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Abstract

While angiotensin ll-infused mice are the most papmodel for preclinical aneurysm research
representative data on incidence, severity and aimyrtof dissecting abdominal aortic
aneurysms (AAAs) have never been established, landhfluence of confounding factors is
unknown. In this review, we performed a meta-anslysluding 194 manuscripts representing
1679 saline-infused, 4729 non-treated angioterisimfused and 4057 treated angiotensin II-
infused mice. Incidence (60%) and mortality (20%ies are reported overall as well as for
grade | (22%), grade Il (26%), grade Il (29%) gndde 1V(24%) aneurysms. Dissecting AAA
incidence was significantly (p<0.05) influencedd®x, age, genetic background, infusion time
and dose of angiotensin Il. Mortality was influedd®/ sex, genetic background and dose, but
not by age or infusion time. Surprisingly, bothidence and mortality were significantly
different (p<0.05) when comparing angiotensin R4sed mice in descriptive studies (56%
incidence, 19% mortality) with angiotensin ll-in&t mice that served as control animals in
treatment studies designed to either enhance (86#beince, 13% mortality) or reduce (73%
incidence, 25% mortality) dissecting AAA formatioAfter stratification to account for
confounding factors (selection bias) the obsenfstewas still present for incidence, but not
for mortality. Possible underlying causes are detecbias (non-uniform definition for
detection and quantification of dissecting AAA irica) or publication bias (studies with
negative results, related to incidence in the @bmgroup, not being published). In conclusion,
our data indicate that treatment studies usingat@gsin lI-infused mice should be interpreted
with caution and provide a new meta-analysis-bastgtence for incidence and mortality of

dissecting AAA in this mouse model



| ntroduction

In clinical practice, abdominal aortic aneurysm @As defined as a focal dilatation of the
aortic diameter larger than 1.5 times the origsiaé!. Due to the asymptomatic nature of the
disease human data are scarce, especially at &n stage. Therefore animal models of
aneurysm formation are often used for pre-clinieabarciR. The angiotensin Il-infused mouse
model is the most popular mouse model for aneumesearch because it reproduces many
important features such asacrophage infiltration, medial elastolysis, luntieapansion and
thrombus formatiot®.

Since the first paper published by Daughettgl. in 20003, this mouse model has been the
subject of numerous papers, ranging from the gefiefi over the moleculaf 12°to the
macroscopic levet®34 Lesion severity has been reported to vary subatgnwithin this
mouse model, leading to a subdivision into Gradérdde IV aneurysms based on
morphological characteristics that were visuallg@tved on excised tissue sampieOver
time, a wide range of incidence, severity and nlityteates has been reported for this mouse
model but reference data are lacking. Moreover]engeveral confounding factors (sex, age,
diet) seem to be the same as in human diseaseetfesit on murine aneurysm pathology has
never been quantified.

The angiotensin Il mouse model is particularly dapin so-called treatment studies, in which
the effect of pharmaceutical or genetic intervargion aneurysm incidence, aneurysm severity
and aneurysm-related mortality are assessed. 20@g, 143 manuscripts have studied the
effect of some kind of treatment in angiotensimnflised mice, often quantifying aneurysm
presence in terms of the luminal or external di@mehange. But despite its ubiquitous use,
some important differences with human AAAs exike tatter are located on the infrarenal
rather than the suprarenal aspect of the abdoraortd and are characterized by a progressive

evolution rather than repeated interparietal rugtdr>° In order to avoid confusion, we



therefore refer to the angiotensin ll-induced lesias "dissecting AAAs’ rather than AAAs
throughout the current manuscrift

Here, we present a meta-analysis of all manuscfigigo January®} 2015) in which mice
have been infused with angiotensin Il in order tovpke dissecting AAA formation. In first
instance, our goal was to define reference valoe§)fthe occurrence of dissecting AAA, (ii)
the occurrence of different severity levels withémimals developing dissecting AAA
(categorized from grade I-grade 3% and (iii) the mortality rate during angiotensifirifusion,
related to aneurysm rupture. We also report tHaente of different confounding factors such
as sex, age, diet, genetic background and dosagibtansin Il on incidence and mortality
rates. The second part of the manuscript focusdkeostatistically significant difference that
was discovered in the incidence and mortality rafeen-treated mice in treatment studies that
were designed to enhance dissecting AAA, on thehamel, and treatment studies that were
designed to reduce dissecting AAA, on the otherdhdmis difference seems to imply that
many of the reported incidence and mortality ratdgerature were biased by the purpose of
the study. We present a stratified analysis to stigate to what extent this bias could be
attributed to confounding environmental factorsd da what extent it was related to the
variability that exists in the criteria used toidefAAA presence. Based on these findings, we
propose alternative criteria to quantify dissectlW@A presence, rather than focusing on
diameter alone. As such, this manuscripts aimsdwige deeper insight into the interpretation
of angiotensin ll-induced dissecting AAA in the pasd provide improved guidelines for its

interpretation in the future.



M ethodology

The meta-analysis included all publications avaddab Pubmed until January'12015, using
the search terms “mice” or “mouse”, “aneurysm” aaagiotensin”. Exclusion criteria were (i)
the use of different mouse models than angiotdhsifusion (e.g. elastase perfusion or genetic
modification without angiotensin Il infusion), (igporting on locations of aneurysm formation
different from the abdominal aorta (e.g. intracehrr ascending aneurysms), (iii) reports
focused on human aneurysm or aneurysm-related déior(e.g. Marfan or Loeys-Dietz
syndrome), (iv) review articles, (v) letters to #ualitor, (vi) manuscripts that re-used mice from
a previous manuscript (and had thus already bextuded in the analysis) and (vii) manuscripts

for which no access could be obtained.

