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a b s t r a c t 

Background: Liver transplant is a potential cure for liver failure and hepatic malignancy but there are 

many techniques which have been described for vascular reconstruction. This study was to compare the 

prevalence of non-anastomotic biliary stricture and other surgical complications based on Clavien-Dindo 

scoring system, in initial portal reperfusion (sequential) versus simultaneous or initial artery reperfusion. 

Data sources: Meta-analysis of published studies comparing the outcomes of both techniques was carried 

out. Data search was conducted across the major databases and studies were selected under the guidance 

of the Cochrane guidelines for systematic reviews and meta-analysis. 

Results: Seven studies were included to address the primary and the secondary outcomes. No statistical 

difference was found in the incidence of non-anastomotic biliary strictures (OR = 0.40; P = 0.14), regard- 

less of reperfusion technique. The pooled estimate of the Clavien-Dindo grading of complications was 

not significantly different between the techniques, though Clavien-Dindo II complications were higher in 

the simultaneous or initial artery reperfusion group than the initial portal reperfusion group (OR = 2.73; 

P = 0.01). Similarly, there was no difference in the operative time, hospital stay and other outcomes ad- 

dressed in this report. 

Conclusions: The available evidence suggests that there is no significant difference demonstrated in the 

rate of non-anastomotic biliary strictures or other complications, between the two techniques, except for 

Clavien-Dindo II complications. 

© 2018 First Affiliated Hospital, Zhejiang University School of Medicine in China. Published by Elsevier 

B.V. All rights reserved. 
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Introduction 

Liver transplantation is considered as a potential cure for end

stage liver failure and primary hepatic malignancy [1] . The out-

come of this procedure has significantly improved over the past

decades [2] , with significant improvement of survival by approxi-

mately 30% at 1, 3, and 5 years [3] . However, biliary complications

remain relatively high (up to 30%) [4] . 

There are numerous techniques for vascular reconstruction de-

scribed for liver transplantation [5] . The variation in surgical tech-
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ique is thought to influence the peri-operative outcome [6] .

evascularization sequence is also considered a potential source of

iliary complications after liver transplantation [7] . The link be-

ween reperfusion sequence, biliary strictures and graft loss fol-

owing liver transplantation is not clear in the literature, despite

ts high importance and the biliary complications being a signif-

cant risk factor for graft loss [8] . Initial portal reperfusion (IPR)

s the most commonly practiced sequence [8] . However, since the

ile ducts seem to be solely dependent on the hepatic artery for

heir blood supply [9] , it is thought that this technique would lead

o the increased biliary warm ischemia time and increase the risk

f ischemic biliary complications [10] . 

In the absence of arterial blood supply to the bile duct while

he portal perfusion is restored; ischemic bile injuries may develop
a. Published by Elsevier B.V. All rights reserved. 

https://doi.org/10.1016/j.hbpd.2018.12.003
http://www.ScienceDirect.com
http://www.elsevier.com/locate/hbpd
mailto:Dr_mohamedbekheit@hotmail.com
https://doi.org/10.1016/j.hbpd.2018.12.003


M. Bekheit et al. / Hepatobiliary & Pancreatic Diseases International 18 (2019) 4–11 5 

Fig. 1. PRISMA chart illustrating the filtration process of the included studies. 
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Table 1 

Details of the search strategy and the accessed databases. 

Databases Period Search terms 

PubMed December 2014/Updated 

August 2015/Updated 

December 2016 

(Sequential OR simultaneous OR 

contempor ∗) AND (reperfusion 

OR perfusion) AND (liver 

transplant ∗) 23 articles 

Embase April 2015/Updated 

December 2016 

(Sequential OR simultaneous OR 

contempor ∗) AND (reperfusion 

OR perfusion) AND (liver 

transplant ∗) 18 articles 

MEDLINE April 2015/Updated 

November 2016 

(Sequential OR simultaneous OR 

contempor ∗) AND (reperfusion 

OR perfusion) AND (liver 

transplant ∗) 63 articles 

Ovid April 2015/Updated 

December 2016 

1. (Sequential OR simultaneous 

OR contempor ∗) AND 

(reperfusion OR perfusion) 

AND (liver transplant ∗) 

