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Abstract

Context: Pituitary adenomas are amongst the most common tumors with a low mortality rate compared to other intracranial
malignancies. Delayed hyponatremia (DH) is a common finding after transsphenoidal resection (TSS), which is the basis for the
management of these tumors. Although DH is one of the leading causes of readmission after TSS, no unified guidelines exist with
regard to the prevention of this electrolyte disturbance.

Objectives: This study aims to evaluate and compare existing preventive protocols for DH in order to identify and signify their
common grounds.

Methods: After a search in electronic databases, including PubMed (NCBI), Embase, Scopus, and Google Scholar with the keywords
of “pituitary adenoma,” “hyponatremia,” “transsphenoid surgery”, “water electrolyte balance,” “patient readmission", six original
articles were included in the study.

Results: We found that a protocol that both identifies groups susceptible to DH (males, older individuals, and those with a lower
BMI) and consists of fluid restriction, sodium supplementation, and regular serum sodium monitoring could be utilized to prevent
DH in patients with pituitary adenomas after TSS.

Conclusions: Further studies with a larger sample size must be conducted to compare existing protocols for preventing DH and
also investigate post-surgery optimal fluid-restricted diets and corticosteroid therapy in these patients.
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1. Context tals, which can possibly be life-threatening (6, 7). Various
underlying mechanisms contribute to the occurrence of

Pituitary micro-and macro-adenomas are amongrela-  pH, including the syndrome of inappropriate antidiuretic
tively common benign intracranial tumors with low mor-  hormone (SIADH), adrenal insufficiency, hypothyroidism,
tality and good prognosis (1, 2). The majority of these tu-  and exogenous desmopressin; however, postoperative DH
mors are managed by transsphenoidal resection (TSS) (3,  can be attributed to neurohypophysial trauma as well (8).

4). Since the pituitary gland is responsible for the secretion
of antidiuretic hormone (ADH), a hormone responsible for
water retention, these patients are expected to develop wa-
ter and electrolyte imbalances before and after TSS.

The most common electrolyte disturbance seen in pa-
tients who undergo endoscopic or microscopic TSS is post-
operative delayed hyponatremia (DH) (5). This type of elec-
trolyte imbalance is usually seen 4 - 7 days after TSS and is Unfortunately, while DH is a common finding, re-
one of the leading causes of secondary admission to hospi- searchers have yet toreach an agreement on the guidelines

The management of postoperative DH is primarily sup-
portive and based on fluid restriction. Also, various pre-
operative and postoperative prophylactic measures can be
taken in order to stabilize the hemodynamic status and
serum Na* concentration to prevent hospital readmission
in the weeks following the surgery (9).
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for postoperative TSS management. Although the efforts
reached a consensus on fluid restriction as the cornerstone
of the management of these patients, inconsistencies still
existin the literature regarding the amount, duration, and
other parameters of fluid therapy in TSS patients.

Given the vital role of hyponatremia in the manage-
ment of these patients, there is a necessity to evaluate
available evidence systematically and methodologically
to determine the incidence of hyponatremia after trans-
sphenoid surgery in patients with pituitary adenoma.

2. Objectives

The aim of this review was to systematically and
methodologically assess relevant clinical studies to ex-
plore the measures used to prevent hyponatremia and sub-
sequent hospital readmission following water restriction.

3. Methods

The electronic databases of PubMed (NCBI), Embase,
Scopus, and Google Scholar were selected as primary
sources for the literature search. The keywords in-
cluded “pituitary adenoma,” “hyponatremia,” “transsphe-
noid surgery, “water electrolyte balance,” “patient read-
mission,” and “water restriction”. Articles published in En-
glish from 2010 onward were included in this study. Two
independentreviewers (MKand RG) screened the titlesand
abstracts of the articles obtained to determine the eligibil-
ity of the studies. The studies, including non-human sub-
jects, review articles, case reports, editorials, letters, and
comments, were excluded from the meta-analysis.

4. Results

The search strategy yielded 180 potentially eligible ar-
ticles. After removing duplicates utilizing Endnote v. 7,
69 studies remained, which were further screened for rel-
evancy. Afterward, the full texts of eight relevant studies
were screened, 2 of which were excluded. Finally, manual
searching was performed, and when no additional studies
were retrieved, the final six studies with a total of 1972 pa-
tients were included in the systematic review (Figure 1).

