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Hyponatremia After Primary Hip  
and Knee Arthroplasty: Incidence 
and Associated Risk Factors
Alexander P. Sah, MD

H yponatremia is the most common electrolyte ab-
normality in hospitalized patients.1-3 Fluid shifts and 
electrolyte changes occur after surgical procedures, 

including total hip and knee arthroplasties.4,5 There are few 
published data on the overall incidence of this postoperative 
abnormality, either in general, or in this specific orthopedic 
population. Severe hyponatremia is reported to occur in 5% to 
7% of hospitalized patients.6 These cases of severe hyponatre-
mia may be better avoided if smaller decreases in sodium levels 
are identified more promptly. However, routine laboratory 
work to detect this electrolyte deficiency is often not ordered, 
and, when the deficiency is identified, it is often disregarded.6,7 
Because of the insidious nature of hyponatremia, early and less 
severe manifestations can quickly progress into serious and 
potentially life-threatening complications.

Hyponatremia can cause a wide spectrum of symptoms, 
including headache, lethargy, nausea, weakness, agitation, 
anorexia, slurred speech, and confusion.1,2 Specific to the re-
habilitation of the orthopedic patient, even mild hyponatremia 
is associated with attention impairment, gait instability, and 
falls.8 These symptoms are often encountered in postoperative 
patients and can often be mistakenly disregarded as common 

postoperative sequelae or attributed to narcotics or residual 
anesthetic effects. For example, the reported incidence of post-
operative nausea and vomiting after lower extremity joint 
arthroplasty is 20% to 83%.9-11 In some cases, hyponatremia 
may be the true cause of these symptoms, and failure to iden-
tify the electrolyte abnormality may allow it to worsen un-
necessarily.6 Severe hyponatremia must be avoided because it 
is associated with a very poor prognosis.7 Symptoms can cause 
reactions mimicking stroke or lead to seizures, neurologic 
damage, coma, and even death.2 

A study was conducted to evaluate a consecutive series of 
elective hip and knee arthroplasties for development of postop-
erative hyponatremia. Awareness of risk factors may enhance the 
ability to identify patients susceptible to postoperative sodium 
deficiency and lead to more prompt treatment. Understanding 
the frequency and potential severe clinical manifestations of 
hyponatremia may encourage improved recognition and man-
agement of this generally easily treated postoperative disorder.

Materials and Methods
From 2008 to 2010, 392 consecutive hip and knee arthroplasties 
were prospectively monitored for development of hyponatremia. 
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Hyponatremia is the most common electrolyte abnor-
mality in clinical practice. Often overlooked or misdiag-
nosed, hyponatremia can quickly deteriorate and cause 
serious and potentially life-threatening complications. In 
the orthopedic patient, hyponatremia can mimic com-
mon postoperative sequelae, thereby making diagnosis 
even more difficult. Although serious complications of 
hyponatremia are rare, they are severe, and early detec-
tion is crucial in initiating prompt treatment.

From 2008 to 2010, 392 consecutive hip and knee 
arthroplasties were prospectively monitored for devel-
opment of hyponatremia. Hyponatremia occurred in 155 
(40%) of cases. Although the majority were mild, 7% 
were moderate or severe deficiencies, which are as-

sociated with increased morbidity. Risk factors included 
preoperative hyponatremia, female sex, older age, lower 
body weight, knee more than hip surgery, and bilateral 
knee arthroplasty. Thiazides and angiotensin-converting 
enzyme inhibitors were the only medications associated 
with low postoperative sodium values.

