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ABSTRACT 

Background and Aim Numerous studies targeting left ventricular (LV) systolic function by 

measuring LV ejection fraction (LVEF) in patients with pheochromocytoma and paraganglioma 

(PPGL) either failed to reveal any impairment of this parameter or found a super-normal systolic 

function compared to essential hypertensives or normotensive controls. In order to provide an 

updated piece of information on LV systolic dysfunction in the PPGL setting, we performed a 

meta-analysis of speckle tracking echocardiography (STE) studies investigating LV mechanics 

via global longitudinal strain (GLS), a more sensitive index of LV systolic function than LVEF. 

Methods A computerized search was performed using Pub-Med, OVID, EMBASE and Cochrane 

library databases from inception until September, 30st 2022. Full articles reporting data on LV 

GLS and LVEF in patients with PPGL and controls were considered suitable. 

Results A total of 252 patients with PPGL and 187 controls were included in 6 studies.LV 

GLS was worse in the pooled PPGL group than in the control group (-17.3±1.2 vs -20.0±0.6) 

with a standard means difference (SMD) of 1.13±0.36 (CI: 0.43-1.84, p =0.002), whereas this 

was not the case for LVEF (67.3±1.9 and 66.4±1.6%, respectively), SMD: 0.12±0.03, CI: -

0.41/0.65, p=0.66). A meta-regression analysis in PPGL patients showed an inverse relationship 

between adrenergic activity and GLS (p <0.0001). 

Conclusions Our findings suggest that early changes in LV systolic function not detectable by 

conventional echocardiography in the PPGL setting can be revealed by STE; therefore, STE 

implementation in the work-up of patients with PPGL may improve the detection subclinical 

systolic dysfunction. 

 

Key words: pheochromocytoma, paraganglioma, left ventricular ejection fraction, left ventricular 

global longitudinal strain. 
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Graphical abstract 
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INTRODUCTION 

Pheochromocytoma and paraganglioma (PPGL) are rare neuroendocrine tumours originating 

from adrenal or extra-adrenal sites that secrete excess catecholamines (1). They represent a rare 

cause of secondary hypertension in young and middle age individuals, their estimated annual 

incidence being approximately 0.6-1.0/100.000 person-years (2). The catecholamine excess (i.e. 

epinephrine or norepinephrine) secreted by PPGL is responsible of a wide spectrum of cardiac 

manifestations ranging from early subclinical myocardial damage to severe cardiac 

complications, including heart failure, myocardial infarction, arrhythmias and stress-induced 

cardiomyopathy such as Takotsubo syndrome (3-5). 

Subclinical manifestations of heart disease associated with PPGL extend beyond the mechanical 

effect of the increased blood pressure (BP) load, as catecholamines excess may determine 

heterogeneous BP phenotypes characterized by sudden hypertensive paroxysms of different 

severity and frequency on a background of sustained hypertension or normotension (6). The high 

prevalence of left ventricular hypertrophy (LVH), concentric geometry and subtle LV functional 

abnormalities supports the view that these changes in patients with PPGL are largely mediated by 

catecholamines via stimulation of myocardial alpha- and beta-adrenoceptors (7). The hypothesis 

that adrenergic stimulation leading to LVH can preserve systolic function has been suggested by 

numerous studies based on conventional echocardiography reporting that LV ejection fraction 

(LVEF) is normal or even increased in most patients with PPLG (8). However, in the last decade 

this view has been challenged by the growing evidence that LVEF is unable to fully reflect the 

complexity of the systolic function (9). New ultrasonographic techniques, indeed, such as speckle 

tracking echocardiography (STE), have provided consistent evidence that alterations in 

myocardial mechanics in different clinical settings are already detectable in patients with 

preserved LVEF (10). This topic in patients with PPGL has been scarcely investigated, so far, due 

to the rarity of catecholamine-secreting neuroendocrine tumours (11). Therefore, we performed 

an updated meta-analysis of STE studies reporting findings on LV mechanics in patients with 
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PPGL and preserved LVEF in order to provide a new piece of information in this clinical and 

research area. 

METHODS 

We reported the systematic review according to the Preferred Reporting Items for Systematic 

reviews and Meta-Analyses (PRISMA) guidelines (12). Pertinent literature was systematically 

scrutinized to identify all papers assessing the association between PPGL and LV systolic 

dysfunction by comparing LVEF and GLS in patients with PPGL versus essential hypertensive 

patients or healthy normotensive controls. 

