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What do Intern Doctors Know about the Use of Pulse Oximetry in Pediatric Patients?

intdrn Doktorlar Cocuk Hastalarda Nabiz Oksimetre Kullanimi ile ilgili Neler Biliyor?

Tugba Sismanlar Eyiiboglu?, Oksan Derindz Giileryiiz?, Elif Keles?, Isil irem Budakoglu®

!Department of Pediatric Pulmonology, Dr Sami Ulus Maternity and Children Research and Training Hospital, Ankara, Turkey
2Department of Pediatric Emergency, Gazi University Faculty of Medicine, Ankara, Turkey

3Department of Pediatrics, Gazi University Faculty of Medicine, Ankara, Turkey

“Department of Medical Education, Gazi University Faculty of Medicine, Ankara, Turkey

ABSTRACT

Objective: There is no information on how the knowledge of intern doctors
that will work as primary health care providers use pulse oximetry in pediatric
patients. The aim of this study was to assess and compare knowledge of intern
doctors on the use of pulse oximetry especially in pediatric population and
factors that affect their knowledge.

Methods: A questionnaire consisting of ten questions on the use and
principles of pulse oximetry were answered by intern doctors in a university
hospital. A uniform answer box including possible response choices was given
below each question, and subjects were asked to check the answers that they
thought appropriate.

Results: A total of 204 questionnaires were analyzed. Only one of third of
subjects correctly answered that pulse oximetry measures hypoxia. The
known complications of the procedure were not very well known (4-21%).
Knowledge about the need for blood gases confirmation in diabetes (19%) and
venous congestion (23%) were very low. The correct solutions were answered
by 33% of subjects about inappropriate probe position and 26% about intense
external light energy. The maximum score of correct answers was 22 in the
questionnaire, and mean score of subjects was 12.9 + 0.17. There was no
correlation between age and number of departments with questionnaire
scores.

Conclusions: The importance of using pulse oximetry should be emphasized.
In addition, training about pulse oximetry usage in pediatric patients especially
in terms of complications and limitations of devices should be increased in the
undergraduate training process.
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OzZET

Amag: Birinci basamakta saglik hizmeti verecek olan intérn doktorlarin, gocuk
hastalarda nabiz oksimetre kullanimi ile ilgili bilgi diizeyleri hakkinda galisma
bulunmamaktadir. Bu galismanin amaci, intérn doktorlarin 6zellikle ¢ocuk
hastalarda nabiz oksimetre kullamimi ile ilgili bilgi dlzeylerinin
degerlendirilmesi ve bilgilerini etkileyen faktérlerin belirlenmesidir.

Yontem: Nabiz oksimetre cihazi kullanimi ve ¢alisma prensipleri ile ilgili
hazirlanmis on soruluk anket bir Universite hastanesinde galisan intorn
doktorlar tarafindan cevaplandirildi. Her sorunun altinda verilen olasi
yanitlardan uygun olanlarin isaretlenmesi istendi.

Bulgular: iki yiiz dort anket degerlendirildi. Nabiz oksimetrenin hipoksiyi
olgtigu katihmcilarin yalnizca Ugte biri tarafindan dogru bilindi. Cihazin
komplikasyonlarinin bilinme orani ¢ok diistktu (% 4-21). Diyabet ve venéz
konjesyonda kan gazi ile dogrulamanin gerekliligi ile ilgili bilginin diistik oldugu
saptandi. Olgu érneklerinde uygunsuz prob yerlesiminde katilimcilarin % 33’0
ve yogun aydinlkta katihmcilarin % 26’s1 uygun ¢6zim bulabildi. Ankette
dogru yanitlarin toplam puani 22 iken katilimcilarin ortalama puani 12,9 +
0,17’idi. Yas ve galisilan bolumler ile anket puani arasinda iliski saptanmadi.
Sonug: Nabiz oksimetre kullaniminin dnemi vurgulanmalidir. Cocuk hastalarda
nabiz oksimetre kullanimi ile ilgili egitimler yapilmal 6zellikle nabiz oksimetre
cihazlarinin  kullanim kisithiliklari ve komplikasyonlari ile ilgili egitimler
mezuniyet dncesinde arttiriimalidir.
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oksimetre

