Preface

Dear Colleagues,
To practice as a quality physician, you have to approach any problem you face in a
scientific way.
In this respect, working through a guideline is the ideal methodology to achieve
this target.
The ESPNT is putting forward some of the guidelines agreed upon by the eminent
Nephrologists working in the field of Pediatric Nephrology with a step‐wise march
finally guiding to the correct diagnosis and, consequently, the proper treatment.
I hope this will be followed by the rest of the guidelines to cover more and more
of the Pediatric Nephrology field.
My best regards.
Ramzi El‐Baroudy
Professor of Pediatrics & Pediatric Nephrology – Cairo University
Head of Egyptian Society of Pediatric Nephrology & Transplantation

Definitions
Nephrotic
Syndrome

Edema, proteinuria >40 mg/m2/hr or protein/creatinine ratio >2 or
3‐4+ on urine dipstick, hypoalbuminemia <2.5 gm/dl.
Remission represents a marked reduction in proteinuria

Remission

(to < 4 mg/m2/h, or urine albumin dipstick of 0 to trace for
3 consecutive days) in association with resolution of edema.
Relapse of nephrotic syndrome is defined as recurrence of

Relapse

severe proteinuria (> 40 mg/m2/h, or urine albumin dipstick
≥ 2 + on 3 successive days), often with a recurrence of edema

SSNS

Patients who enter remission in response to corticosteroid
treatment alone
failure to develop remission after 4 weeks of prednisone at a dose
of 60 mg/m2/day followed by three intravenous pulses (on
alternate days) of methylprednisolone at a dose of 500

SRNS

mg/m2/dose (max. 1000 mg)
OR
failure to develop remission after 6 weeks of prednisone at a dose
of 60 mg/m2/day

SDNS

Two consecutive relapses during corticosteroid therapy
withdrawal or within 14 days of ceasing therapy

Frequent

Two or more relapses within 6 months of initial response or four

relapser

or more relapses in any 12‐month period

Infrequent

One relapse within 6 months of initial response or one to three

relapse

relapses in any 12‐month period

Partial

Clearing of edema (off diuretics) and persistence of proteinuria

responders
(incomplete
remission)

between 4‐40mg/m2/h

1st attack
Initiate prednisone 60 mg/m2/day divided for 4 w (max. 80mg)
After 6 w prednisone or 3 pulses MTP

Partial Response

SSNS

SRNS

Continue prednisone 60 mg/m2/d (max 60 mg
in the 2nd mo) for total 8 ws + ACEI

 to 40 mg/m2 e.o.d. single dose for 8 w
then taper over 12 w

If response same dose e.o.d.
If no response
Remission
for 2motaper over 6 mo.
If biopsy is not feasible
Achieve remission prednisone 60 mg/m2/d till urine is free of
Cyc. 2mg/kg/d for 12 w†
proteins x 3Ds. Then taper graduallyconsolidate for 3 mo at point
where previous relapse happened continue tapering over 12 mo.

SDNS

If biopsy is available
Manage accordingly

Plan A §

If Relapse <30 mg/m2 e.o.d.

If Relapse >30 mg/m2 e.o.d.

Add levamisole 2.5mg/kg e.o.d.

Frequent relapsers
Infrequent relapsers
Cyc. 2mg/kg/d for 12w† + Prednisone

2

Prednisone will be given as follows: 60 mg/m /d till
urine is free of proteins x 3Ds. 40 mg/m2 e.o.d x
8wtaper x12w
If failed to reduce frequency do biopsy
If biopsy is available
Manage accordingly

If biopsy is not feasible
MMF ‡
2

Achieve remission prednisone 60 mg/m /d till urine is free of
proteins x 3Ds. Then taper gradually over 4-8 ws.

