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Background: Delayed postoperative hyponatremia (DPH) is the most common cause of readmission after pituitary surgery. In this study,
we aimed to evaluate the cutoff values of serum copeptin and determine the optimal timing for copeptin measurement for the prediction
of the occurrence of DPH in patients who undergo endoscopic transsphenoidal approach (eTSA) surgery and tumor resection.

Methods: This was a prospective observational study of 73 patients who underwent eTSA surgery for pituitary or stalk lesions. Co-
peptin levels were measured before surgery, 1 hour after extubation, and on postoperative days 1, 2, 7, and 90.

Results: Among 73 patients, 23 patients (31.5%) developed DPH. The baseline ratio of copeptin to serum sodium level showed the
highest predictive performance (area under the curve [AUROC], 0.699), and its optimal cutoff to maximize Youden’s index was
2.5x 10", with a sensitivity of 91.3% and negative predictive value of 92.0%. No significant predictors were identified for patients
with transient arginine vasopressin (AVP) deficiency. However, for patients without transient AVP deficiency, the copeptin-to-urine
osmolarity ratio at baseline demonstrated the highest predictive performance (AUROC, 0.725). An optimal cutoff of 6.5X 1072 max-
imized Youden’s index, with a sensitivity of 92.9% and a negative predictive value of 94.1%.

Conclusion: The occurrence of DPH can be predicted using baseline copeptin and its ratio with serum sodium or urine osmolarity
only in patients without transient AVP deficiency after pituitary surgery.
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INTRODUCTION

Delayed postoperative hyponatremia (DPH) is a complication
that occurs after pituitary surgery and is the most common cause
of readmission after pituitary surgery [1-5]. The pathophysiolo-
gy of DPH is not fully understood, but several mechanisms have
been proposed, including hypocortisolism, hypothyroidism,
syndrome of inappropriate diuretic hormone release (SIADH),
primary polydipsia related to dry mouth, and sodium depletion
due to postoperative nausea and anorexia [5-8]. DPH typically
occurs between postoperative days (PODs) 4 and 10, with the
highest incidence at approximately POD 7, with an incidence of
2% to 35% [1,3,4,6-9]. Since DPH can lead to sudden neurolog-
ical deterioration, such as confusion or seizures, and delayed
treatment may result in severe complications, early diagnosis is
crucial. Fluid restriction may be prescribed during the peak peri-
od of DPH, or serum sodium levels may be checked at an outpa-
tient clinic around POD 7 [1,8,10-12]. However, predicting the
occurrence of DPH remains challenging, and only the prediction
of SIADH as a second phase in the triphasic response is helpful
in clinical practice for patients with severe intraoperative dam-
age to the pituitary stalk [13,14]. Several factors have been sug-
gested as potential predictors of DPH, such as older age, larger
tumor size, Cushing disease, rapid decrease in serum sodium
levels, low sodium levels during POD 1 to 2, and longer opera-
tion times. However, these factors are still controversial and not
universally agreed upon as reliable predictors [5,7,15].

Copeptin is a C-terminal polypeptide of pre-pro-vasopressin
stimulated by high plasma osmolarity or volume depletion and
secreted with arginine vasopressin (AVP). Unlike AVP, copeptin
is stable for over 7 days at room temperature, making it a useful
surrogate marker for AVP measurement through sandwich im-
munoassay [16,17]. Copeptin has been reported to help discrim-
inate between different pathophysiological causes in cases of
hypernatremia or hyponatremia. It has also been used to evalu-
ate the integrity of the hypothalamus-pituitary axis in patients
after pituitary surgery, mainly regarding AVP deficiency [18-
20]. Studies have shown that the absolute copeptin value and
the ratio of copeptin to baseline copeptin on POD 2 can predict
the occurrence of permanent AVP deficiency [21]. However, the
feasibility of using copeptin as a diagnostic tool for DPH re-
mains controversial. While copeptin may help discriminate pri-
mary polydipsia, its usefulness in differentiating other causes of
DPH is still uncertain.

We aimed to evaluate the cutoff values of serum copeptin lev-
els with maximal predictive power and to identify the optimal
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timing for copeptin measurement to predict the occurrence of
DPH in patients who undergo endoscopic transsphenoidal ap-
proach (eTSA) surgery and tumor resection.

