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MANY SYNDROMES… 
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An adrenal 
incidentaloma is 

an 
asymptomatic 
adrenal mass 
detected on 
imaging not 

performed for
suspected 

adrenal disease UNSUSPECTED 



Hong	et	al,	EJE	2017	

AIM:	 To	 validate	 the	
E S E / E N S A T	
guidelines	statement	
a s s e r t i n g 	 t h a t	
a d r e n a l	
incidentalomas	 <4	
cm	 and	 ≤10	 HU	 do	
not	 require	 further	
follow-up	imaging	

Re t ro s p e c t i v e	
a n a l y s i s	 i n	 a	
single	center	



Hong	et	al,	EJE	2017	

OPTIMAL	CUT-OFF:	
•  mass	size:	3.4	cm	
			-	sensitivity:	100%;	
			-	specificity:	95.0%	
•  Basal	HU:	19.9	
			-	sensitivity:	100%	
			-	specificity:	67.4%		

ESE	GL	CUT-OFF:	
•  mass	size:	4	cm	
			-	sensitivity:	90%;	
			-	specificity:	97.9%	
•  basal	HU:	19.9	
			-	sensitivity:	100%	
			-	specificity:	45.4%		



28.0%	of	nonfunctional	AI	(<	1.8	μg/dL	after	1-mg	
DST)		progressed	to	autonomous	cortisol	secretion	
during	the	follow-up	period.		
No	development	of	overt	Cushing	was	observed.		

The	majority	of	
nonfunctional	lesions	
did	not	change	in	size	
during	the	4-year	
follow-up	period.		

Hong	et	al,	EJE	2017	

CONCLUSION: No follow-up imaging is 
required if  the adrenal mass is <4 cm and 

has clear benign features 



Buitenwerf	et	al,	EJE	2018	

AIM:	To	determine	the	sensitivity	of	the	
10	HU	threshold	value	to	exclude	a	PHEO	

222	
histologically	
proven		PHEOS	Ret rospec t i ve	 rea s ses sment	 o f	

preoperative	unenhanced	CT	scans	

The	mean	
attenuation	

value	was	36±10	
HU.	Only	1	

PHEO	had	≤10	
HU:	sensitivity	

of	99.6%	



Guerin	et	al,	JCEM	2017	

Histology	was	the	
gold	standard	and	
72%	of	patients	
underwent	ADX	

95	patients	enrolled	
and	87	analyzed.	
63	 patients	 were	
operated	on	
24	 were	 followed-
up		for	12	months	

AIM:	To	evaluate	the	role	of	FDG-PET/CT	
in	 the	 characterization	of	 indeterminate	
and/or	large	adrenal	incidentalomas	

Prospective	 multicenter	 study	 in	 8	
French	centers	
N o n e o f  t h e m a s s e s w i t h 
unenhanced density <10HU were 
malignant 
 
FDG-PET/CT has excellent NPV 
 
Tmax:Lmax uptake ratio >1.5 is the 
best for diagnosing a malignancy 



BENIGN		
(N	=	72)	

MALIGNANT		
(N	=	15)	

P	

Size*,	mm	 40.5	(14-95)	 56	(22-100)	 0.003	

Unenhanced	density*,	HU	 21.5	(-13	to	41)	 35.0	(10-42)	 0.002	

Tmax:Lmax*	 0.9	(0.4-13.6)	 2.0	(0.8-17.7)	 <10-3	

Tmax:Lmax	<	1.5	 62	(86%)	 2	(13%)	

Tmax:Lmax	>	1.5	 10	(14%)	 13	(87%)	

Positive	PET	on	VA,	%	 30%	(21/70)	 93.3%	(14/15)	 <10-3	

Guerin	et	al.	JCEM	2018	

*median	(range)	

Comparisons	of	Imaging	Findings		
Between	Benign	and	Malignant	Masses	



Clinical characteristics 
NF PACS ACS

Age (years) 60.5	±	10.9	 66.3	±	10.8	 61.3	±	9.9	
Size (mm) 22.4	±	16.8	 26.0	±	13.7	 31.0	±	15.9		
Cortisol (mmol/l) 32.3	±	28.1	 77.4	±	23.9	 262	±	116	



Patrova	et	al.		
Endocrine	2018	

               Causes of death 
NF PACS ACS P

Cancer 	5	(2.5%)	 5	(3.9)%	 6	(18.2%)	 <0.001	

CV cause 	4	(2.0%)	 4	(3.1%)	 0	 NS	

Other 16	(7.9%)	 15	(11.7%)	 0	 NS	



80	Patients	

17	ACTH-Dependent	
Cushing	Syndrome	

63	Adrenal	
Incidentaloma		
	(28	with	SH)	

SURGERY	

PSH	14	(82.4%)	 PSH	29	(46%)	

>18	months	"	50%	 >18	months	"	31%	

>36	months	"	35.7%	

		SU=	Subclinical	Hypercortisolism	
PSH	=	Post-surgical	Hypoadrenalism		





Cavalari	et	al.	Clinical	Endocrinology	2018	

NFAI	
(N	=	74)	

CONTROLS	
(N	=	90)	

P	

BMI,	kg/m2	 30.1	±	4.6	 28.8	±	5.2	 0.12	

Waist,	cm	 100.3	±	11.6	 94.2	±	11.9	 0.003	

Type	2	diabetes,	%	 33.8	 23.3	 0.14	

Dyslipidaemia,	%	 73.0	 57.5	 0.04	

Hypertension,	%	 75.3	 50.0	 0.001	

Metabolic	syndrome,	%	 81.7	 44.9	 <10-3	



ADRENAL CUSHING 



Analysis	 of	 epidemiological,	 clinical,	
biochemical	 data	 of	 patients	 with	
pituitary	vs.	adrenal	Cushing	

Retrospective	series	of	2	centers	in	Israel	from	2000-2017	

Hirsch	al,	Endocrine	2018	



Analysis	 of	 epidemiological,	 clinical,	
biochemical	 data	 of	 patients	 with	
pituitary	vs.	adrenal	Cushing	

Retrospective	series	of	2	centers	in	Israel	from	2000-2017	

Hirsch	al,	Endocrine	2018	Most frequent cause for screening was 
weight gain (48.6%) in pituitary and adrenal 
incidentaloma (39.5%) in adrenal Cushing 
 
Younger mean age in pituitary than in 
adrenal Cushing (42.5 vs. 51.6 years) 
 
Lower rate of  HTN in pituitary than in 
adrenal Cushing (51.4% vs. 74%) 
 
No difference in UFC between groups 



Analysis	 of	 QoL	 of	 414	 patients	 with	
pituitary	 Cushing	 vs.	 179	 patients	 with	
adrenal	Cushing	

Retrospective	analysis	of	ERCUSYN	data	

Valassi	al,	Clin	End	2018	

No difference in perceived QoL at baseline 
 
Worse perceived QoL at the last visit >1 year after 
surgery  
 
No difference in patients in remission after 
surgery  (70% of  patients with pituitary and 100% 
with adrenal Cushing) 



# Affects ≈2 cases per million population 
 
# Has a 5-yr survival of ≈30% 

# Surgery is the primary treatment 

# Medical treatment is underdeveloped 
 

Adrenal Cancer 



Retrospective analysis of 3185 patients in the National 
Cancer Databas from 2004 to 2015 with diagnosis of ACC 

Overall Survival  

Predictors of Survival 

Age p<10-3 

Comorbidity p<10-3 

Grading p<10-3 

Stage IV p<10-2 

No surgery p<10-3 

Lymphadx p=0.02 

In multivariable analysis, predictors 
of worse prognosis: 



AIM:	 To	 provide	 efficacy	 data	 on	
mitotane	monotherapy	 127	not	

completely	
resectable	ACC	Retrospective	study	in	3	German	centers	

between	1997	-	2016	

Megerle	et	al,	JCEM	2018	

Complete response in 3 (2.4%) 
 
Partial response in 23 (18.1%) 
 
Stable disease in 32 (25.2%) 
 
23/32 had stable disease >6 months 
 
Progression-free survival 4.1 months (1-73) 
 
Overall survival 18.5 months (1.3-220) 



Megerle	et	al,	JCEM	2018	

RFS > 12 
months 

<10 tumor 
lesions 
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1  | INTRODUC TION

Despite established hormone replacement therapies, the mortal-

ity in patients with chronic adrenal insufficiency (AI) is increased 

compared to the general population.1-5 The relative risk to die from 

infectious disease was 6.6- fold increased in a Swedish analysis.1 It is 

assumed that adrenal crisis (AC) contributes to the increased mortal-

ity in AI patients.6 The documented incidence of AC varies between 

6 and 17 AC/100 patient-years.7-11 A prospective study revealed a 

frequency of about 8 AC/100 patient-years and a crisis associated 
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Summary
Objective: To evaluate the management of adrenal emergencies (AE) requiring paren-

teral glucocorticoid (GC) treatment in patients with chronic adrenal insufficiency (AI).

Design: Prospective, multicentre, questionnaire- based study.

Patients and measurements: Participating patients (n = 150) with chronic AI were 

provided with a questionnaire on the management of emergency situations, which 

had to be completed and sent back in case of an AE. In addition, patients were con-

tacted by phone on a regular basis.

Results: Fifty- nine AE in 39 patients were documented. The time interval from con-

tact to arrival of a medical professional was 20 minutes (1- 240). In total, in 43 AE, 
patients received parenteral GC by a medical professional. The time interval between 

showing the emergency card and GC injection by a medical professional was 60 min-

utes (5- 360). A total of 26 patients administered GC by self- injection. The time from 

the beginning of symptoms to GC injection was significantly shorter in case of self- 

injection (self- injection vs injection by medical professional; 85 minutes [20- 280] vs 

232.5 minutes [1- 3135]; P < .001). After self- injection, 62% of the patients were 

treated outpatient, compared to 27% of the patients after exclusive injection by a 

medical professional (P = .008). To improve the emergency management, most of the 

patients (84%) indicated a need for an easier way of self- injection.

Conclusion: While management of AE by both patients and medical professionals still 
shows high variability, patients profit from the option of self- injection. Patient care, 

including education of patients and health- professionals, as well as the way of GC 

administration, needs further optimization.

K E Y W O R D S

adrenal crisis, adrenal emergency, adrenal insufficiency, emergency management, 

glucocorticoid injection, self-injection
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Scopo:	Gestione	emergenza	in	pz	affetti	da	insufficienza	
corticosurrenalica	(ICS)	
	
Disegno:	Studio	prospettico,	multicentrico	basato	su	questionari	
con	vari	items	relativi	all’emergenza	da	inviare	in	caso	di	crisi	
	



Pazienti	e	Metodi:	150	pz	affetti	da	ICS	(104	primitiva,	41	secondaria,	5	iatrogenica)	
preparati	nel	fronteggiare	l’emergenza,	dotati	di	tessera	e	kit	d’emergenza	afferenti	
a	centri	terziari	ed	un	medico	di	base	a	cui	afferivano	pz	provenienti	da	aree	rurali	e	
da	2	città		

$  	59	emergenze	necessitavano	di	terapia	con	GC	in	39	pz	

24  |     BURGER- STRITT ET al.

3.2 | Adrenal emergencies

Fifty- nine AE leading to parenteral GC administration in 39 patients 
were observed during an observation period of 191 patient-years. In 
two further cases, an acute worsening of the general state of health 
that was only treated by orally administered HC was reported and 
excluded from further analyses due to the absence of parenteral 
GC administration. No patient died during the observation period. 
Patient characteristics are displayed in Table 1. The frequency of 
AE was 31/100 patient-years (36/100 patient-years in primary com-
pared to 24/100 patient-years in secondary AI). Main causes were 
febrile (n = 26) and gastrointestinal (n = 22) infections followed by ac-
cident (n = 3), surgery (n = 2), mental stress, painful hip luxation and 
discontinued GC intake by order of a physician (respective n = 1). ten 
patients stated “others” (without further description) and 3 patients 
“unknown” cause. A total of 49 patients stated one cause and 10 pa-
tients two causes. The reported symptoms are shown in Table 2.

3.3 | Management of adrenal emergencies

Fifty patients (85%) first increased their oral daily GC dose 30 min-
utes (0- 2880) after onset of symptoms. The additionally ingested 
amount of oral HC was 25 mg (5- 120). Five patients (8.5%) admin-
istered GC using a prednisone/prednisolone suppository. After 

further 120 minutes (5- 2880), patients contacted a physician and 
asked for professional medical help. In four cases of AE, patients did 
not contact a physician or any professional medical help. The time 
interval from contact (a medical professional) to arrival of a physi-
cian (contact- arrival- time) was 20 minutes (1- 240) (Figure 1A). Eight 
of the patients that contacted a medical professional had only a con-
sultation by phone.

Eleven patients documented multiple parenteral administrations 
(nine patients double and two patients triple GC injection). The GC 
injection was either performed by the patients themselves (or rel-
atives) and/or a family/emergency/hospital doctor (Figures 2A and 
S1, found in the Supporting Information): 55.9% of patients received 
GCs by a hospital physician, 32.2% by self- injection (patient), 15.3% 
by self- injection (relatives), 11.9% by emergency physician and 6.8% 
by family physician.

In 43 cases of AE, GC was injected by a medical professional. 
The time from the arrival of a medical professional and showing 
the emergency card to parenteral GC administration by a physi-
cian (card- injection- time) was 60 minutes (5- 360) (Figure 1A). Ten 
of the 43 patients who received GCs by a medical professional 
had already performed a self- injection before intravenous injec-
tion by the medical professional. Card- injection- time (injection by 
medical professional) was 25 minutes (5- 120) in case of a previous 
self- injection compared to 60 minutes (5- 360) without previous 

Total (n = 39) Female (n = 30) Male (n = 9)

Cause of AI

Primary AI (n) 28 21 7

Secondary AI (n) 11 9 2

Age (years) 50 (24- 74) 49 (24- 72) 55 (34- 74)

Duration of disease (years) 12 (0- 38) 11 (0- 38) 16 (6- 26)

Participation in standardized 
education programme (%)

95 97 89

AI, Adrenal insufficiency. Age and duration of disease are displayed as median and range.

TABLE  1 Characteristics of 
participating patients with a documented 
adrenal emergency during the observation 
period (n = 39)

Symptoms
Frequency number 
(percentages of cases)

Outpatient 
(percentages of 
cases)

Inpatient 
(percentages of 
cases)

Nausea/vomiting 41 (69.5) 52* 82*

Severe fatigue 32 (54.2) 64 47

Hypotension/vertigo 28 (47.5) 36 56

Diarrhoea 23 (39) 28 47

Abdominal pain 19 (32.2) 32 32

Collapse/shock 8 (13.6) 12 15

Hypoglycaemia 3 (5.1) 0 9

Anxiety (attack) 1 (1.7) 0 3

Dyspnoea 1 (1.7) 0 3

Others 9 (15.3) 16 15

Comparison of outpatient (n = 27) vs inpatient (n = 34) treatment by chi- squared test (*P < .05).

