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Twenty-four hour urine and spot urine samples from 29 patients with metabolic 
acidosis were collected for evaluation of urine ammonium in relation to urine anion gap, urine 
osmolal gap (OG) and modified urine osmolal gap (MOG). 

Their underlying diseases included SLE in 8, RTA in 7, CRF in 6, RPGN in 2 (one with 
SLE), Lowe syndrome in 2, on acetazolamide in 2, gastroenteritis in 2, and CAH in one. Twenty­
three patients had normal serum anion gap(< 14 mmol/L). Their mean C02 was 13.77 (9.4-17.9) 
mmol/L, net acid excretion (NAE) was 33.18±35.36 mmol/24 hour, NH+4 excretion was 
29.16±31.97 mmol/24 hour. 

Neither the 24-hour urine nor spot urine anion gap correlated with corresponding urine 
NH+4 with or without adding urine HCo-3 in the calculation. 

Spot urine NW4 correlated well with urine OG (r2 = 0.82, p < 0.001) and less with MOG 
(r2 = 0.339, p < 0.006). The urine osmolality was well correlated with the sum of 2 (Na+ + K+ + 
NW4) +urea for both spot (r2 = 0.990, p < 0.001) and 24 hour urine (r2 = 0.907, p < 0.001) collec­
tion. Twenty-four hour urine NH+4 did not correlate with the OG or the MOG. 

There was no correlation between spot urine NH4/Cr ratio and 24 hour urine NH4/Cr 
ratio (r2 = 0.243, p = 0.53) nor between spot NAE/Cr ratio and 24 hour urine NAE/Cr ratio 
(r2 = 0.380, p = 0.014). 

Therefore in the presence of low urine NH+4 (< 100 mmol/L), urine osmolal gap may be 
used to determine urine NH+4 indirectly with good correlation. Twenty-four hour urine collection 
is still necessary to assess renal acidification. 
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Metabolic acidosis is a common acid-base 
disturbance found in clinical practice. The causes of 
metabolic acidosis with normal plasma anion gap 
are from gastrointestinal cause such as diarrhea or 
from renal cause known as renal tubular acidosis. 
The causes of metabolic acidosis with wide anion 
gap are mainly from lactic acidosis, ketoacidosis, 
chronic renal failure or aspirin ingestion. The renal 
responses to metabolic acidosis are an increase in 
urine acid excretion mainly in the form of ammo­
nium (NH+ 4). 

The urine pH has been used to evaluate the 
renal acidification. It is considered to be abnormal 
if urine pH is ~ 6 in the presence of metabolic aci­
dosis. However the urine pH reflects free hydrogen 
ion present in the urine, not the total hydrogen ion 
(H+). In the presence of metabolic acidosis, normal 
kidney excretes more H+ that binds to the ammo­
nia (NH3) which is also increased. 

If the NH3 exceeds H+, there will be less 
free H+ despite huge amount of H+ secreted, and 
the urine pH can become alkaline and can be mis­
interpreted as abnormal response( 1). Therefore 
measurement of urine NH+ 4 excretion is more 
reliable than urine pH alone in assessing the renal 
responses in acidosis. 

Goldstein et aJ(2) and Battle et aJ(3) had 
attempted to use urine anion gap (AG = Na+ + K+ 
- CI-) as indirect measurement of NH+ 4 excretions. 
They found that in the absence of significant bicar­
bonaturia or ketonuria, negative AG indicated sig­
nificant NH+ 4 excretion while positive AG indi­
cated less NH+ 4 excretion. Halperin et aJ(4) had 
used urine osmolal gap (OG = measured urine 
osmolality- sum of urine NH+ 4, K+, CI-, Hco-3, 
urea, glucose) to estimate the urine NH+ 4 in the 
presence of bicarbonaturia and ketonuria. Dyck 
et aJ(5) had used modified osmolal gap with better 
correlation and was confirmed by Kim et al(6). 

Since we do not routinely measure unne 
NH+ 4 and it was very difficult to obtain 24 hour 
urine in little children, the purposes of this study 
were, therefore to determine the correlation of urine 
AG, urine OG, and MOG with the urine NH+ 4• and 
net acid excretion (NAE) and to correlate the urine 
NH+ 4 from spot urine sample and 24 hour urine 
collection. 

PATIENTS AND METHOD 
Twenty-four-hour urine and samples of 

the last 24-hour urine specimens (spot urine) were 
collected under mineral oil from pediatric patients 
who had untreated metabolic acidosis, with plasma 
C02 ::; 18 mmol/L. 

Urine glucose and ketone were measured 
by Labstix™ (Bayer, Australia), urine pH by pH 
meter, urine osmolality by the Advanced™ micro­
osmometer model 3 MO (Advanced Instruments, 
USA), urine Na+, K+ by Flame Photometer 480 
(Corning), urine Cl- by Chloride Analyzer 925 
(Corning), urine urea by enzyme urease, urine titra­
table acid (TA) and urine NH+ 4 by Jorgensen K(6J. 
Urine C02 tension were measured by urine carbon­
dioxide (by Harleco C02 apparatus set), and urine 
HC0-3 were calculated from urine C02 tension. 

Since we did not measure urine glucose 
quantitatively, urine osmolal gap was not, there­
fore, estimated in any urine specimen with glucos­
uria. 

Statistics 
The r2 value was tested for significance 

using a single tailed t test. 

RESULTS 
There were 29 (II males, 18 females) 

patients enrolled in this study. The demographic 
data and underlying diseases are shown in Table I. 

