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Summary

Objective: Correct subtyping of primary aldosteronism (PA) is essential for good surgicahrmsgc
Adrenal vein sampling (AVS) and/or computed tomography (CT) are used feunlPdassification.
Clinical and/or biochemical improvement after surgery, however, is not abehysved in patients with
presumed unilateral PA. We aimexidentify the pitfalls in PA sub-classificationleading to surgical
treatmenfailures:

Patients and.Design: We retrospectively studi€2D8 patients who underweatrenal vein sampling
(AVS) for PA'subclassificationin a tertiary referral cerg, betweenJanuary2009 andAugust2016.
Simultaneouwilateral AVS was performetbeforeandaftercosyntropin administratioWweimplemented
immunohistochemistryor aldosterone synthase (CYP11B2) and 17a-hydroxylasél7,20lyase
(CYP17A1l) inadrenal glands resected from patiemithoutimprovemenof PA after surgical treatment
and fromthese with limitations in AVS interpretation.

Results: Of.55 patientswho underwent adralectomy three(5.5%)hadno improvement of PAAII

three patients underwepartial adrenalectomy to remogeCT-detected nodule present on gameside
with AVS lateralization Immunohistochemistry revealedCYP11B2negative nodulén both cases
available All patients who underwent total adrenalectomy based on AVS lateralitatiafitted from
surgery, including three patients with unilateral unsuccessful AMSallosterone suppression in the
catheterized.side vs. inferior vena cava.

Conclusions;. Radiographically identifieddreral nodules are not always a sourc®8f even when
ipsilateralwith-AVS lateralizatiorThese dataaution against reliance @magingfindings either alone

or in conjunctionwith AVSto guide surgery foPA.

Keywordssprimary aldosteronism, aldosterone producing adenoma, adrenal vein sampling, CYP11B2

Introduction
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Primary aldosteronism (PA3 the most commoidentifiableform of secondary hypertension
PA s highly pevalent among patients withsistant hypertensiaandis diagnosed irover 10% of the
patientsreferred to specializetentes™ . PA is associated with increased cardiovascular morbidity and
mortality as compared with equivalent degrees of essential hypertéhsindhenceearly recognition
and treatment of P/ imperativé. PA is traditionally sukclassified as either bilateral
hyperaldosteronism (BHA) or aldosterone producing adenomas {ARIklough some patients have
features of both subtypeSorrect sukclassification of PA issentiglaspatients withunilateal PAcan
benefit from surgical treatmerimmunostaining for aldosterone synthase (CYP11B2), the key enzyme in
aldosterone productiors not widely availableconsequently, when postoperative clinical assessment
demonstrates surgical curelgfperaldosteronism, it is assumed that a histologically identified
macroscopi€ adrenal tumor was the primary source of aldostSoe the development bighly
specificCYP11B2 antibodies, it has been demonstrated that thelasdification of PA spans a
continuum, ranging from single or multiple APA, to small aldosteronéymiag cell clusters (APCClo
zona glomerulosa hyperpla$ta The variable immunohistochemistry findings in resected adrenals from
patients with PA underscotke limitations of adrenal imaging in identifginhe sourcgs) of aldosterone
excess.

Adrenal vein sampling (AVS} consideredhe mostaccuratenethodfor determining whether
one or beth-adrenals produce excess aldostérasiele frompatients younger than 35 yeavith
unequivocal P2 crosssectional adrenal imaging findingsefrequentlydiscordant with the
aldosteronessource kreralizedby AVS™™. Nevertheless asolutionof PA after unilateral
adrenalectomys not always achieveeyen if the decision is based on AVS lateralizattdf, in part
becauséVSitecnique and interpretation vawidely betweercentre?’. Moreover AVS results might
be influenced byyseveral antihypertensive agantsby autonomouadrenakortisol synthesi<. For
these reasonshe’ supremacyf AVS in PA subclassification has beaquestionet?.

