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Abstract
Neonatal asphyxia is the third largest cause of neonatal mortality in Vietnam, and many of the
surviving patients suffer from permanent brain damage. A cooling mattress used for treatment
of infants suffering from asphyxia has been shown to have problems with providing a stable
body temperature for the patients. The main purpose of this project is to assess potential problems with routines and the use of the most central technical equipment used to treat newborns
suffering from asphyxia, as well as constructing a phantom to simulate a newborn infant in the
process of cooling. The purpose of the simulation is to investigate new methods of using the
cooling mattress to achieve a more stable body temperature when cooling the patient.
The project was done at Phu San Hostpial and Vietnam National Children’s Hospital in Hanoi,
Vietnam. The technical evaluation was conducted with observations, interviews and a question
form. The results showed that there were issues with the sensors connected to the ventilators,
noise level from alarms and routines concerning sanitation. The phantom was based on a water
bottle, an interest heater and a pump to mix the water. It proved not possible to construct a
phantom that met the necessary criteria.
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Sammanfattning
Asfyxi hos nyfödda är den tredje största orsaken till neonatal dödlighet i Vietnam, och många av
de överlevande får permanenta hjärnskador. En nedkylningsmadrass som används till behandling av nyfödda med asfyxi har visat sig ha problem med att hålla patientens kroppstemperatur
stabil. Arbetets huvudsakliga syfte är att undersöka potentiella problem med rutiner och användningen av den viktigaste tekniken vid behandling av nyfödda som lider av asfyxi, samt
även konstruera en fantom som ska kunna simulera en nyfödd vid nedkylning. Simuleringen
har som syfte att undersöka nya användningsmetoder av nedkylningsmadrassen för att uppnå en
mer stabil kroppstemperatur hos patienten. Arbetet gjordes vid Phu San Hospital, och National
Children’s Hospital i Hanoi, Vietnam.
Utvärderingen av teknikens användning gjordes via observationer, intervjuer och ett frågeformulär. Resultaten sammanställdes för att hitta potentiella förbättringar till teknikens användning. Det framkom problem med sensorerna kopplat till ventilatorerna, ljudnivån från alarmer
och rutiner kring sanitering.
Fantomet baserades på en vattenflaska, en doppvärmare och en pump som blandade vattnet.
Det visade sig inte vara möjligt att konstruera en fantom som uppfyllde alla kriterier med de
resurser som var tillgängliga.
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1

Introduction

The mortality of children during childbirth differ when comparing countries, with lower numbers in high-income countries and higher in low- and lower middle- income countries. Every
year, 5.4 million children under the age of 5 die, at least a third of them die either during birth
or on their first day of life. Many life long injuries also occur during the first 48 hours after
birth. According to Save the Children’s report of 2014, 1 million babies die during their first
day (1). Vietnam is one of the countries with the highest changes in economy in the world, with
an increase rate of BNP of 7% (2) but it is still a country where children are particularly vulnerable. A common complication during child birth is asphyxia of the infant, a serious condition
with high risk of death or hypoxic ischemic encephalopathy (HIE). HIE is a birth complication
where 40-60 % of the infants die before the age of 2 years old or have severe disabilities (3).
The infants are dependent on optimal use of medical equipment, especially ventilation, while
being treated to reduce the severity of complications caused by asphyxia. A proven treatment
to reduce the severity of complications caused by asphyxia is induced hypothermia (4). With
hypothermia the infants body temperature is reduced, which causes the physiological processes
to slow down and brain damages can be reduced or avoided (5). A mattress made with Phase
Changing Materials (PCM) is a method of cooling infants to achieve this. The mattress has been
in use at two hospitals in Hanoi, Phu San Hospital (PSH) and Vietnam National Children’s Hospital (VNCH) in Hanoi since 2015. The infants at PSH being treated with the PCM mattress are
always transported to VNCH after being put on the mattress. In 5% of the cases the infants were
excessively cooled and had to be reheated with other methods. There is therefore an additional
need of finding a more optimal use of the PCM mattress that allows the mattress to cool the
infant without decreasing the body temperature below 33 ◦ C.
This project will focus on determining issues with the use of medical technology fohe treatment of infants suffering from asphyxia in Phu San Hospital in Hanoi, Vietnam. The second
part of the project is devoted to developing a prototype for a phantom infant with the purpose
to determine a more optimal use of the PCM mattress in future research.

1.1

Aims
• Identify issues with the use of ventilators, sanitation routines and alarms at the Neonatal
Intensive Care Unit (NICU) at Phu San Hospital, Hanoi.
• Develop and construct a phantom to simulate an infant being cooled by a PCM mattress.

1.2

Limitations
• A quantitative study will be conducted with doctors and nurses at the full term and pre
term department of the NICU. Other departments and staff are not included in the study.
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• The phantom infant is to be used and constructed in Vietnam, a middle income country,
and therefor the project is conducted with a limited amount of resources in terms of a
plastic bottle, a heat source and a pump to mix the water.

