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Perioperative statin administration
‘with decreased risk of
_postoperative atrial fibrillation,
e » but not acute kidney injury or
e myocardial infarction: A meta-
analysis

Li Zhen-Han?, Shi Rui?, Chen Dan?, Zhou Xiao-Li?, Wu Qing-Chen? & Feng Bo*

. A controversy effect of perioperative statin use for preventing postoperative atrial fibrillation (POAF)
and acute kidney injury (AKI) after cardiac surgery still remains. We thus performed current systematic
review and meta-analysis to comprehensively evaluate effects of statin in cardiac surgery. 22 RCTs
involving 5243 patients were included. Meta-analysis of 18 randomized controlled trials with 3995
participants suggested that perioperative statin use could decrease the risk of POAF (relative risk [RR]
0.69, 95%CI 0.56 to 0.86, P=0.001), with a moderate heterogeneity (/>=65.7%, P,, < 0.001). And the
beneficial effect was found only in patients receiving coronary artery bypass graft (CABG), but notin
patients undergoing valve surgery. However, perioperative statin use was not associated with lower
risks of AKI (RR 0.98, 95%Cl 0.70 to 1.35, P=0.884, I*=33.9%, P, = 0.157) or myocardial infarction

© (MI) (RR 0.84, 95%CI 0.58 to 1.23, P=0.380, /*=0%, P,,=0.765), and even an increased trend of AKI

. was observed in patients with valve surgery. Perioperative statin use could decrease the inflammation
response with no impact on clinical outcomes. In conclusion, perioperative statin use is useful in
preventing POAF, particularly in patients with CABG, and ameliorate inflammation, while it has no
effect on AKl and Ml after cardiac surgery.

Despite advanced protection of cardiopulmonary bypass (CPB) and other techniques supported during cardiac
: surgery, the major post-operation complications are still like Pandora’s Box, contributing to the substantial mor-
* tality and morbidity and increasing medical costs’2. Currently, researches demonstrated that these complications
. were mainly driven by post-perfusion syndrome, oxidative stress and release of inflammation cytokines after
cardiac surgery>*. Though as transient complications, the indisputable fact is that postoperative atrial fibrillation
(POAF) and acute kidney injury (AKI), the most frequent complications after cardiac surgery, are independent
risk factors related to poor prognosis in patients received cardiac surgery>®.

Observational studies, randomized controlled trials (RCTs), and meta-analysis have demonstrated that peri-
operative statin use could decrease the incidence of POAF and AKI’', and latest guidelines suggested stat-
ins should be administrated in all patients undergoing coronary artery bypass graft (CABG) except for specific
contradictions!'!. However, recent studies fail to verify the beneficial effect of statin use in cardiac surgery, and

. the controversy still exists'*"'°. Though many meta-analyses have been performed, this issue is still fuzziness.
Therefore, we further systematically summarized current evidence of RCTs and meta-analyses to provide a
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Figure 1. Flow chart of the study selection.

comprehensive evaluation and try to answer the following questions in patients without chronic statin use: 1)
verify the association between perioperative statin use and POAF, and clarify the impact of related factors on the
association; 2) whether statin could decrease the incidence of AKI, and the effect of other related factors on the
association between perioperative statin use and AKI after surgery; 3) the effect of perioperative statin use on
other clinical outcomes and biochemical indexes.

Results

Literature research. Figure 1 shows the process of literature research and details of selection. 1507 cita-
tions were identified after the initial screening. 251 articles were excluded because of duplication, and 1221 were
excluded based on the titles or abstracts. 35 remaining studies were further assessed by evaluating the full-text
manually, of which 16 studies were excluded owing to the reasons presented in the flow chart. Additionally, three
studies were retrieved by manually screening of the reference lists. Finally, 22 independent RCTs were included
in current meta-analysis® 12-1417-34,

Study characteristics. The basic clinical and demographic characteristics of the 22 eligible RCTs are listed
in Table 1. Overall, our meta-analysis consisted of 5243 patients and 64.0% of them were males, with 2627 patients
in the statin group and 2616 in routine medication or placebo group. Among all 22 studies, 18 trials with 3995
participants reported the outcome of POAF, and nine with 3214 patients reported AKI. 14 RCTs enrolled patients
undergoing CABG, three RCTs undergoing valve surgery'*2*2°, For studies only involving patients with CABG,
five of them were with CPB!7-21-242532 three with off-pump® 7%, and six with CPB or off-pump!%2%2%28:29:33_ A]]
patients take statins with a different duration ranging from one day to four weeks before the surgery. For statin
administration, different statin types (atorvastatin, simvastatin, fluvastatin, rosuvastatin, and pravastatin) and
different doses of atorvastatin ranging from 20 to 80 mg were used. For the control group, placebo was used in 15
trials while routine medication alone without statins was administrated in the other seven trials. All the outcomes
are presented in supplementary tables (Supplementary information, Appendix 1-4). Following the Cochrane risk
of bias assessments tool, 15 trials were assessed as unclear risk of bias because of other bias rating as unclear risk
and 7 studies were at high risk of bias (Supplementary information, Appendix 5).

