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Acute lung injury following gadolinium contrast: a case report
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Abstract: ARDS related to gadolinium contrast is rare and there have only been five previously reported
cases in adults. We describe the first case to our knowledge of pediatric acute lung injury related to
gadolinium contrast administration. We report on a previously healthy 10-year-old boy in our Pediatric
Intersive Care Unit who was recovering from staphylococcus aureus sepsis when he developed hypoxemic
respiratory failure three hours after intravenous administration of gadolinium contrast for brain magnetic
resonance imaging. A chest radiograph demonstrated new bilateral opacities consistent with pulmonary
edema and ARDS. The patient was treated with bilevel positive airway pressure, steroids, antibiotics, and
diuretics. Over the next three days, the patent clinically recovered with radiographic improvement of his
lung findings. The patient was discharged home after a nearly 1-month hospitalization. Acute lung injury
related to gadolinium contrast is rare, with only five previously reported cases in adults and none in children.
The longer duration to onset of symptoms in our patient, along with the lack of anaphylactic symptoms,
sets this case apart from previously reported cases or contrast-related ARDS and may suggest a different
underlying mechanism than previously described. Pediatric intensive care providers should be aware of this

potential complication in children.
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Introduction

For over 30 years gadolinium-based agents have been the
most commonly used forms of intravenous contrast for
magnetic resonance imaging (MRI) (1). Gadobutrol is a
second-generation macrocyclic non-ionic contrast with high
signal-to-dose ratio that was first introduced in 1998. In the
decades since its introduction, gadobutrol has consistently
demonstrated an excellent safety profile, with generally mild
and self-limited side effects including nausea, headache,
and dizziness (2). To our knowledge, only five prior cases
have been described in the literature of non-cardiogenic
pulmonary edema related to administration of gadolinium-
based contrast, none of which were in children (3-6). Here,
we describe the case of a 10-year old boy admitted to our
pediatric intensive care unit (PICU) with methicillin-
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sensitive staphylococcus aureus sepsis who developed acute
non-cardiogenic pulmonary edema after administration of
gadobutrol. We present the following case in accordance
with the CARE reporting checklist (available at http://
dx.doi.org/10.21037/jeccm-20-117).

Case presentation

We report a previously healthy ten-year old boy was
admitted to our PICU with knee pain and sepsis. He had
experienced unilateral right knee pain, fever, and malaise
for several days and had high fever, lethargy, altered
mental status, and anuria 24 hours prior to admission. His
exam was notable for poorly perfused extremities, a S3
gallop, bilateral rales, and a diffuse papular and pustular
rash with some desquamation involving the extremities and
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face. The white blood cell count was 6,000/mL with 8%
bands, pH 7.29, lactate 5.7, AST 321, ALT 159, BUN 72,
and Cr 4.5 (Table I). A knee joint aspirate demonstrated
109k WBC’s/mL, with 91% polymorphonuclear cells. A
chest radiograph (CXR) revealed multifocal lung opacities,
pulmonary edema, and bilateral pleural effusions. An
echocardiogram demonstrated globally depressed
biventricular function (left ventricular ejection fraction of
46%) and poor ventricular compliance and relaxation.

The patient was intubated for respiratory failure and
was administered intravenous fluids, norepinephrine,
and corticosteroids for hypotension and broad-spectrum
antibiotic therapy including ceftriaxone, vancomycin,
doxycycline, and clindamycin. By hospital day (HD) 3,
blood and knee joint fluid cultures grew methicillin-
sensitive staph aureus, and antibiotic coverage was narrowed
to nafcillin and rifampin. On hospital day 5, he developed
bilateral pleural effusions requiring chest tube drainage.
Over the next two weeks, the patient’s cardiac function
returned to normal. He was extubated to CPAP on HD14
and weaned to room air on HD15. The chest tube was
removed on HD15. At this time norepinephrine had been
discontinued, his renal function indices were normal, and
no there were no additional positive blood cultures.

