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Abstract
As one kind of infectious diseases of adrenal gland, adrenal tuberculosis can result in a life-threatening disorder which is called primary adrenal insufficiency (PAI) due to the destruction of adrenal cortex. Computed tomography (CT) and magnetic resonance imaging (MRI) play significant roles in the diagnosis of this etiology of PAI based on the CT and MRI appearances of the adrenal lesions. In this mini-review, we intend to study the CT and MRI features of adrenal tuberculosis, which could be helpful to both endocrinologist and radiologist to establish a definitive diagnosis for adrenal tuberculosis resulting in PAI.
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Core tip: Adrenal tuberculosis is an important cause of the primary adrenal insufficiency (PAI) due to the destruction of adrenal cortex. Computed tomography (CT) and magnetic resonance imaging (MRI) play vital roles in the diagnosis of this etiology of PAI based on the CT and MRI appearances of the adrenal lesions. We herein discuss the CT and MRI technique, manife​stations, the role of CT and MRI in a definitive diagnosis for adrenal tuberculosis resulting in PAI.
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INTRODUCTION
Primary adrenal insufficiency (PAI), manifesting as clinically inadequate production or action of glucocor​ticoids, is a life-threatening disorder when at least 90 percent of adrenal cortex has been destroyed[1,2]. As first depicted by Thomas Addison in 1855[3], the clinical manifestation of adrenal insufficiency were characterized by weakness, malaise, nausea, fatigue, anorexia and abdominal pain, together with orthostatic hypotension, constipation, weight losing, salt craving and characteristic hyperpigmentation of the skin[4-6]. The acute syndrome appears as a medical emergency since adrenal insufficiency may result in a severe hypotensive crisis and clouded sensorium[7]. But most of the sym​ptoms are not so specific that may delay diagnosis. 

Adrenal tuberculosis has been regarded as an important cause of PAI since the first reports by Thomas Addison[4,8]. During the past decades, incidence of adrenal tuberculosis has been greatly decreased due to the introduction of antituberculosis drugs. It is reported that PAI results from adrenal tuberculosis accounting for only 15%-20% patients in developed countries[9]. However, adrenal tuberculosis is still the primary cause of PAI in developing countries[10].

In the traditional diagnostic workup for adrenal insufficiency, basal detection of cortisol and adrenocor​ticotropic hormone (ACTH) is sufficient for the diagnosis in most cases, but rarely the corticotropin test is required in primary failure[11]. To confirm or rule out adrenal insufficiency, plasma cortisol can initially be measured between 8 and 9 am[12]. The morning plasma cortisol concentrations of ≤ 3 g/dL (83 nmol/L) are indicative of adrenal insufficiency, whereas concentrations of ≥ 19 g/dL (525 nmol/L) rule out this disorder[13,14]. The patients with plasma cortisol concentrations of 3-19 g/dL need the ACTH stimulation test. Additionally, basal plasma corticotropin should be measured in patients with possible PAI, and it can be found that plasma corticotropin concentrations invariably exceed 100 pg/mL (22 pmol/L), even though the plasma cortisol concentration is in the normal range[1]. As for the ACTH stimulation test, the corticotrophin should be given intravenously or intramuscularly, and the serum cortisol level is usually measured before injection of 250 g corticotrophin, and 30 or 60 min after this injection[12,15]. Adrenal function is considered to be normal if the basal or the post-corticotropin plasma cortisol concentration is at least 18 g/dL (500 nmol/L), or at least 20 g/dL (550 nmol/L)[12]. Most physicians use the highest plasma cortisol value before or after the injection of corticotropin as the criterion of normality and not the absolute increase in plasma cortisol after this injection.

With the laboratory diagnostic procedures, however, the causes of PAI caused by infectious diseases such as tuberculous adrenalitis cannot be recognized for appropriately essential therapy. Computed tomography (CT) and magnetic resonance imaging (MRI) play significant roles in evaluation of this etiology because the CT and MRI appearances of the underlying diseases depend not only on the pathologic nature but also on the duration of the illness and the type of treatment[2,16,17]. Thus, we reviewed the CT and MRI features of tub​erculous adrenalitis resulting in PAI for appropriate treatments.

CT TECHNIQUE
CT has been regarded as the modality of choice for identificating and characterizating tuberculous adrenalitis resulting in PAI[18-22]. Prior to CT scan, opaciﬁcation of the bowel should be carried out routinely with oral contrast materials, and 800-1000 mL of 1% solution of sodium diatrizoate is used as oral contrast material in our hospital. To show the adrenal tuberculosis, 3 mm helical collimation with the field of view targeted to the adrenal gland and 3 mm reconstruction interval was recommended for clinical examination[18,23].