Primary outcomes. Using random-effects model, the overall results of 18 trials consist of 3995 participants
showed that perioperative statin use significantly decreased the risk of POAF (relative risk [RR] 0.69, 95% confi-
dence intervals [CI] 0.56 to 0.86, P=0.001, Fig. 2) with a significant high heterogeneity (I>=65.7%, Py < 0.001),
and combined results of nine trials involving 3214 patients failed to show a protective effect of perioperative
statin use for preventing the occurrence of AKI postoperatively (RR 0.98, 95%CI 0.70 to 1.35, P=0.884, Fig. 3),
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Almansob et al Noncoronary Routine medication + Simvastatin: 20 mg/ Routine medication
201218 ) China 68/64 45.5+14.5/41.5+18.7 49.20% | - diac sureer day, 5-7 days before surgery and restart in without statin
sery the second day postoperation
Routine medication + Atrovastatin: 40 mg/ Routine medication
Aydin et al. 2015" | Turkey 30/30 62.6+10.9/62.4+12.2 39.20% CABG day, 6 hours after surgery until postoperaive : .
1 month without statin
Routine medication + Atrovastatin: 40 mg/ Routine
Baran et al. 2012%° | Turkey 30/30 60.8+8.6/62.2+£8.1 61.70% | CABG day, 14 days before surgery and restart in the o
; medication + Placebo
first day postoperation
Berkan et al. Routine medication + Fluvastatin: 80 mg/ Routine
20092 Turkey 23/23 65.4111.2/67.7+9.6 63.00% CABG+ CPB day, 3 weeks before surgery medication + Placebo
Routine medication + Atorvastatin: 80 mg/ Routine
Billing et al. 2016™ | USA 308/307 | 6616.7/67+6.3 69.40% Cardiac surgery day, 1 day before surgery and 40 mg/d after e
. medication + Placebo
surgery until discharge
Routine medication + Pravastatin: 40 mg/
Caoris et al. 20082 | Chile 21/22 68.2+7.2/67.9+7.3 83.70% | CABG day, 2 days before surgery and 7 days after | Routine medication
surgery with an additional dose of 40mg at | without statin
1hour after surgery
Routine medication + atrovastatin 40 mg/d Routine medication
Carascal 2016% Spain 47/43 67.4411.2;/65.5+12.0 |65.56% | Valve surgery 7days before surgery until lasting 7d after without statin
surgery
Routine medication + Atrovastatin: 20mg/ | Routine
24 0,
Chello et al. 2006 | Italy 20/20 65.7+7.7/63.7+7.1 77.50% CABG+CPB day, 3 weeks before surgery medication - Placebo
Chritanson et al. . Routine medication + Simvastatin: 20mg/ | Routine medication
1999% Belgium | 40/37 | 62.7+113/641410.8 |79.50% | CABG+CPB day, 4 weeks before surgery 8| ithout statin
Dehghani et al. Routine medication 4 Atrovastatin: 40mg/ | Routine
2015% [ran 29029 46545465 32.80% | Valve surgery+ CPB day, 3 days before and 5 days after surgery medication 4 Placebo
X . Routine medication 4 Atrovastatin: 20mg/ | Routine
27 a
Jiet al. 2009 China 71/69 651+6/661+9 69.30% CABG + off-pump day, 7 days before surgery medication + Placebo
12\/([]2(1]1;1;16(11 etal. Japan 152/151 | 59.6+6.5/58.247.3 84.20% CABG }llgfl;:)n;l ;r/lsg;catlon + Pravastatin: Vliti)tlil]tcl)rlllf Sn:ﬁl;catlon
Melina et al. Routine medication + Atrovastatin: 40mg/ | Routine
2009% Ttaly 315317 | NR NR CABG + off-pump day before surgery medication + Placebo
Mannacio et al. Routine medication 4 Rosuvastatin: 20mg/ | Routine
2008% Ttaly 100/100 | 61.3+9.2/59.3 4 8.4 72:50% | CABG day, 7days before surgery medication 4 Placebo
Routine medication 4 Atorvastatin: 80 mg/ Routine
Park et al. 2016 | Korea 100/100 | 58 £12/58 £ 14 49.50% | Valve surgery day, 1day before surgery and 40 mg 2 after o
; medication + Placebo
surgery, with 80 mg the day of surgery
. Cardiac Routine medication + Atrovastatin: 40mg/ | Routine
31 0,
Patti et al. 2006 Taly 101/59 65.5+8.8/67.3+8.1 73:50% surgery + CPB day, 7days before surgery medication -+ Placebo
Cardiac Routine medication + Atrovastatin: 40 mg/ Routine
Prowle et al. 2012 | Australia | 50/50 69.0+11.1/67.3£10.8 70% day, 1day before surgery and 3 days after s
surgery + CPB surgery medication 4 Placebo
Routine medication + Atrovastatin: 30 mg/ Routine
8 0, =
Song et al. 2008 Korea 62/62 61.7+£9.9/64.0£9.2 65.30% | CABG + off-pump :llellé:r;i,ays before surgery and 30 days after medication -+ Placebo
Sunetal. 2011 | China  |49/51 | 64+7/65+8 67% | CABG+CPB Routine medication + Atrovastatin: 20mg/ | Routine
day, 7 days before surgery medication + Placebo
Tamayo et al. . N Routine medication 4 Simvastatin: 20 mg/ Routine medication
20097 Spain 22/22 67.71+7.3/68.0+£6.9 79.50% CABG+ CPB day, 3 weeks before surgery without statin
Vukovic et al. . o Routine medication + Atorvastatin :20mg/ | Routine
2011% Serbia 29/28 61.3+7.7/61.8+74 84.20% | CABG day, 3 weeks before surgery medication 4 Placebo
Routine medication + Rosuvastatin: 20 mg/ .
Zheng et al. 2016™ | China 960/962 | 59.3+9.4/59.5+9.5 79.20% CABG + Valve day, 8 days before surgrey and 5 days after Routine
surgery surgery medication + Placebo

