
7. Tissue ATP levels decrease during shock. The reason 
for this is: 
a. there is an oxygen deficit 
b. anaerobic metabolism is less effective than aerobic 

metabolism 
c. substrate supply is decreased 
d. mitochondrial function is decreased 
e. any or all of the above 

8. In which of the following organs or tissues would 
ATP levels be expected to decrease during the early 
stages of shock? 
a. brain 
b. myocardium 
c. skeletal muscle 
d. liver 
e. skin 

9. During severe shock, there are various alterations in 
cell and organ function. Which of the following state- 
ments is incorrect? 
a. there is depression in reticuloendothelial function 
b. interstitial potassium is decreased 
c. there is insulin resistance 
d. cell membrane transport processes are severely im- 

paired 
e. there is lysosomal breakdown 

10. Administration of ATP-MgCl2 as an adjunct follow- 
ing shock and ischemia improves various cellular 
functions and survival of the animals. ATP-MgC12 
produces these effects by: 
a. improving microcirculatory and total blood flow 
b. improving cell functions 
c. improving metabolic capability 
d. correcting hormonal imbalance 
e. all of the above 
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Acid-Base Disorders - 
A Computer Simulation 
DAVID L. MAUDE 
Department of Physiology 
New York Medical College 
Valhalla, New York 10595 

The wide use of arterial blood gas analysis in clinical 
medicine has made it increasingly important for physi- 
cians to understand the behavior of the bicarbonate- 
carbon dioxide buffer system in acid-base disorders. The 
medical school course in Physiology is generally their 
first exposure to this arcane subject. To familiarize our 
students with the arterial blood gas parameters and their 
responses to changes in hydrogen ion (H’) balance, we 
conduct a laboratory in which acute metabolic and 
respiratory acid-base disorders are produced in anesthe- 
tized dogs. The procedures to which the animals are 
being subjected are unknown to the students, who 
obtain arterial blood samples and follow the changes in 
pH, carbon dioxide partial pressure (Pcoz), and bi- 
carbonate ion concentration ([HCOi]) over a period of 
several hours. Using this data they attempt to arrive at 
an acid-base diagnosis. The laboratory is generally 
successful in exciting interest in acid-base physiology 
and in creating familiarity with the blood gas parameters 
and the ways in which they change when the H’ equi- 
librium is disturbed. 

Expense and the constraints of time limit the amount 
of data that can be generated by this laboratory. We 
now supplement it with a computer simulation which 
prompts the student to disturb the acid-base status of a 
hypothetical patient by “infusing” a chosen quantity of 
acid or alkali or altering the alveolar Pcoz. The pro- 
gram calculates the resulting changes in arterial pH, 
[HCOi], and the titration of fixed body buffers. A post- 
compensation pH or [HCOi] lying outside the limits 
defined for simple normally compensated disorders will 
be commented on. A typical run produced the display 
shown in Figure 1. 

The rationale for the program is as follows. The initial 
responses of arterial pH and [HCOr] to the addition or 
removal of H’ or to changes in PCOZ are governed by 
the capacities and pK of the body buffer systems. These 
parameters also determine the shape of the CO;! titration 
curve or whole-body buffer line, which is generated 
from data obtained in acute CO2 breathing and hyper- 
ventilation experiments on normal human subjects. The 
CO2 titration curve is often drawn to show the relation- 
ship between changes in arterial pH and [HCOi] on the 
familiar pH-bicarbonate diagram (Figure 2). The func- 
tion is more conveniently expressed mathematically as 
an empirical equation relating [HCO:] to Pco2 

[HCOil = S * PcoJ(Pco2 + R) (0 

where the coefficients R and S have values of 12.95 
mmHg and 31.39 meq/l, respectively (8). Equation 1 is 
used directly to calculate the [HCOi], and hence the pH, 
in acute respiratory acidosis and alkalosis. Since the 
quantity of HCO? generated when CO2 reacts with non- 
bicarbonate body buffers (B-, HB) is equal to the amount 
of fixed buffer titrated (CO2 + Hz0 + B- C---->HB 
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1 
WHICH ACID-BASE DISORDER DO YOU WISH TO STUDY? 