Severaktudies have focused omtcomes after adrenalectomy in PA, but the emphasis has been
onsuccess ratasither than oauses of treatment failuré/hile clinical improvement is achieved in the
majority of PA cases treated surgicai{#**, data regarding contributors sargical treatment failure
have beescarceln the present study, we aimedidentify the pitfalls in PA subclassificationleading

to absence dPA.improvementfter surgical treatment

Patientsand M ethods
Study participants
In our centreall patients with PA considered for surgical treatment undergo AVS. We studied

patientswho underwent AVS at the University of Michigan betwdanuaryl®, 2009 andAugust31®,
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94  2016. Patient demographicsboratory results, computed tomography (CT) imaging, AVS data,
95  pathology reports, and postoperative folaprecordswere retrospectively reviewed.he
96 antihypertensive medicatiomgereconverted to a standardized daily definlede (DDD)accordingto the
97 WHO ATC/DDD IndexX°. Immunohistochemistry studies were conducted on paraffibedded adrenal
98 tissuesin asubset of patients, as detailed below. All studies earducted undddniversity of
99  Michigan Internal RevievBoard (IRB)approved protocolsA waiver of consent was granted for the
100 retrospective studieadrenal tissue experiments were conduaféat obtainingwritten informed consent
101  from all participants.
102  Clinical assessment
103 Plasma aldosterone concentrati®AC) andplasma renin activityPRA) were meased for case
104  detection of'PAand screeningvaspositivein 164/170 (96.5%) of patients, based dPAC (ng/L)PRA
105  (ung/L/h) ratio(ARR) > 200, PAC>100 ng/L and PRA<1 ug/L/h. In 125/170 (73.5%jpatiens, the
106  diagnosis wasonfirmedbasedon oral sodium loading test (followed by a R4irinary aldosterone >12
107  pg), saline infusion tegfPAC >100 ng/L at 4 hour}, or a suppressed PRA (<u@/L/h) with
108  spontaneous hypolamia and PAC >2Dng/L. Six patients with a high clinical index of suspicion did
109 not meet ARR,screening criteria were included due to inability to discontinue interfering medications.
110 PACwas measuredy a competitive chemiluminescent immunoassay otag8orinLiaison XL
111  analyzerthe'coefficient of variability (CV) was 8.9.4 %.PRA was determined using a
112 radioimmunoassay for angiotensimanufactured by Dia8in, with a CV betweed3.0% (at2.3 ug/L/h)
113  and8.8% (at'’5.8ug/L/h). Serum cortisol was measured by a competitive chemiluminescent
114  immunoassay on a Siemens ADVIA Centaur analyzer, with CV ef 3%.Urinary aldosterone was
115  measuredvy liquid chromatographyandem mass spectrometry (MS/MS) at MayoMedical
116  Laboratories
117 Because patients with unilateral dominance of PA might still have naildenomous
118  aldosterone production frothe contralateral side, we focused on patients with [&8&dmprovement
119  after surgeryrather than on PA curdbsence of PA improvement was defined@sstoperativé®RA <1
120  pg/L/h andRACfall by less than 50% as compared with the @perativevalue
121 AVS
122 AVS.wasperformed byone of twoexperiencednterventional radiologistat the University of
123 Michigan."'Samples were obtainsinultaneouslyrom the inferior vena cava (IVC) and both adrenal
124  veins (AV) beforeand 1030 minutes after 0.25 mgpsyntropin administratiofminimum thredime
125  pointg. Cosyntropin was injected @s0.125 mg bolus followed lgontinuous infusiorf0.75mg/h prior
126  to November 2014, and 0.125 mg/h thereaft®y catheterization was considered successful when

127  selectivity ndex (SI) defined by the AV/IVC cortisol concentratigngas>2 prior toand>5 after
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cosyntropin administratigmespectivelyThelateralization mdex (LI), defined as the aldosterone/cortisol
ratio between the two A% and contralaterahdex (C)), defined as (aldostene/cortiso)nondominant v/
(aldosterone/cortishl,c were used to assess lateralization. Unilatefalvas diagnosed thelLl was>2
before and>4 after cosyntropin administratipnespectivelyA Cl <1 defined contralateral suppression
I mmunohistochemistry