2

Background

To construct a phantom infant for the purpose of testing the PCM mattress, background information about asphyxia and HIE is required, as well as an understanding of the PCM material
and how the PCM mattress has been used. The newborn infants treated with the cooling mattress are continuously connected to a ventilator and there is an interest in identifying specific
issues with the use of this medical equipment along with the routines surrounding all medical
equipment used to treat the infants from birth until the treatment with the cooling mattress is
finished.

2.1

Asphyxia and HIE

Asphyxia is the medical condition when the patient has oxygen deprivation (hypoxemia), low
glucose supply, and excess of carbon dioxide (hypercapnia) in the blood. This results in a decrease in oxygen and glucose perfusion to various organs, leading to neuronal cell dysfunction
and cell death, evolving to a brain damage (6).
Perinatal HIE is a brain injury caused by the deprivation of oxygen and glucose supply, leading
to long term brain injuries. The brain injuries can vary from mild defects to severe seizures,
mental retardation and cerebral palsy in the infant (7). The human brain is rapidly developing
during week 24 to week 40 of human gestation, which makes it extra vulnerable for hypoxiaischemia, which result in HIE. There are two main reasons for HIE, complications with the
umbilical cord and complications with the placenta (8).
Full body cooling is a well used method for treating infants with severe or moderate hypoxicischemic encephalpathy (HIE). The cooling treatment should be done within 6 hours of birth,
with a aim for the infants body temperature to stay between 33.5 ◦ C and 34.5 ◦ C without interruption for 72 hours (9).
At the neonatal intensive care unit (NICU) the infants suffer a high risk for Healthcare-associated
Infections (HAI), and the longer the infants stay at the NICU the higher is the risk. The most
prominent risk factors for HAI are prematurity, low birth weight, low Apgar score(10), application of mechanical ventilation and exposure to central venous catheter (11). Infants at the NICU
have an extensive risk of infections during prolonged hospitalization, invasive procedures, contact with medical equipment and patient-to-patient transmission of bacteria via hand carriage of
healthcare staff. The newborn infants treated with the cooling mattress are continuously con-
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nected to a ventilator, and are in great need of the ventilator functioning optimally (12). All the
risk factors mentioned above are present for infants suffering from asphyxia and are therefore
a factor that needs to be concerned when thinking about the treatment methods (13).

2.2

Phase Changing Materials

There are several different types of phase changing materials (PCM), and they have different
abilities to change their physical state within their “Phase Change Temperature Range”. The
most common phase change is from solid to liquid and liquid to solid, but this does not apply for
all different types of phase changing materials. The phase change temperature range depends
on the PCM’s melting point and crystallization temperature. When PCM is in contact with
an environment with a temperature higher than its melting point it begins to absorb the heat
from the environment and its physical characteristics change from solid to liquid. It strives
to keep a constant temperature, and therefor work dynamically with the thermal effect. When
the environmental temperature reaches the PCM’s lower sensitivity level, the crystallization
temperature, the material releases energy to be absorbed by the environment and the PCM’s
characteristics change from liquid to solid (14).

2.3

The PCM mattress

The purpose of the PCM mattress is hypothermia treatment for newborn infants that are suffering from asphyxia. The PCM mattress, with a melting point of 32 ◦ C, is made out of salt
hydrate, fatty acid and ester or paraffin. The mattress is solid in room temperature but when
the PCM is in contact with a warmer object it absorbs and stores the heat (15). This means that
infants at risk for HIE can be cooled to a target temperature of 33.45 ± 0.26 ◦ C and be rewarmed
by the PCM mattress in a controlled manner of 0.25 ◦ C per hour (16).
Hypothermia is a proven working treatment for infants suffering from asphyxia, but the equipment usually used is expensive. Cooling with a mattress consisting of Phase Changing Materials
provides cooling without the need for electricity or water, as opposed to conventional cooling.
It is therefor a low cost and low technology solution to hypothermia treatment (4).
In 2009 a study was published on the PCM mattress using a piglet model and study found
the mattress to be successful. The piglets were cooled and reheated when the body temperature
reached 32,5 ◦ C (15). The PCM mattress has been in use at PSH and VNCH since 2015. A
problem that has occurred is that the body temperature of some infants decreases too much and
is not reheated by the mattress as wanted. When the body temperature has remained under 33 ◦ C
for too long, the doctors have proceeded to reheat the infant using other methods such as placing
a blanked between the infant and the mattress or using external heat sources. The doctors at
PSH and VNCH have expressed having trouble determining why some infants get excessively
cooled, and they have found that these infants have a more uneven body temperature during
3

the following 48 hours than the infants who were stabilized at the target temperature without
excessive cooling.

4

3

Method

Two half days were spent at the NICU, observing the medical equipment and interviewing hospital staff. One day was spent observing at the National Children’ Hospital in Hanoi. With the
gathered information a survey was developed and given to the staff at the neonatal department
at Phu San Hospital Hanoi.