Gelig Tarihi: 15.01.2018 Kabul Tarihi: 19.01.2018

Address for Correspondence / Yazigma Adresi: Tugba Sismanlar Eyiboglu, MD, Department of Pediatric Pulmonology, Dr Sami Ulus Maternity and Children Research

and Training Hospital, 06080, Altindag, Ankara, Turkey. E-mail: tsismanlar@yahoo.com

O©Telif Hakki 2018 Gazi Universitesi Tip Fakiiltesi - Makale metnine http://medicaljournal.gazi.edu.tr/ web adresinden ulasilabilir.
©Copyright 2018 by Gazi University Medical Faculty - Available on-line at web site http://medicaljournal.gazi.edu.tr/

doi:http://dx.doi.org/10.12996/gm;j.2018.33



GMIJ Sismanlar Eyuboglu et al.
2018; 29: 119-122 Use of pulse oximetry
INTRODUCTION RESULTS

The measurement of oxygen saturation is now regarded as a fifth vital sign
(1). The human eye is inadequate for assessment and early detection of
hypoxia. Rapid and early identification of hypoxia could prevent the
development of serious complications. Pulse oximetry devices are simple, non
invasive, and painless methods for monitoring oxygenation in clinical practice.
It provides standard care for transport of patients in hospital or between
hospitals, interventional sedation, and bedside monitoring in critical illnesses
(2).

Limitations and measurement errors during the use of pulse oximetry
devices are problematic and may be caused by patients or devices.
Methemoglobin, carboxyhemoglobin, cyanotic heart diseases and signal
disturbance due to poor perfusion, patient movement, and incorrect probe
use may cause misleading pulse oximetry results (3-5). Today, pulse oximetry
devices are frequently used in the monitoring of patients in many clinics.
However, many physicians are unaware of the limitations of using this
technology.

There are many studies measuring the level of knowledge about the use
of pulse oximetry devices, which were conducted in health workers such as
nurses and doctors in different areas (6-9). These studies showed significant
knowledge deficits about pulse oximetry use amongst health professionals, all
of whom used this technology frequently.

Pulse oximetry training is typically given during the six-year medical
faculty training program. In the fourth grade pediatrics, chest disease, and 5th
grade pediatric and adult emergency internships, practical training is given. It
is also expected that graduates of medical faculties will be able to use pulse
oximetry at level three (practice in uncomplicated, common situations) in
basic medical practice in the National Core Curriculum (10). Similarly, in
different countries pulse oximetry is learned as procedural skills in
undergraduate education curriculum (11,12).

In this study, we aimed to collect information on the use and principals of
pulse oximetry from intern doctors that will go on to work as primary health
care providers in pediatric population.

MATERIAL and METHODS

In Turkey, the duration of medical education is six years. The first three
years are preclinical, the fourth and fifth years are the clerkship period, and
the sixth year is internship period. In the academic year 2016-2017, all 368
intern doctors were asked about their knowledge of pulse oximetry. A total of
204 (55%) of them enrolled the study and demographic data were recorded.
All subjects were asked about which departments they rotated in before the
study. Departments were internal medicine, pediatrics, obstetrics and
gynecology, general surgery, public health, emergency department,
cardiology, psychiatry, and two electives.

There is no recommended or validated survey instrument on the knowledge
about pulse oximetry. Therefore, a questionnaire consisting of ten questions
about use and principals of pulse oximetry [what it measures, device
limitations, clinical conditions, specific patient populations and solutions to
the problems (two cases)] was developed by one pediatric emergency care
physician, one pediatric pulmonologist, and one pediatrician.