The PubMed, OVID-MEDLINE, and Cochrane library databases were systematically analysed to 

search English-language articles published from inception to September 30, 2022. Studies were 

identified by using Me-SH terms and crossing the following terms: “pheochromocytoma”; 

“paraganglioma”, “left ventricular ejection fraction”, “ventricular mechanics”,“systolic 

dysfunction”, “global longitudinal strain”, “echocardiography” and “STE echocardiography”. 

Three authors assessed all titles and abstracts retrieved with the search. When there was no 

agreement on a specific record, the full text of the study was analyzed by all reviewers in order to 

establish its eligibility according to the inclusion criteria mentioned below. Data extraction was 

performed by two reviewer and independently checked by another reviewer. 

Main inclusion criteria were: I) English articles published in peer-reviewed journals; II) comparative 

studies providing data on LVEF and LV mechanics (i.e. GLS) by 2D or 3D STE echocardiography in 

patients with PPGL and essential hypertensives or normotensive controls; III) minimum set of 

clinical/demographic data (i.e. sex, age, body mass index; office and/or ambulatory BP). Specific 

exclusion criteria were: I) studies with less than 10 patients with PPGL; II) studies conducted in 

children and adolescents (age <18 years); III) case reports, reviews, and editorials, 

The Newcastle-Ottawa Scale (NOS) was used to measure study quality. (http://www, ohri 

ca/programs/clinical_epidemiologyoxford htm). 
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Echocardiographic Methods 

The conventional analysis of cardiac structure and function as well as the assessment of LV 

myocardial longitudinal strain had been performed in all studies according to recommendations 

of contemporary guidelines. In particular, GLS was measured off-line from 2D-3D 

echocardiographic images in all studies using a commercial dedicated software; R-R gating was 

used for LV strain assessment. In all studies, LV endocardium was manually traced and 

corrected, if necessary, and average longitudinal strain curve was automatically provided by the 

software. 

Statistical analysis 

A pooled analysis of cardiac parameters was performed using fixed or random effects meta-

analysis by Comprehensive Meta-Analysis Version 2, Biostat, Englewood, NJ. Standard means 

difference (SMD) with 95% confidence interval (CI) was used to calculate the statistical difference 

of continuous echocardiographic variables between cases and controls. Demographic and clinical 

data provided by selected studies were expressed as absolute numbers, percentage, mean± SD, 

mean± SE or mean with CI. Meta-regression analysis was used to determine the impact of BP and 

adrenergic activity (i.e. plasma or urinary catecholamines) upon LV mechanics. 

Heterogeneity was estimated using the I-squared test; random effect models were applied when 

heterogeneity across studies was high (I2>75). Publication bias was assessed by using the funnel plot 

method (Trim and fill test). Observed and adjusted values, their lower and upper limits have been 

calculated. Statistical significance was set at P<0.05. 

RESULTS 

After removing duplicates, the initial literature search identified 977 papers . After the initial 

screening of titles and abstracts, 868 studies were excluded as they were not related to the topic. 

Therefore, 109 studies were reviewed; of these, 89 did not report any data on myocardial 

mechanics, 14 were case reports, reviews, commentary, and editorial articles. Thus, a total of 6 
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comparative studies reporting data on GLS and LVEF in patients with PPGL versus their 

hypertensive or normotensive controls and containing echocardiographic data of interest, were 

included in the final review (13-18) (Figure 1). 

Characteristics of the studies 

On the whole, 252 patients with PPGL and 187 controls were included in 6 studies (sample 

size ranging from 35 to 131 participants), performed in six countries (Bulgaria, China, 

Czechoslovakia, India, France and Poland). The NOS the quality of studies ranged from 7 to 

9 (i.e. score of fair or good quality). Therefore, no study was excluded based on its limited 

quality. 

Table 1 shows demographic and clinical characteristics of patients with PPGL and controls  

belonging to selected studies such as sample size, mean age, prevalence of men, body mass 

index (BMI), office and/or 24-hour systolic/diastolic BP. The mean age range of patients 

with PPGL was 38-51 years; 45% of participants were men; BMI and office systolic/diastolic 

BP values ranged from 24.1±4.8 to 29.0±5.0 kg/m2, and from 122±16/72±9 to 

190±32/110±18 mmHg, respectively. Corresponding average 24-hour BP values ranged from 

124±14/77±10 to 140±15/87±12 mmHg. 

