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Abstract
Background: Diabetes insipidus (DI) is a recognised complication of pituitary surgery, with diagnosis
requiring clinical observation aided by plasma and urine electrolytes and osmolalities. Copeptin is a
stable surrogate marker of AVP release and has potential to facilitate prompt diagnosis of post-operative
DI. This assay has been shown to accurately predict which patients are likely to develop DI following
pituitary surgery.

Objective: To determine whether copeptin analysis can be used to predict which patients are at risk of
developing DI following transsphenoidal adenomectomy (TSA).

Methods: 78 patients undergoing TSA had samples taken for copeptin pre-operatively and at day 1 post-
TSA. The majority of patients also had samples from day 2, day 8, and week 6 post-TSA. Results from
patients who developed post-operative DI (based on clinical assessment, urine and plasma biochemistry
and the need for treatment with DDAVP) were compared to those who did not. Patients with any evidence
of pre-operative DI were excluded.

Results: Of 78 patients assessed, eleven were clinically determined to have developed DI. Differences
were observed between patients with DI and those without in post-operative samples. Of note, there was a
signi�cant difference in plasma copeptin at day 1 post-operation (p=0.010 on Kruskal-Wallis test), with
copeptin levels greater than 3.4 pmol/L helping to rule out DI (91% sensitivity, 55% speci�city at this cut
off).

Conclusion: In the post-TSA setting, copeptin is a useful rule-out test in patients with values above a
de�ned threshold, which may facilitate earlier decision making and shorter hospital stays.

Introduction
Central Diabetes insipidus (DI) following pituitary surgery is a well-recognised complication, often
occurring early and transiently post-operatively with incidence variably documented as ranging from 1–
67% [1]. Such post-operative DI is associated with increased morbidity and a greater length of hospital
stay [2] and accurate diagnosis is essential to allow early treatment. Currently this relies upon a
combination of clinical assessment, �uid balance monitoring, and plasma and urine sampling for sodium
and osmolality analysis [3].

E�cient diagnosis of DI is limited by the challenge of directly assaying arginine vasopressin (AVP), which
has a short half-life in vivo [4], is unstable ex vivo even when frozen [5], and is affected by delayed or
incomplete separation from platelets [6]. As a result, there are no AVP assays available in clinical
laboratories in the United Kingdom. Copeptin is the 39 amino acid C-terminal segment of pre-pro-AVP, and
is produced in isomolar quantities to AVP [7]. It can be measured using commercially available
immunoassay methods, and has the major advantage of being much more stable than AVP in blood after
venesection. Copeptin has been demonstrated to add diagnostic accuracy in the investigation of polyuria-
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polydipsia syndrome [8, 9], and Winzeler et al showed that patients with DI after pituitary surgery had a
lower copeptin level than those who did not develop DI [10].

The aims of our study were to determine the predictive value of copeptin in diagnosing DI after trans-
sphenoidal adenomectomy (TSA) in our centre, to assess its utility in routine clinical practice, and to
explore using a discriminative ‘cut-off’ to facilitate earlier discharge.

Methods

Patient selection
Plasma samples were collected from 78 patients undergoing elective TSA at the John Radcliffe Hospital
(Oxford University Hospitals NHS Foundation Trust, Oxford, UK) between November 2017 and June 2020.
All patients had pituitary tumours or other lesions within the pituitary fossa. Patients were excluded if
they had a diagnosis of pre-operative DI.

Baseline characteristics, including gender, age, tumour type, lesion size and renal function were obtained
from electronic patient records.

Lesion characteristics
Patients underwent pre-operative magnetic resonance imaging (MRI) of the pituitary with contrast and all
scans were reported by a Neuroradiologist. Lesions < 1 cm in diameter were classi�ed as microadenomas
and those ≥ 1 cm in diameter classi�ed as macroadenomas. Following resection, tumour histology was
determined and reported by Neuropathologists based on immunohistochemical characteristics.

Surgery and post-operative protocol
All TSAs were carried out by a single Neurosurgical team. Operations were carried out under general
anaesthetic using endoscopic techniques.