From the remaining 194 manuscripts the followintpdaere retrieved from the methods and
results sections: sex (male/female), diet (norngi/fat), genetic background (ApdE LdL”

/ C57BI\6 wild type, C57BI\6 wild type with anti-TEsp antibodies, C57BI\6 wild type with
co-infusion off-apn), age (ranging from 4 to 72 weeks), angiotetishfusion dose (ranging
from 150 to 3000 ng/min/kg), angiotensin Il infusibme (ranging from 3 to 84 days), the
location where dissecting AAA diameters were queadi (lumen diameter or external
diameter), the threshold of diameter increase tsddfine dissecting AAA incidence (ranging
from 110 to 200%) and the reference to which diasgAAA diameters were compared in
order to define dissecting AAA (suprarenal diameter saline-infused control animals,
baseline suprarenal diameters prior to angiotehisinfusion, diameters of a non-diseased
segment proximal to the dissecting AAA, diametera mon-diseased segment distal to the
dissecting AAA, or lumen diameters at locations kehiie dissecting AAA was quantified at
the external diameter). Each study was classifitol @ne of three categories, depending on
whether its main goal was to describe aneurysmdtian, to enhance aneurysm formation, or

to reduce aneurysm formation in angiotensin Il-g&fi mice. In manuscripts designed to
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describe murine aneurysm formation, angiotensinfsed and saline-infused mice were the
only study groups. In manuscripts designed to ecdnamn reduce dissecting AAA formation,
the angiotensin ll-infused mice usually functioredcontrols to a third group, in which the
effect of dissecting AAA was reduced or enhanceglhgrmacological or genetic treatment.
Two studies could not be categorized into any etkinee categories. For each study the number
of saline-infused, the number of angiotensin-infused the number of treated mice was
retrieved, as well as the reported incidence ratsice that developed an dissecting AAA and
mice that died of aneurysm rupture in each catedbmhe incidence or rupture rates were
reported in the form of bar plots or percentagesstiimate was made based on the available
data, and if group size was reported as a rangm#as value was used. Aneurysm mortality
was defined as sudden death during the infusioinghesince the pathological confirmation of
an internal bleeding due to aneurysm rupture reopiecise location (hemoabdomen versus
hemothorax) were mentioned in most manuscriptdowalg the most common procedure in
literature, incidence rates include mortality ratesseveral manuscripts a number of different
treatment groups were reported. If any of the condling factors were different between
groups, these were treated as separate studned, ihcidence rates from different groups were

added within the same study.

Statistics

Odds ratios were calculated for each confoundintpfawith respect to its reference situation.
Odds ratios for categorical variables such as det, and genetic background compared
dissecting AAA incidence or mortality of mice withe less frequently occurring value of the
confounding factor to the incidence of ‘referenceceh for that factor (i.e. female was
compared to male, high fat diet to normal diet, BI§¥to ApoE"). Continuous variables such

as age, angiotensin Il dose and angiotensinukioh time were first categorized (young: 4-8



weeks, old: 25-84 weeks; low dose: 125-749 ng/kg/migh dose: 1251-3000 ng/kg/min; low
infusion time: < 7 days) and odds ratios subsedyienmpared dissecting AAA incidence and
mortality for these less frequent values to thespective reference situation (adult: 9-24 weeks;
normal dose: 750-1250 ng/kg/min; normal infusiongi 7-28 days). Reference measurements
to define dissecting AAA incidence were consideieetle external diameters using a threshold
of a 150% increase in comparison with saline-infusentrols. Odds ratios were considered

significant (p<0.05) if the 95% confidence interdad not include the value OR=1.

Since we observed an unexpected dependency otilssicting AAA incidence and mortality
on the design of the study, we subsequently peddrastratified analysis to find to what extent
this dependency was related to the presence obunding factors. First a Fisher's exact test
was performed to identify the environmental factbist were correlated with study design on
both a study level (i.e. quantifying how the numbgstudies associated to each study design
was related to each confounding factor) and a mdeasel (i.e. quantifying how the
accumulated aneurysm incidence and mortality fahestudy design was related to each
confounding factor). Then a stepwise stratifiedlysia was performed in which the effect of
these confounding factors on the odds ratios waessiigated at an individual mouse level. For
each factor, only those mice representing the dsgereference situation were withheld (i.e.
after stratification for age only adult mice werethleld, after stratification for genetic
background only Apok mice were withheld, etc.). If any of the confourgifactors was not
reported, or if either the incidence rate or theahar of animals were missing, the animals were
excluded from the stratified analysis. First wereoted the odds ratios for those factors that
were significantly correlated to study design orthba study and a mouse level. Since a
significant effect was still visible, stratificahowas subsequently expanded to confounding
factors that were only significantly correlated lwgtudy design on a mouse level. Finally

stratification also included measurement relatetbfs.



Results

Metrics of the meta-analysis

In total 291 papers were analyzed. Forty-two mampiscwere excluded since they studied
different mouse models, 21 manuscripts focusedurnam disease, 28 did not report original
research and 2 manuscripts re-used mice from agmewmanuscript, while for 4 manuscripts
no access could be obtained. Thirty-five manuseripported several studies with varying
incidence rates or confounding factors, each otlwhvas considered as a separate entry for
the meta-analysis. In total, this approach ledttwa number of 252 studies that were extracted
from 194 manuscripts. An overview can be foundahbl¢ S1 (supplementary data). These
manuscripts were published in 64 different journelsh an average journal impact factor of
5.7 £ 3.7. Overall, the meta-analysis representg9l16aline-infused, 4729 non-treated

angiotensin ll-infused and 4057 treated angioteldimfused mice.

