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P(JRPOSE: To investigate the value of MR in differentiating patients with prim ary polydipsia, who 

have an intact neurohypophyseal system, from those with central diabetes insipidus, who have 
impaired synthesis and/ or release of vasopressin. METHODS: Eighteen patients with clinically 
significant hypotonic polyuria were diagnosed endocrinologically as having primary polydipsia or 
diabetes insipidus (central or nephrogenic). These patients, and 92 patients without sellar disease, 
were then imaged with 1.5-T, T1-weighted, thin sagittal sections without gadolinium contrast. 
RES(JL TS: Normal hyperintense signal of the neurohypophysis was present in 90 of 92 patients 
without sellar disease. The signal was also present in all six patients with primary polydipsia. In 
contrast, the hyperintense signal was absent in all eight patients with central diabetes insipidus. 

Three of the four patients with nephrogenic diabetes insipidus also had an absent hyperintense 
signal. CONCL(JSJON: Tl-weighted MR may prove important in differentiating patients wi th 
central diabetes insipidus from those with primary polydipsia. 
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The hyperintense signal (HIS) observed with 
T1-weighted MR of the normal posterior pituitary 
reflects an intact and functional neurohypo
physeal system ( 1-3). The frequency of HIS in 
normal subjects varies among different investi
gators ranging from 52% (4), to over 87% (5), to 
as high as 100% in healthy volunteers (3, 6). The 
cause of HIS is disputed but is probably due to 
some constituent of the neurosecretory vesicles 
within the intact and functioning neurohypo
physis (7). HIS is generally absent in patients with 
central diabetes insipidus ( 1, 8 , 9). In addition , 
the signal is decreased in experimental animals 
that are chronically treated with hypertonic saline, 
presumably because arginine vasopressin (A VP) 

Received December 13, 1991; accepted contingent on revision Feb

ruary 6, 1992; revision received March 5. 

This work was supported in part by Grant RR-229 from the General 

Clinical Research Centers Program of the Division of Research Resources, 

National Institutes of Health . 
1 Department of Medicine, University Hospital, State University of New 

York Health Science Center, 750 E. Adams St. , Syracuse, NY 13210. 

Address reprint requests to Dr. A. Moses. 
2 Dr. Leo Hochhauser, Department of Radiology, University Hospital, 

State University of New York Health Science Center, Syracuse, NY 13210. 

AJNR 13: 1273-1 277 , Sep/Oct 1992 0 195-6108/ 92/1305-1273 

© American Society of Neuroradiology 

is depleted from the storage vesicles of the neu
rohypophysis (10). 

Distinguishing primary polydipsia from central 
diabetes insipidus can be very difficult , especially 
when the latter is partial or incomplete. The basic 
pathophysiology of primary polydipsia and cen
tral diabetes insipidus differs in that in the former 
condition the release of A VP is inhibited by 
chronic overhydration and in the latter there is 
usually an intrinsic inability to synthesize A VP 
(see Discussion). In addition, animal studies dem
onstrate normal amounts of pituitary A VP in 
chronic hydration (11) , and depletion of pituitary 
AVP in central diabetes insipidus (12). Conse
quently, we decided to investigate the potential 
value of magnetic resonance (MR) in differentiat
ing between these two types of A VP-sensitive 
hypotonic polyuria. 

Materials and Methods 

Equipment 

MR studies were done on high field strength (1.5 T ) 
imaging equipment. Sagittal spin-echo midline images, 

400-500/1 2-15 (TR/ TE) were obtained wit h a 256 X 256 
m atrix, two signal acquisit ions, and a field o f view of 2 1-
23 em. The sect ion thickness ranged f ro m 3-5 m m w ith a 

1-mm intersection gap. 
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Patients 

HIS is usually seen in the normal posterior pituitary 
gland on T1-weighted images through the sagittal midline 
of the brain. Because the frequency of this hyperintensity 
varies in the literature, we conducted a preliminary pilot 
study in 1 00 consecutive patients to determine the preva
lence of HIS in a predominantly hospital-based population . 
Only patients who presented with non-sella-related symp
tom s, such as headaches, seizures, neurologic defic its, or 
following trauma were entered into the study. Included 
were two volunteers without any clinical symptom s. Pa
tients who were found to have macroadenomas or empty 
sellae (5) and those with motion artifacts were excluded. 

Eight studies m et our exclusion criteria . Two of 92 cases 
had no appreciable HIS in the posterior pituitary . One was 
a 3-year-old boy with porencephaly. The other one was a 
22-year-old woman with cerebral palsy . The preliminary 
study indicated an expected prevalence of HIS of approxi
mately 98 % in patients without macroadenoma or empty 
sellae. The absent HIS in the neurohypophysis was thus 
considered a relatively reliable indicator for hormonal 
dysfunction . 

