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Summary

The steady rise of cost of anesthesia is partly caused by the introduction of new drugs
and disposable equipment. Cost plays no role in the clinical decisions of most
anesthesiologists, because they are generally not knowledgeable on prices.

We hypothesize that presentation of the cost of drugs and supplies to the
anesthesiologist intra-operatively will reduce the cost of anesthesia.

To test this hypothesis we designed a prototype Cost Efficiency Monitor system. This
system has three major functions: registration of consumed gases, drugs and supplies at
the moment they are selected, presentation of their cost to the anesthesiologist, and
recording of the expenditures of every anesthesia procedure for evaluation of our thesis.

Design criteria for the prototype of the Cost Efficiency Monitor include a minimal effort for
the anesthesiologist during clinical practice, dependable, short design period and limited
budget.

Registration of consumed gases is implemented using the gas analyzer that is already
part of the standard anesthesia setup, two flow meters and a mathematical model of the
breathing circuit. Drugs and supplies are labeled with a bar code label which must be
scanned by the anesthesiologist before the item is used. When each item is scanned the
system displays the name, type and price of the item. When drugs are registered the
system produces a syringe label that replaces the normally used preprinted label. This label
includes a bar code and enables scanning of the syringe at every drug administration. The
system also displays the cost per minute of the components of the consumed gases, and
presents a running total of the cost of gases, drugs, fluids and disposables. To ensure the
registration of all drugs, and to provide an incentive for using the system, all drug
administrations are registered and listed on an anesthesia record addendum. Data
processing, recording and interaction with the anesthesiologist is done with a custom made
C program running in a Windows1 environment.

The prototype was implemented on a IBM-compatible 386 SX 33 MHz computer,
equipped with a color VGA monitor, a standard keyboard and a mouse. For future versions
a color LCD with touch screen is recommended as user interface.

During an initial evaluation of the system in the operating room the bar code scanner and
the Windows program were well accepted by the clinicians, but the keyboard, mouse and
the monitor were found to be not suitable.

Our evaluation revealed that the flow meters used for the registration of gas consumption
were not suitable for this application.

Our initial evaluation period demonstrated the usefulness of the basic design of the Cost
Efficiency Monitor, but an additional evaluation period is recommended.

1 For easy reading, "Windows" refers to the Microsoft Windows graphical environment in this thesis.
"Windows" refers only to this Microsoft poduct and is not intended to refer to such products generally.
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1. Introduction

1.1 Anesthesia costs
Since the first public anesthetic procedure in 1842 by Dr. Crawford Long, anesthesiology

has developed into a science which uses a wide variety of drugs and highly sophisticated
machinery. In the last few decades a large number of new drugs and innovative equipment
have been introduced within the profession of anesthesiology. This growth contributed to
the increase in the total cost of medical care in the US. From 1965 to 1989 the percentage
of the US. gross national product spent on health care doubled from 6% to 12%.

The cost of anesthetic gases worldwide is estimated to be $450 million, of which $233
million is wasted (Lampotang 1991). These estimations are based on the anesthetics
currently used: Halothane, Isoflurane, Enflurane and nitrous-oxide. The recent introduction
of the new anesthetic agent Desflurane may increase the cost of wasted anesthetics by as
much as 16-fold (Lampotang 1991). Furthermore the environmental damage caused by
anesthetic agents and gases should not be neglected; they are known to damage the
ozone layer.

Another problem is the questionable cost-effectiveness of many new drugs and
disposables. For example, Vecuronium sufficient for a 2 hour anesthetic costs $17, while
the older but equally serviceable Pancuronium costs only $2 (Aldrete 1985). Other items of
significant cost are special function pulmonary arterial catheters (which cost hundreds of
dollars per use), and disposable pulse oximeter probes (approximately 10 times as
expensive as non-disposable probes). It is estimated that for a 500 bed acute hospital with
20 operating rooms, such as Shands Hospital in Gainesville, annual savings of $100,000 or
more can be attained for anesthetic gases and vapors alone (Cotter 1991).

1.2 Decision making of anesthesiologists
The selection of the drugs used by the anesthesiologist is affected by their cost, but,

obViously, it cannot be the overriding factor in selecting a particular drug or anesthetic
technique. The order of decision making factors can be as shown in table 1.1 (Wetchler,
1992).

Table 1.1: Anesthesiologist decision making
1 Intra-anesthetic effects
2 Post-anesthesia side effects
3 Post-anesthesia length of stay
4 Return to normal activities
5 Cost

It should be pointed out that the length of stay of the patient in the Post-Operative Care
Unit (PACU) as well as the stay in the hospital after the operation have a direct financial
impact for the health-care institution. The time it takes for the patient to return to normal
activities can also be expressed financially. For a precise determination of the cost of
anesthesia we have to separate direct and indirect costs. Direct costs Include the cost of
drugs, adjuvants and equipment. Indirect cost include PACU time, for instance.

The calculation of the cost of clinical choices can be a very complex matter as many
studies that compare the cost implications of similar drugs show (Rhodes 1986; Aitken
1991; Cade 1991; Sung 1991; Wetchler 1992; Rathmell1993; Todd 1993).
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How can we help the anesthesiologist in cost effective decision-making? First, the
anesthesiologist must be aware of the financial implications of his clinical decisions. Even
highly trained anesthesiologist are often not aware of the cost of their medical choices
(Simpson 1978, Johnstone 1993). This is to be expected, because the current medical care
system in the US. is arranged predominantly so that the physician is isolated from the
purchasing process.

Secondly we must provide the anesthesiologist with the necessary information for
making cost effective choices. Faculty members at the University of Florida hospital are
generally not knowledgeable on the cost of drugs and supplies. Providing price information
could make cost-benefit ratio's a part of clinical decisions.

1.3 Hypothesis
We hypothesize that presenting cost information intra-operatively will lower the cost of

anesthesia. The goal of the Cost Efficiency Project is to test the following hypotheses:
• It is feasible to register the cost of drugs, anesthetic gases and consumable supplies

intra-operatively, and present them to the anesthesiologist.
• The cost saving aspect of such a system can be demonstrated.

1.4 Chapter outline
In this chapter we described the background of the Cost Efficiency Project and the goals

we will try to achieve. The practice of anesthesia is briefly introduced to the non-clinician in
chapter 2. It paints a picture of the working area of the project by describing the actions
taken by the anesthesiologist and the equipment used during the operation.

Chapter 3 discusses the design process of the Cost Efficiency Monitor. It describes the
requirements of the different parts of the system and the design criteria that are used to
choose our solution out of the list of options. Implementation of those solutions are
discussed in the consecutive chapters. Chapter 4 describes the registration of consumed
gases usill9 a mathematical model to calculate the gas consumption from available gas
concentration measurements. Chapter 5 explains the use of the bar code scanner for the
registration of items used by the anesthesiologist during the operation, and the registration
of drug administrations. The program that displays and records the cost of anesthesia is
presented in chapter 6. Details of this Windows program and it's data structures are
discussed in chapter 7. The system was exposed to some tests in the operating room, of
which the methodology and results are described in chapter 8.

The discussion in chapter 9 puts different aspects of the prototype in perspective,
discusses potential difficulties and possible alternatives. The thesis is completed with
conclusions and recommendations in chapter 10.
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2. Introduction to Anesthesia

Providing the anesthesiologist with price-information and suggestions of alternatives for
every drug and disposable used during an operation, requires that we know:
• which items are used
• when the decision is made pertaining to which items to use
• when the items are used
• how the items are used.

We also want to design a system that is adapted to the way anesthesiologists work.
Therefore, we have to look in detail at the way anesthesia is practiced. Of particular interest
is the anesthesia record which is maintained by the anesthesiologist during the operation,
since this record contains most of the information we need to collect, namely information on
which drugs are used.

2.1 Definition of anesthesia
"The principal tasks of the anesthesiologist are to provide pain relief for the patients

during the operation and to provide optimal operation conditions for surgeons, both in the
safest manner possible" (Dripps et aI., 1988). Different types of anesthesia can be
distinguished: general anesthesia, where the patient is fully anesthetized; regional
anesthesia, where a large part of the body is anesthetized; and local anesthesia, where
only the part of the body where the surgery is to take place is anesthetized.

General anesthesia is defined as a state of amnesia (absence of memory, mostly
accompanied by unconsciousness), analgesia (insensibility to pain) and muscle relaxation
(Julian, 1984). To accomplish this the anesthesiologist uses anesthetic gases, volatile
anesthetics (halothane, enflurane, isoflurane and others) and administers drugs. Often an
endotracheal tube, which can be used with spontaneous or mechanical ventilation, is
inserted into the patient's trachea to assure an adequate airway necessary for proper lung
ventilation (intubation). An anesthesia machine prepares the desired inspired gas mixture,
and is equipped with a ventilator to mechanically ventilate the patient when necessary.

To induce anesthesia, the anesthesiologist uses a combination of drugs, each of which
has a distinct purpose. Monitoring the patient's vital signs helps the anesthesiologist to
assess the depth of the resulting anesthesia and to detect adverse side-effects produced
by drugs or clinical actions.

Monitoring the patient includes observing physical signs (assessment of skin color and
temperature, the pupil size and reactivity to light etc.) and using monitoring devices. Devices
commonly used during anesthesia observe blood pressure, heart rate, electro-cardiogram
(ECG), body temperature, respiratory functions, in- and expired gases and blood oxygen
saturation.

2.2 Anesthesia Equipment

The anesthesiologist uses an anesthesia machine which prepares a mixture of gases
according to the values set by the anesthesiologist, delivers this gas mixture to the patient
using an anesthesia breathing circuit and scavenges any excess waste gases. Gas can be
delivered to the patient by applying positive pressure relative to the patient's lungs either by
the anesthesiologist squeezing a bag, or by a mechanical device called a ventilator. A
number of anesthesia breathing circuits can be used to deliver gas from the anesthesia
machine to the patient. We will concentrate on the circle anesthesia breathing system as
shown in figure 2.1 which is the most commonly used system in the USA. In chapter 4 this
circuit will be discussed in more detail.
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Figure 2. 1: Circle anesthesia breathing circuit

2.3 Anesthesiologists at work
A typical anesthetic procedure can be divided into 3 major parts: pre-anesthetic, intra

operative anesthetic and post-anesthetic period. The following text describes these parts as
they pertain to the Cost Efficiency Monitor of a typical surgical procedure (case) for Shands
hospital at the University of Florida.

2.3.1 Pre-anesthetic period
The pre-anesthetic period starts after the patient has been scheduled for surgery. After

the surgeon has diagnosed the patient and planned a surgical procedure, an anesthetic
preoperative (PREOP) evaluation is performed to determine the condition of the patient. On
the basis of this information the anesthesiologist makes a plan for the anesthesia, including
which drugs to use and if extra monitoring equipment is needed.

Before the operation the anesthesiologist prepares drugs and supplies for the upcoming
case. The disposables such as endotracheal tubes and IV-tubing are unwrapped, and the
drugs most likely to be used during the case are drawn up into syringes, sometimes in
combination with lactated Ringers for dilution. The drugs are collected from various sources
and prepared before the patient arrives in the operation room (OR). Most of the drugs can
be obtained from the anesthesia cart in the operating room (around 70%), others have to be
collected from Pharmacy. The pharmacy provides all controlled substances, such as
narcotics, which have to be checked out and in and handled according to very strict
guidelines. Pharmacy also supplies every anesthesiologist with 2 pre-drawn syringes
containing Atropine and Ephedrine; these drugs are mandatory to have ready for use.
Some drugs can only be kept for a few days and are provided by Pharmacy in syringes
(e.g. Thiopental).

Drugs come in many forms: ampOUles, vials, tablets/capsules, inhalants, oil, jelly,
ointment, spray etc. If a drug is going to be administered intra-venously a syringe is used
which are prepared before the operation. The syringes are labeled for identification and
stored on top of the anesthesia machine. More details about the labeling can be found in
paragraph 3.6.2.
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Sometimes drugs are administered at a constant rate using an IV infusion bag or an
infusion pump. An IV bag is prepared by adding the desired drugs to a physiologic solution
(most of the times this will be lactated ringers). If an infusion pump is going to be used a
syringe is prepared and inserted into the pump.

2.3.2 Intra-operative anesthetic period
The intra operative period starts when the patient is sedated and/or the monitors are

connected to the patient. In most cases the patient is also intubated and, after the patient is
properly anesthetized, the surgery can begin . During the surgery the responsibility of the
anesthesiologist is to maintain the patient in a stable condition of anesthesia and to keep a
record of all drugs administered and the clinical interventions: the anesthesia record.

2.3.3 Post-anesthetic period
Anesthesia ends when the patient awakes and is taken to the PACU. Once the

anesthesiologist hands over the completed anesthesia record, the PACU-crew becomes
responsible for the patient. All used syringes and disposables are discarded. Syringes
containing drugs that were prepared but not used during the case are left in the OR to be
used for the next case. At the end of the day the OR cleaning crew disposes everything that
is left and refills the anesthesia cart.

