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ABSTRACT
Objective: To evaluate adverse events associated with endotracheal tube use in pediatric patients at a tertiary care teaching hospital.

Methods: This prospective observational study conducted over a three-month period was conducted in the Pediatric Intensive Care Unit. Pediatric patients
requiring endotracheal intubation were enrolled according to predefined selection criteria. Each patient was monitored for up to 72 h (24, 48, and 72 h)
following intubation. Information regarding medical device-associated adverse events (MDAEs) was systematically recorded. Causality assessment of
reported events was performed using the World Health Organization-Uppsala Monitoring Centre (WHO-UMC) causality assessment scale.

Results: A total of 68 patients were screened, with a mean age of 4.56+2.66 y. The overall incidence of endotracheal tube-related MDAEs was 11.7%
(n=8). Among the reported adverse events, oropharyngeal injury was the most frequent (25%, n=2). Other observed events included tube blockage,
aspiration, laryngeal trauma, laryngeal edema, vocal cord injury, and tube malposition (each 12.5%, n=1), presented concisely without redundancy.

Conclusion: Oropharyngeal injury was the most commonly observed adverse event associated with endotracheal tube use in pediatric patients.
Early detection, careful monitoring, and systematic reporting of device-related adverse events are essential to improve patient safety. Further

studies are required to explore potential risk factors, including the role of underlying clinical conditions.
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INTRODUCTION

The World Health Organization (WHO) defines a medical device as
any “instrument, apparatus, implement, machine, appliance, implant,
reagent for in vitro use, software, material, or other similar or
related article intended by the manufacturer to be used, alone or in
combination, for human beings for one or more specific medical
purposes” [1]. Medical devices play a critical role in modern
healthcare by supporting the diagnosis, prevention, monitoring, and
treatment of diseases [2]. Globally, an estimated two million
different types of medical devices are available in the market,
classified into more than 7,000 generic device groups [3]. The
demand for these devices continues to increase due to the growing
burden of chronic and metabolic diseases such as stroke, obesity,
diabetes, and cancer worldwide [4].

Among these, endotracheal tubes (ETTs) are one of the most
frequently used Category B medical devices in hospital settings [5].
Endotracheal intubation followed by mechanical ventilation is a
commonly performed and often lifesaving procedure in critically ill
patients, particularly in intensive care units [6]. It ensures airway
protection, adequate ventilation, and oxygenation in patients who
are unable to maintain their airway independently [7, 8].

Despite their essential role in patient care, medical devices, like
pharmaceuticals, are associated with potential risks and
complications during their use [9]. Device-related adverse events
may arise due to device malfunction, improper handling, or patient-
related factors [10]. Several instances of device recalls have been
reported globally due to manufacturing defects or safety concerns,
highlighting the need for robust surveillance systems [11]. Medical
device adverse events (MDAEs) may range from minor
complications to serious, life-threatening events. A study by Porte et
al. reported that approximately 2.8% of hospital admissions in
Dutch hospitals were associated with medical device-related
adverse events [12]. However, this estimate pertains to general
hospital admissions and may not be directly comparable to critically

ill pediatric patients requiring mechanical ventilation, who
represent a higher-risk subgroup.

Therefore, continuous monitoring of medical devices throughout
their lifecycle is essential to ensure their safety and effectiveness.
This process is facilitated through a structured surveillance system
that evaluates the risks and benefits associated with medical device
usage. However, such monitoring mechanisms are currently well
established only in a limited number of countries.

Materiovigilance refers to the systematic identification, collection,
reporting, and analysis of adverse events associated with medical
devices, with the objective of improving patient safety and preventing
recurrence of such events. Although post-marketing surveillance
systems for medical devices have been implemented in several
countries, they are still less developed compared with
pharmacovigilance systems for medicines. In India, the Materiovigilance
Programme of India (MvPI) was launched on July 6, 2015, at the Indian
Pharmacopoeia Commission to monitor adverse events related to
medical devices, generate safety data, create awareness among
stakeholders, and recommend regulatory interventions to improve
patient safety [13, 14]. This program serves as a national framework for
systematic reporting and analysis of MDAEs. At present, 293 Medical
Device Adverse Event Monitoring Centres (MDMCs) have been
established across the country, including eight centers in Gujarat[15].