METHODS

Study patients

We consecutively enrolled 83 patients (age =18 years) who un-
derwent eTSA surgery for resection of neoplasms on the pitu-
itary stalk or gland between August 2020 and June 2021. This
prospective cohort was described previously [21]. In the final
analysis, we collected clinical data and blood samples from 73
patients at six different time points: before surgery (baseline), 1
hour after extubation, and on PODs 1, 2, 7, and 90.

This study was approved by the Institutional Review Board
of Seoul National University (No. 2006-169-1136), conducted
in compliance with the Declaration of Helsinki and registered at
the Korean Clinical Research Information Service (KCT0006488).
All patients provided written informed consent.

Data collection

Definitions and methods of collecting parameters were de-
scribed previously [21]. The following parameters were evalu-
ated: age, sex, height, weight, blood urea nitrogen, creatinine,
estimated glomerular filtration rate (using Chronic Kidney Dis-
ease Epidemiology Collaboration equations), preoperative co-
morbidities such as diabetes mellitus, hypertension and chronic
renal disease, previous surgery for sellar lesions, and pathologi-
cal diagnosis. DPH was defined as a serum sodium concentra-
tion <135 mEg/L on or after POD 3.

For pituitary adenomas, maximal diameter, tumor height, and
Knosp grade were assessed using preoperative magnetic reso-
nance imaging (MRI) [22]. Gross total resection (GTR) was de-
fined as complete tumor resection according to the surgeon’s
opinion, as confirmed by postoperative MRI within 48 hours af-
ter surgery. Postoperative complications were assessed through
areview of the medical records and images.

Anterior pituitary function was evaluated in all patients before
and 3 months after surgery. The assessment method followed
the protocol described in our previous study [19,21,23]. Adre-
nocorticotropic hormone (ACTH) deficiency was diagnosed
when the peak cortisol level was <18 ng/dL with a low to nor-
mal serum ACTH concentration in a short Synacthen test. Thy-
roid-stimulating hormone (TSH) deficiency was diagnosed
when the serum free thyroxine concentration was <0.7 ng/dL
with a low to normal serum TSH level. The number of impaired
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anterior pituitary hormonal axes at POD 90 was compared with
the number of short hormonal axes assessed before surgery; the
anterior pituitary hormonal outcomes were classified as “im-
proved,” “stationary,” or “aggravated” according to their respec-
tive fluctuations.

Surgery

All patients underwent eTSA surgery, the operative technique of
which has been described previously [23,24]. Microdissection
was performed to remove all tumors without blunt dissection.
Extracapsular dissection for pituitary adenomas and dissection
of the tumor from the pia or arachnoid membrane on the pitu-
itary stalk and hypothalamus were conducted.

Preoperative management and anesthesia

Before surgery, patients with ACTH or TSH deficiency were re-
plenished with hydrocortisone or levothyroxine. In particular, in
patients with ACTH deficiency, 100 mg of hydrocortisone was
administered intravenously immediately before surgery. Single
injection/continuous infusion of propofol and continuous infu-
sion of remifentanil were used for induction of anesthesia, and
continuous infusion of propofol and remifentanil or sevoflurane
inhalation with continuous infusion of remifentanil was used for
maintenance of anesthesia. A detailed description of anesthesia
was previously reported [5,21].

Diagnosis and management of postoperative AVP deficiency
Postoperative AVP deficiency was diagnosed when new onset
hypotonic polyuria (>50 mL/kg/day with inappropriately low
urine osmolality for serum osmolality) was accompanied by hy-
pernatremia (> 145 mmol/L) or serum osmolality >300 mOsm/
kg. When AVP deficiency was diagnosed, 1 pg of intravenous
desmopressin was administered. After 2 hours, follow-up serum
electrolytes, serum osmolality, urine electrolytes, and urine os-
molality were reassessed to confirm the pharmacologic re-
sponse. If AVP deficiency was maintained until discharge, oral
desmopressin was administered only when urine output in-
creased to >50 mL/kg/day. However, if the stalk was sacrificed
during surgery, 0.1 mg oral desmopressin was administered ev-
ery 12 hours after discharge; if urine output decreased (<50
mL/kg/day), it was temporarily waived. Transient central diabe-
tes insipidus was defined if desmopressin was no longer needed
without hypotonic polyuria after postoperative 3 months. Per-
manent AVP deficiency was diagnosed if there was recurrence
of hypotonic polyuria after desmopressin withdrawal 3 months
postoperatively [18,21].