Eighteen adult patients were referred to us for clinically 
significant hypotonic polyuria (24-hour urine volumes of at 
least 3.6 liters). These patients were first evaluated by 
nonradiologic methods for the cause of their hypotonic 
polyuria, using well-established criteria (13-18). MR studies 
were subsequently conducted on the 18 patients after a 
clinical diagnosis of primary polydipsia, central diabetes 
insipidus, or nephrogenic diabetes insipidus had been made. 

Image Analysis 

The image with the best visualization of the posterior 
pituitary bright spot was selected for analysis. If HIS could 
not be separated from the fat marrow in the dorsum sellae, 
additional images were printed with a wider gray scale that 
facilitated the distinction between these two adjacent ana
tomic areas in all cases. Usually, the cortical margin of the 
dorsum sellae can be identified as a linear region of hy
pointensity. We assumed, that a bright signal posterior to 
this line represented the h igh signal intensity from fat 
m arrow. If no distinction could be made or the linear low 
signal intensity of the cortical bone of the dorsum was in 
front of (anterior to) the clivus , the bright spot was consid
ered absent. Image analysis was done by an experienced 
neuroradiolog ist, who was blinded to the nonradiologic 
diagnosis of the patients. Two cases were reviewed directly 
from the image screen of the viewer 's console to confirm 
the absence of HIS. 

Results 

Prior to MR, the 18 patients were clearly diag
nosed as having primary polydipsia , central dia
betes insipidus or nephrogenic diabetes insipidus. 
Four patients who had hypotonic polyuria since 
birth were diagnosed as having nephrogenic dia-
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betes insipidus because urine osmolality failed to 
increase following the injection of 5 U (12.5 ~Lg) 
A VP, or 0.5 llg desmopressin ( 19). Eight patients 
were diagnosed as having central diabetes insipi
dus on the basis of having vasopressin-sensitive 
hypotonic polyuria with either markedly elevated 
or unattainable osmotic thresholds (Table 1). The 
osmotic threshold is the plasma osmolality when 
water-loaded patients begin to concentrate their 
urine during a hypertonic (5 %) saline infusion. 
This represents the initial release of A VP. There
fore, the ability to release A VP in response to 
hypertonic saline was severely impaired in pa
tients with central diabetes insipidus. In addition, 
all five of these patients who had water depriva
tion tests had markedly impaired urine osmolali
ties (Table 1). The cause of the central diabetes 
insipidus was idiopathic in five of the eight pa
tients and the other three patients had specific 
causes listed in Table 1. Four patients were di
agnosed as having primary polydipsia on the 
basis of normal osmotic threshold values (Table 
1). Two other patients with AVP-sensitive hypo
tonic polyuria were also diagnosed as having 
primary polydipsia (Table 1). In one, a 45-year
old woman, the osmotic threshold was slightly 
elevated. However, other laboratory and clinical 
features , particularly the onset of symptoms 
when she was unable to eat solid food because 
of a severely damaged temporal mandibular joint, 
clearly establish the diagnosis (Table 1). The sixth 
patient diagnosed as having primary polydipsia, 
a 32-year-old woman, did not have an osmotic 
threshold study. However, she concentrated her 
urine well during water deprivation and she vol
untarily stopped drinking excessively after 
counseling. 

All patients with central diabetes insipidus but 
one, a 39-year-old man, were being treated with 
desmopressin at the time of imaging. Serum 
sodium levels at that time ranged from 131 to 
149 mEq/L. The duration of symptoms at the 
time of imaging ranged from 3 months to 38 
years. The six patients with primary polydipsia 
had symptoms from 2 months to 25 years and 
daily urine volumes ranged from 3.6 to 10.4liters 
at the time of imaging. Their serum sodium levels 
ranged from 135 to 142 mEq/L at time of MR. 

MR Results 

Of the 92 patients without the sella-related 
disease who had MR as described, 90 had normal 
HIS emanating from the neural lobe of the pitui-
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tary. The same was found in all six patients with 
primary polydipsia. In contrast, all eight patients 
with central diabetes insipidus were devoid of the 
signal. Of the four patients with congenital neph
rogenic diabetes insipidus, HIS was present in one 
patient and absent in three. 

