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Abstract

Background Blood natriuretic peptide (NP) levels have
been reported to be useful for predicting postoperative
atrial fibrillation (AF). We aimed to quantitatively syn-
thesize the current evidence of the accuracy of using NP
levels in predicting postoperative AF.

Methods and Results Medline, Embase, and reference
lists were searched. Studies were included if either brain
natriuretic peptide (BNP) or N-terminal pro-b type natri-
uretic peptide (NT-proBNP) had been evaluated perioper-
atively to predict postoperative AF. Data were analyzed to
obtain summary accuracy estimates. Data from 1,844
patients in 10 studies were analyzed. Summary estimates
for the sensitivity and specificity of using NP levels for
predicting postoperative AF were 75 % [95 % confidence
interval (CI) 67-79 %] and 80 % (95 % CI 62-91 %),
respectively. The overall diagnostic odds ratio was 3.28
(95 % CI 2.23-4.84). Subgroup analysis showed that ele-
vated NP levels in the perioperative period were a strong
independent predictor of postoperative AF. NT-proBNP
appeared to have better predictive value than BNP, as did
postoperative assessment over preoperative assessment.
BNP had a better correlation with postoperative AF in
patients undergoing thoracic surgery than in patients
undergoing cardiac surgery.

Conclusions Perioperative assessment of the natriuretic
peptide level in patients undergoing major cardiothoracic
surgery could be a valuable diagnostic aid for identifying
patients at high risk of developing postoperative AF, and
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for providing critical clinical information to guide pro-
phylactic antiarrhythmic therapy in the perioperative
period.

Introduction

Atrial fibrillation (AF) represents one of the most frequent
postoperative cardiac complications, especially in patients
undergoing cardiothoracic surgery [1, 2]. The incidence of
postoperative AF varies between 10 and 40 % [1, 3].
Although AF is often benign, it has been related to
increased morbidity, including hypotension, heart failure,
thromboembolic complications, prolonged hospital stay,
and increased hospital costs [3-7]. Several pharmacologi-
cal therapies have been shown to be able to prevent the
development of postoperative AF [8, 9], but there is no
established method for the preoperative identification of
patients at high risk of developing this arrythymia. Because
use of preventive medications is not totally without risk,
unselective administration of such medications is not jus-
tifiable. Several factors, including male gender, age, atrial
dimension, low ejection fraction, left ventricular (LV)
diastolic dysfunction, history of diabetes mellitus, hyper-
tension, chronic obstructive pulmonary disease, and coro-
nary artery disease, have been reported as predictors of
postoperative AF following coronary artery bypass surgery
(CABG) or other surgery, but only advanced age has been
widely validated.

Recently, a number of observational studies have
examined the predictive value of brain natriuretic peptide
(BNP) or N-terminal pro-b type natriuretic peptide (NT-
proBNP) for identifying patients at risk of AF after a major
surgery [10-19]. B-type natriuretic peptide or its inactive
cleavage product N-terminal pro-BNP is secreted mainly
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from the left ventricle in response to pressure and volume
overload [20]. Systemic physiologic effects of natriuretic
peptides (NPs) include natriuresis, diuresis, and vasodila-
tion [21]. Although most studies have shown an association
between elevated NP levels and postoperative AF, the risk
estimates vary widely among studies. We therefore carried
out a systematic review and meta-analysis to summarize
data on the association between NP levels and postopera-
tive AF in adult patients.

Materials and Methods
Search Strategy and Selection Criteria

We searched three electronic databases (Medline, Embase,
and the Cochrane database) for studies published through
January 2012 with the following MeSH terms and free text:
“natriuretic peptide,” “surgery,” “arrhythmia,” and “atrial
fibrillation.” We did not set any time or language restric-
tions for these searches. We checked the reference lists of
relevant review articles. Selection was performed inde-
pendently by two reviewers. Discrepancies between the
selections of the reviewers were resolved by a consensus
meeting with the third or fourth co-author.

The title and abstract of the studies were screened in the
first round, and potentially relevant articles were retrieved
for full-text review in the second round. For inclusion, the
studies had to fulfil the following criteria:

e Have a study population of consecutive patients (age
>18 years) undergoing cardiac or non-cardiac surgery

e Include results of a BNP or NT-proBNP test in the
perioperative period

e Use perioperative AF as one of the endpoints

e Include calculations of sensitivity, specificity, or odds
ratio, or have sufficient data to construct a 2 x 2
contingency table.

