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Acid base fluxes in healthy 70 kg man



The Regulation of Blood pH



Buffer Systems (I)



Acid Stress: The Respiratory Response



Acid Stress: The Renal Response



Buffers in the Urine: 
Phosphate, Ammonia



Cell transport models of a bicarbonate 
reabsorbing proximal tubule cell (left) and an 

acid secreting α-intercalated cell (right)



Cell models of ammonia synthesis and excretion
pathways-panel A: Proximal convoluted tubule

panel B: Type A intercalated cell in collecting tubule



Relative responses of TA and ammonia excretion in 
the response to metabolic acidosis (panel A) 
Relative contribution of urinary buffers to TA 

excretion (panel B)

Net UAE= (UNH4
+ x V) + (UTA x V) – (UHCO3

- x V)

A
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Urine pH and the excretion of NH4
+



Acidification of the urine by the A intercalated cell

Rosner et al, Clin JASN, 2015, 10:530-539



Estimation of the UNH4+ concentration by calculation of 

the urine osmolality gap 



The urinary anion gap in metabolic acidosis

Mostly chronic metabolic acidosis or
Diarrhea induced hypercloremic acidosis 

CKD, Distal RTA or 
Renal adaptation of chonic respiratory
alkalosis where NH4+ is suppressed



Urinary ammonium (NH4+) excretion in relation to
urinary anion gap (UAG)

Blue circles :distal RTA

Green circles : healthy after NH4Cl

Red triangles: hyperchloremic acidosis with diarrhea

Battle et al, Am J Kidney Dis. 70:440-444, 2017



Effect of aldosterone

on Na,K and H 

transport in the CD



Steps in evaluation of acid-base status



Expected respiratory compensatory responses



Arterial and central venous blood acid-
base parameters

Adrogue HJ et al. N Engl J Med 1989, 320 : 1312-1316 
Treger R et al. Clin J Am Soc Nephrol 2010, 5: 390-394.



Assessment of the anion gap in plasma

AG= Na+ - (Cl- + HCO3
-)



Significance of the anion gap
• In the past, “normal” anion gap was

12 +/- 4 meq/L 

• At present, changes in the technique for chloride 

have lowered the anion gap to 

8 to 10 +/- 4 meq/L

• Anion gaps less than 20 mEq/L rarely indicate 

significant acidosis and are most secondary to 

changes in proteins, phosphate, or charge 

equivalents 

• Anion gaps of more than 30 mEq/L are usually 

caused by easily identifiable acidoses



The “real” anion gap

Unmeasured cations
mEq/L

Unmeasured anions
mEq/L

K 4.5 Proteins 15

Ca 5 PO4 2

Mg 1.5 SO4 1

Organic acids 5

Total 11 total 23

∆  : + 12



Alterations in anion gap by non-

acid-base disorders

• Hypoalbuminemia and hyperphosphatemia

Correction by following formula

“normal” AG = 2 (albumin g/dl) + 0.5 (phosphate mg/dl)

or 

“normal” AG = 0.2 (albumin g/L) + 1.5 (phosphate mmol/L)

• Practically: The approximate correction is a reduction 

in the normal anion gap of 2.5 meq/l for every 1g/dl 

decline in the plasma albumin concentration 

(normal value = 4 g/dl)
• Hypercalcemia

• Lithium carbonate therapy

• Antibiotic administration (e.g. carbenicillin)

• Spurious laboratory results (e.g.hyperlipidemia) 



The use of the Delta AG / Delta 

HCO3 ratio - Advantages

• Delta AG / Delta HCO3 ratio should be equal 

to 1 in pure high AG acidosis

A value > 1, where the increase in AG is higher than the decrease in HCO3

could be due to concomitant alkalosis or compensation for respiratory acidosis.

A value < 1 with a relative decrease of HCO3 can be due to an concomitant 

hyperchloremic metabolic acidosis or compensation for a respiratory alkalosis.



