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Abstract
Background  Clinical as well as subclinical hyponatremia is frequently seen after orthopedic surgery. The study was aimed 
to determine the frequency and severity of hyponatremia in a cohort of total joint arthroplasty cases and identify the risk 
factors and their impact.
Methods  This is a retrospective observational study of 546 consecutive cases of total joint arthroplasty patients from a sin-
gle institution. Only primary hip and knee replacements were included. The study was approved by the institutional review 
board. Preoperative and postoperative serum electrolytes were recorded till 45-day review. This was correlated with the age, 
gender, BMI, drug intake, and comorbidities.
Results  We identified 84.9% postsurgical hyponatremia in our cohort. Of these 80% were mild, 16% moderate and 4% severe. 
Preoperative hyponatremia was a consistent finding in most severe cases. Thaizides, ACE inhibitors, and longer surgeries 
like bilateral TKRs had more hyponatremia. Hospital stay was not impacted in this study for reasons discussed. There were 
no deaths in this series during the follow-up period, but two patients were rehospitalized.
Conclusion  Postsurgical hyponatremia occurs in up to 85% of primary hip and knee arthroplasty patients. The most consist-
ent predictor of severe electrolyte disturbance postsurgery is preoperative hyponatremia. Older age, female gender, longer 
surgery, and drugs like thiazides and ACE inhibitors seemed contributory.
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Introduction

Serum electrolyte disturbances after surgery are one of the 
more commonly encountered problems in surgical practice, 
and the current literature ranks it among the top 10 rea-
sons for 30-day readmission after total knee replacement 
[1]. Considering that most surgeons encounter postopera-
tive electrolyte imbalance at fairly frequent intervals in their 
clinical practice, the paucity of literature on this subject is 
rather surprising. The precise incidence of this complication 
is said to vary from 2.8 to 83% [2–5] in orthopedic surgery, 
evidently depending on the age of population, the interven-
tion undertaken, and other comorbidities. It has also been 
demonstrated to directly cause significant mortality and mor-
bidity in about 20% of the patients [3, 5, 6]. While the etiol-
ogy of these disturbances has several contributing factors, 
the precise mechanism of the development of hyponatremia 
postsurgery is largely conjectural [4].
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This report is a retrospective observational study. The aim 
of the present review was to identify the prevalence of elec-
trolyte disturbance following total joint arthroplasty surgery 
in an Indian population sample. Additionally, we aimed at 
identifying the risk factors for developing this complication 
and also analyze whether these disturbances have a signifi-
cant impact on the surgical outcomes for patient.

Materials and methods

This study was approved by the institutional review board 
and the ethics committee. From January 2014 to June 2015, 
481 consecutive patients who underwent total joint arthro-
plasty procedures in our hospital were retrieved from the 
electronic database. Eighteen patients who had undergone 
revision surgery, one patient with total shoulder replacement, 
and six patients with chronic kidney disease were excluded 
from the study. Thus, 456 patients who underwent primary 
hip and knee arthroplasty procedures were included in this 
retrospective analysis. Case sheets and laboratory records 
were scrutinized to collect the data. The documents were 
evaluated by two independent surgeons and spread sheets 
were prepared. All the authors studied the tabulated results. 
There were 311 females and 145 males in this cohort. The 
mean age of the patients was 62.9 years with average height 
of 155.8 cm and average weight of 72.8 kg. The mean BMI 
was 29.5 (The details of patient demographic data are 
appended in Table 1.) The 63 hip replacements, 316 unilat-
eral knee replacements, and 77 bilateral knee replacements 
were evaluated together because the patient demographics, 
anesthetic strategies, surgical duration (except the bilateral 
TKRs), blood loss, and fluid resuscitation were similar. 

For the purpose of this study, hyponatremia was defined 
as serum Na less than 135 mmol/L. It was further graded 
as mild (≥ 130 mmol/L), moderate (≥ 125–129 mmol/L) 

and severe (< 125 mmol/L). The discrete parameters stud-
ied included preoperative medications, intraoperative and 
postoperative intravenous fluid intake, oral intake of fluids, 
urine output, and serum electrolytes preoperatively, post-
operatively, and after hospital discharge. Additionally, the 
duration of hospital stay and ICU stay were documented, and 
any additional symptoms were closely monitored and docu-
mented. The data collection was completed at 45 days from 
the time of discharge after surgery. No long-term follow-up 
was mandated for the research question.

