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Background and objectives: During Carnival, groups of >60 drummers go drumming with their hands and marching for
periods of 2 to 4 h. The objective of this study was to determine the frequency and type of urinary abnormalities after
candombe drumming and to evaluate possible pathogenic mechanisms.

Design, setting, participants, & measurements: For analysis of pathogenic mechanisms, a group of individuals were
prospectively evaluated before and after candombe drumming.

Methods: Candombe drummers were recruited in January 2006, 1 wk before prolonged drumming. After clinical evaluation,
urine and blood samples were obtained before and immediately after drumming.

Results: Forty-five healthy individuals (four women and 41 men), median age 31 yr (14 to 56), were evaluated. Predrumming
urine and plasma samples were obtained for 30 individuals. Nineteen (42%) of 45 had a previous history of rust urine emission
temporally related with candombe drumming. After drumming, 18 of 26 showed urine abnormalities; six of 26 showed rust
urine, eight of 26 had microhematuria, and seven of 26 had proteinuria >1 g/L. The candombe drummers who showed rust
urine after heavy drumming presented significantly higher levels of lactate dehydrogenase and total bilirubin when compared
with those without urine abnormalities. Haptoglobin was significantly lower in the rust urine group. Fragmented red cells
were observed in the blood smear of individuals with rust urine. Rust urine after drumming was associated with previous
episodes of rust urine and glucosuria.

Conclusions: Taken together, these data confirm that rust urine is caused by extracorpuscular hemolysis.
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S ince 1899, when Williams (1) reported the effects of
violent and prolonged exercise on the heart, several
urinary abnormalities related to exercise have been de-

scribed. The most common of these abnormalities is hematuria.
The dysmorphic appearance of the red cells associated with the
presence of red cell casts indicates the glomerular source for
this common form of exercise hematuria (2,3); however, a num-
ber of genitourinary tract diseases may also cause gross or
microscopic hematuria in some physically active patients (4,5).
Rust urine (RU) has been noticed after heavy drumming. In
1974, Furie and Penn (6) reported a patient who developed
pigmenturia after Conga drumming. Although they reported a
second patient who developed transient nonoliguric renal fail-
ure, drumming is not usually considered in the literature as a
cause of acute kidney injury (AKI).

Candombe is a drum-based musical form of Uruguay.
Groups of �60 drummers go drumming with their hands and
marching for periods of 2 to 4 h. During the main carnival
event, called “las llamadas,” which takes place in summer, �40
groups march drumming for hours. After drumming, some
individuals reported passing RU.

Between February 1999 and February 2005, we assisted five
young adult patients who were admitted to the emergency
department with a history of red-brown urine temporally re-
lated to candombe drumming. Immediately after intensive
drumming, they reported passing red-brown urine followed by
oliguria, nausea and vomiting, back pain, and weakness. All of
them denied abuse substance consumption. All of them
showed severe AKI and were treated with intensive parenteral
rehydration and acid-base correction. Two patients required
hemodialysis. All of the patients recovered renal function (7,8).
Our aim was to determine the frequency and type of urinary
abnormalities after candombe drumming and to evaluate pos-
sible pathogenic mechanisms.

Materials and Methods
In January 2006, previous to the main drumming event, also known

as “las llamadas,” 45 volunteers were recruited. After informed con-
sent, a clinical evaluation was performed, asking about previous epi-
sodes of RU, use of nonsteroidal anti-inflammatory drugs, and drug
and alcohol consumption. Samples were obtained before and after
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1This patient reported hand drumming 5 d before; afterward, he experienced
during 48 h muscle pain and nausea. There was no variation in creatinine before
and after drumming. He had no previous history of renal disease, and 1 mo after
the episode, his creatinine was 0.88 mg/dl, confirming that he developed post-
drumming acute renal injury.
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drumming for 30 individuals; 15 individuals were evaluated only after
drumming. Weight and BP were registered.

