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A 61-year-old woman was hospitalized with a two-day history of palpitations and 
dyspnea. She was found to be in atrial fibrillation with a rapid ventricular response, 
and intravenous diltiazem and a heparin infusion were begun. Her condition im-
proved, but on the third hospital day, she reported feeling weak and nauseated and 
began passing dark red urine. She did not have a urinary catheter, palpitations, dys-
pnea, back pain, abdominal pain, dysuria, or dizziness. 

The presence of dark red urine usually suggests either gross hematuria or pigmen-
turia (hemoglobinuria or myoglobinuria). Although pigmenturia is commonly mani-
fested by cola- or tea-colored urine, it may also cause urine that is dark red, maroon, 
or even bright cherry red. The finding of abundant red cells on microscopical exami-
nation would suggest hematuria, whereas the presence of hemoglobin on urinary dip-
stick testing without microscopic red cells would suggest pigmenturia. (An alterna-
tive way to distinguish these two conditions would be to centrifuge the urine: red 
urinary sediment indicates hematuria, and red supernatant indicates pigmenturia. 
In the latter case, the supernatant can be tested for hemoglobin with a dipstick.) The 
presence of red urine with a dipstick negative for hemoglobin and without red cells 
on microscopy would suggest a rare cause, such as beeturia or porphyria. If this pa-
tient does have gross hematuria, I would consider the possibility of a urinary tract 
infection, glomerular causes, cancer, or nephrolithiasis. If there is gross hematuria 
in the absence of a urinary tract infection, I would evaluate this patient’s urinary tract 
with cystoscopy and computed tomography (CT) of the abdomen and pelvis.

The patient had a history of hypertension for which she took hydrochlorothiazide. 
She was otherwise in good health and took no other medications or herbal supple-
ments. Her weight had not changed during the past several months. She had no 
history of foreign travel. She did not smoke, drink alcohol, or use illicit drugs. On 
examination, she was afebrile with a heart rate between 90 and 100 beats per min-
ute, a blood pressure of 120/70 mm Hg, and respirations of 16 breaths per minute, 
with an oxygen saturation of 95% while breathing room air. Her lungs were clear. 
Cardiac examination was remarkable only for an irregular rhythm. Abdominal ex-
amination revealed no organomegaly, masses, or suprapubic tenderness. There was 
no costovertebral-angle tenderness. Rectal examination revealed no masses, and a 
guaiac test of stool was negative for occult blood. She had no skin lesions.

Hematuria resulting from a genitourinary cancer remains a possibility. The ab-
sence of fever, rigors, and costovertebral-angle tenderness makes pyelonephritis an 
unlikely diagnosis, although a lower urinary tract infection is still a possibility. Pa-
tients with rhabdomyolysis can present with pigmenturia (i.e., myoglobinuria). How-
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ever, rhabdomyolysis is usually associated with 
myalgias, and the patient has not taken any medi-
cations associated with this complication. Another 
cause of dark red urine is hemoglobinuria as a 
result of brisk intravascular hemolysis. Glucose-
6-phosphate dehydrogenase (G6PD) deficiency is 
possible, but there is no reported history of acute 
infection or exposure to a drug such as a sulfon-
amide or nitrofurantoin that is likely to precipitate 
an associated hemolysis. Other potential consid-
erations would include march hemoglobinuria, 
valvular disease causing microangiopathic hemo-
lysis, and paroxysmal nocturnal hemoglobinuria 
(PNH). There is no recent history of vigorous ex-
ercise or evidence of a heart murmur.

On the third hospital day, the white-cell count was 
11,000 per cubic millimeter, as compared with 
7000 per cubic millimeter at admission; the he-
matocrit was 30%, as compared with 35% at ad-
mission; the platelet count remained normal. The 
serum creatinine level was 1.8 mg per deciliter 
(160 μmol per liter), as compared with 0.9 mg per 
deciliter (80 μmol per liter) at admission. The ra-
tio of the activated partial-thromboplastin time to 
a control value was 2.7 while the patient was re-
ceiving unfractionated heparin. The creatine ki-
nase level was normal. Urinary dipstick testing re-
vealed high levels of hemoglobin and protein (3+). 
Results of urine testing for myoglobin were nega-
tive. Microscopical examination of a urine speci-
men showed 2 to 3 red cells, 0 to 1 white cell, and 
0 to 1 epithelial cell per high-power field, with few 
bacteria and no casts or crystals.