3.1

Survey

The purpose of the survey was to collect data on the hospital staff’s usage and routines with
medical equipment. Especially the problems experienced by the staff were asked for, both considering the care patient safety of the infants and the working environment for the staff.
The form was divided into four parts: Before transportation/in the NICU, sanitation prior to and
after transportation, ventilation during transportation, and transportation with the PCM cooling
mattress. These areas were chosen from observations and discussions with the staff at the NICU
and were considered to be the most reasonable areas in which to divide the treatment of patients
suffering from asphyxia.
The forms were written in English and later translated to Vietnamese with Google Translate
and corrected by a doctor at the hospital. The forms were answered by 15 nurses and 17 doctors
at the NICU. The answers were translated to English by a er at the hospital. The forms can be
found in the appendix A.

3.2

Construction of the phantom

In the development of the phantom, three main criteria needed to be met;
• The phantom had to have a similar size as a newborn
• The phantom needed to produce heat similar to a newborn
• The heat had to be evenly distributed in the phantom
This was solved by having the phantom consist of a plastic bottle with double plastic lids, a
wave maker (WM) and an immersion heater (IH). An IH and a WM was inserted in a plastic
bottle with dimensions 23.5x12x10 cm. The IH was secured to the inside of the bottle with
suction cups, and the WM was glued to the bottom of the plastic bottle with epoxy glue. The
wires from the IH and WM were cut into two parts, and pulled through two holes drilled in
each lid. The holes had a diameter of 0.4 centimeters. The holes in both lids were sealed with
silicone. The phantom can be seen in figure 1.
The bottle was then filled completely with 2.45 liters of water and the first lid was put on before
filling the entire volume between the two lids with silicone. The second lid was attached and
5

the bottle was left to dry for 60 hours. The wire from the WM was connected to its second part
outside the bottle, and the wire from the IH was connected to a voltage divider.

Figure 1: The constructed phantom, consisting of a water bottle, a wave maker and an immersion
heater
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The materials used to construct and develop the phantom are presented below.

• Interest Heater (IH), Atman EH-100W, China
• Wave Maker (WM), Sobo WP-200M, China
• IR Thermometer UTI-T UT303A, Opava, Czech Republic
• Silicone Apollo Sealant - A500, Ho Chi Minh, Vietnam
• Plastic bottle, 2,8 Liters. Dimensions: height: 23,5cm, Width: 12cm, Depth: 10cm
• Voltage regulator, unknown brand, Vietnam
• Multimeter, BEST DT-9205M, China
• Thermometer, unknown brand, Vietnam
• Epoxy glue, Pioneer Epoxy Plus Five, Philippines
• Phase changing material, ClimSel C32 ,Climator Sweden AB, Skövde, Sweden
• Phase changing material, ClimSel PC32, Climator Sweden AB, Skövde, Sweden
• Voltage adapter
• Timer
The optimal heat loss was then calculated. The nonevaporative heat loss (NHL) in a newborn infant has been estimated at 36, 96W /m2 (17). A newborn infant is approximated to have a weight
(W) of 3200 grams and a height (H) of 50 cm. The body surface area (BSA) of a newborn infant
with these dimensions is approximated using the BSA- Meban method (18), previously shown
to be the most accurate approximation of the three most frequently used BSA formulas (19).
The voltage output from the electrical outlet (U1 ) is 220V and the original heating power (P1 )
from the IH is 100W.
Formula by Meban:
BSA = 6, 4954 × W 0,562 × H 0,320

(1)

BSA = 6.4954 × W 0,562 × H 0.320

(2)

Approximated heat loss (HL):
HL = N HL × BSA
7

(3)

Calculated wanted voltage input (U):
√

U=

3.3

U12 × HL
P1

(4)

Testing and development of the phantom

All tests were done on a wooden table with a glass panel on the surface, covered with two
layers of fabric (cotton and polyester).The phantom was tested in an air conditioned room with
temperatures of approximately 25-28 ◦ C. Five different tests were done with the phantom. Temperature measurements were taken with an infrared thermometer held 30 cm from the surface
of the phantom.
3.3.1

Phantom testing without PCM mattress

The phantom was heated to 37,04 ◦ C before being placed on the table. The voltage regulator
connected to the IH was set to 20-22 V and both the IH and the WM were connected to an
electrical outlet. Measurements of the room temperature and of five different surface locations
on the phantom were taken every 15 to 30 minutes for the first six hours and approximately
every hour for the remaining four hours.
3.3.2

Phantom testing with PCM mattress

The phantom was heated to 33,12 ◦ C before being placed on the PCM mattress. Only the WM
was connected to the electrical outlet during this test. Measurements of the room temperature
and of six different surface locations on the phantom were taken every 15 minutes.
3.3.3

Phantom testing with PCM surrounding the phantom

The phantom was heated to 34,98 ◦ C before being covered with phase changing material. The
phase changing material was taken out of the mattress and taped to four sides of the phantom,
one block at each side. Only the WM was connected to the electrical outlet during this test.
After 2,5 hours the temperature was measured at six different locations on the phantom.
3.3.4

