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Abstract

The author worked as a research assistant for senior lecturer -
- ind the Faculty of Medical and Health Sciences. The author and
investigated whether incidences of clinically significant hypoten-
sion could be predicted. This work involved writing code to extract data
from anesthetic records, create scripts and functions in the programme "R’
to define various events in the surgery, and perform a statistical analysis to
investigate the problem.

The author completed 200 hours of work from the 1st of July 2015 to the 7th
of December 2016.

Many skills and lessons were learnt while working with the FMHS includ-
ing: maintaining coding ‘best practices’, working and collaborating as part
of a team, and creative problem solving.

The author enjoyed working with , learning many lessons and
skills which will be useful in the future.
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Chapter 1

Introduction |

1.1 Faculty of Medical and Health Sciences Overview

The Faculty of Medical and Health Sciences (FMHS) belongs to the Univer-
sity of Auckland. The mission statement of the FMHS is to improve the
health and well-being of local, national, and global communities through
excellence in teaching, research, and service [1].

FMHS offer many opportunities for students to partake in research with
faculty members at the forefront of their fields. These opportunities allow
students to experience authentic case studies, consider a career in research,
and potentially partake in the publication in an article for an academic jour-
nal.

The author worked closely with .who researches with the
Department of Anaesthesiology, within the FMHS.

1.2 Research Investigation and Aims

Hypotension! induced by general anesthesia during a surgery is an un-
desirable event which can lead adverse outcomes for patients. Typically,
hypotension commonly occurs shortly after induction? and before onset of
surgery. This time-span is liable to inaccuracies in entered data due to anes-
thetist error[2].

The aim of this research was to investigate predictors of the incidence of
clinically significant hypotension during surgeries. As the anesthetist en-
tered data could be prone to inconsistencies, the entered time of induction
could not be used. Therefore this investigation sought to initially calculate
the time of induction using physiological parameters measured during a
surgery.

Once this was accomplished a variety of statistical analysis were performed
on 80,000 computerized anesthetic records to investigate predictors of hy-
potension.

Low blood pressure
? Administration of anesthetic agent.




Chapter 2

Organisational Structure

2.1 Department Structure

The department of anesthesiology is part of the Faculty of Medical and
Health Sciences (FMHS). The structure in department of anesthesiology is
as follows:

o Head of Department
e Professors

Associate Professors

Senior Lecturers

Research and Professional Teaching Fellows

Professional Staff

The author worked closely with senior lecturer

2.2 Health and Safety

Prior to work, the author was tasked with reading the University of Auck-
land Health and Safety Policy. In addition the author learned relevant
health and safety procedures including: course of action in the event of
a fire drill, identifying locations of fire extinguishers, and how to respond
to other hazardous events.




Chapter 2. Organisational Structure

2.3 Location

The FMHS is located in 85 Park Road, Auckland. See Figure 2.1 for a map

of the location.
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Chapter 3

Work Undertaken

The author worked as a research assistant for exactly 200 hours with the
FMHS. The work completed by the author focused mainly on extracting
data from anesthetic records and then creating algorithms with the pro-
gramme R to investigate the problem. The work completed by the author
with the FMHS qualifies as general in nature.

3.1 Data Extraction and Reviewing of Existing Work

The initial aim was to calculate the time of induction using physiologi-
cal parameters. Anesthetic records from surgeries are stored as XML files.
These files contain data regarding what events occurred during the surgery,
what drugs were administered, the dose and time of administration, and
measurement of physiological parameters such as: blood pressures, heart
rates, and the volume of CO; and anesthetic agent exhaled.

<drug>
| <drname SNOMED="387423006">Propofol</drname>
<drtime>883</drtime>
<drdose>
<drvalue>150</drvalue>
<drunit>mg</drunit>
</drdose>
<drroute>IV</drroute>
</drug>
<drug>

<drname SNOMED=*387470007">Cephazolin</drname>
<drtimne>883</drtime>
<drdose>
<drvalue>l000</drvalue>
<drunits>mg</drunits>
</drdose>
. <drroute>IV</drroute>
</drugs>

FIGURE 3.1: Part of XML file containing data on drug, time,
and dose of administration.