With the development of CT scanners, multidetector row CT (MDCT) has been used to depict the lesions of adrenal glands more and more frequently. In our institution, 16-row MDCT (Aquilion, Toshiba Medical Systems, Tokyo, Japan) has been used to detect the adrenal tuberculosis. Owing to the improvement of spatial resolution, small adrenal lesions can be detected on images of multiplanar reformation[9]. Dual-energy CT was first utilized to evaluate the attenuation difference of adrenal lesions by Gupta et al[24].

There are two CT techniques including non-contrast and contrast-enhanced CT. Non-contrast CT scan can be performed to illustrate the calcified tissue. For well depicting tuberculous adrenalitis in the majority of patients with adrenal insufficiency, the non-contrast CT examination should be followed by a contrast enhanced study, which is performed 60-80 s after intravenously administrating 80-100 mL of a contrast agent with 300 mg/mL of iodine at a rate of 3 mL/s by using a power injector.

MRI TECHNIQUE

MRI has been proven useful for evaluating the adrenal glands due to its advantages of superior contrast resolution and tissue characterization potential[25-28]. Body coil is used for both excitation and reception of MR signal. Adrenal MRI should include T1-weighted axial images for showing the adrenal anatomy in detail, and T2-weighted axial images for showing the lesions[29]. In our hospital, 1.5-T and 3.0-T MR scanners (Signa Excite; GE Medical System, Milwaukee, WI, United States) were used to detect the adrenal lesions, and adrenal MRI sequences include spin-echo or flash T1-weighted plain scan, and fast spin-echo T2-weighted scan. The adrenal MR images are acquired with a field of view of 35-45 cm, and 5-8 mm contiguous slice thickness. Enhanced T1-weighted images are acquired after intravenous administration of a bolus of 0.1 mmol/kg gadolinium diethylene triamine pentaacetic acid in our hospital. Because multiplanar imaging particularly including coronal section on all scanning series helps to detect extension of adrenal lesions into adjacent structures, the image planes are axial and coronal section on all scanning sequences at our institution. In addition, chemical-shift MRI with T1-weighted in-phase and out-of-phase gradient-echo pulse sequences and gadolinium-enhanced images is of great importance to evaluate the adrenal lesions[30].

CT AND MRI MANIFESTATIONS OF ARENAL TUBERCULOSIS 
Adrenal tuberculosis occurs more commonly in bilateral glands (Figures 1-3) than in unilateral gland (Figure 4), and the occurrence of bilateral involvement is more than 80%[2,9,23,31]. This predominant anatomic distribution may be explained by the reason that either of adrenal glands can be susceptible to infection by tubercle bacilli from the primary infection via hematogenous or lymph routes in equal incidence[8]. The pathological changes of adrenal tuberculosis include tuberculous granuloma, caseous necrosis, fibrosis, cicatrix and calcification, and different CT and MR manifestations reflect the corresponding pathological changes. 
Concerning on the adrenal contour, it varies during the courses of the adrenal tuberculosis. At early stage, the mass-like enlargement of the adrenals with tuberculosis can be frequently found on CT and MRI (Figures 1-4), but the contour of adrenal glands preserve[2,9,23]. The radiologic appearances are pathologically based on the adrenals caseous necrosis area and tuberculous granuloma resulting from the destruction of the cortex by tuberculous mycobacteria[32]. The mean course might be approximately 3 years after the infection[9,23].

At late stage, the enlarged tuberculous adrenal glands lessen or normalize pathologically in size or configuration due to the increase of fibrosis, fibrous cicatrix, and calcified tissue in the glands[8,32,33]. When the continuous antituberculosis therapy is subsequently performed, the initially enlarged adrenal glands with smooth rounded contours become small with irregular margins (Figure 2) on follow-up CT and MRI[8,9,23,32,34-37]. The adrenal glands become atrophic, and the patho​logical mechanism can be that the gland tissue is almost completely substituted with fibrous tissue or calcification[2,35-37]. In general, small or atrophic adrenals indicate tuberculosis with long duration of adrenal insufficiency or quiescent adrenal tuberculosis, whereas enlarged adrenals suggest adrenal tuberculosis at early stage or active adrenal tuberculosis[32,33,38-41].

As for adrenal calcification, it may be diffuse, lo​calized or punctuated, and its incidence increases with the course of adrenal tuberculosis. The calcification, predominantly occurring at late stage of tuberculosis, cannot be well illustrated on MRI but on CT, and the incidence of calcification is more than one half when the diagnosis of adrenal tuberculosis is made[33,41,42]. This manifestation may be due to the reason that the encapsulated granuloma becomes quiescent, and calcium salts deposit within the caseous regions at this stage[9,23].

