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Transcatheter aortic valve replacement is becoming a
more common therapeutic option for the treatment of aor-
tic stenosis in patients at high risk for invasive surgery, but
detecting which patients will benefit clinically can be chal-
lenging. Hypoalbuminemia is a useful prognostic marker
for chronic inflammation in this population. We carried
out a systematic review and meta-analysis of studies eval-
uating the prognostic value of serum albumin level in pa-
tients undergoing transcatheter aortic valve replacement.
A literature search of PubMed, Embase, ScienceDirect,
Web of Science, SciELO, BIOSIS, Wanfang, and CNKI
databases was conducted.  Articles published between
January 2000 and December 2017 reporting on the prog-
nostic value of low levels of serum albumin in patients un-
dergoing transcatheter aortic valve replacement were an-
alyzed according to Preferred Reporting Items for System-
atic Reviews and Meta-Analyses guidelines. 11 studies
including 6456 patients met inclusion criteria for meta-
analysis. A lower serum albumin level was associated
with a lower survival rate at follow-up in patients who un-
derwent transcatheter aortic valve replacement. A sub-
group analysis of eight studies reporting adjusted haz-
ard ratios indicated that low serum albumin was indepen-
dently correlated with increased post-operative mortality.
The hazard ratio of mortality risk associated with each
1 g/dL increment in serum albumin level was 0.46, sug-
gesting a potential dose-response relationship between in-
creased serum albumin level and increased survival rate
in patients undergoing transcatheter aortic valve replace-
ment. This meta-analysis provides strong evidence for the
utility of serum albumin as a prognostic marker in aortic
stenosis patients undergoing transcatheter aortic valve re-
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placement, with low serum albumin levels (2.5-3.5 g/dL)
suggesting poor prognosis.
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1. Introduction

Aortic stenosis (AS) is widespread, affecting approximately
3% of people aged over 75 years, its prevalence increasing with
age (Joseph et al., 2017). AS is associated with a high mortality
risk without aortic valve replacement (AVR), which has tradition-
ally been performed via open surgery (Vahanian and Otto, 2010).
Transcatheter AVR (TAVR) is a less invasive procedure that is
increasingly being used to treat AS (Joseph et al., 2017). How-
ever, recent real world study estimates one-year mortality follow-
ing AVR to be around 20% for intermediate to high risk patients
(Brennan et al., 2017). To improve outcomes, accurate prognos-
tication and early intensive management of high-risk patients is
important (Vahanian and Otto, 2010). However, current risk as-
sessment methods, (e.g., The Society for Thoracic Surgery Pre-
dictive Risk of Mortality (STS PROM) (O’Brien et al., 2009) or
the Logistic European System for Cardiac Operative Risk Evalua-
tion (Logistic EuroSCORE) (O’Brien et al., 2009), which are de-
signed to predict surgical mortality for symptomatic AS patients
planning to undergo AVR), have limitations tied to their weighting
of chronological age and medical diagnoses without a comprehen-
sive evaluation of the biological status of an elderly patients (Mc-
Nallan et al., 2013; Von Haehling et al., 2013). Moreover, such risk
models are tailored towards surgery rather than to TAVR, the latter
commonly carried out in elderly patients with cardiovascular dis-
ease suffering from frailty (McNallan et al., 2013; Von Haehling
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et al., 2013).

An ideal approach to risk stratification is to identity a priori the
factors related to a lower survival rate, thereby allowing clinicians
to select the optimal treatment protocol (Bhattacharyyaetal., 2012;
Vahanian and Otto, 2010). Few novel and definitive risk factors in
AS have emerged in recent literature (Afilalo et al., 2014). Notably,
however, there is some evidence suggesting that serum albumin
concentrations of less than 3.5 g/dL represent a novel risk factor
indicating frailty and poor prognosis in these patients (Kappetein
et al., 2012).

Serum albumin, synthesised by the liver, is the most abundant
serum protein in humans (Levitt and Levitt, 2016). Normal serum
albumin is in the range of 3.5 to 5.0 g/dL, and hypoalbuminemia is
usually defined as less than 3.5 g/dL (Artigas et al., 2016). Serum
albumin level is a relevant prognostic factor in critically and seri-
ously ill patients (Artigas et al., 2016; Levitt and Levitt, 2016). It
is an important predictor of mortality in cardiovascular diseases
(Findik et al., 2016; Grodin et al., 2016; Plakht et al., 2017), and
elderly patients with AS often display hypoalbuminemia associ-
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ated with malnutrition and chronic inflammation (Bogdan et al.,
2016; Koifman et al., 2015; Yamamoto et al., 2017). Studies have
been undertaken to assess whether there is any association between
serum albumin levels and prognosis in AS patients undergoing
TAVR, but results to date have been conflicting (Bogdan et al.,
2016; Green et al., 2015, 2012; Koifman et al., 2015; Yamamoto et
al., 2017). We therefore conducted a meta-analysis to evaluate the
prognostic value of preoperative serum albumin levels in patients
undergoing TAVR.