Patients remained in hospital for a minimum of 48 hours, and were �uid restricted to 2 litres per day post-
operatively, to prevent masking of biochemical abnormalities through compensatory drinking. During
admission, blood and urine samples were obtained routinely at day 1 and day 2 post-operatively to
assess for biochemical evidence of DI. If there was clinical suspicion of DI, urgent laboratory samples
were sent and treatment promptly initiated, pending biochemical con�rmation.

Diagnosis and treatment of DI
DI was suspected if patients had a urine output of more than 200 mL/hour for 3 consecutive hours or
more than 3 L per day, and this was con�rmed with biochemistry showing high plasma sodium (> 145
mmol/L) and osmolality (> 295 mosmol/kg) with inappropriately low urine osmolality. If DI was
suspected, �uid restriction was immediately lifted and urgent biochemistry samples sent. If biochemistry
con�rmed DI, 1 microgram of DDAVP was administered subcutaneously. If DI persisted more than 24
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hours after DDAVP administration and biochemistry con�rmed ongoing DI, patients were discharged on
desmopressin. Patients were re-assessed at day 8 and 6 weeks after their operation. Patients who
required ongoing desmopressin treatment beyond this time were classi�ed as ‘permanent’ DI, while those
who had no further need for desmopressin were classi�ed as having ‘transient’ DI.

Sample collection
Patients undergoing TSA have samples taken for routine biochemistry pre-operatively, and subsequently
at day 1, day 2, day 8, and week 6 post-TSA. Aliquots at each of these time points were frozen for
retrospective copeptin batch analysis.

Laboratory analysis
Plasma and urine sodium analysis was performed on the Abbott Architect c16000 (Abbott Diagnostics),
which uses an indirect ion-selective electrode method. Osmolality was determined using the Model 3320
Osmometer (Advanced Instruments), which assesses osmolality by measuring freezing-point depression.

Copeptin was analysed using the Brahms KRYPTOR immuno�uorescence assay (Thermo Fisher
Scienti�c), with reproducibility of 6.8% CV at 5.1 pmol/L and 3.9% CV at 99.3 pmol/L.

Comparison
Patients were divided into groups depending on whether they developed post-operative DI (based on
clinical assessment, urine and plasma biochemistry and the need for treatment with DDAVP), or not.
Copeptin results pre-operatively and at day 1, day 2, day 8 and week 6 post-operatively were compared
between groups to see if there was a signi�cant difference.

Statistical analysis
Since copeptin values were not normally distributed, we compared medians between DI and non-DI
groups using the Kruskal-Wallis test. Data are presented graphically using box-whisker plots, and we
obtained optimal cut-off levels using receiver-operator characteristic (ROC) curves. We compared baseline
characteristics using chi-squared analysis for categorical data and the Kruskal-Wallis test for age.
Statistical analysis was performed using R software, version 4.0.0 (R Core Team (2020). R: A language
and environment for statistical computing. R Foundation for Statistical Computing, Vienna, Austria. URL
https://www.R-project.org/).

Results

Baseline characteristics
Baseline characteristics of the cohort are shown in Table 1. The 78 patients undergoing TSA had a
median age of 55 (range 22–85), with 41 of 78 being men (52.6%). Two patients had estimated
glomerular �ltration rates < 30 ml/min/1.73m2, and neither of these developed DI. The majority of lesions
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(72/78; 92.3%) were macroadenomas, while histologically gonadotroph tumours were the most common
(37/78; 47.4%).

 
Table 1

Baseline characteristics of participants. The gender, renal
function, histology and lesion size of n = 78 participants included

in the study are shown, as well as the percentage with each
characteristic.

  No. of patients (n = 78) Percentage

Gender

• Male

• Female

 

41

37

 

52.6%

47.4%

Renal function

• eGFR > 30

• eGFR < 30

 

76

2

 

97.4%

2.6%

Histology

• Gonadotroph

• Corticotroph

• Somatotroph

• Lactotroph

• Plurihormonal

• Hormone inactive

• Craniopharyngioma

• Rathke’s cyst

• Other

 

37

6

7

4

8

2

3

6

5

 

47.4%

7.7%

9.0%

5.1%

10.3%

2.6%

3.8%

7.7%

6.4%

Lesion size ≥ 1cm 72 92.3%

Incidence of diabetes insipidus
Of the 78 patients included, 11 (14.1%) were diagnosed with DI post-operatively and required treatment
with desmopressin. Of these, seven (9.0%) remained on desmopressin treatment after six weeks and were
presumed to have permanent DI, while the other four (5.1%) did not require desmopressin after their �rst
post-operative week.