Table 1. Baseline characteristics of the 22 included RCTs. RCTs, randomized controlled trials; CABG,

Coronary Artery Bypass Grafting; CPB, Cardiopulmonary Bypass;

with a low heterogeneity (I>=33.9%, P,;=0.157). Additionally, perioperative statin use was not associated with
decreased risk of MI (RR 0.84, 95%CI 0.58 to 1.23, P=0.380, I*= 0%, P;=0.765, Fig. 4).

Subgroup analysis. The results of the subgroup analysis for POAF are shown in Fig. 5. The results remained
consistent with the overall estimate when stratified by geographical location, age, the proportion of man, sample
size, and control, while results of subgroup analyses were inconsistent when subgrouping by age and control.
For the outcomes of AKI and MI, results of subgroup analyses remained consistently with the overall estimate
in all stratification factors, showing that no protective effect of perioperative statin use on the occurrence of AKI
(Fig. 6) and MI (Fig. 7).
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StudyID Suin_____ Conirol Relative risk (95%CI) Weight
Almansob ef al 2012 0/68 1/64 e 0.31 (0.01 t0 7.57) 0.44%
Aydin ef al 2015 5/30 13/30 -— 0.38 (0.16 to 0.94) 3.88%
Baran et al 2012 130 7130 - 0.14 (0.02 to 1.09) 1.02%
Billing ef al 2016 115/308 103/307 — . 1.1 (0.90 to 1.38) 10.80%
Caoris ef al 2008 521 8/22 P 0.65 (0.25 to 1.68) 3.63%
Carrascal 2015 20/47 13/43 R 1.41 (0.80 to 2.47) 1.72%
Chello er al 2006 2/20 5/20 - j 0.40 (0.09 to 1.83) 6.61%
Dehghani er al 2015 6/29 13/29 - 0.46 (0.20 to 1.05) 4.38%
Ji et al 2009 10/71 23/69 0.42 (0.22 0 0.82) 5.61%
Mannacio er al 2008 18/100 35/100 al 0.51 (0.31 to 0.84) 7.35%
Melina 2009 94/315 108/317 ol 0.89 (0.71 to 1.12) 10.62%
Park et al 2016 42/100 50/100 0.84 (0.62 to 1.14) 9.75%
Patti ef al 2006 35/101 57/99 S 0.60 (0.44 0 0.83) 9.57%
Song er al 2008 8/62 17/62 e 0.47 (0.22 to 1.01) 4.79%
Sunetal 2011 9/49 21/51 S 0.45 (0.23 10 0.88) 5.51%
Tamayo et al 2009 022 1122 T 0.33 (0.01 to 7.76) 0.45%
Vukovic et al 2011 4/29 11/28 —_ 0.35(0.13 t0 0.97) 3.25%
Zheng et al 2016 140/960 117/962 —— 120 (0.95 to 1.51) 10.63%
Total 400/2000 482/1995 o 0.69 (0.56 to 0.86) 100.00%

Test for heterogeneity: %=0.010, xz =49.52,
df.=17,P<0.001,1°=65.7%

Test for overall effect: z=3.36, P= 0.001 Favours statin Favours control

0.00  0.50 1.00 1.50  2.00

Figure 2. Forest plots for the meta-analysis of the incidence of POAE. POAF, postoperative atrial fibrillation.

Statin Control

StudyID wvenitotal Relative risk(95%CI) Weight
Baran ez al 2012 0/30 0/30 Excluded 0%
Billing et al 2016 10/308 8/307 T 1.25(0.50 to 3.11) 9.91%
Carascal et al 2016 3/47 0/43 ¢ 6.42 (0.34 to 120.75) 1.20%
Chello ez al 2006 1/20 1/20 ; L 1.00 (0.07 to 14.90) 1.41%
Chritanson et al 1999 3/40 8/37 T 0.35(0.10 to 1.21) 5.93%
Mannacio et al 2008 1/100 3/100 e 0.33(0.04 to 3.15) 2.02%
Park e al 2016 21/100 26/100 I - 0.81 (0.49 to 1.34) 21.81%
Prowle et al 2012 13/50 16/50 L 0.81(0.44 to 1.51) 17.27%
Zheng et al 2016 237/960 186/962 == 1.28 (1.08 to 1.51) 40.45%
Total 286/1608 248/1606 —e 0.98 (0.70 to 1.35) 100.00%
Test for heterogeneity: °= 0.061, x> = 10.59, 0_60 0_§0 1.00 1_5‘0 2_60

df=17,P=0.157,1°=33.9%

Test for overall effect: z= 0.15, P= 0.884 Favours statin Favours control

Figure 3. Forest plots for the meta-analysis of the incidence of AKI. AKI, acute kidney injury.