In all selected studies mean age and sex distribution were completely superimposable between 

patients with PPGL and controls. Furthermore, differences in BMI were not statistically 

significant. Office BP values were significantly higher in PPGL than in controls only in two out 

of six studies. This was also the case for heart rate (HR) in three of the six studies   

Echocardiographic findings 

Table 2 shows structural and functional echocardiographic variables in patients with PPGL as 

compared to their control counterparts. As for LV structure, three out office studies providing this 

kind of information, showed that patients with PPGL exhibited a significantly greater LVM 

indexed to body surface area (BSA). Data on relative wall thickness (RWT), a prognostically 
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validated marker of LV geometry, reported by four studies, showed mixed findings (a 

significantly increased RWT in patients with PPGL was documented in two studies). 

As for LV systolic function, assessed by standard echocardiography, all studies except one found 

no significant differences in LVEF between patients with PPGL and controls. 

The ratio of early (E) peak of mitral inflow velocity to early (e’) peak mitral annular velocity 

(E/e’) was found to be significantly greater (worse) in patients with PPGL in two out of five 

reports.  The four studies targeting left atrial volume index (LAVI) provided inconsistent findings, 

LA enlargement in patients with PPGL being reported by only two studies. 

Finally, as for LV mechanics, five of six studies showed an impaired (less negative) GLS in 

patients with PPGL than in their control counterparts. 

Meta-analysis findings 

Pooled average LVEF was not different between patients with PPGL and controls: 67.3±1.9 and 

66.4±1.6%, respectively. As shown by the forest plot in Figure 2, the meta-analysis of 6 studies did 

not reveal a significant difference in LVEF between groups (SMD: 0.12±0.03, CI: -0.41/0.65, 

p=0.66). On the contrary, GLS was less negative in cases with PPGL (-17.3±1.2%) than in controls 

(-20.0±0.6%). Figure 3 shows the results of the meta-analysis where SMD suggested a worse LV 

systolic function in the pooled PPGL group (SMD: 1.13±0.36, CI: 0.43-1.84, p =0.002). 

The early to late mitral flow velocity ratio (E/A ratio) was lower (worse) in patients with PPGL 

(1.12±0.05) than in controls (1.26±0.08) with a statistically significant SMD (-0.32±0.01, CI -0.51/-

0.13, p < 0.001). The average value of E/e’ ratio was higher (worse) in patients with PPGL 

(8.3±0.48) than in controls (7.6±0.50). The meta-analysis of five studies providing data regarding 

this index showed a SMD of 0.28±0.10, CI:0.08/048, p= 0.006 (Figure 4). Pooled LAVI (data from 4 

studies) tended to be greater in patients with PPGL (32.5±4.5 ml/m2) than in controls (23.6±2.1 

ml/m2), but this difference failed to reach the statistical significance (p=0.106). 

D
ow

nloaded from
 https://academ

ic.oup.com
/ajh/advance-article/doi/10.1093/ajh/hpad006/6976011 by U

niversita di M
ilano Bicocca user on 28 January 2023



Acc
ep

ted
 M

an
us

cri
pt

LVM index (LVMI) was higher in the pooled PPGL group (101.4±8.5 g/m2) than in control group 

(83.6±5.8 g/m2). Figure 5 depicts the results of the meta-analysis of 4 studies where SMD revealed 

an increased LVMI in the pooled PPGL group (SMD: 0.67±0.12, CI: 0.43-0.90, p < 0.0001). 

Relative wall thickness (RWT) was significantly higher in patients with PPGL than in controls 

(0.39+0.02 versus 0.37+00.2) and SMD was positive in the PPGL group (0.33±0.11, 95% CI: 

0.12/0.55p=0.003, data from 4 studies) 

Meta-regression analyses 

The meta-regression analysis between SBP and LV GLS did not reveal any relationship between 

these two variables in the pooled PPGL group (p=0.09).  On the contrary the meta-regression of 

GLS on catecholamines (expressed as time-fold increase of catecholamine metabolites in 

plasma/urine compared to controls) in patients with PPGL showed a significant inverse 

relationship (data from 5 studies, intercept 0.06, p<0.0001) (Figure 6). 