2. Methods
2.1 Search strategy

The meta-analysis adheres to the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses (PRISMA) guidelines
(Moher et al., 2009) (Fig. 1). PubMed, Embase, ScienceDirect,
Web of Science, SciELO, BIOSIS, Wanfang, and CNKI databases
were analysed to detect studies that considered the prognostic
value of serum albumin in patients undergoing TAVR. The final
literature search was carried out on December 31, 2017. When data
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Figure 1. A flow chart represents the process whereby studies were assessed for eligibility against the inclusion and exclusion criteria set out

in the methods section of this article. The number of studies is the bottom of the flowchart represents that of the selected studies that were

ultimately considered eligible for inclusion in this meta-analysis.
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were referenced in multiple publications from the same research
group, the most recent study or that including the greatest number
of patients was considered in the analysis. The reference lists of
relevant articles were cross-matched with the search results. The
primary endpoint was all-cause mortality rate after TAVI, either
reported in the short (< 30 days) or long term (> 30 days), while
the secondary outcomes were stroke, myocardial infarction, vas-
cular complications, bleeding, pacemaker implantation, revision
surgery and endocarditis. Cause of death was categorised as either
cardiovascular and non-cardiovascular mortality. Serum albumin
was sought as a secondary outcome.

2.2 Selection criteria

The inclusion criteria were: (a) prospective cohort or retrospec-
tive cohort studies; (b) patients diagnosed with AS and treated with
TAVR; (c) preoperative serum or plasma albumin concentrations
measured and analysed for associations with prognosis; and (d)
risk estimates of the prognostic role of albumin, such as hazard ra-
tio (HR) or relative risk (RR) with 95% confidence intervals (ClIs),
reported. The exclusion criteria were: (a) studies not meeting all
the inclusion criteria; (b) letters, reviews, or case reports; and (c)
studies on cells or experimental animals. In the case of multiple
studies with overlapping data, only the study with the greatest sam-
ple size was included.

2.3 Data extraction and quality assessment

Two authors independently extracted data from each included
study, and any disagreements between the two were settled by dis-
cussion. If HRs from univariate and multivariate analyses were
provided, only those from the latter were used. Study quality was
evaluated using the Newcastle-Ottawa scale, which assigns stud-
ies scores ranging from O to 9 points (Stang, 2010). Scores of 7
or more indicated high study quality, while those of 6 or less indi-
cated low quality (Stang, 2010).

2.4 Statistical analysis

To assess the prognostic value of albumin concentration in
TAVR patients, study-specific HRs with 95% CIs were pooled;
given the probability of increased inter-observation variance, a
random-effect meta-analysis (DerSimonian-Laird method) was
applied (DerSimonian and Laird, 1986). A pooled HR of greater
than 1 suggested worse prognosis in patients with low serum al-
bumin concentrations. Inter-study heterogeneity was assessed via
Cochran's Q test and the results complemented the I> method (Hig-
gins et al., 2002). I* > 50% suggested a high degree of inter-study
heterogeneity (Grant and Hunter, 2006). Effect modifiers or con-
founders were also assessed via meta-regression. Publication bias
was assessed using funnel plots, the Begg test, and the Egger test
(DerSimonian and Laird, 1986). Data analyses were carried out in
STATA (Stata Corporation, College Station, TX, USA). Statistical
tests were two-sided, and P values lower than 0.05 were deemed
statistically significant.

3. Results
3.1 Literature search and included studies

160 articles were considered relevant in the literature review.
Further to assessing titles and abstracts, 135 obviously irrelevant
studies were discarded. The remaining 25 studies were assessed in
detail. After full text review, 14 studies not meeting inclusion cri-
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teria were discarded. As such, 11 studies were finally considered
in the meta-analysis (Fig. 1) (Bogdan et al., 2016; Chauhan et al.,
2016; Goldfarb et al., 2017; Green et al., 2015, 2012; Grossman et
al., 2017; Hermiller et al., 2016; Koifman et al., 2015; Osnabrugge
etal., 2015; Rodriguez-Pascual et al., 2016; Yamamoto et al., 2017).

