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GAME INSTRUCTIONS
The Game for Body Water Disorder Therapy (BWaterGame) is an interactive dynamic simulator for medical management of a disturbance in salt and water balance, namely water intoxication or hyponatremia, which can be defined as a reduced level of Extracellular Sodium concentration (ECNa_conc.) 
The regulation of water balance is important in almost every area of medicine. Pathologic conditions associated with water metabolism are generally manifest by disturbances in extracellular sodium concentration (dysnatremias). These disorders relate to deficiencies or excessive secretion of Antidiuretic Hormone (ADH), whose primary function is to control the Extracellular Sodium Concentration (ECNa_conc) by varying the urine flow rate and urine osmolality.

The underlying model of the simulation game is developed using System Dynamics methodology. The player plays the part of a physician, who is trying to treat a hyponatremic patient with an ECNa conc. of 120 mEq/L and an excess body water of about 5 lt. Please note that the “normal” level of plasma sodium is 142 mEq/L. While hyponatremia is defined as an ECNa conc less than 135 mmol/l, clinical symptoms are seldom seen when the serum sodium is greater than 125 mmol/l and are generally seen with a sodium less than 120 mmol/l.  At values below 110 mmol/l, patients frequently die sudden deaths because of coma and convulsions. 

The primary goal is to increase and sustain the Extracellular Sodium Concentration (ECNa_conc.) to its normal levels, which is about 140 mEq/L.  At the same time, the total body water content should be decreased to its normal value of 40 liters as well as the extracellular & the intracellular water volumes. The challenge is to achieve these goals in balance, since rapid correction of severe hyponatremia can cause brain demyelination (brain edema and subsequent neurologic consequences), which may produce neurological morbidity and mortality.
The player should seek a delicate balance among weighing the risks of hyponatremia itself and those associated with rapid correction of hyponatremia. A low ECNa_conc.  is associated with an increasing rate of mortality. Depending on the degree of water retention, weakness and muscle cramps may develop, followed by confusion (“water intoxication”), convulsions, coma and death. On the other hand, irreversible neurological damage and death may also occur when the ECNa conc. is rapidly corrected. 
Excessive or inappropriate production of ADH- Syndrome of Inappropriate ADH secretion (SIADH), predisposes to hyponatremia, reflecting water retention. SIADH is the prototypical disorder for hyponatremia. The patient in the game has water retention and consequently severe hyponatremia due to SIADH of unknown reason. Cardinal features of the SIADH are: Hyponatremia, urine osmolality greater than plasma osmolality ,excessive renal sodium excretion, absence of hypotension, hypovolemia, and edema-forming states.
The diagnosis and treatment of hyponatremia is also often challenging and can add to the problem if inappropriately managed, since many and sometimes complex factors influence the ECNa conc. One should always keep in mind that the system that regulates total body water and ECNa conc. is a multiple input/multiple output system and is cross-coupled with systems that regulate the mean arterial pressure (MAP). 
Player Decisions

To date physicians have two main options in treating hyponatremia: a) They can try to limit fluid intake, and b) they can reduce ADH or its effect in the kidney. When the primary cause of the disorder cannot be treated, water restriction is the present mainstay of treatment. Compliance with water restriction is poor, however; because it is impractical, inefficient and difficult for the physician and the patient alike. Therefore water restriction is presented only as an option in the scenario settings of the game. 
The decisions made by the player can be of two types: The player may choose to give the patient a drug, namely a “diuretic” and/or an “ADH Antagonist” (also known as Aquaretics) to the patient. The main effect of these drugs is to change the urinary concentration; however they may have side effects which will be explained below.

