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Acid 

• A substance that dissociates in H20        H+ 
• HCl        H+ + Cl- (complete dissociation) 
• Acetic acid           H+  + Acetate-  

          Base 
• Substance that accepts a H+ 

         Buffer 
• Mixture of a weak acid and its conjugate base 
 

 



Bicarbonate buffer system (ECF) 

• H2C03 / HC03
-  

• Strong acid : HC03
-  + H+            H2C03  

• Strong Base: H2C03 + OH-       H20  
 

• pH – measure of [H+ ]  or Log 1/ [H+ ]  
• H/H equation relates the pH of a buffer to the 

concentration of its buffer acid and base 
         pH = pKa + log [base] / [acid] 



• pH = pKa + log [HC03
-] / [H2C03] 

• pH = 6.1 +  log         20/1 
          = 7.4 
As long as the ratio 20:1 is kept, irrespective of 
concentrations, pH is normal 
• H2C03           H20 + C02  
• H2C03     α           pC02 

 
pH α [HC03

-] /pC02  
  
  

oversimplification 
 



Components of acid base status 

• pH α [HC03
-] /pC02  

 
 
• If disease causes changes in one component, 

the other component responds in an attempt 
to correct the ratio of 20: 1 

• See if you can work out the direction of the 
compensatory component should one 
component change 
 

Respiratory 
component 

Non Respiratory  
component 



Equations 
• Metabolic acidosis 
• Metabolic alkalosis 
• Respiratory acidosis 
• Respiratory alkalosis 
Delta ratio – Increase in AG / Decrease in HC03 
  
 AG calculated-  (12) / 24  - (HC03 measured )  
Interpretation  
 <0.4 –       Normal AG Met Acid 
 0.4 – 08 – Mixed Normal AG , High Metabolic Met Acid 
 1-2          - High AG met Acid 
 > 2          - HC03 is high to start with          



Case 1 

pH 7.08 
PaCO2 18,8 mmHg 
PaO2 100 mmHg 
HC03 5,4 
 

 
 

Na 136 mmol/l 
Cl 102 mmol/l 
FiO2 0.3 
 



Case 2 

pH 7.48 
PaCO2 47 mmHg 
PaO2 68 mmHg 
HC03 34 
FiO2 0.4 
 

 
 

K = 2,8 
 



Metabolic Alkalosis 

• High pH 
• HC03

-  excess 
• Compensation? 
 

 
 

 

pH α [HC03
-] /pC02  

 



Causes of Metabolic alkalosis 

• H+  loss 
– GIT:     

• Vommiting / NG suction 
– Renal:  

• Diuretics 
• Mineralocorticoid excess  
• Low PTH/ 
• Post chronic hypercapnea 

– Hypokalemia 
• Transcellular shift/ Loss 



• HCO3 excess 
– NaHCO3 admin 
– Massive transfusion 
 

• Contraction alkalosis 
 



Maintenance of Metabolic alkalosis 

• Hypovolemia 
 

Low ECV 
Increased Na reabsorption 
Increased NH4

+ excretion 
HCO3 reabsorbtion 



Maintenance of Metabolic alkalosis 

• Hypokalemia 
stimulate 



Management 

1. Saline responsive 
• Re-expand IVV and break cycle  

 



Management 

 
2. Saline resistant 

– Low K driving 
– Plan- Correct K 
 



Case 3 

pH 7.50 
PaCO2 41 mmHg 
PaO2 145 mmHg 
HC03 34 
FiO2 0.4 
 

 
 

K = 2,8 
 



Causes: 
1.vomiting in pregnant patient, 
2.diuretics or vomiting in patient with chronic  respiratory 
alkalosis typical of cirrhosis,  
3. postcardiac arrest (hyperventilation, bicarbonate 
therapy and conversion of lactate to bicarbonate 

 
 



Case 4 

• Elderly COPD 
• pH 7.55 
• PaCO2 53 mmHg 
• PaO2 63 mmHg 
• Bicarbonate 48 mmol/l 
• FiO2 0.21 

 



Alveolar arterial gradient 

Hypoxemia PaO2 < 80 mmHg 
Due to imbalance between: 
 Pulmonary ventilation and Pulmonary 
 capillary blood flow 
 
Alveolar O2 = FiO2 x( Atm Pressure – H2O) – PaCO2/RQ 

Decrease  if : PaCO2 increases 
  PaCO2 = PaCO2 production/ RR x (Vt-Vd) 



Case 5 

• pH 7.44 
• PaCO2 63 mmHg 
• PaO2 52 mmHg 
• Bicarbonate 42 mmol/l 
• FiO2 0.28 
 



A-aDO2 

• A-a DO2 in hypoxemia  
1. High: 

•  Diffusion/shunt/dead space 
 

2. Normal: Altitude/Fi02 low   or PaCO2 high 
 
Alveolar O2 = FiO2 x( Atm Pressure – H2O) – PaCO2/RQ 
•  Resp depressants/ sedatives/ms relaxants/NM ds/Skeletal 

abnormalities 



Paeds BASIC ICU Course 

• Email: 
 

• paedsbasicjhb@gmail.com 
 

mailto:paedsbasicjhb@gmail.com


Is Balanced really the solution? 
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What is balanced? 
 