If remission  continue 12 mo

If biopsy is not
feasible

Cyc =cyclophosphamide
ACEI= angiotensin converting enzyme
inhibitors
†Failure or side effects of Cyc  plan A

If no response
MMF

‡

If failed do biopsy
If biopsy is not feasible
Cyc. 2mg/kg/d for 12 w†

‡ MMF (mycophenolate mofetil):

given 1200 mg/m2/d for 12 ws. (start
with prednisone 60mg/m2/d and
taper as in corresponding protocol)
- If response continue for 12 mo.
- If no response stop it.
§For plan A & management according to
pathology see next page

Plan A

Management According to Biopsy

Cyclosporine P.O. 150 mg/m2/day in 2 divided doses for 12 w

+

Prednisone 30 mg/m2/day for 4 w then e.o.d. tapering over 6 mo

MCGN, IgM,
MgPGN
Cyc 2mg/kg/d x12w

If Response
Continue for 1 y.

If NO Response
Add MMF 1200 mg/m2/d for 12 ws

100 mg/m2/d in 2nd y.

Prednisone 2mg/kg/d
for 4 w then taper
e.o.d. for 8 w

FSGS

Plan A

+

Antifibrotic agents
(spironolactone)

+

Antioxidants (Vit E 400 IU/d)

75 mg/m2/d in 3rd y.

If failed
Plan A

Taper over 12 w
If no response
Taper cyc A over 12w
??
Rituximab 375
mg/m2/w x 4w
??
Mendosa protocol

+

Collapsing
glomerulopathy

If response
Taper cycA over 12 w &
continue MMF 12 mo

If failed (FSGS)
??Mendosa protocol
??plasmapheresis 6 sessions
over 2w
If failed Rituximab 375
mg/m2/w x 4 w
All patients should receive ACEI

C1q nephropathy
MTP 5 courses each
3 Ds (0,1,4,8,12 ws.)
+ prednisone 60
mg/m2/d for 4 Ws.
(in non-MTP days)
then taper e.o.d. for
6 mo.

+

Cyclosporine
150mg/m2/d x12w
then taper over 12w

+

Antifibrotic agent

+

Antioxidants

Notes
(1) Urine protein/creatinine ratio is used to detect proteinuria or remission (Normal up to 0.2)
(2) Prednisone (not prednisolone) should be used in treatment of nephrotic patients.
(3) Cyclophosphamide therapy:
-

I.V. cyclophosphamide pulses 500mg/m2/mo x 6 mo are equivalent to P.O. 12 w regimen

-

CBC should be done weekly in the 1st month of therapy and then every 2 w

-

Cyclophosphamide should not be used in peri-pubertal period (shift to cyclosporine regimen)

(4) Levamisole therapy:
-

CBC should be done every 2 w in the 1st mo then monthly

-

Liver function tests should be done every 3 mo

(5) Cyclosporine therapy:
-

It should be given to achieve serum level between 150-200 ng/ml

-

Prophylactic TMP + SMZ may be given

-

Monitor kidney function tests monthly. If impaired stop treatment & do renal biopsy

-

Stop if side effects appear (e.g. hypertension, hepatic toxicity, gingival hypertrophy, etc…)

-

Renal biopsy should be done annually for cyclosporine patients

(6) Viral URTI may trigger a relapse so a short term increase to daily steroid rather than e.o.d. therapy is needed.
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Rapidly Progressive Glomerulonephritis

(1, 2)

Renal biopsy (LM + I/F) and ANCA

ANCA(3) +ve
Systemic vasculitis(4)

ANCA ‐ve

No systemic vasculitis

Linear deposition
for IgG along GBM

1. Granulomatosis with polyangiitis*
Renal‐limited vasculitis
2. Microscopic polyangiitis
3. Churg‐Strauss syndrome
Lung hge.
Plan A

Goodpastur syndrome

ASOT, throat culture, C3, C4. ANA
No Lung hge.
Anti‐GBM nephritis

+
Plasmapheresis (double volume) on
alternate days for 2 weeks
(if needed)