Hematuria was confirmed by dipstick examination and urine micros-
copy. Proteinuria was defined as �300 mg/L and microhematuria as
three or more red cells per high-resolution field.

We used enzymatic methods for blood glucose, urea, uric acid,
cholesterol, triglycerides, glutamic oxaloacetic transaminase, glutamic
pyruvic transaminase, �-glutamyltransferase, alkaline phosphatase,
creatine kinase (CK), and lactate dehydrogenase (LDH). We measured
albumin with bromocresol green; total proteins with the Biuret method;
creatinine with the Jaffe method; total and direct bilirubin by the
method of Jendrassik, and for CK isoenzyme MB immunologic inhibi-
tion. All of the reagent controls and calibrations were supplied by
Roche (Basel, Switzerland). Haptoglobin determination was performed
with reagents from (Dade Behring, Newark, NJ). Hemoglobinuria was
determined by the ammonium sulfate method.

Phosphorus, creatinine, urea, uric acid, creatine phosphokinase
(CPK), total bilirubin, LDH, myoglobin, and haptoglobin, were ana-
lyzed with multianalyzer Roche Hitachi 911 (Indianapolis, IN). Sodium,
potassium, and calcium were analyzed with electrolyte analyzer 983-S
(Roche Diagnostics). Hemogram and free hemoglobin were determined
with hematologic counter Cell Dyn 1700 (Abbott, IL) and plasmatic
bicarbonate and lactic acid with ABL 735 Radiometer (Copenhagen,
Denmark). We also performed a blood smear looking for fragmented
red cells and hemoglobin electrophoresis. We performed urine dipstick
analyses (Multistix-Clinitek 500; Bayer, Leverkusen, Germany) and uri-
nary sodium and creatinine, qualitative myoglobinuria, hemoglobin-
uria, and urinary sediment analyses.

Those who showed RU were evaluated in the next 48 h with urinal-
ysis and renal function. All of them were contacted for follow-up. The
study protocol was approved by the Ethics Committee of the Hospital
of Clinics, Universidad de la República.

Statistical Analysis
Statistic analyses, with t test for independent variables, were

performed. We considered significance at P � 0.05. Association
of variables was evaluated by �2.

Results
Samples from 45 individuals were obtained after drumming

session (four women and 41 men); 11 were of black race, and
the median age was 31 yr (range 14 to 56). Previous episodes of
RU after drumming were reported by 19 (42%) of 45. Nine of 45
admitted drug consumption, and eight of 45 reported nonste-
roidal anti-inflammatory drug consumption. Previous history
of hypertension was reported by six of 45, and BP �139/89 was
registered in the previous control in four of 30.

For the 30 individuals from whom the samples were obtained
before drumming, mean creatinine was 0.95 � 0.33 mg/dl. In
one case, creatinine was 2.48 mg/dl. He reported intense hand
drumming 5 d before the samples were obtained.1 Predrum-
ming urine analyses were normal except for one case that was
positive for proteins.

Table 1. Laboratory data from 30 individuals before and after drumminga

Parameter
Before After

P
Mean SD Mean SD

Na (mEq/L) 143.70 5.45 141.92 21.47 NS
K (mEq/L) 3.88 0.29 3.80 0.86 NS
Urea (mg/dl) 33.27 9.69 36.06 9.96 NS
Cr (mg/dl) 0.95 0.33 1.13 0.30 �0.0500
Ca (mg/dl) 9.74 1.12 9.76 1.69 NS
P (mg/dl) 3.31 0.67 3.75 0.80 �0.0500
Uric acid (mg/dl) 5.48 1.03 6.80 1.36 �0.0500
Total bilirubin (mg/dl) 0.49 0.25 1.00 0.49 �0.0001
Direct bilirubin (mg/dl) 0.11 0.07 0.13 0.09 NS
Indirect bilirubin (mg/dl) 0.39 0.19 0.87 0.47 �0.0001
Proteins (g/L) 7.16 0.51 7.55 1.20 NS
Albumin (g/L) 4.23 0.37 4.42 0.70 NS
ALP (U/L) 196.17 135.70 196.52 125.38 NS
GGT (U/L) 28.07 18.37 30.91 21.14 NS
GOT (U/L) 20.87 5.84 29.60 10.37 �0.0001
GPT (U/L) 14.13 7.26 17.69 10.58 NS
LDH (U/L) 368.47 112.69 562.57 193.02 �0.0001
CK (U/L) 223.73 180.35 316.32 231.48 NS
CK-MB (U/L) 10.47 6.25 16.13 7.39 �0.0010
Plasmatic HCO3 (mEq/L) 23.69 1.54 22.32 3.50 NS
Lactate (U/L) 1.76 0.89 2.28 0.71 0.0150

