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Abstract

Acute kidney injury is a feared and common complication of rhabdomyolysis, occurring in 10-40% of hospitalized patients with
mortality rate as high as 59% in critically ill patients. However, there is a lack of information in the literature on renal salt wasting
in rhabdomyolysis. We report 3 cases of rhabdomyolysis who developed renal salt wasting in presence of normal glomerular
filtration rate. To the best of our knowledge, this is the first case report in humans displaying this phenomenon. Authors noted that
all the three patients had urine pH of over 7.0. Literature reveals, patients with rhabdomyolysis and urine pH<6.5 develop acute
kidney injury whereas urine pH>7.0 experienced renal salt wasting in presence of normal glomerular filtration rate. All 3 cases,
previously not known to have hypertension, were noted to have elevated blood pressure during acute phase of rhabdomyolysis.
Animal studies have shown that increase in blood pressure causes increase in renal interstitial pressures that results in naturesis
and diuresis. All 3 cases had increased levels of plasma renin activity and aldosterone. There is a direct proportionality between
increased blood pressure and naturesis. Clinicians should be aware of salt wasting as an early renal manifestation in patients with
rhabdomyolysis.
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tubular damage have been blamed for myoglobin nephrotoxicity
[2-4] (Figure 1).

1. Introduction
Literature has exhibited significant relationship between urine
pH and AKI. In a study conducted by Mehandru et al., majority

of the patients with urine pH of <6.5 had AKI, while patients with ~ Urine pH>7.0 results in significant histological renal protection,

urine pH of >7.0 had normal GFR [1]. Kidney micro-puncture
studies in animals have shown, unexpectedly low intratubular
pressures after exposure to myoglobin. Myoglobinuria reduced
intratubular pressure resulting in reduced sodium and water
reabsorption in proximal convoluted tubule results in renal
salt wasting (RSW). Protective role of alkaline urine has also
been demonstrated in studies where animals were injected with
myoglobin or hemoglobin. In rat studies, direct toxic effects of
myoglobin or its degradation products, pigment cast formation
with tubular obstruction, and renal vasoconstriction with hypoxic

tubular necrosis being either totally absent or minimal in its
existent [2]. Myoglobinuria has been reported to result in AKI
by direct renal tubular toxicity, vasoconstriction, and uric acid
cast formation. AKI has been found in majority of patients with
urine pH<6.5 and none in patients with urine pH>7.0, however
all patients with urine pH>7.0 had urine salt wasting with normal
GFR.

AKI develops in 10-40% patients with severe rhabdomyolysis.
No single factor including creatinine phosphokinase (CPK),
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serum creatinine, potassium (K*), calcium (Ca*"), or myoglobin
in urine accurately predicts AKI in patients with rhabdomyolysis

[5].

Figure 1: This is an illustration of the vascular system of the human kidney. 1, interlobar arteries; la, interlobar vein; 2, arcuate
arteries; 2a, arcuate veins; 3, interlobular arteries; 3a, interlobular veins; 4, stellate vein; 5, afferent arterioles; 6, efferent arterioles;
7a, 7b, glomerular capillary networks; 8, descending vasa recta; 9, ascending vasa recta. Taken from Koeppen, B.A., Stanton, B.A.,
2010. Berne and Levy Physiology, sixth ed. Elsevier, Chapter 32 (Elements of Renal Function). Figure 32-2, p. 559. (REF: EJ Johns

& AF Ahmeda).

2.Case Report

All three patients reported in this study presented with
rhabdomyolysis and exhibited increased urinary sodium excretion.
These patients also experienced hypertension during the acute
phase of rhabdomyolysis that resolved upon reduction in CPK
levels. Renal functions remained stable in all patients during the
course of rhabdomyolysis. Aldosterone and renin levels were also
elevated during this time. Urine pH in all three patients remained
above 7.0, thus avoiding acute renal injury. Myoglobin in urine
varied in the patients in the current study.

