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MR Imaging of Malignant Uveal 
Melanoma: Role of Pulse Sequence and 
Contrast Agent 

To determine the most sensitive pulse sequence and to clarify the role of each pulse 
sequence in the MR diagnosis of uveal malignant melanoma, noncontrast T1- and T2-
weighted, and postcontrast T1-weighted, spin-echo images were compared blindly and 
independently by two experienced observers. Thirty uveal malignant melanomas, pre
selected by ophthalmoscopy and sonography for size greater than 2 mm, were examined 
with a 1.5-T superconducting MR unit with an orbital surface coil. Fifteen tumor studies 
were done after the patient was injected with gadopentetate dimeglumine. Postcontrast 
T1-weighted images were the most sensitive in detecting melanomas, demonstrating 
tumors 2 mm in height accurately on axial planes and 1.6 mm in height on combined 
orthogonal planes. The contrast-to-noise ratio between melanoma and vitreous fluid 
was greatest on postcontrast T1-weighted images (average, 72.1), followed by noncon
trast T1-weighted images (average, 32.9), and then by T2-weighted images (average, 
-21.2). Postcontrast T1-weighted images also proved useful in differentiating melano
mas from subretinal fluid collections when combined with noncontrast images. 

We conclude that postcontrast T1-weighted images are most helpful in detecting 
small uveal melanomas and in differentiating melanomas from subretinal fluid 
collections. 

AJNR 12:991-996, September/October 1991; AJR 157: November 1991 

Malignant uveal melanoma is the most common ocular tumor in adults [1 ] . 
Diagnosis is confirmed by ophthalmoscopy [1 , 2] , fluorescein angiography [1]. 
sonography [1-4], and CT [2-4]. Although accuracy of clinical diagnosis is high 
[5], misdiagnoses occur occasionally [6-9]. Recent studies have shown MR to be 
useful in evaluating uveal melanoma [ 4, 1 0] and to be facilitated by the use of a 
higher magnetic field strength and surface coils [11-14] . Peyster et al. [14] 
compared MR and CT in the evaluation of intraocular tumors and concluded that 
MR is superior in both detection and differential diagnosis. Mafee et al. [13] also 
showed superiority of MR over CT and demonstrated that sonography may be 
more accurate in detecting small tumors. However, these studies only used 
unenhanced MR imaging. 

To further assess the potential of MR imaging and to determine the value of 
different pulse sequences in the detection and characterization of uveal melanoma, 
this study evaluated precontrast T1- and T2-weighted spin-echo (SE) MR images 
and postcontrast T1-weighted SE images using a surface coil at 1.5 T. 

Materials and Methods 

Thirty patients with malignant uveal melanoma were preselected to include only patients 
with tumors greater than 2 mm in size as determined by ophthalmoscopy and sonography 
(Tables 1 and 2). Twenty-nine tumors were melanotic and one was amelanotic by ophthal
moscopy. A 1.5-T superconducting MR unit (Sigma, General Electric, Milwaukee, WI) with a 
12.5-cm-diameter receive-only surface coil (General Electric , Milwaukee, WI) was used for all 



TABLE 1: Uveal Melanoma on Unenhanced MR Images 

Case Age . Size• Tumor Detection 
No. Sex (yr) Locat1on (mm) 

Comments 
T1-Weighted T2-Weighted 

1 F 75 ODfP 2 X 3 + 
2 M 76 OSfP 2 X 6 + + 
3 M 64 ODfPM 2 X 7 + + 
4 F 56 OD/P 2 X 10 + + 
5 F 41 OSfP 4 X 6 + + SF 
6 F 64 ODfP 4 X 10 + + 
7 M 76 ODfPM 6 X 10 + + 
8 F 58 OSfPM 8 X 8 + + SF" 
9 M 66 ODfPL 8 X 12 + + SF" 

10 M 79 OD/P 9 X 10 + + SF" 
11 M 35 OD/AL 10 X 10 + + 
12 F 80 OD/L 10 X 14 + + SF" 
13 M 65 OD/AM 12 X 18 + + SF 
14 F 66 OS/P 12 X 24 + + 
15 F 72 OD/L 14 X 18 + + SF" 

Note.-+ = detected; - = not detected; OD = right eye; OS = left eye; 
A = anterior; P = posterior; M = medial; L = lateral; SF = subretinal fluid 
collection. 

