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Abstract 

Background  Several liver function tests have been identified as predictors of hospitalization for heart failure (HF) and death in pa-

tients with chronic HF. The relationship between serum γ-glutamyltranferase (GGT) and albumin (SA) levels with the response to cardiac 

resynchronization therapy (CRT) has not been reliably determined. The aim of the study was to evaluate the impact of liver function tests on 

the results of CRT in the elderly. Methods  Baseline GGT and SA were assessed before CRT device implantation in the elderly (> 

70-year-old) patients. The endpoints were: (1) CRT response defined as > 5% left ventricular ejection fraction improvement and no hospi-

talization for HF or cardiovascular death; (2) hospitalizations; and (3) mortality. Results  Eighty of 138 (58%) included patients were re-

sponders at nine months. Compared to responders, the SA levels were not significantly different (35.1 ± 5.4 vs. 33.6 ± 5.5 g/L, P = 0.103); 

but the GGT levels, higher (81.6 ± 69.3 vs. 54.7 ± 49.6 U/L, P = 0.013) in non-responders to CRT. GGT level was independently associated 

with non-response to CRT (P < 0.001, OR = 0.17; 95% CI: 0.08–0.38, P < 0.001). GGT cut-off value ≥ 55 U/L was highly predictive of 

non-response [AUC = 0.65, 64% Sensitivity, 69% Specificity (95% CI: 0.56–0.74)]. GGT ≥ 55 U/L was also associated with higher risk of 

hospitalization for atrial fibrillation (AF) (95% vs. 83%, P = 0.024). Both SA and GGT had no impact on overall (P = 0.220, P = 0.723) mor-

tality. Conclusions  Higher level of GGT is an independent predictor of non-response to CRT in patients over age 70 years and is associated 

with higher risk of hospitalization for AF. Baseline serum levels of albumin and GGT and have no impact on mortality in elderly patients 

undergoing CRT. 
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1  Introduction 

Cardiac resynchronization therapy (CRT) has been 
shown to be an effective treatment option in patients with 
congestive heart failure (HF) with impaired left ventricular 
ejection fraction (LVEF) and large QRS complex.[1,2] How-
ever, a substantial proportion of patients do not respond to 
CRT.[3,4] Several demographic, electrocardiographic (ECG) 
and echocardiographic characteristics have been associated 
with non-response to the CRT.[5–7] Chronic HF has adverse 
effects on multiple organs including the liver.[8] Several liver 
function tests have been proposed as prognostic markers in  
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patients with HF.[9–11] Serum γ-glutamyltranferase (GGT) 
has been identified as an independent predictor of fatal 
events including hospitalization for HF and death in patients 
with early stages HF,[10] and of mortality in patients with 
chronic HF.[9] However, the value of GGT as a marker of 
higher risk of HF and death in older population remains 
controversial.[12,13] Low serum albumin (SA) levels are 
common in the elderly.[11] Hypoalbuminemia has been re-
ported as a predictor of mortality in patients with systolic 
HF[14] and as a predictor of outcomes after left ventricular 
assist device therapy in advanced HF.[15] Little is known 
about the liver function in elderly patients undergoing CRT. 
The aim of the present study was to evaluate the relationship 
between levels of GGT and SA and the response to CRT in 
patients included in the multicenter protocol evaluating the 
impact of frailty on clinical outcomes in elderly patients 
implanted with CRT devices. 
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2  Methods 

