

	



Nye, B.L.; Ward, T.N. Clinic and emergency room evaluation and testing of headache. Headache J. Head Face Pain 2015, 55, 1301–1308. [Google Scholar] [CrossRef]

	



Dodick, D. Diagnosing headache: Clinical clues and clinical rules. Adv. Stud. Med. 2003, 3, 87–92. [Google Scholar]

	



Hosmer, D.W.; Lemeshow, S.; Sturdivant, R.X. Applied Logistic Regression; Wiley: New York, NY, USA, 2013. [Google Scholar]

	



Steyerberg, E.W. Statistical models for prediction. In Clinical Prediction Models: A Practical Approach to Development, Validation, and Updating; Steyerberg, E.W., Ed.; Springer: New York, NY, USA, 2009; pp. 53–82. [Google Scholar]

	



Chowdhury, M.Z.I.; Turin, T.C. Variable selection strategies and its importance in clinical prediction modelling. Fam. Med. Community Health 2020, 8, e000262. [Google Scholar] [CrossRef]

	



Medina, L.S.; Pinter, J.D.; Zurakowski, D.; Davis, R.G.; Kuban, K.; Barnes, P.D. Children with headache: Clinical predictors of surgical space-occupying lesions and the role of neuroimaging. Radiology 1997, 202, 819–824. [Google Scholar] [CrossRef]

	



Hsiao, H.-J.; Huang, J.-L.; Hsia, S.-H.; Lin, J.-J.; Huang, I.A.; Wu, C.-T. Headache in the pediatric emergency service: A medical center experience. Pediatrics Neonatol. 2014, 55, 208–212. [Google Scholar] [CrossRef]

	



Conicella, E.; Raucci, U.; Vanacore, N.; Vigevano, F.; Reale, A.; Pirozzi, N.; Valeriani, M. The child with headache in a pediatric emergency department. Headache 2008, 48, 1005–1011. [Google Scholar] [CrossRef]

	



Burton, L.J.; Quinn, B.; Pratt-Cheney, J.L.; Pourani, M. Headache etiology in a pediatric emergency department. Pediatr. Emerg. Care 1997, 13, 1–4. [Google Scholar] [CrossRef]

	



Rho, Y.I.; Chung, H.J.; Suh, E.S.; Lee, K.H.; Eun, B.L.; Nam, S.O.; Kim, W.S.; Eun, S.H.; Kim, Y.O. The role of neuroimaging in children and adolescents with recurrent headaches—Multicenter study. Headache J. Head Face Pain 2011, 51, 403–408. [Google Scholar] [CrossRef] [PubMed]

	



Lewis, D.W.; Ashwal, S. The quality standards subcommittee of the american academy of neurology, the practice committee of the child neurology society. Practice parameter: Evaluation of children and adolescents with recurrent headaches: Report of the quality standards subcommittee of the american academy of neurology and the practice committee of the child neurology society. Headache J. Head Face Pain 2003, 43, 424–425. [Google Scholar] [CrossRef]

	



Lewis, D.W. Red flags in children who present with headache—How to recognize a serious problem. Nat. Clin. Pract. Neurol. 2008, 4, 412–413. [Google Scholar] [CrossRef] [PubMed]

	



Button, K.; Capraro, A.; Monuteaux, M.; Mannix, R. Etiologies and yield of diagnostic testing in children presenting to the emergency department with altered mental status. J. Pediatr. 2018, 200, 218–224.e2. [Google Scholar] [CrossRef]

	



Bear, J.J.; Gelfand, A.A.; Goadsby, P.J.; Bass, N. Occipital headaches and neuroimaging in children. Neurology 2017, 89, 469–474. [Google Scholar] [CrossRef]

	



Tantarattanapong, S.; Chalongkulasak, L. Predictive factors and clinical prediction score for serious intracranial causes in acute nontraumatic headache at an emergency department. Emerg. Med. Int. 2019, 2019, 4267825. [Google Scholar] [CrossRef]

	



Locker, T.E.; Thompson, C.; Rylance, J.; Mason, S.M. The utility of clinical features in patients presenting with nontraumatic headache: An investigation of adult patients attending an emergency department. Headache 2006, 46, 954–961. [Google Scholar] [CrossRef]

	



Morgan, M.; Jenkins, L.; Ridsdale, L. Patient pressure for referral for headache: A qualitative study of GPs’ referral behaviour. Br. J. Gen. Pract. 2007, 57, 29–35. [Google Scholar]

	



Ngoya, P.S.; Muhogora, W.E.; Pitcher, R.D. Defining the diagnostic divide: An analysis of registered radiological equipment resources in a low-income African country. Pan Afr. Med. J. 2016, 25, 99. [Google Scholar] [CrossRef]

	



Ridsdale, L.; Clark, L.V.; Dowson, A.J.; Goldstein, L.H.; Jenkins, L.; McCrone, P.; Morgan, M.; Seed, P.T. How do patients referred to neurologists for headache differ from those managed in primary care? Br. J. Gen. Pract. J. R. Coll. Gen. Pract. 2007, 57, 388–395. [Google Scholar]








[image: Children 09 00863 g001 550] 