aT test for paired samples, P � 0.05. ALP, alkaline phosphatase; Ca, calcium; CK-MB, creatine kinase isoenzyme MB; Cr,
creatinine; GGT, �-glutamyltransferase; GOT, glutamic oxaloacetic transaminase; GPT, glutamic pyruvic transaminase; K,
potassium; LDH, lactate dehydrogenase; Na, sodium; P, phosphorus.

Clin J Am Soc Nephrol 3: 1022–1027, 2008 Rust Urine after Drumming 1023



Postdrumming Evaluation
Results before and after drumming are shown in Table 1.Sig-

nificant changes were demonstrated in creatinine, phosphorus,
uric acid, total and indirect bilirubin, LDH, glutamic oxaloace-
tic transaminase, CK MB, and lactic acid. CK �235 UI/L (max-
imum level) was present in 27 (60%) of 45; LDH �285 UI/L in
44 (98%) of 45, and bilirubin �1.3 mg/dl in nine (20%) of 45
individuals. Urine abnormalities were present in 29 (64%) of 45,
RU was present in nine (20%; Figure 1), microhematuria
and/or proteinuria (M/PU) was present in 20 (44%), and normal
urine was present in 16 (35%).

Hemoglobin in urine was present in all of the patients with
RU but only in two of 20 of the M/PU group. Myoglobin in
urine was present only in one of the nine individuals with RU.
Individuals with RU showed proteinuria (9.25 � 11.1 g/L)
significantly higher than in the group with pathologic urine
(1.17 � 1.34 g/L; P � 0.05).

Glucosuria with normal glycemia was present in five indi-
viduals, four of whom also showed RU. Glucosuria was asso-
ciated with RU (�2, P � 0.05)

Evidences of Extracorpuscular Hemolysis
In Table 2 we compared the group with RU (n � 9), the

M/PU group (n � 20), and the group with normal urine (NU;
n � 16). Values for total bilirubin, indirect bilirubin, LDH, and
CPK MB were significantly higher in the group with RU when
compared with M/PU or NU. Haptoglobin levels were �25.5

mg/dl in seven of nine individuals with RU, whereas only one
individual from the 16 with NU showed haptoglobin �25.5
mg/dl (�2, P � 0.05). When we compared the individuals with
pre- and postdrumming samples (n � 30), there was a signifi-
cant increase in LDH and total and indirect bilirubin (P � 0.05).

We compared changes in the various groups before and after
drumming (Table 3). Total bilirubin, indirect bilirubin, and LDH
increased more in the group with RU, compared with the other
two groups. Change in creatinine was significantly greater in the
group with RU compared with NU. We found only fragmented
red cells in blood smears of individuals with RU.

Conditions Associated with RU
Previous episodes of RU was the only condition associated

with a new episode (�2, P � 0.05). There was no relation with
weight loss during drumming or consumption of social drugs.
Nevertheless, nine of the 11 black individuals presented patho-
logic urine after drumming, although only three of them pre-
sented RU. Hemoglobin electrophoresis was normal in all of the
individuals with RU.

Follow-up of Individuals with RU
All of the individuals who presented RU were controlled by

telephone call. All of them reported that urine had cleared.
Normal urine samples were collected 48 to 72 h after drumming
in six cases.