Plan A

Granular deposition along
capillary loop &/or mesangium

ASOT and Culture +ve
C3 , C4 N, ANA ‐ve

Plasmapheresis(7) (double
volume) on alternate days for 3
weeks
+ plan A (if needed)

ASOT and Culture ‐ve
C3  , C4  or N
ANA ‐ve
Biopsy picture

MPGN

(5)

PSGN

‐ IV methylpred. 15‐30 mg/kg/d x 3‐6 doses 
prednisone 1.5‐2 mg/kg/d x 4 ws.  taper to
0.5 mg/kg/d by 3 ms.  give e.o.d. x 3mo.
‐ IV cyclophosphamide 500mg/m2/month x
6mo.
* Formerly known as Wegener granulomatosis

ASOT and Culture ‐ve
C3, C4  or Normal
ANA +ve (?)
Biopsy (full house)

ASOT and Culture ‐ve
C3 N, C4 N
ANA ‐ve
Biopsy picture

SLE

1. IgA nephropathy.
2. HSV.
3. Others.

Notes:
(1) Diagnostic criteria for RPGN include:
‐ Rapid decline of renal function (reduction of > 50% of GFR from a few days to 3 months)
‐ Normal or enlarged kidney size.
‐ Nephritic/nephrotic syndrome (dysmorphic erythrocyturia, erythrocyte casts or proteinuria)
‐ Glomerular crescents (>20%...in most of studies)
‐ Absence of other diagnoses (see note 2 )
(2) Several renal disorders can lead to a clinical picture similar to RPGN but WITHOUT the typical histological
findings. These disorders include conditions such as tubulointerstitial nephritis, microangiopathic hemolytic
anemia and acute tubular necrosis
(3) The antigen specificity of ANCA may be for proteinase 3 or myeloperoxidase. The former produces C‐ANCA
and the latter P‐ANCA staining. 80‐90% of ANCA found in Wegener’s granulomatosis are C‐ANCA. P‐ANCA
are more often seen in microscopic polyangiitis.
(4) Systemic vasculitis features may include: sinusitis, nasal obstruction, otitis media, pneumonitis, scleritis,
uveitis, asthma, eosinophilia, etc…

(5) RPGN resulting from PSGN, despite its severity, resolves spontaneously and does not require
immunosuppressive agents or plasmapheresis in most of cases. However, patients with PSGN may require
dialysis.
(6) RPGN may be seen in renal transplant patients of Alport syndrome.
(7) Plasmapheresis should begin as early as possible in the following cases:
‐ Anti‐GBM nephritis and Goodpastur syndrome.
‐ Dialysis dependent patients.
‐ If biopsy shows severe histological changes (>50% crescents).

(8) Treatment of refractory cases: rituximab 375 mg/m2/week x 4 weeks. Rituximab may improve renal
outcomes in ANCA–associated vasculitis.
(9) ANCA +ve patients have higher incidence of relapse. Consider adding MMF 1200 mg/m2/day in addition to
prednisone 0.5 mg/kg e.o.d. for long periods (18 months).
(10) If biopsy is not feasible (for any reason) start plan A for treatment after exclusion of other causes (see
note 2)
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Definitions
Presence of symptoms†

+
UTI*, (1)

‐ Urine specimen with positive nitrite & leukocyte esterase tests
‐ Urine CFU >50.000/ml if catheterized or mid‐stream clean‐void in circumcised boy
‐ Urine CFU >100.000/ml if uncircumcised boy or mid‐stream clean‐void in girls.
‐ Supra‐pubic sample with growth of any organism except 2000‐3000 CFU/ml CONS.

Asymptomatic
Bacteriuria

Growth of a significant number of a single organism (>100.000 CFU/ml) in an
asymptomatic child. It should not be treated. It may be seen in high risk groups‡
‐ Urine culture in this group is indicated in presence of symptoms.

Recurrent UTI Two or more episodes of UTI documented on proper urine culture.
‐ Seriously ill child or infant / septicemia.
‐ Abnormal voiding pattern.

