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The finding of hypokalemia and of low plasma renin activity (PRA)
in a hypertensive patient suggests a diagnosis of primary hypermi-
neralocorticoidism. Medications containing compounds with min-
eralocorticoid-like activity (licorice, carbenexolone) may also cause
the same syndrome. Recently, we carried out detailed studies on
10 patients with severe hypertension and hypokalemic alkalosis,
suppressed PRA and low aldosterone levels. Plasma leveils of cortisol
and ACTH were suppressed in most of the cases. Measurement of
deoxycorticosterone and corticosterone {and in some patient of
18-hydroxydeoxycorticosterone and 18-hydroxycorticosterone) was
not significantly higher than normal. Therapeutic trials of dexa-
methasone and aminoglutethimide were ineffective. In contrast,
spironolactone and amiloride treatment resulted in substantial but
incomplete amelioration of both hypertension and hypokalemia. All
of the patients share a common history of chronic rhinitis and ha-
bitual use of large doses of nasal spray containing 9«-fluoropred-
nisolone and vasoconsirictor agents. Withdrawal resuited in a
complete remission of hypokalemia in one to two weeks in all pa-
tients. The hypertension and depressed levels of PRA, aldosterone
and cortisol took longer to return to normal, varying from case to
case; in all but one patient, the values returned to normal within two
monihs. This report reveals another cause of factitious mineralo-
corticoid excess which may be considered in the differential diag-
nosis of hypokalemic hypertensive syndromes.

The finding of hypokalemia and of low plasma renin activity (PRA) in
a hypertensive patient, not receiving diuretics, suggests a diagnosis
of primary hyperaldosteronism {1]. If aldosterone levels are, however,
within normal limits or low, the existence of an excess of other min-
eralocorticoids may be suspected. Such syndromes include deficiency
of 17a-hydroxylase [2], 113-hydroxylase [3] or 1183-ketoreductase
[4], tumors producing deoxycorticosterone (DOC) [5] or corticoste-
rone (B) [6]; and possibly overproduction of 18-hydroxydeoxycor-
ticosterone (18-OH-DOC) [7]. The abuse of substances containing
aldosierone-like activity (licorice, carbenexolone) may also cause a
similar clinical picture [8,9]. Recently, we found a group of patients
with moderate to severe hypertension and marked hypokalemia in
whom all these etiologic possibilities were excluded. All patients had
a common history of endonasal pathology (chronic allergic rhinitis,
septal deviation, partiai surgical relief of polyposis), together with the
subsequent continued use, for months or even years, of nasal sprays
including fluoroprednisolone acetate and vasoconstrictor agents.
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MATERIAL AND METHODS

Ten patients (nine men and one woman), aged 24 to 67 years,
affected with systodiastolic high blood pressure (blood
pressure 150/100-235/135 mm Hg) were studied. Al of
them were hospitalized and showed marked hypokalemia
{serum potassium 1.9 to 3.4 meq/liter), alkalosis (pH 7.39
to 7.47), suppressed PRA (0.03 to 0.09 ng/ml/hr) and low
aldosterone excretion (1 to 7.6 ug/24 hr). All the patients had
a common history of chronic rhinitis and continual use of large
doses of nasal sprays containing fluoroprednisolone acetate
and vasoconstrictor agents (Table 1). Two preparations have
been used: Biorinil®, Farmila SPA, Milan ltaly, and Deltari-
nolo®, Dow-Lepetit, Milan ltaly; the composition of which per
milliliter is indicated as follows:

Biorinil: 1.0 mg S«-fluoroprednisolone acetate; 1.0 mg
chioroprophenpyridamine sulphate; 1.0 mg tetrahydrazoline
hydrochloride; 20 mg kanamicine sulphate, buffered isotonic
saline (Bottles of 10 ml).

Deltarinolo: 0.025 mg 9«-flucroprednisolone acetate; 5 mg
ephedrine hydrochloride; 1.25 mg 2, 1-naftimetilimidazoline;
buffered isotonic saline solution (Bottles 15 ml).