2.4 Anesthesia Record

During operations an anesthesia record is maintained for clinical, legal, administrative
and possibly scientific reasons. Most of the clinical reasons are:
• graphical presentation of trends
• enabling reviews of anesthesia management
• sharing case information with colleagues and other people involved with the clinical well-

being of the patient.
Legal reasons are:
• hospital policies
• legal defense in malpractice lawsuits
The record provides administrative information for:
• patient billing
• statistics for hospital management

From a scientific view the record can provide information for many different studies, such
as:
• long term effects of anesthetics
• effect of anesthetics on recovery time

Data on anesthesia records differ slightly from hospital to hospital, since every institution
has its own record form in absence of a standard form. A typical anesthesia record contains
the following data:
• Demographic and history data (patient data, OR crew names, PREOP data)
• physiological data
• anesthesia management data (drug administrations, events, notes)

Figure 2.2 shows a typical anesthesia record from Shands Hospital. This figure also
illustrates the illegibility of such records, a problem typically connected to hand-written
records. This is caused by poor and hasty handwriting and the limited space on the record
form. Other problems with handwritten reports include incorrectness and incompleteness,
due to inadequate time to keep the record while taking care of the patient at busy times
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during the anesthesia, like induction or emergencies. After such occasions the record is
updated mainly based on the anesthesiologist's memory, which introduces omissions and
errors.

To overcome the previously mentioned problems with manual records, and to make life
easier for the anesthesiologist, automatic record keepers have been introduced. These
systems gather data from both the physiologic signal monitors and the anesthesiologist.
The data is typically represented on a printed record and/or a display.

preop
data

drug data

physiologic
data

_ ...... 0 .....

""....~ ...
:::~

(
--'ow"
~,.

'J:'-' ..- .•
_ .,1.155 '.

a~·
~~.
~4

- ~ .
.. I!l:';'

-,

case data

recovery
room data

Fig 2.2: Anesthesia record, hand-written. (C) Hans van Oostrom
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3. Design requirements

3.1 Introduction

The design of the Cost Efficiency Monitor will be a continuing process. The first prototype
may have different design objectives than the final product. A short design period and a
limited design budget are extra factors that have to be taken into account. We must set
priorities and make trade-off's. With a personal computer and custom made software a
prototype can be readily developed but the temptation is great to implement more options
than strictly necessary.

In the operating room the anesthesiologist finds himself surrounded by hi-tech monitors:
blood pressure monitor, respiration monitor, gas analyzer, ECG monitor, EEG, blood gas
monitor etc. Anesthesiologists are accustomed to using a lot of equipment, but are certainly
not waiting for yet another monitor to look at, a user interface to get used to, or more
actions to be taken during their practice. Therefore we have to make our prototype very
user-friendly, and there needs to be an incentive or the anesthesiologist to use the system.
The user interface has to be designed in close interaction with physicians.

This chapter gives an overview of the design specifications, options, and the choices
made for the prototype according to the design criteria.

3.2 Design specifications for prototype
1. Registration of cost of used gases. For this we need to determine the volume per time

unit of the fresh gas components: oxygen, nitrous oxide, air and anesthetic vapor.
2. Registration of used items. We need to register the drugs, fluids and disposables at the

moment the anesthesiologist selects them to be used.
3. Presentation. The system must display the cost of the selected item, the cost per minute

of the fresh gas components, and the total cost of gases drugs, fluids, and disposables
used during the case, up to that moment.

4. Recording. The amount of gas consumed and the identity of the used items have to be
recorded in a consistent way. This information has to be stored in combination with
demographic data to identify the case, in order to be able to use these data for research
on effects of the system on the costs made during operations.

3.3 Design criteria

1. Minimal effort for anesthesiologist. The use of the system should have a minimal
interference with the normal routine of the anesthesiologist.

2. Easy to use. There should be no need for a tutorial or instruction manual. All actions
should be intuitive. It should also be easy to correct mistakes.

3. Incentive. To guarantee the cooperation of the anesthesiologist the use of the system
must be integrated into the way anesthesiology is practiced in the operating room. In
order to get the system accepted in the OR there needs to be an incentive for the
anesthesiologist to use the system.

4. Error free. In order to get the system accepted in the OR the system must be free of
errors. Furthermore the system must be reliable as it is responsible for storing important
information.

5. Short design period I Limited budget. The major goal for the design of the prototype
discussed in this thesis is to test the hypothesis.
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3.4 Registration of gas consum ption

In order to obtain the real-time costs of the gases used during anesthesia it is necessary
to determine the different components of the fresh gas flow: Oxygen, Nitrous-oxide and
Anesthetic agent entering the circle anesthesia breathing system. These fresh gas
components are mixed in the anesthesia machine according to settings selected by the
anesthesiologist. The flows of oxygen, nitrous oxide and air are regulated by flow control
valves, while the percentage of anesthetic agent added to the fresh gas flow is regulated
using a scaled dial on a vaporizer. The anesthetic agent is by far the most expensive of all
the components, and is consequently the most important part of the fresh gas to be
registered.

Important design factors for the selection of a registration system, in addition to the
previous mentioned design criteria, are:
• not in violation of any FDA-guideline. All the parts of the anesthesia machine, including

the vaporizers, are subjected to the Food & Drug Administration (FDA) guidelines, and
consequently any alteration has to be approved. It is a very long and difficult process to
get a FDA approval, and would delay the design of our system drastically.

• accuracy. The absolute accuracy of a registration system does not have to be very high,
because the main goal is to give the anesthesiologist a REALISTIC idea of the costs. A
sense of dependability is more important, i.e. big fluctuations in the registered gas cost
per minute when the fresh gas settings remain unchanged would jeopardize the
credibility of the system.
The dynamic behavior of the registration is also important. When the fresh gas settings
have altered these changes must reflect in the displayed cost per minute within a
reasonable amount of time.

The following solutions have been reviewed.

3.4.1 Extra gas analyzer
The concentration of the various gas components in the fresh gas can be determined

with a gas analyzer. The fresh gas flow rate can be measured by introducing a flow meter
into the fresh gas line. Advantages of this approach are:
• Simple, quick solution.
• Accurate measurements
• Measurements do not interfere with the anesthesiologist
Disadvantages are:
• High cost of the gas analyzer
• Considerable size of the gas analyzer

3.4.2 Track dial setting and gas flow(s)
The anesthesiologist uses a a dial on the anesthetic agent vaporizers to select the

percentage of vapor introduced in the fresh gas flow. If this setting could be determined,
only a flow meter in the fresh gas flow would be necessary to obtain the necessary
information.

If the other gas components must be determined too, an alternative to a flow meter in the
fresh gas flow would be to introduce three flow meters in the supply lines to the anesthesia
machine. A problem with this measurement method is that most ventilators use oxygen to
move the bellows up and down, and thus increasing the oxygen consumption. This oxygen
consumption is also part of the cost, but we need to know the fresh gas flow to calculate the
anesthetic vapor consumption. In order to measure the fresh gas flow the amount of oxygen
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used by the ventilator would have to be determined. Another problem is that if for some
reason the emergency gas supplies are used, this method would not work.

Monitoril1g the dial setting must be done in such a fashion that FDA-guidelines are not
violated. This means that no changes can be made to the original design of the vaporizer.
Adding something to the outside of the vaporizer is the only option.

Since anesthesiologists change the dial setting during the operation frequently, any
device added to the outside of the vaporizer must be non obstructive to the
anesthesiologist.

Options that were reviewed are:
1. rubber wheel touching the dial, either from the in- or outside of the knob, which is

attached to a potentiometer or optical rotation sensor.
2. a striped pattern glued to the knob, and scanned from the in- or outside with an optical

device.
3. a camera mounted above the vaporizer, which produces an image of the knob on the

vaporizer. This image must then be converted to the rotation angle of the knob using
some kind of image processing.

We looked at several different vaporizers currently in use in our institution: the Ohio
model 100 and the Ohmeda Tech 4 and 5. The older Ohio model has a knob that is too big
to enable mounting anything on the outside of it, and the inside of the knob is inaccessible.
This rules out option 1 and 2 for this model. The Ohmeda Tech 4 have a small area at the
back of the knob, enabling the addition of a small, flat device. The Tech 5 vaporizers of the
same manufacturer have a big part of the back-side of the knob that has to be depressed to
be able to turn the knob, as a safety system against turning the knob by mistake. This
makes options 1 and 2 impossible for this model.

3.4.3 Estimation techniques
The standard anesthesia setup include a gas analyzer that monitors the in- and expired

gas concentrations of the patient by taking gas samples from the V-piece (see figure 2.1).
Most analyzers can communicate the measurement data to a computer using serial
communication. These data combined with flow measurements of the fresh gas- and the
expired gas flow can be used to estimate the fresh gas flow concentrations using a
mathematical model.

This solution is inexpensive and elegant; the only investment to be made is 2 volume
monitors to measure expired - and fresh gas flow, and in may cases a volume monitor for
the expired gas is already part of the anesthesia setup. We expected that this solution
would produce less accurate results than the measurement of the fresh gas concentrations
directly and anticipated a delay between change in setting and response of the estimation.
We studied this approach in more detail which we will describe in chapter 4

Out of the discussed three options we chose to investigate the possibilities of estimation
of the fresh gas composition. This is the most cost-effective, universal applicable solution.
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3.5 Registration of items selected by the physician

For the selection of a suitable method to identify items in the OR intra-operatively we
studied closely the development of automatic record keepers. In these systems similar
problems had to be resolved for identification of drugs administered to the patient. Many
methods of identification have been tried, with varying success.
Bar Code Command pages were used by Block on the DAME automatic record keeper as

the only input to this system (Block 1984). The system used a bar code reading wand
and pages of bar codes representing drugs and commands. T~lis approach was plagued
by many problems concerning this user interface, including the length of the bar codes,
the readability and location of the bar code pages, and the fragile character of the code
sheets and the code readers.

Bar code labels attached to every item can identify the various items by reading the bar
code. A number of bar code scanner types are available, such as the wand, the hand
held scanner and the desktop projecting scanner. The latter system is widely used in
supermarkets.

Touch screen as input device for selection of the drug through menu options is tried by
Klocke (Klocke 1986) on an Anesthesia Information System.

Pointing device such as a mouse used by Davies on the GasCard system (Davies 1988)
combines menus and pick lists to select a drug.

Speech recognition was examined by Smith (Smith 1990). The test system reached a
96.5% accuracy with the recognition of a vocabulary of 179 words and phrases, in a
noisy operating room. He concluded that about 90% of the anesthesiologists can achieve
usable recognition accuracy with the system, even without previous experience of the
anesthesiologist with the system.

Character recognition uses a touch screen with high resolution. One can 'write' on this touch
screen with a stylus, and software produces dots on the screen representing the
handwriting. The in this way formed digital pictures of handwritten words must be
interpreted by character recognition software. This system is currently available on the
new hand-held computer of Apple, the Newton, and on a portable computer made by
Compaq.

We choose to use bar code labels for identification of items, because it is very user
friendly, quick and it is a widely used and proven technology.

A number of bar code reading devices are readily available, ranging from wands and slot
readers to projecting hand-held and countertop scanners. The projecting type scanner
allows for items with curved and irregular shapes to be scanned with a high degree of
reliability. For the prototype we choose the countertop projecting scanner because of the
hands-free operation (the scanner does not need to be held, but the item to be scanned
has to be waved in the detection area) and the large detection area. The use of a bar code
scanner for item registration implies that every item that needs to be registered must be
labeled with a unique bar code. This will be discussed in chapter 5.

3.6 Providing an incentive to use the system

As we have seen in the previous paragraph some cooperation is needed from the
anesthesiologist for the registration of items. The extra actions to be performed consist of
scanning the item, interpret the information presented about the item, and issue a command
to acknowledge or cancel. To ensure the registration of all items, the actions required by the
physicians must be integrated in the normal anesthesia practice.
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The system must contain an incentive for the anesthesiologist to use the system to
overcome the physicians apprehension since we need his/her cooperation to register costs.

In the practice of anesthesia the manually kept anesthesia record is a regularly
discussed and criticized chore as previously discussed, and seems a perfect subject for
providing an incentive to use our system. The data on the anesthesia record is of special
interest for the cost-efficiency as well.

In automation of the anesthesia record the data entry for the drug administrations is the
biggest problem (Block 1989). The information needed for recording of a drug
administration exists of identification of the drug, the administered dose, and the time of
administration. Different methods for identification of the drug have already been discussed
in the previous paragraph.

If our prototype system is properly used it already has the names of all the drugs drawn
up in the syringes, since all items used need to be registered. If we can identify each
syringe at the time the drug is drawn into it, and at the moment the syringe is used to
administer the drug to the patient, we can determine which drug is administered and the
moment of administration. The only information that needs to be entered by the
anesthesiologist is the dose of administration.

Thus, when drugs are registered and the syringe is identified, the system is informed on
which syringes contain which drugs. When the anesthesiologist, at the moment of drug
administration, identifies the syringe and enters the administered dose, the system is
informed of every drug administration, and can consequently generate a list of drug
administrations during and/or after the operation. If this list is recognized as an official part
of the anesthesia record, it saves the anesthesiologist the hassle of writing down every
administration and thus is an incentive created.