Atypical UTI

‐ Impaired kidney function tests.
‐ Mechanical/ functional obstruction of urinary tract.
‐ Failure to respond to treatment with suitable antibiotics within 48 hours.
‐ Infection with non E‐coli organisms.

* Urine collection:
‐ Sonar guided supra‐pubic aspirate is the method of choice for sick newborn.
‐ Bagged urine specimens are of no value for the diagnosis of UTI.
‐ Catheterization is the most commonly used technique in infants and younger children
‐ Clean‐catch sample is an alternative option to catheterization

‡High risk group

Age groups
Infants < 3mo

1. Known patient with:
.Structural abnormalities
.Stones
2. VUR
3. Abnormal Voiding pattern.
4. Abdominal mass.
5. Previous UTI.

Infants &
children >3
mo

Pre‐
verbal
Verbal

†Symptoms
Symptoms
Most common
Fever
Poor feeding
Vomiting
Failure to thrive
Lethargy
(FTT)
irritability
Fever
Abdominal pain
Vomiting
Poor feeding
Frequency
Voiding
Dysuria
dysfunction
Abdominal pain

least common
Abdominal pain
Jaundice
Offensive urine
Hematuria
Lethargy
Irritability
FTT
Fever ‐ vomiting
Malaise
Cloudy urine

Suspected UTI

Hospitalize & start IV antibiotics x 14 days if:

Dx. depends on urine
analysis

Dx. depends on urine
Culture & Colony count

Initiate empiric
antibiotics till results of
C. & S. (3)

Manage according to
C.& S. (3), (4)

1.
2.
3.
4.
5.

Infants <3 mo
Septicemia / Bacteremia
Immunocompromised children
Intolerance to oral intake
Inadequate follow‐up / response to
outpatient therapy.

Oral antibiotics x 10 days = IV/IM antibiotics
x3 days then oral antibiotics x 7days if:
Infants > 3months and children with upper
UTI who are clinically stable (5).
Oral antibiotics x5‐7days if:
Infants and children with lower UTI (2).

‐ Atypical
‐ Recurrent
‐ Infants < 1year
‐ Hospitalized patients

‐ Non‐recurrent
‐ Lower UTI

No further action

Abdominal U/S

Stones
Refer to
Urolithiasis
management
protocol

Hydro‐uretro‐nephrosis

Anatomical abnormality

‐ No sonographic
abnormality

Infants < 6months with
atypical / recurrent UTI
MCUG

(6)

DMSA
Infants 6mo‐3 y with
atypical / recurrent UTI
Children >3 y with
recurrent UTI

Children >3 y with
atypical, non‐recurrent
UTI

(6)

No further
action

Notes
(1) Exceptions for diagnosis of UTI:
a. Sterile pyuria if antibiotics have been already started before urine
culture.
b. Abdominal U/S reveals pyonephrosis or peri‐nephric abscess.
c. Non‐bacterial UTI (fungal – viral – mycobacterial – mycoplasma)
(2) Differences between Upper and lower UTI

Symptoms
Investigations

Upper UTI (pyelonephritis)

Lower UTI (cystitis)

Fever, rigors, vomiting and loin

Dysuria, urgency, frequency,

pain.

incontinence and enuresis

‐ WBCs elevated

‐ Normal WBCs

‐ CRP positive

‐ CRP negative

‐ Urine LDH increased

‐ Urine LDH not increased

‐ Poor urine concentrating ability ‐ Good urine concentrating ability
‐ DMSA study confirms upper UTI ‐ DMSA study is non revealing

(3) Antibiotics used for initial or empiric management of UTI (prior to culture)
Antibiotic
‐ TMP‐SMX

Trade name

Dose

Septrin, septazle sp(40+200mg) 8mg(TMP)/kg/d

‐ Nitrofurantoin Macrofuran tab (50, 100mg)

5‐7 mg/kg/d

Frequency Route
Q12h

Oral

Q 6‐8h

Oral

‐ Amoxicillin

Amoxil, Hiconcil sp. (125, 250mg) 25‐50 mg/kg/d

Q8h

Oral

‐ Amox. + clav.

