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Abstract

Introduction Patients undergoing transsphenoidal pituitary
surgery (TSS) are at risk for several serious complications,
including the syndrome of inappropriate antidiuretic hor-
mone and subsequent hyponatremia.

Objective In this study, we examined the effect of 1 week
of post-discharge fluid restriction to 1.0 L daily on rates of
post-operative readmission for hyponatremia.

Methods We retrospectively analyzed all patients under-
going TSS from 2008 to 2014 and prospectively recorded
patient data from 2015 to 2017. Patients were divided into
a control cohort (2008-2014), who were discharged with
instructions to drink to thirst; and an intervention cohort
(2015-2017) who were instructed to drink less than 1.0 L
daily for 1 week post-operatively.

Results This study included 788 patients; 585 (74.2%)
in the control cohort and 203 (25.8%) in the intervention
cohort. Overall, 436 (55.3%) were women, the median age
was 47 (range 15-89), and average BMI was 29.4 kg/m?
(range 17.7-101.7). Patients were relatively well matched.
Of patients in the intervention group, none was readmitted
for hyponatremia (0/203), compared to 3.41% (20/585) in
the control group (p=0.003). Patients in the intervention
group also had significantly higher post-operative week one

William T. Burke and David J. Cote contributed equally.

P< Edward R. Laws
elaws @partners.org

University of Louisville Medical School, Louisville, KY,
USA

Pituitary/Neuroendocrine Center, Brigham and Women’s
Hospital, 60 Fenwood Road, Boston, MA, USA

3 Harvard Medical School, Boston, MA, USA

sodium levels (140.1 vs 137.5 mEq/L; p=0.002). No fluid
balance complications occurred in patients who followed
this protocol.

Conclusion Hyponatremia can be a life-threatening com-
plication of TSS, and prevention of readmission for hypona-
tremia can help improve patient safety and decrease costs.
Mandatory post-discharge fluid restriction is a simple and
inexpensive intervention associated with decreased rates of
readmission for hyponatremia and normal post-operative
sodium levels.

Keywords Complications - Hyponatremia - Pituitary
adenoma - Transsphenoidal surgery

Introduction

Patients undergoing transsphenoidal pituitary surgery
(TSS) are at risk for several serious complications, some of
which can be life-threatening and all of which delay patient
recovery and increase healthcare costs [1-5]. Among these,
one of the most common is the syndrome of inappropriate
antidiuretic hormone secretion (STADH), a disorder caused
by overproduction of ADH. Although SIADH can be self-
limiting, serious cases can result in severe, life-threatening
hyponatremia [6, 7]. The incidence of this problem after
transsphenoidal surgery ranges from 3.6 to 19.8% [7-13].
Clinically significant hyponatremia after surgical interven-
tion typically occurs between post-operative day 4-7. This
is often after discharge for those undergoing transsphenoi-
dal surgery, potentially placing patients at risk of serious
electrolyte dysfunction without the availability of immediate
medical attention [11, 14-17].

The cause of post-TSS hyponatremia is not fully
understood, but it has been hypothesized that iatrogenic
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manipulation of the pituitary gland results in trauma that
mechanically releases stores of ADH [12, 14, 16, 18, 19].
An alternative hypothesis suggests cerebral salt wasting
syndrome as the cause of hyponatremia following pituitary
surgery [14, 20, 21]. There are currently no reliable clinical,
pathological or imaging predictors of hyponatremia, despite
many studies examining these possibilities [18, 22, 23].

To reduce the rate of this potentially dangerous com-
plication, some have advocated for prophylactic strategies
across the entire population of patients undergoing surgery
[24-26]. One such strategy is mandatory fluid restriction
during the post-operative period, which may have the effect
of stabilizing post-operative serum sodium concentrations
and limiting readmissions for hyponatremia. In this study,
we examined the effect of 1 week of routine post-discharge
fluid restriction to 1.0 L daily on rates of post-operative
hyponatremia and readmission for SIADH by comparing a
7-year historical control group from our center to a 2-year
intervention cohort.