Reducing the heat effect caused by the Wave Maker

The WM was connected to an electric timer. The timer was set to switch on for 60 seconds
every 8 minutes to reduce the heat produced by the WM while at the same time maintaining a
sufficient distribution of heat in the phantom.
3.3.5

Disconnecting the sensor in the Interest Heater

The interest heater was opened up and examined, finding that the temperature sensor was connected to the main circuit, set to break when the temperature increased over 34 ◦ C. The circuit
was permanently closed by force, thus removing the function of the sensor.
8

3.3.6

Testing the modified phantom

Having connected the WM to a timer and disconnected the temperature sensor in the IH, the
phantom was tested again on the cooling mattress. The voltage regulator connected to the IM
was set to 20-22 V. The phantom was heated to 36,5 ◦ C and placed on the mattress. Measurements of the room temperature and of six different surface locations on the phantom were taken
every 15 minutes for 75 minutes.
3.3.7

Comparing two bottles with and without the PCM mattress

The final test was done to determine if the bottle model was in fact a good solution as previously
thought. This was done by filling two identical plastic bottles with water and placing one on the
PCM mattress and one on a fabric covered table. The bottles are identical to the one used for
the phantom. The bottle placed on the mattress and the bottle placed on the fabric were heated
to 37.88 ◦ C and 38.08 ◦ C, respectively. Measurements were taken every 15 minutes for 180
minutes.
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4

Results

Observations and the survey done at the NICU at PSH provided information about the current
situation for staff and patients.The results presented are observations and survey answers that
indicated being a problem, divided into mechanical ventilation, sanitation and manual ventilation. Relevant results from the developing of the phantom are also presented.

4.1

Mechanical ventilation

From observing at the NICU it was notified that there were four different kinds of ventilators
used. The different brands of ventilators all had different interfaces and most of them were in
English, while none of the nurses contacted at the department spoke English. Humidifiers connected to every ventilator were observed to have a water level substantially below the optimal
line. From the majority of the ventilators alarms could be heard. Two out of 17 doctors and
four out of 15 nurses answered that they don’t think they have sufficient training to optimally
operate the mechanical ventilators. One doctor and three nurses did not answer the question.
Four nurses wrote that the main problem with operating the mechanical ventilators are reading
the monitor screen and changing the settings on the monitor. One doctor wrote that this led to
them not taking full advantage of the ventilator. 21 members of the staff gave a score of 3 on
how user friendly they experienced the tubes, sensors and humidifiers connected to the ventilator. 13 members of the staff gave a score of 4 or 5. 1= not at all user friendly, 5 = very user
friendly.
A total of 15 staff members commented that the main issue with the mechanical ventilator
was that the flow sensor breaks easily. When speaking to the staff, they explained that the
sensors are expensive and have to be donated. They explained that the sensors are difficult
to clean. Discussions with a doctor at the NICU showed that the sensors are rarely cleaned as
they are used continuously and break before being cleaned for the first time. When observing at
the NICU the alarms caused by the broken sensor could be heard from almost all of the patients.
The department usually has 10 nurses at work every day and approximately 50-60 patients.
The nurses aim to check every patient’s condition every 15 minutes. This is not a set routine,
but is done because they find it difficult to rely on alarms. When there is an issue with technical equipment, they call the technical department for help. It was expressed by the staff at the
NICU that the technical staff have lacking knowledge of the physiological purpose and effects
of the equipment. 9 out of 15 nurses and 8 out of 16 doctors answered that they can very rarely
or never separate urgent alarms from less urgent alarms. 12 out of 17 doctors and 13 out of 15
nurses answered that there is a longer response time to alarms due to the constant high level
of noise caused by alarms. Figure 2 presents the staffs experience of how the noise caused by
alarms is affecting their level of stress.
10

Figure 2: Stress caused by alarms, separating nurses from doctors.

4.2

Aseptic procedures

Medical equipment that was not currently used at the NICU was standing in the narrow and
very busy hallway inside the NICU, or in the hallway connecting the pre term department to
the full term department. It was in the hallway between the departments where the equipment
was also cleaned. The equipment is cleaned by a separate cleaning staff. When the doctors
and nurses were asked about the routines of cleaning and controlling medical equipment before
transportation between Phu San Hospital to Vietnam National Children’s hospital, the answers
varied between nurses and doctors as can be seen in figure 3.

Figure 3: The diagram shows the different perceptions on the sanitation system prior to transportation
from Phu San Hosptial to Vietnam national Children’s hospital

4.3

Manual ventilation

18 out of 32 of the staff answered that it is difficult to keep a constant airflow with the manual ventilation during transport. 10 members of the hospital staff expressed it being difficult to
11

control the amount of oxygen delivered. 17 of the staff answered that the most common complication caused during manual ventilation is patients suffering of pneumothorax (collapsed lung)
caused by pressure from the ventilation bag being contracted by staff. 11 of the staff answered
that a common problem causing severe respiratory consequences were inconstant ventilation.
Nurses experienced it harder to operate the manual ventilator than the doctors, as can be seen
in figure 4.