We assessed the aldosterone synthetic capacity of the surgically removed adrenal tissue
patients who failedurgicaltreatment and ipatients with unsuccessful access of one atalization of
CYP11B2 and 1a-hydroxylasé17,20 lyas€ CYP17A1, anenzyme involved in glucocorticoid and
androgen synthegiexpressing cells wasssesseldy immurphistachemistry usingcorrespondin@ntr
human antibodieGnt-CYP11B2, mousgel:1500, Millipore, Billerica, MA, USA, #MABS1251; anti
CYP17A1,rabbit;)1:1000, kindly provided bpr. MichaelR. Waterman Vanderbilt Uniwersity School of
Medicine, Nastille, TN, USA), aspreviouslydescribed?.
Statistical analysi's

Statistical differences in measured parameters between groups were evaluated using-the Mann

Whitney U test. Ap value<0.05 was considered significant.

Results
Demographic.and:diagnostic data

Betweenwanuarg009 andAugust2016, 208 patients underwent AMSour cente. Of these, 38
patientsreferredsdirectly to AVS, without clinical records available for revieareexcluded(Figure 1)
Of theremainingl70 patients, 101 (59%) were mdme medan age of all participantsas54 (range,
30-79). AVS waseonsidered successfildased on Si criteria defined in Methods)lL22 (72%)and 159
patients (9%6) before and aftecosyntropinadministrationrespectively(Figure 1).Unilateral PA was
diagnosed i6/422 (54%)and 87159 (55%) patientsbefore andafter cosyntropin administration
respectivelyContralateral suppression was present in 50/66 (75%) patients and 82/87 (94%)wdtients
unilateral PA before and after cosyntropin adminigim respectively. In totall6 of the 159 (10%)
successfully catheterized patients had discordant lateralization lefafter cosyntropiradministration.
In five patients, unilateral PA was apparent dmdfore cosyntropirwhile 11 other patients lateralized
only after cosyntropimdministration(Figure 1) No patients had opposite lateralization loase pre vs.
postcosyntropin L.

Because catheterization is less often successful without cosyntropin adminiséfaodata
after cosytropiradministratiorhave been preferentially used for clinical decisionsur cente, and PA
will be furtherreferred toasunilateral or bilateral based on these results, unless otherwise spéaified.
unilateral PA, redian PACQ(330ng/L vs. 20 ng/L, p <0.001) and ARR(1970 vs. 80, p <0.001) were
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higher, and PRA was lowe0(1 ng/L/h vs. 0.3 ug/L/h, p=0.007) than in bilateraPA (Table 1)
Hypokakemia was more frequent in patients with unilateral PA (97%) than in those wittrdlilRA
(75%).

Adrenal CTwas performed in 158 patients (Figure Qiilateral adrenal abnormalitiegere
diagnosedn 114/158 (72%patients single nodulen 93 patientsmultiple nodulesn two patients
nodules andinderlyinghyperplasian four patientsunilateral thickening alonie 15 patientsBilateral
adrenal nodules and/or hyperplasia were observed in 24 p#1ie#$ CT findingscoindded withthe
lateralizationdetermined by AV3n 80/158 (51%) patieni{@igure 3. Of 117 patients with adrenal
nodules 51 patients were evaluated for autonomous cortisol synthesis; five patientsonsbf 50
nmol/l after'd mg dexamethasone suppression test. Of these five patients, two lateralized oa Higesam
with the nodul@suggesting cortisol esecretion from the ipsilateral sideyo had bilateral PAandin one
patient AVS'was unsuccessful
Postsurgical outcames

In total, 55 (32%) patients underwent unilatesdrenalectomy, either total (52) or partial. @B
the remaining 37 patientgith unilateral PA 24 were subsequently managed at other institutions, and in
the other 13 patients surgery wasstponed for various reasons, including physician’s recommendations
or personal preferencBostoperative follow up ranged from 5 days to 20 months (median 20 days).
Postoperativelinical assessment amaformation regardingntihypertensive medicatiomsas available
in all but twopatientswhile hormonal follow upvas performed 138 (69%) patients