Figure 1. Lactate dehydrogenase variation from normal and rusty urine groups.

1024 Clinical Journal of the American Society of Nephrology Clin J Am Soc Nephrol 3: 1022–1027, 2008



Discussion
Candombe drumming is growing as a cultural expression in

Uruguay, and hand drumming is very common all over the
world. More than 2200 individuals participate in the carnival
event of “las llamadas” every year as drummers. Passing RU
after drumming is cause for concern in candombe drummers.
Frequently, they are evaluated 2 or 3 d after drumming, and
they usually show normal urine.

In this study, from 30 individuals who were preparing them-
selves for the parade (with a frequency of drumming of more
than once per week), only one showed an altered urine exam-
ination, although, 42% reported previous episodes of RU. In
our study 20% of the individuals showed RU after drumming.
Recently, we reported five individuals who presented to the
emergency department of different hospitals in Uruguay, with
severe AKI after drumming (7).

The group with RU after “las llamadas” showed higher levels

of LDH and total and indirect bilirubin, when compared with
the NU group.

Haptoglobin is a plasma protein that binds free hemoglobin
that is released from erythrocytes and disappears from plasma
during hemolysis. In seven of the nine studied individuals,
haptoglobin after execution was below the detection level of the
technique; in the other two cases, the value of haptoglobin was
lower after drumming.

When the myoglobin and CPK levels were compared, there
were no significant differences between both groups, support-
ing the concept that RU is a consequence of the extracorpuscu-
lar hemolysis and not of rhabdomyolysis. Myoglobinuria was
present only in one individual. Although muscular damage
was not the cause of RU, it should be evaluated in this setting.

CPK MB levels were significantly higher in the RU group
when compared with M/PU group after drumming. There is
evidence in the literature about exercise-induced cardiac tropo-

Table 2. Laboratory data from groups with normal, pathologic, and rusty urinea

Parameter
RU (n � 9) M/PU (n � 20) NU (n � 16) P

Mean SD Mean SD Mean SD RU versus NU RU versus M/PU

Plasmatic creatinine (mg/dl) 1.22 0.15 1.11 0.37 1.16 0.17 NS NS
Uric acid (mg/dl) 6.44 2.00 6.67 1.12 7.08 1.20 NS NS
Total bilirubin (mg/dl) 1.57 0.59 0.83 0.33 0.95 0.44 0.0070 0.0001
Indirect bilirubin (mg/dl) 1.40 0.60 0.72 0.30 0.83 0.42 0.0100 0.0010
Albumin (g/L) 4.53 0.23 4.48 0.26 4.54 0.43 NS NS
LDH (U/L) 836.11 198.97 530.80 137.49 498.69 116.69 0.0001 0.0001
CPK (U/L) 428.89 368.76 285.50 147.09 294.81 222.59 NS NS
CPK MB (U/L) 22.11 6.35 14.25 6.49 15.75 8.06 NS 0.0050
Myoglobin (U/L) 153.10 84.79 140.75 89.45 131.61 123.30 NS NS
Haptoglobin (mg/dl) 31.27 16.97 68.30 37.47 63.39 42.32 0.0410 0.0090
Hemoglobin (g/dl) 14.50 1.03 14.34 1.25 14.74 0.82 NS NS
Hematocrit (%) 42.61 2.95 42.13 3.57 43.14 2.32 NS NS
Free hemoglobin (g/dl) 0.19 0.03 0.18 0.08 0.18 0.07 NS NS
Urine density 1022.20 6.67 1027.50 5.00 1025.60 7.72 NS NS
Proteinuria (g/L) 9.25 11.09 1.17 1.34 0.00 0.00 0.0300
Plasmatic HCO3 (mEq/L) 22.72 1.29 22.78 1.67 22.44 1.30 NS NS
Lactate 2.58 0.77 2.38 0.73 2.50 0.56 NS NS

aT test between groups P � 0.05. CPK, creatine phosphokinase; M/PU; microhematuria and/or proteinuria; NU, normal
urine; RU, rusty urine.

