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ABSTRACT

BACKGROUND

Distinguishing between arginine vasopressin (AVP) deficiency and primary poly-
dipsia is challenging. Hypertonic saline-stimulated copeptin has been used to
diagnose AVP deficiency with high accuracy but requires close sodium monitoring.
Arginine-stimulated copeptin has shown similar diagnostic accuracy but with a
simpler test protocol. However, data are lacking from a head-to-head comparison
between arginine-stimulated copeptin and hypertonic saline-stimulated copeptin
in the diagnosis of AVP deficiency.

METHODS

In this international, noninferiority trial, we assigned adult patients with polydip-
sia and hypotonic polyuria or a known diagnosis of AVP deficiency to undergo
diagnostic evaluation with hypertonic-saline stimulation on one day and with argi-
nine stimulation on another day. Two endocrinologists independently made the
final diagnosis of AVP deficiency or primary polydipsia with use of clinical infor-
mation, treatment response, and the hypertonic-saline test results. The primary
outcome was the overall diagnostic accuracy according to prespecified copeptin
cutoff values of 3.8 pmol per liter after 60 minutes for arginine and 4.9 pmol per
liter once the sodium level was more than 149 mmol per liter for hypertonic saline.

RESULTS
Of the 158 patients who underwent the two tests, 69 (44%) received the diagnosis
of AVP deficiency and 89 (56%) received the diagnosis of primary polydipsia. The
diagnostic accuracy was 74.4% (95% confidence interval [CI], 67.0 to 80.6) for
arginine-stimulated copeptin and 95.6% (95% CI, 91.1 to 97.8) for hypertonic saline—
stimulated copeptin (estimated difference, —21.2 percentage points; 95% CI, —28.7
to —14.3). Adverse events were generally mild with the two tests. A total of 72% of
the patients preferred testing with arginine as compared with hypertonic saline.
Arginine-stimulated copeptin at a value of 3.0 pmol per liter or less led to a diag-
nosis of AVP deficiency with a specificity of 90.9% (95% CI, 81.7 to 95.7), whereas
levels of more than 5.2 pmol per liter led to a diagnosis of primary polydipsia with
a specificity of 91.4% (95% CI, 83.7 to 95.0).

CONCLUSIONS
Among adult patients with polyuria polydipsia syndrome, AVP deficiency was more
accurately diagnosed with hypertonic saline-stimulated copeptin than with arginine-
stimulated copeptin. (Funded by the Swiss National Science Foundation; CARGOx
ClinicalTrials.gov number, NCT03572166.)

N ENGL J MED 389;20

NEJM.ORG NOVEMBER 16, 2023

The authors’ affiliations are listed in the
Appendix. Dr. Refardt can be contacted
at julie.refardt@usb.ch or at the Depart-
ment of Endocrinology, University Hos-
pital Basel, Petersgraben 4, 4031 Basel,
Switzerland.

This is the New England Journal of Medi-
cine version of record, which includes all
Journal editing and enhancements. The
Author Accepted Manuscript, which is
the author’s version after external peer
review and before publication in the Jour-
nal, is available at PubMed Central.

N Engl ) Med 2023;389:1877-87.
DOI: 10.1056/NEJM0a2306263
Copyright © 2023 Massachusetts Medical Society.

at NEJM.org

1877



A Quick Take
is available at

1878

NEJM.org

The NEW ENGLAND JOURNAL of MEDICINE

RGININE VASOPRESSIN (AVP) DEFICIEN-

cy (formerly known as central diabetes

insipidus) and AVP resistance (formerly
known as nephrogenic diabetes insipidus) must
be differentiated from primary polydipsia, which
is defined as excessive fluid intake despite initial
adequate AVP secretion and renal response.l?
AVP deficiency is characterized by inadequate
release of AVDP, whereas AVP resistance results
from renal insensitivity to AVP.>* Complete and
partial dysfunction have been described in both
forms.” The differentiation of these conditions
from primary polydipsia is critical, because treat-
ments of the three conditions differ and poten-
tial misdiagnosis carries the risk of severe com-
plications.!

Although the indirect water deprivation test
was once considered to be the diagnostic stan-
dard,” several studies have shown that water
deprivation has low diagnostic accuracy and
places a high clinical burden on patients.®” After
the establishment of copeptin (a polypeptide that
is released as part of normal AVP secretion) as a
stable and quick osmosensitive surrogate marker
for AVP2? the direct-test approach was rediscov-
ered.’® Whereas unstimulated copeptin levels
(with a cutoff of >21.4 pmol per liter) can be
used to diagnose AVP resistance,'"'? a stimulated
copeptin is required to differentiate between
AVP deficiency and primary polydipsia. In a
large multicenter trial,® hypertonic saline—stim-
ulated copeptin was used to diagnose AVP defi-
ciency with high accuracy (96.5%). A downside
of that approach is the need for frequent sodium
monitoring to avoid overstimulation and patient
discomfort from induced hypernatremia.

An alternative test that uses arginine-stimu-
lated copeptin has shown diagnostic accuracy
(93%) similar to that of hypertonic saline with a
simpler test protocol and an acceptable side-
effect profile.”> On the basis of these results, the
use of arginine-stimulated copeptin would seem
to be preferable to the use of hypertonic saline—
stimulated copeptin as a standard test to differ-
entiate between AVP deficiency and primary poly-
dipsia, but data from a prospective head-to-head
comparison are lacking.

