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Abstract

Background: Baseline hyponatremia predicts acute mortality following pulmonary embolism (PE). The natural history of
serum sodium levels after PE and the relevance to acute and long-term mortality after the PE is unknown.

Methods: Clinical details of all patients (n=1023) admitted to a tertiary institution from 2000-2007 with acute PE were
retrieved retrospectively. Serum sodium results from days 1, 3-4, 5-6, and 7 of admission were pre-specified and recorded.
We excluded 250 patients without day-1 sodium or had <1 subsequent sodium assessment, leaving 773 patients as the
studied cohort. There were 605 patients with normonatremia (sodium=135 mmol/L throughout admission), 57 with
corrected hyponatremia (day-1 sodium<135 mmol/L, then normalized), 54 with acquired hyponatremia and 57 with
persistent hyponatremia. Patients’ outcomes were tracked from a state-wide death registry and analyses performed using
multivariate-regression modelling.

Results: Mean (*standard deviation) day-1 sodium was 138.224.3 mmol/L. Total mortality (mean follow-up 3.6+2.5 years)
was 38.8% (in-hospital mortality 3.2%). There was no survival difference between studied (n=773) and excluded (n=250)
patients. Day-1 sodium (adjusted hazard ratio [aHR] 0.89, 95% confidence interval [CI] 0.83-0.95, p=0.001) predicted in-
hospital death. Relative to normonatremia, corrected hyponatremia increased the risk of in-hospital death 3.6-fold (95% Cl
1.20-10.9, p =0.02) and persistent hyponatremia increased the risk 5.6-fold (95% Cl 2.08-15.0, p =0.001). Patients with either
persisting or acquired hyponatremia had worse long-term survival than those who had corrected hyponatremia or had
been normonatremic throughout (aHR 1.47, 95% Cl 1.06-2.03, p=0.02).

Conclusion: Sodium fluctuations after acute PE predict acute and long-term outcome. Factors mediating the correction of
hyponatremia following acute PE warrant further investigation.
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Introduction independent predictor of 30-day mortality after acute PE [14].
However, rather than being a static biomarker, serum sodium is
likely to fluctuate in response to acute illness, fluid balance and
other factors such as use of diuretic medications. The natural
history of changes to serum sodium following an acute PE is
unknown. It is also not known if transient and persistent
hyponatremia differentially predict outcome.

The present study reports for the first time the natural history of
sodium fluctuation in a large contemporary cohort of patients
presenting with acute PE and its impact on acute and long-term
outcomes.

Acute pulmonary embolism (PE) is the most severe form of
venous thromboembolic disease and the third largest cause of
cardiovascular death after coronary artery disease and stroke [1,2].
Predictors of acute mortality following acute PE include: age>70 -
years, coexistent malignancy, heart failure, pulmonary disease,
systemic hypotension, right ventricular dysfunction, and biomark-
ers such as cardiac troponins and B-type natriuretic peptide [3-6].
The increased mortality risk for survivors of acute PE extends
beyond the short-term, with 1-year mortality rates of up to 25%
[7,8], and a 5-year cumulative mortality of over 30% in
contemporary cohorts [9].

Hyponatremia is associated with adverse prognosis following
acute coronary syndromes [10], patients with chronic heart failure Study Cohort
[11], chronic renal failure on hemodialysis [12], and others [13]. The main cohort from which the current study is based has
Recently, baseline serum hyponatremia was shown to be an been previously reported [9,15]. In brief, consecutive patients
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admitted with a principal diagnosis of acute PE between January
2000 and December 2007 were identified retrospectively from a
university-affiliated tertiary-referral institution (Concord Hospital,
University of Sydney, Australia). The medical records of all
identified patients were then reviewed for formal confirmation of
diagnosis of acute PE. Confirmed PE was defined according to
published guidelines [9,15,16]. For those patients who presented
on more than one occasion with acute PE during the study period
(recurrent PE), only the initial presentation was included. Those
patients who were not residents of the local state (New South
Wales) during their PE presentation were excluded from the study
to minimize incomplete tracking of long-term outcomes.

Ethics Statement

The study was conducted according to the principles expressed
in the Declaration of Helsinki. As the study had a retrospective
design and patient data were all de-identified and analyzed
anonymously, Concord Hospital Human Research Ethics Com-
mittee waived the need for written informed consent and approved

the study (CH62/6/2008-009).

Data Sources

Details of the patients’ admission history including the imaging
modality used to diagnose the PE, whether deep vein thrombosis
was documented, the admitting physician specialty, length of
admission, whether patients were on diuretics on admission, their
hemodynamic profiles at admission (heart rate, systolic blood
pressure and arterial oxyhemoglobin saturation), blood profiles
during admission (serum sodium, creatinine, hemoglobin, and
coagulation profiles), and in-hospital outcomes were recorded.
Comorbidities including ischemic heart disease, prior coronary
artery bypass surgery, heart failure, valvular heart disease,
prosthetic heart valves, atrial fibrillation/flutter, peripheral vascu-
lar disease, stroke, hypertension, hyperlipidemia, diabetes, current
or ex-smoker, types of malignancy, pulmonary disease (asthma
and/or emphysema), neurodegenerative disease (dementia and/or
Parkinson’s disease), and chronic renal disease coded by diagnosis-
related group based on the international classification of diagnosis
(ICD-10) were retrieved. In addition, a Charlson Comorbidity
Index (CCI) score was assigned to each patient to quantify the
comorbidities burden [17,18].