The main features of these studies are shown in Table 1. In
total, data pertaining to 6456 TAVR patients, who both under-
went TAVR and whose serum albumin was measured prior to
surgery, were available for analysis. Of the eleven studies, five
were prospective cohort studies, and the other six were retrospec-
tive cohort studies from USA, Spain, Japan and Israel. Articles
were published between 2000 and 2017. These articles reported
on risk estimates of the prognostic value of low albumin concen-
tration in AS patients, risk estimates of the mortality associated
with each 1 g/dL increase in albumin concentration, and risk es-
timates. The average patient age was 70-86 years, and 29-83% of
patients were male. Malnutrition and wasting were evaluated via
serum albumin on the day prior to TAVR in all studies.

3.2 Definition of serum albumin

Different cut-off concentrations of serum albumin were em-
ployed in different studies. It was defined as < 3.5 g/dL (in accor-
dance with the recently updated Valve Academic Research Consor-
tium (VARQ)) in five of the studies (Chauhan et al., 2016; Goldfarb
et al., 2017; Green et al., 2015; Koifman et al., 2015; Yamamoto et
al., 2017), 3.3 g/dL in three studies (Hermiller et al., 2016; Os-
nabrugge et al., 2015; Rodriguez-Pascual et al., 2016), and 4 g/dL
in one study (3). With the exception of four studies (Green et
al., 2012; Goldfarb et al., 2017; Koifman et al., 2015; Rodriguez-
Pascual et al., 2016), serum albumin data were available as a di-
chotomised variable as compared to outcomes.

3.3 Preoperative serum albumin and mortality

Results from primary pooled statistics (n = 5341 patients)
showed that a low serum albumin level was associated with a sig-
nificantly increased risk of early (< 30 days) death following
TAVR (HR = 1.16, 95% CI: 1.05-1.29, P = 0.005; Table 2, Fig. 2).
No significant heterogeneity was observed among these studies (12
= 0%; Chi?: 1.48; Cochrane Q, P =0.96). Ten studies (n = 6212
patients) quantified the relationship between serum albumin level
and late mortality (> 30 days) following TAVR (HR = 1.10, 95%
CI: 1.04-1.17, P = 0.002; Table 2, Fig. 3). No heterogeneity was
observed among these studies (I2 = 0%; Chi?: 6.48; Cochrane Q,
P=0.69). After excluding low-quality studies, low serum albumin
was still associated with increased mortality risk (HR = 1.09, 95%
CI: 1.03-1.16; P = 0.003; Table 2, Fig. 7).

Only five studies (n = 1405) reported univariate adjusted HRs,
where low serum albumin was associated with a significantly in-
creased risk of > 30-day mortality in patients with TAVR (HR =
1.18,95% CI: 1.04-1.34, P =0.01; Table 2, Fig. 4). No heterogene-
ity was observed among these studies (I* = 0%; 95% Chi?: 0.91;
Cochrane Q, P = 0.92). Eight studies (n = 5677) reported univari-
ate adjusted HRs, which yielded a marginal reduction in the risk
of death amongst patients with low serum albumin level amongst
patients with TAVR (HR = 1.08, 95% CI: 1.02-1.15, P = 0.01; Ta-
ble 2, Fig. 5). No heterogeneity was observed among these studies
(12 = 0%; 95% Chi?: 4.32; Cochrane Q, P = 0.74).

There was no heterogeneity among the four studies reporting
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Died Survival Hazard Ratio Hazard Ratio
Study or Subgroup  Events Total Events Total O-E Variance Weight Exp[{O-E) / V], Fixed, 95% CI Exp[{O-E) I V], Fixed, 95% CI
Bogdan 2016 4 150 146 180 1.1582 389 11% 1.35[0.50, 3.64] ]
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Figure 2. A forest plot represents the statistical effect of low serum albumin concentration on the risk of mortality at 30 days follow-up, including

overall, univariate and multivariate evaluations.

risk estimates of mortality associated with each 1 g/dL increment
in albumin concentration (I> = 0%). The HR of the mortality risk
associated with each 1 g/dL increment in serum albumin level was
1.14 (95% CI: 1.01-1.29; P = 0.04), suggesting a potential dose-
response relationship between increased serum albumin level and
decreased risk of mortality in patients undergoing TAVR (Fig. 5).
After excluding low-quality studies, the HR of mortality risk as-
sociated with each 1 g/dL increment in serum albumin was 1.09
(95% CI: 1.03-1.16; P = 0.003; Table 2, Fig. 7).

