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Fig.1.  Chest XR and upper abdomen 
Bilateral pneumothorax and massive 
surgical emphysema neck, chest, and 
upper abdomen

INTRODUCTION

Attention deficit hyperactivity disorder 
(ADHD) is characterized by pervasive and 
impairing symptoms of inattention, hyperac-
tivity, and impulsivity.1 ADHD is the most 
common psychiatric disorder of childhood 
(3% to 5% of children) with continued 
morbidity into adolescence and adulthood 
(50% to 70% of adults). Studies have shown 
that ADHD has a strong familial tendency. 
ADHD can cause a significant deficit in 
academic, social, and emotional functioning. 
Problems at school are a key feature of 
ADHD, often bringing the child with ADHD 
to clinical attention. It is important to estab-
lish the nature, severity, and persistence of 
school difficulties in children with ADHD.2

Although ADHD in childhood was recog-
nized in Diagnostic and Statistical Manual of 
Mental Disorders II (DSM-II) as hyperkinet-
ic reaction of childhood almost 50 years ago,      
DSM-V only now has described the signs and 
symptoms of ADHD in adulthood.3

There is no definitive diagnostic test for 
ADHD, thus a comprehensive analysis 
should be made in multiple settings such as 

home, school, or at work by a healthcare 
professional. A wide array of rating scales, 
tests, and measures have been developed to 
aid in a systematic standardized assessment 
of various deficits associated with ADHD.4

The application of machine learning in 
predicting ADHD in school will help physi-
cians in future to channelize appropriate 
treatment. In this study we will apply 
machine learning to predict ADHD 
incidence.

METHODOLOGY 

Study Design

We employed a cross-sectional survey      with 
non-probability convenient sampling 
technique conducted at two schools in Islam-
abad, Pakistan. The study included 500 
children from grades 1-5. The questionnaire, 
in the Urdu language, was completed by 
parents based on their      assessment of their 
child’s behavior. 

Interpretation of ADHD Questionnaire

The ADHD test and attention deficit disorder (ADD) test 
is based solely on behavior observations.2 More than 20 
checked items on this ADHD and ADD test indicate a 
strong tendency towards ADD or ADHD.

DATA ANALYSIS

Machine learning algorithms were used to generate a 
prediction chain for predicting the probability of a child 
to have ADHD score of 20 or more. Using the Konstanz 
Information Miner (KNIME) Analytics Version 3.5 and R 
version 3.5.1, several machine learning algorithms 
including classification tree, random forest, naive Bayes, 
and support vector machines were tested. 

Explanatory variables like fathers profession in terms of 
either desk job and clerical job or skilled/general 
non-skilled labor/businessman/self-employed [Figure 1], 
school, class of the child and parent’s interpersonal 
relationship were used as features for the final models. 
We included all the variables with at least 50% data avail-
ability which was the case for all explanatory variables. 
The outcome variable was whether a child scores more 
than 20 on an ADHD test or not. After complete data 
collection, data were divided into two subsets; training 
dataset (80 % of data) and the test dataset (20% of data). 
Next, using the training dataset, several machine learning 
prediction models were generated. The classification 
algorithms used included classification tree, random 
forest, naive Bayes, and support vector machines. This 
list of final candidate models was selected after a trial run 
on a minority data in the beginning which also included 
logistic regression. It was not found to be least accurate so 
was dropped out from the final list of candidate models. 
Once the models were generated, they were tested for 
accuracy on the remaining 20% of the dataset (test data-
set) using 10 fold cross-validation.The model with predic-
tions generating the highest area under curve was select-
ed as better performing than the others.

RESULTS 

Of the 500 children included in the survey, 290 were 
boys, 87 (17.4%) were in grade three, 190 (38.0%) were in 
grade four and 223 (44.6%) were in grade five. A majority 
(494/500) was between 8-10 years of age. There were 120 
children who scored 20-29 while 17 had a score higher 
than 30. Thus, 24% students showed a strong tendency 
towards ADHD.  More boys 81 (27.9%) scored 20 or 
greater than girls 39 (18.5%). Of the 500 children, 286 
had fathers working as professionals and 385 children 
had stay-home mothers.

There was a significant relationship between the father’s 
occupation and the child’s score (p=0.032). There were 
286 children in whom the fathers. Among them 232 
(81.1%) had a score of (0-19), 48 (16.7%) scored (20-29) 
and 6 (2%) had a score of 30 and higher. There were 10 
fathers who were skilled laborers, 5 (50%) among them 

scored (0-19) and 5 (50%) scored (20-29). None among 
the group skilled laborers scored 30 or above. Children in 
whom the paternal occupation was general labor there 
were 5 in total. Among this group 3 (60%) scored (0-19), 
2 (40%) scored (20-29) and none scored 30 or above. 
There were 72 children in families where paternal occu-
pation was a business. Among them 49 (68.1%) had a 
score of (0-19), 19 (26.3%) had a score of (20-29), and 4 
(5.5%) scored 30 or above. In the group where the father’s 
occupation was clerical, there were a total of 12 children. 
Among them 10 (83.3%) had a score of (0-19) and 2 
(16.6%) scored (20-29) and none scored 30 or above. 
There were a total of 78 students whose fathers were 
self-employed. In these children 53 (67.9%) scored 
(0-19), 20 (25.6%) scored (20-29) and 5 students (6.4%) 
scored 30 or above [Figure 1]. About 385/500 parents 
had commented good inter-parental relationship ADHD 
was suspected in 91 (23.6%) while 115/500 had bad 
inter-parental relationship ADHD was suspected in 29 
students (25.2%) [Table 1]. 

To explain further, the top performing model for predict-
ing whether a child has an ADHD score greater than 20 
was the one that used classification tree algorithm [Table 
2]. 

Using this, we were able to predict with a precision of 75% 
and it gave an area under curve (AUC) of 60.8 %. This is 
reflected in the confusion matrix table [Table 3]. 