Dissecting AAA incidence, mortality and grade | -1V morphology

Overall, 60% of the animals developed a disse@idg while the mortality during angiotensin

Il infusion (presumably related to transmural rupjuvas found to be 20% (Table 1). In 33
studies representing 429 dissecting AAAs, aneursisapes were categorized into 4 different
groups, ranging from grade | to grade IV, accordmthe morphology criterion first described
by Daugherty et af’. In angiotensin ll-infused mice that did not reeeiany additional
treatment, we found an overall incidence of 22%lgreaneurysms, 26% grade Il aneurysms,

29% grade Il aneurysms, and 24% grade IV aneurysms

Theinfluence of environmental factors on dissecting AAA incidence and mortality

As reported previously, dissecting AAA incidencesvgggnificantly lower for females than for

males (Table 2, Figure 1). Young mice experienceyaificantly lower incidence than adult



mice, while old mice showed a significantly highecidence than adults. Significantly less
dissecting AAAs were observed in angiotensin l14g€d wild-type C57BI\6 mice than in ApoE
mice , and also Ldl"" mice had significantly lower incidence than Ap6nice. C57BL\6
mice that were co-infused with angiotensin Il gidpn had an incidence rate that was not
different from that of angiotensin ll-infused ApdEmice, while C57BI\6 mice that were
infused with angiotensin Il and injected with afGF{3 antibodies had a significantly higher
incidence than angiotensin ll-infused Ap6GEnice.

Dissecting AAA incidence was significantly lower fmice receiving a low dose of angiotensin
Il (< 750 ng/kg/min) compared to those receivingpamal dose, but the difference in incidence
for mice that were infused with higher doses ofiat@gpsin Il (> 1250 ng/kg/min) was not
statistically significant. A high-fat diet did na¢sult in a statistically significant difference in
incidence compared to normal rodent chow.

Rupture rate followed the same trend as incideacedarly all reported confounding factors.
Mortality during angiotensin Il infusion was sigicéintly higher in male mice, anti-TGF-
injected mice, and treated mice in studies designeenhance dissecting AAA. Mortality
during angiotensin ll-infusion was significantlyer in wild type C57BI\6 mice, Ldt’ mice,
mice receiving a low dose of angiotensin Il, arehted mice in a study designed to reduce
dissecting AAA. No significant difference in moitglwas found in mice co-treated wifla
apn, in mice receiving a high dose of angiotensor in mice on a high fat diet. In fact, the
only confounding factor that had a different infiee on mortality than on aneurysm incidence
was age. While dissecting AAA incidence was sigaifitly lower in young mice than in adult
mice, no significant difference in mortality coulte detected. Similarly, no statistically

significant difference in mortality was found beeweold and adult mice.

The enhancement of reductions and the reduction of enhancements: a short description
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The most surprising result from our meta-analy&s in the strong relation that was found
between study design and incidence of dissectiig A non-treated, angiotensin Il-infused
mice. In manuscripts that were designed to descnilbene aneurysm formation the incidence
rate in angiotensin ll-infused mice was 56%. Howgeire manuscripts that were designed to
enhance murine aneurysm formation the incidenainahon-treated, angiotensin ll-infused
mice (that were used as control animals in theshest) was only 35%. Compared to aneurysm-
describing studies, this difference is highly sfgaint and corresponds to an odds ratio of 0.43
(Table 2, Figure 1). On the other hand, in manpsitihat were designed to reduce murine
aneurysm formation the incidence rate in non-tcbatgce (that equally served as control
animals in these studies) was as high as 73%. Qeahpa aneurysm-describing studies, this
difference was highly significant as well, and esponded to an odds ratio of 2.12 (Table 2,
Figure 1). When comparing studies designed to eséhalissecting AAA directly to those
designed to reduce it, the difference in dissecA@ incidence of non-treated mice was even

more pronounced (OR=0.20).

A similar trend could be observed in dissecting AmArtality rates. In manuscripts that were
designed to describe murine aneurysm formation rtogtality was 19%. However, in
manuscripts that were designed to enhance muri@ergsm formation the mortality in non-
treated mice was only 13%, while it was 25% in ns@nipts that were designed to reduce
murine aneurysm formation. Both odds ratios wegnificantly different from 1 (Table 2,

Figure 1).

Stratification for environmental factors

A Fisher’'s exact test indicated that study desigmicantly correlated with sex, genetic
background, and angiotensin Il dose (p<0.05, T@hl&ore specifically, researchers tend to

choose more often male mice and avoid low doseangfotensin Il in studies designed to
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reduce dissecting AAA (Figure 2). On the other hesskarchers conducting studies designed
to enhance dissecting AAA more often selected t:dbr C57BI/6 mice and used lower doses
of angiotensin Il. In first instance we performedtap-wise stratified analysis in which we
accounted for the effect of these confounding f&ctm both incidence and mortality (Table 4,

Figure 3).

After stratification for sex, background and doslee(environmental factors significantly
correlated with study design on both a study lewrel a mouse level, see Table 3) incidence
was still significantly lower for studies designéal enhance dissecting AAA. Similarly,
incidence was still significantly higher for stuslidesigned to reduce it. Further stratification
for infusion time, age and diet (all of which werdy significantly correlated with study design
on a mouse level) did not influence the odds raticsther case (Figure 3, top). Interestingly,
the difference in mortality rates for studies dasi) to enhance dissecting AAA disappeared
after stratification for sex and background. Simylathe difference in mortality rates for studies
designed to reduce dissecting AAA disappeared aftatification for sex, background, dose,

infusion time and diet (Figure 3, bottom).
Theinfluence of measurement related factors on dissecting AAA incidence and mortality

We were able to extract the used criterion for aysu incidence from 115 out of 194
manuscripts. In the remaining studies, the exatgron for dissecting AAA was either not
mentioned, or we did not manage to locate it withi@ manuscript. Of the analyzed studies
only 84% quantified dissecting AAA dimensions, vehil6% determined incidence based on
visual inspection of the tissue. Surprisingly, th#erent criteria used to define incidence
criteria result in no less than 31 potential défoms for dissecting AAA incidence (visual
inspection plus any permutation of 3 diameter thoéds, 5 reference locations and 2

measurement locations; see Figure 2).
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Figure 4 shows the odds ratios of those measuremlated factors that deviate from the most
frequently occurring ‘reference’ measurement. leoice is shown to be significantly lower
when the threshold to define dissecting AAA pregaa@ut higher than 150%, and when lesion
diameters are compared to a proximal segment o$dh@e aorta, rather than saline-infused
controls. The incidence of dissecting AAA is sigeahtly higher when the aneurysm diameter
is measured at the luminal border (i.e. in viv@gritwhen external diameters are measured.
Also, a significantly higher incidence was foundamlcomparing the dissecting AAA segment
to baseline suprarenal diameters (prior to angsatel infusion), and when comparing it to a
distal segment. Mortality rates showed to be mesk dependent on the measurement related

factors.