Serum sodium levels were collected on the following pre-
specified time points after admission: day-1 (baseline on admis-
sion), days 3 or 4, days 5 or 6, and day-7. If more than one test was
performed over the day-range, then the average of the test results
was recorded. In order to accurately track sodium fluctuation, we
included only patients who had both serum sodium recorded at
baseline on admission (day-1) and had at least one subsequent
serum sodium assessment during admission (n=773).

Study Outcomes

The outcome of the study cohort was tracked using a statewide
death registry database. A censored date of 30 June 2008 was pre-
determined to allow a minimum follow-up of 6-months. The
primary outcome of the study was all-cause mortality. All death
certificates were retrieved for review to ascertain the cause of
death. Cardiovascular death was defined as death due to PE, acute
myocardial infarction, heart failure, stroke, cardiac arrest and
cardiac-related causes (when more than one cardiac cause of death
was recorded). Non-cardiovascular death included death due to
malignancy, sepsis and dementia. Patients with multiple potential
causes of death on their death certificates were classified as
“undefined” and labeled as non-cardiovascular death for the
purposes of the present study. Each cause of death was coded
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independently by two reviewers (A.N. and L.K.) according to
general principles set by the World Health Organization [19]. The
reviewers were blinded to patient’s background co-morbid illnesses
during coding. Disparities were subsequently resolved by consen-
sus.

Statistical Analysis

All continuous variables were expressed as mean * standard
deviation, unless otherwise stated, and categorical data given in
frequency and percentages. Comparison between groups used
unpaired ¢ test for continuous variables and y° tests or Fisher’s
exact test for dichotomous variables. Comparison of in-hospital
mortality was performed using binary logistic regression analysis.
Kaplan-Meier survival methods were used to compare unadjusted
long-term survival rates post-discharge. Univariate and multivar-
iate logistic regression analysis was used to assess predictors of in-
hospital death, while Cox proportional hazards regression analysis
was used to assess predictors of post-discharge death. The
univariate predictors that were assessed included age, sex, CCI
score (as a continuous variable), comorbidities not included in
CCI, whether patients were on diuretics at baseline and laboratory
biochemical and hematological parameters. In addition, to adjust
for baseline vital signs differences, we used the simplified
Pulmonary Embolism Severity Index (sPESI) score, which
incorporates age, history of malignancy, heart failure or chronic
pulmonary disease, heart rate =110 beats per minute, systolic
blood pressure <100 mmHg and arterial oxyhemoglobin satura-
tion <90% at admission [20]. The present study first examined
the natural history of serum sodium level fluctuation during
admission, and then stratified the cohort into four groups [11]:
Group 1, patients with normonatremia (serum sodium
=135 mmol/L) on presentation and throughout admission;
Group 2, patients with corrected hyponatremia (initial sodium
<135 mmol/L, then normalized during admission); Group 3,
patients with acquired hyponatremia after admission (day-1
sodium =135 mmol/L, then declined below 135 mmol/L);
Group 4, patients with persistent (sodium
<135 mmol/L) at baseline and throughout admission. The in-
hospital and post-discharge long-term survival outcomes of these
patients were compared with group 1 (normonatremic patients) as
the reference cohort. In addition, the prognostic significance of
baseline serum sodium (day-1 admission) on in-hospital and long-
term mortality was assessed. Only univariate variables with
$<<0.10 were included in the multivariate analysis. Analysis was
performed using SPSS version 13.0 (SPSS Inc., Chicago, Illinois).
A two-tailed probability value <0.05 was considered statistically
significant.

hyponatremia

Results

Of 1023 patients admitted with a confirmed diagnosis of PE
between 2000 to 2007 [9], 250 patients were excluded from
further analysis due to either absence of serum sodium level on
day-1 of the index PE admission (40 patients), or because fewer
than two serum sodium analyses had been performed during
admission (210 patients) (Figure S1). The excluded patients were
significantly younger (60.2+17.2 vs. 70.6*15.2years, p<<0.0001),
less likely to be males (39% vs. 46%, p=0.048), had shorter
admissions (5.5*4.1 vs. 9.1%6.6days, p<<0.0001), less likely to
receive an echocardiographic study (21% vs. 42%, p<<0.0001), had
lower mean CCI (1.4%£2.0 vs. 1.9%2.0, p=0.001) and sPESI
(0.6+0.8 vs. 1.1£0.9, p<<0.0001) scores, better preserved renal
function (eGFR 84.5+26.7 vs. 75.2%33.7 ml/min/1.73 m?
$<<0.0001) and higher serum hemoglobin levels (132.9£18.4 vs.
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128.7%£20.1 g/L, p=0.007) on admission than the included
cohort (Table S1). When adjusted for differences in their baseline
characteristics, the in-hospital and post-discharge survival of the
study group did not differ from that of the excluded group (Figure
S2). The final study cohort of 773 patients had a mean follow-up
of 3.6X2.5years.

Baseline Characteristics

Figure 1 shows the fluctuation of each individual patient’s serum
sodium level during admission. Most patients demonstrated serum
sodium above 135 mmol/L throughout the admission. Four broad
patterns of sodium fluctuation were identified and patients were
grouped accordingly: group 1 (normonatremia, n =605, 78.3%);
group 2 (corrected hyponatremia, n = 58, 7.5%); group 3 (acquired
hyponatremia, n =54, 7.0%); and group 4 (persistent hyponatre-
mia, n= 56, 7.2%). A total of 153 (19.8%) patients had a serum
sodium less than or equal to 135 mmol/L on day-1 of admission
(39 patients had sodium of 135 mmol/L). Patients were catego-
rized into group 2 if sodium corrected to =135 mmol/L on any
reading after admission and into group 3 if sodium fell to less than
135 mmol/L at any time during the admission. In general, among
patients in group 2, those who corrected their initial hyponatremia
maintained their sodium =135 mmol/L throughout admission
although in one subject, the last recorded sodium value fell below
135 mmol/L (Figure 1B).