DISCUSSION

We found that the classification tree algorithm was the 
most accurate with an area under curve (AUC) of 60.8% 
and a precision of 75.6% for the prediction of an ADHD 
score of 20 or more.

To the best of our knowledge there haven’t been previous 
studies which employed machine learning algorithms to 
generate a predictive model for children with ADHD in 
our region. This study will lead to other future surveys in 
employing new machine learning approaches for a more 
robust predictive model taking into account more 
variables in school going children having ADHD. 

LIMITATIONS

The study failed to address further psychological testing 
and psychiatric treatment for the screened children due 
to limited resources. Self- reporting bias is another factor 
to be taken in account while generalizing the results. 
Localization bias where the study was confined to single 
institution should also be taken into account. The moth-
er’s survey responses were not addressed as they spend 
time with their children can also skew the dataset results. 

REFERENCES

1. Polanczyk G, de Lima MS, Horta BL, Biederman J, 
Rohde LA. The worldwide prevalence of ADHD: a 
systematic review and metaregression analysis. Am J 
Psychiatry. 2007; 164(6):942-8.

2. Loe IM, Feldman HM. Academic and educational 
outcomes of children with ADHD. J Pediatr Psychol. 
2007; 32(6):643-54.

3. Kataoka SH. ADHD among U.S. children and adults: 
Increasing Access to Care. Psychiatric Services.  2016; 
67(9): 937-937.

4. Hinshaw SP. Moderators and mediators of treatment 
outcome for youth with ADHD: understanding for whom 
and how interventions work. Ambul Pediatr. 2007; 7(1 
Suppl):91-100.

5. Brown RT, Perrin JM. Measuring outcomes in atten-
tion-deficit/hyperactivity disorder. J Pediatr Psychol. 
2007; 32(6): 627-630.

A Case Report of Massive Surgical Emphysema after Endotracheal 
Intubation

Authors Affiliation:

King Fahad Hospital -
Emergency Department,Saudi 
Arabia

Correspondence to:

hakamaltayab@hotmail.com

CASE SUMMARY 

A female of 34-years-old, with a history of 
bronchial asthma, was admitted to the emer-
gency department in UMMC because of exac-
erbation of bronchial asthma, she had severe 
dyspnea, confusion and ABG shows type 2 
respiratory failure. In the emergency room, 
the patient was sedated, endotracheal tube 
size 7.5 is inserted successfully in the first 
attempt. Immediately after intubation and 
connecting to the ventilator and supported 
with mechanical ventilation, noticed that 
patient  SPO2  of 70%, BP 80/40 and HR of 
110/minutes, chest examination shows right 
tension pneumothorax, needle thoracotomy 
immediately performed followed by a bilater-
al chest tube, oxygen saturation raised to 
98%, BP 110/70 and HR 80/m, patient 
connected to the ventilator by anesthesia 
team, post-intubation chest X-Ray (fig.1) 
shows bilateral pneumothorax and massive 
surgical emphysema neck, chest, and upper 
abdomen. Post-intubation chest X-Ray (fig.1) 
shows bilateral pneumothorax and massive 
surgical emphysema neck, chest, and upper 
abdomen.

ABSTRACT 

In the management of a patient with 
respiratory compromise in the emergency 
department, airway patency and ventilatory 
support are of high importance. We describe a 
case of a 34 years old female patient who 
presented with severe lower airway obstruction 
secondary to exacerbation of bronchial asthma. 
She had severe dyspnea, confusion and ABG 
showed type 2 respiratory failure for which an 
urgent endotracheal intubation was 
performed. Later, the patient developed 
significant subcutaneous emphysema,  

and was diagnosed with bilateral 
pneumothoraces, pneumomediastinum, 
pneumopericardium, and surgical 
emphysema. This was treated emergently 
with supplemental oxygen and bilateral 
chest drains. A CT scan demonstrated a 
tracheal laceration, which was managed 
conservatively in the critical care unit. The 
patient had a tracheostomy on day 5 to 
treat an ongoing air leak and later made a 
full recovery.
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CASE REPORT

The patient was admitted to ICU and treated conserva-
tively for 4 days then extubated and transferred to the 
chest ward and she stayed there for 4 days and was 
discharged to be seen in chest clinic after 1 month.Fig.3 
shows resolving bilateral pneumothorax .

DISCUSSION

Iatrogenic tracheal injury due to orotracheal intubation is 
considered a life-threatening condition if not treated in 
time, although it is rare it happens even in advanced med-
ical center.(1)

The incidence of tracheal injuries is around 0.005% when 
a single-lumen tube is used and it ranges from 0.05% to 
0.19% when a double-lumen tube is used.(2) The common 
site of injury is in the distal third of the trachea and the 
main bronchi, at the junction of the membranous and 
cartilaginous portions.(3) When the overinflation cuff is 
the cause of injury the site of injury is usually in the proxi-
mal part of the trachea.  It is most common in females, 
tracheal congenital malformation, the inflammatory 
disease leads to tracheal wall weakness and in patients on 
prolonged steroids therapy. 

The main cause of tracheal injuries during intubation is 
the use of the inappropriate size of the endotracheal tube, 
overinflation of the tube cuff, difficult intubation with 
many attempts, blind intubation over tracheal tube 
inducer device (bougie) without the guidance and direct 
vision of the laryngoscope.(3)

Manipulating the endotracheal tube for adjustment in or 
out without completely deflating the tube is one of the 
common malpractices in intubated patients and might 
lead to tracheal injury.

In some cases which is orotracheal intubation is indicat-
ed, the use of double-lumen tubes is increasing the 
incidence of tracheal injury more than the single lumen 
tubes. 

The clinical manifestations included subcutaneous 
emphysema in the chest and neck, pneumomediastinum, 
pneumothorax, and respiratory failure as a final sequence 
of the previous pathology.(4)

Radiological findings such as subcutaneous or mediasti-
nal emphysema, the extension of the tip of the endotra-
cheal tube to the right, and cuff overinflation, are usually 
indirect signs of injury, the diagnosis is confirmed by 
fiberoptic bronchoscopy and computed tomography. 