In aretrospective study, Kinoshita et al. evaluated post-
operative management of hyponatremia in patients with
pituitaryadenoma under a unified protocol based on corti-
costeroid infusion (betamethasone; 2 mg at preoperative,
postoperative,and on day1and 1 mg on day 2) and reported
the incidence and risk factors of DH. In this study, 88 pa-
tients were assessed, of whom three patients with ACTH-
secreting tumors were excluded. Hyponatremia was de-
fined as serum sodium equal to or lower than 135 mEq/L.

In this study, the postoperative incidence of hyponatremia
was 30.7% (mean: serum sodium =131.0 - 3.9 mEq/L, range:
131-135; n =17; Na* <130: n =10). It was observed that a
decrease in serum sodium of more than ten mEq/L and an
age older than 60 years were associated with a higher risk
of DH development (10) (Table 1).

In an investigation by Takeuchi et al. on 185 patients,
the amount of fluid consumption in the case group (n=93)
was limited to 2.5 liters for one week post-operatively. They
observed that the rate of hyponatremia significantly re-
duced in patients who were on a water-restricted diet (5.4%
vs. 16.3%, P = 0.017). However, this study did not directly
evaluate hospital readmission rates or serum sodium data
(11) (Table 1).

Burke et al. investigated the effects of restricted con-
sumption of drinking water (1 Lit/per day for one week af-
ter TSS). In this case-control study, it was observed that, in
comparison with the control group, the readmission rate
and electrolyte imbalance were significantly lower in the
case group (P=0.003). In the recent study, the groups were
well-matched in terms of the size and type of tumors, ex-
cept for LH staining tumors (luteinizing hormone express-
ing tumors) (14) (Table 1).

Similarly, Deaver et al., in a case-control study on 295
patients, evaluated the effects of postoperative fluid re-
striction on hyponatremia incidence. The two groups
were matched for baseline characteristics, including age,
sex, the presence of apoplexy, intraoperative cerebrospinal
fluid (CSF) leakage, and the use of physiologic and stress
glucocorticoids. None of these factors predicted hypona-
tremia. The results of this study showed that slight fluid re-
striction (1.5 litters daily for two weeks) along with a single
postoperative measurement of serum sodium level could
be a practical approach for preventing hospital readmis-
sion due to hyponatremia in patients with pituitary ade-
noma after TSS (15) (Table 1).

In another study by Matsuyama on 207 patients with pi-
tuitary tumors, urine output, body weight gain, and serum
sodium levels were measured daily after TSS. If two out of
the three above-mentioned variables altered drastically, a
fluid restriction regimen was employed. Other measures,
such as < 200 mL of extra water beyond the about 1600
mL water present in daily meals, hypertonic saline, and va-
sopressin antagonists, were only administered in patients
with severe hyponatremia. In addition to sex, age, tu-
mor size, and tumor type, which had been previously sug-
gested as important factors in the occurrence of transient
DJ, this study identified BMI as a significant predictor of
both immediate and delayed postoperative hyponatremia.
In other words, hyponatremia was more commonly ob-
served in patients with lower BMIs (12) (Table 1).

Bohl et al. employed a DH care guideline based on fluid
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Figure 1. The flow chart of the study

restriction, salt supplementation, daily measurement of  dence of DH was significantly lower in the case group, of
serum sodium, and corticosteroid administration. They =~ whom 4% were readmitted to the hospital due to hypona-
evaluated 229 patients, and it was observed that the inci- tremia and 3% of whom were managed as outpatients.
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Table 1. The Main Characteristics of Studies Evaluating Delayed Hyponatremia

No Author Country Duration Study Design Total Sample Mean Age Male/Female Post-op water DSH Rate (Case Symptomatic
(Case/Control) (Intervention) (%)/Control (%)) Hyponatremia (Case

(%)/Control (%))

1 Kinoshita etal. (10) Japan 2006-2008 Descriptive 88 47.9 28[60 tliter Iv* 307 33

2 Takeuchi etal. (11) Japan 2005-2012 Case-control 185 (93/92) 50.32 89/96 2.5 liter 5.4[16.3 11/6.5

3 Matsuyama (12) Japan 2012-2013 Case-control 207(64[143) 44.61 78/129 1.6 liter 16/25.7

4 Bohletal. (13) USA 2011-2015 Case-control 417 (188[229) 52.21 221196 Based thirst** 15/7

5 Burke etal. (14) USA 2008-2017 Case-control 788 (203/585) 48.05 352/436 1liter - 0[3.41

6 Deaver etal. (15) USA 2014 -2017 Case-control 287 (118169) 52.9 145[142 15 liter = 2.4[7.6

Readmission rates between the two groups were similar.
The protocol failed to prevent readmission because pa-
tients with mild to moderate DH could not be managed
as outpatients. Sodium levels precipitously declined after
regularly screening, and severe hyponatremia developed
after scheduled screenings were missed (13).