METABOLIC ACIDOSIS? THEN TYPE “A” 
METABOLIC ALKALOSIS? THEN TYPE “L” 
RESPIRATORY ACIDOSIS? THEN TYPE “R” 
RESPIRATORY ALKALOSIS (HYPERVENTILATION)? THEN TYPE “H” 

( PRESS <RETURN> AFTER KEYBMRD ENTRY.) 

A 

ENTER PT”S BODY WEIGHT IN KG. 70.8 

ENTER MEQ. ACID ADDED. (TO CAUSE A SIGNIFICANT pH DISTURBANCE 
THE AMOUNT ADDED MUST EXCEED 8.9 mEq/Kg BODY WT.) 258.8 

BEFOR RESPIRATORY CoMPENsATIbN (PC02 = 48.8): z 

PH = 7.19. HC03 = 14.7 MEWL. 

OF 258.8 MEQ ACID ADDED 14@,9 HAVE REACTED 
WITH FIXED BODY BUFFERS. 

ENTER A VALUE ((48 MMHG) FOR PC02 DURING RESP. COMPENSATION. 34.e_ 

AFTER RESPIRATORY COMPENSATION TO PC02 = 34.8 : 

PH = 7.25 HC03 - 14.3 MEWL 

84.0 MEQ H+ IONS REMAIN ON FIXED BODY BUFFERS. 

NOTE: A PC02 OF 34.8 IS HIGHER THAN EXPECTED DURING RESPIRATORY COMPENSATION 
FOR THIS DEGREE OF ACIDOSIS. YOU SHOULD SUSPECT A DISTURWNCE IN PULMONARY 
VENTILATIW OR ITS CONTROL. 

DO YOU GIANT TO RUN THE PROGRAM AGAIN? Y~csVN(o) 

1:: PRESS <RETURN> AFTER KEYBOARD ENTRY .) 

Figure 1 
Typical display generated during a single run of the program (user responses underlined). 

+ HCO;), Eq. I can also be the basis for calculating the 
extent of buffering as well as the final pH and [HCOi] 
in a metabolic acid-base disturbance. In an uncompen- 
sated metabolic acidosis, for example, the amount of B- 
titrated to HB equals the increase in body bicarbonate 
content that would occur during a CO* titration to the 
same pH (the equivalent CO2 titration) (see Figure 2). 
The increase in bicarbonate content is the product of the 
bicarbonate space (V) and the change in [HCOi] from 
its normal value (here taken as 23.7 meq/l), as calculated 
from Eq. 1. V is the true volume of distribution of HCOi 
not the apparent bicarbonate space derived from studies 
where NaHCOs is infused into acidotic patients or 
experimental animals. The latter volume, typically taken 
as 0.5 l/kg body wt (12) or more in severe acidosis (9), 
exceeds the actual bicarbonate space because some of 
the infused bicarbonate reacts with protonated body 
buffers (HB) and is excreted via the lungs as CO2 

HCO: + HB ----> B- + COz + H20 

V cannot be measured but in view of the negative elec- 
trical potential and relatively low pH [about 7.0 (11, 18)] 
prevailing within most of the body’s cells is unlikely to 
include any significant amount of intracellular fluid. We 
have therefore taken V to be the same as the extracellular 
fluid volume, i.e., 0.2 l/kg body wt. 

Description of the Program 
The program as listed in Figure 3 was written for the 

Apple Pascal Version 1.1 operating system. With minor 
modifications it could be adapted to run with other 

Pascal compilers. Its key components are as follows. 
1. The functions PC02TCAL and HC03TCAL, which 

use Eq. I to calculate the PCOZ and [HCOi] (PCO2T, 
HC03T) in an equivalent CO2 titration. 