Use of the Delta/Delta: Examples
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Evolution of the serum anion gap
In high anion gap metabolic acidosis

Part of the H+ is 
Buffered intracellularly
and does not decrease
Plasma HC03 - further

Lactate anion remains
Extracellularly



Urinary anion excretion determines

∆AG/∆HCO3 in overproduction acidosis





Major pathways of pyruvate and lactate metabolism

Pyruvate carboxylase

Pyruvate dehydrogenaseLactate dehydrogenase

Basal lactate production

Is 0.8 mmol/kg/hr (1300 mmol/day)





Conditions favouring the conversion of 

pyruvate to lactate

(f.e.metformin)



Diagnosis of lactic acidosis (1)



Diagnosis of lactic acidosis (2)



Lactate as a predictor of mortality

Shapiro et al Ann Emerg Med 2005;45(5):524–528;



Metformin overdose- lactate levels

Dell’Aglio et al, Ann Emerg Med. 2009;54:818-823



Modification of metformin doses with

respect to renal function

David Klachko, Adam Whaley-Connell, Cardiorenal Medicine, Vol 1, 2011



Updated US Food and Drug Administration 

guidelines for the use of metformin in CKD

Inzucchi SE, Diabetes Care 2017;40:1128–1132 | 



Relationship between plasma bicarbonate and
GFR in patients with CKD of various causes

Elkinton JR Ann Int Med 57:660-684, 1962



Impaired ammonium excretion in chronic kidney

disease-NH4Cl loading in normals and CKD

Welbourne et al, J Clin Invest 1972, 51: 1852



Beneficial effects on GFR decline of 
bicarbonate treatment of acidosis in CKD 

Susantitaphong et al, Am J Nephrol 2012;35:540–547



H2CO3

“Delay”

Urine pCO2

Use of the pCO2 in alkaline 
urine to assess distal H+

secretion



The U-B pCO2 after bicarbonate loading in 
dRTA vs controls

Kim et al, Kidney Int 66 (2004), 761–767

Infusion of 2.75% NaHCO3 solution (4ml/kg/hr. 
Urine and blood samples at 2hr intervals until 
the plasma bicarbonate concentration reached 
26 mmol/L. Urine and blood PCO2 were 
measured using a blood gas analyzer (Nova, 
Waltham, MA, USA), and the U-B PCO2 was 
calculated when the urine pH was raised to 7.5.



The furosemide-hydrocortison test for acidification

Walsh et al, Kidney International (2007) 71, 1310–1316



The different types of renal tubular
acidosis

Schwarz et al Nephrol Dial Transplant (2006) 21: 2615–2620



Classification of distal renal tubular acidosis

Rosner et al , Clin J Am Soc Nephrol 10: 530–539, 2015



Prevalence of DRTA in 57 patients with Sjögren 
disease

Both et al, Rheumatology 2015;54:933-939



Mechanisms of citrate uptake in the 
proximal tubule

NaDC-1: Na+-dicarboxylate co transporter

Unwin et al, Nephron Physiol 2004;98:15–20



Prevalence of distal tubular acidosis in recurrent
kidney stone formers

192 pts

33 pts- 17%

17 pts

17/192 = 9%

16 pts

FF test false positive: 16/33  (49%)
Shavit et al Nephrol Dial Transplant (2016) 0: 1–7



Prevalence of abnormal distal renal tubular 
acidification in patients with low bone mass

Sromicki,Hess, Urolithiasis, 2016

23%



Effect of chronic alkali treatment on bone
density (at start and FU)

Sromicki,Hess, Urolithiasis, 2016



Mechanism of CNI-induced hyperkalemia and

renal tubular acidosis

Rosner et al, Clin J Am Soc Nephrol 11: 735–744, 2016



Metabolic acidosis and electrolytes

in RTA subtypes at least 1yr post -tx

Schwarz et al Nephrol Dial Transplant (2006) 21: 2615–2620

76/576 pts 13%



In a diabetic nephropathy patient with suspected
hyporeninemic hypoaldosteronism type 4 RTA

(check for NSAID’s !)



Hyporeninemic hypoaldosteronism: 
clinical features

Brenner & Rector; The Kidney 2016




