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Simple Summary: The Waterhouse-Friderichsen syndrome (WFS) is a rare but usually fatal event
involving the acute hemorrhage of adrenal glands. Due to the non-specificity of clinical presentations
and laboratory findings, a multidisciplinary approach is vitally important in order to make an early
diagnosis and improve the chance of survival. In this context, radiological imaging represents a
mainstay method both in the diagnosis and in the follow-up of this disease, permitting the prompt
initiation of treatments, reducing hospitalization times and preserving the adrenal function. In this
case, we report a case of Waterhouse-Friderichsen syndrome that we came across and provide an
ensemble of multimodality imaging findings (ultrasonography, CT, and MRI) that we observed.

Abstract: Waterhouse-Friderichsen syndrome is a rare disease characterized by bleeding into the
adrenal glands, and its symptoms may vary from non-specific abdominal pain to multi-organ failure.
Commonly related to a variety of infectious diseases among which sepsis from Neisseria meningitidis
is the most frequent, many other etiologies have been described, and in some rare cases, even no
apparent cause can be identified. We report a rare case of an idiopathic bilateral adrenal hemorrhage
in a 70-year-old male who presented to our emergency department with non-specific abdominal pain.
Ultrasonography Scan (US) and Computed Tomography (CT) findings were crucial for making an
early diagnosis, which resulted in a short hospitalization time and, eventually, a complete recovery
of the adrenal function. After discharge, Magnetic Resonance Imaging (MRI) was also performed,
providing a more complete ensemble of multimodality imaging findings that can be associated with
this rare syndrome.

Keywords: Waterhouse-Friderichsen syndrome; abdominal pain; emergency department; multi-
modality imaging

1. Case Presentation

In October 2019, a 70-year-old male with a medical history of hypertension, COPD, and
pulmonary fibrosis presented to the emergency department with fever and abdominal pain.
The pain was accompanied by a feeling of general weakness. He stated the pain had begun
10 days before and that he had previously presented it to the emergency department of
another hospital; he was dismissed with the diagnosis of acute gastritis. His abdomen was
tender with right-sided and lower quadrant pain upon palpation. No skin abnormalities
were noted.

His temperature was up to 38◦. His blood pressure was 145/90 mmHg with a pulse
rate of 101/min. The complete blood count including platelets and leukocytes was normal
and kidney function was within the normal range, while the PCR and LDH increased
(304 mg/L and 352 UI/L, respectively) and coagulation tests showed an increased INR of
1.54 and aPTT of 53.
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An urgent ultrasonography scan (US) was performed with a convex transducer
that revealed an enlargement of both adrenal glands with inhomogeneous echogenicity
(Figure 1).
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Figure 1. (a) Arrow indicates the right adrenal gland. (b) Arrow indicates the left adrenal gland. The
US Scan shows an enlargement of both adrenal glands with inhomogeneous echogenicity. The right
gland measures 41 × 26 mm while the left adrenal gland measures 43 × 30 mm.

Therefore, he was immediately subjected to a computed tomography (CT) scan of the
abdomen before and after the administration of contrast medium (Omnipaque 350 mgI/mL,
130 mL, 3 mL/s), with a 1.25 mm slice width, 120 kV, and 7 mAs. The non-contrast
phase demonstrated slightly hyperdense round masses with fuzzy margins and a diffuse
swelling of both adrenal glands, associated with inflammatory changes in the surrounding
retroperitoneal fat, confirming the presence of a bilateral adrenal hemorrhage (Figure 2a).
After the intravenous contrast, no enhancement was revealed (with density values of
45–55 HU both in pre-contrast and post-contrast phases) and no ”blushes” were revealed,
suggesting no evidence of active bleeding (Figure 2b–d).

In the suspicion of meningococcal infection, intravenous antibiotic therapy with
ceftriaxone immediately started, and blood culture and serology were performed, which
then produced a negative result.

He was then hospitalized, antibiotic therapy was suspended, and adrenal insufficiency
was confirmed. His adrenocorticotropin (ACTH) measurement was 185 pg/mL with high
cortisol levels up to 65 ng/mL. The 24 h urine tests were in the normal range, except for a
slight reduction in metanephrine (<11 mg/24 h). Replacement therapy with hydrocortisone
started, initially intravenously and subsequently orally at the minimum effective dose. On
subsequent days, he was able to maintain normal electrolyte levels, and he was discharged
after 10 days of hospitalization.

During hospitalization, additional tests were performed, including a serum protein
electrophoresis and immunofixation, which demonstrated an IgG lambda monoclonal
gammopathy.
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Figure 2. (a) CT axial non-contrast phase. (b) CT axial post-contrast arterial phase. (c) CT axial
post-contrast portal venous phase. (d) CT coronal non-contrast phase. Arrows indicate the adrenal
glands. The non-contrast phase demonstrates slightly hyperdense round masses with fuzzy margins
and diffuse swelling in both adrenal glands, in association with inflammatory changes in the sur-
rounding retroperitoneal fat, which is strongly suggestive of bilateral adrenal hemorrhage. After the
intravenous contrast, no contrast blushes are shown, suggesting no evidence of active bleeding.