3.6.1 Identification of syringes.
This is a similar problem as the identification of items, so the most obvious solution would

be to use the bar code scanner also for syringes. This choice implies that the syringes must
have a bar code label, with a code unique for every syringe used during one case. The
system must also be able to distinguish between items and syringes.

How does the anesthesiologist know which drug is in which syringe?
All syringes filled by the anesthesiologist must be labeled in order to identify them.

Currently this is done with pre-printed colored labels that are stocked in a label dispenser
positioned on top of the anesthesia cart. If fully loaded this label dispenser holds 18
different rolls of labels, of which one roll is blank to enable handwritten labels. Evidently
there are far more then just 17 different drugs, and in most cases the label dispenser is not
even filled completely, so the anesthesiologist ends up handwriting many labels, with the
obvious consequences for legibility. Each label should also state the concentration of the
drug, and this information has to be hand-written on the label.

With the introduction of a printer in the OR that can print these syringe labels with a bar
code added to the normal text, and user-friendly enough to be acceptable to
anesthesiologists, we combine three benefits:
1. The syringes can be identified by their bar code label, enabling easy registration of drug

administrations which is an incentive for the anesthesiologist to use the system.
2. By removing the pre-printed label dispenser the anesthesiologist is forced to use the

labels printed by the system, and thus making use of the system part of his normal
practice.
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3. The label printer is easier to use than the pre-printed label dispenser because it always
produces the required label. The anesthesiologist doesn't have to look for a certain label
in vain, or hand-write one.

3.6.2 Color coding of syringe labels
The pre-printed labels described above are colored according to the type of drug, to

facilitate identification of the drugs in syringes.

The American Society for Testing and Materials (ASTM) has issued a standard on user
applied drug labels in anesthesiology, under designation 0 4774, in 1988. Table 3.1 shows
a list of label background colors according to this standard.

There are two drugs (Epinephrine and Succinylcholine) that have their name in
background color on a black bar printed on the label, to distinguish them from drugs with
very similar names.

This standard states that black and white labels can still be used, but if colors are used
the range of colors specified in table 3.1 shall be utilized to avoid confusion. The size of the
label is also standardized: length 25 to 35 mm, width 10 to 13 mm.

d I b Ir ddT, bl 3 1 S d d b ka e .. tan a~ ac groun co ors or user app Ie syrmge rug a e s.

Drug Class Examples Color
1 Induction agents thiopental, methohexital, thiamytal, yellow

etomidate, ketamine
2 Tranquilizers diazepam, lorazepam orange
3 Muscle relaxants succinylcholine, curare, fluorescent red

metocurine, gallamine,
pancuronium, atracurium

3a Relaxant antagonist neostigmine, endrophonium, fluorescent red or warm
pyridostigmine red and white diagonal

stripes
4 Narcotics morphine, fentanyl, meperidine blue
4a Narcotic antagonists levallorphan, naloxone blue and white diagonal

stripes
5 Major tranquilizers droperidol, chlorpromazine salmon
5b Combinations of innovar, fentanyl-droperidol blue and salmon

narcotics and major combination longitudinal stripes
tranquilizers

6 Vasopressors epinephrine, ephedrine, violet
phenilophrine

6a Hypotensive agents Trimethaphan, nitroprusside, violet and white
nitroglycerine, phentolamine diagonal stripes

7 Local anesthetics procaine, lidocaine gray
8 Anticholinergic atropine, glycopyrrolate green

agents

A major disadvantage of printing labels is that the dedicated label printers on the market
today only produce black-on-white labels. There are printers that can produce color print,
but these printers are large, noisy, and slow, which makes them unacceptable in the OR.
The coloring of the pre-printed labels is appreciated by physicians because it makes
identifying the right syringe very easy and also has a safety aspect to it. It should make
recognition of syringes easier and therefore reduces the risk of administering the wrong
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drug. Obviously this safety system only works if every drug always has the same label color.
In the USA alone there are 3 major manufactures of these pre-printed labels, who all
appear to have their own ideas about the colors. A brief tour around a few OR's in our
institution yielded a collection of labels in which over 20% of the drugs had two different
colored labels.

If black-and-white labels are used it may be helpful to display the name of the drug in
corresponding colors on the system monitor at the moment the syringe is scanned. For
further clarification the drug class could be displayed on the screen when the drug is
administered. This will only work as a precaution if the syringe is scanned before
administration, and attention is paid to the display at that moment.

An alternative to printing all labels would be to replace the labels in the label dispenser
with pre-printed labels that contain pre-printed bar codes. Each drug has it's own bar code.
A major label manufacturer currently makes this kind of labels for use with a automatic
record keeper. These standard colored labels could be combined with a label printer to
maintain the flexibility of making labels that are not in the dispenser.

This system would have the advantage of the color coding, but does not force the
anesthesiologist to register items. Since this is regarded as a key factor in the success of
the system, we therefore choose to implement the label printer as the only source of labels.

3.6.3 Anesthesia record addendum
As discussed above an incentive to use the system is provided with the generation of a

anesthesia record addendum, which lists all the drug administrations and replaces the
handwritten notations of these administrations on the anesthesia record.

When and where will this record be printed? It could be done in the OR, like the Diatek
ARKIVE record keeper does, but this implies yet another device in the OR. Also, when the
record addendum is printed at the end of the case, one has to wait for it or else return and
retrieve it later. The alternative we choose for this prototype is to have a centrally located
laser printer (for instance in the recovery room) connected to every Cost Efficiency Monitor
through a network.

With the anesthesia record addendum the anesthesiologist can also be provided with a
summary of the cost made during the anesthesia procedure. This can be printed at the
same time as the record addendum, and offers the anesthesiologist the opportunity to look
at the financial impact of his/her clinical choices in retrospect. Printing of these two forms
can be automatically initiated by the registration of the event 'End Anesthesia', which also
implies an incentive to use the 'event registration' (see paragraph 6.6.1). This registration is
also used by the system to determine the length of the operation.

An implication of generating the anesthesia record addendum is the responsibility for the
collected data represented on this record. There is not only the legal importance, but also
the clinical use of the anesthesia management data (see paragraph 2.4). Anesthesiologist
must be able to review this data during the case, and be able to alter it in case of errors or
mistakes. This is all implemented in the Record Addendum Editor, discussed in paragraph
6.6.6.
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3.7 Presentation and recording platform

A well designed user interface is crucial to the success of the system. If the system is
bothersome to use, one can be sure it is not going to be used at all, if there are no major
short-term benefits. Anesthesiologists are used to high-tech equipment, but have a right to
be critical towards new equipment in the OR. One has to be careful not to design a user
interface from an engineers perspective, but for a physician. The cumbersome results of
many efforts to make automatic record keepers user-friendly can be used as an example.
As Block put it: "Until drug information and commentary are as easy to enter as they are on
a manual record, any automatic record will contain little more than physiological data" (Block
1984).

3.7.1 Presentation of costs
The key information we want to get across to the anesthesiologist is the cost of the items

used in his practice of medicine. Price information is not essential for the practice of
medicine, and can be overlooked without any problem. In order to draw the attention of the
anesthesiologist the information has to be displayed in a clear, simple and attractive way,
on a user-friendly, easy to read monitor.

The system needs to display:
• cost per minute of fresh gas components
• Name and cost of selected items
• Total costs of gases, drugs, fluids and disposables
• various other information for the occasional interaction with the user.

This is a considerable amount of data, that sometimes must be displayed simulta
neously. We have the following options:
• Cathode-ray tube (CRT) monitor
• Liquid Crystal Display (LCD)
• Gas Plasma display

The CRT and the LCD can be obtained as monochrome or color models, Gas plasma is
only available in monochrome. Our preference is color because of the extra functionality. If
cost was not important the choice would be an active matrix color LCD panel because of the
small proportions and the clear picture. However, since the budget is limited the first
prototype is equipped with a color CRT.

3.7.2 Recording of data
Data needs to be recorded for two purposes: evaluation of our hypothesis and the

anesthesia record addendum.
In order to evaluate the impact of the system on the cost of anesthesia we need to

record the expenses of every case, plus some information on the case to be able to make a
fair comparison.

Data to be recorded for each case includes:
• total cost of the different fresh gas components
• names or identification of all drug, fluids and disposables used during the case
• duration of anesthesia
• name of anesthesiologist
• administrations of drugs
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These data need to be recorded on a storage device. Some options are:
Floppy disk. This is slow, not very dependable, easy to lose, and has a limited capacity.

Advantage is the portability, it could be moved together with the patient like the
anesthesia record.

Local hard disk. Fast, reasonably dependable, high capacity, limited accessibility.
Network file server. Speed depends on network, generally in between floppy and hard disk.

Very reliable, unlimited capacity, excellent accessibility

For this prototype we choose a combination of local hard disk and network server. During
the case a log file will be kept on the local hard disk drive of the system and this log file will
be copied to the file server at the end of the case.

3.7.3 Platform selection
The system requires a platform for the implementation. The requirements for the

platform are:
• speed, a major part of the user-friendliness of a system
• size, an important factor in the acceptance of new equipment
• versatility, to enable to use of a multitude of special in- and output devices
• easy program development, to reduce development time

The platforms reviewed for this system are:
• own hardware development
• IBM-PC compatibles, using DOS or Windows
• Apple
• Workstation

A custom platform takes too much development time and effort, while an Apple platform
is less versatile, more expensive and harder to program compared to IBM-PC compatibles.
Workstations certainly are faster that all the other options, but are usually much more
expensive compared to IBM-PC compatibles. IBM-PC compatibles are available in desk-top
models as well as in note-book size, both having a wide processing power range.

We selected the IBM-PC as our platform, using the MS-Windows graphical user
interface. MS-Windows has a user-friendliness similar to the Apple Macintosh systems, is
widely used and is a familiar environment for at least some of the anesthesiologists.

3.7.4 Input devices
Most of the input to the system is the identification of used items and syringes, and is

handled by the bar code scanner. Other input to the system can be divided into information
needed for minimal operation of the system, and input for using the additional advantages
like registration of events and notes.

Inputs required continuously:
• numerical (dilution, dose)
• commands ( e.g. OK, Cancel)

Information needed once for every case:
• numerical (patient medical record number)
• textual (patient name)
• selectional (choice of attending and resident anesthesiologist out of a list)
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Input needed for advanced use of the system:
• textual (events, notes)
• selectional (menus, events out of list)

Factors in the selection of input devices include size, ergonomics and durability.
Possible input devices are:
Keyboard is the most standard and versatile input device. Disadvantages are the size and

the bad durability in a hostile environment like the OR. Reduced size keyboards are
available, also in combination with a water resistive top layer, but this reduces the
ergonomics drastically.

Mouse, trackball, light pen or other pointing devices or methods such as a touch screen are
useful for the selection of commands or activation of 'buttons' on the display, but not
really usable for the entry of textual information.

Speech recognition is a promising development that has already found it's way to the public
with the Apple Macintosh products, and will surely be used soon by the vast
increasing number of PC-owners with sound cards in their system. At this moment
speech recognition is only useful for a small vocabulary of commands and key
words, and not for free text like events and notes.

Character recognition is at this moment basically similar to speech recognition. Few
products containing character recognition technology find their way to the market.

We elected to implement our prototype based on a keyboard and a mouse as input
devices, due to our financial limitations.
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4. Implementation

4.1 Introduction

registration of gas consumption

This chapter describes the method of registration of gas consumption during anesthesia.
With gas consumption we mean the total consumption of gases during the case, which
consists of the patient gas consumption and the gases scavenged by the breathing system.
We restrict ourselves to the circle anesthesia breathing system used in our institution
(Shands Hospital at the University of Florida). The gas consumption of this breathing
system is equal to the fresh gas flow that enters the breathing system, if we discard the
oxygen used by the ventilator. This chapter describes a method for determining the different
components of this fresh gas flow based on the measured concentrations of the in- and
expired gases at the V-connector. To accomplish this a mathematical model of the
breathing circuit was developed.

4.2 Introduction to the semi-closed anesthesia circle

Figure 4.1 contains a diagram of the semi-closed anesthesia circle breathing circuit,
which is used most frequently in the US. A stand-alone gas analyzer is connected to a
sampling site between the endotracheal tube and the V connector of the breathing circuit,
and measures inspired- and end-tidal gas concentrations.

We added a volume monitor that measures the fresh gas flow (FGF) where the FGF
enters the anesthesia breathing circuit. We interfaced a computer system with this volume
monitor and the standard volume monitor in the expired gas flow. Data on the inspired and
expired concentrations were obtained using a gas analyzer. The data obtained through
these connections are: inspired and end-tidal concentrations of 02. 1\J20, and anesthetic
agent, and the fresh gas- and expired flow.
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Fig. 4.1. Diagram of the semi-closed breathing circuit.

When we follow the path of the gases around the circle, we start where the fresh gas
flow enters the breathing system. Fresh gas is mixed in the anesthesia machine with
oxygen (Fa)' nitrous oxide (FN a) and vaporized anesthetic agent (FH ), and is introduced

2 2

into the circle breathing circuit at a constant flow (VF ) . During inspiration this fresh gas,
together with gas from the C02-absorber, is driven by either the mechanical ventilator or
the anesthesiologist squeezing the breathing bag, and flows through the inspiratory valve to
the V-piece. At the V-piece a small constant flow (VL ) is removed by the gas analyzer, and
the rest fills the lungs of the patient.

