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Abstract

Heroin abuse and overdose are increasing at an alarming rate in the
United States. Due to its relatively low cost and ease of availability,
over a million people are abusing this agent. What is most disturbing
is the fact that heroin-associated deaths have tripled over the past 5
years. While heroin has a major negative impact on the cardiopulmo-
nary system, acute kidney injury (AKI) following heroin overdose is
emerging as a major problem. AKI increases mortality and is a major
cause of the development of chronic kidney disease and its anteced-
ent long-term mortality. Timely diagnosis of AKI and its treatment
reduces mortality. In this article, we present two cases (a 25-year-old
man and a 22-year-old woman) of heroin-induced AKI. Both present-
ed with altered mental status, respiratory depression and low blood
pressure. AKI was diagnosed by the treating internist in a timely fash-
ion and optimally treated in the 25-year-old man. In the 22-year-old
woman who presented to the emergency department, AKI could not
be recognized. She was discharged home after the management of
overdose with resolution of pulmonary and neurological issues. Six
days later, she returned to the emergency department with shortness of
breath, volume overload, and severe acute tubular necrosis, required
hemodialysis and left the hospital with serum creatinine of 2.5 mg/
dL (estimated glomerular filtration rate (¢GFR) = 46 mL/min). At a
7-month follow-up, this patient continues to have eGFR of 45 mL/min
(stage III chronic kidney disease). This article presents the mechanism
of heroin-induced AKI as well as its management strategy and calls for
heightened awareness for early diagnosis and prompt treatment.
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Introduction

The United States is experiencing an epidemic of opioid use
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with nearly 12.5 million people abusing opioids [1-4]. A major
contributor to this problem is prescription opioid abuse [2, 4].
CDC has revealed that over the last 15 years, there has been a
200% increase in the rate of drug overdose deaths involving
opioids, particularly heroin [5]. Recent data are emphasizing
an alarming increase in heroin abuse [4, 5]. While there are
multiple factors responsible for the abuse, heroin’s relatively
low price and increased availability are major facilitators [3-5].
While most age groups are affected, heroin abuse is particularly
prevalent in the younger population. In 2015 alone, 828,000
people used heroin and an additional 135,000 used heroin for
the first time [4]. This is particularly disturbing, as heroin-as-
sociated deaths have dramatically increased, with rates tripling
during the past 5 years in the younger population [4-7].

Cardiopulmonary demise is a major cause of death in her-
oin overdose; however, acute kidney injury (AKI) is emerging
as a major contributor [5, 6, 8-11]. It has been documented that
the development of AKI is associated with a fourfold increase
in death and that its timely diagnosis and treatment improves
mortality [12]. In this article, we present two cases of young
adults of heroin overdose that developed AKI and present a
management strategy for heroin-induced AKI. Our article also
calls for heightened awareness of heroin-induced AKI, its ear-
ly recognition and prompt treatment in order to reduce AKI-
associated morbidity and mortality.

Case Reports
Case 1

A 22-year-old white female was brought to the emergency de-
partment after she was found to have stopped breathing and lost
consciousness while at a party. She had a history of drug abuse
(heroin). She received naloxone by emergency medical ser-
vices (EMS) with improvement of her breathing. Upon arrival
to the emergency department, she regained consciousness. Her
past medical history was unremarkable except for heroin abuse
that started 2 years ago following prescription of a narcotic an-
algesic for knee injury during a soccer game and subsequent
right knee surgery. She also had history of one admission to a
rehabilitation facility. Physical examination at the emergency
department revealed a blood pressure of 99/78 mm Hg, pulse of
106 beats/min, a respiratory rate of 10 breaths/min and oxygen
saturation (SpO,) of 98% at room air. Pupillary examination
demonstrated bilaterally constricted pupils. Chest and heart
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Table 1. Laboratory Parameters of Patients With Acute Kidney Injury After Heroine Abuse