Three days after discharge, magnetic resonance imaging (MRI) was performed using a
1.5 T device, with ssFSE, LAVA, FSPGR 2D, and 3D sequences (some of which deteriorated
by motion artifacts), before and after the administration of a paramagnetic contrast medium
(Prohance, 0.2 mL/Kg), with a slice width between 2 and 6 mm. The MRI confirmed the
enlargement of adrenal glands and showed the hyperintensity of the central adrenal region
both on T1- and T2-weighted images, which is suggestive of subacute stage hematoma
(>7 days to 7 weeks after onset), in association with peripheral residual parenchyma
(Figure 3a–d).
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Figure 3. (a) MRI axial T1 weighted. (b) MRI axial T1 weighted with fat suppression. (c) MRI axial
T2 weighted. (d) MRI axial T1 weighted with fat suppression after contrast. Arrows indicate the
adrenal glands. Some motion artifacts are present. The MRI performed 13 days after onset confirms
an enlargement of adrenal glands with hyperintense areoles in both T1- and T2-weighted sequences,
suggestive of subacute stage hematoma. After intravenous contrast, peripheral linear enhancement
is observed, and it is more evident in the left gland and referred to compressed residual glandular
parenchyma.

2. Discussion

The Waterhouse-Friderichsen syndrome (WFS), also known as Purpura fulminans, is
a rare but usually fatal event. First described in 1911 by Rupert Waterhouse and Carl
Friderichsen, it consists of the acute hemorrhage of the adrenal glands, most frequently
observed in the pediatric population rather than adult populations; it is commonly related
to several infections, among which infections from Neisseria meningitidis represents the ma-
jority of the cases [1]. In addition to this, throughout the years, many other etiologies have
been demonstrated, such as sepsis due to different organisms or non-infectious diseases
such as thromboembolism [2], the administration of anticoagulants [3], antiphospholipid
syndrome [4], traumas, tumors, and cardiovascular dysfunction [5]. As for infections, sev-
eral other microorganisms have been identified as possible causes of this adrenal disease,
the most common of which include bacteria such as Neisseria Gonorrhoeae, Streptococcus pneu-
moniae, group A Streptococcus, Staphylococcus aureus, Haemophilus influenzae, Pseudomonas
aeruginosa, and Escherichia coli but also viruses such as Varicella-Zoster virus, Epstein–Barr
virus, Cytomegalovirus, and Parvovirus [6–10]. Even if the pathophysiology of Waterhouse
Friderichsen Syndrome is not completely clear, numerous theories have been assumed,
and one of the most important theories suggests endotoxin-mediated damage. Endotoxins
can cause the transcription of several genes that transcribe for inflammatory cytokines
involved in fibrinolysis and coagulation [11]. Another theory that could explain cases in
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which a clear cause cannot be identified is an increased synthesis of cortisol and adrenaline
by the adrenal gland, which usually occurs in any stressful condition: cortisol tends to
increase adrenal blood flows and the pressure within the vessels while adrenaline, on the
other hand, induces platelet aggregation in the adrenaline veins, increasing the risk of
hemorrhaging [12,13].

As far as the symptoms are concerned, patients with adrenal hemorrhage usually have
a non-specific clinical presentation, such as abdominal pain, vomiting, fever, hypotension,
headache, aching joints, and lethargy [14]. The majority of them can develop a skin rash
and, in the most severe cases, convulsions, cardiovascular collapse, and consequent shock.

As for the laboratory tests, they often show leukocytosis and coagulation abnormal-
ities; metabolic acidosis can be associated and, as a consequence of the adrenal damage,
hyperkalemia, hyponatremia, and hypoglycemia can also be present.

It comes as a consequence that, due to the non-specificity of both clinical presentation
and laboratory findings, a clinical diagnosis of WFS can be very challenging.

If clinically suspected, an urgent CT scan of the abdomen is strongly suggested as
the “gold standard” in the diagnosis of adrenal hemorrhage. It usually shows adrenal
hematomas that characteristically appear round or oval, often with surrounding strandings
of the periadrenal fat. In rare cases, if arterial active bleeding is occurring, a post-contrast
blush might be also detected [15,16]. A condition named “adrenal congestion”, which
consists in thickening of adrenal glands and the stranding of the periadrenal fat, can be
occasionally detected before the hemorrhage [17]. When clinical and laboratory findings
are non-specific, as they were in our case, the CT scan may be preceded by a US scan, which
can show an increased volume of both the adrenal glands with diffuse or inhomogeneous
echogenicity due to the presence of hematomas [18].