In an international, noninferiority trial, we
evaluated the diagnostic accuracy of hypertonic
saline as compared with arginine in differentiat-
ing between AVP deficiency and primary poly-
dipsia in adult patients with polyuria polydipsia
syndrome. We hypothesized that the diagnostic
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accuracy of arginine-stimulated copeptin would be
noninferior to the accuracy of hypertonic saline—
stimulated copeptin.

METHODS

TRIAL DESIGN AND PATIENTS

We conducted the Use of Copeptin Measurement
after Arginine Infusion for the Differential Diag-
nosis of Diabetes Insipidus (CARGOX) trial at
seven tertiary medical centers in Europe and
Brazil from September 2018 through September
2022, with a 3-month follow-up that was com-
pleted in December 2022. The local ethics com-
mittee at each center approved the protocol.
Written informed consent was obtained from all
the patients before any trial procedure.

We recruited adult patients (218 years of
age) with polydipsia (self-reported consumption
of >3 liters of fluid per day) and hypotonic
polyuria (>50 ml of urine per kilogram of body
weight in a 24-hour collection and urine osmo-
lality of <800 mOsm per kilogram) or patients
with a known diagnosis of AVP deficiency. Pa-
tients with AVP resistance or polyuria—polydip-
sia that was associated with other causes (dia-
betes mellitus, hypercalcemia, or hypokalemia)
were excluded from the trial. Additional exclu-
sion criteria were treatment for epilepsy, un-
controlled arterial hypertension, heart failure,
liver cirrhosis, uncorrected adrenal or thyroid
hormone deficiency, pregnancy or breast-feed-
ing, or any relevant acute or terminal illness.
Additional details regarding inclusion and ex-
clusion criteria are provided in the protocol,
available with the full text of this article at
NEJM.org.

PROCEDURES

Baseline Assessment

After obtaining a detailed medical history, we
performed a standardized clinical and biochem-
ical evaluation. Pituitary magnetic resonance
imaging (MRI) was recommended for all trial
patients. MRIs were assessed for general altera-
tions of the pituitary (i.e., pituitary lesions or
postoperative changes) and typical characteris-
tics of AVP deficiency.*?

The patients were randomly assigned to un-
dergo first testing with either arginine or hyper-
tonic-saline stimulation on two different days.
Tests were performed in the morning after an
overnight fast, with fluid intake allowed until
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6 a.m. Desmopressin treatment was paused 24
hours before the tests or for a minimum of 12
hours in patients with severely symptomatic AVP
deficiency. Treatment was restarted after com-
pletion of the assigned test. Patients who were
receiving hydrocortisone received an individual-
ized stress dose.

Arginine-Stimulation Test

An infusion of l-arginine hydrochloride (21%) at
a dose of 0.5 g per kilogram of body weight
(maximum, 40 g) diluted in 500 ml of normal
saline (sodium chloride, 0.9%) was administered
over a 30-minute period. Blood samples for co-
peptin measurement were obtained before the
infusion and 60 and 90 minutes after the start
of the infusion.

The diagnosis was made at the end of the
trial according to prespecified copeptin cutoff
values at 60 minutes.’* A stimulated copeptin
level of less than 2.4 pmol per liter indicated
complete AVP deficiency, a level of 2.4 to 3.8 pmol
per liter indicated partial AVP deficiency, and a
level of more than 3.8 pmol per liter indicated
primary polydipsia.

Hypertonic Saline—Stimulation Test

The patients received appropriate venous access
in both arms, one for the infusion and one for
blood sampling. After the infusion of a 250-ml
bolus of hypertonic saline (sodium chloride, 3%),
the infusion was continued at a rate of 0.15 ml
per kilogram of body weight per minute. Blood
samples were drawn every 30 minutes. Sodium
levels were monitored by rapid venous blood gas
analysis. The infusion was stopped once the
sodium level in the blood gas analysis reached
more than 149 mmol per liter, followed by im-
mediate copeptin measurement. Once sampling
was completed, patients received an oral water
load (30 ml per kilogram of body weight) and a
500 ml infusion of 5% glucose within 60 min-
utes. Patients were discharged once normonatre-
mia was reached.

The diagnosis was made at the end of the test
according to prespecified cutoff levels for co-
peptin,® which was measured at a sodium level
more than 149 mmol per liter. A stimulated co-
peptin level of less than 2.7 pmol per liter indi-
cated complete AVP deficiency, a level of 2.7 to
4.9 pmol per liter indicated partial AVP deficiency,
and a level of more than 4.9 pmol per liter indi-
cated primary polydipsia.

Assessment of Test Burden and Adverse Events

We assessed the test burden and prespecified
clinical symptoms (i.e., thirst, vertigo, headache,
nausea, and malaise) in all the patients. We then
rated the test burden and symptoms using a visual
analogue scale (VAS), which ranged from 0 indi-
cating no sensation or burden to 10 indicating a
maximum sensation or burden.

Preliminary Diagnosis and Assessment of Treatment

Response

After completing both tests, patients were dis-
charged with a provisional diagnosis and treat-
ment. At the 3-month follow-up visit, treatment
response and clinical outcome were assessed
and the preliminary diagnosis was reevaluated.