Augmentin sp. (156, 312, 457mg) 25‐50 mg/kg/d

Q8‐12h

Oral

‐ Cephalexin

Ceporex sp. (125, 250mg)

25‐50 mg/kg/d

Q6h

Oral

‐ Cefixime

Ximacef sp.(100mg)

8 mg/kg/d

Q12h

Oral

(4) Antibiotics used for management of UTI (according to culture)
Antibiotic

Trade name

Dose

‐ Amox. + clav.

Augmentin sp. (156, 312, 457mg) 25‐50 mg/kg/d

‐ Cefixime

Ximacef sp.(100mg)

‐ Cefdinir

Cefdin sp. (125 mg)

‐ Ciprofloxacin

Frequency Route
Q8‐12h

Oral

8 mg/kg/d

Q12h

Oral

14 mg/kg/d

Q12h

Oral

Ciprobay, Rancif tab (250, 500mg 20‐30mg/kg/d

Q12h

Oral

‐ Cefotaxim

Claforan Vial(250, 500, 1000mg) 100mg/kg/d

Q8‐12h

IV/IM

‐ Ceftriaxone

Rocephin vial (500, 1000mg)

50‐80mg/kg/d

Q12‐24h

IV/IM

‐ Cefipim

Maxipem vial (500, 1000mg)

100mg/kg/d

Q12h

IV

‐Impinem

Tinem vial (500 mg)

45‐60mg/kg/d

Q8h

IV

(5) Patients with renal scarring or genito‐urinary abnormality may require
parenteral antibiotic initially x 3 days followed by oral antibiotics x 7days.
(6) Indications of MCUG: (it should be done after completion of antibiotic course):
a. Infants < 6months with atypical / recurrent UTI
b. Sonographic evidence of hydro‐uretro‐nephrosis.

Indications of DMSA: (it should be done after 4‐6 months of acute pyelonephritis):
a. Infants < 6months with atypical / recurrent UTI
b. Infants 6mo‐3 y with atypical / recurrent UTI
c. Children > 3 y with recurrent UTI
d. Sonographic evidence of anatomical abnormality

(7) Indications for prophylactic treatment:
a. Infants <1 year with VUR if:
‐ Grade III‐V
‐ Grade I‐II after 2nd episode of febrile UTI
b. Children >1 year with VUR if:
‐ Grade III‐V plus any of the following (recurrent UTI, renal cortical
abnormality, voiding dysfunction)
c. Immunocompromised children

(8) Antibiotics used for prophylaxis:
Antibiotic

Trade name

Dose

Route

‐ TMP‐SMX

Septrin, septazle sp (40+200mg)

2 mg(TMP)/kg/d

Oral

‐ Nitrofurantoin

Macrofuran tab (50, 100mg)

1‐2 mg/kg/d

Oral

‐ Amoxicillin

Amoxil, Hiconcil sp. (125, 250mg)

10 mg/kg/d

Oral

‐ Cephalexin

Ceporex sp. (125, 250mg)

10mg/kg/d

Oral

References
(1) American Academy of Pediatrics, Subcommittee on Urinary Tract
Infection, Steering Committee on Quality Improvement and
Management. Diagnosis and management of initial UTIs in febrile
infants and children aged 2 to 24 months. Pediatrics. 2011;128(3):
595–610
(2) National Collaborating Centre for Women’s and Children’s Health.
Urinary Tract Infection in Children: Diagnosis, Treatment and Long‐
term Management. National Institute for Health and Clinical
Excellence Clinical Guideline. London, United Kingdom: RCOG
Press; 2007
(3) Newman TB. The American Academy of Pediatrics Urinary Tract Infection
Guideline. Pediatrics 2011; 128(3): 572‐575
(4) Saadeh SA and Matoo TK. Managing urinary tract infections. Pediatr
Nephrol 2011(26): 1967‐1976
(5) Tullus K. What do the latest guidelines tell us about UTI in children
under 2 years of age. Pediatr Nephrol 2012 (27): 509‐511

