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Background: Pr imary aldosteronism  i s  a common, 
treatable and potentially curable cause of hypertension. 
It is a much more common cause of hypertension than 
was previously thought, and  aldosterone excess may have 
deleterious  effects  on the cardiovascular system that are 
at least partly independent of blood pressure elevation. 
Plasma aldosterone- renin ratio is currently the the most 
reliable available screening test for primary aldosteronism.

Objective: To determine the cases  of primary aldosteronism  
using aldosterone-renin ratio as screening tool.
 
Methodology: This is a  retrospective, descriptive study. 
Seventy-two charts of patients with plasma aldosterone 
and renin determination done were reviewed.

Results: Forty-three  patients had positive aldosterone- 
renin ratio (ARR ≥30). Only 23 submitted to a confirmatory 
test.   Eighteen were females. The mean age was 40 y.o; 
the mean duration of onset of hypertension was 5 years 
prior to consult.  Mean systolic and diastolic BP were 195 
mmHg and 100mmHg, respectively. All were hypokalemic.  

Fourteen  showed a positive result in confirmatory saline 
infusion test.  Computed tomography was done. Ten had 
unilateral adrenal nodule, 2 had adrenal limb thickening 
and 2 had bilateral adrenal lesions. Those with bilateral 
lesions underwent bilateral adrenal vein sampling, but no 
lateralization was demonstrated. They were given medical 
therapy, as well as the other 2 with adrenal limb thickening. 
The ten patients with unilateral adrenal lesions underwent 
unilateral adrenalectomy. Serum potassium normalized  
postoperatively; blood pressure improved but 3 patients 
continued to maintain on antihypertensive medication 
after surgery.

Conclusion: Primary  aldosteronism is a potentially curable 
disease. Hypokalemia and blood pressure improve upon 
treatment. Case detection using plasma aldosterone- 
renin ratio be done in high risk group. Confirmatory test 
must be pursued in those with positive ratio. CT scan is 
helpful in detecting the lesion and adrenal vein sampling 
be done to lateralize the hyperfunctioning adrenal.
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Abstract

Introduction

 Primary aldosteronism (PA) is a common, treatable 
and potentially curable cause of endocrine hypertension. 
It  is  a group of disorders in which aldosterone production is 
inappropriately high, relatively autonomous from the renin-
angiotensin system.1 Aldosterone  is  a  mineralocorticoid that 
is responsible in the regulation of blood volume and serum 
potassium  in the body. PA is commonly caused by an adrenal 
adenoma, by unilateral or bilateral adrenal hyperplasia, or 
in rare cases by the inherited condition of glucocorticoid-
remediable aldosteronism (GRA). Most experts previously 
described PA in <1 percent of patients with mild-to-moderate 
essential hypertension and had assumed hypokalemia was 
a sine qua non for diagnosis. The prevalence rate of primary 
aldosteronism is 2.7-16.6 percent among Caucasians; 2.6 

percent among Japanese  and about 14.4 percent  in 
United Kingdom.2  In recent years, two major developments 
led to a renewed interest in primary aldosteronism (PA) as a 
clinical entity. The first of these was the demonstration that 
PA is a much more common cause of hypertension than was 
previously thought, accounting for as many as five percent 
to 15 percent of hypertensives in some series, with most 
patients lacking hypokalemia as a clue to the presence of 
this condition, and therefore masquerading as “essential 
hypertension.” The second major development has been 
the accumulation of experimental and clinical evidence 
suggesting that aldosterone excess may have deleterious 
effects on  the cardiovascular  system that are at least partly 
independent of blood pressure elevation.3  PA patients 
have higher cardiovascular morbidity and mortality than 
age- and sex-matched patients with essential hypertension 
and the same degree of blood pressure elevation. Specific 
treatments  are  available  that ameliorate the impact of 
this condition.4