3.4 Publication bias

There was a possible risk of publication bias among the stud-
ies reporting risk estimates of the prognostic value of low serum
albumin concentrations in AS patients (Fig. 4), with Egger and
Begg P values of 0.04 and 1.00, respectively. There was no risk
of publication bias among the studies reporting risk estimates of
mortality associated with each 1 g/dL increment in albumin con-
centration, with Egger and Begg P values of 0.58 and 0.84, respec-
tively (Fig. 8).

Table 1. Characteristics of the 11 studies included in the meta-analysis.

Author, year Country  Study design n* Mean Male Follow-up  Confounding factors Quality
age gender (months)
(years) (%)

Rodriguez- Spain Prospective 109 83 422 24.5 None

Pascual et al cohort

(2016)

Chauhan et al. USA Retrospective 342 81.8 47.7 14.9 Frailty score, gait speed, hand grip strength, Katz

(2016) cohort index of independence in activities of daily living,
and other baseline characteristics

Yamamoto et al. Japan Prospective 1215 84.4 29.7 12 acute coronary obstruction, disabling stroke, acute

(2017) cohort kidney injury, vascular complications, red blood cell
transfusion, etc.

Hermiller et al. USA Retrospective 3687 83.3 53.7 12 Assisted living, home oxygen, wheelchair bound,

(2016) cohort Katz index of independence in activities of daily liv-
ing, grade III/IV left ventricular diastolic dysfunc-
tion, gait speed,

Bogdan et al. Israel Retrospective 150 81 39 25 Multivariate analysis

(2016) cohort

Green et al USA Prospective 244 86 51 12 None

(2015) cohort

Koifman et al. USA Retrospective 476 84 83 12 Age, gender, African American race, serum albu-

(2015) cohort min, chronic lung disease, ejection fraction < 40%,
aortic valve area, etc.

Osnabrugge et al. USA Retrospective 471 84 49.1 12 Multivariate analysis

(2015) cohort

Kappetein et al. USA Prospective 159 86 50 12 Multivariate analysis

(2012) cohort

Goldfarb et al. Canada Prospective 489 70 Nil 12 Age, sex, BMI, cirrhosis, ejection fraction, disabil-

(2017) Cohort ity, frailty.

Grossman et al. Israel Retrospective 426 83.8 45 12 EuroSCORE-2, VARC2

(2017) study
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Died Survival Hazard Ratio Hazard Ratio
Study or Subgroup Events Total Events Total O-E Variance WWeight EXp[(O-E)/V], Fixed, 95% CI EXpI(O-E) | V], Fixed, 95% CI
Bogdan 2016 42 140 108 150 6.3964 30.24 27% 1.24 [0.87,1.76] 3 o
Chauhan 2016 a5 2412 187 2412 7.683 415 3.8% 1.20[0.88, 1.61] = I
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Osnabrugge 2015 170 436 286 436 0.1532 96.7 8.6% 1.00[0.82,1.22] =
Rodrguezpascual 2016 33109 TE 109 74118 23.01 2.0% 1.38 [0.92, 2.08] e
Yamarmoto 2016 102 124 23 125 6.6938 18.77 1.7% 1.43[0.91, 2.25] = FR
Total (95% CI) 6212 6212 100.0% 1.10 [1.04, 1.17] n
Total events 1658 4554
Heterogeneity Chi*= 6.48, df = 9 (P = 0.69); F= 0% T T i P

Testfor overall effect Z= 316 (P = 0.002)
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Figure 3. A forest plot represents the statistical effect of low serum albumin concentration on the risk of mortality quantified at a follow-up time

greater than 30 days, including overall, univariate and multivariate evaluations.

Died Survival Hazard Ratio Hazard Ratio

Study or Subgroup Events Total Events Total 0-E Variance Weight Exp[(O-E)/ V], Fixed, 95% CI Exp[{O-E) 1 V], Fixed, 95% CI
Eogdan 2016 42 150 108 150 6.3964 3024 13.0% 1.24 [0.87,1.76] 3
Green 2015 2 244 223 244 1.7G6E4 19149 8.3% 1A0([0.70,1.72] o
Grogsman 2017 46 426 380 426 9.8975 41.03 17.7% 1.27[0.94,1.73] i
Kaoifman 2015 228 476 248 476 14.4528 11879 91.1% 1.13[0.94,1.39] "
Rodrguezpascual 2016 33 109 TE 109  B.3607 23.0 9.9% 1.32 [0.88, 1.96] = para
Total (95% CI) 1405 1405 100.0% 1.18 [1.04, 1.34] "
Total events arn 1035

e i = B L e I ; \ )
Heterogeneity: Chi*=0.81, df= 4 (P=0.92); F= 0% o h T o0

Test for averall effect 7= 285 (F=001)

Favours [experimental] Favours [control]

Figure 4. A forest plot represents the statistical effect of low serum albumin concentration on the risk of mortality quantified at a follow-up time

greater than 30 days, following evaluation via a univariate Cox regression model.