TABLE  2 Symptoms of the 59 adrenal 
emergencies (multiple answers were 
possible; n = 165)



Risultati:	
	
$  Intervallo	temporale	mediano	dal	contatto	all’arrivo	di	un	sanitario:	20	m’	
$  Intervallo	temporale	mediano	da	esibizione	tessera	emergenza	a	terapia	con	GC		
					da	personale	sanitario:	60	m’	
$  Tempo	di	autosomministrazione	GC	85	m’	vs	232.5	m’	da	personale	sanitario	(p	<	0.001)	

     |  25BURGER- STRITT ET al.

self- injection (P = .093). About 45% of the patients received the GC 

injection within 30 minutes after showing the emergency card; 55% 

had to wait longer. In one AE, the GC injection was refused by the 
attending physician, the patient subsequently administered GC by 

self- injection. In 26 cases, an initial GC injection was performed by 

the patient themselves or their relatives, which was followed by a 

further GC injection by a medical professional in 10 cases. Twelve pa-

tients injected GC subcutaneously and 13 patients intramuscularly, 

one patient indicated no further details on the route of parenteral 

administration. Self- injection of GC was performed 77.5 minutes 

(1- 200) after the beginning of symptoms (Figure 1B). In 35 AE, no 
self- injection was performed; the reasons reported by the patients 

F IGURE  1 A, Time from contact to arrival of professional medical help (contact- arrival) (n = 50) and time from showing the emergency 
card to a medical professional to glucocorticoid (GC) injection (card- injection) (n = 42). B, Time from the beginning of symptoms to self- 
injection (n = 26)

F IGURE  2 A, Parenteral administration (intravenous, intramuscular or subcutaneous injection) of glucocorticoids (GC) during the 
emergency. Percentage of patients (n = 59) receiving glucocorticoids parenterally (n = 72 documented parenteral injections). B, Reasons for 
skipped self- injection (n = 31). (i) The impaired general health condition made it impossible to prepare/perform a glucocorticoid self- injection; 
(ii) The inhibition threshold for self- injection was too high despite having received respective instructions during standardized patient 
education; (iii) No education in self- injection received so far. Percentage of patients choosing the respective answer (multiple answers were 
possible [n = 47])

20	

60	

26  |     BURGER- STRITT ET al.

are displayed in Figure 2B. The time from parenteral GC administra-
tion to improvement of symptoms (injection- improvement- time) was 
60 minutes (2- 2880). There was no significant correlation between 
the contact- arrival- time or the card- injection- time and the injection- 
improvement- time (r = −.119, P = .414; r = −.023, P = .887). The 
injection- improvement- time was shorter after initial self- injection 
(intramuscular or subcutaneous) compared to sole intravenous in-
jection by a medical professional (self- injection vs medical profes-
sional; 45 minutes [2- 2880] vs 60 minutes [15- 1440]; P = .032). 
The injection- improvement- time was not significantly different 
after subcutaneous and intramuscular GC injection (subcutaneous 
vs intramuscular; 45 minutes [2- 120] vs 45 minutes [10- 2880]; 
P = .884). The time from the beginning of symptoms to GC injection 
(symptom- injection- time) was 110 minutes (1- 3135) and was signifi-
cantly shorter in case of self- injection (self- injection vs sole injec-
tion by medical professional; 85 minutes [20- 280] vs 232.5 minutes 
[1- 3135]; P < .001); Figure 3A. No significant correlation between 
symptom- injection- time and injection- improvement- time was ob-
served (r = −.080; P = .554). The number of symptoms did not differ 
between patients who performed a self- injection and patients who 
received GC only by a medical professional (self- injection vs med-
ical professional; 3 [1- 6] vs 3 [1- 7]; P = .639). Diarrhoea was more 
frequent in patients that received GCs only by medical professional 
(self- injection vs medical professional; 11.5% vs 60.6%, P < .001); 
no differences regarding the frequencies of all other documented 
symptoms within the AE were observed. Furthermore, no significant 
differences between females and males as well as patients with pri-
mary and secondary AI were observed regarding the management of 
the AE (oral GC intake, symptom- injection- time, time until contact-
ing a medical professional, contact- arrival- time, card- injection- time, 
injection- improvement- time, kind of GC injection and [duration of] 
hospitalization).

3.4 | Hospitalization

Twenty- five patients (42%) were treated as outpatients, 17 pa-
tients (29%) were treated at a general ward and 17 (29%) patients 
at an intensive care unit. About 78% of the patients that did not 
adapt their oral GC dose (n = 9) had to be treated at a general 
ward or intensive care unit, compared to only 54% of the patients 
who initially increased their daily oral GC dose (n = 50) (P = .278). 
After self- injection (by patients or relatives), 62% of the patients 
were treated on an outpatient basis, compared to only 27% after 
sole injection by a medical professional (P = .008); Figure 3B. Even 
after exclusion of patients that did not search professional medical 
help (n = 4), significantly (P = .041) more patients were treated on 
an outpatient basis after self- injection (55%) compared to sole in-
jection by a medical professional (27%). The frequency of intensive 
care unit treatment was 19% after self- injection and 36% if injec-
tion was only performed by a medical professional, which, however, 
did not statistically differ (P = .149). The duration of hospitalization 
was not different after initial self- injection compared to the patients 
that did not self- inject (self- injection vs no self- injection; 2.1 days  
[0.8- 4] vs 2.5 days [0.5- 5]; P = .878). No significant correla-
tion between symptom- injection- time and duration of hos-
pitalization (r = −.06; P = .761) was observed. Moreover, the 
injection- improvement- time (GC injection < 30 minutes vs >30 min-
utes; 60 minutes [2- 2880] vs 60 minutes [10- 720]; P = .728) as well 
as the duration of hospitalization was not shorter in patients that 
received GC within 30 minutes after the beginning of symptoms 
(GC injection <30 minutes vs >30 minutes; 2.5 days [1.5- 4] vs 2 days 
[0.5- 4.5]; P = .278). Patients that were treated on an inpatient basis 
had more often gastrointestinal symptoms (Table 2). Moreover, the 
number of symptoms was slightly, but not significantly, higher in pa-
tients that were treated on an inpatient basis (out-  vs inpatient: 2 

F IGURE  3 Self- injection (by patients or relatives) vs injection by medical professional (emergency, clinic or family doctor). A, Time from 
the beginning of symptoms to glucocorticoid injection—self- injection (n = 26) vs sole injection by medical professional (MP) (n = 33); Analyses 
were performed by Mann- Whitney U test; ***P < .001. B, Hospitalization (outpatient, general ward, intensive care unit)—self- injection 
(n = 26) vs sole injection by medical professional (MP) (n = 33 patients, who received GC only by MP)
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self- injection (P = .093). About 45% of the patients received the GC 

injection within 30 minutes after showing the emergency card; 55% 

had to wait longer. In one AE, the GC injection was refused by the 
attending physician, the patient subsequently administered GC by 

self- injection. In 26 cases, an initial GC injection was performed by 

the patient themselves or their relatives, which was followed by a 

further GC injection by a medical professional in 10 cases. Twelve pa-

tients injected GC subcutaneously and 13 patients intramuscularly, 

one patient indicated no further details on the route of parenteral 

administration. Self- injection of GC was performed 77.5 minutes 

(1- 200) after the beginning of symptoms (Figure 1B). In 35 AE, no 
self- injection was performed; the reasons reported by the patients 

F IGURE  1 A, Time from contact to arrival of professional medical help (contact- arrival) (n = 50) and time from showing the emergency 
card to a medical professional to glucocorticoid (GC) injection (card- injection) (n = 42). B, Time from the beginning of symptoms to self- 
injection (n = 26)

F IGURE  2 A, Parenteral administration (intravenous, intramuscular or subcutaneous injection) of glucocorticoids (GC) during the 
emergency. Percentage of patients (n = 59) receiving glucocorticoids parenterally (n = 72 documented parenteral injections). B, Reasons for 
skipped self- injection (n = 31). (i) The impaired general health condition made it impossible to prepare/perform a glucocorticoid self- injection; 
(ii) The inhibition threshold for self- injection was too high despite having received respective instructions during standardized patient 
education; (iii) No education in self- injection received so far. Percentage of patients choosing the respective answer (multiple answers were 
possible [n = 47])

$  Somministrazione	di	GC	

$ Mancata	somministrazione	di	GC	
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Risultati:	
	
$  Gestione	ambulatoriale:	62%	pz	dopo	autoterapia	GC	vs	27%	pz	no	autoterapia	(p	0.008)	
$  Ospedalizzazione:	in	reparto/terapia	intensiva	19%	dopo	autoterapia		
					vs	36%	pz	no	autoterapia	(p	0.149)	
$  Differenza	ospedalizzazione	tra	pz	che	non	facevano	precedere	terapia	GC	parenterale		
					a	terapia	orale:	78%	vs	54%	

Conclusioni:	
$  vantaggio	della	autosomministrazione	
$  necessità	di	migliorare	l’educazione	dei	pz	e	della	autosomministrazione	con	GC		
					“pronti	per	l’uso”	
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are displayed in Figure 2B. The time from parenteral GC administra-
tion to improvement of symptoms (injection- improvement- time) was 
60 minutes (2- 2880). There was no significant correlation between 
the contact- arrival- time or the card- injection- time and the injection- 
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received GC only by a medical professional (self- injection vs med-
ical professional; 3 [1- 6] vs 3 [1- 7]; P = .639). Diarrhoea was more 
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3.4 | Hospitalization
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Abstract
Purpose Several studies have shown a reduced quality of life (QoL) in patients with Addison’s disease (AD), but inves-
tigations of QoL over a long-term course are lacking. Adrenal crises (AC) are life-threatening complications in AD. The
purpose of this prospective study was to test whether the repeated use of QoL-questionnaires can detect prodromal periods of
an AC.
Methods 110 patients with AD were asked to complete the disease specific-QoL questionnaire AddiQoL and a short
questionnaire about adverse events once monthly over a period of ten months. AC was defined if at least two of the
following symptoms were reported: (a) hypotension, (b) nausea or vomiting, (c) severe fatigue, (d) documented hypona-
tremia, hyperkalemia, or hypoglycemia, and subsequent parenteral glucocorticoid administration was carried out.
Results Prevalence of AC was 10.9/100 patient years. AddiQoL scores in patients with AC showed a trend (p= 0,08) to a
wider fluctuation over time. Subjective precrises not meeting the criteria for AC were reported by 31 patients who had
significantly lower AddiQoL scores (p= 0,018).
Conclusions These are the first data showing the course of QoL during a period of ten months in patients with AD. Incidence
of AC exceeds previous data. Our data show, that subjective precrises in AD associate with lower QoL. AC, as well as
precrises affect intraindividual AddiQol-scores over time with a trend to a stronger fluctuation. Longitudinal AddiQol scores
and self-reporting of precrises via patient diaries are additional clinical tools to identify higher risk for critical events.

Keywords Addison’s disease ● Adrenal insufficiency ● Adrenal crises ● AddiQoL

Introduction

Adrenal crises (AC) arise from an acute unmet cortisol need
in patients with adrenal insufficiency (AI). Common trig-
gers are inappropiate hydrocortisone adjustment or reab-
sorbtion in gastrointestinal or febril infections, surgical
procedures, extraordinary physical activity or psychological
stress [1]. In recent years, several studies demonstrated an
unexpected high rate of adrenal crises particularly in
patients with primary adrenal insufficiency. The data
obtained range from 5.2 per 100 patient years in a

retrospective analysis [2] up to 8.3 per 100 patient years in a
prospective study [3]. By a retrospective analysis of routine
data from a health-care provider covering more than 10% of
the German population we showed a prevalence of 7.6
adrenal crises per 100 patient years [4]. Life-time risk of
adrenal crises was calculated at about 50% in adrenal
insufficient patients [5].

Adrenal crises are therefore complications that arise
frequently in patients with AI and they are potentially life-
threatening. Despite sufficient options to prevent, as well as
treat adrenal crises, there are still patients dying due to this
condition [6]. In their prospective study of more than 400
patients, Hahner et al. detected a mortality of 6.3% for
adrenal crisis [3].

Since no reliable laboratory indicator can predict
impending crises it is difficult to detect patients at increased
risk. Several risk factors for an adrenal crisis have been
identified, e.g., preceding crises [6], cardiac, neurological,
pulmonary and malignant comorbidity [2], as well as
autoimmune comorbidity, particularly the concomitant
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Scopo:	Individuazione	periodi	prodromici	di	crisi	addisoniana	
mediante	l’uso	ripetuto	dell’AddiQoL	
	
Disegno:	Studio	prospettico,	basato	sulla	compilazione	periodica	
del	questionario	AddiQoL	



Pazienti	e	Metodi:	110	pz	affetti	da	 ICS	afferenti	ad	1	centro	terziario,	endocrinologi	
ed	 una	 associazione	 pz,	 richiesti	 di	 rispondere	 al	 questionario	 AddiQoL	 oltre	 ad	 un	
breve	 questionario	 sugli	 eventi	 avversi	 (incremento	 terapia	 GC:	 precrisi	 soggettiva)	
mensilmente	per	un	periodo	di	10	mesi		

Definizione	di	crisi:	
	
$  ipotensione	(PAS	<	100)	

$  nausea	o	vomito	

$  fatigue	severa	

$  iposodiemia,	iperkaliemia	
					o	ipoglicemia	

$  successiva	somministrazione		
						parenterale	GC	
	
					(Hanher	et	al	JCEM	‘15)	

Definizione	di	pre-crisi:	
	
$  esperienza	soggettiva	di	un		
					evento	avverso	imminente	
					che	induce	il	pz	ad	incrementare	
					temporaneamente	il	dosaggio	GC	
	
$  no	criteri	crisi	



Risultati	Crisi	e	Pre-crisi:	
	
$  6.3%	crisi	
$  17%	pre-crisi	
$  no	differenze	crisi/pre-crisi	riguardo	età,	sesso	
$ maggiore	frequenza	crisi	(67.3%)	in	ICS		
						autoimmune		
$  no	differenza	crisi	(85.7%)	/	pre-crisi	(73.7%)		
						in	ICS	autoimmune	

median 5.24, range 2.81–8.41, without AC median 3.54,
range 0,7 –10.44; p= 0.08), these comparisons indicated
strong trends (Fig. 1).

AddiQoL scores were significantly lower (p= 0.018) in
patients experiencing a subjective precrisis which was per-
ceived as threatening, even if criteria of AC were not

Fig. 1 AddiQol scores of 110
patients with Addison’s disease
over an observation time of ten
months, devided into patients
without serious adverse events,
with adrenal crises, respectively
subjective precrises. The
standard deviation of AddiQoL
scores in patients with at least
one adrenal crisis respectively
subjective precrisis during the
observation period indicates a
wider fluctuation compared to
patients without adverse events
(p= 0.08, resp. p= 0.05)
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Risultati	AddiQoL	(1094):	
	
$  no	differenze	sesso,	etiologia	ICS	
$  AddiQoL	stabile	nella	maggior	parte	dei	pz	
$  ampia	fluttuazione	AddiQoL	in	pz	con	crisi	e		
						pre-crisi	



Risultati	AddiQoL	(1094):	
	
$  AddiQoL	significativamente	basso	in	pz	con	pre-crisi	percepita	come	minacciosa	
$  AddiQoL	non	significativo	in	pz	con	crisi	

fulfilled (Fig. 2). We could not verify a significant differ-
ence (p= 0,13) between the median AddiQoL scores in
patients with at least one adrenal crisis (78.5; IQR 28.5)
compared to patients without adrenal crises (88.5 (IQR 18).