Characteristics of patients developing diabetes insipidus
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The characteristics of the two groups are shown in Table 2. The DI group were signi�cantly younger (p < 
0.001), but there was no signi�cant difference in gender distribution between the two groups. There was
no signi�cant difference in lesion size between the groups, with the majority of lesions exceeding 1 cm in
diameter in both groups.

  
Table 2

Characteristics of patients who developed DI (‘DI’), and those who did
not develop DI (‘no DI’). Percentages shown are relative to the total

number in that group. Note that no statistical analysis was performed to
compare histology, as numbers in the DI group are too small.

  No DI (n = 67) DI (n = 11) P-value

Age 55.9 [22–85] 46.4 [35–69] p < 0.001

Gender

• Male

• Female

 

38 (56.7%)

29 (43.3%)

 

3 (27.3%)

8 (72.7%)

p > 0.05

Histology

• Gonadotroph

• Corticotroph

• Somatotroph

• Lactotroph

• Plurihormonal

• Hormone inactive

• Craniopharyngioma

• Rathke’s cyst

• Other

 

34 (55.2%)

4 (6.0%)

6 (9.0%)

4 (6.0%)

6 (9.0%)

2 (3.0%)

1 (1.5%)

6 (9.0%)

4 (6.0%)

 

3 (27.3%)

2 (18.2%)

1 (9.1%)

0

2 (18.2%)

0

2 (18.2%)

0

1 (9.1%)

 

Lesion size > 1cm 62/67 (92.5%) 10/11 (90.9%) p > 0.05

Copeptin results
A total of 44 patients had samples collected at all time points, although two did not have samples at the
day 8 and/or 6 weeks. A further 34 patients had samples analysed pre-operatively and at day 1 post-
operatively only.

Table 3 outlines the copeptin results for the DI versus non-DI group at each time point. As expected, pre-
operative copeptin levels did not differ signi�cantly between the two groups. A difference is evident at
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day 1 post-operatively, with copeptin levels being lower in the DI group, and this is also seen at day 8 and
6 weeks post-operatively. There is no signi�cant difference seen at day 2, largely due to the presence of
an outlier result. The copeptin results are displayed graphically in Fig. 1. We observed that, at day 1, a
copeptin level of less than 3.4 pmol/L is 91.0% sensitive for detecting DI but only 55.2% speci�c.

 
Table 3

Copeptin levels are measured time points. Copeptin values for non-DI and DI groups
at the various sampling time points, with associated p-values. Median values are
shown with ranges in brackets. All values are in pmol/L. TSA; trans-sphenoidal

adenomectomy.
Time Copeptin – no DI (n = 67) Copeptin – DI (n = 11) P-value

Pre-TSA (n = 78) 3.24 (1.06-27) 2.82 (1.34–9.62) 0.43

Day 1 (n = 78) 3.59 (1.25–23.8) 2.31 (1.21–8.4) 0.01

Day 2 (n = 44) 3.4 (1.15–24.19) 2.17 (1.17–70.3) 0.13

Day 8 (n = 42) 3.38 (0.7–34.4) 2.03 (1.14–2.98) 0.009

6 weeks (n = 43) 2.83 (0.94–12.39) 2.06 (1.27–3.11) 0.04

The receiver-operator characteristic (ROC) curves are shown in Fig. 2. The best predictive value is
observed at day 1 (AUC = 0.74) and day 8 (AUC = 0.80), while predictive value is also seen at 6 weeks.
There is no signi�cant predictive value pre-operatively, while the AUC at day 2 does not differ signi�cantly
from equivalence due to the outlier result.

A comparison of the median results in DI and non-DI results at the various time points can be seen in Fig.
1. In patients who do not develop DI, a post-surgical rise in copeptin levels is observed, falling by the 6
week time point. By contrast, the median copeptin level in the DI group falls post-operatively and remains
low at subsequent checks.

When the DI group is separated into permanent versus transient DI, there is a tendency for the permanent
DI group to have lower copeptin levels from day 2 onwards (Fig. 3), but the small numbers in the groups
mean that no signi�cant difference is demonstrated.