Statistical analysis

Linear and logistic regression analysis was used to find the 
significance of postoperative hyponatremia in relation to the 
preoperative variables.

Results

Hyponatremia occurred in 387 of 456 (84.9%) hip and knee 
procedures, while hypokalemia occurred in 19 (4.6%). 
Hyponatremic episodes included 311 (80%) mild, 60 (16%) 
moderate, and 16 (4%) severe cases (Table 2). When cor-
rected for elevated glucose levels, no episode of hypona-
tremia was corrected to normal ranges.

Preoperative hyponatremia appeared to be a significant 
factor leading to postoperative hyponatremia (Table 3). Of 
the 16 severe postoperative hyponatremic patients, all had 
a prior electrolyte abnormality identified. Of the 60 moder-
ate hyponatremic patients, 38 had a preoperative electrolyte 
anomaly. Thus it appears that the more severe pre-opera-
tive electrolyte imbalance leads to more frequent and more 
severe post-operative electrolyte disturbances. Preoperative 
mild and moderate hyponatremic patients were taken up for 

Table 1   Demographic details of the patients in the study cohort

N

Gender
 Male 145 (31.8%)
 Female 311 (68.2%)

Mean age at surgery (years) 62.9 ± 11.9
Mean body mass index (kg/m2) 29.5
Anesthetic
 General 5.92%
 Spinal 3.07%
 Spinal + Epidural 91.0%

Bilateral TKR 77 (16.88)
Unilateral TKR 316 (69.29)
THR 63 (13.81)

Table 2   Incidence of hyponatremia pre- and postsurgery in terms of 
severity

Frequency %

Preoperative sodium
 < 125 (severe) 9 2.0
 125–129.9 (moderate) 18 3.9
 130–134.9 (mild) 143 31.4
 > 135 (normal) 286 62.7
 Total 456 100.0

Postoperative sodium
 < 125 (severe) 16 3.5
 125–129.9 (moderate) 60 13.2
 130–134.9 (mild) 311 68.2
 > 135 (normal) 69 15.1
 Total 456 100.0
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surgery as scheduled but after oral correction of sodium 
levels; the severe hyponatremic patients were treated with 
hypertonic saline infusions, and the surgery was deferred 
till serum levels normalized. This often delayed the surgery 
by 1–3 days.

In our study, patients undergoing knee replacement 
appeared more prone to experiencing hyponatremia than hip 
surgery patients. Another interesting observation was that 
knee replacement patients had greater total fluid intake (both 
intra- and postoperatively) compared with the hip patients. 
The etiological significance of this is finding is not known 
at present. Simultaneous bilateral knee replacement patients 
also were more susceptible to develop hyponatremia; clearly 
the surgery duration was longer, and they received more 
intravenous fluids during and immediately after their sur-
gery, than the unilateral knees. The documentation regard-
ing the precise nature and volume of the fluid replacement 
therapy provided was incomplete and hence not analyzed. 
Nevertheless, the hospital policy is not to give any dex-
trose or dextrose saline to patients intraoperatively, and all 
patients received isotonic saline and Ringer lactate infusions 
during and after surgery. Our anesthesia department’s inter-
nal audit report for the period shows that a unilateral knee 
replacement patient is typically given 1–1.5 L of IV fluids 
and a bilateral TKR typically gets 1.5–2 L of fluid (personal 
communication), while the hip replacement patient gets 1 L.

Thiazide diuretics were associated with hyponatremia in 
42 of 83 patients who were on this drug (p < 0.05). Patients 
on ACE inhibitors experienced hyponatremia in 38 of 76 
cases (p < 0.05). Furosemide, selective serotonin reuptake 
inhibitors (SSRIs), oral hypoglycemics, and carbazepine 
were not associated with hyponatremia in this series.

All patients who had mild and moderate hyponatremia 
were treated with total fluid restriction, sodium chloride 
supplementation in their drinks (lime juice and other aer-
ated beverages), and tablet Soda Mint once or twice a day. 
Of the 16 patients with severe hyponatremia, seven were 
symptomatic with episodes of delirious behavior. All such 
patients were further evaluated with urine osmolality, serum 

osmolality, urinary sodium, serum calcium, and TSH. All 
severely hyponatremic patients were treated with 3% hyper-
tonic saline infusions in the intensive care unit under the 
supervision of the intensivist and endocrinologist till their 
symptoms abated and their blood levels returned to near 
normal values.