2. Sequential versus simultaneous 

hepatic reperfusion 

36 articles 

Trip database May 2015/Updated 

December 2016 

(Sequential OR simultaneous OR 

contempor ∗) AND (reperfusion 

OR perfusion) AND (liver 

transplant ∗) 172 articles 

Web of Science December 2014/Updated 

July 2015/second update 

November 2016 

(Sequential OR simultaneous OR 

contempor ∗) AND (reperfusion 

OR perfusion) AND (liver 

transplant ∗) 59 articles 

Cochrane 

database 

May 2015/Updated 

December 2016 

(Sequential OR simultaneous OR 

contempor ∗) AND (reperfusion 

OR perfusion) AND (liver 

transplant ∗) 

13 articles 
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n the form of non-anastomotic stricture [11] . It has been reported

hat contemporaneous perfusion could be useful in reducing non-

nastomotic type biliary injuries [12] . However, this finding was

ot observed in a different study [13] . Although investigated fur-

her, this important question, whether the initial artery reperfu-

ion (IAR)/simultaneous reperfusion has an advantage over IPR or

ot, remains unanswered. 

The primary objective of this study was to compare the inci-

ence of non-anastomotic biliary stricture, in both techniques. The

econdary objective was to examine the difference in the incidence

ate of surgical complications, according to Clavien-Dindo scoring

ystem, between both techniques (excluding the non-anastomotic

iliary stricture) [14] . Additionally, the length of hospital stay, cold

schemia time and the incidence of reperfusion injury were looked

t in this study. 

ethods 

tudy design 

The study design is a systematic review and meta-analysis of

he eligible studies according to predefined guidelines provided by

he Cochrane Collaboration (2008). 

earch strategy 

BM and CM searched independently for all relevant published

esearch to identify studies from the following databases: Cochrane

atabase, Web of Science, Trip database, PubMed/Medline, Ovid

atabase, and Embase. The search terms used in this review were

Sequential OR simultaneous OR contempor ∗) AND (reperfusion OR

erfusion) AND (liver transplant ∗). All the articles that were found

uitable for inclusion were cross-referenced to ensure inclusion of

he eligible studies. Detailed search strategies, Boolean operators,

ifferent search techniques, filters, and limits were documented in

etail in Table 1 . A PRISMA flow chart was used to illustrate the

dentification, screening, and inclusion of relevant articles ( Fig. 1 ).

he search was last updated in December 2016. 

nclusion and exclusion criteria 

Randomized controlled trials (RCTs) comparing both approaches

ere included. Other comparative studies were included, provided

hat studies were abiding by a clear PICO format and reported the

utcome of interest. 
No publication date restriction was set. The search was primar-

ly in English. However, studies in French and Italian languages

ere not excluded and were considered if they met inclusion cri-

eria. Translation was to be provided by the authors’ team. 

Studies which satisfied the following criteria were included: (1)

dult human recipients of full liver grafts; (2) Studies comparing

ontemporaneous/simultaneous arterial and portal reperfusion 

o conventional sequential portal then arterial reperfusion or

omparing sequential initial arterial then portal reperfusion to

onventional sequential initial portal then arterial reperfusion. The

nclusion of both initial arterial reperfusion or the simultaneous

eperfusion is justified by the theory behind the injury in both

ases, which is the relative biliary hypoxia from a delayed artery

erfusion in a warm condition induced by portal perfusion; (3) All

CTs and comparative studies (both prospective and retrospective)

omparing the contemporaneous reperfusion versus the standard

equential reperfusion (portal first); (4) Describing the primary or

he secondary outcomes described above, regardless of whether

he study in question regarded them as their primary outcome or

ot. 

The operational definition of the techniques under investigation

ere as follows: (1) Sequential reperfusion was identified when

he anastomosed portal vein was declamped before the start of the

rterial anastomosis and (2) Simultaneous reperfusion was identi-

ed when the portal vein and the hepatic artery anastomoses were

eclamped after completion of both anastomoses without prior

epatic reperfusion through the portal vein. Initial arterial reper-

usion was considered with this group based on the underlying

athophysiological hypothesis. 

The outcomes of interest were defined as follows: (1) Non-

nastomotic biliary strictures were one or more focal areas of

arrowing of the bile ducts proximal to a biliary anastomosis

egardless any anastomotic stricture; (2) Duration of hospital stay;

3) Cold ischemia time or the time from perfusion of the graft
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with the preservative fluid until the reinstitution of the blood

flow; (4) Reperfusion injury or damage to the transplanted liver

caused by cold or warm ischemia (keeping the liver at body

temperature after its blood supply has been reduced or cut-off). 

