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Introduction Several predictive scores to evaluate outcomes of adrenal surgery for unilateral primary
aldosteronism (UPA), have been conceived. We compared a novel trifecta that summarizes outcomes
of adrenal surgery for UPA with the clinical cure proposed by Vorselaars.

Material and methods Between March 2011 and January 2022, a multi-institutional dataset was queried
for UPA. Baseline, perioperative and functional data were collected. Clinical and biochemical complete and
partial success rates according to Primary Aldosteronism Surgical Outcome (PASO) criteria were assessed
for the overall cohort. Clinical cure was defined either as normotension without antihypertensive medica-
tions or normotension with lower or equal use of antihypertensive medications. Trifecta was defined as
the coexistence of 250% antihypertensive therapeutic intensity score (TIS) reduction (ATIS), no electrolyte
impairment at 3-months and no Clavien-Dindo (2—5) complications. Cox regression analyses were used

to identify predictors of long-term clinical and biochemical success. For all analyses, a two-sided p <0.05
was considered significant.

Results Baseline, perioperative and functional outcomes were analyzed. Out of 90 patients, at a median
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follow-up of 42 months (IQR 27-54) a complete and partial clinical success was observed in 60% and 17.7%
of cases while a complete and partial biochemical success was achieved in 83.3% and 12.3% of cases, re-
spectively. Overall trifecta and clinical cure rates were 21.1% and 58.9%, respectively. On multivariable Cox
regression analysis, trifecta achievement (HR 2.87; 95% Cl 1.45-5.58; p = 0.02) was the only independent
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INTRODUCTION

Primary hyperaldosteronism (PHA) or Conn’s syn-
drome represents the most common cause of endo-
crine hypertension (HTN) [1, 2]. PHA is character-
ized by high plasma and urinary aldosterone and
suppressed plasma renin [3]. According to endocrine
society clinical guidelines, patients with bilateral
adrenal hyperplasia are generally treated with min-
eralcorticoid receptor antagonists [4]. Conversely,
unilateral PHA are recommended to undergo, ei-
ther partial or total gland removal [5]. Minimally-
invasive partial adrenalectomy (MIPA) or total adre-
nalectomy (MITA) represent the standard treatment
of unilateral PHA [6, 7, 8].

The historical lack of homogenous and validated
metrics for describing adrenalectomy outcomes
for Conn’ syndrome, has led to the introduc-
tion of PASO criteria for describing achievement
of clinical and biochemical success [9]. However, the
normalization of blood pressure without the need
of antihypertensive medication is still reported
with heterogeneity among adrenalectomy series,
ranging from 20% to 80%, while the rate of persis-
tent hypokalemia after surgery remains negligible
or underestimated [10, 11].

In this scenario, several predictive scores to evalu-
ate long-term functional outcomes of adrenalectomy
for PHA, have been conceived. Notably, Vorselaars
et al. proposed the definition of ‘clinical cure’ based
on postoperative blood pressure and number of an-
tihypertensive drugs [12]. More recently, Anceschi
et al. introduced the concept of ‘trifecta’ to describe
composite adrenalectomy outcomes for unilateral
primary aldosteronism (UPA), regardless of the sur-
gical approach considered [13].

The aim of the current study was to provide a head-
to-head comparison between these two scoring sys-
tems for predicting both clinical and biochemical
success according to PASO criteria on a multicentric
adrenalectomy series at an extended follow-up.

MATERIAL AND METHODS

Study population

Between March 2011 and January 2022, a multi-
institutional board-approved prospective adrenal-
ectomy dataset was queried for ‘unilateral primary
aldosteronism’ (UPA). Patients enrolled were di-
vided into two groups according to surgical tech-
nique (MITA or MIPA). Indications for MIPA were
limited to small tumors (<3 cm). Patients included
were diagnosed with UPA identified by computed
tomography (CT) and/or magnetic resonance (MR)

and/or adrenal venous sampling, according to stan-
dard diagnostic work-up suggested by the endocrine
society guidelines [5]. Patients with bilateral hyper-
plasia, malignant disease (primary or metastatic),
other causes of adrenal-related endocrine HTN, in-
complete preoperative/follow-up data regarding an-
tihypertensive drug assumption or systolic/diastolic
blood pressure were excluded.