FINAL DIAGNOSIS
The final diagnosis was independently made by
two endocrinologists after consideration of the
patient’s medical history and clinical symptoms,
laboratory and imaging data, results of the hy-
pertonic saline—stimulation test, and the thera-
peutic response at the 3-month follow-up. The
experts were unaware of the results of the argi-
nine-stimulation test, and their diagnoses were
not bound to the results of the hypertonic saline—
stimulation test. In the event of a discordant as-
sessment, a third endocrine expert was consulted.
After the patients had been classified as hav-
ing AVP deficiency or primary polydipsia, the
distinction between partial or complete AVP
deficiency was made mainly according to the
prespecified cutoft values for copeptin on the hy-
pertonic saline—stimulation test,® but the diag-
nosis could be overruled on the basis of clinical
information.

LABORATORY MEASUREMENTS
Laboratory measurements were performed by
automated biochemical analyses in trial center
laboratories. Serum sodium levels were analyzed
by means of indirect ion selective electrodes, and
venous blood gas analysis was performed by
means of direct ion selective electrodes.
Hypertonic saline—stimulated copeptin levels
were measured immediately after a completed
test by the investigator at each trial center, and
arginine-stimulated copeptin levels were measured
centrally at the end of the trial. All copeptin
measurements were performed with the use of
the BRAHMS Copeptin proAVP assay (Thermo
Fisher Scientific). Details regarding all labora-
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Table 1. Characteristics of the Patients.*

AVP Deficiency Primary Polydipsia

Characteristic (N=69) (N=89)

Complete Partial Complete and Partial
(N=41) (N=28) (N=69)
Demographic
Median age (IQR) —yr 38 (31-47) 50 (39-58) 42 (32-54) 37 (28-50)
Female sex — no. (%) 24 (59) 14 (50) 38 (55) 68 (76)
Median body-mass index (IQR)t 29.5 (24.2-33.8) 27.0 (25.0-30.1) 27.6 (24.5-33.0) 23.8 (21.0-28.5)
Clinical symptoms at time of diagnosis
Median polydipsia (IQR) — liters/day 7.0 (5.0-9.0) 5.3 (3.9-6.0) 6.0 (4.0-8.0) 5.0 (4.0-7.0)
Median polyuria (IQR) — liters/day 8.0 (6.0-9.4) 4.3 (3.5-6.2) 6.0 (4.2-8.5) 4.8 (4.0-6.5)
Median emictions (IQR) — no./day 15 (8-20) 11 (8-14) 12 (8-15) 10 (9-15)
Nocturia
Patients with condition — no. (%) 32 (78) 24 (86) 56 (81) 68 (76)
Median no. of times/night (IQR) 4 (3-5) 3 (2-4) 4 (3-5) 3(2-3)
Fluid intake at night
Patients with condition — no. (%) 32 (78) 19 (68) 51 (74) 60 (67)
Median no. of liters/night (IQR) 1.5 (1.0-2.5) 0.8 (0.5-1.1) 1.0 (0.5-2.0) 0.7 (0.5-1.0)
Medical history — no. (%)
Anterior pituitary insufficiency 16 (39) 13 (46) 29 (42) 5 (6)
Corticotropin 14 (34) 11 (39) 24 (35) 2(2)
Thyrotropic hormone 14 (34) 13 (46) 27 (39) 3(3)
Growth hormone 4 (10) 4 (14) 8 (12) 1(1)
Gonadotropins 13 (32) 10 (36) 23 (33) 3(3)
Pituitary lesions 21 (51) 18 (64) 5(7) 10 (11)
History of pituitary surgery 12 (29) 10 (36) 22 (32) 6(7)
History of pituitary apoplexy 0 1(4) 1(1) 1(1)
Psychiatric disorder 3(7) 5 (18) 8 (12) 24 (27)
Cardiovascular disease 3(7) 3 (11) 6 (9) 4 (4)
Cerebrovascular disease 3(7) 2(7) 5(7) 1)
Other 28 (68) 20 (71) 48 (70) 53 (60)
Cause of AVP deficiency — no. (%)
Postsurgical condition 10 (24) 11 (39) 21 (30) NA
Hypothalamic—pituitary lesions 11 (27) 7 (25) 18 (26) NA
Trauma 3(7) 2(7) 5(7) NA
Empty sella or hypoplasia 3(7) 2(7) 5(7) NA
Vasculari: 0 1(41) 1(1) NA
Hypophysitis 4(10) 4 (14) 8 (12) NA
Idiopathic 7 (17) 1(4) 8 (12) NA
Familial 3(7) 0 3 (4) NA
Laboratory data
Median serum sodium (IQR) 142 (140-143) 142 (140-143) 142 (140-143) 140 (138-141)
— mmol/liter

Median serum osmolality (IQR) 293 (289-296) 292 (290-295) 293 (290-296) 287 (283-291)
— mOsm/kg

Median serum copeptin (IQR) 1.8 (1.4-2.1) 2.7 (2.3-3.4) 2.2 (1.6-2.4) 2.6 (2.0-3.9)
— pmol/liter

Median urine osmolality (IQR) 137 (90-216) 230 (168-312) 181 (108-299) 222 (156-431)
— mOsm/kg

Abnormal finding on MRI 39/41 (95) 25/28 (89) 64/69 (93) 44/89 (49)