Table 1 shows the baseline characteristics of the study cohort
stratified into different patterns of serum sodium fluctuations
during admission. Patients with persistent hyponatremia (group 4)
were older and more likely to have underlying ischemic heart
disease and heart failure compared to normonatremic patients
(group 1). In addition, malignancy was significantly more common
in those with corrected (group 2) and persistent (group 4)
hyponatremia than in normonatremic patients (group 1). Patients
with persistent hyponatremia had more comorbidities, as reflected
in the high mean CCI score. Groups 2 and 4 patients (corrected
and persistent hyponatremia respectively) scored significantly
higher on the sPESI compared to group 1 patients (normona-
tremia). Mean serum hemoglobin was lowest in those with
acquired and persistent hyponatremia (groups 3 and 4 respective-
ly). There were no differences in sex, documented deep vein
thrombosis or mean length of hospital stay across the groups.

Short and Long-Term Outcomes

There were 25 in-hospital deaths (3.2%), with none occurring in
patients with acquired (group 3) hyponatremia (Table 2). Com-
pared to normonatremic patients (group 1), there were propor-
tionally more in-hospital deaths in those with corrected (group 2)
and persistent (group 4) hyponatremia after acute PE (2.0% vs.
8.6%, hazard ratio [HR] 4.7, 95% confidence interval [CI] 1.6—
13.7, p=0.005; and 2.0% vs. 14.3%, HR 8.2, 95% CI 3.2-21.1,
$<<0.0001 respectively).

Of the 748 patients who survived to discharge, 275 died during
follow-up, giving rise to a total mortality of 38.8% (Table 2). Both
in-hospital and post-discharge mortality had a significant linear
relationship to day-1 (baseline) serum sodium level (p<<0.005 for
trend). Mortality decreased with increasing baseline serum sodium
level (Figure S3). Figure 2A shows the unadjusted Kaplan-Meier
survival curves of the study cohort post-discharge stratified into the
four patterns of serum sodium changes. Compared to normona-
tremic patients (group 1), those with corrected hyponatremia
(group 2) had a non-significantly increased all-cause mortality
(32.0% vs. 45.3%, HR 1.4, 95% CI 0.9-2.2, p=0.11). In contrast,
patients with acquired hyponatremia (group 3) or persistent
hyponatremia (group 4) had significantly worse survival than
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normonatremic (group 1) patients (32.0% vs. 57.4%, HR 2.1, 95%
CI 1.4-3.1, p<<0.0001; and 32.0% vs. 62.5%, HR 2.5, 95% CI
1.7-3.6, p<<0.0001 respectively).

Of the total 300 deaths that occurred in-hospital and post-
discharge, 41% (n = 122) were cardiovascular-related, and of these
pulmonary embolism (n=32) and acute myocardial infarction
(n=31) were the two main causes (Table S2). Death as a result of
sepsis (n = 64) and malignancy (n = 67) accounted for nearly three-
quarters of non-cardiovascular causes (n =178, 59%). No differ-
ences in the causes of death were observed across the four groups
of patients defined by pattern of serum sodium changes. Only four
patients received thrombolytic therapy during admission. None
died in-hospital and one patient died of cardiac-related cause post-
discharge.

Serum Sodium as a Predictor of In-Hospital and Post-
discharge Mortality Following Acute PE

Table 3 shows the multivariate predictive significance of
baseline (day-1) serum sodium level and serum sodium change
pattern on in-hospital and post-discharge long-term mortality
following acute PE. For in-hospital mortality, there was an 11%
decrease in mortality per 1 mmol/L greater serum sodium level
measured on day-1 of admission (HR 0.89, 95% CI 0.83-0.95,
p=10.001). Compared to normonatremic patients (group 1), those
with corrected (group 2) or persistent (group 4) hyponatremia had
significantly greater in-hospital mortality (HR 3.62, 95% CI 1.20—
10.9, p=0.02; and HR 5.59, 95% CI 2.08-15.0, p=0.001,
respectively).

Baseline day-1 serum sodium was not an independent predictor
of long-term mortality (HR 0.98, 95% CI 0.95-1.01, p=0.11). In
contrast, patients with acquired (group 3) and persistent (group 4)
hyponatremia during admission had poorer long-term survival
post-discharge following acute PE compared to normonatremic
(group 1) patients (HR 1.34, 95% CI 0.87-2.08, p=0.19; and HR
1.61, 95% CI 1.04-2.49, p=0.03, respectively), whilst long-term
mortality did not differ between patients with corrected (group 2)
hyponatremia and normonatremic (group 1) patients (HR 1.00,
95% CI 0.63-1.59, p=1.00) (Figure 2B). The hazard ratio was
1.47 (95% CI 1.06-2.03, p=0.02) when patients with acquired
and persistent hyponatremia (groups 3 and 4) were compared to
those with corrected hyponatremia and normonatremic (groups 1
and 2) patients (Figure S4).