2. The functions PHHH and HC03HH, which calcu- 
late pH and [HCO:] using the Henderson-Hassel- 
balch equation. 

3. The procedure MET, which calculates the contribu- 
tions of the bicarbonate and nonbicarbonate buffer 
systems to the buffering of an acid or alkali load. 
When applied to a metabolic acidosis (in the proce- 
dure METACID), MET iteratively increases HC03T 
from an initial value of 23.7 meq/l (HC03N) and 
calculates the corresponding PCOZ and pH (PCO2T, 

h 

I I I 
7.0 pH=pHT 7.4 

Figure 2 
pH-bicarbonate diagram showing points for an uncompensated 
metabolic acidosis and its equivalent CO2 titration. Increase in bicar- 
bonate concentration (AHCO~) in the equivalent titration is used to 
calculate the quantity of H’ reacting with fixed buffers during the cor- 
responding metabolic acidosis. 
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Figure 3 
Program listing 

Program listing 1 

PROGRAM PHCHANGE :  
USES TRANSCEND :  
CONST 

+0,2:(rTRUE HC03 SPACE - L/KG*) 
HC03N-23.7 :  PCO2N=40 :  PHN-7.40 :  ( *NORMAL VALUES*) 
St=;’ ( PRESS <RETURN> AFTER KEYBOARD ENTRY.)‘: 

VAP 
R(rPC02 CONST*). S(*HCOB CONST.+). 
W(+BODY WT*),BTR,(*BUFFER TITRATED IN RESP. DISORDER*) 
LOAD( rMEQ ACID/BASE ADDED*) ,A( *LOAD/KG+>, 
pH,PHT,PC02,PC02T,HCO3,HCO3T, I0ELTA, FRACTION: REAL: 
CHOICE, OPTION:CHAR: 

FUNCTION PHHH(HC03.PC02:REAL):REAL: 
BEGIN 

PHHH:=7.62+LOG(HC03/pCO2) 
END:(+PH CALC FROM HEND.-HAS. EQ.*) 

FUNCTION PC02TCAL(R,S,HC03T:REAL):REAL: 
BEGIN 

PCOPTCAL :=R+(HC03T/(S-HC03T)) 
END:(+PCO2 FROM NORMAL BUFFER I%.*) 

FUNCTION HC03TCAL(R.S.PC02T:REAL):REAL; 

BEGIN 
HCOBTCAL :=S*PC02T/(R+PC02T) 

END: (wHC03 FROM NORMAL BUFFER EQ. 9) 
FLbJCTION HCOBHH(PH,PC@2:REAL) :REfSL; 

BEGIN 
HC03HH:=PC02+EXP(2.383+(PH-7.L2,) 

ErJD ;  ( wHC03 FROM HEND. -HGS. EQ. rt> 
FL@JcTI(#r( HCAL(R:REAL) :REAL: 

BEGIN 
HCAL :=R*HC03N,‘PC02N + HCOBN 

END;<*CALCULATE S FRC#-l R*) 

PROCEDURE GETWT :  
BEGIN 

WRITE(‘ENTER PT”S BODY WEIGHT IPJ KG. 
READLNCW) :  

END; ( l GETWT*) 
PROCEDURE MET i 

BEGIN 
REPEAT 

PC02T:=PC02TCAL(R,S,HCO3T): 
PHl:=PHHH(HC03T,PC02T); 
HCO3r=HC03HH(PHT,PCO2>: 
HCO3T :  =HC03T+ FRACT I  ON*DELTcr :  

LRJTIL DELTA+<HC03T-HC03)>=A/U: 
END ;  < *MET* ) 

PROCEDURE RESPCOMP: 
BEGIIJ 

REPEAT 
PH:=PHHH(HCOB.PCOZi: 
PCOZT:=PC02TCAL(R.S.HCO3T>: 