Publication bias 

The presence of single study effect was excluded at sensitivity 

analysis; furthermore, a publication bias of LV GLS between 

patients with PPGL and controls was excluded, as no study was 

imputed by the trim and fill test in addition to the observed 

studies (Supplementary figure 1). 

Sensitivity analyses 

A sensitivity analysis restricted to 5 studies comparing PPGL patients and essential 

hypertensives confirmed that GLS (SMD: 1.57±0.35, CI :0.87 / 2.26, p<0.001), but not LVEF 

(SMD:0.19±0.13, CI: -0.06 / 0.45, p=0.13), was lower in the pooled PPGL group than in their 

essential hypertensive counterparts. 
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Additional analyses 

In addition to GLS, global circumferential strain (GCS) was calculated in three out the six studies 

included in the meta-analysis. The average GCS value was higher in PPGL patients than in controls 

(-23.4±2.1vs -20.8±1.9). Supplementary Figure 3 reports the findings of the meta-analysis regarding 

the GCS where SMD suggested a higher myocardial circumferential deformation in patients with 

PPGL (-0.65±0.14, CI: -0.91/-0.38, p < 0.0001). 

 

DISCUSSION 

The intriguing relationship between adrenergic tumors and LV remodeling has been investigated for 

decades (19-21). The role of sympathetic nervous system (SNS) in development of LVH in 

hypertensive patients has been widely accepted, although this role can be hardly distinguished from 

the effect of the renin-angiotensin-aldosterone system (RAAS) or comorbidities. Patients with PPGL 

provide a suitable model to study the effects of SNS on LV structure and function. In a previous 

study about three decades ago, the authors failed to observe significant differences in BP as well as 

LVM values between patients with PPGL and essential hypertensive patients, despite the remarkable 

differences in plasma epinephrine and norepinephrine levels between the two groups (22). More 

recent studies reported inconsistent results about LV functional and structural changes in patients 

with adrenergic tumors. Evaluation of LV mechanics by GLS has improved the study of LV function 

and its predictive value in a wide range of cardiovascular conditions (23). Therefore, GLS can be 

seen as a  reliable parameter for detecting subclinical myocardial damage in patients with adrenergic 

tumors. Unfortunately, limited data are available on this topic, as existing studies enrolled a small, 

heterogeneous groups of patients (13-18). Thus, our meta-analysis offers a new piece of information 

in this area of research by highlighting the fact that GLS was significantly impaired in PPGL patients 

with normal LVEF. This suggests that GLS is a sensitive marker of LV subtle dysfunction also in 

patients with adrenergic tumors. In our previous meta-analyses including a smaller number of 

patients, we documented that GLS was worse in patients with PPGL (11) and this parameter 
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improved after surgery (24). As the impaired LV longitudinal function was associated with higher 

LVMI levels, concentric geometry, and diastolic dysfunction, these associated echocardiographic 

alterations do not allow to conclude that the reduced GLS is the earliest indicator of subclinical 

cardiac damage in patients with PPGL. 

A novelty of this meta-analysis, that included also GCS parameter, is that GCS, at difference from 

GLS, was significantly higher in patients with PPGL than in the controls. In spite of the limited 

number of patients, as only 3 studies investigated GCS, this finding provides the first consistent 

evidence that the increased GCS may be regarded as a compensatory mechanism to preserve normal 

LVEF in the setting of adrenergic tumors. A possible explanation is that the subendocardial layer, 

which primarily contributes to the longitudinal LV mechanics, is more exposed than the mid and 

epicardium layers to the combined effects of BP overload and excess secretion of catecholamines. 

Our findings show no association between SBP and GLS in patients with PPGL, in accordance with 

previous reports that failed to show a significant correlation between SBP and LVMI in these 

patients (22). These data may support the hypothesis that the increased BP in patients with 

adrenergic tumors is not the main responsible of LV structural and functional changes (25). This 

notion is strengthened by the results of our meta-regression between the indexes of adrenergic 

activity in patients with PPGL and GLS which showed that a higher concentration of plasma and 

urinary catecholamines is associated with a greater impairment of LV longitudinal function. 