Figure 4: The diagram present the how easy/difficult the members of the hospital staff experience
operating a manual ventilator. 1 = very easy, 5 = very hard

A doctor at the NICU expressed that in stressful situations it happens that the valve on the
manual ventilator, with the function to maintain pressure control, is not opened properly and
thus there is no pressure release at all. When examining the valve it is clear that it can be
problematic to see if it is open or closed. A prototype was developed to colour code the valve.
Two distinct colours on both the rotating and the stationary part of the manual ventilator, to
easily see if it is open or closed, as can be seen in figure 5. Yellow and Black was used in the
prototype developed.

(a) Original valve

(b) Prototype: Open valve

Figure 5: Color coded valves.
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(c) Prototype: Closed valve

4.4

Results of phantom experiments

The heat loss of an infant was calculated to be 7.833 W . The correct value of wanted voltage
input from equation 4 is 61.57 V , but the wrong equation was used in this report and the calculated value was 17.23 V . The 17.23 V voltage input could not be set so a value of 20 − 22 V
was therefor used. As can be seen in figure 6, results from testing done on the phantom without
PCM mattress showed that the temperature of the phantom decreased from an average temperature of 37.04 ◦ C to an interval of 34.46 - 34.38 ◦ C, remaining in that interval for five hours. The
average temperature of the last five hours of testing was 34.22 ◦ C. The immersion heater was
never activated, and the heat effect of the phantom was produced entirely by the wave maker.

Figure 6: The graph shows the average temperature of the phantom and the room temperature relative
to time. The temperature of the phantom stabilized at 34.22 ◦ C.

Figure 7 shows the results from testing the phantom on the PCM mattress. The phantom had an
initial temperature of 33.11 ◦ C and a temperature of 34.98 ◦ C at the end of testing. The phantom
temperature remained within this interval for the entire four hours of measurements. The last
measurement showed an increase from 34,18 ◦ C to 34,98 ◦ C in the last half hour of testing.
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Figure 7: Results from testing the phantom on a PCM mattress in ambient temperature between 24,3
and 28,6 ◦ C. The graph shows average temperature of the phantom and ambient room temperature
relative to time. The results show that there was no significant cooling of the phantom.

From testing done with the phantom surrounded by the PCM material the phase changing material showed some signs of melting posterior to the test and after examining the material’s consistency. The temperature of the phantom had decreased with 0,83 ◦ C while the room temperature
had increased with 0,50 ◦ C. The temperature decreased with an average rate of 0,33 ◦ C per hour.
On the fourth test with the phantom, when the temperature sensor was disconnected and the
WM was connected to a timer, the phantom had an initial temperature of 36,5 ◦ C. When the
test ended the phantom had a temperature of 35,25 ◦ C, resulting in a decrease of 1,25 ◦ C. The
temperatures measured during the test can be seen in figure 8.

Figure 8: Results from testing the modified phantom. The graph shows average temperature of the

phantom and ambient room temperature relative to time. The temperature decreased with 1,25 ◦ C in 75
minutes.
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4.4.1

Temperature comparison: phantom on PCM mattress vs on fabric

The bottle placed on the PCM mattress had a temperature decrease of 8.26 ◦ C. The bottle placed
directly on the fabric covered table had a temperature decrease 8.74 ◦ C. The temperatures measured during the test can be seen in figure 9.

Figure 9: Temperature comparison of two bottles. One on the PCM mattress (blue) and one on a fabric
on the table (red).
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5

Discussion

The information collected from surveys and discussions with the staff at the NICU indicate that
there is a potential for both smaller and more complex improvements in the use of technology
in the neonatal care at PSH. In analyzing problems and examining solutions it must be taken
in account that the economic factor is a big limitation at a hospital in Hanoi. The climate must
also be taken in consideration when choosing what medical equipment is best suitable for a
hospital in Vietnam. Vietnam’s high temperature and humidity must be considered since it may
have an effect on the medical equipment. Therefore the focus is to find simple, efficient and
non-expensive solution ideas for the hospital to implement.

5.1

Mechanical ventilation

The problem that several nurses expressed with reading the screen of the ventilators is not a
surprising issue as most of them do not speak English and the majority of ventilator monitors
are in English. The current system of training where the staff learn to operate the ventilators
from other members of the staff as they go, with no systematic control, seems to not provide
adequate knowledge and assurance in the staff. A systematic training system with a checklist
seems to be the best way to ensure that the entire staff receive sufficient training. This way the
staff can be assured that they have the knowledge needed of all relevant functions and parts of
the machine, and this is believed to minimize the risk of parts breaking and being misused (20).
The staff did not have a clear reason for why the flow sensors of the mechanical ventilators
break so frequently. There were found some possible contributions to the easy breakage. Some
of the staff members expressed difficulties with cleaning the flow sensors in the survey, so the
initial thought was that this is the reason for sensors breaking. The fact that the sensors are
rarely cleaned indicates that there are other factors that contribute to the sensors breaking. The
sensors may be removed and reapplied to the patients for various reasons, and this is believed
to contribute to them breaking. Discussions with several doctors strengthens this assumption.
There is a need of more extensive research in how the sensors are handled and used to clearly
assess the problematic factors. The high humidity in Hanoi is also a factor that needs to be
considered as a reason for why the sensors break. The US Food & Drug Administration (FDA)
informs that ”Unusually high levels of heat and humidity may cause instruments to operate in
unexpected or unusual ways, reduce shelf-lives or totally destroy products” (21). One study that
could be relevant would be to investigate what the tolerance of the sensors used is for heat and
humidity. Compare the sensors on the market to view if there are other sensors more suitable
for a more humid climate. In addition to this look into how the sensors are stored before being
used, and if there is a better way to handle them before being placed on the patient to prevent
the sensors from breaking as easily.
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5.2