Diuretic use at baseline was found not to be a predictor of in-
hospital death, but was a significant predictor of long-term survival
post-discharge. Although the use of diuretic medications had some
influence on serum sodium, it did not alter the prognostic
mmportance of hyponatremia on long-term outcome (Table 4).
Similarly, incorporating the sPESI did not alter the significance of
hyponatremia on the study outcomes (Table 4 and Table S3).

Discussion

The present study report for the first time the patterns of sodium
fluctuation in a large contemporary cohort of patients admitted
with an acute PE, with significant differences in in-hospital and
long-term survival observed between different patterns of sodium
fluctuation during admission. Baseline serum sodium level on day-
1 of admission independently predicted in-hospital death but did
not predict long-term mortality post-discharge. Patients with
acquired or persistent hyponatremia during admission had
significantly poorer long-term survival compared to normona-
tremic patients.

The prevalence of hyponatremia at baseline (=135 mmol/L) in
the current study was 19.8%. This is consistent with the prevalence

April 2013 | Volume 8 | Issue 4 | 61966



Sodium Fluctuation in Acute Pulmonary Embolism
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Figure 1. Natural history of serum sodium levels fluctuation during hospital admission for acute PE. The figures show the natural
history of the study cohort’s serum sodium levels during the course of their admission for acute PE stratified into the four patterns of sodium
fluctuation observed. Each line on the graph represents an individual patient and the time course of that individual’s serum sodium level fluctuations
during admission is tracked along the x-axis, which shows the day following admission that individual’s serum sodium was assessed again.
Hyponatremia is defined as having a serum sodium level less than 135 mmol/L.
doi:10.1371/journal.pone.0061966.g001
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Table 1. Clinical characteristics at baseline.
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Normonatremia Hyponatremia during admission
(sodium=135
mmol/L) Corrected Acquired Persistent
Study
cohort Group 1 Group 2 Group 3 Group 4
Parameters N=773 N =605 N=58 N=54 N=56
Mean age (£SD) - years 70.6*+15.2 69.7+155 73.6*+15.8 73.3*%15.2 743+9,6%
Males - no. (%) 359 (46) 281 (46) 27 (47) 24 (44) 28 (49)
Documented deep vein thrombosis during admission — 143 (18) 111 (18) 12 (21) 11 (20) 9 (16)
no. (%)
Admitting physician specialty - no. (%)
Internal medicine specialties 761 (98.4) 597 (98.7) 55 (96.5) 52 (96.3) 57 (100)
Surgical specialties 12 (1.6) 8 (1.3) 2 (3.5) 2 (3.7) 0 (0)
Length of hospital stay — days
Mean (£SD) 9.1£6.6 8.9+6.8 9.0£5.9 10.0£5.1 10.9%5.7
Median (25"-75™ interquartile range) 7 (6-11) 7 (5-10) 8 (6-11) 9 (6-13) 9 (7-13)
Echocardiogram during admission — no. (%) 328 (42) 248 (41) 24 (42) 29 (54) 27 (47)
On diuretic at presentation — no. (%) 180 (23) 131 (22) 12 (21) 21 (39)I§ 16 (28)
Haemodynamic profile at admission - mean+SD
Heart rate - beats per minute 89+22 89+22 94+25 94+21 8620
Systolic blood pressure - mmHg 142+26 143+26 13627 142+26 13931
Arterial oxyhemoglobin saturation - % 95+4 95+4 94+7% 95+4 95+5
Imaging modality
Ventilation-perfusion scintigraphy — no. (%) 647 (84) 502 (83) 49 (84) 50 (93) 46 (82)
High probability — no. (%) 576 (75) 449 (74) 44 (76) 43 (80) 40 (71)
Intermediate probability — no. (%) 62 (8) 45 (7) 4 (7) 7 (13) 6(11)
Computed tomography pulmonary angiogram - no. (%) 204 (26) 158 (26) 15 (26) 14 (26) 17 (30)
Main pulmonary artery - no. (%) 50 (6) 41 (7) 1(2) 4(7) 4(7)
Segmental and sub-segmental - no. (%) 148 (19) 117 (19) 14 (25) 6 (11) 11 (19)
Both imaging modalities used - no. 79 (10) 56 (9) 6 (11) 10 (19) 7 (12)
Comorbidities - no. (%) *
Cardiovascular disease
Ischaemic heart disease 183 (24) 134 (22) 12 (21) 15 (28) 22 (39)*
Stroke 30 (4) 18 (3) 4(7) 4(7) 4(7)
Heart failure 119 (15) 83 (14) 12 (21) 9(17) 15 (26)*
Atrial fibrillation/flutter 137 (18) 97 (16) 15 (26) 10 (19) 15 (26)
Valvular heart disease 17 (2) 15 (2) 1(2) 1(2) 0 (0)
Cardiac risk factors
Hypertension 250 (32) 187 (31) 17 (30) 25 (46) 21 (37)
Hyperlipidemia 107 (14) 82 (14) 7(12) 6 (11) 12 (21)
Diabetes 126 (14) 94 (16) 9 (16) 10 (19) 13 (23)
Current smoker 59 (8) 50 (8) 3 (5) 3 (6) 3(5
Ex-smoker 136 (18) 109 (18) 8 (14) 10 (19) 9 (16)
Malignancy 187 (24) 129 (21) 22 38)F 14 (26) 23 (40)*
Chronic pulmonary disease 108 (14) 81 (13) 9 (16) 9 (17) 9 (16)
Neurodegenerative disease 58 (8) 45 (7) 6(11) 3 (6) 4(7)
Chronic renal disease 48 (6) 35 (6) 4(7) 5(9) 4(7)
Charlson comorbidity index score
Mean score (+SD) 1.9+2.0 1.7£1.9 24%22 2= 3.2+25%
Simplified Pulmonary Embolism Severity Index (sPESI) score
Mean score (=SD) 11209 1.0£0.9 1.5x1.1% 1.2£1.0 1.4x0.8*
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Table 1. Cont.
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Normonatremia Hyponatremia during admission
(sodium=135
mmol/L) Corrected Acquired Persistent
Study
cohort Group 1 Group 2 Group 3 Group 4
Parameters N=773 N=605 N=58 N=54 N=56
Blood profile during admission - mean (+SD)"
Serum sodium on admission — mmol/L 138.2+4.3 139.7+2.6 131.6+3.4% 137.4+2.2% 129.7+4.3%!
Estimated GFR - ml/min/1.73 m? 75.2%+33.7 75.3%30.5 72.6+29.1 71.9£58.0 78.91+39.0
Serum hemoglobin - g/L 128.7%20.1 130.8%£19.6 123.9%19.5 120.4x18.2% 119.4x22.0%
INR at time of admission 1.2%+0.5 1.2+0.4 1.3£0.7 1.4+0.7 1.2%£03
INR at time of hospital discharge 23+038 23+07 23+09 25409 2.8+1.0%