2.1  Study population 

This study was performed in the population enrolled in a 
larger multicenter protocol, which prospectively evaluated 
the impact of frailty on the response to CRT.[16] The proto-
col was registered on the website Clinicaltrials.gov (Regis-
tration Number: NTC02369419). We included 138 patients 
with known baseline levels of GGT and serum albumin, 
who fulfilled the inclusion criteria of previously described 
protocol. Briefly, patients older than 70 years, with New 
York Heart Association (NYHA) II-IV functional class, 
LVEF ≤ 35%, QRS duration > 120 ms and left bundle 
branch block (LBBB) in sinus rhythm or in atrial fibrillation 
(AF) on optimal medical therapy were included.[17] Were 
also included patients with conventional pacemaker indica-
tion and > 95% of ventricular pacing, LVEF ≤ 35%, and 
NYHA class II-IV. Patients with regular alcohol consump-
tion (more than two drinks/day for men and more than one 
drink/day for women), were excluded. The investigation 
conforms to the principles outlined in the Declaration of 
Helsinki. Informed consent was obtained from all patients 
for CRT device implantation and follow-up. The study was 
approved by the local research ethics committee. 

2.2  Pre-implantation examination 

Before implantation all patients underwent an assessment 
of NYHA class, a 12-lead ECG, and a transthoracic echo-
cardiogram. Ischemic heart disease was defined as one or 
more clinically documented (Q wave or enzyme positive) 
prior myocardial infarction or prior coronary artery bypass 
graft surgeries or percutaneous coronary interventions (bal-
loon and/or stent angioplasty).[18] Left ventricular end-dia-
stolic diameter (LVEDD) was evaluated by two-dimen-
sional transthoracic echocardiography. Simpson biplane 
method was used to evaluate LVEF. Cardiac magnetic 
resonance imaging, angiographic or radionuclide methods. 
Associated aortic valvulopathy was mentioned in the pres-
ence of moderate (valvular area < 1.5 cm²) to severe (val-
vular area < 1 cm²) aortic stenosis or an aortic regurgitation 
of grade ≥ 2. All mitral regurgitation of grade ≥ 2 was men-
tioned. QRS duration was evaluated in lead II (ms) using 
12-lead ECG (25 mm/s) measurements (GE Marquette Mac 
5000, USA). In patients with permanently paced ventricu-
lograms, the QRS duration was measured from the onset of 
the spike to the end of the QRS complex. The typical LBBB 
was defined as QRS duration of ≥ 140 ms (men) or 130 ms 
(women), QS or rS in leads V1 and V2, and mid-QRS 
notching or slurring in ≥ 2 of leads V1, V2, V5, V6, I, and 
aVL.[19] The atypical LBBB was defined as nonspecific 

intraventricular conduction delay and QRS widening > 150 
ms without typical features of LBBB or right bundle branch 
block.[17] Frailty was assessed in all patients prior to CRT 
implantation as described in the previous protocol.[16,20] 
Pre-implantation analysis of GGT and serum AL were per-
formed the day before device implantation. 

2.3  Implantation and device programming 

All enrolled patients underwent device implantation us-
ing standard transvenous techniques. Implantable cardio-
verter defibrillator (ICD) therapy was chosen following the 
ACC/AHA/HRS 2008 guidelines for device-based therapy 
of cardiac rhythm abnormalities.[21] The choice between a 
CRT-D and CRT-P devices was left to electrophysiologist 
discretion. Very high-risk patients (defined by blood urea 
nitrogen > 50 mg/dL and/or serum creatinine > 2.5 mg/dL) 
with expected attenuated efficacy of ICD were implanted 
with CRT-P devices.[22] The RV lead was preferentially 
positioned in the RV septum if possible, or RV apex if sep-
tal positioning failed. The LV lead was preferentially placed 
in postero-lateral or lateral cardiac vein. Stimulation of basal 
LV segments was preferably programmed. The sensed 
atrioventricular delay was programmed at 100 ms with a 30 
ms extension in patients in SR. The VV delay was initially 
programmed at 0 ms. Pacing rate was programmed at 50 
beats/min in patients in SR and at 70 beats/min in patients in 
AF using rate adaptive mode. 