Discussion

In our prospective surveillance of 1100 patient months with
Addison’s disease, we find an incidence of 10.9 adrenal
crises per 100 patients years. This finding exceeds the
results of the recent retrospective studies, which showed
rates of 5.2 [2], respectively, 7.6 adrenal crises [4] in
patients with primary adrenal insufficiency per 100 patient
years. A recent prospective study provided a higher inci-
dence of 8.3 AC/100 patients years [3], but included
patients with secondary adrenal insuffiency, which are at
lower risk for crises [2, 4]. Since we primarily did not focus
on the incidence of adrenal crises, patients’ statements were
not interrogated for medical reports in all cases and our
patient numbers, as well as the observation period were
shorter. Despite that constraints, this first prospective study
of adrenal crises in patients with primary adrenal insuffi-
ciency affirms the alarming high risk for this life-threatening
complication.

Prospective studies on quality of life in volunteer patients
bears the risk of selection for those that have a less

satisfactory health perception, as seen in our study by the
higher incidence of subjective precrises in remote partici-
pants from patient organisations. Therefore, we placed a
broad invitation to all eligible patients at our Endocrine
Clinic and cooperating centres. Since approximately 2/3
consented to participate we reduced a selection bias.
Approximately 23% of the entire group came from patient
organisations.

Since reliable laboratory indicators are missing, a higher
risk for adrenal crises is not predictable. Clinical tools to
detect individuals at risk are needed for prevention. We
hypothesised, that a change in quality of life scores can
indicate an impending adrenal crisis. The monthly recorded
AddiQoL scores were notably stable in most patients,
indicating that the majority of patients with adrenal insuf-
ficiency are in a satisfactory condition. Patients developing
a subjective precrisis during the observation period showed
marked score deviations in both directions over the ten
months, which, however, could not be attributed solely to
these events. We observed this—yet less pronounced- in
patients with an adrenal crisis during the observational
period.

Our findings show, that score deviations in longitudinal
AddiQoL assessments may help to detect patients at high
risk for adrenal crises. Clinical experience, as well as recent
literature shows [3], that an adrenal crisis can occur rapidly
and without warning signs or symptoms. Therefore, it is
essential to take all measures to improve patients‘ percep-
tion of symptoms of hypocortisolism and impending crises.
Since substitution therapy with glucocorticoids has to be
adapted immediately in case of an impending crisis by the
patient him-/herself [19, 20] self-evaluation by regular
identification of health-releated quality of life via patient
diaries or apps may help patients to assess their risk, adapt
their substitution doses and contact their endocrinologist/
physician if applicable—an approach comparable to
hypoglycemia-awareness training in patients with diabetes
mellitus. In retrospect we could not prove individually
whether any crisis was preventable by assessment of
AddiQoL scores in our cohort. However, 12 patients
(10.9%) consulted their attending physician for a decline of
the AddiQoL score during the observation period. Indivi-
dualised risk assessment will furthermore focus intensified
medical surveillance, as well as educational training of
affected individual including spouses and relatives [21].

One limitation of our study is that patients with an
adrenal crises during the observation period are a relatively
small group compared to those without one. Therefore our
study is not sufficiently powered to address questions of
underlying causal or triggering factors.

To increase validity of this potential tool, further inves-
tigations over a longer period are necessary. To reduce the
respondent’s burden and extend the number of participants

Fig. 2 Median AddiQol scores in patients with at least one subjective
precrisis (n= 19) respectively, adrenal crisis (n= 7) during the
observation period compared to patients whithout adverse events (p=
0.018, resp. p= 0.13)
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Conclusioni:	
	
$  AddiQoL	associato	ad	un	diario	degli	eventi	avversi	(percepiti	come	pre-crisi)	
					sono	un	ulteriore	strumento	per	identificare	il	rischio	di	eventi	critici	
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Clinical Medicine, Umeå University, 901 87 Umeå, Sweden; and 7Hormone Laboratory, Department of
Medical Biochemistry, Oslo University Hospital Aker, 0424 Oslo, Norway,

Background: The cosyntropin test is used to diagnose adrenal insufficiency (AI) and nonclassical
congenital adrenal hyperplasia (NCCAH). Current cutoffs for cortisol and 17-hydroxyprogesterone
(17-OHP) are derived from nonstandardized immunoassays. Liquid chromatography tandem mass
spectrometry (LC-MS/MS) offers direct measurement of steroids, prompting the need to re-establish
normal ranges.

Objective: The goal of this study was to define cutoff values for cortisol and 17-OHP in serum by LC-
MS/MS 30 and 60 minutes after intravenous administration of 250 mg tetracosactide acetate to
healthy volunteers and to compare the results with LC-MS/MS with routine immunoassays.

Methods: Cosyntropin testing was performed in healthy subjects (n = 138) and in patients referred
for evaluation of adrenocortical function (n = 94). Steroidswere assayed by LC-MS/MS and compared
with two immunoassays used in routine diagnostics (Immulite and Roche platforms). The cutoff level
for cortisol was defined as the 2.5% percentile in healthy subjects not using oral estrogens (n = 121)
and for 17-OHP as the 97.5% percentile.

Results: Cortisol cutoff levels for LC-MS/MS were 412 and 485 nmol/L at 30 and 60 minutes,
respectively. Applying the new cutoffs, 13 of 60 (22%) subjects who had AI according to
conventional criteria now had a normal test result. For 17-OHP, the cutoff levels were 8.9 and
9.0 nmol/L at 30 and 60 minutes, respectively.

Conclusions: LC-MS/MS provides cutoff levels for cortisol and 17-OHP after cosyntropin stimulation
that are lower than those based on immunoassays, possibly because cross-reactivity between steroid
intermediates and cortisol is eliminated. This reduces the number of false-positive tests for AI and
false-negative tests for NCCAH. (J Clin Endocrinol Metab 103: 1696–1703, 2018)

Adrenal insufficiency (AI) comprises primary (PAI)
and secondary adrenal insufficiency (SAI). Diagnosis

of AI is based on laboratory tests and can be challenging
particularly when insufficiency is partial, as is often the case

in SAI. A correct diagnosis is important because AI most
often requires lifelong corticosteroid replacement therapy.

The cosyntropin stimulation test has been widely used
todiagnosePAI andSAI since the1960s (1) and is considered
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Abbreviations: 17-OHP, 17-hydroxyprogesterone; AI, adrenal insufficiency; BMI, body
mass index; CI, confidence interval; CV, coefficient of variation; ICC, intraclass correlation
coefficient; LC-MS/MS, liquid chromatography tandem mass spectrometry; NCCAH,
nonclassical congenital adrenal hyperplasia; PAI, primary adrenal insufficiency; s-17-OHP,
serum 17-hydroxyprogesterone; s-cortisol, serum cortisol; SAI, secondary adrenal
insufficiency.
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Grethe Å. Ueland,1,2,3 Paal Methlie,1,2,3 Marianne Øksnes,1,2,3

Hrafnkell B. Thordarson,3 Jørn Sagen,1,4 Ralf Kellmann,4 Gunnar Mellgren,1,4

Maria Ræder,5 Per Dahlqvist,6 Sandra R. Dahl,7 Per M. Thorsby,7 Kristian Løvås,1,2,3
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of AI is based on laboratory tests and can be challenging
particularly when insufficiency is partial, as is often the case

in SAI. A correct diagnosis is important because AI most
often requires lifelong corticosteroid replacement therapy.

The cosyntropin stimulation test has been widely used
todiagnosePAI andSAI since the1960s (1) and is considered
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Abbreviations: 17-OHP, 17-hydroxyprogesterone; AI, adrenal insufficiency; BMI, body
mass index; CI, confidence interval; CV, coefficient of variation; ICC, intraclass correlation
coefficient; LC-MS/MS, liquid chromatography tandem mass spectrometry; NCCAH,
nonclassical congenital adrenal hyperplasia; PAI, primary adrenal insufficiency; s-17-OHP,
serum 17-hydroxyprogesterone; s-cortisol, serum cortisol; SAI, secondary adrenal
insufficiency.
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30	e	a	60	min	dopo	somministrazione	ev	di	tetracosactide	acetato	
250	mcg	con	dosaggio	mediante	cromatografia	liquida	tandem-
massa	(LC-MS/MS)	
	
Disegno:	cutoff	in	volontari	sani	in	LC-MS/MS	e	comparazione	
risultati	con	i	metodi	immunoassay	di	routine		



Pazienti	e	Metodi:	138	soggetti	sani	e	94	pz	testati	per	valutazione	funzione	surrenalica.	
Comparazione	dosaggio	con	LC-MS/MS	e	2	metodiche	immunologiche	usate	nella	routine	
diagnostica.	

Conclusioni:	
$  LC-MS/MS	fornisce	valori	di	cortisolo	e	di	17OHPG	inferiori	dopo	ACTH	test	rispetto	ai	

dosaggi	immunologici	(eliminazione	cross-reattività	steroidi	intermedi	e	cortisolo)	
$  riduzione	falsi-positivi	per	Addison	e	falsi-negativi	per	Iperplasia	Surrenalica	Congenita	

Risultati:	
$  il	cutoff	del	cortisolo	dopo	ACTH	in	LC-MS/MS:	412	nmol/L	a	30	min	e	485	nmol/L	a	

60	min	(22%	negativi	per	insufficienza	surrenalica)	
$  il	cutoff	del	17OHPG	in	LC-MS/MS:	8.9	nmol/L	a	30	min	e	9.0	nmol/L	a	60	min	

and at 60 minutes (r = 0.88; P , 0.01). The within-
subject reproducibility in terms of ICCwas 0.90 (95%CI,
0.97 to 0.99) and 0.97 (95% CI, 0.93 to 0.99) after 30
and 60 minutes, respectively.

Healthy control subjects evaluated according to the
old cutoff for a positive test

Altogether, 65 of 121 (54%) healthy control subjects
had s-cortisol ,550 nmol/L, and 37 of 121 (31%) had
s-cortisol#500 nmol/L 30minutes after stimulation with
cosyntropin. After 60 minutes, 21 of 121 (17%) subjects
had s-cortisol ,550 nmol/L, and 5 of 121(4%) had
s-cortisol,500 nmol/L (Fig. 1). The five healthy subjects
who had an s-cortisol,500 nmol/L after 60 minutes were
further clinically and biochemically examined. Examina-
tion revealed no symptoms or signs indicative of AI. Re-
peated morning samples revealed p-adrenocorticotropic
hormone in the normal range and s-cortisol.300 nmol/L.
None of the subjects had autoantibodies against
21-hydroxylase. This practically ruled out PAI and SAI,
andwe found no indication for retesting any of the healthy
subjects failing the old threshold with the cosyntropin test.

Cortisol levels by immunoassays
To compare our results with the currently used im-

munoassays, 54 tests from healthy subjects were analyzed
by the Immulite 2000 and Roche II methods. The 2.5th
centiles were calculated in the same manner as for LC-
MS/MS and are given in Table 3. The median cortisol
values were higher at all time points for immunological

assays than for LC-MS/MS (Table 3). The correlation
coefficients between LC-MS/MS and Immulite 2000were
0.95 at baseline, 0.85 at 30 minutes, and 0.87 at 60
minutes. The corresponding coefficients for Roche II were
0.98, 0.86, and 0.94, respectively. Correlation coeffi-
cients between Immulite 2000 and Roche II were 0.97,
0.83, and 0.86 at 0, 30, and 60 minutes, respectively. All
correlations were significant (P , 0.01). Bland-Altman
plots illustrate the variability between LC-MS/MS and
the two immunoassays (Fig. 2) and reveal a somewhat
larger variability for the Immulite assay than the Roche
assay compared with LC-MS/MS.

17-OHP after cosyntropin test in healthy
control subjects

The median 17-OHP values in the healthy control
subjects not taking estrogens at 0, 30, and 60 minutes are
shown in Table 2. No outliers were detected (15). The
97.5th percentile was 8.9 nmol/L (90% CI, 7.2 to 11.5)
after 30 minutes and 9.0 nmol/L (90% CI, 8.3 to 10.2)
after 60 minutes. Receiver operating curves shows that a
cutoff after 60 minutes of 9.0 nmol/L gives 100% sen-
sitivity for 17-OHP and 97% specificity for NCCAH.
Themedian total increasewas 1.8 nmol/L (90%CI,20.6 to
11.6), and the 97.5th percentile for the increase in s-17-OHP
from 0 to 60 minutes was 6.75 nmol/L (90% CI, 5.2 to
11.6). The basal s-17-OHP value was significantly lower in
women than in men (P , 0.01). The response was signif-
icantly higher in men after 30 minutes (P = 0.03) but not
after 60 minutes (P = 0.12). There were also differences

Figure 1. s-Cortisol response to cosyntropin in healthy individuals.
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between age groups. Basal 17-OHP was significantly lower
in the elderly subjects (P , 0.01), but the response to
cosyntropin was significantly higher in the elderly subjects
both at 30 (P = 0.02) and 60minutes (P = 0.02). The time of
day did not influence the test result for s-17-OHP (Table 2).
s-Creatinine/estimated glomerular filtration rate, BMI, and
smoking and alcohol habits were not significantly corre-
lated with postcosyntropin s-17-OHP (not shown). Alcohol
consumption was low, with a mean intake of two units per
week, and only 5 of 121 control subjects were smokers.
Healthy subjects on oral estrogens had significantly lower
s-17-OHP levels in basal blood (P,0.01) and at 30minutes
(P = 0.02) and 60 minutes (P , 0.01) after cosyntropin
stimulation (Table 2).

Reproducibility of 17-OHP assays
Post-cosyntropin s-17-OHP levels for test 1 and 2

correlated strongly both at 30 (r = 0.92; P, 0.01) and 60
minutes (r = 0.87; P , 0.01). The within-subject re-
producibility in terms of ICC was 0.91 (95% CI, 0.77 to
0.96) after 30 minutes and 0.93 (95% CI, 0.83 to 0.98)
after 60 minutes.