4. Discussion

This meta-analysis of studies examining the prognostic impor-
tance of serum albumin levels in AS patients undergoing TAVR
shows that a low preoperative serum albumin level is a significant
predictor of post-procedural mortality. This indicates that measur-
ing serum albumin levels prior to TAVR along with other preop-
erative factors may help to stratify patients. Meta-analysis of ad-
justed HRs indicated that low serum albumin was independently
associated with increased mortality risk during follow-up. Fur-
thermore, the HR of mortality risk associated with each 1 g/dL in-
crement in serum albumin level was 0.46 (P < 0.0001), indicating
apotential dose-response relationship between increased serum al-
bumin level and decreased mortality risk. This meta-analysis pro-
vides the strongest evidence to date supporting the utility of serum
albumin as a prognostic biomarker in patients undergoing TAVR,
with low serum albumin levels indicating a poor prognosis.

Serum albumin levels are indicators of the severity of malnu-
trition and inflammation in many disease states. For instance,
hypoalbuminemia significantly leads to poor prognosis in cancer,
chronic kidney disease and sepsis (Cabrerizo et al., 2015). Several
studies have assessed the prognostic role of serum albumin in car-
diovascular diseases (Kurtul et al., 2016; Plakht et al., 2017; Su et
al., 2012). In Plakht et al. (2017), low serum albumin concentration
was significantly associated with long-term all-cause mortality af-
ter acute myocardial infarction (Plakht et al., 2017); Kurtul et al.
(2016) found that serum albumin concentration was inversely as-
sociated with mortality risk in acute coronary syndrome patients
(Kurtul et al., 2016); and Su et al. (2012) showed that serum albu-
min was a significant prognostic factor in patients with heart fail-
ure (Su et al., 2012). The findings from the present meta-analysis
consolidate the notion that serum albumin is a useful prognostic
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biomarker in patients undergoing TAVR, thereby further support-
ing the evidence of its prognostic role in cardiovascular diseases.
Our findings show that decreased serum albumin levels in TAVR
patients are related not only to deterioration in nutritional status
that adversely affects myocardial recovery after correction of AS,
but also to poor functional outcomes. Therefore, in acute care, a
current focus is on restarting enteral nutrition immediately after
extubation, with patient-specific nutrition.

Low serum albumin concentration implies a dysfunctional liver
synthesis, which can be caused by heart failure, cirrhosis and
malignancies, amongst other conditions. Albumin helps control
serum electrolyte levels and confers antioxidant effects (Roth-
schild et al., 1988). Serum albumin provides a simple but objective
clinical risk stratification in patients with severe AS assessed for
TAVR to make appropriate decisions regarding treatment options
for individual patients.

5. Limitations

Differences in study design, sampling method, inclusion cri-
teria and patient characteristics, and adjusted confounding fac-
tors, could result in a high degree of heterogeneity between stud-
ies. Furthermore, some studies were retrospective cohort stud-
ies, where biases are more likely than in prospective study. More
prospective studies with larger sample sizes are needed to provide
further evidence of the utility of serum albumin level as a prognos-
tic biomarker in patients undergoing TAVR. A third limitation was
that in some studies, the follow-up duration was less than one year,
so the long-term prognostic role of serum albumin in AS patients
needs further study. The number of included studies, especially in
the subgroup analyses, was limited. In addition, the systematic re-
view protocol was not registered in PROSPERO (the international

Hsieh et al.
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Figure 5. A forest plot represents the statistical effect of low serum albumin concentration on the risk of mortality, following evaluation via a

multivariate Cox regression model.
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Figure 6. A forest plot represents the statistical effect of categorical serum albumin concentration on the overall risk of mortality, following

appropriate statistical evaluation.
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Figure 8. A forest plot represents the statistical effect of serum albumin concentration on the overall risk of mortality, following appropriate

statistical evaluation, excluding studies whose quality was deemed low.

prospective register of systematic reviews), and it may have bene-

fited from such a preliminary peer-review process.