Group 1: Normonatremia (initial serum sodium =135 mmol/L and stayed normal during admission); Group 2: Corrected hyponatremia (initial serum sodium

<135 mmol/L with subsequent normalization during admission, i.e. =135 mmol/L); Group 3: Acquired hyponatremia (initial serum sodium =135 mmol/L, with
subsequent fall during admission to <135 mmol/L); Group 4: Persistent hyponatremia (initial serum sodium <135 mmol/L and stayed <135 mmol/L during admission).
Estimated GFR =186 x([Scr/88.41"'*%) x(age) "% x(0.742 if female), where estimated GFR = estimated glomerular filtration rate (ml/min/1.73 m2), Scg=serum
creatinine concentration (umol/L), and age is expressed in years; INR, international normalized ratio; SD, standard deviation.

*Neurodegenerative disease includes dementia and Parkinson’s disease. Conditions included in the Charlson Comorbidity Index include myocardial infarction,

congestive cardiac failure, peripheral vascular disease, cerebrovascular disease, dementia, chronic obstructive pulmonary disease, connective tissue disease, peptic ulcer
disease, liver disease (mild vs. moderate to severe), diabetes (with or without organ damage), hemiplegia, moderate to severe renal disease, any tumor (within last 5
years), lymphoma, leukemia, metastatic solid tumor and acquired immunodeficiency syndrome (AIDS). The simplified Pulmonary Embolism Severity Index incorporates

oxyhemoglobin <90% at admission.

discharge in 722/773 (93.4%).
*#p<0.05 compared to Group 1.
$p<0.05 compared to Group 2.
'p<0.05 compared to Group 3.
doi:10.1371/journal.pone.0061966.t001

rate following acute PE of 21.1% reported by Scherz et al [14].
While Scherz et al examined the impact of baseline serum sodium
on patient’s outcome by categorizing their cohort into 3 groups,
serum sodium <130 vs. 130-135 vs. >135 mmol/L, the present
study investigated the prognostic significance of baseline serum

Table 2. Short and long-term outcome post acute PE.

age, history of malignancy, cardiac failure or chronic pulmonary disease, heart rate =110 beats per minute, systolic blood pressure <100 mmHg and arterial

TLaboratory parameters were retrieved in 771/773 (99.7%) for estimated GFR; serum hemoglobin in 769/773 (99.5%); INR on admission in 725/773 (93.8%); INR on

sodium as a continuous variable. We showed that with each
mmol/L of higher serum sodium level a patient presents with
during an acute PE event, there was a concomitant 11% decrease
in the risk of in-hospital death. The prognostic impact of baseline
serum sodium, on the other hand, did not automatically extend

Total mortality

Long-term - no. (%, 95%Cl)

300 (38.8, 35.4-42.3)

1-year 135 (17.5, 15.0-20.3) 86 (14.2, 11.7-17.2)
3-year 229 (29.6, 26.5-32.9) 152 (25.1, 21.8-28.7)
5-year 267 (34.5, 31.3-38.0) 178 (29.4, 25.9-33.2)

202 (33.4, 29.7-37.2)

13 (22.4, 13.6-34.7)
22 (37.9, 26.5-50.9)
24 (41.4, 29.6-54.3)
29 (50.0, 37.5-62.5)

13 (24.1, 14.7-37.0)
22 (40.7, 28.7-54.1)
28 (51.9, 38.8-64.6)
31 (57.4, 44.1-69.7)

Study cohort Group 1 Group 2 Group 3 Group 4
All-cause mortality N=773 N =605 N=58 N=54 N=56
Short-term - no. (%, 95%ClI)
In-hospital* 25 (3.2, 2.2-4.7) 12 (2.0, 1.1-3.4) 5 (8.6, 3.8-18.7)" 0 (0) 8 (14.3, 7.5-25.8)"
30-day 35 (4.5, 3.3-6.2) 17 (2.8, 1.8-4.5) 5 (8.6, 3.8-18.7) 1 (1.9, 0.4-9.7) 12 (21.4, 12.7-33.9)
3-month 70 (9.1, 7.2-11.3) 40 (6.6, 4.9-8.9) 6 (10.3, 4.9-20.8) 5 (9.3, 4.1-20.0) 19 (33.9, 22.9-47.1)
6-month 93 (12.0, 9.9-14.5) 56 (9.3, 7.2-11.8) 10 (17.2, 9.7-29.0) 7 (13.0, 6.5-24.5) 20 (35.7, 24.4-48.9)

23 (41.1, 29.1-54.2)
33 (58.9, 45.8-70.9)
37 (66.1, 52.9-77.1)
38 (67.9, 54.7-78.6)

Cl indicates confidence interval.