Hyponatremia is common after elective orthopedic 
surgery and is associated with identifiable perioperative 
risk factors. Although the most severe complications 
are rare, failure to identify mild cases of hyponatremia 
allows the sodium deficit to worsen unnecessarily. Early 
detection is important because, unlike severe cases, 
mild hyponatremia is generally treatable with simple 
medical management.
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Demographic data are listed in Table I. There were 253 knee 
arthroplasties (184 unilateral, 4 revision, 9 partial, 56 bilateral) 
and 139 hip arthroplasties (133 primary, 6 revision). Patient 
data for medications prescribed, intraoperative and postopera-
tive intravenous (IV) fluid intake, oral fluid intake, and urine 
output were recorded. Electrolyte levels were measured before 
surgery, in the recovery room immediately after surgery, each 
postoperative day, and, if necessary, after hospital discharge.

Hyponatremia was defined as a level less than 135 mmol/L 
(mild, ≥ 130 mmol/L; moderate, ≥ 125 mmol/L; severe,  
< 125 mmol/L). All hyponatremia values were also adjusted 
based on elevated glucose levels to determine true sodium 
levels. Potassium and creatinine levels were evaluated and de-
ficiencies recorded.

In all cases, the intraoperative fluid given by the anesthesia 
service was lactated Ringer’s solution. Postoperative mainte-
nance IV fluid was normal saline, and infusion rate was based 
on patient weight. Total fluid intake was monitored both in-
travenously and orally each day. Fluid output was accordingly 
recorded each day with fluid balance calculated per 24 hours.

Identification of hyponatremia prompted a mild restriction 
in oral fluid, 1000 mL per 24 hours. Patient oral intake of fluids 
with electrolytes, rather than free water, was encouraged until 
sodium level normalized. Thiazides and angiotensin-convert-
ing enzyme (ACE) inhibitors were temporarily held during this 
period, per the literature.3,12 For resistant or worsening cases 
of hyponatremia, gentle normal saline infusion and diuresis 
with furosemide were performed. Patients with unresolved 
hyponatremia at discharge had their electrolyte levels moni-
tored on an outpatient basis until levels normalized.

Student t test and χ2 test were used with significance set at 
P < .05. Student t test was used to evaluate the statistical sig-
nificance of perioperative fluid intake, urine output, and fluid 
balance between groups. Chi-square test was used to evaluate 

the association of group characteristics with occurrence of hy-
ponatremia.

Results
Hyponatremia occurred in 155 (40%) of the 392 hip and 
knee arthroplasties. In contrast, hypokalemia occurred in  
52 patients (15%), and creatinine was elevated in 36 patients 
(9%). There were 127 mild cases, 22 moderate cases, and 6 se-
vere cases of hyponatremia. When corrected for elevated plas-
ma glucose levels, no episode of hyponatremia was changed 
to normal values.

Of the 33 cases of hyponatremia on preoperative evalu-
ation, 25 either remained stable in severity, or the sodium 
deficiency worsened. Preoperative hyponatremia was a statis-
tically significant factor in development of postoperative hy-
ponatremia (P < .0001). Sodium abnormalities occurred most 
often on postoperative day 1. The largest percentage of newly 
identified episodes occurred with recovery room laboratory 
tests. Percentage of cases that followed a previously abnormal 
value increased with each postoperative day. Of the 22 cases of 
moderate hyponatremia, 16 had a prior abnormal value, and 6 
presented with this level of deficiency. All 6 cases of severe hy-
ponatremia had a prior hyponatremic abnormality identified.

Hyponatremia more often occurred in women (P < .048). 
Older patients were also more susceptible (P < .0001). Similar-
ly, patients with hyponatremia were lower weight (P < .009). 
However, when weight was adjusted for height (as per body 
mass index), there was no between-groups difference in de-
veloping hyponatremia (P = .1). Overall, patients with post-
operative hyponatremia received intraoperative fluids in a 
larger volume (P < .04). Subsequent IV and oral fluid intake 
was less than in normal patients, so total input for the first 
24 hours was not different (P > .2). However, patients who 
became hyponatremic had less output (P < .004), leading to an 

Table I. Overall Patient Demographics With Characteristics Divided Into Normal 
and Hyponatremic Subgroups

