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Abstract
The available treatments of metabolic alkalosis should be given in the hospital 
and may be associated with serious adverse events. We aimed to use rice 
broth for treatment of metabolic alkalosis. Patients withmetabolic alkalosis 
were received oral rice broth solution; serum electrolytes and acid-base 
parameters were measured before and after the treatment. The majority of 
patients wereolder and in the ICU. After treatment with rice broth solution, 
there was statistical significant decreased in blood PH and serum [HCO3-] 
from a mean of 7.45 ± 0.03 to 7.4 ± 0.009 and 34.5 ± 4.4 to 24.9 ± 1.1 mmol/l 
respectively and statistical significant increase in serum [Na+], serum [Cl-], 
serum [K+], serum [Ca+2], serum [PO4-2] and serum [Mg+2] from a mean of 
132.5 ± 3.7 to 136.5 ± 1.9 mmol/l, 93.2 ± 5.4 to 101.9 ± 2.7 mmol/l, 3.1 ± 0.3 
to 3.6 ± 0.2 mmol/l, 0.99 ± 0.1 to 1 ± 0.1mmol/l, 3.4 ± 0.5 to 3.6 ± 0.4 mg/dl 
and 1.88 ± 0.2to 2.28 ± 0.17 mg/dl respectively. Rice broth is an effectiveoral 
treatment of metabolic alkalosis.
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Introduction
Metabolic alkalosis is the most common acid-base 
disorder and may accounted for half of the cases.1  

It is associated with high mortality, 45% with arterial 
PH of 7.55 and 80% with arterial PH greater than 
7.65.2 Chloride and potassium depletions cause both 
initiation and maintenance of metabolic alkalosis. 
Gastrointestinal loss of chloride occurs in vomiting 

or prolonged nasogastric suction,3 VIPoma of the 
rectum,4 congenital chloride diarrhea.5 Renal loss 
of chloride occurs with use of thiazide and loop 
diuretics and in chronic respiratory acidosis.6 Skin 
loss of chloride occurs in cystic fibrosis.7 Chloride 
depletion leads to maintenance of metabolic 
alkalosis by causing volume contraction with 
increased reabsorption of fluid and bicarbonate in 
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the proximal tubules.8 Potassium depletion causes 
metabolic alkalosis through several mechanisms. 
First, potassium ions are shifted out of the cells in 
exchange for sodium and hydrogen ions.9, 10 Second, 
hypokalemia stimulates renal ammonia synthesis 
leading to increase in renal net-acid excretion.11, 

12 Third, hypokalemia causes intracellular acidosis 
which increases hydrogen ions secretion by the 
proximal tubules.13 Fourth, hypokalemia leads 
to increased activity of the apical H-ATPase 
and H-K ATPase pumps in the collecting duct 
with reabsorption of potassium in exchange 
for hydrogen.14 Finally, severe hypokalemia 
is associated with downregulation of chloride 
transporters with renal chloride loss.15 Metabolic 
alkalosis may be asymptomatic or presented with 
symptoms of volume depletion or hypokalemia or 
presented with severe symptoms such as agitation, 
seizure and cardiac arrythmias.16 Spot urine chloride 
is of diagnostic importance, urine chloride less than 
20 mmol/L occurs in vomiting, nasogastric suction, 
surreptitious diuretics use, laxative abuse, VIPoma 
and congenital chloride diarrhea, urine chloride 
more than 20 mmol/L occurs in real or apparent 
mineralocorticoid excess.17 If there is hypovolemia 
and chloride depletion, 3-5 liters of 0.9% isotonic 
saline plus 20 mmol/L potassium chloride added to 
the administered fluid is the appropriate treatment. 
A prompt alkaline diuresis leading to correction of 
metabolic alkalosis.18, 19 Intravenous hydrochloric 
acid may be indicated in severe metabolic alkalosis 
(PH> 7.55) with serious manifestations,however 
it should be given in the ICU through central 
veins.20, 21 Ammonium chloride is an alternative but 
it is contraindicated in renal or hepatic failure.22  
Acetazolamide may cause alkaline diuresis but on 
the expense of urinary sodium and potassium loss.23

Our aim is to find a safe and effective oral solution 
for treatment of metabolic alkalosis that can be 
given at home.