Table 3. Variation of laboratory data before and after drumming from normal, pathologic, and rusty urine groupsa

Parameter
RU (n � 9) M/PU (n � 11) NU (n � 10) P

Median SD Median SD Median SD RU versus NU RU versus M/PU

� creatinine 0.31 0.15 0.17 0.13 0.13 0.16 0.0200 NS
� total bilirubin 0.90 0.45 0.36 0.17 0.44 0.20 0.0090 0.0020
� indirect bilirubin 0.89 0.49 0.34 0.18 0.39 0.17 0.0070 0.0030
� LDH 432.56 155.79 176.55 93.03 131.30 50.27 0.0001 0.0001
� CPK 153.89 163.52 80.64 108.48 50.20 109.33 NS NS
� albumin 0.20 0.39 0.38 0.36 0.32 0.55 NS NS
aT test between groups, P � 0.05.
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nin T and CPK MB release. It has been suggested that minor
myocardial damage can occur after prolonged and intense ex-
ercise (9–11).

We cannot rule out that the increased levels of CPK MB in
drummers with RU can be due to minor cardiac damage. That
only the RU group showed CPK MB elevation suggests that test
interference with hemolysis can be present in these individuals
as described by Delahunty and Foreback (12).

Proteinuria in the group with RU was significantly higher
(9.25 � 11.09 g/L) than in the group with pathologic urine (1.17 �

1.34 g/L). Even though proteinuria may be due to hemoglobin
and/or myoglobin excretion in urine, the magnitude of protein-
uria is too high to be explained only by this mechanism.

Albuminuria and urine B2 microglobulin excretion have been
described after exercise. The mechanisms postulated for glomer-
ular proteinuria are changes in glomerular hemodynamics and in
basal glomerular membrane permeability (13–15). Proteinuria dis-
appeared after drumming in all of the individuals with RU.

After drumming, there was a significant increase of plasma
creatinine levels in the individuals with RU. Because the indi-
viduals were drumming for 2 to 4 h and blood samples were
obtained immediately after drumming, we cannot assume that
creatinine increased as a consequence of a renal impairment;
we instead suggest that it can be related to an increase in
creatinine muscular release.

The individuals with RU had fragmented red cells in the
blood smear. We were not able to detect free hemoglobin in this
group, which is probably related to the lack of sensitivity of the
used technique.

In 1974, Furie and Penn (6) described a case of a young man
who after conga drumming presented red-brown urine. The
patient performed conga drumming under controlled condi-
tions during his hospitalization. After a performance, the pa-
tient passed black urine that was subsequently analyzed. Se-
rum obtained at that time showed an LDH level of 460 IU/L,
haptoglobin of 16 mg/100 ml, and CPK of 140 IU/L. No evi-
dence of renal impairment was detected in this case.

Levy et al. (16) examined the erythrocyte membrane proteins,
glycoproteins, and urinary polypeptides in a patient who ex-
hibited intermittent pigmenturia associated with conga drum-
ming. Significant excretion of hemoglobin, albumin, and prob-
ably erythrocyte carbonic anhydrase but not myoglobin
occurred during the acute phase of the conga drumming–in-
duced pigmenturia. This usually ceased within 24 to 48 h. They
found no evidence of aberrant erythrocyte membrane compo-
nents by electrophoresis with either protein staining or a range
of 125I-labeled lectins used for detection (16).