During expiration, gas from the patient will flow toward the V-piece, where again a small
fraction is sent to the gas analyzer (VL ) , while the remainder (VE ) will flow through the
expiratory valve to either the bellows or breathing bag, depending on the mode of
ventilation. Since the inspiratory valve is closed during expiration, the fresh gas is 'flowing
into the C02-absorber, forcing gas at the other end of the absorber to flow back into the
bellows or breathing bag and scavenging system.

The Cost Efficiency Monitor page 24



4.3 Model

4.3.1 Nomenclature, subscripts and definitions
The following terms and definitions are used in the diagram and the following model

equations:

Nomenclature

v= Gas flow (mIl min)

V = Gas flow averaged over breath period

V = Gas volumes (ml)

F = Fractional gas concentration

P = Partial pressure

Definitions

V
--.!2.. = Physiological deadspace fraction
VT

I I E = Inspiration - to Expiration time ratio

Subscripts

H = Anesthetic gas

CO2 = Carbon dioxide

N 20 = Nitrous oxide

02 = Oxygen

a = Arterial

A = comming from Absorber

E = Expired (mixed)

I = Inspired

F = Fresh gas

L = Leak

P = Patient

S = System

SC = Scavenge

To estimate the concentrations of the fresh gas flow from the in- and expired gas
concentrations and expiration- and fresh gas flow, a mathematical model of the semi-closed
anesthesia circuit was developed.

To represent the mixing of gases and the transport delays in the different parts of the
breathing system (inspiratory limb, expiratory limb, bellows/breathing bag and C02
absorber) one can employ several model approaches:

• transport delays assuming rectangular flow profiles. With this approach all
dispersion of gas concentration profiles are ignored.

• single mixing compartment. This discards flow delays.
• multiple mixing compartments.
As a first approximation our model uses the first approach for the in- expiratory limb and

the absorber, and assumes perfect mixing in the bellows. This was considered to be more
appropriate then the approach using a single mixing compartment. The best modeling
method would be using multiple mixing compartments, but this was regarded as to be too
complicated for this application.

Three transport times have been defined for the mayor parts of the breathing system,
and are indicated in figure 4.1. The transport delays through the in- and expiratory limb are
represented by 01 and 02 . The third delay time 03 is defined as the time gas takes to pass
through the C02-absorber.
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4.3.2 Assumptions

The simplifying assumptions for the model are:

1 Pressure is 760 mmHg everywhere in the system.
2 All leaks in the circuit are represented by the gas analyzer sampling flow.
3 Inspired volume equals expired volume.
4 Total system volume is constant.
5 Concentrations in the scavenged gas are equal to those in the expired gas.
6 Anesthetic vapors and gases (other than C02) are not taken up by the tubing or

C02-absorber.

Ad 1: 760 mmHg is assumed to be the barometric pressure
Ad 3: Assumption 3 is only true for patients with a Respiratory Quotient RQ=1 (ratio of the

appearance of carbon dioxide in the lungs to the rate of uptake of oxygen).
According to Gibney (1982) the usual RQ is 0.8, which means that with an expired
carbon dioxide concentration of 4 Vol% the oxygen uptake would have been 5 Vol%,
resulting in a difference between in- and expired flow volumes of 1 Vol% for this
example. This difference is disregarded.

Ad 6: This is not true at very high fresh gas flows. During expiration the inspiratory valve is
closed, and since the fresh gas flow is constant, this gas will flow into the C02
absorber, and could theoretically end up at the ventilator, where it could be
scavenged in the next expiration. However, under normal conditions, with
inspiration-to expiration time ratio liE 1:1, respiration rate 6 per minute, it would take
18 Umin. fresh gas flow rate to totally fill the 1.5 L C02-absorber during one
expiration period. For these occasions we will use a different model.
Under normal conditions gas is scavenged at the end of the expiratory period, when
the bellows is completely filled. The gas that flows through the scavenge valve at
that moment consists of expired gas and gas coming back from the C02-absorber.
The first will have a composition close to the end-tidal concentrations, and the latter
is expired gas that has been in the absorber for a part of the breath period, and will
therefore have the mean expired concentrations with a lower carbon dioxide
component.

4.3.3 Model equations
In the following equations F stands for a vector of gas fractions, i.e. every F stands for

the oxygen, nitrous oxide, carbon dioxide or anesthetic agent fraction of the gas. Sum of all
the fractions is 1, of course.

Since the composition of the gases in the system is location-dependent we have to
consider transport delays of gases, and therefore delays in gas fraction changes.
Consequently all gas fractions in the formula's have a time parameter. Because we assume
non-compressible gases and a constant system volume, flow rate changes are
instantaneous throughout the system. We will leave out the time parameter for flows to
simplify the formula's.

The model described below is not applicable for very high fresh gas flows. If the fresh
gas flow is high enough to direct the mean flow through the C02-absorber in the direction
of the scavenging side, this means that no expired gas is recirculated into the inspired gas.
Consequently inspired gas concentrations are equal to the fresh gas concentrations, and a
model would be superfluous.
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During inspiration we obtain the -flow equation (1), which comes down to:
Inspired gas =fresh gas + gas from absorber - leak

VI =VF + VA - VL (1 )

Splitting up the flows into different gas fractions this formula can be transformed into
formula 2:

(2)

During expiration the inspiratory valve is closed and the fresh gas has to
flow into the absorber (figure 4.3). The volume of the fresh gas in the
absorber at the end of the expiratory period will be equal to VFTE liter.

Before expiration the C02-absorber is filled with gas that has the
composition of F~ , which is the expired gas fraction without C02 (figure
4.2). Of course gas at the bottom of the absorber will still have carbon
dioxide in it that is not yet absorbed, but because we are only interested in
the gas leaving the absorber, we will neglect this fact in favor of picture
clarity.

Figure 4.2

In this and following equations all variables will be considered as averaged over the
inspiratory period, except FF(t) and VF ,which are averaged over the complete breath
cycle. Concentrations of the gas removed by the analyzer during inspiration are equal to the
inspired concentrations:

~=~ ~

The only unknown factor in (2) is FA ,the composition of the gas coming from the
absorber. This gas is a mixture of fresh gas that flowed into the absorber during expiration,

and recycled expired gas. The following text and figures will show the flow
through the C02-absorber during in- and expiration, according to the
model we used.

l'
Figure 4.4

During inspiration gas flows from the absorber towards the patient
through the inspiratory limb (figure 4.4). The gas from the absorber will
consist of a mixture of fresh gas and recycled expired gas. There will be
some mixture of these two components in the absorber, but the
assumption we make is that all of the fresh gas that entered the absorber
during expiration will flow out during inspiration. We restricted this model to
be only applicable if the mean flow through the absorber is in the direction
of the fresh gas connection, so we can say that the volume flowing from
the absorber during inspiration is bigger than the volume of fresh gas
entering the absorber during expiration.

The volume of the flow from the absorber during inspiration equals VAl;
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Calculation of the fractional volumes of the gases in the flow from the absorber leads to
the following equation:

VA'~'FA(t)=VF'T£'FF(t)+(VA'1;-VF'T£)F~(t-62-63) (4)

with Fl being the gas fractions of the expired gas after removal of C02'
With total transport delay time 6 = 61 + 62 + 63 we can rewrite (4) into:

VAFA(t -(1) = VFT£ FF(t -( 1) + (VA - VFT£ )Fl(t -6 )
~ 1;

If we substitute this into (2) we get:

~~(t) = VFFF(t - ( 1) +VFT£ FF(t -( 1) + (VA - VFT£ lF~(t -6 ) - VL~ (t)
1; 1;

Substitution of (1) and rearranging yields

(5)

(6)

(7)

The flow sensor in the expiration side of the V-piece measures EGF, which is the
expired flow minus the leak during expiration. Using assumption 3 we can derive:

-- -. T£. -.-;-
EGF = V£ --VL with V£ = VI gives

T

. T-- T£ .
V =-EGF+-~

I 1', 1', L
I I

Substitution into (7) leaves us with:

VFFF(t - ( 1) = (EGF +VL)FI(t) - (EGF +VL - VF)F~(t - 6 )

(8)

(9)

(11 )

4.3.4 Delay de'finitions
The delay times left in the final formula (9) are 61 and 6 . The first delay is defined as the

time it takes for gases to transport from the point where the fresh gas joins the gas from the
absorber to the gas analyzer inlet.

61 = VIL . (10)
EGF +VL

The total delay time 6 is defined as the time it takes for gas to go around the whole
anesthesia circle once.

6 = VIL . + VEL + VAB~ .
EGF+VL EGF EGF+VL-VF

In these formula's ~L is the volume of the inspiratory limb, VEL of the expiratory limb, and

VABS the volume of the gas in the C02-absorber.
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4.4 Model Evaluation

4.4.1 Introduction
For the development and evaluation of the breathing circuit model some measurements

were carried out. The measured data was used to make a qualitative evaluation of the
model in development.

4.4.2 Methods

Equipment used:
IBM-PC with custom made data acquisition program
Hewlett Packard HP M1 025A gas analyzer (as a part of the normal anesthesia setup)
2 x Ohmeda 5410 Volume monitor

In the operating room measurements were done with the previously mentioned
equipment during 4 cases. The gas analyzer was attached to the V-connector (see figure
4.1) and communicated the measured concentrations of the in- and expired gases through
a serial cable to the computer. The flow meters measured the fresh gas flow and the
expired gas flow, and were both connected to one serial port of the computer as described
by van Oostrom (van Oostrom 1989). Each flow meter sends an electrical pulse through this
connection for every rotation of the vane in the corresponding flow transducer.

The computer ran a specially for this application written data acquisition program that
collected all the measurement data in a file. The gas concentration measurements were
stored with an interval of 1 second, which is the fastest rate the gas analyzer can send
measurements through it's serial port. An interrupt routine was used to count the pulses
from both the flow meters, and every pulse was considered to resemble 3 ml of gas flown
through the transducer. Every second both flows were calculated and stored with the gas
concentration measurements in the data file.

Changes in the settings of the gas flows and the vaporizer were recorded manually, each
with a time stamp according to the sample number displayed by the computer.

The measurements data file was later combined with the manual record into a MATLAB
signal data file. The mathematical computer program MATLAB was used to evaluate the
breathing circuit model with the signal data file as input.

4.4.3 Results

Flow meter errors
During the evaluation of the measured signals we noticed a significant difference

between the measured gas flows and the manually recorded flows. The errors were not
constant or proportional to the measured value. Calibration measurements of 5 different
flow transducers were carried out with both constant flows and flows with breath patterns.

The constant flow measurements showed that especially at low flows all transducers
produce significantly different results. Some transducers only rotate for flows larger than 1
liter per minute, others only for flows larger than 2.5 liter per minute. Differences between
the transducers were smaller for larger flows (10 I/min).

The measurements with breath pattern flows showed less differences between the flow
transducers, but displayed systematic errors. For instance, the amount of pulses per breath
cycle is dependent on the I:E ratio of the breath pattern.
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Gas analyzer
Evaluation of the measurement data from the gas analyzer showed that the measured

concentrations of anesthetic agent contained more noise than one would expect. The
measurement of anesthetic agent has a range of 0..5 Vol%, and a resolution (quantisation
step) of 0.05 Vol%, resulting in 101 possible values. At many occasions of constant
concentration the measurements fluctuated between 2 quantisation levels instead of one. A
study of all the measured values showed that certain values never occurred. Over 48000
measurements were made, and between 0 and 2% 12 steps were missing. More specific:
between 1 and 2% 8 codes were missing, all other codes appeared >400 times. This
phenomena results in a measurement noise that is just within specification of the gas
analyzer.

Model
A qualitative evaluation was performed of the estimation of the concentrations of the

fresh gas using the model previously described in this chapter. Unfortunately a quantitative
evaluation was not possible because of the previously mentioned problems with the flow
measurements.

The qualitative evaluation showed that the accuracy of the estimation averaged over a
whole case (longer than 1 hour) was good. The delay between changes of the gas settings
and the resulting change in the estimated concentrations is dependent on the fresh gas
flow. For high fresh gas "flows this delay is in the range of several tens of seconds, for low
fresh gas flows this delay can be more than a minute. The estimated values have a large
noise component, and need to be filtered with a low-pass or averaging filter.

4.5 Implementation

4.5.1 Equipment
Hewlett Packard HP M1 025A gas analyzer (as a part of the normal anesthesia setup)
2 x Ohmeda 5410 Volume monitor
Computer Board™ ADC08 data acquisition board (PC extension card)

4.5.2 Measurement of gas flows
The Ohmeda 1510 Volume monitors were internally jumpered to provide pulses from the

sensor clip directly to output connector J2, marked "charge/output" (van Oostrom, 1989).
The outputs of the two Volume monitors were via a special cable connected to a
digital/analog data acquisition board in the computer. This board contains counters that
count the pulses, and that can be read by the software. The counters where sampled and
reset at a sampling rate of 1 Hz, and the resulting pulse-counts were divided by the exact
duration of each sample. the resulting quotient was used as an index for a calibration table.