Discussion 

This paper compares T1-weighted MR of the 
posterior pituitary in normal subjects, in patients 
with primary polydipsia, and in patients with 
central and nephrogenic diabetes insipidus. 
Ninety of 92 (98%) patients without sella-related 
disease studied by our technique were found to 
have the appropriate HIS. Eight patients with 
central diabetes insipidus were evaluated. These 
were males and females who had idiopathic dia-

TABLE 2: Occurrence of posterior pi tuitary hyperintense signal (HIS) 

in patient s with hypotonic polyuria 

HIS present 

HIS absent 

Vasopressin-Sensitive 

Central Diabetes Primary 

Insipidus Polydipsia 

0 
8 

6 
0 

Vasopressin-resistant: 
Congenital Nephrogenic 

Diabetes Insipidus 

1 

3 

betes insipidus or the lesions indicated in Table 
1. The MRs were obtained anywhere from 3 
months to 38 years following the onset of symp
toms. At the time of MR, all but one patient, a 
39-year-old man, were being treated with des
mopressin , and serum sodium concentrations 
ranged from 131 to 149 mEq/L. HIS was absent 
in all eight patients (Table 2) , and the absence 
was not due to the presumed compression of 

TABLE 1: Characteristics of patients with vasopressin-sensitive hypotonic polyuria 

Maximum Urine 

Duration of Daily Urine 
Osmotic Threshold' 

Osmolality Atta ined 
Other Observations 

Diagnosis 
Cause of Disease at Age at 

Sex 
Volume at 

(Normal = 285- 292 
during Water 

That Support 
Disease Time of Time of MR Time of 

mOsm/kg) 
Deprivation Test (28) 

Diagnosis 
MR MR (liters) (Normal = 859 ± 260 

(SD) mOsm/kg) 

Primary polyd ip- 2 mo 21 M 6.0 287. 7 500 

sia 

2 mo 32 F 3.6 NDb 597 Variable random urine 

osmolality ( 183-

732); symptoms 
stopped shortly after 

counseling 

1 yr 33 F 10.4 288.3 534 

2 1h yr 42 F 4.9 291.2 567 Taking psychoactive 

drugs which caused 

dry mouth 

25 yr 43 M 4.0 290.4 400 

15 mo 45 F 5.4 294.1 682 Variable random urine 

osmolality (72-614); 

symptoms began 
when she fractured 

jaw and could not 

eat solid food 

Central diabetes Idiopathic 8 mo 3q F 12.0 >298 NDb 

insipidus 

Idiopa thic 38 yr 38 F 6.8 301.5 NDb 

Idiopathic 3 mo 39 M 13.9 >298 110 

Idiopathic 8 mo 40 F 8.5 >306 120 

Idiopathic 5 mo 5 1 M 14.6 >310 107 

Traumatic 11 yr 34 M 7.8 >324 108 

Germinoma 41h yr 35 M 10.8 >312 106 

Suprasellar 5 yr 5 1 F 6.5 >313 NDb 

epider-

moid 

cyst 

' Plasma osmolality at which antidiuresis begins in hydrated subjects being infused with 5% sa line (13, 15). 

b Not determined. 
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posterior lobe tissue which often occurs in pa
tients with pituitary macroadenomas or empty 
sella syndrome even in the absence of diabetes 
insipidus (5). These observations strongly support 
the probability that the absence of HIS in these 
patients reflects the basic pathophysiologic ab
normality of these patients with central diabetes 
insipidus, namely impaired synthesis, storage, 
and osmotically controlled release of A VP into 
the circulation. The one study conducted in man 
confirms the virtual absence of A VP in the pos
terior pituitary of a patient with central diabetes 
insipidus (20). 

Even though none of our eight patients with 
central diabetes insipidus had HIS of the posterior 
pituitary, theoretically there are cases where it 
might be present. Occasional patients with central 
diabetes insipidus are apparently capable of syn
thesizing A VP but cannot release the hormone 
into the circulation in response to the usual os
motic stimulus. These patients may be capable 
of releasing A VP in response to nicotine, hypo
tension, nausea, and drugs such as chlorprop
amide and clofibrate (21-24). They are consid
ered to have osmoreceptor failure and have all of 
the usual clinical manifestations of diabetes insip
idus. However, patients like these may be found 
to have HIS of the neurohypophysis. 

All six patients with primary polydipsia had 
normal HIS emanating from the neural lobe of 
the pituitary (Table 2). This group was made up 
of both males and females, and, at the time of 
MR, were symptomatic for between 2 months 
and 25 years. They were all polyuric at the time 
of the MR study. The pathophysiologic implica
tion of these studies is that patients with primary 
polydipsia have normal amounts of A VP in their 
neurohypophysis. No measurements of pituitary 
A VP content in patients with primary polydipsia 
are reported. However, mice with primary poly
dipsia have abundant neurosecretory material in 
the neurohypophysis (25), presumably reflecting 
adequate content of AVP. In addition, chronic 
overhydration of rats caused by the infusion of 
desmopressin and given liquid diets have normal 
amounts of A VP in their neural lobes ( 11 ). 