MOG = measured urine osmolality - [2 (Na+ + K+) + urea + glucose] 
2 
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Most patients had underlying renal diseases: renal 
tubular acidosis (RTA) in 7, chronic renal failure 
(CRF) in 6, systemic lupus erythematosus (SLE) in 
8 including one with rapidly progressive glomeru­
lonephritis (RPGN), RPGN in 2, Lowe syndrome in 
2, on acetazolamide in 2, gastrointestinal causes in 

Table 1. Characteristics of the subjects. 

Variable 

Age mean (range) 
Sex 

6 yrs. 10 mo. (2 mo.- 16 yrs.) 

Male 
Female 

II (38%) 
18 (62%) 

Underlying diseases 
Lupus nephritis* 
Renal tubular acidosis 
Chronic renal failure 
RPGN 

8 
7 
6 
2 

Lowe's syndrome 2 
On acetazolamide 2 
Gastroenteritis 2 
Congenital adrenal hyperplasia I 

Total serum C02 mean (range, mmol/L) 13.77 (9.4- 17.9) 
Serum anion gap 

Normal anion gap(< 14 mmoVL) 23 
Wide anion gap (:2:14 mmol/L) 3 

* one with RPGN 
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2, congenital adrenal hyperplasia (CAH) in one. 
Mean serum C02 was 13.77 (9.4-17.9) mmol/L, 
NAE was 33.18±35.36 mmol/24 hours, NH+ 4 
excretion was 29.16±31.97 mmol/24 hours, and TA 
was 12.59±8.97 mmol/24 hours. 

Twenty-three patients had normal serum AG 
(< 14 mmol/L) and none had ketonuria. Although 
spot urine anion gap seemed to correlate with 24 
hour urine AG (Fig. 1 ), there was no correlation of 
urine AG and urine NH+ 4• neither from spot urine 
nor 24 hour urine with or without adding urine 
uco-3 in the calculation (r2 = 0.005, p = 0.221 ). 

The spot urine OG was well correlated 
with urine NH+ 4 as shown in Fig. 2 (r2 = 0.82, p 
< 0.001), but the spot urine MOG was less corre­
lated with urine NH+ 4 (r2 = 0.339, p < .006). How­
ever when the modified urine osmolal gap was 
correlated with urine NH+ 4, the urine osmolality 
correlated with the sum of 2 (Na+ + K+ + NH+ 4J + 
urea. It is well correlated for both spot urine (Fig. 3, 
r2 = 0.990, p < 0.001) and 24 hour urine collection 
(Fig. 4, r2 = 0.907, p < 0.001). The 24 hour urine OG 
were not correlated well with urine NH+ 4 (r2 = 
0.004, p = 0.753). 

There were no correlation between spot 
urine NH4Cr ratio (r2 = 0.243, p = 0.53) nor spot 
NAE/Cr ratio and 24 hour urine NAE/Cr ratio 
(r2 = 0.380, p = 0.014). 

Ll 
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Urine NH \ ( mmoi/L) 

Fig. 1. Correlation of 24-hour urine anion gap and spot urine anion gap (r2 = 0.696, p < 0.001). 
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Fig. 2. Correlation of spot urine osmolal gap and urine NH+ 4 (r2 = 0.821, p < 0.001). 
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Fig. 3. Correlation of spot urine osmolality and the sum of 2 (Na+ + K+ + NH+ 4) + urea (spot urine, 
mmoVL) (r2 = 0.990, p < 0.001). 

DISCUSSION 
Our data do not demonstrate the good 

correlation of urine anion gap and urine NH+ 4 as 
previous report(2,3). This is probably due to low 
urine NH+ 4 excretion (29.16±31.97 mmol/24 hour) 
in most of our patients as pointed out by Dyck 

et aJ(5) that urine NH+ 4 is closely related to urine 
AG when it is above I 00 mmoi/L. The other pos­
sibility of the poor correlation is due to the signi­
ficant bicarbonaturia in most of our patients. When 
we add urine HC0-3 in the calculation of urine AG 
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Fig. 4. Correlation of 24 hour urine osmolality and the sum of 2 (Na+ + K+ + NH+ 4) + urea (24 hours 
urine, mmoUL) (r2 = 0.907, p < 0.001) 

the correlation was not improved. However, most 
of our patients who had low urine NH+ 4 excretion 
also had positive urine AG, same as previous 
reportC2-4,6). 

Our data demonstrates that urine osmola­
lity is directly related in a linear fashion with the 
sum of uncharged solutes which included urea, 
ketone and glucose plus twice the positive ion 
charges. Since we excluded patients with glucos­
uria and none of our patients had ketonuria, urine 
osmolality should, therefore, relate to the sum of 
urine urea plus twice of the urine Na+, K+ and 
NH+ 4. However, most of our patients had low 
urine NH+ 4 excretion (29.16±31.97 mmo1/day), low 
urine OG and low urine MOG less than 100 mmol/L 
which were lower than those of RTA patients of 
Kim et al's report(6), (< 200 mmol/L). This would 

mean that urine NH+ 4 contributed only small por­
tions in urine osmolality as compared to urine Na 
(51+31 mmol/L), urine K (22+71 mmol/L) and urine 
urea (91.64+46.73 mmol/L). Therefore, in the pre­
sence of low urine NH+ 4 excretion, urine NH+ 4 
correlated better with the urine osmolal gap than 
the modified osmolal gap as in Fig. 2, 3. 

In conclusion, in the absence of ketonuria 
and glucosuria with presence of small amount of 
urine NH+ 4 (less than 100 mmoi/L), urine osmolality 
was correlated with the sum of urine urea and twice 
urine Na+ + K+ + NH+ 4. Positive urine AG indi­
cated low urine NH+ 4 excretion. 

The urine NH+ 4 correlated better with 
urine OG than with urine MOG and AG. Neither 
the spot urine NH+ 4 nor NAE correlated with 24 
hour urine collections. 

(Received for publication on October 15, 1999) 
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