Stratification for measurement related factors

A Fisher’s exact test indicated that study designicantly correlated with the reference to
which the suprarenal diameter was compared andadisdhe percentage increase in diameter
that was used as a threshold to define the presehcdissecting AAA (Table 3). More
specifically, researchers tend to use less stringeteria for diameter increase in studies
designed to reduce dissecting AAA (Figure 2). Alesearchers conducting treatment studies
(be it to enhance or to reduce dissecting AAA) nmaften measure the outer diameter (rather
than the lumen) and compare suprarenal diametaesahore often to those of saline-infused
mice than researchers in descriptive studies. Tifierehce is most outspoken in studies

designed to reduce dissecting AAA (Figure 2).

For studies designed to enhance dissecting AAAijtiaddl stratification for measurement
related factors removes the difference in incidemitle studies designed to describe dissecting
AAA (Table 4, Figure 5, top). This is the case whathholding only those studies in which

the suprarenal diameter is compared to the dianwétsaline-infused mice, but also when
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withholding only studies in which a diameter ciiber of 150% was used, and when
withholding only studies in which the external dieter was measured (rather than the luminal
diameter). Conversely, for studies designed tocgedlissecting AAA this stratification led to
a further increase in the odds ratio for both #ies reference and the external diameter. For
these studies the difference in incidence only imecg@orderline) insignificant when only those
studies in which a diameter criterion of 150% wasduwere selected. In order to account for
the low amount of mice remaining after such strimgratification, we subsequently visualized
the effect of stratification for all values of easfeasurement factor, ignoring any effect of
environmental confounding factors. For studiesgle=il to reduce dissecting AAA, the odds
ratio only decreased for studies that comparededisgy AAA diameters to a baseline
reference, for those using a threshold < 150%potHose measuring the luminal diameter

(Figure 5, bottom).
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Discussion

The last years a plethora of studies have useatmgin Il-infused mice to study dissecting
AAA in mice: 93 of the 194 studies analyzed in thista-analysis were published between
2012 and 2015. In the first part of this meta-asialyve provide the research community with
reference values concerning the incidence and figntates of dissecting AAA in this mouse
model, and report to what extent these valuesrdhgenced by environmental confounding
factors such as sex, age, diet, genetic backgranddangiotensin Il dose. In the second part
we focus on the apparent discrepancy in reportedtlence rates for studies designed to
enhance and studies designed to reduce dissecArdg We investigate possible causes for
this potential bias, and propose alternative gatéor dissecting AAA detection in future

research.

Dissecting AAA incidence and mortality and their confounding factors

Our meta-analysis is the first to come up with diecice, severity and mortality rates that are
representative for a large sample of mice. We foamaverall incidence rate of 60% and a
mortality rate of 20%. While both incidence ratewl anortality rates vary significantly in
between labs (as evidenced by the high standaidta®s when calculating dissecting AAA
incidence on a study level, Table 1), we think thase numbers, along with the confounding
factor-dependent incidence rates provided in Tablean provide an important reference for
future researchers planning to use this mouse matelincidence rates of Grade I-Grade IV
morphology should be interpreted with caution &séhcategories have not been defined very
strictly. When first introducing the subdivisiontinGrade | — Grade IV, Daugherty al.
already stated to have “arbitrarily defined aneory®ased largely on the visual characteristics”
20 Especially the Grade IV category is to be intetgd with caution, as some authors
automatically include mice succumbing to aneuryspture as Grade IV, while others do not.

Nevertheless, we believe that our data are thethrgather representative statistics on the
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distribution of these morphological features of merdissecting AAA, and can as such be

important for the interpretation of future results.

When it comes to confounding factors influencingsdcting AAA, we found that incidence
and mortality in angiotensin ll-infused mice areaninigher in male than in female mice. This
result confirms earlier finding¥, and is also in correspondence with what is oleskitvhuman
aneurysms- %8 Our analysis also confirms earlier reports th&7B\6 mice have lower
dissecting AAA incidence and mortality than ApbEnice, while C57BI\6 that are injected
with anti-TGF$ have a significantly higher dissecting AAA incidenand mortality?®. The

reason behind these observations is the subjestgifing discussioff 4%

We further demonstrate that, while a lower doseiced incidence and mortality of dissecting
AAAs, increasing the dose of angiotensin Il playess important role in incidence than what
is commonly assumetf. Even when the threshold was fixed at very higrele (> 2000
ng/kg/min), a high dose of angiotensin 1l did nagngficantly increase dissecting AAA
incidence nor mortality. This is important inforneat that may be used when planning future

experiments.

Age turned out not to be related to the inciderfagissecting AAA to the same extent as sex,
background and dose. While incidence was signifigagifferent for young and old mice,

mortality was not. Moreover, the odds ratio forsgisting AAA incidence was less outspoken,
and the confidence interval closer to 1, than theeoconfounding factors. The thresholds to
define young (< 9 weeks) and old (> 24 weeks) mieee based on biological evidefite

allowing for a reasonable distribution between gatees (Figure 2). However, if the age limits
were put at 10 weeks and 20 weeks, neither youngldanice showed a significant difference

in dissecting AAA incidence (or mortality). Thisditates that the dependency of dissecting
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AAA incidence on age is less robust than its depany on, for instance, sex or angiotensin Il

dose.

Surprisingly, only moderate and non-significaneefs were noted for mice on a high-fat diet.
The reason might be that we treated high-fat died &inary variable and did not include the
amount of cholesterol into the analysis. Most fkalsignificant difference would have been
obtained if a dose-dependent analysis (such asdgerand angiotensin Il dose) had been
performed. The results of the analysis regardimgp{iat diet should therefore be interpreted

with caution.