www.e-enm.org

Management of hypocortisolism and DPH

During hospitalization, serum sodium and osmolarity were mea-
sured daily. If the patient was discharged earlier than POD 7,
strict water restriction was not applied, and serum sodium level
was measured at an outpatient clinic at POD 7. If the serum so-
dium level was <130 mEq/L or if the related symptoms, such as
fatigue, nausea, and syncope, were severe, even with sodium
levels =130 mEq/L, the patient was rehospitalized. When hypo-
cortisolism was present before surgery or apparent injury of the
pituitary stalk occurred during surgery, 100 mg of hydrocorti-
sone per day was intravenously administered on POD 0, and
50 mg in divided dose twice a day was administered as a stress
dose on POD 1 with the supplement of synthyroid. From POD
2, a physiologic dose of 15 mg divided into twice a day (10 mg
at 7:00 AM and 5 mg at 5:00 PM) was administered, but in case
of fever or sepsis, the dose was temporarily increased as needed
as a stress dose. For patients without preoperative hypocortisolism
and nonevident intraoperative injury of the pituitary stalk, morn-
ing serum cortisol was measured at 7:00 AM on PODs 1 and 2 in
the state of fasting since midnight, and if it was less than 8 pg/dL,
cortisol replacement was performed in the same way as for pa-
tients with preoperative hypocortisolism or suspicious stalk injury
during surgery [25-27]. Hydrocortisone was discontinued if pos-
sible, and the decision to permanently discontinue was made
based on the result of a short Synacthen test on POD 90.

When DPH was diagnosed in patients who had not previously
received hydrocortisone, 50 to 100 mg of hydrocortisone was
intravenously or orally administered for 1 or 2 days and then
administered at a dose of 15 mg/day (10 mg at 7:00 AM, 5 mg
at 7:00 PM). If a patient who had been taking desmopressin due
to persistent AVP deficiency was diagnosed with DPH, desmo-
pressin was immediately discontinued after the diagnosis of
DPH but resumed when the serum sodium level returned to nor-
mal and AVP deficiency features were seen again as in the tri-
phasic response [14]. For patients with serum sodium levels less
than 130 mEq/L or symptomatic DPH, water restriction
(<1,000 mL intake per day) was applied, and 3% hypertonic sa-
line was used if necessary.

Copeptin measurement

Blood samples were collected before surgery, 1 hour after extuba-
tion, and on PODs 1 (18%4 hours), 2 (4244 hours), 7, and 90.
Except for water, patients were instructed not to consume food for
more than 12 hours. Even when desmopressin was regularly ad-
ministered, morning desmopressin was not administered before
collection of a blood sample. Blood samples were collected in a
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serum-separating tube and centrifuged at 4,000 rpm for 5 minutes.
The obtained serum aliquot was immediately frozen and stored at
—80°C. The stored samples were thawed and subsequently ana-
lyzed according to the manufacturer’s recommendations.

Copeptin levels were measured using a KRYPTOR Compact
Plus device and a commercially available chemiluminescence
sandwich immunoassay copeptin ProAVP (BRAHMS Copeptin
ProAVP KRYPTOR, Thermo Fisher Scientific, Dreieich, Ger-
many) as previously described [28,29]. The assay measuring
range was 0.7 to 500 pmol/L. The lower limit of detection of the
assay was 0.69 pmol/L, and its intra- and interassay coefficients
of variation were below 6.0% and 2.2%, respectively. The tech-
nician in charge of these assays was blinded to the patient’s fea-
tures. There was no cross-reactivity between copeptin and AVP
due to differences in the amino acid sequence.

Statistical analysis

This prospective cohort was originally designed to obtain the
predictive power of copeptin for postoperative AVP deficiency
[21]. For continuous variables, normality was tested using the

Shapiro-Wilk test and presented as the mean+standard devia-
tion or median (interquartile range) according to their P values.
For categorical variables, a comparative analysis was performed
using the chi-square test. Comparative analysis of continuous
variables between two groups according to the occurrence of
DPH was conducted by Student’s ¢ test or the Mann-Whitney
test according to normality. Additionally, we subclassified pa-
tients according to the presence or absence of transient AVP de-
ficiency, which is expected to be one of the most important con-
founding factors, and performed subgroup analyses.