PHT:-PHHH(HC03T.PC02T,; 
HCO3T ,=HC03T-FRACTI O!J*DELTk :  

HC03:-HC03-B.l*DELTk: 
UJTIL (PH-PHT)*DELTA <- 8.81: 

E’JG I ( l RESPCMP* j 

) ;  

Program lieting 2 

PROCEDURE MACLIMITS: 
BEGIN 

IF PC02>(1.54*HC03+18.5~) THEN 
BEGIN 

WRITELN<’ NOTE: A pCO2 OF ‘.PCO2:3:1.’ IS HIGHER THAN EXPECTED’); 
WRITELN(‘DURING RESPIRATORY COMPENSATION FOR THIS DEGREE OF ACIDOSIS.‘); 
WRITELN( ‘YOU SHOULD SUSPECT A I01 STWBANCE IN PULMONARY VENTILATION OR*) ;  

WRITELNC ’ 1-l-S CONTROL.‘): 
END :  

IF PC02<(1.54*HC03t6.16) THEN 
BEGIN 

WRITELNC ’ NOTE :  A PC02 OF ‘.PCO2:3:1 .’ IS LOWER THAN EXPECTED DURING’) ;  

WRITELN( ’ RESPIRATORY COMPENSATION FOR THIS DEGREE OF ACIDOSIS. YOU ‘1; 

WRITELN(‘SHOULD SUSPECT THAT THE PATIENT HAS A COMBINED METABOLIC ’ ) :  
WRITELN(‘ACIDOSIS AND A PRIMARY RESPIRATORY ALKALOSIS.‘): 

END :  
END: (+MACLIMITS*) 

PROCEDURE MALLIMITS: 
BEGIN 

IF PC02>8.91+HC03*20.7 THEN 
BEGIN 

WRITELN(‘N0TE: A PC02 OF ‘,PC02:!3:1, ’ IS HIGHER THAN EXPECTED DURING ‘); 

WRITELN(‘RESPIRATORY COMPENSATION FOR THI- 
c DEGREE OF ALKALOSIS. YOU ‘,; 

kIRITELN( ’ SHOULD SUSPECT THAT THE PATIENT HAS A PRIMARY RESPIRATORY ‘): 

WRITELN(‘ACIDOSIS IN ADDITION TO THE METABOLIC ALKALOSIS.‘); 

EkJD ;  
IF PCO2<8 .91rHCD3*16.5 THEN 

BEGIN 
WRITELNC ’ NOTE :  A PC02 OF ‘.PCO2:3:1,’ IS LOWER THAN EXPECTED DURING 0) i 

WRITELN(‘RESpIRATORY COMPENSATION FOR THIS DEGREE OF ALKALOSIS. YOU ‘); 

wRITELN(‘SHOULD SUSPECT THAT THE PATIENT HAS A PRIMARY RESPIRATORY ‘); 
WRITELN(‘ALKALOSIS IN ADpITImJ TO THE METABOLIC ALKALOSIS.‘); 

END ;  
END:(+MALLIMITS*) 

PROCEDURE RACLIMITS; 
BEGIN 

IF PHT>9-LOG(0.24+PC02*21.2) THEN 
BEGIN 

WRITELN(‘NOTE: A PH OF ‘,PH7:3:1*’ IS GREATER THAN EXPECTED WITH THIS’); 

WRITELN( ’ DEGREE OF CO2 RETENTION. YOU SHOULD SUSPECT THAT THE ‘); 
WRITELN(NPATIENT HAS A COMBINED RESPIRATORY ACIDOSIS AND A PRIMARY ‘): 

WRITELN(‘METABOLIC ALKALOSIS.‘)I 
END :  

IF PHT<P-LOG(8.24*PCO2+33.2) THEN 
BEGIN 

WRITELN(’ NOTE: A PH OF ‘.PHT:3:l: IS LESS THAN EXPECTED WITH ‘): 