The enhancement of reductions and the reduction of enhancements: a short analysis

The most surprising result of our analysis wasstheng dependence on study design that was
found in both incidence and mortality of dissecth®§A in non-treated, angiotensin ll-infused
mice that were used as control animals in treatrstaigies. In part, this can be explained by an
intentional selection bias, as researchers seteotads with a low incidence (e.g. low dose,
wild type mice) when the aim of their study is tthance dissecting AAA, and focus on animals
at higher risk (e.g. male mice or high doses ofi@egsin 1) when the aim of the study is to
reduce dissecting AAA (Figure 2). Neverthelesstratiied analysis demonstrated that the
design-dependency of aneurysm incidence was indepeinf genetic background, sex or dose
of angiotensin Il. On the other hand, the desigoedeency of mortality was found to
normalize after stratification (Figure 3). But whimortality is a binary variable that, in
principle, cannot be interpreted wrongly, dissegt#AA incidence is a measurement that is

prone to interpretation.

We therefore hypothesized that a possible explamddr the dependency of dissecting AAA
incidence on study design could be found in a dietebias with respect to the definition (and

the interpretation of that definition) that was dise quantify dissecting AAA presence. Indeed,
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a thorough analysis revealed the existence of ag fkan 30 possibilities to quantify the
dilatation related to aneurismal widening of thprawmenal segment of the aorta. On top of this,
16% of the studies did not quantify anything af a#i they simply defined dissecting AAA
presence after visual inspection of the post motissues. Figure 4 confirms that, while the
incidence of dissecting AAA is significantly difiemt for several measurement related factors,
mortality is not. The additional stratification Figure 5 suggests that the dependency of
dissecting AAA incidence on study design was toempextent determined by the measurement
method that was used. These data are further siggiploy the results of the Fisher exact test
(Table 3), which demonstrate that both the refexdnavhich diameters are compared and the
threshold in percentage increase used to defisecisg AAA are significantly correlated with
study design. The results of these stratified a®asyshould be interpreted with caution due to
the relatively low number of animals remaining efé¢ratification for measurement-related
factors. Nevertheless, this hypothesis is worryasgit suggests that dissecting AAA incidence

may depend on the method that was used to quatntify

Another possible explanation for the dependenag@tience and mortality on study design is
publication bias. If the control group in an expeent designed to reduce dissecting AAA has
a high incidence of dissecting AAA, then the treattngroup is more likely to significantly
reduce that incidence. Conversely, when the cogh@lp reveals an average incidence, then
it is more likely that the incidence in the treatingroup will not be significantly lower. Vice
versa, if the control group in an experiment destgto enhance dissecting AAA has a low
incidence, the treatment is more likely to be dffec Since negative results are more difficult
to publish, many of these studies will never bensittied or accepted in academic journals, and
will thus not be accounted for in the meta-analySisch publication bias might be the reason
why the incidence and mortality rates of dissec8Ad\ in our meta-analysis were significantly

different for treatment and descriptive studies.ii/hard to verify, this hypothesis is equally
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worrying as it suggests that many of the statilyicagnificant results in published treatment

studies were, in fact, chance findings.

A third hypothesis is that the dissecting AAA inemte and mortality rates suffered from a
systematic bias between treatment and control groligt was related to the design of the
studies but was not included in the stratificatiés. discussed in depth by Kraughal. 44,
additional sources of bias in animal studies (othen the ones already mentioned above)
include attrition bias (i.e. not accounting foratimals included in the study), non-randomized
treatment allocation, non-blinded analysis, the wa$eanimals with comorbidity, non-
compliance with animal welfare requirements, the akinappropriate statistical models, an
incorrect sample size calculation or financial ¢iotd of interest. We have not stratified for
these potential sources of errors as (i) unlikesiection bias, detection bias or publication
bias, there was no clear hypothesis to link thastofs to study design, and (ii) each additional
stratification step would reduce the number of neing animals, and hence further increase
the size of the confidence intervals. Neverthelgss important to take these potential sources
of error into account when planning future expenitse

Possible solutions and suggestions for future research

When interpreting the results of pre-clinical saglinvestigating the effect of pharmacological
or genetic treatment on dissecting AAA incidenag often implicitly assumes that the latter
is an unequivocal, straightforward observation thatot susceptible to interpretation. Reality,
however, is different. In a clinical setting, a lma increase of 150 % in aortic diameter is
typically used as the cut-off criterion to defindA incidence. This is an artificial limit that is
based on the clinical reality that smaller dilatat are at a lower risk of rupture and should
therefore not be treated since the surgery riskidvoutweigh the rupture ris®. Despite the
fact that treatment studies in a pre-clinical reseaetting function within an entirely different

paradigm, the definition of dissecting AAA has hetn adjusted accordingly. Already in 2007,
19



Jianget al. argued that the “pseudoaneurysms” induced by &mgo Il are a binary event,
and that measures of the luminal or external adiiicneter might not accurately reflect the
development of murine dissecting AAA, especiallyewhstudying the effect of drugs on
dissecting AAA incidence and severtfy Here, we suggest two different strategies foh oé
quantification and interpretation of dissecting AA#idence in studies using the angiotensin

ll-infused ApoE~ mouse model:

(1) When analyzing data, future researchers shouldairefirom reporting either
external or luminal diameters as if they were glsimnd non-biased expression of
dissecting AAA incidence. Instead, the effect afatment studies should be
guantified on a micro-structural level, quantifyirgg. the elastin and collagen

content, the size of the intramural thrombus, errtbmber of branches affected.

