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Background: Determining risk factors for diabetes insipidus (DI) after pituitary surgery is important in improving patient care. Our 
objective is to determine the factors associated with DI after pituitary surgery.
Methods: We reviewed records of patients who underwent pituitary surgery from 2011 to 2015 at Philippine General Hospital. Pa-
tients with preoperative DI were excluded. Multiple logistic regression analysis was performed and a predictive model was generat-
ed. The discrimination abilities of the predictive model and individual variables were assessed using the receiving operator charac-
teristic curve.
Results: A total of 230 patients were included. The rate of postoperative DI was 27.8%. Percent change in serum Na (odds ratio 
[OR], 1.39; 95% confidence interval [CI], 1.15 to 1.69); preoperative serum Na (OR, 1.19; 95% CI, 1.02 to 1.40); and performance 
of craniotomy (OR, 5.48; 95% CI, 1.60 to 18.80) remained significantly associated with an increased incidence of postoperative DI, 
while percent change in urine specific gravity (USG) (OR, 0.53; 95% CI, 0.33 to 0.87) and meningioma on histopathology (OR, 
0.05; 95% CI, 0.04 to 0.70) were significantly associated with a decreased incidence. The predictive model generated has good diag-
nostic accuracy in predicting postoperative DI with an area under curve of 0.83.
Conclusion: Greater percent change in serum Na, preoperative serum Na, and performance of craniotomy significantly increased 
the likelihood of postoperative DI while percent change in USG and meningioma on histopathology were significantly associated 
with a decreased incidence. The predictive model can be used to generate a scoring system in estimating the risk of postoperative DI. 
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INTRODUCTION

Antidiuretic hormone (ADH) is a nonapeptide produced in the 
magnocellular neurons of the hypothalamic supraoptic and 
paraventriclar nuclei. It is transported via the hypothalamo-hy-
pophyseal tract, terminating in the neurohypophysis where it 
matures and is stored for future release [1]. Disturbances in 

ADH secretion leading to disorders of water balance are among 
the most common perioperative complications in patients un-
dergoing transsphenoidal surgery [2]. Untreated diabetes insipi-
dus (DI) patients can develop hypernatremia and increased se-
rum osmolality which can lead to dehydration and impaired 
mental status in severe cases [3].

Usually a complication of the postsurgical course after pitu-
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itary surgery, postoperative DI is transient and benign in the 
majority of cases. Permanent DI, which is due to damage to the 
hypothalamus or proximal infundibulum may also occur [4]. 
The overall incidence of any postoperative (transient or perma-
nent) DI in various series varies from 1.6% to 31% [2,5,6]. In 
the Philippines, two tertiary centers reported a 20% and 24% in-
cidence of postoperative DI after pituitary surgery, respectively 
[7,8].

A few international studies have delved into the risk factors 
associated with postoperative DI. Those identified include 
Cushing’s disease [6,9], intraoperative cerebrospinal fluid (CSF) 
leak [9], microadenoma [9], tumor volume, preoperative to 
postoperative serum sodium change [10], tumor location [11], 
and functionality [6] however these results were inconsistent 
from study to study. 

Determining factors associated with the development of post-
operative DI following pituitary surgery is important in improv-
ing overall patient care. Physicians will be able to identify in 
advance which patient populations are at higher risk of develop-
ing DI thus aiding them in planning treatment algorithms. 
Hence, this study aimed to determine the factors associated with 
DI after pituitary surgery as well as to generate a predictive 
model that can be used to create a scoring system that will help 
physicians estimate the risk of postoperative DI enabling earlier 
identification and more vigilant monitoring of patients undergo-
ing pituitary surgery.

METHODS

Study design and setting
This is a retrospective cohort study conducted at the Philippine 
General Hospital (PGH), a tertiary university hospital and refer-
ral center for pituitary cases. This study was conducted after ap-
proval by the University of the Philippines Manila Research 
Ethics Board. 