Methods
Study design

This study was designed as a historically controlled cohort
study comparing patients undergoing transsphenoidal sur-
gery with the senior author (ERL) at Brigham and Women’s
Hospital from April 2008 through December 2014 with
patients undergoing surgery at the same site with the same
surgeon from January 2015 through June 2017.

Cohort definitions

Across both cohorts, all patients were operated upon by the
same surgeon at the same center. Additionally, all patients
were followed post-operatively with daily measurements of
serum sodium concentration as inpatients. After discharge,
patients were reassessed at 1 week post-operatively in clinic
by a nurse practitioner. At this visit, all patients were clini-
cally evaluated for signs of SIADH and diabetes insipidus
(DI), and had serum testing for sodium and cortisol levels.

The two cohorts, the historical control cohort and the
intervention cohort, were defined by the dates above. From
April 2008 to December 2014, all patients undergoing trans-
sphenoidal surgery with the senior author were discharged
with instructions to drink to thirst and avoid forcing fluids.
These patients were included in the historical control group,
and data regarding their pre-operative and post-operative
course were collected retrospectively.

From January 2015 through June 2017, all patients under-
going transsphenoidal surgery with the senior author were
discharged with a 1.0 L water container (standard hospital

@ Springer

water pitcher) and were instructed to limit fluid intake to one
container of fluids per day. These patients were included in
the intervention group, and data regarding their pre-opera-
tive and post-operative course were collected prospectively
for this study.

Outcome measures

The primary outcome of interest was the rate of readmis-
sion for STADH in both cohorts. Readmission in both patient
cohorts was determined by patient clinical status using a
standard protocol. At the week one post-operative visit, all
patients underwent testing for serum sodium concentra-
tion, and readmission was considered if sodium levels were
found to be below 130 mEq/L or if the patient demonstrated
clinical signs and symptoms characteristic of hyponatremia.
Patients were also readmitted if they presented to the emer-
gency department with signs or symptoms of hyponatremia.
Because of the subjective nature of readmission, the second-
ary outcomes of interest were post-operative serum sodium
concentrations for all patients at one, two, three, four, five,
six, and seven days post-operatively.

Statistical analysis

Statistical comparisons were performed between the control
cohort and the intervention cohort to evaluate differences in
baseline characteristics, as well as rates of readmission and
post-operative sodium levels. Independent t-tests and Chi
square tests were conducted using IBM SPSS Version 23
(IBM Corp., Armonk, NY, USA 2015). For all tests, p <0.05
was considered statistically significant.

Results
Patient demographics and cohort matching

A total of 788 patients were included in this study; 585
(74.2%) were included in the control cohort and 203 (25.8%)
were included in the intervention cohort (Table 1). Across
all patients, 436 (55.3%) were women, the median age was
47 (range 15-89), and average BMI was 29.4 kg/m? (range
17.7-101.7). Patients were well matched by pre-operative
demographics and tumor characteristics, except there were
more women (62.1 vs. 53%; p=0.027) in the intervention
cohort compared to the control cohort. The intervention
cohort was also less likely to have a medical history of
hypertension (20.2 vs. 29.1%; p=0.017). Regarding tumor
characteristics, the groups were well matched in tumor size
and type except for LH staining tumors, which were less
common in the intervention cohort (8.4 vs. 22%; p<0.001)
(Table 2). Patients were well matched in clinical diagnoses
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Table 1 Pr.e—operati.ve Total Control cohort Intervention cohort p value
demographics of patients
included in the study, by cohort Demographics
n (%) 788 (100) 585 (74.2) 203 (25.8) -
Age 47.7+16.1 473+159 48.8+16.7 0.25
Gender female, n (%) 436 (55.3) 310 (53) 126 (62.1) 0.03
BMI 29.4+7.2 29.2+6.4 30.3+8.9 0.05
Preoperative symptoms
Apoplexy 28 (3.6) 26 (4.4) 2(1) 0.03
Hypopituitarism 66 (8.4) 53(9.1) 13 (6.4) 0.30
Weight gain 146 (18.5) 106 (18.1) 40 (19.7) 0.60
Perspiration change 62 (7.9) 48 (8.2) 14 (6.9) 0.65
Depression 29 (3.7) 19 (3.2) 10 (4.9) 0.28
Mood changes 22 (2.8) 19 (3.2) 3(1.5) 0.23
Headaches 393 (49.9) 306 (52.3) 87 (42.9) 0.02
Visual deficits 293 (37.2) 213 (36.4) 80 (39.4) 0.45
CN III palsy 23 (2.9) 20 (3.4) 3(1.5) 0.23
CN VI palsy 19 2.4) 16 2.7) 3(1.5) 0.43
Sexual dysfunction 101 (12.8) 73 (12.5) 28 (13.8) 0.63
Galactorrhea 62 (7.9) 46 (7.9) 16 (7.9) 1.00
Medical history
Diabetes mellitus 96 (12.2) 66 (11.3) 30 (14.8) 0.21
Hypertension 211 (26.8) 170 (29.1) 41 (20.2) 0.02
Coronary artery disease 12 (1.5) 10 (1.7) 2(D) 0.74
Hyperlipidemia 128 (16.2) 99 (16.9) 29 (14.3) 0.44
Tobacco use 18 (2.3) 15 (2.6) 3(1.5) 0.59
Morbid obesity 30 (3.8) 20 (3.4) 10 (4.9) 0.39
p values in bold signify statistical significance
as well, with similar distributions of tumor types between  Discussion

