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Acidosis  

 
“An arterial pH below the normal range (<7.36)”  

Acidosis is a manifestation of an underlying disease state 

It may be compensated  

 

 

A clinical state that lowers the extracellular fluid pH (increase in hydrogen 

ion concentration) can arise by one of two mechanisms: 
 

 -  Metabolic acidosis: due to a fall in serum bicarbonate concentration 

 

 -  Respiratory acidosis: due to elevation in arterial PaCO2 

Anion gap Na – (Bicarb + Cl)  [with/without K]   

Beware hypoalbuminaemia 



Metabolic Acidosis and the kidney 
 

Increased anion gap: CKD, DKA, lactic acidosis etc 

 
Normal anion gap: renal cause or intestinal bicarb loss 

 



Acid 

Bone density / growth / stones 

 

Renal tubular acidosis: 
 

Normal anion gap acidosis 

of renal origin  

 

Often associated K abnormality 

 



Acidosis         Alkalosis 
 

PHA type 1            Conn syndrome 

 

Gordon syndrome         Gitelman syndrome  

 

Hypomagnesaemia/        Bartter syndromes 

       hypercalciuria   

          Liddle syndrome 

Renal tubular acidosis        

 proximal    GRA      

 distal         

    - primary     

    - with osteopetrosis     

    - hyperkalaemic 

             K 

 Diuretics      Diuretics          BP   

    

        



How the kidney handles acid and base:   proximal  bicarb reabsorption 

          ammoniagenesis 

      distal     proton secretion  

          bicarb regeneration 
       

 overall ~ 70 mmol H+ requires secretion into urine 

Urine pH 

4.5 - 8.5 

* 
* * 

(*) 

* Primary acidosis 

H 
+ X

Intercalated 



 Renal tubular acidoses: classification 

 
  Proximal   Primary 

  (Type 2)    2o to Fanconi syndrome 

     Myeloma 

     Drugs/toxins  

 

  Distal    Primary (inherited) 

  (Type 1)   Idiopathic 

     Immunological disorders e.g. Sjogren’s 

     Medullary sponge kidney 

 

  Mixed    [ Transient ] 

  (Type 3)    Osteopetrosis (CA2 deficiency) 

  

  Hyperkalaemic distal Parenchymal disease 

  (Type 4)   Low aldosterone states 

     Drugs 

 



Low renin/aldo: 

   Diabetes mellitus 

   ACE inhibitors 

   NSAIDs 

   Adrenal disorders 

   Heparin 

   Critical illness 

   Interstitial disease 

 

Ciclosporin, FK506  

Trimethoprim 

 

PHA 

Treatment: Avoid drugs 

          Alkali (sodium salts) 

          Fludrocortisone 

 K-lowering Rx 

 

Hyperkalaemic RTA 

 
Real or apparent aldosterone deficiency : 

impaired K+ secretion but also low H+ excretion 

Impaired ammoniagenesis  

H + 

Intercalated 



 Renal tubular acidoses: classification 

 
  Proximal   Primary 

  (Type 2)    2o to Fanconi syndrome 

     Myeloma 

     Drugs/toxins  

 

  Distal    Primary (inherited) 

  (Type 1)   Idiopathic 

     Immunological disorders e.g. Sjogren’s 

     Medullary sponge kidney 

 

  Mixed    [ Transient ] 

  (Type 3)    Osteopetrosis (CA2 deficiency) 

  

  Hyperkalaemic distal Parenchymal disease 

  (Type 4)   Low aldosterone states 

     Drugs 

 



Urine pH 

4.5 - 8.5 

CA2: operates both distally and proximally 

CA2: also important for osteoclast function hence osteopetrosis  

if CA2 deficient  

H2O + CO2    H+ + HCO3
- 



Proximal (Type 2) RTA 
 

Most often part of Fanconi syndrome (generalised proximal tubule dysfunction) 

 

 (e.g.) -  Cystinosis 

-  Lowe syndrome 

-  Wilson's 

- Tyrosinaemia 

-  Mitochondrial disorders 

 

 

 Drugs/toxins - old tetracycline 

   - ifosfamide 

   - lead, mercury poisoning 

 Myeloma 

 

Also isolated -  inherited 

       -  acetazolamide 

  -  (CA2 deficiency) 

 

Treatment: requires large amounts HCO3, also often K+, vitamin D 

failure to absorb    HCO3,  

   citrate,  

   urate,  

   amino acids and LMW proteins  

   glucose 

   no nephrocalcinosis 



CAIV 

RME 



Urine pH 

4.5 - 8.5 



Urine pH 

4.5 - 8.5 

The -intercalated cell: an essential collecting duct 

contributor to acid-base homœostasis 

Dysfunction of -IC       distal (Type 1) renal tubular acidosis  



Distal RTA (type 1) 
 
Lightwood, 1935 
Butler et al. 1936 
 

Metabolic acidosis +  hypokalaemia  

           nephrocalcinosis  

           rickets 

 

? ‘backleak’ of protons 

from urine 
 

  (~ 50 years) 