Study population and sampling
All patients who underwent pituitary surgery in PGH from Jan-
uary 2011 to December 2015 were included. Those who had 
preoperative DI: urine output (UO) (>2.5 mL/kg body weight 
per hour or at least 4 L per day), urine specific gravity (USG) ≤
1.005 or urine osmolality <200 mOsm/kg H2O with or without 
hypernatremia or hyperosmolality present prior to surgery were 
excluded as well as those given medications that can potentially 
affect serum Na levels and UO. Patients with missing charts 
were also excluded.

Definition of terms
We defined postoperative DI as the presence of documented vo-
luminous UO (>2.5 mL/kg body weight per hour or at least 4 L 
per day), with a USG of ≤1.005 or urine osmolality <200 
mOsm/kg H2O with or without hypernatremia or hyperosmolal-
ity or as clinically diagnosed by the attending endocrinologist, 
developing anytime during hospital admission following pitu-
itary surgery. Other causes of polyuria such as postoperative 
water diuresis, glycosuria from diabetes and steroid induced hy-
perglycemia were differentiated from DI through the findings of 
normal or increased USG (>1.005) in these cases. If hypotonic 
polyuria was observed, other potential causes besides DI were 
first considered.

Data collection
Patients included in the study were identified through the com-
puterized databases of the Section of Endocrinology and records 
in the Department of Pathology. Data were collected using a 
standardized data collection form. Study subjects were anony-
mized and were given code numbers as identifiers. Information 
gathered included age, sex, size of mass, type of mass (mac-
roadenoma vs. microadenoma), histopathology, functionality of 
tumor, type of surgery, status of surgery, type of surgeon, and 
other postoperative complications. Laboratory parameters such 
as preoperative serum Na and USG and first postoperative se-
rum Na and USG were also collected. At our institution, the first 
postoperative serum Na and USG are usually collected upon ar-
rival at the neurosurgical critical care unit or at least within 6 
hours postoperatively. Percent change in serum Na was com-
puted as the difference between postoperative and preoperative 
serum Na divided by the preoperative serum Na. Percent change 
in USG was also computed similarly.

Statistical analysis
Demographic data were presented using descriptive statistics. 
Quantitative variables were expressed using means and standard 
deviations for normally distributed data and median and inter-
quartile range (IQR) for non-normally distributed data, while 
qualitative variables were expressed using frequencies and per-
centages. Normality of distribution for continuous variables was 
tested using the Shapiro-Wilks test. Student t test and Wilcoxon 
rank sum test were used to compare continuous variables be-
tween two groups with normal and non-normal distribution, re-
spectively. Chi-square test was used to compare categorical 
variables. Prior to predictive modeling, tests for collinearity, 
confounding, and interaction were performed. Multicollinearity 
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was assumed if the variable inflation factor was >10. Collinear 
variables that were identified included change in serum Na and 
USG, and postoperative serum Na and USG; hence, these were 
excluded in the logistic model. A variable was tested as a possi-
ble confounder if the independent variable was related to both 
the dependent variable (postoperative DI) and the percent 
change in serum Na. Confounding was considered if the change 
in odds ratio (OR) in the crude and adjusted logistic model was 
>10%. Histopathology, functionality, and complications were 
identified as significant confounders. After checking for interac-
tion, no variables were identified to significantly modify the re-
lationship of postoperative DI and percent change in serum Na. 
During the univariate logistic regression analysis, variables 
found to be significant at P<0.2 were entered into an explorato-
ry multivariate logistic regression model for postoperative DI. 
After univariate analysis, status of surgery (initial vs. repeat), 
sex, size of mass, and type of mass (macroadenoma vs. micro-
adenoma) were excluded from the full model.

Multivariate logistic regression was then performed to exam-
ine whether percent change in serum sodium was independently 
associated with postoperative DI after adjustment for age, sur-
geon (consultant vs. trainee), percent change in USG, preopera-
tive serum Na, preoperative USG, type of surgery, histopatholo-
gy, functionality, and surgical complications. Independent pre-
dictors of postoperative DI were identified using the hierarchi-
cal method of variable selection with multivariate logistic re-
gression analysis. The significant variables (P<0.05) after hier-
archical stepwise elimination formed the final predictive model: 
percent change in serum Na, percent change in USG, preopera-
tive serum Na, preoperative USG, type of surgery, and histopa-
thology. The Hosmer-Lemeshow test was used to determine 
goodness-of-fit of our model. The discrimination abilities (diag-
nostic accuracy) of the predictive model as well as individual 
variables—preoperative serum Na and USG, percent change in 
serum Na and USG, were assessed with the area under the re-
ceiver operator characteristic (ROC) curve. All the statistical 
analyses were performed using STATA 13 (StataCorp, College 
Station, TX, USA).

