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ABSTRACT

Introduction: The significance of inorganic serum phosphate levels (Pi) in patients with acute coronary syn-
dromes (ACS) in the reperfusion era is unknown, as well as its relation to biomarkers of myocardial necrosis.
Our aim was to assess admission Pi and its dynamics in patients admitted to the intensive cardiac care unit
(ICCU), with emphasis on patients with ST segment elevation myocardial infarction (STEMI).

Methods: We studied 192 patients admitted to the ICCU during a 4-month period. The first group included
92 patients with STEMI (STEMI group) treated by primary percutaneous coronary intervention (PCl). The
second group consisted of 100 patients without ACS (non-ACS group). Normophosphatemia was defined as
Pi 0.7-1.6 mmol/l. Phosphatemia was measured at admission and then 6 and 12 hours later as well as troponin 1.
Results: Admission phosphatemia was lower in the STEMI group as compared to the non-ACS group
(Pi 0.95 mmol/l vs. 1.18 mmol/l, p < 0.001). Admission hypophosphatemia (Pi < 0.7 mmol/l) was more often
present in the STEMI group than in the non-ACS group (21% vs. 4%, p = 0.001). In all hypophosphatemic
STEMI patients, serum Pi normalized itself within 6 hours without substitution. Admission hyperphosphate-
mia (Pi > 1.6 mmol/l) was more frequent in non-ACS group (6.5% STEMI pts. vs. 13% non-ACS pts.). In the
STEMI group, admission phosphatemia did not correlate with peak troponin I.

Conclusion: We conclude that patients with STEMI treated by primary PCl have lower Pi and more frequent
transient hypophosphatemia at admission than acute cardiac care patients without acute coronary syndrome.

SOUHRN

Uvod: Vyznam sérové koncentrace anorganického fosfatu (Pi) u pacientd s akutnimi koronarnimi syndro-
my (AKS) lé¢enych mechanickou reperfuzi neni zndmy, stejné jako jeji vztah k biomarkerim myokardialni
nekrdzy. Nasim cilem bylo zhodnotit vstupni Pi a jeji dynamiku u pacientd pfijatych na kardiologickou jed-
notku intenzivni péce (K-JIP), se zamérenim na nemocné s infarktem myokardu s elevacemi tseku ST (STEMI).
Metody: Do studie bylo zafazeno 192 pacientl pfijatych na K-JIP béhem ¢tyf mésicd. Prvni skupina zahrnovala
92 nemocnych se STEMI (skupina STEMI), ktefi byli IéCeni primarni perkutanni koronarni intervenci (PCI). Druha
skupina se skladala ze 100 pacientl bez AKS (skupina non-AKS). Normofosfatemie byla definovana jako Pi 0,7-
Vysledky: Vstupni fosfatemie ve skupiné STEMI byla ve srovnani se skupinou non-AKS nizsi (Pi 0,95 mmol/l
vs. 1,18 mmol/l, p < 0,001). Hypofosfatemie pfi pfijeti (Pi < 0,7 mmol/l) byla ¢astéji pfitomna ve skupiné STEMI
oproti skupiné non-AKS (21 % vs. 4 %, p = 0,001). U viech pacientl se STEMI, ktefi méli hypofosfatemii,
se sérova Pi normalizovala béhem Sesti hodin, aniz by probéhla jeji substituce. Vstupni hyperfosfatemie
(Pi > 1,6 mmol/l) byla ¢astéjsi ve skupiné non-AKS (6,5 % pacientt se STEMI vs. 13 % pacient(l bez AKS). Ve
skupiné STEMI vstupni fosfatemie nekorelovala s vrcholovym troponinem I.
Zavér: Nase vysledky ukazuji, Ze nemocni se STEMI Iéceni primarni perkutanni koronarni intervenci maji pfi
prijeti nizsi fosfatemii a castéjsi prechodnou hypofosfatemii ve srovnani s pacienty s akutnim kardiologickym
onemocnénim bez akutniho koronarniho syndromu.
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Background

