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Glycogen phosphorylase isoenzyme BB, creatine kinase 
isoenzyme MB and troponin I for monitoring patients with 
percutaneous coronary intervention − a pilot study
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ABSTRACT

Aim The glycogen phosphorylase isoenzyme BB (GPBB), as an 
ischemic marker, has not yet been investigated after elective per-
cutaneous coronary intervention (PCI). ose aim of the study was 
to monitor GPBB, creatine kinase myocardial isoform (CK-MB) 
mass) and troponin I (TnI) value after PCI in correlation with is-
chemic incidents.

Methods Forty-two consecutive patients undergoing elective PCI 
were included in the study. Baseline blood samples and two more 
after the PCI (3 and 24 hours) were taken. The significance of car-
diac markers in twenty-ththe stable patients with baseline values 
of CK-MB mass and TnI below the upper reference limit (URL) 
was evaluated based on ischemic incidents after PCI. 

Results TnI value was the only biomarker that was statistically 
significant at 3 and 24 hours after PCI in group of 23 stable pati-
ents. An overall comparisonthe biomarkers of 18 patients witho-
ut and five patients with ischemic incidents displayed significant 
differences only for the baseline GPBB (p=0.019) and CK-MB 
mass 24 hours after PCI (p=0.034). Ischemic incidents were in-
dependently predictable only based on overall CK-MB mass me-
asurements (OR=1.680, p=0.041) and particularly GPBB at base-
line (OR=1.899, p=0.008) and CK-MB mass 24 hours after PCI 
(OR=2.111, p=0.022). 

Conclusions Only significant increases in TnI were observed after 
elective PCI with ischemic incidents predicted using GPBB and 
CK-MB mass measurements.
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INTRODuCTION

Elevations of creatine kinase myocardial isoform 
(CK-MB mass) and cardiac troponins are relati-
vely common after successful percutaneous coro-
nary intervention (PCI). Some studies have docu-
mented that markedly elevated levels of troponin 
are prognostically significant (1,2). The European 
Society of Cardiology and American College of 
Cardiology guidelines recognize an elevation of 
cardiac troponin within 24 hours of a PCI procedu-
re in the definition of myocardial infarction (3,4). 
Myocardial damage is mainly related to distal ve-
ssel thrombosis, embolization of plaque debris and 
platelet aggregates, and side-branch occlusion. In-
hibition of platelet aggregation by glycoprotein 
(GP) IIb/IIIa receptor agonists or thienopyridines 
significantly reduces periprocedural myocardial 
injury and cardiac events. A diagnostic tool able to 
detect early periprocedural myocardial ischemia 
could be of value in guiding management decisi-
ons and improving outcomes (5,6).
Glycogen phosphorylase isoenzyme BB (GPBB) 
is bound to glycogen in the sarcoplasmic reticu-
lum and catalyses the first step of glycogenolysis 
after activation, which involves the separation of 
glucose-1-phosphate from glycogen (7). Three 
GP isoforms are present in human tissues, GPLL 
in liver, GPMM in muscles and GPBB in the 
brain, as well as in high concentrations in heart 
muscle (7). During myocardial ischemia, activa-
tion of GPBB results in an increase in glycogen 
degradation (8). Glycogen phosphorylase isoen-
zyme is released into bloodstream via the T-tubu-
les system with the peak value within the first 4 
hours after the onset of chest-pain. GPBB seems 
also to indicate necrotic cell injury (7,8).
This is the first publication to prospectively study 
the incdences of GPBB as an ischemic marker 
after elective PCI. 

PATIENTS AND MES

In tThis pilotit was prospectively evaluated 42 
consecutive patients undergoing elective PCI from 
June 2009 to September 2009 in catheterisation 
laboratory of the University Medical Centre Lju-
bljan. An Aapproval was obtained from the Nati-
onal Ethics Committee as we as a written infor-
med consents from all the patients. The patients 
undergoing emergency PCI after acute myocardial 

injury (AMI), unstable patients, patients with re-
cent CABG (<1 month), ventricular conduction di-
sturbances on the standard ECG and patients with 
uncontrolled hypertension, acute heart, renal and 
hepatic failure or neurological disorder, and pati-
ents with elevated baseline biomarker levels (CK-
MB, TnI) were excluded, resulting in 23 patients 
considered “stable” patients without previous myo-
cardial damage for the final evaluation (Table 1).