On HD 20 the patient developed progressive right-
sided weakness in his upper and lower extremities, fecal and
urinary incontinence, hypertension requiring a nicardipine
infusion, and generalized tonic-clonic seizures that resolved
with intravenous lorazepam and levetiracetam. Head
computed tomography ruled out intracerebral hemorrhage.
On HD?22, the patient underwent sedation with gadolinium
contrast and magnetic resonance imaging (MRI) that
demonstrated findings consistent with posterior-reversible
encephalopathy syndrome (PRES). An echocardiogram two
hours prior to gadolinium administration demonstrated
normal cardiac systolic and diastolic function and an ejection
fraction of 68%. The BUN and Cr that day were 5 and 0.65,
respectively, and fluid balance for the entire hospitalization
was nearly even (Table I). During the MRI, the patient
received 0.23 mL/kg (11.2 mL) of gadoterate meglumine,
38.5 mg/kg (1,867 mg) propofol over two hours, and a total
of 16 mL/kg of intravenous fluids. Arterial oxygen saturation
in room air was greater than 96% throughout the procedure
and after emerging from sedation.

Three hours following gadolinium administration,
the patient developed respiratory distress with tachypnea
and shallow breathing. He remained afebrile and blood
pressure was maintained within normal limits on a stable
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dose nicardipine infusion, and he did not have associated
hives or angioedema or change in urine color. At 3.5 hours
after gadolinium, arterial oxygen saturation decreased
to 82% and a chest radiograph demonstrated bilateral
pulmonary infiltrates (Figure 1). He was administered
40 liters/minute high flow nasal cannula oxygen and
0.5 mg/kg furosemide with urine output response of
0.83 mL/kg/hr over the ensuing 6 hours. A repeat
chest radiograph eight hours later was unchanged but
work of breathing was increased, and the patient was
administered full face mask non-invasive bilevel positive
airway pressure (BiPAP) with peak inspiratory pressure
18 cmH,O and positive end expiratory pressure 8 cmH,O,
FiO, 0.70. He was administered 1 mg/kg methylprednisone
and cefepime was added to the antibiotic regimen. The
patient’s dyspnea stabilized, and over the next four days
he received a total of 3 mg/kg furosemide that produced
6 liters of urine output, becoming net negative 4 L for
the hospitalization. Positive pressure ventilation was
discontinued at four days after gadolinium administration.
Blood cultures remained negative and the patient remained
stable in room air until hospital discharge. A follow-up non-
contrast brain MRI on HD50 showed marked improvement
of PRES findings. The patient was discharged from the
hospital on HD50 with a PICC line to complete an 8-week
course of antibiotics. Please see Figure 2 for detailed
hospital course timeline.

All procedures performed in studies involving human
participants were in accordance with the ethical standards
of the institutional and national research committees, and
with the Helsinki Declaration (as revised in 2013). Written
informed consent was obtained from the patient.

Discussion

Acute lung injury associated with administration of
gadolinium-based contrast has not been previously
described in a pediatric patient. Gadolinium-based contrast
agents (GBCAs) are widely used in medical imaging and are
typically well tolerated. Hypersensitivity reactions are rare,
with mild reactions in 0.05% of patients; moderate in 0.01%
and severe in 0.005% (2). Patients with hypersensitivity
reactions develop signs of anaphylaxis such as hypotension,
respiratory distress, and uvular edema within minutes
of exposure (1). In contrast, our patient developed acute
pulmonary edema and respiratory failure at three hours
in the absence of hives, upper airway symptoms, diarrhea,
abdominal pain, hypotension, or other signs of anaphylaxis.
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Table 1 Lab values obtained at time of admission and at time of ARDS
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Hospital Day 0, Admission

Hospital Day 22, Pre-MRlI Hospital Day 23, Post-MRI

WBC (K/uL) 5.05
Immature Forms (%) 8.7
BUN (mg/dL) 72
Creatinine (mg/dL) 4.37
Carbon Dioxide (mmol/L) 12
Anion Gap (mmol/L) 25
CRP (mg/dL) 244.7
NT-ProBNP (pg/mL) 27,967

26.01 20.42
1.2 1.3
5 6
0.65 0.71
21 22
16 16
116 61.1

- 6,429

UPRIGHT

Figure 1 Chest radiographs on admission (left panel); HD22 at onset of acute respiratory distress (middle); and HD34 after resolution of

respiratory distress.

