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Abstract Background Thirty-day unplanned readmission following endoscopic transsphenoi-
dal pituitary surgery (ETPS) occurs in up to 14% of patients. Delayed hyponatremia is
one of the most common causes, accounting for 30% of readmissions and often occurs
within 1 week of surgery. The authors’ prior retrospective review identified endocri-
nology follow-up as protective factor.
Objectives Implementation of a multidisciplinary postoperative care (POC) pathway:
(1) to reduce 30-day hospital readmissions following ETPS and (2) improve inpatient
and outpatient coordination of care with endocrinologist.
Methods This study is a single institution temporal cohort study of patients prior to
(control cohort) and after implementation of the POC pathway (intervention cohort).
The POC pathway utilized postdischarge 1 to 1.5 L/d fluid restriction, postoperative
days 5 to 7 serum sodium, and endocrinology follow-up within 1 week of discharge to
stratify patients into tiered hyponatremia regimens.
Results A total of 542 patients were included in the study, 409 (75%) in the control cohort
and 133 (25%) in the intervention cohort. All-cause readmission was significantly reduced
following implementation of the POC pathway (14 vs. 6%, p¼ 0.015). Coordination with
endocrinologist significantly increased in the inpatient (96 vs. 83%, p<0.001) andoutpatient
(77 vs. 68%, p¼0.042) settings. Patients who were not in the POC pathway had the highest
risk of readmission (odds ratio: 2.5; 95% confidence interval: 1.1–5.5).
Conclusion A multidisciplinary POC pathway incorporating endocrinologist in con-
junction with postdischarge weight-based fluid restriction and postoperative serum
sodium levels can safely be used to reduce 30-day readmissions following ETPS.
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Introduction

Endoscopic transsphenoidal pituitary surgery (ETPS) has
become a very common procedure to address pathology
involving the pituitary gland.1–5 While morbidity and mor-
tality following ETPS are low, postoperative complications
are unique due to both surgical complications and metabolic
derangements.3,6,7 Perioperative management incorporat-
ing a multidisciplinary team of otolaryngologist, neurosur-
geons, and endocrinologist is essential in providing high-
quality patient care.8,9

Thirty-day unplanned readmission rates for ETPS are
reported to range from 4.6 to 13.9%.6,10–18 Delayed hypona-
tremia is common following ETPS which can occur in up to
25% of patients, with more severe or symptomatic cases
requiring readmission in up to 7.6% of patients.6,11,17,19–21

The pathophysiology is consistent with the triphasic pitui-
tary response characterized by early hypernatremia (diabe-
tes insipidus [DI]), followed by delayed vasopressin release
with hyponatremia, and finally, delayed hypernatremia from
depleted vasopressin stores.22 Readmission from delayed
hyponatremia usually occurs on postoperative days (PODs)
5 to 7 which coincides with a nadir in serum sodium.18,22

Although prior studies have linked white race, female sex,
tumor size, preoperative hypopituitarism, and postoperative
DI to delayed hyponatremia, there is no consensus agree-
ment on reliable risk factors. Identification of patients at risk
for delayed hyponatremia remains elusive.10,18,20,23–25 Prior
studies have utilized various postdischarge fluid restriction
protocols and serum sodium laboratories within 1 week of
surgery to identify patients at risk for delayed hyponatremia
and reduce 30-day readmissions following ETPS.26–31

Our team previously published a retrospective review of
409 patients who underwent ETPS with a 30-day readmis-
sion rate of 14%. Hyponatremia was the most common for
readmission and accounted for 30% of all readmissions.
Eighty-eight percent of those readmittedwith delayed hypo-
natremia presented within 7 days of surgery. We identified
postdischarge coordination with endocrinologist the only
statistically significant protective factor for all-cause
readmissions.18

The findings of the prior study were used to develop a
targeted multidisciplinary care pathway in conjunctionwith
endocrinologist: (1) to reduce 30-day readmission following
ETPS and (2) improve coordination of care with endocrinol-
ogist in the inpatient and outpatient settings.