Variables

Evaluated preoperative clinical and demographic
characteristics included age, gender, American So-
ciety of Anesthesiologists (ASA) score, preopera-
tive haemoglobin (Hb), therapeutic intensity score
(TIS), clinical tumor size and side, serum potas-
sium level. Intraoperative variables included mean
operative time (MOT), % perioperative complica-
tions, % perioperative transfusions. Postoperative
variables included length of hospital stay (LOS),
postoperative Hb, median perioperative Hb drop
(AHb). Complications within 30 days after surgery
were recorded and graded according to the Clavien-
Dindo classification. Significant complications were
categorized as Clavien Grade III or higher. Function-
al results were reported and classified according to
clinical PASO criteria. Information on preoperative
antihypertensive therapy (number of drugs, class
and dose) were retrieved from clinical charts and
TIS metric was computed for each patient in order
to estimate trifecta outcomes [13, 14]. TIS represents
a proportional measure of prescribed to maximum
US Food and Drug Administration (FDA) recom-
mended dosage calculated for each antihypertensive
medication preoperatively [15]. Follow-up consisted
of an endocrinologic evaluation at 3, 6, 12 months
after surgery. Trifecta and clinical cure achievement
were calculated as previously described by Anceschi
et al. and Vorselaars et al., respectively [12, 13].

Endpoints

The primary endpoint of the study was to compare
trifecta and clinical cure rates among MIPA and
MITA series. The secondary endpoint was to identify
predictors of long-term complete and partial clinical/
biochemical success according to PASO in the overall
cohort.

Statistical analysis

Descriptive analyses were used. Frequencies and
proportions were reported for categorical variables,
while medians and interquartile ranges (IQRs) were
reported for continuously coded variables. Differ-
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ences between continuous variables were assessed
with the Wilcoxon rank sum test, while Pearson’s
x? test was used for categorical data. Univariable
and multivariable Cox regression analyses were
used to identify predictors of partial and absent
clinical success.

For all analyses, a two-sided p <0.05 was considered
significant. Statistical analysis was carried out using
the Statistical Package for Social Sciences (SPSS)
software v.26.0 (IBM Corp, Armonk, NY, USA).

RESULTS
Baseline and perioperative characteristics

Overall, 90 eligible patients met inclusion criteria
with a median follow-up of 42 months (IQR: 27-54).
Of those, 61 underwent MITA and 29 MIPA, re-
spectively (Table 1). No significant differences be-
tween groups were found at baseline for all variables
considered (each p >0.2) except for median tumor
size, which was significantly higher in MITA series
(4.2 vs 2.7 cm; p = 0.001) and for tumor side, where-
as the rate of left-sided adrenal masses in the MIPA

Table 1. Baseline data and perioperative outcomes

cohort was significantly increased (37.7% vs 75.9%;
p = 0.001). With regard to perioperative outcomes
(Table 1), LOS was significantly higher in the MITA
cohort (4 vs 3 days; p = 0.038). Overall complications
rate and Clavien-Dindo grade distribution were ho-
mogeneous between groups (each p >0.4).

Functional outcomes

Median cumulative TIS score (range 0.25-1) was
comparable between groups (0.5 vs 0.5; p = 0.989),
with 34.5% patients requiring a combined drug regi-
men (p = 0.676). In the overall cohort, complete, par-
tial, and absent clinical success rates were achieved
in 54 (60%), 16 (17.7%), and 20 (22.3%) patients,
respectively (Table 2). Complete, partial, and ab-
sent biochemical success was obtained in 75 (83.3%),
11 (12.3%), and 4 (4.4%) patients, respectively.
The overall clinical cure rate was achieved in 58.9%
patients, with no significant differences between
the two groups (55% vs 66.7%; p = 0.433). Moreover,
overall trifecta rate was 21.1% in the entire cohort
with no difference between MITA and MIPA cohorts
(16.3% vs 31%; p = 0.312).