The lack of HIS from the neural lobes in all 
eight of our patients with central diabetes insipi
dus and its presence in all six of our patients with 
primary polydipsia strongly supports the value of 
this observation in distinguishing between the 
A VP-sensitive hypotonic polyurias. This differ
ential diagnosis may be extremely difficult, es
pecially when the central diabetes insipidus is 
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partial in nature. Urine osmolality can be low in 
relation to plasma osmolality in both conditions 
(13), and even the measurement of A VP by radio
immunoassay may not provide a definitive an
swer since the chronic overhydration in patients 
with primary polydipsia may lower A VP excretion 
and presumably synthesis and release in response 
to dehydration (14). The determination of the 
osmotic threshold for A VP by changes in free 
water clearance is perhaps the single best labo
ratory way of distinguishing between primary 
polydipsia and partial central diabetes insipidus 
(15). However, it is difficult to perform and many 
patients cannot tolerate the amount of 5% saline 
that must be infused. It is very important to 
properly distinguish between these two condi
tions because the approach to determining the 
underlying cause and the therapeutic options are 
different. For instance, antidiuretic therapy usu
ally causes symptomatic hyponatremia if admin
istered to patients with primary polydipsia. 

Patients with nephrogenic diabetes insipidus 
have increased plasma and urine AVP (14, 18, 
26), presumably in response to mild dehydration 
that occurs because of the difficulty in matching 
fluid intake to incessant severe water losses via 
the urine. Mice with congenital nephrogenic dia
betes insipidus have normal or elevated stores of 
A VP in their neurohypophysis in comparison with 
normal mice (26, 27). This suggests that mice in 
a laboratory settihg are successful in maintaining 
adequate hydration despite the presence of neph
rogenic diabetes insipidus. There is no informa
tion on pituitary A VP content in patients with 
nephrogenic diabetes insipidus. However, our ob
servations suggest that most of these patients are 
unable to maintain usual pituitary stores of A VP. 
This would be analogous to the loss of neurose
cretory granules and presumed depletion of pi
tuitary A VP in rabbits that are chronically treated 
with hypertonic saline (1 0). 

In conclusion, appropriate Tl-weighted MR re
vealed HIS of the neurohypophysis in 90 of 92 
patients without sella-related disease. The signal 
was also present in all six patients with primary 
polydipsia. In contrast, HIS was absent in all eight 
patients with central diabetes insipidus. Since 
each disease was caused by a variety of factors 
and was present for varying durations with a 
range of serum sodium concentrations at the time 
of MR, it is reasonable to assume that in these 
A VP-sensitive polyuric patients, the MR reflected 
the expected normal content of neurohypophys
eal A VP in patients with primary polydipsia, and 
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diminished A VP in patients with central diabetes 
insipidus. These observations should be very 
helpful in establishing the diagnosis between 
these two conditions. Three of four patients with 
A VP-resistant (nephrogenic) diabetes insipidus 
had absent HIS of the neural lobe. This probably 
reflects the state of chronic mild dehydration with 
subsequent depletion of pituitary A VP. 

References 

1. Fujisawa I, Nishimura K, Asato R, et al. Posterior lobe of the pituitary 

in diabetes insipidus: MR findings. J Comput Assist Tomogr 1987; 

11:221-225 
2. Kucharczyk J , Kucharczyk W, Berry I, et al. Histochemical charac

terization and functional significance of the hyperintense signal on 

MR images of the posterior pituitary. AJNR 1988;9: 1079-1083 

3. Fujisawa I, Asato R, Nishimura K, et al. Anterior and posterior lobes 

of the pituitary gland: assessment by 1.5 T MR imaging. J Comput 

Assist Tomogr 1987;11 :214-220 
4. Brooks B, El Gamma! T , Allison J , et al. Frequency and variation of 

the posterior pituitary bright spot on MR images. AJNR 1989;10: 

943-948 

5. Colombo N, Berry I, Kucharczyk J , et al. Posterior pituitary gland: 
appearance on MR images in normal and pathologic states. Radiology 

1987;165:481-485 
6. Mark L, Haughton V, Hendrix L, et al. High-intensity signals within 

the posterior pituitary fossa : a study with fat-suppression MR tech

niques. AJNR 1991;12:529-532 

7. Kucharczyk W , Lenkinski R, Kucharczyk J , et al. The effect of 

phospholipid vesicles on the NMR relaxation of water: an explanation 

for the MR appearance of the neurohypophysis? AJNR 1990; 11: 