2.4  Follow-up 

Clinical-ECG evaluation and device testing were per-
formed at three- and nine-month post-implant outpatient 
visits and echocardiographic evaluation was performed at 
nine months. All adverse events were documented: cardio-
vascular (sudden cardiac death or death due to HF) or 
non-cardiovascular deaths, specifying the causes. In patients 
who experienced no clinical or hemodynamical improve-
ment (based on NYHA class and clinical examination) at 
the three-month visit, or for those who were hospitalized for 
HF, atrioventricular and VV delays were adjusted according 
to the optimal aortic ejection volume obtained using Dop-
pler evaluation.[23] 

2.5  Definition of the CRT response 

The response to the CRT was based a combined endpoint 
defined as the echocardiographic improvement of LVEF of 
more than 5% and the absence of major clinical event in 
relation with heart disease, including cardiovascular death 
or hospitalization for HF. The diagnosis of HF was based on 
symptoms and responsiveness to intravenous diuretic ther-
apy observed by experienced cardiologists unaware of the 
study protocol. 
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2.6  Primary and secondary end points 

The primary end point was to evaluate the relationship 
between GGT and SA levels and the response to CRT in 
patients over age 70 years implanted with biventricular de-
vices. The secondary end point was the impact of GGT and 
SA levels on hospitalizations and deaths. 

2.7  Statistical analysis 

For all statistical analysis, we used the SPSS software 
package, version 9.0 (SPSS Inc., Chicago, IL, USA). Dis-
crete variables were reported as percentages and continuous 
variables as mean ± SD. Differences between groups were 
tested with the χ2 test or Fisher exact test. For continuous 
variables, Student t test or Mann-Whitney U test were used. 
A two-sided P < 0.05 was considered statistically significant. 
The absolute change in LVEF between baseline and nine- 
month follow-up was evaluated using paired-sample t test. 
Event-free survival was compared using the Kaplan-Meier 
method and log-rank statistic. 

To evaluate potential predictors of non-responsiveness to 
CRT, only variables with P < 0.1 on univariate analysis were 
included in multivariate logistic regression model giving 
odds ratios (OR) and 95% confidence intervals (CI). Gener-
alized linear mixed model was used to exclude a multi-cen-
ter effect. Receiver operating characteristic (ROC) analysis 
was performed to determine the optimal cutoff value of the 
GGT and SA levels associated with hospitalizations for HF 
and mortality. 

3  Results 

The baseline characteristics of 138 included patients are 
shown in Table 1. Comparison between CRT responders 
and non-responders according to the implantation data is 
shown in Table 2. One hundred and sixteen (84%) patients 
were on a-blockers, 95 (69%) on angiotensin converting 
enzyme inhibitors, 21 (15%) on angiotensin receptor block-
ers, 122 (88%) on loop diuretic, 58 (42%) on aldosterone  

Table 1.  Baseline demographic, echographic characteristics and ECG characteristics of the study population. 

Variable All patients (n = 138) Responders (n = 80) Non-responders (n = 58) P-value 