Deltarinolo is widely available, being registered in 45
countries including Austria, Belgium, Brazil, Egypt, Holland,
Hungary, italy, Mexico, Nigeria and Switzerland.

A typical case history of one of the patients is reported
here:

CASE REPORT

This patient is a 25 year old man with no family history of
hypertension. From the age of 18, he had been diagnosed as
having hypertrophy of the turbinates and deviation of the nasal
septum. At the age of 21, hypertension and electrocardio-
graphic alterations were found in the course of a preoperative
examination for corrective nasal surgery. He was subse-
quently hospitalized on three separate occasions for inves-
tigations of the hypertension. Because of the finding of low
serum potassium fevels (1.9 to 2.6 meq/liter) and alkalosis
{blood pH 7.44), a presumptive diagnosis of hyperaldoste-
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ronism was made. PRA was suppressed; however, urinary
aldosterone was not increased. Neither spironolactone nor
a variety of other hypotensive agents significantly lowered
his blood pressure. In October 1977, when the patient was
referred to our Clinic, his blood pressure was 170/120 mm
Hg and heart rate 84/minute. Physical examination disclosed
no abnormalities other than weakness and cardiomegaly.
Upon prompting, the patient stated that he had been using a
nasal spray (Biorinil), two bottles a week continuously for four
years.

The studies designated ‘'during nasal spray self-adminis-
tration” (period |) and “'after 15 days of withdrawal” (pericd
Ity were performed while the patients were hospitalized in the
Institute of Medical Clinic, University of Milan (Cases 1
through 4) and in the Institute of Semeiotica Medica, Uni-
versity of Padua (Cases 5 through 10).

Student’s t test for paired data were employed for com-
parison of data between different periods.

During hospitalization patients received a diet containing
120 to 150 meq of sodium and 30 to 70 meq of potassium.
The studies performed 60 days after withdrawal of the
treatment (period i) were carried out in the majority of cases
on an outpatient basis. Blood pressure was measured by
sphygmomanometer; routinely with the patient supine and
when indicated, upright. Serum and urinary electrolytes were
measured by flame photometry. PRA was measured by the
method of Haber et al. [10] (normal values: recumbent 0.4
to 1.5 ng/mi/hr; standing 0.9 to 2.5 ng/mi/hr) in Cases 1
through 4; and by the method of Stockigt et al. [ 11] with the
boiling step eliminated, using antiserums kindly supplied by
Dr. Stockigt, in Cases 5 through 10. Using this method ranges
are as follows: recumbent 0.3 to 1 ng/mi/hr; standing 1to 2.3
ng/mi/hr. In ali patients CIS-Sorin kits, Saluggia, Italy, were
used to measure plasma ACTH, plasma aldosterone, plasma
cortisol, plasma progesterone, plasma 17-OH-progesterone
and 24 hours urinary aldosterone (18-giucuronide). Normal
ranges for these assays are as follows: plasma ACTH 20 to
100 pg/mi; plasma aldosterone 4 to 12 ng/dl supine, 10 to
30 ng/dl upright; plasma cortisol 5 to 20 ug/di; plasma pro-
gesterone 0.17 to 0.40 ng/ml and 17-hydroxyprogesterone
0.8 to 1.4 ng/ml (male); urinary aldosterone 5 to 15 ug/24

TABLE | Some Clinical Characteristics and Type and Duration of Treatment with Fluoroprednisolone-Containing
Nasal Spray in 10 Hypertensive Patients
Duratlon
Sex and  Blood Pressure Fluoroprednisolone*  Treatment
Case No. Age {yr) {mm Ha) Disease of the Upper Respiratory Tract Drug (mg) {mo)
1 M, 25 185/115  Hypertrophy of turbinates, nasal septum deviation BR 30 48
2 M, 25 200/130  Fracture and subsequent nasal septum deviation, chronic rhinitis BR 60 24
3 M, 37 210/130  Hypertrophy of turbinates, sinusitis DR 1.3 120
4 M, 46 190/110  Chronic rhinitis, sinusitis DR 1.3 144
5 M, 27 180/100  Chronic rhinitis BR 42.5 72
6 M, 43 195/130  Chronic rhinitis BR 30 72
7 M, 22 170/120  Chronic rhinitis BR 52.5 24
8 M, 27 140/100  Hypertrophic sinusitis, nasal septum deviation DR 0.8 174
9 M, 24 150/100  Sinusitis BR 22.5 24
10 F, 67 235/130  Chrenic rhinitis BR 30 24