Of the severely hyponatremic patients, 12 were dis-
charged prior to complete normalization of the hyponatremia 
but on resolution of clinical features. Ten of these 12 cases 
maintained normal serum electrolyte values at 45 days of 
review and were asymptomatic. Two cases of severe hypona-
tremia had to be rehospitalized for persisting low sodium 
values (sodium of 117 mmol/L and 121 mmol/L) with clini-
cal features consisting of nausea and confusion. They were 
successfully treated by medical means. The details of ICU 
stay of the patients are depicted in Table 4. The total length 
of hospital stay was not significantly affected in patients with 
electrolyte disturbance in our study because we tend to keep 
the patients admitted till suture removal that is 12–14 days 
from surgery. (This policy of hospitalization was evolved 
for two reasons—Firstly, most patients travel from remote 
regions of the state for surgery at our center, and frequent 
follow-up is impractical; secondly, community nursing ser-
vices are nonexistent in this part of the country, and ade-
quate supervision of postoperative care is therefore difficult.) 

Discussion

The impact of postoperative electrolyte disturbance in ortho-
pedic practice has been adequately addressed in the medi-
cal literature of the last two decades. Paradoxically, there 
is scant mention of this important condition in the recent 
literature. Andrew Severn and coworkers have published a 
remarkable review of the subject [7], and they highlight the 
arguments why orthopedic surgeons are most impacted by 
this knowledge: Orthopedic patients represent the largest 
group of elderly patients undergoing elective and emer-
gency surgeries. They have multiple comorbidities and are 

Table 3   Correlation of 
preoperative sodium 
concentration with 
postoperative sodium 
concentration

a Six cells (37.5%) have expected count less than 5. The minimum expected count is 0.32. So use this table 
only as descriptive table without the p value

Preoperative sodium concentrate Postoperative sodium concentrate Total

< 125 (severe) 125–129.9 
(moderate)

130–134.9 (mild) > 135 
(normal)

< 125 (severe) 5 3 1 0 9
125–129.9 (moderate) 6 5 7 0 18
130–134.9 (mild) 4 30 99 10 143
> 135 (normal) 1 22 204 59 286
Total 16 60 311 69 456
Pearson χ2: 165.363a p value: 0.000
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on medications including NSAIDs; most of the lower limb 
procedures are performed under spinal or epidural anesthesia 
which tends to cause an adreno/sympathetic block. To quote 
these authors—“Orthopedic practice in general and joint 
replacements more specifically involves ‘an old patient who 
is taking non steroidal anti-inflammatory drugs and receives 
too much free water while the adrenal axis is affected by a 
spinal block.’” They have already pointed out the dangers 
of fluid overload in patients under spinal anesthesia and 
called for a critical review of guidelines on fluid manage-
ment of surgical patients. Moreover, factors like the higher 
prevalence of hypertension, cardiac ailments, and diabetes in 
these patients who are often on diuretics and ACE inhibitors 
appear to aggravate the problem. Other authors have also 
highlighted the same issue [3] and suggested streamlining 
postsurgical fluid management regimes.

Another important consideration in postoperative electro-
lyte disturbance is the syndrome of inappropriate antidiuretic 
hormone (SIADH) [8, 9], which is thought to be precipitated 
by postoperative pain and agents acting on the pituitary–tha-
lamic axis. The present authors feel that it might be too sim-
plistic to attribute all postoperative electrolyte changes to 
SIADH. Cummings et al. [10] reported 27% of their cases 
of electrolyte disturbances as due to SIADH, but they do 
mention in their study that this is not the most frequent 
cause of electrolyte disturbances in hospitalized patients. In 
our case series, the urinary tests for osmolality and sodium 
concentration were done only for the severe postoperative 
hyponatremic cases, and they did not support the diagnosis 
of SIADH. Nevertheless, the treatment for both conditions 
remains more or less the same—restriction of free water 
intake and supplementation of hypertonic sodium chloride 
solutions.