(i) When interpreting data, future researchers shoesgh khe possibility of publication
bias into account, and compare incidence and nityrtates of the angiotensin II-

infused control group to the reference values glediin this meta-analysis.
Limitations

The data extraction for the meta-analysis has peeiormed by a single operator (B.T.). We
chose to maximize the number of animals by inclgdhose manuscripts in which aneurysm
incidence or mortality rates were not mentionediitten text, but only in the form of bar plots,
or relative to the group size. Therefore some efwéllues on dissecting AAA incidence and
mortality mentioned in table S1 may be prone ternmtetation errors, while others may have
gone undetected while they were mentioned withenntianuscript. Given the sample size that
was achieved, such errors are expected to be rdpabstributed and should not affect the
conclusions of our work. We would like to point dhiat the number of studies reporting

incidence values was in general greater than treysarting mortality values. In order not to
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lose a significant amount of data prior to stra#ifion, the latter was performed for the largest
possible groups in both cases. A more stringeetpnétation, only taking into account those
studies that reported both incidence and mortaigyulted in larger confidence intervals, but
did not change the interpretation of the resultsifssecting AAA incidence. We did not report
these results as the odds ratios for mortality imecenore difficult to interpret, due to the low
number of studies remaining after stratification.@similar note, the wide confidence intervals
after stratification for the measurement methodscete that the number of mice remaining in
this cohort after many subsequent stratificati@pstwas quite low (Figure 5, Table 4). While
the exact numerical values of this part of thetification should therefore be interpreted with
caution, they do not alter the main conclusionsictviare supported by the Fisher exact test

that was carried out on a study level (Table 3).

Conclusions

We have performed a meta-analysis to provide ovasakell as stratified, confounding factor-
dependent incidence, severity and mortality rateslissecting AAA in angiotensin ll-infused
mice. We strongly believe that these numbers hag@otential to serve as reference data and
will allow for a more accurate study design wheanpling experiments using the angiotensin
[I-infused mouse model. The reported incidencerandality rates were higher for angiotensin
lI-infused mice that served as control animalstudes designed to reduce dissecting AAA,
and lower for mice that served as control animalstudies designed to enhance dissecting
AAA. Stratification showed that this dependencylddre explained by an intentional selection
bias of environmental confounding factors (sex,egdagenetic background, age, diet) for
dissecting AAA mortality, but not for dissecting AA incidence. We subsequently
hypothesized that the dependency of dissecting A¥sflence on study design may be related

to the variability in methods used to quantify diting AAA, and that literature may be
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distorted by a publication bias. We conclude thatfore any further treatment studies are
performed, the translational aspects of this moouséel should be further documented and the
relevance of diameter increase as a single queatidn of dissecting AAA incidence should

be questioned.
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Figure 1. Odds ratios and 95% confidence intervals for emvirental confounding factors.
Every factor is compared to its reference valudgraax, ApoE" background, age 9-24 weeks,
normal diet, dose 750 - 1250 ng/kg/min , long irdastime, study designed to describe
dissecting AAA). Odds ratios are considered sigaiiit if the confidence interval does not
contain the value 1. Factors are shown in ord@naéasing p-value.
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Il Studies designed to reduce AAA
[ Studies designed to describe AAA
B Studies designed to enhance AAA

Sex Background Angiotensin |l dose
100 %
0% -
female male C57BI\6 ApoE 7 LdL - c57BN\6 C57BI\6 low normal high
+anti-TGF-B +B-apn
Infusion time Age Diet
100 %
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Reference diameter Threshold diameter Location diameter
increase measurement
100 %
0%
saline baseline proximal distal lumen <150% 150% > 150% external lumen

Figure 2. Histograms indicating the prevalence of each catedar both environmental
confounding factors (top 6 panels) and measuremsdaited factors (bottom 3 panels) on a
study level. Histograms are subdivided for 3 défdrstudy designs and normalized by the

number of studies, which can be found in Table 3.
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Stratification for AAA incidence Stratification for AAA incidence
in studies designed to enhance AAA in studies designed to reduce AAA
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Stratification for AAA mortality Stratification for AAA mortality
in studies designed to enhance AAA in studies designed to reduce AAA
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Figure 3. Step-wise stratification to investigate whetherimmental confounding factors can
explain the dependency of dissecting AAA incideaod mortality on study design. Factors
were included in decreasing order of significan€eheir correlation with study design, as
determined from Fisher's exact test on a studyllésee Table 3). Top panels show that
dissecting AAA incidence remains significantly @ifént after stratification, while bottom
panels show that dissecting AAA mortality becomedependent of study design after

stratification.

-
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Measurement factors that Measurement factors that

decrease AAA incidence increase AAA incidence
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threshold < 150% increase —— reference diameter distal
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decrease AAA mortality increase AAA mortality
threshold < 150% increase — reference diameter lumen
threshold > 150% increase —_—— diameter measured at lumen
reference diameter proximal —_— reference diameter baseline
0 0.5 1 1.5 2 0 2 4 6
Odds Ratio Odds Ratio

Figure 4. Odds ratios and 95% confidence intervals for measant related factors. Every
factor is compared to its reference value (a 15@&ease in dissecting AAA external diameter,
with a reference diameter obtained from the sarpeastenal segment in saline-infused mice).
Odds ratios are considered significant if the aberfice interval does not contain the value 1.
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Stratification for AAA incidence Stratification for AAA incidence
in studies designed to enhance AAA in studies designed to reduce AAA

long infusion + normal dose + ApoE™ + male | == -

+ saline reference

+ adult + saline reference

+ normal diet + saline reference

+ adult + normal diet + saline reference

+ 150% increase

+ adult + 150% increase

+ normal diet + 150% increase

+ adult + normal diet + 150% increase

+ external diameter

+ adult + external diameter

+ normal diet + external diameter

+ adult + normal diet + external diameter

Ly f

=]
N
w

4 5 10
Odds Ratio Odds Ratio

|
. H ]

all mice

reference diameter saline
reference diameter baseline
reference diameter proximal
reference diameter distal
reference diameter lumen

i

threshold < 150% increase | ms—
threshold = 150% increase —
threshold > 150% increase