CYSTIC KIDNEY DISEASESE IN INFANTS AND CHILDREN
(April 2014)

Objective:
 Describe a decision-tree approach to the finding of cystic or hyperechogenic kidneys as signs of
renal cystic disease in neonates, infants, and children. Diagnosis rests on three main pillars:
 Family history
 Analysis of detailed ultrasonographic findings
 Assessment of clinical data

Classification
 Cystic kidney diseases may be inherited or acquired, and their manifestations may be confined
to the kidney or expressed systemically.
 The renal cysts may be single or multiple, and the associated renal morbidity ranges from clinical
insignificance to progressive parenchymal destruction with resultant End Stage Renal Disease
(ESRD).
 Inherited renal cystic diseases constitute an important subset of these disorders and involve
single gene defects that are transmitted as autosomal dominant, autosomal recessive, or Xlinked traits.

 To date, ciliary dysfunction has been linked to many genetic cystic kidney disorders, such as
autosomal dominant and recessive polycystic kidney disease (ADPKD and ARPKD), tuberous
sclerosis (TSC), medullary cystic kidney disease (MCKD), nephronophthisis (NPHP) and related
disorders including Joubert syndrome (JBTS)

Algorithm
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RTA Worksheet
Step#1: Suspect RTA if FH is positive or in any index case with:FTT, persistent vomiting,
polydipsia, polyuria, anorexia,
Constipation, muscular
Weakness, salt craving

Recurrent dehydration
Metabolic bone disease
Rickets, nephrocalcinosis,
Radiopaque nephrolithiasis

Infant with P.U.O.
Frequent fractures
Arthralgia or myalgia
Unexplained neonatal jaundice

Rule out D.D.
Hypothyroidism
GERD
DI
ESKD
non renal causes

Step#2: Check for non AG hyperchloremic metabolic acidosis
the evaluation of acid-base status, it is necessary to obtain
Step#3: Classify RTA when HCO3-< 17.5 mmol/L? In
arterial or arterialized venous blood samples for
Distal RTA

Proximal RTA

> 5.5
< 15

< 5.5
> 20

Urine pH
U-B pCO2

determination of pH, PCO2, and total CO2. Warming the
extremity with a heating pad for 15 minutes, arterialized
blood can be obtained. Simultaneously, one should obtain a
urine sample for measurement of pH, and urinary anion gap.

Step#4: Subclassify distal RTA according to serum potassium
HCO3-< 10mmol/L,
Uph > 5.5,+ve UAG
Aldosterone normal

Primary
Genetic disease association
Nephrocalsinosis
Renal disease association
Autoimmune disease
Dysproteinaemia
Drugs / toxins

Hyperkalaemic

Hypokalaemic (classic d-RTA)

(voltage-dependent)

Hereditary or Sporadic
Ehlers-Danlos , Marfan , Fabry, Wilson's disease.
Vit D intoxication, IHC, Hyperthyoidism
Chronic pyelonephritis, NPH-MCKD, Renal Tx rejection
Sjogren's, SLE, Primary biliary cirrhosis, PAN, Vasculitis.
Hypergammaglobulinaemia,Cryoglobulinaemia, amyloidosis
Amphotericin, Lithium, Analgesic abuse(NSAIDs).

Step#5: Subclassify p-RTA according to associated S&S
Generalized (with Fanconi syndrome = glucosuria, a.a., phosphaturia, LMwt ptnuria )
Primary
Genetic disease association
Hypocalcaemia
Renal disease association
Autoimmune disease
Dysproteinaemia
Drugs/toxins

- Obstructive Uropathy
- Sickle cell disease
- Drugs (Amiloride, Triamteren)
D.D type IV RTA?

HCO3-17mmol/L,Uph < 5.5,
Aldosterone deficiency or
resistence.

