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Abstract 

Background Iron plays an important role in the development of perihematomal edema (PHE) in the setting of 
intracerebral hemorrhage (ICH). Cerebral iron is increased via direct hemoglobin release in ICH, and several studies 
have investigated the use of iron-chelating agents to mitigate its toxicity. However, the effect of systemic iron admin-
istration, corroborating the reverse concept, has never been investigated or reported clinically. We report the first case 
of systemic iron administration in the setting of hemorrhagic traumatic brain injury (TBI).

Case presentation A 46-year-old woman was admitted to the hospital with acute moderate-to-severe TBI. Her head 
computed tomography (CT) scan showed bifrontal hemorrhagic contusions with mild PHE. She was started on hyper-
tonic saline 3% continuous infusion and her condition remained stable initially. She was found to be anemic and was 
given intravenous iron sucrose. Shortly after iron administration, her mental status declined, and left pupil became 
dilated and sluggish. Repeat CT demonstrated significantly worsening PHE. This prompted maximum hyperosmolar 
therapy and external ventricular drain (EVD) placement which both were weaned off slowly due to liable ICPs. She 
was discharged home after a 25-day hospital stay.

Conclusions We believe this is the first report of exacerbating PHE accompanied by clinical decline after intrave-
nous iron administration in the setting of acute hemorrhagic brain contusions. Though the effects of systemic iron 
administration on brain edema and the treatments targeting cerebral iron are poorly understood, the administration 
of systemic iron in acute TBI seems to be detrimental. More research is needed to address iron toxicity in TBI. Our case 
adds to the growing evidence for such a pathway in the treatment of ICH and TBI.
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Background
Iron has an important role in the development of peri-
hematomal edema (PHE) associated with intracerebral 
hemorrhage (ICH). Though the topic is not well under-
stood, free iron is considered highly toxic to neural tissue 

due to its ability to form free radicals and cause signifi-
cant oxidative stress. In the setting of ICH, free iron is 
released from the hematoma via lysis of red blood cells 
[1]. The acute increase in local iron at the time of hemor-
rhage is a likely contributor to the formation of cerebral 
edema leading to secondary brain injury. Iron accumu-
lation also correlates with brain atrophy development in 
the late stage of ICH. Thus, it is plausible that accumula-
tion of iron within the brain may be related to the clinical 
outcome of ICH [2].

Herein, we report a case of acute traumatic brain 
injury (TBI), with bifrontal hemorrhagic contusions, in 
which the patient experienced a decline in neurological 
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status with exponentially increased perihematomal brain 
edema concurrent with the administration of intravenous 
(IV) iron. This case potentially demonstrates the toxic 
effect that elemental iron has on the brain and calls to 
caution and avoidance of iron administration in the set-
ting of acute brain injury. To our knowledge, this is the 
first reported case to show such effect as a consequence 
of systemic IV iron administration in humans. It also 
highlights its potential as a therapeutic target with more 
effective treatments than what have been studied [3–5].

Case presentation
A 46-year-old woman with no comorbidities was admit-
ted to the intensive care unit (ICU) with acute TBI after 
she was struck, while jogging, by a motor vehicle traveling 
at 5 mph. Computed Tomography (CT) imaging revealed 
bifrontal small subdural hematomas with underlying 
hemorrhagic contusions, along with small subarachnoid 
hemorrhage (Fig. 1a). She was intubated upon arrival to 
the hospital and her Glasgow Coma Scale (GCS) quickly 
improved to 10  T. She was started on hypertonic saline 
3% to achieve a target sodium goal of > 145  mmol/L, 

