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Abstract

Vancomycin causing acute kidney injury has traditionally been associated with acute interstitial nephritis. There have
been a few case reports of biopsy-proven acute tubular necrosis (ATN) from vancomycin in the pediatric literature and
only one previous report in the adult population. Here, we report a second case of biopsy-proven ATN resulting from

vancomycin toxicity.
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INTRODUCTION

The original indication for the use of vancomycin was
penicillin-resistant Staphylococcus aureus, as approved
for the intravenous administration by the FDA in 1958
by fast-tracked process.! Vancomycin is a glycopeptide
antibiotic that inhibits cell wall synthesis by preventing
incorporation of two key peptide subunits into peptigly-
can matrix, the major component of Gram-positive bac-
teria wall.? Vancomycin has been primarily indicated for
life-threatening infections with Gram-positive bacteria
that are unresponsive to other less toxic antibiotics.? In
principle, it should not be used in methicillin-sensitive
S. aureus (MSSA) because vancomycin is inferior in its
efficacy to beta-lactamase-resistant penicillins such as
Nafcillin. Thus, in this context, vancomycin has been
reserved as drug of last resort and has not been used as
a first-line antibiotic.®>

The use of vancomycin has increased dramatically in
recent years with the emergence of MSSA as an impor-
tant hospital pathogen. Thus, vancomycin is often pre-
scribed as the first-line antibiotic for hospital-acquired
infection with proven or even suspected resistant Gram-
positive organisms. Because of poor tissue penetration
and concomitant decrease in bacteria killing, achieving

the minimum inhibitory concentration has required
scaling up the dose of vancomycin, leading to a paral-
lel rise in the incidence of drug toxicity.®” In particular,
acute kidney injury has become a significant clinical
concern with the use of vancomycin. As vancomycin is
primarily cleared by glomerular filtration, failing kidney
function leads to retention and build up of highly toxic
levels of antibiotic, perpetuating a vicious cycle of renal
injury.®

The most common vancomycin-associated nephro-
toxicity is acute interstitial nephritis, although other
lesions have been rarely described.””!! The present
report highlights the complexity in establishing precise
diagnosis of acute kidney injury in patients who are
infected with MSSA and who are treated with van-
comycin. It also underscores the crucial role of kidney
biopsy as a guide to selecting a rational therapeutic
approach.

CASE REPORT

G. O., a 45-year-old male with poorly controlled
insulin-dependent diabetes mellitus, was admitted to
the hospital for a planned excision of his first toe
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secondary to a non-healing wound and possibility of
osteomyelitis. His most recent glycosylated hemoglobin
Alc was 10. The patient underwent a right hallux
amputation and subsequently was found to have MSSA
infection. He was then started on vancomycin with ini-
tial dose of 1500 mg every 6 hours. After 4 days of
treatment the patient was noted to have an acute rise
in serum creatinine to 3.4 mg/dL (baseline 0.6 mg/dL).

A renal ultrasound was performed which showed no
evidence of hydronephrosis. There were no episodes
of hypotension noted. The patient appeared euvolemic
on physical exam. A vancomycin trough was drawn
and found to be 101.4 pwg/mL. The vancomycin was
subsequently discontinued and he was started on clin-
damycin. There were no other ischemic or toxic insults
that could account for the acute kidney injury.

After discontinuing the drug, the vancomycin
troughs decreased from 101.4 to 91.6 then 65.6 pg/mL.
However, the serum creatinine continued to rise from
3.4 to 6.1 mg/dL. Because a spot urine protein to
creatinine ratio showed 3 gm of proteinuria fur-
ther work up was ordered. The patient was empir-
ically started on Solu-Medrol (Mckesson Drug Co.,
Tolleson, AZ, USA) and a biopsy was performed.
Meanwhile, a serological work up including comple-
ments, antinuclear antibody, antinuclear cytoplasmic
antibody, antiglomerular basement membrane anti-
body, and protein electrophoresis was normal.

RENAL BIOPSY FINDINGS

Light microscopic evaluation of the renal biopsy spec-
imen demonstrated renal cortex with 29 glomeruli,
of which 2 were globally sclerosed. A few glomeruli
contained a mild increase in mesangial matrix com-
patible with diabetic injury, although nodular scle-
rosis characteristic of advanced diabetic nephropathy
was not present. The glomerular basement membranes
appeared normal, and no glomerular proliferation,
inflammation, or other abnormalities were seen. Most of
the changes involved the renal tubules and interstitium.
The interstitium was diffusely expanded by edema.
Tubules throughout the biopsy core showed evidence
of acute injury, including flattening of the epithelium,
sloughing of cells into the luminal space and focal
nuclear dropout (Figure 1). Small patches of tubular
and interstitial inflammation were identified, although
most of the biopsy was free of inflammation. Where
present, the inflammatory infiltrates were composed
of a mixed population of lymphocytes, macrophages,
and neutrophils with occasional plasma cells. Only rare
eosinophils were seen. Within the inflammatory foci,
a few tubules contained neutrophils as well as cellular
debris (Figure 2). No significant interstitial fibrosis or
tubular atrophy was present. Arterioles showed mod-
erate to severe hyalinosis, although muscular arteries
appeared unremarkable.
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Figure 1. The tubular epithelium is flattened, with loss of brush
borders and decreased numbers of nuclei. Several tubules show
reactive nuclear enlargement with sloughing of cell debris into the
tubular lumens.
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Figure 2. Small foci of interstitial inflammation are present, con-
taining lymphocytes, macrophages, and occasional plasma cells
and only rare eosinophils. Several tubules contain a mixture of
neutrophils and cell debris (neutrophil casts).