• Height x base diameter. 
" Detected by MR. 

cases. T1-weighted images were obtained with sequences of 
500,600/20,30/2 (TRITE/excitations); T2-weighted images were ob
tained with 2000/70/2. Examination planes for T1-weighted images 
were axial , coronal , and oblique sagittal; for T2-weighted images, 
only the axial plane was used. Imaging parameters were 256 x 128 
matrix, 18-cm field of view, 3-mm slice thickness , and 1.5-mm slice 
gap. In 15 studies , 0.1 mmolfkg of gadopentetate dimeglumine 
(Magnevist, Berlex, Cedar Knolls , NJ) was administered. 

Tumor detection rate was compared among unenhanced T1- and 
T2-weighted axial images, and postcontrast T1-weighted SE images. 
Image evaluation was performed blindly and independently by two 
experienced neuroradiologists . Tumors not identified by both radiol
ogists were considered to be undetected. 

In the 15 cases in which gadopentetate dimeglumine was admin
istered, signal intensity (SI) [15] of both tumor and vitreous fluid and 
standard deviations (SD) of noise were obtained by region-of-interest 
(ROI) calculations on the image that showed maximal tumor size. 
Measurements from two areas of tumor and vitreous fluid and four 
areas of noise were averaged. Contrast-to-noise ratios (CNR) were 
calculated by the formula [16] 

CNR = (SI of tumor - Sl of vitreous fluid)/SD of noise. (1) 

Subretinal fluid collection associated with tumor was also evaluated 
in regard to gadopentetate dimeglumine enhancement, which pro
vided further information. MR findings were correlated with sono
graphic findings. 

Results 

Melanotic melanomas showed a characteristic pattern of 
contrast enhancement and of signal hyperintensity on T1 -
weighted images and signal hypointensity on T2-weighted 
images relative to the signal of vitreous fluid (Fig. 1 ). One 
small amelanotic melanoma showed slight hyperintensity rel
ative to vitreous fluid on T1 -weighted images, which was not 
detected on T2-weighted images. All cases in which contrast 
material was administered showed increased tumor Sl com
pared with noncontrast T1 -weighted images. 

Tumor detection is summarized in Tables 1 and 2. Of the 
total number of 30 uveal melanomas, T1-weighted imaging 
detected 27 , whereas T2-weighted imaging detected 22. Of 
the 15 cases in which gadopentetate dimeglumine was ad
ministered, postcontrast T1-weighted imaging detected 14 

cases, noncontrast T1-weighted imaging detected 12 cases, 
and T2-weighted imaging detected eight cases. Tumor height 
of 2 mm was the lower limit for accurate detection on non
contrast images, and 1.6 mm was the lower limit on postcon
trast images. Small discoid melanomas were detected in two 
patients only on postcontrast T1-weighted images owing to 
tumor enhancement (Figs. 2 and 3). One tumor was not 
evident on any of the axial images; however, it was easily 
detected on both coronal and sagittal postcontrast T1 -
weighted images (Fig. 4). 

CNR on postcontrast T1-weighted images (average, 72 .1) 
was greater than on either noncontrast T1-weighted images 
(average, 32 .9, p < .01) or T2-weighted images (average, 
- 21 .2, p < .001) (Table 2). 