In conclusion, this meta-analysis strongly supports the utility

of serum albumin as a prognostic biomarker in AS patients under-
going TAVR, with a low serum albumin level (2.5-3.5 g/dL) sug-

Volume 20, Number 3, 2019

gesting a poorer prognosis. Serum albumin is a convenient and

economical prognostic factor, which can be easily monitored for
risk stratification in AS patients. More prospective studies with
large sample sizes are needed to provide further evidence of the

utility of serum albumin as a prognostic biomarker in patients un-
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dergoing TAVR.

Acknowledgment
I would like to express my gratitude to all those who helped me

during the writing of this manuscript.

Conflicts of interest
The authors declare no conflicts of interest.

Submitted: July 07, 2019
Accepted: August 26, 2019
Published: September 30, 2019

References

Afilalo, J., Alexander, K. P., Mack, M. J., Maurer, M. S., Green, P., Allen,
L. A, Popma, J. J., Ferrucci, L. and Forman, D. E. (2014) Frailty
assessment in the cardiovascular care of older adults. Journal of the
American College of Cardiology 63, 747-762.

Artigas, A., Wernerman, J., Arroyo, V., Vincent, J. L. and Levy, M. (2016)
Role of albumin in diseases associated with severe systemic inflamma-
tion: pathophysiologic and clinical evidence in sepsis and in decom-
pensated cirrhosis. Journal of Critical Care 33, 62-70.

Bhattacharyya, S., Hayward, C., Pepper, J. and Senior, R. (2012) Risk
stratification in asymptomatic severe aortic stenosis: a critical ap-
praisal. European Heart Journal 33, 2377-2387.

Bogdan, A., Barbash, I. M., Segev, A., Fefer, P., Bogdan, S. N., Asher,
E., Fink, N., Hamdan, A., Spiegelstein, D., Raanani, E. and Guetta, V.
(2016) Albumin correlates with all-cause mortality in elderly patients
undergoing transcatheter aortic valve implantation. Eurolntervention
12, ¢1057-e1064.

Brennan, J. M., Thomas, L., Cohen, D. J., Shahian, D., Wang, A., Mack,
M. J., Holmes, D. R., Edwards, F. H., Frankel, N. Z., Baron, S. J., Car-
roll, J., Thourani, V., Tuzcu, E. M., Arnold, S. V., Cohn, R., Maser,
T., Schawe, B., Strong, S., Stickfort, A., Patrick-Lake, E., Graham, F.
L., Dai, D., Li, F., Matsouaka, R. A., O'Brien, S., Li, F., Pencina, M.
J. and Peterson, E. D. (2017) Transcatheter versus surgical aortic valve
replacement: propensity-matched comparison. Journal of the Ameri-
can College of Cardiology 70, 439-450.

Cabrerizo, S., Cuadras, D., Gomez-Busto, F., Artaza-Artabe, 1., Marn-
Ciancas, F. and Malafarina, V. (2015) Serum albumin and health in
older people: Review and meta analysis. Maturitas 81, 17-27.

Chauhan, D., Haik, N., Merlo, A., Haik, B. J., Chen, C., Cohen, M.,
Mosenthal, A. and Russo, M. (2016) Quantitative increase in frailty
is associated with diminished survival after transcatheter aortic valve
replacement. American Heart Journal 182, 146—154.

DerSimonian, R. and Laird, N. (1986) Meta-analysis in clinical trials. Con-
trol Clinical Trials 7, 177-188.

Findik, O., Aydin, U., Baris, O., Parlar, H., Alagoz, G. A., Ata, Y., Turk, T.
and Kunt, A. T. (2016) Preoperative low serum albumin levels increase
the requirement of renal replacement therapy after cardiac surgery.
Heart Surgery Forum 19, 123-127.

Goldfarb, M., Lauck, S., Webb, J., Kim, D. H., Popma, J., Piazza, N.,
Giuseppe, M., Marino, L., Andre, L., Mark, P., Nicolas, N., Andrew,
R., Brian, L., Philippe, G., Rakesh, A., José, M., Anita, A., Louis, P.
and Jonathan, A. (2017) Serum albumin as an incremental predictor of
mortality in older adults undergoing transcatheter aortic valve replace-
ment: results from the multicenter frailty-AVR Study. Journal of the
American College of Cardiologists 69, 1331.

Grant, J. and Hunter, A. (2006) Measuring inconsistency in knowledge-
bases. Journal of Intelligent Information Systems 27, 159—184.