 To screen patients for primary  aldosteronism, evaluation 
of  plasma  renin activity (PRA)  or  plasma  renin concentrations  
constitutes  a very sensitive test, since renin is consistently 
suppressed  in  primary  aldosteronism. However suppressed 
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renin  levels  lack specificity due to the influence of dietary 
salt consumption, possible  drug interference and advancing  
age and  chronic  renal  impairment5. At the same time, 
aldosterone  measurement may per se fail to detect  patients  
with  primary aldosteronism  as  considerable overlap occurs 
in plasma aldosterone between primary aldosteronism  and  
essential hypertension. Demonstration of frankly elevated  
plasma aldosterone levels lacks sensitivity for PA, because  
many  patients  exhibit levels  that  lie  within the  wide 
normal  range. Such “normal” levels  could be viewed as 
“inappropriately normal” in the face  of suppression of the  
renin–angiotensin  system  which, in  individuals  without PA, 
should result in suppression of plasma aldosterone to very 
low values. The Endocrine  Society, hence, recommended 
the use of aldosterone-renin ratio (ARR) to detect cases 
of primary aldosteronism in high prevalence  group.4 The 
ARR addresses some of the limitations described in being 
much  more sensitive  for detection of PA than aldosterone 
measured   in isolation, and  more  specific  than isolated 
renin measurements, in that if renin  is  suppressed an  
aldosterone is also suppressed, the ratio will not be elevated. 
Giachetti et al.1 reported in a series of 156 hypertensive 
patients ARR as  having high sensitivity of 100 percent with 
specificity of  84  percent. Since  many factors  are capable 
of affecting the ratio, it is not without false-positives  and 
–negatives. It  is for this reason  that the ratio should be 
regarded as a screening test only, and  among those with 
positive ARR, aldosterone suppression test should be done 
to definitively confirm or exclude the diagnosis of Primary 
Aldosteronism.

Objectives

General:

 To determine the cases of  primary aldosteronism among 
patients admitted  at  St. Luke’s  Medical Center from 
January 2006 to  December 2008 using  the  aldosterone-
renin ratio (ARR) as screening tool.

Specific:

1.  To  determine the clinical profile of patients who 
had positive aldosterone-renin ratio (ARR) in terms 
of:

 a. Demographic profile: Age and Sex
 b. Clinical  Features: history of hypertension,        
                    blood pressure range
 c. Biochemical profile: levels of serum 
                    potassium, serum creatinine, plasma 
                    aldosterone, plasma renin
2.  To identify  the  cases who  had  positive  aldosterone-

renin ratio (ARR) who had  futher diagnostic work-
up in terms of:

 a. Confirmatory Saline infusion test
 b. Imaging study of the adrenals
 c. Adrenal vein sampling
 d. Histopathologic  findings of adrenal glands 
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for those cases who had adrenalectomy performed
3.  To  determine  the  post-operative clinical  profile 

of patients  diagnosed  with primary aldosteronism  
who underwent  adrenalectomy, as to serum 
potassium  level  and  blood  pressure  range.

Methodology

 Patients   seen  at  St. Luke’s  Medical Center from 
January 2006 to  December  2008  who had plasma 
aldosterone and plasma  renin taken were included in the 
study. Charts  of the patients  were  reviewed and data 
collection form was utilized.

 The following  data  were  obtained  from  the abstracted  
charts:

1. Demographic profile: Age, Sex
2. Clinical profile: number of years hypertensive,  blood 

pressure range
3. Biochemical  profile: serum potassium, plasma renin, 

plasma aldosterone and serum creatinine . The 
aldosterone – renin ratio was obtained by dividing 
the plasma aldosterone (ng/dl) by plasma renin 
activity (ng/ml/hr). A positive ratio would mean an 
ARR of ≥ 30.4

 Other available data obtained were as follows:
1. Saline infusion test results
2. Imaging study of the adrenal gland
3. Adrenal vein sampling result
4. Histopathologic  finding  if surgical removal was 

done

 Among the patients  who were confirmed to have 
primary aldosteronism  and  who  underwent  adrenalectomy, 
post-operative follow-up was done and data on serum 
potassium  and  blood  pressure  levels  were obtained.

Results

A. Clinical Profile:

 Data from  72 hypertensive adults who had plasma 
aldosterone  and  renin done, and who were seen at St. 
Luke’s Medical Center from January 2006 to December  
2008 were retrospectively reviewed. The mean age of the 
patients is 43 y.o. Thirty-nine of  them  were females.
 All of the patients  had been  hypertensive  for  more 
than 5 years, with  systolic BP range of 140-220 mmHg  and 
diastolic BP range of 90-110 mmHg. Most of them were 
maintained on 2-3 anti-hypertensive medications, most 
common of which is  the  ACE  inhibitor, followed by ARB 
and  calcium channel blockers.
 The upright  plasma aldosterone ranged from 1.021 – 
131.38 ng/dl while the upright plasma renin level ranged 
from 0.01-8.85 ng/ml/hr.
 Of the 72  patients initially reviewed, 43 had positive 
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aldosterone-renin ratio (ARR), the cut-off value of which is 
> 304. However, only  23  patients with ARR ≥ 30 proceeded 
with the confirmatory test which is the saline infusion test. 
Eighteen were females, five were males. Mean age was 
40 y.o + 7.1 y.o. The mean duration of hypertension was 
five years from  the  onset  of  hypertension to the  time  of 
consult. The mean  systolic and  diastolic BP were 195 mmHg 
and 100 mmHg, respectively.
 A l l  of  the 23 pat ients  were hypokalemic upon 
determining their baseline  potassium levels but only 15 
of them complained of  occasional  lower  extremity  
weakness. Eighteen out  of  23  patients had  elevated upright 
aldosterone levels  (≥ 16ng/dl).