The programming language 'R’ was used to store and manipulate the rele-
vant data. There was some existing code that had been used to extract this
data prior to this being tasked to the author. The author initially reviewed

e




6 Chapter 3. Work Undertaken

the code and was tasked with understanding what data was important to
extract and where the data would be later used. This step was crucial; it was
the author’s second time using R and reviewing the existing work allowed
the author to rapidly become acquainted with the basics of the coding lan-

guage.

The next step was to exiract the relevant data and store it in a data frame
for fast and easy manipulation. Furthermore, the author was tasked with
ensuring the routine was able to extract data quickly and efficiently; this
speed was important as this routine would later be run on 80,000 anesthetic
records, consuming a large amount of time.

Data is stored in groups in an XML file referred to as 'nodes’. In the case
of anesthetic records the nodes were called: "Drugs”, "Events”, and "Data”
(referring to physiological parameters). There is a vast quantity of data
within these records; not all useful to this investigation. Therefore only
some of the data in these nodes was extracted.

A number of drugs are administered over the course of a surgery. In this in-
stance data relevant to anesthetic agents (such as Propofol) were recorded.
Similarly, only some physiological measurements were required {(blood pres-
sures, and exhaled volume of anesthetic agent and COs3). An part of the rou-
tine used to extract the data for anesthetic agents is shown below in figure
3.2.

#6# orucs: Following Yines ger the wame, Tine, pose, tnics of ohe drugs usad
Temp.drugs = sapply{getNadeset(x,”//drnave”}, xmlvalue)
temp_drugt = sapply{getNodeset(x,”//drrine™:, xmivalue)
temp_drugd = sapply{getNodeset{x,"//drvalue":, xmivalue};
temp_drugd = paste{tenp_drugd, sapply{gethodesecix,"//drunit™), xmlvaluel)}
¢places the above gata into a s=ail datasfrase for =ase of access
if{lengthitemp_drugs>>0 & lengthi{remp drugs} == Tengrh{temp_drugt} & lengrh{temp_drugr} == lengchiremp_drugd}){
temp_drugs = data. frame{drug=temp_drugs, vime=temp druegr, dose = remp_drugd)
telsal
temp_error = pasteltemp_error, “natrugs "}
temp_drugs = data,frame{drug=Na, time=Ns, dose = NA}

##5 FIRST IMDUCTICN DRUG ADMINIETRATIOR
#5er onty the induction zgents
IndAgt ~ temp.drugs/whichigrepl{"EromidateiThioplPropcfel”, temp drugsidrug),]

FIGURE 3.2: Part of code to identify only the relevant anes-
thetic agent data within the XML file.

3.2 Induction Algorithm Creation

Once all the relevant data was to be extracted, the investigation could be
conducted. The initial aim was to create a routine that can calculate the
time of induction based on physiological parameters.

To begin with, it was necessary to outline the parameters and their values
for which induction would be defined as. The end tidal CQs and end tidal
anesthetic agent! were chosen. These parameters were chosen as the CO,
implies that the Laryngeal Mask Airway has been inserted and the patient
is breathing through the apparatus; the anesthetic agent implies that there
as been intravenous administration of induction drug and the patient has

tConcentration of CO,/anesthetic agent at the end of the breath.
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begun to breathe out the agent (and is therefore under general anesthesia).
In addition, to ensure the code was more resilient to erronous data; the al-
gorithm was to check the values of the parameters for one minute and a
half following the intial time point when threshold is reached. If those pa-
rameters were also over the threshold, the initial time point was recorded.

The efficiency of the code was again important for the aforementioned rea-
sons. Many iterations were made, and the speed of execution (for 20 test
cases) was measured for each. Figure 3.3 depicts the code which calcu-
lated the time of induction the fastest. For a more complete comparison,
the threshold concentrations of CO5 and anesthetic agent were varied and
the time of induction calculated for each.

ACasa fumber wng

#sats the dataframe Ints 2 dava vable

setDE{Phys)

# subsers the cases wivich smaat the threshold fir)

phys(, tr:=eragt:Q.3 & etcod = 2.5]

# Run 13 the grouping variablz that fdenz tFies how mamy values are above the thrashoid from each dara poiae.
Phys{, run := rleid{trj]

F Here we Pind che fndices where the vum was long encugh - in this case we have chesen 9 &5 we have I83 brmervals
F In & <ase wherg intergoiation is roduced to 1s or we want to have a Tonger perigd — increase M.

ind <— physi .N, Punj}
F Mow wa Piad the Fi tizme Por each ron that was fonger thank 2 poeincs,

newdata=phys{ind, on="run", mult="First"]

# subset the datz to find only the cases which thz tiveshold wera mav (1 = TRUE)
wmpnen=newdataiwhich{nawdatadtr==Ta0e}}

¥ Ewzract the first tize point from vhis dztn and tivis wi?h be our ALGTIME For Thiz beurdstic.
algrimel-tmpnewstimeil]

=0

FIGURE 3.3: Sample of code for calculating the time of in-
duction from extracted data.