Sensitivity analysis. Sensitivity analysis for POAF is shown in Fig. 5. According to the types of surgery,
perioperative statin use could decrease the risk of POAF in patients with CABG (RR 0.52, 95%CI 0.39 to 0.69),
including patients undergoing CABG with CPB (RR 0.44, 95%CI 0.27 to 0.72), but not in patients with valve
surgery (RR 1.03 95%CI 0.63 to 1.69). Results showed that perioperative rosuvastatin administration was even
associated with increased risk trend of POAF (RR 1.20 95% CI 0.95 to 1.51, P=0.120), while other statins could
significantly reduce the incidence of POAF. Additionally, sensitivity analysis by omitting one study in each turn
showed that no single study could substantially alter the pooled effect with RRs ranging from 0.65 (95%CI 0.52 to
0.82) to 0.72 (95%CI 0.58 to 0.89).

Sensitivity analyses for AKI and MI are shown in Figs 6 and 7. All revealed that perioperative statin use failed
to decrease the incidence of AKI or MI. Additionally, sensitivity analysis by omitting one study in each turn also
confirmed the null association, with pooled RRs ranging from 0.82 (95%CI 0.58 to 1.14) to 1.10 (95%CI 0.87 to
1.40) for AKI and pooled RRs ranging from 0.69 (95%CI 0.32 to 1.46) to 0.88 (95%CI 0.60 to 1.29) for MI.

Secondary outcomes of clinical ones. The pooled result suggested that perioperative statin use was not
significantly associated with decreased mortality (RR 1.13, 95%CI 0.56 to 2.27, P=0.740), duration of mechanical
ventilation (MV) (standard mean difference [SMD] —0.01, 95%CI —0.44 to 0.42, P=0.967), duration of intensive
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Statin Control

StudyID “vent/total Relative risk(95%CI) Weight
Aydin et al 2015 1/30 0/30 — 71  ® 300(0.13 to 70.83) 1.43%
Baran et al 2012 0/30 1/30 e 0.33(0.01 to 7.87) 1.43%
Berkan et al 2009 0/23 0/23 Excluded 0.00%
Carascal et al 2016 2/47 0/43 S 4.58 (0.23 to 92.86) 1.58%
Chello et al 2006 0/20 0/20 Excluded 0.00%
Chritanson ef al 1999 0/40 5/37 e 0.08 (0.00 to 1.47) 1.74%
Jiet al 2009 0/71 1/69 - 0.32 (0.01 to 7.82) 1.41%
Makuucdi ez al 2005 1/152 4/151 B e — 0.25 (0.03 to 2.20) 3.00%
Mannacio et al 2008 1/100 2/100 I 0.50 (0.05 to 5.43) 2.51%
Patti et al 2006 3/101 3/99 e 0.98 (0.20 to 4.74) 5.74%
Song et al 2008 2/62 1/62 S 2.00 (0.19 to 21.49) 2.53%
Sun e al 2011 0/49 1/51 - 0.35(0.01 to 8.31) 1.41%
Vukovic et al 2011 129 1/28 T 0.97 (0.06 to 14.70) 1.92%
Zheng et al 2016 37/960 41/962 0.90 (0.59 to 1.40) 75.29%
Total 48/1714 60/1705 gl 0.84 (0.58 to 1.23) 100.00%

Test for heterogeneity: %< 0.001, x2 =
7.41,df =11, P=0.7651"=0%

0.00 1.00 2.00 3.00
Test for overall effect: z= 0.88, P= 0.380 Favours statin ~ Favours control

Figure 4. Forest plots for the meta-analysis of the incidence of MI. MI, myocardial infarction.

care unit (ICU) stay (SMD 0, 95%CI —0.12 to 0.12, P=0.987), or hospital length of stay (HLOS) (SMD —0.18,
95%CI —0.37 to 0, P=10.051). The results of secondary outcomes of clinical ones are shown in Table 2.

Secondary outcomes of biochemical indexes. The combined resulted showed that perioperative statin
use could significantly reduce the peak concentration of C-reactive protein (CRP) (SMD —0.43 95%CI —0.71 to
—0.14, P=0.003; Fig. 8) and concentration of CRP from the first to seventh day postoperatively (SMDs ranging
from —4.85 to —2.20; Fig. 8). Additionally, perioperative statin use could decrease peak concentration of cardiac
troponin (cTn), cTn in 72 h after surgery, and IL-6 in the first day after surgery, as shown in Fig. 8. Though it failed
to lower IL-6 and cTn in other time points, a decreased trend could be observed in all of them.

Discussion

Our meta-analysis, included 22 RCTs consisting of 5243 participants, found that perioperative statin use could
significantly decrease the incidence of POAF, and the beneficial effect was associated with surgery type, statin
type and statin doses. While it failed to reduce the incidence of AKI and MI, and the null association remained
consistent in most subgroup and sensitivity analyses. Even that perioperative statin use was associated with
increased risk of AKI in patients receiving CABG or valve surgery. Perioperative statin use was not associated
with decreases of HLOS, mortality, duration of MV, and ICU length of stay. However, it could decrease postoper-
ative inflammation response of CRP and IL-6 and myocardial injury marker of cTn.