— no./total no. (%)
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Table 1. (Continued.)
Characteristic

Complete

(N=41)
Pituitary stalk enlarged 8/39 (20)
Bright spot absent 27/39 (69)
Enlargement of posterior pituitary 7/39 (18)
Alterations to adenohypophysis or 4/39 (10)
hypophysitis

Other findings 12/39 (31)

AVP Deficiency

(N=69)
Partial Complete and Partial
(N=28) (N=69)
5/25 (20) 13/64 (20)
16/25 (64) 43/64 (68)
3/25 (12) 10/64 (16)
6/25 (24) 10/64 (16)
15/25 (60) 27/64 (42)

Primary Polydipsia

(N=89)

2/44 (5)
6/44 (14)
2/44 (5)
0

14/44 (32)

* Listed are the characteristics of all the trial patients who underwent diagnostic evaluation with both hypertonic-saline and arginine stimu-
lation and who received a final diagnosis (modified intention-to-treat population 1). AVP denotes arginine vasopressin, IQR interquartile
range, MRI magnetic resonance imaging, and NA not applicable.

T The body-mass index is the weight in kilograms divided by the square of the height in meters.

i Vascular causes included apoplexy and Sheehan’s syndrome.

tory measures are provided in the Supplementary
Appendix, available at NEJM.org.

OUTCOMES
The primary outcome was the overall diagnostic
accuracy of the two tests in differentiating AVP
deficiency from primary polydipsia on the basis
of the prespecified cutoffs for copeptin. Overall
diagnostic accuracy was calculated as the ratio
of correct diagnoses (true positive values plus
true negative values) to all the final diagnoses.

Secondary outcomes were an acceptable side-
effect profile for the test, patients’ preference
between the two tests, and the diagnostic per-
formance of previously derived and prespecified
stimulated copeptin cutoffs. These cutoffs were
evaluated as follows: first, in the analysis of AVP
deficiency versus primary polydipsia, we used a
cutoff value of 3.7 pmol per liter after 60 min-
utes and 4.1 pmol per liter after 90 minutes for
arginine stimulation'® and 6.5 pmol per liter
for hypertonic-saline stimulation®; second, in the
analysis of complete versus partial AVP defi-
ciency, we used a cutoff of 2.4 pmol per liter
after 60 minutes and 2.6 pmol per liter after 90
minutes for arginine stimulation®® and 2.7 pmol
per liter for hypertonic-saline stimulation.®

OVERSIGHT

The trial was funded by the Swiss National Sci-
ence Foundation, which had no role in the de-
sign and conduct of the trial; in the collection,
management, analysis, or interpretation of the
data; or in the preparation, review, or approval
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of the manuscript. The first draft of the manu-
script was written by the first author; all the
authors submitted revisions and made the deci-
sion to submit the manuscript for publication.
The authors vouch for the completeness and ac-
curacy of the data and for the fidelity of the
trial to the protocol. Confidentiality agreements
regarding the data existed between the sponsor
and all the authors until publication.

STATISTICAL ANALYSIS
We estimated that the enrollment of 139 patients
would provide the trial with a power of at least
80% with a two-sided 5% type I error to show
the noninferiority (at a margin of 10 percentage
points) of the overall diagnostic accuracy of the
arginine-stimulation test to the hypertonic saline—
stimulation test, with assumed values of 93%?"
and 96.5%,° respectively. To address an assumed
withdrawal of 8%, we set the recruitment goal at
152 patients. Details regarding the sample estima-
tion are provided in the Supplementary Appendix.
We calculated the overall diagnostic accuracy,
sensitivity, specificity, and positive and negative
predictive values with 95% Wilson confidence
intervals for each examined copeptin cutoff
value and estimated the area under the receiver-
operator-characteristic curve with the bootstrap
95% confidence interval for each test procedure.
For the testing of noninferiority, we calculated
the difference in the diagnostic accuracy between
arginine and hypertonic-saline stimulation with
a 95% confidence interval by applying Tango’s
method for matched pairs.® We explored the
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A Diagnosis of AVP Deficiency and Primary Polydipsia

Stimulated Copeptin (pmol/liter)

B Diagnosis of Complete or Partial AVP Deficiency and Primary Polydipsia

Arginine Stimulation

100.0 - 100.0 -
0] 0]
60.0 s 60.0- )
50.0 ° 50.0 .
40.04 — 40.0
30.0- 2 3004

=
20.0 g 200

=

£
10.0 B 10.0 <
8.0 2 80+
ie s 1
5.0+ b 5.0+ . .
4.0+ B 40+
3.0+ H 3.0+

. § | °
2.0- % 204
1.0 1.0
0.8 0.8 °
0.74 0.74
AVP Primary AVP Primary Complete  Partial ~ Primary Complete  Partial ~ Primary
deficiency  polydipsia deficiency  polydipsia AVP AVP  polydipsia AVP AVP  polydipsia

Hypertonic-Saline
Stimulation

deficiency deficiency deficiency deficiency
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Figure 1. Copeptin Values after Arginine and Hypertonic-Saline Stimulation.