4.5.3 Correction for water vapor
Gas concentrations were measured with the HP gas analyzer in volume percentage.

According to the documentation this expresses concentration under BTPS conditions (body
temperature, atmospheric pressure and water vapor saturation). After performing some
tests we concluded this means the gas analyzer considers 100% to be the total volume of
the gas without water vapor. To convert the measurements to volume percentage it divides
the measured partial pressure by the barometric pressure (a value that can be set by the
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(12)

user) minus the maximum partial pressure of water vapor at body temperature( 37°C),
which is a constant (47.4 mmHg).

In the literature studies can be found that show that in a semi-closed anesthesia circuit
expired gases are saturated, but the inspired gases are not. Therefore a correction must be
made on the measurement data from the gas analyzer. According to Dorsch & Dorsch
(Dorsch 1984) inspired humidity ranges between 50-90% and the temperature is
approximately 2°C above room temperature. If we assume humidity to be 70% this leads to
a partial pressure PH 0 of 14.8 mmHg at 23°C. In gas under BTPS conditions water vapor

2

has a partial pressure of 47.4 mmHg. The measured inspired gas fractions were corrected
as follows:

F = PH -47.4 F
P. _ P measured

H Hp

with PH being the barometric pressure, taken to be 760 mmHg

4.5.4 Calculation of average expired gas fractions
The previously described model uses expired gas fractions averaged over the expiration

period. Since the gas analyzer measures the end-tidal concentrations these measurements
have to be converted.

According to Gravenstein and Paulus (Gravenstein 1987) the physiological dead space
ratio can be estimated with:

VD = PaC02 - PE C02

VT PaC02
(13)

Converted to dry gas fractions:

(14)

Assuming alveolar concentrations are in equilibrium with the end-tidal gas
concentrations we can convert this to the following equation for the fractions 02, N20 and
anesthetic agent:

(15)

4.5.5 Noise suppression
The first evaluation of the model showed a great deal of noise in the estimated fresh

gas concentrations, especially for the anesthetic agent. Analysis of the measured data
showed that the course quantisation of the measurements of the gas analyzer is the main
source of the noise. For the estimation of the anesthetic agent component of the fresh gas
flow the expired gas fraction is subtracted from the inspired gas fraction. The difference
between inspired- and expired anesthetic agent fraction is usually in the range of just a few
quantisation steps (0.05 Vol%) and therefore is the random error significant.
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To suppress noise on the estimated signals they are filtered with a second order low
pass Butterworth filter with a cut-off frequency of 0.01 Hz. This was found to give the best
trade-off between rise-times and noise suppression.

4.5.6 Assumptions of constants
• The physiological dead space ratio VdNt was set to 0.3, the average according to

Gravenstein and Paulus (1987)
• Volume of the inspiratory and expiratory limbs was estimated to be 1.2 Leach

(Ehrenwerth J, Eisenkraft JB, 1993). This estimation was for tubing stretched to 5 feet,
but since modern tubes can stretch much longer, this must be considered to be a very
rough prediction.

• The volume of the gas inside the C02-absorber was estimated to be 1.5 L

4.5.7 C-program for model
The software for the method of estimation of the fresh gas components descripted in this

chapter is implemented in the module FGEst of the program Pecunia (see chapter 7). The
module uses digital filters for the averaging of the expired gas flow and the estimated
values.

4.6 Discussion
This first approximation could be the basis for a more complete model of the semi

closed breathing circle, using multiple mixing compartment approximation on the different
parts of the system. So far there have been no publications on such a model. This model
could be used in a anesthetic delivery control system, for instance.

Calculation of the air component of the fresh gas is not included in the model described
in this chapter. Air is infrequently used during anesthesia, and it is the least expensive gas
used in the OR. However, since the model estimates the fraction of the other two
components of the fresh gas, it is easy to estimate the air fraction. If we assume 20%
oxygen in the filtered air used in the OR, we can estimate the air component to be

5
F =-(l-F -F )F,AIR 4 F,02 F,Np

If air is used then part or all of the oxygen in the fresh gas is supplied by the air, and the
use of pure oxygen is equal to the oxygen component in the fresh gas flow minus 20% of
the cleaned air in the fresh gas.

Assumption that each pulse of the used flow transducer equals 3 ml was clearly not
valid. A more complex relation between rotations and flow must be determined to be able to
use this transducer for this application. Usage for low constant flows is only possible with
calibrated transducers, and for a limited flow range.

Instead of measuring the FGF we could also place a volume monitor in the scavenge
flow, in order to obtain information on the gas flow entering or leaving the breathing circuit.
The scavenged gas not only contains exhaled gas but also the oxygen used by the
ventilator to move the bellows. The volume of this part of the scavenged gas is related to
the tidal volume and can be calculated using the EGF measurements.

The advantage of measuring the scavenge flow is that this flow is within the normal
measuring range of the Ohmeda Volume monitors, which is not always the case for the
fresh gas flow.
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5. Registration of items and drug administrations

5.1 Introduction
This chapter describes the implementation of both the registration of drugs and supplies

and the drug administrations. The first type of registration is a part of the main goal of the
system, namely to present the anesthesiologist with the cost of all items and to record these
costs. The registration of drug administrations provides an incentive to the anesthesiologist
for using the system.

These two types of registrations have in common that they are both initiated by scanning
a bar code label followed by some interaction between the system and the user.

5.2 Bar code scanning
The bar-code scanner we selected for our prototype is a projecting bar code scanner.

Through a complex system of rotating mirrors a laser beam is aimed in a multitude of
directions. Items with bar code labels have to be moved through the detection 'field', and
the scanner beeps upon a successful read of the bar code. Items have to be held with the
label facing the scanner, and waved through the field under a certain angle. The codes are
send to the host computer through a hookup to the serial communications port.

One important aspect of bar codes is readability. This can be expressed in a first-scan
success rate. Factors that influence the readability of the bar code are size, density, aspect
ratio, surface curving and print quality of the label.

The influence of size on the readability is obvious: the bigger the better, to a certain
extend, and limited by the available space on the label. Density, the number of bars per
length unit, is a compromise between readability and code size. The lower the density, the
higher the readability but the less digits in the code. Aspect ratio is the ratio of height to
length of the bar code, and with the use of a projecting bar code scanner a higher bar-code
has a better readability. This is because the laser beam scanning the bar code will never
run straight over the bars, but always with an angle. So longer bars increase chance of the
laser beam hitting the first bar as well a the last, which is essential for reading the code. If
the bar-code is fitted on a curved surface the chance of scanning the whole code
decreases. The influence of print quality consists of resolution and darkness of the print.

Another aspect of bar codes that indirectly has an influence on the readability is the
number of digits or characters in the code. There are numerous types of bar codes which all
vary in code set and efficiency. With efficiency we mean the ratio between the number of
digits or characters in the code and the length of the bar code, given a certain size of the
smallest bar. Code types with a high efficiency can represent more digits with a bar code of
the same size and readability.

5.3 Registration of Items

5.3.1 What to register
Registration of items serves two purposes: provide the price information to the

anesthesiologist, and record what is used during the operation in order to evaluate the
effects of the system.

The purpose of the Cost Efficiency monitor is to reduce cost of anesthesia by providing
price information to the anesthesiologist. In order to maximize the effect of the system all
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drugs and supplies used in the OR should be registered, or at least be labeled to enable
registration. This means a lot of work labeling everything and building a big database
containing information about all those items.

At minimum all drugs must labeled that are drawn up in syringes, because the system
must be able to produce a syringe label. It is important that indeed all drugs are labeled,
because registering a drug without a bar code is a time-consuming process and will most
certainly annoy the anesthesiologist.

5.3.2 When to register
The best moment to register items is when they are taken out of the stock, and

preferably before they are used or opened and the selection becomes irreversible. At the
moment of registration we want to present the anesthesiologist with price information and
give him/her the opportunity to change his/her mind and select a more cost-effective
alternative.

For drugs that will be drawn up into a syringe the registration is logically the first step in
the process. The drug is selected out of the anesthesia cart or from the bunch previously
obtained from the pharmacy, waved over the bar code scanner, after which the registration
is acknowledged and the label for the syringe is printed while the drug is drawn up into the
syringe. If the drug would be drawn up before registration one would have to wait for the
syringe label, which takes about 4 seconds to print.

For items other than drugs we can expect the anesthesiologist to register them before
use, because the price information on the display is the only incentive to register the item
anyway.

5.3.3 Item types
Drugs come in may different varieties, and have to be treated by the system in distinct

ways. Table 5.1 gives a summary of all the item types currently defined in the system.
For the system the only difference between Disposable and a Fluid is that the cost is

added to a different total. Single dose/vial is the most common drug type that is drawn up
into syringes usually before the operation begins.

Some drugs are available in multi-dose vials of which a fraction is used for a normal
syringe, and only part of the vial price should be charged. Some of these multi-dose vials
can only be kept for a limited time after opening, and should be labeled with the opening
date. If this label is forgotten the vial is disposed of by the cleaning crew in the evening
consequently wasting drugs and money. A simple solution is to have these multi-dose vials
scanned upon opening and print a special label for the vial with the date and a new bar
code on it. This new bar code can contain the date after which the vial should be disposed,
enabling the computer to automatically check on that.

Pre-drawn syringes (Atropine, Epinephrine) are mostly used for emergencies, and are
packed per syringe. The bar code label for these items has to be put on the package, since
it is not possible to attach it onto the syringe itself for reasons of sterility. The label on the
package must be scanned for registration as for single dose vials, but in this case the
anesthesiologist is not asked for the dilution. After completion of the registration a label is
printed for the syringe.

The type 'unlabeled drug' is a category used inside the program for drugs that have no
bar code label (yet) or the label has become unreadable.

Tablets and capsules are usually administered orally or rectally and no syringe label is
needed. The dose of the drug in the tablet or capsule is included in the item database in the
field 'volume' (for details on this database see par. 7.3)
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Inhalants are usually sprayed in the mouth of the patient, and the dosage unit is usually
'puffs'.

Oils, jellies, ointment and sprays are drugs, but are treated by the program as
disposables. Usually the anesthesiologist will only use a fraction of the contents of a tube or
bottle per patient, and the price charged should be according to an estimation of the
average dose.

Anesthetic vapors used in the OR nowadays are Halothane, Enflurane, Isoflurane and
Desflurane, and are contained in bottles. They are used to refill the vaporizers of the
anesthesia gas machine. The bottles will have a bar code that could be used in the future
for stock control, but has no use at the moment. Including the anesthetic agents in the item
database can inform the program on the prices per milliliter of these vapors.

Table 5.1: /tem types.
Type nr Type

o Disposable
1 Fluid
2 single dose vial/ampoule
3 multi dose vial
4 pre-drawn syringe
5 unlabeled drug
6 tablet/capsule
7 inhalant
8 oil/jelly/ointment/spray
9 anesthetic vapor

5.3.4 Labeling
All items mentioned above have to be labeled with a bar code label separately. The bar

code labels on items have to be as big as possible to allow big bar codes for better
readability, but cannot mask any information on the normal label. The smallest item used in
the OR is the 1 cc ampoule, which allows for a label of 10 by 20 mm to be attached without
covering the normal label. The label must contain the bar code but should also have some
humanly readable identification to avoid mistakes during the application process.
Considering the small size of the label we choose to only include the code number of the
bar code, leaving as much space possible for the bar code itself.

The labels used during the short evaluation of the system utilized the UPC-A bar code,
which is one of the most efficient codes available at the moment. The number of digits in
the code was 6, enabling the use of a multiple of the number of items used in the OR today.
The labels were printed on a Hewlett Packard Laserjet III printer, and proved during tests to
have an excellent readability. In future applications almost any bar-code can be used, since
the bar code scanner of our system reads most of the bar codes used today. This also
makes it possible to use the bar code that is printed on the normal labels of some items.

Identifying the responsible party for the labeling process is beyond the scope of this
thesis.

The Cost Efficiency Monitor page 35



5.4 Registration of drug administrations
The incentive for the anesthesiologist to use the system is a list of drug administrations

to be used as an addendum for the anesthesia record. All syringes will be labeled with a bar
code label, and upon each administration this bar code must be scanned.

5.4.1 Drug logistics
Most drugs, disposables and fluids used during operations are stored in the anesthesia

cart. Both the drugs that cannot be kept at room temperature for long periods and the
controlled substances are obtained at the pharmacy. Customarily the anesthesiologist goes
by the pharmacy in the morning, collects everything he/she needs for the day, and carries
the controlled substances with him/her all day. Pharmacy also supplies every
anesthesiologist with two pre-drawn syringes, containing Atropine and Ephedrine.

Syringes that are not used during a case can be used during another case that same
day. At the end of the day the cleaning crew disposes all syringes left over. Controlled
substances that are (partly) not used must be returned to the pharmacy. Frequently several
anesthesiologists work in one operating room during one day. Whether a syringe was used
on a previous patient is often determined just by looking at the contents. If the syringe is still
filled to the usual maximum the anesthesiologist concludes that it is not used. This method
is theoretically not watertight for preventing cross-contamination. To reduce this risk our
system can be of help, because it can distinguish between syringes drawn up during the
current and a previous case. If syringes are labeled and scanned before administration the
system could give a warning in case a drug administration was registered with this syringe
during an earlier case.