Receiver operating characteristic (ROC) curve analysis was
conducted to evaluate the predictive abilities of the copeptin mea-
surement for DPH. The optimal cutoff for the prediction of DPH
was set as the point that maximized Youden’s index (sensitivity+
specificity—1). After excluding patients who had already devel-
oped DPH before POD 7 (n=71), we performed ROC curve
analysis and further analysis to evaluate the diagnostic power of
copeptin level or ratios of copeptin on POD 7 for DPH. The pre-
dictive performance of each variable was compared using De-
Long’s test and presented as an odds ratio (OR) in logistic re-

Table 1. Baseline Characteristics of Patients according to the Occurrence of Delayed Postoperative Hyponatremia
Characteristic No DPH (n=50) DPH (n=23) P value
Age, yr 46.5 (36.0-57.0) 40.0 (35.0-60.0) 0.896
Male sex 29 (58.0) 9(39.1) 0212
BMLI, kg/m’ 25.1(23.1-27.8) 23.8(22.3-26.6) 0.174
Diabetes mellitus 5(10.0) 2(8.7) 1.000
Hypertension 10 (20.0) 6(26.1) 0.780
CKD 0 0
BUN, mg/dL 14.0 (11.0-16.0) 14.0 (11.5-16.5) 0.721
Creatinine, mg/dL 0.8£0.2 0.8£0.2 0.491
eGFR, mL/min/1.73 m? 103.9 (96.1-113.9) 102.4 (93.2-112.5) 0.821
Revised 12 (24.0) 9(39.1) 0.294
Pathology 0.279
Pituitary adenoma 35(70.0) 18 (78.3) 0.651
Somatotroph 20 (40.0) 14.(60.9) 0.159
Corticotroph 3(6.0) 1(4.3) 0.791
Gonadotroph 7(14.0) 2(8.7) 0.797
Mammotroph 3(6.0) 14.3) 0.791
Null cell 2(4.0) 0 0.841
Craniopharyngioma 9(18.0) 4(17.4) 1.000
Rathke’s cleft cyst 4(8.0) 0 0.400
Meningioma 2(4.0) 0 0.841
Others 0 1(4.3) 0.689
(Continued to the next page)
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gression models; all statistical analyses were performed using RESULTS
R version 4.2.2 (Foundation for Statistical Computing, Vienna,
Austria). Baseline characteristics of patients
Seventy-three patients underwent eTSA surgery. Among them,

Table 1. Continued

Characteristic No DPH (n=50) DPH (n=23) P value
Characteristics of pituitary adenomas (n=>53)
Knosp grade 0.787
0 6(17.1) 6(33.3) 0.324
1 9(25.7) 5(27.8) 1.000
2 12 (34.3) 5(27.8) 0.865
3 5(14.3) 2 (11.1) 1.000
4 3(8.6) 0 0.515
Maximal diameter, mm 27+11 24+8 0411
Tumor height from planum sphenoidale, mm 6.2(-3.0t0 8.5) 6.7 (0.0 to 8.4) 0.888
Cephalocaudal diameter, mm 22.6%+11.0 20.4+7.8 0.445
Preoperative endocrinological characteristics
ACTH deficiency 4(8.0) 3(13.0) 0.801
TSH deficiency 6(12.0) 4(17.4) 0.798
FSH/LH deficiency 1(2.0) 1(4.3) 1.000
Panhypopituitarism 0 0
Preoperative DI 0 0
Preoperative copeptin, pmol/L 3.4(2.5-5.0) 2.5(2.2-3.0) 0.008*
Surgical outcome
Gross total resection 39 (78.0) 22(95.7) 0.121
Anterior pituitary function 0.587
Improved 5(10.0) 4(17.4) 0.611
Stationary 38(76.0) 17 (73.9) 1.000
Aggravated 7 (14.0) 2(8.7) 0.797
DI 18 (36.0) 9(39.1) 0.997
Only transient DI 7 (14.0) 6(26.1) 0.355
Permanent DI 11 (22.0) 3(13.0) 0.560
Pre-emptive hydrocortisone supplement among patients 19 (41.3) 4(20.0) 0.165
without preoperative ACTH deficiency
Time interval to the detection of DPH, postoperative day - 8 (8-8)
Complications
Meningitis 0 2(8.7) 0.034°
CSF leakage 0 1(4.3) 0.689
Intracranial hemorrhage 0 0
Hydrocephalus 1(2.0) 0 0.688
Uncontrollable epistaxis 0 1(4.3) 0.689
Others 1(2.0) 0 0.688
Revision due to complication 1(2.0) 0 0.688

Values are expressed as median (interquartile range), number (%), or mean= standard deviation.