Our institute has been functioning as a Medical Device Adverse
Event Monitoring Centre since March 2021. However, reports of
adverse events related to endotracheal tube use in pediatric patients
remain limited, particularly in the context of real-world clinical
practice in Indian tertiary care settings. Therefore, the present study
aimed to evaluate adverse events associated with endotracheal tube
use in pediatric patients at a tertiary care teaching hospital.

MATERIALS AND METHODS

This prospective, observational, single-center study was conducted
in the Pediatric Intensive Care Unit (PICU) of Civil Hospital,
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Ahmedabad from January 2024 to March 2024 (three-month study
period). The study aimed to monitor and evaluate medical device-
associated adverse events (MDAEs) related to the use of
endotracheal tubes in pediatric patients requiring mechanical
ventilation. Prior approval for conducting the study was obtained
from the Institutional Ethics Committee of Civil Hospital,
Ahmedabad (Approval No.: EC/Approval/Il-117A/2024), as well as
from the Head of the Department of Pediatrics. The study was
carried out in accordance with ethical principles for biomedical
research involving human participants. Written informed consent
was obtained from the parents or legal guardians of all eligible
pediatric patients before enrolment in the study.

Pediatric patients admitted to the PICU who required endotracheal
intubation for mechanical ventilation were screened according to
predefined eligibility criteria. Patients aged less than 12 y of either
gender who underwent first-time endotracheal intubation in the
PICU were included in the study. Patients older than 12 y of age,
patients whose parents or guardians did not provide consent for
participation, and those admitted to pediatric wards other than the
PICU were excluded from the study.

Eligible patients were enrolled consecutively from the PICU during
the study period. Each enrolled patient was prospectively followed
for 72 h after endotracheal intubation, with assessments conducted
at 24 h, 48 h, and 72 h. Relevant information including demographic
characteristics, clinical diagnosis, and details of endotracheal tube
insertion were recorded in a structured Case Report Form (CRF) by
a trained research investigator to ensure consistency and reliability
of data collection. Patients were closely monitored during the
follow-up period for the occurrence of any medical device-
associated adverse events related to the endotracheal tube. In cases
where an adverse event occurred, detailed information regarding
the nature of the event, duration, management, and clinical outcome
was documented. Causality assessment of the reported adverse
events was performed using the World Health Organization-Uppsala
Monitoring Centre (WHO-UMC) causality assessment scale [16].

The Medical Device Adverse Event (MDAE) reporting form used for
documentation was obtained from the official website of the Indian

Int ] Pharm Pharm Sci, Vol 18, Issue 6, 28-31

Pharmacopoeia Commission and was used to systematically record
details of device-related adverse events [15, 16]. No specific drugs,
chemicals, or specialized instruments were evaluated in this study,
as the focus was on clinical monitoring of a routinely used medical
device. The primary objective of the study was to determine the
incidence of adverse events associated with the use of endotracheal
tubes in pediatric patients, while the secondary objective was to
analyze factors associated with the occurrence of these adverse
events. A sample size of all eligible patients during the study period
(n=68) was included without prior sample size calculation due to
the observational nature of the study.

The collected data were entered into a Microsoft Excel worksheet
for analysis. Descriptive statistical methods were used to summarize
the data. Continuous variables were expressed as meanzstandard
deviation (SD), while categorical variables were presented as
frequencies and percentages.

RESULTS

A total of 68 pediatric patients admitted to the Pediatric Intensive
Care Unit (PICU) of Civil Hospital, Ahmedabad and requiring
endotracheal intubation for mechanical ventilation were enrolled in
the study. The mean age of the enrolled patients was 4.56+2.66y.

Among the 68 patients, 8 patients developed medical device-
associated adverse events (MDAEs), yielding an overall incidence of
11.7% (n=8). The mean age of patients who developed MDAEs was
4.75+1.85 y, which was comparable to the overall study population.
The male-to-female ratio was 1:1 (n=4 each) among patients who
experienced adverse events.