Shown is the diagnosis of arginine vasopressin (AVP) deficiency as compared with primary polydipsia (Panel A) and the diagnosis of com-
plete or partial AVP deficiency as compared with primary polydipsia (Panel B). The results are shown according to the level of copeptin after
arginine-stimulation testing and hypertonic-saline testing. The y axis is shown on a log scale for better visualization. The horizontal line in
each box represents the median, the lower and upper boundaries of the boxes represent the interquartile range, the ends of the whiskers
represent the minimum and maximum values within 1.5 times the interquartile range, and the individual data points represent outliers.
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diagnostic potential of arginine-stimulated co-
peptin by deriving the best cutoffs using Youden’s
J statistic (jointly maximizing sensitivity and
specificity).

All the diagnostic analyses were performed in
two modified intention-to-treat (mITT) popula-
tions: mITT1, which included all the patients
who had received a final diagnosis, and mITT2,
which excluded patients with severe nausea or
vomiting (postrandomization exclusion). Safety
analyses were performed in the intention-to-treat
population, which included all the patients who
had started at least one diagnostic test. The
widths of the confidence intervals have not been
adjusted for multiplicity and may not be used in
place of hypothesis testing. All the analyses were
prespecified and conducted with the use of the
statistical software package R (version 4.2.3).”

RESULTS

PATIENTS
A total of 177 patients were included in the trial.
Of these patients, 13 were excluded after ran-
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domization (Fig. S1 in the Supplementary Appen-
dix). Of the remaining patients, 164 underwent
at least one test; 6 withdrew consent after the
first diagnostic test (5 after arginine stimulation
and 1 after hypertonic-saline stimulation). Data
regarding prespecified clinical symptoms were
available for 160 patients who were tested with
arginine stimulation and 158 patients who were
tested with hypertonic-saline stimulation. A to-
tal of 158 patients underwent both diagnostic
tests, received a final diagnosis, and were evalu-
ated for the primary outcome (mITT1). The
prespecified mITT2 population excluded 22 pa-
tients with severe nausea (VAS, 28), vomiting, or
both during the tests. The median interval be-
tween the two tests was 4 days (interquartile
range, 1 to 8).

The trial population corresponded to the gen-
eral published population of patients with AVP
deficiency and primary polydipsia (Table S1). Of
the 158 patients, 67% were women. In the final
diagnosis, 69 (44%) were found to have AVP
deficiency (41 [59%] with complete deficiency
and 28 [41%] with partial deficiency), and 89

NOVEMBER 16, 2023



ARGININE OR HYPERTONIC SALINE IN AVP DEFICIENCY

(56%) were found to have primary polydipsia
(Table 1 and Table S2).

The main causes of AVP deficiency were post-
surgical onset (in 30% of the patients), hypotha-
lamic—pituitary lesions (in 26%), hypophysitis
(in 12%), and idiopathic (in 12%). In addition,
anterior pituitary deficiency was identified in 29
patients (42%).

Patients with complete AVP deficiency had
higher quantities of polydipsia and polyuria than
did patients with partial AVP deficiency or pri-
mary polydipsia (Table 1). Similar observations
were made for baseline levels of copeptin and
urine osmolality, which were lowest in patients
with complete AVP deficiency. The characteris-
tics of the patients who were assigned to be tested
first with arginine stimulation (78 patients) or
hypertonic-saline infusion (80 patients) were
similar in the two subgroups (Table S3).

Pituitary MRI was performed in 108 patients
(68%). Characteristics that were typical for AVP
deficiency were observed in 67 patients (62%),
among whom AVP deficiency was later diag-
nosed in 58 (Table 1).

PRIMARY OUTCOME

The overall diagnostic accuracy in differentiating
patients with AVP deficiency from those with
primary polydipsia was 74.4% (95% confidence
interval [CI], 67.0 to 80.6) with arginine stimula-
tion and 95.6% (95% CI, 91.1 to 97.8) with hyper-
tonic-saline stimulation (estimated difference,
—21.2 percentage points (95% CI, —28.7 to —14.3)
(Fig. 1, Table 2, and Fig. S2). Thus, arginine
stimulation did not meet the noninferiority mar-
gin, which was prespecified as an overall diag-
nostic accuracy that was no more than 10 per-
centage points lower than the diagnostic accuracy
with hypertonic-saline stimulation. The area
under the curve was 0.85 (95% CI, 0.80 to 0.91)
for arginine-stimulated copeptin and 0.99 (95%
CI, 0.98 to 1.00) for hypertonic saline-stimulated
copeptin (Fig. S3).

Test performance was similar to the primary
results after the exclusion of patients with severe
nausea or vomiting (mITT2), with a diagnostic
accuracy of 72.6% (95% CI, 64.5 to 79.4) for ar-
ginine stimulation and 96.3% (95% CI, 91.7 to
98.4) for hypertonic-saline stimulation.

Arginine-stimulated copeptin also had infe-
rior performance as compared with hypertonic
saline—stimulated copeptin in the differentiation

Table 2. Comparison of Arginine vs. Hypertonic-Saline Stimulation in the Diagnosis of AVP Deficiency vs. Primary Polydipsia.
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Predictive Value
(95% Cl)

Positive
Sensitivity Specificity Predictive Value
(95% Cl) (95% Cl) (95% Cl)
percentage

Accuracy
(95% ClI)

w

2

< .

(7 o

g ¢

[\

o
K]
[7]
o
o
>
o
o
ol
©
E
=

0 =y

2 .