Treatment options depend on the size of the lesion and 
clinical situation of the patient, late diagnosis with a 
lesion 4 cm or more, surgery will be indicated,(5) in 
patients with less than 4 cm lesions and diagnosed early 

most likely the management will be initially conserva-
tive.(6)

Condition of the patient that can guide the management 
toward surgical intervention, in case of respiratory 
distress, mediastinitis, pleural perforation, and patients 
who are not improving or worsening despite the good 
conservative treatment.(7)

Conservative treatment consists of positioning the trache-
al tube cuff distal to the lesion in mechanically ventilated 
patients, a suitable antibiotic is indicated in any options 
of treatment.(8)

Depending on the side of the lesion and at the discretion 
of the surgeon; in cases of mediastinal tracheal injury, 
right thoracotomy should be performed in the fourth 
intercostal space.(9) Subsequently, the tracheal laceration 
is treated by primary closure using a single layer of the 
absorbable suture. 

Females showing predominance in the total number of 
post-intubation tracheal injuries with the variation of the 
age in booth sex, the reported mortality is low and death 
is not related directly for tracheal injuries and surgery 
itself but usually related to general health status and 
comorbidities of the patients.(10)
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Fig.3. Chest XR showing resolving bilateral 
pneumothorax

INTRODUCTION

Attention deficit hyperactivity disorder 
(ADHD) is characterized by pervasive and 
impairing symptoms of inattention, hyperac-
tivity, and impulsivity.1 ADHD is the most 
common psychiatric disorder of childhood 
(3% to 5% of children) with continued 
morbidity into adolescence and adulthood 
(50% to 70% of adults). Studies have shown 
that ADHD has a strong familial tendency. 
ADHD can cause a significant deficit in 
academic, social, and emotional functioning. 
Problems at school are a key feature of 
ADHD, often bringing the child with ADHD 
to clinical attention. It is important to estab-
lish the nature, severity, and persistence of 
school difficulties in children with ADHD.2

Although ADHD in childhood was recog-
nized in Diagnostic and Statistical Manual of 
Mental Disorders II (DSM-II) as hyperkinet-
ic reaction of childhood almost 50 years ago,      
DSM-V only now has described the signs and 
symptoms of ADHD in adulthood.3

There is no definitive diagnostic test for 
ADHD, thus a comprehensive analysis 
should be made in multiple settings such as 

home, school, or at work by a healthcare 
professional. A wide array of rating scales, 
tests, and measures have been developed to 
aid in a systematic standardized assessment 
of various deficits associated with ADHD.4

The application of machine learning in 
predicting ADHD in school will help physi-
cians in future to channelize appropriate 
treatment. In this study we will apply 
machine learning to predict ADHD 
incidence.

METHODOLOGY 

Study Design

We employed a cross-sectional survey      with 
non-probability convenient sampling 
technique conducted at two schools in Islam-
abad, Pakistan. The study included 500 
children from grades 1-5. The questionnaire, 
in the Urdu language, was completed by 
parents based on their      assessment of their 
child’s behavior. 

Interpretation of ADHD Questionnaire

The ADHD test and attention deficit disorder (ADD) test 
is based solely on behavior observations.2 More than 20 
checked items on this ADHD and ADD test indicate a 
strong tendency towards ADD or ADHD.

DATA ANALYSIS

Machine learning algorithms were used to generate a 
prediction chain for predicting the probability of a child 
to have ADHD score of 20 or more. Using the Konstanz 
Information Miner (KNIME) Analytics Version 3.5 and R 
version 3.5.1, several machine learning algorithms 
including classification tree, random forest, naive Bayes, 
and support vector machines were tested. 

Explanatory variables like fathers profession in terms of 
either desk job and clerical job or skilled/general 
non-skilled labor/businessman/self-employed [Figure 1], 
school, class of the child and parent’s interpersonal 
relationship were used as features for the final models. 
We included all the variables with at least 50% data avail-
ability which was the case for all explanatory variables. 
The outcome variable was whether a child scores more 
than 20 on an ADHD test or not. After complete data 
collection, data were divided into two subsets; training 
dataset (80 % of data) and the test dataset (20% of data). 
Next, using the training dataset, several machine learning 
prediction models were generated. The classification 
algorithms used included classification tree, random 
forest, naive Bayes, and support vector machines. This 
list of final candidate models was selected after a trial run 
on a minority data in the beginning which also included 
logistic regression. It was not found to be least accurate so 
was dropped out from the final list of candidate models. 
Once the models were generated, they were tested for 
accuracy on the remaining 20% of the dataset (test data-
set) using 10 fold cross-validation.The model with predic-
tions generating the highest area under curve was select-
ed as better performing than the others.

RESULTS 

Of the 500 children included in the survey, 290 were 
boys, 87 (17.4%) were in grade three, 190 (38.0%) were in 
grade four and 223 (44.6%) were in grade five. A majority 
(494/500) was between 8-10 years of age. There were 120 
children who scored 20-29 while 17 had a score higher 
than 30. Thus, 24% students showed a strong tendency 
towards ADHD.  More boys 81 (27.9%) scored 20 or 
greater than girls 39 (18.5%). Of the 500 children, 286 
had fathers working as professionals and 385 children 
had stay-home mothers.