2.1 Case # 1

A 16-year-old male was admitted with generalized body aches,
weakness, and high blood pressure in the range of 156/92 mmHg
with heart rate 91 BPM, and normal body temperature 98.5°F.
Patient was employed as a lifeguard on the beach with a day
temperature 95°F and humidity 74%. Patient had a normal physical
examination at admittance with CPK level at 57,312 (U/L). The
plasma sodium (Na) level was low at 112 ng/dl, potassium (K)
level at 4.2 mEq/L, bicarb (HCO3) level at 22 mEq/L and Urine
output was 1562 cc over the period of 24 hrs. Urine sodium was at
557 mEq/L and Serum creatinine at 1.10 ng/dl. Hemoglobin was
in normal range of 13.2 g/dl. Urinalysis showed 4+ blood, RBCs
count 2-3, with urine pH at 9.0. Additionally, Urine myoglobin

was also present. Aldosterone was noted 41.8 ng/dL and plasma
renin activity was 8.25 ng/dL. Patient was given intravenous
normal saline with improvement in overall condition.

1-week post admittance patient was asymptomatic with improved
Blood pressure (148/90 mmHg) and heart rate 91 BPM. The CPK
levels were also greatly reduced 7692 U/L and Plasma Na (132 ng/
dl), K (4.0 mEq/L) and HCO3 (23 mEq/L) were greatly improved.
Na level in urine was decreased to 210 mEg/L and Urinalysis
revealed 3+ blood, 0-2 RBCs, pH 7.0, suggesting improvement
with patient. Urine myoglobin negative. Aldosterone was noted
33.9 ng/dL and plasma renin activity was 7.02 ng/dL. As the
condition of patient improved, he was kept on regular diet, IV
fluids discontinued.

At 2-week post admittance, patient remained asymptomatic with
BP (124/86 mmHg) and HR (72 BPM) improving towards normal
range. The CPK levels (432 U/L), plasma Na 138 mEq/L, K 4.3
mEq/L, HCO3 24 mEq/L improved. Urine Na level was also in
normal range of 76 mEq/L. Urinalysis revealed +blood, no RBCs,
and pH 7.5. Urine myoglobin was negative Aldosterone was noted
3.2 ng/dL and plasma renin activity was 4.1 ng/dL. Patient was on
regular diet at home, back to school.

On the 3-week mark, Patient remained asymptomatic with BP
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(122/74 mmHg), HR (70 BPM), and T 97.0°F in normal range.
CPK levels were at 92 U/L with Plasma Na 139 mEq/L, K 3.9
mEq/L, HCO3 23 mEq/L being normal. Urine Na was also
normal at 56. Urinalysis revealed no blood, no RBCs, pH 7.0
with negative urine myoglobin. Aldosterone was noted 3.2 ng/dL
and plasma renin activity was 1.3 ng/dL. Patient remains stable
without any issues.

2.2 Case#2

A 65-year-old female was admitted to the hospital with
rhabdomyolysis secondary to CVA, which was discovered 24
hrs. post the incident. She had high blood pressure in the range
of 159/96 mmHg with heart rate 86 BPM, and normal body
temperature 97°F. The patient had CPK level at 26,017 U/L and
plasma Na level at 139 mEq/L, K level at 3.6 mEq/L, and HCO3
was at 24 mEq/L. Her urine output was 2506 cc over the period
of 24 hrs. Urine sodium was at 312 mEq/L with Hemoglobin
in normal range of 13.2 g/dl. Urinalysis had 3+ blood, RBCs
counts at 1-2, with urine pH normal at 7.0. Patient had no Urine
myoglobin with aldosterone level at 35.2 ng/dL and plasma renin
activity was 12.2 ng/dL. Patient was given intravenous normal
saline with improvement in overall condition.

At the 1-week post admittance, patient improved a lot. She was
asymptomatic with improved BP (138/92 mmHg) and HR at 76
BPM. The CPK levels were improved to 4615 U/L and Plasma Na
(136 mEg/L), K (4.4 mEg/L) and HCO3 (25 mEq/L) were greatly
improved. Nalevel inurine decreased to 115 mEq/L with urinalysis
revealing 3+ blood, no RBCs, pH at 7.0. Urine myoglobin was
negative. Aldosterone was at 38.6 ng/dL and plasma renin activity
was 5.4 ng/dL. Patient was in stable condition and IV fluids were
discontinued.