Parameter Patients (n=23)
Age, mean±SD (y) 70.4±9.2
Male sex, n (%) 20 (87.0)
Hypertension, n (%) 18 (78.3)
Current smoker, n (%) 3 (13.0)
Dyslipidemia, n (%) 14 (60.9)
Diabetes, n (%) 7 (30.4)
Angina pectoris (stable), n (%) 14 (60.9)
Pre-myocardial infarction, n (%) 5 (21.7)
Pre-cerebrovascular insult n (%) 1 (4.3)
Single-vessel disease, n (%) 19 (82.6)
Multiple-vessel disease, n (%) 4 (17.4)
Use of GPIIb/IIIa inhibitors, n (%) 2 (8.7)
Statin therapy before PCI, n (%) 18 (78.3)
S-CRP (mg/L), median (1Q-3Q)* 2 (2−3)
S-Creatinine (µmol/L), median (1Q-3Q) 92 (82−109)

Table 1. Demographic and clinical data of the selected patient 
population

*significant difference (p<0.05)

Blood samples for GPBB, TnI and CK-MB se-
rum were taken at baseline and twice after PCI 
(3 and 24 hours). A GPBB assay was performed 
using the commercially available ELISA kit (Di-
acordon, Diagenics, Woburn, MA, USA; instru-
ment Personal Lab™, Adaltis, Italy). TnI (TnI-
Ultra) and CK-MB mass measurements were 
performed as standard methods using chemilu-
minescence immunoassay technology (Advia 
Centaur XP, Siemens Diagnostics, Germany). All 
samples were measured in one batch.
Accor to the specifications of the manufacturer, 
the TnI-Ultra assay has a limit of detection of  
0.006 μg/L with measurements ranging up to 50 
μg/L. The evaluation of the assay showed a total 
CV of 9.6% at 0.033 μg/L and a 99 percentile of 
0.04 μg/L (9). A cut-off level of 0.10 μg/L TnI-
Ultra was used at the University Medical Centre 
Ljubljana based on clinical/laboratory data. The 
CK-MB assay has a limit of detection of 0.18 
μg/L with measurements ranging up to 300 μg/L, 
total % CV < 4.4 for 4 different controls ranging 
from 3.55 to 114.65 μg/L with the reference va-
lue set at 5.0 μg/L according to a 95 percentile 
of the “healthy” population and declaration of 



15

the manufacturer. The GPBB assay has a lower 
level of detection 0.5 AU with the total % CV < 
10.3 for 10 different samples, ranging from 5.8 
to 108.7 μg/L and the reference value set at 10.0 
μg/L according to a 95 percentile of the “healthy” 
population and declaration of the manufacturer.
Percutaneous coronary intervention (balloon 
angioplasty, stent implantation) was performed 
according to standard clinical practice using the 
femoral approach. Standard 12-lead ECGs were 
recorded before and at the end of PCI and then in 
the 24-hour period after PCI. The appearance of 
new Q wave, T-wave inversion, or ST-segment 
shifts from the baseline ECG was considered. 
Adverse events included death, nonfatal MI, or a 
new coronary revascularization procedure, angi-
na pectoris and ECG changes.
Nonparametric statistics were used with compa-
rison and correlation between markers of ove-
rall results assessed using the Wilcoxon test and 
Spearman’s coefficient of rank correlation. The 
Mann-Whitney independent test was performed to 
compare patients with and without ischemic inci-
dents. Binary logistic regression and ROC curve 
analysis were performed to determine diagnostic 
accuracy and which biomarker predicted ischemic 
incidents. Odds ratios (OD), the receiver-opera-
ting curve (ROC) and area under the curve (AUC) 
with 95% confidence intervals were also calcula-
ted. All tests of significance were 2-tailed with a 
probability value of <0.05 considered significant.

RESuLTS 

A significant portion of the 42 patients enrolled 
in the pilot study of elective PCI had myocardi-
al marker values above the upper reference limit 
(URL). A total of 23 patients that had normal ba-
seline TnI and CK-MB values were considered 
as “stable” without previous myocardial damage 
(Table 1, 2). In these stable patients, myocardial 

markers were increased after the PCI, with only 
TnI significantly increasing between 3 and 24 
hours and GPBB nearly significantly (p=0.057) 
within 3 hours following PCI (Table 3).