There was a significant relationship between the father’s 
occupation and the child’s score (p=0.032). There were 
286 children in whom the fathers. Among them 232 
(81.1%) had a score of (0-19), 48 (16.7%) scored (20-29) 
and 6 (2%) had a score of 30 and higher. There were 10 
fathers who were skilled laborers, 5 (50%) among them 

scored (0-19) and 5 (50%) scored (20-29). None among 
the group skilled laborers scored 30 or above. Children in 
whom the paternal occupation was general labor there 
were 5 in total. Among this group 3 (60%) scored (0-19), 
2 (40%) scored (20-29) and none scored 30 or above. 
There were 72 children in families where paternal occu-
pation was a business. Among them 49 (68.1%) had a 
score of (0-19), 19 (26.3%) had a score of (20-29), and 4 
(5.5%) scored 30 or above. In the group where the father’s 
occupation was clerical, there were a total of 12 children. 
Among them 10 (83.3%) had a score of (0-19) and 2 
(16.6%) scored (20-29) and none scored 30 or above. 
There were a total of 78 students whose fathers were 
self-employed. In these children 53 (67.9%) scored 
(0-19), 20 (25.6%) scored (20-29) and 5 students (6.4%) 
scored 30 or above [Figure 1]. About 385/500 parents 
had commented good inter-parental relationship ADHD 
was suspected in 91 (23.6%) while 115/500 had bad 
inter-parental relationship ADHD was suspected in 29 
students (25.2%) [Table 1]. 

To explain further, the top performing model for predict-
ing whether a child has an ADHD score greater than 20 
was the one that used classification tree algorithm [Table 
2]. 

Using this, we were able to predict with a precision of 75% 
and it gave an area under curve (AUC) of 60.8 %. This is 
reflected in the confusion matrix table [Table 3]. 

DISCUSSION

We found that the classification tree algorithm was the 
most accurate with an area under curve (AUC) of 60.8% 
and a precision of 75.6% for the prediction of an ADHD 
score of 20 or more.

To the best of our knowledge there haven’t been previous 
studies which employed machine learning algorithms to 
generate a predictive model for children with ADHD in 
our region. This study will lead to other future surveys in 
employing new machine learning approaches for a more 
robust predictive model taking into account more 
variables in school going children having ADHD. 

LIMITATIONS

The study failed to address further psychological testing 
and psychiatric treatment for the screened children due 
to limited resources. Self- reporting bias is another factor 
to be taken in account while generalizing the results. 
Localization bias where the study was confined to single 
institution should also be taken into account. The moth-
er’s survey responses were not addressed as they spend 
time with their children can also skew the dataset results. 
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CASE SUMMARY 

A female of 34-years-old, with a history of 
bronchial asthma, was admitted to the emer-
gency department in UMMC because of exac-
erbation of bronchial asthma, she had severe 
dyspnea, confusion and ABG shows type 2 
respiratory failure. In the emergency room, 
the patient was sedated, endotracheal tube 
size 7.5 is inserted successfully in the first 
attempt. Immediately after intubation and 
connecting to the ventilator and supported 
with mechanical ventilation, noticed that 
patient  SPO2  of 70%, BP 80/40 and HR of 
110/minutes, chest examination shows right 
tension pneumothorax, needle thoracotomy 
immediately performed followed by a bilater-
al chest tube, oxygen saturation raised to 
98%, BP 110/70 and HR 80/m, patient 
connected to the ventilator by anesthesia 
team, post-intubation chest X-Ray (fig.1) 
shows bilateral pneumothorax and massive 
surgical emphysema neck, chest, and upper 
abdomen. Post-intubation chest X-Ray (fig.1) 
shows bilateral pneumothorax and massive 
surgical emphysema neck, chest, and upper 
abdomen.

Fig.2.  CT. Neck, chest, and abdomen requested after stabilizing the patient, it shows, break 
in the posterior part of the trachea at level T4 with posterior air tract indicate tracheal injury, 
massive surgical emphysema from the neck up to the upper abdominal wall, bilateral pneu-
mothorax, pneumo-mediastinum, and pneumo- pericardium.

The patient was admitted to ICU and treated conserva-
tively for 4 days then extubated and transferred to the 
chest ward and she stayed there for 4 days and was 
discharged to be seen in chest clinic after 1 month.Fig.3 
shows resolving bilateral pneumothorax .

DISCUSSION

Iatrogenic tracheal injury due to orotracheal intubation is 
considered a life-threatening condition if not treated in 
time, although it is rare it happens even in advanced med-
ical center.(1) 

The incidence of tracheal injuries is around 0.005% when 
a single-lumen tube is used and it ranges from 0.05% to 
0.19% when a double-lumen tube is used.(2) The common 
site of injury is in the distal third of the trachea and the 
main bronchi, at the junction of the membranous and 
cartilaginous portions.(3) When the overinflation cuff is 
the cause of injury the site of injury is usually in the proxi-
mal part of the trachea.  It is most common in females, 
tracheal congenital malformation, the inflammatory 
disease leads to tracheal wall weakness and in patients on 
prolonged steroids therapy. 

The main cause of tracheal injuries during intubation is 
the use of the inappropriate size of the endotracheal tube, 
overinflation of the tube cuff, difficult intubation with 
many attempts, blind intubation over tracheal tube 
inducer device (bougie) without the guidance and direct 
vision of the laryngoscope.(3)

Manipulating the endotracheal tube for adjustment in or 
out without completely deflating the tube is one of the 
common malpractices in intubated patients and might 
lead to tracheal injury.

In some cases which is orotracheal intubation is indicat-
ed, the use of double-lumen tubes is increasing the 
incidence of tracheal injury more than the single lumen 
tubes. 

The clinical manifestations included subcutaneous 
emphysema in the chest and neck, pneumomediastinum, 
pneumothorax, and respiratory failure as a final sequence 
of the previous pathology.(4)

Radiological findings such as subcutaneous or mediasti-
nal emphysema, the extension of the tip of the endotra-
cheal tube to the right, and cuff overinflation, are usually 
indirect signs of injury, the diagnosis is confirmed by 
fiberoptic bronchoscopy and computed tomography. 