Patients with suspected AI
Of the 60 patients tested for suspected AI, 26 were

subsequently diagnosed with AI, of whom six had PAI
and 20 had SAI. The causes of AI are shown in Table 4.
Median plasma adrenocorticotropic hormone at the start
of the test was 72.8 pmol/L (95% CI, 9.9 to 278.0) in the

Table 3. Cortisol Measured With LC-MS/MS vs Immulite 2000 and Roche II in Healthy Control Subjects
Without Oral Estrogens

LC-MS/MS (n = 121) Immulite (n = 49) Roche (n = 49)

Median cortisol, nmol/L (range)
Baseline 278 (108–653) 287 (177–607) 304 (166–586)
30 min 538 (395–843) 582 (411–750) 590 (433–899)
60 min 619 (448–990) 646 (502–853) 674 (545–1024)

2.5th percentile for cortisol, nmol/L (90% CI)
30 min 412 (397–428) 423 (411–469) 440 (433–467)
60 min 485 (448–503) 504 (502–542) 548 (545–561)

Figure 2. Bland-Altmannplot of immunological vs LC-MS assays of cortisol. The figure shows that both immunological methods on average
measure higher values for cortisol than LC-MS/MS. Roche II seems slightly more accurate than Immulite 2000, based on narrower standard
deviation.
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Abstract

Objective: Primary aldosteronism (PA) is the most common endocrine form of arterial hypertension. The German 
Conn’s Registry’s purpose is to improve treatment outcomes of PA. We assessed whether key clinical, biochemical and 
epidemiological characteristics of newly diagnosed PA cases have changed over time, potentially indicating a different 
screening and referral practice in Germany evolving from 2008 to 2016.
Design: The German Conn’s Registry is a multicenter database prospectively analyzing morbidity and long-term 
outcome of patients with PA.
Methods: Phenotypic changes between three year periods were calculated using Mann–Whitney U tests and Kruskal–
Wallis tests for independent variables.
Results: Over three time periods from 2008 to 2016, we noted a relative decrease of unilateral PA cases (67 vs 43%). 
Significantly more females were diagnosed with PA (33 vs 43%). Median daily defined drug doses decreased (3.1 
vs 2.0) in the presence of unchanged SBP (150 vs 150 mmHg), plasma aldosterone (199 vs 173 ng/L) and PRC (3.2 vs 
3.2 U/L). Median ARR values decreased (70 vs 47 ng/U) and median potassium levels at diagnosis (3.5 vs 3.7 mmol/L) 
increased as the percentage of normokalemic patients (25 vs 41%), indicating milder forms of PA.
Conclusions: Our results are in accordance with an increased screening intensity for PA. We identified a trend toward 
diagnosing milder forms, increasingly more females and less unilateral cases of PA.

Introduction

Primary aldosteronism (PA) is the most common 
endocrine form of arterial hypertension. Prevalence 
estimates range from 5 to 13% among different studies 
and cohorts (1, 2, 3, 4, 5). Originally described by Jerome 
Conn in 1955, the classic PA triad comprises hypertension, 
hypokalemia and metabolic alkalosis (6). Common 
causes of PA include bilateral adrenal hyperplasia (BAH) 
or unilateral aldosterone-producing adenoma (APA). 

Patients diagnosed with a bilateral disease may be 
treated with a mineralocorticoid receptor antagonist 
(MRA). APA patients can be surgically cured by unilateral 
adrenalectomy (uADX) (5).

Considered as a cardiovascular risk factor, 
long-term elevated aldosterone levels lead to 
end-organ damage, including cardiac and renal 
impairment (7, 8, 9). PA patients have higher rates 
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Abstract

Objective: Primary aldosteronism (PA) is the most common endocrine form of arterial hypertension. The German 
Conn’s Registry’s purpose is to improve treatment outcomes of PA. We assessed whether key clinical, biochemical and 
epidemiological characteristics of newly diagnosed PA cases have changed over time, potentially indicating a different 
screening and referral practice in Germany evolving from 2008 to 2016.
Design: The German Conn’s Registry is a multicenter database prospectively analyzing morbidity and long-term 
outcome of patients with PA.
Methods: Phenotypic changes between three year periods were calculated using Mann–Whitney U tests and Kruskal–
Wallis tests for independent variables.
Results: Over three time periods from 2008 to 2016, we noted a relative decrease of unilateral PA cases (67 vs 43%). 
Significantly more females were diagnosed with PA (33 vs 43%). Median daily defined drug doses decreased (3.1 
vs 2.0) in the presence of unchanged SBP (150 vs 150 mmHg), plasma aldosterone (199 vs 173 ng/L) and PRC (3.2 vs 
3.2 U/L). Median ARR values decreased (70 vs 47 ng/U) and median potassium levels at diagnosis (3.5 vs 3.7 mmol/L) 
increased as the percentage of normokalemic patients (25 vs 41%), indicating milder forms of PA.
Conclusions: Our results are in accordance with an increased screening intensity for PA. We identified a trend toward 
diagnosing milder forms, increasingly more females and less unilateral cases of PA.

Introduction

Primary aldosteronism (PA) is the most common 
endocrine form of arterial hypertension. Prevalence 
estimates range from 5 to 13% among different studies 
and cohorts (1, 2, 3, 4, 5). Originally described by Jerome 
Conn in 1955, the classic PA triad comprises hypertension, 
hypokalemia and metabolic alkalosis (6). Common 
causes of PA include bilateral adrenal hyperplasia (BAH) 
or unilateral aldosterone-producing adenoma (APA). 

Patients diagnosed with a bilateral disease may be 
treated with a mineralocorticoid receptor antagonist 
(MRA). APA patients can be surgically cured by unilateral 
adrenalectomy (uADX) (5).

Considered as a cardiovascular risk factor, 
long-term elevated aldosterone levels lead to 
end-organ damage, including cardiac and renal 
impairment (7, 8, 9). PA patients have higher rates 
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Scopo:	valutazione	mediante	il	Registro	di	Conn	tedesco	(fondato	nel	‘08)	se	
aspetto	clinico,	biochimico,	caratteristiche	epidemiologiche	dei	casi	di	iperaldo	
(IA)	neodiagnosticati	hanno	subito	cambiamenti	nel	tempo,	indicando	uno	
screening	ed	un	management	differente	in	Germania	dal	‘08	al	‘16	
	
Disegno:	analisi	prospettica	mediante	database	multicentrico	della	morbilità	
e	dell’outcome	a	lungo	termine	di	pz	con	IA	



Risultati:	
$  riduzione	casi	IA	unilaterale:	65	vs	42.8%	
$ maggiore	diagnosi	nel	sesso	femminile:	33	vs	43%	
$  riduzione	dosi	farmacologiche:	3.1	vs	2.0	in	presenza	di	pressione	sistolica,	
						valori	di	aldosterone	e	PRA	invariati					

Pazienti	e	Metodi:	710	pz	affetti	da	IA	neodiagnosticato	provenienti	da		
5	Centri	Tedeschi	ed	1	Polacco	reclutati	dal	01.01.2008	al	31.12.2016		
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differentiation in all instances has been advocated for in 
the latest guidelines by the American Endocrine Society 
on PA when surgery is not desired by the patient or not 
feasible (5).

Strengths and limitations of the study

Our study is a retrospective study on prospectively 
collected data of patients included from six different 
centers that comprise the German Conn’s Registry. It is 
one of the largest prospectively studied cohorts of PA 
patients. All patients underwent a standardized protocol 
in order to be classified into subgroups. A limitation 
of the study is the lack of comparison to patients with 
non-secondary arterial hypertension. Additionally, the 
assessed laboratory values need to be seen in light of assay 
heterogeneity, as the centers used different platforms. 
Furthermore, the vast majority of the enrolled patients 
were contributed by the Munich center, limiting a 
complete generalization of the results to other areas and 
centers (Supplementary Table 2).

Conclusions

Taken together, our results are in accordance with an 
increased screening intensity for PA in our centers. 
We identified a trend toward diagnosing milder 
forms of PA in recent years, translating into more 
normokalemic cases with higher potassium levels at 
diagnosis. In accordance with a recent publication, we 
suggest that further studies will be needed to assess 
the emerging question whether these milder forms 
of PA might not have an increased cardiovascular 
risk when compared to essential hypertension (26). 
Increasingly more female patients were identified, an 
underrepresented cohort: arterial hypertension is often 
underestimated and undiagnosed in women as there is 
an ongoing misperception that women are at a lower 
risk of cardiovascular disease than men (27). Especially 
younger patients and female patients particularly 
benefit in terms of biochemical and clinical remission 
rates from a favorable surgical outcome (18), in part due 
to differences in the mutational spectrum of adenoma 
driver mutations (28). These results should raise 
awareness to continue to screen for hypertension and 
PA in women with the same frequency as in men.

Supplementary data
This is linked to the online version of the paper at https://doi.org/10.1530/
EJE-17-0978.
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The authors declare that there is no conflict of interest that could be 
perceived as prejudicing the impartiality of this study.

Figure 1
Relative distribution of PA subtypes – comparison over three 

time periods (2008–10 (I), 2011–13 (II), 2014–16 (III)). 

Significant decrease of unilateral ((I) vs (III): P < 0.0005, (II) vs 

(III): P = 0.028) cases over time. NoAVS: patients who did not 

undergo subtyping by AVS.
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Figure 2
Upper panel: Median plasma aldosterone and ARR ratios over 

time (2008–2016). Lower panel: ratio of normokalemic to 

hypokalemic cases over time.



Risultati:	
$  riduzione	mediana	rapporto	aldo/PRA	(70	vs	47	ng/U)	e	potassio	alla	diagnosi	
					(3.5	vs	3.7	nmol/L)	
$  aumento	della	percentuale	dei	pz	normokaliemici	(25	vs	41%)	
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differentiation in all instances has been advocated for in 
the latest guidelines by the American Endocrine Society 
on PA when surgery is not desired by the patient or not 
feasible (5).

Strengths and limitations of the study

Our study is a retrospective study on prospectively 
collected data of patients included from six different 
centers that comprise the German Conn’s Registry. It is 
one of the largest prospectively studied cohorts of PA 
patients. All patients underwent a standardized protocol 
in order to be classified into subgroups. A limitation 
of the study is the lack of comparison to patients with 
non-secondary arterial hypertension. Additionally, the 
assessed laboratory values need to be seen in light of assay 
heterogeneity, as the centers used different platforms. 
Furthermore, the vast majority of the enrolled patients 
were contributed by the Munich center, limiting a 
complete generalization of the results to other areas and 
centers (Supplementary Table 2).

Conclusions

Taken together, our results are in accordance with an 
increased screening intensity for PA in our centers. 
We identified a trend toward diagnosing milder 
forms of PA in recent years, translating into more 
normokalemic cases with higher potassium levels at 
diagnosis. In accordance with a recent publication, we 
suggest that further studies will be needed to assess 
the emerging question whether these milder forms 
of PA might not have an increased cardiovascular 
risk when compared to essential hypertension (26). 
Increasingly more female patients were identified, an 
underrepresented cohort: arterial hypertension is often 
underestimated and undiagnosed in women as there is 
an ongoing misperception that women are at a lower 
risk of cardiovascular disease than men (27). Especially 
younger patients and female patients particularly 
benefit in terms of biochemical and clinical remission 
rates from a favorable surgical outcome (18), in part due 
to differences in the mutational spectrum of adenoma 
driver mutations (28). These results should raise 
awareness to continue to screen for hypertension and 
PA in women with the same frequency as in men.
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Figure 2
Upper panel: Median plasma aldosterone and ARR ratios over 

time (2008–2016). Lower panel: ratio of normokalemic to 

hypokalemic cases over time.

Conclusioni:	
$  incremento	screening	IA	
$  incremento	forme	intermedie	con	normokaliemia	
$  aumento	del	sesso	femminile	
$  riduzione	IA	monolaterale	
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Context: The number of centers with established adrenal venous sampling (AVS) programs for the
subtype diagnosis of primary aldosteronism (PA) is limited.

Objective: Aim was to develop an algorithm for AVS based on subtype prediction by computed
tomography (CT) and serum potassium.

Design: A multi-institutional retrospective cohort study in Japan.

Patients: A total of 1591 patients with PA were classified into four groups according to CT findings
and potassium status. Subtype diagnosis of PA was determined by AVS.
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Abbreviations: ACTH, adrenocorticotropic hormone; ARC, active renin concentration;
AVS, adrenal venous sampling; CI, confidence interval; CT, computed tomography; JPAS,
Japan Primary Aldosteronism Study; LI, lateralization index; PA, primary aldosteronism;
PAC, plasma aldosterone concentration; PRA, plasma renin activity.
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Main Outcome Measure: Prediction value of the combination of CT findings and potassium status
for subtype diagnosis.

Results: The percentages of unilateral hyperaldosteronism on AVS were higher in patients with
unilateral disease on CT than those with bilateral normal results on CT (50.8% vs 14.6%, P , 0.01),
and these percentages were higher in those with hypokalemia than those with normokalemia
(58.4% vs 11.5%, P, 0.01). The prevalence and odds ratio for unilateral hyperaldosteronism onAVS
were as follows: bilateral normal on CT with normokalemia, 6.2% (reference); unilateral disease on
CT with normokalemia, 23.8% and 4.8 [95% confidence interval (CI), 3.1 to 7.2]; bilateral normal on
CT with hypokalemia, 38.1% and 9.4 (95% CI, 6.2 to 14.1), and unilateral disease on CT with hy-
pokalemia, 70.6% and 36.4 (95% CI, 24.7 to 53.5).

Conclusions: Patients with PA with bilateral normal results on CT and normokalemia likely have a
low prior probability of a lateralized form of AVS and could be treated medically, whereas those
with unilateral disease on CT and hypokalemia have a high probability of a lateralized form of AVS.
(J Clin Endocrinol Metab 103: 900–908, 2018)

P rimary aldosteronism (PA) is the most common cause
of secondary hypertension, accounting for 5% to

10% of hypertensive patients (1–3) and increasing var-
ious cardiometabolic complications associated with ex-
cess production of aldosterone (4, 5). Adrenal venous
sampling (AVS) is the standard procedure for a subtype
diagnosis of PA recommended by current guidelines in
guiding appropriate treatment (6, 7). AVS presents var-
ious clinical issues for its wider application: a requirement
of technical expertise, the invasive nature of the pro-
cedure, its high cost, and the fact that only a limited
number of centers have successful AVS programs (8).
Thus, it is desirable to optimize the indication for AVS by
first predicting the subtype with an alternative procedure.

Adrenal computed tomography (CT) is widely avail-
able in most centers and is less expensive than AVS. The
Endocrine Society Clinical Practice Guidelines recom-
mend adrenal CT as the initial investigation for the
subtype diagnosis of PA to exclude adrenal carcinomas
(7). Although several studies have shown that the di-
agnostic accuracy of CT for subtype diagnosis is in-
adequate (9–12), CT findings with various biochemical
markers, including serum potassium, plasma aldosterone
concentration (PAC), and the results of confirmatory
tests (13, 14), have been shown to be useful for predicting
the unilateral subtype. However, the reference range of
PAC varies greatly between centers, and the type of
confirmatory test is not standardized (7, 15). By contrast,
hypokalemia is the most characteristic clinical feature of
aldosterone unilateral adenomas, and measurement of
serum potassium is fully standardized.