Normal organ function and many metabolic processes
are dependent on intracellular as well as on extracellular
electrolyte concentrations. Phosphorus is an essential ele-
ment, majority (about 80%) is a part of bones and teeth.
9%, 11% and 0.1% is found in skeletal muscle, viscera
and extracellular fluid, respectively [1]. Both organic and
inorganic phosphate are present in the blood. 85% of the
inorganic form are free phosphate ions, 10% is bound
with proteins and 5% with other minerals. Phosphorus
has an important role in acid-base homeostasis mainte-
nance, cellular and subcellular metabolism (e.g. cellular
signal transduction, energy exchange) and in the cell
structure as a component of the cell membranes lipid
bilayer. Most intracellular phosphate is a component of
creatine phosphate, adenosine triphosphate (ATP, the
store of biochemical energy) and 2,3-diphosphoglycerate
(2,3-DPG, the O, release to tissue from red cells). The most
important regulator of the phosphate plasma concentra-
tion are kidneys, the renal tubules reabsorbing approxi-
mately 80-90% of the filtered phosphate.

Hypophosphatemia is usually categorized as moderate
(Pi 0.3-0.7 mmol/l) or severe (Pi < 0.3 mmol/l). Moderate
hypophosphatemia occurs in 2.2-3.1% of hospitalized
patients [2-4], severe hypophosphatemia in 0.2-0.4 % of
patients [2,4-6].

In intensive care unit patients, hypophosphatemia can
be caused by multiple factors, e.g. sepsis, trauma, fluid
therapy, etc. [1,2,7]. The most feared clinical consequen-
ces of severe hypophosphatemia are rhabdomyoly-
sis, hemolysis, leukocyte dysfunction, perturbed ner-
vous system, respiratory failure and heart dysfunction
[1,2,8,9]. Severe hypophosphatemia is typically present
in alcoholics, septic patients, patients with malnutrition
and diabetic ketoacidosis and is associated with a higher
mortality rate [6,10].

Conversely, it has been shown that higher levels of se-
rum phosphate have an independent positive association
with the angiographic severity of coronary artery disease
(CAD) and with the risk of myocardial infarction or death
in patients with ischemic heart disease [11,12].

Data about the incidence and role of serum phospho-
rus abnormalities in acute cardiac patients are scarce, in
patients with acute myocardial infarction mostly from the
prereperfusion era [13,14]. Our aim was to assess admis-
sion serum inorganic phosphate (Pi) levels and its early
dynamics in patients admitted to the intensive cardiac
care unit (ICCU), in particular in patients with ST segment
elevation myocardial infarction (STEMI) as well as its po-
tential relation to biomarkers of myocardial necrosis and
other minerals.

Methods

The study followed the principles established in the Dec-
laration of Helsinki. The protocol was approved by the
local ethics committee of University Hospital Plzen and
all patients provided written informed consent. We pro-
spectively evaluated consecutive patients admitted to
the ICCU during a 4-month period (at the end of the

year 2008). The first group included patients with acute
myocardial infarction with ST segment elevation (STEMI
group) and the second group comprised patients admit-
ted to the ICCU without acute coronary syndrome (non-
ACS group). STEMI was diagnosed in the presence of chest
pain, diagnostic electrocardiographic changes with cha-
racteristic ST segment elevation and elevated troponin
I level. All patients in the STEMI group received standard
antithrombotic therapy (clopidogrel, acetylsalicylic acid,
unfractioned heparin) before baseline laboratory, under-
went urgent coronary angiography and were treated by
primary percutaneous coronary intervention (PCl).

Serum inorganic phosphate was measured using a stan-
dard photometric method (OSR 6122/6222, Beckman
Coulter, analyser Olympus AU 640 or AU2700, Ireland) at
the admission and then 6 and 12 hours later as well as
cardiospecific enzymes — troponin |, creatine kinase and
myoglobin. Troponin | was measured using the AccuTnl
Beckman method, Reagent Catalog 33340 (Abbott, USA).

Normophosphatemia was defined as serum inorganic
phosphate level 0.7-1.6 mmol/l. Phosphorus and calcium
were administered neither parenterally nor enterally du-
ring the study period.

Statistical analysis

Data are means + standard deviation unless otherwise
stated. Statistical comparison of the groups was per-
formed by the chi-square test and Wilcoxon rank sum
test. The p < 0.05 was considered as statistically signifi-
cant. We compared baseline characteristics of all patients.
Then we compared Pi at admission and at 6 and 12 hours
afterwards in both groups. In addition, we assessed the
possible association of Pi with peak troponin | levels as
well as with admission levels of calcium, potassium and
magnesium.

