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CASE REPORTS

Nitrofurantoin-Associated Lung and Liver
Toxicity Leading to Liver Transplantation
in a Middle-Aged Patient

Tony K L Kiang, Jo-Ann Ford, Eric M Yoshida, and Nilufar Partovi

INTRODUCTION
Nitrofurantoin is indicated for the treatment or prophylaxis

of uncomplicated urinary tract infections. Currently, it is
considered as second-line treatment for this type of infection
because of emerging bacterial resistance.! Nitrofurantoin is
bioactivated to various reactive intermediates that interfere with
bacterial ribosomal proteins and inhibit the synthesis of critical
cellular macromolecules (e.g., DNA).> Nitrofurantoin is
extensively absorbed by the gastrointestinal tract, is rapidly
eliminated (with a half-life of about 0.3-1 h) by the kidneys,
and is concentrated in the urine.’ Typical dosages in adults with
normal renal function (creatinine clearance > 60 mL/min) are
50-100 mg PO gqid for 1 week (for treatment) or 50-100 mg
PO at bedtime (for prophylaxis).* The clearance of nitrofuran-
toin depends on glomerular function, so its concentration in
the urine, and hence its bactericidal effects, is reduced in
patients with compromised creatinine clearance.>®

Various adverse effects are associated with nitrofurantoin.
Gastrointestinal complaints are common.”® Very rarely,
neurological, hematological, pulmonary, and hepatic reactions
may occur.” Peripheral neuropathy of the sensorimotor type is
a common neurological complaint."” Acute hemolytic anemia,
typically associated with deficiency of glucose-6-phosphate
dehydrogenase, is the predominant hematological adverse
effect.” Most nitrofurantoin-induced pulmonary toxicity is
acute and immunologic in nature, but cases of chronic
pulmonary fibrosis have also been reported.”"" Likewise,
hepatotoxicity caused by nitrofurantoin is generally of acute
onset, but patients may also present with chronic, active
hepatitis.”

Nitrofurantoin-associated pulmonary or hepatic toxicity is
rare.”? Even rarer are patients who present with concurrent
pulmonary and hepatic complications.”” We present a case of
nitrofurantoin-associated lung and liver toxicity in a 57-year-
old woman who required liver transplantation. We also provide
an up-to-date summary of previously published cases.
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CASE REPORT

A 57-year-old woman presented to the emergency depart-
ment after collapsing at home.* A week before admission, the
patient complained of darkened urine, low-grade fever, and
pruritis. She had reported increasing fatigue and decreasing
energy level for 6 months before admission. Jaundice had
developed about 2 weeks before admission. Her medical hist-
ory included Crohn disease, recurrent urinary tract infection,
and multiple episodes of pyelonephritis (3 occurrences in the
previous year). Her surgical history included appendectomy
and 3 cesarean sections. On admission, the patient was not
taking any medication for Crohn disease because the most
recent flare-up had been more than 30 years ago. She had been
taking oral nitrofurantoin 100 mg once or twice daily and
ciprofloxacin (dose not reported) for 18 months for the
management of urinary tract infections. The social history was
not significant (she was not an active drinker and did not
smoke), and the family history was negative for cancer and
hepatitis. Interestingly, her son and daughter both had
diagnosed immunodeficiency. The patient had no history of
substance abuse and did not use herbal products. All other
causes of liver disease were excluded through exhaustive
pretransplant investigation and examination of the explanted
liver by liver disease specialists.

At the time of admission, the patient appeared jaundiced
and short of breath. On examination, the patient was alert and
oriented. Asterixis was not evident, and no stigmata associated
with liver disease were found. The results of an abdominal
examination were normal, and no organomegaly or peripheral
edema was evident. The liver echotexture did not have any
coarseness or nodularity that would suggest cirrhosis or
chronic liver disease. Computed tomography of the chest

*The patient’s consent for publication was not obtained; all
identifying information has been removed from the article.
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indicated interstitial lung disease with peripheral cavities. Chest
radiography revealed bilateral infiltrates. Liver function tests
showed elevation of aspartate aminotransferase (1444 units/L),
alanine aminotransferase (1926 units/L), direct bilirubin (221
pmol/L), total bilirubin (309 pmol/L), alkaline phosphatase
(169 units/L), and <y-glutamyltransferase (276 units/L).
Laboratory findings included white blood cell count 7.3 x
10°/L, hemoglobin 140 g/L, platelets 292 x 10°/L, internation-
al normalized ratio 1.8, partial thromboplastin time 36 s, crea-
tinine 61 pmol/L, and albumin 26 g/L. Immunoglobulin A,
immunoglobulin M, immunoglobulin G, o -antitrypsin,
ceruloplasmin, hepatitis B antigen, antibody to hepatitis B core
antigen (anti-HBc), antibody to hepatitis C virus (anti-HCV),
and anti-smooth muscle antibody were all negative or within
normal limits. As well, serum levels of salicylate and
acetaminophen were below the level of detection.