Alarms

It was observed a very high level of alarms from the mechanical ventilators in the NICU, mostly
caused by the flow sensors. Hospital noise is shown to have a permanent impact on a child’s
hearing. A study done to assess and characterize noise levels in a neonatal intensive care unit
states that ”The noise that occurs in the NICU is linked to the monitoring and follow-up processes of the newborn’s state of health, such as alarm systems, electro-medical equipment and
incubators, and the general human ambient noise”. Because there is no time for recovery, the
hearing of the infants is more affected from the continuous noise. This study also conclude the
importance of raising the awareness of the impact noise has on the infants by the health care
staff and visitor(22). The results from the survey that was done at Phu San Hospital showed that
the health care staff had concerns about the noise, but it would be of interest to investigate this
further in future studies. Working in an environment with continuous noise may affect one’s
stress level (23), and is confirmed by many members of the staff in the survey, as seen in Figure
2 in subsection 4.1. Repairing the issues with the mechanical ventilators will therefore have
several benefits for both the staff and patients at the NICU.

5.3

Sanitation

The unused medical equipment stored in the hallways inside the NICU increases the risk of
bacteria spreading when the staff have to move equipment standing in the way (24). The NICU
provides health care for 100-120 patients simultaneously, in a small space. Hence, increasing
the probability for the staff needing to move equipment standing in the way. The equipment
standing in the hallways inside the NICU is a physical safety risk for the staff as well as for the
patients. If a member of the staff were to trip over the equipment, either with a patient in their
arms or on patient’s cots standing close by there is a significant risk for somebody to be injured.
The most frequent route of transmission, however, is indirect contact. The infected patient
touches—and contaminates—an object, an instrument, or a surface. Subsequent contact between that item and another patient is likely to contaminate the second individual who may
then develop an infection (25). The lack of an organized system also makes it easier to miss
equipment in the cleaning process. Currently, there is no control system of the sanitation of
medical equipment before and after transportation that everyone included is aware of. There
is a separate staff responsible for cleaning, but the results from the survey seen in Figure 3,
showed clearly that the staff disagreed on whether the sanitation is controlled or not. There
seems to be very little communication between the cleaning staff and the health care staff at the
NICU. A working system of sanitation is important to ensure minimal spreading of bacteria, so
an effective solution is to implement a documentation system. A documentation form that is
filled in every time the equipment has been cleaned provides the staff with information about
what equipment to use and with this form everyone included in the process has easy access to
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the information. In the process of transportation it is beneficial that the entire staff can trust the
sanitation system as this can prohibit use of uncleaned equipment and provides the possibility
of additional sanitation before transportation. A decision of additional sanitation could ensure
a safer patient care.