The aim of the current study was to investigate the
utility of a combination of CT findings and serum po-
tassium, which are the most commonly available clinical
investigations for the subtype diagnosis of PA determined
by AVS, and to refine the algorithm for the indication for
AVS with graded recommendation strength based on the

probability of unilateral hyperaldosteronism on AVS
determined by CT findings and serum potassium.

Methods

Study design and patients
The study was conducted as a part of the Japan Primary

Aldosteronism Study (JPAS) study. The nationwide PA registry
in Japan was established in 28 centers, including 15 university
hospitals and 13 city hospitals. Patients with PA who were
diagnosed and underwent AVS between January 2006 and
October 2016 were enrolled (Supplemental Table 1). Patients
eligible for JPAS were men and women aged 20 to 90 years.
Patients who participated in the preceding WAVES-J (West
Adrenal Vein Sampling in Japan) study (16) were included. The
clinical characteristics, biochemical findings, results of confir-
matory testing, imaging findings, AVS results, treatment, sur-
gical findings, and related follow-up data were electronically
collected using the WEB registry system. System construction,
data security, and maintenance of the registered data were
outsourced to EPS Corporation (Tokyo, Japan).

This retrospective study was analyzed using the data set
valid in October 2016. Patients with available data on clinical
characteristics, biochemistry, CT findings, and successful ad-
renocorticotropic hormone (ACTH)–stimulated AVS were in-
cluded. Patients with suspected autonomous cortisol secretion
defined by serum cortisol levels .3 mg/dL after 1 mg dexa-
methasone were also excluded (17).

Diagnosis of PA
The diagnosis of PAwas made in accordance with guidelines

from the Japan Endocrine Society (18) and the Japan Society of
Hypertension (19). PA was diagnosed by positive case detection
with a ratio of PAC (measured in ng/dL) to plasma renin activity
(PRA) (measured in ng/mL/h) .20 and at least one positive
result of confirmatory testing, including the captopril chal-
lenge test, the saline infusion test, the furosemide upright test,
and the oral salt-loading test. Antihypertensive medications
were usually changed to calcium channel blockers and/or
a-adrenergic blockers, as appropriate, until the final diagnosis
was made. Hypokalemia was considered present if serum po-
tassium was ,3.5 mEq/L before or at the diagnosis of PA or a
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Scopo:	sviluppo	di	un	algoritmo	basato	sulla	combinazione	delle	immagini	TC	e	
dei	livelli	di	potassio	per	la	diagnosi	di	sottotipo	IA	determinato	dal	cateterismo	
venoso	selettivo	(CVS)	
	
Disegno:	studio	retrospettivo	multicentrico	in	Giappone	



Pazienti	e	Metodi:	1591	pz	affetti	da	IA,	classificati	in	4	gruppi	sulla	base	delle	
immagini	TC	e	dei	livelli	di	potassio.	Il	sottotipo	di	IA	era	determinato	dal	CVS	

Risultati:	
$ maggiore	percentuale	di	IA	monolaterale,	diagnosticato	con	CVS,	in	pz	con		
					malattia	monolaterale	alla	TC	rispetto	ai	pz	con	risultati	TC	normali	bilaterali	
					(50.8%	vs	14.6%,	p	<	0.01)	
$  percentuali	ancora	maggiori	in	pz	con	ipokaliemia	vs	normokaliemia		
					(58.4%	vs	11.5%,	p	<	0.01)	

7.2) in patients with unilateral disease on CT and nor-
mokalemia (Fig. 2). This result was consistent after ad-
justment of age and sex. In those with bilateral normal
results on CT and normokalemia, there was a significant
difference between thosewith unilateral disease onAVSand
those with bilateral disease, but these values overlapped
(Supplemental Table 2), whereas it is noteworthy that the
minimumPACwas 8 ng/dL in this subgroupwith unilateral
disease on AVS.

Discussion

Our results have shown that the combination of two
readily available clinical investigations, adrenal CT and
serum potassium, could be of great value for predicting
the subtype of PA in an uncomplicated way and for
adding graded strength to the recommendation for the
indication of AVS in patients with PA: strong recom-
mendation in patients with adrenal tumors on CT and
hypokalemia and weak recommendation in patients with
no tumors on CT and normokalemia. Given that the
number of centers with established technical expertise is
very limited all over the world and specific treatment of
hyperaldosteronism by mineralocorticoid antagonist is
available, it can be justified to refine the indication of AVS
based on the predicted probability of the subtype.

The current study found that the overall concordant
rate between CT findings and AVS was 68.1%. This
agrees with the previous result of 62.2% reported in a
systematic review (9), in which the concordance between
CT/magnetic resonance imaging and AVS was studied.

However, there was a difference between the current
study and the previous report (9) in the diagnostic
concordance for unilateral disease on CT (45.4% vs
66.9%) and bilateral normal results on CT (84% vs
56.6%). This could be attributable to the different
definitions of abnormal findings on CT as well as to
differences in cutoff and methodology of AVS across
the centers (6, 22, 23).

Whatever the diagnostic accuracy of the CT findings,
the discordance of subtype diagnosis between the CT find-
ings and the true subtype by AVS merits serious con-
sideration when deciding for or against adrenal surgery.
Basing the choice of treatment on the presence of uni-
lateral disease on CT could lead to inappropriate uni-
lateral adrenalectomy in 324 of 654 (49.5%) patients,
whereas basing it on bilateral findings on CTwouldmiss
the possibility of a cure by adrenalectomy in 150 of 937
(16.0%) patients (Table 2). Overall, the frequency of
selecting an inappropriate treatment was 31.8% (1084
of 1591) when based on CT findings. It should be noted
that the prevalence of unilateral hyperaldosteronism on
AVS, corresponding to an inappropriate choice of treat-
ment, was only 14.6% in patients with bilateral normal
results on CT.

Spontaneous hypokalemia is one of the classic fea-
tures of PA (24). Nevertheless, the prevalence of hy-
pokalemia has been shown to be;50% in patients with
unilateral hyperaldosteronism and 15% in those with
bilateral hyperaldosteronism (2). Although there was a
close relationship between potassium status and the
subtype diagnosis on AVS (Table 3), potassium status

Table 3. Subtype Diagnosis by AVS in Patients With Different Potassium Status (N = 1591)

Characteristic

Subtype Diagnosis by AVS
Prevalence of Unilateral Hyperaldosteronism

on AVS, % (n/N)Unilateral Bilateral

Potassium status
Hypokalemia 372 265 58.4 (372/637)
Normokalemia 110 844 11.5 (110/954)

Prevalence of hypokalemia, % (n/N) 77.1 (372/482) 23.9 (265/1109)

Table 2. Diagnostic Concordant Rate Between CT Findings and AVS (N = 1591)

CT Finding

Subtype Diagnosis by AVS, n

Concordance of
CT Findings, % (n/N)

Prevalence of Unilateral
Hyperaldosteronism on

AVS, % (n/N)

Unilateral

BilateralRight Left

Unilateral disease (n = 654)
Right 112 18 114 45.4 (297/654) 50.8 (332/654)
Left 17 185 208

Bilateral (n = 937)
Normal (n = 899) 51 80 768 85.4 (768/899) 14.6 (131/899)
Disease (n = 38) 10 9 19 50.0 (19/38) 50.0 (19/38)
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pokalemia has been shown to be;50% in patients with
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Risultati:	
	
$  concordanza	tra	CVS	e	dati	TC	e	livelli	di	potassiemia			
	
	

itself did not precisely distinguish the unilateral subtype
from the bilateral subtype of PAwhen determined byAVS.

We then combined the CT findings and serum potas-
sium status to further refine the diagnostic utility of these
commonly available clinical investigations in predicting
the subtype of PA. The prevalence of unilateral hyper-
aldosteronism on AVS was highest in patients with
unilateral disease on CT and hypokalemia followed by
bilateral normal results on CT with hypokalemia and

unilateral disease on CT with normokalemia (Fig. 2),
and these tendencies were consistent after adjustment of
age and sex.Theprevalence of unilateral hyperaldosteronism
on AVS was,10% in patients with bilateral normal results
on CT and normokalemia. Because clinical practice
guidelines recommend AVS as the crucial step in subtype
diagnosis prior to adrenalectomy, AVS is ideally per-
formed when a patient desires surgery. In support of
this, numerous observational studies have shown that

Figure 1. Prevalence of unilateral hyperaldosteronism on AVS and proposed recommendation strength of AVS indication in the subgroup
categorized by CT findings and serum potassium status.

Figure 2. The odds ratio for unilateral hyperaldosteronism on AVS by categorizing the combination of CT findings and serum potassium status.
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Prevalenza	di	IA	monolaterale	con	CVS	e	raccomandazioni	proposte	nell’esecuzione		
del	CVS	in	diversi	sottogruppi	categorizzati	da	TC	e	livelli	di	potassio	
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Conclusioni:	
$  pz	con	negatività	alla	TC	bilateralmente	e	normokaliemia:	bassa	probabilità	di	

lateralizzare	al	CVS	>	terapia	medica	
$  pz	con	malattia	monolaterale	alla	TC	e	ipokaliemia:	alta	probabilità	di	

lateralizzare	al	CVS	
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Objectives: A subtype prediction score for primary
aldosteronism has not yet been developed and validated
using a large dataset. This study aimed to develop and
validate a new subtype prediction score and to compare it
with existing scores using a large multicenter database.

Methods: In total, 1936 patients with primary
aldosteronism were randomly assigned to the development
and validation datasets, constituting 1290 and 646
patients, respectively. Three prediction scores were
generated with or without confirmatory tests, using logistic
regression analysis. In the validation dataset, new and
existing prediction scores were compared using receiver
operating characteristic curve, net reclassification
improvement, and integrated discrimination improvement
analyses.

Results: The new prediction score is simply calculated
using serum potassium levels [>3.9 mmol/l (four points);
3.5–3.9 mmol/l (three points)], the absence of adrenal
nodules during computed tomography (three points), a
baseline plasma aldosterone concentration of <210.0 pg/
ml (two points), a baseline aldosterone/renin ratio of less
than 620 (two points), and female sex (one point). Using
the validation dataset, we found that a new subtype
prediction score of at least 8 had a positive predictive
value of 93.5% for bilateral hyperaldosteronism. The new
prediction score for bilateral hyperaldosteronism was better
than the existing prediction scores in the receiver operating
characteristic curve and net reclassification improvement
analyses.

Conclusion: The new prediction score has clear
advantages over the existing prediction scores in terms of
diagnostic accuracy, feasibility, and the potential for
generalization in a large population. These data will help
healthcare professionals to better select patients who
require adrenal venous sampling.

Keywords: adrenal venous sampling, primary
hyperaldosteronism, subtype prediction

Abbreviations: ACTH, adrenocorticotropic hormone;
ARC, active renin concentration; ARR, aldosterone/renin

ratio; AVS, adrenal venous sampling; BHA, bilateral
hyperaldosteronism; CCT, captopril challenge test; CI,
confidence interval; CT, computed tomography; FUT,
furosemide upright posture test; IDI, integrated
discrimination improvement; IQR, interquartile range; JPAS,
Japan Primary Aldosteronism Study; NRI, net reclassification
improvement; PAC, plasma aldosterone concentration;
PPV, positive predictive value; ROC, receiver operating
characteristic; SIT, saline infusion test; UHA, unilateral
hyperaldosteronism
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regression analysis. In the validation dataset, new and
existing prediction scores were compared using receiver
operating characteristic curve, net reclassification
improvement, and integrated discrimination improvement
analyses.

Results: The new prediction score is simply calculated
using serum potassium levels [>3.9 mmol/l (four points);
3.5–3.9 mmol/l (three points)], the absence of adrenal
nodules during computed tomography (three points), a
baseline plasma aldosterone concentration of <210.0 pg/
ml (two points), a baseline aldosterone/renin ratio of less
than 620 (two points), and female sex (one point). Using
the validation dataset, we found that a new subtype
prediction score of at least 8 had a positive predictive
value of 93.5% for bilateral hyperaldosteronism. The new
prediction score for bilateral hyperaldosteronism was better
than the existing prediction scores in the receiver operating
characteristic curve and net reclassification improvement
analyses.

Conclusion: The new prediction score has clear
advantages over the existing prediction scores in terms of
diagnostic accuracy, feasibility, and the potential for
generalization in a large population. These data will help
healthcare professionals to better select patients who
require adrenal venous sampling.

Keywords: adrenal venous sampling, primary
hyperaldosteronism, subtype prediction

Abbreviations: ACTH, adrenocorticotropic hormone;
ARC, active renin concentration; ARR, aldosterone/renin

ratio; AVS, adrenal venous sampling; BHA, bilateral
hyperaldosteronism; CCT, captopril challenge test; CI,
confidence interval; CT, computed tomography; FUT,
furosemide upright posture test; IDI, integrated
discrimination improvement; IQR, interquartile range; JPAS,
Japan Primary Aldosteronism Study; NRI, net reclassification
improvement; PAC, plasma aldosterone concentration;
PPV, positive predictive value; ROC, receiver operating
characteristic; SIT, saline infusion test; UHA, unilateral
hyperaldosteronism
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Original Article

Scopo:	sviluppo	e	validazione	di	un	nuovo	punteggio	di	predizione	di	sottotipo	
per	IA.	
		
Disegno:	sviluppo	di	un	modello	predittivo	di	IA	e	sua	comparazione	con	altri	
modelli	attraverso	un	database	multicentrico.	
	



Pazienti	e	Metodi:	1936	pz	affetti	da	IA	randomizzati	per	lo	sviluppo	e	la	
validazione	di	un	dataset.	
Generazione	di	3	punteggi	di	predizione,	con	e	senza	test	di	conferma,	
attraverso	analisi	di	regressione	
Risultati:	
creazione	di	un	punteggio	sulla	base	di:	livelli	di	potassio,	assenza	di	noduli	in		
TC,	concentrazione	basale	aldosterone	e	rapporto	aldosterone/renina,	sesso		
femminile	

 Copyright © 2018 Wolters Kluwer Health, Inc. All rights reserved.

The present study also has a robust study design. Each
prediction model, including new prediction scores, was
validated and compared in a large multicenter database
using the c-statistic and NRI and IDI analyses. It is important
that the c-statistic is not the only parameter to be taken into
consideration in determining the utility or predictive ability
of subtype prediction [24]. From a clinical perspective,
reclassification analysis seems to be of greater importance,
especially for patients who are correctly reclassified from a
low-risk or intermediate-risk group to a high-risk group, as
these patients would have been considered for treatment
with oral medication only.