WRITELNC’THIS DEGREE OF Co2 RETmTIMJ. YOU SHOULD SUSPECT THAT THE 0): 

WRITELN(‘RESpIRATORy ACIDOSIS IS COMBINED WITH A PRIMARY METABOLIC ‘): 
WRITELN(‘kCIDOSIS.‘): 

ErJD :  
EFJD: ( l RACLIMITS*) 

WHILE A/V>45 DO 
BEGIN 

WRITELN(LOAD:4: 1, MEQ Ht IONS CAUSED A FATAL ACIDOSIS. ) :  
WRITEC’ENTER A NEW VALUE FOR ACID ADDED. ):  
READLPJ( LOAD) :  

A :  =LOAD/kl ;  
EldD :  

PH:=PM: PC02 :  =PCO2bJ ;  HCO3T:=HCOSN; DELTA:=l; 
MET ;  

WRITELNC’BEFOR RESPIRATORY COMPENSATION (PC02 = #,PCO2:3:l,‘):‘); 
WRITELN( ’ PH = ‘,PHT:3:2,‘. HC03 = ’ ,HCO3:3:1,’ MEOIL.‘); 
WRITELN; 
WRITELN 
(‘OF ’ ,LOAD:4:1 ,’ MEQ AC1 D ADDED ’ ,  (HC03T-HC03N)+V+W:4:1,’ HAVE REACTED’); 

WRITELNC’WITH FIXED BODY BUFFERS.‘); WRITELN; 
END :  ( +METACI Dr ) 

PROCEDURE MACC0MP; 
BEGIN 

WR I  TELN ;  
WRITE 
(‘EIJTER A VALUE (<40 MMHG) FOR PC02 DURING RESP. COtlPENSATI~. ‘.sl): 

READLN(PC02): 
WRITELN: ’ 
RESPCOMP ;  
LOAD:=(HC03T-HC03N)+Usw: 
WRITELN(‘AFTER RESPIRATORY COMPEpJSATIOIJ TO PC02 = ‘.PC02:3:1q’ :‘): 

WRITELNC’PH = ’ .PH:3:2.’ HCO3 = ’ ,HCO3:3:1.’ ?lEQ/L’): 
WRITELN(LOAD:4: 1 ,’ ME0 it IOJS REMAIN ON FIXED BODY BUFFERS.‘): 
WRITELN: 
MACLlMITS: 

EtJD :  ( *MACCOMP*? 

PROCEDURE METALK ;  
BEGIN 

R := 12.95; S:=HCAL(R): 
WRITELN; 

Program listing 4 

GETWT :  
WRITE<‘ENTER MEQ. OF BASE ADDED. ‘);READLN(LOAD); wRITE(CHR(l2)): 

A:+ LOAD/W: PCO2:=PC02N; HC03T:=HC03N: DELTA:=-1 .O: 
MET :  
WRITELN(‘BEFOR RESPIRATORY C0MPENSATIU.J (PC02 = ‘.pCO2:3:1,‘):‘); 

WRITELN<‘PH = ’ ,PHT:3:2,‘. HC03 = ’ ,HC03:3:1,’ MEQ/L.‘); 
WRITELN 

(‘OF ’ ,LOAD:4: 1 ,’ MEQ BASE ADDED ’ ,  (HCO3N-HCO3T)+U+W:4:1.’ HAVE REACTED’); 
WRITELN(‘WITH FIXEP BODY BUFFERS.‘):WRITELN:WRITELN:WRITELN; 
WRITE 

(‘ENTER A VALUE (> 45 MMHG) FOR PC02 DURING RESPIRATORY c0MPENSATIONn /,Sl); 

READLN(PC02); WRITELN; 
FRACTION:=0.1 ;  

RESPCOMP ;  
LOAD :=<HC03N-HC03T)*U*W; 