Methods

Study Design
This is a single institution temporal cohort study compro-
mised of patients prior to and after implementation of a
postoperative care (POC) pathway. The preintervention co-
hort (control) underwent ETPS fromDecember 2010 to 2018,
while the postintervention cohort (intervention) underwent
ETPS from July 2020 to May 2021 and included in the POC
pathway. All patients who underwent ETPS for a pituitary
adenoma were included. Patients were excluded from the

study if theywere<18 years of age at the time of surgery, or if
they did not have a pituitary adenoma (i.e., craniopharyng-
ioma, Rathke’s cleft cyst, meningioma, malignancy, etc.).
Patients were excluded from the intervention cohort if
they were discharged with active DI requiring desmopressin
treatment.

Postoperative Care Pathway
The POC pathway had two phases of care: (1) at the time of
discharge and (2) postdischarge.

1. At discharge, patients:
a. Were placed on a weight-based fluid restriction proto-

col of 1 L/d if they weighed less than 100 kg or 1.5 L/d if
they weighed more than 100 kg.

b. Received medication reconciliation with inpatient
endocrinology.

c. Received an education pamphlet detailing POC includ-
ing instructions to monitor for signs of sodium
abnormalities.

2. During the postdischarge period, patients:
a. Continued fluid restriction until POD 10.
b. Had their serum sodium checked 5 to 7 days from

surgery to coincide with the nadir in serum sodium.
c. Visited with our endocrinology team within 1 week of

discharge when possible, or by telehealth when not
possible.

Patients were stratified into a tiered treatment regimen
based on their serum sodium values and severity of hypo-
natremia (►Fig. 1). Both cohorts were followed up for
30 days from discharge. The electronic health record (EHR)
was retrospectively reviewed to evaluate for incidence and
causes of 30-day readmissions. Incidence of unplanned 30-
day readmission was compared between the intervention
cohort and the control cohort to assess the effectiveness of
the POC pathway.

Variables and Definitions
Datawere abstracted from the EHR systemdeveloped by Epic
Systems (Epic Systems Corporation, Madison, Wisconsin,
United States). Variables collected included patient demo-
graphics (age, sex, race, ethnicity, and body mass index
[BMI]), clinical variables (relevant dates, laboratory values,
complications, causes of readmission, and comorbidities),
and relevant operative and radiologic variables (tumor size,
skull base repair, intraoperative findings, and pathology).

Readmission refers to 30-day unplanned hospital read-
mission from the day of discharge. Adenomas were classified
as either nonfunctioning or functioning depending on secre-
tory characteristics based on preoperative laboratory analy-
ses or permanent pathology. Radiologic data were used to
calculate tumor volume. Intraoperative cerebrospinal fluid
(CSF) leaks were classified as either (1) “no leak” (absence of
CSF leak confirmed by Valsalva maneuver), (2) “low-flow
leak” (confirmed by Valsalva with small diaphragmatic de-
fect), or (3) “high-flow leak” (moderate or large CSF leak
usually with large diaphragmatic defect or opening of the
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arachnoid).32,33 Per our ETPS standard postoperative proto-
col, patients are admitted to the neurosurgical intensive care
unit for monitoring. Patients were retrospectively consid-
ered to have developed DI if they required treatment with
desmopressin. Criteria for treatment with desmopressin
includes urine output of>250mL/h for 2 consecutive hours,
urine specific gravity of <1.005, and either a rising serum
sodium or a serum sodium of �145mmol/L. Postoperative
steroid replacement was with hydrocortisone 10mg/m2

(�10–25mg) daily in two divided doses. Steroids were
continued for 2 weeks until a serum cortisol was checked.
The EHR was reviewed to determine utilization of inpatient
endocrinology consultations and the pattern of postopera-
tive follow-up with the endocrinologist (categorial variable:
institutional, private/community, or none).