5.4

Manual ventilation

As can be seen in figure 4, the answers differs between doctors and nurses when asking how
problematic they experience it to be to operate a manual ventilator. The doctors answers that it
is overall easier than what nursers answer it to be, but when discussing with doctors pneumothorax is explained to be a very severe and common complication caused by manual ventilation.
Such a common and severe complication can indicate that operating the manual ventilator can
be done more optimally. Pneumothorax is caused by excessive pressure, and the problem of
pressure control in manual ventilation has different causes and therefore different possible solutions. The difficulties in controlling the pressure in contractions are caused by several factors.
Walking and operating the ventilation bag simultaneously makes it harder to keep a steady pressure and movement.
When a doctor operates the ventilation bag, he or she must also keep an overview of the pulse
and oxygen saturation of the patient, making it even more difficult to control the pressure and air
flow. This problem can be solved by having ventilation bags with a manometer attached. The
manometer shows the pressure at all times and makes it easier for the staff to identify excessive
pressure and adapt it accordingly. This will demand them to look at the manometer, and thereby
adds to the number of factors to monitor, but is believed to make the manual ventilator easier
to operate for the staff and has a better effect on the patient care in total. From the knowledge
received from the interviews there are a few factors describing how much pressure needs to be
applied to the ventilation bag for safe and efficient manual ventilation. The factors mentioned
were
1. If the infant is full term or pre term
2. If the infant has stiff lungs
3. The size of the manual ventilation bag
One technical solution to help the hospital staff choose the right pressure would be to develop
a simple hand-carry device that need no attachment to the manual ventilator. Before using the
hospital staff input if the infant is pre term or full term, if the infant has stiff lungs and the size of
the ventilator bag. Depending on the chosen option the device count down to fully contracted to
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fully extended, a motion the hospital staff can follow with the applied pressure of hand movement on the ventilator bag. The purpose of this device would be to facilitate the choice of hand
movement on the ventilator bag for the hospitals staff which could resolve in a more even given
pressure on the ventilator bag. Another reason for the high pressure that came up in the study is
the problems with the valve connected to the ventilation bag. In stressful situations it is easier to
make the mistake of not opening the valve correctly, especially when there is no clear indication
of the valve being open or closed.
The prototype developed with a colour coded valve, seen in Figure 5, makes it easier for the
staff to see if the valve is open or closed in stressful situations. In choosing which colors that
would be most suitable for the valve further studies should be done to investigate which color
combination that is easiest to spot. In the prototype developed in this study the color combination used was black and yellow, and if these colors were the most suitable was not taken into
account as these were the colours available that were easiest to separate.
One futuristic vision for the hospital could also be investing in battery or gas driven ventilators for transportation, this would solve several issues. This would remove the risk of uneven
frequency of the hand movement on the ventilator bag, as well as uneven pressure from the hand
on the ventilator bag. A previous study has shown that mechanical ventilation during pediatric
transport will result in smaller variations in ventilation and less fluctuation in ventilatory parameters (26). This will decrease the risk for damaged respiratory system of the patient, as well as
limit the risk of pneumothorax. It would also be one element less that the doctor or nurse need
to focus on during the transportation, and would limit the amount of stress and therefore ensure
safer care for the patient. This could be considered one of the safest solutions for the problems
connected to manual ventilation during transport. What needs to be taken to consideration here
is that this is more a question of economic limitations and prioritization for the hospital.

5.5

Phantom for PCM mattress

The conclusion from the last measurements, seen in figure 9, was that the water filled plastic
bottle had no significant energy transfer with the mattress and is not a functioning base for the
phantom. This sort of plastic bottle phantom has been used successfully with the PCM mattress
before (4) and was therefore not tested initially. Our first approach was therefore to decrease
the heat production rather than look at the water bottle model as a problem, for example when
analyzing the results in figures 6 and 7. Testing the phantom covered by the phase changing
material initially strengthens the previous suggestion that the heating effect produced by the
WM is too high. It also indicates that there is in fact a significant heat exchange between the
phantom and the phase changing material, and is what lead us to continue with the plastic bottle
as a foundation for the phantom, even after the results in figure 8.
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An incorrect value of wanted voltage was calculated and used in the tests, and there was then
produced a much lower heating effect by the phantom than what was assumed. This could be
thought to lead to a quicker decrease in temperature when being cooled by the mattress than a
newborn infant as the heating effect is substantially lower. In all of the tests done, the temperature was decreasing at a slower rate than with a newborn, and the last test done without any
heat source clearly indicated that a higher effect produced by the IH would not in this case have
changed the outcome or made the plastic bottle model more suitable for its purpose.
The exact reasons for it not working in this research are unknown, but there are a few hypotheses to why the temperature of the phantom is not affected by the PCM mattress. One hypothesis
is that the material of the bottle is unable to transfer heat to the PCM in the mattress and instead
isolates the heat in the bottle.
The exact material of the plastic bottle used in this study was not possible to identify, but the material most typically used for water bottles is polyethylene terephthalate (PET) (27). The thermal
conductivity of PET is /(0.15-0.4 W/mK/), a relatively low value compared to possible metal
solutions. For example copper has a thermal conductivity of /(413 W/mK/) (28), and could
therefore be a better solution for future studies as it has a higher value of thermal conductivity
and thus a better heat exchange. This hypothesis as the only problem is somewhat contradicted
by the fact that the phantom was clearly warm when touching it and therefore should have exchanged some energy with the mattress. A metal solution was not tested in this study because
of limited resources. Another hypothesis is that the depth of the bottle is too large, causing a
too small portion of the surface area to be in contact with the mattress. In combination with
the fact that water does not have the exact same thermodynamic characteristics as human tissue
this could impair the effect of the mattress. This does not explain why the phantom temperature
was not affected at all by the mattress, as the bottle placed on the mattress should have been
cooled somewhat faster if this was the only impairing factor.
The usefulness of the WM and the IH can still be possible solutions to the composition of a
phantom. There are no indications that the WM produces significant levels of heat when connected to a timer as seen in the results in 4.4, and this is believed to be a good solution to the
issue of distributing the heat evenly in the phantom.
The method of achieving the wanted amount of heat effect with an IH originally used for aquariums is affordable, simple and easily applied when having limited resources. In this thesis
several heaters have been tested to find a working solution, and with the resources available
the IH used in the final phantom proved to be the most successful. The main reason for this
is that it is meant for use under water while most of the other options has to be isolated with
silicone to make them waterproof. The initially preferred output of 17.23 V was proven to be
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reasonably close to the voltage of 20-22 V that the IH connected to a voltage regulator had the
ability to provide. The voltage regulators accessible to this project can not deliver a voltage
lower than 20-22 V which was first considered to be a fair approximation if the wanted voltage
input would have been 17.23 V, but it is unknown how well it could be used to achieve 61.57
V that is the wanted output from the corrected equation. The voltage regulator connected to the
IH varied between 20V and 22V. This variation of voltage could not be controlled and therefor
not optimal, an issue that is also anticipated to occur when 61.57 V would be the wanted output.
It would therefor be beneficial to have a regulator of higher quality to regulate the voltage more
accurately. The main issue with the IH used in this research was the temperature sensor causing
it to not activate when water temperature was above 34 ◦ C, as seen in Figure 6. This was solved
by disconnecting the sensor circuit inside the IH and was a successful solution.
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6