We excluded case reports, case series, review articles,
editorials, and clinical guidelines. Two authors indepen-
dently assessed all titles and abstracts to determine whether
the inclusion criteria were satisfied. Full-text articles were
retrieved if any of the reviewers considered the abstract
suitable. The study inclusion and exclusion process is
summarized in Fig. 1.

Quality Assessment
The methodological quality of the selected studies was
evaluated independently by two reviewers with a validated

tool for the quality assessment of diagnostic accuracy
studies (Quality Assessment of Diagnostic Accuracy
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abstracts
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27 citations excluded after full-text review
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1 were case reports
4 did not study diagnostic tests of interest

4

10 articles included in
meta-analyses

Fig. 1 Flow chart of study identification and inclusion

Studies, QUADAS) [22]. Discrepancies were resolved by a
consensus meeting with the third and fourth co-authors.

Data Synthesis and Analysis

We calculated the pooled sensitivity, specificity, likelihood
ratio, as well as the diagnostic odds ratio for the included
studies. Given the inherent negative correlation between
sensitivity and specificity, we estimated these parameters
with the bivariate model for diagnostic meta-analyses [23].
This approach assumes a bivariate distribution for the log-
transformed sensitivity and specificity. In addition to
accounting for study size, the bivariate model also estimates
and adjusts for the negative correlation between the sensi-
tivity and specificity of the index test that may arise from the
different thresholds used in different studies [24]. To com-
pare diagnostic performance between two biomarkers, we
calculated the area under the summary receiver operating
characteristic (AUROC) curve and diagnostic odds ratio
(OR) to summarize the true positive and false positive rates
of different diagnostic studies, irrespective of the different
cutoff points used in the various studies. To deal with zero
observations in 2 x 2 contingency tables, > was added to
each cell, reducing performance in the small studies. To
formally quantify the extent of between-study variation (i.e.,
heterogeneity), we calculated the inconsistency index I
which describes the variation of effect estimate that is
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attributable to heterogeneity across studies [25]. Summary
diagnostic odds ratios were estimated by random (DerSi-
monian-Laird) or fixed (Mantel-Haenszel) effect models,
depending on whether > was greater or lower than 50 %
[26]. Meta-regression was used to evaluate the amount of
heterogeneity in the subgroup analysis. We defined a priori
the following potential relevant covariates: biomarker, type
of surgery, and the age range and underlying disease of the
study patients [27]. We tested for publication bias by
inspecting the symmetry of funnel plots, and we then
assessed the potential for publication bias by performing
Begg and Egger tests [28]. Statistical analyses were con-
ducted using STATA 11.0 (Stata Corp, College Station,
TX). All statistical tests were two-sided, and statistical sig-
nificance was defined as a P value less than 0.05.

Results

A total of 10 primary studies (1 non-English-language study)
met the criteria for inclusion. They included 1,844 patients
undergoing major operations whose BNP or NT-proBNP
levels were measured in the perioperative period (Fig. 1).
Four hundred thirty-four patients (24 %) developed post-
operative AF. Agreement regarding eligibility was 90 %.
Of these 10 studies, 6 included patients undergoing
cardiac valve surgery or CABG, and the remaining 4
included patients undergoing thoracic surgery either for
lung cancer or for esophageal cancer. The study settings
included hospitalized patients (8 studies) and Intensive
Care Unit (ICU) patients [2]. Details of the participants,
settings, outcomes, and study quality criteria of the studies
selected for meta-analyses are summarized in Table 1. The
sensitivity, specificity, and diagnostic odds ratio for the
BNP and NT-proBNP tests, and the timing of biomarker
measurement are summarized in Table 2. The sensitivity of
natriuretic peptides (NPs) in predicting postoperative AF

Table 1 Summary of the characteristics of the included studies

ranged from 67 to 87 %, and the specificities ranged from
29 to 93 %. The diagnostic OR ranged from 1.00 to 27.9,
with 8 studies reporting the adjusted effect estimate and 2
derived from crude calculation.

Study Characteristics

All of the included studies collected data prospectively and
provided clear descriptions of patient selection criteria and
index tests. All patients underwent standard electrocardi-
ography as a reference test without differential disease
ascertainment. None of the included studies provided an
explanation for uninterpretable test results or participants’
withdrawal from the study. Although none of the studies
specified whether they were blinded to index testing in
ascertaining outcome, incorporation bias is not likely
because the diagnosis of AF is not influenced by knowl-
edge of serum levels of NPs. Figure 2 provides an overall
picture of the methodological quality of studies as evalu-
ated with the QUADAS tool.