This study had close to 85% prevalence of postoperative 
hyponatremia (80% mild and 4% severe). Mannesse [11] 
reports mild electrolyte changes in 22.2% cases and severe 
aberrations in 4.5% cases in hospitalized patients (not nec-
essarily surgical cases). Corona et al. [12] have performed 
a systematic review of the condition and also studied the 

economic impact that it has on healthcare delivery system. 
Both Rittenhouse [13] and Tolouian [14] have established 
that preexisting electrolyte disturbances can be a significant 
factor in causing falls and hip fractures in the elderly. The 
present authors feel that paucity of the literature might be 
due to the failure to recognize milder variants of the con-
dition in the routine postsurgical setting. Moreover, early 
symptoms of hyponatraemia such as nausea, vomiting, 
weakness, and headache, drowsiness, confusion, and deliri-
ous behavior, which occur in majority of the cases, are often 
confused with normal recovery from anesthesia. It is only 
the high index of suspicion and the routine testing of blood 
for electrolytes that enable one to diagnose these cases early 
and intervene adequately.

Postoperative electrolyte imbalance is a marker of “very 
frail medical status” and a risk factor for death among 
elderly orthopedic patients [15]. The incidence of postop-
erative electrolyte imbalance and fatality was 15% and 8.8%, 
respectively, in Antonelli’s study which is considered the 
classic for this disorder [16]. The authors of that study also 
demonstrate that electrolyte imbalance was independently 
predicted by spinal anesthesia. The current study failed 
to confirm that spinal anesthesia is associated with more 
electrolyte disturbance compared with general or epidural 
anesthesia. It also did not reveal any correlation with the 
preoperative ASA grade. Several authors have reported 
that women are more affected than men, as a result of their 
smaller fluid volume and other sex-related hormonal factors 
[17–19]. Our results also suggest that female gender and 
older age patients are more prone to electrolyte disturbances. 
Lower BMI has been reported to be a major association with 
postsurgical electrolyte disturbance but our study does not 
find any significant association with BMI.

The impact of hyponatremia in hospitalized patients 
has been published before [20]. Even serum sodium levels 
reported as low normal (133–137 mmol/L) have been shown 
to be associated with prolonged hospital stays, discharge to 
facilities, and increased mortality as much as 7–60-fold [5, 
21]. Cumming et al. [22] have reported the prevalence as 

Table 4   Correlation of 
postoperative sodium 
concentration with length of 
ICU stay

a Nine cells (56.2%) have expected count less than 5. The minimum expected count is 0.18. So use this 
table only as descriptive table without the p value

Length of ICU stay Postoperative sodium concentrate Total

< 125 (severe) 125–129.9 
(moderate)

130–134.9 (mild) > 135 
(normal)

1 day 12 50 256 47 365
2 days 3 8 49 19 79
3 days 0 2 3 2 7
4 days 1 0 3 1 5
Total 16 60 311 69 456
Pearson χ2: 14.390a p value: 0.109 (not significant)
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26% in patients over 65 years and that it can independently 
cause increased hospital stay. Severe hyponatremia reported 
in 3–7% of all hospitalized patients have a mortality of near 
45% [6]. Specific to the orthopedic patient, mortality is 2.1-
fold higher in the less severe cases and 4.6-fold higher in 
the more severe cases [3, 6]. Interestingly, our study did not 
show any mortality in the short term (45 days postsurgery); 
though the ICU stay was prolonged, it was not statistically 
significant (Table 4). The length of hospital stay was not 
impacted in our study perhaps because our standard proto-
col of discharging patients on the 12th postoperative day. It 
may be significant if patients were planned for shorter hos-
pital stay as in many Western countries. Improved analgesia, 
reduction in surgical stress responses, early mobilization, 
etc., have all contributed to the reduction in hospital stay in 
patients undergoing TKR/THR. In recent years, the proce-
dure has been put under “fast track” and with good results 
[23–26]. Despite the strict optimization protocols in these 
studies, the authors reported that the most common reasons 
for patients overstaying was nausea, vomiting, and feeling 
of weakness. Although the reasons for these symptoms are 
varied, one of the more easily recognizable and avoidable 
causes is electrolyte disturbance [27]. While the effective 
implementation of these protocols in India is still in its 
infancy, preventing, identifying, and managing electrolyte 
disturbances would be an important part of the management 
strategy. It would also help us identify the “at-risk” patients 
for such complications and thus help us individualize the fast 
track protocol post-TKR or THR.