Patient remained asymptomatic, at 2-week post admittance, with
BP (122/74 mmHg) and HR (70 BPM) in range. The CPK levels
(426 U/L), plasma Na 136 mEq/L, K 4.2 mEq/L, HCO3 23 mEq/L
came into normal range. Urinalysis showed trace blood, no RBCs,
and urine pH at7 with no urine myoglobin. Aldosterone was at
3.1 ng/dL and plasma renin activity was 1.8 ng/dL. Patient was in
stable condition in rehab facility.

Upon 3rd-week mark, patient was asymptomatic with BP (110/72
mmHg), HR (69 BPM), and T 96.8°F in normal range. CPK levels
in normal range at 76 and Plasma Na 141 mEq/L, K 4.2 mEq/L,

HCO3 24 mEq/L were in normal range. Urine Na was also normal
at 57 mEq/L. Urinalysis revealed no blood, no RBCs, pH 7.5 with
negative urine myoglobin. Aldosterone was at 2.9 ng/dL with
plasma renin activity was 1.6 ng/dL. There were no noted issues
with patient remains in stable condition.

2.3 Case#3

37-year-old male was admitted to hospital with compartment
syndrome of right leg with high blood pressure at 150/100 mmHg
and heart rate at 84 BPM, and normal body temperature 97.6°F.
Patient had a high CPK level at 34,021 U/L with plasma Na level
at 141 mEq/L, K at 4.2 mEq/L, and HCO3 at 24 mEq/L. Urine
output was 2210 cc over the period of 24 hrs with urine sodium
at 447 mEq/L and urine pH at 7.5. Patient’s urinalysis depicted
4+ blood and RBCs count at 2-3. Patient’s aldosterone level was
noted at 49.5 ng/dL and plasma renin activity at 9.2 ng/dL. Patient
was administered IV normal saline.

At the 1-week post admittance, patient was asymptomatic with
BP (142/90 mmHg) and heart rate 70 BPM. The CPK levels were
improved at 4021 with Plasma Na (134 mEq/L), K (4.5 mEqg/L)
and HCO3 (23 mEq/L). Urine Na level were at 247 mEq/L with
Urinalysis revealed 3+ blood, no RBCs, pH 7.0. Urine myoglobin
was negative, and aldosterone was noted 32.3 ng/dL and plasma
renin activity was 4.3 ng/dL. Patient was stable and IV fluids
discontinued.

On the 2-week post admittance point, patient remained
asymptomatic with improvement in BP (136/88 mmHg) and
HR (70 BPM). The CPK levels were at 316 U/L, plasma Na
139 mEg/L, K 4.7 mEq/L, HCO3 24 mEq/L were significantly
improved. Urine Na level was in range of 76 mEq/L with urinalysis
revealing trace blood, no RBCs, and pH 7.5. Urine myoglobin
was negative Aldosterone was noted 21.2 ng/dL and plasma renin
activity was 1.8 ng/dL. Patient was put on regular diet at home.

3-week post admittance to hospital, patient was asymptomatic
with BP (108/76 mmHg), HR (76 BPM), and T 98.0°F in normal
range. CPK levels were at 78 U/L and Plasma Na level at 138
mEq/L, K 4.2 mEq/L, HCO3 25 mEq/L being in normal range.
Urine Na was at 58 with urinalysis revealing no blood, no RBCs,
pH 8.0 with negative urine myoglobin. Aldosterone was noted
10.7 ng/dL and plasma renin activity was 1.4 ng/dL. Patient was
stable at this point without any issues.

Patient ID # Age Blood Etiology of PNa (mEq/L) | Random UNa | Una 2-weeks | CPK Levels
Pressure Rhabdomyolysis on admission | Post-Acute | during Acute
mmHg mEq/L Phase mEq/L.| Phase U/L
16 156/92 Hyponatremia 112-139 557 75 57312
2 65 159/96 CVA, found 24 139-140 312 62 26017
Hrs later
3 37 150/100 Compartment 141-139 447 53 34021
Syndrome- Right
leg

BP: Blood Pressure; UNa: Urine Sodium; CPK Levels: Creatine Phosphokinase; GFR: Glomerular Filtration rate.
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Patient ID # | CPKlevels 2 [ Urinalysis Urine GFR ml/min Urine pH Aldosterone Renin
Weeks Post- Myoglobin Normal Activity (0.6-
Acute Phase mcg/L Level (7-30 4.3 ng/dL)
U/L ng/dL)
1 105 Blood 4+/ o) >60 9 41.8 ng/dL 8.25
RBCs 2-3
2 76 Blood 4+/ D >60 7 35.2 ng/dL 9.01
RBCs 2-5
3 45 Blood 4+/ (v} >60 7.5 49.5 ng/dL 9.25
RBCs 1-2

PNa: Protein equivalent of total nitrogen appearance; UNa: Urine Sodium; CPK Levels: Creatine Phosphokinase; GFR: Glomerular
Filtration rate.