By sonography, 13 patients had subretinal fluid collections 
associated with tumor. These were identified in 10 cases by 
a combination of T1- and T2-weighted MR imaging, while 
three small subretinal fluid collections could not be detected 
on MR images. Six of the 1 0 patients with subretinal fluid 
collections seen on MR images were studied with contrast
enhanced imaging. In three of these cases the fluid collections 
were apparent on noncontrast images and in two cases they 
were equivocal; one small subretinal fluid collection could not 
be detected on either pre- or postcontrast images. In the two 
equivocal cases, the subretinal fluid collections were clearly 
demonstrated on postcontrast images. One subretinal fluid 
collection was almost isointense with vitreous fluid on both 
T1- and T2-weighted images. This was apparent on postcon
trast images because of marked retinal or choroidal enhance
ment (Fig. 5) . Another subretinal fluid collection was isointense 
with tumor on noncontrast T1-weighted images with equivo
cal findings on T2-weighted images, but postcontrast T1-
weighted images clearly separated tumor from fluid because 
of tumor enhancement (Fig. 6). 

Discussion 

Accurate and early diagnosis of choroidal melanoma by any 
means is important because of the direct correlation between 
tumor size and mortality. Shammas and Blodi [17] reviewed 
a series of 293 cases of choroidal melanoma and found that 
tumor diameter was the single most important prognostic 
factor. 

Tumor size not only influences prognosis but may also 
determine subsequent management. Newer treatment meth
ods, such as radioactive plaque therapy, proton beam irradi
ation, and en bloc resection, now offer an alternative to 
enucleation . However, successful implementation of therapy 
is dependent on early identification and complete delineation. 

Although MR imaging is superior to CT in the detection and 
differentiation of most melanomas [4, 14], neither CT nor 
unenhanced MR imaging has been accurate in detecting 
tumors smaller than 2-3 mm in height [3, 13]. Although CT 
is faster than MR, it adds the risk of IV administration of 
iodinated contrast material [3, 4] and radiation exposure to 
the lens [18]. Increased Sl after injection of gadopentetate 
dimeglumine facilitates accurate detection of small tumors on 
MR images by offsetting partial volume averaging and provid
ing bright signal on T1-weighted images. 

Gadopentetate dimeglumine shortens both T1 and T2 re
laxation times in tissue, which results in contrast enhance
ment on T1-weighted images [19-22]. The paramagnetic 
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Fig. 1.-Choroidal melanoma with subretinal fluid collection. 
A, Axial noncontrast T1-weighted spin-echo MR image. Tumor (arrow) demonstrated hyperintensity relative to vitreous fluid. Subretinal fluid (arrowheads) 

demonstrated slight hyperintensity. 
8, Axial noncontrast T2-weighted spin-echo MR image. Tumor (arrow) demonstrated hypointensity relative to vitreous fluid. Subretinal fl uid demonstrated 

isointensity. 
C, Axial postcontrast T1-weighted spin-echo MR image. Tumor (arrow) demonstrated increased signal intensity whereas subretinal fluid (arrowheads) 

did not show enhancement. 

TABLE 2: Uveal Melanoma on Contrast-Enhanced MR Images 

Tumor DetectionfCNR 

Case Sex 
Age 

Location Size• (mm) Precontrast Postcontrast Comments 
No. (yr) 

T1-Weighted T2-Weighted T1-Weighted 

1 M 62 OD/1 1.6 X 2.1 -/3.1 -!-2.7 - /35.6 
2 M 69 00/P 1.6 X 6.5 -/15.0 -/-29.3 + / 18.4 
3 F 77 OD/PL 2.0 X 8.0 -/7.5 -/-15.0 +/156.9 
4 F 50 OS/ A 2.0 X 9.4 +/44.8 -f-5 6 +/148.0 
5 M 82 ODfPL 2.0 X 10.4 +/10.0 -/-12.7 +/33.0 
6 F 25 OD/P 2.1 X 7.8 +/23.3 -/- 35.6 +/54.1 
7 M 71 OSfP 2.5 X 8.2 +/41.0 +/-20.5 +/55.5 
8 F 81 OSfPM 3.5 X 7.0 +/51.5 +/-12.7 +/92.1 SF 
9 F 36 OS/AL 6.1 X 7.5 +/54.4 -/-6.9 +/89.5 

