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Abstract

Introduction Sodium hypochlorite is the active ingredient in
bleach, a ubiquitous household disinfectant, and has known
toxicities depending on route of exposure and amount. Acute
kidney injury due to sodium hypochlorite exposure has never
been reported. Patients that did develop nephrotoxicity follow-
ing bleach exposure did so due to development of other risk
factors for kidney injury such as volume depletion or sepsis.
Discussion We report a patient who presented with black
urine after parenteral self-administration of a large quantity
of bleach. We review the clinical presentation, laboratory
and biopsy findings, and outcome as well as discuss possi-
ble mechanisms of sodium hypochlorite toxicity and man-
agement strategies.
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Introduction

Physicians often encounter acute kidney injury (AKI) me-
diated by toxic substances. The commonly encountered
toxins necessitating dialysis are ethylene glycol, methanol,
salicylates, and lithium. Sodium hypochlorite (NaOCl) is a
readily available disinfectant and an active ingredient in
household bleach. There have been several reports of low
toxicity of NaOCI with topical, oral, or parenteral adminis-
tration [1-7]. Topical administration of large doses may
cause localized inflammatory signs and symptoms. Oral
ingestion is reported to have caused nausea, vomiting, and
more ominously, esophageal burning, perforation, and stric-
tures [8]. Vapor inhalation may cause an acute lung injury.
Direct nephrotoxicity following oral or intravenous admin-
istration of bleach is not described. AKI may result indirect-
ly from volume depletion, hypotension rhabdomyolysis, or
hemolysis. We report an unusual case of parenteral self-
administration of household bleach. This patient developed
transient hemolysis and profound acute kidney injury re-
quiring renal replacement therapy.

Case Report

An 18-year-old female was brought to the emergency room
by her mother with black urine (Fig. 1, panel A) less than
2 h after self-injection of 100 mL of Clorox® Lemon Fresh
Bleach (1-5 % NaOCIl and 0.1-1 % sodium hydroxide)
through a tunneled catheter intended for treatment of pur-
ported chronic Lyme disease. The patient felt that she had
done it in a “Lyme fog” with no intention of self-harm and
immediately called her mother for help. The mother wit-
nessed an opened Clorox® container and a syringe smelling
of'bleach in the bathroom. The past medical history included
depression, anxiety, a 3-year history of chronic Lyme
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Fig. 1 a Hemoglobin and creatinine trends. The serum creatinine and
hemoglobin values are plotted over time. Self-administration of intra-
venous bleach through the tunneled catheter occurred on day 0. Values
from day —1 were obtained from a routine follow-up visit with the
pediatrician. Black arrows indicate days that hemodialysis was per-
formed. b Patient’s black urine on the day of admission, within hours

disease, and occasional episodes of Lyme fog—a controver-
sial condition, recognized by some practitioners and chronic
Lyme disease advocacy groups—associated with intermit-
tent cognitive dysfunction. The patient had been on intrave-
nous ceftriaxone and a number of oral antibiotics, including
trimethoprim-sulfamethoxazole, for over a year, as well as
lithium.

On admission, she was drowsy but arousable to voice and
oriented, afebrile with a regular heart rate of 106/min, res-
piratory rate of 16/min, blood pressure of 124/92 mmHg,
and oxygen saturation of 97 % on room air. The exam was
only remarkable for the presence of a tunneled catheter with
clean exit site in her left internal jugular vein. Two liters of
normal saline was infused and the patient was transferred to
the critical care unit. For the first 12 h after presentation, all
blood chemistries performed on an automated analyzer were
rejected due to hemolysis. The day before admission, at a
routine visit to her doctor, the patient’s blood urea nitrogen
was 10 (7-23) mg/dL (3.57 mmol/L), creatinine was 0.63
(0.5-1.2) mg/dL (55.7 umol/L), and bilirubin was 0.2 (0.3—
1.2) mg/dL (3.42 umol/L). On the day of admission, they
were 23 mg/dL (8.2 mmol/L), 2.99 mg/dL (264.3 umol/L),
and 2.3 mg/dL (39.3 umol/L), respectively. Serum lactate
dehydrogenase (LDH) was 1,984 (110-240) IU/L. Pro-
thrombin time and activated partial thromboplastin time
were 28.5 (9.6-12.5) and 46 (22.3-34) s, respectively. Hap-
toglobin was 16 (36—195) mg/dL (0.16 g/L). Creatine phos-
phokinase was 87 (38-206) u/L and troponin was 1.88
(<0.03) ng/mL. These data indicated AKI, intravascular
hemolysis, and mild myocardial injury; rhabdomyolysis
was excluded. Hemoglobin and creatinine during recovery
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of bleach injection. ¢ Kidney biopsy (x400) 4 days after self-
administration of intravenous bleach. The kidney biopsy revealed
diffuse tubular necrosis and large numbers of intratubular fragmented
erythrocytes. No necrosis was seen outside of the tubules in the renal
cortex or medulla

