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Abstract
Diffusion weighted imaging (DWI) is a magnetic resonance imaging (MRI) non-contrast sequence that can
indicate tissue ischemia or infarction. Adrenal infarct may present similarly to biliary or gallbladder
pathologies, and the differential diagnosis during emergency work-up can be narrowed utilizing DWI
sequences. In this paper, we describe the usefulness of DWI for urgent diagnosis in a case of non-
hemorrhagic adrenal infarct of a pregnant female presenting with right upper quadrant pain. Although
uncommon, adrenal infarct may occur in patients with hypercoagulability and localizing pain that is
unexplained by other imaging modalities. We outline the imaging features of DWI in evaluating adrenal
infarct as a safe and time effective application for patients with contraindications to imaging with ionizing
radiation.
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Introduction
Diffusion weighted imaging (DWI) is used within specific areas of radiology, such as neuroimaging for
stroke. This technique is based on Brownian motion, or the inherent random motion, of a molecule
suspended in a fluid. Converse to the idea of random motion, the motion of molecules within cells and organ
tissues are somewhat predictable, as certain tissues innately ‘restrict’ the number of diffusion membranes
(i.e., molecules within a fluid due to their cellularity). This restricted diffusion is imaged with DWI
sequencing by magnetic resonance imaging (MRI), revealing areas of restricted blood flow and possible sites
of infarct [1]. These properties make DWI a viable imaging tool since it can predict which organs or
pathologic processes restrict molecules (like hemoglobin) within a certain tissue without the use of contrast
media or radiation. An apparent diffusion coefficient (ADC) map is then created to verify if an area in
question truly restricts diffusion, in order to reduce potential false positives on DWI images [1,2].

The chevron-shaped adrenal glands are located bilaterally, superiomedially, to the kidneys. The normal
anatomy of the adrenal gland consists of an outer capsule, cortex (three cortical zones; an outer zona
glomerulosa, a middle zona fasciculata, and zona reticularis) and the medulla, found deep to the cortex. Each
adrenal gland resides within the suprarenal fat and has a tri-part blood supply. The venous drainage of the
right adrenal is facilitated by the right adrenal vein which empties directly into the inferior vena cava (IVC).
The left adrenal vein drains to the left renal vein. Due to the anatomy of the adrenal glands and their venous
drainage, there is tendency for blood stasis in the adrenal vein, predisposing them to non-hemorrhagic
infarction [3].

Virchow’s triad describes clot formation based on blood stasis, endothelial injury, and inflammatory
state. Pregnant patients may be at higher risk for venous thrombosis due to hypercoagulability of pregnancy
and expected prenatal mass effect within the abdominopelvic cavity on the venous drainage system. It is
logical that these two risk factors together, hypercoagulability of pregnancy and adrenal vein anatomy, may
exacerbate blood stasis within the adrenal vein and lead to venous thrombosis. The risk of a thrombosis and
consequentially infarction should be considered in non-pregnant patients with a known hyper-coagulable
state [2-14].

While adrenal hemorrhage is a well-identified adrenal emergency and is reported in patients with
underlying infectious etiology and sepsis, non-hemorrhagic adrenal infarct is less common and may be
difficult to recognize [2,4,9-12,15,16]. It is estimated that the incidence of non-hemorrhagic adrenal infarct
found on MR imaging in pregnant women with abdominal or flank pain is 1.3% [13]. Non-hemorrhagic cases
are frequently associated with hypercoagulability which may not be known on initial history or even initial
laboratory investigations [9,11,12]. A few of the differentials for localized pain to the right upper quadrant
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on physical exam include cholelithiasis, cholecystitis, gastritis, and others which may lead to an
inappropriate work-up for a surgical diagnosis, particularly in a patient without adrenal insufficiency
symptoms. Eliciting the correct diagnosis on imaging is of foremost importance. In our patient’s case, MR
imaging and DWI sequences with ADC maps confirmed our patient’s diagnosis of adrenal infarct. In the
emergency setting, case studies have described utilizing MRI and DWI sequences with ADC maps of the
adrenal glands as a valuable option for identifying adrenal infarcts [2,9,10].