NOTE: BR = Biorinil; DR = Deltarinolo.
* Approximate dose per week.
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TABLE IV Eftect of Various Perlods of Treatment with Spironolactone or Amiloride in Seven Patlents with Spray-
Induced Hypokalemic Hyperiension®
Blood pressure Polassium
. {mm Hg) {meq/liter)
Case No. Treatment Betore After Before After
1 Spironolactone, 200 mg/day 185/115 160/100 2.4 3.3
2 mo
5 Amiloride. 20 mg/day 185/120 160/90 2.4 3.8
1mo
6 Spironolactone, 300 mg/day, 205/135 160/100 2.5 4.9
6 mo
7 Spironoiactone, 300 mg/day. 220/145 140/90 2.5 4.2
2 mo
8 Spironotactone, 400 mg/cay, 200/130 130/80 2.7 4.5
2 wk
9 Spircnolactone. 200 mg/day 160/105 140/95 3.3 4.5
2 wk
10 Spironolactone, 300 mg/day 260/120 200/100 2.8 3.8
1 wk

* During these therapeutic trials all patients were self-administering the spray.

hr. Urinary free cortisol was measured by radioimmunoassay
[12]. with normal range 30 to 150 g/24 hr. Plasma deoxy-
corticosterone was measured by radicimmuncassay [ 13]
after chromatographic step, with normal values of 510 15
ng/dl. Plasma corticosterone [14] was similarly measured
by radiocimmunoassay, using an antiserum from the Endocrine
Science (normal range 250 to 1500 ng/dl). Radioimmuno-
assay [15] was used for measurement of plasma 18-hy-
droxydeoxycorticosterone as the lactone (normal values 37
to 75 pg/dl); 18-hydroxycorticosterone (kindly performed by
Dr. C.R.W. Edwards and V. Martin, St. Bartholomew’s Hos-
pital, London) was similarly measured by radioimmunoassay
[16], with normal range of 60 to 160 pg/ml. Hydroxycorti-
costeroids were measured by the Silber Porter method [17]
and 17-ketosteroids by the Drekter method (18] (normal
values respectively 3 to 8 and 8 to 25 mg/24 hr). Plasma
normones were measured in samples drawn after overnight
recumbency; PRA and aldosterone were also measured after
patients had been in an upright position for 2 hours. When
patients were studied as outpatients, samples were drawn
after 1 hour of recumbency.

The PRA and aldosterone levels were measured after a
furosemide test (40 mg e.v., blood sampling at 0 to 60 min-
utes) in six patients. The urinary steroids profile analysis was
performed by gas-chromatography [ 18] (kindly performed
by Dr. J. Honour, Clinical Research Center, Harrow, En-
gland).

Two patients were treated with dexamethasone, 2 mg/day
for 10 days, associated with metyrapone 3 g/day for five days.
An additional therapeutic trial was performed with amino-
glutethimide, 750 mg/day for seven days. Seven patients
were treated with spironolactone (100 to 400 mg/day for one
week to six months) or amiloride (20 mg/day for one month).
During each period of therapeutic trial, blood pressure and
serum potassium were monitored.

RESULTS

As shown in Tables I, I and Hll, blood pressure was high
in all cases with values ranging from 150/100 to
220/130 mm Hg (mean 186 £ 8/117 £ 3 mm Hg),