are trended in Fig. la. Urine toxicology was only positive
for her prescription medications, such as trazadone, diphen-
hydramine, citalopram, diazepam, trimethoprim, as well as
caffeine; serum salicylate and acetaminophen were unde-
tectable, and the lithium level was in the normal range.
Electrocardiography showed sinus tachycardia with normal
intervals. Her urine was black in color (Fig. 1b) and was
strongly positive for blood by dipstick. The urine sediment
demonstrated several monomorphic red cells and cellular
debris but no casts. The initial urinary output was 50 mL
an hour. She became anuric over the next 3 h despite
aggressive fluid resuscitation. Hemolysis resolved over the
next 96 h with LDH trending down to 623 IU/L. The
myocardial injury resolved with a troponin of 0.7 ng/mL at
72 h. However, the patient remained anuric, volume
overloaded, and azotemic. Hemodialysis was initiated
on the second day of hospitalization. A kidney biopsy
was performed on the fourth day to assess the nature
and extent of kidney injury and its prognosis (Fig. 1c).
Light microscopy showed extensive loss of the proximal
tubular epithelium with anucleate cellular debris com-
patible with hemolyzed erythrocytes. The interstitium
contained focal acute inflammatory infiltrates surround-
ing the necrotic tubules. There were no significant
chronic parenchymal changes or necrosis outside of the
tubular compartment.

The patient received seven hemodialysis treatments be-
fore recovering sufficient renal function. The hemodialysis
and tunneled catheters were removed. The patient was sub-
sequently discharged to a psychiatric unit for further
management.
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Discussion

Sodium hypochlorite is a strong alkali (pH ~11) manufac-
tured by passing chlorine gas through dilute sodium hydrox-
ide. When exposed to water, it forms hypochlorous acid
(HOCI) that generates superoxide radicals that lead to oxi-
dative injury and cell or pathogen death [9]. Medical and
dental uses include disinfection of dialysis machines and
tunneled catheters, surgical equipment, wound cleaning,
hand hygiene, and root canal sterilization [6]. Previously,
intravenous drug users sharing needles and syringes were
encouraged to use NaOCl to disinfect their injection equip-
ment, as it is effective against the human immunodeficiency
virus [10]. Commercially, NaOCI has been used for water
purification, cleansing of textiles, and as domestic bleach.
Household bleach contains 1-6 % solution of sodium
hypochlorite.

AKI due to NaOCl is likely multifactorial [9]. NaOCl
converts to HOCI upon contact with plasma and generates
superoxide radicals causing oxidative cell death, hemolysis,
and rhabdomyolysis. Hemolysis can also occur due to rapid
protein degradation by this hypertonic and strongly alkaline
solution. Massive hemolysis leads to excessive hemoglobin
breakdown, overwhelming haptoglobin stores causing gen-
eration of free heme proteins. These heme breakdown prod-
ucts cause kidney injury by direct toxicity, reduced kidney
blood flow, pigment cast formation, and subsequent tubular
obstruction [11, 12].