Drugs provided in syringes by the pharmacy (Atropine, Ephedrine, Pentothal) must be
labeled in order to be able their administration. This can be done by pharmacy at the
moment they are prepared, if bar code labels are made available to them.

5.4.2 Label printing for syringes
The first requirement for syringe labels is that they have to fit on every syringe, without

covering the dose scale. According to the ASTM standard (see par. 3.6.2) syringe labels
should have a length of 25 to 35 mm and a width of 10 to 13 mm. This standard also says
that in case labels are not colored according to the standard they should be plain white with
black print.

Information to be printed on the syringe label consists of the normal information which is
the name of the drug and the concentration, plus the bar code for identification to the
system. Most important is the readability of the drug name, which must be printed in the
largest font possible. To improve the identification a little the names of certain drugs
(Epinephrine and Succinylcholine) can be printed in white characters on a black bar,
according to the ASTM standard.

The bar code must be fitted in the space left over on the label. The bar code we selected
for this label is the 2 of 5 code, which is a simple but yet efficient code capable of coding
only numbers.

The number of digits in the bar code needed for the prototype is small, since it only
needs to identify syringes used during one operation. This could easily be done with just 2
digits. However, it would be useful to code more information on the syringe, like the
operation number for instance to distinguish between syringes drawn up for the current or a
previous operation. The prototype discussed here uses a 4 digit code, which proved during
tests to have an excellent readability. A sample of a syringe label as printed by the system
is presented in figure 5.1
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The label printer used to print the labels in the OR is the Seiko Smart Label Printer Pro,
which is a dedicated label printer with a thermal printing engine. This printer is silent, fast,
easy to use and small. It prints with a high resolution (approximately. 210 dots per inch) and
selectable darkness, making it very suitable for bar code printing. It in fact provides several
bar code fonts, but these proved to be not usable for our application.

ATROPINE

11111111111111
400
~g1mL

Figure 5.1: A syringe label (real size).

5.5 Other necessary input
In the previous paragraphs we discussed the registration of items and drug

administrations using bar codes for identification of the items and syringes. In addition to
the identification some extra input from the anesthesiologist is needed.

For the registration of a drug to be drawn up in a syringe the system must know whether
and how much the drug is diluted. Other item registrations only need an acknowledgment
from the user.

For the registration of a drug administrations the system needs the administered dose
and the administration time, which defaults to the time of registration.

The interaction with the anesthesiologist to obtain this extra information is described in
the following chapter.
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6. Implementation' Presentation and recording of Costs

6.1 Introduction
For the presentation of the registered costs, interaction with the anesthesiologist for

registration of used items and drug administrations, and recording of all the gathered
information a MS-Windows program was written named Pecunia.

When this program is started it checks and initializes the connected hardware: the bar
code reader, the gas analyzer, the flow meters and the label printer. If any of these devices
does not initialize correctly the user is requested in clear messages to solve the problem.
The necessary data files are opened, and the user is notified when one is missing.

Further interaction with the user is discussed in the following paragraphs.

6.2 Main window

The main window of the program displays the cost of the components of the fresh gas,
expressed in dollars per minute, and the total cost of the gases, drugs, fluids and
disposables used so far during the operation. The window (figure 6.1) has a menu bar of
which the options can be activated through the use of the pointing device, or with a so
called 'hot key'. This is combination of the Alt-key and the underlined character in the option
name, and is a part of the usual Windows user interface.

Figure 6. 1: Main window of the MS-Windows program Pecunia.

A dimmed picture of a one dollar bill is used as the background of the main window, to
make instantly clear what the main issue is, and to give the program some 'character'.

6.3 Registration window
This window pops up when an item is scanned in order to be registered (figure 6.2). The

item name is displayed in a big, bold-face, extra easy to read font, and the price of the item
is stated in dollars. On the bottom of the window are at least two buttons located: an OK
button to acknowledge the registration of the item, and a CANCEL button to cancel the
registration in case of a mistake or when after the confrontation with the item price the
anesthesiologist decides to use something else.

In case the scanned item is a drug the name of the drug is displayed with a background
color and style corresponding to the drug class as discussed in paragraph 3.6.2. The
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Figure 6.2: Registration window.

Drug class: Vasopressor
Price: S 0.29

Dilution 1 : 11 0 (;

concentration of the drug is shown in the same extra easy-to-read font as the drug name, in
units corresponding to the type of drug
(i.e. mg/ml, units, units/ml, CU/ml or
mEq/ml). The drug class is also
displayed.

For Item types containing drugs that
have to be drawn up into syringes such
as single-dose vial or ampoule or a multi
dose vial, the window will have a field for
entering the dilution of the drug. This field
displays a default value obtained from the
item database (see par. 7.3), and can be
changed by selecting the up/down
buttons situated next to the field with the
pointing device, using the up/down
buttons on the keyboard, or by typing a
new value using the keyboard. Also the
window has an extra button at the bottom

named INFUSION. If the drug will be used for an infusion bag a syringe label will not be
needed. Future versions of the program can implement a routine to help the
anesthesiologist with the calculation of concentrations and print special labels for such
bags.

Pressing the OK button will start the printing of a syringe label and finish the registration
of the drug.

Drugs in pre-drawn, packaged syringes are usually used for emergencies and are not
diluted nor used for infusion bags. The registration window for these items has therefore no
dilution field or INFUSIOI\I button, but pressing the OK button initiates printing of a syringe
label.

Other drugs like tablets, capsules, inhalants, oils, jellies, ointments and sprays are
treated the same as disposables and fluids, which means that the window does not have a
dilution field nor INFUSION button, and no label is printed upon depression of the OK
button.

6.4 Administration window

Figure 6.3: Drug administration window.

Drug class: Vasopressor

Dose~ cc

Time 111:49 la

When a syringe label is scanned the drug administration window pops up (figure 6.3).
The drug name is displayed in the same manner as on the registration window, as is the

concentration. If the drug was diluted, the
concentration is preceded by the text
'diluted to'.

The window has two entry fields. The
time field has as default value the time at
the moment the syringe was scanned,
and can only be adjusted to a time earlier
than that, enabling the registration of a
drug administration in the past.

The dose "field contains the default
drug dose as found in the item database,
and can be changed with the pointing
device or the keyboard. The dose unit is
milliliter.
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The registration of the drug administration can be completed by pressing the OK-button,
and annulled with the CANCEL button.

6.5 Stacking of windows
Dialog boxes for Item Registration, Drug Administration, Events and Notes (the last two

will be discussed in the following paragraphs) are stacked in a way comparable to sticking
Post-It notes on the computer screen (figure 6.4). This enables the user to initiate a series
of data-logging actions and finish them later. For instance if the anesthesiologist wants to
administer several drugs at the same time following an event, he can start the event dialog
box, scan all the syringes at the time he administers the drugs, and enter the different
doses of the drugs and the event text later at his/her convenience. Each window gets its
own time-stamp when it is created, so the anesthesiologist will not have to guess about that
later on.

Figure 6.4: Stacking ofpop-up windows.

6.6 Menu
The main window menu provides access to a multitude of options, which do not have to

be used during the operation. The minimal use of the system consists of item registrations
and drug administrations, which are both initiated by scanning a bar code. When the
program is started the Case Info window (discussed in par. 6.6.4) pops up automatically to
ask for demographic information about the case, and the only time the menu must be used
is at the end of the case, in order to get a printed version of the Anesthesia Record
Addendum.

However, for the user who wants to take advantage of the options the system has to
offer the program provides the following menu choices.
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The Input section of the menu contains the following options.

Figure 6.5: Event window.

Time 111:51 ~

1:::~&:m~§i:::::1

6.6.1 Event
Clinically relevant events can be registered by choosing this option from the menu, or

through a function key on the keyboard. This
pops up the Event window (figure 6.5) on
which a so called 'combo box' the user
permits to either pick a standard event from
a list or compose an event text with the
keyboard.

The standard event list provides all the
events that frequently occur during
operations, in a c~lronological order. For
instance the event 'Start Anesthesia' is the
default event when the program is started,
and when this event is recorded the next
event on the list, 'Intubation' automatically
becomes the default.

The event window also has a entry field
for the time the event took place, per default
the time the event window was initiated.

Infusion pump nr 345525523 failed.
Probably caused by bad battery.

6.6.2 Note
This option allows the anesthesiologist to record a note through the use of the keyboard.

Choosing the Note option on the menu or
pressing the corresponding function key
pops up the Note Editor Window (figure 6.6)
which has a editor that can contain 30000
characters and provides the user with a
small amount of standard editing functions.
The Note Editor Window has also a time
entry field, which defaults to the time the
window was initiated.

Time 111:52~

1:::~&:m~§i!!:1

Figure 6.6: Note window.
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6.6.3 Unknown drug

Registration of drug without barcode

Drug name: I_X_ll_O_C_A_IN_E ----J

Concentration: 15\ Img/ml

Dilution 1: 11 fI

Figure 6.7: Unknown label window.

This option is provided for the occasions
when a drug must be registered that has an
unreadable bar code label, or no label at all
as in the case of a new drug. By offering this
option the user doesn't have to treat the
'unknown' drug differently and it still appears
on the Anesthesia Record Addendum. For
the system engineer it has the additional
advantage of an automatic feedback for
unlabeled drugs.

The unknown drug window (figure 6.7)
has entry fields for drug name, concentration
and dilution, and upon the depression of the
OK-button the printing of a syringe label is
initiated. The syringe containing the drug
can be treated as any other syringe.

I II
I Ima

~

II
Please fill in completely

Resident

Anesthesiologist

Patient First name

Patient MR'

Patient last name I I
1=============1

6.6.4 Case Info
This dialog box (fiure 6.8) can be started through the menu if the case information needs

to be changed, but it also automatically pops up at the start of the program requesting for
information about the case. This
box must be filled in completely
because this information is used to
identify the report about this case.
In the future, when the system can
communicate with other databases,
a patient name or Medical Record
Number will be enough to fill in the
rest of the fields. With access to
the OR-scheduling system all the
fields could be filled automatically,
so they only have to be checked by
the anesthesiologist.

After completion the user can
press Enter or the OK-button to
return to the main window.

Figure 6.8: Case information window.

6.6.5 Feedback
This option gives the anesthesiologist the opportunity to ventilate his frustrations with the

system, directly on the spot. It pops up a window with a text editor that can contain 30000
characters. This feedback can be used by the system operator to further improve the
program.
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In the Output section of the menu one can make the following selections.

6.6.6 Record Addendum

Event
Administration
Administration
Administration
Note
Event
Administration
Event

Figure 6.9: Anesthesia record Addendum Editor.

6.6.7 Material List
This window (figure 6.10) presents the

user with an overview of all items used
during the case similar to a cash register
receipt. Useful for users who wonder
what made their case so expensive. The
option Print in the menu bar initiates the
printing of the material list.

$ 19.35
$ 19.35

$ 5.59
$ 1.38
$ 1.07
$ 1.33
$ 0.36
$ 1.39
$ 11.12

$ 17.67
$ 5.27
$ 0.00
$ 162.81
$ 185.75

Fluids
PLASMA PROT FRAC 5%

Gases
Nitrous Oxide
Oxygen
Air
Anesthetic

Disposables

Drugs
ALBUTEROL INHALER 178M
ACETAMINOPHEN
EPINEPHRINE
SOD BICARB
SUCCINYLCHOLINE CL
HEPARIN SOD PORK

Figure 6. 10: Materia/list.

This option presents the user with an image of the anesthesia record addendum,
containing all the logged data up till that moment (figure 6.9). Changes can be made by
double-clicking the entry. An audit trail will record the changes made to the entry. The

record addendum can be printed by
selecting the print option on the menu bar
of this window. With the 'Options'
selection on this bar one can chose to
include more or less information on the
record addendum, like Item Registrations
and Feedback.
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6.6.8 New Label

HEPARIN SOD PORK
SOD BICARB
XILOCAINE
HEPARIN SOD PORK

If a label on a syringe has become
unreadable a new one can be printed using
this option. A list of all printed syringe labels
is presented to the user, and when one is
selected and the OK-button is depressed,
the label is printed (figure 6.11).

Figure 6. 11: Window for syringe label
replacements.

6.6.9 Info
This menu-selection is just a suggestion of possible accessories on the system. It could

presents some reading material about drug prices or project results, for instance.

6.6.10 Help
This option is intended to provide the user with all the possible questions about the use of

the system. Information regarding the bar-code scanner and the printer are provided
here, for instance.

6.7 Data recording

Data entered into the system must be recorded to assess all costs for every case, in a
way that the case data can later be combined with the type of operation, type of patient etc.
In addition to this the system is responsible for recording drug administration data, events
and notes for the anesthesia record addendum.