Data Analysis
The primary outcome of interest was unplanned 30-day
hospital readmission from all causes. All statistical analyses
were completed on Stata 14.0 software (StataCorp, College
Station, Texas, United States). Two-tailed t-test was used to
compare continuous variables between the groups. The Pear-

son’s chi-square and Fisher’s exact tests were used to compare
categorical variables between the groups. Univariable and
multivariable logistic regression were performed to identify
predictors of readmission aswell as risk and odds ratios (ORs).
Incidence of readmissions between the control and interven-
tion cohorts were used to calculate absolute risk reduction
(ARR) and relative risk reduction (RRR). All statistics were two
tailed and considered statistically significant if p<0.05.

Institutional Review Board Approval
This study was approved by the University of Miami Miller
School of Medicine Institutional Review Board (IRB
#20181136).

Results

Patient Demographics and Readmission Rates
A total of 542 patients were included in the study; 409
patients were in the control cohort and 133 in the interven-
tion cohort. The majority of the cohort was female (54%) and
of white race (64%) and non-Hispanic (59%). Mean age of the
cohort was 54.0�16.4 years. Thirty-one percent of

Fig. 1 Postoperative care pathway. Na, serum sodium; POD, postoperative day; �, if applicable.

Journal of Neurological Surgery—Part B Vol. 83 No. B6/2022 © 2022. Thieme. All rights reserved.

Multidisciplinary Postoperative Care Pathway to Reduce Readmissions following ETPS Ghiam et al.628

T
hi

s 
do

cu
m

en
t w

as
 d

ow
nl

oa
de

d 
fo

r 
pe

rs
on

al
 u

se
 o

nl
y.

 U
na

ut
ho

riz
ed

 d
is

tr
ib

ut
io

n 
is

 s
tr

ic
tly

 p
ro

hi
bi

te
d.



adenomas were functioning. There were no statistical differ-
ences between the cohortswith respect to age, sex, race, BMI,
secretory adenomas, tumor volume, intraoperative CSF
leaks, nasal septal flap repair, and length of stay
(►Table 1). Additional demographic and population charac-
teristics for patients readmitted and not readmitted in the
intervention cohort are provided in ►Table 2.

There was significant reduction in all-cause 30-day read-
missions from14 to 6% (p¼0.015) following implementation
of the POC pathway. Hyponatremia was the most common
cause of readmission in both cohorts; however, there was a
nonsignificant trend toward decreased incidence of read-
mission from hyponatremia from 4 to 2% following the POC
pathway (p¼0.31). There was a significant ARR for all-cause
readmission of 8% (95% confidence interval [CI]: 3–13%) and
significant RRR of 57% (95% CI: 12–79%). ARR for readmission
from hyponatremia was 2% (95% CI: �1 to 5%), and RRR 46%
(95% CI: �82 to 84%) (►Table 3).

Coordination with Endocrinologist and Incidence of
Delayed Hyponatremia
There was a significant increase in patients seen by endo-
crinology as an inpatient (83 vs. 96%; p<0.001) and outpa-

tient (68 vs. 77%; p¼0.0.42) following implementation of
the POC pathway. Follow-up with institutional endocrinol-
ogist increased significantly from 52 to 81% (p<0.001)
(►Table 1). Serum sodium was collected during PODs 5 to
7 in 62% of patients in the intervention cohort. Mean serum
sodium was 139�4.1mmol/L. Serum sodium in those who
were readmitted following the POC pathway was signifi-
cantly lower than those who were not readmitted in the
POC pathway (135.0�4.1 vs. 139.4 0�3.6mmol/L;
p¼0.004) (►Table 2).

In the intervention cohort, hyponatremia was identi-
fied in 11 (14%) patients and hypernatremia was identi-
fied in 1 (1.2%) patient who had their serum sodium
checked. Of the 11 patients with delayed hyponatremia,
9 patients (81%) had mild hyponatremia and 2 patients
(18%) had moderate hyponatremia. One of the 11 patients
(9%) with delayed hyponatremia required readmission for
treatment (see later). The remaining 10 patients (91%)
were managed uneventfully as an outpatient with 1 L fluid
restriction and salt tablets. The patient with hypernatre-
mia had a serum sodium of 147mmol/L, which required
no additional management other than discontinuing fluid
restriction.