Discussion
We demonstrate that the greatest value of copeptin is in the exclusion of DI following trans-sphenoidal
surgery. Copeptin values ≥ 3.4 pmol/L at day 1 post-operation help to exclude DI, with only 1/38 patients
having a value above this threshold going on to develop DI – giving a negative predictive value of 97.4%.
The high sensitivity and relatively poor speci�city of copeptin is in keeping with other ‘rule-out’ tests, such
as the D-dimer test [11, 12]. While this makes copeptin potentially useful in exclusion of DI, the low
speci�city means copeptin has little value in ‘ruling-in’ or diagnosing DI, in keeping with previous data [9,
13].
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We propose that post-pituitary patients with copeptin > 3.4 pmol/L at day 1 are candidates for early
discharge after surgery - in our cohort 37/67 patients without DI had a day 1 copeptin value of greater
than 3.4 pmol/L and may have been discharged 24 hours post-operatively if they were otherwise well.
This would obviate the need for a further 24 hours clinical and biochemical monitoring which has been
our usual practice. A prolonged length of stay has been previously reported in a meta-analysis of studies
between 1992 and 2013, which showed that the mean length of stay was 3.3 days for patients
undergoing endoscopic pituitary surgery and 6.3 days for those undergoing microscopic surgery [13].
Given current demands on a resource-poor publicly funded system, identi�cation of patients who ful�l
early discharge criteria enabling shorter inpatient stays is clearly desirable.

In this group of 78 patients undergoing TSA, we �nd a 14.1% incidence of post-operative DI, which is in
line with published data [14]. Although the DI group were signi�cantly younger than the non-DI group,
previous studies have not demonstrated a relationship between copeptin levels and age [15]. In our study,
there was no signi�cant difference in the gender distribution between DI and no DI groups - baseline
copeptin levels have been reported as higher in males, but this has not been shown to be true of
stimulated copeptin levels [7].

This study has some limitations. Firstly, our study used retrospective batch analysis of samples collected
at routine time points as opposed to real-time analyses/assay. To our knowledge, no centres are currently
using the copeptin assay in real-time, with most freeze-thawing samples for later batch analysis. In order
to evaluate if contemporaneous copeptin results will affect day-to-day management and discharge of
pituitary surgical patients, the assay will need to be used in real-time and our centre has now set up such
a facility. Secondly, we may have missed the ‘peak’ copeptin provoked by manipulation of the gland.
Berton and colleagues have shown that one hour post-extubation samples have a greater predictive value
for diagnosis of DI [16] and the Christ-Crain group demonstrated greatest discriminative power in
samples taken at less than 12 hours following operation. We are keen to limit blood sampling for patients
but it may be that an earlier sampling time, soon after surgery, would yield a more discriminative copeptin
threshold for discharge.

Conclusion
We con�rm that post-pituitary surgery copeptin measurement is useful to exclude DI early post-
operatively and propose it as a potential tool to identify patients suitable for early discharge. It will be
important to conduct future work on earlier sampling times, with real-time assay, and combine these
results with other clinical and biochemical parameters to provide a robust dataset at 24 hours post-
pituitary surgery enabling selection of patients for safe early discharge.
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Figures

Figure 1

Comparison of copeptin results pre-operatively and at day 1, day 2, day 8 and week 6 between patients
who developed DI (DI, in green) and those who did not (no DI, in red). Circles represent individual values,
while horizontal lines represent the median values (thick line) and interquartile range (thin lines). A
dashed line highlighting the proposed day 1 cut-off value of 3.4 mol/L is shown.

Figure 2

Receiver-operative characteristic (ROC) curves for copeptin pre-operatively (a) and at day 1 (b), day 2 (c),
day 8 (d) and week 6 (e). Curves have been generated using the Wilson/Brown method and are shown in
black. Area under curve (AUC) and p-value also shown.
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Figure 3

Comparison of copeptin results between those with transient DI (transient, green) and those with
permanent DI (permanent, red) at the pre-operatively and at day 1, day 2, day 8 and week 6. Circles
represent individual values, while horizontal lines represent the median values (thick line) and
interquartile range (thin lines).