Methods
This was a prospective cohort interventional study 
of patients with metabolic alkalosis consulted the 
outpatient’s clinic or admitted in the general medical 
floor or intensive care unit at Baghdad and Basra 
Teaching Hospital from the period of January 1, 
2019 to January 1, 2020.The study was approved 
by Ethical Committee of Arab Board of Health 
Specialization and University of Basrah/College 

of Medicine. Unfortunately, no control group was 
included in the study. Consent from patients was 
taken about the study.Causes of metabolic alkalosis 
due to primary or apparent mineralocorticoid 
excess were excluded from this study. Diagnosis 
of metabolic alkalosis was made by findings of high 
blood PH and high serum bicarbonate [HCO3-] 
levels. Rice broth solution was produced by mixing 
one cup of Basmati rice (250 mL) with six cups of 
water (1500 ml) to yield an approximately a one-liter 
solution and salt was added in a concentration of 
6.5 g. The mixtures were heated until boiled then 
the temperature reduce to low levels for 10 minutes 
and left to cool.  In order to overcome the lab error, 
10 samples were taken from this solution and sent 
to the lab for PH and electrolytes measurements, 
mean ± SD for each electrolytes and PH were taken. 
Patients were received 2-3 liters of rice broth solution 
per day depending on the severity of hypovolemia 
and alkalosis and laboratory workups were done 
next day. Patients’ demographics including age, 
sex, race, body mass index, smoking and alcoholic 
history were documented. History of chronic 
diseases such as hypertension, diabetes, coronary 
artery disease, heart failure, cerebrovascular 
disease and chronic obstructive pulmonary disease 
was reported. Causes of metabolic alkalosis and 
whether the patients were in the outpatient or private 
sector or in the medical ward or ICU were mentioned. 
Patients’ volume status was assessed by heart rate 
(HR in BPM) and blood pressure measurement 
(BP in mm Hg) measurement both in supine and 
sitting position looking for orthostatic changes. 
Laboratory investigations were done before and 
after treatment with oral rice broth solution which 
included arterial blood gases (ABG) and basic 
metabolic panels (BMP). Both monovalent ions 
such as sodium [Na+] in mmol/L, potassium [K+] in 
mmol/L, chloride [Cl-] in mmol/L, bicarbonate [HCO3-] 
in mmol/L and divalent ions such as calcium [Ca+2] 
in mg/dL and mmol/L, phosphorus [PO4-2] in mg/dL 
and magnesium [Mg+2] in mg/dL were measured. 
Because of the concern of pseudohyponatremia due 
to indirect ion specific electrode (ISE) potentiometry 
which is used by the hospital-based laboratories, 
plasma [Na+] measurements using direct ion specific 
electrode potentiometry using the ABG were used.24 

Matched serum [HCO3-] from the BMP and plasma 
[HCO3-] from the ABG was considered acceptable 
for interpretations otherwise skewed results were 
repeated. Because of the effect of proteins on the 
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total serum [Ca+2] levels, ionized plasma [Ca+2] from 
the ABG was the utilized measurement.25 Because 
of the difficulty in arterial puncture in the outpatient 
and private clinics, venous blood gas (VBG) was 
done and addition of 0.04 number to the PH to have 
an approximate estimation of the arterial PH. The 

machine used for biochemical analysis was ABBOTT 
laboratories diagnostics Architect c 4000 made 
in USA and for ABG was RADIOMETER ABL800 
FLEX made in USA.The PH of the solutions were 
measured using PH meter. 

Table 2: Electrolytes concentrations and PH of the home-made rice broth solution [250 mL 
rice (1cup) and 1500 mL water with addition of 6.5 grams salt]. Mean +- SD, n = 10

[Na+]  [Cl-]  [K+]  [HCO3-]  [Ca+2]  [PO4-2] [Mg+2]  Glucose PH  
mmol/L mmol/L mmol/L mmol/L mmol/L mmol/L mmol/L g/L

150 ± 1 150 ± 1 5.2 ± 0.2 0.005 ± 0.0 1.8 ± 0.1 0.4 ± 0.1 3.2 ± 0.1 0.06 ± 0.01 6

Values are expressed as mean ± SDs.