Table 1 Demographics and population characteristics of the entire cohort

Demographic factor Entire cohort Control Intervention p-Valuea

n (%) 542 409 (75.5%) 133 (24.5%)

Readmission, all cause 65 (12.0%) 57 (13.9%) 8 (6.0%) 0.015

Readmission, hyponatremia 20 (3.7%) 17 (4.2%) 3 (2.3%) 0.31

Admission age, y (mean� SD) 54.0�16.4 53.9�16.5 54.6� 16.2 0.65

Female sex 294 (54.2%) 219 (53.5%) 75 (56.4%) 0.57

Race White 348 (64.2%) 262 (64.1%) 86 (64.7%) 0.99

African American 108 (19.9%) 82 (20.0%) 26 (19.5%)

Other 86 (15.9%) 65 (15.9%) 21 (15.8%)

Hispanic 224 (41.2%) 163 (39.8) 61 (45.9%) 0.221

BMI (mean� SD) 30.0�6.7 29.8�6.7 30.4� 6.6 0.39

Functioning adenoma 158 (31.0%) 119 (39.2%) 39 (33.6%) 0.484

Tumor volume, cm3 (mean� SD) 12.8�17.1 12.8�16.9 12.7� 17.9 0.94

Intraoperative CSF leak Any leak 296 (54.6%) 218 (53.3%) 78 (58.6%) 0.28

Low-flow leak 199 (67.2%) 153 (70.2% 46 (59.0%) 0.10

High-flow leak 97 (32.8%) 65 (29.8%) 32 (41.0%)

Nasal septal flap 69 (12.9%) 50 (12.2%) 19 (15.2%) 0.39

Length of stay, d (mean� SD) 2.7�1.9 2.8�2.1 2.5�1.4 0.17

Endocrine, inpatient 467 (86.5%) 340 (83.3%) 127 (96.2%) <0.001

Endocrine, outpatient 380 (70.2%) 278 (68.0%) 102 (77.3%) 0.042

Type of outpatient endocrine Institution 229 (59.8%) 146 (52.1%) 83 (80.6%) <0.001

Private 154 (40.2%) 134 (47.9%) 20 (19.4%)

Postoperative diabetes insipidus 236 (43.9%) 183 (45.1%) 53 (40.2%) 0.32

Abbreviations: BMI, body mass index; CSF, cerebrospinal fluid; SD, standard deviation.
Note: Values presented as number (%) unless otherwise indicated. Bold indicates statistically significant p-Values.
aReflects two-tailed t-test for continuous variables or a Pearson's chi-square/Fisher's exact test to compare categorical data between the groups.
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Causes of Readmission
In the intervention cohort, a total of eight patients (6%) were
readmitted, of whom three patients (38%) were readmitted
with hyponatremia (►Table 2).

Of the three patients who were readmitted with hypona-
tremia, one had moderate hyponatremia identified on their
postoperative serum sodium requiring readmission on POD
7. The two other patients were readmitted with moderate
hyponatremia within 3 days of discharge, prior to being
captured by the postdischarge laboratory check. Each patient
readmitted with hyponatremia underwent fluid restriction
to 1 L and received 2 g of salt tablets. One of the patients

readmitted with hyponatremia had a concurrent CSF leak
that required surgical repair. None of the hyponatremia
readmissions required hypertonic saline.

One patient was readmitted with hypernatremia of 147
mmol/L and acute kidney injury 26 days from discharge.
However, this patient’s PODs 5 to 7 serum sodium was
141mmol/L. This patient was treated with desmopressin
and told to drink to thirst. There were no significant differ-
ences in the rate of readmission from hypernatremia be-
tween our control and intervention cohort following
implementation of the POC pathway. The other causes of
readmission are outlined in ►Table 3.