Caset# 1: Male/16 years

Admission ’ Post 1 week
o Patient was asymptomatic.

e BP 148/90, HR 86, T 98.00 F.

o Admitted for generalized body aches & weakness.
e BP 156/92, HR 91, T 98.50F.

o Patient employed as a lifeguard on the beach with avg.
temperature 950 F and humidity 74%.

e Physical examination was normal.

e CPK level 57,312U/L. Plasma Na low at 112 mEq/L, K
4.2mEq/L, HCO3 22mEq/L.

CPK levels 7692U/L. Plasma Na 132mEq/L, K,
4.0mEq/L, HCO3 23mEq/L.

o Urine output 1562 cc/24 hrs. Urine sodium 557mEq/L
Serum creatinine 1.10 ng/dl.

e HGB 13.2 g/dl.

o Urinalysis showed 4+ blood, RBCs 2-3, urine pH 9.0.

¢ Urine myoglobin was present.

e Urine Na 210.

o Urinalysis revealed 3+ blood, 0-2 RBCs, pH 7.0.
¢ Urine myoglobin negative.

o Aldosterone was noted 33.9 ng/dL and plasma renin
activity was 7.02 ng/dL.

o Aldosterone was noted 41.8 ng/dL and plasma renin
activity was 8.25 ng/dL.

o Patient was given intravenous normal saline with
improvement in overall condition.

Post 2 Weeks Post 3 Weeks

o Patient remained asymptomatic. e Patient remained asymptomatic.
e BP 124/86, HR 72, T 97.90 F. e BP 122/74, HR 70, T 97.00 F.

e Patient was on regular diet, IV fluids discontinued.

e CPK levels 432U/L. Plasma Na 138mEq/L, K, 4.3mEq/L,
HCO3 24mEq/L.

o Urine Na 76mEq/L.

e CPK levels 92U/L. Plasma Na 139mEq/L, K,
3.9mEq/L, HCO3 23mEq/L.

Urine Na 56mEq/L.

o Urinalysis revealed + blood, no RBCs, pH 7.5. Urinalysis revealed no blood, no RBCs, pH 7.0.

o Urine myoglobin negative ¢ Urine myoglobin negative.

Aldosterone was noted 3.2 ng/dL and plasma renin
activity was 1.3 ng/dL.

o Aldosterone was noted 3.2 ng/dL and plasma renin activity
was 4.1 ng/dL.

o Patient was on regular diet at home, back to school. o Patient remains stable without any issues.
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Case# 2: Female/65 years

Admission

o Admitted to the hospital with rhabdomyolysis
secondary to CVA, discovered 24 hrs. post the
incident.

e BP 159/96, HR 86, T 97.00 F.

e CPK level 26,017U/L. Plasma Na 139 mEq/L, K
3.6mEq/L, HCO3 24mEq/L, HGB 13.2 g/dL

¢ Urine output was 2506 cc/24 hrs.

o Urinalysis revealed 3+ blood, 1-2 RBCs. Urine pH 7.0,
urine Na 312 mEq/L.

¢ Urine myoglobin negative.

o Aldosterone level 35.2 ng/dL. Plasma renin activity

12.2 ng/dL.
e [V normal saline was administered.