The mechanism of statin decreasing POAF after cardiac surgery still remains unknown, and following points
have been identified. Statin, as a drug of lowering cholestenone and stabilizing atherosclerosis plaques in cor-
onary artery disease, has been reported to contribute toward the stabilization of transmembrane ion channel,
modification the extracellular matrix remodeling, and has effect of anti-inflammation and anti-oxidant. The effect
of anti-inflammation had been confirmed by decreased CRP and IL-6 after surgery in the current study, while
anti-inflammation and anti-oxidant were involved in the development of both POAF and AKI. Therefore, the
decreased incidence of POAF might be owing to the anti-inflammation and anti-oxidant of statin. While the
non-beneficial effect of statin on AKI could be explained by the very vulnerability of kidney and severe injury
beyond the benefit from anti-inflammation and anti-oxidant of statin. Additionally, the high susceptivity of POAF
on inflammation and oxidization might also be involved in the inconsistent finding between AKI and POAEF. In
our study, statin seemed not to exert a protective effect, and even increase the risk of AKI when rosuvastatin used.
The underlying mechanism might as follows: Firstly, the duration of the assigned regimen was not sufficient since
it was up to 8 days before the surgery, whereas it was reported that statins need 14 days to exert effect®. Secondly,
the study finding of increased AKI risk of rosuvastatin was conducted in Asian population, while studies have
demonstrated that Asian patients were more likely to have side effects than European patients at the same dose
of statin regimen®®. Thirdly, contrast agent was always used before cardiac surgery to assess the coronary artery
disease, and contrast-induced injury was also involved in kidney injury independent of cardiac surgery.

In our study, subgroup analyses for POAF remained robust and stable for most stratified factors, while it
was inconsistent in patients older than 65, control of no statin, valve surgery and off-pump CABG, rosuvas-
tatin, dose of atrovastatin more than 30 mg. The following explanations might persuade the inconsistence of
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Moot p’;‘i’;';fts Moo Relative risk (95%CI) P value
Subgroup analysis
Overall 18 4717 514/2362 601/2355 ., 0.69 (0.56 to 0.86)  0.001
Geographical location
Western 11 2041 299/1023 359/1018 . 0.71(0.53t00.94)  0.017
Eastern 7 2676 215/1339 242/1337 —— 0.64 (0.43 10 0.95)  0.027
Age
<65years 11 2953 235/1477 290/1476 il 0.56 (0.40 to 0.80)  0.001
> 65 years 6 1132 185/570 205/562 —— 0.79(0.5210 1.18)  0.249
Man (%)
<67% 8 824 91/415 135/409 il 0.60 (0.40 t0 0.91)  0.015
>67% 9 3261 329/1632 360/1629 - 0.69 (0.49 10 0.95)  0.026
Sample size
<100 9 552 521277 92/275 i 0.53(0.34 10 0.83)  0.005
> 100 9 4165 462/2085 509/2080 Hil— 0.78 (0.62t0 0.98)  0.035
Control
Without statin 5 369 30/188 36/181 a1 0.71(036t01.42) 0335
Placebo 13 4348 484/2174 565/2174 Hl 0.68 (0.54 t0 0.86)  0.001

[ L

Senstivity analysis 0.00 0.50 1.00 1.50

Surgery

CABG+Valve surgery 4 2869 290/1437 278/1432 —B— 0.93(0.651t0 1.34)  0.708
CABG 12 1558 162/778 260/780 H- 0.52(0.39t0 0.69)  <0.001
CPB 4 242 17/120 40/122 i 0.44 (0.27 10 0.72)  0.001
off-pump 3 896 112/448 116/448 —a— 0.61 (03510 1.06)  0.082
CPB/ off-pump 5 420 33/210 74/210 B B 0.47 (0.32t0 0.67)  <0.001
Valve surgery 2 290 62/147 63/143 —®&—— 1.03(0.63t01.69) 0914
Statin type

Simvastatin 3 234 6/119 15/115 —— 0.44 (0.21 t0 0.96)  0.038
Atrovastatin 12 2318 345/1162 426/1156 il 0.68 (0.53 10 0.88)  0.003
Pravastatin 2 243 23/121 43/122 = 0.54 (0.35t0 0.84)  0.006
Rosuvastatin 1 1922 140/960 117/962 —&— 120(095t0 1.51) 0.120
Dosage (Atrovastatin)

20 mg 4 337 25/169 60/168 s = 0.42 (0.28 t0 0.63)  <0.001
30 mg 1 124 8/62 17/62 — 0.47(0.221t0 1.01)  0.053
40 mg 5 1042 155/523 196/519 —— 0.73(0.49t0 1.10)  0.138
80 mg 2 815 157/408 153/407 >—T—< 0.99 (0.75t0 1.30)  0.928

0.00 0.50 1.00 1.50

Favours statin Favours control

Figure 5. Forest plots for subgroup and sensitivity analyses of the incidence of POAE POAF, postoperative
atrial fibrillation.