serum potassium was low with values between 1.9 and
3.4 meq/liter (mean 2.8 £ 0.1 meqg/liter), PRA was
suppressed (mean 0.06 ng/mi/hr) and unresponsive to
orthostasis or the administration of furosemide. Aldo-
sterone was either at the lowest limit of the normal
range, or clearly suppressed below normal levels (mean
3.3 1g/24 hr); in no case could aldosterone levels be
stimulated with furosemide or ACTH. Other mineralo-
corticoid levels, including deoxycorticosterone, corti-
costerone, 18-hydroxydeoxycorticosterone and 18-
hydroxycorticosterone were within normal limits in
those subjects in whom measurements were taken.
Plasma cortisol, urinary free cortisol and urinary hy-
droxycorticosteroids levels were within normal limits
or low (mean plasma cortisol was 7.5 & 1.8 ug/di). In
all cases plasma ACTH levels were within normal limits
or low. Levels of progesterone, 17-hydroxyprogesterone
and urinary 17-ketosteroids were low or within normal
limits in those cases in which they were measured.
These data would appear to rule out any currently
described syndrome of endocrine hypertension,
with the exception of that described in children by New
et al. [4] characterized by 113-ketoreductase defi-
ciency. In three patients (Cases 1, 5 and 6), an analysis
of the urinary steroid profile was performed by gas
chromatography [19]. In all the patients, urinary me-
tabolites of cortiso! were low; there was however, no
alteration of the THE:THF ratio, thus excluding an
113-reductase deficiency. The THDOC level was within
normal limits.

Seven patients were treated for periods of varying
duration with spironolactone or amiloride. In all cases
such treatment brought serum potassium up to normal,
and reduced blood pressure; in only one case, however,
was the blood pressure normalized (Table V). in two
cases. treatment with dexamethasone, aminoglutethi-
mide and metyrapone produced no significant changes
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in serum potassium or biood pressure. In four cases
{Cases 1, 2, 5 and 6), clinical and laboratory studies, and
therapeutic trials were carried out before it became
apparent that the patients were taking the preparation.
The chance discovery of a bottle of nasal spray on the
bedside table of one of these patients prompted enquiry.
Fifteen days after withdrawal (period If), blood pressure
levels fell to varying degrees depending on the case
(mean 149 £ 9/97 & 3 mm Hg, p <0.01). Complete
normalization occurred in two cases; in seven cases
there were significant raductions in both systolic and
diastolic pressure, which however, persisted above the
normal levels. Blood pressure remained unchanged in
one case. In contrast, there was a prompt return of
plasma potassium to within the normal range (mean 4.1
+ 0.5 meq/liter, p <0.01), albeit at the lower limit of the
normal in four cases. Concomitantly the previously
noted metabolic alkalosis was resolved. Sixty days after
the withdrawal of the nasal spray (period Ill), normali-
zation of the blood pressure was observed in all but one
patient, to a mean of 132 & 4.9/84 £ 2.2 mmHg, p
<0.01). Serum potassium was normal (mean 4.4 4= 0.5
meg/liter, p <0.01). PRA had increased towards normal
(mean 0.7 ng/mi/hr, p <0.01) and response to ortho-
stasis reappeared. Urinary aldosterone excretion re-
turned to normal (mean 7.5 £+ 1 ug/24 hr, p <0.05), as
did cortisol and ACTH in those cases in which levels had
previously been low.

COMMENTS

All of the patients studied showed typical stigmata of
hypermineralocorticoidism; particular features were
arterial hypertension and hypokalemia. Levels of min-
eralocorticoids, both major (aldosterone) and minor
(deoxycorticosterone, 18-hydroxydeoxycorticosterone,
corticosterone) were either within normal limits or
suppressed. The patients were not eating licorice nor
were they being treated with antiulcer drugs containing
carbenoxolone. Several of the patients had previously
been hospitalized for prolonged periods and had been
subjected to numerous invasive examinations (renal
arteriography, renal and adrenal scans). One patient,
in whom arteriography showed an abnormal adrenal
image suggestive of a unilateral adenoma, was even
subjected to adrenalectomy. Postoperatively the diag-
nosis of adenoma could not be confirmed, and the
clinical syndrome remained essentially unchanged. The
first two patients we studied in depth underwent similar
investigations and protracted therapeutic trials of
dexamethasone, aminoglutethimide and metyrapone
in an attempt to exclude various uncommon causes of
hypermineralocorticoidism. All these studies gave
negative results; only with spironolactone and amiloride
did we succeed in modifying the clinical picture, cor-
recting the hypokalemia and significantly reducing blood