Age, yrs 78.4 ± 5.3 78.6 ± 5.7 78.0 ± 4.7 0.489 

Male 107 (77%) 59 (74%) 48 (83%) 0.211 

Ischemic cardiomyopathy 73 (53%) 45 (56%) 28 (48%) 0.354 

LVEF, % 27.3 ± 6.8 27.7 ± 7.2 26.7 ± 6.0 0.366 

NYHA class 2.8 ± 0.5 2.7 ± 0.5 2.9 ± 0.4 0.023 

Persistent/permanent AF 53 (38%) 23 (28%) 30 (52%) 0.006 

History of cardiac surgery 33 (24%) 21 (26%) 12 (21%) 0.450 

CABG 14 (10%) 9 (11%) 5 (9%) 0.777 

Valvular surgery 16 (12%) 9 (11%) 7 (12%) 0.882 

Hypertension 99 (72%) 58 (72%) 41 (71%) 0.816 

Diabetes mellitus 47 (34%) 26 (32%) 21 (36%) 0.650 

BMI, kg/m² 26.6 ± 4.6 26.6 ± 4.4 27.1 ± 4.8 0.269 

Frailty (Score G8 < 14) 84 (61%) 42 (52%) 42 (72%) 0.018 

Glomerular filtration rate, mL/mn 56.5 ± 24.9 59.1 ± 26.2 53.0 ± 22.8 0.156 

BNP, ng/L 666 ± 638 561 ± 584 832 ± 689 0.020 

Serum albumine, g/L 34.2 ± 5.5 33.6 ± 5.5 35.1 ± 5.4 0.103 

Gamma-glutamyltransferase, U/L 66.0 ± 59.9 54.7 ± 49.6 81.6 ± 69.3 0.013 

Echographic characteristics     

LVEDD, mm 63.5 ± 8.2 62.7 ± 7.8 64.6 ± 8.6 0.186 

Moderate aortic stenosis or regurgitation 23 (17%) 13 (16%) 10 (17%) 0.877 

Mitral regurgitation 29 (21%) 12 (15%) 17 (29%) 0.056 

ECG characteristics     

QRS duration, ms 179 ± 27 180 ± 28 178 ± 26 0.691 

LBBB 66 (48%) 39 (49%) 27 (47%) 0.799 

Atypical LBBB 23 (17%) 10 (12%) 13 (22%) 0.123 

Paced QRS 49 (35%) 31 (39%) 18 (31%) 0.350 

Data are presented as means ± SD or n (%). AF: atrial fibrillation; BMI: body mass index; BNP: brain natriuretic peptide; CABG: coronary artery bypass graft; 

ECG: electrocardiographic; LBBB: left bundle branch block; LVEDD: left ventricular end-diastolic diameter; LVEF: left ventricular ejection fraction; NYHA: 

New York Heart Association. 
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Table 2.  Implant data for comparison between CRT responders and non-responders. 

Variable All patients (n = 138) Responders (n = 80) Non-responders (n = 58) P-value 

ICD 85 (62%) 51 (64%) 34 (59%) 0.541 

Up-grade to CRT device 57 (41%) 34 (42%) 23 (40%) 0.738 

Septal right ventricular lead position 92 (67%) 52 (65%) 40 (69%) 0.626 

Left ventricular lead position     

Postero-latero-basal LV lead position 80 (58%) 46 (57%) 34 (59%) 0.895 

Postero-latero-apical LV lead position 15 (11%) 8 (10%) 7 (12%) 0.700 

Antero-latero-basal LV lead position 41 (30%) 24 (30%) 17 (29%) 0.930 

Antero-latero-apical LV lead position 2 (1%) 2 (2%) 0 0.509 

First targetted vein success 100 (72%) 59 (74%) 41 (71%) 0.485 

Multipolar left ventricular lead 31 (22%) 19 (24%) 12 (21%) 0.671 

Data are presented as n (%). CRT: cardiac resynchronization therapy; ICD: implantable cardioverter defibrillator; LV: left ventricular. 

 
antagonist, and 74 (54%) on oral anticoagulants. 