No. of Procedures 392

Site 253 knees 139 hips

Sex 215 women 177 men

Hyponatremic 95 women 60 men P < .05

Age, y 70.4 (range, 40-96)

Normal vs hyponatremic 68.4 (range, 40-90) 73.7 (range, 48-96) P < .001

Height, in 67.1 (range, 54-78)

Normal vs hyponatremic 67.7 (range, 54-77) 66.1 (range, 57-78) P = .15

Weight, lb 181.8 (range, 90-315)

Normal vs hyponatremic 185.9 (range, 90-315) 175.3 (range, 103-296) P < .009

Body mass index 28.7 (range, 17.6-45.2)

Normal vs hyponatremic 29.0 (range, 17.6-41.9) 28.1 (range, 18-45.2) P = .1
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overall larger positive fluid balance the first day after surgery  
(P < .013). This continued on postoperative day 2 as a smaller 
diuresis volume and a subsequent smaller overall negative fluid 
balance (P < .012) (Table II).

Knee arthroplasty patients were more prone to developing 
postoperative hyponatremia than hip arthroplasty patients were 
(P < .04). This association may be attributable in part to the in-
creased postoperative IV fluid and increased total fluid input for 
knee compared with hip patients (P < .002 and P < .02, respec-
tively). Of the knee arthroplasty patients, those who underwent 
simultaneous bilateral surgery were more likely to develop hy-
ponatremia (P < .0001), also possibly because of increased fluid 
input after surgery (P < .05). Normonatremic and hyponatremic 
hip arthroplasty patients had fewer variations in postoperative 
fluid status compared with knee arthroplasty patients.

Postoperative hyponatremia was associated with use of 
some but not all of the previously reported medications evalu-
ated in this study. Forty-two cases of hyponatremia occurred 
in 83 patients receiving a perioperative thiazide (P < .02). 
Thirty-eight episodes of hyponatremia occurred in 76 patients 
receiving an ACE inhibitor (P < .05). Contrary to previous 
reports, furosemide, selective serotonin receptor inhibitors 
(SSRIs), and gabapentin were not associated with postoperative 
development of a sodium deficiency (P > .2 for each).

Patients who developed hyponatremia were more likely to 
have postoperative nausea after either hip or knee arthroplasty 
(P < .01). Length of hospital stay was similar after hip arthro-
plasty for both groups (normonatremic, hyponatremic), but 
hyponatremic patients had a longer stay after knee arthroplasty 

(2.2 vs 2.7 days, P < .02). Mental status changes were infre-
quent overall and did not differ between patient groups. Twelve 
patients were discharged before complete resolution of their 
hyponatremia. Five of the 12 had hyponatremia before surgery. 
Eleven of the 12 had normalization of sodium levels in the days 
after discharge, as monitored with outpatient laboratory tests.

There were 3 cases of severe hyponatremia, which required 
additional hospitalization. One of these patients had resistant 
hyponatremia, and her electrolyte abnormity required pro-
longed medical hospitalization and management. Her defi-
ciency reached a nadir of 117 mmol/L, and she had episodes of 
nausea and confusion before resolution. The other 2 patients, 
discharged with normal sodium values, later developed hypo-
natremia symptoms, including malaise, confusion, and weak-
ness, and subsequently required hospital treatment.

Three weeks after surgery, a male patient developed hy-
ponatremia and presented with malaise. He was treated with 
rehydration and ACE inhibitor discontinuation. Ten days af-
ter surgery, a female patient developed severe hyponatremia 
and became delirious. Her deficiency reached a nadir of 116 
mmol/L, and she required fluid resuscitation and 3% hyper-
tonic saline infusion. Her hyponatremia was thought to be 
caused by the syndrome of inappropriate antidiuretic hormone 
secretion or by an effect of thiazide or citalopram.