Group 1: Normonatremia (initial serum sodium =135 mmol/L and stayed normal during admission); Group 2: Corrected hyponatremia (initial serum sodium

<135 mmol/L with subsequent normalization during admission, i.e. =135 mmol/L); Group 3: Acquired hyponatremia (initial serum sodium =135 mmol/L, with
subsequent fall during admission to <135 mmol/L); Group 4: Persistent hyponatremia (initial serum sodium <135 mmol/L and stayed <135 mmol/L during admission).
*Comparison between groups only performed for in-hospital death using binary logistic regression. For post-discharge comparison, see Kaplan-Meier analyses.
fp<0.01 compared to Group 1.

doi:10.1371/journal.pone.0061966.t002
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Figure 2. Figure 2A: Kaplan-Meier survival outcome of study cohort post-discharge (stratified by serum sodium group -
unadjusted). The figure shows the unadjusted survival curves of the study cohort stratified into the four patterns of sodium fluctuation observed.
Group 1: Normonatremia (initial serum sodium =135 mmol/L and stayed normal during admission); Group 2: Corrected hyponatremia (initial serum
sodium <135 mmol/L with subsequent normalization during admission, i.e. =135 mmol/L); Group 3: Acquired hyponatremia (initial serum sodium
=135 mmol/L, with subsequent fall during admission to <135 mmol/L); Group 4: Persistent hyponatremia (initial serum sodium <135 mmol/L and
stayed <135 mmol/L during admission). Figure 2B: Adjusted Kaplan-Meier survival outcome of study cohort post-discharge (stratified
by serum sodium group). The figure shows the adjusted survival curves of the study cohort stratified into the four patterns of sodium fluctuation
observed. Group 1: Normonatremia (initial serum sodium =135 mmol/L and stayed normal during admission); Group 2: Corrected hyponatremia
(initial serum sodium <135 mmol/L with subsequent normalization during admission, i.e. =135 mmol/L); Group 3: Acquired hyponatremia (initial
serum sodium =135 mmol/L, with subsequent fall during admission to <135 mmol/L); Group 4: Persistent hyponatremia (initial serum sodium
<135 mmol/L and stayed <135 mmol/L during admission). The survival curves are adjusted for age (per 1-year), Charlson Comorbidity Index score
(per 1-score), whether patient had atrial fibrillation and/or flutter, current smoker status, diuretic use on presentation, the estimated glomerular
filtration rate (per 1 ml/min/1.73 m?) and serum hemoglobin level on admission. The adjusted survival curve of group 2 patients was identical to that

of group 1 patients (the curves superimposed on each other).
doi:10.1371/journal.pone.0061966.9002

into long-term outcome because of fluctuations after admission.
Persistent hyponatremia carried a significant increase in long-term
mortality whereas baseline hyponatremia which corrected during
admission did not. These results clearly distinguish acute and long-
term prognostic implications of variations in serum sodium related
to PE.

The two comorbidities most likely to have an influence on
baseline serum sodium would be heart failure and chronic renal
disease. As a whole group, the prevalence of heart failure and
chronic renal disease was low (15% and 6% respectively). Scherz
et al reported a similar heart failure prevalence rate (16.5%) in
their PE cohort [14]. When stratified into the four sodium change
patterns in the current study, patients with corrected and persistent
hyponatremia were more likely to have underlying heart failure
than normonatremic patients, though this was only significant for
the persistent hyponatremic group. In contrast, neither the
prevalence of chronic renal disease nor the estimated glomerular
filtration rate differed between the four groups of patients. As there
could be other diseases influencing serum sodium behavior, we
used the CCI to provide a semi-quantitative measure of the total
burden of comorbidities [18]. Although the mean CCI score was
highest in those showing persistent hyponatremia, multivariate
analyses showed that the prediction of in-hospital and long-term
outcome by the pattern of sodium fluctuations was independent of
comorbidity and other variables. In addition, in-hospital use of
diuretic medications also did not affect the prognostic importance
of sodium fluctuations on outcome in these patients.

Scherz et al demonstrated the prognostic impact of baseline
hyponatremia on 30-day mortality post acute PE was independent
of the PESI, a validated prognostic score that includes age, gender,
comorbid conditions, and vital signs [14]. In the present study,
neither baseline hyponatremia or sodium fluctuations influence on
mortality was significantly altered by the simplified PESI [20]. The
mechanism underlying this prognostic influence of baseline
hyponatremia in acute PE is poorly understood. Hyponatremia
has been found to be a marker of advanced right heart failure and
poor prognosis in patients with pulmonary arterial hypertension,
either as a dichotomous or continuous variable [13]. It is also
known that hyponatremia is associated with neurohormonal
activation in left heart failure [21]. In the present study, only
42% of patients received an echocardiographic study during their
PE admission precluding clear associations with ventricular
dysfunction. Although we found the prognostic influence of
sodium changes was independent of baseline use of diuretic
medications, we cannot exclude the possibility that their serum
sodium is likely altered during admission by clinical management
such as fluid resuscitation and the initiation/cessation or alteration
in the dosing of diuretics. Assessment of neurohormonal changes
including catecholamine, renin, angiotensin II, aldosterone,
vasopressin and brain natriuretic peptide levels, and careful
documentation of the use of diuretics and fluid resuscitation during
the management of acute PE may help establish potential
pathophysiological link between serum sodium and PE outcome.