Parameter Patients (n=23)
Vessel treated, n 26
Left anterior descending, n (%) 13 (50.0)
Left circumflex, n (%) 4 (15.4)
Right coronary artery 6 (23.1)
No. of stents 27
Stent length, mean±SD (mm) 38.2±17.4
Stent diameter, mean±SD (mm) 3.43±0.46
Balloon inflation time, mean±SD (s) 47±22
Ischemic incidents after PCI, n (%): 5 (21.7)
Angina pectoris, n (%) 3 (13.0)
ECG changes (T wave inversion), n (%) 2 (8.7)

Table 2. Angiographic data of the selected patient population

Parameter (μg/L) Baseline 3 hours 24 hours
GPBB
Median
1Q-3Q

6.70
4.90–8.55

8.90†
5.025–27.35

5.00†
3.50–12.50

CK-MB mass 
Median
1Q-3Q

1.30
1.00–1.80

1.35†
1.00–1.70

1.20†
0.95–2.075

Troponin I 
Median
1Q-3Q 

0.017
0.014–0.032

0.036*
0.025–0.068

0.055*
0.026–0.158

Table 3. Comparison of GPBB, CK-MB mass and troponin I 
of 23 stable patients (normal baseline values of CK-MB and 
TnI) at baseline and twice after elective PCI (3 and 24 hours) 
using the Wilcoxon test

GPBB, glycogen phosphorylase isoenzyme BB; CK-MB mass, crea-
tine kinase myocardial isoform; 1Q-3Q, Interquartile range; 
*significant difference (p<0.05); †non-significant difference

Parameter (μg/L) NOISCH patients ISCH patients p
GPBB baseline
Median
1Q-3Q

6.00
4.60–7.80

8.60
7.925–11.05

0.019

GPBB – 3 hours
Median
1Q-3Q

7.25
5.00–33.70

14.50
5.175–25.70

0.823

GPBB – 24 hours
Median
1Q-3Q

6.00
2.875–18.55

5.10
4.40–11.425

0.667

CK-MB mass – baseline 
Median
1Q-3Q

1.25
0.70–1.80

1.10
0.925–1.65

0.970

CK-MB mass – 3 hours 
Median
1Q-3Q

1.00
0.50–1.80

1.40
0.925–1.625

0.682

CK-MB mass–24 hours
Median
1Q-3Q

1.00
0.575–1.425

1.80
1.525–5.05

0.034

Troponin I – baseline 
Median
1Q-3Q

0.017
0.014–0.044

0.025
0.010–0.0515

0.882

Troponin I – 3 hours 
Median
1Q-3Q

0.033
0.0247–0.0852

0.058
0.038–0.0747

0.457

Troponin I – 24 hours 
Median
1Q-3Q

0.063
0.027–0.124

0.193
0.04575–0.9518

0.205

Table 4. Comparison of GPBB, CK-MB mass and troponin 
I at baseline and 3 and 24 hours after elective PCI in non-
ischemic (18 patients) and ischemic group (5 patients) using 
the Mann-Whitney test

NOISCH, nonischemic; ISCH, ischemic; GPBB, glycogen phosp-
horylase isoenzyme BB; CK-MB mass, creatine kinase myocardial 
isoform; 1Q-3Q, Interquartile range

Rank correlation (r) between pairs of myocardial 
rs were displayed a poor correlation at baseline 
and twice after elective PCI (3 and 24 hours). 
Significant correlation was obtained only for 
CK-MB as opposed to TnI 24 hours after PCI 
(r=0.515, p=0.020).

Skitek et al. Biomarkers and monitoring of cardiac patients
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The group of 23 stable patients was separated 
according to ischemic incidents. An overall com-
parison of the biomarkers of five patients with and 
18 patients without ischemic incidents only dis-
played significant differences for baseline GPBB 
and CK-MB mass 24 hours after PCI (Table 4, Fi-
gure 1). Ischemic incidents could only be predic-
ted independently and significantly based on the 
overall measurements (baseline, 3 and 24 hours 
after PCI) of CK-MB mass and particularly GPBB 
at baseline (odds ratio/95%CI:1.899/0.941–3.834, 
p=0.008) and CK-MB mass 24 hours after PCI 
(odds ratio/95%CI:2.111/0.951–4.682, p=0.022) 
(Table 5). Sensitivity and specificity for GPBB at 
baseline were 100% and 66.7% respectively with 
a cut-off of ≥6.7 μg/L that is below the reference 
value set at 10.0 μg/L according to a 95 percentile 
of the “healthy” population and declaration of the 
manufacturer.