Treatment options depend on the size of the lesion and 
clinical situation of the patient, late diagnosis with a 
lesion 4 cm or more, surgery will be indicated,(5) in 
patients with less than 4 cm lesions and diagnosed early 

most likely the management will be initially conserva-
tive.(6)

Condition of the patient that can guide the management 
toward surgical intervention, in case of respiratory 
distress, mediastinitis, pleural perforation, and patients 
who are not improving or worsening despite the good 
conservative treatment.(7)

Conservative treatment consists of positioning the trache-
al tube cuff distal to the lesion in mechanically ventilated 
patients, a suitable antibiotic is indicated in any options 
of treatment.(8)

Depending on the side of the lesion and at the discretion 
of the surgeon; in cases of mediastinal tracheal injury, 
right thoracotomy should be performed in the fourth 
intercostal space.(9) Subsequently, the tracheal laceration 
is treated by primary closure using a single layer of the 
absorbable suture. 

Females showing predominance in the total number of 
post-intubation tracheal injuries with the variation of the 
age in booth sex, the reported mortality is low and death 
is not related directly for tracheal injuries and surgery 
itself but usually related to general health status and 
comorbidities of the patients.(10)
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INTRODUCTION

Attention deficit hyperactivity disorder 
(ADHD) is characterized by pervasive and 
impairing symptoms of inattention, hyperac-
tivity, and impulsivity.1 ADHD is the most 
common psychiatric disorder of childhood 
(3% to 5% of children) with continued 
morbidity into adolescence and adulthood 
(50% to 70% of adults). Studies have shown 
that ADHD has a strong familial tendency. 
ADHD can cause a significant deficit in 
academic, social, and emotional functioning. 
Problems at school are a key feature of 
ADHD, often bringing the child with ADHD 
to clinical attention. It is important to estab-
lish the nature, severity, and persistence of 
school difficulties in children with ADHD.2

Although ADHD in childhood was recog-
nized in Diagnostic and Statistical Manual of 
Mental Disorders II (DSM-II) as hyperkinet-
ic reaction of childhood almost 50 years ago,      
DSM-V only now has described the signs and 
symptoms of ADHD in adulthood.3

There is no definitive diagnostic test for 
ADHD, thus a comprehensive analysis 
should be made in multiple settings such as 

home, school, or at work by a healthcare 
professional. A wide array of rating scales, 
tests, and measures have been developed to 
aid in a systematic standardized assessment 
of various deficits associated with ADHD.4

The application of machine learning in 
predicting ADHD in school will help physi-
cians in future to channelize appropriate 
treatment. In this study we will apply 
machine learning to predict ADHD 
incidence.

METHODOLOGY 

Study Design

We employed a cross-sectional survey      with 
non-probability convenient sampling 
technique conducted at two schools in Islam-
abad, Pakistan. The study included 500 
children from grades 1-5. The questionnaire, 
in the Urdu language, was completed by 
parents based on their      assessment of their 
child’s behavior. 

Interpretation of ADHD Questionnaire

The ADHD test and attention deficit disorder (ADD) test 
is based solely on behavior observations.2 More than 20 
checked items on this ADHD and ADD test indicate a 
strong tendency towards ADD or ADHD.

DATA ANALYSIS

Machine learning algorithms were used to generate a 
prediction chain for predicting the probability of a child 
to have ADHD score of 20 or more. Using the Konstanz 
Information Miner (KNIME) Analytics Version 3.5 and R 
version 3.5.1, several machine learning algorithms 
including classification tree, random forest, naive Bayes, 
and support vector machines were tested. 

Explanatory variables like fathers profession in terms of 
either desk job and clerical job or skilled/general 
non-skilled labor/businessman/self-employed [Figure 1], 
school, class of the child and parent’s interpersonal 
relationship were used as features for the final models. 
We included all the variables with at least 50% data avail-
ability which was the case for all explanatory variables. 
The outcome variable was whether a child scores more 
than 20 on an ADHD test or not. After complete data 
collection, data were divided into two subsets; training 
dataset (80 % of data) and the test dataset (20% of data). 
Next, using the training dataset, several machine learning 
prediction models were generated. The classification 
algorithms used included classification tree, random 
forest, naive Bayes, and support vector machines. This 
list of final candidate models was selected after a trial run 
on a minority data in the beginning which also included 
logistic regression. It was not found to be least accurate so 
was dropped out from the final list of candidate models. 
Once the models were generated, they were tested for 
accuracy on the remaining 20% of the dataset (test data-
set) using 10 fold cross-validation.The model with predic-
tions generating the highest area under curve was select-
ed as better performing than the others.

RESULTS 

Of the 500 children included in the survey, 290 were 
boys, 87 (17.4%) were in grade three, 190 (38.0%) were in 
grade four and 223 (44.6%) were in grade five. A majority 
(494/500) was between 8-10 years of age. There were 120 
children who scored 20-29 while 17 had a score higher 
than 30. Thus, 24% students showed a strong tendency 
towards ADHD.  More boys 81 (27.9%) scored 20 or 
greater than girls 39 (18.5%). Of the 500 children, 286 
had fathers working as professionals and 385 children 
had stay-home mothers.

There was a significant relationship between the father’s 
occupation and the child’s score (p=0.032). There were 
286 children in whom the fathers. Among them 232 
(81.1%) had a score of (0-19), 48 (16.7%) scored (20-29) 
and 6 (2%) had a score of 30 and higher. There were 10 
fathers who were skilled laborers, 5 (50%) among them 

scored (0-19) and 5 (50%) scored (20-29). None among 
the group skilled laborers scored 30 or above. Children in 
whom the paternal occupation was general labor there 
were 5 in total. Among this group 3 (60%) scored (0-19), 
2 (40%) scored (20-29) and none scored 30 or above. 
There were 72 children in families where paternal occu-
pation was a business. Among them 49 (68.1%) had a 
score of (0-19), 19 (26.3%) had a score of (20-29), and 4 
(5.5%) scored 30 or above. In the group where the father’s 
occupation was clerical, there were a total of 12 children. 
Among them 10 (83.3%) had a score of (0-19) and 2 
(16.6%) scored (20-29) and none scored 30 or above. 
There were a total of 78 students whose fathers were 
self-employed. In these children 53 (67.9%) scored 
(0-19), 20 (25.6%) scored (20-29) and 5 students (6.4%) 
scored 30 or above [Figure 1]. About 385/500 parents 
had commented good inter-parental relationship ADHD 
was suspected in 91 (23.6%) while 115/500 had bad 
inter-parental relationship ADHD was suspected in 29 
students (25.2%) [Table 1]. 