null association: Patient with older age were more frequently with other medication uses, such as beta-blocker,
NSAID, glucocorticoid, insulin, antiplatelet, anticoagulant, calcium-channel blocker, ACE inhibitor or ARB, and
diuretic agent. Many of the current medications have been verified to have preventive effects in prevention of
POAE and this effect could weaken the benefit of statins. The inconsistence between controls could be explained
by the placebo effect and methodology of allocation concealment. Valvular diseases are mostly related to the
ageing process due to calcification of valves but not the inflammation responses or lipid deposition. Therefore,
patients with valve surgery had a relatively lower cardiovascular risk and thus failed to benefit from lipid-lowering
and anti-atherosclerosis effect of statin use like CABG. While for patients received off-pump CABG, off-pump
surgery itself could reduce the incidence of POAF via decreasing inflammatory response, and thus the trend of
lowering POAF in patients with off-pump CABG was not as strong as in patients with on-pump surgery. Null
association of rosuvastatin in our subgroup analysis highlighted the effect of different statin type in prevention
of POAF. While differences in dosage of statin could be attributed to the fact that high-dose statin increasing the
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:::;?efs pl;?;?nt;s Statinevem /tom(llon(rol Relative risk (95%CI) P value
Subgroup analysis
Overall 9 3304 289/1655 248/1649 - 0.98 (0.70 to 1.35)  0.884
Geographical location
Western 7 1182 31/595 36/587 i 0.82(0.51t0 1.32)  0.411
Eastern 2 2122 258/1060 212/1062 — 1.08 (0.70 to 1.67)  0.718
Age
<65years 6 2499 263/1250 224/1249 L 0.89 (0.55t0 1.43)  0.626
>65 years 3 805 26/405 24/400 1.02 (0.57 to 1.83)  0.952
Man (%)
<67% 3 350 24/177 26/173 % —  137(0.23t838) 0.731
>67% 6 2954 265/1478 222/1476 — - 1.00 (0.69 to 1.45)  0.988
Sample size
<100 5 367 20/187 25/180 - 0.74 (0.36 to 1.53)  0.422
> 100 4 2937 269/1468 223/1469 - 1.11 (0.82 to 1.50)  0.509
Control
Without statin 2 167 6/87 8/80 1.11 (0.06 to 19.87)  0.944
Placebo 7 3134 283/1568 240/1569 1.11 (0.89to 1.38)  0.363
Senstivity analysis 0.(|)0 0.;0 1.00 1.5|0 2.60
Surgery
CABG+Valve surgery 3 2637 260/1318 210/1319 . 1.24 (1.05t0 1.45)  0.010
CABG 4 377 5/190 12/187 . ] 0.40 (0.15t0 1.10)  0.075
Valve surgery 2 290 24/147 26/143 = 1.37(023t08.38) 0.731
Statin type
Simvastatin 1 77 3/40 8/37 — - 0.35(0.10to 1.21) ~ 0.097
Atrovastatin 6 1105 48/555 51/550 Com 0.89 (0.63 to 1.27)  0.530
Pravastatin 0 / / / / /
Rosuvastatin 2 2122 238/1060 189/1062 —®&——  1.06(043t02.63) 0.900
Dosage (Atrovastatin)
20 mg 1 40 1/20 1/20 ——®&——  1.00(0.07 to 14.90) 1.000
30 mg 0 / / / / /
40 mg 3 250 16/127 16/123 % 141(022t08.93) 0.718
80 mg 2 815 31/408 34/407 —a— 0.89 (0.57 to 1.39)  0.616

0.00 050 1.00 1.50
Favours statin Favours control

Figure 6. Forest plots for subgroup and sensitivity analyses of the incidence of AKI. AKI, acute kidney injury.

side-effect. Subgroup and sensitivity analyses revealed that statin was not associated with lower risk of AKI, and
even increased the incidence of AKI in patient undergoing valve surgery or CABG. And this increasing effect was
mainly driven by the study by Zheng, which was only one that found the significant increased risk of AKI in the
included subgroup. Additionally, rosuvastatin, used in the study by Zheng, had been demonstrated to be more
susceptible to renal toxicity, and above than 40 mg were avoided according to FDA and 20 mg according to CFDA
owing to its renal toxicity. Based on above, our subgroup and sensitivity analysis suggested that perioperative
statin use is useful in preventing POAF after cardiac surgery, especially effective in patients with CABG. While
statin seems to have a harmful effect on AKI after cardiac surgery, especially in rosuvastatin use. Considering
limitations of subgroup and sensitivity analysis, this conclusion should be interpreted cautiously, and further
investigations are needed.

Current meta-analysis shares the similar results with the previous systematic review and meta-analyses
and the recent ones are summarized in Table 3. Though consistent, the current meta-analysis generally concurs
and further extends the finding of previous meta-analysis in several important ways. Firstly, our meta-analysis
reinforced the earlier results by including additional studies. Additionally, the current study also evaluates the
effect of statin on the chemical index of CRP, IL-6, and cTn after cardiac surgery, while none of the previous ones
focused. Moreover, exclusion of each single study, subgroup and sensitivity analyses according to age, sample,
statin type, dosages of statin, and surgery type, were performed to test the robustness to our main finding, and to
clarify the potential role of them in heterogeneity.

Our study has several limitations. Firstly, for the incidence of AKI, more than half of the involved patients
were from the study by Zheng, and the increased trend of AKI risks was mainly driven by it, with a relatively
high weight of 40.45%. Additionally, rosuvastatin, more susceptible to renal toxicity, was only used in the study