DISCuSSION 

In the presenttstudied the incidence of glycogen 
phosphorylase isoenzyme BB (GPBB) as an is-
chemic marker with an early release from the 
injured myocardium was prospectively studied. 
It was hypothesized that a substantial GPBB in-
crease occurred after elective PCI in comparison 
to CK-MB mass and troponin I and that ischemic 
incidents may be predicted by the elevation of 
GPBB. In this prospective study the group of 23 
stable patients was separated according to ische-
mic incidents during PCI. An overall comparison 
of the biomarkers of five patients with and 18 pa-
tients without ischemic innts was displayed only 
significant differences for baseline GPBB and 
CK-MB mass 24 hours after PCI, and ischemic 
incidents could only be predicted independently 
and significantly based on the overall measure-
ments of CK-MB mass and particularly GPBB 
at baseline. Elevated GPBB at baseline implies 
existing ongoing silent myocardial ischemia or 
possibly, a remote silent cardiac event.  
Percutaneous coronary intervention (PCI) has be-
come an important procedure in coronary revas-
cularization (10). Over the past two decades, te-
chnical advances in PCI have resulted in a safer 
therapeutic procedure, however, periprocedural 
infarction (myocardial infarction type 4a) occurs 
following at least 10% of PCI procedures (10). 
About 30% of patients undergoing elective PCI su-
stain myocardial injury due to the procedure itself, 
the extent of which has an impact on prognostic 
importance (10, 11). The measurement of biomar-
kers to allow assessment of periprocedural myo-
cardial injury (PMI) is an important tool for cli-
nical and research purposes and should be routine 
after every PCI (12). In spite of improved early tre-
atment with mechanical revascularization and sta-
bilizing drugs that significantly reduce mortality, 

Parameter Baseline 3 hours 24 hours All measurements

GPBB
OR; p (95%CI) 
ROC (AUC)
(95%CI)

1.899; 0.008
(0.941–3.834)

0.850
(0.640–0.963)

0.987; 0.571
(0.938–1.038)

0.533
(0.316–0.742)

0.971; 0.378
(0.897–1.050)

0.565
(0.339–0.772)

0.988; 0.499
(0.951–1.025)

0.606
(0.480–0.722)

CK-MB mass 
OR; p (95%CI) 
ROC (AUC)
(95%CI)

0.950; 0.949
(0.192–4.691)

0.506
(0.292–0.718)

1.255; 0.760
(0.2914–5.4065)

0.561
(0.341–0.765)

2.111; 0.022
(0.951–4.682)

0.818
(0.597–0.948)

1.680; 0.041
(0.971–2.908)

0.640
(0.514–0.753)

Table 5. Logistic regression analysis and ROC curve analysis to predict ischemic incidents after PCI by the release/increase of 
myocardial markers CK-MB mass and GPBB

GPBB, glycogen phosphorylase isoenzyme BB; CK-MB mass, creatine kinase myocardial isoform; OR, odds ratio; CI-confidence interval; ROC, 
receiver-operating curve; AUC, area under the curve; significant differences shown in bold

Figure 1. Comparison of the myocardial marker GPBB of 18 
patients without and 5 patients with ischemic incidents at 
baseline (1), at 3 (2) and at 24 hours (3) after elective PCI us-
ing the Box-and-Whisker graph. Median, interquartile ranges 
and minimum/maximum values are shown (only significant 
differences are indicated)
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many patients are still plagued by a high frequen-
cy of angina symptoms, hospitalisations and poor 
prognoses (12). The need for new independent or 
supplementary biomarkers exists that can help pre-
dict cardiovascular disease and complications ear-
lier and more precisely (13,14). The identification 
of patients at greater risk of sustaining PMI during 
PCI would allow targeted treatment using novel 
therapies, which would limit the extent of PMI and 
reduce the number of incidents (11). 
The glycogen phosphorylase isoenzyme BB 
(GPBB) is an ischemic marker with an early re-
lease from the injured myocardium, which has 
only been investigated in acute coronary syndro-
mes and in patients with miscellaneous diseases or 
those undergoing different kinds of surgery (8,13). 
The study indicated that TnI and CK-MB do not 
provide comparable information after PCI. TnI is 
more sensitive and agreement between these two 
myocardial markers regarding myocardial injury 
or infarction is difficult to achieve (15,16). This 
led to the evaluation of GPBB in comparison to 
TnI and CKMB to identify patients at greater risk 
of periprocedural myocardial injury after PCI. 
Early detection of periprocedural myocardial is-
chemia could be of value in guiding clinical deci-
sions and improving outcomes.

The key limitation of the study was the small 
study group. The monitoring of biomarkers sho-
uld also be more frequently performed after PCI 
to obtain peak concentrations while the effects on 
long-term clinical outcome should be followed 
up. Assessment should also be made using car-
diovascular magnetic resonance, a technique that 
allows the detection and quantification of myo-
cardial necrosis following PCI (10,12). 
In conclusion, the prediction of ischemic events 
after PCI is only possible using the GPBB and CK-
MB mass measurements. Biomarker measurements 
allowing assessment of periprocedural ischemic 
injury is an important tool for clinical and research 
purposes. The exact mechanisms of GPBB release 
with prognostic and functional significance of pe-
riprocedural ischemic incidents has yet to been de-
termined in larger follow-up studies. Future studies 
involving larger multi-site trials are warranted, as 
well as evaluation of alternative molecular biomar-
kers in the early stage following PCI.
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