10 F 50 OD/AL 7.5 X 11 .5 +/40.0 +/- 21.0 +/41 .6 
11 F 43 OD/AL 9.0 X 12.0 +/25 .0 +f-37.1 + /73.5 SF" 
12 M 60 OS/P 11 .6 X 14.9 +/15.3 +f-66.7 +/60.0 SF" 
13 F 78 ODfPM 12.7 X 16.9 +/38.7 +f-31 .7 + /65.8 SF" 
14 M 33 ODfPS 13.4 X 18.3 +/60.8 +/-12.6 +/90.8 SF" 
15 F 72 OS/PL 13.4 X 15.6 +/62.7 +/-8.2 +/67.3 SF" 

Note.-CNR = contrast-to-noise ratio; + = detected ; - = not detected; OD = right eye; OS = left eye; A = 
anterior; P = posterior; M = medial ; L = lateral; S = superior; I = inferior; SF = subretinal fluid collection. 

• Height x base diameter. 
" Detected by MR. 

Fig. 2.-A, Axial noncontrast T1 -weighted 
spin-echo MR image did not detect the lesion 
accurately. 

8, Axial postcontrast T1-weighted spin-echo 
MR image detected discoid choroidal melanoma 
(arrow). Tumor size was 1.6 x 6.5 mm. 

A B 
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effect seen with melanoma also decreases T1 relaxation time 
[4, 10, 13, 23, 24] , which leads to increased Sl on T1-
weighted images. 

Gomori et al. [24) measured the T1 and T2 relaxation times 
of uveal melanoma using nuclear MR spectroscopy. Moder
ately pigmented melanomas had average T1 and T2 relaxa
tion times of 596 msec and 68 msec, respectively . 

The observed relaxation times after administration of para
magnetic contrast agent are calculated by the formula 
[19 , 21) 

1 /T = 1 /T + R X [C) , 
obs o (2) 

where Tabs is the measured relaxation time (sec), T0 is T1 
relaxation time (sec) of material without the contrast agent, R 
is the relaxivity, and [C) is the concentration of paramagnetic 
contrast material (mmol{l). If the R of gadopentetate dimeglu
mine is 5 mmol- 1s- 1 [19), the observed T1 and T2 relaxation 
times are 457 msec and 65 .7 msec at a gadopentetate 
dimeglumine concentration of 0.1 mmol{l , and 239 msec and 
58.1 msec at a gadopentetate dimeglumine concentration of 
0.5 mmol{l, respectively. These gadopentetate dimeglumine 
concentrations are theoretically calculated for enhancement 
on T1 -weighted SE images after a routine dose of 0.1 mmol{ 
kg [20-22] . 

The Sl of tissues in SE imaging when TR >> TE is calcu-

Fig. 3.-A, Axial noncontrast T1-weighted 
spin-echo MR image did not detect the lesion 
accurately. 

8 , Axial postcontrast T1-weighted spin-echo 
MR image detected discoid choroidal melanoma 
(arrow). Tumor size was 2.0 x 8.0 mm. 

Fig. 4.-A and 8, Coronal (A) and sagittal (8) 
postcontrast T1-weighted spin-echo MR images 
detected enhanced tumor (arrows) clearly. 

lated by the formula [25] 

Sl = k x N(H) (e-TEfT2) (1 - e-TR,rn), (3) 

where k is a constant expressing system gain, N(H) is the 
mobile proton density, and T1 and T2 are relaxation times. 

On the basis of the foregoing formulas and assumptions, 
noncontrast T1-weighted (500/20) SE images of moderately 
pigmented tumors show a relative Sl of 0.426, 0.491 at 0.1 
mmol{l of gadopentetate dimeglumine concentration and 
0.621 at 0.5 mmol{l of gadopentetate dimeglumine concentra
tion. Therefore, moderately pigmented melanoma shows in
creased signal after gadopentetate dimeglumine administra
tion. It may be possible that a markedly pigmented melanoma 
does not increase in Sl after contrast administration because 
shortening of the T2 relaxation time may cancel the effect of 
a short T1 relaxation time. However, with very short T1, 
highly pigmented tumors should show markedly high intensity 
on noncontrast T1-weighted images, facilitating detection. 