The most frequently used endotracheal tube size in these patients
was 4.0-4.5 mm.

The clinical diagnoses of pediatric patients who developed MDAEs
are summarized in table 1. Among the 8 patients, protein-energy
malnutrition (PEM) was observed in 4 patients (50%). Of these, 1
patient (25%) had Grade I PEM, 1 patient (25%) had Grade II PEM,
and 2 patients (50%) had Grade III PEM.

Table 1: Clinical diagnoses of pediatric patients (n=8) who experienced endotracheal tube-associated adverse events

z
e

Diagnosis

Septicemia with severe malnutrition

0O NOUTE WN |

Tuberculous meningitis with obstructive jaundice and moderate anemia

Hepatic encephalopathy with upper motor neuron lesion and respiratory distress
Guillain-Barré syndrome with severe bronchopneumonia, bulbar palsy, and moderate anemia
Aspiration pneumonia with communicating hydrocephalus and moderate anemia

Severe bronchopneumonia with undernutrition and mild anemia

Polytrauma with flail chest, multiple joint fractures, and respiratory distress

Urinary tract infection with hepatic encephalopathy and respiratory distress

PEM = Protein Energy Malnutrition. This table illustrates the complex, multi-morbid conditions of the patients in whom adverse events were
observed. For the specific adverse event each patient experienced, refer to fig. 1.

30%
25%
20%
15%
10%

5%

0%

Medical device adverse events

= Oropharynx injury
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Fig. 1: Distribution of adverse events associated with endotracheal tube use (N=8 events) the total number of adverse events was eight.
Oropharyngeal injury was the most frequently reported event, occurring in 25% (n=2) of cases. All other events were reported in 12.5%
(n=1) of cases
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The distribution of MDAEs observed in the study population is
presented in fig. 1. The most common adverse event was
oropharyngeal injury (25%, n=2). Other adverse events included
tube blockage, aspiration, laryngeal trauma, laryngeal edema, vocal
cord injury, and tube malposition (each 12.5%, n=1), presented
concisely to avoid redundancy.

The mean duration of the adverse events and recovery time was
3.38+1.22 d.

Causality assessment of the reported MDAEs was performed using
the World Health Organization-Uppsala Monitoring Centre (WHO-

Causality Assessment
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UMC) scale, as shown in fig. 2. Among the reported events, 4 (50%)
were classified as probable and 4 (50%) as possible. None of the
adverse events were categorized as certain, unlikely, or
unassessable. Additionally, all reported MDAEs were non-serious in
nature.

Causality was assessed using the WHO-Uppsala Monitoring Centre
(UMC) system. 'Probable’ indicates an event with a reasonable
temporal relationship and a plausible response to de-challenge, and
where other causes are unlikely. 'Possible’ indicates an event with a
reasonable temporal relationship but where other causes could also
be responsible.

= Probable

= Possible

Fig. 2: Causality assessment of endotracheal tube-associated adverse events using the WHO-UMC Scale (N=8 events)

DISCUSSION

The present prospective observational study evaluated medical
device-associated adverse events (MDAEs) related to endotracheal
tube use in pediatric patients admitted to the Pediatric Intensive
Care Unit of a tertiary care hospital. The incidence of MDAEs
associated with endotracheal tubes in the present study was 11.7%
(n=8), with a mean age of affected patients of 4.75+1.85 y. This
finding is comparable to a study conducted at a tertiary care hospital
in North India, which reported an incidence of approximately 15%
MDAEs associated with medical devices in the pediatric age group
[17]. The similarity in incidence rates indicates that adverse events
related to medical devices remain a significant concern in critically
ill pediatric patients and highlights the importance of systematic
monitoring through materiovigilance programs.

In the present study, equal numbers of male and female patients
experienced MDAEs related to endotracheal tube wuse. This
observation differs from the findings of the study conducted by
Saifuddin PK et al. [17], where male patients were found to
outnumber female patients in the occurrence of medical device-
associated adverse events. The difference observed in gender
distribution may be attributed to variations in sample size,
demographic characteristics of the study population, and the
relatively small sample size and short study duration of the present
study.