DWI has promising uses outside of neuroimaging and demonstrates applicability for assessing endocrine
tissues such as the adrenal glands [3]. MRI of the adrenal glands utilizing DWI and ADC maps provides an
alternate, patient-centered approach for diagnosing adrenal infarct particularly in obstetric patients by
utilizing nonionizing radiation and avoiding the administration of contrast media. One limitation is DWI
reliability for distinguishing between benign and malignant lesions or adenomas and non-adenomas [7,8].

Unfortunately, there is a paucity in literature regarding the protocol of DWI evaluation of the adrenal glands
[1,2,4-6]. Our goal is to address the strengths and limitations of DWI imaging sequences of adrenal glands by
demonstrating its usefulness in our case and to promote further investigation into this topic and need for
standardized adrenal protocol development.

Case Presentation
A 25-year-old pregnant female with a second trimester dichorionic-diamniotic twin pregnancy and past
medical history of ulcerative colitis, seizure disorder, anemia, and cholelithiasis presented from an outside
hospital with severe colicky right upper quadrant abdominal pain and associated nausea. She had additional
past obstetric history of G14P4184, specifically fourteen pregnancies, four live children and multiple fetal
losses. Her pain and nausea symptoms were unrelieved with frequent and typical opiate and antiemetic
doses. Outside imaging was unavailable, yet, according to the report, there was a negative right upper
quadrant ultrasound without signs of cholecystitis.

A non-contrast magnetic resonance cholangiopancreatography (MRCP) and MRI abdomen/pelvis with DWI
sequences were utilized for urgent evaluation of her abdominal pain. MRCP with DWI was negative for
biliary tree or gall bladder pathology. On the MRI abdomen exam, as seen in Figure 1, the T1-weighted fat-
suppressed image reveals the normal anatomy of the left adrenal gland while the right is diffusely edematous
and hypointense.

FIGURE 1: T1-weighted Image at the level of the adrenal glands. T1-
weighted fat saturation image showing a diffusely swollen right adrenal
gland of intermediate to hypointense signal (white arrow). The left
adrenal gland is isointense without edema (black arrow).

Correspondingly, in Figure 2, the right adrenal gland is enlarged and edematous with notable periadrenal
and perirenal high signal fluid. There is a mixed-signal appearance of the right adrenal gland indicating
parenchymal edema. Whereas the adrenal glands are expected to restrict diffusion similar to the spleen or
the contralateral adrenal gland, imaging from DWI images show greater than expected diffusion restriction
within the right adrenal gland, confirmed with ADC maps (Figures 3A, 3B). B-values of 50 and 500 were used
to calculate the ADC map. In comparison, the left adrenal gland and spleen are evaluated with region of
interest (ROI) measurements of approximately 1000 units. The infarcted adrenal gland measures at 874
units, indicating greater restricted diffusion due to infarcted parenchyma. The findings of edema, swelling,
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and greater restricted diffusion were considered diagnostic of right adrenal gland infarct [2,8,9-19].

FIGURE 2: T2-weighted fat-suppressed images. Large, edematous,
intermediate signal of the right adrenal gland (white arrow) with
periadrenal and perirenal high signal indicating edema (white dashed
arrow). The signal intensity of the right adrenal gland is slightly lower
than the left. Of note, the left adrenal gland appears normal, without
edema (golden arrow).

FIGURE 3: DWI images (A) with corresponding ADC map (B). In Figure
A, the left adrenal gland (golden arrow) and spleen (white dashed
arrow) show normal bright, hyperintense signal on DWI sequence. To
contrast, the infarcted adrenal gland is iso- to hypointense (white
arrow). Corresponding restricted diffusion is seen in Figure B, indicated
by hypointensity. Restricted diffusion as expected is seen in the left
adrenal gland (golden arrow) and spleen (white dashed arrow). Of note,
the right adrenal gland (white arrow) restricts diffusion more than the
left or the spleen, indicated by its relative hypointensity when compared
to the spleen and left adrenal gland on this ADC map.
DWI: diffusion weighted imaging, ADC: apparent diffusion coefficient

Our patient’s hospital course followed with a complete hypercoagulability panel, hematology/oncology and
endocrinology consultations. She was started on prophylactic low molecular weight heparin. Of note,
abnormal laboratory findings included an elevated antineutrophil cytoplasmic antibodies (ANCA) ratio 1:80
and protein C activity of 67%. She improved during her hospital stay with relief of abdominal pain and was
discharged on low molecular weight heparin.