Fluid therapy (or saline infusion) constitutes another important part of the current standard therapy for treating hyponatremia. It simply means to give water to the patient with different concentrations of sodium. Since various types of intravenous fluids exist; the three most commonly used categories are presented in the model, namely hypertonic, isotonic, and hypotonic fluids, which are classified according to their sodium content. Though fluid therapy is an important and quite ordinary therapeutic means, many problems are still associated with it.
(A) Dose Diuretic: Diuretics are occasionally used in hyponatremic patients to block the ability of ADH to concentrate the urine at high ADH levels. You should note that this drug prevents formation of a concentrated urine and “lowers” the urine osmolality only when the urine is more concentrated than normal. Moreover, diuretics have well known side-effects: They cause significant urinary losses of sodium, potassium, and magnesium. In this model, only sodium and potassium ions are presented and the level of potassium ions is taken as constant. The player decides the dose given to the patient orally or intravenously (directly to the bloodstream). The effect of diuretics occurs in a dose-dependent manner.
(B) Dose ADH Antagonist: Antidiuretic Hormone Antagonists (also known as Aquaretics) are another category of drugs which can be used in the management of patients with water excess and consequent dilutional hyponatremia, as in patients with congestive heart failure and cirrhosis, or in patients with euvolemic hyponatremia, as in patients with Syndrome of Inappropriate Antidiuretic Hormone (SIADH). These agents have been termed “aquaretics” because of their ability to increase urine flow rate without affecting sodium excretion. However it is seen that at higher doses they increase the current plasma ADH levels also, which is a complication related to their usage. The player decides the dose given to the patient orally or intravenously. Since their effect occurs in a dose-dependent manner like diuretics, one should pay attention not to cause dehydration while trying to increase the urine flow. 
(C) Isotonic (or Normal) Saline: This solution has an [Na+] conc. similar to that of the normal plasma. 
(D) Hypotonic Saline: Hypotonic solutions vary between 0.45% and 0,18 % saline (77 and 30 mEq/L Na). They have an osmolality smaller than the “normal” plasma osmolality. Hypotonic solutions are considered less dangerous in fluid therapy in general.
(E) Hypertonic Saline: Hypertonic saline 3% has an osmolality three times that of plasma. You should note that the percentage of sodium included in hypertonic saline is biggest, but if given, one should consider that it also carries the biggest risk of causing an overcorrection rate if used in inappropriately high amounts.
Starting the Game

The user must have Stella® Research Version 5.1 or later installed in his computer in order to play the game. The game can be started by double clicking the “BWaterGame” icon 

Logical Flow of the Game

The game is designed as a series of screens, which are connected to each other. The opening screen displays the title of the game and the main menu items, which are listed as follows:

(A) Background
(B) Game
(C) Explore Model
(D) Quit Game
Running a New Game

After the “Experiment” button is pressed the main game screen appears (Figure E.1). In the top left corner of the screen are two information buttons, which let the player to reach brief instructions about the game and the decisions during the game when they are pressed. 

On the bottom right corner of the screen, the game controls are displayed. The game is initiated by pressing the Reset and Start buttons in the New Game that is displayed at the bottom right corner of the screen.

On the left side of the screen, the Decision Sliders are displayed. After the decisions are made, the Advance button should be pressed. When this button is pressed the simulation advances 8 hours (which is the default value and can be changed in the scenario settings) and the new values of the variables are calculated. The simulation will pause automatically every 8 hour to let the player change his decision settings and review data. Pressing the Record of Decisions button on the top of the screen enables the player to examine the history of the decisions in a graphical and tabular format and pressing the Graph buttons in the Body Water and Body Sodium frames enables the player to review the related body water and sodium indicators measured between the periods. 
Once a decision value is changed from its original value, a “U” appears at the bottom-left corner of the slider. Clicking on it will reset the value to sliders’ original value. Clicking on the “?” buttons on the sliders enables the player to reach more information about the associated decision variable. 

The total duration will be 160 hours, or 20 decision rounds. At the beginning of the game, you can change the decision period (or the pause interval) of the simulation from its default value of 8 hours to 4 or 12 hours. The simulation time can be traced through the displays that are located on the top right corner of the screen. At any time, the player can quit the simulation by pressing the End Game button that is displayed at the bottom right corner of the screen. 

To start a new game the player should first terminate the current game pressing the End Game button. Next, the model should be initialized to its original setting pressing the Reset button in the New Game frame. Then a new game can be started pressing the Start button in the same frame. Between two sequential games the model must be “Reset” first! Otherwise the Start button would not work properly.

On the middle of the screen, the main indicators (variables related to body water and sodium, hormonal indicators and other measures) are displayed in order to give the player feedback about the major variables. Pressing the “Graph” buttons on the right or bottom of these variables, the dynamic behavior pattern of that variable can be displayed. On the right side of the screen, three main indicators are displayed as warning devices, for which three distinct zones are set - normal, caution, danger. As the value of the variable passes through these zones, the warning device displays the color associated with that zone – green, yellow and red, respectively. Pressing the “?” buttons on the right of the variables, brief descriptions of those variables can be displayed.

Analysis of the Model

Clicking the Explore Model button displayed in the Main Menu screen will take the player to the Model Overview Screen. The purpose of this screen is to give the player information about the interactions between the variables in the model. This is a high-level overview of the model, which shows the sectors in the system and the physical (thick arrows) flows between them.