Laboratory parameter Patient 2 Patient 1

Day 1 Day2 Dayl Day 6 Month 7
Hemoglobin (g/dL) 15 14.8 14.8 13.2 124
Hematocrit (%) 48.8 47 47 43 38
WBC (10%/uL) 29.1 8.9 7.8 7.0 7.1
Platelet (103/uL) 276 270 256 240 244
BUN (mg/dL) 93 23 56 38 30
Serum creatinine (mg/dL) 2.3 1.1 1.6 5.8 2.5 (eGFR = 45)
Calcium (mEgq/L) 8.9 8.8 9.2 9.4 9.3
Sodium (mEgq/L) 146 144 143 135 137
Potassium (mEq/L) 4.3 4.4 4.2 5.2 4.7
Chloride (mEq/L) 102 100 97 94 96
AST (U/L) 45 40 39 41 -
ALT (U/L) 38 42 32 34 -
CPK 300 180 140 120 -
Lactic acid (mg/dL) 34 1.4 - Normal -

Urine examination No evidence of hematuria, proteinuria,
glucosuria, tubular cells, or granular,

tubular, red cell or white cell casts.

Numerous tubular
cells, granular
and tubular casts.

1+ proteinuria. No -
evidence of hematuria
or glucosuria.

WBC: white blood cell; BUN: blood urea nitrogen; CPK: creatine phosphokinase; AST: aspartate aminotransferase; ALT: alanine aminotransferase;

eGFR: estimated glomerular filtration rate (mL/min).

examination was normal. Her neurological examination was
normal except for right leg weakness (4/5). She did not dem-
onstrate peripheral edema. Initial laboratory analysis showed a
normal leukocyte, hemoglobin and platelet count. Her serum
creatinine was found to be 1.6 mg/dL, with normal electrolytes
(Table 1). Urine drug screen was positive for opioid and uri-
nalysis revealed numerous tubular cells, granular and tubular
cell casts. Arterial blood gas (ABG) and chest radiograph were
normal. Because of the loss of consciousness and right lower
extremity weakness, a CT scan of the head was obtained which
did not reveal any intra-cranial bleed and the right leg weakness
disappeared. Patient was discharged home with a referral to a
rehab center. Six days after discharge, patient returned to the
emergency department with bilateral lower extremity edema,
shortness of breath and anuria. Physical examination showed
three plus bilateral lower extremity edema and bilateral lower
lobe rales with a blood pressure of 150/94 mm Hg. Laboratory
data revealed serum creatinine of 5.8 mg/dL, bicarbonate of 14
mEq/L and serum potassium of 5.2 mEq/L. Electrocardiogram
(EKG) was normal without any peaked T waves. Nephrology
consultation was obtained. Renal ultrasound revealed no hy-
dronephrosis and normal size kidneys (9.3 and 9.4 cm), normal
echogenicity and cortical thickness. Foley catheter placed in the
emergency department did not drain any urine and bladder scan
did not demonstrate distended bladder. Hemodialysis therapy
was instituted. After three dialysis sessions, patient volume sta-
tus and blood pressure normalized. Subsequently, she started
making urine and left the hospital (7 days later) off dialysis but
with serum creatinine of 2.5 mg/dL (estimated glomerular fil-
tration rate (¢GFR) of 46 mL/min). At a follow-up of 7 months,
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patient continued with an eGFR of 45 and as such had stage 111
chronic kidney disease (CKD).

Case 2

A 25-year-old white male (chronic heroin abuser for 4 years)
was brought to the hospital by EMS. He was found on the kitch-
en floor by his mother. He was unresponsive and found to have
agonal respiration. Given his history, EMS administered nalox-
one. The patient regained consciousness with improvement of
respiratory status. Past medical history was significant for her-
oin abuse and multiple admissions to a rehabilitation facility.
Physical examination at the emergency department revealed a
blood pressure of 88/60 mm Hg, pulse of 110 beats/min, a res-
piratory rate of 8 breaths/min and oxygen saturation (SpO,) of
87% with pink frothy secretions at the mouth. Pupillary exami-
nation demonstrated bilaterally constricted pupils. Chest ex-
amination revealed decreased air entry on the right side with a
few rales at the base of the lung. He had no fever, raised jugular
venous pressure or peripheral edema. Initial laboratory analy-
sis showed leukocytosis of 29,100/uL, serum creatinine of 2.3
mg/dL, lactic acid of 3.4, and mildly elevated liver functions
test and normal electrolytes (Table 1). Urine drug screen was
positive for opioid. ABG analysis showed respiratory acidosis
with pH of 7.19, partial pressure of carbon dioxide (PaCO,)
at 47 mm Hg, partial pressure of oxygen (PaO,) at 86 mm Hg
and SpO, of 93%. Chest radiograph showed diffuse infiltrates
in the right lung (Fig. 1). He was given additional doses of na-
loxone and placed on positive pressure ventilation in the emer-
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Figure 1. Chest X-ray performed at the time of admission revealing opacification and diffuse infiltrates of the right lung (left im-
age). A repeat X-ray performed the next day demonstrated a significant clearance (right image).

