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It is well known that new-onset arrhythmias are common in septic patients. It 
is thought that hypophosphatemia in the early stages of sepsis may contribute 
to the development of new arrhythmias. In this study, we hypothesized that 
intravenous (IV) phosphorus replacement may reduce the incidence of ar-
rhythmias in critically ill patients. 34 adult septic patients with hypophosphatemia 
admitted to the general intensive care unit were treated with IV phosphorus 
replacement per ICU protocol, and the incidence of new arrhythmias were com-
pared with 16 patients from previously published data. IV phosphorus replace-
ment was associated with a significantly reduced incidence of arrhythmias (38% 
vs. 63%, p=0.04). There were no differences in observed mortality between 
subgroups, which may be due to the small sample size. This study demon-
strated that IV phosphorus replacement might be effective in reducing the in-
cidence of new arrhythmias in septic patients.
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Introduction

New-onset supraventricular arrhythmias are common 
in septic patients1-3). Kirpatrick and colleagues first descri- 
bed the clinical evidence and significance of cardiac arrhy- 
thmias as an early sign of sepsis in 19734). New-onset 
episodes of atrial fibrillation were shown to highly corre-

late with mortality in critically ill septic patients com-
pared with non-septic patients5-8). Most cardiac arrhy- 
thmias in sepsis may be secondary to sepsis-induced my-
ocardial dysfunction, preexisting cardiac comorbidities, 
autonomic dysfunction, or electrolyte disturbances1-8). 
Hypophosphatemia has been postulated as a cause of new 
cardiac arrhythmias in the intensive care population9-10). 
It is known that in the early stages of sepsis, there is 
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a high prevalence of hypophosphatemia in critically ill 
patients11). Zazzo and colleagues12) demonstrated a strong 
correlation between hypophosphatemia and mortality in 
surgical intensive care patients. We previously demon-
strated13) a high incidence of new cardiac arrhythmias 
in critically ill septic patients with low serum phosphate 
levels. We suspect that phosphorus replacement therapy 
in the early stages of sepsis may improve patient outcomes. 
In this study we investigated whether early hypophos- 
phatemia correction resulted in a reduced incidence of 
arrhythmias in critically ill septic patients.

Patients and Methods

The Human Research and Ethics Committee at Soroka 
Medical Center in Beer-Sheva, Israel approved this study. 

1. Sample

Clinical data were prospectively collected from all 
septic patients who presented with hypophosphatemia 
(normal range: 0.75-1.44 mmol/L) and were admitted to 
the General Intensive Care Unit (GICU) of Soroka Medi- 
cal Center between November 2009 and December 2010. 
The diagnostic criteria of Sepsis/SIRS utilized were de-
fined by the International consensus of Survival Sepsis 
Campaign14). We also incorporated data that had been 
previously collected and published13) with septic patients 
who presented with hypophosphatemia and were admitted 
to the General Intensive Care Unit (GICU) of Soroka Me- 
dical Center between January 2002 and December 2002.

2. Inclusion criteria

All adult (age>18 years) septic patients who presented 
with hypophosphatemia, and were admitted to our GICU 
between November 2009 and December 2010, were in-
cluded in the study.

3. Exclusion criteria

Patients with previously known coronary artery disease 

(history of myocardial infarction or ischemic congestive 
heart failure), previously documented cardiac arrhythmias, 
and patients treated with an inotropic agent (i.e. epine- 
phrine, dopamine >5 mcg/kg/min) were excluded from 
the study. Also, patients with other electrolyte disturbances 
(serum potassium level <3 mmol/L or >5 mmol/L, serum 
magnesium level <0.2 mmol/L or >0.5 mmol/L), calcium 
serum level <1.7 mmol/L or >2.75 mmol/L), severe hypo- 
xemia (PaO2 <60 mmHg) or severe acidosis (arterial 
blood pH <7.2) were excluded. Lastly, patients who devel- 
oped acute renal failure during their ICU admission were 
excluded.

4. Variables and measures

Demographic data, reason for hospital admission, oc-
currence of new-onset arrhythmia, type of arrhythmia 
and antiarrhythmic therapy, length and dose of phospho-
rus replacement therapy, APACHE and SOFA score, and 
in-hospital mortality were collected and analyzed from 
patients’ records. Laboratory data including serum blood 
phosphorus, potassium, sodium, calcium and magnesium 
concentrations, PaO2\FiO2 ratio, and blood and sputum, 
urine, skin and CSF cultures were drawn and analyzed 
during the first 6 hours after admission and at least twice 
daily.