Exclusion criteria involved studies that: (1) Compared to a dif-

ferent technique than those of interest, (2) were single arm, (3)

were not on human subjects, (4) had incomplete outcome data;

judged by the review authors, and (5) were in the Non-English lan-

guages (apart from French and Italian). 

Data extraction 

BM and CM were responsible for conducting the search and re-

trieval of the database of full-text studies. Both authors were in-

dependently responsible for the selection of studies and to list ex-

cluded studies with reasons for exclusion. A third author’s opinion

was sought to resolve any conflict regarding studies inclusion and

quality scoring. 

The extracted data were the following: (1) Justification for in-

clusion and exclusion of studies; (2) year of publication; (3) Sam-

ple size; (4) Outcome data: no-anastomotic biliary stricture, other

complications and grading (Clavien-Dindo I, II, III, and IV); and (5)

methodological quality assessment. 

Data transformation 

All reported complications were transformed to the correspond-

ing grade of Clavien-Dindo score as closely as possible. Studies that

reported Clavien-Dindo scores, scores were treated as was. 

Analysis of each grade complication frequency was conducted

separately, and then a pooled frequency estimate was calculated. 

Assessment of methodological quality 

The methodological quality of the trials was assessed without

masking the trial names, according to the guidance given in the

Cochrane handbook for systematic reviews of interventions [15] to

evaluate the risk of bias associated with overestimation of inter-

vention effects [16–19] , and West score was adopted [20] . 

Statistical analysis 

The meta-analysis was carried out as close as possible to the

recommendations of the Cochrane Collaboration [15] using the

Comprehensive meta-analysis software (CMA) V2 (Biostat. Inc.,

Eaglewood, New Jersey, USA) for the statistical analysis. For contin-

uous variables, the standardized difference of means and its stan-

dard error was calculated. We elected to calculate the “Hedges’ g”

and its standard error for both types of data to represent the

overall (pooled) effect estimate when including all the parameters

expressing the outcomes. For data describing central tendency in

median and range instead of mean and standard deviation, we

converted these values into mean and standard deviation, when

necessary, using methods suggested by Hozo et al. [21] . 

A random-effects model [22] was used due to heterogeneity

in study design [23] . We measured the quantity of heterogeneity

(within-study) [24] . We considered an I 2 of 30% or more repre-

sents heterogeneity. Among studies, heterogeneity was expressed

by Tau-squared values [25] . A one-study-removed approach was

used to evaluate the influence of individual studies on the 95% CI

of the heterogeneity estimates [25] . 

Since the primary outcome could require a long time to man-

ifest, we planned to perform the analysis on an intention-to-treat

basis [26] for patients who underwent revision of their vascular

anastomosis; whenever possible. For that purpose, multiple im-

putation analysis was considered in SPSS version 22 (IBM Inc.,
hicago, IL, USA). Otherwise, the ‘available case analysis’ was

dopted. In the case of ‘zero-event’ trials in statistically signifi-

ant outcomes, a sensitivity analysis with and without empirical

ontinuity correction factors was planned for as suggested by

weeting et al. [27] . We decided to conduct sensitivity analyses

ased on study design, date of publication and quality assessment.

e arbitrarily chose 2005 as the cut-off to differentiate ‘older’

tudies from ‘newer’ ones. We additionally, arbitrarily chose a

est score of 30 as the quality score, to separate ‘higher’ qual-

ty studies from ‘lower’ quality ones. Meta-regression was not

onducted since there was no sufficient number of studies that

ddressed the primary outcome [15] . We used a funnel plot to

xplore bias [27,28] based on a standard error on the vertical axis

s recommended by Sterne and Egger [29] . We also performed

inear regression described by Egger et al. to determine the funnel

lot asymmetry [30] . 

esults 

A total of 384 studies were yielded. Seven studies were ul-

imately included in analyses following the selection ladder de-

cribed in Fig. 1 . The study included 685 patients. 