gency department. The admitting internist diagnosed AKI due
to dehydration and possible rhabdomyolysis. However, creatine
phosphokinase (CPK) was found to be normal and urinalysis
did not reveal any evidence in support of acute tubular necro-
sis. Suspecting AKI due to dehydration, the internist promptly
replaced volume with normal saline administration (1.5 L with
careful attention to lung examination) with normalization of
blood pressure to 132/88 mm Hg. The patient was also started
on broad-spectrum antibiotic by the internist suspecting aspi-
ration on the basis of leukocytosis and right-sided radiologi-
cal findings on chest X-ray. On the second day of his hospi-
talization, oxygen saturation of 97% on room air, the patient’s

ABGs were within normal ranges on room air. Renal function
improved with a reduction of serum creatinine from 2.3 to 1.1
mg/dL and resolution of leukocytosis. There was a dramatic
improvement in air entry to the right lung and a repeat chest X-
ray showed complete resolution of right-sided infiltration (Fig.
2). Considering the non-infectious unilateral lung involvement
associated with opioid abuse that clears without antimicrobial
therapy, antibiotics were discontinued with continued improve-
ment in patient condition. Echocardiogram showed normal left
ventricular systolic function and mild liver dysfunction normal-
ized. Patient was seen by drug rehab service during the hospital
course and discharged home on day 4 with a referral to a reha-

Dehydration, hypotension and renal
hypoperfusion

ACUTE
[urinary retention | == KIDNEY —
INJURY

e

Heroin-induced
parasympathetic stimulation
decreased cardiac ionotropy,

bradycardia and

hypotension

AN

Activation of renal opioid
peptide receptors by heroin
and development of intra-
renal
vasoconstriction

Figure 2. Mechanisms of heroin-induced acute kidney injury as elucidated by Mallappallil et al [8].
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Patient with AKl in the context of heroin overdose

1. Assess vitals (BP) and volume status.
2. Renal ultrasound in the context of anuria to rule out obstruction.
3. Basic chemistry, BUN and creatinine.
4. CPK to evaluate for rhabdomyolysis.
5. Urinalysis and microscopy to ascertain the presence of ATN.
6. Urine sodium and FENa determination.

6. Consult a nephrologist.

1. Restore BP by correcting dehydration with saline infusion.
Consider bicarbonate infusion for cases of rhabdomyolysis.

2. Hold all BP medications in patients with history of hypertension.
3. Administer naloxone, repeat as needed.

4. Avoid nephrotoxic drugs, when possible.

5. Bladder catheterization for patients with urinary retention.

Figure 3. A simplified approach to heroin-induced AKI is presented. Replacement of intravascular volume, correction of blood
pressure and restoration of renal blood flow are central to the management of AKI. Naloxone reduces intra-renal vasoconstriction
and as such is a part of AKI management. Tubular cells, granular and tubular casts on urine microscopy are hallmarks of acute
tubular necrosis (ATN). Muddy brown urine is also a feature of ATN. Myoglobinuria is seen with rhabdomyolysis resulting in red
brown urine. Myoglobin is detected by urine dipstick as blood. However, there are only a few RBCs seen on urinalysis indicating
that dipstick positivity is due to myoglobin and not blood itself. Fractional excretion of sodium (FENa) is a valuable tool in distin-
guishing between pre-renal and renal (ATN) cause of acute kidney injury. In pre-renal failure FENa is usually less than 1%. On
the other hand, values exceeding 2% indicated ATN. Values between 1% and 2% can be either pre-renal or renal AKI.

bilitation unit in a stable condition.