RESULTS

A total of 242 patient records were initially retrieved. Of these, 
10 patients were excluded due to the presence of preoperative 
DI, while two patients were excluded because they were given 
mannitol postoperatively which can affect sodium levels and 
UO. There were 230 patients included in the final analysis, with 

124 females (53.9%) and 106 males (46.1%) and a mean age of 
44 years. The demographic and clinical data are summarized in 
Table 1. Majority of the pituitary masses were greater than 1 cm 
(96.9%) with a mean size of 3.3 cm. The most common histopa-
thology was that of pituitary adenoma (82.2%), followed by 
meningioma (8.3%) and craniopharyngioma (8.3%). Most of 
the tumors were non-functioning (82%). Among the functional 
pituitary tumors, prolactinoma was the most common (8.5%).

Transsphenoidal surgery (both nasal and labial approaches) 
was performed in 170 patients (73.9%). Majority of the cases 
underwent pituitary surgery for the first time (88.2%). Two 
thirds of the cases were performed by a neurosurgery consul-
tant. The most common postoperative complication other than 
DI was infection (3.5%) followed by postsurgical hemorrhage 
(2.6%).

In this 5-year period, 64 patients developed postoperative DI 
with an overall rate of 27.8%. The mean onset of postoperative 
DI in this study is 27.38 hours after surgery. All laboratory pa-
rameters were non-normally distributed and presented as medi-
an (IQR) as seen in Table 2. Notably, the absolute and percent 
change in serum Na and USG (preoperative to 6 hours postop-
erative) were all statistically greater among patients who devel-
oped DI.

In the univariate analysis (Table 3), age (OR, 0.97; 95% con-
fidence interval [CI], 0.95 to 0.99), craniopharyngioma (OR, 6; 
95% CI, 2.17 to 16.7), and craniotomy (OR, 2.5; 95% CI, 1.20 
to 4.86) were associated with postoperative DI, without adjust-
ment for other factors. All laboratory parameters (except for 
preoperative and postoperative serum Na) met the level of sta-
tistical significance to be included in the exploratory multivari-
ate logistic regression modeling (cut-off P<0.2). However, 
since the preoperative and postoperative serum Na are some of 
our major variable of interest, we decided to include it in the 
multivariate logistic regression analysis.

In the final logistic regression model (Table 4), laboratory pa-
rameters that were independently associated with postoperative 
DI include percent change in serum Na (OR, 1.39; 95% CI, 1.15 
to 1.69), percent change in USG (OR, 0.53; 95% CI, 0.33 to 
0.87), and preoperative serum Na (OR, 1.19; 95% CI, 1.02 to 
1.4). The higher the percent change in serum Na and preopera-
tive serum Na, the higher the probability of postoperative DI. 
Patients with meningioma are less likely to have postoperative 
DI compared to pituitary adenoma (OR, 0.05; 95% CI, 0.004 to 
0.70). On the other hand, patients who underwent craniotomy 
are five times more likely to develop postoperative DI com-
pared to the transnasal approach. The presence of craniopharyn-
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Table 1. Demographic Data and Clinical Characteristics of Patients