Seven studies reported the prevalence of non-anastomotic bil-

ary stricture (NABST) [13,31–36] . The estimate of the within-study

ariation was not significant ( Q = 13.12, P = 0.14, I 2 = 54%) and the

stimate heterogeneity revealed a Tau-squared = 1.44, SE = 1.59. We

xamined the random effect model which assumed the null hy-

othesis (OR = 0.40; 95% CI: 0.12–1.37; P = 0.14) ( Fig. 2 A). A sub-

roup analysis for study type looking at RCTs showed an even

igher OR (OR = 0.61; 95% CI: 0.05–7.19; P = 0.69) compared to one

ooking at case series (OR = 0.31; 95% CI: 0.06–1.50; P = 0.15) or

ombined (as above) ( Fig. 2 D), but none were statistically signif-

cant. An additional analysis was carried out for date of publica-

ion. Studies published since 2005 had an OR = 0.42 (95% CI: 0.05–

.55; P = 0.43) and those published before 2005 had an OR = 0.40

95% CI: 0.10–1.55; P = 0.19) ( Fig. 2 C). Finally, subgroup analysis by

uality assessment, looking at studies with a West score of 30 and

bove [15,20] ( Table 2 ) (OR = 0.36; 95% CI: 0.03–4.17; P = 0.41) was

arried out ( Fig. 2 B). There were no statistically significant differ-

nces between IPR and IAR/simultaneous reperfusion prevalence of

ABST ( Fig. 2 ). 

Only one study reported control for the main confound-

ng factor, which is arterial thrombosis. The pooled all grades

lavien complication score were similar in both groups (OR = 0.77,

 = 0.061; Q = 2.86, P = 0.61, I 2 = 0% and Tau squared = 0) ( Fig. 3 A).

lavien II grade score was reported in 3 studies [13,32,35] . The

lavien II complications were higher in the IAR group than in

he IPR group (OR = 2.73; 95% CI: 1.33–5.62; P = 0.006) ( Q = 1.26,

 

2 = 0%, P = 0.53, Tau squared = 0) ( Fig. 3 B). While no study re-

orted on Clavien III grade of complications, 3 studies reported

n Clavien IV grade complications [13,31,35] ( Fig. 3 C). IAR had

ower incidence of Clavien grade IV complications than in IPR

OR = 0.31, P = 0.12) ( Q = 2.61, I 2 = 23%, P = 0.27, Tau squared = 0.42;

E = 1.78). 

Both techniques offered an equal cold ischemia time (Hedges’

 = 0.04, P = 0.67; Q = 4.70, P = 0.45, I 2 = 0% and Tau squared = 0).

he length of hospital stay was reported in one study [31] . There

as no difference in the length of hospital stay in both techniques

Hedges’ g = 0.01, P = 0.69; Q = 2.63, P = 0.10). 

Only one study [31] reported the time from implantation

o reperfusion, which was equal in both techniques ( P = 0.61).

imilarly, one study reported the lactate level, and it was equal

n both groups ( P = 0.95). The operative time was reported in 3

tudies [34–36] . There was significant heterogeneity between the

tudies ( Q = 4, P > 0.05, I 2 = 50%; Tau squared = 0.04; SE = 0.08).
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Fig. 2. A : The forest plot demonstrates no significant difference between simultaneous reperfusion – compared to the sequential one – on the prevalence of non-anastomotic 

biliary stricture (NABST); B –D : Subgroup analyses by study quality score, publication date and study design. 
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Table 2 

Summary of study characteristics. 

Standard sequential reperfusion Contemporaneous reperfusion 

Studies 
Sample 

size 
Study design 

Total study 

quality scoring 
Gender 

(M/F) 

Age (yr, mean ± SD/range) Gender (M/F) Age (yr, 

mean ± SD/range) 

Follow-up (mon, 

median, range) 