Figure 1. Flowchart of patient selection. 
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Figure 2. Area under the receiver operating characteristic curve (AuROC) of the proposed clinical predictor score. 
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Table 1. Baseline demographics.
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Demographics

	
Total

(n = 109)

	
Emergent Intracranial Lesion




	
Negative Lesions

(n = 58)

	
Positive Lesion

(n = 51)

	
p-Value






	
Mean Age (SD)

	
10.6 (3.4)

	
11.2 (3.1)

	
10.1 (3.7)

	
0.09




	
Age < 5 (n, col %)

	
6 (5.5)

	
2 (3.5)

	
4 (7.8)

	
0.32




	
Male (n, col %)

	
46 (42.2)

	
27 (46.6)

	
19 (37.3)

	
0.33




	
Presence of high-risk comorbidities; (hematologic malignancy, SLE, and HIV infection).

	
26 (23.8)

	
11 (19.0)

	
15 (29.4)

	
0.20
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Table 2. The final diagnosis of the pediatric patients with non-traumatic headaches.
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	Diagnosis
	Frequency
	Percentage





	Emergent intracranial lesion (n = 51)
	
	



	Brain tumor
	13
	25.5%



	Intracranial infection
	13
	25.5%



	Intracranial hemorrhage
	7
	13.7%



	Non-emergent intracranial lesion (n = 58)
	
	



	Headache disorders
	26
	44.8%



	
	
Migraine





	20
	34.5%



	
	
Tension-type headache





	6
	10.3%



	Inconclusive diagnosis
	14
	24.8%



	Others, such as dengue fever, epilepsy, chronic sinusitis, and hypertension
	11
	19.0%
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Table 3. Association between red flags and emergent intracranial lesions.
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Common Red-Flags (n, col %)

	
Total

(n = 109)

	
Emergent Intracranial Lesion




	
Negative Lesions (n = 58)

	
Positive Lesion

(n = 51)

	
p-Value






	
Acute onset (<3 months)

	
72 (66.1)

	
30 (51.7)

	
42 (82.4)

	
<0.01




	
Severe vomiting

	
65 (59.6)

	
31 (53.5)

	
34 (66.7)

	
0.16




	
High-risk underlying comorbidities

	
26 (23.8)

	
11 (19.0)

	
15 (29.4)

	
0.20




	
Fever

	
21 (19.3)

	
8 (13.8)

	
13 (25.5)

	
0.12




	
Focal motor abnormality

	
20 (18.4)

	
3 (5.2)

	
17 (33.3)

	
<0.01




	
Changes in mood or personality over days or weeks

	
20 (18.4)

	
5 (8.6)

	
15 (29.4)

	
<0.01




	
Altered conscious state

	
19 (17.4)

	
4 (6.9)

	
15 (29.4)

	
<0.01




	
Seizures

	
16 (14.7)

	
5 (8.6)

	
11 (21.6)

	
0.06




	
Abnormal ocular movements, squint, pathological pupillary responses

	
16 (14.7)

	
2 (3.5)

	
14 (27.5)

	
<0.01




	
Increase in severity or characteristics of the headache

	
14 (12.8)

	
5 (8.6)

	
9 (17.7)

	
0.16




	
Pain that wakes the child from sleep or occurs on waking

	
13 (11.9)

	
8 (13.8)

	
5 (9.8)

	
0.52




	
Ataxia, gait abnormalities, impaired coordination

	
13 (11.9)

	
1 (1.7)

	
12 (23.4)

	
<0.01




	
Meningism

	
12 (11.0)

	
3 (3.5)

	
10 (19.6)

	
<0.01




	
Occipital headache

	
11 (10.1)

	
8 (13.8)

	
3 (5.9)

	
0.17
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Table 4. Clinical Predictors for Emergent Intracranial Lesions in Children with non-traumatic Headaches.
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	Red-Flags
	Odds Ratio

(95% CI)
	p-Value
	Coefficient
	Weight





	Acute onset (<3 months)
	5.24 (1.60 to 17.1)
	<0.01
	1.656654
	1



	Altered conscious state
	3.07(0.80 to 11.79)
	0.10
	1.120896
	1



	Focal motor abnormality
	10.06 (2.34 to 43.22
	<0.01
	2.308371
	2



	Abnormal ocular movements, squint, pathologic pupillary responses
	19.87 (3.54 to 111.58)
	<0.01
	2.989329
	3
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Table 5. Diagnostic accuracy of the clinical predictor score.
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	Cut-Point
	Sensitivity
	Specificity
	Correctly Classified
	Positive Likelihood Ratio
	Negative Likelihood Ratio





	≥1
	96.1%
	44.8%
	68.8%
	1.74
	0.08



	≥2
	68.6%
	86.2%
	78.0%
	4.98
	0.36



	≥3
	51.0%
	93.1%
	73.4%
	7.39
	0.53



	≥4
	33.3%
	98.3%
	67.9%
	19.3
	0.68



	≥5
	5.9%
	98.3%
	55.1%
	3.41
	0.96



	≥6
	3.9%
	100%
	55.5%
	
	0.96



	≥7
	2.0%
	100%
	54.1%
	
	0.98







AuROC 0.844 (95% CI 0.775 to 0.914).
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