DPH, delayed postoperative hyponatremia; BMI, body mass index; CKD, chronic kidney disease; BUN, blood urea nitrogen; eGFR, estimated glomerular filtra-
tion rate; ACTH, adrenocorticotrophic hormone; TSH, thyroid-stimulating hormone; FSH, follicle-stimulating hormone; LH, luteinizing hormone; DI, diabetes
insipidus; CSF, cerebrospinal fluid.

*Significant P values are indicated.
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23 (32%) developed DPH, and there was no patient with post-
operative hyponatremia (<135 mEq/L) before POD 3. Table 1
summarizes the baseline characteristics according to the pres-
ence of DPH. There was no difference in variables except pre-
operative copeptin and meningitis according to the presence of
DPH.

DPH was diagnosed with a median serum sodium level of
133 mEq/L on the median day 7 postoperatively (Supplemental
Fig. S1). GTR was achieved in 61 patients (83.6%), with no sig-

nificant difference in the GTR rate according to the presence of
DPH. Nine patients (12.3%) and 27 patients (40.0%) had post-
operative deterioration of anterior pituitary hormones and tran-
sient AVP deficiency, respectively, with no significant difference
with or without DPH. Among 66 patients without preoperative
hypocortisolism, 23 patients (34.8%) received preemptive hy-
drocortisone supplementation after surgery, including 10 pa-
tients with pituitary adenoma and all 13 patients with cranio-
pharyngioma. Four (17.4%) of the patients who received pre-

Table 2. Serum Copeptin Levels and Their Ratio to Serum Sodium Levels, Urine Osmolarity, and Baseline Copeptin Levels at Each
Time Point according to the Presence of Delayed Postoperative Hyponatremia
Variable No DPH (n=50) DPH (n=23) P value
Baseline
Serum Na, mEq/L 14242 14112 0.536
Serum copeptin, pmol/L 3.4(2.5-5.0) 2.5(2.2-3.0) 0.008*
Copeptin/serum sodium ratio, 10" 2.4(1.7-3.6) 1.8(1.5-2.1) 0.007°
Copeptin/urine osmolarity ratio, 10~ kg/L 6.2 (3.9-8.9) 4.6(3.3-6.2) 0.043*
1 hr after extubation
Serum Na, mEq/L 142 (141-143) 142 (141-143) 0.718
Serum copeptin, pmol/L 5.0 (3.9-10.3) 5.1(3.2-11.2) 0.495
Copeptin/baseline copeptin ratio 1.61 (1.03-3.20) 1.88 (1.12-5.27) 0.402
Copeptin/serum sodium ratio, 10! 3.5(2.7-7.3) 3.6 (2.3-8.0) 0.487
Copeptin/urine osmolarity ratio, 10~'? kg/L 12.6 (8.0-27.2) 15.6 (9.9-27.1) 0.708
POD 1
Serum Na, mEq/L 142 (140-144) 141 (139-143) 0.412
Serum copeptin, pmol/L 3.5(2.5-5.1) 2.9(2.0-4.1) 0.099
Copeptin/baseline copeptin ratio 1.04 (0.74-1.38) 1.13(0.71-1.57) 0.502
Copeptin/serum sodium ratio, 107" 2.5(1.8-3.7) 2.1(1.4-2.9) 0.116
Copeptin/urine osmolarity ratio, 107 kg/L 6.7 (4.1-13.1) 5.3(3.6-10.0) 0.130
POD 2
Serum Na, mEq/L 143 (142-145) 144 (142-146) 0.494
Serum copeptin, pmol/L 32(2.74.1) 2.6(2.0-3.3) 0.073
Copeptin/baseline copeptin ratio 0.96 (0.67-1.34) 1.15(0.72—-1.46) 0.263
Copeptin/serum sodium ratio, 107" 2.2(1.8-2.9) 1.8(1.4-2.4) 0.078
Copeptin/urine osmolarity ratio, 10~ kg/L 8.5(4.3-11.0) 7.5(6.3-12.5) 0.421
POD 7
Serum Na, mEq/L 141£3 13416 <0.001*
Serum copeptin, pmol/L 3.3(2.54.8) 2.7(24-35) 0.138
Copeptin/baseline copeptin ratio 1.08 (0.75-1.44) 1.19(1.09-1.32) 0.494
Copeptin/serum sodium ratio, 10" 2.3(1.7-3.4) 2.1(1.8-2.5) 0.307
Copeptin/urine osmolarity ratio, 10~ kg/L 5.6(4.2-10.2) 4.7(3.5-6.3) 0.038*
Values are expressed as mean =+ standard deviation or median (interquartile range).
DPH, delayed postoperative hyponatremia; POD, postoperative day.
*Significant P values are indicated.
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emptive steroid supplements developed DPH, and all four had
craniopharyngioma.