Of'55patients treated surgicallhreehad no improvemertdf PA (Table 2) All three patients
demonstrated lateralization of PA based on AE%showed one adrenal nodule on the dominant side in
all threepatients:an additionabubcentimet nodule and lentiform thickening of the contralateral gland
was obseryed in‘one patiefitraoperative ultrasoungasperformed irtwo of the patientsanddetected
a single nodule“on the side with AVS lateralizatidl three patients underwent partial adrenalectomy,
removing the area of the gland containing the nodule identifieéchaging The clinical @thology report
notedan adrencorticaladenoma inlathree cases

Adrenalectomy was performed in four patients in whdvis hadfailed on one sidghreewith
analdosterone/cartisol ratiower in the successfully catheterized side than in IMCfour patients
experienced reseolution of PA aadlecline in the ATC/DDD index.
I mmunohistochemistry

To undersand the pathophysiology of poor clinical outcomes after adrenalectomy, as well as
successful outcomes in cases vifittompleteAVS data we performed immunohistochemical stainifog
CYP11B2ontheadrenal glandfrom patients whdailed surgical treatmerftwo patientsfor the third,

pathology specimen was not availaldegpatients in whonAVS failed unilaterally (four patients.
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In the two patients with available pathologyecimens who hadiled surgical treatmenthe
cortical adenomas removed were negative for CYP11B2, while the entire tissue was difbsgahg for
CYP17A1(Figure3, A and B, Cases 2 and 3 in Tab)eThese results demonstrated that despite AVS
lateralization, the largest nodule was not the cause of PA in these patients. One of these patient
underwentia'second AVS, which again demonstrated lateralization of PA to the partialesadoeny
side. CT—guided radiofrequency ablation of the remnant adrenal tissue was performed, with subsequen
resolution of PA(PAC fell from 336g/L to 56ng/L), decline ofATC/DDD index and resolution of
hypokabemia.

Of the four patients with unilateral AVS failure who underwent unilateral adrenalectomy
CYP11B2 staining localized to the macroscopic nodutéree. h the fourth patienthoweverthe CTF
detected nodule'was negative for CYP1HBA positive for CYP17Alwhile arother, smaller, nodular
structure showegdositiveCYP11B2and weak CYP17A1 expression, suggesting that the source of excess

aldosterone production w#se smaller nodulerather tharthe oneidentified on CT(Figure 3Q.

Discussion

AVS has been widely accepted as the “gold standardaferalizationof PA®*%?”. The basis fo
recommending AVS in all patients with PA older than 35 who might consider sUhgargmerged from
numerous:studies demonstratjmgpr correlation of AVS with crossectional imagint***®. Previous
studies have largely focused on success rates after adrenalectomy, but the cases with absent clinical
benefit afterssurgerfiave been poorly studied. Published data suggest that both CT and AVS are
imperfect tools for PAubclassificatioi®®. In the present study, vemught to identify parameters
associated:-withspoor outcomes after surgical treatment in PA paiedesdwith both AVSand CTdata

Of all'surgically treated casethe onlyoneswithout PA improvementvere three patients who
underwent partial adrenalectomy temoveanadrenal nodule demonstrated ®y imagingon the
ipsilateral side with AVS lateralizatio®taining for CYP11B2vas negative in both patients with
available pathology specimemsnphasizinghat aprominentnoduleis not alwayshe sourceof
aldosterone, even when present on the ipsilateral side with AVS lateralifasierof the patients
experienced PA resolution after radiofrequency ablation of the remnant adrenaktglasigtent witlihe
AVS results Failureof PA resolution has been previously reported in 2/29 patients with partial
adrenaléctomy, although other groups reported no difference in clinical outcomes betweerspatie
underwent total or partial adrenalectdify. Using CYP11B2 immunostaining, we further show that in
some patients with unilateral PA, the source of aldosterone arcésies neoplastic cellputside ofa
dominant noduleasother investigators haweported®’. Moreover adrenal CT abnormalities can be

contralateral to the side suggested by AVS as the source of autonomous aldosteronemrofiucti
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230  Taken together, these results suggest that while macroscopEak® more common than other types of
231  unilateral PAsurgicalplanningcannot be reliably based @7 findings.