Characteristic No DI (n=166) DI (n=64) Overall P value

Age, yr 46±14.1 38.6±16.4 44±15.1 <0.001
Sex 0.460
   Female 92 (55.4) 32 (50.0) 124 (53.9)
   Male 74 (44.6) 32 (50.0) 106 (46.1)
Mass size, cm 3.3±1.1 3.4±1.2 3.3±1.1 0.135
   <1 6 (4.2) 0 6 (3.1)
   ≥1 138 (95.8) 52 (100.0) 190 (96.9)
Histopathology 0.003
   Pituitary adenoma 139 (84.2) 50 (78.1) 189 (82.2)
   Meningioma 18 (10.9) 1 (1.6) 19 (8.3)
   Craniopharyngioma 6 (3.6) 13 (20.3) 19 (8.3)
   Adenocarcinoma 1 (0.6) 0 1 (0.4)
   Glioma 1 (0.6) 0 1 (0.4)
   No data 1 (0.6) 0 1 (0.4)
Pituitary adenoma functionality 0.770
   Nonfunctioning 113 (81.3) 42 (84.0) 155 (82.0)
   TSHoma 1 (0.7) 0 1 (0.5)
   Prolactinoma 12 (8.6) 4 (8.0) 16 (8.5)
   GH-secreting 6 (4.3) 1 (2.0) 7 (3.7)
   Cushing’s disease 5 (3.6) 0 5 (2.7)
   GH and prolactin secreting 0 1 (2.0) 1 (0.5)
   No data 2 (1.4) 2 (4.0) 4 (2.1)
Type of surgery 0.007
   Nasal approach 96 (57.8) 30 (46.9) 126 (54.8)
   Labial approach 36 (21.7) 8 (12.5) 44 (19.1)
   Craniotomy 32 (19.3) 25 (39.1) 57 (24.8)
   Craniectomy 0 1 (1.6) 1 (0.4)

   Biopsy 2 (1.2) 0 2 (0.9)
Status of surgery 0.130
   Initial (primary) 148 (90.2) 53 (82.8) 201 (88.2)
   Repeat 16 (9.8) 11 (17.2) 27 (11.8)
Surgeon 0.110
   Consultant 117 (70.5) 38 (59.4) 155 (67.4)
   Resident 49 (29.5) 26 (40.6) 75 (32.6)
Other postoperative complications 0.530
   None 151 (91.0) 57 (89.0) 208 (90.4)
   Death 1 (0.6) 0 1 (0.4)
   Hemorrhage 4 (2.4) 2 (3.1) 6 (2.6)
   Infection 4 (2.4) 4 (6.3) 8 (3.5)
   CSF leak 3 (1.8) 0 3 (1.3)
   Hydrocephalus 2 (1.2) 0 2 (0.9)
   Pneumocephalus 1 (0.6) 1 (1.6) 2 (0.9)

Values are expressed as mean±SD or number (%).
DI, diabetes insipidus; TSHoma, thyroid stimulating hormone secreting adenoma; GH, growth hormone; CSF, cerebrospinal fluid.
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gioma (OR, 0.5; 95% CI, 0.09 to 2.66) and the use of labial ap-
proach (OR, 0.64; 95% CI, 0.20 to 1.99) also seem to have less 
likelihood of postoperative DI; however, these associations did 
not reach statistical significance. 

Evaluation of goodness of fit indicates a good overall fit of 
the model with our data (Pearson chi2=130.3, P=0.25; Hosmer-
Lemeshow chi2=7.9, P=0.45). The sensitivity and specificity 
of the model was at 64% and 89%, respectively. In addition, the 
positive and negative predictive value was at 78% and 80%, re-
spectively. The predictive model was able to correctly predict 
postoperative DI in 80% of cases.

Receiver operator characteristic curves
Fig. 1 shows the ROC curves for the different laboratory param-
eters that were included in the final model. Individually, the pre-
operative serum Na (area under curve [AUC], 0.47) and USG 
(AUC, 0.44) as well as USG (AUC, 0.32) were poor tests in dis-
criminating postoperative DI. The percent change in serum Na 
(AUC, 0.70) can only fairly discriminate postoperative DI based 

on the AUC of 0.70 and on the appearance of the ROC curve. 
On the other hand, our predictive model incorporating all four 

laboratory parameters as well as histopathology and type of sur-
gery has good diagnostic accuracy in predicting postoperative DI 
with an AUC of 0.83 with an ROC curve shown below (Fig. 2).