Discussion
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The adrenal gland restricts diffusion, to a similar extent, as the spleen. This may be due to the high
cellularity of the adrenal gland. The layers of the adrenal gland excrete different hormones, despite the
homogenous appearance of the glands and their similar attenuation to nearby muscle on CT and similar
intensity to spleen on MR imaging, depending on the sequence. On T1-weighted and T2-weighted imaging
the adrenal glands are normally isointense, similar in intensity to the splenic parenchyma. Importantly, the
normally functioning adrenal gland restricts diffusion inherently and is hyperintense on DWI and dark on
ADC maps. 

Until recently, the role of DWI in the literature indicated value in differentiating adrenal adenomas from
malignant lesions and between different lipid content of adenomas [7,8]. According to Tsushima et al., DWI
does not show a significant difference between adrenal adenoma and metastatic tumors but does illustrate
an ADC value of adenomas significantly lower than pheochromocytomas [7]. Similarly, Miller et al. describe a
large range of overlap between adrenal metastasis and adenomas as well as poor differentiation between
lipid poor and lipid-rich adenomas on DWI and ADC maps [8]. The normal adrenal glands show no
significant difference in signal intensity between the right and left glands.

Upon infarction, the adrenal gland typically becomes swollen and periadrenal edema develops. On plain MR
T1-weighted imaging, hyperintense signal around the adrenal gland may be high, appearing bright, or
hyperintense. Depending on the acuteness of infarct, the affected adrenal gland may appear hyperintense on
T1-weighted imaging. For instance, a case report of ischemic thrombosis describes a T2 hypointense adrenal
infarct early and a T2 hyperintense infarct in a sub-acute setting due to blood product conversion to
methemoglobin [10]. Swelling, edema, and change of adrenal gland signal are signs of infarction that we
believe can be confirmed with diffusion imaging [2-5,13,15]. Molière et al. describe a case of bilateral adrenal
infarction which showed hyperintense to heterogeneous signal on DWI and a corresponding low signal on
ADC maps [14]. Similarly, on DWI images we see a hyperintense to isointense adrenal gland and on
corresponding ADC maps a strongly hypointense, restriction of diffusion. Of note, the infarcted adrenal
gland in Figure 3A, 3B appears to restrict diffusion more than the contralateral normal adrenal gland and
more than the spleen ROI average intensity. This is the key imaging finding to determine adrenal infarct.
This allows a diagnosis without using contrast media.

Interestingly, the adrenal infarct on DWI images is hypointense compared to what we would expect to see
for an infarcted gland. We suspect the infarct could cause very small parenchymal micro-hemorrhages and
these small hemorrhages cause a hypointense, low signal on DWI [1]. Another possibility is the hypointense
low signal on DWI is due to the degradation of blood products to methemoglobin as explained by Berneis et
al. [10]. However, susceptibility sensitive sequences were negative for susceptibility artifact, and therefore
blood products, ruling out hemorrhage.

There are limitations when examining DWI imaging in cases of infarction. Specifically, with low B values,
the ability of DWI and ADC maps to differentiate a perfusion deficit versus a diffusion restriction comes into
question [20]. It is possible in our case that a perfusion limitation caused by lack of venous drainage and
ultimately impaired organ perfusion affected the apparent restricted diffusion as seen on ADC maps [3,20].
The radiological distinction of diffusion restriction and perfusion defect likely approximate each other in a
state of infarction due to pathological fluid stasis. This may explain why DWI values are isointense.