Nitrofurantoin was discontinued before admission, but
the patient’s liver dysfunction progressed despite oral adminis-
tration of prednisone (20 mg/day) in hospital. Signs of hepatic
encephalopathy developed, and the patient subsequently
received a liver transplant, about 1 month after admission to
hospital. Since the transplant, the patients lung disease has
been clinically silent, with no need for pulmonary medications,
respirology consultations, or supplemental oxygen. Examina-
tion of a liver specimen showed large zones of necrotic liver,
extensive bile duct proliferation, acute portal inflammation,
and cholestasis. There was no evidence of malignancy or
cirrhosis. At the time of writing, 2 years after the transplant, the
patient was stable and had normal allograft function.

DISCUSSION

In the case reported here, concurrent interstitial lung
disease and hepatotoxicity developed in a 57-year-old woman
secondary to long-term use of nitrofurantoin (over 18 months).
The Naranjo probability score was 3, which indicated
the

development of concurrent lung and liver toxicity.” Clinical

“possible”  causality between nitrofurantoin and
judgement on the part of various hepatic and pulmonary
specialists ultimately led to the conclusion of causality. Autoim-
mune hepatitis was an unlikely differential diagnosis given the
normal levels of immunoglobulin G and anti-smooth muscle
antibody and the lack of autoimmune hepatitis features on
histologic examination of the explanted liver. Ciprofloxacin,
which was being taken concurrently by the patient, has also
been associated with liver injury, but liver toxicity from

1415 and no case of

ciprofloxacin is mainly of the cholestatic type,
combined lung and liver toxicity has been reported with
ciprofloxacin. Accordingly, the pulmonary and hepatic
manifestations observed in this patient were attributed to
nitrofurantoin alone.

To summarize the published cases of nitrofurantoin-

associated concurrent lung and liver toxicity, PubMed and
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Embase were searched with various combinations of the
following terms: nitrofurantoin, hepatotoxicity, pulmonary
toxicity, liver, lung, hepatitis, liver necrosis, pulmonary fibrosis,
and interstitial pneumonitis. Only articles published in English
and searchable before October 2010 were included. The titles
and abstracts were screened for relevance, and 9 published
articles'*?* describing 10 case reports were identified (Table 1).

To the best of our knowledge, this is the first summary
incorporating all cases of nitrofurantoin-induced concurrent
pulmonary and hepatic toxicity published in English. Most
cases (9 of 10) occurred in women, most patients were generally
older (in 8 of the 10 cases, the patients were older than 57 years;
mean age 59 years), and most were receiving nitrofurantoin for
the management of urinary tract infection. No clear
dose—response relationship was evident, as the dose of
nitrofurantoin ranged between 50 and 300 mg per day, which
is within the recommended range.* The onset of symptoms
could generally be described as “late” (i.e., 11 months to 11
years after initiation of therapy), and it was difficult to discern
whether the pulmonary toxicity preceded the hepatotoxicity or
vice versa. Common symptoms included jaundice, weight loss,
malaise, dyspnea, and dry cough. Rales or crackles could be
heard, usually from both lungs, and in the majority of cases,
chest radiography indicated a pattern of interstitial lung disease.
The results of pulmonary function tests, when available,
suggested impairment of the restrictive type.

Most liver biopsies illustrated a pattern of chronic active
hepatitis with piecemeal necrosis and/or infiltration by
nonparenchyma cells, although normal biopsy results were also
reported. Laboratory investigations often revealed increased
erythrocyte sedimentation rate and markedly elevated transam-
inases, alkaline phosphatase, y-glutamyltransferase, or biliru-
bin. Increased international normalized ratio, partial thrombo-
plastin time, or activated partial thromboplastin time, suggest-
ing compromised liver synthetic function, and positive antinu-
clear antibodies or anti-smooth muscle antibodies, suggesting
immunologic involvement, were also commonly reported.
Upon discontinuation of nitrofurantoin, most of the patients
improved with respect to clinical status, pulmonary function,
and liver function, in the absence of corticosteroid therapy. The
time to recovery varied from 3 weeks to 6 months. Recovery of
liver function was faster than or equal to that of pulmonary
function in a few cases,'*'**** but not in others.””? Two of the
patients died of subsequent complications, despite corticosteroid
therapy in one case.!®”

The incidence of pulmonary toxicity associated with nitro-
furantoin has been estimated at 0.00002% to 0.0009%,’ and
that of hepatotoxicity at 0.0003%”° to 0.035%."* The incidence
of concurrent pulmonary and hepatic toxicity remains
unknown, although it is probably less than the incidence of
either form of toxicity alone. Reinhart and others'” estimated
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the incidence of combined toxicity at 3.9 x 10" per course of
therapy, which might explain the small number of cases that
have reported in the literature.