S g

o o

] <
[

s &

< (7]

© ©

- o

3 >

- <

79.0
(68.9-86.5)

74.4 75.4 73.6 69.3
(64.0-84.0) (63.4-81.7) (58.2-78.6)

(67.0-80.6)

156

Arginine-stimulated copeptin at 3.8 pmol/liter

93.6
(86.8-97.0)

98.9 98.4
(91.7-99.7)

(93.9-99.8)

95.6 91.3
(82.3-96.0)

(91.1-97.8)

158

Hypertonic saline-stimulated copeptin at

4.9 pmol/liter

Partial AVP deficiency vs. primary polydipsia

395
(25.6-55.3)

73.6 395
(25.6-55.3)

(63.4-81.7)

68.7 53.6
(35.8-70.5)

(59.7-76.5)

115

Arginine-stimulated copeptin at 3.8 pmol/liter

95.2
(88.4-98.1)

95.2

(77.3-99.2)

98.8
(93.3-99.8)

833
(64.1-93.3)

95.2

(89.3-97.9)

117

Hypertonic saline-stimulated copeptin at

4.9 pmol/liter
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Table 3. Performance of Arginine-Stimulated Copeptin Values in the Diagnosis of AVP Deficiency vs. Primary Polydipsia.*
Diagnosis of AVP Deficiency Diagnosis of Primary Polydipsia
Threshold Specificity Sensitivity Threshold Specificity Sensitivity
Copeptin Value (95% Cl) (95% Cl) Copeptin Value (95% Cl) (95% Cl)
pmol/liter percentage pmol/liter percentage
22 98.9 (92.8-99.9) 36.3 (27.1-46.6) 42 78.3 (68.7-85.6) 70.2 (58.5-79.7)
23 97.8 (91.0-99.5) 40.6 (31.0-51.0) 44 79.8 (70.3-86.8) 69.0 (57.3-78.7)
24 97.8 (91.0-99.5) 42.1 (32.4-52.5) 45 81.2 (71.9-88.0) 69.0 (57.3-78.7)
2.5 96.6 (89.3-99.0) 46.4 (36.4-56.7) 46 82.7 (73.5-89.1) 69.0 (57.3-78.7)
26 95.5 (87.7-98.4) 49.3 (39.2-59.5) 47 85.6 (76.8-91.4) 66.7 (55.0-76.7)
2.7 95.5 (87.7-98.4) 52.2 (42.0-62.3) 49 87.0 (78.5-92.5) 64.4 (52.6-74.7)
2.8 94.3 (86.1-97.8) 53.7 (43.4-63.7) 5.0 88.5 (80.2-93.6) 63.3 (51.5-73.7)
2.9 90.9 (81.7-95.7) 56.6 (46.2-66.4) 5.1 89.9 (81.9-94.6) 58.7 (46.9-69.5)
3.0 90.9 (81.7-95.7) 59.5 (49.1-69.1) 5.2 91.4 (83.7- 95.6) 56.4 (44.6-67.4)
3.1 87.4 (77.6-93.3) 60.9 (50.5-70.4) 5.4 92.8 (85.5-96.6) 54.1 (42.4-65.3)
32 86.3 (76.2-92.5) 66.7 (56.4-75.6) 5.5 92.8 (85.5-96.6) 51.8 (40.2-63.2)
33 84.0 (73.5-90.8) 66.7 (56.4-75.6) 5.6 94.3 (87.3-97.5) 50.6 (39.1-62.1)
3.4 81.7 (70.9-89.0) 66.7 (56.4-75.6) 5.9 94.3 (87.3-97.5) 49.5 (38.0-61.0)
3.5 81.7 (70.9-89.0) 69.6 (59.4-78.2) 6.2 94.3 (87.3-97.5) 46.0 (34.8-57.7)
3.6 79.4 (68.4-87.2) 71.1 (60.9-79.5) 6.3 94.3 (87.3-97.5) 42.6 (31.6-54.3)
3.7 75.9 (64.6-84.5) 72.5 (62.5-80.7) 6.4 94.3 (87.3-97.5) 41.4 (30.6-53.2)
3.8 75.9 (64.6-84.5) 74.0 (64.0-82.0) 6.6 94.3 (87.3-97.5) 39.1 (28.5-50.9)
3.9 73.6 (62.2-82.6) 75.4 (65.5-83.2) 6.7 95.7 (89.3-98.4) 39.1 (28.5-50.9)
40 73.6 (62.2-82.6) 76.9 (67.1-84.4) 6.9 95.7 (89.3-98.4) 38.0 (27.5-49.8)
41 71.3 (59.7-80.6) 78.3 (68.7-85.6) 7.0 95.7 (89.3-98.4) 33.4 (23.4-45.1)

* The copeptin cutoff values that had more than 90% specificity (on the basis of point estimates) for each diagnosis are marked in bold.
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between partial AVP deficiency and primary
polydipsia (Fig. 1, Table 2, and Fig. S2). Details
regarding the patients who were misclassified
by the two tests are described in the Supplemen-
tary Appendix, including in Table S4.