To explain further, the top performing model for predict-
ing whether a child has an ADHD score greater than 20 
was the one that used classification tree algorithm [Table 
2]. 

Using this, we were able to predict with a precision of 75% 
and it gave an area under curve (AUC) of 60.8 %. This is 
reflected in the confusion matrix table [Table 3]. 

DISCUSSION

We found that the classification tree algorithm was the 
most accurate with an area under curve (AUC) of 60.8% 
and a precision of 75.6% for the prediction of an ADHD 
score of 20 or more.

To the best of our knowledge there haven’t been previous 
studies which employed machine learning algorithms to 
generate a predictive model for children with ADHD in 
our region. This study will lead to other future surveys in 
employing new machine learning approaches for a more 
robust predictive model taking into account more 
variables in school going children having ADHD. 

LIMITATIONS

The study failed to address further psychological testing 
and psychiatric treatment for the screened children due 
to limited resources. Self- reporting bias is another factor 
to be taken in account while generalizing the results. 
Localization bias where the study was confined to single 
institution should also be taken into account. The moth-
er’s survey responses were not addressed as they spend 
time with their children can also skew the dataset results. 
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CASE SUMMARY 

A female of 34-years-old, with a history of 
bronchial asthma, was admitted to the emer-
gency department in UMMC because of exac-
erbation of bronchial asthma, she had severe 
dyspnea, confusion and ABG shows type 2 
respiratory failure. In the emergency room, 
the patient was sedated, endotracheal tube 
size 7.5 is inserted successfully in the first 
attempt. Immediately after intubation and 
connecting to the ventilator and supported 
with mechanical ventilation, noticed that 
patient  SPO2  of 70%, BP 80/40 and HR of 
110/minutes, chest examination shows right 
tension pneumothorax, needle thoracotomy 
immediately performed followed by a bilater-
al chest tube, oxygen saturation raised to 
98%, BP 110/70 and HR 80/m, patient 
connected to the ventilator by anesthesia 
team, post-intubation chest X-Ray (fig.1) 
shows bilateral pneumothorax and massive 
surgical emphysema neck, chest, and upper 
abdomen. Post-intubation chest X-Ray (fig.1) 
shows bilateral pneumothorax and massive 
surgical emphysema neck, chest, and upper 
abdomen.

Table 1: Common factors associated with tracheal lacerations

The patient was admitted to ICU and treated conserva-
tively for 4 days then extubated and transferred to the 
chest ward and she stayed there for 4 days and was 
discharged to be seen in chest clinic after 1 month.Fig.3 
shows resolving bilateral pneumothorax .

DISCUSSION

Iatrogenic tracheal injury due to orotracheal intubation is 
considered a life-threatening condition if not treated in 
time, although it is rare it happens even in advanced med-
ical center.(1)

The incidence of tracheal injuries is around 0.005% when 
a single-lumen tube is used and it ranges from 0.05% to 
0.19% when a double-lumen tube is used.(2) The common 
site of injury is in the distal third of the trachea and the 
main bronchi, at the junction of the membranous and 
cartilaginous portions.(3) When the overinflation cuff is 
the cause of injury the site of injury is usually in the proxi-
mal part of the trachea.  It is most common in females, 
tracheal congenital malformation, the inflammatory 
disease leads to tracheal wall weakness and in patients on 
prolonged steroids therapy. 

The main cause of tracheal injuries during intubation is 
the use of the inappropriate size of the endotracheal tube, 
overinflation of the tube cuff, difficult intubation with 
many attempts, blind intubation over tracheal tube 
inducer device (bougie) without the guidance and direct 
vision of the laryngoscope.(3) 

Manipulating the endotracheal tube for adjustment in or 
out without completely deflating the tube is one of the 
common malpractices in intubated patients and might 
lead to tracheal injury.

In some cases which is orotracheal intubation is indicat-
ed, the use of double-lumen tubes is increasing the 
incidence of tracheal injury more than the single lumen 
tubes. 

The clinical manifestations included subcutaneous 
emphysema in the chest and neck, pneumomediastinum, 
pneumothorax, and respiratory failure as a final sequence 
of the previous pathology.(4) 

Radiological findings such as subcutaneous or mediasti-
nal emphysema, the extension of the tip of the endotra-
cheal tube to the right, and cuff overinflation, are usually 
indirect signs of injury, the diagnosis is confirmed by 
fiberoptic bronchoscopy and computed tomography. 

Treatment options depend on the size of the lesion and 
clinical situation of the patient, late diagnosis with a 
lesion 4 cm or more, surgery will be indicated,(5) in 
patients with less than 4 cm lesions and diagnosed early 

most likely the management will be initially conserva-
tive.(6)

Condition of the patient that can guide the management 
toward surgical intervention, in case of respiratory 
distress, mediastinitis, pleural perforation, and patients 
who are not improving or worsening despite the good 
conservative treatment.(7)

Conservative treatment consists of positioning the trache-
al tube cuff distal to the lesion in mechanically ventilated 
patients, a suitable antibiotic is indicated in any options 
of treatment.(8)

Depending on the side of the lesion and at the discretion 
of the surgeon; in cases of mediastinal tracheal injury, 
right thoracotomy should be performed in the fourth 
intercostal space.(9) Subsequently, the tracheal laceration 
is treated by primary closure using a single layer of the 
absorbable suture. 