Sankary et al. [33] 131 Retrospective 

case-control 

34 – 46.6 ± 14 – 49 ± 15 4 

Massarollo et al. [34] 76 Retrospective 

case-control 

25 16/10 39.7 ± 13.6 36/14 40 ± 13 24–60 

Ducerf et al. [31] 59 RCT 28 19/11 49 ± 6 20/9 51 ± 10 34 

Polak et al. [13] 102 Prospective 

case-control 

23 45/26 46 (18–65) 18/13 46 (17–63) 12 

Moreno et al. [32] 60 RCT 30 18/12 55 (36–67) 24/6 53 (36–68) 1 

Baccarani et al. [36] 80 RCT 30 29/9 56 ± 7 31/11 56 ± 12 6 

Lu et al. [35] 177 Retrospective 

case-control 

26 50/6 47 ± 11 103/18 48 ± 9 24 

Fig. 3. A : Forest plot demonstrating a similar incidence of pooled Clavien grade complications in the simultaneous reperfusion group compared to the sequential reperfusion 

group; B : Forest plot demonstrating the higher prevalence of the Clavien-Dindo II grade complications in the simultaneous reperfusion group compared to the sequential 

reperfusion group; C: Forest plot demonstrating the equal prevalence of the Clavien-Dindo IV grade complications in both groups. 
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There was no significant difference in the operative time (Hedge’s

g = 0.02, P = 0.90). 

The prevalence of portal vein complications was reported in

2 studies [13,31] . There was no significant difference in the in-

cidence of portal venous complications between the two tech-

niques (OR = 0.7, P = 0.73; Q = 0.44, P = 0.51 and I 2 = 0%, Tau

squared = 0). 

Four studies reported the prevalence of primary graft non-

functioning [13,31,34,35] . There was no significant difference in the
ncidence of primary graft non-functioning between the two tech-

iques (OR = 0.8, P = 0.70). There was no significant heterogeneity

mong studies ( Q = 1.09, P = 0.7, I 2 = 0% and Tau-squared = 0). 

Mortality was reported in 6 studies [ 31 –33,35–37 ]. No sig-

ificant difference in the all-cause mortality between the two

echniques was observed (OR = 0.57, P = 0.0.25). No significant

eterogeneity was observed among studies that reported mortality

 Q = 5.3, P = 0.25, I 2 = 0% and Tau squared = 0). Similarly, there

as no difference between the two techniques in the operative
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Table 3 

Summary of the quality scoring of the included article according to the adaptations of the scoring system suggested by West in Systems to rate the strength of scientific 

evidence (2002). 

Studies Question 

definition 

Intervention 

definition 

Outcome 

definition 

Sampling 

population 

Confounders 

considered in 

Statistical analysis 

Multifactor 

testing 

Intention 

to treat 

Appropriate 

central tendency 

& dispersion 

Conclusion 

supported by 

results 

Total 

Polak et al. [13] 4 4 4 2 1 0 0 3 5 23 

Ducerf et al. [31] 4 5 3 5 0 0 1 5 5 28 

Moreno et al. [32] 5 5 5 5 0 0 0 5 5 30 

Sankary et al. [33] 5 4 4 2 5 4 0 5 5 34 

Massarollo et al. [34] 4 4 4 3 0 0 0 5 5 25 

Lu et al. [35] 5 4 4 3 0 0 0 5 5 26 

Baccarani et al. [36] 5 5 5 5 0 0 0 5 5 30 

Fig. 4. Funnel plot for visual depiction of publication bias. 
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ortality (OR = 0.92, P = 0.94), which was reported in 1 study [31] .

here was no difference in the transfusion requirement between

oth techniques (OR = 0.84, P = 0.60). There was no significant

eterogeneity among studies ( Q = 6.75, P = 0.08, I 2 = 55.57%, and

au squared = 0.24). The quality scores of the included studies are

iven in Table 3 . The visual depiction of the publication bias is

hown in Fig. 4 . 

iscussion 

Based on these results, we could not found the signifi-

ant difference between IAR and IPR in the development

f non-anastomotic biliary strictures. Two studies [35,36] re-

orted a statistically significant lower prevalence of NABST with

AR/simultaneous reperfusion. Three studies [31,32,34] showed

 non-statistically significant difference, but favoured IAR/

imultaneous reperfusion compared to IPR. The non-statistically

ignificant difference in these studies could be attributed to their

nderpowered design. The remaining two studies [13,33] demon-

trated a non-statistically significant difference and favoured

PR. 

Previous study [10] attempted to document a pathophysi-

logical hypothesis to support the idea that IAR/simultaneous

rterial reperfusion would reduce the risk of NABST. They found

hat 60 min of delay between the portal and arterial reperfusion

as an independent risk for the development of severe biliary

omplications [10] . In an animal model, Zhu et al. linked the

elay in arterial reperfusion (secondary warm ischemia) to the

icrovascular thrombi in peribiliary arterial plexus [38] . Changes
n the pulmonary microarchitecture were also documented with

he delay in arterial reperfusion [39] . This could explain the

ncreased pulmonary complications rate found with larger grafts,

iven the technical challenge in these cases that could delay

rterial reperfusion [40] . 