Based on our observations and other similar cases, Table 1 shows the expected intensity of normal,
infarcted, and hemorrhagic glands on typical MR imaging sequences [1,7,8,10,12,14,17-19].
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Adrenal
gland

T1-weighted T1-weighted FS T2-weighted
T2-weighted
FS

DWI ADC map

Normal Isointense
Isointense to
Hypointense

Isointense Hypointense Hyperintense  Hypointense  

Infarction
Isointense acute,
Hyperintense subacute

Isointense
Hypointense acute,
Hyperintense subacute

Hypointense
Isointense to
Hyperintense  

Significantly

Hypointense1

Hemorrhage Hyperintense Hyperintense Hyperintense, slightly
Hyperintense,
slightly

Hyperintense Hypointense

TABLE 1: Standard intensity of the normal, ischemic, and hemorrhagic adrenal gland
Key: diffusion weighted intensity (DWI), apparent diffusion coefficient (ADC), fat-saturated (FS)

1Compared to typical adrenal diffusion restriction and splenic diffusion restriction.

Acute < 7 days, Subacute: 7-10 days

Hypointense (Dark gray), Isointense (Gray), Hyperintense (White)

 

Conclusions
In a patient such as a child or pregnant female, utilizing imaging with low or no ionizing radiation should be
of high priority while studies with moderate to high doses of radiation such as CT or nuclear medicine
should be reserved for emergent or life-threatening situations. In our case, MRI with DWI and ADC maps
was used to confirm adrenal infarction and adapt the management for a patient who may have otherwise
undergone emergency surgery.

DWI in conjunction with ADC maps shows promise in diagnosis of adrenal infarction. Adrenal infarction
may not be the leading differential diagnosis in patients with localizing abdominal or flank pain; however,
we believe it should be highly considered in pregnant females especially with a history of multiple failed
pregnancies. The capability and effectiveness of DWI and ADC maps to diagnose adrenal infarct need further
study and research. DWI with ADC maps is a promising and viable tool to diagnose non-hemorrhagic
adrenal infarct.
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Disclosures
Human subjects: Consent was obtained by all participants in this study. Conflicts of interest: In
compliance with the ICMJE uniform disclosure form, all authors declare the following: Payment/services
info: All authors have declared that no financial support was received from any organization for the
submitted work. Financial relationships: All authors have declared that they have no financial
relationships at present or within the previous three years with any organizations that might have an
interest in the submitted work. Other relationships: All authors have declared that there are no other
relationships or activities that could appear to have influenced the submitted work.

References
1. Luna A, Ribes R, Soto JA: Diffusion MRI Outside the Brain. Springer, Berlin; 2012. 10.1007/978-3-642-

21052-5
2. Chernyak V, Patlas MN, Menias CO, et al.: Traumatic and non-traumatic adrenal emergencies. Emerg Radiol.

2015, 22:697-704. 10.1007/s10140-015-1357-y
3. Fox B: Venous infarction of the adrenal glands . J Pathol. 1976, 119:65-89. 10.1002/path.1711190202
4. Sandrasegaran K, Patel AA, Ramaswamy R, Samuel VP, Northcutt BG, Frank MS, Francis IR:

Characterization of adrenal masses with diffusion-weighted imaging . Am J Roentgenol. 2011, 197:132-138.
10.2214/ajr.10.4583

5. MR Imaging of Adrenal Lesions . (2017). Accessed: October 30, 2020:
https://appliedradiology.com/articles/mr-imaging-of-adrenal-lesions.