B. Confirmatory Saline Infusion Test

 Fourteen out of the 23 patients  were positive in the 
saline infusion test. By  protocol4, if  plasma  aldosterone  
level fails to drop to ≤10 ng/dl after infusion of 2L of  0.9% 
NaCl over 4 hours, it  is a  positive confirmatory test for 
primary aldosteronism.  One  patient  had  normal plasma 
aldosterone  level (12.549ng/dl) which failed to decrease 
to  less than 10ng/dl  after saline loading test.

C. Imaging of the Adrenals

 Computerized  tomography  of the adrenals  was 
done on the 14 patients. Seven of them  were found 
to have  unilateral adrenal  microadenoma, 3  have  
unilateral  macroadenoma, 2 have adrenal limb thickening 
while  2 patients  have bilateral  adrenal nodules.  The 
two patients with bilateral adrenal lesions  underwent  
adrenal vein sampling.  The 10 patients who had unilateral  
adrenal  disease underwent  unilateral  adrenalectomy. 
Histopathologic  result of the 10 patients was adrenocortical 
adenoma.

D. Bilateral Adrenal Vein Sampling (BAVS)

 Two  patients  with  bilateral  adrenal  lesions  underwent 
adrenal vein sampling to  lateralize  the  source  of 
excessive aldosterone secretion. Unstimulated sequential 
BAVS followed by cosyntropin stimulated sequential BAVS 
was performed. Both patients have bilaterally functioning 
adrenals, hence  no lateralization  was   determined. Medical 
therapy with  spironolactone  was maintained at doses of 
50-150 mg/day.

E. Adrenalectomy
 The  ten  patients  with  unilateral  disease adrenal 
disease underwent  unilateral  adrenalectomy. Blood  
pressure was  controlled by  spironolactone or calcium-
channel  blockers  prior to the  procedure. Moreover,  serum 
potassium was normalized also through intake of Kalium 
durule.

 Immediate  post-operative  follow-up was done on the 
patients who underwent adrenalectomy. Blood pressure  
and serum potassium levels were obtained. None of the 
patients  had  post-operative  plasma  renin  and  aldosterone 
determination done.
 The mean serum potassium obtained  from the 10 
patients  post-operatively was  3.5 meq/L  while  the  
average blood pressure level was 144/90 mmHg. Three 
out of the seven post-adrenalectomy patients had blood 
pressure range  of more  than  or equal to 140/90 mmHg 
but way below  their  previous  blood pressure level prior to 
adrenalectomy. Their  serum potassium  levels,  however, 
were  already normal without  potassium  supplementation.  
They  were  maintained on calcium channel blockers for 
blood  pressure  control  upon  discharge.
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Figure 1: Study Design

Table I.  Biochemical profile of the 23 patients 
with positive aldosterone-renin ratio who proceeded 

with the confirmatory test
 

 Range Mean
Plasma Aldosterone (ng/dl) 12.549 -131.38 51.161
Plasma Renin (ng/ml/hr) 0.01 – 1.75 0.13
Serum potassium (meq/L) 2.1 – 3.3 2.9

Table II.  Profile of the 10 patients with unilateral adrenal 
lesions before and aprior to unilateral adrenalectomy.