Despite the patient’s grossly dark red urine and 
hemoglobin on dipstick testing, there were only 
2 to 3 red cells per high-power field, suggesting 
acute hemoglobinuria or myoglobinuria as the 
cause. The finding of a normal creatine kinase 
level and negative results for myoglobinuria on 
urine testing leave hemoglobinuria as the only 
possibility. The presence of renal failure is worri-
some, since hemoglobinuria may induce acute 
tubular necrosis through the formation of hemo-
globin casts. The presence of proteinuria may re-
flect a transient process, such as infection or stress, 
or glomerular or tubular disease.

Bladder irrigation was initiated, and the patient’s 
urine eventually became clear yellow. She remained 
afebrile. On the fourth hospital day, repeated lab-

oratory testing revealed a serum creatinine level 
of 3.1 mg per deciliter (270 μmol per liter) and a 
blood urea nitrogen level of 29 mg per deciliter 
(10.4 mmol per liter). The hematocrit was 23%, 
the white-cell count was 7720 per cubic millimeter, 
and the platelet count was 203,000 per cubic mil-
limeter. A peripheral-blood smear (Fig. 1) showed 
normal-appearing white cells and no schistocytes, 
bite cells, cell fragments, or spherocytes.

Rapidly worsening anemia and renal failure are 
developing. In the absence of overt hemorrhage 
or aggressive fluid resuscitation, I am concerned 
about the possibility of massive hemolysis; the 
presence of hemoglobinuria indicates that the he-
molysis is both intravascular and brisk. There is 
no report of a blood transfusion to suggest an acute 
hemolytic transfusion reaction. The patient’s ris-
ing creatinine level may be due to pigment-induced 
acute tubular necrosis accompanied by extracellu-
lar volume depletion with renal ischemia. No men-
tion has been made of possible exposure to a neph-
rotoxic agent or the intravenous administration 
of contrast material, but I would want to confirm 
that this information is correct. In the presence 
of worsening renal failure and ongoing hemoly-
sis, hyperkalemia is a concern, and the potassium 
level should be monitored closely.

The potassium level was 4.7 mmol per liter, and 
the lactate dehydrogenase level 1610 IU per liter 
(normal, 122 to 220). Further evaluation revealed 
high levels of hemosiderin (4+) in the urine, nor-
mal serum levels of G6PD, a reticulocyte count of 
4.3% (normal range, 0.5 to 1.8), undetectable hap-
toglobin levels, and negative direct and indirect 
Coombs’ tests. The ferritin level was 30 μg per li-
ter (normal range, 10 to 300), the serum iron level 
38 μg per deciliter (7 μmol per liter; normal range, 
50 to 170 μg per deciliter [9 to 30 μmol per liter]), 
the transferrin level 153 mg per deciliter (normal 
range, 200 to 400), and the iron saturation 20% 
(normal range, 20 to 55).

The markedly elevated lactate dehydrogenase level, 
undetectable haptoglobin levels, and hemosider-
inuria confirm the diagnosis of intravascular he-
molytic anemia. The normal G6PD levels and the 
absence of exposure to oxidative medications make 
G6PD deficiency unlikely, although normal levels 
may occasionally be seen in patients with this dis-
ease in the setting of acute hemolysis.
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The patient has a ferritin level at the low end of 
the normal range, and iron deficiency, which can 
be a feature of chronic intravascular hemolysis, 
may be developing. Most hemolytic processes tend 
to occur extravascularly, with recovery of iron from 
the metabolized heme molecules through the re-
ticuloendothelial system. However, massive in-
travascular hemolysis (as seen, for example, with 
march hemoglobinuria or PNH and in rare in-
stances in patients with mechanical heart valves) 
may result in the liberation of a large amount of 
free hemoglobin intravascularly, which is then lost 
through renal excretion. The patient has been in 
the hospital and has no recent history of exertion, 
nor does she have a mechanical heart valve. Fur-
ther inquiry into the patient’s history is warranted 
to identify previous episodes of hemoglobinuria 
that would suggest the presence of PNH.