6. Vito d’Amuri F, Maestroni U, Pagnini F, et al.: Magnetic resonance imaging of adrenal gland: state of the
art. Gland Surg. 2019, 8:223-232. 10.21037/gs.2019.06.02

7. Tsushima Y, Takahashi-Taketomi A, Endo K: Diagnostic utility of diffusion-weighted MR imaging and
apparent diffusion coefficient value for the diagnosis of adrenal tumors. J Magn Reson Imaging. 2009,

2021 Padilla et al. Cureus 13(2): e13289. DOI 10.7759/cureus.13289 5 of 6

https://dx.doi.org/10.1007/978-3-642-21052-5
https://dx.doi.org/10.1007/978-3-642-21052-5
https://dx.doi.org/10.1007/s10140-015-1357-y
https://dx.doi.org/10.1007/s10140-015-1357-y
https://dx.doi.org/10.1002/path.1711190202
https://dx.doi.org/10.1002/path.1711190202
https://dx.doi.org/10.2214/ajr.10.4583
https://dx.doi.org/10.2214/ajr.10.4583
https://appliedradiology.com/articles/mr-imaging-of-adrenal-lesions
https://appliedradiology.com/articles/mr-imaging-of-adrenal-lesions
https://dx.doi.org/10.21037/gs.2019.06.02
https://dx.doi.org/10.21037/gs.2019.06.02
https://dx.doi.org/10.1002/jmri.21616


29:112-117. 10.1002/jmri.21616
8. Miller FH, Wang Y, McCarthy RJ, et al.: Utility of diffusion-weighted MRI in characterization of adrenal

lesions. Am J Roentgenol. 2010, 194:179-185. 10.2214/AJR.09.2891
9. El-Kalioubie M, Emad-Eldin S, Abdelaziz O: Diffusion-weighted MRI in adrenal lesions: a warranted

adjunct?. Egypt J Radiol Nucl Med. 2016, 47:599-606. 10.1016/j.ejrnm.2016.01.003
10. Berneis K, Buitrago-Téllez C, Müller B, Keller U, Tsakiris DA: Antiphospholipid syndrome and endocrine

damage: why bilateral adrenal thrombosis?. Eur J Haematol. 2003, 71:299-302. 10.1034/j.1600-
0609.2003.00145.x

11. Sormunen-Harju H, Sarvas K, Matikainen N, Sarvilinna N, Laitinen EK: Adrenal infarction in a healthy
pregnant woman. Obstet Med. 2015, 9:90-92. 10.1177/1753495X15627959

12. Riddell AM, Khalili K: Sequential adrenal infarction without MRI-detectable hemorrhage in primary
antiphospholipid-antibody syndrome. Am J Roentgenol. 2004, 183:220-222. 10.2214/ajr.183.1.1830220

13. Glomski SA, Guenette JP, Landman W, Tatli S: Acute nonhemorrhagic adrenal infarction in pregnancy: 10-
year MRI incidence and patient outcomes at a single institution. Am J Roentgenol. 2018, 210:785-791.
10.2214/AJR.17.18739

14. Molière S, Gaudineau A, Koch A, Leroi T, Roedlich M-N, Veillon F: Usefulness of diffusion-weighted imaging
for diagnosis of adrenal ischemia during pregnancy: a preliminary report. Emerg Radiol. 2017, 24:705-708.
10.1007/s10140-017-1530-6

15. Guarner J, Paddock CD, Bartlett J, Zaki SR: Adrenal gland hemorrhage in patients with fatal bacterial
infections. Mod Pathol. 2008, 21:1113-1120. 10.1038/modpathol.2008.98

16. Leyendecker P, Ritter S, Riou M, Wackenthaler A, Meziani F, Roy C, Ohana M: Acute adrenal infarction as an
incidental CT finding and a potential prognosis factor in severe SARS-CoV-2 infection: a retrospective
cohort analysis on 219 patients. Eur Radiol. 2020, 1:10.1007/s00330-020-07226-5

17. Galatola R, Gambardella M, Mollica C, et al.: Precocious ischemia preceding bilateral adrenal hemorrhage: a
case report. Radiol Case Rep. 2020, 15:803-807. 10.1016/j.radcr.2020.03.013

18. Batt NM, Malik D, Harvie M, Sheth H: Non-haemorrhagic, bilateral adrenal infarction in a patient with
antiphospholipid syndrome along with lupus myocarditis. BMJ Case Rep. 2016, 2016: 10.1136/bcr-2016-
216364