To the best of our knowledge, a total of five cases of
gadolinium-induced lung injury have been described in the
literature, all in adult patients. The initial case reported
by Demirhan e a/. (2012) described an adult male who
developed severe dyspnea and cyanosis immediately
following gadolinium contrast administration (3).
Three additional cases, reported by Park er al. (2015)
(4) and Kerget ez al. (2018) (1) described adult patients
without atopic histories who developed angioedema and
pulmonary edema 30-50 minutes following administration
of intravenous gadolinium. These patients both received
epinephrine and dexamethasone for anaphylaxis treatment,
although the onset of their symptoms was outside the
typical window of an anaphylactic reaction to gadolinium (1).
Tran (2017) (5) and Lee (2019) (6) reported an additional
two adult cases without atopic history who developed
dyspnea and cyanosis 90 minutes following GBCA
administration for abdominal MRI. Similar to our patients,

© Journal of Emergency and Critical Care Medicine. All rights reserved.

neither had skin rash, angioedema, or hypotension. A
77-year-old male patient with a history of multiple strokes
died from complications of pulmonary edema (5), while the
previously-healthy 49 years old female patient whom Lee
reported recovered following treatment with steroids and
BiPAP (6). Cases are summarized in Tuble 2.

The mechanism of gadolinium-induced lung injury
is unknown. Nephrogenic systemic fibrosis secondary to
gadolinium toxicity is associated with increased NADPH
oxidase 4 (Nox4) and CD34+ fibroblasts within the dermis (7).
In acute respiratory distress syndrome (ARDS) mouse models,
upregulation of Nox4 is correlated with increased permeability
of endothelial cells and more severe lung injury (8). Gadolinium
deposition in lungs associated with pulmonary fibrosis has been
identified in autopsy specimens, and it is conceivable that that
gadolinium induces NADPH oxidase in lung tissue, increasing
capillary permeability and resulting in pulmonary edema (9).
However, to oir knowledge this mechanism has not been shown
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HD20: progressive
right-sided weakness,

HD1: Admitted HDS5: Bilateral incontinence, HD22-23: HD50:
to PICU with pleural hypertension, and Progressive Improved Brain
knee pain and effusions generalized respiratory MRI.
sepsis, requiring chest tonic -clonic distress Discharged
intubated tube drainage seizures requiring BiPAP home

HD3: HD14:
Blood and knee Extubated to
joint fluid CPAP

cultures.

growing MSSA

Figure 2 Timeline of patient hospitalization course.

in humans or an animal model of acute gadolinium-induced
respiratory failure.

Our patient developed moderate ARDS according to
the PALICC definition by ninety minutes after gadolinium
administration (10). He did not have symptoms of
anaphylaxis, such as skin rash, angioedema, or hypotension,
making an Ig-E mediated hypersensitivity reaction unlikely.
Aspiration pneumonitis is also less likely without suspected
aspiration during MRI, in the absence of fevers and without
focal infiltrates in dependent lung fields. Although the
patient received a total of 10 mL/kg fluid bolus and 32mg/kg
total dose of propofol for MRI, cardiogenic pulmonary
edema is unlikely given an echocardiogram demonstrating
normal systolic cardiac function and lack of diastolic
dysfunction earlier in the day, a total fluid balance near even
for the hospitalization, lack of an oxygen requirement prior
to gadolinium, and well-controlled hypertension on IV
nicardipine. Moreover, the pulmonary edema resolved with
diuretics and without a need for inotropic therapy. Diastolic
dysfunction, which is difficult to accurately measure by
echocardiography, could have contributed to cardiogenic
edema if it were present to a significant degree, however this
was not observed by echocardiogram.

Propofol syndrome is another potential cause of acute
lung injury and must be considered given the high dose of
propofol (19.25 mg/kg/hour) that he received. Propofol-
reflated infusion syndrome (PRIS) most commonly occurs
after 48 hours of propofol infusion and is diagnosed by
refractory bradycardia accompanied by hepatomegaly,
lipemic plasma, metabolic acidosis, and skeletal muscle
damage- none of which was present in our patient (11).
Furthermore, propofol toxicity usually presents with
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HD22: MRI HD27: Stable
demonstrating on Room Air
PRES

cardiac failure and metabolic acidosis rather than isolated
lung injury. Our patient did not exhibit any of these other
symptoms, and his normal electrolytes without increase in
BUN or Cr and lack of acidosis is not consistent with PRIS.