693-700 
8. Tien R, Newton T, McDermott M , et al. Th,ickened pituitary stalk on 

MR images in patients with diabetes insipidus and Langerhans cell 

histiocytosis. AJNR 1990; 11 :703-708 
9. Tien R, Kucharczyk J, Kucharczyk W. MR imaging of the brain in 

patients with diabetes insipidus. AJNR 1991 ; 12:533-542 

10. Fujisawa I, Asato R, Kawata M , et al. Hyperintense signal of the 

posterior pituitary on T1-weighted MR images: an experimental study. 

J Comput Assist Tomogr 1989;13:371-377 

11 . Robinson AG, Fitzsimmons MD, Roberts MM, et al. Steadily increasing 

posterior pituitary vasopressin content in the rat is related to aging 

not to weight (abstr 436). Paper presented at the 73rd Annual Meeting 

of the Endocrine Society, 1991 :139 

MR OF POLYDIPSIA AND DIABETES INSIPIDUS 1277 

12. North WG, LaRochelle FT, Hardy GR. Radioimmunoassays for indi

vidual rat neurophysins. J Endocrinol 1983;96:373-386 

13. Moses AM, Streeten DHP. Disorders of the neurohypophysis. In : 
Braunwald E, lsselbacher KJ, Petersdorf RG, et al. , eds. Harrison 's 

principles of internal medicine. New York: McGraw-Hill , 1990; 

1682-1691 
14. Moses AM. Clinical and laboratory observations in the adult with 

diabetes insipidus and related syndromes. Front Harm Res 1985;13: 

156-175 

15. Moses AM, Streeten DHP. Differentiation of polyuric states by meas

urement of responses to changes in plasma osmolality induced by 

hypertonic sa line infusions. Am J Med 1967;42:368-377 

16. Miller M, Moses AM. Clinical states due to alteration of ADH release 
and action. In: Moses AM, Share L, eds. Neurohypophysis. Basel, 

Switzerland: Karger Press, 1977:153-166 
17. Moses AM, Notman DD. Diabetes insipidus and syndrome of inappro

priate antidiuretic hormone secretion (SIADH). Adv Intern Med 1982; 

27:73-100 
18. Moses AM. Clinical and laboratory features of cen tral and nephrogenic 

diabetes insipidus and primary polydipsia . In: Reichlin S, ed. Neuro

hypophysis. New York : Plenum, 1984:1 15-1 38 

19. Moses AM, Scheinmen SJ , Schroeder ET. Antidiuretic and PGE2 

responses to A VP and dDAVP in subjects with centra l and nephro
genic diabetes insipidus. Am J Physioi1985;248:F354-F359 

20. Bergeron C, Kovacs K, Ezrin C, et al. Hereditary diabetes insipidus: 

an immunohistochemical study of the hypothalamus and pituitary 

gland. Acta Neuropathol 1991 ;81 :345-348 
21. Cates J, Garrod 0. The effects of nicotine on urinary flow in diabetes 

insipidus. C/in Sci 1951; 10:145-160 
22. Dingman J , Benirschke K, Thorn G. Studies of neurohypophyseal 

function in man: diabetes insipidus and psychogenic polydipsia. Am 

J Med 1957 ;23:226-238 
23. Moses A, Numann P, Miller M. Mechanism of chlorpropamide-induced 

antidiuresis in man: ev idence for release of ADH and enhancement 

of peripheral action. Metabolism 1973;22:59-66 
24. Moses A, Howanitz J, van Gernert M , et al. Clofibrate-induced anti

diuresis. J C/in Invest 1973;52:535-542 

25. Silverstein E, Sokoloff L, Mickelsen 0, et al. Primary polydipsia and 

hydronephrosis in an inbred strain of mice. Am J Pathol 1961 ;38: 

143-159 

26. LaRochelle FT Jr, Stern P. Vasopressin secretion in nephrogenic 

diabetes insipidus. C/in Res 1982;30:455A 

27. Naik DV, Kobayashi H. Neurohypophysial hormones in the pars 

nervosa of the mouse with hereditary nephrogenic diabetes insipidus. 

Neuroendocrinology 1971 ;7:322-328 

28. Miller M, Dalakos T , Moses AM, et al. Recognition of partial defects 

in antidiuretic hormone secretion. Ann Intern Med 1970;73:721-729 

Please see the Commentary by Kucharczyk on page 1293 in this issue. 