Thiazides and ACE inhibitors are well established as 
medications associated with postsurgical hyponatremia 
[28, 29]. Diuretics especially thiazide or thiazide-like agents 
make up one of the most common causes of hyponatremia, 
with an estimated incidence of 11% in one series of 114 
geriatric patients. In our study, most patients receiving 
thiazides and ACE inhibitors were associated with preop-
erative hyponatremia and consequently had postoperative 
hyponatremia. Hyponatremia has reportedly been associated 
with carbamazepine therapy [30–32]. Carbamazepine can 
induce hyponatremia by increasing ADH release from the 
neurohypophysis. The incidence of carbamazepine-induced 
hyponatremia ranged widely from 4.8 to 41.5%, depend-
ing on the patient population studied [30]. Specifically, 
this electrolyte disturbance is frequently encountered in the 
elderly or subjects who simultaneously use other medica-
tions known to cause hyponatremia (mainly diuretics) [30]. 
Our study had two patients on carbamazepine but were not 
significantly associated with postoperative hyponatremia. 
Though there is some evidence in the literature that fluid 
retention is a common adverse effect of thiazolidinediones 
(pioglitazone and rosiglitazone), hyponatremia related to 
these drugs have not been reported. There is only one case 
report with Metformin-related hyponatremia [33] to the best 

of our knowledge. Our study shows oral hypoglycemics are 
not frequently associated with postoperative hyponatremia. 
Rudge et al. [34] did demonstrate a higher prevalence of 
hyponatremia in patients on proton-pump inhibitors and 
SSRI. Cummings’ study [22] also suggested that PPIs might 
be implicated besides thiazides, but these observations were 
not reproduced in our study.

Our study has several limitations. It is a retrospective, 
single-center experience. The very nature of data extraction 
might have eliminated minor complications from the picture. 
Additionally, since our present hospital protocol allows a 
12-day stay (till suture removal), the impact of duration of 
stay could not be adequately evaluated. This regime appears 
unavoidable in our practice setting since many of the patients 
travel from far for the surgery and are not available for fre-
quent outpatient reviews. Moreover, community nursing 
services are not available in this part of our country. No 
long-term follow-up was performed since the objective was 
to look at a short-term complication of electrolyte imbal-
ance alone. Perhaps, the total fluid intake and output of each 
patient in the surgical suite and early postoperative period 
would give us more insight into the volume dilution and 
electrolyte shifts that we induced in these patients. It might 
also have been worth studying whether the early postopera-
tive hyponatremia had any impact on the long-term outcome 
of the surgery as measured by the Knee Society Score. Other 
outcomes such as patient satisfaction and economic impact 
of this complication were beyond the scope of this study. 
Nonetheless, given that this is the first study of its kind from 
the Indian subcontinent, the authors believe that it is hugely 
valuable in understanding the causes and impact of electro-
lyte disturbances in the population studied.

The observations of the authors can impact clinical prac-
tice significantly. Two studies are under way at our center—
one is to retrospectively stratify the risk factors for the devel-
opment of postoperative hyponatremia and create a scoring 
system and also to prospectively validate the schema. Sec-
ondly, given that 85% of our patients have varying grades 
of hyponatremia postsurgery, a prospective study looking at 
prophylactically correcting their electrolyte status against 
such deficiency is under way.

Conclusion

Hyponatremia of some grade appears to occur in 85% of 
the patient undergoing total joint replacement. The most 
common precipitating factors appear to be preoperative 
hyponatremia, female gender, older age, and patients on 
preoperative treatment with thiazides/ACE inhibitors. Our 
study did not reveal any correlation with BMI and some of 
the other drugs like oral hypoglycemics and carbemazepine. 
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In our cohort of patients, the ICU stay and total hospital stay 
were not impacted for reasons explained though published 
literature does show such a correlation. Evidently, identify-
ing the “at-risk” patients would help us monitor them closely 
and detect the condition early thus help institute aggressive 
treatment protocols. Based on this study, the authors would 
suggest preoperative hyponatremia be treated as a major risk 
factor for developing postoperative hyponatremia after lower 
limb joint replacement surgery. This may have to be consid-
ered seriously in centers where early aggressive discharge 
policies are practiced to shorten hospital stay.

Acknowledgements  The authors thank Dr. Manjunath Nekar, Assistant 
Prof. Dept. of Community Medicine, Karnataka Institute of Medical 
Science, Hubli, for providing the statistical assistance for the study.

Compliance with ethical standards 

Conflict of interest  The authors declare that they have no conflict of 
interests.