Minimally-invasive Minimally-invasive

Variable ((r)]v:ergacl)l) total adrenalectomy partial adrenalectomy p value
B (MITAn =61) (MIPA = 29)
Age at surgery (median, IQR) 54 (44-65) 54 (44.5-63) 57 (43.5-67.5) 0.408
Follow-up (months, median, range) 42 (27-54) 41 (24-50) 46 (32.7-57.5) 0.223
Gender (n, %)
Male 36 (40%) 23 (37.7%) 13 (44.8%) 0.519
Female 54 (60%) 38 (62.3%) 16 (55.2%)
ASA score (n, %)
1-2 73 (81.1%) 50 (82%) 23 (79.3%) 0.763
3-4 17 (18.9%) 11 (18%) 6 (20.7%)
Adrenal mass size (cm, n, IQR) 3(2-5) 4.2 (2.35-6) 2.7 (1.8-2.85) 0.001
Side (n, %)
Left 45 (50%) 23 (37.7%) 22 (75.9%) 0.001
Right 45 (50%) 38 (62.3%) 7 (24.1%)
LOS (days, median, IQR) 4 (3-5) 4 (3-5) 3(2.5-4) 0.038
Number of drugs (n, %)
No drugs 9 (10%) 7 (11.4%) 2 (6.8%) 0.676
One class medication 50 (55.5%) 32 (52.4%) 18 (62%) ’
Combined class medication (>2) 31 (34.5%) 22 (36%) 9(31.2%)
TIS score (median, IQR) 0.5(0.25-1) 0.5 (0.25-1.09) 0.5(0.25-1) 0.989
Overall complications (n, %) 10 (11.1%) 7 (11.5%) 3(10.3%) 0.873
Clavien grade (n, %)
I 6 4 2 0.940
Il 3 2 1 0.488
1] - - -
[\ 1 1 -
V — — —

n —number of patients; IQR — interquartile range; ASA — American Society of Anesthesiologists; LOS — length of hospital stay; TIS — therapeutic intensity score
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Table 2. Functional outcomes

Minimally-invasive Minimally-invasive

Variable gv_e;aél) total adrenalectomy partial adrenalectomy p value
- (MITAn =61) (MIPA = 29)
Complete clinical success 54 (60%) 33 (54%) 21(72.4%) 0.097
Partial clinical success 16 (17.7%) 14 (23%) 2 (6.8%) 0.136
Absent clinical success 20 (22.3%) 14 (23%) 6 (20.7%) 0.136
Complete biochemical success 75 (83.3%) 50 (81.9%) 25 (86.2%) 0.918
Partial biochemical success 11 (12.3%) 7 (11.4%) 4 (13.7%) 0.918
Absent biochemical success 4 (4.4%) 3(4.91%) 1(3.4%) 0.918
Trifecta 19 (21.1%) 10 (16.3%) 9 (31%) 0.312
ATIS 50 (3 months) 25 (27.8%) 13 (21.3%) 12 (41.3%) 0.067
No perioperative complications (any CD) 80 (88.9%) 53 (86.8%) 27 (93.1%) 0.813
No electrolyte imbalance (3 months) 76 (84.4%) 51 (83.6%) 25 (86.2%) 0.837
Clinical cure
Normotension 53 (58.9%) 33 (55%) 20 (66.7%) 0.433
Clear improvement 11(12.2%) 10 (15%) 1(6.6%) 0.092
No clear success 26 (28.9%) 18 (30%) 8(26.7%) 0.452

TIS — therapeutic intensity score; CD — Clavien-Dindo

Predictors of clinical success

On wunivariable Cox regression analysis, none
of the included variables were predictive of par-
tial clinical success, while adenoma size (HR 1.12;
95% CI 1.01-1.25; p = 0.03), clinical cure (HR 1.12;
95% CI 1.05-2.23; p = 0.04) and trifecta (HR 2.96;
95% CI 1.57-5.86; p = 0.02) were all predictors
of complete clinical success (Tables 3, 4). On mul-
tivariable Cox regression addressing complete clini-
cal success only trifecta (HR 2.87; 95% CI 1.45-5.58;
p = 0.02) showed statistical significance.

Predictors of biochemical success

On univariable Cox regression addressing partial
clinical success, only age (HR 0.94; 95% CI 0.88-0.99;

p = 0.04) achieved statistical significance (Table 5, 6).
Conversely, adenoma size and trifecta were both pre-
dictors of complete biochemical success, on univari-
able (HR 2.72; 95% CI 1.46-5.06;

p = 0.001 and HR 1.97; 95% CI 1.07-3.65; p = 0.03,
respectively) and after multivariable adjustments
(HR 2.87; 95% 1.53-5.36; p = 0.001 and HR 2.10;
95% CI 1.13-3.90; p = 0.018, respectively).