the control and intervention cohorts. Both groups were
equally likely to experience post-operative complications not
related to hyponatremia or SIADH, however more patients
from the control cohort were readmitted for any reason when
including these complications (11.3 vs. 5.4%; p=0.013).

Outcomes

Of patients in the intervention group, none was readmitted
for hyponatremia (0/203), compared to 3.41% (20/585) read-
mitted in the control group (p=0.003) (Table 3). Patients
in the intervention group also had significantly higher
post-operative day one serum sodium levels (138.3 +£3.5
vs. 136.7+4.0 mEq/L; p<0.001), post-operative day two
(140.3+3.1 vs. 138.9+3.2 mEq/L; p<0.001), post-opera-
tive day three (140.2 +3.1 vs. 139.2+2.9 mEq/L; p=0.003),
post-operative day six (140.4 +4.6 vs. 138 +4.0 mEq/L;
p<0.001), and post-operative day seven (137.5+5.3 vs.
140.1 +3.8 mEq/L; p<0.001) than patients in the control
group (Fig. 1). No fluid balance complications occurred in
patients who followed this protocol.

TSS is the most effective treatment for many lesions of the
pituitary gland and surrounding sellar space, including pitui-
tary adenomas, craniopharyngiomas, and Rathke cleft cysts
[27-31]. With relatively low complication rates, transsphe-
noidal surgery often offers favorable outcomes, particularly
among patients with debilitating symptoms caused by tumor
expansion, such as hypopituitarism, visual field deficits,
headaches, or overproduction of pituitary hormones [31, 32].
Despite its relative safety, one of the most common compli-
cations of TSS is STADH with subsequent hyponatremia,
which in rare cases can be life-threatening [6, 7]. In a recent
study, hyponatremia was reported to be the most common
reason for 30-day unplanned readmission among patients
undergoing TSS [1, 22].

To more effectively treat the population of patients under-
going TSS, it is important to predict and control the occur-
rence of hyponatremia, which does not currently have any
reliable or consistent clinical, pathologic, or imaging pre-
dictors. Previously, at least two smaller studies have ana-
lyzed the effect of post-operative water restriction on the
occurrence of hyponatremia [24, 25]. The first, a study by
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Table 2 Clinical diagnosis,