Post 1 week

o Patient asymptomatic.

e BP 138/92, HR 76, T 97.7.

e CPK levels 4615U/L. Plasma Na 136mEq/L,
K, 4.4mEq/L, HCO3 25mEq/L.

e Urine Na 115 mEqg/L.

e Urinalysis revealed 3+ blood, no RBCs, pH
7.0.

o Urine myoglobin negative.

o Aldosterone was noted 38.6 ng/dL and

plasma renin activity was 5.4 ng/dL.

e Patient was stable, IV fluids discontinued.

o Patient remained asymptomatic.

e BP 140/94, HR 76, T 97.00 F

e CPK levels 426U/L. Plasma Na 136mEq/L, K,
4.2mEq/L, HCO3 27mEq/L

o Urine Na 70mEq/L.

o Urinalysis revealed trace blood, no RBCs, pH 7.0.

o Urine myoglobin negative.

o Aldosterone was noted 3.1 ng/dL and plasma renin
activity was 1.8 ng/dL.

o Patient stable at a rehab facility.

o Patient remained asymptomatic.

e BP 110/72, HR 69, T 96.80 F.

e CPK levels 76U/L. Plasma Na 141mEq/L, K,
4.2mEq/L, HCO3 24mEq/L.

e Urine Na 57mEq/L

o Urinalysis revealed no blood, no RBCs, pH
7.5.

o Urine myoglobin negative

o Aldosterone was noted 2.9 ng/dL and plasma

renin activity was 1.6 ng/dL.

o Patient remains stable without any further
issues.
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Caset# 3: Male/37 years

Admission Post 1 week

right leg.

e BP 150/100, HR 84, T 97.60 F.

e CPK level 34021U/L. Plasma Na 141mEq/L, K
4.2mEq/L, HCO3 24mEq/L. HGB 13.8 g/dl.

447 mEq/L.

o Urinalysis showed 4+ blood, 2-3 RBCs.
e Plasma renin activity 9.2 ng/dL.

e Serum aldosterone level 49.5 ng/dL.

e [V normal saline was administered.

o Admitted to the hospital for compartment syndrome of

o Urine output 2210 cc/24 hrs. Urine pH 7.5. Urine Na

o Patient asymptomatic.

e BP 142/90, HR 70, T 97 4.
e CPK levels 4021U/L. Plasma Na 134mEq/L,
K, 4.5mEq/L, HCO3 23mEq/L.

o Urinalysis revealed 3+ blood, no RBCs, pH
7.0mEq/L.

e Urine Na 247 ng/dL.

¢ Urine myoglobin negative.

o Aldosterone was noted 32.3 ng/dL and plasma
renin activity was 4.3 ng/dL.

e Patient was stable, IV fluids discontinued.

Post 2 Weeks
e Patient remained asymptomatic.
BP 136/88, HR 70, T 97.60 F.
Urinalysis revealed trace blood, no RBCs, pH 7.5

CPK levels 316U/L. Plasma Na 139mEq/L, K,
4.7mEq/L, HCO3 24mEq/L.

Urine Na 97mEq/L
¢ Urine myoglobin negative.

activity was 1.8 ng/dL.

o Patient was stable on regular diet at home.

Aldosterone was noted 21.2 ng/dL and plasma renin

| Post 3 Weeks

¢ Patient remained asymptomatic.

BP 108/76, HR 68, T 98.00 F.

Urinalysis revealed no blood, no RBCs, pH
8.0.

CPK levels 78U/L. Plasma Na 138mEq/L, K,
4.2mEq/L, HCO3 25mEq/L.

Urine Na 58mEq/L.
¢ Urine myoglobin negative.

Aldosterone was noted 10.7 ng/dL and plasma
renin activity was 1.4 ng/dL.

¢ Patient remains stable without any issues.

Discussion

Early reviews of mechanism of renal dysfunction in
rhabdomyolysis (RM) noted myoglobin as an inert participant
causing tubular obstruction and secondary renal dysfunction.
Tubular obstruction has been inferred by the presence of
tubular dilatation, which has been found in histological section.
Micro-puncture renal studies show that intratubular pressures
are unexpectedly low, which results in reduced absorption of
sodium and water, resulting in naturesis and diuresis. Under
physiological environment with urine pH>7.0, myoglobin
induced renal dysfunction does not rise to the level of AKI but
results in RSW. In our present study, myoglobin induced AKI
under acidic urine (pH<7.0) results in lower urine sodium, <20
mg/dL and FENa <1% whereas in urine pH>7.0 RSW is noted. In
a study conducted by Mehandru et al., significance relationship
between urine pH and AKI was noted, majority of the patients

in this study with urine pH of <6.5 had AKI, while patients with
urine pH of >7.0 had normal GFR [1].