19. Manganaro L, Al Ansari N, Barchetti F, et al.: Bilateral adrenal hemorrhage in a patient with myelodysplastic
syndrome: value of MRI in the differential diagnosis. Case Rep Radiol. 2013, 2013:1-4. 10.1155/2013/479836

20. Le Bihan D, Breton E, Lallemand D, Aubin ML, Vignaud J, Laval-Jeantet M: Separation of diffusion and
incoherent, perfusion in intravoxel motion MR imaging. Radiology. 1988, 168:497-505.
10.1148/radiology.168.2.3393671

2021 Padilla et al. Cureus 13(2): e13289. DOI 10.7759/cureus.13289 6 of 6

https://dx.doi.org/10.1002/jmri.21616
https://dx.doi.org/10.2214/AJR.09.2891
https://dx.doi.org/10.2214/AJR.09.2891
https://dx.doi.org/10.1016/j.ejrnm.2016.01.003
https://dx.doi.org/10.1016/j.ejrnm.2016.01.003
https://dx.doi.org/10.1034/j.1600-0609.2003.00145.x
https://dx.doi.org/10.1034/j.1600-0609.2003.00145.x
https://dx.doi.org/10.1177/1753495X15627959
https://dx.doi.org/10.1177/1753495X15627959
https://dx.doi.org/10.2214/ajr.183.1.1830220
https://dx.doi.org/10.2214/ajr.183.1.1830220
https://dx.doi.org/10.2214/AJR.17.18739
https://dx.doi.org/10.2214/AJR.17.18739
https://dx.doi.org/10.1007/s10140-017-1530-6
https://dx.doi.org/10.1007/s10140-017-1530-6
https://dx.doi.org/10.1038/modpathol.2008.98
https://dx.doi.org/10.1038/modpathol.2008.98
https://dx.doi.org/10.1007/s00330-020-07226-5
https://dx.doi.org/10.1007/s00330-020-07226-5
https://dx.doi.org/10.1016/j.radcr.2020.03.013
https://dx.doi.org/10.1016/j.radcr.2020.03.013
https://dx.doi.org/10.1136/bcr-2016-216364
https://dx.doi.org/10.1136/bcr-2016-216364
https://dx.doi.org/10.1155/2013/479836
https://dx.doi.org/10.1155/2013/479836
https://dx.doi.org/10.1148/radiology.168.2.3393671
https://dx.doi.org/10.1148/radiology.168.2.3393671

	Diffusion Weighted Imaging in Unilateral Adrenal Infarction: A Case of Colicky Right Upper Quadrant Pain in a Pregnant Female
	Abstract
	Introduction
	Case Presentation
	FIGURE 1: T1-weighted Image at the level of the adrenal glands. T1-weighted fat saturation image showing a diffusely swollen right adrenal gland of intermediate to hypointense signal (white arrow). The left adrenal gland is isointense without edema (black arrow).
	FIGURE 2: T2-weighted fat-suppressed images. Large, edematous, intermediate signal of the right adrenal gland (white arrow) with periadrenal and perirenal high signal indicating edema (white dashed arrow). The signal intensity of the right adrenal gland is slightly lower than the left. Of note, the left adrenal gland appears normal, without edema (golden arrow).
	FIGURE 3: DWI images (A) with corresponding ADC map (B). In Figure A, the left adrenal gland (golden arrow) and spleen (white dashed arrow) show normal bright, hyperintense signal on DWI sequence. To contrast, the infarcted adrenal gland is iso- to hypointense (white arrow). Corresponding restricted diffusion is seen in Figure B, indicated by hypointensity. Restricted diffusion as expected is seen in the left adrenal gland (golden arrow) and spleen (white dashed arrow). Of note, the right adrenal gland (white arrow) restricts diffusion more than the left or the spleen, indicated by its relative hypointensity when compared to the spleen and left adrenal gland on this ADC map.

	Discussion
	TABLE 1: Standard intensity of the normal, ischemic, and hemorrhagic adrenal gland

	Conclusions
	Additional Information
	Disclosures

	References