A further aspect of the present meta-analysis is the larger amount of information regarding LV 

diastolic function in patients with PPGL. Our results showed that E/A ratio was lower, E/e’ ratio was 

higher, and there was a trend of enlarged LA, although not statistically significant, in patients with 

adrenergic tumors. These findings speak in favor of LV diastolic dysfunction  development in 

patients with PPGL. 
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Limitations 

 

There are several limitations of the current meta-analysis that should be listed. This type of 

investigation does not provide any conclusion regarding the causal relationship between 

catecholamines-secreting tumors, cardiac remodeling and LV dysfunction. Furthermore, the impact 

on LV strain of comorbidities. such as obesity and diabetes, was not addressed in the individual 

studies and therefore precluded such line of assessment by our meta-analysis. It should be noted, 

however, that in all selected studies, although  cases and controls were carefully matched for age and 

sex there were some differences in BMI, office and 24-h BP values as well as in heart rate which in 

some circumstances were statistically significant. As most patients were taking antihypertensive BP 

lowering drugs, the potential confounding impact of  these agents on LV function cannot be 

excluded. The meta-regression between indexes of adrenergic activity and GLS combined plasma 

and urinary data, in relation to the heterogeneity of the information provided by the various studies. 

Finally, results regarding GCS were provided in only 3 studies, and do not allow to draw definite 

conclusions. 

 

CONCLUSION 

 

The present meta-analysis reported important, novel findings in a large pooled population of patients 

with PPGL. In addition to extending our previous findings in a smaller cohort of patients by showing 

that GLS is deteriorated in patients with adrenergic tumors, our results indicate that this was not the 

case for GCS. It is reasonable to hypothesize that GLS is a more sensitive marker of humoral and 

hemodynamic changes induced by adrenergic tumors than GCS and the outdated LVEF. 

 

The conundrum of a normal LVEF in PPGL patients with LV structural and functional alterations 

shown by our meta-analysis underlines the limit of this index in properly assessing LV systolic 
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function and the need to systematically implement conventional echocardiography with assessment 

of myocardial mechanics. 

Further cross-sectional and longitudinal studies on LV mechanics in patients with adrenergic tumors 

are needed in order to clarify whether the impaired LV strain is limited to the longitudinal function, 

whether it is reversible after tumor removal and whether it plays a role in predicting CV outcomes. 
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Figure Legend 

Figure 1. Schematic flow-chart for the selection of studies. 

Figure 2. Forest plot for standard means difference (SMD) of left ventricular ejection 

fraction (LVEF) in patients with PPGL and controls (random model). Relative weight of 

each study is reported on the right side. CI= confidence intervals. 

Figure 3. Forest plot for standard means difference (SMD) of left ventricular global 

longitudinal strain (LV GLS) in patients with PPGL and controls (random model). Relative 

weight of each study is reported on the right side. CI= confidence intervals.  

Figure 4. Forest plot for standard means difference (SMD) of the ratio of early (E) peak of 

mitral inflow velocity to mitral annular velocity (E/e’ ratio) patients with PPGL and controls 

(fixed model). Relative weight of each study is reported on the right side. CI, confidence 

intervals. 

Figure 5. Forest plot for standard means difference (SMD) of left ventricular mass index 

(LVMI) in patients with PPGL and controls (fixed model). Relative weight of each study is 

reported on the right side. CI, confidence intervals. 

Figure 6. Meta-regression of GLS on catecholamines (expressed as time-fold increase of 

catecholamine metabolites in plasma/urine compared to controls) in patients with PPGL. 
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     Table 1. Summary of 6 studies targeting left ventricular strain, as assessed by speckle tracking echocardiography, in patients with pheochromocytoma 
     /paraganglioma and respective controls.  

 
     

Author 
 Publication 

year 

Sample size (n) Age (years) Sex (% male) BMI  (kg/m
2
) Office BP (mmHg) 24-hour BP (mmHg) Office HR (b/min) 24-hour  HR (b/min) 

  PHEO/PPGL Controls PHEO/PPGL Controls PHEO/PPGL Controls PHEO/PPGL Controls PHEO/PPGL Controls PHEO/PPGL Controls PHEO/PPGL Controls PHEO/PPGL Controls 
 

Ding 
2018 

38 NTN 48 43±10 42±14 58 52 n.a. n.a. 
114+9/ 
70+7 

141+25/ 
91+18 

n.a. n.a. 69+11 82+13 n.a n.a 
 

 Kvasnicka 
2019 

18 EH 17 49±6 50±11 50 42 30.0±4.0 29.0±5.0 
140±8/ 
89±5 

141±13/ 
88±6 

132+8/ 
80+5 

127+9/ 
76+7 

74+8 81+9 71+6 77+10 
 

Boulestreau 
2020 

47 EH 47 51±15 51±17 45 45 22.5±3.0 24.1±4.8 
119±11/ 

75±5 
122±16/ 

72±9 
n.a. n.a. 64+12 72+17 n.a. n.a. 