Results

Complete data were obtained in 192 patients (M/F 129/63,
mean age 66 + 13 years). Acute myocardial infarction
with ST segment elevation as the primary diagnosis was
present in 92 patients (STEMI group); 100 patients had
other acute cardiac disease (non-ACS group), e.g. arrhyth-
mias, heart failure, pulmonary embolism, etc.

There were no statistically significant differences in
baseline demographic data or in cardiovascular risk fac-
tors between groups except the known history of coro-
nary artery disease (CAD) and heart failure (Table 1).
Mean serum creatinine levels did not differ either.

Hyperphosphatemia at admission was more frequently
present in the non-ACS group, whereas hypophosphate-
mia at admission was more frequent in STEMI patients
(Fig. 1). The dynamics of Pi in both groups are shown in
Fig. 2. There was no statistically significant difference in
phosphatemia after 6 hours. Phosphatemia was signifi-
cantly lower in STEMI group 12 hours after admission.

In all hypophosphatemic STEMI patients, serum Pi nor-
malized itself within the first 6 hours (increase of Pi by
0.16 + 0.29 mmol/l) - Fig. 3.
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Table 1 - Baseline characteristic.

STEMI group (92 pts.)

Age (years) 66 (+ 11)
Males/Females 65/27 (71/29%)
Hypertension 64 (70%)
Dyslipidemia 40 (43%)
Diabetes mellitus 25 (27%)
Smokers (incl. former smokers) 48 (56%)
PAOD 5 (5%)
Renal insufficiency 30 (32%)
(baseline creatinin > 130 mmol/l)

BMI 27.2 (3.8)
CAD 20 (22%)
Heart failure 7 (8%)

Non-ACS group (100 pts.) Statistical significance

66 (+ 14) ns
64/36 (64/36%) ns
66 (66%) ns
43 (43%) ns
31 (31%) ns
45 (45%) ns
9 (9%) ns
33 (33%) ns
28.0 (+ 6.4) ns
35 (35%) 0.04
22 (22%) 0.01

Data are number (%) or mean (+ SD).

BMI - body mass index; CAD - coronary artery disease; non-ACS — patients without acute coronary syndrome; PAOD - peripheral artery
occlusion disease; STEMI - patients with ST elevation myocardial infarction.

There were no statistically significant differences in cal-
cium, potassium and magnesium level at admission in both
groups (calcium 2.3 £ 0.15 mmol/l in the STEMI group vs.
2.3 £ 0.16 mmol/l in the non-ACS group, potassium 4.1 +
0.5 mmol/l in the STEMI group vs. 4.4 + 0.8 mmol/l in the
non-ACS group, magnesium 0.9 + 0.3 mmol/l in the STEMI
group vs. 0.9 = 0.1 mmol/l in the non ACS group). We
found no correlation between admission phosphatemia
and other laboratory parameters (admission serum total
calcium level in STEMI patients r = 0.04, p = 0.7074, se-
rum potassium level in STEMI patients r = 0.05, p = 0.6185
and serum magnesium level in STEMI patients r = 0.20,
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Fig. 1 - Phosphatemia at hospital admission.

non-ACS group - patients without acute coronary syndrome; STEMI
group - patients with ST segment elevation acute myocardial in-
farction.

p = 0.0743). In STEMI group, admission phosphatemia
did not correlate with peak troponin | (in STEMI patients
r = 0.08, p = 0.4640).

Discussion

The main finding of our study was that STEMI patients
have lower serum phosphate levels at admission than
acute cardiac patients without acute coronary syndrome
(ACS). In those STEMI patients with initial hypophos-
phatemia, serum Pi levels normalized within hours with-
out exogenous phosphate administration.

The cause of hypophosphatemia in patients with
ACS might be the acute stress response, which requires
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Fig. 2 - Time course of phosphatemia.

% p < 0.001 (difference between the groups at admission);

M p = 0.005 (difference between the groups after 12 hours);
non-ACS group - patients without acute coronary syndrome; STEMI
group - patients with ST segment elevation acute myocardial
infarction.
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Fig. 3 -Time course of Pi in STEMI with admission hypophosphatemia.
n - number of patients; Pi - phosphatemia; STEMI - myocardial
infarction with ST segment elevation; % p < 0.05 (difference vs.
baseline).

more energy and causes redistribution of phosphate
into intracellular space, where Pi may be transformed
into adenosine triphosphate and bind into damaged
cell membranes of necrotic myocardial cells. It has been
documented that hypophosphatemia may be the conse-
guence of elevated serum catecholamine levels (endo-
genous or exogenous epinephrine and norepinephrine)
or metabolic acidosis, which induces increased urinary
loss of phosphate [2,15]. In the present study, we mea-
sured neither serum catecholamines nor arterial pH in
a systematic way. Another limitation of our study was
that we did not measure ionized calcium, serum vitamin
D or parathormone levels.