HCO3‐12‐20 mmol/L, Uph < 5.5

Isolated (without Fanconi)

Hereditary or Sporadic
Cystinosis, Tyrosinaemia, Galactosaemia, Fructosemia,
GSD-1, Lowe, MCL, M-cytopathies,Wilson's disease, Dent's.
Vitamin D deficiency, dependence or resistance
Chronic RVT, MCKD, early Tx rejection
Sjogren's syndrome
Light chain disease, Amyloidosis, CLL.
Lead, Mercury, gentamicin, Outdated tetracycline, Glue
sniffing, cyclosporine, Ranitidine

Step #6 Diagnose underlying etiology of p-RTA & FIX it

Primary
Hereditary, Sporadic
Extremely uncommon
Usually transient
Resolve <10 yrs
Carbonic anhydrase
*inhibition (acetazolamide)
*defciency (osteopetrosis)
Cyanotic congenital H.D.
Clue: Eye& Liver Examination

Cystinosis

Lowe's

Galactosemia

Tyrosinemia-1

Wilson's

Fiar complexion
Blond hair
Photophobia,
Retinopathy
Corneal cystine

XLR
Mental R
Hypotonia
Cataract
Glaucoma
ESKD(40s)

V, D, FTT, MR
Jaundice,
Hepatomegaly
Cirrhosis, Ascites
E.coli sepsis Cataract
U reducing substance

Jaundice,
Hepatomegaly,
Ascites,
Liver failure,
H.C. carcinoma,
Coagulopathy,
Unexplained HTN
Bil. nephromegaly

≥ 6 yrs
Kaiser-Fleisher Ring
Hepatomegaly
Chronic active Hepatitis,
Ascites, liver failure,
Acute Hemolysis
Unexplained Neurologic dis.
Behavioral or psychiatric dis

Nephrocalcinosis
ESKD (7-10 yrs)

Bartter like features, Clue: Na & K wasting

Alkali Therapy

Target serum HCO3

Adjuvant treatment

Start (2 mmol/ kg/D), Up to (20
mmol/ kg/D) adjust to normalize
serum HCO3 & UCa.
Increase dose during stress.

Infants: 20-22 mEq/L
Children: 22-26 mEq/L

p-RTA (K)
Infants (NaCl)
Fanconi ( phosphate & vit D)

Dent's

XLR
Hypercalciuria
Nephrolithiasis

Nephrocalcinosis
Rickets
U-β2-M > 100 fold
ESKD (late childhood)

RTA-IV
Diet,
Diuretic
Drug:- Kayexalate
Mineralocorticoid

Acid-Base Disorders
Step #1: Confirm pH is appropriate for (H+) & analyze all data

(H+) = 24 x PCO2 / HCO3
pH 6.9 7
7.1
H+ 125 100 80

REMEMBER:
History & phys
exam may have
already
suggested Dx

pH 7.4±0.02
AG
12 ± 2
HCO3 24 ± 2
C02
40 ± 2

7.2 7.3 7.4 7.5 7.6 7.7
60 50 40 30 25 20

Na+

Step #2: Look at the pH: If it is > 7.4, then pt has primary alkalosis,
If pH < 7.4, then pt has primary acidosis.

Step #3: Look at the PCO2:

Same direction
= Metabolic
Different directions = Respiratory

pH & PCO2

Step #4: Check if patient has a significant AG (>17):

AG = Na – (Cl + HCO3.).
If no significant gap, skip to Step #6.

Step#5: Calculate the corrected HCO3:
[ΔAG = (Pt’s gap – 12)]; then add pt’s HCO3
If > 30, then pt has a metabolic alkalosis in addition.
If < 23, then pt has a non-AG acidosis in addition.