T2-weighted images were least effective in detecting uveal 
melanoma owing to (1) low signal-to-noise ratio [13], (2) low 
contrast between tumor and vitreous fluid , (3) low spatial 
resolution [13], and (4) sensitivity to motion because of pro
longed examination time [26). This pulse sequence is better 
used to characterize lesions as to melanoma or other tumor, 
or to demonstrate subretinal fluid collection or hemorrhage. 

In this study, all tumors detected by sonography were 
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Fig. 5.-Choroidal melanoma with sudden deterioration of right-sided vision. 
A and 8, Axial noncontrast T1-weighted (A) and T2-weighted (8) spin-echo MR images demonstrated subretinal fluid (arrowheads) almost isointense 

with vitreous fluid. 
C, Sagittal noncontrast T1-weighted spin-echo MR image demonstrated a large choroidal melanoma in posterosuperior portion of right globe (arrow). 
D and E, Postcontrast axial (D) and sagittal (E) T1-weighted spin-echo MR images clearly delineated subretinal fluid (arrowheads) because of retinal 

or choroidal enhancement (short arrows). A large choroidal melanoma demonstrated appreciable enhancement (long arrow in E). 

demonstrated on postcontrast T1-weighted images when 
orthogonal examination planes were used. Therefore, post
contrast T1-weighted images were as sensitive as sonogra
phy in demonstrating melanomas more than 1.6 mm in height. 
However, one small subretinal fluid collection adjacent to a 
small melanoma was not detected even on postcontrast MR 
images. Therefore, detection of such small lesions may still 
require a combination of imaging techniques . However, so
nography is not ideal for detecting lesions of the ciliary body 
or for patients with painful eyes, and it increases the risk of 
inflammation [3]. Ophthalmoscopy may be limited in cases of 
opaque ocular media, vitreous hemorrhage, or large amounts 
of subretinal effusion [27] . In these cases , MR examination 
becomes even more valuable. 

In this study, all MR examinations were performed with a 
slice thickness of 3 mm and slice gap of 1.5 mm. Reduction 
in slice thickness and gap is probably advantageous for 
detecting small tumors [12] , but this can be questioned since 
the CNR decreases as spatial resolution increases [28, 29] . 

Use of a smaller matrix (i .e. , 192 or 256) may help to detect 
small lesions because of increased spatial resolution; how
ever, this effect will be somewhat limited by decreased CNR 
and increased examination time [28]. Chemical shift tech
niques combined with contrast enhancement may also im
prove detection. However, small melanomas are usually con
fined to the globe [17]. Consequently, they are surrounded 
by vitreous fluid anteriorly and demarcated by sclera poste
riorly. Both structures are hypointense on T1-weighted im
ages in contrast to melanoma. Therefore, fat suppression 
would not be extremely helpful in detecting small intraocular 
melanomas. Furthermore, use of the fat-supression technique 
has the additional disadvantages of decreased signal intensity 
and increased artifacts [30] . 

In conclusion, postcontrast T1-weighted images were most 
sensitive in detecting uveal melanoma by MR examination. 
This pulse sequence was helpful in differentiating tumor from 
subretinal fluid collection when combined with noncontrast 
T1-weighted images. Findings from contrast-enhanced MR 



Fig. 6.-A, Axial noncontrast T1-weighted spin-echo MR image. Choroidal melanoma (arrow) and subretinal fluid collection (arrowhead) could not be 
clearly separated. 

8 , Axial noncontrast T2-weighted spin-echo MR image demonstrated equivocal findings of subretinal fluid collection (arrowhead). 
C, Axial postcontrast T1-weighted spin-echo MR image separated tumor tissue (arrow) from subretinal fluid (arrowhead) because the former showed 

enhancement. 

imaging, added to clinical data and results from other imaging 
techniques, provide further diagnostic information and allow 
confirmative diagnosis, thereby obviating unnecessary inter
ventional procedures. 
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