Table 2 Demographics and population characteristics of the intervention cohort stratified by readmission

Demographic factor Intervention
cohort

Not readmitted Readmitted p-Valuea

n (%) 133 (100%) 125 (94.0%) 8 (6.0%)

Readmission, hyponatremia 3 (2.3%) 3 (37.5%)

Admission age, y (mean� SD) 54.6�16.2 55.2�14.7 44.7�31.7 0.075

Sex (female) 75 (56.4%) 70 (56.0%) 5 (62.5%) 0.72

Race White 86 (64.7%) 80 (64.0%) 6 (75.0%) 0.81

Hispanic 61 (45.9) 58 (46.4%) 3 (37.5%) 0.624

BMI (mean� SD) 30.4�6.6 30.5�6.6 28.7�6.1 0.44

Length of stay, d (mean� SD) 2.5� 1.4 2.5� 1.4 2.6� 0.7 0.79

Functioning adenoma 39 (33.0%) 36 (33.0%) 3 (42.9%) 0.594

Histology Lactotroph 17 (12.9%) 16 (12.9%) 1 (12.5%) 0.86

Somatotroph 6 (4.5%) 6 (4.8%) 0 (0.0%)

Corticotroph 19 (14.4%) 18 (14.5%) 1 (12.5%)

Gonadotroph 59 (44.7%) 56 (45.2%) 3 (37.5%)

Multiple 31 (23.5%) 28 (22.6%) 3 (37.5%)

Intraoperative CSF leak Any leak 78 (58.6%) 73 (58.4%) 5 (62.5%) 0.82

Low-flow leak 46 (34.6%) 45 (61.6%) 1 (20%) 0.067

High-flow leak 32 (24.1%) 28 (38.4%) 4 (75%)

Nasal septal flap 19 (15.2%) 17 (14.5%) 2 (25.0%) 0.42

Tumor volume, mm3 (mean� SD) 12,656.2�
17,869.0

12,569.2�17,821.2 14,048.7�
20,041.6

0.83

Endocrine, inpatient 127 (96.2%) 120 (96.8%) 7 (87.5%) 0.18

Endocrine, outpatient 102 (77.3%) 96 (77.4%) 6 (75.0%) 0.87

Type of outpatient endocrine University of Miami 83 (80.6%) 78 (80%) 5 (83%) 0.86

Private 20 (19.4%) 19 (20%) 1 (17%)

Serum sodium checked 81 (62.3%) 75 (60.0% 6 (75%) 0.217

Serum sodium, mmol/L (mean� SD) 139.0�4.1 139.4�3.6 135.0�6.7 0.004

Hyponatremia Any 11 (14%) 10 (13.3%) 1 (16.7%) 0.040

Mild 9 (11.1%) 9 (12%) 0 (0%)

Moderate 2 (2.5%) 1 (1.3%) 1 (16.7%) <0.001

Postoperative diabetes insipidus 53 (40.2%) 47 (37.9%) 6 (75.0%) 0.038

Abbreviations: BMI, body mass index; CSF, cerebrospinal fluid; SD, standard deviation.
Note: Values presented as number (%) unless otherwise indicated. Bold indicates statistically significant p-Values.
aReflects two-tailed t-test for continuous variables or a Pearson's chi-square/Fisher's exact test to compare categorical data between the groups.
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Unwarranted Emergency Room Visits
When looking at unplanned emergency room (ER) visits that
did not lead to an admission, 10% of patients in the control
cohort and 6% of those in the intervention cohort were seen
in the ER (p¼0.1685) within 30 days of discharge. However,
the incidence of ER visits due to hyponatremia significantly
decreased from 3.7 to 0% following implementation of the
POC pathway (p¼0.0279). While not significant, we did not
have any unplanned ER visits from hypernatremia following
implementation of the POC pathway. Visits from adrenal
insufficiency, pain, CSF leaks, and epistaxis were similar
between both cohorts (►Table 4).