Only one of our patients presented urine myoglobin. Heme
pigment–associated acute renal failure (ARF) is usually related to
rhabdomyolysis (17). Three mechanisms are believed to contribute
to the development of myoglobinuric ARF: Renal vasoconstric-
tion, heme-mediated tubular cell injury, and intratubular cast
formation. Although the cases reported showed an increase in
plasma CPK levels, it was far below the levels usually observed in
patients with ARF related to rhabdomyolysis (17). Urinary myo-
globin causes a typical reddish-brown (port wine–like) color that
can also be related with hemoglobinuria. Hemoglobin is structur-

ally and functionally related to myoglobin. Although the molec-
ular weight of hemoglobin (64,600 Da) is much higher than that of
myoglobin (18,800 Da), hemoglobin is still able to cross the glo-
merular barrier and induce ARF by similar mechanisms. In pa-
tients with hemoglobinuria but not in patients with myoglobin-
uria, the plasma will be discolored as well. The urinary benzidine
dipstick does not differentiate among myoglobin, hemoglobin,
and red blood cells (17).

The presence of glucosuria associated with RU suggests tubular
proximal damage. Tubular damage has been described related to
hemoglobin toxicity in proximal tubular cells (18). Early markers
of renal dysfunction in patients with sickle cell/thalassemia in-
clude markers of proximal tubular damage (19). Glucosuria has
been reported in patients with paroxysmal nocturnal hemoglobin-
uria and related to recurrent hemoglobinuria episodes (20).

Candombe drumming is growing as a cultural expression in
Uruguay, and hand drumming is very common all over the
world. Seventy percent of individuals had urinary anomalies
after drumming, with RU present in 20% of the cases. RU is
related to extracorpuscular hemolysis as a result of the multiple
manual traumas.

There is similarity between this phenomenon and other con-
ditions that are associated with microvascular injury, such as
exercise-induced hemoglobinuria. Prevalence of running-re-
lated hematuria is approximately 20 to 25%. Macroscopic he-
maturia was found mainly in long-distance runners (�10 km)
and seems usually to be asymptomatic. It is usually most pro-
nounced in the first urine void after exercise, normalizes often
within 72 h after running, and seems to be independent of the
exercise intensity (21,22). The pathogenesis of running-related
hematuria is complex. There is a wide body of literature report-
ing red cell hemolysis as occurring after various forms of exer-
cise. Trauma associated with footstrike is thought to be the
major cause of hemolysis after running (23).

Related to hydration status and its influence in the presence
of RU and functional impairment, we found in our previous
report that the individuals with RU presented significantly
lower natriuria levels after drumming when compared with
individuals with NU (58 � 32 versus 132 � 56 mEq/L), sug-
gesting that sodium retention mechanisms were taking place.
Our recommendation after this report was that drummers
should increase water intake before and during the parade (7).

It needs to be addressed whether repetitive episodes of RU
may produce chronic tubular interstitial damage. Chronic renal
damage has been described in patients with repetitive episodes
of hemoglobinuria related to paroxysmal nocturnal hemoglo-
binuria (20,24) and sickle cell disease (25).

Passing RU after drumming should not be underestimated, be-
cause some individuals may develop AKI. We suggest that renal
function be evaluated and a search for hemolysis and muscle damage
be conducted in these individuals. We highly recommend intense
hydration and avoidance of toxic and analgesic substance consump-
tion before and during drumming sessions.

The only condition associated with RU was a previous his-
tory of RU after drumming. We looked for red cell abnormal-
ities in the RU group, but hemoglobin electrophoresis was
normal in these individuals. Recent reports suggested that ex-
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ercise-induced hemolysis is caused by plasma membrane red
cell protein modifications during exercise (26).

One of the individuals showed an elevated creatinine in the
predrumming sample; it was not detected previously because
all of the samples were analyzed simultaneously after drum-
ming. This individual recovered normal renal function during
the follow-up.

A public information campaign in Uruguay encourages the
drummers to increase hydration and to avoid the use of toxic
substances. We think that the use of a strong glove for drumming
can be beneficial to diminish the incidence of RU after drumming.

To our knowledge this is the first report that systematically
confirms that RU in drummers is due to extracorpuscular he-
molysis, supporting Furie’s initial case report (6). This study
also underlines the need for clinical follow-up of these patients.
Chronic consequences of repetitive episodes of RU should be
addressed.
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