Differences in copeptin concentration according to the
presence of DPH

According to the occurrence of DPH, copeptin concentrations at
each time point are shown in Table 2, Fig. 1, and the time trend
in each AVP deficiency group is shown in Supplemental Fig. S2.
The level of copeptin 1 hour after extubation showed a trend

B P=0.008 B
25 25

that increased from baseline and decreased from POD 1 regard-
less of the presence of DPH. The absolute value of preoperative
copeptin and ratios of preoperative copeptin to serum sodium
level (CSR) and urine osmolarity (CUR) were significantly low-
er in patients with DPH. Copeptin levels and ratios of copeptin
from 1 hour after extubation to POD 2 were not different by the
occurrence of DPH. The serum sodium level and CUR on POD
7 were significantly lower in patients with DPH.

[1 NoDPH
i [ pPH
25

Serum copeptin
concentration (pmol/L)

e

25 25

Serum copeptin
concentration (pmol/L)

] o L i—uﬂ{}}; fem—ss 3

25
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Fig. 1. Serum copeptin concentration according to the time points of sample collection and the occurrence of delayed postoperative hypona-
tremia (DPH) (A) before surgery (baseline), (B) 1 hour after extubation, (C) postoperative day 1, (D) day 2, (E) day 7, and (F) day 90.
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urine omsolarity 0.649
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1.0 0.8 0.6 0.4 0.2 0.0
Specificity
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Fig. 2. Receiver operating curve analysis for the prediction of delayed postoperative hyponatremia. (A) Predictive performance and cutoff
of the absolute value and ratio of preoperative copeptin to serum sodium and urine osmolarity in overall patients (#=73) and (B) in patients
with no transient central diabetes insipidus (n=46). AUC, area under curve.
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Predictive and diagnostic performance of copeptin for DPH
The ROC curves of the absolute copeptin value, CSR, and CUR
at baseline are shown in Fig. 2A. Although baseline CSR showed
the highest area under the curve (AUROC) of 0.699, it was not
statistically superior to the absolute copeptin value or CUR at
baseline (Fig. 2A). No combination using absolute copeptin val-
ues at baseline achieved ROC curves with AUROCS higher than
0.699, the AUROC of baseline CSR.

The cutoffs that maximized Youden’s index and negative pre-
dictive value (NPV) at baseline are listed in Table 3. The cutoff
value to maximize Youden’s index was 3.3 pmol/L for the base-
line copeptin level, with a sensitivity of 82.6% and NPV of 87.1%.
The cutoff value of the baseline copeptin level to exclude the
possibility of DPH was 4.5 pmol/L. For the baseline CSR, the
cutoff value to maximize Youden’s index was 2.5X 107", with a
sensitivity of 91.3% and NPV of 92.0%. The cutoff of baseline
CSR that could exclude the possibility of DPH was 3.2X 107",
The cutoff of baseline CUR that maximized Youden’s index
was 6.5%X 107", with a sensitivity of 82.6% and NPV of 85.7%.
The cutoff of baseline CUR to exclude the possibility of DPH
was 11.1X107"2,

The diagnostic performance of serum sodium level and CUR
on POD 7 for the occurrence of DPH on or after POD 7 are pre-
sented in Supplemental Table S1. When DPH did not develop
until POD 6, the cutoff value to maximize Youden’s index of
CUR on POD 7 for the diagnosis of DPH was 7.8 X 1072,

Prediction models were presented along with the variables
that showed significant differences according to the presence of
DPH (Table 4). Patients with an absolute copeptin value, CSR,

and CUR at baseline below cutoffs had a 5.6 (95% confidence
interval [CI], 1.8 to 21.4), 8.9 (95% CI, 2.3 to 59.7), and 4.4-fold
(95% CI, 1.4 to 16.8) higher risk of DPH, respectively.