232 Next, we investigated potential sources of error in AVS interpretation. AVS technique and
233 criteria for successful catheterization and lateralization vary watalyngcentes™**%, In our

234 institution, sampleare routinely obtainedoth before and after cosyntropin stimulation. The rate of
235  successful/catheterizatiom our institutionusingthe statedl criteriais considerablyigher when

236  cosyntropin is used (94%s 72%), even in the hands of experienced interventional radioldgists

237  agreementwith the experienageported byothercentes®®. The proportion of univs. bilateral PA was
238  comparabldefore and after cosyropin administration, althougtD% of AVS studiesyielded discrepant
239  resultsIn total, 6/16 patients with discordarmre-vs. postcosyntropinAVS lateralizatiorhad

240 adrenalectoryone who lateralized only befoamdfive who lateralized only after cosyntropin. Of these
241 only onepatient=whose surgery was a partadrenalectomy-did not haveimprovement of PA after
242 surgeryIn a recent study of 175 patients who underwent AV $atreertertiary referral ceme, the

243 lateralization index was discordant in 28% of cadgesmajority of which lateralized onlgrior to

244  cosyntropin administratich Taken together, these data suggest that lateralization under any AVS
245  protocol is a strongrpdictor of clinical improvement after surgery, even if lateralizatiorotgpresent
246  under all testedonditions.

247 Adrenalectomy was performedtinreepatientswith unilateral AVS failurédoutwho

248  demonstrategduppressiomf aldosterone productidn the successfully catheterizeidleas comparetb
249  IVC. All threespatients experienced resolution of PA egdtliction of their antihypertensive regimen
250 Theseoutcomessuggest that unilateraldosteronesuppression alone isstrongindicatorof contrdateral
251  dominance-insPAandthat AV/IVC aldosteronsuppressioran be utilized as a decision tool when AVS
252  fails unilaterally.Qur resultsubstantiate previous reports of farable outcomes ipatients with

253 unilateral PAandcontralateral suppressiti. As waspreviously observed we found thatontralateral
254  suppression was moreefluentpost as compared with preosyntropin administratioff.hese results
255  along withthe favarablesurgical outcomes in such patiefité, suggest that cosyntropin does pien
256  disproportionatelystimulatealdosterone productidinom the contralateral adrenal in unilateral PA.
257  Nonethelessthis aspectequires furtheelucidationby bothin vitro experimentsnd prospective clinical
258  trials.

259 While several caveats in AVS technique and jmetatiort®*>?+%3 require further clarification
260  we have not identified any cases with absent clinical benefit aftergNt&edtotal adrenalectomy. The
261  superiorityof AVS in PA has been recently questioned by Dekkers and colleagues, who randomly
262  assigned 200 patients with PA to undergo-slalssification by either CT or A8 At one year follow

263  up, there was no statistical difference in the antihypertensive treatment intensigiéte two groups,
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despite the fact that the agreement between AVS and Cihdmd/ias only 50%. Of the 92 patients (46 in
each group) who underwent surgery, PA was persistent in nine (20%t)dfive (11%) patients with CT
or AVS-guidedsurgery respectively. These failure rates are much higher thatér reports3?2
Nonethelessthe study was underpowered to detect a difference in failure rates after AVSyoideT
adrenalectomyFurthermoreMRA use was permitted pogteratively, allowingolood pressureontrolin
uncured patients from both grodps

Similarto previous reports, the concordance between AVS and CT findings in our sisidniy
53% and highest in cases with single adrenal nodiles=over, milateral PA was diagnosed by AVS in
35% of patients,with no detectable adrenal abnormalities hy@irallof thesepatients benefited
clinically from adrenalectomy. These results reinforce that, in contrast with casgseotortisolism,
autonomous aldosterone synthesis from a small group of heffidient cellsmight besufficient to cause
disease. Multiple adrenocortical micronodules or diffuse hyperplatiee sbnaglomerulosa habeen
described in suchatient$?. Taken together, thesesults suggest that over a third of patients with PA
could be denied the opportunity of surgical treatment if subtyping was based eim@agsgy studies.