3.1  Response to CRT 

After nine-month follow-up, 80 of 138 (58%) patients 
were responders. Mean increase in LVEF in the entire 
population was 9.4% ± 10.3%. Ten patients (7%) were hos-
pitalized for HF and nine patients (6.5%) died of cardiovas-
cular death. Non-responders to CRT had similar SA (35.1 ± 
5.4 vs. 33.6 ± 5.5 g/L, P = 0.103), but higher GGT (81.6 ± 
69.3 vs. 54.7 ± 49.6 U/L, P = 0.013) levels compared to 
responders. GGT ≥ 55 U/L correctly predicted non-response 
to CRT [AUC = 0.65, 64% Sensitivity, 69% Specificity 
(95% CI: 0.56–0.74)] (Figure 1). Higher level of GGT ≥ 55 
U/L (OR = 0.17, 95% CI: 0.08–0.38, P < 0.001) and frailty 
(OR = 0.38, 95% CI: 0.16–0.91, P = 0.030) were identified 
as independent predictors of non-response to CRT. The per-
centage of biventricular pacing was not significantly differ-
ent in patients with GGT ≥ 55 U/L as compared to patients 
with GGT < 55 U/L (95% ± 8% vs. 97% ± 11%, P = 0.234). 
The percentage of biventricular pacing was not different in 
frail compared to non-frail patients (96% ± 12% vs. 96% ± 
5%, P = 0.826). Distribution of left ventricular lead posi-
tions was similar in patients with GGT ≥ 55 U/L as com-
pared to patients with GGT < 55 U/L (P = 0.224). Quadri-
polar leads were used respectively in 15 (21%) and 16 (24%) 
patients (P = 0.660). Changes in NYHA class, LVEF, 
LVEDD and QRS duration at nine-month in patients with 
GGT < 55 U/L compared to those with GGT ≥ 55 U/L are 
shown in Table 3. The non-response to CRT was accurately 
predicted with GGT ≥ 55 U/L in men [AUC = 0.62, 60% 
Sensitivity, 70% Specificity (95% CI: 0.51–0.73)] (Figure 
2B). The cut-off level of GGT to accurately predict the CRT 
non-response in women was ≥ 59 U/L [AUC = 0.73, 70% 
Sensitivity, 71% Specificity (95% CI: 0.55–0.92)] (Figure 
2A). Higher GGT level remained associated with a higher 
risk of nonresponse to CRT, when stratified by gen- 

 

Figure 1.  ROC curve of GGT level to predict non-response to 
CRT. AUC = 0.65, cut-off value 55 U/L, 64% Sensitivity, 69% 
Specificity (95% CI: 0.56–0.74). AUC: area under the curve; CRT: 
cardiac resynchronization therapy; GGT: γ-glutamyltranferase; 
ROC: receiver operating characteristic. 

Table 3.  Changes in NYHA class, mean LVEF, mean LVEDD 
and QRS width between baseline and follow-up values ac-
cording to the baseline level of GGT. 

Variable 
GGT < 55 

U/L (n = 76) 

GGT ≥ 55 

U/L (n = 62) 
P-value 

NYHA class 0.7 ± 0.7 0.7 ± 0.6 0.565 

LVEF, % 11.7 ± 10.1 6.7 ± 10.0 0.005 

LVEDD, mm 3.9 ± 7.8 1.2 ± 5.5 0.037 

QRS, ms 26 ± 25 31 ± 28 0.307 

Data are presented as means ± SD. GGT: γ-glutamyltranferase; LVEDD: 

left ventricular end-diastolic diameter; LVEF: left ventricular ejection frac-

tion; NYHA: New York Heart Association. 
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Figure 2.  ROC curves of GGT levels in women (A) and men (B) to predict non-response to CRT. Sex-specific cut-off level for GGT 
were 59 U/L in women, AUC = 0.73, 70% Sensitivity, 71% Specificity (95% CI: 0.55–0.92); and 55 U/L in men, AUC = 0.62, 60% Sensi-
tivity, 70% Specificity (95% CI: 0.51–0.73). AUC: area under the curve; CRT: cardiac resynchronization therapy; GGT: γ-glutamyl-
tranferase; ROC: receiver operating characteristic. 

der, age, type of cardiomyopathy, diabetes mellitus, AF 
pattern, renal dysfunction, LVEF and frailty (Figure 3). 