The present study demonstrates that the natural history of
serum sodium changes during admission for acute PE influences

Table 3. All-cause mortality and serum sodium fluctuation post acute PE.*

Hyponatremia Variable In-hospital p value Post-discharge p value
Baseline serum sodium - per 1 mmol/L increase 0.89 (0.83-0.95) 0.001 0.98 (0.95-1.01) 0.11
Serum sodium change pattern
Group 1- normonatremia versus: 1.00 (reference) - 1.00 (reference) -
Group 2- corrected hyponatremia 3.62 (1.20-10.9) 0.02 1.00 (0.63-1.59) 1.00
Group 3- acquired hyponatremiaT - - 1.34 (0.87-2.08) 0.19
Group 4- persistent hyponatremia 5.59 (2.08-15.0) 0.001 1.61 (1.04-2.49) 0.03
Groups 1 & 2 versus Groups 3 & 4 2.17 (0.88-5.30) 0.09 1.47 (1.06-2.03) 0.02

TThere were no in-hospital deaths in Group 3 patients.
doi:10.1371/journal.pone.0061966.t003

PLOS ONE | www.plosone.org

*Unless otherwise indicated, data are presented as adjusted hazard ratio (95% confidence interval). Only univariate variables with p<<0.10 were included in the
multivariate analysis. Multivariate logistic regression analysis was performed for in-hospital death, whilst multivariate Cox proportional hazards regression was
performed for post-discharge death analysis. For in-hospital death, the multivariate model was adjusted for age (per 1-year), Charlson Comorbidity Index score (per 1-
score) and serum hemoglobin level (per 1 g/L). Diuretic use on presentation was not a univariate predictor of in-hospital death. For post-discharge death, the
multivariate model was adjusted for age, Charlson Comorbidity Index score, whether patient had atrial fibrillation and/or flutter, current smoker status, diuretic use on
presentation, the estimated glomerular filtration rate (per 1 ml/min/1.73 m?) and serum hemoglobin level on admission.
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Table 4. Impact of diuretic use and simplified Pulmonary Embolism Severity Index on serum sodium predicting all-cause mortality

Hyponatremia Variable Model 1 p value Model 2 p value Model 3 p value
Baseline serum sodium - per 1 mmol/L increase 0.97 (0.95-1.00) 0.06 0.98 (0.95-1.01) 0.11 0.98 (0.95-1.01) 0.24
Serum sodium change pattern
Group 1- normonatremia versus: 1.00 (reference) = 1.00 (reference) = 1.00 (reference) =
Group 2- corrected hyponatremia 0.89 (0.57-1.38) 0.60 1.00 (0.63-1.59) 1.00 0.93 (0.58-1.48) 0.74
Group 3- acquired hyponatremia 1.42 (0.96-2.10) 0.08 1.34 (0.87-2.08) 0.19 1.46 (0.95-2.26) 0.09
Group 4- persistent hyponatremia 1.58 (1.06-2.34) 0.02 1.61 (1.04-2.49) 0.03 1.59 (1.02-2.47) 0.04
Groups 1 & 2 versus Groups 3 & 4 1.52 (1.13-2.04) 0.005 1.47 (1.06-2.03) 0.02 1.54 (1.11-2.14) 0.01

doi:10.1371/journal.pone.0061966.t004

in-hospital outcome and long-term survival. Those presenting with
normal serum sodium level that is maintained during admission
had the best in-hospital survival. For patients who survived to
hospital discharge, those with initial hyponatremia that was
corrected during admission had similar adjusted long-term survival
to normonatremic patients, while patients who acquired hypona-
tremia during admission or had persistent hyponatremia had the
worst long-term survival. It is possible that the latter patients may
have other underlying unrecognized conditions such as hypothy-
roidism or adrenal insufficiency that left untreated can impact
their long-term outcome. In addition, iatrogenic hyponatremia is
not uncommon in hospitalized patients through use of fluid
resuscitation and diuretics, and failure to maintain normal sodium
levels could indicate unrecognized heart failure. Our study cannot
distinguish between fluctuations of serum sodium acting as a
marker or as a causal influence on outcome. At the very least,
based on our data, those patients with hyponatremia on discharge
should be considered as warranting careful long-term surveillance.
This may include follow-up assessments for potential contributing
factors to their persistent hyponatremia such as hypothyroidism,
adrenal insufficiency, iatrogenic hyponatremia and unrecognized
heart failure. Careful clinical review may declare if these patients
later manifest disease which may be amenable to earlier treatment.