Biopsy tissue examined by immunofluorescence
microscopy contained renal cortex with 14 glomeruli,
of which one was globally sclerosed. The glomeru-
lar and tubular basement membranes demonstrated
pseudo-linear staining for immunoglobulin G (IgG) and
albumin, consistent with the patient’s history of dia-
betes. No immune complex deposition was identified.
Tissue submitted for electron microscopy contained
tubules and interstitium only; ultrastructural examina-
tion was not performed.

The biopsy diagnosis was that of acute tubular
injury/acute tubular necrosis (ATN), with minimal
patchy tubular interstitial inflammation. Allergic inter-
stitial nephritis was not favored, given the sparse nature
of the infiltrates and lack of prominent eosinophils.
The presence of neutrophil tubular casts did raise the
possibility of intrarenal infection, although no clinical
evidence of infection was identified. The glomerular
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mesangial increase and immunofluorescence staining
pattern indicated early diabetic injury, without features
of advanced diabetic nephropathy.

CASE CONTINUED

There was no other likely alternative explanation for
the ischemic or toxic injury noted on the renal biopsy.
Following the renal biopsy, the patient’s creatinine con-
tinued to rise, his urine output decreased to an oliguric
range, and he was started on hemodialysis. Because
the biopsy showed no suggestions of acute interstitial
nephritis the steroids were discontinued. Although the
patient did require hemodialysis for over 2 months,
he eventually made a full recovery and subsequently
regained renal function.

DISCUSSION

This case highlights the difficult therapeutic dilemmas
commonly encountered in hospitalized patients treated
with vancomycin. The dramatic increase in vancomycin
use as the mainstay in combating life-threatening infec-
tions with MSSA has increased the occurrence of
acute kidney injury. The most commonly reported
vancomycin-induced nephrotoxicity is acute interstitial
nephritis. ATN as a complication of vancomycin has
been primarily reported in the pediatric literature and
one case of biopsy-proven ATN has been reported in
an adult.!?!3 Although the efficacy of corticosteroids
and other immunosuppressive agents in drug-induced
acute interstitial nephritis has not been established by
randomized controlled clinical trials, they are still used
as therapeutic agents if improvement of renal function
is not evident after withdrawal of the offending drug.
In the case of drugs which are cleared by glomeru-
lar filtration such as vancomycin, withdrawal of the
antibiotic in the presence of impaired kidney function
may result in highly nephrotoxic drug levels, which
extend the renal injury. In this instance early hemodial-
ysis may be the most rational therapeutic approach.
Appropriate dose of corticosteroids should be main-
tained in the patient until the vancomycin drug levels
are undetectable. The timing of steroid administra-
tion is the most important factor. Unnecessary delay in
starting the steroids may lead to fibrogenesis with devel-
opment of interstitial scarring and irreversible renal
insufficiency.

Establishment of the histopathologic diagnosis on
renal biopsy is critical in determining the mechanism
of renal injury and deciding whether corticosteroids or
other immunosuppressive agents are indicated. Unwar-
ranted use of high-dose steroids is not only redundant
but may be detrimental to the outcome of the underly-
ing infection. Other biopsy-proven kidney injuries such
as ATN or post-infectious glomerulonephritis do not
justify immunosuppressive treatment.

This case underscores the need to consider ATN in
the differential diagnosis of vancomycin-induced kidney
injury. The mechanism of tubular injury in the set-
ting of vancomycin therapy is not readily understood.
However, experimental studies in rats have shown that
vancomycin may induce oxidative stress resulting in
renal tubular injury. In rats, vancomycin has been
shown to increase malondialdehyde levels, a marker of
oxidative stress, and decrease the levels of antioxida-
tive enzymes such as superoxide dismutase and catalase.
Examination of rat kidney tissue demonstrated epithelial
necrosis, vacuolization of epithelial cells, and intersti-
tial edema. Administration of a strong antioxidative
agent significantly ameliorated the tubular damage.!*
In that study the trough levels of vancomycin cor-
related with the severity of tubular injury. As van-
comycin nephrotoxicity remains a serious medical con-
cern, additional studies, including clinical investigations
are warranted.
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