Green, P., Arnold, S. V., Cohen, D. J., Kirtane, A. J., Kodali, S. K., Brown,
D. L, Rihal, C.S., Xu, K., Lei, Y., Hawkey, M. C., Kim, R. J., Alu, M.
C., Leon, M. B. and Mack, M. (2015) Relation of frailty to outcomes
after transcatheter aortic valve replacement (from the PARTNER Trial).
American Journal of Cardiology 116, 264-269.

Green, P., Woglom, A. E., Genereux, P., Dancault, B., Paradis, J. M.,
Schnell, S., Hawkey, M., Maurer, M. S., Kirtane, A. J., Kodali, S.,

168

Moses, J. W., Leon, M. B., Smith, C. R. and Williams, M. (2012) The
impact of frailty status on survival after transcatheter aortic valve re-
placement in older adults with severe aortic stenosis: A single-center
experience. Journal of the American College of Cardologists Cardio-
vascular Interventions 5, 974-981.

Grodin, J. L., Lala, A., Stevens, S. R., DeVore, A. D., Cooper, L. B.,
AbouEzzeddine, O. F., Mentz, R. J., Groarke, J. D., Joyce, E., Rosen-
thal, J. L., Vader, J. M. and Tang, W. H. (2016) Clinical implications of
serum albumin levels in acute heart failure: insights from DOSE-AHF
and ROSE-AHF. Journal of Cardiac Failure 22, 884—890.

Grossman, Y., Barbash, 1. M., Fefer, P., Goldenberg, 1., Berkovitch, A.,
Regev, E., Fink, N., Ben-Zekry, S., Brodov, Y., Kogan, A., Guetta, V.,
Raanani, E. and Segev, A. (2017) Addition of albumin to traditional
risk score improved prediction of mortality in individuals undergoing
transcatheter aortic valve replacement. Journal of the American Geri-
atrics Society 65, 2413-2417.

Hermiller, J. B., Yakubov, S. J., Reardon, M. J., Deeb, G. M., Adams, D.
H., Afilalo, J., Huang, J. and Popma, J. J. (2016) Predicting early and
late mortality after transcatheter aortic valve replacement. Journal of
the American College of Cardiologists 68, 343-352.

Higgins, J. P. T. and Thompson, S. G. (2002) Quantifying heterogeneity in
a meta-analysis. Statistical Medicine 21, 1539-1558.

Joseph, J., Naqvi, S. Y., Giri, J. and Goldberg, S. (2017) Aortic steno-
sis: pathophysiology, diagnosis, and therapy. American Journal of
Medicine 130, 253-263.

Kappetein, A. P., Head, S. J., Genereux, P., Piazza, N., van Mieghem, N.
M., Blackstone, E. H., Brott, T. G., Cohen, D. J., Cutlip, D. E., van
Es, G. A., Hahn, R. T., Kirtane, A. J., Krucoff, M. W., Kodali, S.,
Mack, M. J., Mehran, R., Rodés-Cabau, J., Vranckx, P., Webb, J. G.,
Windecker, S., Serruys, P. W. and Leon, M. B. (2012) Updated stan-
dardized endpoint definitions for transcatheter aortic valve implanta-
tion: the Valve Academic Research Consortium-2 consensus document
(VARC-2). European Journal of Cardio-Thoracic Surgery 42, S45—
S60.

Koifman, E., Magalhaes, M. A., Ben-Dor, 1., Kiramijyan, S., Escarcega,
R. O., Fang, C., Torguson, R., Okubagzi, P., Negi, S. I., Baker, N.
C., Minha, S., Corso, P. J., Shults, C., Satler, L. F., Pichard, A. D. and
Waksman, R. (2015) Impact of pre-procedural serum albumin levels on
outcome of patients undergoing transcatheter aortic valve replacement.
American Journal of Cardiology 115, 1260-1264.

Kurtul, A., Murat, S. N., Yarlioglues, M., Duran, M., Ocek, A. H.,
Koseoglu, C., Celik, I. E., Kilic, A. and Aksoy, O. (2016) Usefulness of
serum albumin concentration to predict high coronary SYNTAX score
and in-hospital mortality in patients with acute coronary syndrome. An-
giology 67, 34-40.

Levitt, D. G. and Levitt, M. D. (2016) Human serum albumin homeostasis:
A new look at the roles of synthesis, catabolism, renal and gastrointesti-
nal excretion, and the clinical value of serum albumin measurements.
International Journal of General Medicine 9, 229-255.