5. Patients

All patients were allocated to one of two study groups 
according to the treatment of hypophosphatemia after 
admission to the GICU: Group 1 included 34 ICU pa-
tients treated with intravenous (IV) Phosphorus Replace- 
ment ICU Protocol and Group 2 included 16 ICU pa-
tients in whom hypophosphatemia was not treated (data 
extracted from a previously published study [13]). Group 
2 patients in this study served as a control group. After 
the high incidence of new arrhythmias in septic patients 
with hypophosphatemia was demonstrated13), our ICU 
began routinely administering IV phosphorous as per the 
Phosphorus Replacement ICU Protocol. All patients were 
monitored for the presence of arrhythmias by the Apex 
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Pro telemetry transmitters system. All telemetry clinical 
data were stored and recorded continuously by Clinical 
Information Center (CIC) GE Health Care. An intensive 
care staff physician examined all patients’ ECG data every 
24 hours for the detection of a new arrhythmia episode. 
The length and type of arrhythmias were assessed by two 
intensive care staff physicians blinded to the study groups.

6. The ICU intravenous Phosphorus Replace- 
ment Protocol

All septic patients with mild (0.67-0.77 mmol/l), mod-
erate (0.32-0.64 mmol/l) or severe (<0.32 mmol/l) hypo-
phosphatemia were treated with IV sodium phosphate 
supplementation by Phocytan R solution (Sandoz (Canada)). 
The Phocytan R solution contains 0.3 mmol/ml of so-
dium phosphate. For patients with mild or moderate hy-
pophosphatemia, sodium phosphate was administered at 
a dose of 9-12 mmol (0.12 mmol/kg) diluted in 150 ml 
of normal saline (0.9%) over 6 hours. Severe hypophos- 
phatemia was treated with 15-18 mmol of IV sodium 
phosphate (0.25mmol/kg) at the same infusion rate. Repeat 
serum phosphorus levels were routinely measured 12 
hours after administration of IV phosphorus. Doses of 
phosphorus were calculated according to ideal body 
weight.

7. Statistical analysis

Statistical comparisons of parametric data between the 
two study groups were done using the unpaired Student 
t-test. Non-parametric data were analyzed by the Mann- 
Whitney U test. P-values less than 0.05 were considered 
statistically significant.

Results

640 patients were admitted to our GICU during the 
study period. Of these, 95 patients were diagnosed with 
sepsis and 61 were excluded from the study based on 
the exclusion criteria defined above. Thirty-four septic 

patients who presented with hypophosphatemia were re-
cruited in the study (Group 1) and treated according to 
the ICU IV Phosphorus Replacement Protocol. Previously 
published data13) with 44 septic patients admitted to our 
GICU in 2002 served as a control group. After applying 
exclusion criteria, twenty-eight patients were excluded 
from the study and sixteen patients were included in the 
non-treated hypophosphatemia group (Group 2). There 
were no differences in age, gender distribution, or me-
chanical ventilation support between the two study 
groups (Table 1). The etiologies of sepsis in patients were 
similarly distributed between the two groups (Table 1). 
There were no significant differences with regards to the 
microbial pathogens between both study groups (Table 1). 
The incidence of new arrhythmias were significantly 
higher in patients in the non-treated group compared 
with the groups treated with IV phosphorus replacement 
(38% vs 63%, p=0.04, Table 1).

Serum electrolyte levels, arterial blood pH, and oxy-
genation were similar between patients who developed 
new-onset arrhythmias and non-arrhythmic patients in 
both study groups (Table 2).

For patients in group 1, the total IV phosphorus repla- 
cement dose was higher in patients who did not develop 
any cardiac arrhythmias compared with septic patients 
with a new-onset arrhythmia (46.65±30.7 vs. 25.5±12.3, 
p=0.02, Table 3).  However, there was no difference 
in the length of treatment between both subpopulations 
(p>0.05, Table 3).

New-onset cardiac arrhythmias included supraventri- 
cular tachycardia (SVT), ventricular premature beats (VPBs) 
and atrial fibrillation (a-fib). It should be noted that there 
was a higher prevalence of a-fib in group 1 (Table 3) and 
a higher prevalence of SVT and VPBs in group 2. There 
was significantly less use of antiarrhythmic agents in pa-
tients in group 1 (Table 3).