Clicking on the lower portion of the corresponding sector frame takes the player to the modeling layer and enables him to trace out the model for a particular sector one at a time. Clicking on the dots would reveal the model structure. To return back to the high-level map, the upward-pointing triangle in the left-hand margin of the window should be clicked. 
The whole sector at a snapshot can be viewed by clicking the downward pointing triangle at the top right corner of the sector frame. The player can return to the high-level map by pressing the Back buttons, which are displayed on the modeling layer. The Control Panel button on the bottom of the screen takes the player back to the main game screen.
It is recommended that you first take a tour in the model before starting, since you can find more explanation about the variables in the model.
Information about the Model

Clicking on the Background button in the opening / main menu screen takes the player to the “General Information about the Model”. The purpose of this screen is to give the player brief information about the model, hints and warnings.
Information about the Controls

Clicking on the About Controls button in the Control Panel takes the player to the “General Information about Input Sliders” Screen. The purpose of this screen is to give the player general information about the use of the sliders.

Quit
Clicking on the Quit button initiates quitting process. Before exiting the game, you are asked to save the game results in a file. If you don’t save your game results you loose them. If you choose to save them you are asked to enter a name for the file, which will keep the data of the current game results. It must have the extension “.stm” in Windows environment.
Advanced Gaming
Clicking on the Vary Scenario button displayed on the bottom of the screen takes the player to the screen where the drug effects, the decision period setting and the water intake decision are listed. Varying these variables in different combinations lets the player to play the game under different drug types corresponding to the same category. A “mild” or “severe” water restriction could also be imposed to the patient between runs. If you don’t change it, the default scenario is “unrestricted” water intake. At the beginning of the game, you can increase your decision period (or the pause interval of the simulation) from its default value of 8 hours to 4 or 12 hours.

To change some predefined relations you should click one of the graphical functions and change the shape of the function. If you change a graphical function, a small "U" button appears in the lower left corner. To restore the function to its original shape, you should click once the "U" button. If you need more information, you should click once on the question mark (?) button at the bottom. Clicking once on the question mark button at the bottom of the knob enables the player to reach more information about the associated function.

These conditions can not be changed during the game but “Varying the Scenario Screen” can be visited to check what the conditions are. To change the initial scenario, you have to click Reset =>Vary Scenario=> and the “back button”[image: image1.emf]in the given order. 
Hints and Warnings

The values in decision sliders are set at zero at the beginning of the game. To adjust the slider input devices, the player has simply move the slider to dose the patient. The slider will automatically reset itself after each decision period, except the saline infusion decision. The daily water intake decision does not change if you don't change it in the decision rounds. The player should revise his decisions at each step, by making use of the provided analysis tools.

Results will be displayed in the graphs.  You will also receive periodic messages from the patient and your peers.
Please keep in mind that the amount of saline decided to be given to the patient will be infused during the decision period, e.g. if you decide to give 1000 ml of isotonic saline when your decision period is 8 hours, the amount of saline to be given during that 8 hour period is 1000/8 ml per hour. 
The Extracellular (EC) and Intracellular (IC) fluid osmolalities (ECOsm and ICOsm) are always identical. In the model it is assumed that the ECOsm is proportional at all times to EC sodium concentration, and ICOsm proportional to IC potassium conc. Amount of potassium is taken as constant, only sodium amount can be changed by purpose. Sodium and potassium are assumed to be locked in their respective compartments, and only water can cross the boundary to equalize the osmolalities. It is assumed that within the timescale of the model water is transferred between the EC and the IC pools instantaneously to ensure osmotic equilibrium. 
The most important physiologic action of ADH is to influence the rate of urine flow by promoting concentration of urine. A change in ADH level immediately causes a change in urine flow and concentration. Note that the urine flow is automatically calculated as inversely proportional to urinary sodium concentration, so that a given amount of sodium excretion rate is conserved. The amount of sodium excretion is on the other hand determined by Aldosterone (ALD) and Atrial Natriuretic Hormone (ANH), and the filtered load of sodium (which is equal to the Glomerular Filtration Rate (GFR) × ECNa_conc. 
Excess secretion of ADH alone is not sufficient to produce hyponatremia, thirst has also to be dysregulated. Normally, thirst response has to decrease with decreasing ECNa Conc. and increasing body water. However, for reasons not well understood, SIADH patients continue to drink and this, combined with high ADH levels, leads to hyponatremia. 

The initial values of the game are as shown in the opening screen. The game starts with initial values of a severe hyponatremic patient. 

The minimum and maximum limits for decisions per decision period are as follows:
Dose Diuretic Decision


mg:  0-750

Dose Aquaretic Decision

mg:  0-750
Isotonic Saline Decision
             ml:   0-2500  

Hypertonic Saline Decision 

ml:   0-1500 

Hypotonic Saline Decision: 

ml:   0-2500
Finally, please keep in mind that there is no winning or losing in such systemic games! The purpose is not to be on some 'high scores' list, but to learn during the game. And for this purpose, the player should try to base his decisions on the information feedback displayed through the game. The expectation is that the player's understanding of the problem issues will gradually increase after playing the game many times.
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Figure E.1. Main Game Screen