In summary, wexplored the reasons behind surgical failure theditfalls of the commonly
used PA sufzlassification tools, CT and AV&mong the strengof our study are the large numberf
patients captured within a tertiary referral adrenalregartd the routine collection of serum bdigsfore
andafterecasyntropinadministratiorduring AVS.Most importantly implementingCYP11B2
immunostainingpwe demonstrated that autonomous aldosterone synthesis does not el@spmncdo
with radiologi@lfindings even when ipsilateral AVS lateralization is pres@ansequently, our data
caution against reliance @nosssectional imaging aacriterionfor PA lateralization oguidefor
adrenalectomyfhe limitations to our data include the retrospective design and the number of patients
who did not'undergo surgeryn addition,postsurgical evaluation wagterogeneous amdlatively
limited, makingrit unfeasible to assess a range of outca@@efully plannedprospective studies
incorporating uniform criteria for postoperative follow v@main necessary to clarify the optimal

approach to PA lateralization in cases amenable to surgical treatment.
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Table 1. Clinical.and biochemicali@aracteristic®f studyparticipants

Unilateral PA Bilateral PA

N=87 N=72
Sex(M/F) 55 (63%) B2 (37%) 40 (56%) B2 (44%)
Age 53 (3078) 56 (3179)
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416
417
418
419
420
421
422
423
424
425
426
427

BM| 34 (2054) 33 (2356)

Hypokalaemia (%) 97% 75%

No. of antihypertensive

1/4/19/11/8/44 2/10/9/17/18/16
agents (0/1/2/3/4/5+)
Basal PAC(hg/L)* 3307 [210 —460] 220 [160 —290]
Basal PRA((ng/L/h)* 0.1[0.1-0.4] 0.3[0.1-0.6]

Classification based on pesbsyntopin data. BMI, body mass inde; Data are expressed medians
[interquartile range]’ p <0.001 vs. bilateral PAI" p <0.01 vs. bilateral PAPAC, dasma aldosterone

concentrationPRA, plasma renin activity.
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434
435
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437
438
439

Table 2. Characteristics of patients without clinical benefit after surgery

PAC PRA AVSLI
(ng/L) (ng/L/h) ARR (Dominant Side)
ng W ominan € o
HC Cl CT findings Surgery Pathology
Pre’ Post Pre Post Pre Post Before After
Op Op Op Op Op Op ACTH ACTH
1.9 cm R nodule;
_ 0.9cm L nodule R nodule
Casel 417, 466 0.5 <0.1 834 4660 Negative 45(R) 4.3(R) 2.6 . _ ACA
and diffuse resection
thickening
1.3cm L nodule
Case?2 382 203 0.1 <0.1 3820 2030 - 45(L) 4.4(L) 0.3 _ ACA
L nodule resection
_ ) 1.2cm L nodule
Case3 269, 336 0.1 0.1 2690 3360 Negative Failed 5.9 (L) 0.1 _ ACA
L nodule resection

PAC, dasmaraldosterone concentration; PRA, plasma renin acthiRiR, PAC/PRA ratio PreOp, before surgernfPostOp after surgeryHC,

hypercortisolism-, not tested; AVS, adrenal vein sampling; LI, lateralized index; CI, contralateral iftbexgasyntropinR, right; L, left;ACA,

adrenocortical adenoma.

Figurelegends
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Figure 1. Adrenal vein sampling (AVS) data.

Adrenal vein catheterization was considered successful when selectivity index (SP) eésre and >5 after cosyntropin administration.
Unilateral PA-was diagnosed if lateralized index (LI) wa$efore and >4 after cosyntropin administration. B/L, bilateral.

" Classification based on pesisyntropin data. Uni, unilateral; Bi, bilateral; Failed, failure of adrenal vein cadadien.

*, In this: patient AVS data suggested clear lateralization and contralateral suppression prior to gasgtitrailation, but bilateral PA after
cosyntropin:

Figure 2. Comparison between CT findings and AVS lateralization.

Figure 3. Histopathological findings of selected adrenal tissue

A and B:#Adrenal nodules resected from patients who underwent selectiviioreséa CTFdetected nodule (Cases 2 and 3, Table 2). Both
nodules demonstrated no CYP11B2 expression, while CYP17A1 was positive in thesn@didrenal tissue resected from aguativho had

unilaterally unsuccessful AVS. The @ietected nodule waggative for CYP11B2, while another smaller nodule had CYP11B2 expression.
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