Due to the potentially lethal outcome, the antibiotic administration should start as
soon as possible. In his writings, Friderichsen also emphasized the need for corticosteroid
administration [1], which is currently not recommended by some authors, who claim that
patients with WFS often present high cortisol blood levels and that adrenal insufficiency
occurs very rarely. On the other hand, some studies report cases of dramatic clinical
improvements after the administration of corticosteroids [19].

3. Radiological Management

In the management of a patient presenting abdominal pain, ultrasonography (US)
is usually the first modality to be performed. The pattern of echogenicity of an adrenal
hematoma depends on the time since the onset.

During the first days, a hematoma has the look of a mass with inhomogeneous
echogenicity. As days go by, the hematoma tends to liquefy, starting to show peripheral
heterogeneous echogenicity with a hypoechoic core. Eventually, it tends to become anechoic
and appears similar to a pseudocyst. Color Doppler US can be helpful for confirming the
absence of vascular signals [20].

Computed Tomography (CT) is the most important tool in the diagnosis of adrenal
bleeding. Adrenal hematomas can typically be detected in the non-contrast phase, where
they appear as round to ovoid lesions, usually associated with periadrenal fat stranding
and, sometimes, the involvement of the peri-nephric space. The acquisition of post-contrast
phases (arterial, venous, and excretory) is crucial to detect any presence of active bleeding,
seen as an arterial “blush” [15].

As for the CT density values of an adrenal hematoma, they depend on its stage. In the
acute stage, a hematoma usually contains high attenuation areas (between 50 and 90 HU);
as time goes on, its size and attenuation values decrease and, in some cases, a complete
resolution can be seen.

The typical appearance of a chronic hematoma is a hypodense mass with internal
calcifications [16]. An “adrenal congestion”, which consists in the thickening of the adrenal
glands and stranding of the periadrenal fat, can be occasionally detected before the hemor-
rhage [17].
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A magnetic Resonance Imaging (MRI) scan is the most accurate diagnostic modality
and is considered the gold standard in follow-up. It can differentiate acute from chronic
hematomas and can also ascertain the presence of an underlying tumor [20].

In the acute stage (within the first week), a hematoma has the look of an isointense or
mildly hypointense mass on T1 weighted sequences, which becomes strongly hypointense
on T2-weighted sequences.

In the subacute stage (between 1 to 7 weeks), it usually shows hyperintensity both on
T1- and T2-weighted sequences.

Finally, in the chronic stage, (after more than 7 weeks), it typically shows a thin hy-
pointensity edge on both T1- and T2-weighted sequences, which is correlated to hemosiderin’s
presence and to the formation of a thin fibrous capsule [21].

In the differential diagnosis, it is always important to take into consideration other
types of lesions. The most benign lesions include cysts, usually seen in syndromic diseases
such as adult polycystic kidney disease [22]. A cyst can be identified with ultrasonography
scans as an anechoic and avascular formation with posterior beam enhancements, and it
appears as a round fluid lesion on CT with no enhancements after contrast.

On the other hand, adrenal tumors are usually solid and well-vascularized lesions;
therefore, they tend to show enhancement after contrast even if they may have central
areas with no enhancement due to necrosis, and the most malignant can be associated
with the presence of metastasis in other organs. The most common adrenal tumors include
adenomas, myelolipomas, pheochromocytomas, neuroblastomas, and metastasis [23].

Sometimes, on a non-contrast CT, it can be difficult to distinguish an adrenal cyst
from an adenoma, as they can both show fluid density (between 10 and −10 HU), but after
contrast, an adenoma will show enhancements while a cyst will not.

A rarer but interesting condition is congenital adrenal hyperplasia, usually seen
in infants, which presents with a bilateral enlargement of both adrenal glands with a
typical “cerebriform” pattern on ultrasonography scans, together with typical clinical and
laboratory features [24].

In some rare cases, it may not be easy to distinguish a rim-calcified chronic adrenal
hematoma from an aneurysm of the splenic artery [25].

In addition to that, clinical and laboratory findings should always be taken into
consideration as they can provide guidance in the radiological diagnosis.

4. Conclusions

The Waterhouse-Friderichsen syndrome is a very uncommon disorder but with high
morbidity and mortality, and it is frequently connected to a lack of awareness or educa-
tion regarding its management. An accurate, timely, and multidisciplinary approach is
vitally important and can dramatically improve the chances of survival since the prognosis
depends on the timeliness of diagnosis and the consequent treatment.

This case report aims raise awareness about the need of considering the Waterhouse-
Friderichsen syndrome in the differential diagnosis of patients presenting with acute
abdominal pain and, at the same time, to highlight the extreme importance of multimodality
imaging both in the early diagnosis and in the follow-up of this rare disease in order to
implement early and appropriate treatment, reduce hospitalization, and, in some cases,
obtain a complete recovery of the adrenal function, allowing the preservation of the patient’s
quality of life.
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