With respect to the pattern of adverse events, oropharyngeal injury
(25%) was the most frequently observed MDAE, followed by tube
blockage and other complications such as aspiration, laryngeal
trauma, laryngeal edema, vocal cord injury, and malposition of the
endotracheal tube. The predominance of oropharyngeal injury may
be attributed to factors such as traumatic intubation, inappropriate
tube size selection, repeated intubation attempts, patient movement,
and increased mucosal fragility, particularly in critically ill or
malnourished children. These findings are partially consistent with
earlier studies. A four-year computerized database study reported
accidental extubation and tube blockage as the most common
adverse events associated with prolonged endotracheal intubation
in children [18]. However, differences in study design, duration of

intubation, and patient population (including prolonged ventilation
in earlier studies) may explain variations in the pattern of adverse
events. Similarly, a study conducted at a tertiary care teaching
hospital in Eastern India reported haemorrhage during
tracheostomy and tube blockage as the most frequently observed
MDAE:s [19]. These findings collectively suggest that airway trauma
and tube-related complications are among the most common
adverse events associated with airway management devices in
pediatric patients.

In the present study, 50% of patients who developed MDAEs were
found to have protein-energy malnutrition (PEM). Malnutrition may
contribute to increased susceptibility to mucosal injury, impaired
tissue integrity, and delayed healing, thereby predisposing patients
to device-related complications. However, given the small sample
size, this observation should be interpreted cautiously and
considered as a potential area for further research rather than a
definitive association.

Careful airway assessment and appropriate selection and handling
of the endotracheal tube are essential to minimize device-related
complications. Anaesthesiologists and intensivists should perform
thorough airway examinations and adopt preventive strategies to
reduce the risk of adverse events associated with intubation. In the
present study, all reported MDAEs were non-serious in nature,
indicating that early identification and timely management were
effective in preventing severe complications. These findings are
consistent with those reported by Saifuddin PK et al [17], who
observed that the majority (74%) of MDAEs related to medical
devices were non-serious, while approximately 26% resulted in
serious outcomes, including death.

Causality assessment using the WHO-UMC scale revealed that 50%
of events were classified as “probable” and 50% as “possible.” A
probable association indicates a reasonable temporal relationship
with device use and a low likelihood of alternative explanations,
whereas possible events may also be influenced by underlying
disease conditions. This highlights the inherent challenge of
attributing causality in critically ill pediatric patients with multiple
comorbidities.
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LIMITATIONS

The present study has certain limitations. The study was conducted
over a short duration of three months, which limited the ability to
assess long-term adverse events associated with endotracheal tube
use. In particular, the follow-up period of 72 h may not capture
delayed complications such as subglottic stenosis or late-onset
airway injury, which can occur after prolonged intubation or
following extubation. In addition, the study was performed at a
single centre with a relatively small sample size, which may limit the
generalizability of the findings. Furthermore, all potential risk
factors contributing to the root cause of MDAEs, such as operator
experience, intubation technique, duration of intubation, and device-
specific characteristics, were not comprehensively evaluated.
Despite these limitations, the study provides valuable preliminary
data on MDAEs associated with endotracheal tubes in pediatric
patients and, based on available literature, appears to be one of the
first studies from this region to specifically report adverse events
related to endotracheal tube use in pediatric patients.

CONCLUSION

Oropharyngeal injury was the most frequently observed adverse
event associated with endotracheal tube use in pediatric patients in
the present study. A proportion of patients who developed medical
device-associated adverse events were also found to have protein-
energy malnutrition; however, this observation requires further
investigation to establish any definitive association. Early
identification, prompt reporting, and systematic monitoring of
adverse events related to endotracheal tubes are essential for
effective management and prevention of device-related
complications. Strengthening materiovigilance practices and
enhancing awareness among healthcare professionals at all levels
are crucial to ensure patient safety and to minimize adverse events
associated with medical devices in clinical practice.
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