DISCUSSION

This is the first study in the Philippines to investigate factors as-
sociated with postoperative DI after pituitary surgery. The DI 

Table 2. Laboratory Characteristics of Patients with and without 
Postoperative Diabetes Insipidus

Characteristic No DI 
(n=166)

DI 
(n=64) P value 95% CI

Preoperative  
serum Na, 
mmol/L

139.2 (5.0)a 139.5 (4.0) 0.772 138.6–139.7

Postoperative  
serum Na, 
mmol/L

141.0 (4.0) 144.9 (6.5) <0.001 141.7–143.0

Preoperative 
USG

1.015 (0.01) 1.015 (0.015) 0.890 1.015–1.017

Postoperative 
USG

1.016 (0.014) 1.005 (0.01) <0.001 1.013–1.020

Percent change 
in serum Na, 
%

1.40 (4.32) 3.60 (4.70) <0.001 1.84–2.97

Absolute change 
in serum Na, 
mmol/L

2 (6.0) 5 (6.5) <0.001 2.48–4.01

Percent change 
in USG, %

0.2 (1.76) –0.5 (1.07) <0.001 0.14–1.79

Absolute change 
in USG

0.002 (0.017) –0.005 (0.011) <0.001 –0.003 to 
0.005

Values are expressed as median (interquartile range). Median (inter-
quartile range) was used for non-normally distributed data.
DI, diabetes insipidus; CI, confidence interval; Na, sodium; USG, urine 
specific gravity.

Table 3. Univariate Analysis

Variable    OR 95% CI P value

Age, mean 0.97 0.95–0.99 0.001

Female sex 1.24 0.70–2.22 0.460

Mass size, cm 1.00 0.99–1.00 0.867

Mass type, microadenoma 1.00 0.99–1.01 0.291

Histopathology 

   Meningioma 0.15 0.02–1.19 0.073

   Craniopharyngioma 6.00 2.17–16.70 0.001

Pituitary adenoma functionality

   Prolactinoma 0.90 0.27–2.94 0.857

   GH-secreting 0.45 0.05–3.83 0.464

Type of surgery

   Labial approach 0.71 0.30–1.70 0.442

   Craniotomy 2.50 1.29–4.86 0.007

Status of surgery

   Repeat 0.97 0.87–1.08 0.555

Surgeon

   Resident 1.60 0.90–2.98 0.109

Other postoperative complications

   Hemorrhage 1.32 0.24–7.43 0.749

   Infection 2.65 0.64–10.9 0.178

   Pneumocephalus 2.65 0.16–43.07 0.493

Preoperative serum Na 0.99 0.99–1.00 0.350

Postoperative serum Na 0.99 0.99–1.00 0.350

Preoperative USG 0.99 0.99–1.00 0.100

Postoperative USG 0.99 0.99–0.99 0.002

Percent change in serum Na 1.22 1.11–1.35 <0.001

Absolute change in serum Na 1.17 1.09–1.26 <0.001

Percent change in USG 0.65 0.48–0.87 0.004

Absolute change in USG 3.10e–19a 1.22e–31–7.92e–7a 0.003

OR, odds ratio; CI, confidence interval; GH, growth hormone; Na, so-
dium; USG, urine specific gravity.
aThe ‘e’ values in exponential form (1.22×10–31).
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incidence in our study is 27.3% higher than the reported 20% by 
Alinsonorin et al. [8] in 2003. This may be due to the lower 

number of patients who underwent pituitary surgery reported in 
the earlier study (87 vs. 230). However, the incidence in our 

Table 4. Multivariate Logistic Regression Analysis

Variable OR 95% CI P value

Percent change in serum Na 1.39 1.15–1.69 0.001

Percent change in USG 0.53 0.33–0.87 0.012

Preoperative serum Na 1.19 1.02–1.40 0.026

Preoperative USG 2.84e–27a 4.54e–56–177.68a 0.071

Histopathology

   Meningioma 0.05 0.004–0.70 0.025

   Craniopharyngioma 0.50 0.09–2.66 0.415

Type of surgery

   Labial approach 0.64 0.20–1.99 0.437

   Craniotomy 5.48 1.60–18.80 0.007

OR, odds ratio; CI, confidence interval; Na, sodium; USG; urine specif-
ic gravity.
aThe ‘e’ values in exponential form (2.84×10–27).
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study is still higher than that reported by Nemergut et al. [9] 
(18.3%), and Schreckinger et al. [10] (16.3%). The mean time 
of the onset of postoperative DI in our study was 27.38 hours. 
While most of the postoperative DI resolved prior to discharge, 
18 out of the 64 or 28.13% of those who developed postopera-
tive DI were sent home on desmopressin. However, we cannot 
ascertain if they progressed to permanent DI since we were not 
able follow the patients after discharge.