 

 Mean (pre-op) Mean (post-op)
Potassium (meq/L) 2.8 3.5
Creatinine (mg/dl) 0.968 1.1
ARR 2457.1 -
Blood Pressure (mmHg)   
     Systolic 197 144
     Diastolic 105 90



Discussion

 Recognizing that primary aldosteronism (PA) is a 
common specifically  treatable  form  of hypertension  has 
led to  a marked increase  in demand for aldosterone/
renin ratio (ARR) testing  as  a  means  of  screening for this 
disorder.1 The value of this screening test depends on an 
appreciation  of  many factors  which can  affect the results, 
and on  access to reliable and  reproducible  assays for 
renin and  aldosterone. Provided  that testing of aldosterone  
suppressibility  is  always carried  out to confirm or exclude 
the diagnosis, application of the  ARR can have a major 
beneficial  clinical  impact with improved therapeutic 
outcomes, including possible cure in those with unilateral 
disease.
 The Endocrine Society  updated its guidelines on 
the management  of  primary  aldosteronism.4 It   is 
recommended to do case detection of PA  in  high risk 
groups of hypertensives  and  those with  hypokalemia 
by determining  the aldosterone-renin ratio (ARR) under 
standard condit ions.  I f   with  posit ive ARR, pr imary  
aldosteronism  can  be  confirmed  or  excluded by one 
of the four commonly  used  confirmatory tests, among 
them  is  the saline infusion  test. Furthermore, the  CT scan 
of the  adrenals  must  be  performed and  the  presence of 
unilateral  form of PA should  be  established/ excluded by 
bilateral adrenal vein sampling (AVS).
 Our  patient group belongs to high  prevalence group, 
all being  hypertensive  and  hypokalemic. Contrary to 
several reports that only 21-48 percent2 of those who 
were  diagnosed  to  have  PA are hypokalemic, all of 
the patients in  our study population confirmed with PA 
were hypokalemic. This result is  parallel to a local study by 
Jimeno et al8. where all 13  patients  diagnosed with primary 
aldosteronism had hypokalemia as initial presentation. 
Moreso, another  local  study  by Doroin et al9 showed all 
nine patients  with PA had  low  serum  potassium  level  
at baseline. However not all of the patients in this present 
study were  symptomatic since only  65  percent of them 
complained  of  extremity weakness  or  numbness.  Since 
some studies report that only about less than half of PA 
patients are hypokalemic,2 low serum potassium cannot 
be regarded as an important screening tool to  detect  
cases  of  primary aldosteronism. In one series10 not only 
was the presence or absence of hypokalemia unreliable 
in the detection or exclusion of PA, it was also unhelpful in 
predicting whether unilateral adrenalectomy for  PA would 
result in  a  cure of  hypertension or biochemical cure of PA.
 The patients who were  confirmed to have PA have 
moderate to severe hypertension. Confirmed PA patients 
in this study had mean SBP and DBP of 197 mmHg and 
105 mmHg respectively. All of them were on two to three 
antihypertensive  medications. Duration  of  hypertension has  
been reported  by several  investigators to be a negative 
predictor  of outcome following  unilateral  adrenalectomy 
for aldosterone-producing  adenoma, suggesting  that 

delays  in  diagnosis  may  result  in  a  poorer  response to 
specific  treatment once PA  is finally diagnosed.4