and a repeat head CT within 6 h showed stable hemor-
rhagic injuries and a small amount of PHE. The patient’s 
sodium was maintained above 145 mmol/L and her con-
dition appeared stable. Over the following two days she 
was extubated, and her GCS improved to 15. Her admis-
sion labs revealed microcytic (mean corpuscular volume 
(MCV) of 60.1 fL.) anemia with a hemoglobin of 7.8  g/
dL (Ref range: 11.5–14.9 g/dL) which dropped to 5.7 g/
dL on day 3 of hospital stay. She was transfused 2 units 
of packed red blood cells and extensive work up revealed 
no source of acute blood loss. Iron studies showed low 
serum iron of 15 mcg/dL (Ref range: 30–160 mcg/dL), 
and in the evening of day 3, she was given IV iron sucrose 
to replete her iron storages. Shortly after iron adminis-
tration, her mental status deteriorated, and her left pupil 
became dilated and sluggish, indicating increased intrac-
ranial pressure (ICP). A head CT demonstrated signifi-
cantly worsening bifrontal PHE (Fig.  1b), and she was 
given boluses of hypertonic saline and mannitol to which 
she initially responded clinically. However, 12 h later, her 
clinical condition deteriorated again with precipitous 
decline in GSC to 10, along with now bilaterally sluggish 

Fig. 1 a Head CT on admission demonstrating bifrontal small subdural hematomas (orange arrows) and underlying bilateral hemorrhagic 
contusions (red arrows). b Head CT on day 4, shortly after IV iron administration, demonstrating significant expansion of perihematomal edema 
(PHE) (red arrows). c, d Head CT axial (at the level of midbrain) and sagittal planes, respectively, obtained immediately prior to EVD placement 
(approximately 12 h after iron administration)- notice compression of the ambient cistern (green arrow) and dilatation of the temporal horn of the 
right lateral ventricle (blue arrow)
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pupils. Follow-up head CT scans demonstrated increased 
PHE, with effacement of the ambient cistern (Fig. 1c, 1d) 
prompting intubation, maximizing hyperosmolar therapy 
and placement of an external ventricular drain (EVD) 
with a recorded ICP of 20 cm H2O after placement. EVD 
output was recorded to be 92 ml in the first 12 h follow-
ing its placement. The patient received 3 doses of IV iron 
sucrose, but no further doses of iron were administered 
after it was suggested that iron administration might 
have been responsible for the worsening brain edema.

Between days 6 and 10 of hospital stay, initial attempts 
to wean hyperosmolar therapy demonstrated rebounding 
increase in ICP with correlating change in mental status 
warranting a slower wean. She was extubated on day 11 
as her exam improved steadily, the EVD was removed 
on day 15, and her GCS remained stable at 14–15. The 
patient was discharged to a rehabilitation center after a 
25-day hospital stay. She followed up with physical ther-
apy and rehabilitation medicine where she continued to 
make progress in her recovery.

Discussion and conclusions
Iron accumulates within brain parenchyma after ICH. Its 
ability to increase oxidative stress within cells has led to 
the belief that it plays a crucial role in secondary brain 
injury and therefore affects clinical outcome. Conse-
quently, iron has been an appealing therapeutic target in 
the management of ICH. Deferoxamine, an iron-chelat-
ing agent, was shown to attenuate brain edema and neu-
rological deficits in animal models [6]. However, clinical 
trials with deferoxamine were unsuccessful in showing 
benefit [3, 4]. Ran Lui et al. found that in human patients, 
iron overload after ICH was more prominent and lasted 
longer when compared to a rat model. This disparity 
may be due to differences in iron handling infrastruc-
ture between the rat and the human brain. It is possible 
that in order to achieve the neuroprotective effects seen 
in rat models, iron-chelating agents need to be admin-
istered to patients with an alternative regimen that may 
involve novel transport mechanisms through the blood 
brain barrier, expedited initiation or extended duration 
of treatment. Furthermore, several surgical trials have 
been done and many are still ongoing to study the effect 
of hematoma evacuation on PHE formation and clinical 
outcome in ICH [7–10].