. Total Control cohort Interventional cohort p value

post-operative course, and

pathology results for patients Clinical diagnosis® (n, %)

included in the study, by cohort Non-functioning adenoma 160(203) 124212  36(17.7) 031
Prolactinoma 52 (6.6) 39 (6.7) 13 (6.4) 1.00
Cushing’s disease 83 (10.5) 56 (9.6) 27 (13.3) 0.15
Acromegaly 97 (12.3) 77 (13.2) 20 (9.8) 0.26
TSH-oma 4(0.5) 3(0.5) 1(0.5) 1.00
Rathke cleft cyst 70 (8.9) 49 (0.84) 29 (14.3) 0.39
Craniopharyngioma 253.2) 18 (3.1) 7@3.4) 0.82
Meningioma 3(0.4) 2(0.3) 1(0.5) 1.00
Arachnoid cyst 9(1.1) 5(0.9) 4(2.0) 0.25

Post-operative course (n, %)
Readmission® 58 (7.6) 47 (8.4) 11 (5.4) 0.22
Hemorrhage 11(1.4) 8(1.4) 3(1.5) 1.00
Meningitis 11 (1.4) 8(1.4) 3(L.5) 1.00
CSF leak 21 (2.7) 16 (2.7) 5(2.5) 1.00
Epistaxis 25(3.2) 22 (3.8) 3(1.5) 0.16
Visual deterioration 14 (1.8) 13 (2.2) 1(0.5) 0.13
Reoperation 31 (3.9) 23 (3.9) 8 (3.9 0.99
Sinusitis 9(1.1) 7(1.2) 2 (1.0) 0.57
ICU admit 116 (14.7) 101 (17.3) 15 (7.5) <0.001
ICU days (mean) 2.5(x34) 2.5(x£3.7) 2.1 (+0.8) 0.69
Hospital days (mean) 32(x£24) 3.3 (+2.6) 29 (+1.6) 0.04
Pathology and radiology (n, %)

Atypical® 38 (7.5) 30 (6.7) 8(6.2) 0.84
FSH positive® 123 (21.7) 96 (22.5) 27 (19.0) 0.41
LH positive® 106 (18.6) 94 (22.0) 12 (8.4) <0.001
HGH positive® 177 (31.2) 138 (32.6) 39 (27.5) 0.30
ACTH positive® 179 (31.5) 132 (30.9) 47 (33.1) 0.68
TSH positive® 65 (11.4) 54 (12.6) 11 (7.75) 0.13
PRL positive® 218 (38.3) 169 (39.6) 49 (34.5) 0.32
Radiology tumor maximum diameter 1.92+1.1cm 194+1.1cm 1.86+0.96 cm 0.38
Radiology tumor volume* 474+69cm® 501+7.2cm? 3.95+5.8 cm’ 0.14

p values in bold signify statistical significance

ACTH adrenocorticotropic hormone, CSF cerebrospinal fluid, FSH follicle stimulating hormone, HGH
human growth hormone, LH luteinizing hormone, PRL prolactin, 7SH thyroid stimulating hormone

?As determined by clinical symptoms and post-operative pathological analysis

PExcluding readmissions for hyponatremia

“Percentages calculated among pituitary adenomas

dCalculated by ABC/2 method

Takeuchi et al., limited patients to 2.5 L post-operatively and
included 185 patients, of which 93 received the interven-
tion. This study reported a lower rate of hyponatremia in the
water restricted group compared to the control group (5.4
vs. 16.3%, p=0.017), but did not evaluate readmission or
serum sodium data directly. In a separate study, Matsuyama
et al. studied 207 patients who were subject to a regimen
of prophylactic water restriction if certain clinical criteria
suggestive but not diagnostic of SIADH were present [24].
This algorithm was associated with lower rates of SIADH
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in the intervention group compared to the control group (14
vs. 38%, p<0.001).