Females showing predominance in the total number of 
post-intubation tracheal injuries with the variation of the 
age in booth sex, the reported mortality is low and death 
is not related directly for tracheal injuries and surgery 
itself but usually related to general health status and 
comorbidities of the patients.(10)
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Patient factors Mechanical factors Anesthetic factors 

• Female gender

• Age >50 years

• Tracheal wall weakness:
steroids, malformation,
COPD, tumors,
tracheomalacia, and
inflammation of
tracheobronchial tree

• <160 cm tall (some
evidence)

• Coughing against blocked
ETT

• Inappropriately
large ETT size

• Misuse of 
stylet/bougie

• Cuff over-
inflation

• Endotracheal
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bougie impinging
in a mucosal fold

• Repositioning of
ETT without
deflating the cuff

• Inexperience
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vigorous
attempts
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• Double lumen
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• Intubation:
emergency or
predicted
difficulty
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INTRODUCTION

Attention deficit hyperactivity disorder 
(ADHD) is characterized by pervasive and 
impairing symptoms of inattention, hyperac-
tivity, and impulsivity.1 ADHD is the most 
common psychiatric disorder of childhood 
(3% to 5% of children) with continued 
morbidity into adolescence and adulthood 
(50% to 70% of adults). Studies have shown 
that ADHD has a strong familial tendency. 
ADHD can cause a significant deficit in 
academic, social, and emotional functioning. 
Problems at school are a key feature of 
ADHD, often bringing the child with ADHD 
to clinical attention. It is important to estab-
lish the nature, severity, and persistence of 
school difficulties in children with ADHD.2

Although ADHD in childhood was recog-
nized in Diagnostic and Statistical Manual of 
Mental Disorders II (DSM-II) as hyperkinet-
ic reaction of childhood almost 50 years ago,      
DSM-V only now has described the signs and 
symptoms of ADHD in adulthood.3

There is no definitive diagnostic test for 
ADHD, thus a comprehensive analysis 
should be made in multiple settings such as 

home, school, or at work by a healthcare 
professional. A wide array of rating scales, 
tests, and measures have been developed to 
aid in a systematic standardized assessment 
of various deficits associated with ADHD.4

The application of machine learning in 
predicting ADHD in school will help physi-
cians in future to channelize appropriate 
treatment. In this study we will apply 
machine learning to predict ADHD 
incidence.

METHODOLOGY 

Study Design

We employed a cross-sectional survey      with 
non-probability convenient sampling 
technique conducted at two schools in Islam-
abad, Pakistan. The study included 500 
children from grades 1-5. The questionnaire, 
in the Urdu language, was completed by 
parents based on their      assessment of their 
child’s behavior. 

Interpretation of ADHD Questionnaire

The ADHD test and attention deficit disorder (ADD) test 
is based solely on behavior observations.2 More than 20 
checked items on this ADHD and ADD test indicate a 
strong tendency towards ADD or ADHD.

DATA ANALYSIS

Machine learning algorithms were used to generate a 
prediction chain for predicting the probability of a child 
to have ADHD score of 20 or more. Using the Konstanz 
Information Miner (KNIME) Analytics Version 3.5 and R 
version 3.5.1, several machine learning algorithms 
including classification tree, random forest, naive Bayes, 
and support vector machines were tested. 

Explanatory variables like fathers profession in terms of 
either desk job and clerical job or skilled/general 
non-skilled labor/businessman/self-employed [Figure 1], 
school, class of the child and parent’s interpersonal 
relationship were used as features for the final models. 
We included all the variables with at least 50% data avail-
ability which was the case for all explanatory variables. 
The outcome variable was whether a child scores more 
than 20 on an ADHD test or not. After complete data 
collection, data were divided into two subsets; training 
dataset (80 % of data) and the test dataset (20% of data). 
Next, using the training dataset, several machine learning 
prediction models were generated. The classification 
algorithms used included classification tree, random 
forest, naive Bayes, and support vector machines. This 
list of final candidate models was selected after a trial run 
on a minority data in the beginning which also included 
logistic regression. It was not found to be least accurate so 
was dropped out from the final list of candidate models. 
Once the models were generated, they were tested for 
accuracy on the remaining 20% of the dataset (test data-
set) using 10 fold cross-validation.The model with predic-
tions generating the highest area under curve was select-
ed as better performing than the others.

RESULTS 

Of the 500 children included in the survey, 290 were 
boys, 87 (17.4%) were in grade three, 190 (38.0%) were in 
grade four and 223 (44.6%) were in grade five. A majority 
(494/500) was between 8-10 years of age. There were 120 
children who scored 20-29 while 17 had a score higher 
than 30. Thus, 24% students showed a strong tendency 
towards ADHD.  More boys 81 (27.9%) scored 20 or 
greater than girls 39 (18.5%). Of the 500 children, 286 
had fathers working as professionals and 385 children 
had stay-home mothers.

There was a significant relationship between the father’s 
occupation and the child’s score (p=0.032). There were 
286 children in whom the fathers. Among them 232 
(81.1%) had a score of (0-19), 48 (16.7%) scored (20-29) 
and 6 (2%) had a score of 30 and higher. There were 10 
fathers who were skilled laborers, 5 (50%) among them 

scored (0-19) and 5 (50%) scored (20-29). None among 
the group skilled laborers scored 30 or above. Children in 
whom the paternal occupation was general labor there 
were 5 in total. Among this group 3 (60%) scored (0-19), 
2 (40%) scored (20-29) and none scored 30 or above. 
There were 72 children in families where paternal occu-
pation was a business. Among them 49 (68.1%) had a 
score of (0-19), 19 (26.3%) had a score of (20-29), and 4 
(5.5%) scored 30 or above. In the group where the father’s 
occupation was clerical, there were a total of 12 children. 
Among them 10 (83.3%) had a score of (0-19) and 2 
(16.6%) scored (20-29) and none scored 30 or above. 
There were a total of 78 students whose fathers were 
self-employed. In these children 53 (67.9%) scored 
(0-19), 20 (25.6%) scored (20-29) and 5 students (6.4%) 
scored 30 or above [Figure 1]. About 385/500 parents 
had commented good inter-parental relationship ADHD 
was suspected in 91 (23.6%) while 115/500 had bad 
inter-parental relationship ADHD was suspected in 29 
students (25.2%) [Table 1]. 