5. Discussion

As mentioned earlier, DH is one of the leading causes of
readmission after TSS in patients with pituitary adenoma.
It has been observed that DH is a common finding among
these patients, and it is essential to follow up and monitor
the patients after surgery to avoid the complications of this
type of electrolyte disturbance (16, 17). Although not com-
mon, severe hyponatremia can be a life-threatening event
in these patients if left untreated (18,19). With that in mind,
coming up with a universal guideline for managing DHis a
necessity. However, current investigations in the literature
lack depth, and studies are not sufficient for coming up
with a practical solution for the mentioned issue. Our ini-
tial search only yielded six studies, highlighting the need
for follow-up studies to compare the protocols utilized for
this purpose. Herein, due to the nature of the studies as-
sessed and their different methodologies, we were unable
to achieve a common approach for these patients.

However, several keystones have been proven to con-
tribute to managing these patients. First of all, gridlines
should focus on determining groups of patients who are
vulnerable to developing DH. It has been reported that
males, older people, and those with a lower BMI can be at
risk of hyponatremia (20). Identifying and tightly moni-
toring these patients are crucial steps in preventing post-
operative hyponatremia. Furthermore, monitoring serum
sodium is necessary for identifying patients who are prone
to hyponatremia. Kinoshita et al. (10) observed that an al-
teration of around ten mEq/L in serum sodium levels could
predict the development of hyponatremia. Also, it was ob-
served in all six studies that a fluid restriction regimen (1- 2
liters/day during one to two weeks after surgery) could sig-
nificantly lower the readmission rate and the occurrence

of DH. Moreover, corticosteroid administration is a neces-
sary measure in these patients; however, further investiga-
tions must be conducted to establish a unified protocol for
corticosteroid utilization in these patients. Additionally,
sodium supplementation, for example, with salt tablets,
can be used to prevent postoperative hyponatremia and re-
duce readmission to the hospital after TSS.

5.1. Conclusions

In conclusion, male gender, advanced age, low BMI,
and alterations in serum sodium levels can be considered
risk factors for the occurrence of postoperative hypona-
tremia in patients with pituitary gland tumors. More-
over, fluid restriction, sodium supplementation, corticos-
teroid therapy, and daily sodium monitoring can be effec-
tive measures in preventing DH in these patients. Further
investigations with larger sample sizes must be conducted
in order to compare and unify the current existing proto-
cols.

Footnotes

Authors’ Contribution: MK, AS, and FF developed the
idea, designed the study, and drafted the manuscript.
LS, FM, and MS participated in designing the study and
performing parts of statistical analysis and helped draft
the manuscript. All authors read and approved the final
manuscript.

Conflict of Interests: The authors certify that they have
no affiliations with or involvement in any organization
or entity with any financial interest (such as honoraria;
educational grants; participation in speakers’ bureaus;
membership, employment, consultancies, stock owner-
ship, or other equity interests, expert testimony, or patent-
licensing arrangements) or non-financial interest (such as
personal or professional relationships, affiliations, knowl-
edge, or beliefs) in the subject matter or materials dis-
cussed in this manuscript.

Data Reproducibility: The dataset presented in the study
isavailable onrequest from the corresponding author dur-
ing submission or after its publication.

Nephro-Urol Mon. 2022; 14(4):e128929.



Uncorrected Proof

Kazempour M et al.

Funding/Support: This research received no specific
grant from any funding agency in the public, commercial,
or not-for-profit sectors.

References

1. Ezzat S, Asa SL, Couldwell WT, Barr CE, Dodge WE, Vance
ML, et al. The prevalence of pituitary adenomas: a system-
atic review. Cancer. 2004;101(3):613-9. [PubMed:  15274075).
https://doi.org/10.1002/cncr.20412.

2. Molitch ME. Diagnosis and Treatment of Pituitary Adeno-
mas: A Review. JAMA. 2017;317(5):516-24. [PubMed: 28170483].
https://doi.org/10.1001/jama.2016.19699.

3. Oki Y. Medical management of functioning pituitary adenoma:
an update. Neurol Med Chir (Tokyo). 2014;54(12):958-65. [PubMed:
25446388]. https://doi.org/10.2176/nmc.ra.2014-0239.