SECONDARY OUTCOMES
The use of other prespecified copeptin cutoffs
resulted in overall diagnostic accuracies that
were similar to the primary results. The diag-
nostic accuracy of the arginine-stimulation test
was 75.0% (95% CI, 67.7 to 81.1) with a copeptin
cutoff of 3.7 pmol per liter after 60 minutes and
79.2% (95% CI, 72.1 to 84.9) with a copeptin
cutoff of 4.1 pmol per liter after 90 minutes. The
diagnostic accuracy of the hypertonic-saline
stimulation was 96.2% (95% CI, 92.0 to 98.2) for
a copeptin cutoff of 6.5 pmol per liter (Table S5).
For hypertonic saline stimulation, the pre-
specified copeptin cutoff of 2.7 pmol per liter
differentiated between complete and partial AVP
deficiency, with a diagnostic accuracy of 88.4%
(95% CI, 78.8 to 94.0) with a sensitivity of

92.7% (95% CI, 80.6 to 97.5) and a specificity
of 82.1% (95% CI, 64.4 to 92.1).

Exploratory analyses of data-derived best co-
peptin cutoff values did not reveal any material
difference in performance (Fig. S4). However, an
arginine-stimulated copeptin level of 3.0 pmol
per liter or less led to a diagnosis of AVP defi-
ciency with a specificity of 90.9% (95% CI, 81.7
to 95.7) and a sensitivity of 59.5% (95% CI, 49.1
to 69.1), whereas levels of more than 5.2 pmol
per liter led to a diagnosis of primary polydipsia
with a specificity of 91.4% (95% CI, 83.7 to 95.6)
and a sensitivity of 56.4% (95% CI, 44.6 to 67.4)
(Table 3 and Fig. S2).

The application of these two cutoffs to our
cohort (i.e., 156 patients in the ITT population
for whom copeptin measures were available) al-
lowed for a correct test result in 91 of 156 pa-
tients (58.3%; 95% CI, 50.5 to 65.8). The same
cutoffs led to an inconclusive test result in 48 of
156 patients (30.8%; 95% CI, 24.1 to 38.4) and
an incorrect test result in 17 of 156 patients
(10.9%; 95% CI, 6.9 to 16.8).
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Table 4. Adverse Events.
Variable Arginine-Stimulation Test Hypertonic Saline-Stimulation Test
Patients VAS Score* Patients VAS Score*
Prespecified clinical symptoms
—no. (%)
Thirst 158 (99) 8.0 (7.0-9.0) 155 (98) 9.0 (8.0-10.0)
Vertigo 42 (26) 3.5 (2.0-5.0) 75 (47) 5.0 (3.0-6.5)
Headache 59 (37) 3.0 (2.0-5.5) 94 (59) 4.0 (3.0-7.0)
Nausea 40 (25) 3.5 (1.0-6.0) 50 (32) 3.5 (2.0-7.0)
Malaise 52 (32) 3.5 (2.0-5.5) 81 (51) 5.0 (3.0-7.0)
Overall symptom burden 2.0 (0-3.0) 4.0 (2.0-7.0)
Adverse events — no. (%)
Neuromuscular symptoms§ 6 (4) 23 (14)
Emesis 11 (7) 9 (6)
Symptomatic hypoglycemia 1(1) 0
Dyspnea or coughing 0 3(2)
Rash or urticaria 1(1) 1(1)
Weakness 1(1) 2 (1)
Diarrhea 0 1(1)
Back pain 0 1(1)
Presyncope after venous 1(1) 0
cannulation
Patients’ assessment — no./total
no. (%)
Preference in choice of testq| 103/143 (72) 17/143 (12)

* Scores on the visual-analogue scale (VAS) are reported as the median and interquartile range. Scores range from 0 to
10, with 0 indicating no symptoms and 10 indicating severe symptoms.

7 Data regarding prespecified clinical symptoms were available for 160 patients who were tested with arginine stimula-
tion and 158 patients who were tested with hypertonic-saline stimulation.

i Data regarding adverse events were available for 163 patients who were tested with arginine stimulation and 159 pa-

tients who were tested with hypertonic-saline stimulation.

§ Neuromuscular symptoms included agitation, blurred vision, muscle spasms, paresthesia, shivering, and tremor.
9§ Data regarding patients’ preference between the two tests were available for 143 patients; of those patients, 23 indi-

cated no preference.

SAFETY OUTCOMES
In general, the patients reported no unacceptable
side effects with either test (Table 4). Nearly all
the patients reported severe thirst (median VAS,
8.0; interquartile range, 7.0 to 9.0) at the end of
the arginine stimulation test, followed by mild
headache (in 37% [median VAS, 3.0; interquar-
tile range, 2.0 to 5.5]) and malaise (in 32%
[median VAS, 3.5; interquartile range, 2.0 to 5.5]).
Severe thirst was also the main adverse effect of
hypertonic-saline stimulation (in 98% [median
VAS, 9.0; interquartile range, 8.0 to 10.0]), followed
by mild headache (in 59% [median VAS, 4.0; in-
terquartile range, 3.0 to 7.0]) and malaise (in 51%
[median VAS, 5.0; interquartile range, 3.0 to 7.0]).

The overall intensity of adverse effects was
low with both tests but occurred with more fre-
quency and higher intensity during hypertonic-

saline stimulation. No severe adverse events oc-
curred during either test. No adverse events were
noted in the 6 patients who had withdrawn
consent after the first test. Overall, the majority
of patients (72%) preferred the arginine test to
the hypertonic-saline test.