Data to be recorded
Data is recorded in the following structures:
• Case information (medical record number, names of patient, anesthesiologist, resident)
• Item registration (time of registration, Item 10)
• Drug administrations (time of administration, drug 10, dose, dilution)
• Events (time, event text)
• Note (time, note text)
• Feedback (time, feedback text)
• Total of gases used during the case ( in Liters)

Time stamp
Together with the data of Drug administration, Event, Note and Feedback the moment

the dialog box popped up is recorded. This provides information on when the
anesthesiologist entered the various information, and could give an indication on the
accuracy of the recorded data. For instance if the anesthesiologist enters a drug
administration and sets the anesthesia record time to be one hour earlier, one can expect
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the accuracy of that time to be lower than when the record time is the same time as the time
of initiation of the recording action.

Audit trail
When recorded data is changed by the user in the Record Addendum Editor, the

changed data is added to the log file without erasing the original data. The changed
version will appear on the anesthesia record addendum, but the original version will remain
available for later reference.

6.7.2 Storage of the data
All date must be stored safely. Keeping data in memory is not recommended. Therefore

every time data is entered into the system it is added immediately to a log file on the hard
disk drive of the system. In case of a system power failure this file will contain all information
gathered by the system. At the end of each case the log file is copied to a file server to
provide easy access to the data and a reliable storage.

Other safeguards can be considered but are beyond the scope of this thesis.

6.7.3 File organization
To make identification of log files easy the medical record number of the patient is used

as file name. Since file names must be unique and some patients have to undergo several
operations, the date of the operation is added to the file name. It is possible that a patient is
operated twice on one day, so there must be a possibility to have two uniquely named log
files of one patient on the same day.

We implemented this by selecting the first 8 characters of the file name for the medical
record number while the 3 character suffix is used to indicate the date of the operation and
the file number of that day, 1 or 2. Each character of the suffix can be a letter of the
alphabet or a digit, if we leave out a few punctuation marks that are also allowed. Three
characters with 36 choices for each character results in 363= 46656 codes. Two files per
day must be possible, so this leaves 23,328 days or almost 64 years. This should be
enough codes to use this system until a few decades into the next century.

6.7.4 Creation of the log file.
Since the file name of the log file is based on the medical record number of the patient

this number has to be entered into the system before any data is to be recorded. This is the
reason Why the user has to complete the medical record number of the patient on the Case
Info window when the program is started. When the medical record field is completed a
filename is generated and the system attempts to create a file. If a file with that name
already exists the file name for the second file is generated and the system attempts to
create it. If this is also an already existing file a error message is displayed, stating that
already 2 files for this medical record number were created that day, and the kind request to
check the medical record number of the patient.
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7. Program structure

The program Pecunia is written in the C programming language. It makes use of the
libraries of and was compiled with the Borland C compiler version 3.1. The program is
written for the Microsoft Windows graphical environment version 3.1. The total source code
consists of over 8000 lines and is well interweaved with comments and remarks. This
chapter presents the basic structure of the program and covers some special programming
techniques.

7.1 Windows program structure
Windows is a graphical user interface that through it's intuitive, object oriented, icon

based method entices even the most computer-wary people into using the computer as an
every-day tool. It provides the user with a consistent interface among a wide variety of
programs, thus lessening the amount of time it takes a new user to become proficient with
an application.

On the programmers side of the medal it dictates a fixed program structure based on the
concept of message passing. Every windows program requires a message loop and a
message handler for each window in the application. Messages are generated by Windows
whenever an event occurs or when an action needs to be taken. The essence of
programming a Windows application is to fetch a message, direct that message to the
window the message is meant for, process the message and go back to read another
message.

To guarantee the consistency in the user interface windows provides the programmer
with an army of functions that perform a wide variety of tasks ranging from regulating text
alignment to memory management.

It is not possible within the scope of this report to even give a proper introduction to
programming Windows applications, so for more information we refer to the excellent book
by Petzold (Petzold 1992)

7.2 Program source code
The source code of Pecunia is split up in the 10 modules listed in table 7.1. The main

module contains the message loop and most of the window procedures. All other routines
are grouped by function in separate modules. Every module has a header file that contains
definitions, variable and type declarations and function prototypes of everything in the
module that needs to be used by other modules. When a module requires functions,
variables, types or definitions declared in another module the header file of that module is
included at the beginning of the source code. This is also the case for header files of
libraries.
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d tTo bl 71Th ~. da e e In ows program mo u es.
main main windows procedures
logdata function and definitions to log data
funcs miscellaneous functions, used by most modules
updnbox floatbox and timebox routines
BCScannr Bar Code Scanner routines
printlab label printer routines
matlist material list window routines
recorded record addendum editor routines
printfnc printinq functions (used bv matlist, recorded and printlab)
fgest Fresh Gas estimation module

7.3 Data files used by Pecunia
The program depends on a large variety of data and data structures. To make these data

easily accessible for changes or updates it is collected in files. For maximum flexibility the
names of these files are defined in the program initialization file Pecunia.ini, of which an
example is given in figure 7.1. If desired the file names can contain path names, which
enable the files to be on a network server. However, if one or more of these files are
centrally stored on a server and the network is 'down' (with all the equipment rolling around
in the OR it is not unthinkable something goes wrong with the connection) the program
cannot operate. The program could be changed to switch to local file storage in case of
network failure, but it would probably be easier if at regular intervals the data files on the
local hard disk drive are updated and the log files are copied to the network server at the
end of each case.

[Files]
ItemTable = items3.txt
ClassTable = classes.txt
AnestistList = anestist.lst
ResidentList = resident. 1st
EventList = events.lst
LogFilePath = C:\logfiles\OR2\

[Ports]
BarCodeScanner = COM2:9600,N,8,1
GasAnalyzer = COM4:9600,N,8,1

Figure 7. 1: Contents of the file Pecunia. ini

Item Table
The Item table file contains all the necessary information about all the items that can be

scanned. It is the comma-delimited ASCII representation of a data base made with the
program Paradox. This program provide the means for easy updating of the item data base.
Pecunia uses the ASCII-files instead of the database files because this simplifies the source
code considerably, and making these ASCII files with Paradox just takes one command.

The record structure of the data base is presented in table 7.2. The field 'bar-code'
contains the bar code of the item, and 'name' the name of it. The official item identification
number as used by the hospital administration system is entered in the field 'Item ID'. The
number in the filed 'type' refers to a item type of the table 7.3. In paragraph 5.3.3 is already
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discussed that each item type needs to be handled differently by the program. The
information in the fields 'drug class', 'concentration', 'volume', 'dilution' and 'dose' is void if
the item is not a drug. Only exception is the field 'volume', which is relevant in case the item
is a fluid.

The number in the field 'drug class' refers to a drug class defined in the Class database,
to be discussed in the next paragraph. The field 'concentration' contains the concentration
of the drug in mglml, unless the drug class specifies otherwise. The field 'volume'
represents the volume in milliliters of the drug or 'fluid, per unit of package. The fields
'dilution' and 'dose' are the typical dilution ratio and administration dose used by the
average anesthesiologist.

The field 'price' contains the purchase price of the item in dollars.

Table 7.2: Record structure of the item data base.
data field
barcode
ItemlD
name
type
drug class
concentration
volume
dilution
dose
price

type
Integer
Integer
String
Integer
Integer
Floating point
Floating point
Floating point
Floating point
Floating point

Table 7.3: Item types.
Type nr

o
1
2
3
4
5
6
7
8
9

Type
Disposable
Fluid
single dose vial/ampoule
multi dose vial
pre-drawn syringe
unlabeled drug
tablet/capsule
inhalant
oil/jelly/ointmenVspray
anesthetic vapor

The ClassList
The ClassList file is the comma-delimited ASCII representation of a Paradox data base.

Drugs can be separated into 13 different classes according to the ASTM standard
presented in paragraph 3.6.2. Each drug class has it's own type of label, that not only
differs in color, but also in appearance. Antagonists, for instance, have diagonal stripes
around the drug name. Information about label color and appearance is included in the
ClassList file.
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A problem connected to drug types is that a select number of drugs have a concentration
unit other that the normal mg/ml. These drugs, including for instance Heparin and Oxytocin,
all fall in the drug class 'Miscellaneous' This problem is solved by creating subclasses of the
'miscellaneous' drug class for each group of drugs with a different concentration unit. The
program recognizes the drugs in these subclasses and subsequently uses the special
concentration units. Table 7.4 contains a list of all the drug classes used for the prototype
discussed in this report.

The information about the appearance of the syringe labels in the Class database is
divided over the record fields shown in table 7.5. The field 'class number' corresponds to
the 'drug class' field in the item database. The field 'name' contains the drug class name to
be displayed on the Item registration - and Drug administration windows. The fields 'Color1'
and 'Color2' contain the red, green and blue components of the background and second
background color of the label. This second background color is used for backgrounds with a
striped pattern. The field 'BrushNr' indicates which background pattern should be used
(O=plain, 1=diagonal stripes, 2=horizontal stripes) and if the field 'TextRev' contains a value
> 0 the drug name is represented in a horizontal black bar.

Table 7.4: Drug classes
Class Class name
nr

o
1
2
3
10
11
12
13
14
15
16
17
18
19
20
21
22
23

miscellaneous
miscellaneous (units/ml)
miscellaneous (CU/ml)
miscellaneous (Eq/ml)
Induction agent
Tranquilizer
Muscle relaxant
Muscle relaxant (Succinylcholine)
Relaxant antagonist
Narcotic
Narcotic antagonist
Major tranquilizer
Combination narcotic/tranquilizer
Vasopressor
Vasopressor (Epinephrine)
Hypotensive agent
Local anesthetic
Anticholinergic agent

Table 7.5: record fields of the Class Database.
Data field
class number
name
Color1
Color2
TextRev
BrushNr
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Type
Integer
String
Color
Color
Boolean
Integer
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AnestistList and ResidentList
These files contain lists of the names of anesthesiologists and residents currently

working in the institution. They are used in the Case Info dialog box for ease of data entry.

EventList
The EventList file contains a list of frequently occurring events. These events are listed in

chronological order. Certain events (Start anesthesia, Start surgery, End surgery, End
anesthesia) are used to calculate the duration of the surgery and anesthesia, which times
are printed on the anesthesia record addendum.

LogFilePath
This line indicates where the log file generated by the program will be stored.

7.4 Special techniques in the modules
The following paragraphs contain explanation of non obvious programming techniques

used in the program Pecunia.

7.4.1 Window stacking
As explained in paragraph 6.5 it is possible to initiate several registration actions which

builds up a stack of corresponding windows. Stacking has a number of implications for the
program.

First of all the registration windows all have the same dimensions, and each pop-up
window is shifted over an equal distance from it's predecessor. There is a global variable
that is increased every time a pop-up window is created, and decreased when one is
destroyed. When a window is destroyed the focus is automatically passed on to it's
predecessor. Focus is a Windows term for a token that is in possession of the only active
window, to which automatically all input from the keyboard and the mouse is directed.

It is possible to initiate more than one window of the same type, for instance item
registration windows. Because there is only one window procedure for every kind of pop-up
window it is not possible to just store information specific to every instance of the window,
such as the item identity, in a local variable of that procedure. Storing 'window-specific'
information in memory allocated with every window solves this problem. In the window class
is defined how much extra memory should be allocated with every window, and this memory
can be reached through the Windows functions SetWindowWord, SetWindowLong,
GetWindowWord and GetWindowLong. As one may suspect from the names of these
functions they are only suitable for storing and retrieving integers. When floating point
numbers have to be stored like a dose or a concentration special C declarations have to be
used, like * (long*) & ( fbp->step) . If these constructions are hard to understand one
could consult the C 'bible' by Kernighan & Ritchie (Kernighan 1988).

7.4.2 The dual function of the pop-up windows
The routines for the pop-up windows are usually used when a something has to be

registered. The same routines are also used to change registrations already recorded by
double-clicking them in the Record Addendum Editor. This implies that the previously
recorded data must be passed to the pop-up window routine.

Upon creation of every pop-up window the window routine receives a pointer to a data
structure containing the data to be displayed in the edit fields, for instance the time or dose
of the drug administration. When it concerns a new registration the data structure would
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contain default data, for instance the default administration dose or the time the registration
as initiated. When the pop-up window was created for changing already recorded data the
passed on data structure contains the original data.

When the OK-button on a pop-up window is pressed the information in the window is
placed in a data structure and passed on to the LogData function. The window routine
figures out whether the data is new or a changed version of a previous recording by
inquiring who it's parent window is, and hands this information to the LogData function.

7.4.3 FloatBoxes and TimeBoxes
The UPDNBOX module contains functions to create edit boxes with integrated up- and

down arrow buttons on the side, enabling user-friendly entry of a floating-point number
(FloatBox) or a time (TimeBox) . Both types of boxes can be loaded with a default value
upon creation, and can be altered by using the up/down buttons on the side, the keyboard
arrow keys, and by typing a new value (Floatbox only).The floatbox also has a precision
parameter that determines the number of decimals displayed, and a step parameter which
determines the increments/decrements of the value in the box when the up/down buttons or
arrow keys are used.

The boxes can be created using the functions CreateFloatBox and CreateTimeBox.
The value in the boxes can be changed with the functions SetFloatBoxValue and
SetTimeBoxValue, and retrieved with GetFloatBoxValue and GetTimeBoxValue.