McNallan, S. M., Chamberlain, A. M., Gerber, Y., Singh, M., Kane, R.
L., Weston, S. A., Dunlay, S. M., Jiang, R. and Roger, V. L. (2013)
Measuring frailty in heart failure: A community perspective. American
Heart Journal 166, 768-774.

Moher, D., Liberati, A., Tetzlaff, J., Altman, D. and The PRISMA Group.
(2009) Preferred reporting items for systematic reviews and meta-
analyses: the PRISMA statement. PLoS Medicine 6, ¢1000097.

Nashef, S., Roques, F., Michel, P., Gauducheau, E., Lemeshow, S. and
Salamon, R. (1999) European system for cardiac operative risk eval-
uation (EuroSCORE). European Journal of Cardio-thoracic Surgery
16, 9-13.

O’Brien, S. M., Shahian, D. M., Filardo, G., Ferraris, V. A., Haan, C. K.,
Rich, J. B.,Normand, S. L., DeLong, E. R., Shewan, C. M., Dokholyan,
R. S., Peterson, E. D., Edwards, F. H. and Anderson, R. P. (2009) The
society of thoracic surgeons 2008 cardiac surgery risk models: part 2-
isolated valve surgery. Annals of Thoracic Surgery 88, S23—S42.

Osnabrugge, R. L., Arnold, S. V., Reynolds, M. R., Magnuson, E. A.,
Wang, K., Gaudiani, V. A., Stoler, R. C., Burdon, T. A., Kleiman, N.,
Reardon, M. J., Adams, D. H., Popma, J. J. and Cohen, D. J. (2015)
Health status after transcatheter aortic valve replacement in patients at

Hsieh et al.



extreme surgical risk: results from the CoreValve U.S. trial. Journal of

the American College of Cardiologists Cardiovascular Interventions
8,315-323.

Plakht, Y., Gilutz, H. and Shiyovich, A. (2017) Decreased Norton’s func-
tional score is an independent long-term prognostic marker in hospital
survivors of acute myocardial infarction. soroka scute myocardial in-
farction II (SAMI-II) project. International Journal of Cardiology 228,
694-649.

Rodriguez-Pascual, C., Paredes-Galan, E., Ferrero-Martinez, A. 1., Baz-
Alonso, J. A., Duran-Muiioz, D., Gonzalez-Babarro, E., Sanmartin,
M., Parajes, T., Torres-Torres, 1., Pifion-Esteban, M., Calvo-Iglesias,
F., Olcoz-Chiva, M. T. and Rodriguez-Artalejo, F. (2016) The frailty
syndrome and mortality among very old patients with symptomatic se-
vere aortic stenosis under different treatments. International Journal
of Cardiology 224, 125-131.

Rothschild, M. A., Oratz, M. and Schreiber, S. S. (1988) Serum albumin.
Hepatology 8, 385-401.

Stang, A. (2010) Critical evaluation of the Newcastle-Ottawa scale for the

Volume 20, Number 3, 2019

assessment of the quality of nonrandomized studies in meta-analyses.
European Journal of Epidemiology 25, 603—605.

Su, W., An, T., Zhou, Q., Huang, Y., Zhang, J., Zhang, Y., Wei, B., Sun,
X., Zou, C. and Lou, K. (2012) Serum albumin is a useful prognostic
indicator and adds important information to NT-proBNP in a Chinese
cohort of heart failure. Clinical Biochemistry 45, 561-565.

Vahanian, A. and Otto, C. M. (2010) Risk stratification of patients with
aortic stenosis. European Heart Journal 31, 416—423.

Von Haehling, S., Anker, S. D., Dochner, W., Morley, J. E. and Vellas, B.
(2013) Frailty and heart disease. International Journal of Cardiology
168, 1745-1747.

Yamamoto, M., Shimura, T., Kano, S., Kagase, A., Kodama, A., Sago, M.,
Tsunaki, T., Koyama, Y., Tada, N., Yamanaka, F., Naganuma, T., Araki,
M., Shirai, S., Watanabe, Y. and Hayashida, K. (2017) Prognostic value
of hypoalbuminemia after transcatheter aortic valve implantation (from
the Japanese multicenter OCEAN-TAVI registry). American Journal of
Cardiology 119, 770-777.

169



	Introduction
	Methods
	Search strategy 
	Selection criteria
	Data extraction and quality assessment
	Statistical analysis

	Results
	Literature search and included studies
	Definition of serum albumin
	Preoperative serum albumin and mortality 
	Publication bias

	Discussion
	Limitations