 

Dobrowolski 
2020                                                   

50 EH 81 45±13 47±14 42 47 26.2±4.8 25.3±4.3 
129±14/ 
80±11 

130±17/ 
81±11 

123+11/ 
76+11 

124+14/ 
77+10 

80+11 78+10 68+11 75+12 
 

Elenkova 
2020                   

24 EH 24 49±16 49±16 58 58 26.4±5.0 26.8±5.3 n.a. n.a.  
140±15/ 
87±12* 

140±15/ 
87±12* 

n.a. n.a. 78+8* 84+13* 
 

Vishvak 
Chanthar 

2022          
10 EH 35 38+15 38+13 40 46 25.2±3.8 26.3±3.4 

160+6/ 
96+3 

190±32/ 
110±18 

n. a. n. a. n.a. n.a. n.a. n.a. 
 

                  

 

BMI=body mass index; BP=blood pressure; EH=essential hypertensives; HR=heart rate. NTN=normotensive controls; Data are presented as absolute numbers, percentage, mean±SD. * mean 

day-time 
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                Table 2. Summary of echocardiographic variables in 6 studies targeting left ventricular mechanics in pheochromocytoma/paraganglioma as compared to 

                                essential hypertensive or normotensive individuals 

Author (reference) 

Publication year 

 

LVMI   

g/m2  (
§
 g/h2.7) 

RWT LVEF  

% 

GLS  

% 

E/e’   

% 

LAVI 

ml/m2 

 
 PHEO Controls PHEO Controls PHEO Controls PHEO Controls PHEO Controls PHEO Controls 

Ding(13)                                2018         84±30 * 69±16 

0.41±0.12 

** 0.34±0.06 70±6 69±4 -20.0±4.0 ** -22.0±2.0 8.2±3.3 * 6.8±2.2 25±7 * 19±5 

Kvasnicka (14)                 2019 91±23 86±16 0.39±0.05 0.40±0.05 69±4 71±5 -14.8±1.5 ** -17.3±2.3 8.5±1.9 8.9±1.6  n.a. n.a. 

Boulestreau(15)              2020 31±12 § 36±9 § 0.35±0.07 0.33±0.08 68±6 ** 61±7 -20.7±2.4 -20.2±2.7 7.7±2.8 7.2±3.0 21±8 23 

Dobrowolski(16)        2020                                                   

103 ** 

(88-132) 

94  

(74-106) 

0.42 ** 

(0.39-0.48) 

0.41  

(0.36-0.45) 

71  

(68-95) 

69  

(65-73) 

-17.2 ** 

(-15.6/-18.9) 

-19.3  

(-17.7/-20.6) 

6.8  

(5.7-8.7) 

6.4  

(5.4-7.9) 

29  

(21-39) 

28  

(22-37) 

Elenkova (17)              2020                   

122±23 

** 88±21 n. a. n. a. 67±7 64±6 -16.5±1.8 ** -19.4±2.2 

11.1±4.5 

* 8.8±2.2 

58±17 

** 24±8 

Vishvak Chanthar
(18) 

2022          n.a. n.a. n. a. n. a. 58±6 60±4 ns -14.4±3.0 ** -21.2+2.0 n. a. n. a. n .a. n. a 
 

                     E/e’= the ratio of early (E) peak of mitral inflow velocity to early (e’) peak mitral annular velocity; FHEO=pheochromocytoma; GLS=global longitudinal strain; 

                     LAVI=left atrial volume indexed to body surface area; LVEF=left ventricular ejection fraction; LVMI=left ventricular mass index;  RWT=relative wall thickness.   

                     Data are presented as absolute numbers, percentage, mean±SD, and confidence intervals.  * < 0.05; ** < 0.01 
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Figure 1 
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Figure 2 
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Figure 3 
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Figure 4 
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Figure 5 
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Figure 6 
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