Considering the high prevalence of primary aldosteron-
ism and the limited availability of AVS, a simpler method that
is not only accessible to endocrinologists, but also general
internists, is needed to determine laterality. Our results
challenge this demand, as the new subtype prediction score
had a good PPV and specificity for BHA. Our proposed
prediction score retains its validity in patients with eGFR
less than 60ml/min per 1.73m2, BP less than 140/90mmHg,
aged at least 35 years, and the current history of diabetes
mellitus. Importantly, we also confirmed that the new pre-
diction score had a good PPV for BHA defined by strict
criteria (lateralization ratio of <3 in AVS) [19], and the
diagnostic accuracy of the new prediction score for the
strictly defined BHA was also superior to existing prediction
scores (see Tables, Supplemental Digital Content 8–10,
http://links.lww.com/HJH/A974). These data demonstrated
that oral medication could be prescribed for patients with
high score forBHA in the newprediction model,with a weak
recommendation for AVS. Thus, it may be useful to consider
this prediction score when selecting oral medication as a
treatment option without AVS. However, considering the
various molecular causes of primary aldosteronism [25,26], it
may be difficult to achieve perfect PPVs for subtyping pri-
mary aldosteronism using clinical prediction scoring.

Limitations
The present study has several limitations. First, this study
was limited by its retrospective nature and the new score

should prospectively be validated in different populations.
Furthermore, a new diagnostic algorithm, constructed
based on the new prediction score and existing algorithms,
should be prospectively compared in terms of treatment
outcomes and medical expenses. Secondly, the present
study used the results of AVS with ACTH stimulation to
confirm the diagnosis of primary aldosteronism subtype
whereas the ACTH stimulation was performed with differ-
ent protocols in each center participating in the study (i.e.
either a single bolus injection, a bolus injection followed by
continuous infusion, or continuous infusion only). Differ-
ent ways of ACTH stimulation may yield different results,
and the diagnostic accuracy of ACTH stimulation has been
controversial, because, infusion of cosyntropin may lead to
either missed lateralization or lateralization on the wrong
side in a certain proportion of patients [27,28]. Furthermore,
the specific cutoff lateralization criteria have not been fully
standardized [29]. Thus, a subtype diagnosis of primary
aldosteronism should be confirmed using postoperative
histology findings and outcomes. Third, CT interpretation
was performed by radiologists at each center. Therefore,
there is the potential for some interobserver variability.
Finally, this study was only performed in Japanese centers
and was based on Japanese clinical practice guidelines. The
influence of different screening methods and confirmatory
tests for primary aldosteronism could bias our study.

In conclusion, the ‘gold standard’ for determining laterali-
zation in primary aldosteronism is AVS, which is costly, time-
consuming, and technically challenging. Thesedatawill help
healthcare professionals to better select patients who require
AVS, and thereby reduce medical expenses. However, fur-
ther outcome-based studies are needed to establish a new
diagnostic algorithm for primary aldosteronism.
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FIGURE 1 New prediction score for bilateral hyperaldosteronism. ARR, aldosterone/renin ratio; BHA, bilateral hyperaldosteronism; CT, computed tomography; PAC, plasma
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Conclusioni:	
	
$ maggiore	accuratezza,	facilità	di	esecuzione,	estensione	a	larghe	casistiche		
$  selezione	di	pz	da	sottoporre	a	CVS	



patients. For patients onmedical treatment, most QoLmeasures had improved but not all to the
level of the general population.

Conclusion: Both treatments improve QoL in PA, underscoring the importance of identifying these
patients. QoL improved more after ADX for suspected APA than after initiation of medical
treatment for suspected BAH. (J Clin Endocrinol Metab 103: 16 –24, 2018)

P rimary aldosteronism (PA) is a common cause of
hypertension, accounting for 5% to 15% of cases

(1–3). Twomain subtypes are distinguished: aldosterone-
producing adenoma (APA) and bilateral adrenal hyper-
plasia (BAH) (1). The generally accepted treatment is
adrenalectomy (ADX) for the former and mineralocor-
ticoid receptor antagonists (MRAs) for the latter. Most
patients with an APA have a marked clinical benefit from
ADX (4–7). However, the comparable effects ofMRAs in
patients with BAH (4, 8) suggest that this treatment may
also be used in patients with an APA.

PA confers a greater risk for cardiovascular events (9)
and renal dysfunction (3) than primary hypertension
(10). A difference between ADX and MRAs in reducing
these risks—for example, in improvement of left ven-
tricular hypertrophy (4, 11) or endothelial function
(12)—has never been well established (10). Absence of
such a difference would make putting effort in selecting
patients for ADX pointless.

A somewhat neglected aspect in patients with PA is the
health-related quality of life, or quality of life (QoL) for
short. It is commonly defined by the functional effect of
an illness or its treatment upon a patient, as perceived by
the patient (13). PA is associated with reduced QoL (14)
and also psychological symptoms such as anxiety, de-
pression, and stress (15–17).

Given the probable similar effects of ADX and MRAs
on blood pressure and the cardiovascular system, QoL
could become an important additional determinant of
management decisions. Therefore, in this prospective
study, we compared the QoL of patients with PA after
ADX or initiation of MRAs.

Methods

An expanded methods section is available in the Supplement.

Study design and patients
The data for this comparative effectiveness study are derived

from the randomized diagnostic multicenter Subtyping Primary
Aldosteronism: A Randomized Trial Comparing Adrenal Vein
Sampling and Computed Tomography Scan (SPARTACUS)
trial (registered at clinicaltrials.gov as NCT01096654) per-
formed between July 2010 and August 2015 in 12 Dutch
teaching and academic hospitals and 1 Polish hospital (18) in
which QoL was a predefined secondary end point. This trial
compared adrenal computed tomography (CT) scanning and

adrenal vein sampling for subtyping of PA. Approval for this
study was obtained from institutional review boards of all
participating centers, and informed consent was obtained from
all participants. Briefly, patients randomized to CT or adrenal
vein sampling underwent ADX if, respectively, unilateral ad-
renal enlargement or unilateral aldosterone hypersecretion
with contralateral aldosterone suppression was demonstrated.
All other patients received MRA-based treatment. All pa-
tients were further treated with conventional antihypertensive
drugs according to a treatment algorithm targeting a blood
pressure of ,135/85 mm Hg using a semiautomatic device
or ,140/90 mm Hg using office blood pressure (19). Because
pretreatmentQoLwas comparable between theADXandMRA
groups from both study arms, we pooled all patients treated by
ADX and MRA from both diagnostic arms. We expressed in-
tensity of antihypertensive treatment as daily defined doses
(http://www.whocc.no/ddd/).

Assessment of QoL
QoL was assessed at baseline, 6 months, and 12 months by

two validated questionnaires: RAND 36-Item Health Survey
1.0 (RAND SF-36) (20, 21) and the European Quality of Life–5
Dimensions (EQ-5D) instrument (22).

RAND SF-36
The RAND SF-36 comprises 35 items evaluating eight

domains: physical functioning, role limitations due to physical
problems (role physical), bodily pain, vitality, general health
perception, social functioning, role limitations due to emo-
tional problems (role emotional), and mental health. We used
norm-based scoring, resulting in age- and sex-adjusted scores
in the individual patient (see expanded methods section in
the Supplement). The physical component summary (PCS)
and the mental component summary (MCS) are summations
of the eight weighted subscale (domain) scores. In these
summary and subscale scores, 50 represents the age and sex-
adjusted mean and 10 the standard deviation (SD) of the
general population (higher score indicating higher QoL).
Group mean scores below 47 signify decreased QoL (23). The
36th question about health change (range, 0 to 100), referring
to general health compared with 1 year ago, is reported sepa-
rately (20).

EQ-5D
The EQ-5D questionnaire comprises five items relating to

current problems in the dimensions ofmobility, self-care, usual
activities, pain/discomfort, and anxiety/depression. Responses
in each dimension are divided into “no problems,” “some or
moderate problems,” or “extreme problems.” The five di-
mensions are converted to a summary index (EQ-5D index
score) obtained by summation of the weighted item scores (24,
25). The EQ-5D also contains a visual analog scale (EQ-VAS),
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QualityofLife inPrimaryAldosteronism:AComparative
Effectiveness Study of Adrenalectomy and
Medical Treatment
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Context: In primary aldosteronism (PA), two subtypes are distinguished: aldosterone-producing
adenoma (APA) and bilateral adrenal hyperplasia (BAH). In general, these are treated by
adrenalectomy (ADX) and mineralocorticoid receptor antagonists (MRA), respectively.

Objective: To compare the effects of surgical treatment and medical treatment on quality of
life (QoL).

Design: Post hoc comparative effectiveness study within the Subtyping Primary Aldosteronism:
A Randomized Trial Comparing Adrenal Vein Sampling and Computed Tomography Scan
(SPARTACUS) trial.

Setting: Twelve Dutch hospitals and one Polish hospital.

Participants: Patients with PA (n = 184).

Interventions: ADX or MRAs.

Main Outcome Measures: At baseline and 6-month and 1-year follow-up, we assessed QoL by two
validated questionnaires: RAND 36-Item Health Survey 1.0 (RAND SF-36) and European Quality of
Life–5 Dimensions (EQ-5D).

Results: At baseline, seven of eight RAND SF-36 subscales and both summary scores, as well as three
of five EQ-5D dimensions and the visual analog scale, were lower in patients with PA comparedwith
the general population, especially in women. The beneficial effects of ADX were larger than for
MRAs for seven RAND SF-36 subscales, both summary scores, and health change. For the EQ-5D, we
detected a difference in favor of ADX in two dimensions and the visual analog scale. Most
differences in QoL between both treatments exceeded the minimally clinically important
difference. After 1 year, almost all QoL measures had normalized for adrenalectomized
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Abbreviations: ADX, adrenalectomy; APA, aldosterone-producing adenoma; BAH, bi-
lateral adrenal hyperplasia; BMI, body mass index; CI, confidence interval; CT, computed
tomography; EQ-5D, European Quality of Life–5 Dimensions; EQ-VAS, European Quality
of Life–5 Dimensions visual analog scale; IQR, interquartile range; MCS, mental
component summary; MRA, mineralocorticoid receptor antagonist; PA, primary aldo-
steronism; PCS, physical component summary; QoL, quality of life; RAND SF-36, RAND
36-Item Health Survey 1.0; SD, standard deviation; SPARTUCUS, Subtyping Primary Al-
dosteronism: A Randomized Trial Comparing Adrenal Vein Sampling and Computed
Tomography Scan.
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Scopo:	paragonare	gli	effetti	della	terapia	chirurgica	e	della	terapia	medica	sulla	
qualità	della	vita	nei	pz	con	IA	
	
	
Disegno:	studio	comparativo	inserito	nello	studio	SPARTACUS	



Pazienti	e	Metodi:	somministrazione	al	baseline,	a	6	mesi	e	a	1	anno	di	2	
questionari	validati	per	la	qualità	della	vita	in	184	pz	affetti	da	IA	e	sottoposti		
a	surrenectomia	o	terapia	medica	con	antagonisti	dei	recettori	MR		

Conclusioni:	
entrambi	i	trattamenti	migliorano	la	QoL,	particolarmente	la	chirurgia	nelle	forme	
monolaterali	rispetto	alla	terapia	medica	nelle	forme	bilaterali	

Risultati:	
$  punteggio	minore	nei	due	questionari	nei	pz	con	IA	rispetto	alla	popolazione		
					generale,	specie	nel	sesso	femminile	
$ miglioramento	della	QoL	nei	pz	sottoposti	a	surrenectomia	vs	terapia	medica	
$  normalizzazione	ad	1	anno	della	maggior	parte	degli	items	nei	pz	sottoposti	
						a	chirurgia	

switched to eplerenone (33.7%). An additional 12
patients were switched to eplerenone for other rea-
sons (13.0%).

Change in QoL

ADX group
Supplemental Table 1 shows that all measures of the

RAND SF-36 and EQ-5D increased from baseline to final
evaluation at 12months. From6- to 12-month follow-up,

we observed a further increment only for the RAND
SF-36 subscale of social functioning.

MRA group
In this group, five of eight RAND SF-36 subscales, both

summary scores, and the EQ-5D index score increased
between baseline and 1-year follow-up, albeit to a lesser
extent than after ADX. From 6 months until the final
evaluation at 12 months, we found no further increase in
any of the QoL measures (Supplemental Table 1).

Figure 1. Mean baseline scores and estimated means after 6 and 12 months of RAND SF-36 subscale scores for both treatment groups
according to mixed models. *P , 0.05 for difference between patients with PA (ADX and MRA combined) and norm score. †P , 0.05 for
difference between ADX and MRA. ‡Difference depending on baseline score. Estimates at 6 and 12 months are based on mixed models in
which equal baseline values (mean scores of all patients) were assumed. No differences between baseline RAND SF-36 scores of ADX and
MRA were present. Norm score for subscales was based on Dutch reference population. BP, bodily pain; GH, general health; MH, mental
health; PF, physical functioning; RE, role limitations due to emotional problems; RP, role limitations due to physical problems; SF, social
functioning; VT, vitality.

Table 2. Mean Differences of RAND SF-36 Normalized t Scores Between Patients and General Dutch
Population at Baseline and Final Evaluation

Characteristic

Mean Difference With Reference Populationa (95% CI)

ADX MRA

Baseline
Subscales
Physical functioning 21.8 (24.0 to 0.4) 22.1 (24.7 to 0.6)
Role physical 26.1 (28.6 to 23.5) 23.2 (25.9 to 20.5)
Bodily pain 1.5 (20.6 to 3.6) 20.1 (22.2 to 2.0)
General health 26.0 (28.1 to 23.9) 25.9 (28.2 to 23.6)
Vitality 28.6 (211.0 to 26.3) 27.1 (29.4 to 24.8)
Social functioning 26.1 (28.5 to 23.6) 24.0 (26.5 to 21.6)
Role emotional 24.0 (26.7 to 21.3) 21.7 (24.2 to 0.8)
Mental health 23.8 (26.2 to 21.5) 23.0 (25.0 to 21.1)

PCS 24.3 (26.6 to 22.0) 24.0 (26.5 to 21.4)
MCS 27.0 (29.5 to 24.5) 24.6 (26.8 to 22.3)

Follow-up evaluation (1 y) n = 84 n = 91
Subscales
Physical functioning 2.5 (0.7 to 4.3) 20.4 (22.8 to 2.0)
Role physical 1.1 (21.0 to 3.2) 20.2 (22.6 to 2.2)
Bodily pain 4.0 (2.1 to 5.9) 1.3 (20.9 to 3.4)
General health 0.8 (21.4 to 3.0) 24.4 (26.6 to 22.2)
Vitality 20.8 (23.0 to 1.3) 26.1 (28.1 to 24.1)
Social functioning 0.2 (22.0 to 2.4) 23.0 (25.6 to 20.5)
Role emotional 0.7 (21.6 to 2.9) 20.7 (23.0 to 1.7)
Mental health 0.8 (21.4 to 3.1) 23.7 (25.8 to 21.5)

PCS 2.4 (0.3 to 4.5) 21.5 (24.0 to 0.9)
MCS 20.2 (22.4 to 2.1) 24.0 (26.3 to 21.8)

aCompared with general Dutch population in which 50 represents the mean and 10 the SD.