7, 37-40
>
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slt\i::i‘i):s pl;(i,:::;s Staﬁnevent/tota?ontrOI Relative risk (95%CT) P value
Subgroup analysis
Overall 14 3419 48/1714 60/1705 Hi 0.84 (0.58 to 1.23)  0.380
Geographical location
Western 9 830 8/420 12/410 i 0.79 (0.31t0 2.01)  0.623
Eastern 5 2589 40/1294 48/1295 B 0.86(0.57t0 1.29) 0.458
Age
<65years 10 2943 43/1472 56/1471 — 0.82 (0.56 to 1.22)  0.339
> 65 years 4 476 5/242 4/234 ——®— 1.08(0.30t03.89) 0.902
Man (%)
<67% 6 480 5/241 3/239 ——71 & 137(037t5.07) 0634
>67% 8 2939 43/1473 57/1466 ——— 0.81 (0.54 to 1.20)  0.289
Sample size
<100 8 530 4/268 8/262 ——®&——— 0.69(0.20t02.36) 0.559
> 100 6 2889 44/1446 52/1443 —-— 0.86 (0.58 to 1.28)  0.463
Control
Without statin 4 530 4/269 9/261 ——®——— 0.63(0.10t03.89) 0.618
Placebo 10 2889 44/1445 51/1444 —®—  0.87(0.59t01.30) 0.503
Senstivity analysis 0 05 LIS
Surgery
CABG+Valve surgery 2 2122 40/1061 44/1061 L 0.91 (0.60 to 1.38)  0.658
CABG 11 1207 6/606 16/601 L 0.51(0.21t0 1.27)  0.148
CPB 4 263 0/132 6/131 Ly 0.16 (0.02 to 1.33)  0.090
off-pump 2 264 2/133 2/131 W 1.04(0.16t07.00) 0.965
CPB/ off-pump 5 680 4/341 8/339 - 0.56 (0.17 to 1.81)  0.333
Valve surgery 1 90 2/47 0/43 = ® 458(0.23t092.86) 0.321
Statin type
Simvastatin 1 77 0/40 5/37 = 0.08 (0.00 to 1.47)  0.090
Atrovastatin 9 871 9/439 8/432 A 1.05(0.43 t0 2.60)  0.912
Pravastatin 1 303 1/152 4/151 L= 0.25(0.03 t0 2.20)  0.210
Rosuvastatin 2 2122 38/1060 43/1062 L 0.89 (0.58 to 1.36)  0.584
Dosage (Atrovastatin)
20 mg 4 337 1/169 3/168 i 0.51(0.09 t0 2.92)  0.453
30 mg 1 124 2/62 1/62 T® 200 (0.19t0 21.49)  0.567
40 mg 4 410 6/208 4/202 T—‘ 1.25(0.38 t0 4.09)  0.710
80 mg / / / / / /

0.00 1.50 3.00 4.50
Favours statin Favours control

Figure 7. Forest plots for subgroup and sensitivity analyses of the incidence of MI. MI, myocardial infarction.

SMD (95%CI)
MV 8 765 86.9% <0.001 —0.01(—0.44 t0 0.42) 0.967
ICU length of stay | 14 3630 45.7% 0.032 0(—0.12t00.12) 0.987
HOLS 14 3217 74.8% <0.001 —0.18 (—0.37to 0) 0.051
RR (95%CI)
Mortality 12 3725 0.0% 0.428 1.13 (0.56 t0 2.27) 0.740

Table 2. Pooled effect sizes of secondary outcomes. MV, Mechanical ventilation; ICU, Intensive care unit;
HLOS, Hospital length of stay; RR, Relative risk; SMD, Standard mean difference; CI, Confidential interval
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Time point No.of study  No.of patients SMD(95%CI) P value
CRP

Day 1 8 822 e -2.62 (-4.23t0-1.01)  0.001
Day 2 5 505 » | -4.38 (-7.47t0-1.29)  0.005
Day 3 5 519 — -2.40 (-4.07 t0 -0.72) ~ 0.005
Day 4 2 240 il -4.41 (-4.88t0-3.93)  <0.001
Day 5 5 2340 I -2.20(-3.51t0-0.89)  0.001
Day 7 4 343 = f -4.85(-9.05t0 -0.65)  0.024
Peak value 5 764 L -0.43 (-0.71 t0 -0.14) ~ 0.003

-7.00 -5.00 -3.00 -1.00 1.00

Favours statin Favours control
IL-6
<12h 5 316 : L) ’ -1.42 (-2.89 t0 0.04) 0.057
Day | 4 183 - -0.81 (-1.42t0 -0.20)  0.009
Day 2 3 127 : = ! -0.90 (-2.41 to0 0.61) 0.242
Day 3 1 40 — -0.55(-1.18 t0 0.09)  0.091
—3.60 —2.60 —1.I00 0.00 1.60
Favours statin Favours control
c¢Tn
4-6h 4 339 — -0.12 (-0.54 to 0.29) 0.561
24h 5 2247 & 0.34 (-0.54 to 1.22) 0.449
72h 3 279 ——m -0.26 (-0.89t0 -0.36)  0.413
Peak value 1 200 —— -0.75 (-1.04 to -0.47)  <0.001

-1.50 -0.50 0.50 1.50

Favours statin Favours control

Figure 8. Forest plots for the meta-analysis of the biochemical indexes (CRP, IL-6, cTn) postoperatively. CRP,
C-reaction protein; IL-6, interleukin-6; ¢Tn, cardiac troponin.

by Zheng. While, after excluding this study, the result remained still and null, indicating that no effect of periop-
erative statin on incidence of AKL Secondly, moderate heterogeneity of I* = 65.7%, which could be attributed to
differences in patient characteristics, intervention of statin, and the definition of POAF, was observed for POAF.
Nevertheless, the pooled results remain stable in most sensitivity and subgroup analyses, with a low heterogeneity.
Finally, potential missing and unpublished data may lead bias to the analysis.