Of note, our patient had nephrotic-range proteinurea on
the day prior to MRI, most likely due to the IV contrast he
received during CT angiography two days previously. Because
gadolinium is renally excreted, patients with poor glomerular
filtration are at increased risk of toxicity and patients with
severe chronic kidney disease (eGFR <30 mL/min/1.73 m?)
or acute kidney injury are advised to avoid gadolinium-based
contrast (12). It is possible that our patient’s prior kidney injury
pre-disposed him to have poorer gadolinium clearance, thereby
increasing his risk of gadolinium accumulation. However, our
patient did not meet criteria for an acute kidney injury (BUN
5, Cr 0.65; estimated GFR =96 mL/min/1.73 m?). The
half-life of gadolinium is 1.3 hours in patients with normal
renal function and is prolonged up to 34 hours in patients with
severely reduced renal function (GFR <10 mL/min/1.73 m’),
which is not consistent with our patient’s clinical status (13).
Additionally, gadolinium would be unlikely to accumulate
in lung tissues; indeed, dermal accumulation (known as
nephrogenic systemic fibrosis) is most commonly described.
In this condition, patients with renal impairment develop
thickened and contracted skin, due to proliferation of
CD34+ fibroblasts and myeloid cell deposition in the
extracellular dermal matrix (7).

Our patient had other risk factors that may have predisposed
him to developing ARDS. During the course of his
hospitalization, he had bilateral pleural effusions and
multifocal pneumonia; although he had been well saturated
in room air and breathing comfortably prior to gadolinium
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Table 2 Description of previously reported cases of gadobutrol reactions
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Case

Characteristics

Treatment

Outcome

Demirhan
etal. (2012) (3)

Park et al.
(2015) (4)

Kerget et al.

37yoM, no known PMHXx, developed severe
dyspnea, cyanosis, and loss of consciousness
immediately following injection of IV gadobutrol

26yoF, hx ovarian cyst, developed respiratory
distress, edema of lips, nausea, vomiting and wheezing
50 minutes after IV gadobutrol injection

46yoF, no known PMHX, developed shortness of breath,

(2018) (1) wheezing, edema of lips, and difficulty swallowing
30 minutes after IV gadobutrol injection

Leeetal. 49yoF, no known PMHX, developed dyspnea and

(2019) (6) cyanosis 90 minutes after IV gadobutrol injection

Tran et al. 77yoM, hx HTN, hypercholesteremia, and CVA,

(2017) developed dyspnea and cyanosis 45 minutes after IV

Intubation

Dopamine IM Epinephrine
Methylprednisolone
Norepinephrine

Intubation, IM Epinephrine
Methylprednisone
Norepinephrine

CPAP, IM Epinephrine
Methyprednisolone

BiPAP, Dexamethasone
Methylprednisolone

Intubation, Epinephrine
Norepinephrine

Extubated after 12 hours,
discharged without sequalae after
3 days

Extubated after 3 days, discharged
without sequalae

Weaned to room air after 3 days,
discharged without sequalae

Weaned to room air after 4 days,
discharged without sequalae

Fatal cardiac arrest 10 hours after
admission

gadobutrol injection

administration, he may still have been predisposed to
developing pulmonary capillary leak from acute gadolinium
toxicity. He had also developed seizures and PRES two
days prior to ARDS, both of which may have predisposed
to increased capillary permeability. In animal studies,
hypertensive rats are more susceptible to inflammatory
lung damage (14). Neurogenic pulmonary edema is
postulated to result from sympathetic adrenergic effects on
capillary endothelium causing pulmonary vasodilation (15).
However, this usually occurs acutely after seizures or up to
24-48 hours post-insult, outside of the time frame of our
patient’s respiratory symptoms, and PRES is not normally
associated with pulmonary edema (16).

Conclusions

We describe the first pediatric patient to experience
acute lung injury within three hours of administration of
gadolinium-based contrast. Providers should be aware that
although usually well tolerated, gadolinium-based contrast
can result in potentially life-threatening but reversible
pulmonary edema that can be managed with positive-
pressure ventilation and diuretics.
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