Results of Individual Studies
Sensitivity and Specificity

We identified a total of five studies that reported estimated
sensitivity and specificity of NPs in predicting postopera-
tive AF. Overall, the pooled sensitivity was 73 % (95 % CI
67-79 %) and specificity was 80 % (95 % CI 62-91 %)
(Table 3). The pooled positive likelihood ratio was 3.69
(95 % CI 1.87-7.26) and the negative likelihood ratio was
0.34 (95 % CI 0.28-0.40). Four studies evaluated NT-
proBNP, while only 1 study evaluated BNP. Detailed
pooled effect estimates of 5 studies reporting sensitivity
and specificity are summarized in Table 3. Figure 3 shows
the summary receiver operator characteristic (ROC) curve

Author, year, country Mean age  Prevalence (n)  Outcomes Setting Type of surgery

Wazni et al. (2004) USA [19] 65.7 0.43 (187) Postoperative atrial fibrillation  Inpatient = CABG and/or valve surgery
Detaint et al. 2005 USA [12] 63 0.09 (124) Postoperative atrial fibrillation  Inpatient  Cardiac valve surgery
Cardinale 2007, Italy [11] 62 0.18 (400) Postoperative atrial fibrillation  Inpatient = Lung cancer surgery

Dogan et al. 2007, Turkey [13] 60.2 0.18 (57) Postoperative atrial fibrillation = ICU On-pump CABG

Hou et al. 2008, China [15] 66.5 0.08 (142) Postoperative atrial fibrillation  Inpatient  Esophageal cancer surgery
Gibson et al. 2009, UK [14] 65 0.39 (275) Postoperative atrial fibrillation = Inpatient = CABG and/or valve surgery
Nojiri et al. 2010, Japan [17] 66.1 0.28 (80) Postoperative atrial fibrillation  Inpatient = Lung cancer surgery
Salvatici et al. 2010, Italy [18] 62 0.18 (400) Postoperative atrial fibrillation  Inpatient  Lung cancer surgery
Tanaray et al. 2010, Iran [10] NA 0.18 (79) Postoperative atrial fibrillation  Inpatient =~ CABG and/or valve surgery
Krzych et al. 2011, Poland [16] 65.9 0.34 (100) Postoperative atrial fibrillation — ICU On-pump CABG

BNP B-type natriuretic peptide, CABG coronary artery bypass graft, NA not available

@ Springer



World J Surg (2014) 38:51-59

54

(A[9Anoadsar o3k Jo s1BaK ()9 USWOM PUB USW I0J /3U ()7 PUB H6] PUB 9Fe JO SIBIK C—()G USWOM puR UsW 10J J/Su 98] pue Gz ‘958 JO SIBAA G} USWIOM pUB USW I0J J/3U GZ] PUB $9) sdnfeA jjomnd o[dnny

UONRI0SSY

JIBOH YIOA MIN VHAN ‘XOpUI SWIN[OA JI[OISAS-PUS JAST SH 9ANR[AI yy ‘Aioeded [BIIA PdIOJ/s | Ul oWN[OA KI0jerrdXe padioy DAL/ A4 “Opndad onainieu [eLje NV ‘UONBIND dABM-d wnwixew ¥y ‘uorsiodsip
anem-d qd ‘AydoniadAy AT HAT ‘Te[NOINULA 1JO] A7 ‘UOTR[[LIQY [eIe JV ‘@seasip Areuownd 9Anonnsqo oruoIyd g4 ‘1yeid ssedAq A1eue Areuorod Hgy) ‘opndad onommeu ureiq-oid reurwis)-N JNJ 04d-IN