Statistical analysis was performed using SPSS v.20.0 for Windows (SPSS Inc.,
Chicago, IL, USA). The chi-square test was used for nominal variables. Data are
expressed as mean + standard error of the mean (SE). Student’s t-test and One
way ANOVA were used for numeric variables. A p-value of less than 0.05 was
considered significant.

This study was reviewed and approved by institutional review board, and
participation involved informed consent.

Figure 1: Abnormal waveform that is caused by inappropriate probe position.

Demographics and the number of studied departments by the subjects
are listed in Table 1. Eighty three (40%) of the subjects studied in both
anesthesia and emergency department.

Table 1. Intern doctors demographics (n = 204)

n (%)
Female 91 (44.6)
Age (years + SE) 23.08 +
0.08
Number of studied departments
All 68 (33.3)
More than 4 73 (35.8)
4 4(1.9)
3 12 (5.8)
2 14 (6.8)
1 42 (20.5)

Answers on measurement principles, device limitations, use in specific
clinical conditions, and patient populations and solutions for two case
examples are shown in Table 2.

Normal lower limit of oxygen saturation in pediatric population was
correctly answered by 43 (21%) subjects and 79% of the subjects told that they
have been trained about it. The maximum score of correct answers was 22 in
the questionnaire and the mean score of subjects was 12.9 + 0.17. There were
no correlations between age (r =0.075, p = 0.285) and number of departments
(r = -0.027, p = 0.748) with questionnaire scores. Also, there were no
statistically significance difference between gender with questionnaire scores
(p >0.05).

DISCUSSION

This study assesses the knowledge of intern doctors about pulse oximetry.
Hypoxia is an important cause of mortality and morbidity that can be
prevented. Pulse oximetry is frequently used in the pediatric area such as the
delivery room, intensive care units, emergency services, and various clinics. All
healthcare professionals should be familiar with the use and limitations of
pulse oximetry. Also, there may be some complications from pulse oximetry
such as ischemic tissue necrosis, burn and circulatory disorders when the
probe is tightly connected (3,13). In this study, most of the subjects (73%)
were unaware of these complications, which may lead to injuries in patients.
Previous studies about the knowledge on pulse oximetry usage, especially in
nurses, never addressed this issue (6-8).

Arterial blood gas analysis is a painful and invasive procedure that can
lead to increased respiratory distress and deepening of hypoxia in children.
Pulse oximetry devices provide a painless, non-invasive way to measure
oxygen saturation. Abnormal hemoglobin molecules (methemoglobinemia
and carboxyhemoglobinemia), circulatory disorders such as shock,
vasoconstriction, poor perfusion due to hypothermia, and venous congestion
may cause false results. Clinicians should be aware of that arterial blood gas
confirmation must be performed in these situations (2,14-18). Carbon
monoxide poisoning is a well-known condition and most subjects answered it
correctly (85%). In diabetes mellitus, non-enzymatic glycation increases
hemoglobin-oxygen affinity and elevated blood HbAlc levels lead to an
overestimation of oxygen saturation (19). Knowledge about it was very low in
the questionnaire (19%), and this should be emphasized in the pulse oximetry
training. Knowledge rates of venous congestion (23.5%) and shock (43.6%)
were also very low, which can cause fatal results.
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Table 2. Answers for pulse oximetry questionnaire

Questions n %

Q1. What does pulse oximetry measure?
Hypoxia 67 32.8
Hypoxemia 46 22.5
Pa02 85 41.7
co2 5 2.5

Q2. In which areas are pulse oximetry devices used?
Patient transportation 164 80
During sedation 150 73.5
During tracheal intubation 142 72.1
Confirmation of tracheal tube location 115 56.4

Q3. Are there any serious complications that you know about

the device? 149 73
None 26 12.7
Tissue necrosis 7 34
Burn 43 21.1

Circulation failure
Q4. What are the causes of measurement errors in the pulse
oximetry device?