3.2  Hospitalizations 

Compared to patients who were not hospitalized during 

the follow-up, baseline serum albumin levels were not sig-
nificantly different in patients hospitalized for any cause (n 
= 44, 34.0 ± 5.2 vs. 34.3 ± 5.7 g/L, P = 0.715), in patients 
hospitalized for HF (n = 10, 33.2 ± 3.9 vs. 34.3 ± 5.6 g/L, P 
= 0.580) and in patients hospitalized for AF (n = 14, 

 

Figure 3.  Odds ratios of the response to CRT according to different levels of serum GGT stratified by gender, age, type of cardio-
pathy, presence of diabetes mellitus, persistent/permanent AF, renal dysfunction, level of LVEF and frailty. AF: atrial fibrillation; CRT: 
cardiac resynchronization therapy; GFR: glomerular filtration rate; GGT: γ-glutamyltranferase; LVEF: left ventricular ejection fraction. 
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Figure 4.  Impact of GGT levels on hospitalizations for AF. (A): Kaplan-Meier plots showing cumulative survival without hospitaliza-
tion for AF according to GGT level: 95% in patients with GGT < 55 U/L vs. 83% in patients with GGT ≥ 55 U/L, P = 0.024; and (B): ROC 
curve of GGT level to predict hospitalization for AF. AUC = 0.69, cut-off value 55 U/L, 79% Sensitivity, 57% Specificity (95% CI: 
0.56–0.82). AF: atrial fibrillation; AUC: area under the curve; GGT: γ-glutamyltranferase; ROC: receiver operating characteristic. 

32.2 ± 6.0 vs. 34.4 ± 5.4 g/L, P = 0.173). Compared to pa-
tients not hospitalized, GGT levels were not significantly 
different in patients hospitalized for any cause (70.7 ± 68.5 
vs. 64.2 ± 54.3 U/L, P = 0.473) and in patients hospitalized 
for HF (53.5 ± 31.1 vs. 67.0 ± 61.6 U/L, P = 0.495), but 
higher in patients hospitalized for AF (97.5 ± 72.4 vs. 62.5 ± 
57.6 U/L, P = 0.038). The GGT ≥ 55 U/L correctly pre-
dicted hospitalization for AF [AUC = 0.69, 79% Sensitivity, 
57% Specificity (95% CI: 0.56–0.82)] (Figure 4B). Mean 
survival without hospitalization for AF was significantly 
better in patients with lower GGT level (95% vs. 83%, 
log-rank P = 0.024) (Figure 4A). 

3.3  Outcome analyses 

A total of 14 (10%) deaths occurred during the follow-up; 
of these, nine (64%) were cardiovascular related (HF). The 
causes of five non-cardiovascular deaths were: one colon 
cancer, one esophageal cancer, one pneumonia, one septic 
shock and one unexplained death without preceding cardio-
vascular symptoms. Serum albumin level was not associated 
with all-cause mortality (log-rank P = 0.220). There was no 
association between GGT level and all-cause mortality 
(log-rank P = 0.723). 

4  Discussion 

This study gives an insight into the relationship of im-
paired hepatic function tests with the results of CRT in the 
elderly. The main findings are as follows: (1) higher level of 
GGT (≥ 55 U/L) is an independent predictor of non-respon-
se to CRT; (2) elevated GGT is associated with higher risk 
of hospitalization for AF; and (3) serum levels of albumin 
and GGT have no impact on overall mortality. 

Elevated GGT and hypoalbuminemia in patients of our 

series are consistent with severe congestive HF, due to 
chronic left ventricular systolic dysfunction. Elevated GGT 
resulting from hepatic venous congestion has been identi-
fied as an independent predictor of incidental HF in younger 
populations.[10,24,25] Elevated GGT has been proposed as a 
prognostic marker in patients with HF.[9,10,26,27] Our study 
shows that higher GGT levels in elderly patients are associ-
ated with non-responsiveness to CRT. Although GGT level 
had no effect on mortality at nine months, the improvement 
of LVEF and reduction of LVEDD were significantly more 
limited in elderly patients with GGT ≥ 55 U/L implanted 
with CRT devices. The cut-off value of 55 U/L can reflect 
the stage of HF beyond which the improvement of hemo-
dynamic parameters may be more difficult to obtain with 
biventricular pacing. Patients with severely impaired hepatic 
function resulting from prolonged left ventricular systolic 
impairment may represent a cohort in whom reversibility of 
left ventricular systolic dysfunction with CRT is unlikely to 
occur. Along with the RV function and the pulmonary hy-
pertension, GGT level appears as a marker of more ad-
vanced stage of systolic HF. The GGT level can be easily 
obtained and the cut-off value of 55 U/L could be integrated 
into the clinical decision-making process in candidates to 
CRT. A higher cut-off value of GGT (≥ 59 U/L) in women 
could be consistent with a better reserve of systolic dysfunc-
tion being reversible at a different threshold compared to 
men. Higher predictive value of GGT for adverse outcomes 
in men compared to women has been previously re-
ported.[10,28] Moreover, female gender has been associated to 
better response to CRT.[2] The reported above cut-off values 
of GGT can be easily obtained and incorporated in pre-im-
plantation evaluation. 