According to Sovijarvi and others,” most cases of
nitrofurantoin-associated pulmonary toxicity can be classified
as having acute onset, although numerous reports of chronic
pulmonary toxicity have also been published.”* The mean
delay before onset of chronic pulmonary toxicity has been
reported as 30 months,” and this condition lacks a
dose—response relationship, occurs predominantly in women,
and is often slow to resolve.” Common manifestations have
included interstitial pneumonitis and fibrosis, which may lead
to shortness of breath and cough (often dry). Chest radio-
graphy often indicates bilateral pleural effusion, with or without
pulmonary infiltrates.”

Similar to lung toxicity, acute liver toxicity from nitro-
furantoin is more common than chronic liver injury.*? Stricker
and others' summarized cases published before 1988, noting
that chronic hepatotoxicity occurred predominantly in women,
had an onset later than 6 months, and lacked a clear dose—
response relationship. Common signs or symptoms included
jaundice, hepatomegaly, malaise, anorexia, weight loss, nausea,
and vomiting. About 70% of patients had anti-smooth muscle
antibodies, and about 80% had antinuclear factors. Liver bio-
chemistry tests suggested hepatocellular with occasional mixed
cholestatic—hepatocellular abnormalities, and liver biopsy often
indicated a pattern of chronic active hepatitis.'> Only a handful
of case reports of nitrofurantoin-associated hepatotoxicity have
been published since 1988,>* and the clinical picture from
these more recent cases was similar to that summarized by
Stricker and others."

The mechanism or mechanisms of pulmonary and hepatic
toxicity remain unknown. In vitro and animal experiments
have implicated a role for bioactivation and oxidative stress in
both pulmonary toxicity”** and hepatotoxicity,”* although
human studies are still lacking. Positive titres of antinuclear
factor and anti-smooth muscle antibodies in cases of
pulmonary toxicity* and hepatotoxicity” also suggest an
immune-mediated reaction. Cases of rapid onset after drug

rechallenge™* and marked sensitization®

support the immuno-
logical mechanism. From these observations, it might be hypoth-
esized that there is more than one cause of nitrofurantoin-
associated hepatotoxicity and that the immunologic injury
could be the mechanism in some cases. Interestingly, signs and
symptoms in cases of combined toxicity (Table 1 and the
current case) corresponded to those described in cases of
isolated lung or liver toxicity. This suggests that similar
mechanisms are responsible for toxic effects in the individual
organs, irrespective of the patient’s presentation (i.e., singular
organ toxicity or combined lung and liver toxicity). However,
one can hypothesize that different mechanisms may be respon-

CJHP —Vol. 64, No. 4 — July—August 2011

sible for pulmonary and hepatic toxicity, because a common
mechanism would likely yield a much higher incidence of
combined toxicity, which is not the case.

The patient described here resembled patients in previously
published cases (summarized in Table 1) with respect to demo-
graphic characteristics (specifically age and sex) and onset of
symptoms. The clinical symptoms and laboratory findings were
also comparable, except for, in the current case, the lack of
elevation of markers suggestive of an immunologic reaction
(e.g., antinuclear factor and anti-smooth muscle antibodies).
As discussed above, the mechanisms of concurrent lung and
liver toxicity could be multifactorial, and there are certainly
cases in the literature that also appeared to lack an immuno-
logical component (Table 1). Our comprehensive literature
summary, in conjunction with the case reported here, suggests
that a distinguishable pattern of toxicity is available to aid
clinicians in recognizing or possibly preventing full-blown
pulmonary and hepatic toxicity from nitrofurantoin.
Conversely, a clear pattern of clinical resolution (e.g., rate of
recovery or responsiveness to corticosteroids) is not discernible
from the small number of cases available. However, in the
majority of published cases, the patients appear to have
recovered, with respect to hepatic and pulmonary function,
after withdrawal of nitrofurantoin and provision of supportive
treatment (Table 1). The case reported here certainly supports
the “reversible toxicity hypothesis” with respect to the patient’s
lung disease and the successful and uneventful recovery after
the liver transplant.

We recommend that clinicians use the findings in this case
report and literature summary to identify patients at risk of
nitrofurantoin-associated lung and liver toxicity. We also
recommend that patients receiving long-term nitrofurantoin
therapy who are in the demographic group identified here be
considered at risk of toxicity and undergo monitoring of
pulmonary and hepatic function.
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