4. Araujo-Castro M, Marino-Sanchez F, Acitores Cancela A, Garcia Fer-
nandez A, Garcia Duque S, Rodriguez Berrocal V. Is it possible
to predict the development of diabetes insipidus after pituitary
surgery? Study of 241 endoscopic transsphenoidal pituitary surg-
eries. | Endocrinol Invest. 2021;44(7):1457-64. [PubMed: 33043415].
https://doi.org/10.1007/s40618-020-01448-6.

5. YuS,TaghvaeiM, Reyes M, Piper K, Collopy S, Gaughan ]P, et al. Delayed
symptomatic hyponatremia in transsphenoidal surgery: System-
atic review and meta-analysis of its incidence and prevention with
water restriction. Clin Neurol Neurosurg. 2022;214:107166. [PubMed:
35158166]. https://doi.org/10.1016/j.clineuro.2022.107166.

6. Hong YG, Kim SH, Kim EH. Delayed Hyponatremia after
Transsphenoidal Surgery for Pituitary Adenomas: A Single
Institutional Experience. Brain Tumor Res Treat. 2021;9(1):16-
20. [PubMed:  33913267]. [PubMed Central: = PMC8082282].
https://doi.org/10.14791/btrt.2021.9.e5.

7. Bohl MA, Ahmad S, Jahnke H, Shepherd D, Knecht L, White WL,
et al. Delayed Hyponatremia Is the Most Common Cause of 30-
Day Unplanned Readmission After Transsphenoidal Surgery for Pi-
tuitary Tumors. Neurosurgery. 2016;78(1):84-90. [PubMed: 26348011].
https://doi.org/10.1227/NEU.0000000000001003.

8. Zada G, Liu CY, Fishback D, Singer PA, Weiss MH. Recognition and
management of delayed hyponatremia following transsphenoidal
pituitary surgery. ] Neurosurg. 2007;106(1):66-71. [PubMed: 17236489].
https://doi.org/10.3171/jns.2007.106.1.66.

9. Tomita Y, Kurozumi K, Inagaki K, Kameda M, Ishida ], Ya-
suhara T, et al. Delayed postoperative hyponatremia after
endoscopic transsphenoidal surgery for pituitary adenoma.
Acta Neurochir (Wien). 2019;161(4):707-15. [PubMed: 30721370].
https://doi.org/10.1007/s00701-019-03818-3.

Nephro-Urol Mon. 2022;14(4):e128929.

10.

11.

12.

15.

20.

Kinoshita Y, Tominaga A, Arita K, Sugiyama K, Hanaya R, Hama
S, et al. Post-operative hyponatremia in patients with pituitary
adenoma: post-operative management with a uniform treat-
ment protocol. Endocr J. 2011;58(5):373-9. [PubMed: 21467692].
https://doi.org[10.1507/endocrj.ki0e-352.

Takeuchi K, Nagatani T, Okumura E, Wakabayashi T. A novel method
for managing water and electrolyte balance after transsphenoidal
surgery: preliminary study of moderate water intake restriction.
Nagoya | Med Sci. 2014;76(1-2):73-82. [PubMed: 25129993]. [PubMed
Central: PMC4345719].

Matsuyama J. Early water intake restriction to prevent inappropriate
antidiuretic hormone secretion following transsphenoidal surgery:
low BMI predicts postoperative SIADH. Endocr Abstr. 2016;41:EP892.
https://doi.org/10.1530/endoabs.41.EP892.

. Bohl M, Ahmad S, White W, Little A. Implementation of a Post-

operative Outpatient Care Pathway for Delayed Hyponatremia fol-

lowing Transsphenoidal Surgery does not Reduce Unplanned Hos-
pital Readmissions. | Neurol Surg B Skull Base. 2016;77(S 01). A052.

https://doi.org[10.1055/s-0036-1579841.

. Burke WT, Cote DJ, Iuliano SI, Zaidi HA, Laws ER. A practical method

for prevention of readmission for symptomatic hyponatremia fol-
lowing transsphenoidal surgery. Pituitary. 2018;21(1):25-31. [PubMed:
29075986]. https://doi.org[10.1007/s11102-017-0843-5.

Deaver KE, Catel CP, Lillehei KO, Wierman ME, Kerr JM. Strate-
gies to reduce readmissions for hyponatremia after transsphe-
noidal surgery for pituitary adenomas. Endocrine. 2018;62(2):333-9.
[PubMed: 29961198]. https://doi.org/10.1007/s12020-018-1656-7.