WRITELN(‘AFTER RESPIRATORY COMPENSATION TO PC02 = ’ .PCO2:3:1 ,’ :‘) i 
WRITELN<‘PH = ‘.PH:3:2.‘. HC03 = ‘,HC03:3:1,’ MEQ/L.‘); 
WRITELN(LOAD:4:1,’ MEQ OH- IONS REMAIN ON FIXED BODY BUFFERS.‘): 
WRITELN; 
HALLIMITS; 

END;(*METALK+) 
PROCEDURE RESPACID; 

BEGIN 
R := 12.95; S:=HCAL(R) :  
WRITELN; 
GETWT ;  
WRITE( ‘CHOOSE A VALUE !  >q(! CY< <lb@> FOR PC.02. ’ ) :  PEGOLbl(PC32) :  

WRITE<CHP( 12) > ;  
HC03:=HC03TCAL(R,S,PCO2); 
PH:=PHHH(HCOB,PCO2); 
BTR:=<HC03-HC03N)+V+W; 

WRITELN<‘RESPIRfiTORY ACIDOSIS WITHOUT REtJAL COMPENSATION:‘); 
WRITELN(‘PCO2 = ‘,PCO2:3:1,’ PH = ‘,PH:3:2,’ (HC03) = ‘,HC03:3:1); 

WRITELN; 
WRITELN(BTR:3:1,’ MEQ. BODY EUFFER HA5 BEEN TITRATED By C02.‘); 
WRITELN;WRITELIJ; 
WRITELN(‘HW MANY MEQ OF HC03 IONS WOULD YOU LIKE THE PATIENT”S ‘)i 
WRITELN(‘KIDNEYS TO PRODUCE TO COMPENSATE FOR THE RETAINED ACID?‘); 
WRITE(S1): 
READLNCLOAD); 

A:= LOAD/W; HC03T:= HC03; DELTA:= -1 a@; FRACTION:=0.2; 
MET ;  
BTR: =<HCOBT-HCO3N)+U*W: 

GIRITELN: 
WRITELN(‘AFTER RENAL COMPENSATION - PRODUCTION OF ‘.LOAD:3:1.’ MEQ'); 
WRITELNc’HC03 IObJS - PH = ‘.PHT:3:2,’ HC03 = ‘,~cO3:3:1.’ MEOiL.‘): 
WRITELN: 
klRITELN(BTR:4: 1 ,’ MEQ OF FIXED BODY BUFFERS REMAIIJ’): 
LIRITELIJ,‘TITRATEG l.JITH COZ.‘); 
RACLIMITE: 

END:! l RESPACED+) 

PROCEDURE RESPALK; 
BEGIN 

R := 12.95: S:=HCAL(R): 
WRITELN; 
GETWT ;  

WRITE(‘CHOOSE A VALUE (>l@ & <48) FOR PC02. ‘): 

READLN< PCO2) ;  WRITE<CHR( 12)) ;  
HC03:=HC03TmL(R,S,PCO2); 
PH:=PHHH<HCO3,PCO2); 
BTR:=< HCO3N-HC03) Itv*W :  

WRITELN(‘RESpIRATORy ALKALOSIS WITHOUT RENAL COMPENSATION:‘); 

WRITELN: 
WRITELN(‘pCO2 = ‘.PC@2:3:1.’ PH = ‘,PH:3:2.’ fHC03) = ‘,HC03:3:1); 

Program listing 5 

WRITELN; 
WRITELN(BTR:3:1, ’ MEQ Ht IONS HAVE BEEN RELEASED’): 
WRITELN(‘FROM FIXED BODY BUFFERS.‘): 
WRITELN:WRITELN: 
WRITELN(‘HOW MANY MEQ OF HC03 IONS WOULD YOU LIKE THE PATIENT~S’): 

WRITELN( ‘KIDNEYS TO EXCRETE TO COMPENSATE FOP THE LOST CO2 3’ ) :  

WRITE< Sl 1 :  
READLN(LOAD); A:=L(?AD/W; HCOBT:= HC03; DELTA:=l.B: 