Predictive performance of copeptin for DPH according to
the presence of transient AVP deficiency

In patients without AVP deficiency (n=46), 14 (30.4%) devel-
oped DPH; these patients with DPH showed lower values of ab-
solute copeptin, CSR, and CUR at baseline, CSR on POD 2,
and serum sodium level, absolute copeptin value, and CUR on
POD 7 than those without DPH (Supplemental Table S2). The
ROC curves of the absolute copeptin value, CSR, and CUR at
baseline in patients without AVP deficiency are shown in Fig.
2B. Baseline CUR showed the highest AUROC of 0.725, but it
was not substantially superior to other variables at baseline. The
cutoff that maximized Youden’s index of baseline CUR was
6.5X 1072, with a sensitivity of 92.9% and NPV of 94.1% (Sup-
plemental Table S3). The cutoffs of the absolute copeptin value

Table 4. Odds Ratios of Predictive Factors for Delayed Postop-
erative Hyponatremia

Variable OR (95% CI) P value

Copeptin at baseline <3.3 pmol/L 5.6(1.8-21.4) 0.005*

Copeptin/serum sodium at baseline 8.9 (2.3-59.7) 0.006*
<2.5x10™"

Copeptin/urine osmolarity at baseline 44(1.4-16.8) 0.017%

<6.5X 10" kg/L

OR, odds ratio; CI, confidence interval.
“Significant P values are indicated.

Table 3. Predictive Performance of Preoperative Absolute Copeptin Levels and Ratios to Serum Sodium Level and Urine Osmolarity for
Delayed Postoperative Hyponatremia
Cutoff value No. (%) Sensitivity, % Specificity, % PPV, % NPV, % Accuracy, %
Copeptin level
<3.3 pmol/L* 42 (57.5) 82.6 54.0 452 87.1 63.0
<4.5 pmol/L® 57 (78.1) 100.0 32.0 40.4 100.0 53.4
Copeptin/serum sodium ratio
<2.5%x10M 48 (65.8) 913 46.0 43.8 92.0 60.3
<3.2x10M 57 (78.1) 100.0 32.0 404 100.0 534
Copeptin/urine osmolarity ratio
<6.5%10 " kg/L* 45 (61.6) 82.6 48.0 422 85.7 58.9
<11.1x10 2 kg/L 66 (90.4) 100.0 14.0 348 100.0 41.1
PPV, positive predictive value; NPV, negative predictive value.
“The cutoff value that maximize Youden’s index; "The exclusive cutoff value to rule out the possibility of the occurrence of delayed postoperative hypo-
natremia.

Copyright © 2024 Korean Endocrine Society
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and the CSR at baseline to maximize Youden’s index were 3.2
pmol/L and 2.2 107", respectively, and the cutoff for the CSR
on POD 2 was 2.1X10™"". The cutoffs showed significant ORs
(Supplemental Table S4).

In patients with transient AVP deficiency (n=27), there was
no difference in the absolute copeptin value or copeptin ratios
according to the presence of DPH (Supplemental Table S5). The
cutoff of serum sodium level on POD 7 that could exclude the
possibility of DPH after POD 7 was 147 mEq/L (Supplemental
Table S6).

DISCUSSION

In this prospective study, the absolute copeptin value and co-
peptin ratios at baseline and POD 7 were significantly related to
DPH occurrence. Despite the absence of statistical superiority,
the baseline CSR exhibited the highest AUROC of 0.695 in the
ROC analysis. Significant ORs for DPH were observed for the
baseline absolute copeptin value, CSR, and CUR. This was par-
ticularly notable in the group excluding those with transient
AVP deficiency, compared to the entire cohort analysis. Howev-
er, in patients with transient AVP deficiency, baseline copeptin
and its ratios did not show significant predictive ability for
DPH. Furthermore, no differences were observed in DPH inci-
dence based on the pathological diagnosis or the presence of
AVP deficiency.

In our study, we aimed to mitigate postoperative ACTH or
TSH deficiencies through the preemptive administration of hy-
drocortisone and levothyroxine. Additionally, we explored the
predictive capabilities of copeptin for DPH arising from causes
like SIADH. We hypothesize that this preemptive hormone
therapy might explain why traditionally recognized DPH risk
factors—such as older age, larger tumor size, low sodium levels
in the early PODs, and tumor cephalocaudal diameter—did not
significantly correlate with DPH occurrence in our study.