. Taylor SL, Tyrrell J, Wilson CB. Delayed Onset of Hyponatremia after

Transsphenoidal Surgery for Pituitary Adenomas. Neurosurgery.
1995;37(4):649-54. https://doi.org/10.1097/00006123-199510000-
00007.

. Cote DJ, Alzarea A, Acosta MA, Hulou MM, Huang KT, Almu-

tairi H, et al. Predictors and Rates of Delayed Symptomatic
Hyponatremia after Transsphenoidal Surgery: A Systematic
Review. World Neurosurg. 2016;88:1-6. [PubMed: 26805685].
https://doi.org[10.1016/j.wneu.2016.01.022.

. Boehnert M, Hensen ], Henig A, Fahlbusch R, Gross P, Buchfelder M.

Severe hyponatremia after transsphenoidal surgery for pituitary ade-
nomas. Kidney Int Suppl. 1998;64:512-4. [PubMed: 9475481].

. Alzhrani G, Sivakumar W, Park MS, Taussky P, Couldwell WT. De-

layed Complications After Transsphenoidal Surgery for Pituitary
Adenomas. World Neurosurg. 2018;109:233-41. [PubMed: 28989047|.
https://doi.org/10.1016/j.wneu.2017.09.192.

Lee CC, Wang YC, Liu YT, Huang YC, Hsu PW, Wei KC, et al. Incidence
and Factors Associated with Postoperative Delayed Hyponatremia af-
ter Transsphenoidal Pituitary Surgery: A Meta-Analysis and System-
atic Review. Int ] Endocrinol. 2021;2021:6659152. [PubMed: 33936198].
[PubMed Central: PMC8055398]. https://doi.org/10.1155/2021/6659152.


http://www.ncbi.nlm.nih.gov/pubmed/15274075
https://doi.org/10.1002/cncr.20412
http://www.ncbi.nlm.nih.gov/pubmed/28170483
https://doi.org/10.1001/jama.2016.19699
http://www.ncbi.nlm.nih.gov/pubmed/25446388
https://doi.org/10.2176/nmc.ra.2014-0239
http://www.ncbi.nlm.nih.gov/pubmed/33043415
https://doi.org/10.1007/s40618-020-01448-6
http://www.ncbi.nlm.nih.gov/pubmed/35158166
https://doi.org/10.1016/j.clineuro.2022.107166
http://www.ncbi.nlm.nih.gov/pubmed/33913267
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8082282
https://doi.org/10.14791/btrt.2021.9.e5
http://www.ncbi.nlm.nih.gov/pubmed/26348011
https://doi.org/10.1227/NEU.0000000000001003
http://www.ncbi.nlm.nih.gov/pubmed/17236489
https://doi.org/10.3171/jns.2007.106.1.66
http://www.ncbi.nlm.nih.gov/pubmed/30721370
https://doi.org/10.1007/s00701-019-03818-3
http://www.ncbi.nlm.nih.gov/pubmed/21467692
https://doi.org/10.1507/endocrj.k10e-352
http://www.ncbi.nlm.nih.gov/pubmed/25129993
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4345719
https://doi.org/10.1530/endoabs.41.EP892
https://doi.org/10.1055/s-0036-1579841
http://www.ncbi.nlm.nih.gov/pubmed/29075986
https://doi.org/10.1007/s11102-017-0843-5
http://www.ncbi.nlm.nih.gov/pubmed/29961198
https://doi.org/10.1007/s12020-018-1656-7
https://doi.org/10.1097/00006123-199510000-00007
https://doi.org/10.1097/00006123-199510000-00007
http://www.ncbi.nlm.nih.gov/pubmed/26805685
https://doi.org/10.1016/j.wneu.2016.01.022
http://www.ncbi.nlm.nih.gov/pubmed/9475481
http://www.ncbi.nlm.nih.gov/pubmed/28989047
https://doi.org/10.1016/j.wneu.2017.09.192
http://www.ncbi.nlm.nih.gov/pubmed/33936198
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8055398
https://doi.org/10.1155/2021/6659152

	Abstract
	1. Context
	2. Objectives
	3. Methods
	4. Results
	Figure 1
	Table 1

	5. Discussion
	5.1. Conclusions

	Footnotes
	Authors' Contribution: 
	Conflict of Interests: 
	Data Reproducibility: 
	Funding/Support: 

	References