Blood pressure (BP) in all 3 patients in this study, not known
be hypertensive, was elevated. Plasma renin activity (PRA) and
aldosterone were also elevated in all 3 cases. This is consistent
with Goldsmith & Hicks publication, where authors described
2 cases with acute RM developing acute hypertension with
elevated PRA and aldosterone. Urine sodium was, however,
not obtained in that study [6]. Further studies may elicit cause
of hypertension in patients with rhabdomyolysis. Mechanism
in which sodium and water excretion is impacted by change in
BP is very different than that of renal blood flow. In fact, there
is direct proportionality between increase in BP and the rise in
urine sodium excretion [7]. Removal of renal capsule in animals
eliminates this naturetic effect (Figure 2).
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Figure 2: Relationship between blood pressure and sodium excretion (REF: EJ Johns & AF Ahmeda).

The underlying mechanism of this phenomenon has been
debated for some time but has not been resolved. Measurements
have clearly shown that as renal perfusion pressures rise,
interstitial pressure also increases [8]. Thus, it would seem that
the rise in hydrostatic pressure is transmitted along with the
arcuate and intralobular arteries into the intrestitium. Clearly,
the autoregulatory vasoconstrictor response at the arteriolar
resistance vessels prevents the pressure rise from reaching the
glomerulus, as GFR remains stable. However, the hydrostatic
pressure is transmitted into the intrestitium, it does not have the
potential of increasing hydrostatic pressure within the peritubular
capillaries in the cortex that surround the proximal tubules [7].
This increase in capillary pressure would depress the reabsorption
of fluids in the proximal tubules as it is an important component
of the sterling forces and the result would be an increase in
sodium and water excretion [8]. This phenomenon explains
pressure naturesis, although the underlying mechanisms remain
unexplained.

Infusion of myoglobin (MB), in animals, causes renal
vasoconstriction in a pH dependent manner. Studies in isolated

perfused kidney demonstrated that MB causes little change
in profuse rate flow at physiological pH, but acidic pH level
induces profound vasoconstriction together with a reduction in
GFR and tubular reabsorption of sodium. This may apply to our
three cases presented herein. All three patients in our publication
had rhabdomyolysis, urine pH of 7-9, normal GFR, and had
renal salt wasting. The process of intratubular cast formation and
increase in renal salt wasting is depicted in figure 3 as mentioned
by Mehandru et al. [1] (Figure 3). This phenomena in humans
has not been described in literature. We believe, based upon the
above study acidic pH results in AKI by vasoconstriction and
no AKI in subjects with urine pH over 7.0. We also believe that
RSW is related to:

a) Reduced intratubular pressure resulting in reduced sodium
and water reabsorption in proximal convoluted tubules.

b) Alkaline urine with pH>7.0 results in RSW rather than AKI.
c¢) Hypertension (All 3 patients had elevated BP during acute
episode of rhabdomyolysis) causes increased sodium and water
excretion. There is a direct proportionality between increased
BP and rise of urine sodium excretion.

Intr.

Myoglobin

lar Formation
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Myohemoglobin

Ikaline Urin
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* Normal Glomerular Filtration rate
« Increased Renal Salt Wasting
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Figure 3: Intratubular Cast Formation and Increase in Renal Salt Wasting (Mehandru et al.)
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The protective role an alkaline urine plays against the
development of AKI has been demonstrated in animals injected
with hemoglobin or myoglobin. Urine alkalization could improve
the solubility of urates, the product of nucleic acid breakdown
during tissue damage [7]. Intratubular and renal intracellular pH
could also affect the fate of heme proteins within the kidney:
enhanced renal retention of myoglobin was noticed in acidotic
animal [10].

Systemic acidosis was shown to correlate with kidney function
deterioration in patients with rhabdomyolysis [11]. This may
indicate the presence of hemodynamic instability or volume
depletion with tissue hypoperfusion, rather than being an
independent contributing factor for the development of
myoglobinuric nephropathy [4].