VN VN VN VN
VN % 9'LS VN VN
€IS VN VN VN %D SEL VN VN [91] puejod ‘[10g ‘Te 10 yoAzry
(S6'TET-LLD) €161 VN VN VN
VN VN VN VN
68 VN VN VN VN VN VN [01] ue1r ‘010z "[e 10 Aereue],
VN
sl % 698 YN YN VN
aneradoisod
L'8TI % % 9°C8 VN VN
eaneredoald VN VN L %D v'69 VN VN [811 Areaf “010T 'Te 12 PneA[ES
VN VN VN A€T-v0'D LI'T
VN VN VN % €6
VN 0¢ ANV ‘OAd/' AT 98V VN VN VN % LL [Lz] ueder ‘010z '[e 10 LtfoN
VN (9TS—er'D vL'T VN (68'7S1) ¥L'T
VN % 6¢ VN % 6¢
YL e 19%20[q-g “1opudF d[ew 93y VN % L8 VN % 18 [¥11 31N ‘6002 ‘Te 19 uosqiy
. VN O¥9'L—21TD T1L'Y VN VN
uone[Ip oujses
-ooeioy) pue ‘erxodAy oaneredojsod ‘uorsuorrodAy VN VN VN VN
VN VN ‘SOSEASIP JBIPIEd JO AI0ISIY ‘(AdOD “1opuas @3y VN VN VN VN [S1] euryd *800T ‘T8 12 Noy
VN (¥00'1-6660) 100°T VN VN
wnige 339 a81e] pue (4 poSuoroid VN VN VN VN
w8 VN g paguojold ‘uonoery uondafe 1emof @8y VN VN VN VN [e1] &y, ‘00T ‘e 10 ueSoq
(0¥'69-08°S) 01°0T (06'85-0T°€1) 06'LT VN VN
sonfea dNg o1d-IN oaneradojsod pue oanerodoard
LSanfeA yjoq ‘suonedipaw pue Kwoyoduownaud ‘siojourered VN % €6 VN VN
powod oidnmy - YN AyderSorpreooyos ‘sanipiqrowod Iofewr ropuag 0y VN % L9 VN VN L[I1] A1 °L00T ‘T8 10 o[euipre)
VN VN VN (0€'17-2€'D 0€°S
VN VN VN VN
VN Ie SSE[> VHAN ‘TASH AV QWN[0A YT ‘10pud3 23y VN VN VN VN [z1] VSN ‘s00T T8 19 wurenq
ewise[d ‘s
. dNH BUSE]C $19401 VN VN VN (6£'ST1'D SP'T
-¢ Jo asn ‘aseasIp AIoye AIeuolod jo douasaid ‘oz1s
Te1me 39 ‘HAT ‘uonounj A ‘uorsuayrodAy ‘(K108ins VN VN VN VN
VN VN  oA[ea snsioa A[uo DVD) A103ms jo odA) “1opusd o3y VN VN VN VN [61]1 VSN +00T 'Te 12 Tuzep
onel Sppo onel Sppo onel Sppo
dNE 01d-IN dNE ‘Kiogroads ‘Ayanisuas  Ajoygroads ‘AjAnisuas ‘Kmoyroads onel sppo £nunoo “reak “royiny
- @ @ @ @ dANgoid-IN ANgoid-IN  ‘Amanisuds gNg  ‘Aiogroads Aanisuos
(Tuwy/3d) jyon) sa[qeLeA paisnlpy aaneradoisoq aaneredoarq aanerodoisod dN9 2aneradoaig P21 sIoyIeworg

SOIpPN)s POPN[OUT AY) JO SONSLIANILIBYD JUAIIp AQ sisA[eue dnoi3qns jo Arewrung g d[qe],

pringer

A's



World J Surg (2014) 38:51-59

55

Fig. 2 The Quality Assessment
of Diagnostic Accuracy Studies
(QUADAS) criteria for included
studies

Short time period between reference and index test

Withdraw explained

All patient verified by reference standards

Same reference standard used

Adequate index test description

Representative spectrum of patients

Selection criteria clearly described

Adequate reference test

Adequate reference standard

Uninterpretable test result reports

Reference independent of index test

Blinding for reference test |

of the NP test, which revealed an area under the ROC curve
of 0.78 (95 % CI 0.74-0.81).

Diagnostic Odds Ratio

We identified a total of 10 studies reporting the estimated
diagnostic OR for the use of perioperative NP tests in pre-
dicting postoperative AF. The overall diagnostic OR is 3.28
(95 % CI 2.22-4.84) (Fig. 4). A significant degree of het-
erogeneity (I*: 95.4 %) was observed in either primary or
subgroup analysis. Subgroup analysis showed an attenuated
effect estimate in adjusted analysis. Comparing the two
subtypes of NP, NT-proBNP was associated with a superior
diagnostic OR as compared to BNP. Natriuretic peptides can
predict postoperative AF more accurately in patients
undergoing thoracic surgery (pooled OR 7.07, 95 % CI
1.14-44.04) than in patients undergoing cardiac surgery
(pooled OR 1.90, 95 % CI 1.21-2.99). Postoperative mea-
surement of NPs (pooled OR 5.67, 95 % CI 1.05-30.55) was
associated with a higher diagnostic value than preoperative
measurement (pooled OR 3.90, 95 % CI 1.86-8.19). None
of the subgroup analyses were significantly different from
the overall meta-regression analysis. There was evidence of
publication bias. Detailed pooled effect estimates of 10
studies reporting diagnostic OR are summarized in Table 4.