ressure. The finding of a relatively specific effect of
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spironolactone and amiloride thus suggested a probable
mineralocorticoid genesis of the syndrome. The chance
discovery that two patients were using a nasal spray
containing a synthetic corticosteroid (fluoroprednisolone
acetate) led us to suspect that a similar etiology might
underly other unexplained causes of hypermineralo-
corticoidism. All the patients had a common history of
endonasal pathology (previous operations, allergic
rhinitis). With this background, the patients had become
so used 1o taking vasoconstrictive/anti-inflammatory
nasal preparations that they no longer considered them
“drugs,” and so omitted them from the history. Only a
specifically directed question allowed us to pinpoint
analogous cases; many such cases have been subse-
quently discovered and are not included in the present
study. Most of the patients used a preparation containing
tetrahydrazolyne and fluoroprednisolone acetate (Bio-
rinil); others used a compound containing ephedrine and
gw-fluoroprednisolone acetate (Deltarinolo). The
fluoroprednisolone contained in the first preparation was
identified as 9«-fluoroprednisolone [20], the identical
steroid to that in the second preparation, but present in
concentrations 40 times greater. The mineralocorticoid
potence of 9«-fluoroprednisolone was confirmed as
being equivalent to that of aldosterone [20]. Thus, if
most patients used up to four bottles of nasal spray a
week for years, corresponding to a daily quantity of from
one (in the case of Deltarinclo) to 40 (Biorinil) times that
of normai daily secretion of aldosterone, it seems clear
that symptoms of hypermineralocorticoidism present
in the patients were due to the presence of this ste-
roid. ]

The effect of this compound on sodium and potas-
sium balance was recognized 20 years ago [21]. At that
time it was recognized that the compound should not
be used in the treatment of rheumatic and allergic dis-
eases [22]. Despite these findings, this compound has
been included—often in high doses—in drugs that are
widely distributed. A similar case of hypokalemic hy-
pertension in a patient using nose drops containing
fluoroprednisolone and ephedrine has previously been
described by Ambruster et al. [23]. In addition, the
steroid exibited ACTH-suppressive activity [24], as
indicated by the levels of both cortisol and ACTH
demonstrated by our patients using such preparation.
No patients, however, showed clinical signs of classic
glucocorticoid excess. Withdrawal from the drug was
followed by a rapid normalization of serum potassium
in 10 to 15 days, whereas in most cases blood pressure
levels took rather longer to return to normal. Persistence
of suppressed PRA levels may indicate residual sodium
retention and/or volume expansion. An aiternative
explanation is that long-term suppression of PRA could
be a reflexion of a ““disuse’ atrophy of the juxtaglo-
merular system.

Persistence of hypertension for more than two weeks
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after withdrawal of the compound could also be due to
the long-term vascconstrictive effect of vasoactive
amines in the preparations on vessels sensitized by
sodium excess. Supporling this possibility is the in-
complete antihypertensive response obtained with al-
dosterone antagonists. Syndromes of iatrogenic hy-
pertension caused by abuse of ophthalmic drops and
nasal inhalations containing sympathomimetic amines
have been described [23]. Demonstration of the rela-
tionship cetween the syndrome and use of the nasal
spray. led to the discovery of numerous other cases
126,271, Thus, it is clear that a history taken from a
hypertensive patient must include specific questioning
concerning use of topical drugs (nasal drops, creams,
and the like). In addition, it is clear that these patients,
on occasion, developed a true dependence on these
drugs, rendering the situation even more complicated.

NASAL BPRAY HIPERTENSION—MANTERO ET AL.

in such cases it may be difficult to convince a patient
to discontinue the treatment and thus to demonstrate
that hypertension is drug-related. In summary, prompt
identification of such cases is important not only for the
well-being of the patient, but also to avoid the long and
often invasive investigations that such apparently
complex clinical situations require. It is also obvious that
9«-fiuoroprednisolone should not be used in anti-in-
flammatory preparations, given its powerful mineralo-
corticoid activity which is similar to that of aldoste-
rone.
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