Bara’lyte 
 
 

142 

99 

1.43:1 

3.6 

49 

0 

2.7 

0 

 
296 

SID (Na+K-Cl) 40      0          28              27              50                         52 



Balanced- depends on what you want 

 

3 Carlesso et al (ICM 2010 





Constant SID ∼  Na+ +K + -Cl-  
Total weak acid ∼ Alb- 
 

PaC02 

Keep PaC02 constant 

Perfect solution 

Reduction the SID - ↑H+ 
 = 
Reduction the Total weak acid- ↓H+ 

SID = 24 
No effect on pH 



Balanced- depends on what you want 

 

6 Carlesso et al (ICM 2010 

BICAR-ICU 



 

Lancet 2018 

Hypothesized 

Early NaHC03 infusion vs no NaHC03 would result the composite of  

fewer deaths (D28) and SOFA 1by D7 



• Inclusion (All) 
– ≥ 18y 
– Within 48h of ICU admission 
– pH≤ 7.2 and PaC02 ≤ 45 
– SOFA ≥ 4 or Lac ≥ 2 

• Exclusion 
– Resp Acidosis/ HC03 loss from GIT or kidney 
– CKD – 4 
– Ketoacidosis 
– NaHC03 Rx or RRT within 24 of screening 



 



 

* 



 
Control                       Bicarb 

Total Fluid  48h:    4550          4350 
 
Na mmol/l              130          194 
 
Cl                 110           91 
 
K                  4           3.3 
 
Est SID                  24          ∼ 100          
  



So, what happened to pH? 

 



You can guess what happened to Na 

 



Chloride 

 



What about PaC02 component? 

 



Benefits of this strategy 



 
* 
* 
* 

* 
* 
* 

* 



 

Sig p 

0.0462 
0.0166 
0.0142 



So back to our question - what you 
want? 

 

? 

Is this our target? 



 



 



What does the data indicate? 

 



23 

21 studies (6253 pt) 
15 RCT,  5 Observational and 1 controlled clinical trial 

2014 



Mortality 

 

24 6 studies with mortality as an end point 



 



26 

High Cl fluid: 
 

Other 
1. Metabolic acidosis (RR 2.87) 
2. Greater serum Cl,  
3. More Blood T/F 
4. Longer MV 

However, 



 

2018 

Pragmatic, unblinded, Cluster randomized, multiple crossover 
Bal vs Saline, % ICU’s in one Center, >15 000 patients 
 
Outcomes 
1° - MAKE 30 – Mortality/New RRT/Persistent renal dysfunction 
2° Outcomes and Prespecified subgroup analysis 



  

 

Due to co-ordination with ED and OR – Received same fluid pre-ICU,  
hence the differences at ICU admission 



 



 



 

72 

60 Sepsis 



 



 





 



 



 
 
 
 

• Duration of AKI was dependent on recovery sCr to within 25-
50% of baseline sCr 



 

Mehta S, Chauhan K, Patel A, Patel S, Pinotti R, Nadkarni GN, et al. The prognostic importance of duration of AKI: a 
systematic review and meta-analysis. BMC Nephrol [Internet]. 2018 Apr 19;19. Available from: 
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5907696/ 



Conclusion 

• Duration of AKI is independently associated 
with long-term mortality and may provide 
additional prognostic information over and 
above magnitude of serum creatinine alone. 
Thus, AKI duration can be considered as a 
prognostic factor for long-term mortality and 
other cardiovascular outcomes and can be 
used as an endpoint in intervention trials to 
prevent or treat AKI. 

Mehta S, Chauhan K, Patel A, Patel S, Pinotti R, Nadkarni GN, et al. The prognostic importance of duration of AKI: a 
systematic review and meta-analysis. BMC Nephrol [Internet]. 2018 Apr 19;19. Available from: 
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5907696/ 
 



What about SPLIT 

Total 87/1152 
  7.6% 

95/1110 
  8.6% 

1% absolute mortality reduction – obviously not significant 

Young et al. JAMA 2015 





What does a change in Cl- do? 

 

42 

SID 1.Na+ -Cl-  

2. Alb- 

3. PaC02 



SMART 
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