Renal ultrasonography showed no evidence of hy-
dronephrosis, nephrolithiasis, or masses. The pa-
tient continued to receive fluids intravenously and 
a good urine output was maintained, but her se-
rum creatinine level continued to increase and 
peaked at 3.5 mg per deciliter (310 μmol per li-
ter). She had not received contrast material intra-
venously or nonsteroidal antiinflammatory drugs 
during or before her hospitalization.

The absence of hydronephrosis on ultrasonograph-
ic examination rules out urinary obstruction as a 
cause of this patient’s illness. Intravenous hydra-
tion with normal saline should be continued to en-
hance renal perfusion and promote urinary out-

put, as well as to prevent further renal damage 
from pigmenturia. Alkalinization of urine by the 
intravenous administration of sodium bicarbon-
ate may provide renal protection by increasing the 
solubility of both myoglobin and hemoglobin and 
has been suggested in the management of non-
traumatic rhabdomyolysis and pigmenturia. How-
ever, alkalinization carries a potential risk of hy-
pocalcemia, and it is questionable whether it adds 
any benefit to volume replacement with saline 
alone.

Magnetic resonance angiography and venogra-
phy revealed no evidence of renal-artery stenosis 
or renal-vein thrombosis. A renal biopsy was per-
formed (Fig. 2), and examination of the specimen 
revealed extensive acute tubular injury with he-
moglobin casts. Iron deposition was noted in the 
tubular cells. On further questioning, the patient 
stated that she had had similar episodes of dark-
colored urine intermittently over the past several 
years; these usually occurred in the setting of 
“a cold or the flu.”

The additional history of recurrent episodes of dark 
red urine and iron deposition in the tubular cells 
suggests a chronic relapsing course of hemolysis, 
which is characteristic of PNH. Examination of the 
renal-biopsy specimen indicates acute tubular ne-
crosis from hemoglobin-cast deposition as a re-
sult of the patient’s hemoglobinuria. Hemosiderin 
deposition of varying degrees within the proximal 
tubules has been found in patients with long-stand-
ing PNH. Mild chronic renal insufficiency and tu-
bular concentrating defects may develop in patients 
with this disease. The diagnosis should be con-
firmed by tests showing the global deficiency of 
glycosylphosphatidylinositol (GPI) anchors or GPI-
linked surface proteins such as CD55 or CD59.

Flow-cytometric analysis of the patient’s periph-
eral blood revealed an abnormally low level of 
GPI-linked protein CD59 on red cells, monocytes, 
and granulocytes, which is diagnostic for PNH. 
During the remainder of her hospitalization, she 
had no further episodes of hemolysis; her serum 
creatinine level gradually increased to 3.0 mg per 
deciliter (270 μmol per liter), and she was subse-
quently discharged home in good health. At that 
time, her medications included a polysaccharide–
iron complex twice daily. At a follow-up visit with 
her internist one month later, she had a serum 

Figure 1. Peripheral-Blood Smear Showing Normocytic, 
Normochromic Red Cells (Hematoxylin and Eosin). 

There is no evidence of schistocytes, bite cells, or 
spherocytes.
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creatinine level of 1.1 mg per deciliter (97 μmol 
per liter) and a hematocrit of 36.8%.

Commen ta r y

Often, clinicians encounter new problems during 
the course of a patient’s hospitalization that are 
unrelated to the initial reasons for admission. He-
moglobinuria and renal insufficiency developed in 
this patient while she was being treated with an-
ticoagulants for atrial fibrillation. Because of the 
initial finding of a declining hematocrit and dark 
red urine, the first inclination might have been to 
attribute both to the anticoagulation therapy. In-
stead, further testing of the urine demonstrated 
hemoglobinuria rather than hematuria; the com-
bination of this finding and renal failure prompt-
ed consideration of a pigment-induced nephro-
pathy. This form of renal injury is seen more 
commonly with large crush injuries and rhabdo-
myolysis, in which myoglobin acts as a nephrotoxic 
agent.

Because it is larger than myoglobin and binds 
to haptoglobin, hemoglobin tends to be poorly 
filtered across the glomerulus, and much higher 
serum levels of hemoglobin than myoglobin are 
required to cause nephrotoxicity. Massive hemo-
globinuria has occurred in cases of mismatched 
blood transfusions, and there have been scattered 
case reports of hemoglobinuria associated with 
various medications, including triamterene, ri-
fampin, and methyldopa.1-3 Other causes of hemo-
globinuria that may lead to renal failure include 
infections (typhoid fever, malaria, mumps, and 
clostridial sepsis), scorpion and snake bites, heavy 
exertion (march hemoglobinuria),4-6 and PNH. 
Had the history of this patient’s hemoglobinuric 
episodes been obtained sooner, PNH could have 
been diagnosed earlier.