—
—_—
diameter measured externally —— ———
diameter measured at lumen ——
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Figure 5. Step-wise stratification to investigate whether sugament-related confounding
factors can explain the dependency of dissecting A&idence and mortality on study design.
Top. The starting point are reference mice with addalatratification for factors significantly
correlated with study design (sex, background, Ydasd infusion time. The reference values
of each measurement related factor (saline referelt®0% increase, external measurement)
were included in decreasing order of significanteheir correlation with study design, as
determined from Fisher’s exact test on a studyllésee Table 3). The effect of including age
and diet was investigated for each factor as vedttom. The starting point are all mice,
without any prior stratification. The influence siratification is subsequently shown for all
values of each measurement method.
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Tables

N N N mice Incid. (%) Incid. (%) Std. (%)

studies mice Total mice studies studies
Incidence 187 1977 3320 60 59 31
Mortality 129 573 2865 20 18 19
Grade | 33 93 429 22 28 28
Grade Il 33 110 429 26 26 24
Grade lll 33 125 429 29 27 22
Grade IV 33 101 429 24 18 20

Tablel. Dissecting AAA incidence, severity and mortality &3l studies included in the meta-
analysis. Incidence values were obtained both ondividual mouse level (Incid. mice), taking
into account the amount of mice in each study,roatudy level (Incid. studies), averaging
incidence values of all studies, irrespective ef dimount of mice in each study. Std: standard
deviation.
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OR 95% C.I. % Incid. % Incid. Nsl  Nsl OR 95%C.l. % Mort. % Mort. NsM NsM

Environmental factors Incid. Incid. ref factor ref factor Mort. Mort. ref factor ref factor
C57BI\6 background| 0.16  [0.13-0.21] 66 24 137 24 0.20 [0.11-0.33] 22 5 90 16
Ang Il dose < 750 ng/kg/min| 0.15  [0.11-0.20] 63 20 140 17 0.06 [0.01-0.17] 22 2 100 12
Female sex| 0.24 [0.17-0.33] 62 29 163 15 0.33 [0.19-0.54] 21 8 107 15
Studies designed to enhance AAA[ 0.43  [0.34-0.52] 56 35 44 43 0.65 [0.48-0.86] 19 13 32 31
Studies designed to reduce AAA| 2.12  [1.76 - 2.56] 56 73 44 100 1.43 [1.15-1.78] 19 25 32 66
Age <9 weeks| 0.65 [0.53-0.79] 61 50 103 27 0.94 [0.71-1.23] 21 20 72 17
Ang Il infusion Time <7 days| 0.32  [0.15-0.65] 60 33 185 4 N/A [0 - Inf] 20 N/A 130 0
C57BI\6 + anti-TGF-B injection| 2.19  [1.34-3.74] 66 81 137 3 2.22 [1.45-3.36] 22 39 90 3
LdL-/- background| 0.66  [0.51-0.85] 66 56 137 21 0.51 [0.34-0.74] 22 13 90 18
Age > 24 weeks| 1.34 [1.11-1.63] 61 68 103 43 0.80 [0.59-1.06] 21 18 72 26
Dose Ang Il > 1250 ng/kg/min| 1.14  [0.93 - 1.40] 63 66 140 31 0.89 [0.66-1.19] 22 20 100 17
High fat diet| 1.11  [0.91-1.34] 59 62 154 35 1.07 [0.84-1.34] 20 21 104 26
C57BI\6 + B-apn| 0.87 [0.53-1.43] 66 62 137 3 1.08 [0.59-1.88] 22 23 90 3

Measurement factors

Diameter measured at lumen| 1.82 [1.46-2.28] 59 72 92 20 1.16 [0.88-1.51] 19 21 57 14
Reference diameter baseline| 1.78 [1.41-2.26] 59 72 66 20 1.07 [0.80-1.42] 20 21 44 14
Threshold > 150% increase| 0.40  [0.26 - 0.59] 62 39 95 10 0.73 [0.46-1.11] 21 16 58 9
Reference diameter proximal [ 0.61  [0.43-0.87] 59 47 66 7 0.78 [0.48-1.25] 20 16 44 6
Reference diameter distal| 2.49  [1.27-5.25] 59 78 66 5 N/A [0 - Inf] 20 N/A 44 0
Reference diameter lumen| 0.93  [0.45-1.97] 59 57 66 2 3.58 [1.09-11.50] 20 47 44 1
Threshold < 150% increase| 0.99  [0.81-1.21] 62 62 95 27 0.72 [0.52-0.98] 21 16 58 12

Table2. Odds ratios and 95% confidence intervals for inca#erates (left) and mortality rates

(right) of dissecting AAA in association with enmiirmental confounding factors (top) and

measurement-related factors (bottom). Every fast@mompared to its reference value (male
sex, ApoE’ background, age 9-24 weeks, normal diet, dose 250-fig/kg/min, infusion time

> 6 days, study designed to describe dissecting Add@meter measured externally, dissecting
AAA defined as a diameter increase of 150%, imgarison with saline-infused reference
animals). Odds ratios are considered significatitafo5% confidence interval does not contain
the value 1. Factors are listed in order of indrepp-value for the odds ratio of dissecting
AAA incidence.

Incid.: Incidence, Mort.: Mortality, OR: Odds RatiGl: Confidence Interval, ref: reference,
Nsl: number of studies reporting incidence, NsMmier of studies reporting mortality.
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NsR NsD Nsg p-value p-value p-value

Fm Fm

Environmental factors Fs incid. mort.
Sex 120 61 52 2.2E-05 8.3E-54 7.7E-07
Background 120 62 44 8.2E-04 N\A 1.9E-26
Ang Il dose 126 68 55 1.7E-03 2.0E-72 6.5E-23
Infusion time 127 68 55 1.2E-01 1.7E-06 1.0E+00
Age 123 63 43 3.6E-01 2.2E-10 2.0E-05
Diet 127 68 55 9.6E-01 1.3E-05 3.2E-02
Measurement factors

Reference diameter 31 58 24  2.7E-03 N\A 3.7E-29
Threshold increase 78 32 37 2.4E-02 2.7E-36 1.2E-35
Diameter location 65 32 29 1.3E-01 7.3E-22 4.2E-14

Table3. Results of Fisher’s exact test indicate to whag¢eixéach confounding factor is related
to study design. Fisher’s exact test was compubéid dn a study level (Fs) and for dissecting
AAA incidence and mortality on an individual mouseel (Fm). Corresponding histograms
on a study level are shown in Figure 2, and theesponding p-values determined the order of
stratification in Figures 3 and 5.