References

	 1.	 Vorhies JS, Wang Y, Herndon JH, Maloney WJ, Huddleston JI (2012) 
Decreased length of stay after TKA is not associated with increased 
readmission rates in a national Medicare sample. Clin Orthop Relat 
Res 470(1):166–171. https​://doi.org/10.1007/s1199​9-011-1957-0

	 2.	 Tambe AA, Hill R, Livesley PJ (2003) Postoperative hyponatrae-
mia in orthopaedic injury. Injury 34(4):253–255

	 3.	 Lane N, Allen K (1999) Hyponatraemia after orthopaedic sur-
gery. BMJ 318(7195):1363–1364

	 4.	 Fraser CL, Arieff AI (1997) Epidemiology, pathophysiology 
and management of hyponatremic encephalopathy. Am J Med 
102:67–77

	 5.	 Wald R, Jaber BL, Price LL, Upadhyay A, Madias NE (2010) 
Impact of Hospital-Associated Hyponatremia on Selected 
Outcomes. Arch Intern Med 170(3):294–302. https​://doi.
org/10.1001/archi​ntern​med.2009.513

	 6.	 Waikar SS, Mount DB, Curhan GC (2009) Mortality after hos-
pitalization with mild, moderate, and severe hyponatremia. Am 
J Med 122:857–865

	 7.	 Severn AM, Dodds C (1999) Hyponatraemia after orthopaedic 
surgery. BMJ. https​://doi.org/10.1136/bmj.319.7208.514

	 8.	 Gosling P (2003) Salt of the earth or a drop in the ocean? A 
pathophysiological approach to fluid resuscitation. Emerg Med 
J 20:306–315

	 9.	 Philbin DM, Emerson CW, Coggins CH, Moss JM, Slater E, Sch-
neider RC (1979) Renin catecholamine and vasopressin response 
to stress of anesthesia and surgery? Anesthesiology 51:121

	10.	 Cumming K, Hoyle GE, Hutchison JD, Soiza RL (2014) Preva-
lence, incidence and etiology of hyponatremia in elderly patients 
with fragility fractures. PLoS ONE 9(2):e88272. https​://doi.
org/10.1371/journ​al.pone.00882​72

	11.	 Mannesse CK, Vondeling AM, van Marum RJ, van Solinge WW, 
Egberts TC, Jansen PA (2013) Prevalence of hyponatremia on 
geriatric wards compared to other settings over four decades: a 
systematic review. Ageing Res Rev 12(1):165–173. https​://doi.
org/10.1016/j.arr.2012.04.006

	12.	 Corona G, Giuliani C, Parenti G et  al (2016) The economic 
burden of hyponatremia: systematic review and meta-analysis. 

Am J Med 129(8):823–835.e4. https​://doi.org/10.1016/j.amjme​
d.2016.03.007

	13.	 Rittenhouse KJ, To T, Rogers A et al (2015) Hyponatremia as a 
fall predictor in a geriatric trauma population. Injury 46(1):119–
123. https​://doi.org/10.1016/j.injur​y.2014.06.013

	14.	 Tolouian R, Alhamad T, Farazmand M, Mulla ZD (2012) The cor-
relation of hip fracture and hyponatremia in the elderly. J Nephrol 
25(5):789–793. https​://doi.org/10.5301/jn.50000​64

	15.	 Tinning CG, Cochrane LA, Singer BR (2015) Analysis of 
hyponatraemia associated post-operative mortality in 3897 
hip fracture patients. Injury 46(7):1328–1332. https​://doi.
org/10.1016/j.injur​y.2015.03.035

	16.	 Antonelli Incalzi R, Gemma A, Capparella O, Terranova L, San-
guinetti C, Carbonin PU (1993) Post-operative electrolyte imbal-
ance: its incidence and prognostic implications for elderly ortho-
paedic patients. Age Ageing 22(5):325–331

	17.	 Ayus JC, Arieff AI (1996) Brain damage and postoperative 
hyponatremia: the role of gender. Neurology 46:323–328

	18.	 Kumar S, Berl T (1998) Sodium electrolyte quintet. Lancet 
352:220–228

	19.	 Miller M (1998) Hyponatremia: age-related risk factors and ther-
apy decisions. Geriatrics 53:32–42

	20.	 Cuesta M, Thompson C (2015) The relevance of hyponatraemia 
to perioperative care of surgical patients. Surgeon 13(3):163–169. 
https​://doi.org/10.1016/j.surge​.2014.09.005