APACHE and SOFA score values were similar in both 
study groups and unrelated to new cardiac arrhythmia 
events (Table 4). The survival rate in patients with new 
arrhythmias and patients without new arrhythmias were 
similar (Table 4).
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Table 2. Laboratory data parameters
Group 1 (Treated)

(N=34)
Group 2 (Non-Treated)

(N=16)
p-value

Arrht*

(N=13)
Nonarrht*

(N=21)
Arrht*

(N=10)
Nonarrht*

(N=6)
Serum Sodium (Meq/L) 140.3±2.1  139.8±2.1 141.2±1.9 137.5±1.6  Ns†

Serum Potassium (Mmol/L)  3.95±0.31   3.89±0.32  4.12±0.36  4.16±0.52‡ Ns
Serum Calcium Serum (Mmol/L)  1.07±0.061   0.05±0.061  0.08±0.08  1.06±0.12‡ Ns
Serum Magnesium (Mmol/L)  0.24±0.1   0.23±0.09   0.21±0.08  0.22±0.03 Ns
Ph Arterial Blood  7.36±0.03   7.39±0.03  7.4±0.05  7.39±0.08 Ns
Po2/Fio2 Ratio (Arterial Blood)  280±108  266.1±113.4  253±86 89±121.6 Ns
(Mean±SD)
*"Arrht" And "Nonarrht" - All Septic Patients With Hypophosphatemia Weresubdivided According To The Presence Of New-Onset 
Episode Of Arrhythmia Into Two Subgroups: Arrhythmic- "Arrht" And Non-Arrhythmic- "Nonarrht".

†Ns-p value >0.05 (Considered No Significant)
‡Previously Published Clinical Data (From Schwartz Et Al.13)).

Table 1. Demographic data, etiology of sepsis and mechanical ventilation support
Group 1 (Treated)

(N=34)
Group 2 (Non-Treated)

(N=16) p-value

Age (Mean±SD) 56.9±22.5 59.18±48.5 Ns*

Gender (Male) 20 (59%) 11 (68%) Ns
Etiology (N, %)
Meningitis 0 (0)   1 (6.25%) Ns
Pneumonia   9 (26%)   3 (18.7%) Ns
Wound/Soft Tissue Infection   5 (14%)  4 (25%) Ns
Pyelonephritis  2 (5%)   1 (6.25%) Ns
Necrotizing Pancreatitis  1 (3%)   1( 6.25%) Ns
Cholangitis  2 (5%)   1 (6.25%) Ns
Peritonitis  7 (20%)  5 (31%) Ns
Microbiology (N)‡

Enterococcus  6 (17%)    3 (18.7%) Ns
Acinetobacter  6 (17%)   3 (18.7%) Ns
Staphylococcus Aureus  7 (20%)  4 (25%) Ns
E. Coli 2 (6%)  2 (12%) Ns

Pseudomonas Aeruginosa  9 (26%)  2 (12%) Ns

New Onset Arrhythmia Incidence (N) 13 (38%) 10 (63%) 0.04†

Mechanical Ventilation Support (N) 27 (79%) 12 (75%) Ns
(Mean±SD, %).
*Ns p-value >0.05 (Considered No Significant)
†p-value <0.05 Was Defined As Statistically Significant
‡Presented From Microbiological Data Of Positive Sputum, Urine, Csf And Blood Cultures

Discussion

Hypophosphatemia in the early stage of sepsis is com-
mon and is thought to be due to an acute and rapid intra-

cellular shift of phosphorus15). Low phosphorus serum 
blood levels may worsen hemodynamic instability in se-
vere sepsis by resulting in a decrease in myocardial con-
tractility16), and are potentially associated with the devel-
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Table 4. Patients' clinical outcome values (APACHE score, SOFA score and mortality).

Group 1 (treated)
(n=34)

Group 2 (non-treated)
(n=16)

p-value

ARRHT*
(n=13)

NONARRHT*

(n=21)
ARRHT*

(n=10)
NONARRHT*

(n=6)

APACHE II score‡ 25±4.4   20±4.4 23±6.3 16±3.1  NS†

SOFA score§  8±1.4 67.63±2.16 NA NA NS
Mortality rate (in subpopulations) (n) 4/13 (28%) 2/21 (10%) 3/10 (30%) 1/10 (10%) NS

(Mean±SD, %)
*"ARRHT" and "NONARRHT" - All septic patients with hypophosphatemia weresubdivided according to the presence of new-onset 
episode of arrhythmia into two subgroups: arrhythmic- "ARRHT" and non-arrhythmic- "NONARRHT".

†NS-p value >0.05 (not significant)
‡APACHE (APACHE II- "Acute Physiology and Chronic Health Evaluation II")score is a severity-of-disease classification system 
and was estimated on the day of admission to the GICU21).

§SOFA (The Sequential Organ Failure Assessment score, or just SOFA score) is used to track a patient's status during the stay 
in an intensive care unit score and was estimated on the first day of hypophosphatemia22).