NsR: number of studies designed to reduce disgpbiA, which report the indicated factor.
NsD: number of studies designed to describe disgp8AA, which report the indicated factor.
NsE: number of studies designed to enhance disge&AA, which report the indicated factor.
Fs: Fisher’s exact test on a study level. Fm: Fishexact test on an individual mouse level.
Incid.: incidence. Mort.: Mortality. N\A: not avaible. Since these factors take 5 different
values, 3 of which are very infrequent, the Fishexact test could not be computed on an
individual mouse level.
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OR 95% C.I. OR 95% C.1. NsD NsR NsE
AAA incidence| reduce reduce enhance enhance
male 1.88 [1.52-237] 0.34 [0.27-0.43] 32 94 35
ApoE -/- + male 1.62 [1.27-2.07] 0.35 [0.25-0.48] 27 75 14
normal dose + ApoE -/- + male 2.01 [1.49 - 2.70] 0.50 [0.33-0.75] 20 57 9
long infusion + normal dose + ApoE -/- + male 1.83 [1.35-2.48] 0.45 [0.30-0.69] 17 57 9
adult + long infusion + normal dose + ApoE -/- + male 1.53 [1.09 - 2.15] 0.24 [0.08 - 0.59] 14 42 2
normal diet + long infusion + normal dose + ApoE -/- + male 1.89 [1.38-2.60] 0.52 [0.33-0.81] 14 52 8
adult + normal diet + long infusion + normal dose + ApoE -/- + male 1.61 [1.13-2.29] 0.25 [0.09 - 0.64] 11 38 2
Stratified + saline reference 4.90 [2.65 - 9.26] 1.56 [0.75 - 3.27] 6 20 3
Stratified + 150% increase 1.75 [1.19 - 2.56] 0.58 [0.34-0.99] 8 38 4
Stratified + saline reference + 150% increase 3.92 [1.72-9.16] 1.24 [0.50-3.17] 2 20 3
Stratified + saline reference + adult 3.94 [1.99 - 8.00] 0.00 [0-1Inf] 5 13 0
Stratified + 150% increase + adult 1.35 [0.87 - 2.07] 0.53 [0.16 - 1.74] 6 29 1
Stratified + saline reference + 150% increase + adult 3.05 [1.13 - 8.60] 0.00 [0-Inf] 1 13 0
Stratified + saline reference + normal diet 4.56 [2.46 - 8.64] 1.56 [0.75-3.27] 6 19 3
Stratified + 150% increase + normal diet 1.72 [1.16 - 2.55] 0.59 [0.35-1.02] 6 36 4
Stratified + saline reference + 150% increase + normal diet 3.65 [1.59 - 8.54] 1.24 [0.50-3.17] 2 19 3
Stratified + saline reference + adult + normal diet 3.94 [1.99 - 8.00] 0.00 [0-1Inf] 5 13 0
Stratified + 150% increase + adult + normal diet 1.37 [0.88 - 2.13] 0.54 [0.16 - 1.78] 4 28 1
Stratified + saline reference + 150% increase + adult + normal diet 3.05 [1.13 - 8.60] 0.00 [0-Inf] 1 13 0
reference diameter saline 3.56 [1.92, 6.70] 0.67 [0.36, 1.28] 4 13 7
reference diameter baseline 1.57 [0.14, 11.60] 0.00 [0, Inf] 1 6 0
reference diameter proximal 0.00 [0, Inf] 0.00 [0, Inf] 2 0 0
reference diameter distal 3.67 [0.78, 17.80] 0.00 [0, Inf] 3 2 0
reference diameter lumen 0.00 [0, Inf] 0.00 [0, Inf] 1 0 0
threshold < 150% increase 1.74 [0.798, 3.78] 0.33 [0.14, 0.81] 2 10 4
threshold = 150% increase 3.69 [2.38,5.76] 0.77 [0.47,1.25] 10 20 8
threshold > 150% increase 0.00 [0, Inf] 0.00 [0, Inf] 0 1 1
diameter measured externally 4.11 [2.61, 6.52] 0.86 [0.53,1.39] 9 19 9
diameter measured at lumen 2.19 [0.90, 5.25] 0.00 [0, Inf] 2 5 0
AAA mortality
male 121 [0.97-1.52] 0.626 [0.46-0.84] 20 62 24
ApoE -/-+male| 133 [1.04-1.71] 1 [0.68 - 1.46] 18 47 8
normal dose + ApoE -/- + male 1.41 [1.07 - 1.86] 1.14 [0.76 - 1.70] 14 36 7
long infusion + normal dose + ApoE -/- + male 141 [1.07 - 1.86] 1.14 [0.76 - 1.70] 14 36 7
adult + long infusion + normal dose + ApoE -/- + male 1.37 [1.00 - 1.89] 1.78 [1.10-2.87] 11 27 3
normal diet + long infusion + normal dose + ApoE -/- + male 1.16 [0.85 - 1.61] 0.988 [0.62 - 1.56] 12 34 5
adult + normal diet + long infusion + normal dose + ApoE -/- + male 1.09 [0.78 - 1.54] 1.23 [0.71-2.08] 10 27 2

Table 4. Stratification for environmental confounding facdtoand measurement-related
factors. Factors were included in decreasing astisignificance of their correlation with study
design, as determined from Fisher’'s exact testTabée 3). The ‘stratified’ case refers to long
infusion + normal dose + ApdE+ male mice. Odds ratios are considered sigmifidathe
confidence interval does not contain the value 1.

NsD: number of studies designed to describe disgedAA, NsR: number of studies designed
to reduce dissecting AAA, NsE: number of studiesigieed to enhance dissecting AAA.
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