Conclusion

The observations and the survey showed that the most important areas of improvements were
the identified problems connected to mechanical ventilation, manual ventilation and sanitation
of medical equipment at the NICU. Developing the training system in the use of medical equipment and the routines of aseptic procedures were found to be useful for the hospital to invest in.
A prototype for a color coded pressure valve on manual ventilators was presented to the hospital.
The use of a plastic bottle filled with water as a base for a phantom infant being cooled by
a PCM mattress has proven to be unsuccessful, and should be replaced in future studies. The
success of the WM and the IH can not be determined in this thesis because of the problems with
the plastic bottle model, but they seem to be useful factors to bring into further research of this
kind in an environment with such limited resources.
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Appendix 1
Question Form
Please mark your profession: Doctor (and level) ______ Nurse ___ Cleaning staff ___ Others ___
How long have you been working in the neonatal department? Circle the correct answer.
Less than 1 year

1-3 years

3-5 years

5- 10 years

More than 10 years

Before transportation/ in the NICU
1. On a scale from 1 to 5, how user friendly do you think the monitor and the display of the ventilators are?
1 = not user friendly at all, 5 = very user friendly.
1

2

3

4

5

2. On a scale from 1 to 5, how user friendly do you think the tubes, sensors and humidifier connected to the
ventilators are? 1 = not user friendly, 5= very user friendly.
1

2

3

4

5

3. What do you consider the main factors that make ventilators more or less user friendly? Be as specific as you
can and mention which part of the ventilators system you are referring to.
Answer:

4. Do you feel that you have sufficient training to optimally operate the mechanical ventilators? If no, please
comment what are the problems (eg. reading the screen, changing settings on the monitor, connecting tubes etc.)
Yes

/

No

Comments:

5. Is there anything specific you think should be improved with the mechanical ventilation system in the
neonatal unit? If there are several, write down the two most important to you.
Answer:

6. On a scale from 1 to 5, how much do you feel the alarm noises affect your stress level at the neonatal unit?
1 = not at all, 5 = severely affects my stress level.
1

2

3

4

5

7. On a scale from 1 to 5, how easy is it for you to separate alarms that need urgent attending from the alarms
that are not as urgent? 1 = I can always separate alarms, 5 = I can never separate alarms.
1

2

3

4

5

8. Do you experience that there is a longer response time to important alarms due to the constant high level of
alarm noises? Circle the correct answer.
Yes

/

No

Comments:

Sanitation prior to transportation
9. Do you know if all equipment/ machines are sanitized before
transporting a patient from Phu San Hospital Hanoi to Vietnam
National Children’s Hospital, and is there a system for controlling
sanitation? Please mark the option that fits you the most.

1

10. Is there anything you think could be improved with the sanitation of medical equipment/ machines before
and after transportation?
Answer:

Ventilation during transportation
11. Do you feel that you have sufficient training to give optimal manual ventilation during transport? Circle the
correct answer.
Yes

/

No

Comments:

12. On a scale from 1 to 5, how easy/ difficult do you think it is to use the manual ventilation equipment during
transportation? 1 = very easy, 5 = very hard
1

2

3

4

5

13. What are the main factors that make the ventilation equipment easy or difficult to use?
(eg. fitting the mask to the patient, keeping a constant air flow, controlling amount of oxygen delivered etc.)
Answer:

14. What do you consider are the most common complications that occur for the patients connected to manual
ventilation during transport (for example injuries caused by the equipment, respiratory problems etc.). If you
know the reason for these complications, please specify.
Answer:

Transportation with cooling mattress
If you have participated in transportation with the cooling mattress, please answer the following questions.
Otherwise we thank you for your participation!
15. Do you know the correlation between the effect of the cooling mattress and newborn infants at risk for
Hypoxic ischemic encephalopathy ? Circle the correct answer.
Yes

/

No

Comments:

16. Do you always apply the Apgar score to determine if a newborn will be treated with the cooling mattress?
If no, please write what other methods under “Comments”. If you don’t know, leave unanswered.
Comments:
Yes, we always apply the Apgar score.
Sometimes we use the Apgar score, but other times
we use other methods.
We only use other methods.

17. Do you experience any specific problems with the cooling mattress during transportation? Please explain.
Answer:

2