Motion artifacts 151 74
High ambient temperature 85 41.7
Low ambient temperature 91 44.6
High ambient light 65 31.9
Low ambient light 49 24
Patient’s heart disease 55 27
There is no known cause 9 4.4

Q5. In which of the following situations should arterial blood
gas measurement be performed instead of pulse oximetry?

Diabetes 39 19.1
Carbon monoxide poisoning 174 85.3
Methemoglobinemia 159 77.9
Venous congestion 48 235
Hypothyroidism 24 11.8
Shock 89 43.6
None of these conditions 18 8.8

Q6. What is the working principle of the pulse oximeter

device? 51 25
It measures the wavelength of hemoglobin in different 23 11

saturation 62 31
It measures flow rate from tissue of hemoglobin in different

saturation 55 27
It measures the hemoglobin concentration in different

saturates at different 8 4

wavelengths

It measures flow velocities of different saturated
hemoglobin at different

wavelengths

It measures the absorption of different saturated
hemoglobin at

different wavelengths.
Q7. A 14-month-old girl patient was brought to the Pediatric
Emergency Service with tachypnea, fever and cyanosis.
Tachypnea and cyanosis were present on physical examination
and the image of pulse oximetry was below (Figure 1). What

do you do first? 37 18
| would follow because the oxygen saturation is normal 49 25
| get artery blood gas 3 2
| want a cardiology consultation 66 33
| check the probe 24 12
| give oxygen 20 10

I turn off and open the pulse oximetry device
Q8. A term baby with neonatal jaundice is following in
incubator under phototherapy. She has no respiratory distress
and cyanosis. Oxygen saturation is 75% on the monitor. What

do you do first? 45 23
| give oxygen 36 18
| do measurements on a different extremity 36 18
I turn off and open the pulse oximetry device 29 15
| get artery blood gas 52 26
| wrap around of probe with opaque band 0 0

| take a chest x-ray
Bold, correct answers

Normal oxygen saturation limit in children may change by age and altitude
(20,21). Mean oxygen saturation is accepted as normal at 93-100% of
moderate altitudes (22,24). Only 21% of the subjects correctly answered lower
limit of normal oxygen saturation in children. Not knowing the normal range
may cause problems in diagnosis and treatment. However, it may cause lethal
consequences. Clinicians also should be familiar with the monitoring of the
devices. Distorted plethysmographic waveforms may be caused by
inappropriate probe position, motion artefact, poor perfusion, irregular
rhythms, and electromagnetic interference (4).

In the first scenario of the questionnaire, only 33% of the subjects correctly
knew the inappropriate probe position. In the second scenario, 26% of them
correctly answered about the wrapping around the probe with an opaque
shield in ambient light interference. These results show that subjects did not
know the measurement technique and limitations of the devices.

Knowledge rate of working principles of pulse oximetry devices has a wide
range (7-72%) in the English literature (25-29). It was found very low (4%) in
this study. Although all of the subjects were trained about pulse oximetry in
medical school, only 79% of them were told that they have been trained about
it, which was a remarkable result. It was thought that some of the subjects
were unaware of training that they received. In the medical school training
program, detailed and sufficient training with frequent updates regarding
principles/applications of pulse oximetry and oxyhemoglobin dissociation
curve may improve the knowledge of the intern doctors about pulse oximetry
devices. Since oxygen saturation is the fifth vital sign, use of pulse oximetry
must be well-known by all clinicians especially working in the emergency,
intensive care unit, and delivery room. Intern doctors that will become
primary health care providers should be aware of use and limitations of pulse
oximetry devices.

In conclusion, oxygen saturation is very important and knowledge about
pulse oximetry, especially in terms of complications and limitations, was very
low in intern doctors. These results suggest that more emphasis on this topic
during medical school and training fellowships are very important.
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