In routine practice, fluid restriction after discharge was ad-
vised in patients who underwent eTSA. However, we aimed to
assess copeptin’s predictive value for DPH without interfering
with the natural physiological responses following hypothala-
mus-pituitary axis injury during surgery. This consideration led
us to avoid routine fluid restriction. Specifically, in this research,
we aimed to assess the applicability of copeptin in guiding clini-
cal decision-making in actual practice. Given that DPH pre-
dominantly occurs on POD 7 to 8, we investigated whether
DPH could be predicted using clinical information obtainable
before POD 7, such as the presence of transient AVP deficiency

www.e-enm.org

and copeptin levels or their ratios prior to or on POD 2.

The AUROC of 0.725 for the baseline CUR, specifically in
patients without transient AVP deficiency, may not be definitive
but can be informative in actual clinical decision-making. Earli-
er studies designed to explore the relationship between copeptin
and hyponatremia were primarily focused on investigating its
usefulness to elucidate the causes of hyponatremia in emergen-
cy department setting. The results of these studies of copeptin
demonstrated its strong diagnostic value in distinguishing pri-
mary polydipsia but lacked robust diagnostic power for other
causes [29-31]. The efficacy of copeptin in predicting and dif-
ferentiating hyponatremia following pituitary surgery remains
contentious, making the predictive ability of baseline copeptin
for DPH presented in this study important [29-32]. In this study,
the exclusion of postoperative diuretic use and the preemptive
administration of hydrocortisone in patients suspected of having
hypocortisolism allows us to eliminate diuretics and hypocorti-
solism as potential causes of DPH observed in this research.
Therefore, we should consider several other mechanisms, such
SIADH, primary polydipsia, and sodium depletion due to post-
operative nausea. These mechanisms often occur simultaneous-
ly after surgery, which may explain the difficulty we encoun-
tered in predicting DPH using postoperative copeptin levels in
our study. Nevertheless, considering the baseline copeptin level,
it can be inferred that copeptin partly reflects the basal capacity
of AVP secretion. The significantly lower copeptin levels on
POD 90 in patients with DPH further support this notion (Sup-
plemental Table S7). Thus, we hypothesize that preoperative
subclinical damage to the hypothalamus-pituitary axis caused
by a tumor exists, the extent of which is mirrored in preopera-
tive copeptin levels, and that damage to this axis during surgery
manifests as DPH.

Baseline copeptin and its ratios demonstrated significant pre-
dictive power for DPH only in patients without transient AVP
deficiency. In our prior study conducted with the same cohort,
preoperative copeptin levels were higher in patients with AVP
deficiency than in those without AVP deficiency, although the
difference was not statistically significant, regardless of the tu-
mor’s pathological diagnosis [21]. Thus, although the mecha-
nism remains unclear, preoperative copeptin levels were higher
in patients with AVP deficiency before surgery, and it is inferred
that copeptin lacks predictive power for DPH even before sur-
gery in patients with AVP deficiency. Additionally, when tran-
sient AVP deficiency occurred, we administered desmopressin,
which might also contribute to lowering copeptin levels through
a decrease in serum osmolarity and an increase in volume. Even

Copyright © 2024 Korean Endocrine Society
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if the predictive power of copeptin is limited to patients without
transient AVP deficiency, the finding remains sufficiently sig-
nificant. In cases of craniopharyngioma, even if stalk injury is
incomplete during surgery, the possibility of DPH is considered,
and close monitoring ensues [14,24]. Rather, it is pituitary ade-
noma where the likelihood of DPH is often underestimated.
Among the 53 patients with pituitary adenoma in this series, 41
did not have transient AVP deficiency, and 14 of them devel-
oped DPH. This study’s results are important as they provide
evidence for identifying which patients should be closely moni-
tored for hyponatremia when patients with pituitary adenoma
do not exhibit postoperative transient AVP deficiency.

There are limitations to the current study as well. Since there
were lack of a detailed analysis of patients’ volume status and
differential diagnosis of DPH such as SIADH, primary polydip-
sia, and sodium depletion, the predictive power of copeptin for
each differential diagnosis could not be assessed. Furthermore,
since this cohort was initially designed to evaluate copeptin’s
predictive power for postoperative AVP deficiency, a larger
number of patients should have been included, given that DPH
is typically reported at a lower incidence than postoperative
AVP deficiency. Other factors, such as operation time, extuba-
tion time, or drugs used for anesthesia, might affect the occur-
rence of DPH. However, we did not incorporate it in this study
due to a lack of information.

The occurrence of DPH can be predicted using baseline co-
peptin and its ratio to serum sodium or urine osmolarity exclu-
sively in patients without transient AVP deficiency following pi-
tuitary surgery.
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