Nevertheless, despite the iron chelator showing no dif-
ference in patient outcome in clinical trials, our patient’s 
malignant PHE progression could be a clinical demon-
stration of systemic iron’s ability to cause brain injury. 
Administration of IV iron co-occurred with significant 
worsening of the patient’s mental status, and exponen-
tially worsening PHE confirmed with serial CT imaging. 
(Fig. 1) Normally, an increase in systemic iron does not 

correlate with elevated iron levels within the central nerv-
ous system [1]. However, the patient received iron in the 
setting of blood brain barrier (BBB) disruption, permit-
ting iron to slip past the damaged barrier. Additionally, 
iron affinity for brain tissue was increased due to acute 
inflammatory processes occurring in the setting of ICH. 
At the time of iron administration, the patient was in a 
perpetuated state of BBB disruption. Initial BBB disrup-
tion was a result of the patient’s head trauma and was sus-
tained through the subsequent cytotoxic and vasogenic 
edema [11]. In such state, systemic iron was likely able to 
accumulate within the patient’s brain. Iron accumulation 
in brain tissue specifically may be a product of the brain’s 
extensive iron handling proteins. This infrastructure may 
confer a relatively high iron affinity to the brain relative to 
other tissues [1]. Despite this array of iron handling pro-
teins, given an existing acute hemorrhage, the patient’s 
iron handling systems were likely saturated even before 
IV iron was administered. This rendered the brain unable 
to effectively handle the excess iron, allowing significant 
oxidative stress to ensue. Importantly, the expansion of 
the patient’s edema occurred in the absence of confound-
ing variables such as hyponatremia, hyperglycemia, or 
fever. Thus, the worsening edema and decline in mental 
status can be inferred to be a result from the increase in 
systemic iron.

The limitation of the findings in this case report is that 
it is a single instance in which iron administration was 
followed by worsening PHE. As such we lack sufficient 
statistical power to indicate causation over correlation. 
However, given the extensive evidence of iron toxicity to 
the brain, correlation of iron and brain edema, and lack 
of significant confounders, it is reasonable to indicate 
that the iron could have caused our patient’s worsening 
course.

The serial CT imaging showing the malignant course of 
the edema after iron was administered to our patient fur-
ther potentiates our implied theory.

Healthcare providers should be aware of the potentially 
harmful effects of administering iron to a patient with 
sustained BBB disruption. During disruption, systemic 
iron can cross the barrier at liberty, enabling iron over-
load and increasing oxidative burden within the brain. 
Iron has been consistently shown to be toxic to the brain 
in preclinical studies, though clinical evidence is lack-
ing for effective intervention. This case potentially dem-
onstrates the ability of systemically administered iron to 
damage the brain in certain clinical settings. Eliminating 
iron from the brain or rendering it unable to form free 
radicals may still be a plausible therapeutic target in the 
management of ICH; pharmacological, surgical or both. 
We suggest further clinical research, potentially alter-
ing the administration regime or transport medium, 
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selecting a drug with a different mechanism of action, or 
possibly combining iron-chelators with hematoma evac-
uation to rule out iron elimination’s potential as a thera-
peutic target in the management of ICH.

Abbreviations
PHE  Perihematomal edema
ICH  Intracerebral hemorrhage
TBI   Traumatic brain injury
CT  Computed tomography
EVD  External ventricular drain
IV  Intravenous
ICU  Intensive care unit
GCS  Glasgow Coma Scale
MCV  Mean corpuscular volume
ICP  Intracranial pressure
BBB  Blood brain barrier

Acknowledgements
Acknowledgements are not applicable for this report

Authors’ contributions
JE, UR, and FK all substantially contributed to the drafting and revising of this 
manuscript. The final manuscript was approved by all authors.

Funding
N/A.

Availability of data and materials
Availability of dataand materials is not applicable to this report.

Declarations

Ethics approval and consent to participate
N/A

Consent for publication
Written informed consent for publication was obtained.

Competing interests
All authors declare that they have no conflicts of interest.