Systemic acidosis has been suggested as a risk factor in
development of pigment nephropathy [11-13] because of
enhanced renal retention of M (myoglobin) [2,10], augmented
cast formation [2], and increased release of acid [14]. Since urine
acidification takes place at the distal nephron, it is conceivable
that heme release may especially be pronounced within the
medullary structures. This, in turn, could inactivate local nitro-
vasodilation, inducing vasoconstriction, exacerbation of regional
physiological oxygen insufficiency, and outer medullary hypoxic
injury [4]. There may be some potential protective properties of
acidosis. Acidosis may confer protection by reduction of oxygen-
hemoglobin affinity, enhancing oxygen extraction by tissue [15].

Acidosis may also intensify nitric oxide synthesis [16] and
overcome nitric oxide trapping by heme pigment [17]. In
addition, acidosis may reduce vasoconstrictive response to
angiotensin II and to a2 sympathetic agonists [18-20]. Acidosis
also reduces left ventricular contractility and systemic vascular
resistance [21]. The protective role of an alkaline urine against
development of AKI has been demonstrated in animals injected
with hemoglobin or myoglobin.

Myoglobin induces renal injury by mechanisms that remain
incompletely defined. Acidosis has been suggested as an
important factor in myoglobinuric renal failure, and urine
alkalization is routinely recommended for patients for prevention
of AKI.

In isolated rat kidney at physiological urine pH (urine pH>7.0),
myoglobin at concentrations 0of 20-250 mg/dL minimally effected
renal perfusion flow, GFR and tubular sodium reabsorption.
Tubular sodium reabsorption (TRNa) by contrast, in serum
pH<7.0 results in myoglobin induced vasoconstriction, reduced
GFR, and TRNa and increased hypoxic injury to medullary thick
ascending limbs [4].

It appears that variety of physiological factors, in addition to urine
pH and solute excretion, are critical determinants of myoglobin
nephrotoxicity which appears to exert themselves after initial
phase of renal myoglobin deposition. One such factor might be
the rate of myoglobin cast dissolution/excretion. A shorter period
of cast retention should shorten proximal tubular urinary status,

thereby decreasing proximal tubule cell myoglobin uptake and
hence, limiting necrosis [22].

The importance in recognizing the inability in the maintenance
phase result implies that therapeutic intervention might abort
myoglobin AKI even after the phase of acute renal myoglobin
deposition has occurred.

Aciduria promotes myoglobinuric renal injury by acutely
trapping myoglobin (M) within the kidney, not by causing
hematin formation. Sodium bicarb (HCO3) protects by
increasing M solubility by providing non-absorbable solute,
both facilitating its excretion. Fe-stimulated hydroxyl radical
formation does not appear to be necessary for M to cause renal
damage [2].

It has been generally accepted that M can exert a nephrotoxic
potential when excreted under aciduric but not alkalinuric
condition (2,10,13,23-25). The prevailing explanation for
this observation is that during aciduria (urine pH<5.6) the Fe-
containing porphyrin ring is split from M, producing ferrihemate
(hematin) [10,27,28]. The latter is believed to have a direct
nephrotoxic effect on proximal tubular cells (PTCs). It is
possible that the protective effect of bicarbonaturia is related
not only to prevention of hematin formation but rather to HCO3
related solute diuresis.

The most prominent histological abnormality noted inammonium
chloride (NH4Cl)-treated rats [3] was patchy proximal tubular
necrosis, almost totally confined to the outer cortex. However,
intra-peritoneal potassium bicarbonate (KHCo3) and potassium
sulfate (K2So04) treatment group showed significant histological
protection, necrosis being either totally absent to minimal in its
extent. Only minimal to mild medullary vascular congestion and
cast deposition were noted [3].

Conclusion

Myoglobinuria has been reported to result in AKI by direct renal
tubular toxicity, vasoconstriction, and uric acid cast formation.
This is the first study in humans, to the best of our knowledge,
describing development of RSW (AKI in majority of cases
with urine pH<6.5) while maintaining normal GFR in patients
with urine pH>7.0. Myoglobin reduces intratubular pressure
resulting in reduced sodium and water reabsorption in proximal
convoluted tubules causing RSW. Hypertension, found in all 3
cases resulted in increased sodium and water excretion. There
is a direct proportionality between elevated BP and rise in
excretion of urine sodium.
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