20 Velema et al Quality of Life in Primary Aldosteronism J Clin Endocrinol Metab, January 2018, 103(1):16–24

D
ow

nloaded from
 https://academ

ic.oup.com
/jcem

/article-abstract/103/1/16/4584209 by Sapienza U
niversità di R

om
a user on 06 N

ovem
ber 2018

RAND	SF-36	

EQ-5D	

QoL at final evaluation compared with the
general population

ADX group
For the patients treated by ADX, we found no dif-

ferences in six RAND SF-36 subscales and MCS at final
evaluation compared with the general population. For
two subscales and PCS, the scores were even higher
(Table 2). Four dimensions of the EQ-5D, the EQ-5D
index [median, 1.00 (IQR, 0.84 to 1.00) vs 0.99, P =
0.12], and EQ-VAS scores (mean 78.5, SD 11.8, vs 80.3,
P = 0.17) were equal to those of the general population.
Patients still scored lower only on the EQ-5D dimension
of anxiety/depression (Table 4).

MRA group
For the MRA group, RAND SF-36 scores were still

lower after 1 year for social functioning, mental health,
vitality, and general health and for MCS compared with
those of the general population. Scores on the other
subscales and the PCS were not different (Table 2). The
EQ-5D dimensions of anxiety/depression and usual ac-
tivities showed a lower percentage of patients reporting
“no problems” (Table 3).

Also, scores of the EQ-5D index [median, 0.92 (IQR,
0.81 to 1.00) vs 0.98 (IQR, 0.84 to 1), P, 0.001] and the
EQ-VAS (mean 72.1, SD 17.8 vs 78.2, P = 0.002) were
lower than those of the general population.

Sex differences
Atbaseline, female patients had a lowerQoL (RANDSF-

36: PCS, physical functioning, social functioning, general
health, and role physical; EQ-5D: twodimensions,VAS and
index score; Supplemental Table 4). During follow-up, sex
wasnot a predictor of (change in)QoL inourmixedmodels,
except for the PCS, for which the female patients scored
higher (ADX: men 51.3, women 54.3; MRA: men 48.3;
women 51.1; all at a baseline score of 46.0, independent of
time point, P = 0.035).

RAND SF-36 analysis of Dutch patients only
The aforementioned results pertain to the entire co-

hort, comprising 150 Dutch and 34 Polish patients, using
Dutch RAND SF-36 normative scores. Because Polish
normative scores are not available, we also analyzed
the Dutch patients separately to circumvent bias. This
analysis yielded baseline and follow-up results similar to
those of the entire cohort for the comparison of the
RAND SF-36 measures with the general population
(Supplemental Table 5).

Discussion

The main findings of our prospective study are that
treatment of PA results in substantial improvement of the
QoLof patientswith PA and that this improvement 1 year
after ADX for APA not only exceeds that of the patients
treated by MRAs for BAH but also restores the QoL to
the level of the general population.

To our knowledge, this is the first prospective evalu-
ation of QoL comparing the treatment modalities ADX
and MRA with a follow-up of 1 year. The previously
described lower QoL in patients with PA compared with
the general population (14, 28, 29) is confirmed by
our study.

Figure 2. Percentages of patients reporting no problems on EQ-5D dimensions at baseline, 6 months, and 12 months. *P , 0.05 for difference
between ADX and MRA. Significance is based on generalized estimating equation analyses (Table 3). Norm scores based on Dutch and Polish
reference population. AD, anxiety/depression; MO, mobility; PD, pain/discomfort; SC, self-care; UA, usual activities.

Table 3. Odds Ratios for Reporting Problems on
EQ-5D Dimensions During Follow-up According to
Generalized Estimating Equation Analyses

Dimension
ADX/MRA, Adjusted Odds Ratio

(95% CI)

Mobility 0.52 (0.23–1.20)
Self-care 0.14 (0.01–2.50)
Usual activities 0.35 (0.17–0.75)
Pain/discomfort 0.52 (0.30–0.91)
Anxiety/depression 0.79 (0.39–1.60)

Odds ratios are based on a general estimating equation model in which
treatment, time, and baseline scores were included as factors. For
example, an odds ratio of 0.52 for mobility means that the odds for
reporting problems for mobility after ADX is 0.52 times the odds in case
of MRA (in this case statistically nonsignificant). This was adjusted for
the baseline score. Time was not a statistically significant factor in any
dimension (i.e., odds ratios apply to the 6- and 12-month evaluation).
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Introduction
Pheochromocytomas (PHEO) and paragangliomas (PGL) are rare 
neoplasms of the adrenal- and extra adrenal- chromaffin tissue, re-
spectively. The incidence of PHEO/PGL in the general population is 
estimated to be 1:100 000 persons per year [1]. Clinically, PHEO 
patients can present with symptoms of catecholamine excess such 
as the classic triad of headache, palpitations, and sweating. How-
ever, the initial presentation can vary from life threatening events 
[2] to silent courses with incidental diagnosis due to abdominal im-
aging procedures [3]. PHEO emergencies include hypertensive cri-
ses, arrhythmias, myocardial infraction, acute pulmonary oedema, 
acute catecholamine induced Takotsubo cardiomyopathy, cerebro-
vascular stroke, ischemic ileus, acute renal failure, and multi-organ 
failure [2, 4–7].

In addition to these cardiovascular symptoms, elevation of cat-
echolamines has also been shown to have effects on metabolic pa-
rameters such as glucose intolerance due to effects on insulin re-
sistance and increase in resting metabolic rate [5, 8–10]. Interest-
ingly, chronic catecholamine hypersecretion in PHEO patients does 
not suppress leptin levels, as observed in healthy subjects [11]. Ad-
ditionally, intra-abdominal fat including the omental compartment 
of PHEO patients has been found to partly transdifferentiate to 
brown adipose tissue [12]. These findings are based on the expres-
sion of uncoupling-protein-1 (UCP1) in adipocytes, which is other-
wise specific for brown adipose tissue [13] and can be visualized 
using 18F-fluorodeoxyglucose (18F-FDG) positron emission tomog-
raphy (PET)/computed tomography (CT) imaging [14]. “Browning” 
of white adipose tissue is most likely induced by catecholamine ex-
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AbstrAct

Catecholamine excess from pheochromocytoma results in cardiovas-
cular symptoms such as arterial hypertension and tachycardia and in-
duces metabolic alterations including glucose intolerance and increase 
in resting metabolic rate. The objective of our study was to investigate 
the effect of surgical cure of pheochromocytoma on body-mass-index 
and the correlation of body-mass-index changes to preoperative endo-
crine parameters. Pheochromocytoma patients from the Munich ENSAT 
Registry were matched (1:2) for age and gender to patients from the 
German Conn’s Registry, who had undergone surgery for aldoster-
one-producing-adenomas. Thereby, 43 pheochromocytoma patients 
(17 males/26 females) and 86 aldosterone-producing-adenoma pa-
tients were analyzed for body-mass-index, blood pressure, and catecho-
lamine levels before and one year after adrenalectomy. Seventy-four 
percent of pheochromocytoma patients were hypertensive preopera-
tively and 48 % one year postoperatively. Systolic blood pressure did not 
differ significantly in pre- and postoperative measurements whereas 
diastolic blood pressure was significantly reduced over time. Moreover, 
pheochromocytoma patients gained body weight (p < 0.001) one year 
following adrenalectomy accompanied by significant increases in  body-
mass-index, whereas aldosterone-producing adenoma patients dis-
played a slight weight loss. Despite weight gain, diagnosis of diabetes 
mellitus dropped from 9 of 43 investigated pheochromocytoma pa-
tients at baseline to 4 at follow-up. A significant correlation between 
body-mass-index changes to the preoperative catecholamine levels was 
found only for urinary normetanephrines. These data suggest that nor-
malization of chronic catecholamine excess by adrenalectomy is asso-
ciated with an increase in  body-mass-index, which is more pronounced 
in patients with high preoperative levels of urinary normetanephrines. D
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Scopo:	valutazione	BMI	e	sua	correlazione	con	parametri	endocrini	in	pz	con	
feocromocitoma	sottoposti	a	terapia	chirurgica	
	
Disegno:	analisi	BMI,	PA,	catecolamine	prima	e	dopo	1	anno	dalla	surrenectomia	
in	pz	affetti	da	feocromocitoma	e	da	IA	(controllo)	



Pazienti	e	Metodi:	paragone	parametri	antropometrici,	PA	e	livelli	ormonali	su	
43	pz	affetti	da	feocromocitoma	e	86	pz	affetti	da	IA		
Risultati:	
$  ipertensione	in	74%	pz	pre-chirurgia	e	48%	post-chirurgia:	PAS	non	ridotta,		
					PAD	significativamente	ridotta	
$  incremento	BMI	dopo	1	anno	dalla	surrenectomia	nei	pz	con	feocromocitoma,	
						riduzione	BMI	nei	pz	con	IA	
$  riduzione	diabete	nei	pz	con	feocromocitoma		
$  correlazione	significativa	tra	BMI	e	normetanefrine	urinarie	

Conclusioni:	
la	surrenectomia	è	associata	ad	incremento	del	BMI	nei	pz	affetti	da	feocromocitoma,	
specialmente	in	quelli	con	elevati	livelli	di	normetanefrine	urinarie	
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Nine out of the 43 investigated PHEO patients (21 %) displayed 
diabetes mellitus, defined as current hyperglycemic treatment or 
HbA1c  > 48 mmol/mol ( > 6.5 %), at the time of diagnosis. One year 
later, only 4 patients had persistent diabetes (9.3 %, p = 0.13, 
▶table 1). Twenty-nine percent of the APA patients suffered from 
diabetes mellitus at diagnosis, whereas 26 % of the patients had 
sustained diabetes one year postoperatively (p = 0.47, ▶table 1). 
No statistically significant difference was observed in the preva-
lence of type 2 diabetes mellitus preoperatively between APA and 
PHEO patients, whereas diabetes prevalence in APA patients was 
significantly higher than in PHEO patients one year after adrenal-
ectomy (▶table 1). All PHEO patients suffering from diabetes 
 preoperatively, with respective BMI levels  < 25 kg/m2 presented a 
normalization of their glucose metabolism one year postoperative-
ly, and only overweighted or obese patients (BMI > 25 kg/m2) had 
persistent diabetes postoperatively (Patients’ characteristics in 

▶table 2). On the contrary, for APA patients no such correlation 
was seen (data not shown).

BMI changes and correlations to preoperative 
catecholamine/metanephrine levels
In an attempt to correlate the BMI reduction with the plasma and 
urine, metanephrine and normetanephrine levels and urine cat-
echolamine levels for Pearson’s or Spearman’s correlation was per-
formed. A significant correlation between the change of BMI to the 
preoperative catecholamine levels was detected for urine norme-
tanephrine (R = 0.554, p < 0.01, ▶Fig. 2a–f).

▶table 1 Changes in clinical characteristics of PHEO and APA patients before and one year after adrenalectomy.

PHEO (n = 43) APA (n = 176) p p

clinical 
characteristics

Pre-OP Post-OP p Pre-OP Post-OP p PHEO vs. 
APA Pre-OP

PHEO vs. 
APA Post-OP

Age (years) 53.9 ± 13.0 54.9 ± 13.0 53.8 ± 11.5 55.1 ± 11.5 0.94 0.95

Weight (kg) 68.0 ± 15.0 71.0 ± 15.8  < 0.001 84.5 ± 17.6 84.2 ± 17.5 0.44  < 0.001  < 0.001

BMI (kg/m2) 23.7 ± 4.3 24.7 ± 4.6  < 0.001 28.6 ± 5.0 28.5 ± 5.0 0.41  < 0.001  < 0.001

Arterial 
hypertension (n)

32 (74 %) 21 (48 %)  < 0.05 155 (88 %) 135 (76 %)  < 0.01  < 0.05  < 0.001

Systolic BP 
(mmHg)

142 ± 21 138 ± 21 0.36 144 ± 22 134 ± 18  < 0.001 0.70 0.23

Diastolic BP 
(mmHg)

88 ± 10 84 ± 9  < 0.05 88 ± 12 85 ± 12  < 0.001 0.64 0.41

Antihypertensive 
drugs (n)

1.2 ± 1.2 0.5 ± 0.9  < 0.001 2.8 ± 2.0 1.9 ± 1.9  < 0.001  < 0.001  < 0.001

Diabetes 
mellitus (n)

9 (21 %) 4 (9.3 %) 0.13 51 (29 %) 45 (26 %) 0.47 0.29  < 0.05

▶Fig. 1 BMI differences pre- and one year postoperatively between 
matched PHEO (n = 43) and APA (n = 86) patients.

▶table 2 Clinical characteristics of PHEO patients with diabetes 
mellitus type 2.

Patient Age sex bMI Diabetes mellitus 
type 2

Pre-OP Post-OP Pre-OP Post-OP

1 50 F 17.3 18.9  +  − 

2 59 F 20.0 20.8  +  − 

3 42 M 22.9 23.8  +  − 

4 63 F 23.1 23.4  +  − 

5 64 F 24.2 26.0  +  − 

6 64 F 25.7 26.9  +  + 

7 67 F 29.4 33.9  +  + 

8 51 M 31.0 32.9  +  + 

9 73 M 31.1 30.4  +  + 
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Discussion
In this mono-centric analysis, we demonstrate that one year fol-
lowing successful surgical treatment PHEO patients have signifi-
cantly gained body weight and BMI. These findings are in accord-
ance with most previous studies [10, 25, 26], while on the contra-
ry, Kang et al. did not observe any significant BMI changes upon 
adrenalectomy in PHEO patients [27]. To exclude unspecific effects 
on body weight evoked by unilateral adrenalectomy we used age 
and sex matched APA patients as a control group. The APA patients, 

in contrast to those affected by PHEO, showed a slight decreasing 
but overall stable BMI one year after adrenalectomy.

In the PHEO cohort analyzed in the present study none of the 
patients underwent bilateral adrenalectomy within the observa-
tion time frame, nor received long term post-surgical treatment 
with glucocorticoids that could have affected the BMI, RR, or gly-
cemic course after surgical treatment. The weight gain and subse-
quent BMI increase postoperatively can be explained by a return to 
the baseline metabolic rate following normalization of catechola-
mines excess. It could be previously shown that epinephrine infu-

▶Fig. 2 Correlation of BMI changes with plasma metanephrines a and normetanephrines b, urinary metanephrine c and normetanephrine d levels, 
and urinary adrenaline e and noradrenaline f levels. The results are presented in log(10)-lin scale for fold of ULN of catecholamines and BMI 
 difference, respectively.
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Efficacy of Peptide Receptor Radionuclide Therapy
for Functional Metastatic Paraganglioma
and Pheochromocytoma
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Purpose: Treatment options for unresectable paraganglioma (PGL)/pheochromocytoma (PCC),
especially with uncontrolled secondary hypertension (HTN), are limited. Preliminary studies with
peptide receptor radionuclide therapy (PRRT) suggest efficacy, but data on HTN control and survival
are lacking. We assessed PRRT outcomes in such patients from two referral centers.