In our study, higher GGT level had no impact on hospi-
talizations for HF. This finding is consistent with a previous 
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report, which demonstrated that GGT was not significantly 
associated with HF in patients older than 70 years.[13,28] In-
terestingly, our study showed that elevated GGT was asso-
ciated with higher risk of hospitalization for AF. Hepatopa-
thy resulting from chronic congestion typically observed in 
patients with low cardiac output is associated with inflam-
mation and oxidative stress.[29] Serum GGT is a marker of 
oxidative stress related to glutathione metabolism.[30] In-
volvement of chronic inflammation and oxidative stress in 
the pathophysiology of AF have been reported.[31] Previous 
studies have demonstrated a linear association of GGT 
with AF risk after adjustment for established predictors in 
younger populations.[32–34] Our study extends these results to 
patients over age 70 years with severe HF. In patients with 
GGT ≥ 55 U/L, the probability of hospitalization for AF 
was significantly higher during a shorter nine-month period 
(compared with twelve- and twenty-two-year follow-up in 
previous series). Accordingly, reinforcement of antiarrhyth-
mic therapy should be considered in patients with higher 
GGT in AF. 

Serum albumin level had no impact on hospitalizations in 
our study. Reduced SA results from the cholestasis induced 
through chronic hepatic congestion and is an established 
marker of inadequate nutrition. Lower SA has been reported 
as a prognostic marker in patients with HF.[14] The lack of 
impact on the results of CRT in our series is consistent with 
previous studies showing no effect of baseline SA on wors-
ening of HF.[35] 

Our study did not demonstrate prognostic value of GGT 
level in the elderly with severe left ventricular systolic dys-
function implanted with CRT devices. Our findings are 
consistent with previous reports, which have failed to show 
a prognostic role of GGT in older patients.[12,36] The reason 
for limited prognostic value of GGT is not completely un-
derstood, but the reduction in hepatic clearance of xenobi-
otic in the elderly resulting in different GGT levels than in 
younger ages has been reported.[12,37] Furthermore, our study 
failed to demonstrate prognostic value of hypoalbuminemia 
in spite of a similar follow-up duration as in previous report 
showing its prognostic role in patients with systolic HF.[14] 
The difference could be explained by the fact that patients in 
that study were much younger (52 years) compared to our 
study (78 years). Accordingly, there is limited evidence 
supporting the use of serum GGT and SA levels to assess 
mortality risk in elderly patients over age 70 years. 

4.1  Limitations 

RV function, right-sided pressures and a history of chro-
nic obstructive pulmonary disease were not analyzed. Our 
analysis was limited to GGT and SA, and did not assess 

other liver function tests. Changes in a serum levels of GGT 
and SA overtime after CRT device implantation were not 
evaluated. 

4.2  Conclusions 

Higher level of GGT (≥ 55 U/L) is an independent pre-
dictor of non-response to CRT in the elderly. Elevated GGT 
is associated with higher risk of hospitalization for AF. 
GGT should be integrated in decision-making process in 
candidates to CRT. Pre-implantation serum levels of albu-
min and GGT have no impact on overall mortality in elderly 
patients undergoing CRT. 
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