 

  proton secretory failure 
Primary: autosomal dominant 

  autosomal recessive  

         deafness 
 

Secondary:   autoimmunity  e.g.  Sjogrens 

          drugs/toxins    e.g.  amphotericin,  

              vanadate 

          nephrocalcinosis / MSK 

          other systemic diseases 

          pregnancy 



Clinical and  biochemical features 

 
Wide spectrum of presentation:    

 asymptomatic 

       

 infantile failure to thrive     nephrolithiasis 
           vomiting/dehydration       nephrocalcinosis 
     growth failure      rickets 

     high mortality       
 rate 

Progressive bilateral sensorineural hearing loss in 1/3 children 

Treatment:   Bicarbonate or citrate, preferably K salts 

                  1 mg/Kg/day 



URINE:    

-  pH ALWAYS > 5.3 

-  normal glomerular function 

-  hypercalciuria 

-  hypocitraturia ( 1 cit =  3 HCO3 )  
 

-  low U-B (PCO2)    and NH4
+        

PLASMA:   

-  hyperchloremic metabolic acidosis 

       with normal anion gap 

-  normal Ca and PO4 
 

-  hypokalaemia 

Diagnosis 

4.5
5.0
5.5
6.0
6.5
7.0
7.5
8.0

  10  15  20  25



Biochemical diagnosis:  
 

Inability to reduce urine pH below 5.3 in the presence of  

spontaneous or induced metabolic acidosis, normal renal function 

 

 

Ammonium chloride challenge 
Wrong and Davies 

 

100 mg/kg + water ……emetic! 
 

      

Fludrocortisone / frusemide test     
Walter et al. 

 
1mg + 40 mg 



The ATP6 proton pump and anion exchanger AE1 

work in tandem 

Cl- 

K+ 



AE1 
 

‘Band-3’ protein ,  expressed in red cells and kidney 
 

 

 

    Stabilizes cytoskeleton    Ion exchange via 

     Mutations cause         transmembrane region 
    hereditary spherocytosis    65 amino acids shorter 
   

  

    

 

 

 

 

 

 

   Single gene on chr. 17q21-22                19 coding exons in red cell, 16 in kidney 

 



S 

Bruce et al 1997 

However… 

 

HS and dRTA rarely co-exist 

 

in vitro function is  

near-normal in dRTA…. 

 

? Targeting problem ? 

Point mutations in AE1 are associated with dominant dRTA 

Truncating mutation 
Two brothers 

Presented in 3rd decade 

Stones and nephrocalcinosis 



Truncated AE1 mis-targets in transfected MDCK cells 

WT:   . . . .  ADDAKATFDEEEGRDEYDEVAMPV  

RTA6: . . . ADDAKATFDEEEG 

Mark Devonald, Nanya Rungroj, 

Andy Fry 



 Normal AE1 Mutant AE1 

AE1 interacts with GAPDH, PRDX6 

H C O 3 
- 

C l - 

Ya Su, Katy Blake-Palmer 

Sara Sorrell 



X 

Recessive dRTA 

Cl- 

K+ 





The H+ATPases 
 

Multi-subunit structures 

V1 and V0 domains 

 

Ubiquitous, highly conserved  

> 40% human to archaebacteria 

    and yeast 

 

Bafilomycin-inhibitable 

 

Acidify organelles and  

specialized sites 

 
Closely related to F-ATPase (mitochondrial ATP synthase) 

 



B1 defects: dRTA w/ sensorineural hearing loss 

a4 defects:  dRTA w/ milder hearing loss 

PFK-1 aldolase 

Ya Su, 

Lu et al 
Annabel Smitth, Elizabeth Stover, Liz Norgett,  

Katherine Borthwick, Katy Blake-Palmer 



Implications for stone formers? 
 

Patients            Test                   dRTA                                                                    
 

110 adults NH4Cl  13%    Osther et al 

unselected stones   (50% if bilateral stones)        Br J Urol 1989 

               

100 adults various  17%     Kourambas et al 

unselected stones   (23% if Ca stones)     J Endourol 2001 

   

20 children Arg HCl 20%     Bonilla-Felix et al 

hypercalciuria   (67% if stones)      J Pediatr 1994 

 

129 children NH4Cl  12% of < 6y old   Pietrow et al 

unselected stones          J Urol 2002 

 

Implications for bone disease? 
 

Osteoporosis study (Deutschmann et al)   16% males   had dRTA 

             4% females 



 Renal tubular acidoses: classification 

 
  Proximal   Primary 

  (Type 2)    2o to Fanconi syndrome 

     Myeloma 

     Drugs/toxins  

 

  Distal    Primary (inherited) 

  (Type 1)   Idiopathic 

    Immunological disorders e.g. Sjogren’s 

     Medullary sponge kidney 

 

  Mixed    [ Transient ] 

  (Type 3)    Osteopetrosis (CA2 deficiency) 

  

  Hyperkalemic distal Parenchymal disease 

  (Type 4)   Low aldosterone states 

     Toluene 

 



  Distal                 Proximal  Hyperkalaemic 

 
Presentation Stones/NCa        Renal Fanconi Rx 

  Failure to thrive (infant)      Myeloma      Diabetes 

  autoimmunity        

 

HCO3   may be normal 

  or very low       variably low  typically 15-18 

 

K  low        lowish  high 

 

Urine pH Always > 5.5 

 

Rx  K citrate (low)       Na/K bicarb (hi) Na bicarb 

        Stop drug 

         +/- Fludro 

When to think of RTA 