Unlike previous studies, age, sex, tumor size, and CSF leak 
were not associated with an increased incidence of postoperative 
DI in this study. Moreover, in contrast to previous reports [9,12], 
craniopharyngioma did not appear to be associated with postop-
erative DI in our study. This may have been due to the relatively 
small number of craniopharyngioma cases in this present study. 
Earlier reports found conflicting results with regards to associa-
tion of mass size with postoperative DI. In some studies, patients 
with macroadenoma were more likely to have postoperative DI 
[5,13], whereas other studies found microadenoma to be more 
associated with DI [6,9]. In our study, tumor size did not corre-
late with the incidence of postoperative DI. Although microade-
noma could have been underrepresented in the study. Similar to 
the results of Nemergut et al. [9], repeated surgery in this study 
did not increase the incidence of postoperative DI.

It has been proposed in one study that surgeries done by more 
experienced surgeons tend to have lower likelihood of develop-
ing DI postoperatively [14]; however, our study showed no sta-
tistically significant difference with regards to who performed 
the operation. This can be attributed to a higher volume of sur-
geries done by experienced surgeons in this study compared to 
those done by trainees (67% vs. 33%).

After multivariate logistic regression analysis, only percent 
change in serum Na, preoperative serum Na, and performance 
of craniotomy were found to be associated with increased risk 
of postoperative DI, while percent change in USG and meningi-
oma on histopathology were associated with decreased inci-
dence of DI. The reason why meningiomas are associated with 
a lower risk of postoperative DI in this study is still uncertain. 
Performance of craniotomy in the study was found to have sig-
nificantly increased likelihood of developing postoperative DI. 
This may be due to a larger tumor size and the extent of tissue 
involvement when craniotomy is done. 

While increased UO is a hallmark of the diagnosis of postop-
erative DI, there are several factors that affect urine volume 
postoperatively such as postoperative mobilization of fluids and 
medications. Hence, serum Na and USG are used to differenti-
ate these causes from DI. UO postoperatively is difficult to in-

terpret; thus, we only included more objective measures to de-
termine the presence of DI. 

Although the study of Schreckinger et al. [12] found percent 
change in serum Na to be good predictor of DI with a 96% sen-
sitivity and 50% specificity, our study showed percent change in 
serum Na to be poor in discriminating postoperative DI based 
on ROC. Furthermore, preoperative serum Na, preoperative 
USG, and percent change USG were also not shown to be good 
predictors of postoperative DI. Hence, specific cut-offs for each 
variable were not obtained. However, incorporating all these 
variables into our predictive model showed good diagnostic ac-
curacy in predicting postoperative DI. 

The predictive model from our study can be used to generate 
a scoring system that will aid physicians in estimating point-of-
care risk of postoperative DI, which may improve postoperative 
monitoring and management.

There are limitations related to this study. Although there is a 
correlation of tumor location with postoperative DI in a previous 
study [11], our study was not able to analyze tumor location be-
cause it was not recorded in most of the patients’ charts. More-
over, a separate analysis for transient and permanent DI was also 
not done in this study because we were not able to follow patients 
after discharge. Another limitation of this present study was that 
other supporting biochemical data in diagnosing DI such as urine 
osmolality and serum osmolality were not commonly done in our 
hospital and were not part of the analysis therefore we relied only 
on the USG, urine volume and serum Na.

In conclusion, our study found that greater percent change in 
serum Na, preoperative serum Na, and performance of cranioto-
my significantly increased the likelihood of postoperative DI 
while percent change in USG and meningioma on histopatholo-
gy were significantly associated with a decreased incidence of 
postoperative DI. The predictive model from this study has a 
good diagnostic accuracy in predicting postoperative DI and 
can be used to generate a scoring system that will aid physicians 
in estimating the risk of postoperative DI.
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