3.3 Computation of Blood Pressures and Hypotension

The next step was to compare the blood pressures during the surgery to
identify if and when hypotension occurred.

The time course of the entire surgery was divided into four categories:

¢ From five minutes before algorithm calculated induction to the time
of calculate

s From calculated induction fo five minutes afterwards

¢ From five minutes after calculated induction to ten minutes after cal-
culated induction

¢ From ten minutes after calculated induction to 15 minutes after calcu-
lated induction

The blood pressures were taken from the data frame and separated accord-
ing into the categories. Once this was completed the categories were anal-
ysed to identify if hypotension occurred using the criteria set by Reich et
alf2]. The cases and times of hypotension were then recorded in a .csv file
for comparison and analysis.

The last step before statistical analysis was to gather all data important to
the statistical analysis. This data included: cases; anesthetic agent used;

.




8 Chapter 3. Work Undertaken

blood pressures during the intervals; whether hypotension occurred; the
sex, age, weight, and height of the patient; and whether any critical events
took place. These variables were stored in one large file ready for statistical
analysis.

3.4 Statistical Analysis

A generalised linear model (GLM) was used to predict the likelihood of
hypotension occurring with respect to a given variable and whether this
variable had a statistically significant influence on the occurrence of hy-
potension.

A number of variables were tested (such as sex, age, weight of the patient;
the type of surgery; and the anesthetic agent used). A sample of code used
to calculate the GLM for one variable is shown in figure 3.4.

g = gim{bothSHYPOT - bothimeazsure, Family="binonial™}; summary{g}; exp{gfcoefficients); expiconfintigl);
plot_odds{g)

FIGURE 3.4: Sample of code for performing a statistical
analysis.

Once this was completed, a series of meetings took place with the supervi-
sor to interpret the findings and describe them in an appropriate manner.
A summary report of the findings was drafted and was given to Dr. Cumin
for formal writing of the investigation.

e




Chapter 4

Learning Experience

4.1 Maintaining Coding Practices

The work undertaken by the author primarily consisted of coding with the
programme R. This was completely new for the author, having only pre-
viously learned VBA, MATLAB, and C++. Coding in R was learned from
scratch. Normally, this would be difficult in the limited time frame. How-
ever, the author was able to learn from the existing work created prior to
this investigation.

The code was carefully commented, used sensible variable names, and was
mostly efficient code. These are basics of coding which are emphasized and
taught from the first year at university. This was extremely helpful, ensur-
ing the author was able to quickly understand what the code was attempt-
ing to achieve at every line. The author replicated this in the undertaken
work: code was tested to be as efficient as possible. removing redundant
lines; variables were named appropriately so could follow the
code at a glance; and regular commenting was utilised to ensure and reader
understood the code.

The author has striven to perform these basic coding practices having recog-
nised their importance, both in previous employment and during this in-
vestication. These basics were invaluable, not only for sharing with

but also for debugging. The author completely understood the im-
portance of these and will undoubtedly use coding best practices when un-
dertaking future work.

4.2 Skills Developed

Throughout the author’s time as a student studying engineering, creative
thinking was encouraged to solve problems. This was a core skill that was
emphasized but one the author found difficult to apply given the scope of
some courses. The work undertaken allowed the author to apply creative
problem solving to coding skills. Creativity is a concept that is commonly
associated with the arts alone. The author learned that creativity is as much
problem solving and working outside the confines of a strict regiment as it

e




10 Chapter 4. Learning Experience

is simply ‘creating something new’. Initially the author was tasked with a
problem. There was no ‘correct’ way to solve this problem. This allowed
the author to test a variety of solutions, implementing functions in the code,
and create a novel solution. The author was able to build on the style of
problem solving taught by the university and will continue to apply this
skill in the future.