	21.	 Tierney WM, Martin DK, Greenlee MC (1986) The prognosis of 
hyponatremia at hospital admission. J Gen Intern Med 1:380

	22.	 Cumming K, McKenzie S, Hoyle GE, Hutchison JD, Soiza RL 
(2015) Prognosis of hyponatremia in elderly patients with fragil-
ity fractures. J Clin Med Res 7(1):45–51. https​://doi.org/10.14740​
/jocmr​1984w​

	23.	 Husted H, Lunn TH (2011) Why still in hospital after fast-track 
hip and knee arthroplasty. Acta Orthop 82(6):679–684

	24.	 Ibrahim MS, Alazzawi S, Nizam I, Haddad FS (2013) An evi-
dence-based review of enhanced recovery interventions in knee 
replacement surgery. Ann R Coll Surg Engl 95(6):386–389

	25.	 Husted H (2012) Fast-track hip and knee arthroplasty: clinical and 
organizational aspects. Acta Orthop Suppl. 83(346):1–39

	26.	 Kehlet H, Thienpont E (2013) Fast-track knee arthroplasty—sta-
tus and future challenges. Knee 20(Suppl 1):S29–S33. https​://doi.
org/10.1016/S0968​-0160(13)70006​-1

	27.	 Gluck GS, Lachiewicz PF (2008) Symptomatic hyponatremia in 
patients undergoing total hip and knee arthroplasty. A report of 
three cases. J Bone Jt Surg Am 90:634–636

	28.	 Spital A (1999) Diuretic-induced hyponatremia. Am J Nephrol 
19:447–452

	29.	 Byatt CM, Millard PH, Levin GE (1990) Diuretics and electrolyte 
disturbances in 1000 consecutive geriatric admissions. J R Soc 
Med 83:704–708

	30.	 Kuz GM, Manssourian A (2005) Carbamazepine-induced 
hyponatremia: assessment of risk factors. Ann Pharmacother 
39:1943–1946

	31.	 Holtschmidt-Taschner B, Soyka M (2007) Hyponatremia induced 
seizure during carbamazepine treatment. World J Biol Psychiatry 
8:51–53

	32.	 Nielsen OA, Johannessen AC, Bardrum B (1988) Oxcarbaz-
epine- induced hyponatremia, a cross-sectional study. Epilepsy 
Res 2:269–271

	33.	 Gin H, Lars I, Beauvieux JM, Morlat P, Aubertin J (1988) Hypona-
tremia induced by biguanides. Case report. Presse Med 17:591

	34.	 Rudge JE, Kim D (2014) New-onset hyponatraemia after surgery 
for traumatic hip fracture. Age Ageing 43(6):821–826. https​://doi.
org/10.1093/agein​g/afu06​9

Publisher’s Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.1007/s11999-011-1957-0
https://doi.org/10.1001/archinternmed.2009.513
https://doi.org/10.1001/archinternmed.2009.513
https://doi.org/10.1136/bmj.319.7208.514
https://doi.org/10.1371/journal.pone.0088272
https://doi.org/10.1371/journal.pone.0088272
https://doi.org/10.1016/j.arr.2012.04.006
https://doi.org/10.1016/j.arr.2012.04.006
https://doi.org/10.1016/j.amjmed.2016.03.007
https://doi.org/10.1016/j.amjmed.2016.03.007
https://doi.org/10.1016/j.injury.2014.06.013
https://doi.org/10.5301/jn.5000064
https://doi.org/10.1016/j.injury.2015.03.035
https://doi.org/10.1016/j.injury.2015.03.035
https://doi.org/10.1016/j.surge.2014.09.005
https://doi.org/10.14740/jocmr1984w
https://doi.org/10.14740/jocmr1984w
https://doi.org/10.1016/S0968-0160(13)70006-1
https://doi.org/10.1016/S0968-0160(13)70006-1
https://doi.org/10.1093/ageing/afu069
https://doi.org/10.1093/ageing/afu069

	Electrolyte imbalance after total joint arthroplasty: risk factors and impact on length of hospital stay
	Abstract
	Background 
	Methods 
	Results 
	Conclusion 

	Introduction
	Materials and methods
	Statistical analysis

	Results
	Discussion
	Conclusion
	Acknowledgements 
	References