To explain further, the top performing model for predict-
ing whether a child has an ADHD score greater than 20 
was the one that used classification tree algorithm [Table 
2]. 

Using this, we were able to predict with a precision of 75% 
and it gave an area under curve (AUC) of 60.8 %. This is 
reflected in the confusion matrix table [Table 3]. 

DISCUSSION

We found that the classification tree algorithm was the 
most accurate with an area under curve (AUC) of 60.8% 
and a precision of 75.6% for the prediction of an ADHD 
score of 20 or more.

To the best of our knowledge there haven’t been previous 
studies which employed machine learning algorithms to 
generate a predictive model for children with ADHD in 
our region. This study will lead to other future surveys in 
employing new machine learning approaches for a more 
robust predictive model taking into account more 
variables in school going children having ADHD. 

LIMITATIONS

The study failed to address further psychological testing 
and psychiatric treatment for the screened children due 
to limited resources. Self- reporting bias is another factor 
to be taken in account while generalizing the results. 
Localization bias where the study was confined to single 
institution should also be taken into account. The moth-
er’s survey responses were not addressed as they spend 
time with their children can also skew the dataset results. 
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CASE SUMMARY 

A female of 34-years-old, with a history of 
bronchial asthma, was admitted to the emer-
gency department in UMMC because of exac-
erbation of bronchial asthma, she had severe 
dyspnea, confusion and ABG shows type 2 
respiratory failure. In the emergency room, 
the patient was sedated, endotracheal tube 
size 7.5 is inserted successfully in the first 
attempt. Immediately after intubation and 
connecting to the ventilator and supported 
with mechanical ventilation, noticed that 
patient  SPO2  of 70%, BP 80/40 and HR of 
110/minutes, chest examination shows right 
tension pneumothorax, needle thoracotomy 
immediately performed followed by a bilater-
al chest tube, oxygen saturation raised to 
98%, BP 110/70 and HR 80/m, patient 
connected to the ventilator by anesthesia 
team, post-intubation chest X-Ray (fig.1) 
shows bilateral pneumothorax and massive 
surgical emphysema neck, chest, and upper 
abdomen. Post-intubation chest X-Ray (fig.1) 
shows bilateral pneumothorax and massive 
surgical emphysema neck, chest, and upper 
abdomen.

The patient was admitted to ICU and treated conserva-
tively for 4 days then extubated and transferred to the 
chest ward and she stayed there for 4 days and was 
discharged to be seen in chest clinic after 1 month.Fig.3 
shows resolving bilateral pneumothorax .

DISCUSSION

Iatrogenic tracheal injury due to orotracheal intubation is 
considered a life-threatening condition if not treated in 
time, although it is rare it happens even in advanced med-
ical center.(1)

The incidence of tracheal injuries is around 0.005% when 
a single-lumen tube is used and it ranges from 0.05% to 
0.19% when a double-lumen tube is used.(2) The common 
site of injury is in the distal third of the trachea and the 
main bronchi, at the junction of the membranous and 
cartilaginous portions.(3) When the overinflation cuff is 
the cause of injury the site of injury is usually in the proxi-
mal part of the trachea.  It is most common in females, 
tracheal congenital malformation, the inflammatory 
disease leads to tracheal wall weakness and in patients on 
prolonged steroids therapy. 

The main cause of tracheal injuries during intubation is 
the use of the inappropriate size of the endotracheal tube, 
overinflation of the tube cuff, difficult intubation with 
many attempts, blind intubation over tracheal tube 
inducer device (bougie) without the guidance and direct 
vision of the laryngoscope.(3)

Manipulating the endotracheal tube for adjustment in or 
out without completely deflating the tube is one of the 
common malpractices in intubated patients and might 
lead to tracheal injury.

In some cases which is orotracheal intubation is indicat-
ed, the use of double-lumen tubes is increasing the 
incidence of tracheal injury more than the single lumen 
tubes. 

The clinical manifestations included subcutaneous 
emphysema in the chest and neck, pneumomediastinum, 
pneumothorax, and respiratory failure as a final sequence 
of the previous pathology.(4)

Radiological findings such as subcutaneous or mediasti-
nal emphysema, the extension of the tip of the endotra-
cheal tube to the right, and cuff overinflation, are usually 
indirect signs of injury, the diagnosis is confirmed by 
fiberoptic bronchoscopy and computed tomography. 

Treatment options depend on the size of the lesion and 
clinical situation of the patient, late diagnosis with a 
lesion 4 cm or more, surgery will be indicated,(5) in 
patients with less than 4 cm lesions and diagnosed early 

most likely the management will be initially conserva-
tive.(6)

Condition of the patient that can guide the management 
toward surgical intervention, in case of respiratory 
distress, mediastinitis, pleural perforation, and patients 
who are not improving or worsening despite the good 
conservative treatment.(7)

Conservative treatment consists of positioning the trache-
al tube cuff distal to the lesion in mechanically ventilated 
patients, a suitable antibiotic is indicated in any options 
of treatment.(8)

Depending on the side of the lesion and at the discretion 
of the surgeon; in cases of mediastinal tracheal injury, 
right thoracotomy should be performed in the fourth 
intercostal space.(9) Subsequently, the tracheal laceration 
is treated by primary closure using a single layer of the 
absorbable suture. 

Females showing predominance in the total number of 
post-intubation tracheal injuries with the variation of the 
age in booth sex, the reported mortality is low and death 
is not related directly for tracheal injuries and surgery 
itself but usually related to general health status and 
comorbidities of the patients.(10)
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