Discussion
Hyponatremia is the most commonly occurring electrolyte 
abnormality in clinical practice.3,13 In this elective joint arthro-
plasty study population, hyponatremia occurred often (40%) 

Table II. Perioperative Fluid Input and Output in Milliliters per 24-Hour Shift, With Categories Divided 
by Surgical Site or by Normal Versus Hyponatremic States 

POD-0 Fluid POD-1 

Intraoperative  
IV Fluid IV Oral 

Total  
Input Output

Overall 
Balance Input Output

Overall  
Balance

All

Knee 3037 1820a 1047 5904a 3026 2878a 1784a 2419a -633a

Hip 2955 1637 1079 5605 3048 2580 1456 1610 -264

All

Normal 2954 1807 1136 5861 3217 2657 1699 2408 -722

Hyponatremic 3097a 1681a 931a 5710 2738a 2971a 1765 2195 -414a

Knee

Normal 2945 1860 1150 5956 3231 2725 1760 2555 -793

Hyponatremic 3161a 1765 906a 5833 2748a 3085a 1814 2252a -437a

Hip

Normal 2969 1719 1114 5707 3195 2547 1450 1489 -273

Hyponatremic 2924 1448a 997 5371 2713 2658 1465 1782 -251

Abbreviations: IV, intravenous; POD, postoperative day.
aP < .05.
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and was associated with nausea and extended hospital stays. 
Studies have supported the finding that even serum sodium 
levels typically considered normal or low normal (eg, 133 to 
137 mmol/L) are associated with prolonged hospital stays, dis-
charge to facilities, and increased mortality, as much as 7-fold 
to 60-fold.14,15 Early identification of small decreases in sodium 
levels is important in identifying patients at potential risk for 
developing the severe morbidities associated with postopera-
tive hyponatremia.

A limitation of this study is its population size. A larger, 
multicenter study would increase study size but might intro-
duce confounding variables. Patients did not undergo daily 
laboratory monitoring after discharge, and therefore addi-
tional episodes of postoperative hyponatremia may have gone 
undetected.

Although the majority of postoperative episodes of hypo-
natremia are mild and resolve uneventfully, mortality risk 
increases with even a mild electrolyte disturbance.14,16 Patients 
have died with sodium values as high as 128 mmol/L.17 Severe 
hyponatremia has been reported to occur in 3% to 7% of hos-
pitalized patients, with a mortality rate near 45%.2,6,14,18 Specific 
to orthopedic patients, mortality is higher in those with hypo-
natremia, 2.1-fold in mild cases, and 4.6-fold in more severe 
cases.16 In addition, hyponatremia has been reported to occur 
in 5.1% of lower extremity arthroplasty patients, with severe 
episodes causing complications.19,20 

Hyponatremia is a particularly challenging perioperative 
problem because symptoms can be mild or overlooked while 
the deficiency is rapidly worsening. It is important to realize 
that mild deficiencies may be a warning sign; they usually 
precede more severe episodes of hyponatremia. In the present 
study, 73% of moderate cases and 100% of severe cases had low 
sodium levels identified before they reached their nadir. Hy-
ponatremia that develops after hospital admission or surgery 
is associated with treatment-related factors and inadequate or 
delayed management that allows worsening of the deficiency 
and exposure to the dangers of hyponatremia.6 Avoiding wors-
ening hyponatremia is crucial, as mortality rates are as much 
as 50% higher in patients with even asymptomatic degrees 
of hyponatremia compared with normonatremic patients.2,13

Hyponatremia is multifactorial in origin. One cause is 
thought to be nonosmotic secretion of vasopressin, also known 
as antidiuretic hormone (ADH), after the stress of surgery or 
associated postoperative pain.13,21 The perioperative stress re-
sponse can last for 12 hours after minor surgery, or for 4 
days after major surgery.22-24 Hyponatremia is also associated 
with the acute-phase response, with C-reactive protein and 
interleukin 6 as examples, after surgery by causing a state of 
antidiuresis.21,25 Similarly, in the present study, hyponatremic 
patients overall had more fluid intake and retained more fluid 
than their normonatremic counterparts did.