DISCUSSION

To date, PASO criteria represent the most compre-
hensive validated tool to assess composite functional
outcomes after adrenal surgery for PHA [9]. How-
ever, the adoption of this metric did not obviate the
historical heterogeneity among adrenalectomy out-
comes, due to the stiff thresholds considered [10, 11].

Table 3. Univariable and multivariable Cox regression analysis to identify predictors of partial clinical success according to PASO criteria

Univariable analysis

Multivariable analysis

Variable 95.0% ClI 95.0% ClI
HR HR
Lower Higher p value Lower Higher p value

Age 0.98 0.92 1.04 0.619 - - - -
Gender 0.53 0.14 1.99 0.352 - - - -
ASA score

1-2 0.88 0.18 4.25 0.878 - - - -

3-4
Adenoma size 1.84 0.37 9.05 0.451 - - - -
Partial vs total adrenalectomy 0.04 0.15 2.8 0.580 - - - -
Clinical cure 0.17 0.02 1.50 0.110
Trifecta 0.62 0.07 53 0.662 - - - -

PASO — Primary Aldosteronism Surgical Outcome; ASA — American Society of Anesthesiologists; Cl — confidence interval; HR — hazard ratio
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Table 4. Univariable and multivariable Cox regression analysis to identify predictors of complete clinical success according

to PASO criteria
Univariable analysis Multivariable analysis
Variable 95.0% CI 95.0% Cl
HR HR
Lower Higher p value Lower Higher p value

Age 0.98 0.95 1.08 0.169 — - — —
Gender 1.18 0.62 2.26 0.596 — - — -
ASA score

1-2 0.65 0.30 1.38 0.262 - - -

3-4
Adenoma size 1.12 1.01 1.25 0.031 1.11 0.99 1.25 0.062
Partial vs total adrenalectomy 1.63 0.67 3.95 0.276 - - - -
Clinical cure 1.12 1.05 2.23 0.042 1.41 0.36 2.54 0.884
Trifecta 2.96

1.57 5.86

0.021 2.87 1.45 5.58 0.021

PASO — Primary Aldosteronism Surgical Outcome; Cl — confidence interval; HR — hazard ratio; ASA — American Society of Anesthesiologists

Table 5. Univariable and multivariable Cox regression analysis to identify predictors of partial biochemical success according

to PASO criteria
Univariable analysis Multivariable analysis
Variable 95.0% CI 95.0% Cl
HR HR
Lower Higher p value Lower Higher p value

Age 0.94 0.88 0.99 0.041 - - - -
Gender 0.99 0.27 3.60 0.989 - - - -
ASA score

1-2 1.29 0.35 4.65 0.697 - - - -

3-4
Adenoma size 0.04 0.01 16.5 0.553 - - - -
Partial vs total adrenalectomy 1.42 0.40 4.87 0.597 - - -
Clinical cure 1.17 0.32 4.21 0.803
Trifecta 0.03 0.460

0.01 21.3

PASO — Primary Aldosteronism Surgical Outcome; Cl — confidence interval; HR — hazard ratio; ASA — American Society of Anesthesiologists

Table 6. Univariable and multivariable Cox regression analysis to identify predictors of complete biochemical success according

to PASO criteria
Univariable analysis Multivariable analysis
Variable 95.0% ClI 95.0% ClI
HR HR
Lower Higher p value Lower Higher p value

Age 1 0.98 1.02 0.738 - - - -
Gender 1.30 0.75 2.26 0.336 - - - -
ASA score

1-2 0.68 0.36 1.28 0.237 - - - -

3-4
Adenoma size 2.72 1.46 5.06 0.001 2.87 1.53 5.36 0.001
Partial vs total adrenalectomy 1.27 0.74 2.18 0.370 - - - -
Clinical cure 1.04 0.57 1.88 0.915
Trifecta 1.97 1.07 3.65 0.032 2.10 1.13 3.90 0.018

PASO — Primary Aldosteronism Surgical Outcome; Cl — confidence interval; HR — hazard ratio; ASA — American Society of Anesthesiologists
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Recently, Vorselaars et al. suggested the definition
of clinical cure to evaluate the burden of blood pres-
sure (BP) decrease in patients undergoing unilat-
eral adrenalectomy [12]. Despite the user-friendly
profile, major pitfalls of this score are represented
by either the lack of information on anti-hyperten-
sive drug dosage or biochemical functional assess-
ment. To overcome these limitations, Anceschi et al.
proposed the concept of trifecta in adrenal sur-
gery for PHA. This scoring system is defined
by the achievement of three main criteria: 1) absence
of perioperative complications (Clavien-Dindo >2);
2) BP control evaluated by TIS score (ATIS >50%);
3) absence of post-operative electrolyte impair-
ment [13].