Table 1: Baseline demographics and clinical 
characteristics of the study cohort

Characteristics Overall cohort (n = 53)

Age (years)  64 (53, 69)
Gender Male 23 (43.4)
 Female 30 (56.6)
Body mass index kg/m2  30 (28, 31)
Smokers   22 (41.5)
Hypertension  36 (68)
Diabetes mellitus  28 (53)
Coronary artery disease  22 (41)
Chronic obstructive pulmonary disease 2 (4)
Outpatient  14 (26)
Medical ward  11 (21)
Intensive care unit  28 (53)
Vomiting  18 (34)
Nasogastric suction  18 (34)
Diuretics  17 (32)

Values are expressed in median (interquartile ranges), n (%)

Outcome
The outcome of the study is correction of electrolytes 
and metabolic alkalosis.

Statistical analysis
Continuous normally distributed variables were 
analyzed using means ± SDs and continuous 
skewed variables were analyzed using medians 
and interquartile ranges. Non continuous variables 

were analyzed using numbers and percentages. 
Comparisons of laboratory parameters before and 
after treatment with rice broth were made using 
paired sample T-test. Laboratory characteristics 
(HCO3 and K ions levels ranges) were analyzed 
statistically according to causes of metabolic 
alkalosis using Pearson Chi-Square test. P value of 
< 0.05 was considered statistically significant. The 
statistics were done using SPSS version 25. 
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Table 3: Comparisons of the laboratory values before and after 
treatment with 2-3 liters per day of rice broth solutions. n = 53

Lab values Before treatment  After treatment  P-value 

PH 7.45 ± 0.03 7.4 ± 0.008 <0.001
PCO2 mm Hg 45.4 ± 3 40.7 ± 1.5 <0.001
[HCO3-] mmol/L 34.5 ± 4.4 24.8 ± 1.1 <0.001
[Na+] mmol/L 132.5 ± 3.6 136.5 ±1.9 <0.001
[Cl-] mmol/L 93.2 ± 5.4 101.9 ± 2.7 <0.001
[K+] mmol/L 3.1 ± 0.3 3.6 ± 0.2 <0.001
[Ca+2] mmol/L 0.99 ± 0.1 1 ± 0.1 <0.001
[PO4-2] mg/dL 3.4 ± 0.5 3.6 ± 0.4 <0.001
[Mg+2] mg/dL 1.88 ± 0.2 2.28 ± 0.2 <0.001

Vales are expressed as mean ± SDs.

Table 4: Laboratory characteristics (HCO3 and K) according 
to causes of metabolic alkalosis. N = 53

Lab characteristic Vomiting NG suction Diuretic P value

HCO3 24-34 mmol/L 15 (83.3) 4 (22.2%) 11 (64.7) 0.001
HCO3 > 34 mmol/L 3 (16.7) 14 (77.8) 6 (35.3) 0.001
K 3-3.5 mmol/L 16 (88.9) 10 (55.6) 13 (76.5) 0.072
K < 3 mmol/L 2 (11.1) 8 (44.4) 4 (23.5) 0.072

Values are expressed as n (%).
HCO3, bicarbonate ions; K, potassium ions; NG, nasogastric.
Correlation were made using Pearson Chi-Square test.

Fig. 1: Proportion of causes of metabolic alkalosis by sex status.
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Results
Fifty-three patients with metabolic alkalosis 
were studied. Table 1 illustrated the baseline 
demographics and clinical characteristics of the 
study cohort. The median age was 64, 43.4 % were 

males, 100 % were white, 50% were obese, 41.5% 
were smokers, 68% were hypertensive, 53% were 
diabetic, 41% had CAD and two patients had COPD. 
Causes of metabolic alkalosis were as follows: NG 
suction in 32%, vomiting in 32% and diuretics use 