Another manifestation of adrenal tuberculosis is the density and enhancement on CT, or the signal intensity and enhancement on MRI at different stages. At early stage, the enlarged adrenals (Figures 1, 2 and 4) demonstrate central low density or homogeneous density on non-contrast CT scans, and peripheral enhancement with low density in the central area is observed on the contrast-enhanced scans in most of patients with adrenal tuberculosis[9,23,42]. On MRI, the involved adrenals (Figure 3) appear as hypointense or isointense on T1-weighed images and hyperintense on T2-weighted images, and the glands with caseous necrosis in the central area appear as peripheral rim enhancement on non-contrast CT[2]. The enlarged adr​enals without necrosis tissues in central zone display homogeneous enhancement on contrast-enhanced scans[9]. The radiologic features reflect the pathologic feature of central caseous necrosis surrounded by fibrous tissue and granulomatous inflammatory tissue[32,33,41,42].

If continuous antituberculosis therapy has been carried out, the adrenal lesions demonstrate homo​geneous density (Figures 2D-F) or calcification in the center on CT scans, and the specific center with hypointense or isointense on T2 weighed images would appear on MRI due to a large amount of fibrous tissue, cicatrix, or calcification[2,35-37]. When the lesions are completely substituted with fibrous tissue or calcification, the glands would show hypointense on all MR images[2]. The probability of the presence of peripheral rim enhancement decreases on enhanced CT and MRI with the decrease of granuloma and caseating necrosis at late stage[9,23]. In addition, contrast enhancement of adrenal tuberculosis could be quantitatively measured. As demonstrated by Ma et al[9], the difference in average density of the central zone of the enlarged adrenal glands between nonenhanced and enhanced CT scans is significantly less than that of peripheral zone (29 ± 2 HU vs 36 ± 11 HU).

Generally, the contrast-enhanced CT and MRI fea​tures of adrenal tuberculosis can provide information for the adrenal tuberculosis resulting in PAI, and might be useful for indicating the clinical duration of adrenal tuberculosis. However, some radiological features of adrenal tuberculosis could be similar with those of adrenal fungal infections such as adrenal histoplasmosis. The diagnosis of adrenal tuberculosis should be con​sidered in patients who has the CT and MRI features, and who has resided in an area where tuberculosis is not well controlled. Sometimes, biopsy is necessary for the diagnosis.

CONCLUSION
Adrenal tuberculosis can result in PAI. CT and MRI play important roles in the diagnosis of adrenal tuberculosis. Speed and availability of CT are of great importance to the diagnosis, and MRI can avoid the ionizing radiation and perform multiparametric imaging and good spatial resolution. The radiological tools can well depict adrenal tuberculosis based on their pathologic nature and the duration of the illness, and the type of treatment. Understanding the imaging characteristics of adrenal tuberculosis is of great importance for correcting dia​gnosis and timely essential treatment of PAI secondary to adrenal tuberculosis.
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Figure Legends
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Figure 1  A 53-year-old man who has fatigue, pigmentation of skin and loss weight in last five months with primary adrenal insufficiency due to adrenal tuberculosis. The unenhanced (A) and contrast-enhanced (B) CT scans reveal the mass-like enlargement of the bilateral adrenals with multifocal peripheral enhancement. CT: Computed tomography.
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Figure 2  A 52-year-old woman who has anorexia, daytime somnolence and sweating in last three months with primary adrenal insufficiency due to adrenal tuberculosis. The unenhanced (A) and contrast-enhanced (B) CT scans reveal the mass-like enlargement of bilateral adrenals, but its contours are preserved with multifocal peripheral enhancement on axial (B) and coronary (C) reformed images. Three months after antituberculous therapy, the axial (D and E) and coronary (F) images demonstrate the initially enlarged adrenal glands become small with homogeneous density in the center, and decrease of probability of the presence of peripheral rim enhancement. CT: Computed tomography.
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Figure 3  A 44-year-old man who has hypoglycemia and low blood pressure with primary adrenal insufficiency due to adrenal tuberculosis. MRI scans reveal the mass-like enlargement of bilateral adrenal glands on axial T1- weighted image (A) and T2-weighted image (B), but its contours are preserved with peripheral enhancement on contrast-enhanced axial (C) and coronal (D) T1-weighted image. MRI: Magnetic resonance imaging.
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Figure 4  A 51-year-old man with pigmentation of skin and blood electrolyte abnormalities due to primary adrenal insufficiency due to adrenal tuberculosis. The unenhanced (A) and contrast-enhanced (B) CT scans illustrate the enlargement of the left adrenal gland with peripheral enhancement. This patient underwent adrenal pathology biopsy, and photomicrograph (C) shows central caseous necrosis surrounded by granulomatous inflammatory cells (× 40). CT: Computed tomography.
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