 Demonstration  of  frankly  elevated  plasma   aldosterone 
levels  lacks  sensitivity for PA, because many patients 
exhibit levels that lie within the wide normal range.10 In 
one  series of 555 patients  diagnosed with PA, 414 (75%) 
had  upright  plasma aldosterone  levels  <30  ng/dl  and 
143 (26%) had  levels <15 ng/dl. Another group of 136 
patients who demonstrated lateralization on adrenal venous 
sampling (AVS), consistent with aldosterone producing 
adenoma (APA), 78 (57%) had aldosterone levels <30 ng/
dl and 16 (12%) had levels <15 ng/dl.11  These  show that  
a  considerable number of primary aldosterone patients 
have normal levels of plasma aldosterone. In this present 
study, one patient  with  confirmed PA (7%) had  plasma 
aldosterone level within the normal range.
 The  aldosterone-renin  ratio  (ARR)  is  currently  the  most  
reliable  available  means of  screening for PA.4 The  use  of  
the ARR  as a  screening  test  revealed  a  prevalence of 
aldosterone-producing  adenoma  (APA)  of  2.6  percent  in 
348  hypertensives.12  All  patients  in  this  study  had  plasma 
aldosterone-renin  ratio of  ≥ 30. Most  centers use  cut-offs 
between  20-40.4  A  study  by  Giachetti  et al.1 reported  ARR  
as  having  high  sensitivity of 100  percent with  specificity 
of 84  percent.
 After  case  detection using ARR, a  further test has to 
be  done  definitively  confirm or exclude the  diagnosis 
of PA. Four  testing  procedures  (oral sodium  loading, 
saline infusion, fludrocortisone suppression, and  captopril 
challenge)  are  in  common  use. Current  literature  does 
not identify  a   gold  standard  confirmatory  test  for PA.4 This 
present  study  used  saline  infusion test  as  the  confirmatory 
test  of  choice. Giachetti  et  al2 reported  that  saline  
infusion  test  with  a  cut-off  value  for  plasma  aldosterone  
of ≥7 ng/dL  showed  a  sensitivity  of  88  percent  and  a  
specificity  of 100 percent  when  evaluated by  ROC curve 
in the   76 cases  with  ARR >40.
 After  the  confirmatory  test,  computed  tomography 
has to  be  done  for  subtype  classification. In  this   study, the 
14  patients  who  had  positive  ARR  and  were  confirmed 
cases  of  PA  had  adrenal  lesions. However,  adrenal  
CT  has   its  limitations.  Small  adenomas  may  not  be  
detected. Moreover, apparent  adrenal  microadenomas  
may   represent   areas  of  hyperplasia. CT  scan  is  
particularly  useful  for detecting larger lesions that may 
warrant consideration  for  removal  based on  malignant  
potential.4  Magnetic  resonance  imaging offers  no  
advantage  over CT, being more expensive  and  having  
less  spatial  resolution.
 Lateralization  of  the  source  of  the  excessive  
aldosterone secretion  through  bilateral  adrenal vein 
sampling is critical to guide  the management of PA. 
Distinguishing  between unilateral and  bilateral disease 
is  important  because  unilateral  adrenalectomy  results 
in normalization of hypokalemia  and  improvement 
of hypertension.13 Imaging cannot rel iably visual ize 
microadenomas or dist inguish incidentalomas f rom 
aldosterone-producing  adenomas  with confidence , 
making  AVS  the most  accurate  means  of  differentiating 
unilateral   from  bilateral  forms  of  PA. AVS  is   expensive  
and  invasive,  and  so it  is  highly  desirable  to  avoid  this  test 
in  patients  who do  not  have  PA. Only two patients  in  this  
present  study  underwent  bilateral  adrenal  vein  sampling  
because  of  bilateral   adrenal  lesions. It  was  done to 
lateralize  the  source  of  excessive  aldosterone  secretion. 
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However, no  lateralization  was  manifested  suggesting  that  
both  adrenals  are   hyperfunctioning.  Hence,   surgical  
intervention couldn’t  be  done  and  medical therapy is 
the only option. To eliminate the  potential  for  patients 
with false-positive  ARR to  undergo  AVS,  confirmatory  test  
should be  done. The  sensitivity and  specificity of AVS (95% 
and 100%, respectively) for  detecting  unilateral  aldosterone 
excess are superior to that of adrenal CT (78% and 75%, 
respectively).14

 Patients  with  unilateral  adrenal  lesion   may  be   
offered unilateral  adrenalectomy  since blood  pressure  
and  serum potassium  improve  postoperatively.13 In  this  
current  study, 10 patients  underwent adrenalectomy 
for adrenocortical  adenoma.  Their  serum  potassium 
normalized  and  their  blood  pressure   significantly 
improved. However  three  patients  were  maintained  on a 
single  antihypertensive  medication upon  discharge  since  
their blood  pressure were  still  in the  hypertensive  range  
but way below their  preoperative  blood  pressure level. 
No  subsequent  postoperative  followup  was  done on 
these patients. The  most  common reasons for persistently 
increased  blood pressure  after  adrenalectomy  are  
coexistent  hypertension of unknown  cause  and  older age  
and/or longer duration of hypertension.13 The  comparison 
of pre- and  postoperative  aldosterone  suppression tests 
is  the only means of determining  whether  autonomous  
aldosterone  production has  been  totally or partially 
corrected.11 Such maneuver wasn’t  performed  on the 
patients  postoperatively  in  this present study.

Conclusion

 Primary  aldosteronism  is a potentially curable  disease. 
Hypokalemia  and  blood  pressure improve upon treatment. 
Case detection using plasma aldosterone- renin ratio 
be done in high risk group especially those hypertensive 
patients and are hypokalemic. Confirmatory test such as 
saline infusion test must be pursued in those with positive 
ratio. CT scan is helpful in detecting the lesion and adrenal 
vein sampling be done to lateralize the hyperfunctioning 
adrenal.
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