Received: 23 September 2022   Accepted: 24 May 2023

References
 1. Gaasch JA, Lockman PR, Geldenhuys WJ, Allen DD, Van der Schyf CJ. Brain 

iron toxicity: differential responses of astrocytes, neurons, and endothelial 
cells. Neurochem Res. 2007;32(7):1196–208.

 2. Liu R, Zhang H, Cheng S, Sun Y, Li H, Xiao J, et al. Association of Brain Iron 
Overload With Brain Edema and Brain Atrophy After Intracerebral Hemor-
rhage. Front Neurol. 2020;11:602413.

 3. Selim M, Foster LD, Moy CS, Xi G, Hill MD, Morgenstern LB, et al. Defer-
oxamine mesylate in patients with intracerebral haemorrhage (i-DEF): a 
multicentre, randomised, placebo-controlled, double-blind phase 2 trial. 
Lancet Neurol. 2019;18(5):428–38.

 4. Yeatts SD, Palesch YY, Moy CS, Selim M. High dose deferoxamine in 
intracerebral hemorrhage (HI-DEF) trial: rationale, design, and methods. 
Neurocrit Care. 2013;19(2):257–66.

 5. Muschelli J, Sweeney EM, Ullman NL, Vespa P, Hanley DF, Crainiceanu CM. 
PItcHPERFeCT: Primary Intracranial Hemorrhage Probability Estimation 
using Random Forests on CT. NeuroImage Clin. 2017;14:379–90.

 6. Nakamura T, Keep RF, Hua Y, Schallert T, Hoff JT, Xi G. Deferoxamine-
induced attenuation of brain edema and neurological deficits in a rat 
model of intracerebral hemorrhage. J Neurosurg. 2004;100(4):672–8.

 7. Johns Hopkins University. Minimally Invasive Surgery Plus Rt-PA for ICH 
Evacuation Phase III. clinicaltrials.gov; 2019 Sep [Cited 2022 Jun 9]. Report 
No.: NCT01827046. Available from: https:// clini caltr ials. gov/ ct2/ show/ 
NCT01 827046

 8. Gregson BA, Rowan EN, Francis R, McNamee P, Boyers D, Mitchell P, et al. 
Surgical Trial In Traumatic intraCerebral Haemorrhage (STITCH): a ran-
domised controlled trial of Early Surgery compared with Initial Conserva-
tive Treatment. Health Technol Assess Winch Engl. 2015;19(70):1–138.

 9. Mendelow AD, Gregson BA, Rowan EN, Francis R, McColl E, McNamee P, 
et al. Early Surgery versus Initial Conservative Treatment in Patients with 
Traumatic Intracerebral Hemorrhage (STITCH[Trauma]): The First Rand-
omized Trial. J Neurotrauma. 2015;32(17):1312–23.

 10. Penumbra Inc. MIND: A Prospective, Multicenter Study of Artemis a Mini-
mally Invasive Neuro Evacuation Device, in the Removal of Intracerebral 
Hemorrhage. clinicaltrials.gov; 2022 May [cited 2022 Jun 12]. Report No.: 
NCT03342664. Available from: https:// clini caltr ials. gov/ ct2/ show/ NCT03 
342664

 11. Jha RM, Kochanek PM, Simard JM. Pathophysiology and treatment of cer-
ebral edema in traumatic brain injury. Neuropharmacology. 2019;145(Pt 
B):230–46.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://clinicaltrials.gov/ct2/show/NCT01827046
https://clinicaltrials.gov/ct2/show/NCT01827046
https://clinicaltrials.gov/ct2/show/NCT03342664
https://clinicaltrials.gov/ct2/show/NCT03342664

	A case of intravenous iron administration resulting in cerebral edema expansion
	Abstract 
	Background 
	Case presentation 
	Conclusions 

	Background
	Case presentation
	Discussion and conclusions
	Acknowledgements
	References