In summary, perioperative statin use is useful in preventing POAF after cardiac surgery, particularly in
patients with CABG, and ameliorate inflammation, while it has no effect on AKI and MI after cardiac surgery.
Therefore, statin should be given to patient undergoing CABG but not valve surgery for preventing POAF.

Methods

The guideline for meta-analysis of RCTs-PRISMA (Preferred Reporting Items for Systematic Reviews and
Meta-Analyses)*! and Cochrane methodology* are followed in our study. Disagreements regarding the study
search, study selection, data extraction, and quality assessment were resolved by consensus and the third reviewer
as necessary. All analyses were based on previous published studies, thus no ethical approval and patient consent
are required.

Search strategy. Two trained investigators independently searched PubMed, EMbase, and Cochrane library
from the inception to Oct 2016. Both free-text terms and subject terms of statin and cardiac surgery were used,
and the detailed search strategy was presented in Appendix 6 (Supplementary information, Appendix 6). The
reference lists of included studies and relevant reviews were manually searched to avoid missing relevant studies,
and conference abstracts were also included.

Study selection. The study was included if it met the inclusion criteria:(1) Patients undergoing cardiac sur-
gery; (2) Patients treated with perioperative statins but without chronic statin use; (3) Patient treated with placebo
or routine medications as comparison; (4) Outcomes included POAF, AKI, and MI; (5) Study design restricted
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Study No. of trials Primary Outcome | Secondary outcomes Chemical indexes | Main results (OR/RR)
Patti et al.” 11 RCTs POAF Myocardial injury, MACE, mortality, stroke | CRP POAF: 0.41 (0.31 to 0.54)

37 23 RCTs (including AKI, POAF, MI, . POAF: 0.80 (0.70 to 0.91) AKI: 1.18
Putzu et al. cross-over trial) stroke, infection Mortality NR (0.99 to 1.41)
Rezaci et gl | 12 RCTs (including 5, Duration of MV, ICUstay, HLOS CRP POAE: 0.50 (0.41 to 0.61)

cross-over trial)

Xiongetal®® | 9RCTs AKI, RRT ICUstay, HLOS Scr, CRP AKI: 1.12 (0.97 to 1.29)

10 20 RCTs (including POAE, AKI, POAF: 0.50 (0.34 to 0.73) AKI: 1.01
Yuan ef al. cross-over trial) mortality ML stroke, ICU stay, HLOS Ser (0.75 to 1.36)

. CRP,IL-6,cTnat | POAF: 0.69 (0.56 to 0.86) AKI: 0.98

Current one 22 RCTs POAE AKI, MI Mortality, ICU length of stay, HLOS different time (070 to 1.35) ML: 0.84, (0.58 to 1.23)

Table 3. Comparison with previous meta-analyses. RCTs, randomized controlled trials; POAF, postoperative
atrial fibrillation; AKI, acute kidney injury; CRP, C-reaction protein; MI, myocardial infarction; ICU, intensive
care unit; HLOS, hospital length of stay; Scr, serum creatinine; MACE, major adverse cardiovascular events; MV,
mechanical ventilation.

strictly to RCTs. Two reviewers performed independent manual screening of all the articles by firstly the titles/
abstracts and secondly the full-texts. Besides, other relevant literatures and references of the included studies were
also manually screened.

Data extraction and outcomes. The relevant basic characteristics of eligible studies, including patients
characteristics (author, publication year, country, intervention of statin, control, type of cardiac surgery), and
incidence of AKI, incidence of POAF, incidence of MI, mortality, HLOS, duration of MV, ICU length of stay, bio-
chemical indexes of CRP, ¢Tn, and IL-6, were extracted by two reviewers independently using a predefined data
extraction sheet. We treated POAF, AKI and MI as primary outcomes. Secondary outcomes included mortality,
duration of MV, ICU length of stay, HLOS, and biochemical indexes of changes in CRP, IL-6, and cTn.

Quality assessment and data analysis. Two researchers independently assessed the quality of each con-
tributing evidence following the recommended Cochrane risk of bias tool* respecting to seven parts of the basis
of selection, performance, detection, attrition and reporting bias. Each study was assessed to be of low, unclear
or high risk of bias. Continuous variables were expressed as mean = standard deviation (SD), and data using dif-
ferent parametric were assessed for suitability and converted to mean = SD by using the corresponded formula*.
SMDs with 95% CIs and RRs with 95%Cls were used to perform meta-analysis for continuous outcomes and
dichotomous outcomes, separately. Statistical heterogeneity of included studies was assessed by I?, with rates of
low if I is between 25% and 50%, moderate if I> between 50% and 75%, and high if> more than 75%%. To explore
whether the results were altered by study characteristics, subgroup analyses, based on area, sample size, the pro-
portion of male, age, and control group, were performed. Additionally, sensitivity analysis regarding surgery type,
type and dosage of statins, was also performed. All meta-analyses were conducted with the random-effects model.
Statistical analyses were performed by using Stata 12.0 software (Stata Corp, College Station, TX, USA), and risk
of bias was evaluated by using Review Manager Version 5.1 (The Cochrane Collaboration, Software Update,
Oxford, UK). A P value less than 0.05 suggests a statistical difference.

Data availability statement. All data generated or analysed during this study are included in this pub-
lished article and its supplementary information files.
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