-

The author developed perseverance and tenacity in solving a problem. Work-

ing with a new coding language was extremely difficult. The author en-
countered a large number of errors: from simple syntax errors, to incor-
rectly used functions. Several hours were spent simply debugging code to
find errors. The author strove to solve the problem regardless of the error.
The author found that persevering to complete the code to get a meaningful
result was worth the strain and prior difficulties. The author will undoubt-
edly use this skill in the future, for undertaking any projects or tasks.

4.3 Lessons Learned

4.3.1 Thorough Testing

Prior to meetings with , the author rigorously tested the code
and documentation to ensure optimal efficiency and to avoid any mistakes.
It was critical to the investigation that once a function or script was writing
it was tested appropriately with test cases. This provided any opportunity
to ascertain whether the implemented code was efficient and bug free. This
is a lesson that has been emphasized in previous work experience and also
university work. The author appreciates the necessity to test code and will
take care in testing or proofreading work undertaken in the future, prior to
submission.

4.3.2 Collaboration and Team Work

The author found prior work experience to be completing tasks mostly in-
dependently. During the Part IV project, the stndent worked individually,
without a team member. The author and* - . worked together, as
a team solving the problem. This was very beneficial to both parties as it
allowed generation of more solutions and further ideas to investigate than
waould be possible if the author worked independently. Furthermore, regu-
lar meetings ensured that the author wa< on task and was working towards
an appropriate solution and that + was well informed of the pro-
cess and what was being achieved. The author found that working as a
team increased productivity and efficiency of solving the problem at hand.
The author recognises that working as a team member is an important skill
for the working as a professional; the work undertaken allowed the author
to practice and improve these skills.
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4.3.3 Working in Research

The work undertaken by this author was the first employment directly with
a professional researcher. The author enjoyed their time working as a re-
search assistant. Working as a researcher is challenging but rewarding. It
can be slow, tedious, and require funding. However, discovering some-
thing new, creating knowledge, and the ability to investigate and solve a
real world problem are aspects of research that the author found very stim-
ulating. Furthermore, the formal statistical analysis performed in this in-
vestigation was the first performed by the author. It was fantastic experi-
ence that the author both excelled at and enjoyed. It has inspired the author
to consider applying for postgraduate opportunities, both at the University
of Auckland and abroad.

4.4 Final Remarks

Over the course of this work experience (and previous employment) the
author identified that a healthy work life balance was important. The au-
thor was encouraged to work between 40 and 45 hours a week, with flexible
work hours. This ensured the author was not overworked and was able to
engage in a range of leisure activities. This flexibility combined with inspir-
ing and interesting work made it a pleasure to work with Land
the FMHS.

-

\
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Chapter 5

Conclusions

The author worked as a research assistant with senior lecturer

and the Faculty of Medical and Health Sciences from the 1st of July
2015 to the 7th of December 2016 completing 200 hours of general practi-
cal work experience. The work undertaken contained tasks applicable to
the Bachelor of Engineering (Hons). The learning experiences, skills devel-
oped, and tasks have been detailed in this report.

The author performed several tasks while investigating the problem de-
fined by Firstly, existing work was reviewed to understand the
overall investigation. The author used the programme 'R’ to write scripts to
extract useful data from anesthetic records. The author then created a num-
ber of routines to calculate when induction occurred during a surgery. Fol-
lowing this, the blood pressures during the surgery were queried to analyse
whether hypotension occurred. A formal statistical analysis was then con-
ducted to identify predictors of hypotension during surgery.

The author learned many values during the period of employment: thor-
ough testing of code, working in a team, maintaining coding best practices,
and also skills such as problem solving in creative ways and perseverance
to accomplish a task. These are important values that the author will utilize
in future employment.

The author found a healthy work environment increased efficiency and
motivation to work; the healthy work environment created by
made working with him a pleasure.

The author has learned many lessons from employment with the FMHS;
these lessons will assuredly be useful in the course of future employment.
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Chapter 6

Glossary of Terms

¢ FMHS: Faculty of Medical and Health Sciences

Anesthetic Agent: An intravenously applied drug that induces anes-
thetic affect

Induction: The point at which a patient undergoing surgery is under
general anesthesia

Blood Pressure: The pressure blood in the circulatory system

Hypotension: Abnormally low blood pressure

e GLM: Generalised linear model; used in statisitcal analysis to find
predictors of one data set with respect to another
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