Discussion

Heroin (diacetylmorphinediacetylmorphine) is an extremely
addictive opioid [4, 5]. Its rapid and complete absorption re-
sults in its quick euphoric as well as toxic effects [1-5]. The
two cases described here demonstrate the devastating effects
of heroin. Both patients suffered from AKI. While the 25-year-
old man was timely diagnosed and promptly treated for AKI
with kidney function recovery, the renal damage was not ini-
tially appreciated in the 22-year-old woman. She left the hos-
pital with advanced CKD. While acute heroin overdose can
result in AKI, it is the chronic abuse that is more commonly
associated with kidney injury [8]. This is due to the fact that
with chronic abuse the drug and its metabolites are distributed
and accumulated in multiple body compartments [8]. Both of
our patients were chronic abusers of heroin for more than 2
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years and hence more susceptible to renal damage.

In their elegant paper, Mallappallil et al have recently elu-
cidated multiple mechanisms by virtue of which heroin can
cause AKI [8] (Fig. 2). Opioids can lead to a decrease in fluid
intake resulting in dehydration. Opioids also increase vagal
activity as well as parasympathetic stimulation resulting in
decreased cardiac ionotropy, bradycardia and hypotension [8-
11]. Dehydration and hypotension act in concert to induce re-
nal hypoperfusion and hence intra-renal vasoconstriction. Opi-
oids also activate the so-called renal opioid peptide receptors
and directly cause intra-renal vasoconstriction [8]. The intense
intra-renal vasoconstriction can cause AKI. Both of our pa-
tients had hypotension and admitted to decreased fluid, as well
as food intake. Rhabdomyolysis (particularly with immobility)
and urinary retention (due to anti-cholinergic effects) can also
be seen with opioids [8]. The 25-year-old man was found on
the kitchen floor; however, the CPK was normal.

The timely diagnosis of AKI and its prompt management
is critically important to reduce morbidity and mortality as-
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sociated with renal failure [12] (Fig. 3). In the 25-year-old
man reported here, accurate diagnosis of AKI and its treat-
ment with immediate saline replacement restored circulatory
volume, improved blood pressure, improved renal perfusion,
resolved intra-renal vasoconstriction and ameliorated ongoing
renal injury. Naloxone administration also negates intra-renal
vasoconstriction by reversing the effects of heroin on the opi-
oid peptide receptors [8, 13]. In contrast, the AKI encountered
in the 22-year-old woman was not recognized during the initial
admission. In fact, the urinalysis revealed clear evidence of
acute tubular necrosis (ATN) as demonstrated by the presence
of tubular cells, granular and tubular casts. Indeed, these uri-
nary findings are virtually diagnostic of ATN [14, 15]. This
patient returned to the hospital with advanced kidney injury
and needed dialysis therapy. The patient left the hospital with
CKD stage 111 and will continue to require ongoing renal care
to slow down the progression of CKD. CKD is also associ-
ated with a higher mortality than those without renal disease
[16]. In this context, this patient will continue to carry a higher
mortality profile. It is worth mentioning that heroin can also
cause focal segmental glomerulonephritis [17]. However, this
is commonly seen in blacks and presents with nephrotic range
proteinuria. This was not the case in the patients reported here.

Interestingly enough the 25-year-old patient also had
hypoxia and diffuse right lung pulmonary infiltrates. This
complication is known as non-cardiogenic pulmonary edema
(NCPE) and was first described by William Osler during an au-
topsy in 1880 [18]. NCPE is associated with opiate overdose,
particularly with heroin and presents with significant hypoxia
and diffuse pulmonary infiltrates within 24 h of overdose. The
pulmonary infiltrates are not due to infection (pneumonia), can
be bilateral or unilateral and resolve within 48 h [19]. Multiple
recent reports have documented unilateral pulmonary infiltrate
associated with a high leukocyte count following heroin over-
dose [19-22]. Both resolve spontanecously within 48 h and are
not associated with infection [19-22]. In the 25-year-old male,
after normal physical examination on day 2, the internist ob-
tained a chest X-ray to document the disappearance of infil-
trates. The white count also normalized, providing the support
to discontinue antibiotics.

Conclusion

Heroin-associated AKI is an under-recognized and under-re-
ported condition. While there are multiple mechanisms, dehy-
dration resulting in hypotension and reduced renal flow is the
predominant culprit for the development of AKI. Prompt rec-
ognition and careful hydration (with normal saline) and nalox-
one administration (negates intra-renal vasoconstriction) are
readily available, cost effective and circumvent renal demise.
Heightened awareness of AKI is needed to optimally manage
patients presenting with heroin overdose.
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