Multivariable Analysis and Predictors of Readmission
When looking at only the patients readmitted with hypona-
tremia in the entire cohorts or the intervention cohort, noneof
the variables in this study was predictive of 30-day readmis-
sion fromhyponatremiaoneither univariable ormultivariable
analysis. However, when analyzing risk factors for all-cause
readmission across the entire cohort, multivariable analysis
found patients in the control cohort at the greatest risk of
readmission compared with those in the intervention cohort
(OR: 2.5; 95% CI: 1.1–5.5). Other significant risks for readmis-
sion included patients of white race and thosewithout outpa-
tient endocrinology follow-up (►Table 5).

Table 3 Causes of readmission and risk reduction

Cause for readmission Control Intervention ARR (95% CI) RRR (95% CI) p-Value

n (%) 409 (75.5%) 133 (24.5%)

All cause 57 (13.9%) 8 (6.0%) 7.9 (2.7–13.2) 56.8 (11.9–78.9) 0.0146

Hyponatremia 17 (4.2%) 3 (2.3%) 1.9 (�1.3–5.1) 45.7 (�82.3–83.8) 0.3124

Hypernatremia 5 (1.2%) 1 (0.8%) 0.5 (�1.3–2.3) 38.5 (�422–92.8) 0.6523

Adrenal insufficiency 5 (1.2%) 1 (0.8%) 0.5 (�1.3–2.3) 38.5 (�422–92.8) 0.6523

Pain/headache 16 (3.9%) 4 (3.0%) 0.9 (�2.6–4.4) 23.1 (�125–80.1) 0.6308

CSF leak 14 (3.4%) 3 (2.3%) 1.2 (�1.9–4.2) 34.1 (�125–80.8) 0.5023

Epistaxis 11 (2.7%) 2 (1.5%) 1.8 (�1.4–3.8) 44.1 (�149–87.4) 0.4375

Abbreviations: ARR, absolute risk reduction; CI, confidence interval; CSF, cerebrospinal fluid; RRR, relative risk reduction.
Note: Bold indicates statistically significant p-Values.

Table 4 Unplanned emergency room visits without subsequent admission

Reason for ER visit Control Intervention ARR (95% CI) p-Value

n (%) 409 (75.5%) 133 (24.5%)

All cause 42 (10.3%) 8 (6.0%) 4.3 (�0.7–9.3) 0.1685

Hyponatremia 15 (3.7% 0 (0%) 3.7 (1.6–5.8) 0.0279

Hypernatremia 2 (0.5% 0 (0%) 0.5 (�0.8–1.8) 1.0

Adrenal insufficiency 5 (1.2%) 2 (1.5%) 0.3 (�2.0–2.6) 0.6822

Pain/headache 10 (2.4%) 3 (2.3%) 0.2 (�2.7–3.1) 1.0

CSF leak 5 (1.2%) 1 (0.8%) 0.5 (�1.3–2.3) 1.0

Epistaxis 5 (1.2%) 2 (1.5%) 0.3 (�2.1–2.6) 0.6822

Abbreviations: ARR, absolute risk reduction; CI, confidence interval; CSF, cerebrospinal fluid; ER, emergency room; RRR, relative risk reduction.

Table 5 Univariable and multivariable odds ratio for all-cause 30-day readmissions

Risk factor Univariable analysis Multivariable analysis

OR 95% CI p-Value OR 95% CI p-Value

White 2.0 1.1–3.7 0.025 2.2 1.2–4.1 0.014

No endocrine follow-up 1.8 1.1–3.1 0.028 1.9 1.1–3.2 0.02

Control cohort 2.5 1.2–5.5 0.018 2.5 1.1–5.5 0.023

High-flow CSF leak 2.2 1.1–4.1 0.021 1.7 0.8–3.7 0.196

NSF 2.1 1.1–4.0 0.03 1.4 0.6–3.3 0.382

Abbreviations: CI, confidence interval; CSF, cerebrospinal fluid; NSF, nasoseptal flap; OR, odds ratio.
Note: Bold indicates statistically significant p-Values.
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Discussion

Delayed hyponatremia is the most common cause of read-
mission following ETPS and most commonly occurs 5 to
7 days from surgery. Prior studies have utilized various
strategies including postoperative serum sodium and fluid
restriction protocols to decrease 30-day readmissions.