Fig. 2: Proportion of metabolic alkalosis by location status

Fig. 3: Causes of metabolic alkalosis according to age
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in 30%. Fifty-three percent were in the ICU, 26% in 
the outpatient clinic and 21% in the medical ward. 
Table 2 showed the PH, electrolytes and glucose 
concentrations of 1liter rice broth solution. The PH 
was 6, the concentrations of electrolytes were as 
follow:  [Na+] 150 mmol/L, [Cl-] 150 mmol/L, [K+] 5.2 
mmol/L, [HCO3-]  0.005 mmol/L, [Ca+2]1.8 mmol/L, 
[PO4-2] 0.4 mmol/L, [Mg+2] 3.2 mmol/L and glucose 
0.06 g/L. Table 3 describes the lab parameters 
before and after treatment with 2-3 liters of rice 
broth solution. After treatment, the PH decreased 
from mean of 7.45 ± 0.03 SD to 7.4 ± 0.009, serum 
[HCO3-] decreased from mean of 34.5 ± 4.4 SD to 
24.9 ± 1.1 SD, serum [Na+] and [Cl-] were increased 
from mean of 132.5 ± 3.7 SD and 93.2 ± 5.4 SD to 
136.5 ± 1.9 SD and 101.9 ± 2.7 SD respectively, 
serum [K+]  was increased from mean of 3.1 ± 0.3 
SD to 3.6 ± 0.2 SD, serum [Ca+2] was increased 
from mean of 0.99 ± 0.1 SD to 1 +- 0.1 SD, serum 
[PO4-2] was increased from mean of 3.4 ± 0.5 SD to 
3.6 ± 0.4 SD and serum [Mg+2] was increased from 
mean of 1.88 ± 0.2 SD to 2.28 ± 0.17 SD. Table 
4 showed the ranges of serum [HCO3-] and [K+] 

according to causes of metabolic alkalosis. Both 
sever hypokalemia and metabolic alkalosis were in 
the ICU with NG suction. Diuretic use and NG suction 
were more common cause of metabolic alkalosis 
in the males while vomiting was the most common 
cause in the females (Figure 1). Vomiting was the 
most common cause of metabolic alkalosis in the 
outpatient clinic, diuretic use in the medical ward 
and NG suction in the ICU (Figure 2). NG suction 
was more common cause of metabolic alkalosis in 
the elderly, while vomiting was most common the 
younger age group (Figure 3). Metabolic alkalosis 
was more sever in the ICU (Figure 4). Vomiting was 
more common in lower BMI group, NG suction was 
more common in higher BMI groups and diuretic use 
was in between (Figure 5). 

PH, potential of hydrogen; PCO2, partial pressure 
of carbon dioxide; HCO3, bicarbonate ions; Na, 
sodium ions; Cl, chloride ions; K, potassium ions; 
Ca; calcium ions; PO4, phosphorus ions; Mg, 
magnesium ions.

Fig. 4: Severity of metabolic alkalosis according to location

Discussion 
Unfortunately, no previous similar studies for 
comparisons.Treatment of metabolic alkalosis with 
volume contraction, hypochloremia and hypokalemia 
include intravenous administration of 3-5 liters of 
0.9% isotonic saline which contains 154 mmol/L 
[Na+] and 154 mmol/L [Cl-] with addition of 20 mmol/L 

potassium chloride to the administered fluid. This 
form of therapy is given by intravenous route so it 
is need hospital admission and may cause volume 
overload in patients with heart failure or renal 
failure. In the present study, the majority of patients 
were older and had multiple chronic diseases 
which means they may have systolic or diastolic 
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dysfunction and baseline renal dysfunction which 
make them vulnerable to complications of isotonic 
saline. Also, isotonic saline may be associated with 
an increase incidence of acute kidney injury.26 One 
liter of rice broth solution contains [Na+] and [Cl-] 
concentrations which are similar to 1 liter of 0.9% 
saline solution. It also contains [K+] in concentrations 
of 5.2 mmol/L and [Mg+2] in concentrations of 3.2 
mmol/L which may help in cases of metabolic 
alkalosis with hypokalemia and hypomagnesemia 
such as in diuretics use. The rice broth solution 
is given by mouth and it is palatable with no any 
adverse effects observed compared to isotonic 
saline. Other options for treatment of metabolic 
alkalosis include hydrochloric acid, ammonium 
chloride and acetazolamide. Hydrochloric acid 

should be given in the ICU through carefully placed, 
free-flowing central venous catheter into the superior 
vena cava; It should be given in a glass container 
and the tubing should be changed every 12 hours.27 
Ammonium chloride should also be given by 
intravenous route but, it metabolizes to urea, so it is 
contraindicated in patients with renal or liver failure. 
Acetazolamide is an oral form of therapy but, it can 
cause significant hypokalemia. 

The study had some limitations. First, it is not 
randomized controlled trial to compare rice broth with 
isotonic saline and placebo. Second, more samples 
of rice broth are required to know the accurate 
concentrations of the electrolytes.

Fig. 5: Causes of metabolic alkalosis according to BMI

Conclusions 
Rice broth solution is an effective and safe solution 
for treatment of metabolic alkalosis. It is an easy 
recipe to be done, it is palatable with no noted 
adverse effects. 
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