DISCUSSION

In this trial, we found that arginine-stimulated
copeptin was inferior to hypertonic saline—stim-
ulated copeptin in the diagnosis of AVP defi-
ciency. Furthermore, arginine-stimulated copeptin
showed a greater overlap between diagnoses of
AVP deficiency and primary polydipsia. Hyper-
tonic saline—stimulated copeptin thus was shown
to be the test with higher diagnostic accuracy
and confirmed safety. Nevertheless, arginine
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stimulation was preferred by patients, and argi-
nine-stimulated copeptin levels of 3.0 pmol or
less per liter and more than 5.2 pmol per liter
showed high specificity in correctly diagnosing
AVP deficiency or primary polydipsia in more
than half the patients.

The diagnostic performance of arginine stimu-
lation in this cohort was lower than the previous-
ly described 93%.*!® The previous accuracy was
derived from the smaller monocentric CARGO
trial,’® which involved 96 patients, of whom 40%
had AVP deficiency and 60% had primary poly-
dipsia — similar to the distribution in the cur-
rent trial. According to the mITT2 analysis, se-
vere nausea or emesis — which are nonosmotic
copeptin stimuli’®* — were responsible for co-
peptin overstimulation in 3 patients. Several fac-
tors may explain the worse performance of argi-
nine and the weaker-than-expected copeptin
stimulation than that in the CARGO trial. First,
symptom severity among patients with primary
polydipsia was more accentuated in the current
cohort. Although the distribution of polydipsia
and polyuria was similar to that in the CARGO
trial, patients with primary polydipsia in the
current cohort had lower baseline values for se-
rum and urinary osmolality. It is possible that
the diagnostic accuracy of arginine stimulation
could be improved by raising serum osmolality
by overnight water deprivation. Second, the 40-g
upper limit in the arginine dose in the current
cohort may have led to weaker stimulative po-
tency in the 3 patients with obesity. Third, argi-
nine stimulation had a stronger comparator in
the current trial. In the CARGO trial, the water
deprivation test (known diagnostic accuracy, 70 to
77%"%") was part of the expert diagnosis, where-
as in the current trial such diagnosis was based
on the hypertonic-saline test.

This last finding highlights the second im-
portant result of the current trial. The high di-
agnostic accuracy of the hypertonic-saline test
was validated at 95.6%.° The hypertonic saline—
stimulated copeptin also differentiated reliably
between partial and complete AVP deficiency.

The adverse effects of hypertonic saline were
only mild to moderate and were limited to the
duration of the infusion. Regular rapid sodium
measurements avoided sodium overstimulation
and guaranteed the safety of the test. These fac-
tors emphasize the utility and reliability of the
hypertonic-saline test as the standard for the
diagnosis of AVP deficiency.

However, hypertonic-saline testing has some
limitations. First, it can be performed only in
patients in whom appropriate venous accesses
can be placed and in settings in which constant
surveillance and rapid sodium measurements
are available. In addition, limited safety data are
available in patients older than 65 years of age,
and several coexisting illnesses that were exclu-
sion criteria in the current trial prevented pa-
tients from receiving this diagnostic evaluation.

For decades, arginine stimulation has been
performed for evaluation of the anterior pitu-
itary.?*> Most clinicians are familiar with its pro-
tocol, which can be performed in the outpatient
setting. Arginine stimulation is shorter than
hypertonic-saline stimulation, and in the current
trial, it led to fewer side effects and was pre-
ferred by patients. Accordingly, the use of argi-
nine stimulation can be recommended as an initial
diagnostic test. In this regard, arginine stimula-
tion is also preferable to the water deprivation test.

Although arginine stimulation did not result in
a single hoped-for copeptin cutoff value, it showed
high specificity in diagnosing AVP deficiency and
primary polydipsia according to copeptin cutoffs
of 3.0 pmol or less and more than 5.2 pmol per
liter. However, patients who have copeptin levels
between these cutoff values or who have severe
nausea or vomiting during the arginine stimu-
lation may be advised to undergo hypertonic-
saline stimulation for further evaluation.

The importance of a reliable diagnostic test
was emphasized by overlapping clinical and
laboratory characteristics of patients with partial
AVP deficiency and those with primary polydipsia,
who showed no difference in the amount of poly-
dipsia and polyuria nor in urine osmolality. Pitu-
itary MRI was performed in two thirds of the
patients. In such patients with a high pretest prob-
ability of having AVP deficiency, findings that
were typical for AVP deficiency were seen in 58
of 67 patients. Conversely, several patients with
AVP deficiency had no abnormalities and several
patients with primary polydipsia had false posi-
tive results. Accordingly, MRI findings will al-
ways need to be evaluated in the clinical context.

The main limitation of our trial is the absence
of a clear diagnostic standard for AVP deficiency.
Although the diagnoses were based on careful
review of all patient data, they also included the
outcome of the hypertonic-saline stimulation. To
overcome this incorporation bias, the treatment
response at 3 months was integrated into the
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final diagnosis. Nevertheless, the diagnostic value
of hypertonic saline—stimulated copeptin may
be overestimated. The strength of the trial is the
randomized, international design and large sam-
ple size of well-characterized patients with AVP
deficiency and primary polydipsia.

For the diagnosis of AVP deficiency, arginine-
stimulated copeptin was inferior to hypertonic
saline-stimulated copeptin, although arginine-
stimulated copeptin was preferred by the trial
patients.
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