PNH is a rare disorder (with an estimated preva-
lence of 4 to 6 per million population) and is char-
acterized by recurrent bouts of hemoglobinuria 
caused by intravascular hemolysis. Commonly, the 
urine is described as tea-colored or cola-colored, 
but it has been described in up to a third of pa-
tients as bright red.7 Typically, the urine is darkest 
in the morning and clears as the day progresses, 
hence, the origin of the term “nocturnal” in the 
name of this disorder. The paroxysmal nature of 
the disease originates from the intermittent com-
plement-mediated destruction of red cells, which 
may be triggered by infections, surgery, blood 

transfusions, or vaccinations. In many cases of 
PNH, however, there are no discernible precipitat-
ing events. This patient’s previous bouts of red 
urine were temporally associated with presumed 
viral infections, and thus may have been due to 
complement activation.

PNH is caused by a somatic mutation in the 
PIG-A gene located on the X chromosome. This 
gene encodes a protein necessary for the forma-
tion of GPI anchors on the surface of the various 
blood cell lines. Although several surface proteins 
are absent from the blood cells of patients with 
this disorder, the two most thoroughly studied are 
the complement-defense proteins CD55 and CD59, 
which normally inhibit membrane binding of C9. 
The absence of these surface proteins on red cells 
results in hemolysis when the complement cas-
cade is activated. A relatively new technique for the 
diagnosis of PNH relies on a fluorescently labeled 
inactive variant of the protein aerolysin, which can 
selectively bind GPI anchors, to show the absence 
of GPI anchors on blood cells.8 Not all cells are 
affected; the larger the proportion of affected cells 
(known as the abnormal clone), the greater the 
severity of hemolysis and the risk of thrombotic 
complications.9

Intravascular hemolysis produces cell-free he-
moglobin in the plasma, which then acts as a 
potent nitric oxide scavenger and can thus dra-
matically lower plasma levels of nitric oxide. The 
resulting decrease in plasma levels of nitric oxide 
may be directly responsible for most of the symp-
toms of PNH, including abdominal pain, esoph-
ageal spasms, erectile dysfunction, and venous 
thrombosis.10 Thrombosis commonly occurs in 

Figure 2. Renal-Biopsy Specimen Showing Extensive 
Acute Tubular Injury with Hemoglobin Casts (Arrow) 
in the Distal Tubules (Hematoxylin and Eosin).
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the abdominal venous system and can result in 
intestinal obstruction, ischemic colitis, gastroin-
testinal bleeding, or hepatic-vein thrombosis. Pa-
tients with PNH may have bone marrow hypopla-
sia with reduced numbers of erythroid and myeloid 
progenitor cells, and up to 13% may present with 
aplastic anemia.11

There are multiple case reports of PNH as a 
cause of acute renal failure; some cases have been 
severe enough to warrant temporary hemodialy-
sis.12,13 Proteinuria of varying degrees, as seen in 
this case, has also been reported in patients with 
PNH and is presumed to be due to tubular disease. 
Renal failure ultimately occurs in approximately 
5% of patients with PNH.14

Patients with PNH commonly have iron defi-
ciency and may require oral iron supplementation. 

Occasionally, supplementation may initially result 
in a hemoglobinuric episode, as the bone marrow 
responds with brisk reticulocytosis. Thrombosis 
would be an indication for chronic anticoagulation 
with warfarin. Bone marrow transplantation may 
be curative, but given its associated risks of com-
plications and death, it is reserved for patients 
with severe bone marrow hypoplasia or severe 
thrombotic complications. In a pilot investigation, 
the use of eculizumab, an antibody against C5 
complement factor targeted to inhibit the final 
step of complement activation, resulted in reduced 
episodes of hemolysis and hemoglobinuria in pa-
tients with PNH.15 Larger randomized, controlled 
studies of this novel drug are currently under way.

No potential conflict of interest relevant to this article was 
reported.
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