Methods: Twenty consecutive patients (13 men; age range, 21 to 77 years) with high somatostatin
receptor (SSTR) expression treated with 177Lu-DOTA-octreotate, nine with radiosensitizing
chemotherapy, were retrospectively reviewed. Median cumulative activity was 22 GBq (median
4 cycles). Fourteen patients were treated for uncontrolled HTN and six for progressive or
symptomatic metastatic disease or local recurrence.

Results: Three months after PRRT, 8 of 14 patients treated for HTN required reduced medication
doses, 5 had no change in anti-HTN doses, and 1 was lost to follow-up. Eighty-six percent had serum
chromogranin-A reduction. Of the entire cohort, 36% had disease regression (29% partial and 7%
minor response) on computed tomography, with stable findings in 50%. Three other patients had
bony disease evaluable only on SSTR imaging (2 partial response and 1 stable). Median progression-
free survival was 39 months; median overall survival was not reached (5 deaths; median follow-up,
28 months). Four patients had grade 3 lymphopenia; 2 had grade 3 thrombocytopenia. Renal
impairment in 2 patients was attributed to underlying disease processes.

Conclusions: PRRT achieves worthwhile clinical and biochemical responses with low toxicity and
encouraging survival in PGL/PCC. Because PRRT has logistic and radiation-safety advantages
compared to 131I-MIBG therapy, further prospective evaluation is warranted. (J Clin Endocrinol
Metab 102: 3278–3287, 2017)

Paraganglioma (PGL) and pheochromocytoma (PCC)
are rare but clinically heterogeneous neuroendocrine

tumors that arise from pluripotent neural crest cells.

Lesions can be found within the autonomic nervous
system anywhere from the skull base to the sacrum (1).
PGL can occur in the sympathetic or parasympathetic
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DOTATOC, DOTA-Tyr3-octreotide; GFR, glomerular filtration rate; HTN, hypertension;
MIBG, metaiodobenzylguanidine; OS, overall survival; PCC, pheochromocytoma; PET,
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chromogranin-A reduction. Of the entire cohort, 36% had disease regression (29% partial and 7%
minor response) on computed tomography, with stable findings in 50%. Three other patients had
bony disease evaluable only on SSTR imaging (2 partial response and 1 stable). Median progression-
free survival was 39 months; median overall survival was not reached (5 deaths; median follow-up,
28 months). Four patients had grade 3 lymphopenia; 2 had grade 3 thrombocytopenia. Renal
impairment in 2 patients was attributed to underlying disease processes.

Conclusions: PRRT achieves worthwhile clinical and biochemical responses with low toxicity and
encouraging survival in PGL/PCC. Because PRRT has logistic and radiation-safety advantages
compared to 131I-MIBG therapy, further prospective evaluation is warranted. (J Clin Endocrinol
Metab 102: 3278–3287, 2017)

Paraganglioma (PGL) and pheochromocytoma (PCC)
are rare but clinically heterogeneous neuroendocrine

tumors that arise from pluripotent neural crest cells.

Lesions can be found within the autonomic nervous
system anywhere from the skull base to the sacrum (1).
PGL can occur in the sympathetic or parasympathetic
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Scopo:	valutazione	outcomes	(controllo	PA	e	sopravvivenza)	in	pz	affetti	da	
feocromocitoma	e	paraganglioma	metastatici	
	
Disegno:	studio	retrospettivo	in	pz	con	alta	espressione	dei	recettori	somatostatina	
trattati	con	177Lu-DOTA-octreotate	e	chemioterapia	radiosensibilizzante	a	3	mesi	
dall’ultimo	ciclo	di	trattamento	



Pazienti	e	Metodi:	20	pz	trattati	con	177Lu-DOTA-octreotate,	9	con	chemioterapia	
radiosensibilizzante		
Risultati:	
$  riduzione	dosaggio	anti-ipertensivo	dopo	3	mesi	dalla	terapia	radio-recettoriale		
					nel	57%	pz	
$  riduzione	cromogranina	A	86%	
$  risposta	scintigrafia	88%	
$  riduzione	malattia	36%	(29%	parziale,	7%	minore)	alla	TC		
	

unrecognized catecholamine crisis, this patient was not
noted to be hypertensive at baseline; thus, the cause of death
may have been related to other causes, such as massive
pulmonary embolism.

During follow-up, six patients deteriorated after PRRT,
two patients had tumor progression (at 2 months and
5 months from first PRRT), and five patients had re-
currence of HTN (at 16 months, 19 months, 39 months,
and 61 months from first PRRT). Four of these patients
were re-treated with further PRRT ranging from one to
eight cycles because of prior clinical response to previous
treatments. Two other patients were given further main-
tenance therapies for persisting disease, with favorable
response. The median PFS was 39 months.

One patient responded remarkably to PRRT and
underwent subsequent wedge resection of two residual
liver lesions with no evidence of disease on repeated scans
to date.

Toxicity

Marrow and renal function
Data were unavailable for one patient at 3-month

follow-up. The most common toxicity observed was
grade 2 lymphopenia. Four patients developed grade 3
lymphopenia, and two patients had grade 3 thrombo-
cytopenia at 3 months. No grade 4 hematologic toxicity,
myelodysplastic syndrome, or leukemia was noted.

In terms of renal toxicity, one patient
with abnormal baseline renal function
developed a further reduction in glo-
merular filtration rate (GFR) after
PRRT, which eventually stabilized dur-
ing the follow-up, without need for di-
alysis. Another patient had pre-existing
chronic renal failure secondary to sys-
temic amyloidosis thought to be related
to underlying metastatic PGL and had
already been considered for dialysis be-
cause of severely impaired renal function
with estimated GFR of 24 mL/min
(hence this contraindication was
waived). Indication for treatment was
for metastatic disease and to potentially
control secondary amyloidosis and other
related systemic complications. This
patient’s estimated GFR decreased to
18 mL/min at 3 months after treatment

Table 3. HTN Response 3 Months After PRRT (Change in Medications)

Patient Before PRRT 3 Mo After PRRT

1 Phenoxybenzamine 30 mg daily Phenoxybenzamine 10 mg twice daily
Prazosin 10 mg daily Prazosin (2–10 mg daily)

Atenolol 25 mg twice daily
2 Doxazosin 2 mg daily Doxazosin 2 mg daily

Enalapril 10 mg daily Labetalol 100 mg 3 times daily
Labetalol 200 mg 3 times daily

3 Phenoxybenzamine 10 mg twice daily Phenoxybenzamine 10 mg daily
Propranolol 10 mg daily Propranolol 10 mg daily

4 Micardis 80 mg daily Micardis 40 mg daily
Nonadherent with phenoxybenzamine andmetoprolol

5 Doxazosin 2 mg daily Reduced
Verapamil 40 mg daily

6 Phenoxybenzamine 30 mg twice daily Phenoxybenzamine 10 mg twice daily
Perindopril 10 mg daily
Amlodipine 10 mg daily

7 Phenoxybenzamine 20 mg twice daily Phenoxybenzamine 20 mg twice daily
Metoprolol 25 mg twice daily Metoprolol 25 mg twice daily

Perindopril/indapamide 5/1.25 mg daily
8 Prazosin 0.5 mg twice daily Prazosin 0.5 mg daily

Figure 1. Responses 3 months after PRRT.
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88%	

86%	 86%	



Risultati:	
$ mediana	progression	free	survival:	39	mesi	
$ mediana	overall	survival:	non	raggiunta	

Conclusioni:	
	
buona	efficacia	complessiva	clinica	e	biochimica,	bassa	tossicità		

but was considered more likely related to underlying am-
yloidosis than the one cycle of PRRT. This patient also had
documented grade 3 lymphopenia and thrombocytopenia
after treatment, likely related to delayed excretion and rel-
atively more prolonged radiation retention and marrow
exposure. Peritoneal dialysiswas commenced4months after
PRRT. A second cycle of 177Lu-DOTATATE was given
7 months after the first cycle, complicated by pancytopenia
requiring granulocyte colony-stimulating factor and trans-
fusions, again likely related to slow clearance. Blood counts
recovered at 9 months after PRRT, accompanied by a re-
markable clinical and imaging response (Fig. 3).

Clinical
HTN flare was observed in only one patient, who be-

came notably unwell 3 hours after PRRT administration.
This patient developed acute loin pain, pallor, sweating,
palpitations, and HTN (blood pressure, 200/90 mm Hg)
related to acute catecholamine release and possibly exac-
erbated by dexamethasone premedication, in the context of
inadequate alpha- and beta-blockade before treatment
resulting from patient nonadherence to prescribed therapy.

Discussion

PGL and PCC are a complex group of tumors with het-
erogeneous primary sites, imaging phenotype, biology,
and genotype. They have a variable clinical course and
prognosis. Recent advances in molecular imaging tech-
niques allow detection of different molecular targets on
PGL and PCC (27). Conventional 123I-MIBG imaging
assesses tumors for noradrenaline transporter function.
More recently, 68Ga-DOTA-peptide PET/CT is being in-
creasingly performed to assess SSTR expression with high
sensitivity, and 18F-fluorodeoxyglucose PET/CT is being
done for glucose metabolism. The presence of a specific
molecular target also allows choice in optimal therapy and
theranostic application, which is particularly advanta-
geous for patients with multifocal or metastatic disease.

The use of PRRT for patients with PGL and PCC who
have high tumor SSTR expression has been reported in

several small retrospective series, all with variable study
and treatment protocols. Overall results suggest favor-
able objective disease control, reflected by partial re-
sponse or stable disease, mainly on the basis of CT
criteria. Our results (one of the largest series, with 20
patients) also show similar favorable findings, with 36%
of patients achieving PRRT-induced morphologic re-
gression (29% partial CT response and 7% minor re-
duction). An additional 50% of patients had stable
disease at 3 months after treatment. Importantly, how-
ever, most of these patients were treated for functional
HTN rather than prior progressive disease (three of four
patients responded clinically and required reduced doses
of antihypertensive medications), others had stabilization
of previously progressive disease, and one patient had no
prior documented progression, likely indicating an in-
dolent disease process. Therefore, using CT morphologic
regression as the sole response criterion may not reflect
the true therapeutic benefit for patients with PGL/PCC
depending on the indication for treatment.

In addition, up to 15% of patients in our series (three
patients) had predominant osseous disease detectable
only onmolecular imaging and notmeasurable according
to CT criteria. This further suggests that CT alone is
inadequate as the standard staging or restaging modality
and that molecular imaging provides incremental in-
formation for evaluation of disease response.

To our knowledge, this study is to date the largest
series assessing the efficacy of PRRT for patients with
functional disease and secondary HTN. Most patients
(70%, 14 patients) in this cohort were treated for this
indication; more than half (62%) could reduce the doses
of antihypertensive treatment at 3 months after treat-
ment, and all others had stabilization of blood pressure
control. Many patients had improvement of disease-
related symptoms, particularly reported reduction in
dizziness, headache, pain, and lethargy. Biochemical
(CgA) reduction was achieved in a high proportion of
patients (up to 86%). These findings indicate favorable
efficacy in functional disease, providing a very prom-
ising therapeutic option for patients with uncontrolled

Figure 2. PFS and OS after PRRT.
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malignant HTN. Patients also benefited from further
repeat cycles at relapse if disease remained SSTR positive.
OS and PFS appear favorable on the current series, but
some patients may have intrinsically indolent disease.

However, special precautions are required in treating
patients with functional hypertensive disease, given the
potential for initial hormone flare or tumor lysis leading
to acute catecholamine crisis; this was seen in one patient
in this series and in previous experience, as reported by
Makis et al. (28). Adequate preparation with alpha- and
beta-blockade is mandatory, with inpatient monitoring
and access to intensive care support if required. With-
holding dexamethasone as a premedication should also
be considered because this may exacerbate HTN in pa-
tients with PGL/PCC (29). As previously mentioned, one
death in this series occurred shortly after the third cycle of
PRRT, although the exact cause of cardiac arrest remains
unknown; an acute catecholamine crisis was a possibility
among other differential diagnoses. This further high-
lights the need for optimal workup, including alpha- and

beta-blockade preparation and best supportive care to
minimize acute treatment-related hormone toxicity.

No documented myelodysplastic syndrome or mye-
lodysplasia was noted in this study. Hematologic toxicity
was minimal. One patient required long-term peritoneal
dialysis due to progressive chronic renal failure, in a
setting of known systemic amyloidosis; this patient de-
veloped reversible pancytopenia after the second cycle,
requiring initial supportive treatments. This likely re-
flected delayed urinary excretion of administered activity
and consequently prolonged blood pool retention and
radiation exposure to marrow. Conversely, the high
bioavailability of radiolabeled peptide in this case seems
to have led to an excellent subsequent clinical and
morphologic response.

PRRT also has potential advantages over conven-
tional 131I-MIBG radionuclide therapy; for example,
hematologic toxicity is minimal, and thyroid blockade
preparation with Lugol’s iodine is not required. PRRT
with 177Lu-DOTATATE has a favorable radiation
safety profile, enabling potential outpatient treatment
or a shorter inpatient stay (30). A recent study has
suggested increased OS and PFS in patients treated with
PRRT compared with 131I-MIBG therapy in patients
with progressive/malignant PGL (31). Our series also
showed that the majority of evaluable patients had
negative or only mildly MIBG-avid disease on 123I-
MIBG imaging, rendering 131I-MIBG therapy an un-
suitable option for these patients compared with PRRT.
Moreover, patients with tumor phenotype showing both
or discordant molecular targets may theoretically ben-
efit from a combined or sequential radionuclide thera-
peutic approach using PRRT and 131I-MIBG, but further
trials are required to assess efficacy and potential toxicity
with this regimen.

Potential limitations of this study are recognized. The
number of patients is small, but this is still considered a
relatively large series compared with previous publica-
tions, given the rarity of this disease. This is a retro-
spective review of patients from two international
institutions that used similar but not uniform treatment
and follow-up protocols. Variability included total ad-
ministered radiopharmaceutical activity and the use and
choice of radiosensitizing chemotherapy administered.
Although it is unclear from the limited number of patients
of any incremental efficacy using radiosensitizing che-
motherapy over PRRT alone, no additional toxicity was
apparent with its concomitant use, and therefore radio-
sensitizing chemotherapy could be considered for in-
corporation in any future prospective study protocols.
Moreover, although the biochemical marker CgA was
assessed in most patients, serum or urine catechol-
amine levels were not routinely measured in one of the

Figure 3. A 59-year-old patient (SDHB positive) with slowly
progressive metastatic neck PGL. (A, A1, A2, A3) The patient had
a large disfiguring right neck mass and osseous lung metastases at
baseline. Two cycles of PRRT were spaced 7 months apart because of
institution of dialysis in the setting of amyloidosis chronic renal
failure. (B) Six months after the second cycle of PRRT, substantial
response was seen. (C, C1, C2, C3) Further dramatic scintigraphic
and morphologic responses occurred at 21 months after the last PRRT.
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Baseline	
6	mesi	dopo		
II	ciclo	

21	mesi	dopo		
ultimo	ciclo	
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