Interesting programming technique in this module is the so called 'sub-classing' used to
intercept the up- and down arrow key strokes to the edit window procedure.
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8. System evaluation

8.1 Introduction

The prototype of the Cost Efficiency Monitor has been tested in two parts.
The first part was a short demonstration for anesthesiologists using an anesthesia

simulator, during which there was a possibility for some hands-on experience with the
system. The purpose of this test was to investigate whether the system was ready to be
tested in the OR, and to find a suitable position of the system in the middle of the other
anesthesia equipment. Some minor errors were found in the program and were fixed. Some
constructive comments on the system were noted for future improvements and can be
found in the result section in paragraph 8.3.

The second part of the test period was the introduction of the system in the OR, were it
was used during several cases. We will discuss the intra-operative evaluation in more
detail.

8.2 Method

Gas Analyzer

Label
printer

Flow meters

irrn············............... t
....

Network
server &
printer

CPU

Barcode ~~"C'l

scanner

Mouse

RS-232
card

110
card

network
card

CRT
monitor

Figure 8. 1: Block scheme ofsystem
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8.2.1 Equipment used
Hardware
IBM-compatible 386 SX 33 MHz computer
Full size (104 key) AT-style keyboard
Serial mouse
Color VGA monitor
Computer Boards ADC08 data acquisition board
Symbol 9000 projecting bar code scanner
Seiko Smart Label Printer Pro
Hewlett Packard HP M1 025A gas analyzer
2 x Ohmeda 5410 Volume monitor
2 calibrated flow transducers

Software
Pecunia version 1.0

8.2.2 Data files
The program needs several databases to reference during operation. Details can be

found in paragraph 7.3. The data contained in the databases used during the evaluation
tests will be described in the following paragraph.

Item data file
This file was based on a list with drugs, fluids and disposables used by the

anesthesiology department of Shands hospital during the period 7/91 - 6/92. This list
provided item names, identification numbers and prices of each item. The list also provided
information about volume and concentration of most items. With help of an anesthesiologist
the item type, drug class (if appropriate), typical dilution and typical dose were determined
and entered into the database. All records with incomplete information about the item were
removed, leaving 189 items.

Classes data file
This file, containing name and label colors of every class of drugs was filled according to

the ASTM standard described in paragraph 3.6.2.

Anesthesiologist and resident data files
These files containing names of anesthesiologists and residents were filled with some,

but not all, names of physicians working at Shands hospital.

Events data file
Initially this file was filled with a few simple events like 'start of anesthesia', 'start of

surgery', but was extended with some more during one of the test cases, after discussion
with the resident doing the case.

8.2.3 Labels
For every item in the database 4 bar code labels were printed using a laser printer and a

dedicated label printing program. Since applying these labels to all the items in the OR
would involve a lot of unnecessary work, the anesthesiologist was asked to summarize
which items he was likely to use during the next case. Only these items were then labeled.
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8.2.4 OR preparations
In the OR the anesthesiologist was asked to name all the drugs s/he was going to use

during the next case. All these drugs were then collected from the anesthesia cart and
labeled with the corresponding bar code label, enabling the anesthesiologist to scan them
before drawing them into a syringe. In addition to this some bags containing lactated ringers
were also labeled with a bar code label.

Before the case the anesthesiologist was given a brief description and explanation of the
Cost efficiency monitor.

8.3 Results
During the test cases the observer noted flaws of the system and reactions of the

anesthesiologist on the use of the system. These notes are categorized and summarized in
the following paragraphs.

Problems
Due to the resident's lack of time it was not possible in some cases to sufficiently inform

the resident about the Cost Efficiency monitor. This had to be done during the case, which
disrupted the evaluation of the system for that case.

Sometimes it was not possible to label the drugs before the start of anesthesia, due to
the residents not having enough time to inform the observer of which drugs they planned to
use. This disrupted the system of item registration, and in those cases the registration was
performed by the observer after the drugs were drawn up into the syringes by the
anesthesiologist.

Due to these problems there were only 2 cases that could be observed as planned,
where in the other 2 cases improvisations had to be made and only parts of the system
could be used.

Setup
• Keyboard is hard to place in the setup, it is too big. In the final version it also has to be

waterproof.
• mouse is hard to use because of limited desk space. Trackball would be better.
• Monitor was placed too much backward, too far from the anesthesiologist. Flat panel

monitor would be easier to place.
• Projecting bar code scanner worked to satisfaction of anesthesiologists. No problems in

placement.
• Label printer should be placed on the anesthesia cart, where the syringes are drawn up.

Labels were too big.

Fresh gas composition estimation
• As already noted during calibration the flow transducers of the volume monitors show big

measurement errors at low flows. Especially for the fresh gas flow measurements this
proved to be a problem. The estimation of the fresh gas composition is [very much]
disrupted by false measurements of the fresh gas flow.

• The usage of the Bovie electro-cautery equipment by the surgeon causes major artifacts
in the measurements of the gas flows. The use of this machine for a fraction of a second
was enough to disrupt the estimation completely for several minutes.

• Occasionally the Cost efficiency monitor showed negative numbers for the gas costs per
minute. This is caused by errors in the measured values for the fresh gas flow in
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combination with the filtering of the output values of the estimation algorithm. This
problem can easily be solved in the software.

• At moments when artifacts did not disrupt the flow measurements and a change in fresh
gas composition was made, the estimation algorithm tracked these changes with a
reasonable speed. With 'reasonable' we want to indicate that the present
anesthesiologist were not annoyed with the delay between the change of fresh gas
settings they made and the reaction on those changes on the display of the Cost
Efficiency monitor.

Software: Pecunia v1.0
Besides some errors in the program and suggestions for minor changes in the user

interface, these were the comments on the software.
• The ability to stack dialog boxes is regarded as a very useful feature.
• In all dialog windows it should be possible to move between edit boxes, buttons etc.

using the Tab key. This is the standard interface for dialog boxes in Windows programs,
and should be implemented completely.

• Some anesthesiologists like to enter the drug dilution by ratio, others like to enter the
resulting concentration. With a little extension of the program both methods can be
incorporated.

Total system
• The Windows operating system is well accepted, in general the user interface of the Cost

Efficiency monitor is more appreciated than the user interface of most automatic record
keepers.

• The black-and-white labels produced by the label printer for the syringes make syringe
identification less easy. When pre-printed colored syringe labels are used identification is
done by searching for a syringe with the right color label. With the black-and-white labels
one has to read the name of the drug on the label, which is less convenient.

8.4 Discussion
In general the system was well accepted by the anesthesiologists, and they were very

interested to see what the cost was of their practice. Some were surprised by the high cost
per minute of the anesthetic gases and tried to reduce them. Others were enthusiastic
about the possibility of comparing costs of different anesthesia methods. One said (in a
joking fashion) he did not like it one bit being confronted with the cost of his practice. Even
surgeons were interested in the system, which is of course also induced by the novelty of a
new 'gizmo' in the operating room. At least it brought up a discussion about cost in the OR,
which showed that one of the goals of the project, increasing the awareness of costs,
already was accomplished.
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9. Discussion

The rising cost of health care has resulted in the staggering fact that currently in the US.
approximately 20% of the nation cannot afford health care insurance and subsequently are
not guaranteed proper health care.

The cost of anesthesia is also continuously rising. One of the reasons for this fact is the
ever increasing cost of drugs and supplies used by the anesthesiologist. When
anesthesiologist continue to use highly priced new drugs and disposables without proven
benefits to the patient and when the physician is not aware of the cost of his clinical
decisions, the system will continue to spiral toward yet higher cost. The prototype system
presented in this thesis tries to make the anesthesiologist aware of the financial impact of
his clinical choices. By presenting the anesthesiologist with price information on drugs and
supplies he/she elects to use in the operating room, and to present the cost per minute of
the consumed gases, we hope to reduce the amount of money wasted in operating rooms
every day.

With this system we do not intend to force the anesthesiologist to use the cheapest
possible clinical methods. We merely offer information previously not readily available in
order to assist in making fiscally responsible choices that include risk-benefit ratios
(Wetchler1992) .

It is not easy to change the clinical practice of experienced anesthesiologists. As
Wetchler said: "There are two constants in the world of health care: change and resistance
to change" (Wetchler, 1992). We expect the system to have the biggest influence on
students with the potential educational impact of upcoming anesthesiologists.

Some anesthesiologists do not like to be confronted with the costs of their practice.
Especially not when they can be compared with costs made by colleagues. This aspect of
privacy could induce a certain hostility towards the system. However, the interference into
the privacy of the anesthesiologist depends on the way the information is used. Maybe it is
best to keep the recorded data anonymous. In addition, our institution is a teaching hospital,
where it is necessary from time to time to educate the students in the use of extra-ordinary
(expensive) drugs. To discourage this would be wrong; enabling the anesthesiologist to
inform the system of the educational purpose of the more expensive method could be
useful.

A wide acceptance of the system is needed in order to get a balanced picture of the
effects of the system. It can be expected that anesthesiologist with interest in cost-efficiency
are more inclined to use the system, and a research project based on a population of only
such physicians is likely to produce biased results.

For evaluation of the effects of the system on the intra-operative anesthesia costs we
can consider only the set of items that is recorded in a consistent way. This means that of
this 'working set' we can be sure that they are registered every time they are used. This
practically limits the set to all the drugs that need to be registered in order to get a label for
the syringe.

The data collected by the system over a period of time can be used to provide
administrators with cost accounting information, and for many research projects, such as
studies on the correlation between used drugs and recovery time of the patient, whether all
the drugs that are drawn up are actually administered to the patient, etc.
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In future versions of the Cost Efficiency Monitor a combination of a touch screen with a
(retractable) keyboard seems most suitable, while the developing possibilities of speech
and character recognition must also be considered.

An existing problem with the system are the black-and-white syringe labels.
Anesthesiologist appreciate the current colored labels, which make the syringes easy to
recognize. The current state of technology of dedicated label printers offers no possibilities
for color printing, but this may change in the future.

The experiments with the estimation of the fresh gas concentrations using a
mathematical model showed promising results. Further testing is needed with the
implementation of different flow meters.

One of the expected problems of the system is the official acceptance of the anesthesia
record addendum. If drug administrations have to be entered into the system and still have
to be written down on the record as well anesthesiologist will get easily discouraged to use
the system, and there will be no guarantee of the registration of every item.

A combination of the system with an automatic record keeper would be ideal. The
registration of items and drug administrations is a logical part of these machines, and the
expected cost saving effect of the Cost Efficiency Monitor is a good selling argument for the
record keeper. Due to the flexible setup of the C-program and the multi-tasking capabilities
of Windows the Cost Efficiency monitor can easily be combined with other systems on one
anesthesia workstation. Several programs could run parallel, each with it's own window.
Besides an automatic record keeper one could think of programs like vital signs monitors,
intelligent alarm systems (van der Aa 1990, van Oostrom 1993) and clinical reference
systems (Ozaki 1988, Martens 1993).
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10. Conclusions and Recommendations

10.1 Conclusions
This thesis presents the design of a prototype. Although this prototype was only

subjected to a very short evaluation period, which prevents us from being very conclusive,
the following conclusions have been drawn.

The cost of all the items used by the anesthesiologist during an operation can not be
registered instantaneously without the cooperation of the anesthesiologist.

With the cooperation of the anesthesiologist the cost of drugs, fluids and disposables
can be registered using the cost efficiency monitor presented in this thesis.

The use of a projecting bar code scanner as a means of item identification in the
operating room is well accepted by anesthesiologists.

10.2 Recommendations for future development

Low Flow Suggestion system
This system will suggest to lower fresh gas flow at appropriate moments. At certain

phases of a operation high fresh gas flows are necessary, and the system should be
capable of recognizing such phases. We expect that the Cost Efficiency Monitor system
can provide enough information through flow and concentration measurements to
determine when a suggestion to lower fresh gas flow is appropriate.

Anesthetic Cost/benefit Expert
The Cost Efficiency Monitor could be equipped with an expert system that presents cost

effective alternatives. When a drug or consumable is registered this expert system could
offer alternative strategies generated from a knowledge base. An expert system suitable for
this task is SYMPLEXIS (Blom 1990). This system must have a link to external data bases
containing information on known complications, problems and contra-indications of the
patient.

Anesthetic Interaction Expert
With the use of the preViously mentioned SYMPLEXYS expert system we could

implement an anesthetic interaction expert system, that warns physicians when the drugs
used on the patient are known to have adversary effects in interaction with each other..

Interaction with OR-scheduling
Through the network connection of the system communications with an OR-scheduling

system could be accomplished. Information about each case (patient name, medical record
number etc.) could be obtained from the OR-scheduling system, and through forwarding the
events 'Start surgery', 'End surgery' etc. the scheduling system could be informed about the
progress of cases.
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Automatic record keeper
As described in paragraph 2.4 an anesthesia record contains three kinds of data:

Demographic and history data (patient data, OR crew names, PREOP data), physiological
data and anesthesia management data (drug administrations, events, notes). The last
category can be collected by the Cost Efficiency Monitor. The demographic and history data
can be entered by the user through the same user interface and/or from the PREOP system
through the network connection. Hans van Oostrom has made a real time data collection
tool to collect the physiological data for the record (van Oostrom, 1993). We recommend to
investigate how much is needed to combine the available software and hardware into a low
cost, PC-based automatic record keeper.
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