Hip and knee arthroplasty may be enough of a surgical 
stress to initiate hyponatremia. In this study, knee arthro-
plasty patients developed hyponatremia more often than hip 
arthroplasty patients did—possibly as a result of increased 
stress. Similarly, bilateral knee arthroplasty patients were hy-

ponatremic more often than single arthroplasty patients were. 
Evaluation of a Medicare total knee arthroplasty population 
revealed that fluid and electrolyte disorders were among the 
top 10 reasons for 30-day readmission.26

Preoperative hyponatremia, lower body weight, female 
sex, and older age are associated with development of post-
operative hyponatremia. As 50% of body water is in skeletal 
muscle, smaller patients develop hyponatremia when much 
less electrolyte-free water is retained.7,27 Overexpansion of the 
extracellular fluid volume stimulates excretion of sodium and 
hypertonic urine.28 Furthermore, the risk that low body weight 
poses for development of hyponatremia is magnified in the 
elderly, and therefore elderly women face a combination of 
risks.1,13,29 

There is wide variation in quantity and type of IV fluid 
and electrolytes infused after surgery.30-32 Dextrose-containing 
fluid should be avoided in elderly orthopedic patients, as it is a 
hypotonic solution.27,33 There may be dilution of intravascular 
sodium with hypotonic solutions given intravenously, or an 
extracellular shift of free water into the vascular system after 
surgery.20 In particular, lower extremity arthroplasties per-
formed with regional anesthesia traditionally are given more 
IV fluid (albeit probably not necessary) to counteract the effects 
of sympathetic blockade.34

Use of diuretics, particularly thiazide, has been identified 
as the most common cause of hyponatremia—affecting up 
to 14% of all users and up to a third of elderly hospitalized 
patients.2,12,35,36 Duration of thiazide use until development of 
symptomatic hyponatremia ranged from 1 day to 12 years.3 
In addition, ACE inhibitors increase ADH levels in the periop-
erative period and increase sodium excretion in the urine.37 
According to a case report on a total knee arthroplasty patient 
taking these medications, electrolytes were not monitored 
until seizures prompted an evaluation that revealed severe 
hyponatremia.37

Although most of the patients in the present study were not 
hyponatremic while taking thiazides or ACE inhibitors before 
their surgery, these medications combined with the stress of 
surgery or fluid shifts may have predisposed them to develop 
a sodium abnormality. SSRIs and loop diuretics have also been 
associated with hyponatremia, but neither was a factor in this 
study.2,12 For surgical patients, routine medications such as 
antibiotics, nonsteroidal anti-inflammatory drugs, and opioids 
have been associated with development of hyponatremia, as 
these medications enhance ADH release.25 

In this study, normal or near normal sodium levels on day of 
discharge did not preclude development of severe hyponatre-
mia weeks later. Awareness of the prolonged effects of surgical 
stress on fluid balance through ADH and of the continued risks 
associated with medications taken after surgery is important 
in understanding that severe hyponatremia can also develop 
after hospital discharge.

Conclusion
Although common postoperative sequelae of arthroplasties are 
most often benign, it is imperative to be aware that hyponatre-
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mia may be an underlying cause. This electrolyte abnormality 
may masquerade as nausea, fatigue, mental status changes, and 
gait disturbances but can rapidly worsen to cause more serious 
complications. Preoperative risk factors for developing hypo-
natremia include female sex, older age, lower body weight, 
and preoperative sodium deficiency. Hypotonic perioperative 
IV solutions should be avoided, and perioperative fluid bal-
ance should be carefully monitored to avoid dilutional effects, 
especially in more stressful surgical procedures, which also 
increase risk. Thiazides and ACE inhibitors should be discon-
tinued when hyponatremia is identified. Awareness of the 
incidence and risk factors of hyponatremia is crucial for timely 
identification and prompt treatment.
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