In this scenario, we attempted the first head-to-
head comparison between two major predictive
tools of adrenalectomy outcomes for unilateral UPA.
Our study has several noteworthy findings.

First, as a previous study shows, no significant dif-
ferences were reported in terms of complete clinical
success between MIPA and MITA cohorts [16]. Fur-
thermore, according to our regression model, surgi-
cal technique was neither predictive of complete nor
of partial clinical success (each p >0.2). This data
further confirmed the feasibility of adrenal sparing
surgery in patients affected by unilateral UPA [17].
Second, with regard to functional outcomes observed,
at a median follow-up of 42 months (IQR: 27-54),
the overall trifecta achievement rate was 21.1% while
the normotension rate according to clinical cure was
58.9%. This wide discrepancy in identifying patients
who achieved complete or partial clinical success po-
tentially relied on the more restricted criteria for tri-
fecta achievement.

Third, after adjusting our regression model for ad-
enoma size, clinical cure and trifecta achievement,
only trifecta was an independent predictor of either
complete clinical or biochemical success (p = 0.02
and p = 0.018, respectively). Notably, the incidence
of persistent of hypertension after adrenal surgery
for UPA still remains a critical issue in contempo-
rary clinical practice. Ideally, the best predictive tool
in the UPA setting should identify which patients will
benefit only with surgical treatment at an extended
follow-up. Unfortunately, due to variables hetero-
geneity influencing blood pressure control, a clear
discernment between refractory and newly onset
of hypertension after surgery remains unclear. Addi-
tionally, the delayed timeframe evaluation between
UPA diagnosis and treatment may negatively impact
blood pressure recovery after adrenal surgery, jeop-
ardizing the effective clinical success rates. Never-
theless, the multidisciplinary management of hyper-
tension involving different clinical profiles, ranging

from general practitioner to cardiologist advice may
overestimate the clinical failure rates whereas mul-
tiple drug regimens aim to avoid cardiovascular com-
plications rather than blood pressure control.
Fourth, in the overall cohort, the complete bio-
chemical success rate was 83.3%. Our findings are
comparable to previously published series [9, 18,
19] although electrolyte imbalance may not neces-
sarily represent a biochemical failure rather than
a potential underestimated bilateral PHA, a side-ef-
fect of multidrug antihypertensive therapy, or a con-
sequence of long-standing untreated UPA [20].
Nonetheless, a larger adenoma size resulted in a higher
probability of complete biochemical success (HR 2.87;
p = 0.001). This data is in contrast with prior studies
results [21]. A possible explanation may be represent-
ed by the lack of assessment of potential residual con-
founding variables such as aldosterone/renin ratios,
cortisol values, histochemical (aldosterone synthase)
and surgical factors not included in our dataset or sim-
ply a consequence of regression model overfitting.

In analogy to previously published data, we observed
a consistent discrepancy between clinical and bio-
chemical complete success rates [18, 22]. As afore-
mentioned, the source of aldosterone excess removal
could normalize the biochemical abnormalities. Con-
versely, blood pressure variability may be also influ-
enced by vascular changes related to long-lasting,
untreated UPA.

We acknowledge that the present study has several
limitations. Firstly, in a multi-centric database, data
are subject to selection, indication and performance
bias. Moreover, since clinical and biochemical out-
comes could be influenced by patients’ comorbidities
and UPA duration and severity, we were unable to
include this information in our predictive models.
Additionally, external validations of this scoring sys-
tem are still lacking in contemporary literature. Not-
withstanding these limitations, trifecta represents
an alternative and comprehensive clinical tool for
physicians in the prediction of all PASO endpoints
compared to clinical cure at a long-term follow-up.

CONCLUSIONS

Clinical cure and trifecta system are both reliable and
independent prognostic tool of standardized clinical
success after either partial or total adrenalectomy.
Despite its higher complexity estimation and more
restrictive inclusion criteria, trifecta but not clinical
cure allows to predict composite endpoints of PASO
criteria in the long run.
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