Bohl et al published their POC pathway which utilized a
PODs 5 to 7 screening serum sodium to identify patientswith
hyponatremia. However, fluid restriction was only utilized
following identification of hyponatremia, and thus, they
were not able to reduce readmissions from hyponatremia.31

Other studies have shown success in managing hypona-
tremia using fluid restriction preemptively. Prior studies
using a 2.5 and 1.6 to 1.8 L/d fluid restriction protocols
demonstrated significant reduction in the incidence of post-
operative delayed hyponatremia.28,29

Deaver et al used a 1.5 L/d fluid restriction protocol and a
7-day serum sodium from discharge to significantly reduce
readmissions from hyponatremia from 8 to 2% (p¼0.04).27

Similarly, Burke et al used a 1 L/d fluid restriction protocol
and a 1-week postoperative serum sodium to significantly
reduce readmission from hyponatremia from 3 to 0%
(p¼0.003) and the incidence of delayed hyponatremia (38
vs. 14%, p<0.001).30Neither study found an increased risk of
readmission from hypernatremia in fluid restricted cohorts.
Finally, Snyder et al used a 1 L/d 7 postoperative fluid
restriction and a PODs 7 to 10 serum sodium, and while
they found significantly lower rates of postoperative syn-
drome of inappropriate antidiuretic hormone secretion (5 vs.
15%, p¼0.01), theywere not able to demonstrate a reduction
in hospital readmissions.34 Other investigators have
reported on modifications of fluid restriction protocols
starting on PODs 4 to 8 in 57 patients and found no incidence
or readmissions from hyponatremia.26

Findings from our previously published quality improve-
ment review was used to develop a targeted, multidisciplin-
ary care pathway utilizing 1 to 1.5 L/d of fluid restriction,
postdischarge serum sodium, and a tiered treatment regi-
men in coordination with endocrinologist. Following imple-
mentation of our POC pathway, we were able to significantly
reduce all-cause 30-day readmissions from 14 to 6%. While
not statistically significant, we were able to reduce read-
missions from delayed hyponatremia from 4 to 2%, an RRR of
47%, which implies a clinically significant improvement in
quality of patient care. Additionally, we were able to signifi-
cantly reduce unplanned ER visits from hyponatremia fol-
lowing implementation of the POC pathway from 3.7 to 0%
without increased incidence of unplanned ER visits from
hypernatremia. Furthermore, multivariate analysis showed
that those in the control cohort were at higher risk of
readmission.

These findings suggest that fluid restriction protocol and
utilization of endocrinologist may contribute to lower inci-
dence of postoperative hyponatremia. While we were not
able to show significant reduction in readmissions from
hyponatremia, the data show trends toward lower incidence
of readmission from hyponatremia with hyponatremia hav-

ing the most absolute reduction in incidence of those read-
mitted. The data on unplanned ER visits among those who
were not readmitted further demonstrate a significant re-
duction in hyponatremia. This likely represents the ability of
the POC pathway to identify patients at risk of hyponatremia
and exercise interventions in coordinationwith our endocri-
nologist to limit worsening sodium levels. The authors
believe that with a higher powered study, statistical differ-
ence in readmissions from hyponatremia will be identified.

The incidence of hyponatremia in our intervention cohort
was 14% based on the postoperative serum sodium labora-
tories. We are not able to determine the incidence of hypo-
natremia in our control cohort since postoperative serum
sodium laboratories were not routinely part of our postdi-
scharge care pathway. Therefore, we cannot determine the
change in the incidence of delayed hyponatremia between
our control and intervention cohorts following implementa-
tion of our POC pathway. However, the incidence of delayed
hyponatremia in our intervention cohort is similar to those
reported in other fluid restricted cohorts.28–30 Finally, we did
not have any significant changes in the rate of readmissions
from delayed hypernatremia between our cohorts following
implementation of our POC pathway.