Discussion

In this study, elevated plasma BNP or NT-proBNP levels
obtained in the perioperative period were strong

Clinical data available
Blinding for index test

0 20 40 60 80 100
percent

|

B ves

independent predictors of the occurrence of postoperative
AF. NT-proBNP levels appeared to have better predictive
power than BNP levels. Similarly, postoperative assess-
ment had better predictive power than preoperative
assessment. Brain NP levels showed better correlation with
postoperative AF in patients undergoing thoracic surgery
than in patients undergoing cardiac surgery. The overall
pooled sensitivity and specificity in predicting postopera-
tive AF were 75 % (95 % CI 67-79 %) and 80 % (95 CI
62-91 %), respectively.

Both BNP and NT-proBNP are synthesized and released
by an overloaded myocardium with cyclic guanosine
monophosphate-mediated natriuretic and vasodilator
properties [21]. In addition to serving as indicators of heart
failure, BNP and NT-proBNP levels are major biomarkers
of risk for several cardiac diseases, such as coronary heart
disease, sepsis, and valvular heart disease [29-31]. In
major cardiac or thoracic surgery, the natriuretic peptide
level reflects the magnitude of hemodynamic change and
LV change. Elevated levels of NP have been linked to
major adverse cardiac events in previous systematic
reviews [29, 32, 33]. In major cardiothoracic surgery, there
is a profound need for such a biomarker, because the
identification of high-risk patients is essential, both for
clinical management and to indicate patients who require
close postoperative monitoring and preventive therapy for
arrhythmia.

Several preventive medications have shown promise in
reducing the incidence of postoperative AF, including beta-
blockers, angiotensin-converting enzyme inhibitors or
angiotensin receptor blockers, amiodarone, magnesium
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Table 3 Summary of pooled diagnostic accuracy indices

Publication

1 (95 % CI)

Diagnostic OR
(95 % CI)

AUROC

Likelihood

ratio—

Likelihood
ratio+

Specificity

(95 % CI)

Sensitivity
95 % CI)

Number

Variables

bias (Egger’s

test P)

(95 % CI)

of studies

0.657

0.73 (0.67-0.79)  0.80 (0.62-0.91) 3.69 (1.87-7.26) 0.34 (0.28-0.40) 0.78 (0.74-0.81) 10.9 (4.83—24.7)  87.3 (74.7-93.6)
0.75 (0.50-0.90) 3.02 (1.45-6.27) 0.33 (0.27-0.40) 0.80 (0.76-0.83)

0.75 (0.67-0.82)

5
4

Overall [10-19]

0.459

87.3 (72.7-94.1)

8.93 (3.89-20.5)

NT-proBNP [11, 13-15]

AUROC area under the receiver operating curve, OR odds ratio

4 =%
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(., e ®  Summary point
95% confidence
———— HSROC curve o5
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Fig. 3 Summary receiver operating characteristic (SROC) curve
(solid line) and the bivariate summary estimate (solid square),
together with the corresponding 95 % confidence ellipse (inner
dashed line) and 95 % prediction ellipse (outer dotted line). The
symbol size for each study is proportional to the study size

sulfate, and non-steroidal anti-inflammatory drugs [8].
However, none of these drugs are totally safe, and their
unnecessary use may cause excessive iatrogenic adverse
events.

Based on the high accuracy of NPs in predicting post-
operative AF, an NP-guided selective preventive strategy is
of high interest. To make our results more informative to
clinicians, we used pooled likelihood ratio estimates to
calculate the post-test probability. In a virtual population
with a postoperative prevalence of 25 % (the actual pooled
prevalence in this study is 24 %), a positive NP test (LR+:
3.69) would increase the post-test probability to 55 %.
Likewise, in the same population, a negative NP test (LR—:
0.34) would reduce the post-test probability to 10 %.
Therefore, for patients with a negative preoperative NP test
result, avoiding preventive medication carries only a 10 %
risk for developing postoperative AF.