WRITELN; 
MET i 
BTR:=(HCO3N-HCO3T)+U+W; 
WRITELN(‘AFTER RENAL COMPENSATION - EXCRETION OF ‘,LOAD:3:1,’ MEQ’); 
WRITELN(‘OF HC03 IONS - PH = ‘,pHT:3:2.’ HC@C? = ‘.HCO3:3:1,’ MEQ/L’): 

WRITELN; 
WR JTELN( ‘Ht IoN RELEASE FROM F IYED BODY BUFFERS I  S rd0W ’ ) ;  
WRITELN(BTR:3:1 ,’ MEQ.‘) :WF:ITELN: 

PROCEDURE RALLIMITS: 
BEGIN 

IF PHT>P-LOGC 0.74*PCO2+6.9) THEN 
Program lietiag 3 

WRITELN 
( ‘NOTE :  A PH OF ‘,PHT:3:2,’ IS GREATER TWrJ EXPECTED IN A PATIm ‘)t 

WRITELN(‘WITH THIS DEGREE OF HYPERVENTILATION. YOU SHOULD SUSPECT A ‘)i 
WRITELN(‘CO-EXISTING METABOLIC ALKALOSIS.‘): 

END ;  
IF PHT<P-LOG(0.74*PC02+13.9) THEN 

BEGIN 
WRITELNC’NOTE: A PH OF ‘,PHT:3:2,’ IS LESS THAN EXPECTED IN A PATIENT “1 
WRITELN(‘WITH THIS DEGREE OF HYPERVENTILATION. you SHOULD SUSPECT A ‘)i 
WRITELN(‘CO-EXISTING METABOLIC ACIDOSIS.‘); 

END: 
END:(+RALLIMITS*) 

PROCEDURE METACID: 
BEGIN (*METABOLIC ACIDOSIS *) 

R := 46 :  S:=HCAL(R) :  
WRITELN: 
GETWT ;  
WRITEC’ENTER MEQ. ACID ADDED. ‘); 
READLN( LOAD) ;  WRITE(CHR(12)); 
A:= LOAD/W: 

BEGIN(+PROGRm*) 
OpTIOIJ:=‘y’ ;  

FRGCTIUJ:=l i 
REPEAT 

WRITELN(‘WHICH ACID-BASE DISORDER DO YOU WISH TO STUDY”‘); 
WRITELN(‘METABOLIC ACIDOSIS’ THEN TYPE “A”’ ) ;  

WRITELN(‘METABOLIC ALKALOSIS? THEN TYPE “L”‘): 
WRITELN( ‘RESPIRATORY ACIDOSIS3 THEN TYPE ‘R”‘): 
WRITEU\I(‘RESPIRATORY ALKALOSIS (HYPER(JEIJTILATION)> THErJ TYPE “H”‘): 

LJl?ITELfl:WRITELN(Sl) :WRITELN; 
f?EADLNtCHOICE);WRITELNi 

CASE CHOICE OF 
‘A’ :  BEGIN METACI D: t-lACC(?lP: EtJD: 
‘La; METALK ;  
‘R’ :  RESPACID: 
‘H’ :  RESPALK :  

ErJD: ( *CASE*> 
IF (CHOICE<>‘A’) ATJD (CHOICEf>‘L ‘) AND (CHOICE<>‘R’) AflG ICHOICE’)ZH’) 

THEfJ l,JRITE( ‘INCORRECT ENTRY. ’ ) :WRITELFJ: 
wRITEL~J(‘DO YOU l&NT TO RUIJ THE PROGRAM fiC&IfJ3 Ytes)/N(o)‘): 
WRITELIJ:WRITELN(SI) :WRITELIJ: 
REGDL~I!OPTI~~J) :  wRITE(CHR( 12)) :  

UtJTT;L DPTIDN<)‘Y’ ;  
EtJD. ( *PROGRAM+) 
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