Wide AG ≥20
strongly suggests a
metabolic acidosis
even without pH or
HCo3 change

ΔAG/ ΔHC03 = 1
For each unit increase in AG
(above normal), HC03 should
decrease one unit (below normal)

Same direction

= Simple

Different directions = Mixed

Acute Resp. Acidosis

HCO3 increases by 1 for each 10 mmHg increase in PCO2

Acute Resp. Alkalosis

HCO3 falls by 2 for each 10 mmHg fall in PCO2

Chronic Resp. Acidosis
Chronic Resp. Alkalosis

HCO3 increases by 3.5 for each 10 mmHg increase in PCO2

Metabolic Acidosis

PaCO2 = 1.5 x HCO3- + 8 ±2

Metabolic Alkalosis

HCO3 falls by 4 for each 10 mmHg fall in PCO2
PCO2 increases

7

Glucose

K+
Cr
Chloride
CBC/CRP
UpH
UCl
pH /pCO2 /pO2 /HCO3
Acid-base disturbances lead
to abnormal pH, although
there are two exceptions.
The 1st in mixed disorder,
where the 2 processes have
opposite effects on the pH.
The 2nd in simple chronic
resp.
alkalosis
where
compensation
may
be
enough to normalize the pH.
In patients with a normal
pH, acid-base disturbance is
suspected because of the
abnormal:- - CO2
- HCO3
- &/or AG.

Abnormal ΔAG/ ΔHC03 = Mixed disorder

Step #6: Assess the
PCO2 & HCO3
appropriateness of Compensation :

BUN

Determining the acid-base
disturbance in these
situations needs the 6th step.
A) IF PCO2↓or HCO3↑ more
than predicted, there is also
alkalosis.
B) IF PCO2↑or HCO3↓ more
than predicted, there is also
acidosis.

for each 10 increase in HCO3

Step #7 Figure out the problem(s), using the differentials below and then FIX it ?
Anion Gap
Metabolic Acidosis

Non-Gap
Metabolic Acidosis

Metabolic
Alkalosis

Acute Respiratory
Acidosis

Respiratory Alkalosis

MUD-PILERS

USED-CAR-P

CLEVER-PD

Causes of
Hypoventilation

CHAMPS

• Methanol
• Uremia
• DKA
• Paraldehyde
• Isoniazid/iron
• Lactic Acidosis
• Ethylene Glycol/ ethanol
• Renal Failure
• Salicylates/NSAID

-Ureteral Diversions
-Small bowel fistula,
Spironolactone
-Extra chloride
-Diarrhea
-Carbonic anhydrase
inhibitors use
-Adrenal insufficiency
-RTA
-Pancreatic fistula,
Post-Hypocapnia

• CNS Depression
• Airway Obstruction
• Sleep apnea
• Hypokalemia
•Pneumonia
• Pulmonary Edema
•Hemo/Pneumothorax
• Myo/Neuropathy
Chronic resp. acidosis
is caused by COPD
&restrictive lung dis.

Causes of
Hyperventilation

-Contraction/Cystic
fibrosis
-Licorice*
-Endo: (Conn's/
Cushing / Bartter)*

-Vomiting/NG suction
-Excess Alkali*
-Refeeding Alkalosis*
Renovascular HTN
-Post-hypercapnia
-Diuretics*
*assoc with high UCl

CHLORIDE-SENSITIVE METABOLIC ALKALOSIS UCl<20

Rx 1ry cause, volume repletion, NaCl, KCl.

CHLORIDE-RESISTANT METABOLIC ALKALOSIS UCl>20
*Edematous states: stop diuretics, acetazolamide, KCl, HCl, dialysis

*Mineralocorticoid excess: Rx 1ry cause, K+sparing diuretics, KCl

• CNS disease
• Hypoxia
• Anxiety
• Mech Ventilators
• Progesterone/pregnant
• Salicylates/Sepsis

TREAT UNDERLYING DISORDER
*Metabolic acidosis 2ry to ingestions (eg, salicylate,

methanol, ethylene glycol) often requires dialysis.
*Dialysis is the preferred treatment of significant
metabolic acidosis in the setting of renal failure.