There are no known antidotes to NaOCl. Sodium thio-
sulfate is a reducing agent that has been used for neutraliz-
ing NaOCl, but its efficacy is not established [2]. Vigorous
volume repletion should be undertaken with normal saline
to minimize ischemic injury, increase tubular flow, reduce
cast formation, and expedite potassium excretion. Forced
alkaline diuresis with an infusion of bicarbonate to keep
urinary pH above 6.5 has also been recommended to reduce
precipitation of heme protein casts in hemolysis and de-
crease generation of free iron from myoglobin in rhabdo-
myolysis. However, bicarbonate administration has no
proven benefit over normal saline infusion in the setting of
rhabdomyolysis [13].

Exchange transfusion may be helpful in ameliorating
sodium hypochlorite-induced hemolysis; this approach
needs validation and was not utilized in our patient. Sodium
hypochlorite molecule is easily dialyzable due to its low
molecular weight and small volume of distribution. Early
institution of dialysis, however, is unlikely to be practical in
prevention of the toxic effects of bleach exposure as it
converts to HOCI upon contact with plasma with rapid
development of cellular toxicity.

An important consideration is the differential of black
discoloration of urine (Table 1) [14-16]. Black urine and
hemolyzed blood specimens should raise suspicion for in

Table 1 Causes of black/brown urine

Pigment excretion

Hemoglobin®, myoglobin, bilirubin, and melanin (melanoma patients)
Ingestion of food products

Aloe, fava beansb, rhubarb
Poisoning®

Sodium hypochlorite, copper, and phenol
Drugs

Iron, levodopa, methyldopa, metronidazole , nitrofurantoinb,
primaquine”, senna, and sorbitol

Hereditary syndromes

Alkaptonuria, porphyrinuria (reddish brown, pink in UV light),
tyrosinosis, sickle cell disease®

Falciparum malaria® (blackwater fever)

* Associated with hemolysis

® Associated with glucose-6-phosphate dehydrogenase deficiency. Oth-
er poisons such as chlorates, bromates, and nitrites may cause hemo-
lysis, but black urine has not been reported

vivo hemolysis. In addition to bleach, another common
household substance with the potential to cause hemolysis
is hydrogen peroxide. Preparations containing chlorates,
bromates, or nitrite-based cleaners, while capable of causing
hemolysis, are not found in a typical residence. This patient
was not tested for glucose-6-phosphate dehydrogenase de-
ficiency (G6PD)—an X-linked condition. Individuals taking
trimethoprim, such as this patient, would be predisposed to
hemolysis if also G6PD deficient, although severe hemoly-
sis is more typically seen in males of African, South-East
Asian, or Mediterranean descent. Significant hemolysis may
occur in females due to X chromosome lionization. Howev-
er, GOPD is unlikely in this patient based on her ethnicity,
family history, and prior exposure to trimethoprim with no
evidence of hemolysis. Nevertheless, while the direct effect
of bleach is the most likely cause, hydrogen peroxide and
trimethoprim could have been involved. The ubiquitous
nature of bleach, as well as its frequent use as an antiseptic
in medicine, dentistry, and intravenous drug abuse, should
warrant inclusion of sodium hypochlorite toxicity among
the etiologies of black urine, especially since such patients
may not present with an obvious or verifiable history of
exposure as was present in our case.

Conclusion

This is a unique presentation of large volume injection of
bleach directly into a central vein. It illustrates previously
unreported severe nephrotoxicity from domestic bleach that
is usually considered benign. It suggests that kidneys are
vulnerable to the effects of massive hemolysis induced by
oxidative stress due to sodium hypochlorite. This patient
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recovered kidney function in spite of significant hemolysis
and extensive tubular necrosis that required supportive
measures and renal replacement therapy. This suggests a
relatively good prognosis from intravenous injection of
100 mL of bleach. Since bleach is readily available, clini-
cians should recognize the potential nephrotoxicity of intra-
venous hypochlorite and be aware of its differential
diagnosis, prognosis, and therapeutic interventions to mini-
mize the duration and severity of renal injury.

Hypochlorite toxicity would be an important differential
in a patient with black urine or other signs of hemolysis and
acute kidney injury. Physicians need to be familiar with the
differential diagnosis of “black urine” as it may be the only
clue in an uncooperative or obtunded patient.
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