It is known that the levels of Pi are mainly influenced
by renal function. In our study, however, the incidence of
renal insufficiency did not differ between the groups. Se-
rum phosphate may also decline after acetylsalicylic acid
administration. Acetylsalicylic acid has a protective effect
on myocardial high energy phosphates during ischemia
and reperfusion [13] and reduces Pi indirectly through
the development of respiratory alkalosis [16,17] and gly-
colysis is stimulated with intracellular phosphate shift. As
all our STEMI patients received acetylsalicylic acid before
baseline phosphate measurement, the effect of acetyl-
salicylic acid may be one of the reasons why we found
lower phosphatemia in the STEMI group as compared to
heterogenous group of non-ACS patients but explains
neither the differences inside the STEMI group nor the
dynamics of Pi changes.

Another potential cause of hypophosphatemia may
be the intravenous administration of glucose and insu-
lin stimulating carbohydrate metabolism and causing
intracellular phosphate transport together with glucose
mostly into the liver and skeletal muscle cells [15]. Never-
theless, neither the admission phosphate level nor subse-
guent values were influenced by this mechanism, because
none of our patients received glucose infusion during the
study period.

To our knowledge, there are very few published data
about serum phosphatemia in the acute phase of myo-
cardial infarction, mostly from the era when mechanical
reperfusion (i.e. primary percutaneous intervention) had
not been used yet. Khetagurov et al. studied serum levels
of phosphorus and calcium in patients with acute myo-

cardial infarction during the initial phase of hospitaliza-
tion [14]. Interestingly, patients with the lowest Pi and
low variance of Pi had a better clinical outcome. Gould
et al. described a significant decline of the serum phos-
phorus in the third and fourth postinfarction day as com-
pared to the control group [13]. Conversely, the differen-
ce between groups on the first hospitalization day was
not significant. They concluded that the serum phosphate
was a sensitive indicator of myocardial infarction.

Interestingly enough, serum Pi in all our admission
hypophosphatemic STEMI patients (21% patients) re-
turned to normal values within 6 hours without exoge-
nous phosphorus administration. It has been shown that
longer lasting hypophosphatemia may lead to clinically
relevant consequences, e.g. heart, respiratory failure and
arrhythmias [1,2,8]. Ognibene et al. found positive asso-
ciation between low phosphate and bicarbonate levels
and the occurrence of ventricular tachycardia in myo-
cardial infarction [18]. Vaidyanathan et al. investigated
phosphate levels in acute Ml patients and found the asso-
ciation between hypophosphatemia and left ventricular
dysfunction as well as 30-day mortality [19]. On the con-
trary, in our STEMI group, we did not demonstrate a sig-
nificant correlation between phosphatemia and peak se-
rum troponin | levels.

In critically ill patients, hypophosphatemia might be
associated with higher mortality but the evidence as to
whether correction of hypophosphatemia improves the
outcome is poor. There is a general agreement to re-
serve intravenous correction of hypophosphatemia for
patients with associated symptoms or phosphate levels
< 0.32 mmol/l [2,20]. Zazzo et al. found a positive effect
of hypophosphatemia correction on cardiac output in sur-
gical intensive care patients [21]. We may only speculate
on the possible effect of primary percutaneous coronary
intervention on early serum phosphorus normalization
as all our patients were treated in this way. Similarly, it
cannot be inferred from our study, whether early rapid
phosphate administration might be of any clinical benefit
for selected acute MI patients with severe hypophospha-
temia.

Conclusions

We conclude that patients with acute myocardial infar-
ction with ST segment elevation treated by primary
percutaneous coronary intervention have lower serum
inorganic phosphate levels at admission and more fre-
quent transient hypophosphatemia than acute cardiac
care patients without acute coronary syndrome. Further
studies are needed to better define the relationship be-
tween acute myocardial infarction and serum phospho-
rus levels.
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