The current study limitations included its single-center source of
patients and its retrospective design. Our results may not be
applicable to patients with small PE who were deemed not to
require hospital admission, or to patients with massive PE who
died before hospital presentation. In other respects our population
is representative of contemporary elderly cohorts with multiple
comorbidities and should be clinically relevant to populations
outside the tertiary care hospital setting. In addition, the observed
acute and long-term mortality of the current cohort is consistent
with those reported from registry [4,22]. As our outcome data
were obtained from a statewide death registry, we cannot exclude
the possibility that some of the survivors died in other states.
However, based on known migration rates, the estimated non-
captured deaths during the study period is expected to be at most
0.6% [23]. Our classification of death based on patient’s death
certificate followed the World Health Organization guideline [19].
It is possible that some of the PE-related deaths may have been
misclassified without formal autopsy. Our overall autopsy rate was
only 2.7% (10 out of 300 deaths). This low rate is consistent with a

PLOS ONE | www.plosone.org

*Unless otherwise indicated, data are presented as adjusted hazard ratio (95% confidence interval). Only univariate variables with p<<0.10 were included in the
multivariate analysis. Only post-discharge analysis was performed as diuretic use on presentation was a significant univariate predictor for only post-discharge death
and not for in-hospital death. Multivariate model 1 was adjusted for age (per 1-year), Charlson Comorbidity Index score (per 1-score), whether patient had atrial
fibrillation and/or flutter, current smoker status, the estimated glomerular filtration rate (eGFR, per 1 ml/min/1.73 m?) and serum hemoglobin level on admission (per
1 g/L). Model 2 added diuretic use on presentation. Model 3 was adjusted for the simplified Pulmonary Embolism Severity Index (incorporates age, history of
malignancy, cardiac failure or chronic pulmonary disease, heart rate =110 beats/minute, systolic blood pressure <100 mmHg and arterial oxyhemoglobin <90% at
admission), atrial fibrillation and/or flutter, current smoker status, eGFR, serum hemoglobin level and diuretic use.

known general trend towards fewer autopsies being performed in
recent decade [24,25]. Our study’s inclusion criteria on serum
sodium excluded 24% of patients with PE from analysis. The in-
hospital and post-discharge survival of the study group however,
did not differ from the excluded group. Although we showed that
the prognostic significance of the sodium fluctuations was
independent of baseline use of diuretics, future studies should
examine the relationship between treatments received by patients
after admission for acute PE and their impact on serum sodium.
We also do not have accurate information on the duration of
anticoagulation therapy in these patients. It is reasonable to expect
that almost all of our patients would have received therapy
according to national and international guidelines and received
between 3-6 months of anticoagulation for a first (non-recurrent)
PE [26]. As 90% of deaths in our cohort were not attributable to
PE recurrence, our overall conclusions regarding all-cause
mortality are unlikely to be influenced by the duration of
anticoagulation therapy. This conclusion would be consistent with
findings of Schulman et al who found duration of anticoagulation
did not impact on long-term outcomes post venous thromboem-
bolism [27].

In summary, patterns of serum sodium fluctuation during acute
pulmonary embolism independently predict in-hospital and long-
term survival. Factors mediating the correction of hyponatremia
following acute PE warrant further investigation.

Supporting Information

Figure S1 Derivation of study cohort.
(DOC)

Figure $2 Adjusted Kaplan-Meier survival outcome of
sodium group versus excluded group. The thick line
represents the final study cohort (sodium group), while the dotted
line represents the excluded cohort. The survival curves are
adjusted for age (per 1-year), gender, Charlson Comorbidity Index
score (per l-score), estimated GFR (per 1 ml/min/1.73 m? and
serum hemoglobin (per 1 g/L). There was no significant difference
between the survival curves (adjusted hazard ratio 1.11, 95% CI
0.80—-1.54, p=0.52). There was also no difference in in-hospital
deaths between the two groups (adjusted hazard ratio 1.45, 95%
CI 0.41-5.07, p=0.56). The survival curves also did not differ
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significantly when adjusted for the simplified Pulmonary Embo-
lism Severity Index score (per l-score), gender, estimated GFR
and serum hemoglobin (adjusted hazard ratio 1.25, 95% CI 0.90
1.73, p=0.18). In-hospital deaths did not differ when adjusted
using these variables (adjusted hazard ratio 2.01, 95% CI 0.60-
6.82, p=0.26).

(DOC)

Figure S3 Figure S3A: Proportions of in-hospital deaths in
relation to Day-1 serum sodium level on admission. The bars show
the proportion of in-hospital deaths (in percentage) in each of the
serum sodium group. The latter is stratified equally into 9 groups
based on patient’s day-1 serum sodium level. The number above
each bar represents the total number of patients in each group.
Linear trend for in-hospital death was significant with increasing
day-1 serum sodium levels (p<<0.0001). Figure S3B: Proportions of
post-discharge deaths in relation to Day-1 serum sodium level on
admission. The bars show the proportion of post-discharge deaths
(in percentage) in each of the serum sodium group. The latter is
stratified equally into 9 groups based on patient’s day-1 serum
sodium level. The number above each bar represents the total
number of patients in each group. Linear trend for post-discharge
death was significant with increasing day-1 serum sodium levels
(»=10.003).

DOC)

Figure S4 Adjusted Kaplan-Meier survival outcome of
study cohort post-discharge (stratified by serum sodium
change pattern: Groups 1 and 2 versus 3 and 4). Group I:
Normonatremia (initial serum sodium =135 mmol/L and stayed
normal during admission); Group 2: Corrected hyponatremia
(initial serum sodium <135 mmol/L with subsequent normaliza-
tion during admission, i.e. =135 mmol/L); Group 3: Acquired
hyponatremia (initial serum sodium =135 mmol/L, with subse-
quent fall during admission to <135 mmol/L); Group 4:
Persistent hyponatremia (initial serum sodium <135 mmol/L
and stayed <135 mmol/L during admission). The survival curves
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