In addition to the imperfect sensitivity and specificity,
clinical recommendations regarding the utility of NP test-
ing to guide prophylaxis against postoperative AF should
consider several other factors. Of note, the threshold value,
the timing of measurement, and the type of NP test should
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Fig. 4 Forest plot of diagnostic
odds ratio for studies using
natriuretic peptide to predict
postoperative atrial fibrillation
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Table 4 Summary of subgroup analysis of the included studies by the various study characteristics Query ID="Q3” Text=“AQ: Again, please

verify the accuracy of the reference numbers.

Variables Number Diagnostic OR P (95 % CI) Publication bias Meta-
of studies (95 % CI) (Egger’s test P) regression P

Overall [10-19] 10 3.28 (2.23-4.84) 95.4 (93.3-96.9) 0.002 -

Adjusted [11-15, 17, 19] 7 2.20 (1.55-3.13) 94.6 (91.1-96.7) 0.002 0.20

BNP [12, 14, 17, 19] 4 2.13 (1.09-4.18) 73.8 (26.6-90.6) 0.001 0.38
NT-proBNP [10, 11, 13-16, 18] 7 5.00 (2.19-11.39) 96.7 (94.9-97.8) 0.013 0.38
Cardiac surgery [10, 12-14, 16, 19] 6 1.90 (1.21-2.99) 83.2 (64.6-92.0) 0.000 0.23
Thoracic surgery [11, 15, 17, 18] 4 7.07 (1.14-44.04) 97.8 (96.2-98.7) 0.079 0.23
Preoperative assessment [11-14, 16, 18, 19] 7 3.90 (1.86-8.19) 96.2 (94.0-97.5) 0.016 0.58
Postoperative assessment [10, 15, 17, 18] 4 5.67 (1.05-30.55) 96.1 (92.6-97.9) 0.167 0.58

be clearly defined. In our analysis, measuring NT-proBNP
in the operative period with a threshold level between 180
and 850 pg/mL appeared to be the most accurate combi-
nation. However, this finding needs to be confirmed, given
the small number of studies and the wide range of threshold
values. Moreover, the aforementioned pharmacologic pro-
phylactic therapy was mostly administered in the preop-
erative setting; whether postoperative administration would
be as effective remains unanswered.

One way to resolve the controversy is to enhance the
predictive value of preoperative NP measurement. Further
efforts to combine established risk factors for postoperative
AF, such as age, gender, hypertension, echocardiographic
characteristics, and cardiovascular disease, into a risk-
prediction instrument may produce a robust algorithm that
can further guide selective prevention with fewer false
negatives in the preoperative assessment. In addition,

prospective randomized controlled trials designed to eval-
uate both markers in the preoperative and postoperative
period would be highly desirable. Results of such trials
would help determine the best timing and the appropriate
patient population for administration of prophylactic
therapy.

The main strength of this meta-analysis is that it high-
lights the high predictive value of perioperative NP levels
for postoperative AF. Our data suggest that use of the NT-
proBNP test and measurement in the postoperative period
are associated with higher predictive value. The main
weaknesses of our report stem from the limitations of the
identified studies. The most obvious limitation is the
incomplete reporting of diagnostic accuracy parameters,
especially sensitivity and specificity, in many of the
included articles. The pooled sensitivity and specificity is
based on half of the included articles, which may lead to
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biased results. A high degree of heterogeneity is another
issue, where the study settings, case mix, and cutoff levels
for NP tests varied greatly among the included studies,
limiting the generalizability of their results. Although 7
studies reported adjusted OR that comprehensively adjus-
ted for the comorbidities in each patient population
(Table 1), there are multiple factors that may contribute to
postoperative AF that may not have been controlled for in
each study, and the value of NP tests may have been over-
evaluated. Studies with small sample sizes also may have
allowed for a type II error. We did not find significant
publication bias in our analysis, but the limitation of our
statistical method in detecting publication bias has been
demonstrated. Therefore, we cannot disprove the inflation
of accuracy estimates due to the favorable acceptance of
papers reporting favorable results.

Conclusions

Preoperative natriuretic peptide levels predict postopera-
tive AF in patients undergoing cardiothoracic surgery. BNP
levels could be used to better stratify patients in this
respect. In addition, BNP activation should direct the
attention of clinicians toward monitoring cardiac rhythm
and hemodynamic variables more closely than as might be
suggested by a cursory evaluation.
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