After retrospective review of the control cohort and pro-
spective treatment in the intervention cohort, there is a clear
difference in rates of readmission for hyponatremia between
groups. The rate of readmission decreased from 3.41% to
none, with water restriction being the only significant change
in the patients’ postoperative treatment paradigm between
cohorts. There is some evidence in the literature regard-
ing the effectiveness of water restriction on hyponatremia
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Table 3_ Outcomes for patients Control cohort N Interventional cohort N p value
undergoing transsphenoidal
surgery, by cohort Readmission
Readmission for 20 (3.4%) 585 0 203 0.003
hyponatremia/SIADH
Serum sodium concentration
POD1 136.7 (+4) 585 138.3 (=3.5) 203 <0.001
POD2 138.9 (=3.2) 574 140.3 (£3.1) 202 <0.001
POD3 139.2 (+2.9) 387 140.2 (£3.1) 121 0.002
POD4 138.9 (+3.9) 160 138.7 (+3.8) 42 0.765
POD5 138.2 (£3.5) 109 138.3 (=4.1) 31 0.989
POD6 138 (+=4) 196 140.4 (+4.6) 76 <0.001
POD7 137.5(£5.3) 243 140.1 (+3.8) 108 <0.001

p values in bold signify statistical significance

POD post-operative day, SIADH syndrome of inappropriate secretion of antidiuretic hormone
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readmission, but no prior studies were found that directly
examined serum sodium levels through post-operative week
one [25]. Our data suggest that not only is water restriction
associated with a decrease in rates of hyponatremia that is
clinically severe enough for readmission, it is also associated
with an overall increase in sodium levels through the first
post-operative week. Although post-operative day four and
five sodium levels were not significantly different between
the two cohorts, this could be due in part to these days being
the least frequently collected. At post-operative day six and
seven, when a greater proportion of patients returned for
evaluation, the difference in sodium levels remained statisti-
cally significant.

It is also important to note that the two cohorts were
similar in makeup with regard to tumor type and tumor

3 4 5 6 7
Post-Operative Day

staining, with the exception of LH staining. Previous stud-
ies have suggested that post-operative hyponatremia may be
more common in patients with certain sellar lesions, such
as ACTH-producing adenomas causing Cushing’s disease
and craniopharyngiomas [16, 33-36]. Our data suggest that
post-operative water restriction may reduce the occurrence
of hyponatremia across various types of sellar lesions.
Although this intervention was associated with lower
rates of readmission and higher post-operative sodium
values, it is necessary to situate it in the context of clini-
cal care for patients undergoing TSS. Typically, patients
who undergo uncomplicated TSS are discharged on post-
operative day two or three. As such, there is limited imme-
diate post-operative follow-up unless 1 week appoint-
ments are mandated, as in our practice. The occurrence
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of hyponatremia can therefore go unnoticed for several
days, at which point patients may present to the emergency
department or by phone with severe hyponatremia result-
ing in headache, nausea, and vomiting. Mandated water
restriction can reduce the occurrence of this condition,
thereby optimizing patient safety during the most danger-
ous period post-operatively, the first post-operative week.
Additionally, in 2016, the estimated cost for a read-
mission for hyponatremia after TSS was $6011 at an aca-
demic tertiary care center, based on estimated costs pro-
vided directly by that hospital’s financial department [37].
Costs can reach even higher levels when patients require
admission to an intensive care unit with frequent invasive
monitoring of their electrolyte disturbance. Because this
intervention is associated with minimal cost, the savings
in readmission costs may be impressive, particularly in
patient populations where the baseline rate of post-opera-
tive hyponatremia is higher than in this study.
Limitations to this study include the inherent bias
related to retrospective patient review. Because this was
not a randomized trial, the two cohorts were not perfectly
matched, with some differences in baseline characteris-
tics such as the percentage of women and the prevalence
of hypertension in each cohort. Additionally, it was not
possible for this study to be blinded, to either patients
or the care team. Perhaps most significantly, the rate of
SIADH even in the control cohort (3.41%) was extremely
low compared to the existing literature, where it ranges as
high as 30% [25]. Because of this, the absolute magnitude
of reduction in rates of hyponatremia with the interven-
tion may be underestimated by this study, and should be
examined in a patient population with a higher, more gen-
eralizable baseline rate of post-operative hyponatremia.

Conclusion

Hyponatremia can be a devastating and life-threatening
complication of TSS, and prevention of readmission for
hyponatremia can help improve patient safety and decrease
costs. Mandatory post-discharge fluid restriction is a sim-
ple and inexpensive intervention associated with decreased
rates of readmission for hyponatremia and increased one-
week post-operative sodium levels.
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