One of the strengths of our POC pathway was integrating
endocrinologist routinely in the inpatient and outpatient
care of patients undergoing ETPS. This enabled creation of
multidisciplinary care team for patients with health care
providers who can manage and educate patients on surgical
and metabolic issues that may occur following surgery.
Endocrinologist can provide patients additional education
on metabolic changes such as adrenal insufficiency and
electrolyte abnormalities that may occur postoperatively.
Furthermore, inclusion of endocrinologist in the inpatient
setting can facilitate access to outpatient care. Other studies
also implemented follow-upwith either a nurse practitioner,
neurosurgeon, or endocrinologist in their POC pathways
demonstrating success in reducing the incidence of delayed
hyponatremia26 as well as readmissions27 from delayed
hyponatremia.

Our findings in conjunction with the findings from the
aforementioned studies suggest that 1 L to 1.5 L/d fluid
restriction can safely be used to lower the incidence of
postoperative hyponatremia and hospital readmissions.
Higher powered studies may ultimately demonstrate statis-
tical significance similar to Deaver et al and Burke et al.

Limitations
This studyhasseveral limitations.Due to theoverall low rate of
readmissions following ETPS, lack of power may have limited
identification of statistically significant predictor variables.
While we were not able to demonstrate a statistically signifi-
cant decrease in readmissions fromhyponatremia, it would be
reasonable to attribute the decrease in all-cause readmission
to increase hospital awareness of readmissions as well as
advancements in endoscopic surgery and reconstructive tech-
niques. However, the additional findings of significantly re-
duced ER visits related to hyponatremia following
implementation of the POC pathway provide additional
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support for the effectiveness of thepathway. Our POCpathway
is ongoing; with inclusion of more patients in our POC path-
way, wemay be able to identify additional statistically signifi-
cant variables in future analysis. Future studies with larger
cohortsmaybepoweredenough todetect thesesmall changes.
Additionally, ameta-analysis of the current literature can help
identify significant variables that may predict or reduce
readmissions. Second, as a tertiary center with a large referral
area, patients may have been readmitted to an outside facility
potentially leading to underestimation of readmission rates.
This issue was minimized by our protocol to see all ETPS
patients 6 to 12weeks after surgery, capturing information on
30-day readmission at another facility. It is also difficult to
completely characterize the extent of patient adherence to
fluid restriction. However, medication reconciliation and dis-
charge pamphlets attempted to educate patients to the best of
our ability to facilitate adherence to the protocol. We also
translated our educational pamphlet into Spanish to help
overcome potential barriers in communication in our Span-
ish-speaking patients. Finally, while wewere not able to show
statistical differences in readmissions from delayed hypona-
tremia,wewereable to showstatisticaldifferences inall-cause
readmission.While thesefindingsmayalso reflect institution-
al changes in overallmanagementduring the study period, the
reduction in other causes of readmission such as adrenal
insufficiency, pain, CSF leaks, and epistaxis was not as strong.
We also showed a significant decrease in unplanned ER visits
from hyponatremia without significant differences in other
causes of unplanned ER visits which also supports the utiliza-
tion of the POC pathway to reduce the incidence of delayed
hyponatremia.

Conclusion

Delayed hyponatremia is common following ETPS and one of
the most common causes of hospital readmissions. Patients
are usually readmitted on PODs 5 to 7 coinciding with a nadir
in serum sodium following the triphasic pituitary response.
A targeted, multidisciplinary care pathwaywith emphasis on
fluid restriction, postoperative sodium level testing, and
coordination of endocrinology follow-up significantly im-
pacted 30-day readmission in our cohort. Utilization of 1 to
1.5 L/d of fluid restriction at the time of discharge and a
serum sodium within 1 week of surgery can safely be
suggested to reduce readmissions following ETPS and
improve quality of patient care.

Note
Interim results of this study were presented at the 31st
Annual North American Skull Base Society Meeting in
Phoenix, Arizona, United States.
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