One of the most significant shortcomings of the available stud-

es is the lack of data on the delay time between the portal and

he arterial reperfusion, which might have highlighted a particular

rend. Among the included studies that addressed this outcome,

nly the study by Lu et al. [35] showed a significant advantage of

he simultaneous reperfusion technique. This might be related to

heir larger sample size. The delay time in the IPR group was de-

ned as above 10 min, while reperfusion was resumed in the si-

ultaneous group within only one minute delay between the por-

al vein and the hepatic artery. This highlights the importance of

inimizing the length of the delay time. However, one limitation

f this study was its retrospective nature. 

The presence of arterial complications, including arterial throm-

osis, in the perioperative period, being the most important con-

ounding factor, was only documented in one study [32] . There-

ore, it was difficult to interpret its effect, despite our attempts

t extracting separately the incidence of NABST in patients with

nd without arterial thrombosis. Additionally, the reperfusion syn-

rome could be a major confounding factor. 

There was no difference in the overall complication rates in

oth groups. The Clavien grade II complication rate was higher in

he IAR/simultaneous reperfusion group. The operative time, the

old ischemia time, transfusion requirements and the hospital stay

ere not different. 

Previous publication [40] quantified the effect of the simul-

aneous reperfusion on the development of non-anastomotic bil-

ary stricture, however, this review was necessary to clarify several

hortcomings in those studies. A review by Wang et al. [41] in-

luded the study from Adani et al. [12] , which was republished

gain [42] and a study from the same group that included the

ame group of patients within the study population [35] . Adani’s

tudy [12] included the same patients within the study population,

ith half the sample size of Baccarani et al. [36] . Hence this study

as excluded from the final analysis as including both papers in a

eta-analysis would invalidate the results and its conclusions [40] .

The visual inspection of the funnel plot did not suggest a publi-

ation bias ( Fig. 4 ). However, this is not conclusive given the small

umber of included studies [15] . We were not able to examine one

otential study [43] since it was not possible to access its content

espite many attempts of communication with national libraries,

he author, and the publisher. We restricted the search language to

nly English, French and Italian. As the majority of the published

eta-analysis, this one is not an exception from the risk of being

ffected by the publication bias. 

The current review included the non-randomized comparative

rials that fulfilled the inclusion criteria. To avoid the possible

ias introduced by this inclusion we have conducted a subgroup



10 M. Bekheit et al. / Hepatobiliary & Pancreatic Diseases International 18 (2019) 4–11 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

[  

[  

 

[  

[  

 

 

[  

[  

 

 

 

[  

 

 

 

 

 

 

 

 

 

 

 

analysis based on the study design to examine the difference in

the effect size. 

The common shortcoming among these studies is their low

power. Hence, a non-significant P value does not necessarily mean

a no-effect. Based on the pooled estimate of the effect size from

the included studies, a study that include 200 in each arm would

have a power of 80% in detecting a 5% difference in the prevalence

of NABST at an alpha error level of 5%. 

However, there remains heterogeneity and a large difference in

the quality of the included studies. Therefore, interpretation of the

results should be careful and the need for a single, powered, and

high-quality study is still warranted. Since we have noticed that

there is missing information in each of the included studies, partic-

ularly about the confounding factors, we herein propose a standard

core outcome set to be considered by future studies. Analysis of

the published studies suggests that most of these lesions develop

in the early period of the first 18 months after transplantation [35] .

Therefore, a follow-up of 18 months is proposed for future studies.

Moreover, there should be a distinction between donors following

cardiac versus brain death since this might influence the outcome.

In conclusion, the available evidence suggests there is no sig-

nificant difference in the rate of non-anastomotic biliary strictures

or other complications, between the two techniques, except for

Clavien II complications, which were lower for sequential (IPR)

reperfusion. However, many of these studies were underpowered

and a significant degree of heterogeneity existed between them. A

single high-powered, high-quality study could eliminate the impact

of heterogeneity and increase the robustness of our conclusion. 
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