Table 3. Clinical data, serum phosphorus levels, and phosphorus replacement parameters of patients with and without new-onset 
cardiac arrhythmias

Group 1 (Treated)
(N=34)

Group 2 (Non-Treated)
(N=16)

p-value

Arrht*

(N=13) 
Nonarrht*

(N=21)
Arrht*

(N=10)
Nonarrht*

(N=6)

Serum Phosphorus (Mmol/L) 0.51±0.11  0.46±0.09 0.53±0.08 0.79±0.26 Ns†

Phosphorus Replacement (Total Dose In Mmol) 25.5±12.3 46.65±30.7 Na Na 0.02‡

Length Of Therapy (Days) 2.42±1.22 3.55±2.06 Na Na Ns
Type Of Arrhythmia§

Supraventricular Tachycardia (N) 2/13 (14.2%) Na 8/10 (80%) Na 0.01
Ventricular Premature Beats (Vpbs) (N)  6/13 (43%) Na 10/10 (100%) Na <0.001
Atrial Fibrillation (N)  7/13 (50%) Na 2/10 (20%) Na Ns
Antiarrhythmic Therapy∥(N)  6/13 (42%)  Na 8/10 (80%) Na 0.04
(Mean±SD)
*"Arrht" And "Nonarrht" - All Septic Patients With Hypophosphatemia Weresubdivided According To The Presence Of New-Onset 
Episode Of Arrhythmia Into Two Subgroups: Arrhythmic- "Arrht" And Non-Arrhythmic- "Nonarrht".

†Ns-p value >0.05 (Considered No Significant)
‡p value <0.05 Was Defined As Statistically Significant
§Most Patients Suffered From Different Types Of Arrhythmias
∥Antiarrhythmic Therapy Included Amiodarone (A Fib And Svt), Verapamil (Svt And Vpbs), Lidocaine (Svt And Vpbs) And Adenosine

(Svt)

opment of new cardiac arrhythmias13). In this study we 
demonstrated that phosphorus replacement therapy in 
patients with hypophosphatemia (group 1) in the early 
stage of sepsis significantly reduced the incidence of ar-
rhythmias (38% vs 63%, p=0.04). The prevalence of SVT 
and VPBs arrhythmias was higher in the non-treated 
group (Table 3). We demonstrated that routine phospho-

rus administration correlated with a lower percent of an-
tiarrhythmic therapy in treated patients (Table 3). Our 
phosphorus replacement protocol management corre-
lated well with previous data17). Moreover, for patients 
in group 1, the total dose of IV phosphorus was sig-
nificantly higher in non-arrhythmic persons (46.6 vs. 25.5 
mmol) than in patients who developed new arrhythmia 
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(Table 3), despite a similar length of treatment (2.42 vs. 
3.55 mean days) and serum blood phosphorus level (0.46 
vs 0.51 mmol/L) (Table 3). This may reflect a coincidental 
findings or some resistance to the treatment protocol. 
Importantly, regarding to phosphorus replacement ther-
apy, Group 1 patients received less antiarrhythmic ther-
apy compared to non-treated patients in Group 2 (42% 
vs 80%, p=0.04). Other electrolyte disturbances (hypo- 
kalemia, hypomagnesaemia, hypocalcaemia etc.) may be 
independent risk factors for the development of new car-
diac arrhythmias18-20). In this study there were no signi- 
ficant differences in serum electrolyte levels, acid-base 
balance changes, or the incidence of hypoxemic events 
between patients in both study groups (see Table 2). Des- 
pite the statistically significant reduction in the inci- 
dence of new arrhythmias between both study groups, 
the overall mortality rate and length of hypophosphatemia 
treatment were similar (Table 3, 4). The lack of a differ-
ence observed in mortality and length of treatment may 
reflect the small sample size of the study.

A major limitation in our study was that we compared 
patients our treated group with previously published data13). 
Since it has been shown that hypophosphatemia in septic 
patients was associated with higher incidence of arrhyth- 
mias, phosphorus replacement protocol has became a 
standard of treatment hypophosphatemic septic patients 
in our department. Considering this fact, we could not 
recruit non-treated septic patients with hypophosphatemia 
for ethical considerations. The small sample size is anoth-
er limitation of our study, which significantly restricts 
our conclusions regarding patients’ clinical outcome.

In this study, phosphorus replacement therapy was 
shown to decrease the incidence of new-onset cardiac ar-
rhythmias in septic patients. We demonstrated a trend 
of decreased antiarrhythmic therapy after aggressive hypo- 
phosphatemia correction. We believe that a future large, 
randomized control study should be done to better ana-
lyze potential mortality benefits and reduction in the inci- 
dence of new onset cardiac arrhythmias of critically ill 
septic patients after IV phosphorus replacement therapy 
and suggest correcting hypophosphatemia in septic patients.
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